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EXECUTIVE SUMMARY

TheCherry Creek Basin Water QuaMypnitoring Reportc Water Year 2R00is a comprehensiveescriptionof
monitoring completed fothe Cherry Creek Basin Water Quality Authority (CCBW@aithority) of Cherry
Creek Reservo(Reservoirandwatershed for the 200 Water YealWY 2@0) between October 1, 2(Hand
September 30, 220. TheReservoir and watershed monitoring prograrmre completed in accordance with the
Cherry Creek Sampling and Analyss FSAP)Quality AssurancBrogram PlatQAPR)and regulatory
requirements. The program includesgular monitoring of biological, physicahd chemical conditions of the
reservoir, the streams andributariesthat feed the Reservagjrmand precipitation and groundwater in the basin.
Highlighs of the findings from the monitoring completed during the2POWater Yeain relation to Water
Quiality standards, results of Authority efforts, achieving beneficial,@abother notable details are outlined
the Executive Summary belovAll CCBWQA data can be accessddtat://www.ccbwgportal.org/.

RESERVIOR HIGHLIGHTS

Chlorophylih

During each sampling event of . .
WY 2@0, chlorophyll (OKJ .
levels were measured from .
compositesamples collected .

from O, 1, 2 and 3n at all three . .
monitoring sites in the e . . .
reservoir. The& K fmeadsured . v

concentrations ranged between

7.4 pg/L and 56.0 pg/L, with a

mean of 22.4 ug/L for all of WY

2020. The highestalues were

observed in JuhSeptembe,

and the lowest was observed in May.

The seasonal (July through Septemt@ fconéentration through th&Vy 2@0 growing season concentration
was28.44ug/L. TheWY2020 seasonal mean was higher than the 20Y9seasonal meaf16.03 pg/L)WY

2018 (20.2ug/LWY 2017418.7ug/L)andWY 201623.6 ug/L)The growing season average regulatory standard
set by Regulation 38 (REG 88)8 ug/L which allows one exceedance frequency of once in five yeawmsof

the last five 4/5) and eight of the last ten (8/10) years have exceeded this value. The Reservoir last met the chl
a standard, with a seasonal mean of 16.03 ug/MVY 2019

Transparency

The mearSzcchi depth measurements of the threeservoir monitoringsites duringVY 2@0 ranged between
0.52 mand3.5m, with anannual mearof 0.99m for the year. The seasonal mean v@ag4m during the
months of July to September. TBecchidepth measurements wereomparableor all threesites and followed
similar seasonatends when compared to previous years.

The depth of 1% light transmittance into the water column had a strong correlation t&ettehi depth and
ranged betweerl.2and 6 meters. The depth of 1% light transmittance rangeetween 16 and 37 times the
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Secchi depth, but on average was approximatehtitnes the Secchi depthTransparency i€herry Creek
Reservoir is also impacted morganic suspended solids in the water.

Nutrients

TheWY2020seasonal meafJulySepember) Total Phosphorus (TRY 128.2ug/L was higher than WY 2019

(107.2 pg/L, WY 201§91.2 pg/l, WY 201 Mmmn & T

WY 20160278 poR). TheVY 2@0seasonal TP

Histerical Total Phosphorus Concentrations in Cherry Creek Reservoir
Seasonal Mean (July through September)

Total Fhosphon

mean is alstigherthan the longterm
average of 9.4 ug/L measured from 1992
present. The seasonal mean values for TP
appear to be increasing on a lotgym scale
although the last few years demonstrateore
variability.

DuringWy 2@0the monthly mean TP
concentrationganged between B ug/L and
155pug/L with a mean value &7 pg/L

The lowest values were presentrecember
2019 and the highest values in JulyZD The
WY 2@0data suggests that there are high
levels of TP in the Reservoir throughout the
year contrbuting tothe eutrophic conditions.

The seasonal mean (July thorough Sept) of Total Nitrogen (TN) in the Reservoir in WY 2020 was 999.2 ug/L

GKAOK gl a KAIKSNI GKI Yy

2
5

HAMGp O6cyy dy WEHAHeWWX 2020 HAMYy

seasonal meawas alsdiigher than the longerm average of 897.7 pg/L calculated from 1982sent.

During WY 2020, annual TN concentrations rargsaveen 610 pg/L and 1,670 pg/L with a mean value of 895
Ho/L The highest values were present in the July 2020 samples and the lowest values in December 2019.

Temperature andissolved Oxygen

The Class | Warm Water Aquatic Life classification established by the Water Quality Control Commission

(WQCC) iREG 38 anRegulation No. 31 (REG 31his ®H
FYR HpPO 6/
Creek Reservoir during each sampling
eventand 15-minute temperature data
wasmeasuredat CCR2. The maximum om
temperature measured in thdepth
profiles or continuous temperature loggers 2~
was23.8¢6 /  &F)at Wreysurfacen mid
August which does not exceed the daily o1 *™
weekly maximumThetemperature data ~ °"
indicated that although there was some
variability from the surface to the bottom
in the warmer summer months,
the Reservoir did not develop
consistent thermal stratification.

o

- i

6m

5 |. Xeémperatuleadhd$ sixéd

al EAYdzYy I S NI 3¢

6/ 28§81t &

oaygem (DO) profiles were measured in Cherry

o
)

o o o o (=

0

o o
& =]

o
]

o o o
i :

08/04/202

Dissolved Oxygen Concentrations (mg/L)3herry Creek Reservait CCR2 in 2020.
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REG Bstatesthatiné 1 KS dzLJLISNJ L2 NI A2y 2 7F \genfshallnt be2leéd thab 5.05MgII 2 A NE
There needs to adequate refuge for aquatic with DO levels greater tham&/D available at other depths or
locations in the Reservoir at the same tiperiod £

During 2020DO levelsvere below 5.0 mg/from 5 metes to the bottomat CCR2 in midJulythrough August
and at 2 m and below on July®2During July and August, there were events at-C@Rere DO concentrations
were below 5.0 mg/L at depth {8m), at 2 m and below on July®2@nd at throughout the watecolumn on
August 19'. At CCR, the DO was at or below 5.0 mg/L at 4 m during the monitoring events in July through
August and below 3 m on August.3

During WY 202Qhere were eventsvhen measured [@ concentrations in pagof the Reservoir were below 5.0
mg/L. However, during the same time perjdide DO concentrations at the othemonitoring siteaneasured
concentrations greater than 510g/L, meeting the Reg 31 standard.

pH, ORP and Conductivity

DuringWyY 2@0, the pH anged between B and 88, which is similar to recent year§ he higher pH values
appeared to correlate with higher productivity and elevateK fin the ReservoifThe instantaneous minimum
and maximum pH standards are 6.5 and 9.0, respectively, as set by REG 38.

During WY 2020he Oxidation Reduction Potential (ORP) in Cherry Creek Reservoir in the photic zone ranged
betweenfrom 131 mVand238.9milliVolts (mV). The ORP in the samples near or at the bottom ofRbservoir
ranged from0.1 mV to 243.8mV The lower ORP valuas the bottom of the Reservoir coincided with the

lower DO measurements and the higl@RPvalues with higher DO levels and colder water temperatuvhich

is typicalandanindication of decomposition processes near and in the sedimamiisseasonal trends normally
seen in the Reservoir

AN oA e s

ranged froml,256.3 uS/cm to 1,460.uS/cmduringWY 2@0. Therewaslimited variability inconductivityfrom
top to bottom of the Reservoiand between the three monitoring sitedHowever, overall the conductivity in
the Reservoir was higher throughout the season than seen in recent ydachmay be the result of the dry
conditionsduring WY 2020, which would lead to less flushing of the reservoir.

Phytoplankton

Phytoplankton samples from Cherry Creek Reservoir were collected and analyzed to identify and quantify the
populations in detajlbased on cell counts

(cells/ml) and biovlume (un¥/ml) (with the Phytoplankton Concentrations - WY 2020
difference based on the relative sizes of | .commo
each organism)The results fronWyY 2@0 | ,...| —®<3~7

indicate high productivityand high species
diversity, with an average o4
phytoplankton species, and a range2&

57 speciegpresentfor the 15 sampling
dateswhich is similar to recent year€ell
counts were dominated bthe Cyanophytes
(cyanobacteria or blugreen algae) which
were responsible fo50% or more of the
total phytoplanktoncell countson each

Algal Callafml

Sample Date
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sampling dateand averaged 8% of the total cell counts for all of WY 2020.

However cyanobacteriaonly averagedl8% ofthe total algabiovolume Multiple species of cyanobacteria
capable of producingpxins,were observed during sampling in Cherry Creek ReserviitNmi2@0. The main
culprits wereDolicospermuneircinaleand Aphanizomenofflos-aquae whichwere responsible fothe severe
bloomsthat required closures of the ReservairJuly and early August

Chbrophyta (green algaegnd Bacillariophyta (diatoms) and made up the second and third highest algal
concentration throughout most of the season at 8.6% and 2.2% of the total populations. Based on their large
size, diatoms contributed 37.8% and green algeele up 22.8% of the relative biovolume for WY 2020.

Along with the Cyanophytes, Bacillariophytes, and Chlortgd)ymembers of the Cryptopte/group
(cryptomonads) were often present at levels of 1,000 or more cellsivhich is a concentration associated with
eutrophic conditionsThe cryptomonads averagdd5% of the total cell count arél3%of the relative
biovolumeduringWy 2020

Haptophytes (glden algagcan be found irireshwater systems with higher salinitiasd areconcern because

they can produce toxins that are harmful to fish and other aquatic TileeHaptophyteChrysochromulina

parva a known toxin producer, was first noted in Cherry Creek Reservoir in March 2016 and has been present in
most samples site that date.Chrysochromulina parvevas again present in WY 20 with the exception otwo
sampling datesandrepresent 2.2% of the algal population and 4.9% of the total biomass.

Zooplankton

Most freshwater zooplankton aneart of only three phyla: #hropoda, which include both cladocerans and
copepodsfRotifera; andProtozoa. Cladocerans and copepods are microscopic crustaceans that feed primarily on
phytoplankton and are an important food source for fish. Rotifers areaatopic animals that feed on detritus

and smaller organisms, such as bacteria, and can serve as a food source for larger zooplankton. Protozoans are
singlecelled organisms that feed on other microorganisms, organic matter, and debris.

Zooplankton numberand diversity from samples collected from Cherry Creek Reservoir during WY 2020 were
both low compared to phytoplanktgrwhich is typical in most lakes/ reservoirs.

Zooplankton Concentrations WY 2020 Copepods were typically the zooplankton
present in the highest numberaveraging
over 50% of the total populatiomluring WY
2020 For the year, copepods averagbtio
of the zooplankton population andi3% of
the biomass.

1000

Animals [# /1)

Cladocerans frequently comprised over half
[ " of the zooplankton biomassyeraging31%

| / "*. of the zooplankton population bu§4% of
3 fro A frd the biomass for WY Z.

| , , Daphnia lumholtzian invasive speciggzas
LA I GG I P A P A A first identified in Colorado in 2008 and in

semelepee Cherry Creek Resarir in 2011 Daphnia
lumholtziwas a dominant cladoceran in
Cherry Creek Reservoir on several sampling dates in WY 2018 and WY 2019, but was only observed on October
15, 2019during WY 2020.

- Cladocerans |Bipkeiraca) —#— Copepods (Copepodal Rotifers (Rotifera) —— Protozcafother — 8= Total
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Trophic State Analysis

TheTrophicSate Index(TSl)s a relative expression of the biological productivity of a lagiag total

phosphorusO K fanditransparencyElevated values for the Trophic State Index are indicative of higher
productivity. Using the Carlson index (197&)TSI of less than 35 indicates oligotrophic conditions, a TSI

between 35 and 50 indicates mesotrophic conditions, and a TSI greater than 50 indicates eutrophic conditions.
Hypereutrophic, or excessively productive lakes, have TSI values greater thidigii®r numbers are

associated with increased probabilities of encountering nuisance conditions, such as algal scums. Trophic state
indicesfor Cherry Creek Reserv@rK fand transparencyvere above 50and the TSI for total phosphorus was
about 75indicating that Cherry Creek Reservoir was eutrophypereutrophicduringWyY 2@0 (SeeTablel?).

Although therehavebeen some fluctuation of thhistorical TSI valuethey remain within the eutrophic to
hypereutrophic range.

Table ACherryCreek Reservoifrophic State Characteristics

Trophic state can also be ClrErEBiafEe

assessed by comparing Trophic State Total P Chlorophylla  Secchi Relative
monitoring data to trophic state
criteria, such as those developed
by the U.S. EPA (1988). Oligotrophic <0.005 <20 >8 Low
comparison of Cherry Creek
Reservoir monitoring data from
WY 2@0to EPA trophic state Eutrophic 0.030-0.100 6.0-40.0 2¢4 High
criteria(from May through

(mg/L) (ng/L) Depth (m) Productivity

Mesotrophic 0.005-0.030 2.0-6.0 4¢8 Moderate

. Hypereutrophic >0.100 >40.0 <2 Excessive
Septemberplso indicateshat yp P
Cherry CreeReservoiwas Cherry Creek Reservoir 0.116 20.7 1.05 High-
eutrophichypereutrophicin WY Excessive

2020 (Table A)Although the
Secchi deptlindicatedexcessivgroductivity, thiscriterion does not take into account that suspended solids in
the water may also affect transparency, suclisthe case in Cherry Creek Reservoir.

WATERBHED HIGHLIGHTS

Precipitation

Precipitationmeasured athe National Ocean Precipitation at Centennial Airport (KAPA) in WY 2020
and Atmospheric Administration (NOAA) at in Comparison to Historical Average (2006-present)
the Centennial Airport Station (KABke was 25

much lower than average during the 20
Water Year.The historicatiata from thesite,
indicatedthe area receive®1% of the

2.0
average precipitatiofrom 20062020. -
The watershed as a whole appears to have '
receivedl10-32%average precipitationhbased 0.
on the30-yearParameterelevation ‘ ‘
Oct Nov Dy Jan Feb  Mar  Apr

. 0.0
Regression on Independent Slopes Model
(PRISI\)Iaverage. HWY2020 M 2006-2020 Average

=
ul

(inches)

=
o

ul

Monthly Precipitation Total

ec May  Jun Jul Aug  Sep
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Stream Flows

Theyearlysummaryfor the U.S. Geological Survay§G¥gauge Cherry Creeklear FranktownCQin the
southern areaof the watershedlistedatotal annualflow of 1,736c¢fs (cubic feet per second) or 364@\6re
Feet AP with anannualdaily mean o#.74 cfs (9.97AF)for WY 2@0, which is approximatel$3%of the annual
mean discharge calculated from V¥¥402020.

Theyearlysummary for the USGgauge Cherry Creeklear Parker CQlisted aprovisionaltotal annualflow of
3,678cfs (7293.5 AFgndanannualdaily mean ofL0 cfs (19.83 AFyvhich is approximatelg9%of the annual
mean discharge calculated from V¥9922020.

It is noteworthy that the headwateftfows of Cherry Creek Castlewood Canyomere 47% bwer than average

but flows were only 11%belowaverage by the time the stream reached tH8GS gaugeherry Creek &bar

Parker, COHowever, the period of record for the Franktown site is much longer than the Parker site which may
be responsible for the difference.

The Authority has automated ISCO samplers at Statiorl0@@ Cherry Creek and -@Dn Cottonwood Creek
to measure wagr levels Rating curves have beerdeveloped to convert elevation measurements from the ISCO
sampler to flows.

No ISCO measurements were available for Statiet@Em April 16 to May 3, 2020, due to instrument
upgradesand for Station GR from Januar 16 to February 10, 2020, as a result of battery failure. Daily depths
for the missing dates were interpolated to estimate flows for the affected dates.

Cherry Creek

Water qualitydatawere collectedrom the USGEherry Creelear Franktown CGsite allthe way down Cherry
Creek to the Reservoir and belowonductivity and pH were monitored as surface water moves from the upper
basin downstream to the Reservoir during both monitoring events.

Bothupstream to downstream monitoring evenitsdicate limited variability of pldanging from approximately
7.8to 8.8through the basinHowever, the conductivityas almost 4.7 times higher downstreand appears to
be increasing over time when compared to historical data.

During comprehensive giream to downstream samplirig WY 2020the level of TP remained relatively
constant. However, total nitrogen (TMcreased from the USGherry Creek éar Franktown site downstream
to the USGE&herry Creek Neddarker site andthen leveled out and dereased all the way to the Reservoir and
outflow. Thenutrient concentrationdrom the outlet were all lower than the inlet from Cherry Creek just
upstream of the Reservair.

The pH values measured at-CCover time appear to have slightly decreased betw2609 and 2016 but
increased again over the latsiree years.Conductivityvalues measured at €D indicate an increasing trend
over the lastLl0-12 years with most values double what they were a few years before.
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The relationship betweefiotal PhosphorusTotal Nutrients and Suspended Solids - CC-10 WY 2020
Nitrogen, and Total Quspendedolids '
concentrations is also reflected in the difference
between the concentrations in samples collected //‘\ﬁ‘\/
at CC1l0during storm and base flow sampling

events. The TP concentrations ranged between -

125 and 363 ug/L during the yeafhe TN
concentrations ranged between 528 and 1,740 ¢
Mg/l during WY 2020. The values of TSS ranged £
between6 and 118 mgL Although only samies

from one storm flowwere collected in WY 2020,

the mean and median concentrations of TP, TN

and TSS were all higher during the storm @ven
than in base flow conditions.

During WY2020Q all nutrient and suspended solids mean concentratiavith the exception oNHs-N, were
significantly lower irPiney Creeka tributary to Cherry Creek located southeast of the Resertran) just below
the confluence with Cherry Creek during the same time period

Cottonwood Creek

DuringWy 220,the pH of vater in Cottonwood Creek before it entered the Reservoir ranged frahto78.3.

The conductivityor specific conductance, which represents dissolved solids in the water, ranged betviéén 1,
puS/cm andb,719uS/cm with a median value a2,301uS/ cmat CF2. This is higher than the median for Cherry
Creekwhich was 1258 uS/cm forwy 2@0.

The TP concentratioret CT2 ranged between 33 and 183 pg/L during the ye@ihe TN concentratitsat CTF2
ranged between 784 and 3,820 pg/L during WY 20B6.TISS concentrations ranged betweesnd 11 mg/L

POLLUTIOREDUCTION FACILIT(IB®FHIGHLIGHTS

During WY 2020, the significantly lower than average precipitation directly correlated to low flows in the
streams so onlpne completestorm eventwith the levetbased sampling equipmensttat all sitesvas
captured. Whileone data pointsaare not enoughto complete asignificant analysjscalculations werancluded
for annual referenceTable Bsummarizes the changes seen in the various water quality paramapstseam to
downstreamthrougheach of the different PRFs

Based upon the data collected in VE820, the Cottonwood PRF treatment train (Peoria Pond, Phases 1 and 2 of
stream reclamation completed on Cottonwo@eek downstream, and the Perimeter Pond) functioned by

reducing TP concentrations by approximately 10% under base flow and by 86% irethtoon flowevent

measured in WY 2020. Sediment concentrations, measured as TSS, were reduced by approximately 40% under
base flow conditions and 97% during the one storm event.

Based on the concentrations in base and storm flow eventsCibitonwood CreelPRFponds and treatment

train as a wholeeduced phosphorus and suspended sediment concentrations in downstream flows during WY
2020 but the other parameters had more varidayiliCottonwood Creek between the ponds did not show any
significant decreasesn WY 2020, TP, TDP, SRP,N@st+-NCQ-N were all reduced upstream to downstream
between MCM1 and MCM2 onMcMurdo Gulch.
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Table BPRF Summary of Upstream tlownstream Water Quality Change

Cottonwood _ Perimeter Cottonwood McMurdo
Treatment Peoria Pond Creek Between
PRF . Gulch
Upstream Site MCM-1
Downstream site MCM-2
Q () () @ Q
& 2 @ | 2| 2 2 @ 2 & 2
© o} © b} © b} @© o} @© b}
Analyte o 5 o 5 o 5 o 5 o 5
Q ) Q ) Q o Q ) Q 4
= o} = o £ o} £ a £ o
TP, ug/L X X X X X
SRP, pg/L X X X X X
TDP, ug/L X X X X X
TN, pg/L X X X X X
NO2+NO3, pg/iL | X X X X X
NH-N, pg/L X X X X X
TSS, mg/L X X X X X
TVSS, mg/L X X X X X

GROUNDWATER HIGHLIGHTS

Datafrom groundwater(GW)samplescollectedfrom the three monitoring wells upstream of thBeservoir as
well as the one beloysuggest that the TP concentrations remedirelatively consistent during both monitoring
dates inWY 2@0. In contrast, Tecreaseds the wells get closer to tHeeservoir anavere lower below the
dam at theMonitoring Well MW) Kennedysite.

The data from the comprehensive basin sampling lo€hkrry Creek sites suggests slightly lower TP
concentrationsof surface watewhen compared to nearb@Wmonitoring wells The meamroundwater
concentration of TP was 0.32 mg/L and the mean TN concentration was 2.27mg/L during WY 2020.

Both sampling eents duringWy 2@0 indicated GWchlorideconcentrations averageti31 mg/L and sulfate
concentrationsaveraged 1285ng/L. The pHemainedrelatively constant and the conductivigeemedto follow
the trend of the concentrations athlorideand sulfate

DuringWy 2@0, the pH values from the monitoring wells ranged betw&eband 78, with an historical mean
value of near neutral at 4. The historical values suggest that the pH/&Y-9 may beremaining constant or
slightly decreasing over time.
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Theconductivityvalues at MWO suggest a
slightly increasing trend over timwith a
mean value 0809 uS/cm between 1995
and 2005 and a mean value of 1,007 uS/cr
from 2006 to 2020.

Historical Sulfate and Chloride in MW-8

Analysis offte historical datdor MW-9 z ... “w o . .
from 19942020 appearsto showthat P — ’
chloride and sulfatenay be increasing over = % “<T. = oane L L. "
time, althoughchloridemay be less variable |
and increasing slightly more significantly.

When looking at historicdtends, the
concentation of SRP in th&Wupstream

of the Reservoir at MV also appears to be
slightly increasing.

The longterm Total Organic CarbdfTOQ concentrations in the alluvidWsamples collected from MW range
from 2.4mg/L to 4.3mg/L. The TOC concentrations measured in November 2019 were 2.4 mg/L and in May
2020 were 2.72 mg/L, which are both slightly lower than the l¥g average of 3.3 mg/L from 202020.
Historically, the dissolved fraction of the TOC in M\WWashad along-term average 083% of the total.

WATERBALANCE HIGHLIGHTS

The estimated volumes of surface flow entering the Reservoir from these two surface water soWCER0
are:

1 Cherry Creekt4,832AF w Cottonwood Crek 3,133AF

The estimated evaporative losses from tReservoir were 3,608\Fduring WY 2020, or approximately 40.44
inches (4.31 feet) per acre at the median surface area of 837 acres.

The USGS measured outflows for WY 2020 at Station 06713000, Cherry Creek belp\C@lke& Lake, CO,
totaled 11,89 AF, which were used for nutrient balance calculations.

The Reservoir WY 2020 water balance is summarized in Table C. The net ungauged inflows(+)/utflows(
were mathematically calculated to result in the Reservoir ¢jfgaim storage. This is equal th83 AF

(accounting for rounding errors) reported by the U.S. Army Corps of Engineers (USACE) for WY 2020, when
including ungauged surface water inflows into lReservoir, GWseepage from th&eservoir through the

dam, andmeasurement uncertaintied he information used to calculate the water balance can be found in
Appendix A and on the data portdNet ungauged outflows for WY 2020 wefe088 AF which were

apportioned between the Cherry Creek and Cottonwood Creek inflowalculate nutrient loading. Cherry

Creek contributed2.68% of the combined inflow and Cottonwood Creek contribut&@d%, based on the
15-minute raw data from the ISCO samplers.
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TableC WY 2@0Water Balance

Water Source Water Volume (A

Inflows
Cherry Creek (CD) 14,832
Cottonwood Creek (GJ) 3,133
Precipitation 504
Alluvial groundwater 2,200
Total Inflows 20,669
Outflows
Evaporation -3,605
Reservoir releases -11,409
Total Outflows -15,014
Net Ungaugednflows/Outflows
Calculation -6,088
WY 2@0 Change in Storage -433

NUTRIENT BALANGEGHLIGHTS

The WY2020flow-weighted TP concentration of all inflows173 ug/L, which is lower than th&VyY 2019

(188ug/l), WY 2018 (206 pg/L), WY 2017 (197 pg/L), WY 2016 (213 pg/L), and thedAGlhediar(200 pg/l).

The flow weightednfluent phosphorus goalerived as part of the 2009 Regulation 38 rulemaking process as
ySOSaalNeE (2 | OKAS@S 200kgL my x3Ik[ OKE h adkyRFNR A

ax

The WY 202@Flow weighted TN inflow concentration 4£491 ug/Lis lower than WY 20194.(609 ug/l.andwWyY
2018 (1,691 pg/L) but higher than WY 2017 (1,284 ug/L), WY 2016 (1,175 pg/L), and 2@ PDhiedian
(1,344 ug/l. Flowweighted nutrient concentrations foVY 2@0are summarized in Table

The Reservoir inflows (nutrient loads) considered in the W20 8Qtrient balance are:
1 Cherry Creek surface water
1 Cottonwood Creek surface water.
f Precipitation (incidentto th&& & SNIZ2 A NR& & dzNF I OS0
91 Alluvial groundwater

Nutrient balances fof Pand TNfor Cherry Creek Reservoir are calculated for2020 based on the nutrient
calculations for inflow and releases. The WY ZDR&nd TNmass balanceare summarized in Tabke The

difference between the inflow and the outflow loads indicate that a net 4,046 pounds of phosphorus and 31,044
pounds of nitrogen were retained in the Reservoir in WY 2020.
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TableD. Flowweighted Nutrient Concentrationgo Cherry Creek ReservoiWY 2@0.

‘ Source

Nutrient Cherry | Cottonwood Alluvial Precipitation Weighted
Creek Creek Groundwater Total
Inflow | Total Phosphorug 127 7.4 35 3.4 173
Concentration
(mg/L) Total Nitrogen 1,013 345 65 67 1,491
% of Totalinflow 67.5% 13.9% 15.1% 3.5% 100%

The calculated total phosphorus loads were lower than any of the loadings previously reported. The total nitrogen
loads were lower than the previous 3 years and the ket historical mean from 1992020.

TableE Nutrient Mass Balance fowwyY 2@0

Water Source Total Phosphoruglbs) Total Nitrogen(lbs)
Inflows
Cherry Creek (CID) 5,033 40,174
Cottonwood Creek (C2) 29 13,693
Precipitation 136 2,668
Alluvialgroundwater 1,388 2,573
Total Inflows 6,851 59,108
Outflows
Evaporation 0 0
Reservoir releases -2,826 -28225
Total Outflows -2,826 -28,225
WY 2020 Change in Storage 4,025 30,883

CONCLUSIONSND RECOMMENDATIONS

Continued management of the&atershed is vital to maintaining the water quality in Cherry Creek Reservoir in
order to preserve the beneficial uses. External loading from the whtgt,as well as internal loading from the
Reservoir sedimentsire contributing to the high nutrient cacentrations in the water which drive
phytoplankton productivity and highdd K fconéentrations.

Surface water floware the main contributor ohutrient concentrations in the inflows and nutrient loading of
the reservoir.The dry year reduced overall stream flows which impacted the water quality entering the
Reservoir.
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There continues to be a significant difference in water quality betw@barry Creek and Cottonwood Creek.
Differences irthe stream channel morphologftow patterns, wetlands, vegetation growth patterns, large
variability from storm events, watershed developmeammount of permitted WWTP discharge outfaisad
differencesin runoff from the watersheds affect the concentrations of nutrients and solids in the wasewell
as PRFs and water quality controls of our partners.

The Cherry Creek watershed has seen significant increases in population and both resideriaharetcial
construction over time Up-basin MS4 also implement construction site progrartesmitigate construction
sediment runoff angostconstruction permanent water quality facilitiés treat urban runoff from impervious
areas These programs anddiitiesminimize negative water quality impadi®m these changei the
watershed In addition, manyther watershedand PRIprojects have been completed in order to minimize
negative water quality impacts of these changes

During the2020monitoring and data analysis efforts, recommendations for improvement and enhancement of
the sampling programr otheranalysiof the Cherry Creek watershed or Reserve#re brought to light The
following recommendations could help facilitate more detailed examination of-termp water quality trends

and additional factors impacting water quality within the watershed andisakins of Cherry Creek.

1 Adding additional monitoring of individuaDS components will help determine what is leading to the
increased conductivity in Cottonwood Creek. Individual analysestiaride, Sulfate, Magnesium,
Sodium PotassiumCalcium, and Alkalinityave been included in the SAP for 2021

1 Increasing accuacy of level and flow gaing on Cherry Creek upstream of the Reservoir is necegsary
capture information from flows during large storm events that may bypass the current gauging station
In 2021, additional work will be completed to determine when gt@ge discharge relationship
generated from stream flow measuremenisll be usedalong with the modeled flows from the survey
will be used to estimatdighflows.

1 Assessment of the water quality through the PRFs on Cottonwood Creek will help detecaimearsd
frequency of maintenance of the wetlanglants and sediment removakcessaryo maintain storage
capacity and reduce organic accumulation

1 Continuing to analyzeitrogen and phosphorus ratiogimiting nutrient trends, andelationshigs
betweenO K fand phytoplankton populationill help evaluate theotential forcyanobacteria blooms
in Cherry Creek Reservoir throughout the season

1 Compaingdata from USACE Trakes Monitoring Prograpuld be valuable in evaluating trends in
Cherry Creek Reservoir based on additional monitoring dates and sites.

1 The evaluation of additional ireservoir options to improve water quality will be helpful to determine if
increasing oxygen, reducing phésg NHza > aKAFUOAY 3 yYdziNASY G NI GA2a3% &
meet the standard and help maintain the beneficial uses of the Reservoir.

1 Completing sediment analyses to determine nutrient concentrations that are responsible for internal
nutrient loading will provide valuable informatidhesein-reservoir options are being considered.

1 Itis important to continue to monitor th@otential negative impacts to beneficial uses that may occur
due to the presence of aquatic nuisance organisms (ANS)mires€herry Creek Reservsiich as
Golden algaavhich cancreate toxins responsible for fish kiled Daphnia lumholtziknown as a spiny
water flea,whichcanoutcompete other zooplanktothat are a more preferred food source
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1 As buildout and developrant continues, it may be necessary to add additional monitoring sites or
equipment upstream and on tributaries to determine to changes in water quality and to measure efforts
to mitigate negative effects.

Cherry Creek Reservoir and its tributaries arearngnt assets to all users. Recreational boaters, fishermen,
hikers, bikers, wildlife enthusiasts, and others value the many aspects of the watershed that these resources
provide. The Cherry Creek Basin Water Quality Authority is very proactive in nranieffects of land use
changes, permitted and unpermitted point and npnoint discharges, and other changes that may impact the
water quality within the watershed. The current partnerships with local, state federal entities support the

I dzii K 2 éffdrtdté aditor and maintain watershed improvements to protect all beneficial uses.
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1.0 INTRODUCTION

Themission and vision of th€herry Creek Basin Water Quality Authority (CCBVEEAD benefit the public by
improving, protecting, and preserving water quality in Cherry Creek and Cherry Creek Reservoir for recreation,
fisheries, watesupplies, and other beneficial uses, and aehig and maintaining current water quality

standards The Authority alssupports effective efforts bypartner counties, municipalities, special districts, and
landowners within the basiproviding forprotection of water qualityensuringthat newdevelopments and
construction activities pay their equitable share of costs for water quality preservation and faclitobs
promotingpublic health, safety, and welfare

The CCBWQA was formally created by statut&988 by the Colorado State Legislatufhe Authority Board
consists of representativesdm two counties, eight cities, a representative from special districts that provide
water and wastewater treatment in the basin, and seven public representatives appointed by the Governor.

The Cherry Creek Basin watershed includes over 386 square
&L — miles and 600 miles of creeks and strearibe U.S. Army
P\\ \T} L Corps of Engineers (USAGHtes thatCherry Creek Reservoir
§ 11 N (Reservoirhas amaximumsurface area of 856urface acres,
e - , and is located near the basé the watershed, south of225
s oo ook ‘\-_\’M ___’ andwest of Parker Rd., in Cherry Creek State Park. Cherry
l ¥ \r I - S\ Creek State Park is approximately 4,000 acres and one of the
: \ most productive fisheries andidely enjoyed recreational areas
;) 5% | syt % in Colorado. The patkasmiles of trails to vievbirdsand
/ wildlife with scenic views of the Rocky Mountains in the
background.

\ -~ A USACE constructed the Reservoir between 1948 and 1950 and
. \ ) " { it is operated for flood controM/ater released from the
Reservoir also supports downstream agriculture and water
¥ ( supply uses. Protecting the beneficial uses of the Resasvoir
A paramount for public safety, water supply, direct recreation
L7 ] and aquatic habitat.

SUER ¢ . /’. & The Water Quality Control @onission (WQCG@dopted use
. j, f‘ classificatios andwater quality standardsmost recently
‘j ) effective June 30, 2017. These numeric standayds specified
/ { in Regulation No. 38 (5 CCR 13®) REGS8), include the
1 ‘ . mainstem of Cherry Creek to the inlet of tReservoir and from
25 a § { the outlet to the confluence with the South Platte River, Cherry
Wl Creek Reservoir, Cottonwood Creakd other tributaries
lakes, and reservoinsithin the watershed. These standards
Figurel. Cherry Creek Basin are set to protect recreation, aquatic life, agricuk, and water
supply uses.
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2.0 MONITORING PROGRAM

¢ KS 2 \ChefrfCieek Reservoir Control Regulahtin72 (5 CCR 10022), (REG?2),requires thatthe
Authority executea water quality monitoring programf the Cherry Creelatershed andReservoirfor water
quality, inflow volumes, alluvial water qualjtgnd norrpoint source flows. The programmimplementedto
determine total annuaflow-weighted concentrations of nutrient® the Reservoirandto monitor the Pollutant
Reduction FacilitiePRFpto determine inflow and outflow nutrient concentrationd.he sample collection and
analysigrovidedatarequiredto evaluate the nutrient sources and transport, characterize the reductions in
nutrient concentrationsand calculate and document complian@éh water quality standard In addition,
thesedata will be used to update Reservoir and Watershed models.

The Cherry Creek Basin Water Quality Monitoring Repdrater Year 200 describeghe Authority monitoring
program,data collected during the ZD water year and an evaluation of the results.

TheWY 2@0 monitoring program review is comprised of an assessment of data and results from the Reservoir
andwatershed, including water qualignd quantity of surface water, groundwater, stormwater, ahd
effectiveness oPollutant Reduction FacilitiePRFs The water quality data and results described herein are
made available on thECBWQR & 5 I {i http:Av@&WNEchwipdrtal.org

2.1 SAMPLING PROGRAM OBJECTIVES

TheSampling and Analysis Plan/Quality Assurance Project A QAPRrovides the foundation for the
samplirg and analysis program, including sampling methods, QA/QC (quality assurance/quality control)
protocols, etc. All monitoring activitiesand analytical work are performed in accordama¢h this document.

The monitoring program was designed to understamd quantify the relationships between nutrient loading
and Reservoir productivity. The routine monitoring of surface water and groundwater was implemented to
promote the concentratiorbased management strategy for phosphorus control in the hagidetermine the
total annual flowweighted concentration of nutrients to the Reservao evaluae watershed nutrient sources
and transport mechanisms, artd evaluate theeffectiveness of PRFs aBést Management PracticéBMP3 in
the basin.

The specific ojectives of the SARAPPare to:

f Determine biological productivity intheS & SN2 ANE Ay Of dzZRAy 3 OKf 2NBLIKE&f €
their relationship to the potential impacts to beneficial uses.
1 Determine the concentrations of phosphorus and nitroggecies in thé&eservoir and streams, and
changes over time
1 Determine annual flowveighted nutrient concentrations entering and leaving the Reservoir.
1 Evaluate theeffectiveness of Pollutant Reduction Facilities
T PNEOARS RIFEGF T2 NJataPortd.v! Qa Ly dSNYySi
The program has also supported other coaméntary Authority activities over the years, such as calibration of
the Reservoir water quality model, determining water quality effectiveness of AuthayitgtructedPRFsand
conductingadditionalnon-specified monitoring determined by the Authority to be supportive of Authority fong
term goals for the Reservoir and watershed that promote protection of beneficial uses and preservation and
enhancement of water qualityAll CCBWQA data can be accessehttps://www.ccbwgportal.org/.

Page |28


http://www.ccbwqportal.org/
https://www.ccbwqportal.org/

2.2 SAMPLING PROGRAM DESCRIPTION

The monitoring and sample collection for theZZ20Nater Year (WY) was completed WyliBude Lake
Management from October®] 2019 to September 30, 220. The 2@0 Monitoring Program was conducted in
accordance with the 220 Cherry Creek Basin Water Quality Authority Routine SAP/QAPP

The sampling program uses field sample collection methods and laboratory protocols as identfiieed in
SAP/QAPP to achieve high quality data including:
1 Quality assurance for accuracy, representativeness, comparability, and completeness of data collected
and reported.
1 Quality and reproducible field sampling and sample preservation procedures, labopatmgssing
and analytical procedures.
9 Data verification and reporting including quality control checks, corrective actions, and quality
assurance reporting.

2.2.1 SAMPLING SITE LOCATIONS

Routine sampling is completed at twergix (26) sites within the watshed including three (3) sites in Cherry
Creek Reservgiand one (1) precipitation collection sit& here areighteen (18) stream sites on Cherry Creek,
Cottonwood Creek, Piney Crealkd McMurdo Gulchalong withfour (4)alluvial groundwater sites ahg the
mainstem of Cherry CreeRll sites aralisplayed orfFigure2, Cherry Creek Basin Monitoring Sitecations

5 GF FNRBY Ylyeée 2F (KSasS aA0S&a NP dzaSR (2 RSGSNXAYS
of the! dzii K 2 MidjetGtpirRlading these PRFAS provided in Figure 3CCBWQA ‘ter Qualitylmprovement
Projects and PRFs.

In addition to Solitude Lake Management, Tetra Tech and GEI Consultants Inc. have also served as the
ldzGK2NRAGE@Qa {!'tkv!tt [/2yadzZ dlyao
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Figure2. Cherry Creek Basin Monitoring Site Locations
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2.2.3 SAMPLING FREQUENCY

In order to ensure high quality, aaaie data, all sampling was conducted in accordance with the SAP/QAPP.

The physical, chemicalnd biological parameters were collected at the frequency speciflathlel outlines
the Reservoir sampling sites, parameters, and freque@ple2 outlines the precipitation s& sampling
parameters and Table3 outlines the stream and groundwater sampling sites, frequeang parameters.

Tablel. Reservoir Samplirfifes, Parametersand Frequency

Monthly Nutrient-

Biological Samples
Analyte (Photic Zone)

CCRL,

CCR CCR2
Total Nitrogen X X
Total Dissolved Nitrogen X X
Ammonia as N X X
Nitrate + Nitrite as N X X
Total Phosphorus X X
Total Dissolved Phosphorus X X
Soluble Reactive Phosphorus X X
Total Organic Carbon X
Dissolved Organic Carbon X
Total Suspended Solids X
Volatile Suspended Solids X
Chlorophylla X
Phytoplankton X
Zooplankton X

Monthly
Nutrient
Profile
(4m-7m)

CCR2

X X X X X X X X X

Bi-monthly Sonde
& Nutrient
Samples
(May- Sept)

CCRL, CCR,
CCR3

X

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

Table2. Precipitation Sit&sampling Parameters

Analyte

Total Nitrogen

Total Phosphorus

Preciptation Site

X
X
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Table3. Stream and Groundwater Sampli@iges,ParametersandFrequency

Monthly
Surface
Water
Samples
Analyte
7 sites
(Ceo, Ce10,
CG7, CTP1,
CFP2,CF1,
CF2,PC1)
Total Nitrogen
Ammonia as N X
Nitrate + Nitrite as N X
Total Phosphorus X
Total Dissolved x
Phosphorus
Soluble Reactive X
Phosphorus
Chloride
Sulfate
Total Organic X
Carbon (CG10, CTR)
Dissolved Organic X
Carbon (CG10, CR2
Volatile Suspended X
Solids
Total Suspended X

Solids

Every Other
Month
Surface
Water
Samples

2 Sites

(MCMH1,
MCM-2,)

X X X

X

Storm Event Bi-annual
Surface Water Bi-annual Surface Watel Groundwater

ISCO Sample: Samples Samples
9 sites
(USGS Cherry Cre@k
Franktown, USGS Cheri
Elites Creek@ Parker, CC1, Aeites
(CGL0, CQ, Ce2, (MW-1, MW-5,
CT2, CTPY, CG4,C65,CB, CEB, MW-9, MW-
PC1) CC9) Kennedy)
X X X
X X X
X X X
X X X
X X X
X
X
X
X
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2.2.4 LABORATORY ANAILSY'S

Analytical services were provided by laboratories in accordance with laboratory QA/QC protocols outlined in the
SAPDAPP. Table4 summarizes the analytical laboratoriaed laboratory managers used during tmenitoring
program.

IEH Laboratories and Consulting Group

IEH LaboratoriedEH)provide a full range of environmental laboratory analytical capabilfbesmbient water
guality and watershed studies. They wavith customers to provide appropriate parameters following EPA,
ASTM and AOAC methods to achieve project goals. |IEH Laboratories' analytical methods for nitrogen and
phosphorus are approved for use in Coloradigtrients Management Contré&egulation 85 atrient monitoring
andall proposed methods are approved under the Clean WAt {40 CFR Part 136).

Phycotech Inc.

PhycoTech, Inc. is an environmental consulting company specializhgidentification ofaquaticorganisms
Phycotecl@ @nalyticalservicesncludeidentification, enumeration, biovolume (algaend biomass
(zooplankton).

Tabled. AnalyticalLaboratories

Laboratory/Manager Analytical Services

IEH Analytical, Inc., Nutrients, inorganics, organics, atoK f h
Damien Gadomski, Ph.D.

PhycoTech, Inc., Phytoplankton and Zooplankton, identification, enumeration,
Ann St. Amand, Ph.D. concentration, biovolume and biomass.

2.2.5 WATER QUALIWETHODS ANBNALYTE DESCRIPTION

The parameters analyzed in the monitoring program are useful in determining the suitability waterfor

aquatic life recreational usgand attaining water quality standargsollectively referredtoad 6 SY STA OA I f  d
These parameters are also used to define lake trophic state and interactions between the chemical and

biological components of lake ecosystems. All analyses were conducted using appetieds described by

the U.S. EPA (U.S. EPA 1993; 2014) and/nd&td Methods (Standard Methods, 1998 and other versions). A
YSEXO3 Multi-parameter sonde was used for Bservoir profiles to measuremperature, g, conductivity,

DQ and ORP. A 3@m ¢ y lBlagk and white disk was used to measure Secchi depth &ahd@R guantum sensor

was used to measure light transmittancall meters were calibrated in the factory for each parameted with

calibration standards prior to each sampling event.

Composite pytoplankton samples were collected from the photic zond aneserved witrglutaraldehydefor
shipment to the lab for identification, enumeratipand biovolume calculations. Zooplankton samples were

02t t SOGSR ¢ A G KumimgshpjasktorRnktlfrofr deftiNafeyn to the surface and preserved with
70% ettanol for shipment to the lab for identification, enumeraticand biomass calculations.
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pH

Thehydrogen ion activityindicating the balancef acids and bases in watetetermines pH.A pH of 7 is
considered neutralapH less than 7 is considered acidic, whifgHgreater than 7 igonsideredbasic.REG 31
has a standard range for pH between 6.5 and 9.0 for aquatiSiifiee pH is expressed on a logarithmic scale,
eachl-unit change in pH represents tdold increag or decrease in hydrogen ion concentration. Therefore, a
pH of 6 would be 10 times more acidic than a pH of 7 and 100 times more acidic than a pH of 8. The pH of
normal rainwater (containing no pollutants) is about 5.6. As the rainwater travels ovahemayh rocks and
soil, chemical reactions with minerals affect the pH and increase the buffering capacity of the water.

Oxidation Reduction Potential

Oxidation reduction potential measurements are used to quantify the exchange of electrons dugimgcal
reaction in which the oxidation states of atoms are changdsb known asedox oroxidationreduction

reactions Electrical activity is reported in millivolts (mWhich is very similar to a pH probe. At the
water/sediment boundary layer, micradd organisms facilitate the chemical reactions but do not actually oxidize
or reduce the compound$edox reactions provide energy for microbial cells to carry out their metabolic
processes (Wetzel 2001). The combination of microbial organismeedod reactions are responsible for the
breakdown of organic matter and development of anoxic conditions near the sediment boundary in reservoirs
during the summer HigherORPvalues indicate anxidizingenvironmentand high potential to break down

orgaric matter in the water. Low andegative values indicate a reducing environment usuallycorrelate to

lower dissolved oxygen concentrations amdher microbial decomposition activiprmallypresent at deeper

sites and in the sediments of lakes.

Condutivity

Conductivity is the ability of water to conduct an electrical curramd isbased on thalissolved inorganic solids
(positive and negative ions) present. High sediment loads do not generally increase conductivity readings since
sediment particles are generally considered topagticulate (orsuspendefirather than dissolved because of

their larger size (greater than 2 microns). The geology of the, avater sourceand watershed affect
conductivityand 50-1500uS/cmare typicalfor surface waterConductivity also varies in direct proportion with
temperature. Thus, to allow direct comparison of samples collected at different temperatures, conductivity is
typically corrected to @ €and reported as specific conductance (umhos/cm @Q@xFor the sake of simplicity,
specific conductance isreferréd2 | & G O2y RdzOGAGAGE¢ Ay GKAA NBLR2NIO®

Dissolved Oxygen

Dissolved oxygen (DO) is the amount of oxygen gas dissolved in the water column. Small amounts of oxygen
enter the water column by direct diffusion at the air/water interfamed oxygenis alsoproduced during
photosynthesis Dissolved oxygen gradients provide an indication of mixing patterns and the effectiveness of
mixing processes in a lake. Dissolved oxygen concentrations also have an important bearing on the physical
chemical properties of laleeand the composition of a lake's biotaakes impacted by heavy sediment loads may
experience low DO levels since the increased turbidity caused by suspended particles can reduce light
penetration and limit photosynthesis. The breakdown of organic maitetecomposition can consume large
amounts of oxygen from the water column. Fish require oxygeneipiration andoecome stressed at levels

less than 5 mg/LDissolvedxygen can be expressed in concentration or mg/L or in percent saturation.
Dissolvedxygen saturation is directly related to temperature ahé capacityof water to absorb oxygen
decreases as temperature increases.
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Temperature

Water temperature affects the dissolved oxygen concentration of the water, the rgtbatbsynthesis,

metabolic rates of aquatic organisms, and the sensitivity of organisms to toxins, parasites, and disease. All
aquatic organisms are dependent on certain temperature ranges for optimal health. If temperatures are outside
of this optimal rage for a prolonged period of time, the organisms become stressed and can die. Water
temperature generally increases with turbidiys the particles absorb heahe dissolved oxygen leveise

reduced Temperature is primarily controlled by climaticniitions but can be impacted by humautivities

Secchi Depth

The Secchi depth of a waterbodyaisay toquantity turbidity or water clariy andisy S & dzZNBR 6 KSy | y
and white disk is no longer visible as it is lowered into the water column. The measurement i©basta

light absorption and theamount of lightscattered by particlem the water column The Secchi depth is higher

when there arefewer particles in the water and is usually a representation of productivity of the wedecchi

depths of less than 6.6 feet (2.0 meters) have traditionally been considered undesirable for recreational uses in
natural lakes; however, lower clayiis usually tolerated in reservoirs.

Light Transmission

Light transmission is a measuremeaiftight absorption inthe water column. The depth at whicl®dof the

surface light penetrates considered the lower limit of algal growth armsfreferred to as the photic zond&he
measurement of %light transmission is accomplished by using an ambient and underwater quantum sensor
attached to a data logger. The ambient quantum sensor remains@sulface, while the underwater sensor is
lowered into the water on theshadyside of the boat. The underwater sensor is lowered until the value
displayed on the data logger i%6bf the value of the ambient sensor, and the depth is recorded

Chlorophylla

Chlorophyll is the green pigmettiat allowsplantsto photosynthesize. The measurement@K fin water

provides an indirect indication of the quantity of photosynthesizihgtoplanktonfound in the water columnit

is found in all algajroups, as well as in the cyanobacteMore specificallyQ K fis a measurement of the

portion of the pigment that was still actively respiring and photosynthesizing at the time of sampling and does
not include dead biomasdn surface waterlower chih concentrationscorrespond tooligotrophicor
mesotrophicconditions, where higher concentrations indicatewtrophicor hypereutrophicstate.

Phosphorus

Phosphorus can be found in several forms in freshwater, but the biologically available form for nuisance plant
and/or algalgrowth is soluble, inorganic orthophosphate soluble reactive phosphorusOrganic phosphates
quickly bind to soil particles amilant roots angdconsequently, much of the phosphorus in aquatic systems is
bound and moves through the system as sediment particles. This organic form of phosphorus is considered to
be biologically unavailable. However, under anolie oxygen) conditins, bound phosphorus can be released
from bottom sediments, and the concentration of biologically available orthophosphate can increase
dramatically.The erosion of soil particles from steep slopes, disturbed ground, and streamluftEnian

important source of phosphorus in aquatic systems. Surface runoff contapfingphorudrom fertilizers
wastewatereffluent, anddecaying organic matter will also contribute to biologically available phosphorus
enrichment.

Total Phosphorus (TR the measure odll phosphorus in a sample as measured by persulfate digestion
and includes inorganic, oxidizable organic and polyphosphates. This includes what is readily available,
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has thepotential to become availabjand stable formslin surface waterconcentrations<12 ug/Lare
consideredbligotrophic; 1224 ug/L mesotrophic; 296 ug/L eutrophicand>96 ug/Lhypereutrophic.

Soluble Reactive Phosphorus (3fRPthe measure of dissolvedorganicphosphorus (P&F, HPQ?,
HPQ, andH:PQ). Thisdrm is readily available in the water column farytoplankton growth.

Dissolved Phosphorus (TDR)a measure of all phosphorus forms (inorganic, organic, and
polyphosphate) that are dissolved in water.

Nitrogen

Nitrogenhas a complex cycle aman exist in organjénorganic, particulategaseousand soluble forms. The
soluble, inorganicoxidized forms araitrate (NO;%), andnitrite (NG %) which are normally found in surface
water. The reducednorganicform isammonia NHs), which is normally found in low oxygen environmerfise
inorganic formsNGO;2, NO;t and NH are the most available fgerimary productivity. However,atmospheric
nitrogen (N) can also be used as a nutrient source by some specagador cyanobacteriaand various other
reduced forms of nitrogen can be produced by decomposition procePsesculate and dissolved organic
forms of nitrogen are not immediately availalitedrive algabrowth butcan be converted to ammoaby
bacteia and fungiand can be oxidized to form nitritesxd then nitrates. Surface runoff can contanorganic
nitrogen from fertilizers and organic nitrogen from animal wastastewater, etc.

Total Nitrogen(TN)is the quantity of all nitrogen in the watend is calculated by adding the measured
forms of organic nitrogen, oxidized nitrogeand ammonia.

Nitrates and Nitites (NO;+NQ,) are the sum of total oxidized nitrogen, often readily free for algae
uptake.

Ammonia (NH) is a reduced form aflissolveditrogenthat is readily available for phytoplankton
uptake.NHsis foundwhere dissolved oxygen is lackjisgch as in a eutrophitypolimnion andis
produced as a bproduct by bacterialuring decompaosition

Nitrogen/Phosphorud_evels andRatios

Phytoplankton require both macronutrients, such as phosphorus, nitrogen, and carbon, and trace nutrients,
including iron, manganese, amther minerals, for growth. Biological growth is limited by the substance that is
present in the minimum quantity with respect to the needs of the organibhe ratio of total nitrogen to total
phosphorus in a waterbody provides insight imiatrient limitation in the waterbody. Since many species of
harmful cyanobacteria (blugreen algae) have the ability to fix nitroggnm the atmospherethey have a
competitive advantage over other algae in phospherigd environments when nitrogen Isnited and can
become dominant over the more beneficial green algae species. MaintaimivadgaN:P ratio greater than

16:1, or 7:1 ratio by weightwill favora balanced phytoplankton divergiandreduce the potential for a
cyanobacteriadominated enwronment. The ratio @ total inorganic nitrogen to soluble reactive phosphorus can
sometimes be moréndicativeof phytoplankton growth potential since these are the forms most available in the
water column.

Trophic State

The Trophic state as describedVWyllenweider (1970) is used as a guideline for describing water quality as it
relates to thetrophic state or biological productivity potential’here are many indices that are assign numerical
values to trophic state based on multiple watgrality parameters
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Oligotrophic- lack of plant nutrientslow productivity, sufficient oxygen at all depthslear water,
deeper lakes can support trout.

Mesotrophic- moderate plant productivity, hypolimnion may lack oxygen in summer, moderately clear
water, warm water fisheries only

Eutrophic- contains excess nutrients, bliggeen algae dominate during summer, algae scums are
probable at times, hypolimnion lacks oxygen in summer, poor transparency, rooted macrophyte
problems may be evident.

Hypereutrophic- algal scums dominate in summer, few macrophytes, no oxygen in hypolimnion, fish
kills possible in summer and under winter ice.

Chloride and Sulfate

Chloride andulfate are major ionghat can be indicators gbollutants entering a watershed due tte-icing
activities,treated wastewater discharge, stormwater runp#étc. Conductivity is a measure of the ability of

water to conduct electricity, which is a function of all the dissolved ions in solution. Since chloride and sulfate
are ions in solution, any increasetireir concentrationsncreases conductivity.

Suspended Solids

Total Suspended Solids (TSS) is a quantification of suspended sediment concentrations iBugtended

solids in lakes include both organic material, such as algal cells and other microorganisms, and inorganic
particulate matter, suclas silt and clay particles. Algae and other organisms appear to be the main source of TSS
in the open waterswhilesuspended silts and clays appear to be the primary suspended solids in stream or
groundwater samples.

Volatile Suspended Solids (VSS)neeasure of the amournparticulate organic material that is present in water.

Organic Carbon

Organic carbon provides a measure of all organic compounds in a water body and can provide an assessment of
the carbonrbased components or pollution of water. Planaterial is often a major component of organic

carbon and refractory organic compounds from plants can impart a dark color to lake vizatter total and

dissolved organic carbon are measured in analytical samples.
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3.0 WATERSHEMONITORINGRESULTS

The watershed monitoring prograimcludes analysis of the quantity and quality of potential nutrieotirce
inputs to Cherry CredReservoir.During WY 2020, all surfacewater and groundwater sites wenmonitored on a
monthly, every other monthor bi-annual frequencySamples are collected midstream from radpth and kept
cool until shipped to the laboratory for chemical analysis.

Monthly Base Flow Sampling

When there is sufficient flow, one sample is collected monthly from the followiteg:/ ¢1,7CT2, CFPL CFP2
[ | tmn EcoParjar T/ (Outlét) and P

Every Other Month Base Flow Sampling

When there is sufficient flow, one sample is collected every other month from the follsitega / a Tamd
MCM2.

Bi-Annual Base Flow Sampling

The monitoring includes samplitgice a yeare.g. May and November) at nine surface water sites along Cherry
/I NBS1 o0!{D{XCN}YylilG26yz //mmZ //mHuZ ! {D{XtFN]JSNE //m
Bi-Annual Groundwater Sampling

The monitoring includes samplimgice a yeaat four alluvial sites alongh@rry Creeka 2 mmMZ a2 mp X a? T
YR a2nYSyySReo®
Storm Event Sampling

Samples from storm flow events are collected using ISCO automatic samplers, which are programmed to collect
samples when the flow reaches a threshold level. The threshold level is deggtiaynanalyzing annual

hydrographs from each stream and determiniegels associated witbtormevents When the threshold is

reached, the ISCO collects a sample every 15 minutéshfours (i.e., a timed composite) or until the water

recedes below thehreshold levelFollowing the storm event, water collected by the automatic samplers is
combined and stored on ice until transferred to the laboratory for analyidiss sampling procedure occurs at

| @ ¢ 1CHFL, CIP2/ /| mmn X [ /, and PER Op2to dewdd storm samplese collected from each of

the monitoring sites during the April to October storm season.

Thewatershed monitoring program evaluatssrface water and groundwater

1 Routine surfacevater sampling resultérom samples collectedn a monthly, every other month, or-bi
annual frequeng.

1 Groundwatersampling result®n a btannual frequency
1 Storm event sampling results.

9 Surface water sites above and below seledf&ds.
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3.1 PRECIPITATION

Il Aald2NRAOFftes LINBOALMAGEFOGAZ2Y Ay (GKS / KSNNEB / NBS|
weather station (KAPA) located at Lat 39.56°N Long 104.85°W and an elevation of 5,869 ft. This station
measured dotal of 7.8inchesof precipitationin WY 2020, approximatebl%of the 2006-2020averagesince
precipitation data has been measuredthis weatherstation

Figured). In WY 2020, the months of July and August were the driest by far with precipita¢iasuring26%
and 15% respectively based on the monthly averages of the samgaP period.

Additionaly, when looking ab h ! !a@h#al precipitatiorinformation, the various areas of thevatershed
received precipitatiomangedbetweenapproximately 1Gnd 32 percentof normalwhen comparedo the 30-
yearParameterelevation Regression dndependent Slopes Mod@PRISNInormal from 19812010 This data

is based ombserved National Weather Service (NWS) precipitation from the CONUS River Foesttast and

is displayed as a gridded resolution of roughly 4x4rkRigure5. Thesignificantiiower than average
precipitation in thewatershed this yeacontributed to the inability tocapture samples to characterize the water
quality froma significant number of storm flows.

Precipitation at Centennial Airport (KAPA) in WY 2020
in Comparison to Historical Average (2006-present)

Oct Nov Dec Jan Feb  Mar Apr May Jun Jul Aug  Sep

BWY2020 W 2006-2020 Average

2.5

2.0

=
n

(inches)

=
o

Monthly Precipitation Total

0.

%)

0.0

Figured. Monthly Precipitation in W2020 compared toHistorical (20062020)average.
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Percent of Normal Precipitation CCBWQA Water Year 2020
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Figureb. Percent of Normal Precipitation in the Cherry CrBakinbased or30-year PRISM normé1981-2010)

3.2 STREAM FLOWS

The U.S. Geological Survey (USipS)atestwo gaging stations on Cherry Creek upstream ofRleservoir
which are used asurface watemonitoring locations for the SAPIhe &Cherry Creellear FranktowrE / h €
station (0671200has an 80-year period of record (PORN thedCherry CreekearParkeE  /station
(39310910446450Mas a29-year POR

TheUSGXherry Creellear Franktowrstationis locatedin CastlewoodCanyon State Pagk Lat 39°21'21",
Long104°45'46" referenced to North American Datum of 1927, in NE 1/45¢€.8 SR.66 W., Douglas
County, CO, Hydrologic Unit 10190003, on right baftke station i4.3 mi downstream from Castlewood Dam
site, 1.5 mi upstream from Russellville Gulch, and 2.5 mi south of FranKidwenstatiorhas a drainage area of
169 mf. The USGIVY 2@0 summary statistics list @tal annualflow of 1,736ft* (3,442.5AR with anannual
daily meanflow ratesof 4.74cfs (9.43 AFday). This rate was approximateh2.6%of the annual mean
discharge 0B.02cfscalculated from WY194WY 2@0. Figure6 shows the estimated daily discharge along
with the median daily sti#stic from the lasBO0years.
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USGS 06712000 CHERRY CREEK NEAR FRANKTOWN, CO.

60.88

10.68

Dizcharge, cubic feet per second

1.88
8,50
Mov 81 Jan 81 Har 81 Hay 81 Jul 81 Sep 81
2819 28208 28208 2828 2828 2828
Hedian daily statistic (88 years) — Estimated discharge
— Discharge === Period of approved data

Figure6. WY 2@0 Daily Mean Discharge and Historical Median Flows for US@Gf& Gaar Franktown
(https://nwis.waterdata.usgs.goy/

The USGS Cherry Creek near Parker station is loatted 39°31'09"Long104°46'45" referenced to North
American Datum of 1927, in SE 1/4 NW 1/4I¥Esec.21, T.6 S., R.67 W., Douglas County, CO, Hydrologic Unit
10190®3, on right bank 200 ft upstream from Main Street, 1,100 ft downstream from mouth of Sulphur Gulch,
and 0.8 mi wesbf ParkerRd The station has a drainage area of 287 mi2.

The LBGIVY 2@0 summary statistics list a totalhnualflow of 3,678ft3(7293.5 AFRith anannualdaily mean
flow rate of 10 cfs (19.83 Afday). This rate was approximate88.@oof the annual mean discharge bt.3AF

calculated from WY 992-WY 2@0. Figure7 shows the estimated daily discharge along with the median daily
statistic from the las29 years.
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https://nwis.waterdata.usgs.gov/

Figure7. WY 2@0 Daily Mean Discharge and Historical Median Flows for USGS Gage near Parker

CCBWQAwnNs andoperates equipment that continuously monitawater levels so annual flowsan be
calculated at multiple sites along Cherry Creek and Cottonwood Creek. Thectwding stations on Cherry
Creekare CG7 (Eco Park) and €@, and monitoringstationson Cottonwood Creek are €ITCF2, CTP1 and
CTFP2whichwere added back intthe SARn 2020 TheCCBWQA provides Arapahoe County Water &
Wastewater Authority flow dta for site CIL for Regulation 85 complians® level is recordednd flows are
also calculated for the CI'site CG10 is located just upstream of the Reservoir on Cherry Cesekhe CTF2
monitoring site is located at the outflow d¢iie Perimeter Ponan Cottonwood Creelalsoupstream of the
Reservoir.These two sites are used to calculatows and nutrient loading into the reservdifigure8 and
Figure9). The raw data for the levels and flows are available on the CCBWQA data portal

The estimatedVY 2@0flow at the CEL0 monitoring site totals 4,832 AF with an average daily discharge of
40.6 AF The estimatedVY2020flow at the CT2 monitoring site total 3,33 AF with an average daily discharge
of 8.6 AF

The USACE calculates net daily inflow intd€herry Creek Reservoir by estimating the change in reservoir

storage and accounting for loss from outlet release and estimated evaporation and gains from precipitation
0FaSR 2y &dzaNFIFOS FINBI 2F GKS wSaSNded N frontOkedry | {1 / 9 Q
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estimates are includeth AppendixA.
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