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1 INTRODUCTION

1.1 OMAHA DISTRICT WATER QUALITY MANAGEMENT P ROGRAM

The Omaha District (District) of the U.S. Army Corps of Engineers [§€ois implementing a
Water Quality Management Program (WQMP) as part of the operation and maintenance activities
associated with managing the Corpso civil works p

water quality management issuesandadhes t o t he gui dance and require
Engineering Regulatioh ER 11162-8 1 5 4 , iwater Quality and Environm
Civil Wor ks Projectso (USACE, 1995) . The tfos!l | owi

WQMP (USACE 2015

1) Ensure that surface water quality, as affected by District Projects and their regulation, is suitable
for project purposes, existing water uses, and public health and safety; and is in compliance with
applicable Federal, Tribal, drState water quality standards.

2) Establish and maintain a surface water quality monitoring and data evaluation program that
facilitates the achievement of water quality management objectives, allows for the characterization
of water quality conditions, argkfines the influence of District Projects on surface water quality.

3) Establish and maintain strong working partnerships and collaboration with appropriate entities
within and outside the Corps regarding surface water quality management at DistricsProject

4) Document the water quality management activiti
Program and surface water quality conditions at District Projects to record trends, identify problems
and accomplishments, and provide guidance to program ajgtpmanagers.

Water quality data collection and assessment are of paramount importance to the implementation of the
Di strictds WQMP.

The District prepares periodic reports to regularly assess and document surface water quality
conditions present at Qus civil worksTributary Projectsn the District. These reports describe existing
surface water quality conditions, identify surface water quality trends, and identify any evident surface
water quality management issues. The periodic reporting of susfaieg quality conditions provides
information to facilitate water quality management decisions regarding the operation and regulation of the
Corps Tributary Projects.

1.2 CORPS CIVIL WORKS TR IBUTARY PROJECTS WIT HIN THE OMAHA DISTRI CT
The locations of Corps tributary civil works project areas within the District are shoWwigore

1.1. Table2.1 provides background information on the projects. These are the TrilRr@gcts under
the purview of the Districtbds WQMP.
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1.3WATER QUALITY MONITORING P URPOSES AND OBJECTIVES

The District has established 4 purposes and 12 monitoring objectives for surface water quality
monitoring under its WQMP. These monitoring purposes and objectives were established to meet the water
guality information needs of the WQMP and the water quality management objectives, data collection rules
and objectives, data application guidance, and reporting requirements identified in ER8IB4A The
monitoring purposes and objectives that have been esiathizse:

Purpose 1: Determine surface water guality conditions at District Projects
Monitoring Objectives:
1. For new District water resource projects establish baseline surface water quality conditions as
soon as possible and appropriate.
2. Characterize thepatial and temporal distribution of surface water quality conditions at District
Projects.
3. Identify pollutants and their sources that are affecting surface water quality and the aquatic
environment at District Projects.
4. Evaluate water/sediment interactioand their effects on overall surface water quality at
District Projects.
5. Identify the presence and concentrations of contaminants in indicator and-bonsaimed
fish species at District Projects.
6. Investigate unigue events (e.g., fish kills, hazardeaste spills, operational emergencies,
health emergencies, public complaints, etc.) at District Projects that may have degraded surface
water quality or impacted the aquatic environment.

Purpose 2: Document surface water concerns that are due to thetiopeaad reservoir regulation of
District Projects
Monitoring Objectives:

7. Determine if surface water quality conditions at District Projects or attributable to District
operations or reservoir regulation (i.e., downstream conditions resulting from ieservo
discharges) meets applicable Federal, Tribal, and State water quality standards.

8. Determine if surface water quality conditions at District Projects or attributable to District
operations or reservoir regulation are improving, degrading, or stayingrtteeaver time.

9. Apply water quality models to assess surface water quality conditions at District Projects.

Purpose 3: Provide data to support project operations and reservoir regulation for effective
management and enhancement of surface water qualitharduatic environment
Monitoring Objectives:
10. Provide surface water quality data required for-timaé regulation of District Projects.
11. Collect the information needed to design, engineer, and implement measures or modifications
at District Projects tenhance surface water quality and the aquatic environment.

Purpose 4: Evaluate the effectiveness of structural or regulation measures implemented at District
Projects to enhance surface water quality and the aquatic environment
Monitoring Objective:
12. Evaluate the effectiveness of implemented measures at District Projects to improve surface
water gquality and the aquatic environment.

1.4PRIORITIZATION OF DI STRICT-WIDE WATER QUALITY M ANAGEMENT ISSUES

The District has identifiefbur priority issues for wateguality managemernhat are relevant to the
Nebraska Tributary ProjectsSThese priority issues and their relative ranking are listed in Table 1.

3



Table 1.1. Priority water quality management issues forhe s t ROl5Matéruality Management Program.

District-Wide Water Quality Management Issues

Provide water quality information to support Corps reservoir regulation elements for
effective surface water quality and aquatic habitat management.

Provide water quality information and technical support to the Tribes and States in t
u development of their Section 303(d) lists and development and implementation of T
at District Projects.

Identify existing and potential surface water qualityigbems at District Projects and
develop and implement appropriate solutions.

a Evaluate surface water quality conditions and trends at District Projects.

1.5DATA COLLECTION APPR OACHES

The District has identified four approaches to surface water qdali#ycollection (USACE, 2®).
These four surface water quality data collection approaches are:

1 Longterm fixedstation ambient monitoring,
1 Intensive surveys,

1 Special studies, and

1 Investigative monitoring.

Longterm fixedstation ambieninonitoring is intended to provide information that will allow the
District to determine the status and trends of surface water quality at District Projects. This type of sampling
consists of systematically collecting samples at the same location onegr@eldod of time (e.g., collecting
monthly water samples at the same site for several years).

Intensive surveys are intended to provide more detailed information regarding surface water quality
conditions at District Projects. They typically will inckignore sites sampled over a shorter timeframe
than longterm fixedstation monitoring. Intensive surveys will provide the detailed water quality
information needed to thoroughly understand surface water quality conditions at a project.

Special studies arconducted to address specific information needs. Special studies may be
undertaken to collect Dhéeoi afepmaiion sBeefiladet waf
water quality models, design and engineer modifications at projectsabrate the effectiveness of
implemented surface water quality management measures.

Investigative monitoring is typically initiated in response to an immediate need for surface water
guality information at a District Project. This may be in response tparational situation, the occurrence
of a significant pollution event, public complaint, or a report of a fish kill. Any District response to a
pollution event or fish kill would need to be coordinated with the appropriate Tribal, State, and Local
agerties. The type of sampling that is done for investigative purposes is highly specific to the situation
under investigation.



2 NEBRASKA TRIBUTARY PROJECTS

2.10MAHA DISTRICT CIVIL WORKS TRIBUTAR Y PROJECTS WITHIN NEBRASKA
The locations of Corp®©maha Districttributary civil works project areas withiNebraskaare
shown onFigure2.1 andFigure2.2. Table2.1 provides background informatian the projects. These
Tributary Projectsreunder t he purview of the Districtdos WQMP

Table2.1. Background information for thebraskar ributary Projects located in the Omaha District.

Dam Reservoir Water Quality Designated

Project Location Closure Size® Authorized Propose$? Beneficial Use®
Salt Creek Reservoirs:
Bluestem (Dam #4) Lincoln, NE 1962 | 309 A (mp) |FC, Rec, FW Rec, WAL, AWS, Aes
Branched Oak (Dam #18) Lincoln, NE 1967 | 1,847 A (mp) |FC, Rec, FW Rec, WAL, AWS, Aes
Conestoga (Dam #12) Lincoln, NE 1963 | 217 A(mp) |FC, Rec, FW Rec, WAL, AWS, Aes
Holmes (Dam #17) Lincoln, NE 1962 123 A (mp) |FC, Rec, FW Rec, WAL, AWS, Aes
Olive Creek (Dam #2) Lincoln, NE 1963 162 A (mp) |FC, Rec, FW Rec, WAL, AWS, Aes
Pawnee (Dam #14) Lincoln, NE 1964 | 739 A (mp) |FC, Rec, FW Rec,WAL, AWS, Aes
Stagecoach (Dam #9) Lincoln, NE 1963 | 195 A (mp) |FC, Rec, FW Rec, WAL, AWS, Aes
Twin Lakes (East and West) (Dam #1 Lincoln, NE 1965 | 236 A (mp) |FC, Rec, FW Rec, WAL, AWS, Aes
Wagon Train (Dam #8) Lincoln, NE 1962 277 A (mp) |FC, Rec, FW Rec, WAL, AWS, Aes
Yankee Hill (Dam #10) Lincoln, NE 1965 | 211 A(mp) |FC, Rec, FW Rec, WAL, AWS, Aes
Papillion Creek Reservoirs:
Ed Zorinsky (Dam #18) Omaha, NE 1984 259 A (mp) |FC, Rec, FW, WQ Rec, WAL, AWS, Aes
Glenn Cunningham (Dam #11) Omaha, NE 1974 | 377 A (mp) |FC, Rec, FW, WQ Rec, WAL, AWS, Aes
Standing Bear (Dam #16) Omaha, NE 1972 125 A (mp) |FC, Rec, FW, WQ Rec, WAL, AWS, Aes
Wehrspann (Dam #20) Omaha, NE 1982 | 239 A(mp) |FC, Rec, FW, WQ Rec, WAL, AWS, Aes

@ A = acres and mp = top afultipurpose pool.

@ Purposes authorized under Federal laws for the operation of the Corps projects.
FC = Flood Control, Rec = Recreation, FW = Fish & Wildlife, WS = Water Supply, WQ = Water Quality.

® Water quality dependent beneficial uses desightatéhe reservoir in State water quality standards pursuant to the Federal Clean Water
Rec = Recreation, CAL = Coldwater Aquatic Life, DWS = Domestic Water Supply, AWS = Agricultural Water Supply, WAL = Wai
Agquatic Life, Aes = Aesthetics, aféV = Fish and Wildlife.

2.2SUMMARY OF PROJECT -SPECIFIC TMDL CONSID ERATIONS, FISH CONSUMPTION
ADVISORIES, AND OTHE R WATER QUALITY MANA GEMENT ISSUES

Table2.2 summarize§ MDL considerations, fish consumption advisories, and other water quality
management issues applicable to District Tributary Projects. The impaired uses and pollutant/steessors (i
TMDL considerations) and identified contamination (i.e., Fish Consumptioiséils) identified in Table
3.2 are taken directly from the appropriate State 303(d) impaired waters listings and issued fish
consumption advisories. They are providedifidormation purposes and are not based on water quality
monitoring conducted by the District. The listed other water gqualtnagement issues in Table &&re
identified by the District based on District water quality monitoring and water quality wiesag
concerns. Water quality management issues at specific Tributary Projects are assessed in further detail in
any ProjectSpecific Reports prepared by the District or Sfaepared TMDL plans developed for any
Statelisted impaired waterbody.
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Table 2.2. Summary of projeespecific water quality management issues and concerns at D\sthcaskalributary Projects.

TMDL Considerations* FlshAC(:jo_nsu_mptlon
visories
On 303(d) TMDL  |Advisory in| Identified Other Water Quality
Nebraska Tributary Project List Impaired Uses Pollutant/Stressor Completed| Effect |Contamination Management Issues
Bluestem Reservoir Yes |Aquatic Life, Aesthetic§Sediment, Nutrient¢Chlorophylta, Total No Yes Mercury  [TMDL to be developed
Phosphorus, Total Nitrogen)Mercury
(Fish Tissue)
Branched Oak Reservoir Yes |Aquatic Life Nutrients (Chlorophy#g, Total No No TMDL to be developed
Phosphorus, Total Nitrogen)
Conestogdreservoir Yes |Aquatic Life, AestheticgSediment, Nutrients (Chlorophydl Total No No Renovation project to begin in late 2013
Phosphorus, Total Nitrogen)
East Twin Reservoir Yes |Aquatic Life Nutrients (ChlorophyHa, Total No No TMDL to be developed
Phosphorus, Total Nitrogen)
Ed Zorinsky Reservoir Yes |Aquatic Life Nutrients (Chlorophy#g, Total Yes Yes Mercury  [TMDLs for nutrients and sediment approved (2002)
Phosphorus, Total Nitrogen)
Mercury (Fish Tissue)
Glenn Cunningham Reservoir No**  |Aquatic Life High pH, Nutrients (Chlorophy#g, Total No No Renovation project completed in 2D0
Phosphorus, Total Nitrogen)
Holmes Reservoir Yes |Aquatic Life High pH, Nutrients (Chlorophyh, Total Yes Yes Mercury  [TMDLs for sediment angphosphorus approve@003)
Phosphorus, Total Nitrogen)Mercury Renovation project completed in 2005
(Fish Tissue)
Olive Creek Reservoir Yes |Aquatic Life Nutrients (Chlorophy#g, Total No No TMDL to be developed
Phosphorus, Total NitrogeAmmonia),
High pH
PawneeReservoir Yes |Aquatic Life, AestheticgNutrients (Chlorophytg, Total Yes No TMDL for sediment approved (2001)
Recreation Phosphorus, Total Nitrogen), Algae
Toxins, Sediment
Stagecoach Reservoir Yes |Aesthetics, Aquatic LifgNutrients (Chlorophytg, Total No Yes Mercury  [TMDL to be developed
Phosphorus, Total Nitroger§ediment
Standing Bear Reservoir Yes |Aesthetics, Aquatic LifgNutrients (Chlorophytg, Total Yes Yes Mercury  [TMDLs for phosphorusnd sediment approved (2003)
Phosphorus, Total NitrogenMercury
(Fish Tissue), Sediment
\Wagon Train Reservoir Yes |Aquatic Life Nutrients (Chlorophy#g, Total Yes Yes Mercury  [TMDLs for phosphorusnd sediment approved (2002)
Phosphorus, Total NitrogenpO,
Mercury (Fish Tissue)
\Wehrspann Reservoir Yes |Aquatic Life Nutrients (Chlorophy#g, Total No Yes Mercury  [TMDL to be developed
Phosphorus, Total Nitrogen),
Mercury (Fish Tissue)
West Twin Reservoir Yes |Aquatic Life Ammonia, Nutrients (Chlorophyt, Total No No TMDL to be developed
Phosphorus, Total Nitrogeammonia
Yankee Hill Reservoir No**  |Aquatic Life High pH, Nutrient (ChlorophyHa, Total Yes No TMDLs for phosphorusnd sediment approved (2002)
Phosphorus, Total Nitrogen) Renovation project completed in 2006

*  Information takerfrom Nebraska Department of Environmental Quality@Water Quality Integrated Repgrtiblished State Total Maximum Daily Load (TMDL) Section 303(d) reports and listings

** Category 4R Waterbody data exceeds the impairment threshold however a TMDhahhg needed. The category will only be used for nutrient assessments in new or renovated lakes and reservoirs. Noetydil
usually go through a period of trophic instabilita trophic upsurge followed by the trophic decline. Erroneousrwatdity assessments are likely to occur during this period. To account for this, all new or renovated |
will be placed in this category for a period not to exceed eight years following the filfibprecess. After the eighth year monitagidlata will be assessed and the waterbody will be appropriately placed into categor
5.



3 WATER QUALITY MONITORING

3.1AMBIENT RESERVOIR WA TER QUALITY MONITORI NG

The District has conducted fixedation ambient surface water quality monitoring at all the
Nebraska tributary reservoirs. Some reservoirs have been monitored for the past 30 years. Since 2003, the
District has cooperated with the Nebraska DepartmerEnvironmental Quality (NDEQ) to monitor
ambient surface water quality conditions at allPagillion and &lt Creek tributary reservoirs.

Ambient surface water quality monitoring at the Nebraska tributary reservoirs included monthly
sampling (May throulg September) at three longitudinal locations on the reservoirs: Xjlasar2) middle
reaches, and 3) upstream reaches. Where a discrete submerged creek channel still existed, the monitoring
site was located in the deepwater area over the submergedles®iel. Water quality monitoring at the
neardam location included field measurements for depth profiling and water transparency, and collection
of nearsurface and nedrottom grab samples for laboratory analysis. Water quality monitoring at the mid
reservoir and wpeservoir locations included field measurements for depth profiling and water
transparency. Depth profiles in#teter increments were determined for temperature, dissolved oxygen,
pH, conductivity, ORP, turbidity, and chlorophyd. Nearsurface grab samples were analyzed for
alkalinity, nitrate/nitrite, total ammonia, Kjeldahl nitrogen, total phosphorus, orthophosphorus, total
suspended solids, chlorophy] pesticidesgextracellular microcystinand various metals. Except for
chlorophyl a, pesticides, and various metals, Rieattom samples grab samples were analyzed for the same
parameters.

3.2MONITORING AT SWIMMI NG BEACHES

The District has cooperated with the NDEQ to monitor bacteriaKi.eoli) and cyanobacteria
toxin levels present at swimming beaches and major recreational use areas at the Nebraska tributary
reservoirs over the past years. Reservoirs that were sampled include: Glenn Cunningham, Bluestem,
Branched Oak, Conestoga, Pawneel Wagon Train. Weekly grab samples were collected from May to
September and analyzed fiér coli bacteria and the cyanobacteria tosatal microcystin. The bacteria
monitoring was conducted to meet-ad@ur holding time for collected samples.

E. colibacteria are primarily associated with animal and human waste. Animal souEesotif
bacteria commonly enter waterbodies from livestock and wildlife wastes that runoff the landscape during
significant rainfall events. Human sources of contaminationitande improperly maintained septic
systems and wastewater treatment facilities that discharge untreated wasteivateti bacteria are
monitored to pr ovi depotentmllyfarnmfubactereacVWhibmotialhEd dolibacteiao n o f
are onsidered a threat to human health, some strains are. The larger the populaticoliofieasured, the
greater the odds of having harmful pathogenic bactEnestate of Nebraska ughe value of 235 colonies
of E. colibacteria per 100 mL as the wopimit for supporting full body contact recreation.

Cyanobacteria toxins are naturally produced substances of certain species of cyanobacteria (i.e.,
bluegreen algae). These toxins can be harmful to animals, including humans. Cyanobacteria toxins are
known to attack the liver (hepatotoxins) or the nervous system (neurotoxins), others simply irritate the skin.
These toxins are usually released into the water when the cyanobacteria cell rupturesQyagietoxins
can be either free or cell boundki@cellular or intracellular respectively). In terms of monitoring for
human health, total cyanotoxin levels (intaad extracellular) is often measured to account for accidental
human consumption or mass -@i# a cyanobacterial bloomOne group of tins produced and released
by cyanobacteria is called microcystin because they were isolated from the cyanobadierngystis
aeruginosa.Microcystin are the most common of the cyanobacteria toxins found in water, as well as being
the ones most ofteesponsible for poisoning animals and humans who come into contact with toxic blooms
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(Health Canada, 2006). Microcystin toxins are a hepatotoxin and are extremely stable in water because of
their chemical structure. They can survive in both warm andveater and can tolerate radical changes in
water chemistry, including pH. Over 50 differefmriantsof the microcystin toxin have been identified.

Due to human health and other environmental concerns, the NDEQ began mototatimjcrocystin in

2004. The State of Nebraska issues health advisories and closes swimming beaches if motatored
microcystins levels exceed 20 ug/Il.

3.3PLANKTON MONITORING

Plankton community data has been collected since 20Mhy, July, and September at the rear
dam deewater sita for all of the Salt Creek and Papio Creek Reservddtsytoplankton was sampled by
taking a 50aml grab aliquot from the collected nedam, neassurface sample. Zooplankton samples were
collected by towing a 64m with mesh plankton net with front aperture of 706 cwertically from the
lake bottom to surface. The contents of the net were then washe@&@ord plasticsample bottle using
lake water. Pl ankt on samples were preserved wi tcdoler5 ml of

3.4ZEBRA MUSSEL MONITOR ING

The European freshwater zebra musBekissena polymorphaand a congener species, quagga
mussel Dreissenaugensispre invasive species thaereintroduced to North America in the mi980s
These mussels produce lanktonic veliger larval stage (veliger) that eventually settles to the bottom and
then uses byssal threads for attachment to firm substrates. They are the only cabteniéemlis
invertebrates that attach to firm substratum in freshwater. Their abildgcupy a unique niche makes
them an environmental threat and especially problematic as attached biofoulers.

In 2010, zebra mussels were itéad in Ed Zorinsky reservoir. The reservoir was treated for the
mussels, but the incident resultedrioreaseanonitoring effortsdrom theDistrict. Since 2012theDistrict
has sampled for zebra mussel veligédsice a year,eligersweresampledwitha64 m pl ankt on net
a front aperture of 706 érThe plankton newvasobliquely towed through thwater column at depths of
2 to 10 feet along theeservoirdam in the area of rock riprajphe towswere asclose to the dam face as
possible. The planktonet wasmanually towed from a boat to achieve the specified oblique tow through
the water columnA series of towsveremade untilthe targeted area of the dam veasered. Samples
were then concentrated into a 250 plastic sample bottle, preserved with 5miLofi g osbludian, and
placed on ice in a cooler.

3.5INFLOW MONITORING DU RING RUNOFF CONDITIONS

Since 2003, the District has cooperated with the NDEQ to monitor water quality conditions of
major inflows under runoff conditions at all the Nebraska tributary reservoirs. Up to six runoff events from
April through September were sampled aadtyuat each of the reservoirs. Neaurface runoff grab samples
were collected from a bridge or stream bank and analyzed for suspended solids, total Kjeldahl nitrogen,
nitrate/nitrate, total ammonia, total phosphorus, acetochlor, alachlor, atrazimeetaachlor.
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4  WATER QUALITY ASSESSMENT METHODS

4.1EXISTING WATER QUALI TY

Inthisreporte x i sti ng water quality is based on the
identified by the State of Nebraska in their methodologies for water quality rasseder development of
Nebraskads i ntegr atNed rwaatiga@dwateaquality rngports dofjow thé 9.S.
Environment al Protection Agency6s CoCAEM) guidaneet ed As
provided to thetates for peparing their water quality reports pursuant to Sections 305(b) and 303(d) of
the Federal Clean Water Act (CWA). Nebraskaihase nt i f i ed fi ve years 0as an &
for data to insure credible assessment of existing water qualitytioosdi

4.1.1STATISTICAL SUMMARY AND COMPARISON TO APPLICABLE NUMERIC WATER QUALITY
STANDARDS CRITERIA

Statistical analyses were performed on the water quality monitoring data collectetlebtaska
Tributary Projects. Descriptive statistics were cakeulao describe central tendencies and the range of
observations in existing water quality. Monitoring results were compared to applicable water quality
standards criteria established by tBmte ofNebraskapursuant to the Federal CWA. Tables were
congructed that list the parameters measured; number of observations; and the mean, median, minimum,
and maximum of the data collected. The constructed tables also list the water quality standards criteria
applicable to the individual parameters and theueegy that these criteria were not met.

4.1.2SPATIAL VARIATION IN RESERVOIR WATER QUALITY CONDITIONS

4.1.2.1Longitudinal Variation

Depending on their length, shape, mixing characteristics, and residence time, reservoirs can
experience significant longitudinal vation in water quality. The longitudinal variation in smaller
reservoirs is greatly influenced by the water quality characteristics of inflow water during significant runoff
events.

4.1.2.1.1Contour Plots

Longitudinal contour plots were constructed whastequate deptprofile measurements were
collected along the length of a reservoir. At these reservoirs longitudinal contour plots msraated
for water temperature anmtissolved oxygen. Oxidatiereduction potential (ORP) and pH longitudinal
contourplots were also constructed where hypoxic dissolved oxygen conditions were present. For this
report hypoxic conditions are defined as dissolved oxygen concentr&i2ohsng/l and anoxic conditions
are defined as dissolved oxygen concentraitoh$ mgdl. The longitudinal contour plots were constructed
using the AHydrologic Information Plotting Progr
System for Lakes, E s t uPRO)isatware daevelaped Ry HydraGsohogi¢, W& S L E R
(Hydrogedogic Inc., 2005).

c

4.1.2.2Vertical Variation in Water Quality

Depending on their depth and bathymetry, reservoirs can experience thenohadlgd density
stratification in the summer. The denser water near the reservoir bottom inhibits mixing of the Hgpolimn
with the less dense water near the reservoir surface. This, coupled with the decomposition of organic matter
at the reservoir bottom, can lead to the development of hypoxic conditions in the hypolimnion. Under
hypoxic conditionsnaerobic processesdin to occur that results in the reduction of oxidized compounds
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(e.g., denitrification, etc.). Strongly reduced conditions can develop if hypoxic conditions become anoxic
andpersist. This can lead to significant vertical variation in water qualitgitons.

4.1.2.2.1Depth Profile Plots

Measured water temperature and dissolved oxygen depth profiles were plotted for measurements

taken during the summer at the ndam, deepwater ambient monitoring locations.
measured within the State definBgearii a g e
assess the occurrence of thermal stratification and hypolimnetic dissolved oxygen degradation.

restrictions?o

Depth profiles
were included
Depth

profiles were also plotted for ORP and pHgikeater then twentfive percent of the gst Syear depth
profiles exhibited hypoxic conditions

4.1.2.2.2Comparison of NearSurface and NearBottom Water Quality Conditions

The variation of selected parameters with depth was evaluated by comparing paisadfaear
and neaibottom samples collectadhen hypoxia was preseint morethantwenty-five percent of the near
dam depth profiles The paired samples compared were collected at sites for a reservoir were hypoxic
The parameters compare@dinalair
temperature, dissolved oxygen, ORP, pH, total ammonia, ritiie, alkalinity, total phosphorus, and

conditions were monitored near the reservoir bottom.

orthophosphorus.

4.1.3RESERVOIR PLANKTON COMMUNITY

4.1.3.1Phytoplankton Community

Assessmentf the phytoplankton communities was based on grab saroplkected at the near
surface neardamsampling sites. Laboratory analyses consisted of identification of phytoplankton taxa to
the lowest practical level and quantificatiofitaxa biovolume and density.eBults were used to determine
the relative abndance of phytoplankton taxr ten taxanomic group®ased on measured biovolumes
across the 2015 growing season and agossing seasongetween 2011 and 2019 axonomic groups
consist of Divisions Charophyta (green algae), Chlorophyta (green) algiasysophyta (goldebrown
algae), Cryptophycota (dinoflagellates), Ochrophyta (brown algae), Pyrrophycophyta (dinoflagellates), and
Xanthophyta(yellow-green algaepand Phylums Cyanobacterigblue-green algaeand Euglenophycota
(euglenoid algae)Phybplankton abundance across growing seasonamagzedy averagingeach years

three

s a maMay, duly, Septemipebidvalumes into a single biovolume measurementéarh

groupfor the given year.Years missing a complete datd sere excluded from analysis.

Cyanobacteria have the potential to develop into dense blooms that produce potentially harmful
cyanotoxins. Table 4.1 summarizegshe World Health Organizations guidelines in regards to potential

health risks of varying cyanobacterial densities for recreational surface waters.

Cyanobacterial cell

densities were analyzed and compared to these standards in order tg ideatifoirs with the potential
to become hazardous to human health.

Table4.1l. Wor | d

Heal t h

Organi zationbs

gui delines to the

mo n i

Relative Probability Cyanobacteria Density Microcystin-LR Chlorophyll -a
of Acute Health Effects (Cells/mL) (pg/L) (ng/L)
Low <20,000 <10 <10
Moderate 20,000100,000 10-20 1050
High 100,00010,000,000 20-2,000 50-5,000
Very High >10,000,000 >2,000 >5,000
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4.1.3.2Zooplankton Community

Assessmenof the zooplankton communities was based on vertwalsamples collected at the
neardamsampling sites. Laboratory analyses consisted of identification of zooplankton taxa to the lowest
practical level and cantification of taxa biomass and density. These results were used to determine the
relative abundance of zooplankton taxa four differenttaxonomicgroups Cladocerans, Copepods,
Rotifers, and Ostracods, based on meashi@dassesluring the 2015 groing season

4.1.4TROPHIC STATUS

A trophic state index (TSI) was calculated, as described by Carlson (1977). TSI values were
determined from Secchi depth transparency, total phosphorus, and chloaopbgiurements. Values for
these three parameters weosverted to an index number ranging from 0 to 100 according to the following
equations:

TSI(Secchi Depth) = TSI(SD) = 10f§In SD/In 2)]
TSI(Chlorophylla) = TSI(Chl) = 10[6- ((2.040.68 In Chl)/In 2)]
TSI(Total Phosphorus) = TSI(TP) = 1Q[&In (48/TP)/In 2)]

Accurate TSI values from total phosphorus depend on the assumptions that phosphorus is the major
limiting factor for algal growth and that the concentrations of all forms of phosphorus present are a function
of algal biomass. Accurafies| values from Secchi depth transparency depend on the assumption that water
clarity is primarily limited by phytoplankton biomassiowever, this is often not the case at the Omaha
District Tributary Reservoirs in Nebraska where suspended sedimentimftetight penetration Carlson
indicates that the chlorophyll TSI value may be a
summer when algal productivity is at its maximum, while the total phosphorus TSI value may be a better
indicatorin the spring and fall when algal biomass is below its potential maximum. Calculation of TSI
values from data collected from a | akebs epilimnioc
between all of the index parameters and facilitatemparisons between lakes. A TSI average value,
calculated as the average of the three individually determined TSI values, is used by the District as an
overall indicator of a r e s e the witeria defined iMable 2 faa st at e
determining lakdrophic status from TSI values.

Table 4.2. Lake trophic status based on calculated TSI values.

TSI Trophic Condition
0-35 Oligotrophic

36-50 Mesotrophic

51-55 Moderately Eutrophic

56-65 Eutrophic

66-100 Hypereutrophic

4.2IMPAIRMENT OF DESIGN ATED WATER QUALITY -DEPENDENT BENEFICIAL USES

Water qualitydependent beneficial uses are designated to waterbodiebraska. Vater quality
standards and criteria are defined to protect these uses. Water quality data collected by the District within
the appropriate State defth® a g e r eowvere assedsed tometermine if water quality conditions were
impairing the designated beneficial uses. These data were assessed using the methodologies defined by
Nebraskan developing thei016Integrated Reports pursuant to the Federal Clean WaterltAis noted
that the Aofficial 0 det-dapandentbédanéfidahuses are imgaiect, puesuantwa t e
to the Federal CWA, is by the States pursuant to their Section 305(b) and Section 303(d) assessments
compiled in their biennial Ingrated Water Quality Reports (S€able 3.2.
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4.2.1ASSESSMENTM ETHODOLOGIES USED FORNEBRASKA RESERVOIRS

4.2.1.1Assessment of Reservoir Sedimentation

It is the State of Nebraskads position that e
problemsincludig Aobjectionable colors, turbidity, and de
eliminate fish spawning and rearing and other aquatic habitats. Also, the recreation area of a lake can be
reduced or rendered undesirable. Nebraska uses twonemasis to assess lake sedimentation regarding
the use of aesthetics: impoundment volume loss and sedimentation rate. Both the lake volume loss and
sedi mentation rabai ht 8 basddTabledBsummdrifestheeNeldragkia e .
measures for the assessment of lakes regarding sedimentation.

Table 4.3. State of Nebraska measures tloe assessment of lake sedimentation data.

Minimum Assessment Period Supported Impaired
25 Years Volume loss < 25%, and Volume losg 25%, and
Annual sedimentation rat.75% Annual sedimentation rate >0.759

4.2.1.2Assessment of Reservoir Nutrient Data

Excessivenutrient concentrations can promote adverse effects to water quality and biological
populations within lakes. Some of these effects include reductions in dissolved oxygen, water clarity,
biodiversity, and fish and wildlife habitat; and increagebacteria concentrations, toxin mobility, ammonia
toxicity, andinl ake f il ling. Nebraska uses the term Anut
total phosphorus. The presence of nitrogen and phosphorus do not directly impairhesgsheathutrients
spur algal and other vegetative growth that causes use impairment from algal toxins, extreme diurnal pH
fluctuations, and dissolved oxygen depletiofiable 4.4 summarizes the Nebraska measures for the
assessment of lakes regarding nutrierisitrient data for a reservoir must represgminimum of two
years of data foepilimnotic conditions during growing season conditions (May 1 through Sept&@ber

Table 4.4. State of Nebraska measures for the assessment of lakes regarding nutrients.

Beneficial Use Parameter Criteria Impaired

Aquatic Life Chlorophylla <10 ug/l Growing Season Averagel10 ug/l

Aquatic Life Total Nitrogen <1.0 myg/l Growing Season Averagel.0 mg/l
Aquatic Life Total Phosphorus | < 0.05 mg/I Growing Season Average0.05 mg/l

4.2.1.1Assessment of ReservoiPhysiochemicalData

Nebraska water quality standards define acute and chronic numeric criteria for the protection of
aquatic life and maximum criteria for the protection of public drinking and agricultural water supplies.
Nebraska deems a designated use to be impairedsumssbwater quality conditions indicate that numeric
criteria are exceeded more than 10 percent of the time over an assessed period (i.e., 5 years). To address
the uncertainty associated with water quality data, the application of the 10 pxossdanecriterion is
based on the number of measurements for the appropriate water quality cFided.5 summarizes the
Nebraska assessment measures regarding saimpleand the number @xceedancethat indicate an
impaired use (i.e., 10%xceedangeat a 90% confidence level (i.e5 0.10).

4.2.1.2Assessment of Fecal Coliform Bacterige. Coli Bacteria, and Cyanobacterial Toxins

Table4.6 summarizes the Nebraskapairment criteridor the assessment of the Primary Contact
Recreation Beneficial Use using fecal coliform bactdfiacoli bacteria and cyanobacterial toximata.
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Recreational data mudte represented by a minimum of five years of data during growing season
conditions.

Table 4.5. State of Nebraska Assessment Measures for Sample SizHuanber of Exceedances Requirec
Determine an Impaired Use (i.e., 10% Exceedance).

Number of Observations Exceeding Number of Observations Exceeding
Sample Size | Criterion Required to Define an a Criterion Required to Define an
(n) Impaired Use Sample Size (n Impaired Use
<12 3 56- 63 10
127 18 4 64-71 11
19-25 5 72-79 12
26-32 6 80- 88 13
33-40 7 89-96 14
41-47 8 97-100 15
48-55 9 >100 >10% of Sample Size

Table 4.6. State of Nebraskianpairment criteridor the assessment of the Primary Contact Recreation Bene
Use using fecal colifornt. colibacteria andtotal microcystin toxindata.

Beneficial Use Parameter Criteria Impaired
. . Season geometric mean
Recreation Fecal Coliform ¢ 200cfu/1200ml > 200cfu/1.00ml
. . Season geometric mean
Recreation E. coli ¢ 126c¢fu/100ml > 126cfu/100ml
Recreation Total Microcystin ¢ 20 ug/l >10% of samples exceexd ug/|

4.3WATER QUALITY TRENDS
Surface water quality trends were assessed by evaluating water clarity (i.e. Secchi depth), total

phosphorus, chlorophyl, and calculated average TSI values from monitoring results obtained at long
term, fixedstation ambient monitoringtes for the peod 1980 to 2015
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5 PAPILION CREEK TRIBU TARY PROJECTS

5.1BACKGROUND INFORMATI ON
5.1.1PAPILLION CREEK WATERSHED HYDROLOGY

Streamflow in the Papillion Creek watershed follows a characteristic pattern. Flows are generally
low except for brief periods of rise cad by runoff from rainfall events. A snowpack over the basin in
early spring can produce a significant rise in flow as a result of snowmelt runoff. During the winter months
streams in the basin are generally frozen over.

5.1.2TRIBUTARY RESERVOIRS

Four Dsstrict tributary reservoirs (i.e., Ed Zorinsky, Glenn Cunningham, Standing Bear, and
Wehrspann) are located in the Papillion Creek watershed in the vicinity of ONethraska Figure2.1).
The authorized purposes for the four reservoirs are flood control, recreation, fish and wildlife, and water
quality. Tableb5.1 gives selected engineering data for each of the four reservoirs. -feveWoutlet is
installed at each dam to permit draining of the multipurpose pools in approximatedgmatii time period.
This outlet may also be usedhasten the evacuation of flood storage so as to avoid damage to shoreline
grasses and recreational facilities. Thers land midlevel outles may also be used for water quality
management purposes by providing: 1) downstream flow augmentation releasgdaduflow periods,
and 2) targeted withdrawal from the bottom of the reservoir.

5.1.2.1Water Quality Standards Classifications and Section 303(d) Listings

The State of Nebraskaédés water quality standard
Paoillion Creek tributary project reservoirs: recreation, warmwater aquatic life, agricultural water supply,
and aesthetics. None of the reservoirs are used as a public drinking water supply or have designated
swi mming beaches. T radardS alsotiderdify nuttient ceiteria fprulakésiandy st
impounded waters based their geographic locationUnder this categorization, Ed Zorinsky, Standing
Bear, and Wehrspann Reservoirs have beenincludedingr&ip f or eastern Isakes or
Glenn Cunningham Reservdirs currently | isted as fACategory 4RO

Pursuant to the Federal CWA, the State of Nebraska has listed all the Papillion Creek Tributary
project r eser v diSecton 303d)itt eeTalde.?).t Thedbenefizi@l dse of aquatic life
is identified as impaired in all four reservoirs, and aesthetics is identified aseahfrmBtanding Bear
Reservoir.The identified pollutants/stresrs include: chlorophyll and nutrientsgll four reservoiry high
pH (Glen Cunningham), sediment (Standing Bearjd mercury (Ed Zorinsky, Standing Bear, and
Wehrspann Reservoirs). The StatédNebraska has issued fish consumption advisories for Ed Zorinsky,
Standing Bear, and Wehrspann Reservoirs due to mercury concerns. TMDLs have been completed for Ed
Zorinsky and Standing Bear Reservoirs.
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Table 5.1. Summary of selected engineering data for the Papillion Crabktary Projects

Egei:i\;fii:y Glenn Cunningham Reservoir| Standing Bear Reservoir (Dan| WehrspanReservoir
(Dam Site No. 18) (Dam Site No. 11) Site No. 16) (Dam Site No. 20)

General

Dammed Stream Boxelder Creek Knight Creek Trib. Big Papillion CK Trib. So Br Papillion Ck

Drainage Area 16.4 sg. mi. 17.8 sq. mi. 6.0 sg. mi. 13.1 sq. mi.

Reservoir Length 1.5 miles 2.5miles 1.0 miles 1.5 miles

Designated Water Quality Storage 620 aeft 820 aeft 0 acft 490 aeft

Multipurpose Pool Elevation (Top) 1110.0 ftmsl| 1121.0 ftmsl 1104.0 ftmsl| 1095.8 ftmsl

Date of Dam Closure 7-Dec1989 5-Aug1974 3-Oct1972 21-Sep1982

Date of Initial Fiff! 22-Apr-1992 2-Sepl977 24-0ct1977 26-May-1987
Gl-adAtié P2yRAGAZ2YA (1985) (1976) (1976) (1984)

Lowest Reservoir Bottom Elevation 1074 fems| 1090 fems| 1073 fems| 1060 fems|

Surface Area at top of Multipurpose Pool 259 ac 395 ac 135 ac 239 ac

Capacity of Multipurpose Pool 3037 aeft 3705 aeft 1504 aeft 2640 aeft

Mean Depth at top of Multipurpose Pé8l 11.7 ft 9.4 ft 11.1 1t 11.0 ft
Surveyed Conditions 2007:USACE| 2002:USGS | 2009:USACE| 2001:NGPC | 2009:USACE| 2005:USGS | 2009:USACE| 2002:NGPC

Lowest Reservoir Bottom Elevation 1080 fems| 1077 fems| 1101 fems| 1100 fems| 1086 fems| 1082 fems| 1070 fems| 1068 femsl

Surface Area at top of Multipurpose Pool 247 ac 246 ac 337 ac 348 ac 123 ac 116 ac 236 ac 227 ac

Capacity of Multipurpose Pool 2781 aeft 2870 aeft 3015 aeft 2879 aeft 1141 aeft 1278 aeft 2309 aeft 2274 aeft

Mean Depth at top of Multipurpose P38l 11.3 ft 11.7 ft 8.9 ft 8.3 ft 9.3 ft 11.0 ft 9.8 ft 10.0 ft
Sediment Deposition in Multipurpose Pool 2007:USACE| 2002:USGS | 2009:USACE| 2001:NGPC | 2009:USACE| 2005:USGS | 2009:USACE| 2002:NGPC

Surveyed Sediment Depositidn 256 aeft 167 aeft 690 aeft 826 aeft 363 aeft 226 aeft 331 aeft 366 aeft

AnnualSedimentation Rafe? 11.6 aeft/yr 9.8 acftlyr 20.9 aeftlyr 33.0 aeftiyr 11.0 aeftlyr 7.8 acftlyr 13.2 aeftlyr 20.3 aeftlyr

Current Estimated Sediment DepositiBfi 349 aeft 295 aeft 540 acft 1014 aeft 429 agft 304 aeft 410 aeft 630acft

Current capacity of Multipurpose P& 2688 aeft 2742 aeft 3165 aeft 2691 aeft 1075 aeft 1200 aeft 2230 aeft 2010 aeft
Seﬁ?;‘;ﬁ't;;’ﬁe"' of Multipurpose Pool Capacity Lost to 0.38% 0.32% 0.56% 0.89% 0.73% 0.52% 0.50% 0.77%
cuireithégir?\ei(i :eziirze?]tfiép;assiﬂfﬁﬁ A b2 & 1% 10% 15% 228 220 20% 16% 24%
Operational Details; Historic (19912015) (19782015) (19782015) (1987%2015)

Maximum Recorded Pool Elevation 1116.8 ftmsl| 24.Juk1993 | 1125.3 fimsl 7-Aug1999 | 1108.6 ftmsl  12-Jun2008 | 1103.2 ftmsl 24-Juk1993

Minimum Recorded Pool Elevation 1091.7 ftmsl 6-Apr-2011 | 1100.9 femsl 9-Jun2006 | 1096.0ftmsl  28Feb1991 | 1085.4 ftmsl  2-May-1990

Maximum Recorde®aily Inflow 684 cfs 8May-2015 | 931 cfs 7-Aug1999 | 277 cfs 8-May-2015 | 678 cfs 28-Jun1993

Maximum Recorded Daily Outflow 142 cfs 25Jut1993 | 157 cfs 8-Aug1999 | 65 cfs 16Jun1984 | 124cfs 25-Juk1993

Average Annual Pool Elevation 1109.4 ftmsl 1119.9ft-msl 1103.0 ftmsl 1093.7 ftms|

Average Annual Inflow 5068 aeft 6795 aeft 1768 aeft 2498 aeft

Average Annual Outflow 4269 aeft 5671 aft 1323 aeft 1403 aeft

Estimated Retention Tinfi& 0.63 Years 0.56 Years 0.81 Years 1.59 Years
OperationalDetails Current:? (20112015) (20112015) (2011:2015) (2011:2015)
Maximum Recorded Pool Elevation 1115.2 ftmsl  7-May-2015 | 1123.1ftmsl  11-Sep2014 | 1108.2 ftmsl  8-May-2015 | 1098.3 ftmsl  22-Jun2014
Minimum Recorded Pool Elevation 1091.7 ftmsl 6-Apr2011 | 1118.1ftmsl  13Feb2011l | 1101.3ftmsl  8Mar2013 | 1091.2 ftmsl  8-Mar-2013
Maximum Recorded Daily Inflow 684 cfs 8-May-2015 | 253 cfs 11-Sep2014 | 277cfs 8-May-2015 | 249 cfs 8-May-2015
Maximum Recorded Daily Outflow 117 cfs 9-May-2015 | 93 cfs 12-Sep2014 | 53 cfs 9-May-2015 | 66 cfs 22-Jun2014
Average Annual Inflow (% of Historical Average Annual) 5769 aeft (114%) 5139 aeft (76%) 2740 aeft (155%) 2668 aeft (107%)
Average Annual Outflow (% of Historical Average Annug 4887 acft (114%) 3889 aeft (69%) 2214 aeft (167%) 1270 aeft (90%)
Outlet Works

Ungated Outlets HO mM®pC 1110.0 femsl HO H®nC 1121.0 femsl HO mM®nC 1104.0 femsl HO m®o( 1095.8 ftmsl

HO o®HC 11176ftmsl | HO H®pC 11275ftmsl | HO W ®nC 1109.0ftmsl | HO o ®T ¢ 1103.4 femsl

Gated Outlets (Mietlepth) MO cé 5 1104.3ftmsl None None MO cé 5 1090.0 fimsl

Gated Outlets (Lovevel) MO onéE 1090.0ftmsl | 1)oné Eon 1100.0ftmsl | MmO wnéE 1080.0ftmsl | MmO oné E 1077.0 fimsl
Note: All elevations given are in the NGVD 29 datum.

M Reservoir length at top of multipurpose pool.

@ First occurrence of reservoir pool elevation to top of multipurpose pool elemati

®g1-adza t ¢ O2yRAGA2ya G118y G2 08 GKS O2yRAGA2y&E LINBaSyd sKSy (KS NBASND2ANI 6ba FANRG

@ Mean Depth = Volume + Surface Area.

O dZNBS&e SR aSRAYSY(d RSLRaAGA2Y Aad (KS RAFFSENBYOS A-gdNBESNDZRNE &NBSE @S OF LI OAdGe G2 d2L

® Annualized rate based on historic accumulated sediment.

(™ Current accumulated sediment estimated from historic annual sedimentation rate.

®) dZNNBy i OF LI} OA (& 27 dz dzfi é A idzNIU2 382Nk & Clrrerg SedinfentatbnO A G &

© Estimated Retention Time = Current Estimated Multgmse Pool Volume + Average Annual Outflow.

(9 Ccurrent operational details are for the last five water year§ct2011 through 368ep2015

(D A lake restoration project for Glen Cunningham Reservoir was finished in 2008 that included dredgemaval of 275 aft of sediment
(12 Estimated rate beforeompletionof Wehrspan Reservoir restoration project in 1999. Estimated rate after 198@fghis rate.

* A highlighted percent indicates impairment based on the State of Nebraska'samseof lake sedimentation data.
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5.1.2.1Reservoir Requlation for Water Quality Management

5.1.2.1.1Downstream Water Quality Management

When the Papillion CreeKributary Projectsvere authorizedwater quality management was
identified as a concern within the Papillion Creek basin. At that time, studies by the Federal Water Pollution
Control Administration (FWPCA) indicated that a need existed for water quality storage within the basin.
The FWPQ@ identified the need for 3 cfs water quality flow in the Big Papillion Creek, Little Papillion
Creek, and West Branch Papillion Creek. The FWPC
would collectively have sufficient storage to provide ithentified 3 cfs water quality flows. Based on the
costs of an alternative groundwater pumping project at that time, the storage was estimated to have an
annual value of $10,700. Dam sites 11 (i.e., Glenn Cunningham), 18 (i.e., Ed Zorinsky), and 20 (i.e
Wehrspann) were included in the eight reservoirs potentially identified for having a water quality
component in the multipurpose pool. Originally, Dam site 11 was to have a multipurpose pool of 4,600 ac
ft, of which 820 a€t was indicated as the watquality storage component. The 1976 survey of Glenn
Cunningham Reservoir determined the multipurpose storage of the reservoir at that time wasf8,705 ac
Originally, Dam site 18 was to have a multipurpose pool of 4,70with a water quality comptent of
620 aef t . The 1984 survey of Ed-bAdidarlitnms kmpu | R @ speurr vpoisre ¢
reservoir at 3,037 ait. Originally, Dam site 20 was to have a multipurpose storage of 3, /iGvitb a
water quality storage compone#®0 acft. The 1984 survey of Wehrspann Reservoir determined the
multipurpose storage of the reservoir at that time was 2,640 adhe multipurpose pools at the four
Papillion Creek reservoirs were projected to fill with sediment in 100 years. € mdtases for
downstream water quality management have not been necessary because seepage, releases, and/or tributary
inflows at Dam sites 11, 18, and 20 have provided adequate flow for water quality purposes.

5.1.2.1.2Reservoir Water Quality Management

Since athorized water quality storage has not been required for downstream water quality
management, it is available for reservoir water quality management. The Papillion Creek tributary
reservoirs are dimictic to polymiict and neabottom areas of the reseir® become anoxic during the
summer and winter. Releases could be made from the reservoirs through-inelaautlet topotentially
dischargeexcess phosphorus released from anoxic sediments during reservoir stratification.
5.2ED ZORINSKY RESERVOIR
5.2.1BACKGROUND |NFORMATION

5.2.1.1Project Overview

The dam forming Ed Zorinsky Reservoir is located on Boxelder Creek, a tributary of the South
Papillion Creek in the West Branch Papillion Creek basin. The Ed Zorinsky Reservoir watershed is 16.4
square miles. Theatershed was largely agricultural when the dam was built in 1984; however since then,
the watershed has undergone extensive urbanization with the growth of Omabha.

The dam was completed on July 20, 1984; however, potential water quality problems delayed
closure. Two wastewater treatment facilities occasionally discharged to upstream tributaries of the
reservoir and it was decided to delay final closure until the situation was addressed. The situation was
corrected by constructing a diversion pipelin¢ht® Elkhorn River in the fall of 1989. The Idevel gate
at the dam was closed on December 7, 1989 and the reservoir reached its initial fill in April 1992.
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5.2.1.2Zebra Mussels at Zorinsky Lake

As part of the District 6 se theosesarvoimvas lawaredrB feetima n c e
the fall of 2010 to pool elevation 1107NiIGVD29. This was done to facilitate the placement of additional
riprap along the reservoir shoreline for erosion cont. 18 Nov-2010 a Boy Scout wasicking up litter
along the reservoir shoreline and picked up an aluminum can with a suspected zebra mussel attached. The
can and attached suspected zebrsselwere provided to Nebraska Game and Parks Commission (NGPC)
officials who confirmed it as a zebra mussel.

5.2.1.2.1Measures Implemented to Control Zebra Mussels

The Districtods Missour.i Ri ver Pr -®¢c0dQwhiehf f i ce |
was followedby a public meetinglead bythe Nebraska Invasive Species Promet7~Dec201Q Both
meetings discused the potential impactsto Zorinsky Lake and addressed possible zebra mussel
transmission to other area laked/ith input from the public and participating agencies it was concluded
that this was likely an initial infestation of zebra mussels and measuresd sigouhplemented to control
their potential spread and protect public infrastructure. An initial measure identified for controlling the
zebra mussel population at Zorinsky Lake was drawing the reservoir down over the Wiistgenerally
believed thata rapid drop in water level (i.e., reservoir drawdown) during the winter months, and the
subsequent exposure of zebra mussels tdrealzing temperatures, can result in the mortality of emerged
zebra mussels due to freezing adesiccation(McMahon, Ussg/, & Clarke, 1993) It was also
recommended that Zorinsky Lake remain drawn down until zebra mussel veliger sampling could be
completed in the summer of 2011 and chemical treatment pursued if warranted.

An additional seven foot drawdown of Lake Zorindlggan on 1{Dec2010 with the reservoir
reaching a pool elevation of 1100NvGD29 on 18Dec2010. The drawdown to pool elevation 1100 ft
NGVD29 was deemed within the Districts normal operation and regulation of the reservoir. All of the
participating gencies recommended that a complete drawdown of Zorinsky Lake should be pursued, and
an Environmental Assessment (EA) was completed by the District to evaluate this recommendation. On
23-Dec2010, the lowlevel outlet gates were opened to didown Zorinsky Laketo the maximum extent
possible On 4Jan2011 Zorinsky Lake reached an elevation of 1092MGWD29 which was the
maximum drawdown possiblgithout the removal of accreted sediment in front of thelkwel outlet.

5.2.1.2.2Survey of Emerged Zebra MusseEhells after the Zorinsky Lake Drawdown

Preliminary inspections before and after the reservoir drawdown indicated a very low abundance
of zebra mussels relative to levels reported in the literature for infested waters. To gain a better
understanding ofhie zebra mussel population in Zorinsky Lake at the time of the 2010/2011 winter
drawdown, in was decided to survey the exposed bottom of the reservoir for the occurrence of emerged
adult zebra mussel shells. The survey methodology and results are decuiment n  t Assessmenp or t i
of the Water Quality Conditions at Ed Zorinsky Reservoir and the Zebra Mussel (Dreissena polymorpha)
Population Emerged after the Drawdown of the ReseamiiMa nage ment | mpl i cati ons
Papillion and Salt CredReservoirds ( USACE, 2012) .

5.2.1.3Ed Zorinsky Dam Intake Structure

The reinforced concrete intake structure at Ed Zorinsky Dam has fourleppkintakes (two at
invert elevation 1110.0-nsl and two at invert elevation 1117 .46xsl), an intermediatkevelintake (invert
elevation 1104.3 finsl), and a lowevel intake (invert elevation 1090+ftsl). The uppelevel intakes are
uncontrolled.The intermediatdevel intake has a-thch diameter slide gate for flow augmentation releases
for water quality maagement. The lovevel intake is provided with a slide gate to permit draining of the
reservoir below elevation 1110.0-rftsl in the event drawdown is desirable. The-level inlet is
constructed 240 feet upstream of the intake tower. The inlet igprbwith a trash rack and emergency
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bulkhead to allow closure with the gate open. Air&th reinforced concrete pipe connects the-level
inlet to the intake structure.

5.2.1.4Reservoir Storage Zones

Figure 5.1 depicts the current storage zones of Ed Zorinsky Reservoir based 200th€orps
survey data and estimated sedimentation. Itis estimatetDthatllp er cent -bafi [ tt be Mud g i pur
Pool has been lost to sedimentation as d520ith the annualolume loss estimated to be 0.38cent
Based on the

State of
ZorinskyRee r voi r 6s water quality
Elevation
(ft-msl)

11435 %

\ Freeboard
1138.2
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Flood Surcharge (7,276 ac-ft)
1128.2

I

Emergency
Spillway Crest

Ungated Drop Inlet

\
L\

‘ Exclusive Flood Control (7,596 ac-ft)
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Multipurpose (2,688 ac-ft)

.. WATER QUALITY Mid-Depth Gated Inlet
w. (620 ac-ft)

Low-LevelGated Inlet
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Accumulated Sediment
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{2015 Estimated: 349 ac-ft)
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1077 Lowest Reservoir Bottom Elevation {(1997)
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Lowest Reservoir Bottom Elevation (1985)
1074

Outlet Works

ar e

Figure 5.1. Current storage zones of Ed Zorinsky Reservoir based on the 2007 Corps survey data and estimated
sedimentation.

5.2.1.5Ambient Water Quality Monitoring

was i

Il led in the early

199006s.
reservoir and on thinflow and outflow of the reservoifrigure 5.2 shows the location of sites that have
been monitored for water quality dugithe5-yearsampling periodi.e., 201l through 205). The near

dam location (i.e., EZRLKND1) was been continuously monitored since 1993.
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Ed Zorinsky

Reservoir

Figure 5.2. Locatio
during the period 201through 205.

5.2.2WATER QUALITY IN ED ZORINSKY RESERVOIR

5.2.2.1Existing Water Quality Conditions

5.2.2.1.1Statistical Summary and Comparison to Numeric Water Quality Standards Criteria

Water quality conditions that were monitored in Ed Zorinsky Reservoir at sites EZRLKND1,
EZRLKML1A, EZRLKML2, EZRLKUP1, and EZRLKUP2 from May through September during the 5
year period 2011 through 2015 aanmarized in

Plate5-1 throughPlate5-5. A review of these results indicated possiblaewajuality concerns
regarding dissolved oxygeammonianutrients, and chlorophyll a.

A significant number of dissolved oxygen measurements throughout Ed Zorinsky Reservoir were
below the 5 mg/l criterion for the protectionwrmwater aquatic life (

Plates-1-Plate5-5) All of the exceeded deria occurred near the bottom of the reservoir and were
associated with thermal stratificatioPidte5-8). The following provisionisincluded n Nebr askads W
Quiality Standards (117 NAC 2.004.01) regarding the application of water quality criteria to lakes

Ailn | akes and i mpoundments, or portions thereof,
applicable narrative and numerical teria, with the exception of the numerical criteria for
temperature, apply only to the epilimnion. o

This provision seemingly applies to the low dissolved oxygen and high ammonia and dissolved
manganese levels measured in Ed Zorinsky Reservoir. Ther#iereriteria are not considered
exceedancesf the water quality standards criteriddowever, dissolvedxygen measurements on
September 12, 2014 were below ghmg/| criterion for the protection of warmwater aquatic fiitam

the reservoirs surface totoom.
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Nutrient criteria defined i masttte Nebraskakpaudded wat er
waters include: total phosphorus (0.05 mg/l), total nitrogen (1.0 mg/l), and chlorapgb@lug/l). Samples

collected for these parameters must represt epilimnetic conditions of
seasono (i.e., May t-burfacaitgd ph&phprusetatd rétnogen, and dhlorephyli e a r
acriteria were respectively exceeded by 35, 30, and 70 percent of the samples calitdeZR I KND1

(i.e., neardam) (

Plates-1). At site EZRLKUPL1(i.e., upper reaches), the nearface total phosphorus, total
nitrogen, and chlorophyH criteria were respectively exceeded by 70, 55, and 80 percent of the collected
samplesRlate5-4). All the chlorophylla, total nitrogen, and total phosphorus samples were collected during
the Agrowing season o0 esaepeserit thegrowiegpeason avdragenferalemi5 v a | u
period 2011 through 2015. The naarface chlorophyllh mean values were 20g/l and 33.1 ug/l
respectively at site EZRLKND1 and EZRLKUP1. The ngarface total nitrogen mean values were 0.94
mg/l and 1.14 mg/l respectively and nearface total phosphorus values were 0.05 mg/l ad 0.09 mg/l
respectivel y. Based on tadsessmBrt mdthedology, thése inaaravalidea 6 s
indicate impairment of the Aquatic Life beneficial use dfZbrinsky Reservoir due to nutrients.

5.2.2.1.2Thermal Stratification
5.2.2.1.2. 1 ongitudinal Temperature Contour Plots

Late-spring and summer thermal stratification of Ed ZonnBleservoir measured during 205
depicted by longitudinal temperature contour plots constructed along the length of the reféaueir6
provides longitudinal temperature ¢oar plots based on depghofile temperature measurements taken
from May through September at sit&eZRLKND1, EZRLKML1A EZRLKML2, EZRLKUP1, and
EZRLKUP2 in 205. Significant thermal stratification occurred in Ed Zorinsky Reservoir frorsiatiag
through most of the summer during 2015.

5.2.2.1.2. Near-Dam Temperature DeptiProfile Plots

The depthprofile temperature measurements collected during the summer o%ereébesampling
periodat the deep wat area neathe dam were compiled and plotted to desctitme existing summer
thermal stratification of Ed Zorinsky ReservoiPldte 5-7). The plotted deptprofile temperature
measurements indicate that tieservoir exhibits significant thermal stratification during the summer. The
deeper areas of the reservoir, in the area of the old creek channel, do not appear to mix with the upper
column of water during the summer. Since Ed Zorinsky Reservoir icesnabe winter, it appears to be
a dimictic lake based on the measured thermal stratification in the summer (Wetzel, 2001). Wetzel (2001)
identifies lakes as dimictic if they circulate freely twice a year in the spring and fall and are directlyctratifie
in the summer and inversely stratified under ice cover in winter.

5.2.2.1.3Dissolved Oxygen Conditions
5.2.2.1.3.1Longitudinal Dissolved Oxygen Contour Plots

Dissolved oxygen contour plots were constructed along the length of Ed Zorinsky Reservoir based
on depthprofile measurementaken during 2015Plate5-8 provides longitudinal dissolved oxygen contour
plots based on deptirofile measurements taken from May through September in 2015. Hypoxic
conditions (i.e., < 2.5 mg/l dissolved oxygen) were monitored neare#gvoir bottom throughout the
summewith the exception of May 2015.

5.2.2.1.3. Near-Dam Dissolved Oxygen Depthrofile Plots

The depthprofile dissolved oxygen measurements collected during the summer oveyehe
sampling periocht the deep water area near tlsan were compiled and plotted tosdebe the existing
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summer dissolved oxygen conditions of Ed Zorinsky Reserite5-9). Mostof the plotted profiles

indicate a significant vadal gradient in dissolved oxygen levels with most tending towards a clinograde
distribution. Seventyfive percent of the profiles showed hypoxic conditions near the reservoir bodtom.

few of the plotted profiles indicate dissolved oxygen concentragiboge 5 mg/l from the reservoir surface

to the bottom. These profiles were measimeashrly spring or faland are believed to be a result of thermal
stratification breaking down to the depth the profile was measurédsap rtiumgrnover 0 ended ¢
turnovero of the reservoir approached.

5.2.2.1.3.Fstimate of Reservoir Volume with Low Dissolved Oxygen Conditions

Thevolume of Ed Zorinsky Reservoir with low dissolved oxygen conditions was estimated from
the longitudinal dissolved oxygen mour plotsconstructed for 201 nd t he Di str-i ct 6s
Capacity Tables for the reservoir. The coanssedd uct e
di ssol ved oxygen -ccaosnedd tcioonnd i t iTohne wiawso rtsatlhedighest o be t
elevations of the 5 mg/l and 2.5 mg/l dissoleagtgen isopleths. The July 30, 2015 contour plot indicates
a pool elevation of 1110.4-fbsl, a 5 mg/l dissolved oxygen isopleth elevation of about 1100 ft msl, and a
2.5 mg/l dissolved oxygenasleth elevation of about 1098ifis| (Plate5-8). The current District Area
Capacity Tables (2007 Survey) give storage capacities of 2,883caelevation 1116 ft-msl, 939 acHt
for elevation 110 ft-msl, and703 aeft for elevation 1098t-msl. On July30, 2015it is estimated thad3
percent of the volume of Ed Zorinsky Reservoir was less than the 5 mg/l dissolved oxygen criterion for the
protection of varmwater aquatic life, and 2&rcent of the reservoir volume was hypoxic.

5.2.2.1.4Water Quality Conditions Based on Hypoxia

Dissolved oxygen levels monitored in Ed Zorinsky reservoir indicated hypoxic conditions during
the months of June through September 2015. As a rimgitudinal contour plots whenstructedor
ORP and pH during these montB®pth profiles and neaurface/neabottom sample comparisons were
constructed for periods of hypoxic conditions from 2011 through 2015.

5.2.2.1.4.10xidation-Reduction Potential

Plate5-10 provides longitudinal ORP contour plots based on measurements taken inQRE5.
values present during June and July 2@titcated somewhateduced conditions present near the reservoir
bottom. Plate5-11 plots depth profiles for ORP measured during the summer ovérytbarsampling
periodin the deep water area of Ed Zorinsky Resgmear the danwvhen hypoxic conditions are present
A significant vertical gradient in ORP regularly occurred in the reservoir during the summer.

5.2.21.4.H

Longitudinal contour plots for pH conditions measured0d5 are provided iRlate5-12. Lower
pH levels near the bottom of the reservoir could be attributable to reservoir stratification and ongoing
decomposition/respiration near the reserboittom. This would lead to an increase in,@@d decrease
in pH. All pH levels were within the pH criteria for the protection of warmwater aglitdic Plate5-13
plots depth profiles for pH measured during the summer ovéryearsampling periodn the deep water
area of Ed Zorinsky Reservoir near the dahen hypoxic conditions were preser significant vertical
gradient in pH regularly occred in the reservoir during the summbut all pH levels were within the
criteria for the protection of warmwater aquatic.life

5.2.2.1.4.omparison of NeatSurface and NeaBottom Water Quality Conditions

Paired neasurface and nedrottom water quality samm@ecollected from Ed Zorinsky Reservoir
during the summer when hypoxia was present were compared-siNéace conditions were represented
by samples collected withintheter of the reservoir surface, and Aeattom conditions were represented

23



by samplegollected within imeter of the reservoir bottom. The compared samples were collected at the
neardam site EZRLIWND1 during the 5year period 201through 2A5. During the Syear period a total

of 20 paired samples were collected monthly from May thro8gptember. Of the(2paired samples
collected, 5 (75%) had neabottom samples with less than 2.5 mg/l dissolved oxygen. For the paired
samples with hypoxic nednottom conditions, box plots were constructed to display the distribution of
measured watequality conditions for the followingparameters: water temperature, dissolved oxygen
oxidationreduction potential, pH, alkalinityotal ammonianitratenitrate nitrogen, total phosphorus, and
orthophosphorufPlate5-14). A paired twatailed ttest was used to determine if the sampled-sadace

and neaibottom conditions for the paired samples were significantly diffesent .05). The sapled
nearsurface and nedrottom conditions were significantly different for all the assessed parameters except
nitrate-nitrite nitrogen(p=0.28) Parameters that were significantly lower in the #iedtom water of Ed
Zorinsky Reservoir when hypoxia wgresent includedvater temperaturalissolved oxygn, ORP, and

pH (p < 0.03. Parameters that were significantly higher in the-betiom water includedotal ammonia
nitrogen total alkalinity,total phosphorysand orthephosphorus (p < 05).

5.2.2.1.5Reservoir Trophic Status

Trophic State Index (TSI) values for Ed Zorinsky Reservoir were calculated from monitoring data
colleaed during the fear period 201through 2@5 at the neadam ambient monitoring site (i.e.,
EZRLKND1). Table5.2 summarizes the TSI values calculated for the reservoir. The TSI values indicate
that the neadam lacustrine area of Ed Zorinsky Reservoir is in a eutrophic condition.

Table 5.2. Summary of Trophic State Index (TSI) values calculated for Ed ZorinskgriResfor the Syear perioc
2011through 205.

TSI* No. of Obs. Mean Median Minimum Maximum
TSI(SD) 20 63 63 49 76
TSI(TP) 20 53 55 34 71
TSI(Chl) 20 67 67 57 79
TSI(Avg) 20 61 62 51 74

* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phospt
chlorophylla measurements. TSI(Avqg) is the average of TSI values for the individual parameters.
Note: See Section 4.1.3 for discussion of TSI calculation.

5.2.2.1.6Reservoir Plankton Community
5.2.2.1.6.1Phytoplankton Community

Phytoplankton grab samples were collected atZadnsky Reservoir neasurface, neadam
sampling sites during the spring and summer of tyea¢ period 2012 through 201Blate5-15). No
sampleswvere collected in 2011 due to the reservoir drawdoWme relative abundance of phytoplankton,
ba®d on biovolumén May, July, and September 2015 is providedlies-16. The highest phytoplankton
total biovolume was observed in May and the lowest in July. Ochrophyta and Cryptophycegieytee
dominate taxa in May, Cyanobacteria in July, and Ochrophyta in Septentii®rdominance pattern
follows successional patterns commonly observed in eutrophic reservoirs. Cooltaxatsuch as
Ochrophytaend todominate in spring and late fall while warm waterasuch as Cyanobacteria dominate
the summeand early fall Dominant and majophytoplankton genersampled in Ed Zorinsky Reservoir
during 201%areprovided inTable5.3.

Annual variation in phytoplankton canunity composition is displayed Piate5-17. During the
4-year period 2012 through 2015, Cyanobacteria, Ochrophyta, and Cryptophycephgthe dominant
groupsin Ed Zorinsky Reservoir. The highest Cyanobaatévels were observed in 2012 with two
sampled densitielseing greater than the World Health Organizatiigh level of health risk (>100,000
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Cellsiml) (Plate5-15). 2012 was a particularily warmnddry year. The long reservoir residence time
decreased mixingnd warm watecould have lead to a longey&hobacterial growig season which lead
to the large observed biovolumes and densitiHse maximumextracellular microcystihevel measured
during the 5year period waf.2 ug/L (

Plates-1).

Table 5.3. Listing of Major and Dominant Phytoplankton Genera Sampled in Ed Zorinsky Reseleated at the
neardam, deepwateambient monitoring site (i.e., EZRLKND1)

Division Major Genera Dominant Genera
(>10% Total Biovolume in a single sample) (>25% Total Biovolume in a single sample)
Chrysophyta Mallomonas | -
Cryptophycophyta Cryptomonas | -
Ochrophyta Stephanodiscus Cyclotella, Aulacoseira
Cyanobacteria Anabaena Aphanizomenon
Pyrrophycophyta Ceratum | e

5.2.2.1.6.ZooplanktonCommunity

Zooplanktonverticattow samples were collecteat Ed Zorinsky Reservoir nedam sampling
sites during the spring amtimmer of the 4ear period 2012 through 201Bl4te5-18). No samples were
collected in 2011 due to the reservoir drawdowrhe sampled zooplanktondiuded four taxonomic
groupings: Cladocerans, Copepods, Rotifers, and Ostraoelselative abundance mboplanktonbased
onbiomassin May, July, and September 201previded inPlate5-19. Zooplanktortotal biomass stayed
relatively consistentthrough the 2015 growing season with Copepods and Cladocerans dominating Ed
Zorinsky ReservoirDominant and majozooplanktongenerasampled inEd Zorinsky Reservoir during
2015 aregprovided inTable5.5.

Table 5.4. Listing of Major and Dominant Phytoplankton Genera Sampled in Ed Zorinsky Resmiteated at the
neardam, deepwater ambient monitoring site (i.e., EZRLKND1)

. Major Genera Dominant Genera
Taxonomic Group (>10% Total Biovolume in a single sample) (>25% Total Biovolume in a single sample)
Cladocerans | e Daphnia
Copepods | e Leptodiaptomus
Rotifers Asplanchna | e

5.2.2.1.7Zebra Mussel Monitoring

Since the 2010/2011 drawdown of Ed Zorinsky Reservoir to control the spread of zebra mussels in
and fromthe lake, once yearly sampling for zebra mussel veligers have been implemented. During the
sampling period (2012015) no veligers have been identified.

5.2.2.2\Water Quality Trends (19932015)

Ed Zorinsky Reservoir reached initial fill in 1992 and waggality monitoring of the reservoir
began in 1993. Water quality trends from 1993 th52@eredetermined for Ed Zorinsky Reservoir for
transparency (i.e., Secchi depth), total phosphorus, chlorophgiid TSI (i.e., trophic condition). The
assessmentas based on neaurface sampling of water quality conditions in the reservoir during the
months of May through September at the rasan monitoring site (i.e., EZRLKND1)Plate5-20 displays
a scatteiplot of the collected data for the four parameters and a linear regression line. For the assessment
period, it appears that Ed Zorinsky Reservoir exhibitedreasing less of total phosphorus (p<0.,05
R?=0.04. No significant trend in transparency or chloroplayis observable.Since 1993, Ed Zorinsky
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Reservoir has generally remained in a eutrophic condition. However, if the current trend continues, the
reservoir appears to be moving tadsahypereutrophic condition (p<0.0%2=0.04).

5.2.2.3Existing Water Quality Conditions of Runoff Inflows to Ed Zorinsky Reservoir

Existing water quality in Box Elder Creek, above Ed Zorinsky Reservoir, was monitored under
runoff conditions during the period of April through September at site EZRNR4& site is approximately
1% miles upstream from the reservdhigure 5.2). Runoff conditions were considered to be-mch
rainfalleventora® nch or more rise H{ howdr e aPmds@tsangmarzdsr om A b
water quality conditions that were monitored at site EZRNF1 under runoff conditions duringyehe 5
period 2011 through 2015.
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5.2.3PLATES

Plate 5-1.

Summaryof water quality conditions monitored in Ed Zorinsky Reservoir at site EZRLKND1 from M

September during theyearperiod 2011 through 2015. [Note: Results for water temperature, dissolved ¢
conductivity, pH, turbidity, ORP, and chlorophwl(field probe) are for water column degthofile measurement

Results for chlorophyll a (lab determined), hardnesg, mé s , microcystin, and
collectedatanessur f ace dept h. Results for other -sudaceaamn
nearbottom depths, unless otherwise indicated.]
Monitoring Results Water Quality Standards Attainment
Parameter Detection | No. of State WQS No. of WQS | Percent WQS
Limit Obs. | Mean® |Median| Min. | Max. Criteria ® Exceedanceg Exceedance
Pool Elevation (fmsl) 0.1 20 1110.43|1110.40/1108.701 1111.71f - | e[ e
WaterTemperature (°C) 0.1 347 20.47 | 20.37 | 10.18 | 29.16 329 0 0%
Secchi Depth (in.) 1| 20 37.00 33.00 | 13.00 | 8500 | @ ---- | eeeee | e
Turbidity (NTUs) 1| 328 10.07 7.75 n.d. N e e
OxidationReduction Potential (mV) 1| 347 225.84 | 229.00| -59.00 | 411.00f = - | ee= | e
Specific Conductance (umho/cm) 1| 347 517.70 | 528.00| 303.50| 740.00 2,000% 0 0%
Dissolved Oxygen (mg/l) 0.1] 347 4.39 5.04 n.d. 11.98 08 173 50%
Dissolved Oxygen, NeaBurface (mg/ff”) 0.1 20 8.49 8.49 | 4.04 | 11.91 09 1 5%
Dissolved Oxygen (% Sat.) 0.1] 347 52.23 56.80 nd. | 15150 @ - | eeeee | e
pH (S.U.) 0.1 347 783 | 7.85 | 651 | 8.76 06.5 & ( 0 0%
Alkalinity, Total (mg/l) 1] 38 | 153.50 | 150.50| 97.00 | 238.00 >200 0 0%
Ammonia, Total (mg/l) 0.020 40 | ----- 0.27 n.d. 6.50 6.394%, 1,13%46) 0,7 0%,18%
Ammonia, Total, NeaBSurface (mg/fy) 002 20 [ - 0.02 | 0.01 | 0.30 1.00*9), 0.2549 0,1 0%,5%
Kjeldahl N, Total (mg/l) 0.08 40 173 | 112 | 047 | 7145 | - | = | -
Nitrate-Nitrite N, Total (mg/I) 0.03 40 [ - n.d. n.d. 0.36 100% 0 0%
Nitrogen, Total (mg/l) 0.08 40 1.79 1.19 0.50 7.18 1M 26 65%
Nitrogen, Total, NeaBurface (mg/ff? 0.08 20 0.94 0.95 0.50 1.36 >1 7 35%
Phosphorus, Total (mg/l) 0.005§ 40 0.25 0.07 n.d. 1.47 0.08" 24 60%
Phosphorus, Total, Ne&urface (mg/l}® 0.005§ 20 0.05 0.04 | 0.01 | 0.20 0.08" 6 30%
Phosphorugrtho, Dissolved (mg/l) 0.005 40 | ---- 0.02 n.d. 098 | - | e e
Hardness, Total (mg/l) 04 4 134.28 | 137.70| 113.70| 148.00] = --—- | = - | e
Arsenic,Dissolved (ug/l) 0.00§ 4 6.50 6.00 5.00 | 9.00 3409, 16.79 0 0%
Beryllium, Dissolved (ug/l) 1 4 | - n.d. n.d. n.d. 1309, 5.39 0 0%
Cadmium, Dissolved (ug/l) 0.007 4 | - 0.05 n.d. 0.08 8.19,0.39 0 0%
Chromium, Dissolved (ug/l) 4 4 | - n.d. n.d. n.d. 769.4%, 100.20 0 0%
Copper, Dissolved (ug/l) 6] 4 | - n.d. n.d. n.d. 18.29, 11.89 0 0%
Iron, Dissolved (ug/l) 100 23 | - 20.00 | n.d. | 410.00 10009 0 0%
Lead, Dissolved (ug/l) 009 4 | - 0.15 n.d. 0.80 91.3%, 3.69 0 0%
Manganese, Dissolved (ug/l) 3 23 | - 20.00 | n.d. [6440.00 10009 5 22%
Manganese, Dissolved (ugf) 3 18 | - 9.50 2.00 | 230.00 >1000 0 0%
Nickel, Dissolved (ug/l) 8] 4 | - n.d. n.d. n.d. 613.8%, 68.29 0 0%
Silver, Dissolved (ug/l) 000§ 4 | - 0.02 n.d. 0.03 5.99% 0 0%
Zinc, Dissolved (ug/l) 6 4 | - 9.00 n.d. 30.00 153.7), 154.99 0 0%
Antimony, Dissolved (ug/l) 0.03 4 0.73 0.75 | 0.60 | 0.80 88", 3¢9 0 0%
Aluminum, Dissolved (ug/l) 400 4 | - n.d. nd. | 50.00 7509, 879 0 0%
Mercury, Dissolved (ug/l) 0.00§ 4 | - n.d. n.d. 0.01 1.49 0 0%
Chlorophyll a (ug/lii Lab Determine® 6] 20 20 16 n.d. 56 107 14 70%
Chlorophyll a (ug/l)i Field Probe 6| 347 19 12 n.d. 343 100 202 58%
Atrazine, Total (ug/lj®) 0.1 20 0.82 0.80 n.d. 2.20 3309, 129 0 0%
Metolachlor, Total (ug/l{® 01 20 | - 0.20 n.d. 0.40 390, 1009 0 0%
Microcystin, Extracellulafug/l) 01 20 | - n.d. n.d. 0.20 209 0 0%
Pesticide Scan (ugff)
Acetochlor, Tot 0.08 5 0.09 n.d. n.d. 019 | - e e
Atrazine, Tot 0.13 5 0.51 0.45 0.21 0.99 . 0 0%
Metolachlor, Tot 005 5 | - 0.14 n.d. 0.20 390, 1009 0 0%

n.d. = Not detected.

(A Nondetect values set to detection limit value to calculate mé&@% or more of observations were nondetect, mean is not reported. The mean value
for pH is an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean).

®

M General criteria for aquatic life.

@ Usespecific criteria for aquatic life.

® Agricultural criteria for surface waters.
@ Total ammonia criteria pH and temperature dependent. Criteria listed are median criteria values calculated from iadiplihgesents.

® Chronic criteria for aquatic life.
™ Nutrient criteria for aquatic life.

)
)
)
® Acute critera for aquatic life.
)
)
® Human health criteria.

©) Nebraska utilizes the World Health Organization recommended criterion of 2@tagyhicrocystins in recreation watéar impairment assessmenrftlote that
Corps microcystin is extracellular only.

Not e: Many of
©
e

(E

Immunoassay analysis.

Nebraskaos

wQs

criteria

for

metal s

a rhe metianthatdness. s
Ne br as k ad s skessmeatofthermally stradifeed reservoirs establishes that samples must represent epilimnetic conditions(irfacegar

base

The pesticide scan (GCMS) includes: acetochlor, alachlor, ametryn, atrazine, benfluralin, bioutadilor, butylate, chlorpyrifos, cyanazine, deethylatra

deisopropylatrazine, dimethenamid, EPTC, ethalfluralin, fonofos, hexazinone, isophenphos, metolachlor, metribuzin, gendphetiate, prometol
prometryn, propachlor, propazine, simazitebufos, triallate, and trifluralin. Individual pesticides were not detected unless listed under pesticide scan.
* A highlighted mean, number of exceedances, or percent exceedance indicates use impairment based on State of Nebraska 303 Bempairment

assessment criteria
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Plate 5-2. Summary of water quality conditions monitored in Ed Zorinsky Reservoir at site EZRLKML1A
May to September during theygar period 2011 through 201%Note: Except for pool elevation al
Secchi depth, results are for water column dgpttiile measurements.]

Monitoring Results Water Quality Standards Attainment

Parameter Det_ec_tion No. of ) ) Ste_lte WQS No. of WQS | Percent WQS

Limit Obs. | Mean® | Median | Min. Max. Criteria ® Exceedances| Exceedance
Pool Elevation (fmsl) 0.1 15 1110.31| 1110.10| 1108.70| 1111.71| - | = e | emee-
Water Temperature (°C) 0.1] 325 20.50 20.39 10.28 29.43 320 0 0%
Dissolved Oxygen (% Sat.) 0.1] 325 53.15 55.40 0.00 157.00 | - | e e
Dissolved Oxygen (mg/l) 0.1 325 4.48 4.79 0.00 11.57 o® 169 52%
Specific Conductance (umho/cm) 1] 325 520.36 | 530.20 | 287.40 | 741.00 2,000% 0 0%
pH (S.U) 0.1] 325 7.83 7.78 6.61 880 | 06.5 & 0 0%
Turbidity (NTUs) 1| 308 12.03 7.80 0.00 24920 | - | e e
OxidationReduction Potential (mV) 1| 325 255.19 | 258.00 | -45.00 | 435.00 [ @ ---- | emeem | e
Secchi Depth (in.) 1] 20 38.00 33.00 11.00 96.00 | - | e e
Chlorophyll a (ug/l)i Field Probe 1] 325 19 13 1 204 109 194 60%

n.d. = Not detected.

™ Nondetect values set to detection limit to calculate mean. If 20% or more of observations were nondetect, mean ischoEepuetan value reported for pt

an arithmetic mean (i.e., log conversion of logarithmicvaties was not done to calculate mean).

@ General criteria for aquatic life.

@ Usespecific criteria for aquatic life.

@ Agricultural criteria for surface waters.

@ Nutrient criteria for aquatic life.

* A highlighted mean, number @&xceedances, or percent exceedance indicates use impairment based on State of Nebraska 2012 Section 303(d
assessment criteria

®

Plate 5-3. Summary of water quality conditions monitored inZxfinsky Reservoir at site EZRLKML2 from M:
to September during theyear period 2011 through 2015. [Note: Except for pool elevation and ¢
depth, results are for water column deptbfile measurements.]

Monitoring Results Water Quality Standards Attainment

Parameter Det‘ec_tion No. of ) ) Stqte WQS No. of WQS | Percent WQS

Limit Obs. | Mean® | Median | Min. Max. Criteria ® Exceedances| Exceedance
Pool Elevation (fmsl) 0.1 15 1110.31| 1110.10| 1108.70] 111271 = --——- | = - | emee-
Water Temperature (°C) 0.1 224 22.39 22.42 11.81 29.93 329 0 0%
Dissolved Oxygen (% Sat.) 0.1] 224 71.59 77.05 0.00 15540 | - | e e
Dissolved Oxygen (mg/l) 0.1 224 5.89 6.72 0.00 13.18 0o 73 33%
Specific Conductance (umho/cm) 1| 224 489.96 | 514.00 | 269.30 | 721.00 2,000 0 0%
pH (S.U) 0.1 224 8.03 8.08 6.92 893 [ 06.5 & 0 0%
Turbidity (NTUs) 1| 214 19.66 | 12.05 000 | 11990 @ —— | [
OxidationReduction Potential (mV) 1| 224 316.42 | 333.00 6.00 509.00 | @ ---- | e e
Secchi Depth (in.) 1| 20 33.80 30.50 9.00 113.00 | --- | e e
Chlorophyll a (ug/l)i Field Probe 1] 224 28 18 1 440 107 160 71%

n.d. = Not detected.

® Nondetect values set to detection limit to calculate mean. If 20% or more of observations were nondetect, nreporiedol he mean value reported for p!

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean).

M General criteria for aquatic life.

@ Usespecific criteria for aquatic life.

©) Agricultural criteia for surface waters.

@) Nutrient criteria for aquatic life.

* A highlighted mean, number of exceedances, or percent exceedance indicates use impairment based on State of Nebraska 303@Senpairmer
assessment criteria.

B
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Plate 5-4. Summary of water quality conditions monitored in Ed Zorinsky Reservoir at site EZRLKUPL1 frol

to September during the-year period 2011 through 2015. [Note: Results for water temper
dissolved oxygen, conductivity, pH, turbidity, ORP, and chlbydipa (field probe) are for water colun

depthpr of i |l e measur ement s. Results for ot he
surface.]
Monitoring Results Water Quality Standards Attainment
Parameter Det_ec_tion No. of ) ) Ste_lte WQS No. of WQS | Percent WQS
Limit Obs. | Mean® |Median| Min. | Max. Criteria ® Exceedances Exceedance
Pool Elevation (fmsl) 0.1 15 1110.31)1110.101108.7¢¢ 1111.7f - | e [ e
Water Temperature (°C) 0.1 120 23.55 24.15 | 15.84 | 30.71 320 0 0%
Secchi Deptfin.) 1 20 18.90 20.00 | 4.00 3700 | --- | e e
Turbidity (NTUs) 1 113 46.05 24.30 n.d. 24350 @ - | e e
OxidationReduction Potential (mV) 1 120 355.59 | 348.00| 179.00] 499.00| = - | eeem | e
Specific Conductance (umho/cm) 1 120 466.49 | 481.15| 248.00| 661.40 2,000 0 0%
Dissolved Oxygen (mg/l) 0.1 120 7.09 | 7.04 | 0.13 | 13.00 08 24 20%
Dissolved Oxygen, NeaBurface (mg/ff”) 0.1 20 8.661 | 8.135 | 5.23 13 09 0 0%
Dissolved Oxygen (% Sat.) 0.1 120 87.06 84.15| 170 {16980 @ @ - | eeem | e
pH (S.U.) 0.1 120 8.12 8.22 7.22 8.80 06.5 & ( 0 0%
Alkalinity, Total (mg/l) 1 19 | 130.21 | 134.00] 19.00 | 197.00 >20(1) 1 5%
Suspended Solids, Total (mg/l) 4 19 22.58 17.00 n.d. 80.00 | @ --- | e e
Ammonia, Total (mg/l) 0.02 20 | - n.d. n.d. 0.38 1.2749, 0.3149 0 0%
Kjeldahl N, Total (mg/l) 0.08 20 1.04 | 1.02 | 060 | 1.66 | = | = | -
Nitrate-Nitrite N, Total (mg/I) 0.03 20 0.10 n.d. n.d. 0.54 100% 0 0%
Nitrogen, Total, NeaBurface (mg/ff’ 0.08 20 1.14 1.07 | 064 | 172 10 11 55%
Phosphorus, Total, Ne@urface (mg/li®) 0.005 20 0.09 0.07 0.03 | 0.24 0.057 14 70%
Phosphorugrtho, Dissolved (mg/l) 0.005 20 | - 0.01 n.d. [ e e
Hardness, Total (mg/l) 0.4 3 128.47 | 128.60| 118.30| 13850 = --—-- | - | e
Arsenic, Dissolved (ug/l) 0.008 3 5.67 6.00 | 4.00 | 7.00 3409, 16.79 0 0%
Beryllium, Dissolved (ug/l) 1 3 | - n.d. n.d. n.d. 1309, 5.39 0 0%
Cadmium, Dissolved (ug/l) 0.01 3 [ - n.d. n.d. 0.05 7.59, 0.299 0 0%
Chromium, Dissolvedug/l) 4 3 | - n.d. n.d. n.d. 727.99, 94.719 0 0%
Copper, Dissolved (ug/l) 6 3 | n.d. n.d. 8.00 17.0°, 11.10 0 0%
Iron, Dissolved (ug/l) 10 18 104.83 | 25.00 n.d. 530.00 10009 0 0%
Lead, Dissolved (ug/l) 0.09 3 | - n.d. n.d. 0.30 84.8%, 3.39 0 0%
Manganese, Dissolved (ug/l) 3 18 66.50 | 40.00 | n.d. | 250.00 10009 0 0%
Thallium (ug/l) 0.005 3 | - n.d. n.d. n.d. 1400,0.479 0 0%
Nickel, Dissolved (ug/l) 8 3 | n.d. n.d. n.d. 579.39, 64.99 0 0%
Silver, Dissolved (ug/l) 0.005 3 | - n.d. n.d. 0.01 5.3% 0 0%
Zinc, Dissolved (ug/l) 6 3 | - 8.00 n.d. 10.00 145.09, 146.% 0 0%
Antimony, Dissolved (ug/l) 0.03 3 0.83 0.80 | 0.80 | 0.90 88, 3¢9 0 0%
Aluminum, Dissolved (ug/l) 40 3 | - n.d. nd. | 50.00 7509, 879 0 0%
Selenium, Total (ug/l) 0.4 4 | - 0.95 n.d. 11.00 2039, 50 0,1 0%,25%
Chlorophyll a (ug/lii Lab Determined 6 20 33 29 n.d. 109 107 16 80%
Chlorophyll a (ug/l)i Field Probe 6 120 42 27 n.d. 478 100 96 80%
Atrazine, Total (ug/fp) 0.1 20 1.28 1.00 n.d. 6.50 3309, 120 0 0%
Metolachlor, Total (ug/fY’ 0.1 20 | - 0.20 n.d. 1.50 390, 1009 0 0%
Acetochlor, Total (ug/fY’ 0.1 20 0.55 0.40 n.d. 330 | e e e
Mercury, Dissolved (ug/l) 0.008 3 [ - 0.01 n.d. 0.02 1.49 0 0%
Mercury, Total (ug/l) 0.008 4 | - n.d. n.d. 0.01 0.779 0 0%
Microcystin, Extracellulafug/l) 0.1 19 | - n.d. n.d. 0.20 209 0 0%
Pesticide Scan (ugff)
Acetochlor, Tot 0.08 4 | - 0.12 n.d. 141 | 0 - I Rt N
Atrazine, Tot 0.13 4 0.77 041 | 0.21 | 2.05 330(5), 1 0 0%
Metolachlor, Tot 0.05 4 | e 0.11 n.d. 0.66 390(5), 106¢” 0 0%

n.d. = Not detected.

(™ Nondetect values set tietection limitvalue to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean val
for pH is an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean).

® @) General criteriadr aquatic life.

@ Usespecific criteria for aquatic life.

©) Agricultural criteria for surface waters.
) Total ammonia criteria pH and temperature depend@riteria listed are median criteria values calculated from individual samplingsevent

® Chronic criteria for aquatic life.
™ Nutrient criteria for aquatic life.

)
)
)
©) Acute criteria for aquatic life.
)
)
® Human health criteria.

(©
©
(E

*

©) Nebraska utilizes the World Health Organization recommended criterion of 2@tagyhicrocystirs in recreation water for impairment assessmalatte that
Corps microcystin is extracellular only.

Note: Many of Nebraskads WQS criteria for
Ner askadés | mpairment assessment of thermally
Immunoassay analysis.

The pesticide scan (GCMS) includes: acetochlor, alachlor, ametryn, atfaairleiralin, bromacil, butachlor, butylate, chlorpyrifos, cyanazine, deethylatr:
deisopropylatrazine, dimethenamid, EPTC, ethalfluralin, fonofos, hexazinone, isophenphos, metolachlor, metribuzin, gemdjhetiage, prometol
prometryn, propachloipropazine, simazine, terbufos, triallate, and trifluralin. Individual pesticides were not detected unless listed ticiderspas.

A highlighted nean, number of exceedances, or percent exceedance indicates use impairment based on State o20N&b&estt@on 303(d) impairme
assessment criteria.

met al s arhemebianthatdness.s base
strati f nsqie. neasusfaca).voi r s
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Plate 5-5. Summary of water quality conditions monitored in Ed Zorinsky Reservoir at site EZRLKUP?2 frol
to September during theyear period 2011through 2015. [Note: Except for pool elevation and Se
depth, results are for water column deptbfile measurements.]

Monitoring Results Water Quality Standards Attainment

Parameter Detection | No. of Stqte\_NQS No. of WQS | Percent WQS

Limit Obs. | Mean® | Median | Min. Max. Criteria ® Exceedances| Exceedance
Pool Elevation (fmsl) 0.1 15 1110.31| 1110.10| 1108.70| 1112.71| @ - | = - | emee-
Water Temperature (°C) 0.1 28 24.22 25.46 15.80 30.92 329 0 0%
Dissolved Oxygen (% Sat.) 0.1 28 104.68 97.55 59.50 16310 [ - | - e
Dissolved Oxygen (mg/l) 0.1 28 8.43 7.56 5.36 13.36 09 0 0%
Specific Conductance (umho/cm) 1 28 443.05 | 443.75 | 246.00 | 660.00 2,000 0 0%
pH (S.U) 0.1 28 8.31 8.33 7.48 894 | 06.5 & 0 0%
Turbidity (NTUs) 1 27 49.32 30.00 3.90 21130 - e e
OxidationReduction Potential (mV) 1 28 373.82 | 380.50 | 262.00 | 498.00 | @ - | eeem | e
Secchi Depth (in.) 1 20 13.85 11.50 4.00 3100 | - | e e
Chlorophyll a (ug/l)i Field Probe 1 28 30 23 4 174 109 20 71%

n.d. = Not detected.

A Nondetect values set to detection limit to calculate mean. If 20% or more of observations were nondetect, mearrtechdEhrepoean value reported for
is an arithmetic mean (i.e., log conversioragfarithmic pH values was not done to calculate mean).

@ General criteria for aquatic life.

® O

@ Usespecific criteria for aquatic life.
)
)

® Agricultural criteria for surface waters.
@) Nutrient criteria for aquatic life.

* A highlighted meannumber of exceedances, or percent exceedance indicates use impairment based on State of Nebraska 2012 Section 308(
assessment criteria.
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Plate 5-6. Longitudinal watertemperature contour plots of Ed Zorinsky Reservoir based on-gegpfite water
temperatures C) measured from May to September 2015.
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Temperature (°C)

Depth (Meters)

Plate 5-7. Temperature depth profiles for Ed Zorinsky Reservoir compiled from data collected at thdamear
deepwater ambient monitoring site (i.e., EZRLKND21) during the summer overybarperiod of 2011

through 2015.
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Plate 5-8. Longitudinal dissolved oxygen contour plots of Ed Zorinsky Reservoir based onpefita dissolved
oxygen concentrations (mg/l) measured &ssEZRLKND1, EZRLKML1A, EZRLKML2, EZRLKUP1,
and EZRLKUP2 in 2015.
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Plate 5-9. Dissolved oxygen depth profiles for Ed Zorinsky Reservoir compiled from data collectechahtdam,
deepwater ambient monitoring site (i.e., EZRLKND1) during the summer overytbarperiod of 2011
through 2015.
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Plate 5-10. Longitudinal oxidatiorreduction potential (ORRpntour plots of Ed Zorinsky Reservoir based on depth
profile ORP levels (mV) measured at sites EZRLKND1, EZRLKML1A, EZRLKML2, EZRLKUP1, and

EZRLKUP2 in 2015.
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Plate 5-11. Oxidationreduction potential depth profiles for Ed Zorinsky Reservoir compiled from data collected at
the neardam, deepwater ambient monitorisige (i.e., EZRLKND1) during the summer over thgear
period of 2011 through 2015
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Plate 5-12. Longitudinal pH contour plots of Ed Zorinsky Reservoir based on gapffile pH level{S.U.) measured
at sites EZRLKND1, EZRLKML1A, EZRLKML2, EZRLKUP1, and EZRLKUP2 in 2015.
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Plate 5-12. (Continued).
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