Clear Creek – Pibel Lake Watershed Water Quality Management Plan

SECTION 4.
4.01

Lower Loup NRD

POLLUTION SOURCES AND LOADS

INTRODUCTION

Generally speaking, pollution can be separated into two main categories: point sources and nonpoint
sources. Point sources, which were previously discussed in Section 3 of this plan, are facilities whose
discharge is regulated by the NPDES permit program. The pollutants associated with this permit are
discharged directly into a waterbody from a specific and identifiable location. Point sources are
regulated by NPDES permits and are not typically the main source of contamination.
For the purposes of this plan, point source pollution sources were considered to be meeting permitting
conditions and not contributing beyond the pollutant levels set within permits. These 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 and load reductions were eliminated from further
consideration for these point sources.
Nonpoint source pollution is runoff pollution typically transported from broader areas during rain and
snowmelt events; however their origin is often difficult or impossible to identify due to their diffuse and
large scale nature. Within the Watershed, nonpoint source pollution is considered the major source and
cause of water quality impairments. Nonpoint source pollution may come from many sources, including:






Excess fertilizers, herbicides, and insecticides from agricultural lands and residential areas
Oil, grease, and toxic chemicals from urban runoff and energy production
Sediment from improperly managed construction sites, crop and forest lands, and eroding
streambanks
Bacteria and nutrients from small livestock operations, pet wastes, and inadequate onsitewastewater treatment systems
Natural sources

It is difficult to definitively identify specific nonpoint sources; however, contamination of waterbodies is
primarily caused by three major contaminants: bacteria, nutrients, and sediments. Surface water
contamination by bacteria is a primary cause of water quality impairment in the United States. Many
types of bacteria may be present in polluted waters, making it difficult to identify and measure the
pathogenic organisms. Therefore, specific 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 recreational water contact. In 2005 E. coli became the sole parameter for assessing
the primary contact recreation use. Presence and amount of fecal indicator bacteria, such as E. coli,
exceeding water quality standards indicate a potential exposure risk to users and a possibility for the
presence of other bacteria.
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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 sewage,
livestock, pet, and fertilizer runoff. An increase in phosphorus and nitrogen in water bodies can produce
algae blooms which reduce oxygen, disrupt aquatic life, and create toxins in the water. Sediment
contaminants such as mineral or organic matter 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.
Mercury is also listed as a parameter of concern for Pibel Lake. Mercury is a naturally occurring
substance, but can enter the environment from human activities. These activities include air emissions
and improper disposal of mercury containing products. 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 the primary path of human exposure. Because the majority of
mercury contamination is caused by air emissions, it is not a pollutant addressed through this plan.
Pollutants of concern in the watershed are summarized in Table 11. The Table depicts typical sources of
pollutants and the associated impacts on water bodies and their designated uses. This table is not
specific to Clear Creek or Pibel Lake and is it offered for illustrative purposes only.
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Table 11: Summary of Common Pollutants and Sources
Pollutant

Pathogens
(E. coli)

Nutrients

Sediment

Potential Sources
Point Sources (permitted)
Nonpoint Sources
Animals (domestic, wildlife,
WWTPs
livestock)
CSOs/SSOs
Malfunctioning septic systems
Discharges from meat
Pastures
processing facilities
Land application of manure
Landfills
Land application of
wastewater

WWTPs
CSOs/SSOs
CAFOs
Discharge from food
processing facilities
Landfills

Cropland (fertilizer application
Landscaped spaces in
developed areas (lawns, golf
courses, etc)
Animals (domestic, wildlife,
livestock)
Malfunctioning septic systems
Pastures
Boat pumpout
Land application of manure or
wastewater
Atmospheric deposition

WWTPs
Urban stormwater systems
Construction Sites

Agriculture (cropland and
pastureland erosion)
Silviculture and timber
harvesting
Rangeland erosion
Excessive streambank erosion
Construction
Roads
Urban runoff
Stream channel modification
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Impacts on Waterbody Uses
Primarily human health risks
Risk of illness from ingestion or
from contact with contaminated
water through recreation
Increased cost of treatment of
drinking water supplies
Aquatic life impairments (effects
from excess plant growth, low
DO)
Direct drinking water supply
impacts (dangers to human
health from high levels of
nitrates)
Recreational impacts (indirect
impacts from excess plant
growth on fisheries,
boat/swimming access,
appearance, and odors)
Human health impacts
Fills pools used for refuge and
rearing
Fills reservoirs
Fills interstitial spaces between
gravel (reduces spawning
habitat by trapping emerging
fish and reducing oxygen
exchange
When suspended, prevents fish
from seeing food and can clog
gills; high levels of suspended
sediment can cause fish to avoid
the stream
Taste/odor problems in drinking
water
Impairs swimming/boating
because of physical alteration of
the channel
Indirect impacts on recreation
fishing
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POLLUTANT LOAD MODELING

The resources and information identified in Section 3 were utilized to develop estimates of pollutant
source loading throughout the watershed using a water quality model. Availability of data is a major
consideration into the selection and development of an adequate water quality model.
Watershed pollutant load estimates were developed using the EPA’s Spreadsheet Tool
for the Estimation of Pollutant Load (STEPL) Model. STEPL model is a public domain
tool. The primary function of EPA’s STEPL model is to quantify existing pollutant source
areas by land use, and allow the user to apply various BMPs to each land use category
to evaluate potential load reductions as a result.
Bacteria loading estimates by land use are not included in the STEPL Model. Instead, source area loading
for various land uses was estimated using documentation from the Center for Watershed Protection’s
Treatment Model (CWP, 2013). The bacteria loading estimates are to be used to help evaluate which
land uses and livestock facilities have the highest potential to contribute bacteria into the watershed.
While long term water quality data for Pibel Lake was readily available, water quality and quantity data
for Clear Creek was lacking. In order to calibrate the existing loads to the lake and to quantify internal
pollutant loads within the lake a lake specific model was developed. The BATHTUB model was utilized
for this task. BATHTUB is a public domain model developed by the US Army Corps of Engineers
Environmental Research Laboratory. The model is a steady-state water quality model that simulates
eutrophication-related water quality conditions in lakes and reservoirs.
Detailed documentation on inputs and results of each model can be found in Appendix C.
The BATHTUB model was also used as a way to “calibrate” the STEPL model, with actual sampling data.
Once all the water quality models were developed and calibrated, reduction goals, necessary to meet
Nebraska Water Quality Standards were able to be identified.
4.03

BACTERIA

Bacteria, such as E. coli, are a leading cause of water quality impairment and are used to determine the
quality of surface waters. E. coli is a species of fecal coliform bacteria that is commonly found in the
fecal matter of humans and other warm-blooded animals. Most strains of E. coli are harmless; however,
certain strains (0157:H7) can cause mild to severe gastrointestinal illness.
Because EPA has recommended that E. coli be used as the primary indicator of health risk from
recreational water, identifying the sources of E. coli contamination has become a priority.
As mentioned previously, E. coli bacteria typically originates from human or animal waste. In the Clear
Creek – Pibel Lake Watershed several non-point sources have been identified as the primary cause of E.
coli contamination. Non-point sources (NPS) include run-off from urban stormwater systems, livestock
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pastures, pet waste, inadequate onsite-wastewater treatment systems, and natural sources (wildlife).
Run-off from rainfall and snow melt may cause E. coli to be washed into streams, rivers, lakes, or
groundwater. A study published in 2007 (Knox 2007) traced E. coli sources within a rural Nebraska
watershed (Plum Creek Watershed). The study identified the following E. Coli sources and their bacterial
contribution:




Wildlife sources: 29%
Livestock sources: 64%
Human and Pet sources: 7%

The various sources are often found across multiple land uses:










Wildlife: The primary natural source of E. coli is wildlife. Varieties of wildlife are native to or
have adapted to the diverse habitat of the watershed. Big game, upland game, furbearers,
waterfowl and non-game species have been documented to reside within the basin. The
estimated load from wildlife is diffuse as they are found in all land use types throughout the
watershed.
Cropland: Cropland can also be an appreciable source for bacterial loads within rural
watersheds. Waste deposited by wildlife is transported to water bodies via overland runoff.
Land applied animal manure, when not applied appropriately or at the wrong time, has a high
likely hood of running off and being transported to water bodies.
Pastureland: Run-off from livestock pastures and small feed lots is of concern because small
livestock operations are not regulated. Cattle are recognized as a primary source of E. coli.
Bacteria loads from pastureland includes both wildlife and livestock sources.
Urban Areas: Improper disposal of pet waste in urban areas affect water quality and increase
the amount of bacteria found in surface waters. Bacteria from this waste washes into storm
sewers and directly to the receiving body of water. Urban wildlife may also be a source;
however estimates of their bacterial contribution were not available. While urban areas make
up approximately 3% of the land use, its relative contribution is may be much higher due to the
lack of natural vegetation and areas to treat runoff.
Septic Systems: Inadequate or malfunctioning onsite-wastewater treatment systems (OSWT)
are also considered a source of bacteria within the watershed. Estimates from the NDEQ show a
20% average OSWT system failure rate in the state of Nebraska. Therefore, the estimated
number of OSWT systems contributing to bacteria loads within the Watershed is 13. The actual
load contribution was not determined due to data and modeling limitations.

Cropland has the potential to be the primary source of bacteria in the watershed when
considering land use only. However, the bacteria from permitted facilities more than
double the potential bacteria loading from the watershed when compared to all land
uses. While permitted livestock facilities typically have waste lagoons or other
containment facilities which limit the amount of runoff delivered to nearby waterways,
many of the livestock in the watershed are not held in permitted facilities, and the calculations
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demonstrate that unpermitted livestock facilities have the potential to be significant bacteria source
contributors if not properly managed. Table 12, displays a summary of the annual bacteria loadings for
land uses and agricultural animals in the watershed.
It should be noted that there may be other nonpoint source pollution sources present in the watershed,
such as inadequate septic systems; however they were unable to be quantified at the current plan scale.
When designing water quality improvement projects, this should be considered.
Table 12: Bacteria Source Loading Estimates
Bacteria Loading (billions
of organisms/acre)

Acres

Annual Loading
(billions of organisms)

108

1,216

131,000

Cropland (assumes manure
application)

1,000

10,818

10,800,000

Pasture Land (includes
livestock contributions)
Barren/Herbaceous/Forest

39
12

Land Use Category
Urban

Livestock
Cattle
Swine

4.04

25,697
911
Total
Permitted Livestock Facilities
Bacteria Loading (billions
Total
of organisms/acre)
Livestock
2,000
3,200

2,900
5,900
Total

1,002,183
10,932
11,944,115
Annual Loading
(billions of organisms)
5,800,000
18,880,000
24,680,000

NUTRIENTS

Nutrient enrichment in Nebraska lakes and reservoirs can stem from external and internal sources.
External sources of nutrients, such as phosphorus and nitrogen enter the waterways through sewage,
livestock, and fertilizer runoff. Phosphorus and nitrogen occurs naturally, however, an overabundance of
these nutrients may lead to impaired water quality. Excess amounts of nutrients in water bodies
produce algae which often lead to decreased oxygen levels that disrupt aquatic life. Nutrients from
manure may also become a pollutant, particularly near streams and lakes, when rain or snow melt
runoff carries these nutrients into water bodies. Nutrient contamination from manure is most critical
where animals congregate.
In addition to the external sources of nutrient that enter a lake, internal sources can also contribute to
the loading of nutrients into the water column. The sediment of a lake bottom may contain relatively
high concentrations of phosphorus, which is often the nutrient driving algal production. These can be
released to the water, particularly under conditions of low dissolved oxygen concentrations. The
nutrients in sediment come from the past settling external inputs, algae, and dead organic matter.
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The STEPL model results indicated that pastureland is the largest contributor of
Nitrogen by land use, accounting for 50% of the nitrogen load (Figure 24). However;
cropland is the largest contributor of Phosphorus by land use, accounting for 56%
(Figure 25). Based on the STEPL results (Figure 26), the groundwater loading is driven by
the large areas of cropland and pasture land uses which deliver nutrient loads into the groundwater due
to manure/fertilizer application and grazing livestock, respectively. Pastureland is also a large source of
Nitrogen at 45%. The BATHTUB model results indicate that internal loading is not a major source of
phosphorus load into Pibel Lake. Table 13 displays the loading rate for bottom sediments in Pibel Lake.

Figure 24: Total Nitrogen Load from Existing Land Uses (lb/yr)

Total Nitrogen Load by Existing Land Uses
(lb/yr)
Forest, 22, 0%
Pastureland,
51864, 50%

Feedlots, 847, 1%

Barren Land, 533,
1%
Septic, 15, 0%
Cropland, 46996,
45%
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Figure 25: Total Phosphorus from Existing Land Uses (lb/yr)

Total Phosphorus Load by Existing Land Uses
(lb/yr)
Forest, 13, 0%
Feedlots, 169, 0%
Pastureland,
12662, 41%

Barren Land, 347,
1%
Septic, 6, 0%

Cropland, 17203,
56%
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Figure 26: Total Nitrogen Load to Groundwater by Land Use (lb/yr)

Total Nitrogen Load to Groundwater (lbs/yr)
Forest, 55, 0%

Feedlots, 6, 0%
User Defined, 153,
0%

Pastureland,
21321, 13%

Urban, 1382, 1%

Cropland, 145855,
86%

Table 13: Calculated Internal Loading Rate from Bottom Sediments in Pibel Lake
Mean Surface Area Loading Rate
Location
Area 1
Area 2
Area 3

Liable-P
(g/m2)
0.35
0.25
0.1

JEO Consulting Group, Inc.

Total Annual LiableP Loading to Lake

Total Annual Fe BoundP Loading to Lake

kg/yr
12
8
3
23
51
0.6

kg/yr
112
62
404
578
1,274
15.8

Fe Bound-P
(g/m2)
3.38
1.87
12.23
Total (kg/yr)
Total (lb/yr)
Total (mg/m2-day)
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SEDIMENT

Soil erosion and sedimentation also contribute to impaired water quality. The two primary sources of
sedimentation are: overland erosion (field and gully) from upland areas, and streambed/bank erosion.
Due to the limited number of stream miles in the watershed, and observed relatively stable banks along
most of Clear Creek, these two sources were combined to give only one sediment load number. It is
believed the majority of sediment is coming from overland erosion.
Sediment can serve as a transport mechanism to which other pollutants adhere and are conveyed
through runoff. Sediments degrade water clarity, measured as turbidity, which is both harmful to
aquatic habitat and is aesthetically undesirable. Furthermore, excessive sedimentation also buries river
and reservoir/lake gravel substrate that support spawning and foraging habitat for benthic and other
aquatic organisms.
It was recognized in the planning process that phosphorous bound to sediment particles which originate
through streambank erosion could contribute to phosphorous loads. However, given the scale of this
plan and the lack of site specific data, these loads were not calculated. During future water quality
improvement projects, phosphorous load reductions (due to decreased sediment loading) could be
calculated given additional data.
Pastureland is the largest contributor of sediment throughout the Clear Creek – Pibel
Lake Watershed. Pastureland contributes 52% of sediment according to STEPL analysis.
Cropland contributes 44%. For this reason, pastureland treatment offers the greatest
opportunity for sediment load reductions from upland areas and is the primary focus of
sediment reduction management practices. Figure 27, illustrates the source loads from each land use.
Of the given sediment load coming from the watershed, it is likely not all of it is deposited in the Pibel
Lake. As previously discussed, utilizing the bathymetric survey conducted in 2013 and the 1999
renovation “as-built” drawings, it was determined that approximately 24,533 tons of sediment have
been deposited into Pibel Lake, at an annual rate of 1,754 tons/year.
Applying a volume loss of 10.25 acre-feet to total volume of the Pibel Lake, gives approximately 6%
volume loss over 14 years or 0.43%/Year. This is well under the state criterion for reservoir volume loss,
which is less than 0.75% per year average annual volume loss, or maintaining at least 75% of their
original conservation pool volume.
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Figure 27: Total Sediment Load by Existing Land Uses (tons/yr)

Total Sediment Load by Existing Land Uses
(tons/yr)
Forest, 2, 0%
Feedlots, 0, 0%
Pastureland,
2471, 52%

Barren Land, 81,
2%
Urban, 83, 2%

Cropland, 2081,
44%

4.06

POLLUTANT LOAD REDUCTION GOALS

NUTRIENT REDUCTION GOALS
Nutrients are the pollutants listed for causing impairments to Pibel Lake, and are therefore the primary
pollutants targeted by this watershed plan. In order to meet the Chlorophyll a requirement for Pibel
Lake, the following load reductions would need to be achieved
Goal Nitrogen Load

= 26,460 lb/yr = 76% Reduction

Goal Phosphorus Load

= 8,100 lb/yr = 76% Reduction

While those reductions will bring the mean in-lake concentration of Chlorophyll a to 8
ppb, and will meet the total nitrogen requirement (1000 ug/L); those reductions would not meet the
total phosphorous water quality standard (40 ug/L). In order to do so, the total Phosphorus load would
need to be 609 lb/yr or a reduction of 98%. Nebraska Title 117, allows a lake to be listed as meeting its
water quality nutrient criteria as long as it is meeting it’s Chlorophyll a criteria, even if it’s not meeting
nitrogen or phosphorus criteria. Therefore, this plan’s goal is set, at the more realistic level noted above
to only meet the Chlorophyll a criterion.
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BACTERIA REDUCTION GOALS
Currently, it is unknown if the watershed is meeting Nebraska water quality standards
for E. coli, which is 116 colonies/100ml. Therefore, the goal of the plan is set to only
reach that criteria. Additional monitoring will be necessary to evaluate if reductions are
needed to meet this goal.
It should be noted that, implementation of BMPs targeting nutrients, will most likely reduce the
watershed’s E. coli load.

SEDIMENT REDUCTION GOALS
Currently, Pibel Lake is meeting sedimentation requirements, and no reduction goals
are proposed. It should be noted that, implementation of BMPs targeting nutrients, will
most likely reduce the watershed’s sediment load. Additionally, the in-lake work
planned by the LLNRD will also reduce the amount of sediment delivered to Pibel Lake.
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MANAGEMENT PRACTICE RECOMMENDATIONS AND LOAD REDUCTIONS

INTRODUCTION

BMPs are structures or 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.
These practices help protect water quality from current and potential contamination. Many BMPs will
help reduce loads for multiple targeted pollutants while other BMPs are designed for one pollutant.
Most BMPs offer site specific control of potential nonpoint source pollution. The LLNRD, NRCS, and
other agencies currently offer cost-share incentive to encourage installation of certain BMPs that have
proven to be successful in reducing pollution; however, increased watershed-wide implementation of
BMPs will require additional resources.
Classification of BMPs in this plan is based upon their primary construction/implementation
requirements. BMPs are generally divided into two types: structural and non-structural:
Structural BMPs – Structural BMPs typically consist of using “brick and mortar” techniques involving
construction of physical barrios that intercept, trap, and remove or treat pollutants from the run-off or
prevent pollutants from entering the flow. Structural techniques tend to be more durable; however,
they do require periodic maintenance. The use of these techniques is more effective when used in
tandem with non-structural BMPs.
Non-Structural BMPs - Non-structural BMPs focus on preserving open space, minimizing impervious
surfaces, protecting natural systems, incorporating existing natural features into project plans, and
changing public/landowner behavior through information and education, ordinances, or cost-share
opportunities. Non-structural BMPs are not permanent and depend on landowner cooperation to
continue the behavior change.
Combining non-structural BMPs with structural BMPs greatly increases the reduction of pollutant loads.
5.02

BMP SELECTION

Through the community-based watershed planning process, many BMPs were reviewed
and evaluated for incorporation into this plan. BMPs that were believed to have the
biggest impact on water quality and which were generally more palatable to
landowners have been identified as “priority practices”. Priority BMPs were selected to
target both nitrogen and phosphorus loads, particularly those loads from croplands.
Additional BMPs, not identified as “priority”, may still have value for implementation in the watershed;
however, their evaluation may be more relevant at a later time, when evaluating a specific water quality
improvement project. A brief summary can be found in Appendix D. Increased monitoring efforts
throughout the watershed will enable more precise targeting in the future.
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Priority BMPs were carried forward to estimate the amount believed to be “implementable” and thus
quantify the estimated reductions in pollutant loading. Priority BMPs are shown in Table 14.
Table 14: Priority BMPs for the Clear Creek - Pibel Lake Watershed

Non-Structural

Priority BMPs

Increased No-Till Farming
Fertilizer/Nutrient
Management
Irrigation Water Management
Livestock Facility Drainage
Management
Cover Crops

Structural
Pibel Lake Sedimentation
Basin
Buffer Strips and Grassed
Waterways

Constructed Wetlands or
Small Ponds

In order to identify the amount or quantity of priority practices, GIS was utilized to identify, on a
conceptual level, which areas the BMPs may be more applicable. It should be noted that additional
ground truthing may be needed to identify if these location are suitable; additionally, landowners should
be consulted before any future design or planning of these BMPs commences. This analysis has been
done at a planning level only. Figure 28 shows the areas identified for priority BMP implementation.
It is more effective to eliminate pollutants at the source rather than treat them after the fact. This
typically involves modifying existing systems to eliminate pollutants from leaving a facility, field, etc. This
reduces the amount of treatment needed downstream. As pollutants are conveyed downstream, they
impact greater and greater volumes of water which increases the treatment needed and subsequent
cost. Source elimination increases the efficiency of downstream practices, allowing plan goal to be met
in more timely and cost effective manners.
For this reason, BMP selection focused first on non-structural BMPs to eliminate pollutant sources, and
then on structural practices to treat remaining pollutant loads. The BMP’s modeled were implemented
in progression based on each BMP’s associated cost and implementation complexity. Non-structural
BMP’s such as no-till farming and application of fertilizer at calculated agronomic rates were the first
practices to be implemented, while structural BMP’s such as filter strips and constructed wetlands were
the last practices to be implemented. The following sections describe the assumptions used to locate
and model load reductions for priority BMPs.
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PRIORITY NON-STRUCTURAL BEST MANAGEMENT PRACTICES

INCREASED NO-TILL FARMING
Tillage of croplands can result in loss of organic material and increased erosion which conveys pollutants
directly to waterways. No-till practices allow the soil to maintain its cohesiveness stability thereby
decreasing erosion. Based on results of the watershed survey, It was estimated that approximately 80%
of the agricultural land owners in the watershed utilize no-till farming practices. Through public
education and outreach programs it is reasonable to assume that the remaining 20 percent of the users
can be convinced to begin using this practice. The load reductions resulting from this practice were
modeled in STEPL by increasing the amount of no-till cropland from 80 to 100%.

FERTILIZER/NUTRIENT MANAGEMENT
Applying fertilizer at calculated agronomic rates is a widespread practice across much of Nebraska,
especially in areas with acute nitrate groundwater concentrations. Because the Clear Creek Watershed is
not currently experiencing acute nitrate groundwater concentrations, agricultural users in the
watershed are not required by the LLNRD to apply fertilizer at calculated rates. Public education and
outreach programs which inform and encourage agricultural users to use this practice should be
implemented in the watershed. The load reductions resulting from this practice were modeled in STEPL
by changing the Animal Equivalent Unit (AEU) factor for fertilizer from B to A which effectively lowers
the nutrient concentrations in runoff from all cropland area in the watershed which receives fertilizer
application. Additionally, the shallow groundwater concentration from cropland areas was reduced by
10% (EPA, 2003).

IRRIGATION WATER MANAGEMENT
Irrigation water management can help reduce the movement of pollutants from cropland into both
groundwater and surface water by making irrigation systems more efficient. Some of these practices
include irrigation scheduling, using more efficient application practices, variable rate irrigation, and soil
moisture probes. Education outreach and cost-share programs will be the most effective means to get
agricultural users to use these types of practices. The load reductions resulting from this practice were
modeled in STEPL by reducing the amount of irrigation water by 30% (EPA, 2003).

LIVESTOCK FACILITY DRAINAGE MANAGEMENT
Locations of NDEQ permitted facilities in the watershed were mapped in the watershed using NDEQ’s
Mapping tool. The conditions of these facilities were then visually assessed using aerial photographs
from 2012 to determine if the facility could benefit from enhanced waste or drainage management
practices. As shown on Figure 28 it appears that three livestock facilities could benefit from enhanced
management plans. The load reductions resulting from this practice were modeled in STEPL by changing
the efficiency of waste management systems from 90% to 95% for all feedlot areas.
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COVER CROPS
Cover crops help to reduce wind and water erosion by stabilizing soil surfaces, thereby reducing the
potential for detachment and transport of nutrient rich soil particles into nearby surface waters. They
also help to enhance nutrient adsorption into the soil matrix, and trap and retain nutrients that would
otherwise leech into the shallow groundwater. Using information from Simpson and Weammert (2007)
nutrient and sediment reduction efficiencies for cover crops were modeled for the Clear Creek
Watershed in STEPL. According to Simpson and Weammert (2007) total phosphorus and sediment
reduction efficacies for cover crops are negligible when conservation tillage is used, and were therefore
set to 0 for the Clear Creek STEPL model. Based on the literature reviewed, nitrogen reduction
efficiencies can range from 59% to 75%, and the ratio of subsurface to surface flow nitrogen for
generally sandy watersheds is recommended to be 85/15 (Simpson and Weammert, 2007). The nitrogen
load reductions resulting from this practice were modeled in STEPL by assuming a 50% reduction in
shallow groundwater nitrogen concentrations, and a 10% reduction in surface water nitrogen
concentrations from cropland areas. This is based on an overall nitrogen reduction efficiency of 60% and
a subsurface to surface flow ratio of 85/15.
5.04

PRIORITY STRUCTURAL BEST MANAGEMENT PRACTICES

SEDIMENTATION BASIN FOR PIBEL LAKE
As discussed in Section 3, a sedimentation basin is currently being designed and will eventually be
constructed immediately upstream of Pibel Lake. The load reductions resulting from this practice were
modeled in STEPL assuming that 100% of the tributary watershed area to Pibel Lake would be treated by
this practice.

BUFFER STRIPS AND GRASSED WATERWAYS
Buffer strips, filter strips, riparian areas, and other conservation areas could be an opportunity for
improvement in nutrient and sediment load reductions. Buffer strips are effective at treating pollutants
in many applications and are proven techniques for treating both cropland and pastureland.
Filter strips / grassed waterways were modeled along the mapped extent of Clear Creek. The modeling
assumed a 40 foot wide (20 feet on each side) buffer along Clear Creek. Typical filter strips or grassed
waterways range from 25 feet to 75 feet. Priority areas to receive this treatment should include
locations where Clear Creek runs through cropland, and where the adjacent drainage area contains
livestock feeding operations. The load reductions resulting from this practice were modeled in STEPL by
treating 35% of cropland, and 35% of pastureland in the watershed, which are the approximate areas of
each land use that will be directly treated by this practice. Additionally, the shallow groundwater
concentrations from cropland and pastureland areas were reduced by 15% (EPA Region VII, 2006).
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CONSTRUCTED WETLANDS OR SMALL PONDS
Constructed wetlands or small ponds are common structural BMPs utilized for pollutant load reduction.
The basins can do so through various mechanisms including reduced runoff volumes and discharges,
solar disinfection, natural attenuation, nutrient uptake, infiltration, and sediment settling. These areas
can be designed in numerous fashions and can be designed to retain water all year or just temporary
following storm events.
Constructed wetlands / small ponds were modeled in three locations along the mapped extent of Clear
Creek. These general locations were selected using aerial photos of the watershed from 2012. In these
locations standing water was observed, suggesting a shallow groundwater table exists in the area.
Locations such as these will make ideal locations for constructed treatment wetlands.
The load reductions resulting from this practice were modeled in STEPL by cumulatively treating 90% of
cropland, 75% of pastureland, 100% of forest, and 100% of barren land in the watershed, which are the
approximate areas of each land use tributary to these practices. It should be noted that the efficiency
can vary significantly based upon the site, weather and other environmental conditions. A detailed
evaluation will need to be conducted during future water quality improvement projects and site
selection, as there may be other areas suitable for wet basins.
5.05

ADDITIONAL MANAGEMENT ACTIVITIES

In addition to traditional BMPs, planning participants identified other management practices which
could be used as part of water quality improvement projects. These practices weren’t necessarily
quantifiable in this plan. Furthermore, some of the strategies don’t correlate directly into “quantifiable”
reductions (i.e., hire a Watershed Coordinator), or are an aggregate strategy to include with identified
BMPs and on-the-ground management elements as part of the project (i.e., Wellhead Protection Plans).
Identifying other management strategies allows the LLNRD to target its resources on specific practices in
identified areas or on specific projects throughout the watershed, as opportunities arise or community
needs change. The following management strategies were identified:




Information and Education - As discussed in Section 2, information and public education
programs will be ongoing throughout the life of this plan, and more specifically for each water
quality improvement project. These public awareness programs will improve the success rate of
projects and enhance load reductions.
Wellhead Protection Planning Area (WHPA) – Developing and implementing a wellhead
protection plan for each delineated WHPA in the Watershed will be promoted. Each WHPA has
been identified as a special resource area due to the influence a WHPA has on the source water
aquifers and associated public drinking water systems. Many of the management
recommendations for WHPAs will contribute to the reduction of pollutant entering surface
waters in the Clear Creek – Pibel Lake Watershed. In addition to management practices,
wellhead protection planning includes a strong element of public involvement and education.
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Watershed Coordinator – Hiring or funding a watershed coordinator position to lead the
implementation of the Clear Creek – Pibel Lake Watershed Water Quality Management Plan and
to conduct information and education/outreach functions would greatly benefit the LLNRD and
help lead to the success of water quality improvement projects.
Conduct Water Quality Monitoring – The available water quality monitoring information within
the watershed is very limited. Conducting more frequent and at additional sampling locations,
particularly pre- and post-project, will benefit future water quality improvement projects.
Assess and Rehab Existing Structures – Assessing and rehabilitating existing structures may be a
way to both reward past conservation efforts of landowners and cheaply increase the
effectiveness of existing treatment within the watershed.
Reward Past Conservation – As discussed in multiple sections of this plan, the watershed
stakeholders have been engaged in conservation programs for many years. Improving or
enhancing aged land treatment practices is a way to reward past efforts and increase the
effectiveness of existing treatment within the watershed.
Septic System Inspections and Upgrades - Septic system inspections and upgrades will reduce a
primary source of nutrients in areas of the watershed which are not connected to a municipal
waste water treatment system.
POLLUTANT LOAD REDUCTIONS
Through the implementation of priority BMPs and water quality other management
activities, it is anticipated that the pollutant load reduction goals can be met. Table 15
summarizes the cumulatively modeled expected pollutant load reductions.
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Cropland
Pasture Land
Cropland
Pastureland
Forest
Barren Land
Urban Land
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Structural

Cropland
Cropland
Pastureland
Forest
Barren Land
Urban Land

Feedlots

Constructed Wetlands /
Small Ponds

Buffer Strips and Grassed
Waterways4

Sedimentation Basin for
Pibel Lake

Cover Crops3

Livestock Facility Drainage
Management

Increased No Till
Fertilizer/Nutrient
Management1
Irrigation Water
Management2

Cropland

Cropland

Best Management Practice

Land use Targeted

Non-Structural Cropland

BMP Type

Table 15: Pollutant Loading Reductions Summary
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100%
100%
100%
100%
100%
100%

100%

100%

100%

100%

Land use
Area
Treated

1 structure

All Cropland

Registered CAFOs

All Cropland

All Cropland

All Cropland

Level of
Treatment or #
of Structures

Section 5

35%
60,000 L.F.1
35%
90%
75%
4 structures
100%
100%
100%
Existing Watershed Load
Modeled Load After BMP Implementation
Modeled % Reduction

4,000
9,000
9,736
19,273
241
670
1,216

10,818
10,818
25,697
241
670
1,216

5

10,818

10,818

10,818

Approx
Treated
Acres

35,400
35,700

6,800
6,900

206,500

272,700
66,100
76%

35,800
7,050
80%

193,800

154,400

112,400

28,800

25,900

24,100

8,000

36,100

11,500

4,400

7,000

Nitrogen
(lbs)

Phosphorus
(lbs)
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4,700
200
96%

4,500

4,200

4,000

1,000

800

800

800

800

Sediment
(tons)

Cumulative Modeled Reduction
using STEP-L
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PROJECT IMPLEMENTATION

A COMPREHENSIVE AND TARGETTED APPROACH TOWARDS IMPLEMENTATION WILL
BE NECESSARY IN ORDER TO ACCOMPLISH THE PLAN’S GOALS.
Due to the wide spread distribution of nutrient sources and the need to reduce pollutant loading
significantly, there are many challenges to achieving the plan’s water quality goals. For this reason, a 12year implementation period has been recommended. With this long term planning period; goals,
priorities, and funding sources may change the implementation schedule. Additionally, once
improvement projects begin to be implemented, measured results may dictate a deviation in
management decisions.
To fully implement the Clear Creek – Pibel Lake Watershed Water Quality Management
Plan, much work is still left to do. This plan identifies priority areas and practices to
begin implementation; however, decisions on specific areas, project types, and project
selections will need to be an ongoing process. Each implementation phase following
adoption of this plan will require further study and detail. Once a project area or project
has been identified and work has begun, the process will be repeated. Figure 29 depicts this ongoing
process.

Figure 29: Plan Implementation Flow Chart
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PRIORITIZATION OF CRITICAL AREAS AND PROJECTS

PRECISION CONSERVATION
"PRECISION CONSERVATION" MEANS TARGETING CONSERVATION PRACTICES TO
PLACES ON THE LANDSCAPE WHERE THEY WILL BE MOST EFFECTIVE. IT'S ABOUT
GETTING THE RIGHT PRACTICES IN THE RIGHT PLACE, AT THE RIGHT SCALE.
Results from the pollutant load source identification, as discussed in Section 4, were
consulted to identify the critical or primary areas to focus management practices
towards. It was found that cropland had the biggest impact on both nitrogen loading to
groundwater, and phosphorus loading to surface water. Targeting implementation of
priority BMP’s towards cropland is believed to provide the most effective controls for
pollutant sources. Other critical areas identified include the Clear Creek stream corridor, Pibel Lake inlet,
and cattle feeding operations.
Critical Area Prioritization
1.
2.
3.
4.

Pibel Lake inlet
Cropland
Clear Creek stream corridor
Cattle feeding operations

MANAGEMENT PRACTICE PRIORITIZATION
Implementing all identified management practices will be critical to reducing pollutant loads down to
levels which allow water bodies to meet water quality standards and beneficial uses. However, given the
long time frame of implementation, the complexities of building some of the BMP’s, and the limited
resources available, plan stakeholders have identified criteria for evaluating where and when projects
may be able to be implemented. While the criteria were not weighted against each other, the following
was identified:










Special Resource Areas Present
Willingness of Landowners
Loading reduction estimates
Infrastructure issues or opportunities
Synergist Effects of multiple practices
Design and/or Construction Costs
Operation and Maintenance Costs
Potential project partners
Outside funding opportunities
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IMPLEMENTATION MILESTONES AND SCHEDULE

Within the context of plan implementation and scheduling, 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 phases. 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.

PHASED IMPLEMENTATION SCHEDULE
A 12-year, 2-phased implementation schedule has been developed. This is based around the NDEQ Basin
Rotation Monitoring Schedule, which is done on a six-year rotation. It is anticipated that within this
planning period changes to other LLNRD goals, priorities, and funding sources or the development of
additional watershed data may affect the implementation schedule. To account for these potential
changes plan updates/evaluations are scheduled every 6 years. Should additional monitoring be
implemented within the watershed, implementation phases may become shorter as evaluation data can
drive efficiencies in implementation.
Table 16 illustrates the phases and milestones needed to accomplish implementation of the plan. It also
includes a demonstration of how implementing multiple project activities can and should run
concurrently, in order to allow for continuous watershed improvements.
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Table 16: Implementation Milestones
IMPLEMENTATION PHASE 1

IMPLEMENTATION PHASE 2
Year

X

Identify a critical area or
project area for project
implementation

X

X

X

X

X

X

X

X

Identify and apply for
funding
Complete Project
Implementation Plan for
approved project

X

X

X

X

X

X

Hire or Fund Watershed
Coordinator

X

Identification of landowner
partners and project
locations

X

Implement Water Quality
Improvement Practices

X

ONGOING

X

ONGOING

Development and
Distribution of Educational
Materials/Programs

X

ONGOING

X

ONGOING

Project reporting (closeout)
LLNRD Initiated Monitoring

ONGOING

X

X

ONGOING

X

X
X

X

Section 6

ONGOING

X

X

NDEQ Basin Rotation
Monitoring Network
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X

X

2026

Complete/Evaluate/Update
Management Plan

2025

2024

2023

2022

2021

2020

2019

2018

2017

2016

2015

2014

Milestone

ONGOING

X
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COSTS

Costs opinions were calculated based on literature reviews, project team experience, and information
provided by NDEQ.
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 normal cost
increases over time, site specific conditions for structural BMPs, varying methodologies for BMP
implementation, or changes to the plan based on monitoring results. Detailed cost opinions should be
prepared for each water quality improvement project.
Table 17 summarizes the cost opinions associated with recommendations discussed in
this watershed plan. This 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 all recommendations of the plan, and will ultimately be shared among various
stakeholders through cost-share. Section eight explores financial and technical resources which could
aid in the implementation of this plan.
The opinion of cost to implement all components of this plan is $2,392,404. This also includes costs for
plan maintenance and updates or other evaluations necessary to implement projects.
Table 17: Implementation Costs for the Clear Creek – Pibel Lake Watershed Plan

Management Practice
Increased No-Till Farming
Fertilizer/Nutrient Management
Irrigation Water Management
Livestock Facility Drainage Management
Cover Crops
Pibel Lake Sedimentation Basin
Buffer Strips & Grassed Waterways
Constructed Wetlands or Small Ponds
Ongoing Information and Education
Updates to the Watershed Plan
Additional Monitoring

Number of
Unit Cost/Unit
Units
acre
$60
2,164
acre
$28
10,818
each
$2,040
68
each $15,000
3
acre
$80
10,818
Already Implemented
acre
$100
2,105
each $100,000
4
year $10,000
10
each $50,000
2
year $10,000
10

Total
$129,840
$302,904
$138,720
$45,000
$865,400
$210,500
$400,000
$100,000
$100,000
$100,000

Total $2,392,404

JEO Consulting Group, Inc.

Section 6

Page 83

Clear Creek – Pibel Lake Watershed Water Quality Management Plan

Lower Loup NRD

THIS PAGE LEFT INTENTIONALLY BLANK

JEO Consulting Group, Inc.

Section 6

Page 84

Clear Creek – Pibel Lake Watershed Water Quality Management Plan

SECTION 7.
7.01

Lower Loup NRD

MONITORING AND PLAN EVALUATION

INTRODUCTION

Numerous local, state, and federal agencies, including educational institutions have engaged in a host of
physical, chemical, and biological monitoring to provide a scientific approach to effective resource
management. 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.
In the Clear Creek – Pibel Lake Watershed, there is currently very limited or dedicated monitoring.
However, monitoring can come in many forms, conducted to meet a wide variety of objectives, and may
vary depending upon the nature of the problems, projects, or programs involved. Therefore, the intent
of this section is to:
1. Provide a general overview of current monitoring and assessment activities being conducted in
the Watershed
a. Summarize current agency involvement in monitoring throughout the Watershed
b. Outline general monitoring approaches that can be, or are, being used
2. Provide recommendations for additional monitoring
3. Define the monitoring or evaluation measures that are necessary to effectively measure
progress towards plan goals

GROUNDWATER MONITORING: GENERAL APPROACH
Due to the importance of groundwater to the State, a massive effort is made to monitor the quality of
this valuable resource. Several public entities have actively partnered to this end, including:







Natural Resource Districts (including the Lower Loup NRD)
Nebraska Department of Agriculture (NDA)
Nebraska Department of Environmental Quality (NDEQ)
Nebraska Department of Health and Human Services(NDHHS)
University of Nebraska-Lincoln (UNL)
United State Geologic Survey (USGS)

The results of these monitoring efforts are combined in the Quality-Assessed Agrichemical Contaminant
Database for Nebraska Groundwater (Database). The Database brings together groundwater data from
many different sources and provides public access to this data. The dates of this data represent the
majority of sample results available and range from mid-1974 to the present. Most monitoring takes
place from irrigation or domestic supply wells; however, in recent years, dedicated groundwater
monitoring wells have been installed in increasing numbers.
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The network of monitored wells provides data from a wide range of geologic conditions and water that
is sampled for a wide variety of compounds. Many of these compounds are used in agriculture
production and non-agriculture contaminants (petroleum products, hazardous wastes, wastewater
treatment effluent, etc.). Because of the widespread utilization of groundwater, its “abundance” or
change in availability is closely monitored.
While numerous agencies are involved in groundwater monitoring, the NDEQ and LLNRD provide a
leadership role for nonpoint source related monitoring and assessment needs in the Watershed. Any
groundwater data collected in the Watershed is forwarded for inclusion in the Database.
Approaches to monitor and assess groundwater quality are significantly different than for surface
waters. Surface water flows and exposure to anthropogenic impacts allow for rapidly changing water
quality. Groundwater flows from only a few inches to a few feet per day, creating a slower changing
chemical environment. For this reason, many surface water quality programs are designed to monitor
short-term changes and event-based impacts; whereas groundwater monitoring programs are typically
designed to assess long term trends. It can take decades to see a response in groundwater from land
management activities; therefore loading input reduction estimates and/or modeling are the best
options for reporting short term improvements, project benefits, or progress in implementing this
management plan. When possible, groundwater data needs in the Watershed should be reported
through existing monitoring networks provided by the LLNRD or other resource agencies.
In most cases, groundwater monitoring programs are focused on nitrate-nitrogen; however, pesticides
are often times included. Shallow dam-site wells are often tested for bacteria; however that data is not
reported in the Agriculture Chemical Database. While the primary nonpoint source related groundwater
concern in the Watershed is nitrate-nitrogen contamination, pesticides should continue to be evaluated
by the LLNRD. Any future nonpoint source contaminant identified as a threat to groundwater should be
added to existing networks or be targeted for new efforts.
Options for monitoring groundwater are limited to utilizing existing wells (domestic or irrigation) or
installing new monitoring wells. New well construction, particularly deeper wells, will add significant
costs to monitoring efforts. Unless specific priorities warrant, it may be cost-prohibitive to adequately
monitor water quality, particularly for smaller projects.
One major consideration when monitoring groundwater is the depth to water and desired sampling
depth. While shallow wells may be cheaper to construct, they are more prone to be influenced by
anthropogenic pollution sources such as such as chemical spills, fertilizers, and pesticides. When
sampling existing wells, well age, casing type and well condition should be taken into consideration.
All monitoring activities funded through Federal Clean Water Act programs or the NDEQ will require an
agency approved Quality Assurance Project Plan (QAPP).
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SURFACE WATER MONITORING: GENERAL APPROACH
Due to the importance of surface water to Nebraska, there are several local, state, and federal entities
involved in monitoring, assessment, and protection. Those entities include:







Nebraska Department of Agriculture (NDA)
Nebraska Department of Natural Resources (NDNR)
Nebraska Department of Environmental Quality (NDEQ)
Nebraska Department of Health and Human Services (NDHHS)
U.S. Environmental Protection Agency (EPA)
United States Geological Survey (USGS)

While numerous agencies are or can be involved in surface water monitoring, the NDEQ currently
provides the leadership role for nonpoint source related monitoring and assessment needs in the
Watershed. The primary central database that is populated and utilized by NDEQ is the EPA maintained
STOrage and RETreival Data Warehouse (STORET).
Surface water monitoring programs can include a host of parameters that can be targeted to assess the
physical, chemical, and biological aspects of water resources. Physical and chemical properties are
continuously changing, which influences biological communities. Measuring short-term changes in any
of these properties can be done, however the reason for these changes may be more difficult to explain.
Additionally, stream and reservoir water quality responses to land management activities is slow,
making short term monitoring inadequate to evaluate improvements.
In most cases longer term monitoring networks in streams and reservoirs target the nonpoint pollutants
that are of concern, such as bacteria, sediment, and nutrients. While pesticides have not been
documented as an impairment to any surface water in this watershed, they are also routinely monitored
on a regular basis.
When measuring chemical constituents in moving water, it is also important to monitor flow. Ideally,
flow can be monitored continually to allow for accurate calculations of the annual pollutant load. In
general, loads of nutrients, sediment, and pesticides will increase during storm events. That is the case
for two reasons: 1) concentrations of these pollutants tend to increase during runoff events, and 2)
more water is delivered to the system under runoff events. Since bacteria are biological organisms, the
estimation of a “load” is not appropriate and should be evaluated on a “density” basis.
Most monitoring programs are designed for systematic sampling, which incorporates a routine fixed
date for sample collections. For example, first day each week, first day of each month, or first day of
each calendar quarter, etc. Chemical samples are typically collected as “grab samples” in the center of
the stream or reservoir. In some cases automated samplers are used to collect samples at various stages
of the hydrograph. This information can be beneficial in estimating an event-based load for a particular
pollutant or quantifying pollutant concentration variation throughout a runoff event.
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Biological sampling in streams is primarily targeted for fish and aquatic insects. Fish and insect
information is used to assess for aquatic community health through the use of “indexes” and known
pollution tolerance levels for individual organisms. Collections are usually focused on a smaller section
of a stream, although all habitat types are sampled. Stream hydrology and habitat play an important role
in species presence, species numbers, and community health.
Aquatic biological communities have continuous exposure to the water and pollutants in the water,
therefore, they can be a great indicator of water quality conditions. Poor community health of these
organisms can indicate water quality problems associated with short-term exposure to a higher
concentration of pollution, or long-term exposure to a lower concentration of pollution. Fish and aquatic
insects are sensitive to pollutants in much smaller concentrations than what can be measured by
laboratory equipment; therefore their communities can indicate problems that otherwise wouldn’t be
detected. Other factors such as stream flow and stream habitat also play an important role in aquatic
insect and fish community health. All influencing factors should be taken into account when assessing
biological data.
To evaluate water quality changes over time it is important to maintain some consistency in sampling
locations, sampling methods, laboratory methods, and data assessment methods. Fixed reference sites
should be utilized within a watershed to determine relative changes. These methodologies should be
taken into account when developing specific monitoring plans. All monitoring activities funded through
Federal Clean Water Act programs or the NDEQ will require an agency approved QAPP.
NDEQ Basin Rotation Monitoring
NDEQ monitoring of water bodies is done on a six-year rotation in the 12 major river basins in the state.
The basin rotation program enables the NDEQ to work towards the goal of assessing all waterbodies
within the state, while at the same time, insuring sufficient data is collected to determine if a waterbody
is impaired by pollution. By focusing sampling efforts to a few adjacent river basins each year, NDEQ can
collect enough water quality samples to perform accurate assessments, while simultaneously collect
data from more waterbodies because of the reduced size of the monitoring area. The following physical
and chemical parameters are typically collected at each site: ammonia, nitrate-nitrite, total nitrogen,
total phosphorus, total chlorides, total suspended solids, turbidity, pH, temperature, conductivity,
dissolved oxygen, E. coli bacteria, and pesticides.
In addition to chemical monitoring, the NDEQ also conductions monitoring of biological indicators as
part of the Basin Rotation Monitoring program. Biological community assessments in the watershed can
also used as a tool to evaluate nonpoint source impacts and improvements.
The most recent Basin Rotation Sampling in the Watershed was in 2013, and the next scheduled
sampling rotation is in 2019.
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NGPC Fish Sampling Program
The NGPC conducts sampling for game fish across Nebraska in many of the most popular streams, lakes,
and reservoirs. Fish populations are sampled annually or on a regular basis. Fish populations are
sampled at most major reservoirs every year, while smaller waters are sampled less often. Results from
these waters allow anglers and managers to review trends in the fish populations over time. Sampling
can be influenced by a variety of factors, most notable weather.
7.02

EXISTING MONITORING

Figure 30 displays the existing monitoring stations within the Watershed.

CURRENT GROUNDWATER MONITORING
The LLNRD is part of a Statewide Groundwater Monitoring Network, coordinated by NDEQ. and samples
wells in the district for nitrate-nitrogen and common pesticides.
Groundwater levels are an important component to the overall monitoring program. Water levels are
currently monitored by the LLNRD throughout the District using both dedicated monitoring wells and
irrigation wells. There is currently a gap in groundwater data in the Watershed as only irrigation wells
are sampled, which only takes place throughout the growing season. There are currently no dedicated
monitoring wells in the watershed.
With nitrate levels already being elevated in some areas throughout the district and approaching high
concentrations in others, the LLNRD has established Groundwater Management Areas through its
GWMP. Management Areas in the district are designated into Phase I, Phase II, or Phase III Areas based
on nitrate concentrations:




Phase I areas are set with median groundwater nitrate-nitrogen levels of 0-6.5 mg/l
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

There are no Phase II or Phase III Area designations in the Watershed, although the LLNRD periodically
assesses water quality data to make necessary designation adjustments.

CURRENT SURFACE WATER MONITORING
Stream Gauging
There are currently no permanent stream gauges installed on Clear Creek. As part of the watershed
planning process, temporary monitoring stations were installed on Clear Creek at both upstream and
downstream segment of Pibel Lake. These monitor stream flow and discharge.
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Chemical Monitoring
There are no ambient monitoring sites in the Watershed, and Clear Creek has no monitoring program in
place.
Pibel Lake is sampled as part of NDEQ Basin Rotation Monitoring program. The most recent sampling
was conducted in 2013, with those water quality results utilized as part of this plan.
Biological Monitoring
Neither Clear Creek nor Pibel Lake was assessed for biological indicators as part of the NDEQ Basin
Rotation Monitoring program.
Pibel Lake was sample by the NGPC as part of their Fish Sampling Program in 2013. Largemouth bass
were sampled with electroshocking equipment and bluegill were sampled using trap nets. Data on fish
age, growth, and population were gathered. Sampling results indicated that both populations are
relatively large, with the majority of largemouth bass less than 15 inches, and the majority of bluegill
between 6 and 8 inches.
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RECOMMENDED MONITORING

Currently, the minimal monitoring necessary to evaluate the status of the watershed is
being conducted. The following recommendations will allow the LLNRD to more fully
understand the conditions of the watershed and Pibel Lake, as well as provide
additional data to evaluate the effectiveness of management practices implemented
through this watershed plan. The following areas, in order of priority, are recommended for expansion
or further development:
1.
2.
3.
4.
5.
6.

Chemical and Aquatic Life/ Habitat condition monitoring in Clear Creek
Permanent stream flow monitoring in Clear Creek and level monitoring in Pibel Lake
E. coli Bacterial Monitoring
Ambient water quality monitoring in Pibel Lake
Dedicated Groundwater monitoring
Lake Sediment/Sedimentation Sampling

Depending on the BMP installed, it may be appropriate to initiate site scale monitoring to determine
BMP effectiveness. Additional monitoring at various locations from the stream headwaters down to
Pibel Lake would provide a better spatial understanding of where significant loads may be coming from
and will identify changes in the Watershed’s aquatic health throughout time. This should help measure
the effectiveness of implemented improvements and may also help prioritize future projects.

CHEMICAL AND AQUATIC LIFE/HABITAT MONITORING
Chemical/biological monitoring is currently conducted on a rotational system by NDEQ on Pibel Lake;
however, Clear Creek is not included. It is recommended that chemical and biological monitoring be
expanded to the Creek. Currently, Clear Creek is listed as a Category 3 waterbody, meaning there is
insufficient data to determine if it is meeting its beneficial uses. Additional monitoring will provide that
data.
It is recommended that at a minimum, a sample site should be located near the bottom of the
Watershed, and if possible, a second above Pibel Lake. Monitoring should take place throughout the
growing/recreation season on annual basis if possible, or at minimum on the same basin rotation
schedule as NDEQ. This will help provide a paired water quality data set for both Clear Creek and Pibel
Lake.

STREAM FLOW MONITORING IN CLEAR CREEK AND LEVEL MONITORING IN PIBEL LAKE
While Clear Creek is known to be a perennial stream, long term stream flow data of Clear Creek does not
exist. In order to obtain a reasonable estimate of stream flow within Clear Creek and to estimate the
water balance of Pibel Lake, two streamflow monitoring sites were established on Clear Creek. However,
the monitoring equipment is not permanent, and has been established to provide reasonable estimates
of flow in Clear Creek.
JEO Consulting Group, Inc.
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It is recommended that a permanent gauge station be installed upstream of Pibel Lake at a minimum,
and that another be installed downstream of Pibel Lake. This data will be important in estimating the
flow of Clear Creek for both pollutant load modeling/sampling and in estimating a water balance for
Pibel Lake.

E. COLI BACTERIA MONITORING
Currently, there is not E. coli data available for the Watershed. The Segment of Cedar River (LO1-30300),
which Clear Creek - Pibel Lake Watershed empties into has been identified as impaired by NDEQ. While
the Cedar River is not explicitly addressed as part of this plan there is concern that excessive E. coli may
be originating out of the Watershed. Given high potential for E. coli to be originating from the Clear
Creek – Pibel Lake Watershed, E. coli monitoring should be included with other monitoring efforts for
both Clear Creek and Pibel Lake in order to determine if E. coli is a concern in the Watershed.
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 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 pollution reduction. Future
updates to this plan may utilize better science and analytical techniques as they become available.
The sampling sites and frequency should mirror those for chemical and aquatic life sampling.

AMBIENT WATER QUALITY MONITORING IN PIBEL LAKE
Lake water quality monitoring is currently conducted on a rotational system by NDEQ on Pibel Lake. It is
recommended that an ambient water quality monitoring site be established. This would provide
monthly and yearly monitoring data. Additional monitoring data will provide much more reliable
assessment as to the health of the lake and the watershed.
Given the size of Pibel Lake, one sample site should be representative of lake wide conditions.
Monitoring should take place throughout the growing/recreation season on annual basis if possible, or
at minimum on the same basin rotation schedule as NDEQ.

DEDICATED GROUNDWATER MONITORING
Establishing dedicated monitoring wells in the vicinity of Pibel Lake will allow for monitoring of both
groundwater nutrient loads (a large contributor to Pibel Lake) and the ground water levels.
Groundwater level monitoring, paired with stream flow monitoring will give a better estimate of the
groundwater/base flow contributions to Clear Creek and Pibel Lake.
Groundwater monitoring should take place on a year-round, monthly schedule so that it can be
correlated with precipitation and streamflow data.
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LAKE SEDIMENT/SEDIMENTATION SAMPLING
Results of the lake sedimentation and bottom sediment analysis indicate that Pibel Lake does not
currently suffer from a large sedimentation problem. However, long term monitoring of this is still
important in determining effectiveness of management practices and in planning future lake
management needs. Bathymetric survey and lake bottom sampling events should take place
approximately every 10 years.

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 for point source contributions to influence nutrient and
bacteria densities at low flow conditions, periodic compliance monitoring may be necessary. Periodic
compliance monitoring will be conducted at NPDES permitted facilities to verify permit limitations are
being adhered to. 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. The
compliance monitoring and self-monitoring information should be used in future assessments of the
success in meeting the plan goals.
7.04

EVALUATING IMPLEMENTATION MEASURES

ADAPTIVE MANAGEMENT
ADAPTIVE MANAGEMENT IS A SYSTEMATIC APPROACH FOR IMPROVING RESOURCE
MANAGEMENT BY LEARNING FROM MANAGEMENT OUTCOMES.
To evaluate the progress of implementing this plan, the adoption of best management
practices will be evaluated against the goals set out in the implementation section of
this plan. Every six years the LLNRD will determine if the implementation of
management practices is on pace to meet the project objectives and goals, and take
appropriate action to ensure that the plan goals are met. Plan evaluations and updates
are scheduled approximately every six years. At this time, projects activities will be evaluated and the
plan updated to include any reductions or lessons learned from these experiences.
The information and education recommendations of this plan are essentially ongoing and will be
evaluated during each plan update period. If any specific information and education campaigns are
conducted, an evaluation element will be added to ensure they are successful and to learn for future
efforts.
Each water quality improvement project should develop expected interim load reductions which
support the goals of this watershed plan. Evaluating those will help to gauge the progress of this plan
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meeting its goals and implementation schedule. All appropriate data should be utilized to evaluate the
impacts of water quality improvement projects over time.

SHORT TERM MONITORING
Due to the length of watershed projects (5-10 years), and the receiving waters slow response to loading
reductions, NDEQ uses short- and long-term data needs for evaluating the effectiveness of projects.
Short-term data is needed to evaluate and report watershed treatment progress and associated loading
reductions to resource agencies and watershed stakeholders.
Short-term data needs are satisfied through water quality modeling. Water quality improvement
projects should utilize the same modeling techniques as this plan (STEPL). This information is shared
with project stakeholders and is compared to land treatment and loading reduction goals developed
through the watershed plan.

LONG TERM MONITORING
Long-term data is intended to document changes in water quality that may be associated with
watershed treatment activities. Data needs are satisfied through water quality monitoring. As
mentioned, minimal water quality data is currently collected in the Watershed. Implementing additional
monitoring techniques, as recommended by this plan, will enhance the LLNRD’s ability to effectively
evaluate the progress of this plan. Water quality monitoring data will be compared to the water quality
goals established in this plan. On a two year basis, NDEQ will assess all available water quality data for
Clear Creek and Pibel Lake against the Nebraska Surface Water Quality Standards.
Flow should be considered in the assessment of all pollutant data. In general, as stream flow decreases,
influences from point source discharges become more significant. One should also use caution in
evaluating improvements from data collected under extremely high flows.
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FINANCIAL AND TECHNICAL RESOURCES

Many programs and financial and technical resources currently exist to provide costshare assistance in the implementation of this plan. These agencies have been
identified as being responsible for program oversight or fund allocation that may be
useful in addressing nonpoint source pollutants to the Clear Creek – Pibel Lake
Watershed. Participation will depend on the agency/organization’s program
capabilities. While the primary organizations are identified below, others can be included in the
implementation process.
All available monetary and technical resources will need to be explored and leveraged to achieve the
plan goals. A long term, aggressive approach towards implementation will be necessary in order to
accomplish these.

LOWER LOUP NATURAL RESOURCES DISTRICT
The LLNRD is expected to be the champion of this plan. The LLNRD has many resources at its disposal in
the form of financial assets and technically skilled staff. In addition, the LLNRD is a local agency and best
knows the watershed, its residents, and the activities that go on there. To fully implement the plan
however, the LLNRD will require the utilization of other external resources.

NEBRASKA ENVIRONMENTAL TRUST (TRUST)
The Trust seeks projects that bring public and private organizations together to implement high-quality,
cost-effective projects. They value projects that leverage private investments in conservation and
promote long-lasting results. The Trust considers funding proposals in five categories: habitat, surface
and groundwater, waste management, air quality, and soil management. Annual grants are funded
through the proceeds of the Nebraska Lottery. The Trust accepts grant applications annually, typically in
September. Most grants are awarded as reimbursable agreements for eligible expenses as the project is
implemented.

NATURAL RESOURCES CONSERVATION SERVICE (NRCS)
The NRCS helps landowners reduce soil erosion, enhance water supplies, improve water quality,
increase wildlife habitat, and reduce damages caused by floods through a variety of financial assistance
programs. The following programs are as follows; however these or new program offerings can change
based on National and State priorities or changes to the Farm Bill:
Agricultural Water Enhancement Program (AWEP)
The AWEP is a voluntary conservation initiative that provides financial assistance to agricultural
producers to implement water enhancement activities on agricultural land to conserve surface
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and groundwater. Funding is available each fiscal year for eligible agricultural producers.
Funding is provided by the Farm Bill which provided $60 million for fiscal year 2012.
Environmental Quality Incentives Program (EQIP)
The EQIP is a voluntary program that provides financial assistance to agricultural producers
through contracts for up to a maximum of ten years. Financial assistance is provided to owners
and operators of agricultural land or forest production to implement conservation practices that
improve soil, water, plant, animal, air, and other related sources on agricultural land. The 2008
Farm Bill includes provisions for the use of EQIP to assist agricultural producers.
Conservation Stewardship Program (CSP)
The CSP is a voluntary program that encourages agricultural and non-industrial private forest
producers to address resource concerns by undertaking additional conservation activities and
improve, maintain, and manage existing conservation activities. Applications are accepted every
ranking period and CSP participants are paid annually based on conservation performance.
Wildlife Habitat Incentive Program (WHIP)
The WHIP is a voluntary program for landowners who want to develop or improve wildlife
habitat or agricultural, nonindustrial private forest, or Tribal land. The NRCS will provide up to
75% cost-share assistance for up to 10 year to establish or improve wildlife habitat. Funding is
provided by the Farm Bill.
Wetland Reserve Program (WRP)
The WRP is a voluntary program that aims at restoring wetlands and provides financial
assistance to eligible landowners to address wetland, wildlife habitat, soil, and water concerns
on private lands. Landowners can receive financial incentives to restore, protect, and enhance
wetland in exchange for retiring marginal land from agriculture. Applications are accepted at
any time and can be filed at local USDA Service Centers.
Conservation Reserve Program (CRP)
CRP is a voluntary program that helps agriculture producers use environmentally sensitive land
for conservation benefits. Producers enrolled in CRP plan long-term, resource-conserving covers
to control soil erosion, improve water and air quality and develop wildfire habitat. In return,
participants are provided with rental payments and cost share assistance. Contract duration is
between 10 to 15 years.
Conservation Reserve Enhancement Program
The Conservation Reserve Enhancement Program (CREP) is an offshoot of the Conservation
Reserve Program (CRP), the country’s largest private-land conservation program. Administered
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by the Farm Service Agency (FSA), CREP targets high-priority conservation issues identified by
local, state, or tribal governments or non-governmental organizations. In exchange for removing
environmentally sensitive land from production and introducing conservation practices, farmers,
ranchers, and agricultural land owners are paid an annual rental rate. Participation is voluntary,
and the contract period is typically 10–15 years, along with other federal and state incentives as
applicable per each CREP agreement.

NEBRASKA DEPARTMENT OF NATURAL RESOURCES (DNR)
The DNR administers several state funding programs that help support projects dedicated to the
sustainable use and proper management of Nebraska’s natural resources. The programs administered
by the NDNR are as follows:
Resources Development Fund (RDF)
The purpose of the RDF is to assist with the development and use of Nebraska’s land and water
resources. The funding is provided by state tax dollars and provides assistance in the form of
grants or loans for qualified projects that are sponsored by political subdivisions or state
agencies. Eligible projects include flood damage reduction, sediment and erosion control,
groundwater recharge, fish and wildlife enhancement, and preservation of water for all uses.
Small Watersheds Flood Control Fund
The Small Watersheds Flood Control Fund financially aids local sponsors with the acquisition of
necessary land rights for flood reduction projects. The fund is financed through a revolving state
fund that has primarily been used by sponsors of Public Law (P.L) 566 Watershed Projects which
are planned and designed by the NRCS.
Natural Resources Water Quality Fund (NRWQF)
The NRWQF provides state funds to NRDs for their water quality programs including both
surface water and groundwater. The fund is financed by portions of certain fees levied by the
Nebraska Department of Agriculture for pesticide registration and applicator licenses.
Approximately one million dollars is available per year and distribution occurs in and August and
February of each fiscal year. A formula is used to determine distribution amount to each NRD
based on proportionate fertilizer sales.
Water Well Decommissioning Fund
The Water Well Decommissioning Fund provides funds for cost-share assistance through
participating NRDs to help encourage proper decommissioning of water wells that are no longer
in use. The fund is supported by a portion of the fees collected by DNR for well registrations.
Participating NRDs are allocated funds annually based on funds available and the number of
wells decommissioned by each district in the previous year.
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Soil and Water Conservation Fund
The Soil and Water Conservation Fund provides financial assistance to private landowners for
installation of soil and water conservation practices. Numerous conservation practices are
eligible for cost-share assistance of up to 75% and the Natural Resources Commission annually
allocates the funds among NRDs.
Interrelated Water Management Plan Program Fund (IWMPP)
The IWMPP fund helps fund the duties of the NRDs arising under the Nebraska Groundwater
Management and Protection Act. Funds are allocated by the Natural Resource Commission to
NRDs based on guidelines adopted by the Commission and amounts approved must be
supported by a minimum local revenue match compromising 20% of the total project cost.

WATER SUSTAINABILITY FUND (LB 1098)
On April 17, 2014 Legislative Bill (LB) 1098 became law. The law has two major parts: reestablishing and
expanding the current Natural Resources Commission from 16 to 27 members. The Commission will be
made up of representatives from the following sectors: agribusiness, agriculture, ground water
irrigators, irrigation districts, manufacturing, metropolitan utilities districts, city water users from Lincoln
and a city of the first or second class or a village, outdoor recreation users, public power districts, public
power and irrigation districts, range livestock owners, surface water irrigators, and wildlife conservation
interests. The Commission will be tasks with administering funding to complete water sustainability
projects.
In addition to expanding The Commission, LB 1098 created a new source of funding for water
management projects called the Water Sustainability Fund. The fund 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.
While LB 1098 provides the process of approval of project applications, the final rules and policy used to
select and fund projects has not been completed. The LLNRD should continue to monitor this potential
funding source.

NEBRASKA DEPARTMENT OF ENVIRONMENTAL QUALITY (NDEQ)
NDEQ administers several EPA programs that provide a variety of grant opportunities for public and
private sectors that provide environmental programs, projects, and activities. Programs that target
water pollution, wetland protection, and water quality offered by the NDEQ include:
Clean Water Act (CWA) Section 319
The Section 319 provides funding to states, territories, and tribes to mitigate nonpoint source
pollution. EPA awards funds for state nonpoint source management programs including
reductions of nonpoint source pollution loadings and improvements to water quality. Nonpoint
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source programs may include technical assistance, education, training, demonstration projects,
and regulatory programs. Funds are awarded annually to states in accordance with state-bystate allocation formula developed by the EPA.
Wetlands Program Development Grants (WPDG)
The WPDG provides eligible applicants opportunities to implement projects that support the
coordination and process of research, investigations, experiments, training, and surveys related
to the causes and prevention of water pollution. Priority is given to projects that address three
areas identified by EPA including, development of a monitoring and assessment program,
improvement of compensatory mitigation, and refining the protection of wetlands and aquatic
resources.

NEBRASKA GAME AND PARKS COMMISSION (NGPC)
The NGPC provides funding for various programs determined by the Legislature and financed by license
fees paid by hunters and anglers, sale of habitat stamps, and revenue from various state taxed products.
Several of the funded programs include: Aquatic Habitat Fund, State Wildlife Grant Program, Land and
Water Conservation Fund Act, Recreational Trails Program, and the Wildlife Conservation Fund.
Aquatic Habitat Fund
Nebraska’s State Legislature established the Aquatic Habitat Stamp, required of most licensed
anglers, in 1996 to maintain, restore or enhance the capacity of a waterbody to produce and
sustain fish. Aquatic Habitat Plans were developed with public input and adopted by the
Commission. Each plan identifies locations across the state where these funds can be used to
make habitat improvements. Projects funded by this program are cost-shared by local NRDs,
cities, and communities. Funding priorities include:





Aquatic Habitat Rehabilitation
Angler Access
Motorboat Access
New Lake Construction

State Wildlife Grant Program
In 2001, the U.S. Congress created the Wildlife Conservation and Restoration Program (WCRP)
and State Wildlife Grants Program (SWG) to address the needs of declining fish and wildlife and
prevent future endangered species listings. The US Fish and Wildlife Service distributes funding
to state wildlife agencies to implement their Wildlife Action Plan. Since 2002 NGPC has made a
portion of its annual allocation available to partners through a competitive grants program to
conserve and study at-risk species and their habitats. However, due to recent federal budget
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cuts to the State Wildlife Grants Program, NGPC is unable to offer competitive grants until
further notice.
Land and Water Conservation Fund
The United States' Land and Water Conservation Fund (LWCF) is a Federal grant program that
was established by Act of Congress in 1964 to provide funds and matching grants to federal,
state and local governments for the acquisition of land and water, and easements on land and
water, In Nebraska, the NGPC administers money appropriated to the State. The Land and
Water Conservation Program cannot make up more than 50% of the total project cost.
Eligible projects include improvements that promote outdoor recreational activities. Such as
land acquisition for parks improvements/renovations, playstructures, trails, participatory sport
facilities (outdoor tennis/basketball courts, ballfields, soccer fields, fishing facilities.), etc.
Recreational Trail Program
The Recreational Trails Program (RTP) grant fund is a fund of the Federal Highway
Administration’s (FHWA) that is administered by the Nebraska Game and Parks Commission.
This fund is made possible by a portion of the Federal motor fuel excise tax paid by users of offroad recreational vehicles such as snowmobiles, all-terrain vehicles, off-road motorcycles and
off-road light trucks.
This fund is specifically for land acquisition for motorized or non-motorized trails, motorized or
non-motorized trail development, trail-related support facilities and maintenance of both
motorized and non-motorized trails.
Nebraska Wildlife Conservation Fund
The Nebraska Wildlife Conservation Fund works to save Nebraska’s Wildlife and Wild Places. The
Nebraska Wildlife Conservation Fund is the state’s primary funding source for research and
habitat restoration or reintroduction projects necessary to ensure that spectacular nongame
wildlife thrive in Nebraska. The Wildlife Conservation Fund also connects people and nature by
educating youth about Nebraska’s wildlife and wild places.

NEBRASKA DEPARTMENT OF AGRICULTURE
The Nebraska Buffer Strip Program is operated by the Nebraska Department of Agriculture and is
offered to landowners who own cropland adjacent to perennial and seasonal streams, ponds, and
wetlands. Buffer strips are designed to filter fertilizers and pesticides used in adjacent fields. Two kinds
of buffer strips are used: filter strips, or narrow strips of grass; and riparian forest buffer strips, which
contain trees and grass. The program is designed to be used in conjunction with the USDA Conservation
Reserve Program (CRP), Conservation Reserve Enhancement Program (CREP), or by itself. Funding for
the program is provided by fees assessed on registered pesticides.
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WATERSHED LANDOWNERS AND RESIDENTS
Watershed landowners and residents will be involved in a majority of the water quality improvement
projects and will commonly share the cost of many of the land treatment activities.

GROUNDWATER FOUNDATION
The Groundwater Foundation is a non-profit organization dedicated to the protection of groundwater.
The Groundwater Foundation can provide education and community-based action programs
(information and education) to involve individuals, communities, and other partners in groundwater
conservation and protection.

UNIVERSITY OF NEBRASKA EXTENSION
Extension is trusted resource that has been successfully utilized on previous water quality improvement
projects. Extension can provide many information and outreach programs within the watershed or for
specific needs.

PHEASANTS FOREVER
Pheasants Forever is a non-profit organization dedicated to the conservation of pheasants, quail, and
other wildlife through habitat improvements, public awareness, education and land management
policies and programs. While it is a national organization, there are more than 600 chapters, who have
complete control over local moneys raised. Wheeler County is home to a Chapter. Partnering with a
local Pheasant’s Forever Chapter can provide additional funding and technical resources to for designing
and installing conservation projects, which also benefit water quality.

DUCKS UNLIMITED
Ducks Unlimited Inc. is the world’s largest non-profit organization dedicated to conserving North
America's continually disappearing waterfowl habitats. Established in 1937, and guided by science and
dedicated to program efficiency, DU works toward the vision of wetlands sufficient to fill the skies with
waterfowl today, tomorrow and forever. Given that Nebraska is an important resource to waterfowl
flying through the Central Flyway, DU is often involved in projects benefitting wetlands and water
resources in Nebraska, and thus water quality. Partnering with DU can provide additional funding and
technical resources to for designing and installing conservation projects, which also benefit water
quality.

JEO Consulting Group, Inc.

Section 8

Page 103

Clear Creek – Pibel Lake Watershed Water Quality Management Plan

Lower Loup NRD

THIS PAGE LEFT INTENTIONALLY BLANK

JEO Consulting Group, Inc.

Section 8

Page 104

Clear Creek – Pibel Lake Watershed Water Quality Management Plan

Lower Loup NRD

REFERENCES
A wide variety of information sources were used to develop this watershed plan. Specific sources are
referenced below, while general information can be found in the sources listed in Table 18.
Center for Watershed Protection (CWP), 2013. Watershed Treatment Model (WTM) 2013
Documentation. Center for Watershed Protection, Inc.
EPA, 2003. National Management Measures to Control Nonpoint Source Pollution from Agriculture.
Environmental Protection Agency, Washington D.C. EPA-841-B-03-004.
EPA Region VII, 2006. Agricultural Nitrogen Management Manual for Water Quality Protection in the
Midwest. Heartland Regional Water Coordination Imitative. University of Nebraska – Lincoln
Extension.
Knox A. K, et. Al., 2007. Management Reduces E. coli in irrigated pasture runoff. California Agriculture.
61(4). http://escholarship.org/uc/item/1888k8zx
Lower Loup Natural Resources District. Groundwater Management Rules and Regulations, Last Modified
October 24, 2013. http://www.llnrd.org/resources/downloads.html
Nebraska Department of Environmental Quality. 2005. Total Maximum Daily Loads for the Loup River
Basin. TMDL Document. http://www.deq.state.ne.us/SurfaceW.nsf/pages/TMDLlist
Nebraska Department of Environmental Quality. 2012 Surface Water Integrated Report.
http://www.deq.state.ne.us/Publica.nsf/Pages/WAT184
Natural Resources Conservation Service. Acres Planted Using “No-till” Increasing Across Nebraska
February 4, 2009. News Release
Simpson, T. W. and Weammert, S.E., 2007. Cover Crop Practices – Definition and Nutrient and Sediment
Reduction Efficiencies – For use in the Phase 5.0 of the Chesapeake Bay Program Watershed Model.
Mid-Atlantic Water Program, University of Maryland, MD.
University of Nebraska 2008. Irrigation Management for Corn. University of Nebraska – Lincoln
Extension, Institute of Agriculture and Natural Resources. NebGuide. Issued May 2008.

JEO Consulting Group, Inc.

References

Page 105

Clear Creek – Pibel Lake Watershed Water Quality Management Plan

Lower Loup NRD

Table 18: General Plans, Documents, and Information Sources
Document/Plan
Natural Resources Conservation
Service (NRCS)
Environmental Protection Agency
(EPA)
National Oceanic and
Atmospheric Administration
(NOAA)
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)

Source
http://www.ne.nrcs.us
da.gov
http://www.epa.gov
http://www.noaa.gov
http://outdoornebrask
a.ne.gov
http://ecos.fws.gov/ip
ac

University of Nebraska-Lincoln

http://www.deq.state.
ne.us
http://www.deq.state.
ne.us
http://factfinder.censu
s.gov
http://snr.unl.edu

The Nebraska Environmental
Trust

www.environmentaltr
ust.org

Nebraska's Natural Resources
Districts (NANRD)

www.nrdnet.org

USDA Census of Agriculture

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

Cropland Data Layer (CDL)

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

Web Soil Survey

http://websoilsurvey.s
c.egov.usda.gov/

Title 117
U.S. Census Bureau
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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
Provides current weather forecasts, climate
monitoring, historical statistics, and fisheries
management data
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
A state program providing funding for projects
dedicated to the preservation of Nebraska's natural
resources
Trade association for Nebraska's 23 Natural
Resources Districts. Aims to conserve and improve
natural resources and environment
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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