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EXECUTIVE SUMMARY

A priority water quality management need identified by the Omaha District is the capability to
guantifiably assess, with acceptable uncertainty, the affects that opefddistrict projects have on water
quality conditions ofimpounded reservoirs. Toeawt this need, the Omaha District is applying the CE
QUAL-W2 Hydrodynamic and Water Quality Model@astrict reservoirsvhenever possible. The goal is
to havefully -functioning CEQUAL-W2 modelsat District projects that meet the uncertainty requirements
of decisionmakers. This report documents the application of th€QCRBL-W2 model toLake Zorinsky
in Omaha, Nebraska

Lake Zorinskyis an impoundment ddoxelder Creek The reservoioperateo n a A f i | | and
basis usin@ high leveloutlet stricture to manage pool elevatiorhis keeps the reservoir pool elevation
near 111(ft-NGVD29. Lake Zorinskyalso features water quality flow augmentation gate at elevation
1104ft-NGVD29 and dow-levelgate at 109&-NGVD29. Y ears ofurbanization andel/elopment within
watershed have impacted wateratity and led to the reservaixceedingheSt at e of Nebraska
qualitycriteriafor total phosphorus, total nitrogen, arfdorophylla. The reservoir is dimictic and stratifies
during the summeandwinter. During these periods of stratification the hypolimniofattom zone of
colder, quiescentwater becomghypoxic to anoxic The reducea¢hemicalconditionsliberatesediment
bound phosphorus which becomegailable for algal uptakéuring the fall turnover Algae utilize
phosphorus for growtin the photic zonend upon death settle to the bottom of the reservoilhe
decompositiorof thisdead algabrganic matter further reduces oxygen in the hypolimnitime reduction
of oxygen degradesuitablehabitat forwarm watemquatic life and results in further degraded water quality
conditions.

This application of the CRUAL-W2 modelto Zorinsky Lakeassesss thepotential forimproved
water quality conditioneind warm water fishery hahbitvolumevia release throughthe low-level gate
duringsummetthermalstratification It is believed thatischargeof poor quality water anids replacement
with higher quality inflow watewill pronote mixing within the reservoand improve dissolved oxygen
conditionsin the hypolimnionduring thermalstratification The model folLake Zorinskywas developed
using ambient water quality monitoring data collected during the -2008 growing seasoa (May-
September).. Monitoring data collected at Lake Zorinsky during the period 1993 through 2105 were used
as necessary to facilitate application of the model where data gaps exi$tedevelopedeservoir model
was configured to compute temperature, dissolved oxygen, and raitrsimtg semideterministic
algorithmsandwas calibrated to 200@irough2014 conditionsfor watertemperature, dissolved oxygen,
and nutrientneasurements.
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1 INTRODUCTION

1.1 APPLICATION OF THE C E-QUAL-W2 HYDRODYNAMIC AND WATER QUALITY
MODEL TO LAKE ZORINSKY

1.1.1 WATER QUALITY MODELING NEED

A priority water quality management need identified by @maha District(District) is the
capability toquantifiably assess, thi acceptable uncertainty, the affettiat operation of Distrigbrojects
have on water quality dheimpoundedCorpsreservoirUSACE, 2A5). To meet this negdhe District
is applyingthe CEQUAL-W2 Hydrodynamic andVater Quality Model (W2) to Lake Zorinsky. Lake
Zorinskyis the largest ofdur District tributary reservoirfocated in the Papillion Creek watershed in the
vicinity of Omaha, Nebraskdt was selectetbr model application based &rophic statusSection303d)
listing, and the potentiab showtheimpactof usinga seasonahypolimnetic withdrawal through the low
level gateto improve water quality ithe Papillion Creek Tributary Reservoirs

W2 i s -afthéasrttad emodel t hat c asimg wateregaatity nyanafjeanent | i t at
issues at the District projects. W2 mechanistically models basic physical, chemical, and biological
processes such as temperature, nutrient, algae, dissolved oxygen, organic matter, and sediment
relationships. Once applied@calibrated, the model can reliably predict reservoir water quality conditions
based on changes in environmental conditions or project operations and regulation. The ability to reliably
predict reservoir water quality conditions under different envimmtad, operational, and regulation
situations allows the District to determine if water quality at a specific project may be impacted by project
operation. As such, the model allows the District to proactively assess how proposed project operations
and rgulation may affect water quality and allow appropriate water quality management measures to be
identified and implemented.

1.1.1.1 Lake Zorinsky Trophic Status

Reservoirs are commonly classified or grouped by trophic or nutrient sthalse Zorinsky
maintains autrophic (i.e., high nutrient/high productivitig) hypereutrophigi.e., very high nutrientvery
high productivity) condition Eutrophication or the processof a reservoirprogressingfrom a low
nutrientlow productivity statusto ahigh nutrient/highproductivity statusis oftenaccelerated by nutrient
addition to the reservoir from cultural activitiesch aghe developmenwhich hagaken placen the Lake
Zorinsky watershed.

1.1.1.2 Section 303(d) Listing

Pursuant to the Federal CWA, the State of NebrasisalistedLake Zorinsky as a category 5
impaired water (NDEQ, 2016)The beneficial use of aquatic life is identified as impaited to nutrients
and the presence of a fish consumption advisdrlge identifiedparameters of concern include: Hazard
Index compounds, mercury, total phosphorus, total nitrogen, and chlorapfyie State of Nebraska has
issueda fish consumption advisgrfor Lake Zorinsky due to mercury concentratiornBotal maximum
daily loads (TMDL)werecompleted foilLake Zorinsky in2002 for sedimentation and nutrients



1.1.1.3 SeasonaHypolimnetic Withdrawal to Improve Water Quality

In Lake Zorinsky the decomposition of organic matter significantly reduces dissolved oxygen in
thereservoirhypolimnion The hypolimnion igshe colder, quiescenbottomzoneof the reservoir which
developsduring seasonathermal stratification. Anoxic conditions develop and result in the release of
sedimertbound substances (phosphorus, metals, sulfides, etc.). As it relates to resgmophication the
release of sediment bound phosphorus is of concern due to its role in fueling algal productivity and
subsequent oxygen demand from algal decay. Most fish and other intolerant aquatic life cannot inhabit
water with less than 4 to 5 mglissolved oxyge for extended periods, so tbenditionsi n t hi s fAst ag
Z 0 n e lavedimimpact on aquatic life in the reservoir.

Lake Zorinskyand the other Papillion Creek Tributary Projects are equipped withlgl@houtlet
whichcouldpotentiay be used to make seasonal hypolimnetic
water towards the darind improve dissolved oxygen conditionfhese releases could also potentially
evacuate water with higher concentration®hgpohosphate; which would have been liberated from the
sediments under anoxic conditions. This has the potential to reduce the ambgpttosphate readily
available for algal growth and improve water quality in the long term by removing phosphassisom
the reservoir

1.2 PAPILLION CREEK TRIB UTARY PROJECTS
1.2.1 PAPILLION CREEK WATERSHED HYDROLOGY

Streamflow in the Papillion Creek watershed follows a characteristic pattern. Flows are generally
low except for brief periods of rise caused by runoff from rairgedints. 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.

1.2.2 TRIBUTARY RESERVOIRS

Four District tributary reservoirsi.¢., Ed Zorinsky, Glenn Cunningham, Standing Bear, and
Wehrspann) are located in the Papillion Creek watershed in the vicinity of Omaha, Nebraska (

Figurel.1). The authorized purposes for the four reservoirs are flood control, recreation, fish and
wildlife, and water quality. Alow-level outlet is installed at each dam to permit draining of the
multipurpose pool®sr to hasten the evacuation of flostbrage to avoid damage to shoreline grasses and
recreational facilities. Thw-level outlet may also be used for water quality management purposes by
providing: 1) downstream flow augmentation releases duringlmwperiods, and 2) targeted withdrdwa
from the bottom of the reservoir.
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Figure 1.1. Locations of the Corps tributary project reservoirs in the Omaha, Nebraska are




1.2.3 RESERVOIR REGULATION FOR WATER QUALITY MANAGEMENT

1.2.3.1 Downstream Water Quality Management

When the Papillion Creek Tributary projects wengthorized water 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 FWPCA 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 storagefdmvide the identified 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 Zorareky)0 (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€ft was indicated sithe water quality 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 4,7d0with a water gality component of
620 aeft. The 1984 survey oLake Zorinskye st ab !l i shed|l t e mébhsi purpose s
reservoir at 3,037 ait. Originally, Dam site 20 was to have a multipurpose storage of 3, /iGvitb a
water quality storage compame490 aeft. 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.daley releases 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 adedoatddr water quality purposes.

1.2.3.2 Reservoir Water Quality Management

Since authorized water quality storage has not been required for downstream water quality
management, it is available for reservoir water quality management. The Papillion Cretytribu
reservoirs are dimictiand neabottom areas of the reservoirs becomexan during the summer and
winter. Releases could be made from the reservoirs throudgbwHevel gateto discharge poor quality
water during these times and replace it Witther quality influentvater. Such releases could also promote
mixing within the reservoirs and possibly improve dissolved oxygen conditions in lower depths when the
resevoirs are thermally stratified. This report documents application of the W2 modakéoZorinsky
and investigate the effects ofa low-level gate release oreservoir dissolved oxygerconditionsand
hypolimnetic orthophosphate concentrations



| 2 EXISTING CONDITIONS AT LAKE ZORINSKY |

2.1 PROJECT OVERVIEW

The dam formind-ake Zorinskyis located on Boxelder Creek, a tributary of the South Papillion
Creek in the West Binch Papillion Creek basin. Thake Zorinskywatershed is 16.4 square miles. The
watershed was largely agricultural when the dam was built in 1984; however since then, the watershed has
undergone extensive urbanization with the growth of Omaha.

The damwas 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 situateanaddressed. The situation was
corrected by constructing a diversion pipeline to the Elkhorn River in the fall of 1989owWHhevel gate
at the dam was closed on December 7, 1989 and the reservoir reached its initial fill in April 1992.

2.2 ZEBRA MUSSELS AT LAKE ZORINSKY

The European freshwater zebra musBekissena polymorphaand a congener species, quagga
mussel Dreissenabugensisire invasive species thaereintroduced to North America in the mi®80s
These mussels produce a planktorgtiger larval stage that eventually settles to the bottom and then uses
byssal threads for attachment to firm substrates. They are the only calestvelbed invertebrates that
attach to firm substratum in freshwater. Their ability to occupy a unigeiee rmakes them an
environmental threat and especially problematic as attached biofoulers.

As part of the Distr i Zorigsky, the cesetvoirwas lomeread@teetina n c e
the fall of 2010 to pool elevation 1107MGVD29. This was damto facilitate the placement of additional
riprap along the reservoir shoreline for erosion cont@m November 18, 2018 Boy Scout wagpicking
up litter along the reservoir shoreline and picked up an aluminum can with a suspected zebra mussel
attached The can and attached suspected zebrssehwere provided to Nebraska Game and Parks
Commission (NGPC) officials who confirmed it as a zebra mussel.

2.2.1 MEASURESIMPLEMENTED TO CONTROL ZEBRA MUSSELS

The Districtds Mi ssour i dency meetinfPaDedgembert2, 2QDf i ce |
which was followedby a public meetingled bythe Nebraska Invasive Species ProjgectDecember 7,
2010 Both meetingsdiscusgd the potential impacts LakeZorinskyand addressed possible zebra mussel
transmission to ther area lakesWith input from the public and participating agencies it was concluded
that this was likely an initial infestation of zebra mussels and measures should be implemented to control
their potential spread and protect public infrastructure. irdtial measure identified for controlling the
zebra mussel population at Lakerinskywas drawing the reservoir down over the wintitlis generally
believed that a rapid drop in water level (i.e., reservoivdoavn) during the winter monthand the
subsequent exposure of zebra misssesubfreezing temperaturezan result in the mortality of emerged
zebra mussels due to freezing adesiccation(McMahon, Ussery, & Clarke, 1993) It was also
recommended that Lakorinsky remain drawn down untilebra mussel veliger sampling could be
completed in the summer of 2011 and chemical treatment pursued if warranted.

An additional sevenfoot drawdown of L&e Zorinsky began on December 10, 204ith the
reservoir reaching a pool elevation of 1100N%#GD29 on December 18, 2010rhe drawdown to pool
elevation 1100 fNGVD29 was deemed within the Disti@stnormal operation and regutati of the



reservoir. Allparticipating agencies recommendadcomplete drawdown dorinsky Lake should be
pursuedand an Ewmironmental Assessment (EA) was completed by the District to evalhi&e
recommendation. On December 23, 2@16 low-level outlet gates were opened to draewn Lake
Zorinsky to the maximum extent possibleéOn Jaruary 4,2011 Lake Zorinskyreached an elevation of
1092.4 ftNGVD29 whichwasthemaximum drawdown possiblgithout the removal of accreted sediment

in front of thelow-level outletand active pumping of retained water in the reservoir below the elevation of
the lowlevel outlet.

2.2.2 SURVEY OF EMERGED ZEBRA MUSSEL SHELLS AFTER THE LAKE ZORINSKY 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. inTa Datter
understanding of the zebra mussel populatibthe time of the drawdown 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 documented im e  r Asgessment offthe Water Quality Condition&dt
Zorinsky Reservoiand the Zebra Mussel (Dreissena polymorpha) Population Emerged after the Drawdown
of the ReservoisndMa nage ment Il mplications for thevoi® strict
(USACE, 2012).

2.3 RESERVOIR STORAGE ZONES

Figure2.1 depicts the current storage zonet aie Zorinskybased on th2007 Corps survey data
and estimated sedimentation. It is estimatedtfab 1lp er c ent -baufi Itthhe Mud s i pur pos.
been lost to sedimentation as ofL8@vith the annualolume loss estimated to be 03&cent Based on
the State of Nebraskads i mpair ment alske gsirskdesnt met
water quality dependent uses are not impaired due to sedimentation.
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Figure 2.1. Current storage zones béke Zorinskybased ora 2007 Corpsedimensurvey and estimatezhnual
sedimentation.



2.4 AMBIENT WA TER QUALITY MONITORI NG

The District has monitored water quality conditions since the reservoir was initially filled in the
early 19900s. Water quality monitoring | ocations
outflow of the reservoir Figure2.2 shows the location of sites that have been monitored for water quality
during 2008through 205. The neaddam location (i.e., EZRLKND1) was beenntinuously monitored
since 1993.

2.4.1 WATER QUALITY IN LAKE ZORINSKY

2.4.1.1 Existing Water Quality Conditions

24.1.1.1 Statistical Summary and Comparison to Numeric Water Quality Standards Criteria

Water quality conditions that were monitored Irake Zorinsky at sites EZRKNDI,
EZRLKML1A, EZRLKML2, EZRLKUP1, and EZRLKUP2 from May through September duthey5
year period 201through 205 are summarized iRlatel through 5 A review of these results indicated
possible water quality concerns regarding dissolved oxygen, nutaadishlorophyll a.

A significant number of dissolved oxygen measurements throudladet Zorinskywere below
the 5 mg/l criterion for therptection ofwarm wateraquatic life Plate1-5). All of the low dissolved
oxygen measurements occurred near the bottom of the reservoir and seci@tad with thermal
stratification(Plate8). The following provision is inxlfuded i
NAC 2.004.01yegarding the application of water quality criteria to lakes:

il n | akes and poartions thereof] winzmexhsbit natoiral thermal stratification, all
applicable narrative and numerical criteria, with the exception of the numerical criteria for
temperature, apply only to the epilimnion. o

This provision seemingly applies to the low dissolved oxygen levels measurakieirzorinsky
Therefore, the measured dissolved oxygen levels below 5 mg/l are not considered exceedences of the water
guality standards criteria.

Nutrient criteriadefined n Nebr askads water qual i tsynclede:andar d
total phosphorus (0.05 mg/l), total nitrogen (1. @ and chlorophylh (10 ug/l). Samples collected for
these parameters must represent epilimnetic conditions of the lake duengfi gr owi ng seasono
through September)The nearsurfacetotal phosphorus, total nitrogen, and chloroplaytiriteria were
respectively exceeded I3b, 30, and 7(Qpercent of the samples collected at site EZRLKNDL1 (i.e.,-near
dam) Platel). At site EZRLKUPL1 (i.e., upper reaches), tiear surfacéotal phosphorus, total nitrogen,
and chlorophylla criteriawere respectively exceeded by, B3, and80 percent of the collected samples
(Plate4). All the chlorophylla, total nitrogen, and total phosphorus samples were collected during the
Agr owi ng s ergpertechmeanaaludRlately5 represent the growing seasorige for the 5
year period 2011 through 2015 he nearsurfacechlorophylla mean valeswere20.1ug/l and33.1ug/|
respectively at siEZRLKND1 and EZRLKUP1 The neasurface total nitrogen mean values were 0.94
mg/l and 1.14 mg/l respectively and nesarface total phosphorus values were 0.05 mgll@09 mg/|
respectively(Platel-4). Based on the State of Nebraskabs i mpai
values indicate impairment of the Aquatic Life beneficial uskead®e Zorinskydue to nutrients.
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2.4.1.2 Thermal Stratification

2.4.1.2.1.1 Longitudinal Temperature Contour Plots

Late-spring and summer thermal stratificationLake Zorinskymeasured during 2015 is depicted
by longitudinal temperature contour plots constructed along thénlefghe reservoir.Plate6 provides
longitudinal temperature contour plots basediepth profiletemperature measurements taken from May
through Sptember at sites EZRLKND1, EZRLKML1A, EZRLKML2, EZRLKUP1, and EZRLKUP2 in
2015. Significant thermal stratification occurredLizke Zorinskyfrom latespring through most of the
summer during 2015.

2.4.1.2.1.2 Near-Dam TemperatureDepth ProfilePlots

Thedepthprofile temperature measurements collected during the summer over tligggstrs
at the deep wat area near the dam were coregiand plotted to describe the existing summer thermal
stratification ofLake Zorinsky(Plate7). Theseaneasurements indicate that the reservoir exhibits significant
thermal stratification during the summer. The deeper areas of the reservoir, in the area of the old creek
channel, do noappear to mix with the upper column of water during the summer. Bate@eZorinsky
ices over in the winter, it appears to be a dimictic lake based on the measured thermal stratification in the
summer (Wetzel, 2001). Wetzel (2001) identifies lakes mctc if they circulate freely twice a year in
the spring and fall and are directly stratified in the summer and inversely stratified under ice cover in winter.

2.4.1.2.2 Dissolved Oxygen Conditions
2.4.1.2.2.1 Longitudinal Dissolved Oxygen Contour Plots

Dissolved oxygen aaour plots were constructed along the lengthadfe Zorinskybased omepth
profile measurements taken duringl®0 Plate8 provides longitudinal dissolved oxygeoontour plots
based ordepth profilemeasurements takerofn May through September in 201%5ypoxic conditions
(i.e., < 2.5 mg/l dissolved oxygen) were monitored near the reservoir bottom throughout the sitmmer
the exception of May 201{Plate8).

2.4.1.2.2.2 Near-Dam Dissolved OxygeDepth Profile Plots

Thedepth profiledissolved oxygen measurements collected during the summer over tfiggast
years at the deep watarea near the dam were compiled and plotted to describe the existing summer
dissolved oxygen conditions bbke Zorinsky(Plate9). Most of the plotted profiles indicate a significant
vertical gradient in dissolved oxygen levels with most tending towards a clinograde distribution. A few of
the plotted profiles indicate dissolved oxygen concentrations above 5 mg/l from the resefage to the
bottom. These profiles were measunedarly spring or faland are believed to be a result of thermal
stratification breaking down to the depth the profile was measurédsap tiumrgrover 6 ended ¢
turnover o of odced. reservoir appr

2.4.1.2.2.3 Estimate of Reservoir Volume with Low Dissolved Oxygen Conditions

The volume of Lake Zorinskywith low dissolved oxygen conditions was estimated from the
longitudinal dissolved oxygen ntour plots constructed for 20B6nd t he Di AtexUamatitp s cur r
Tables for the reservoir. The constraouaaded dcdiong oluvw
oxygen condi tciaosne.0 cTohned iftwoornstwas taken to be the ¢
of the 5 mg/l and 2.5 migdissolved oxygen isopleths. The J@§, 2015contour plot indicates a pool
elevation of 110.4 ft-MSL, a 5 mg/l dissolved oxygen isopleth elevation of abou®HI®ISL, and a 2.5
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mg/l dissolved oxygeiisopleth elevation of about 1098MSL (Plate8). The current District Area
Capacity Tables2007Surwey) give storage capacities gB83ac+t for elevation 110.4 ft-MSL, 939ac

ft for elevation 110 ft-MSL, and703 acft for elevation 1098t-MSL. On July30, 2015it is estimated
that33 percent of the volume dfake Zorinskywas less than the 5 mg/I dissolved oxygen criterion for the
protection ofwarm wateraquatic life, and 2g¢ercent of the reservoir volurmeas hypoxic.

2.4.1.2.3 Water Quality Conditions Based on Hypoxia

Dissolved oxygen levels monitored irake Zorinskyindicated hypoxic conditions during the
months of June through September 2015. As a result, longitudinal cqhttsiwvere comstructed for
Oxidation Reduction PotentiaDRP and pH during these monthBepth profiles and neaurface/near
bottom sample comparisons were constructed for petetseen2011 through 201%vhen hypoxic
conditions were present

2.4.1.2.3.1 Oxidation-Reduction Potential

Plate 10 provides longitudinal ORP contour plots based on measurements taken in 2015. ORP
values present during June and July 2015 indicated somewhaedecbnditions present near the reservoir
bottom. Platell plots depth profiles for ORP measured during the summer over thiévpagtars in the
deep water area dfake Zorinskynear the damwhen hypoxic conditions were presem significant
vertical gradient in ORP regularly occurred in the reservoir during the summer.

24.1.2.3.2 pH

Longitudinal contour plots for pH conditions measure®@@i5 are providedin Plate12. The
reduced conditions in the deeper waterLake Zorinskyseemingly lead to lower pH levels near the
reservoir bottom. The lowest measured pH levels near the reservoir bottom were above the lower pH
criterion of 6.5 for the protection efarm wateraquatic life. Plate13 plots depth profiles for pH measured
during the summer over the past 5 years in the deep water aiseedorinskynear the darmwhen hypoxic
conditions were presentAn observableertical gradient in pH regularly occurred in the reservoir during
the summer.

2.4.1.2.3.3 Comparison of NeaiSurface and NeaiBottom Water Quality Conditions

Paired neasurface and nedrottom water quality samples collected frauake Zorinskyduring
the summer when hyggia was present were compared. Naaface conditions were represented by
samples collected within-theter of the reservoir surface, and Reattom conditions were represented by
samples collected within-theter of the reservoir bottom. The compasathples were collected at the
neardam site EZRLKND1, during the Syear period 2011hrough 2@5. Duringthis period a total of @
paired samples were collected monthly from May through September. Qf pladgr@d samples collected,
15 (75%) had neabottom samples with less than 2.5 mg/I dissolved oxygen. For the paired samples with
hypoxic neatbottom conditions, box plots were constructed to display the distribution of measured water
guality conditions for the followingarameters: water temperatulessolved oxygeroxidationreduction
potential, pH, alkalinity total ammonianitratenitrate nitrogen, total phosphorus, and orthophosphorus
(Plate14). A paired twetailed ttest was used to determine if the sampled-sadgace and nedrottom
conditions for the paired samples were significantly differant (0.05). The sampled nesurface and
nearbottom conditions were significantly differefar all the assessed parameters except nifridrtiee
nitrogen. Parameters that were significantly lower in the-pettom water of.ake Zorinskywhen hypoxia
was present included: water temperature (p < 0.0001), dissolvedrofgyg 0.0001), ORP (p &000J,
and pH (p < 0.0001). Parameters that were significantly higher in théaotbam water included: total
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ammonia nitrogen (p < 0003, total alkalinity (p < 0.001), total phosphorus (p <@03), and orthe
phosphorus (p < 00D4).

2.4.1.2.3.4 Reservoir Tophic Status

Trophic State Index (TSI) values fioake Zorinskywere calculated from monitoring data cottest
during the 5year period 201through 2@5 at the neadam ambient monitoring site (i.e., EZRLKND1).
Table2.1 summarizes the TSI values calculated for the reservoir. The TSI values indicate that-the near
dam lacustrine area @Bke Zorinskyis in a eutrophic condition.

Table 2.1. Summary of Trophic State Index (TSI) values calculated &e Zorinskyfor the 5year period 2011
through 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(Avg) is the average of TSI values for the individual parameters.

2.4.1.1 Water Quality Trends (19932015)

Lake Zorinskyreached initial fill in 1992 and water quality monitoring of the reservoir began in
1993. Water quality trends from 1993 talB@vere determined fdcake Zorinskyfor transparency (i.e.,
Secchi depth), total phosphorus, chloroptaylland TSI. The assessment was based onsuoeface
sampling of water quality conditions in the reservoir during the months of May thBemgkmbeat the
neardam monitoring site @., EZRLKND1). Plate15displays a scattagulot of the collected data for the
four parameters and a linear regression line. For the assessment period, it appeake tAorinsky
exhibiteddecreasing levels of total phosphorusq®5 (Platel5). Trends in transparency arahlorophyll
a areobservablehowever, they fall sligtly short of being statistically significant withyalues of p=0.06
and p=0.052 mpectively (Plate15). Over the22-year period since 1998ake Zorinskyhas genelly
remained in a eutrophic condition. However, if the current trend continues, the reservoir appears to be
moving towads a hypereutrophic condition (p<0)05

2.4.1.2 Existing Water Quality Conditions of Runoff Inflows to Lake Zorinsky

Existing water qualityin Boxelder Creek, above_ake Zorinsky was monitored under runoff
conditions during the period of April through September at site EZRNF1. The site is approximately 1¥2
miles upstream from the reservatigure2.2). Runoff conditions were considered to be-iach rainfall
eventora® nch or more rise #rd owtor e asohRatdbtsangpmrigds waten fib a s
quality conditions that were monitored at site EZRNF1 under runoff conditluring the fear period
2011through 2@5.
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| 3 APPLICATION OF THE C E-QUAL -W2 MODEL |

CE-QUAL-W2 (W2) is a two-dimensional (longitudinal and vertical)water quality and
hydrodynamic modefor rivers, estuaries, lakes, reservoirs, and river basin systér@simulateshasic
physical, chemical, and biological processes such as temperature, nutrient, algaeddigggen, organic
matter, and sediment relationship$he modelis supported by th&nvironmental Lab at the USACE
Engineeing Research and Development Center (ERDCYicksburg, MS,andby the Civil Engineering
Department aPortland State University Portland, OR

Version 371 of theW2 modelwasused tesimulatetemperature, dissolved oxygen, and nutriémts
Lake Zorinsky Predicted temperaturedissolved oxygen, and nutriemtsthereservoirareinfluenced by
reservoir inflow volumestemperaturesand nutrient concentratignsnvironmental factors such as wind,
air temperature, and solar radiation; and management factors such as reservos aeléasafiow
configurations

The years 2008 through 2014 were chosen for model cadibraased on the data available and
previous model applications that were done on an annual basis using W2 model versigih ridddel
calculations and outputs are performed in therhtional System (SI) of Units; therefore, all subsequent
data and fijures presented in this report are expressed in Sl units.

3.1 HYDRODYNAMICS

The governing equations for hydrodynamics and transport are derived from the conservation of
fluid mass and momentum equatiori.he model uses a hydrostatic approximation fertied fluid
movementather than rely othetrue conservation of momentuequation. Hydrodynamics and transport
are laterally and layer averageuieaning lateral and layer variations in velocities, temperatures and
constituents are negligibleThe hydrodynmic behavior of the model is dependent largely on initial
conditions, boundary conditions, and hydraulic conditions which are described with specific regard to the
Lake Zorinskymodelin the following paragraphs and later sections of this report.

3.1.1 INITIAL CONDITIONS

Annual simulationsvere performedrom January 12008(Julianday = 1) toDecembe31, 2014
(Julianday =2557 with a minimummodeltimestep of 1second The initial watercolumntemperature
wasset to4 °C. An initial ice thickness of Q. meterscovering the entire reservoir wassamedo begin
the simulation.

3.1.2 HYDRAULIC COEFFICIENTS

W2 uses default values for a number of hydraulic parameters that influence the movement of
momentum and heat exchange within a water lfgdywr! Reference source not found). The forizontal
dispersion of momentum aréat are determined by the horizontddly viscosity and diffusivity, while
vertical diffusion of momenturns influenced by the ntkbod for computing the vertical eddy viscosityhe
W2 Preprocessor program noted maximum values of 0.432 for dispersion of horizontal and vertical
momentum in Lake Zorinsky; values shown in Table Bere used A very important factor influencing
momentum transfer and mixing near the bottom of a water isatig bottomfriction expressed either as
Manni ngb6s r oughn e ssin tloerLak&Zdrieskyynodel,oChdzyf coefficientwere set to
70throughouthewater body.
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current application of the W2 model.

Table 3-1. W2 model hydraulic, ice cover, and heat exchange default coefficients and coefficients used

Parameter* W2 Default Curren_t Model
Value Application Value
Hydraulic Coefficients
Horizontal Eddy Viscosity [fis] 1.0 .0432
Horizontal Eddy Diffusivity [n¥/s] 1.0 .0432
Sediment Heat Exchange [WP/s] 0.3 0.3
Sediment Temperature(] 10.0 10.0
Interfacial Friction {] 0.015 0.01
Fraction Solar at Sediment to Water 1.0 1
Vertical Eddy Viscosity w2 w2
Maximum Vertical Eddy Viscosity [Afs] 1.0 0.001
Vertical Transport Horizontal Momentum IMP IMP
For TKEL: BC Choice = 1[Celik88], 2[R0di83], 3[W2] 3 3
For TKE1: RoughnesBoefficient [] 9.535 9.535
For TKEL: Coefficient used if FBC = 1[0.431] or 2[0.0] 0.431 0.431
For TKEl1l: Surface RoughnN 24.0 24.0
For TKE1: Boundary Production Coefficient 10.0 10.0
For YKEL1: Calculation Procedure fdfertical Transport IMP IMP
Friction Type MANN CHEZY
Wind Roughness Height 0.001 0.001
Ice Cover and Heat Exchange Coefficients

Ice Cover Algorithm OFF ON
Simple or Detailed Computation Method DETAIL DETAIL
Albedo (Reflection/Incident) 0.25 0.25
Coefficient of Wateidice Heat Exchange 10.0 10.0
Fraction Radiation Absorbed by Ice 0.6 0.6
Solar Radiation Extinction Coefficient [t 0.07 0.07
Minimum Ice Thickness before Ice Formation [m] 0.03 0.05
Temperature above which Ice does not Form [C] 3 3
Termby-Term or Equilibrium Temperature Method TERM TERM
Read Solar Radiation bata | - OFF
Evaporation Coefficient A 9.2 9.2
Evaporation Coefficient B 0.46 0.46
Evaporation Coefficient C 2 2
Wind Speed Measuring Height [m] 2 2
RyanHarlemanEvaporation Formula OFF OFF
Fetch Correction to Wind 10m Fang&Stefan OFF OFF
Meteorological Data Interpolation ON ON

University.
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3.1.3 HEAT EXCHANGE

Water surface heat exchange is defined as the sum of incident short and long wave solar radiation,
reflected short and long wave solar radiation, back radiation, evaporative heat loss, and heat conduction.
The LakeZorinsky model uses termby-termtempeaturecomputationin which values are determined
using adjacent cell values and data from the previous model timel'bispnethod was selected because
it provided a better thermal calibration than the equilibrium temperature computational method during
model applicationA number of heat exchange coefficients that affect ice formation and transfer of heat
through ice are specified Error! Reference source not found.

Heat is transferretbetween the bottom sedimemater interface, and a heat exchange rate along
with average sediment temperature must be specifibd.fraction of solar radiation#radiating from the
lake bottom to the wateolumnis specified as a fractiaf radiationreaching the bottom. lmake Zorinsky
very limited shortwave solar radiation reaches the bottom.

The wind measurement height is particularly important bectigsmodel adjusts wind speed to
the height of the wind speed formulation which drives serfi@ixing and evaporative heat losses. In
addition the fraction of solar radiation absorbed by the water surface is specified.

3.2 WATER QUALITY

W2 computes numerous water quald@gnstituents in their basind derived forms based on a
constituent mass kahce. As part of themass balance constituents may undergetigrreactions that
convertnutriens to otherorganic orinorganic forms viaalgaeutilization or other biologicalprocesses
Dissolved oxygen is the primary water quality parametecasfcern in Lake Zorinskyhowever, to
characterize dissolved oxygen within the reservoir the inclusion of nutrients and algal activity was
necessary.

3.2.1 NUTRIENTS

Lake nutrients undergo transport and kinetic reactidm®ugh biological or chemical
transformation to nutrient sources or sinksNater quality state variables used in theke Zorinsky
simulations included total dissolved solids (TDSptal suspended solidsTES), bieavailable
phosphorugphosphate/orthophosphate (p@mmonium(NH,), nitratenitrite (NOy), labile and refractory
forms of dissolved and particulate organic matter, algaddissolved oxygen (DO)Further discussion
on howW?2 Version 371 handles nutrient kinetics may be foundAppendix B of the User ManuéCole
and Wells, 2@1).

3.2.2 DISSOLVED OXYGEN

The purpose ofvater quality constituenmodelingat Lake Zorinskyis to computedissolved
oxygenconcentrationshroughout the reservoifhe most important components that serve as sources of
dissolved oxygen in these simulations aeration from the atmosphere and dlgaroduction from
photosynthesi@-igure3.1). Dissolved oxygen sinks include algal respiration and deempmposition of
organic sediments and organic mateand nitrification. Nitrification is the oxid&e process which coverts
ammonia/ammonium to nitrite then to nitraiReaeration, organic mattexygendemand, algal dynamics,
and sediment oxygen demand are discussetbie detail.
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Figure 3.1. Dissolved oxygen dynamics in GRUAL-W2 (Cole and Wells, 2011).

3.2.2.1 Reaeration

The reaeration of water with dissolved oxygen occurs in lakes as a funttiarbulent mixing
caused by surface winds. Reaeration by wind primarily effects dissolved oxygen concentrations in the
mixed volumeof the water columie.g., epilimnion during summer thermal stratification, etc.)

3.2.2.2 Organic Matter

The total oxygen demandaerted on a lake is often measured as biological oxygen demand (BOD);
however, both decomposition and production okthmaterials occurso organic matter represented as
BOD must be separated into its major compondntshe Lake Zorinsky model thesesdabile dissolved
organic matter (LDOM), refractory dissolved organic matter (RDOM), labile particulate organic matter
(LPOM), and refractory particulate organic matter (RPOM)issolved organic matterDOM) and
particulate organic mattePQOM) are impotant because they utilize dissolved oxygen (DO) during the
decay process. Labile DOM atabile POM decayat a faster rate than refractd®M, which is product of
labile OM decay. Settling POM contributes to the lake sediment oxygen demadil abd P/ are
produced by algahortality and excretion. DO concentrais in the reservoir aiafluencedby organic
matter OM) dynamics. Initial and observe®M concentrations in the lake and inflows were estimated
based on measured concentration®tl organic carbonTOC).

3.2.2.3 Algal Dynamics

Three differentilgalgroups are included in the modelrepresent differenypes of algasdiatoms,
green algae, arldue-green algaeAlgae are important in nutrient and DO dynamics by utilizing nutrients
and praucing DO during photosynthesisdthenutilizing DO during respiration. Algal mortality and
excretion produces DOM and POM which eventud#égay and further utilize DOChlorophylla (Chl a)
concentrations are derived within the model using the biswiathe three different algal groups. The Chl
aconcentrations derived by the model were then compared to field measurements as a surrogate for directly
measured algal biomass.
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3.2.2.4 Sediment &xygenDemand

In the W2 model mganic sediments resulting from algahd OM decagancontribute to nutrients
and DO demand in the reservoir using a constant {@elr) release and demand mettaydan organic
sediment accumulative (firsirder) method. Theeroorder method specifies a sediment oxygen demand
(SOD) and ntrient release rates that are temperature dependent. Therdiesstmethod accumulates
organic sedimenfrom settling of algae and POM and is more predictive in nature becaatsenifpts to
accurately account for ttectualSOD. Thefirst-order SODmethod wa used in thdinal Lake Zorinsky
water quality model

3.2.3 INITIAL CONDITIONS

Initial constituent concentrations were derived from minimum constituent concentrations detected
in the ambient water qlity samples from the reservawith the exceptiorof DO. DO concentratiosin
the reservoiwere set to b®0%saturated at the first day of the simulatimased on observed data

3.3 MODEL SETUP
3.3.1 LAKE BATHYMETRY

The Lake Zorinsky bathymetry wascreatedfrom a bathymetic map produced by thdJ.S.
GeologicalSuney (USGS) based on a sunanducted in 2002 (USGS, 200d)he reservoir bathymetry
consiss of one brancldivided into ® active segments and 19 actiagers; layer 4 is shown irigure3.2.

All bathymetry sgmentsare from 50 to D5 metersin lengthand have 0.3 td0.9 meter vertical layer
thicknessedased on bathymetric map contour elevationssamdeyelevations from the Army Corps of
Engineers 1985urvey. The length of the lake bathymetry from inlet to outleqjgproximately2600
meters The model deptifrom the top of the flood control and multipurpose pelelvationof 33833 m
(1110.0 ftNGVD29) to the lowlevel gate is 6.1 meterthe depth a reservoir bottom is 10.03 meters

(Figure3d5). Thedeeper reservoir alreweliugpat e eiasnoa opod hiebl @

contains water that might not be drawn into the-level outlet if the outlet is used durirtgermal
stratification. Thi s pesetvarnateshown bélcsvithe ged level gateo n e O
elevation line inFigure3.5. At thetop of the flood control andhultipurpose poosegment widths range
from10to770meters Chezy 6 s bott om wWereialcsetatglh coef fi ci ent s
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Figure 3.2. Plan view of thd_ake Zorinsky model bathymetry segmerdad orientation in space

Volume-areaelevation curves constructed from tlheSGS 2002survey the Army Corps of
Engineers 1985 survegndthe W2model bathymetnfile are compared ifrigure 3.3 and Figure 3.4.
Adjustments were made to thitial bathymetryfile to reflect the observed reservoir bottom area instead
of the totalvolume. This was done to simulate the internal nutrient flux as accurately as posEitde.
model andJSGSsurveyed lake volumes deviageme yet the areamatch closely. The Army Corps b
Engineers 1985 survey was used to crésenodel bathymetrabove the conservation pool and compare
t he model bat hy met r y Figure3.3iandFigureas.4 showothe onbdel dathyraetryy o n s .
reflects the sedimentation and area seen in the 2002 survey andtheu me of t he fas built
elevations.
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Figure 3.3. Areaelevation curves from the W2 model bathymetry, the 2002 USGS survey, and the
1985 USACE survey.
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Figure 3.4. Volume-elevation curves from the W2 model bathymeting 2002USGSsurvey and the
1985 USACE survey
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Figure 3.5. Longitudinal cross sectioview of the Lake Zorinsky model bathymetry

3.3.2 INTAKE STRUCTURES

The reinforced concrete intake structure at ZorirRkgervoirhas four uppelevel intakesan intermediatdevel intake and a lowevel
intake. Two upper level intakes have amvert elevatiorof 338.33 m(1110.0 ftNGVD29) andthe othertwo have arinvert elevatiorof 340.64 m
(1117.6 ftNGVD29). Theintermediatdevel intakehas aninvert elevationof 336.59 m(1104.25 fftNGVD29), and thdow-level intake has an
invertelevaton of 332.23 m(1090.0 ftNGVD29). The uppetevel intakes are uncontrolled. The intermediate| intake has &5.2 cmdiameter
slide gate for flow augmentation releases for water quality managementovFherelintake ishasa slide gate to permiraining of the reservoir
to elevation332.23 min the event drawdown is desirable. Toe-levelinlet is constructed3 metersipstream of the intake tower. The inlet is
provided with a trash rack and emergency bulkhead to allow closure with thepgate A76 cmreinforced concrete pipe connects khe-level
inlet to the intake structure.
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3.3.3 OUTLET CONFIGURATION

The outlet works oEake Zorinskyconsistof a tunnel and an outlet structure into the stilling basin.
The tunnel is composed of 121.9 diameter reinforced concrete piping which extends 203.6 m from
elevations 332.23 rL090.0 ftNGVD29) to 324.61m (1065.0 fINGVD29). The tunnel empties into a
concrete spillway structure which 20.4 m in length and slopes from elevations 324.6(1065.0 ft
NGVD29)to 320.26 n{1050.8 ftNGVD29). Once water entettbestilling basin it reconstitutes Boxelder
Creek

The modeloutless areconfigured as goint sink at centerline elevatien338.33 m(1110.0 ft
NGVD29)and332.23m (1090.0ft-NGVD29). The intermediate level intake was not included in this model
because it was not used during the modeled time franté can be easily added in the futufée bottom
withdrawal limitation is331.62m (1088.0 fINGVD29) and the top limitation i839.75m (1114.7 ft
NGVD29); howevert he model 6s i nternal selective withdrawal
withdrawn from within the withdrawal limits and near the centerline elevation.

3.4 MODEL INPUTS
3.4.1 METEOROLOGICAL DATA

W2 requires meteorologit inputs including air temperature, dew point temperature, wind speed,
wind direction,andcloud coveror shortwave solar radiation. Cloud covesisusedin thelLake Zorinsky
modelto determinghe amount of shortwave solar radiation reactiegvate surface Subhourly weather
datathat incluced all necessaryparametersvereobtained fronthe Eppley Airfield Weather Statiomear
OmahaNE. The Eppley Airfield Weather Station is located roughly 16 miles away from Lake Zorinsky.
Upon review wind spe&ds in excess of 20 m/s were repomedl4 occasions during the months of May
through June Observed water temperature depth profile data do not reflect that these conditions occurred
at Zorinsky. In ordera accurately characterizetualwind conditiors at Lake Zorinskynstantaneous data
points were extracted from the shiburly meteorological data at 1.5 hour intervals. This eliminated all but
1 measurement in excess of 20 m/s.

3.4.1.1 Temperature

Ambient air and dew point temperatures from&0Bough 204 are plotted ifFigure3.6 andFigure
3.7.

3.4.1.2 Wind Data

Wind datawasa major driving fator of temperature calibratio The 1.5 hour intervatiata points
extractedfrom the Eppley Airfield weather statiowind speeds from 2008 through 20are plotted in
Figure3.8.

3.4.1.3 Cloud Cover

Cloud coverdata was provided as an abbreviation of aikyerageand then coverted toavalue on
a Oto 10scalefor use in the W2 modeTable3-2). The accuracy of cloud covdatais questionable due
to the local nature of the cloud cover readings. It is an important component of model appledioo
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limit incoming solar radién and inhbit the escape of outgoing lowgave radiation Cloud cover values
scaledrom abbreviated coverage cedeeplotted inFigure3.9.

Table 3-2. Cloud Cover Conversion Values.

Value
Cloud Cover Abbreviation | (0-10)
ovcC 8
BKN 6
SCT 4
FEW 2
CLR 0

3.4.1.4 Wind Sheltering Coefficients

Wind sheltering coefficients are the ratio of transfem@tt energy to actual wind energy present
in the meteorological data. Wind sheltering coefficients are one of the most important calibration
parameterdecause they directly influence the amount of mixing that occurs in the surface layer of the
reservoirand therefore the transfer of heat energy from the water surface to deeper layers in the reservoir.
Wind sheltering coefficientsf 0.8 were usedor all segmentén theLake Zorinskymodel.
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Figure 3.6. Air temperaturesised in the model froappley Airfield Weather Station near Omaha,.NE
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Figure 3.7. Dew point temperatusaused in the model froappley Airfield Weather Station near
Omaha, NE
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Figure 3.9. Scaledcloud coverused in the model frofppley Airfield Weather Station near Omaha,
NE.
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3.4.2 RESERVOIR INFLOW AND OUTFLOW

Inflow from Boxelder Creek wasput asthe reservoirBranch linflow. Daily Boxelder Creek
inflows were obtained using th€orps Water Management System (CWMfnaged by the Omaha
District. The system igprovided data viaa satellite link from an elevationmonitor at the reservoir.
Elevation datareusedin conjunction with capacity curvegutlet structurengineering dataand modeled
evaporation rate® determingeservoirinflows and outflove. This method of calculating inflow assumes
zero seepage and confounds other potesnihues freservoirflow such as ungaged overland flow, direct
precipitation, and groundwater exchar{gegure 3.10); however, he inflow and outflowvalues obtained
from CWMS required only minor modificatisn Modifications werebased on visual observation of
modeled versus observed water surface @l@vsin order to produce a satisfactory reservoir water balance.

Because the CWMS and the W2 model calculate evaporation in a similar manner, the CWMS
values for evaporation were added to the Boxelder Creek inflow and the W2 modedests calculate
evaporation and its effects on the reserv@iuring modelthermal calibrationhypolimnetic temperatures
were ovespredicted during the late summef 2012 and 2013.Examination ofthe CWMSd seservoir
inflows and outflowsndicatedzeroflow during these period€sroundwater intisionobservediuring the
winter draw down of 201®&asthen included in thenodel with & estimated flow of 1 cfs and an estimated
lossof 1 cfsas seepagat the base of the daBroundwater inflow was included seasdly based onhe
pattern ofobservedyroundwater levalin the area.lnflow values used in the model are plotiedrigure
3.11. Outflow from Zorinsky Reservaimhich is used for the downstream boundargplotted inFigure
3.12

| Zorinsky Reservoir W2 Version 3.71 Water Balance |

Evaporation (CWMS Data) Boxelder Creek

Ungaged Overland Flow (Unknown) Inflow
(CWMS Data)

Direct Precipitation (Unknown)

Upper-level Releases
(CWMS Data)

Mid-Depth Releases
(CWMS Data, not used)

W2 Water Balance

» All Unknown sources of flow are
accounted for in CWMS inflow
calculations.

» Groundwater intrusion and
seepage were accounted for in
the CWMS inflow calculations.
Values were Estimated following
visual observations during
reservoir drawdown in the

Low-Level Releases,

Groundwater Intrusion

l (Unknown, Estimated)

Outlet
Works

Seepage (Unknown, Estimated) winter of 2011.

Figure 3.10. Zorinsky Reservoir W2 Version 3.71 Water Balance

3.4.3 INFLOW TEMPERATURE

Inflow temperatures for Zorinsky Reservoir were not routinely monitored during the simulated time
period. Instead, these values were estimated using a progranmResdlenhse temperature: a simple model
of water temperaturgTemp) from the Washington $aDepartment of Ecology (WSDRVSDE, 2011).
Response temperature can be defined as the temperature a completely mixed water column would have if
it were only responding to heat fluxes across the waters suifaeerTemp program expands the response
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temperature concept to include stream bed, groundwater, ahdrhgic zone heat fluxes; howevdue to

a lack of observed supporting détaseoptionswere not used to estimate inflow temperatures for Zorinsky
ReservoirThe rTemp program calculates sudeheat exchange from the same meteorological input as the
W2 model butdoes not require wind directioimput An extensive review of these parameters and
equilibrium temperature can be found in Edinger et al. (19&4dwing season inflow temperaturesreve
verified on21 occasions during 2010 through 2@t had a absolute mean error &f1 JC. Simulated

and observechilow temperatures are plottedfigure3.13.

3.4.4 INFLOW DISSOLVED OXYGEN

Dissolved oxygen(DO) measurements were madéth inflow samples collectediuring the
growing seasons of 201rough2014; howevera continuous record of DEbncentationsat the reservoir
inletwas desired for model application. The continuous DO concentrations were assunm@@Piodb¢he
saturated DO concentration using an empirical equatitme 90% saturateéissumption was based on
observed data. The equatiao provided by the Environmental Laboratory of ER@shown below)
approximates DO concentrations in ligilams per liter of water (mg/ks a function of water temperature
(T) in Kelvin (K) and elevationZ in kilometers (km). Simulatedwater temperatussfrom the rTemp
programwere used in the approxinmat. Growing season infloddO concentrationsvere verified on 21
occasions and had an absolute mean err@.dMmg/l. Observed and simulatddO concentrations are
shown inFigure3.14.

1.58x10° i 6.64x10’ +1.24)401° i 8.62)(1011g

DO = (1- 0.1148)expig 1393441+ . . ¢
2 T T T+ 9
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3.4.5 [INFLOW CONSTITUENT CONCENTRATIONS

Water quality samples were taken duringrimeledperiod atthe inflow location ZRNF1. The
site is approximately 1% miles upstream from the reserkF@u(e2.2). Samples were takemnder runoff
conditions during April through Septemband analyzed for a number of watguality constituents
including: totalsuspended solid3 SS) total ammonigdNH.), nitrate/nitrat§NOy), total phosphoru§TP),
andtotal Kjeldahl nitroger(TKN). OrthophosphateR(Q;) and total and dissolved organic carbon (TOC,
DOC) were measured in 2011 through 2014Vater temperature, DO, pH, specific conductararel
turbidity were measureid the fieldin 2010 through 2014From the measured constituent concentrations
the following constituentsconcentrations wer@tilized in the model: total dissolved solid3DS),
suspended solid$S) POy, NH4, NOy, and DO. Labile and refractory dissolved organic matter, labile and
refractory particulate organic mattandalgae were estimate@henusing data collecteith years prior to
model application bthe Omaha Distat. The modeled constituent inputs are shown in Fidgtigese3.15
throughFigure3.20.
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Figure 3.15. TDS inflow concentratiomused in the Lake Zorinsky W2 model.
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Figure 3.20. Organic Matteinflow concentrations used in the Lake Zorinsky W2 model.

Dissolved and particulate orgamatter wagstimated fronTOC and DOQoncentrationsWhen
datagaps were encountered TOC vessumed to be 6 midlased orcollected data anliterature review
(Wetzel, 2001) Estimation assumedn organic carbon to organic matter ratio of 0.£mased on the
obsrved TOC to DOC rati®0percenbf organic matter was assumed dissolvedidkrcenparticulate.
Basedorot her U. S. Ar my Codwater quality mBdels30 pereeatof arganicanatied i e
was assumed labile aif@ percentwas assumed refractofd SACE, 1999)

Since a continuous daily inflow constituent record was not possibifstituent concentrations
were assume@ach month during the growing season using data collectsiteattZRLKUP1 and
EZRNF1(Figure 2.2). Becausethe upper basin was designed for sediment retentimaissumed that
inflows contaired higher sediment concentrations thabservedin the near sulace samplegrom site
EZRLKUP1
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| 4 WATER TEMPERATURE & CONSTITUENT CALIBR ATION |

Reservoir hydrodynamics were calibratednigking minor adjustmentso t he CWMS®6 s

inflow valuesto match the simulated reservoir inflamatflow-storage to theobserved water surface
elevations Reservoir temperatures and dissolved oxygen were calibrakexbsatlocations where profiles
were measured

4.1 OBSERVED WATER QUALI TY DATA

Locations where temperature measurements were tleshown inTable 4-1. Temperature
profiles and water quality samples for laboratory analygise takenmonthy from May to September
Depthprofiles (temperature, dissolved oxygen, condityti pH, ORP, turbidity, and chlorophydl) were
measured at all six sites. Water samplesdboitatoryanalysesvere collected at sites EZRLKND1 and
EZRLKUP1.

Table 4-1. SampleLocations Site Alias,W2 segment numbers, and approximate lake kilometer.

Model Segment Distance from
Site Name Site Alias Number Dam (km)
EZRLKND1 Z1 29 0.15
EZRLKML1A z2 25 050
EZRLKML1B Z3 20 0.85
EZRLKML2 Z4 14 135
EZRLKUP1 Z5 11 150
EZRLKUP2 Z6 6 200

4.1.1 TEMPERATURE

Depthdiscretelake temperature were measured in the field &5-meter depth increments with
fiHydrolalbinstruments asix different locations along the otiteekchannel (sites Z1 to Z6)Temperature
profiles were constructed from the measuremfamtsomparison to simulateeémperatures.

4.1.2 WATER QUALITY

Water quality samples were collected frawo in-pool locations Nearsurfacesamples were
collectedat sites Z1 and Z®ndnearbottomsamples were only collected at site Aearsurface samples
were collectedat half theSecchidisk depthwith aKemmerer or Van Dorn sampler, or by dippinglastic
churn bucketf the Secchidepth wadess thanl meter. Mar bottom samples were collected with a
Kemmereror Van Dornsampler. Phytoplankton samples were processed direitdyn nearsurface
samples and preserved with Lugols solutiof.listing of the water quality constituents analyzed and
analytical methodss provided inthe Quality Control Plan (QCPi2014Monitoring ofthe Omaha District
USACE Reservoirs in NebraskdJSACE, 204).

Dissolved oxygenand temperature wermeasured directiyusing aHydrolab series 4 or 5
datasonde. Temperaturevas the initialconstituentappliedin model calibrationand was followed by
nutrients, algae, and DO. hE dgal community in the Lake Zorinsky model had a significant impact
modekdnutrient and DQoncentrations Nutrients and DOwerecalibratedoy making adjustments to the
default rates and constants defined in the W2 m@ddile4-2).
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Table 4-2. W2 model water quality default coefficients, rates, and constants and those used in the curre

application of the W2 model to Lake Sakakawea.

Current Model

Parameter* WZVDefauIt Application
alue
Value
Extinction Coefficients
Water 0.25 0.45
Inorganic Suspended Solids 0.1 0.01
Organic Suspended Solids 0.1 0.1
Fraction of Solar Radiatiosbsorbed at Water Surface 0.45 0.45
Algae (All Groups) 0.2 0.2
Suspended Solids Rates
Suspended Solids Settling Rate [m/day] 1.0 0.8
Sediment Resuspension Control OFF ON
Critical Shear Stress for Sediment Resuspension [dyn§s/ 10 | -
Critical Shear Velocity for Resuspension [m/s] | = --—--- 0.00001
Algal Rates and Constants
Number of Algae Groups | - 3
Algal Group #1 | #2 | #3
Algal Growth Rate [1/day] 2.0 3 25| 0.8
Algal Dark Respiration Rate [1/day] 0.04 0.04
Algal Excretion Rate [1/day] 0.04 0.04
Algal Mortality Rate [1/day] 0.1 0.2 | 0.25| 0.1
Algal Settling Rate [1/day] 0.1 0.2 | 0.1 | 0.02
Algal Light Saturation [W/rf{ 100 50 | 75 | 25
Lower Temperature for Algal Growth (AT1) @] 5.0 5 10 | 10
Lower Temperature for Maximum Algal Growth (ATRC] 25.0 18 | 30 | 35
Upper Temperature for Maximum Algal Growth (AT3Y] 35.0 24 | 35 | 40
Upper Temperature for Algal Growth (AT4)J] 40.0 28 | 40 | 50
Fraction of Algal Growth Rate at AT1 0.1 0.1
Fraction of Maximum Algal Growth Rate at AT2 0.99 0.99
Fraction of Maximum Algal Growth Rate at AT3 0.99 0.99
Fraction of Algal Growth Rate at AT4 0.1 0.1
Algae Stoichiometry Fraction P 0.005 0.005
Algae Stoichiometry Fraction N 0.08 0.08
Algae Stoichiometry Fraction C 0.45 0.45
Algae Stoichiometry Fraction Si 0.18 0
Chlorophyltalgae rato | - 0.065
Fraction of Algae Lost by Mortality to POM 0.8 0.8
Ammonia Preference Factor Equation 1 or 2 2 1
Ammonia Half Saturation Coefficient for AmmonriNitrate 0.001 0.001
Oxygen Equivalent foOrganic Matter for Algae Growth 11 11
Oxygen Equivalent for Organic Matter for Algae Respirati 1.4 1.4
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Table 4.2. (Continued).

Current Model

Parameter* W2 Default Application
Value
Value
Organic Rates and Constants
Labile DOM decay ratfl/day] 0.1 0.12
Labile DOM to Refractory Decay Rate [1/day] 0.001 0.001
Maximum Refractory Decay Rate [1/day] 0.01 0.01
Labile POM Decay Rate [1/day] 0.08 0.08
Labile POM to Refractory Decay Rate [1/day] 0.001 0.001
Maximum Refractory Decay Raf&/day] 0.01 0.01
POM Settling Rate, [m/day] 0.1 1
Organic MatteiStoichiometryi Fraction P 0.005 0.005
Organic MatteiStoichiometryi FractionN 0.08 0.08
Organic MatteiStoichiometryi FractionC 0.45 0.45
Organic MatteiStoichiometryi FractionSi 0.18 0.18
Lower Temperature for Organic Matter Decay (OMTIQ][ 4.0 4
Upper Temperature for Organic Matter Decay (OMT2ZJ][ 25.0 25
Fraction of Organic Matter Decay Rate at OMT1 0.1 0.1
Fraction of Organic Matter Decd8ate at OMT2 0.99 0.99
BOD Rate Constants
Number of CBOD Groups | - 0
Nutrient Rates and Constants
Phosphoru$ Sediment Release Rate 0.001 0.004
Phosphoru$ Partitioning Coefficient for Suspended Solids 0.0 0
Ammoniumi Sediment Release Rate 0.001 0.03
Ammoniumi Decay Rate [1/day] 0.12 0.12
Lower Temperature for Ammonium Decay (NHATIE] 5.0 5
Upper Temperature for Ammonium Decay (NHATZ}] 25.0 25
Fraction of Nitrification Rate at NH4T1 0.1 0.1
Fraction of Nitrification Rate &XiH4T2 0.99 0.99
Nitratei Decay Rate [1/day] 0.03 0.03
Nitratel Sediment Diffusion Rate 0.001 0.5
Nitratei Fraction Diffused Converted to Sediment Organig 0.0 0
Lower Temperature for Nitrate Decay (NO3TIE] 5.0 5
Upper Temperature for Nitrafeecay (NO3T2) [C] 25.0 25
Fraction of Denitrification Rate at NO3T1 0.1 0.1
Fraction of Denitrification Rate at NO3T2 0.99 0.99
SilicaT Dissolved Silica Release Rate (Fraction of SOD) 0.1 0.1
SilicaT Particulate Silica Settling Velocity [m/day] 1.0 1.0
Silica1 Particulate Silica Decay [1/day] 0.3 0.3
Silica’i Silica Partitioning Coefficient 0.0 0.0
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Table 4.2. (Continued).

Parameter* W2 Default Cigglr;égﬂigﬂel
Value
Value
Sediment Oxygen Demand Rates and Constants
First OrderSediment Decay OFF ON
Initial Sediment Concentration (gfn 0.0 0.0
Sediment Settling or Focusing Velocity [m/day] 0.1 0.1
Sediment Decay Rate [1/day] 0.1 0.1
Fraction of ZereOrder SOD Rate Used 1.0 1
Fraction of Initial 2-Order Rate Used 1.0 1
Sediment Burial Rate [1/day] 0.01 0
Turn ON/OFF Dynamic Sediment K OFF OFF
Lower Temperature for Sediment Decay (SODTO)[ 4.0 1
Upper Temperature for Sediment Decay (SODTE] [ 25.0 25
Fraction of Sediment Rate at SODT1 0.1 0.1
Fraction ofSediment Rate at SODT2 0.99 0.99
Other Rates and Constants
O Limits 0.7 0.1
Iron Sediment Release Rate 0.5 0.5
Iron Settling Velocity [m/day] 2.0 2
Sediment CQRelease Rate 1.2 0.1
O, Stoichiometry Equivalent for Ammonium Decay 457 457
O, Stoichiometry Equivalent for Organic Matter Decay 1.4 1.4
Reaeration Type LAKE LAKE
Reaeration Equation Number 6 6
*As defined in the W2 Tool Application provided with the W2 model download from Portland Ste

University.

4.2 HYDRODYNAMICS

A water balancerogram is included as part of the W2 model. It is used to corttprudéference
in observed reservostorageand simulated reservostorageby inputting observed and simulated pool
elevations, then computirigereservoir inflav or outlow needed to balance terage.The flows needed
to balance the storage in the Lake Zorinsky model w@n®r andthe wder balance program was not
utilized. Flows were modifiethy adjustingthe reservoir branch 1 inflow when necessaBge Section
3.4.2 for a detailed description of the flows utilized in the modée hydrodynamic calibration is
completedwhen all reservoir flows reflect a match with obserstatage(water surface elevationsThe
observed and simulatgaol elevations are shownkigure4.1. The significant drop in pool elevations in
December 2010 is attributed to dragidown the reservoir to manatle zebra mussel infestation.
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4.3 TEMPERATURE

Simulated reservoir temperatures weoenparedo temperature profiles measured at locatidohs
throughZ6. Comparisos using allsix locationsarepresentedn Platel7 to Plate40.

The factos thataffected temperaturealibration the most erewind steltering coefficien{WSC)
and inflow volume Final WSC& were set d.8 for each model segmenThis isdue to local differences
in wind velocity and directioetween the weather statiahEppleyAirfield andLake Zorinsky During
the late summes of 2012 and 2013 there were periods of little toQWMS estimatednflow to the
reservoir During these periods the W2 model would warm the entire watemn;this is likelydue to a
lack of circulaton andalgal production capable of shading the water columo.reduce hypolimnetic
temperaturedributary flow was added thereservoir via groundwater intrusiarhich was observed when
the reservoir was drained to extirpate zebra mussels during the winter of 2010. Evexdititmal
tributary flow hypolimnetic temperatures remained somewhat warmer than observed.

The simulation was run continuously fr&008 to 2014. Thermal calibration was examined on a
year by year basis to better understand annual variation in the mBidistically he best temperature
calibrationwasachieved in2009 while 2013 wasthe least accuratéTable4-3). Absolute errordor all
yearsranged from @ to 1.1 C with an average 00.9 C. Plots showing simulated versus observed
temperaturerofiles at all reservoirlocationsare provided irPlate17 throughPlate40 at the end of the
report.
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Table 4-3. Average annuallesoluteerrorbetween measured and simulateservoir temperatusend
dissolved oxygewroncentrationsverall reservoirlocations Z1-Z6).

Absolute Error
Temperature Opserved Sa_turated*
C) Dissolved Dissolved
Year Oxygen (mg/L) | Oxygen (mg/L)
2008 0.8 1.1 1.0
2009 0.6 2.7 1.3
2010 0.9 15 1.2
2011 0.8 1.3 1.3
2012 0.9 2.3 1.3
2013 1.1 2.1 1.2
2014 1.1 15 1.2
Average 0.9 1.8 1.2
* DO wassetequalto the 100% saturatedaluefor pairedtemperatur@bservatiorto
assesgheimpact of algal productionn DO calibration

4.4 DISSOLVED OXYGEN

The most important fact@ffecting DO calibration was algalxygenproduction. The W2 model
did not replicate theupersaturated DO conditions monitored in the reserdd{®. supersaturation is the
result of photosynthesis by dense colonies of algae. The model did not replicate these cdnditidhe
frequency of monitored inflow constituent concentrations dedinherent difficulty of modeling algal
growth and interactions in a hypereutrophic reservoir. To assess the weRielntsupersaturated DO
conditions affected model calibration the observed dataset was modified for campaiisobservedO
concentrdons greater than 100%aturated were set to the 100% saturated value for their corresponding
temperatre and compared to model outp{iRO and temperature observations were pairedyal DO
production accounted for a third of all DO error in the modelia presentech Table4-3.

Statistically the bedDO calibration vasachieved in 208while 2009 wagheleast accuratélable
4-3). This discrepancy irmodel calibration irR009 andther years ifargelydue to epilimnetic DGuper
saturation The averagelssolute errorsanged from 1l to 2.7 mg/L with an average of.8 mg/L. For
addedperspective, the maximum observed DO concentration during the modeled time period was 16.7
mg/L. Plots showing simulated versus observed DO profiles are providddtev1 throughPlate64 at
the end of the report.

4.5 NUTRIENTS

The SOD and nutrient releasaas were thenost commonly adjusted factors during therient
calibration process. The model waisialy prepared using the zexrder sediment compartmemith user
definedrelease and decay rates for nutriemMsitrientrelease rateim the model ge then multiplied by the
SOD that is input for each model segment by the user. The SOD is tempeéegemeenbased on a user
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specified curve. Once the model reached a satisfactory calibration using therdesreediment
compartmentthe firstorder sediment compartment wased This first-order sediment compartment
improvedthepreviousmodel calibrationDuring 2011 the reservoir was drained to eradicate zebra mussels.
Nutrient samples were taken in the reservoir on two occasions during ther;wiowever, influent
concentrations were not monitored. Due to the lack of observed data 2011 was omitted from the nutrient
analysispresented ifable4-4.

Based orPQs and NH the best nutrient calibration washieved in 2010vhile 2012 and 2013
werethe least accuratd &ble4-3). Most of thediscrepancy imutrientcalibration for2012 and 2013 is
due to the model underestimating the internal Idadds may be th result of tophic instability that resulted
from draining the reservoir in late 2040d the decay of plants which colonized the exposed sedifieat
averageannualabsolute errorfor PO, ranged fron0.03to 0.09mg/L with an average of 0.08g/L. The
average annual absolute errors for.N&hged from 0.12 to 0.43 mg/L with an average of 0.26 mghe T
maximumobserved P@and NH, concentratioaduring the modeled time periogere 0.98 and 5.059/L,
respectively Plots showing simulated versus obserR€d, NH4, NOx, and TDSprofiles are provided in
Plate65 throughPlate96 at the end of the reporiThe TSS, TP, and TKN concentrations were calculated
within the W2 model and model output was compared to observed data.

Table 4-4. Average annual absoluggrorbetween measured and simulated reserudiient
concentrationgat reservoirocatiors Z1 and Z3.

Absolute Error

Total Total Total Nitrate
Dissolved| Suspended Ortho Total Kjeldahl TOtal. and

: : Phosphorus| Phosphorus| . Ammonia o
Solids Solids (mg/L) (mg/L) Nitrogen (mg/L) Nitrite
Year | (mglL) (mg/L) 9 9 (mg/L) 9 (mg/L)
2008 23 12 0.05 0.05 0.50 0.16 0.16
2009 53 10 0.04 0.09 0.52 0.20 0.07
2010 64 18 0.03 0.04 0.42 0.12 0.06
2012 42 7 0.09 0.14 0.57 0.32 0.01
2013 64 7 0.08 0.13 0.77 0.43 0.06
2014 42 23 0.03 0.10 0.53 0.32 0.11
Average 48 13 0.05 0.09 0.55 0.26 0.08

4.6 ALGAE

Algal groups representing diatoms, green algae, anddohen algae are included in the Lake
Zorinsky modelThe W2 modesimulatesalgal grou and their interaction usingser definegparameters
to controlgrowth or limitation The finalalgalparametevalueswere close to the example values found in
the user manuavith the following exceptionsTemperatur@andgrowth rate coeftiients for diatoms were
raised to reflect the epilimnetic temperatures when they were observed and allow them to be a surrogate
group for Pyrrophyta. Common bluegreenalgae observed at Lake ZorinskyAphanizomenonpp.,
Anabeanagp.) are known to fix atmospheric nitrogen and wsg&o do so in the modgthe growth rate
for blue-greenalgae was also increased from the example values found in the m&veeh algae were
included in the mdel despitetheir scarity in theobservediata

Algal data collected in May, July, and September from 2010 through 2014 showed a seasonal shift
in dominance from Diatoms to bhkgeeen algae or Pyrrophyt&€dératium spp. Chlorophylla wasused
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as an indicator adlgalbiomassand algal successi was examined tasses# the model represented the
seasonal shift in the algal communityhe best chlorophykh calibration was achieved in 2008 and 2009
was the least accuratd@able 4-5). The model correctly represented the seasonal shift in the algal
assemblage in all years except 20L8l(e4-6).

Table 4-5. Average annual absoluggrorbetween measured and simulated resecrdorophylla
concentrationatreservoirlocationsZ1 andZ3.

Absolute
Year Error
Chlorophyll a

(ug/L)
2008 13
2009 34
2010 24
2012 18
2013 18
2014 18
Average 21

Table 4-6. Observed versus modeled algal successiatation Z1

pate Dominant Agal | Model Dominant
Group

Junl10 Blue-green Blue-green
Juk10 Diatom Blue-green
Aug-10 Blue-green Blue-green
Sepl0 Diatom Green
May-12 Pyrrophyta Diatom
Juk12 Blue-green Blue-green
Sepl2 Blue-green Blue-green
May-13 Diatom Diatom
Juk13 Blue-green Blue-green
Sepl3 Blue-green Blue-green
May-14 Diatom Diatom
Jul14 Cryptophyta Diatom
Sepld Pyrrophyta Diatom
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| 5 WATER QUALITY ASSESSMENT OF EXISTING CONDITIONS |

Water quality was assessed based on reseb@iconcentrations with respect gowarm water
fishery habitatcriterion (i.e, O 5 BeunaugelDD conditions in the reservoir are heavily impacted by
the algal community, internd?Q, loadingwas also examined.Existing condition simulationsvere
pefformed from2008 to 2014 using the calibratew/2 model.

5.1 DISSOLVED OXYGEN CONDITIONS

Nebraska ater quality standards requisd®O minimum concentration of 5 mg/l be met to support
warm water aquatic lifeuse In thermally stratified lakethe 5 mg/l standard does not apply to the
hypolimnion; however, aterabove the thermoclinmust meethe minimum 5 mg/lcriterion The DO
concentration time series at tloav-level gateelevation 0f332.23m (1090.0 ftNGVD29) is plottedfor
2008 throudh 2014 in Figure5.1. These time series represent the DO concentration of water that persists
near thdow-level gateelevation andrean indication othe wateithat wouldbe releasethrough thdow-
level gateif it were open

All simulation yearsnaintain DO concentrations above 5 mg/l at elevation 332.23 nthertihal
stratification sets up They remain belowr near5 mg/l beforeincreasing as fall turn@r begins. It is
evident fromFigure 5.1 that the hypolimnion in Zorinsky Reservoir receives little mixing from late June
until early August.
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Figure 5.1. Simulatedand observedissolved oxygen concentrations nearltve-level outlet
centerline elevatio832.23m at siteZ11 Near the Damfrom 2008 through 2014
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5.2 PHOSPHATE CONDITIONS

Nebraskanutrientcriteria for lakes and impounded wateesquirethat the seasonal concentration
(April 15t through September 8P of total phosphoru@ the epilimnion bdess tharb0 ug/l to achieve
chlorophylla concentrations of less than 10 ugiin thermally stratified lakes theutrient criteria do not
apply to the hypolimnionTotal phosphorus refets all phosphorus within a collected water sample; much
of which is bound and not readily utilized by the algal commuridigsolved othophospate oPQuis the
form of phosphorus which ireaily available for algal uptake and is liberated frim sedimens under
anoxic conditions. Thephosphate which is released from the sediments is referredthe asservoiis
internal phosphorudoad. During fall turnoverelevatedhypolimneticPQO; concentrationsgnix with the
water column and may fuel late season algal bloo@bserved chlorophyld and PQ concentrations
confirm that this likely occurs at Lake Zorinsky.

ThePQ: concentration time siesfrom the W2 model are plotted with corresponding observed PO
concentration$or 2008 through 2014 iRigure5.2. These time serieare plotted from layers 14 through
19 of the reservoir bathymetry to reflect the depths of the observedrthtarrespond to the model layer
of the lowlevel gate (layel4). They show the increased P€ncentrations which result from internal
loadingand could potentially bmitigated(i.e. withdrawn from the reservoiby utilizing alow-levelgated
releaseduring summer stratification

All simulation yearsin Figure 5.3 show PQ concentrations which increase with time as the
reservoir remains stratified and then dissipate with fall turnovidre difference in spatial conceations
is also shown aBQ, concentrationm the model are lower at higher elevatidngto dilution. The internal
PQu releasesneasured during 201&hd 2013 are not well represented in the model and may be the result
of trophic instability from drainig the reservoir in late 2010 tine subsequentlecay of plants which
colonized the exposed sedimemifter underestimating PQOconcentrations in 201@nd 2013 e model
does appear to accurately characteczaditions in2014.
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5.3 WARM WATER FISHERY HABITAT

For the purposes of this repavarmwaterfishery habitat(WWFH) is defined as wate®5 mg/I
DO andO32 C. During the 2008 to 2(time period temperatures measured in Zorinsky resedisinot
exceed31l.1C. Because temperatiwas not a concern WKW was estimated based on measupéa
depth profiles and the reservoir capacity curve

The calibrated W2 model was used to estimate WWFH by summing the volume of water that met
the WWFH DO criteria. WWFH is expressed in unitaofefeet (AF) in this report because adiext are
the conventional units for reporting reservoir storage voluWW&/FH volumes wereimulatedfor 2008
through 2014. Simulated WWFH volumes from the onseahefmal stratification ar@lotted against
measiredWWFH volumesby yearin Figure5.3 throughFigure5.8.

In most yearshermal stratificationbegins to set up in late April or early May and fall turnover
occus in late September or early October. In 2008 and 2010 stratification sets up Islizzy andfall
turnover occurs later in Octoberhe fit of modeled WWFH/ersusWWFH estimated from depth profile
measurements at the reservoir rgam (location Z1) and the reservoir elevattapacity tableappears
close inall years with onlyoneobserved datpointthat raise concern In May of 2008 the observed data
indicatetheonset of seasonBIO degradatiomas occurreéarlierwithin the reservoir than what the model
indicates. Examinationof other years indicates the modslappropriately characterizingpe onset of
seasonal DO degradationith the exception of this meaementthe modeled WWH agreeavell with
the measured WWFHThe W2 modelcanprovide an estimate &VWFH during times when temperature
and DO measurements are not availabid be used for scenario testing of water quality management
measures
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6 ASSESSMENT OF ALOW-LEVEL RESERVOIR WITHDRAWAL TO
ENHANCE WATER QUALITY

6.1 WATER QUALITY MANAGE MENT MEASURE STO ENHANCE WATER QUA LITY AT
ZORINSKY RESERVOIR

Releasesre possibleéhrough thelow-level outlet at Lake Zorinsky during periods skasonal
stratification todischarge poor quality watent is hypothesized that such releasgsild enhance water
quality andWWFH volumein the reservoir by replacingé released poguality watemwith better quality
influentwate, and reducing the internal phosphorus loading to the resénvsinding it downstreamit
could alsopronmote mixing within the reservoio improve dissolved oxygen conditioaslower depths
during periods of thermal stratificatiorA possible concern regardingw-level releases is that hypoxic
water could be passed through the dam and inth@aalderCreek downstream of the darit.is unknown
whether the stilling basin provides enough agitation to aerate the discharged water to a DO concentration
adequate to meet State water quality standards (i.e. 5 mg/loaddtal data collected during the winter
20102011 drawdown indicates adequakration may be presenthis situation could be mitigated by
opening thdow-level outlet only during periods when the reservoir is spilbnghe water surface elevation
is above338.33 m In such situations the poor quality water discharged thrthejbw-level outlet could
be fAimi xedo with better quality water spilling ove

A hypotheticalow-levelreservoir withdrawal scenario was evaluated using the Lake Zorinsky W2
modeldiscussed in the previous sectiofhelow-level gate was used in conjunction with the ungated drop
inlet at reservoir elevatiorabove 338.33 mThis scenario waintended to model the impact of opening
the low-level gate19 mmin May during the first routine annual water quality sampling event agrd th
closing the gate during the last seasonal sampling event in Septemipeotebtownstream water quality
in Box Elder Creekthe gatewasclosedin the simulatiorwhen the reservoir water surface elevatent
below 338.33 m Opening the gate onti® mm was chosen to ensure the thermal structure of the reservoir
remained intact and only hypolimnetic water would be released.

To accurately asseksv-level reservoir withdrawal scenarigheW?2 calibratedeservoiroutflow
volumes wereallocated betwen the unregulated surface outlet and the-lémsl outlet. This was
accamplished by subtracting tHew-level gate outflowof .065 cmsrom the calibrated W2 model drop
inlet outflow.

6.2 IMPACT SOF LOW-LEVEL WITHDRAWAL

Reservoir DO conditions were modeled to simulate a hypothétisalevel outlet release. The
results are summarizead Figure 6.1 toFigure 6.7. Figure 6.1 toFigure 6.6 plot annual growing season
comparisos of reservoir WWFH volumes utilizing thiew-level withdrawal scenario versus existing
conditions Figure6.7 showstime seriehypolimneticPQs concentrationg model layers 14 to 1@tilizing
thelow-levelwithdrawal scenario versus existing conditibmassesmternalPQO, loadmitigation. Layers
14 to 19 represent the hypolimnetic reservoir volume bBetmw the elevation of the lclevel gate (layer
14).

6.2.1 WARM WATER FISHERY HABITAT VOLUME

The impact of a hypotheticédw-level outlet release versus the surface structure withdrawal is
quantified in terms adeasonal average (Ma$ithrough September 8pwarm water fishery habitat volume
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in Table6-1. The simulations indicate that thew-level releasesio not result in a significant gain of
WWFH volume

Table 6-1. Comparison of simulatedtarm wateffishery habita(d i s s o | v e 8 mgiLxsgagamai O
averagevolumes for simulatedexisting conditionsand alow-level release

Warm water Fishery Habitat (WWFH) in Lake Zorinsky
Low-level Release No Release Change in Average
Scenario Modifications WWFH
Year (AF) (AF) (AF)
2008 2,293 2,254 39
2009 2,076 2,160 -84
2010 2,277 2,256 21
2012 2,218 2,057 161
2013 2,416 2,325 91
2014 2,347 2,363 -16
Average 2,271 2,236 35

Figure 6.1 throughrigure 6.6 are time series plots of simulated WWFH volumes comparing the
existing condition drop it surface release with thew-level release scenario for 2008 through 2014.
Dates when thé&ow-level gate was opened or closed are indicated in the figuresloiHevel gate was
not used in 2012 due to low water surface elevatioklsyears excep013 and 2014 show slight but
insignificantgains in WWFH during th&ate August to late September period of the growing season.

During 2009, 2012, and 2013 there is a sigaiit difference in WWFH voluméduring May and
June.Comparisons of the two sirtations indicated differences in the date ice cover was off the reservoir,
this likely resulted in thermal differences which impacted DO concentrafiotel. reservoir volumes are
also shown irFigure 6.1 throughFigure 6.6 andvolumes arecloser than the differencgeenin WWFH
volume Both the scenario and isiing conditions models were run multiple timegh the exact same
conditionsand the WWFH volume outpubds not change. This indicates that the modflristioning
correctly; however, differences in the thermal regime due to changes in reservuie vodue noexpected
to have a significant impact.
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6.2.2 HYPOLIMNETIC PHOSPHORUSCONCENTRATION

The impact of a lowevel outlet release versus the surface structure withdrawal is quantified in
terms of seasonal average (M&ythrough September 3P PQ, concentrdbn at the near dam site (Z1,
model segment 29) ifable 6-2. The simulations indicate that the ldewvel releases may mitigate PO
concentrations; however, this ordgcurs infour out of six years. This representa potential reduction in
PQ, that may be readily utilized for algal growth during the growing season.

Table 6-2. Comparison of simulategverageseasonal P§£xoncentrations for simulated existing
conditionsand a lowlevel outletreleasescenario

SeasonalAveragePO, Concentrationsat the Lake Zorinsky Near-Dam Location
Change inPO4
No Release Modification Release Modification Concentration
Year (ug/l) (ug/l) (ug/l)
2008 0.070 0.067 -0.003
2009 0.047 0.065 0.008
2010 0.050 0.046 -0.004
2012 0.052 0.046 -0.007
2013 0.020 0.015 -0.005
2014 0.025 0.025 0.000
Average 0.044 0.044 -0.002

The impact of a hypothetical lelgvel outlet release versus the surface structure withdrawal is
guantified in terms of hypolimnetic R@oncentrationsn Figure6.7. To examine if dow-level release
can pass hypolimnetiPQ, laden water downstream and mitigate the mass af &®@ilable for algal
production the existing conditions atalv-level release scenario hypolimnefRQ, concentrations were
compared.

Figure6.7 shows time series plots comparing the existing condition drop inlet surface release with
thelow-level releasescenario hypolimnetic P@oncentrations for 2008 through 201Buring 2009 and
2012 a temporal shift in the onset of internak B@ding can be observed, this is due to thermal differences
between the scenario and existing conditions modalsyears except 2009 and 2014 shelight but
noticeable decreases in P@oncentrations in model layer 14Model layers 14 to 19 represent the
hypolimnetic reservoirvolume r i s t a gat a lbelow thecelewation of the lelevel gate (layer 14).
This indicates thatow-level release culd capture internally releasddQ, and discharge it from the
reservoir. The mitigation of internally sourced R@ould be further evaluatedy development of a
"phosphorus budget" of Lake Zorinswhich would account for all sources of phosphorusR@d both
to and from the reservoir as well as in reservoir phosphetestion
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| 7 CONCLUSIONS |

The W2 version 3.71 model of Lake Zorinsky successfully reprodu@ed of the observed
physical and chemical characteristics of the resertowever; futher model improvement is needed
some areadModel thermal calibratiofor the six year periotas less than 1 °C, which is widely accepted
as the benchmark for thermal calibration of the W2 mdd@VFH volume was successfully reproduced
and was a clos® match to the volumes estimated from observed depth profile dathereservoir
capacity curve Model PQ concentrations and the onset of hypolimnetic oxygen deplatgmclosely
matchedhe observed dataAreas the model needs improvement ineladmore detailed water balance to
clarify all water sources and sinks to the reseranit the ability to accuratetgproduce the supersaturated
DO concentrations caused by algal production.

Scenario testingitilized the calibrated W2 version 3.71 model assas a low-level reservoir
withdrawalduring summer thermal stratificatioa improvereservoirwater qualityby increasing WWFH
volume and reducing hypolimnetieQ, corcentrations. The scenario tegdiowedthat there wasio
significant gain in WWFHvolume utilizinga low-level release The scenario testid indicate that a low
level release couldotentiallyreduce hypolimneti® O, concentrations by senditigternally sourced PO
downstream

8 RECOMMENDATIONS

The following recommendations addsdheindicated shortcomings tiie W2 version 3.71 model
of Lake Zorinskyor improve the evaluation of a lelevel release to improve water qualitymore detailed
water balance should be pursued in order to clarify all water sources and sinks tertiarrémt may be
confounded in the CWMS total reservoir inflow estimtere frequent inflow samples should be collected
to better characterize the -iaservoir conditions which lead tmtense algal production and DO
supersaturation.A detailed phospbrus budget for Lake Zorinsky should be constructed. This budget
would trackphosphorus mass influetd the reservoifexternally and internal)y reservoirphosphorus
retention and how muclphosphoruss being dischargeffom the reservoirThe application of W2 version
3.8 should be implemented in order to better quantify internal phosphorus flux utilizing a complete sediment
diagenesisnodel. Once appliedV/2 version 3.&hould be used to conduct a scenario test evaluating low
level releae of phosphorus as a potential way to improve water quality in Lake Zorinsky and evaluate its
potential impacts to Box Elder Creek/2 version 3.8hould alsdbe used tassess how the sediment
retention basin upstream of 168th Street potentially enhamaézr quality and how itsin-filling will
impact Zorinsky Lake water quality.
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Plate 1. Summary of water quality conditions monitored_iike Zorinskyat site EZRLKND1 from May to September durir

the 5year period 2011 through 2015. [Note: Results for water temperature, dissolved oxygen, conductivity, pH, turbid
and chlorophylk (field probe) are for water colundepth profilemeasurements. Results for chlorophyll a (lab determined
hardness, met al s, microcystin, and -pueface depth. Resudts fer otleer f o
par amet er s aanmpd efsodr cfogsudabe asd dedrattom demhs.}

Monitoring Results Water Quality Standards Attainment
Parameter Detection | No. of State WQS No. of WQS | Percent WQS
Limit Obs. | Mean® |Median| Min. | Max. Criteria ® Exceedenceg Exceedence

Pool Elevation (fMSL) 0.1 20 1110.43|1110.40/1108.701 1111.71f - | e[ e
Water Temperature (°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| 85.00 | = - | e | eeeee
Turbidity (NTUS) 1] 328 | 1007 | 7.75 | nd. | 2870 |  —— | - |
OxidationReduction Potential (mV) 1| 347 225.84 | 229.00| -59.00 | 411.00f = - | eee= | 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 nd. | 11.98 09 173 50%
Dissolved Oxygen (% Sat.) 0.1] 347 52.23 56.80 nd. | 15150 @ - | eeee ] 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%
Suspended Solids, Total (mg/l) 4] 40 9.48 8.00 n.d. 28.00 | @ ee- | e e
Ammonia, Total (mg/l) 002 40 [ - 0.27 n.d. 6.50 | >11.01*9, >2.149 0,7 0%,18%
Kjeldahl N, Total (mg/l) 0.08] 40 173 | 112 | 047 | 745 | — | = | -
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/fy? 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 0.05" 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] = --—- | - | oeee-
Arsenic, Dissolved (ug/l) 0.00§ 4 6.50 6.00 5.00 | 9.00 3409, 16.79 0 0%
Beryllium, Dissolved (ug/l) 11 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%
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 5.98% 0 0%
Zinc, Dissolved (ug/l) 6] 4 | - 9.00 nd. | 30.00 153.79, 154.9° 0 0%
Antimony, Dissolved (ug/l) 003 4 0.73 0.75 | 0.60 | 0.80 880, 309 0 0%
Aluminum, Dissolved (ug/l) 400 4 | - n.d. nd. | 50.00 750, 879 0 0%
Mercury, Dissolved (ug/l) 0008 4 | - n.d. n.d. 0.01 1.49 0 0%
Chlorophyll a (ug/lii Lab Determine{® 6] 20 20.10 | 16.00 | n.d. | 56.00 100 14 70%
Chlorophyll a (ug/lji Field Probe 6| 347 19.40 12.37 n.d. | 342.56 107 202 58%
Atrazine, Total (ug/lj®) 0.1 20 0.82 0.80 n.d. 2.20 3309, 120 0 0%
Metolachlor, Total (ug/l}”) 01 20 | - 0.20 n.d. 0.40 3909, 1009 0 0%
Acetochlor, Total (ug/f® 0.1 20 0.45 0.40 n.d. 130 | e ] e e
Microcystin, Total (ug/l) 01 20 | - n.d. n.d. 0.20 209 0 0%
Pesticide Scan (ugf)

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 value to calculate mean. If 20% or more of observatiomondgtect, mean is not reported. The mean value reported for pt
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 calculated for median pH and temperature values.

® Acute criteria for aquatic life.
)
)
)

(B

® Chronic criteria for aquatic life

™ Nutrient criteria for aquatic life.

® Human health criteria.

©) Nebraska utilizes the World Health Organization recommended criterion of 20 ug/l microcystins in recreation water foennasg®ssment.

Not e: Many of Nebraskad6s WQS criteria for metals arhemelianhatdness s base
© Nebraskaods I mpairment assessment of nutr i eeséntepiliminetie comdiiond (icer neaa sutiaae) i ¢
®) Jmmunoassay analysis.
® The pesticide scan (GCMS) includes: acetochlor, alachlor, ametryn, atrazine, benfluralin, bromacil, butachlor, butygtéfoshloyanazine, deethylatrazii

deisopropylatazine, dimethenamjdEPTC, ethalfluralin, fonofos, hexazinone, isophenphos, metolachlor, metribuzin, pendimethalin, phorate, f

prometryn, propachlor, propazine, simazine, terbufos, triallate, and trifluralin. Individual pesticides were ned detess listed under pesticide scan.

* A highlighted nean, number of excedencespercent exceedence indicates use impairment based on State of Nebraska 2012 Section 303(d) impairment
criteria.
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Plate 2. Summary of water quality conditions monitored_imke Zorinskyat site EZRLKML1A from May to September
during the Syear period 2011 through 2015. [Note: Except for pool elevation and Secchi depth, results are for water ct

depth profilemeasurements.]

Monitoring Results Water Quality Standards Attainment

Parameter Detection | No. of State WQS No. of WQS | Percent WQS

Limit Obs. | Mean® | Median | Min. Max. Criteria ® Exceedences| Exceedence
Pool Elevation (HMSL) 0.1 15 1110.31| 1110.10| 1108.70| 1111.71|  --—- | - | e
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 | - | |
Dissolved Oxygen (mg/l) 0.1 325 4.48 4.79 0.00 11.57 09 169 52%
SpecificConductance (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 8.80 06.5 & 0 0%
Turbidity (NTUs) 1| 308 12.03 7.80 0.00 249.20 | - | e e
OxidationReduction Potential (mV) 1| 325 255.19 | 258.00 | -45.00 | 435.00 [ = - |  eeem | eeee
Secchi Depth (in.) 1 20 38.00 33.00 11.00 96.00 | @ - | e e
Chlorophyll a (ug/l)i Field Probe 1| 325 19.44 12.69 0.52 203.86 109 194 60%

n.d. = Not detected.

A Nondetect values set to 0 to calculate mea®0% or more of observations were nondetect, mean is not reported. The mean value reported for pH is an
mean (i.e., log conversion of logarithmic pH values 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 of esedences, or percent exceedence indicates use impairment based on State of NebraSkatid81203(d) impairmel

assessment criteria.

Plate 3. Summary of water quality conditions monitorecLimke Zorinskyat site EZRLKML2 from May to September durin
the 5year period 2011 through 2015. [Note: Except for pémlagion and Secchi depth, results are for water coldemth

profile 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 ® Exceedences| Exceedence
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 32D 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 09 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 | 119.90 |  -— | | =
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 27.66 18.26 1.39 439.98 107 160 71%

n.d.= Not detected.

® Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported.alie neypanted for pH is an arithme
mean (i.e., log conversion of logarithmic pH values was not docel¢alate mean).

B

@ General criteria for aquatic life.

@ Usespecific criteria for aquatic life.
©) Agricultural criteria for surface waters.
)

@) Nutrient criteria for aquatic life.

* A highlighted mean, number of esedences, or percent eadence indicates use impairment based on State of Nebraska 2012 Section 303(d) in

assessment criteria.
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Plate 4. Summary of water quality conditions monitored_imke Zorinskyat site EZRLKUP from May to September during
the 5year period 2011 through 2015. [Note: Results for water temperature, dissolved oxygen, conductivity, pH, turbid
and chlorophylh (field probe) are for water columidepth profilemeasurements. Results for alophyll a (lab determined),

hardness, met al s, mi crocystin, and -pufacedemh. Resudts far otieer f o
parameters are for A gsudabe asdnedmttomdepthsjo!l | ect ed at near
Monitoring Results Water Quality Standards Attainment
Parameter Detection | No. of State WQS No. of WQS | Percent WQS
Limit Obs. | Mean® |Median| Min. | Max. Criteria ® Exceedenceg Exceedence
Pool Elevation (fMSL) 0.1 15 1110.31)1110.10/1108.70 121173y - | - | e
Water Temperature (°C) 0.1 120 23.55 | 24.15 | 15.84 | 30.71 329 0 0%
Secchi Depth (in.) 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] 499.00f = - | eee= | 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 (% Sat.) 0.1 120 87.06 84.15| 170 {16980 @ - | e | e
pH (S.U.) 0.1 120 812 | 822 | 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 | @ -
Ammonia, Total (mg/l) 0.02 20 | --e-- n.d. n.d. 0.38 5.54% 0.93*9 0 0%
Kijeldahl 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 0.64 1.72 10 11 55%
Phosphorus, Total, Ne&urface (mg/li® |  0.005 20 0.09 0.07 | 0.03 | 0.24 0.08" 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 17.09, 11.19 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. 1400,0.47 0 0%
Nickel, Dissolved (ug/l) 8 3 | - n.d. n.d. n.d. 579.3Y, 64.39 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, 146.2 0 0%
Antimony, Dissolved (ug/l) 0.03 3 0.83 0.80 | 0.80 | 0.90 880, 309 0 0%
Aluminum, Dissolved (ug/l) 40 3 | n.d. nd. | 50.00 7509, 879 0 0%
Selenium, Total (ug/l) 0.4 4 | e 0.95 n.d. 11.00 2035 56) 0,1 0%,25%
Chlorophyll a (ug/l)i Lab Determined® 6 20 33.10 | 28,50 | n.d. | 109.00 107 16 80%
Chlorophyll a (ug/l)i Field Probe 6 120 4214 | 27.20 | nd. | 477.90 107 96 80%
Atrazine, Total (ug/p) 0.1 20 1.28 1.00 n.d. 6.50 3309, 129 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 | e n.d. n.d. 0.01 0.779 0 0%
Microcystin, Total (ug/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 - e
Atrazine, Tot 0.13 4 0.77 0.41 0.21 2.05 330(5), 1% 0 0%
Metolachlor, Tot 0.05 P — 0.11 n.d. 0.66 390(5), 106 0 0%

n.d. = Not detected.

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

M General criteria for aquatic life.

@ Usespecific criteria 6r aquatic life.

® Agricultural criteria for surface waters.

@ Total ammonia criteria pH and temperature dependent. Criteria listed are calculated for median pH and temperature values.

® Acute criteria for aquatic life.
)
)
)

®

® Chronic critera for aquatic life.

™ Nutrient criteria for aquatic life.

® Human health criteria.

©) Nebraska utilizes the World Health Organization recommended criterion of 20 ug/l microcystins in recreation water foennass®ssment.

Note: Many of Nebmk ads WQS criteria for metals are hardness based. As app

Nebraskads | mpairment assessment of nutrient cr it eanditians (i@ neasarfagaglat i c

Immunoassay analysis.

® The pesticide scan (GCMS) includes: acetochlor, alachlor, ametryn, atrazine, benfluralin, bromacil, butachlor, butygtéfoshloyanazine, deethylatrazii
deisopropylatrazine, dimethenagni EPTC, ethalfluralin, fonofos, hexazinone, isophenphos, metolachlor, metribuzin, pendimethalin, phorate, f
prometryn, propachlor, propazine, simazine, terbufos, triallate, and trifluralin. Individual pesticides were not dde=sédidted uder pesticide scan.

* A highlighted nean, number of exedences, or percent exceedence indicates use impairment based on State of Nebraska 2012 Section 303(d)
assessment criteria.

Cl
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Plate 5. Summary of water quality conditions monitorecdLimke Zorinskyat site EZRLKUP2 from May to September durin
the 5year period 2011 through 2015. [Note: Except for pool elevation and Secchi depth, results are for watategtumn
profile measurements.]

Monitoring Results Water Quality Standards Attainment

Parameter Det_ec_tion No. of ) ) Sta}te WQS No. of WQS | Percent WQS

Limit Obs. | Mean® | Median | Min. Max. Criteria ® Exceedences| Exceedence
Pool Elevation (fMSL) 0.1 15 1110.31| 1110.10| 1108.70| 1111.71) - | = === | emee-
Water Temperature (°C) 0.1 28 24.22 25.46 15.80 30.92 320 0 0%
Dissolved Oxygen (% Sat.) 0.1 28 104.68 97.55 59.50 163.10 | - | e e
Dissolved Oxygen (mg/l) 0.1 28 8.43 7.56 5.36 13.36 08 0 0%
SpecificConductance (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 | @ - | eeeee | e
Secchi Depth (in.) 1 20 13.85 | 11.50 4.00 31.00 | - | =
Chlorophyll a (ug/ly Field Probe 1 28 30.34 | 2332 3.83 | 173.64 109 20 71%

n.d. = Not detected.

® Nondetect values set to 0 to calculate mean. If 20% or aimieservations were nondetect, mean is not reported. The mean value reported for pH is an

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

M General criteria for aquatic life.

@ Usespecific criteriafor aquatic life.

® Agricultural criteria for surface waters.

@ Nutrient criteria for aquatic life.

* A highlighted mean, number of esadences, or percent exceedence indicates use impairment based on State of Nebraska 2012 Sectiopa803¢d)
assessment criteria.

B
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Plate 6. Longitudinal water temperature contour plotd.eke Zorinskybased orepth profilewater temperatures
('C) measuredrom May to September 2015
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Plate 6. Longitudinal water temperature contour plotd ake Zorinskybased ordepth profilewater temperatures
('C) measuredrom May to September 2015
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Plate 7. Temperature depth profiles foake Zorinskycompiled from data collected at the nelam, deepwater

ambient monitoring site (i.e., EZRLKND1) during the summeer the Syear period of 2011hrough
2015.
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Plate 8. Longitudinal dissolved oxygen contour plafsLake Zorinskybased ordepth profiledissolved oxygen
concentrations (mg/l) measured atsiEZRLKND1, EZRLKML1A EZRLKML2, EZRLKUP1, and
EZRLKUP2 in 2A5.
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Plate 8. Longitudinal dissolved oxygen contour plotsi@ke Zorinskybased ordepth profiledissolved oxygen
concentrations (mg/l) measured atsiEZRLKND1, EZRLKML1A EZRLKML2, EZRLKUP1, and
EZRLKUP2 in 2A5.
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Plate 9.

Dissolved oxygen depth profiles fbake Zorinskycompiled from data collecteat the neadam,
deepwater ambient monitoring site (i.e., EZRLKND1) during the semover the 5/ear period of 2011

through 2@5.
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Plate 10. Longitudinal oxidatiorreduction potential (ORP) contour plotslafke Zorinskybased ordepth profile
ORP levels (mV) measured at sittZRLKND1, EZRLKML1A EZRLKML2, EZRLKUP1, and

EZRLKUP2 in 2A5.
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Plate 10. Longitudinal oxidatiorreduction potential (ORP) contour plotslatke Zorinskybased ordepth profile
ORP levels (mV) measured at StEZRLKND1, EZRLKML1A EZRLKML2, EZRLKUP1, and

EZRLKUP2 in 2A5.

69



Oxidation-Reduction Potential (mV)

-100 0 100 200 300 400 500

| 1

o

Depth (Meters)

10

Plate 11. Oxidationreduction potential depth profiles fbake Zorinskycompiled from data collected at the near
dam, deepwar ambient monitoring site (i.e., EZRLKND1) during the suenmwver the 5/ear period of
2011through 205
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Plate 12. Longitudinal pH contour plots dfake Zorinskybased omepth profilepH levels (S.U.) measured at site
EZRLKND1, EZRLKML1A, EZRLKML2, EZRLKUP1, and EZRLKUP2 in 5.
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Plate 12. Longitudinal pH contour plots dfake Zorinskybased omlepth profilepH levels (S.U.) measured at site
EZRLKND1, EZRLKML1A, EZRLKML2, EZRLKUP1, and EZRLKUP2 in 215.
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Plate 13. pH depth profiles foLake Zorinskycompiled from data collected at the nelam, deepwater ambient
monitoring site (i.e., EZRLKND1) during the suremover the S/ear period oR011through2015.

73




























































































































































































































































