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Summary

WestVirginiaDepartmentof EnvironmentaProtection(WVDEPhasbeenobservingand evaluating

the breadth and causef filamentousgreenalgae(FGA)bloomsin riversacrossthe state since
2007.Bloomsof filamentousalgaeoccurin riversof the PotomacBasin,andthe Interstate
Commissioron the PotomacRiver Basiil CPRB)asassistedhe WVDERM documentingalgae

bloomsin the SouthBranch Potomea andCacaporRivers The 2015 sampling season focused on the
Cacapon and South Branch Potomac rivers. A supplemental 2015 Cacapon River mtadypsvas
conducted concurrently with the standard WVDEP algal observation and water chemistry procedures
in an attempt to better understand the ecological impacts of large algal blo@a6ib was an

abnormal year for the Cacapon and South Branch PotomacsRas it did not produce dense
filamentous green algae in the quantityhas in previous years. Sites that often held a dense
abundance of algamstead supportediensebedsof submerged aquatic vegetation, &AV. Sites

such as RirRock(CA_RMRCIHat historically produced algae cover as high as 8a#SAV

coverage of up to 95% 2015 Interestingly, epiphytic communities of FGA did not form on the
dense SAV beds assobserved in previous years. The South Branch Potomac produced very little
FGA. Logitudinal surveys targeted to observe FGA bloom sites in 2014 yielded no significant algae
manifestationsn 2015 A longitudinal survey on the Cacapon yielded dense SAV blooms in reaches
not surveyedegularlydue to inaccessibility.

Field methods

In 2015, ICPRBIologistsimplementedthe WVDEP Filamentouslgae Table 12015 sample
Monitoring Protocol (WVDER2013) at 14 fixed locationsover 10 rounds and dates.
roundsbetweenJuneand Octobel(Tablel). The protocol consist of
routine water chemistrysampling,a rapid sitecharacterization for each
location & S Y A 1t |j dzlaljdedovetagedstiintes,and longitudinal
surveysto documentthe extent of bloomevents. A total of two JUN1 Jun 34
longitudinal surveyswere performed. TheICPRBield crew consistedof
at least two biologistsfor all samplingrounds and longitudinalsurveys.
ICPRBpersonnelincluded Gordon Selckmann (GMS, Aquatic Ecologist) jyi1 Jul 89
Jim Cummins (JC, Director of Living Resources), and Charles A. Dean

Sampling Sampling
Round Dates

JUN2 Jun 1718

(CAD, Natural Resources Intern). JUE2 Jul 2021
JUL3 Jul 2930

Station locations AUG1 Aug 1213

Fourteen samplingstations were selectedby the WVDEPbhased upon AUG? Aug 2627

past observations,targeted inquiries, and best professionaljudgment.
Eightstationswere locatedin the CacaporRiverbasin,includingseven SEFPL Sep 910
on the CacaponRiver mainstem between the towns of Largentand
Wardensvilleandoneon North Riverthe / | O Ua2ggs@ributary. Six
stationswere located on the South BranchPotomac,three aboveand OCT1 Oct 1516

SER2 Sep 24




three belowthe town of Moorefield, WV (Table2 andFigurel). Nine of the Cacapon plus South Branch
stationswere locatedat or near bridge crossingswhile the other five were accessedrom parallel
roadways.Sevenstations had public assesd.Jdz{(i Teidyfié Eemainderwere accessedrom bridge
right-of-waysor through private landownerpermission Sationswere alwayssampleddownstream to
upstream and effortwas made to sample each site at roughly the same tiofeday during each
sampling round in order to limit diurnal variability of water chemistry samples.

Table 2. Samplingstation namesand locations.

SiteName _ SiteLocationDescription Latitude/ Londtude
NO_FRKS North Riverat GastonRd./ Forks of Cacapon 3940194 mTy dnHNNYy
CA_LRGNT CacaporRiverat Rt.9in the townof Largent 3948112 mTty doynny
CA_FRKS Cacapon Riveat Rt.127/ Forks of Cacapon 39.40387 mTy dnmMynH
CA_D_CPBRG CacaporRiverat farm off ColdStreamRoad 39.32716 mTy dnHOOC
CA_CPBRG CacaporRiverat Rt.50in CaponBridge 39.29754 mTydnopmMmT
CA_RMREC CacaporRiveralongCaponRiverRd. 39.21969 mTty dnTtCcnap
CA_YLWSPR CacaporRiverat Rt.259below Wardensville 39.18281 mTty ®PpnapdpT
CA_WRDS CacaporRiverat farmford in Wardensville 39.07861 mTy dc MmO n
SB_L_TRGH SouthBranchatl | NJY A lzagdyid2 a 39.22810 mTy Py pHpPM™
SB_U_TRGH SouthBranchat South Branch WMA 39.14630 mTy ®hHp M
SB_L_MRFLD South Branctat Rt.220/28in Moorefield 39.10424 -78.95801
SB_U_MRFLD South Branclat FishelRdaboveMoorefield. 39.05006 mTy ®hdho mc
SB_L_PBRG South Branch at Weldon Park 3898815 TT (hpOMHMHC
SB_U_PBRG  South Branch at Rt. 200 bridge oy Pdhpdpp T pdPnyp dc
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Figurel. Amapof 2015algaemonitoring stationson the Cacapon
and SouthBranchPotomacrivers.



Sitecharacterization

The WVDEPFilamentousAlgae Monitoring Form was generally completed in the field by G.M.
Selckmann.All sampling locations remained the same fas the 2014 sampling seasoiGlobal
PositioningSystem(GPSoordinateswere taken usinga Garmin Etrex20 on the first field visit to
verify WVDEP provided coordinates. WVDEP coordinates armbdds$ were used with ICPRB site
identificationson all datasheets to establish continuity of location informat@eross years. GPS
coordinateswere recordedwhenevertransectmeasurement®f algaewere performed.RelevantJSGS
gagehydrographsfor the study period are included in Appendix |I. Qualitative observations of
periphyton, aquatic moss, aquatic vascular plants, filamentous green algae (FGA) and
Oel y2ol Oi S Nadax(BIAdaBundaneBr&r¢ made on each site visit. The only change
pertaining to site locations wasnew entry point to thd_argentsite. New land owners allowed ICPRB
accesso 1 KS NRAGSNJ FNRY @(KS 3Shdughtthe dcteBsh@ir@éhangdgh @ G S LI
water chemistry sampl location andalgal observation aregemained the same as for prior years

Photodocumentation

Pictureswere taken on each site visit, arranged in folders accordingto site and samplinground,
and stored on a DVDhard copythat was sharedwith WVDERstaff. Generally photos were taken at
the E site,one picture eachlookingupstream,downstream andacrosshe channel.Photoswere also
taken of any algaeobservedor measured,includingunderwater photos, or anything else of note,
including samplecollectionor processingA Y Tt grobéipticement,etc. Photoswere documentedon
page4 of the field sheet.ANikonAW100wasthe primarycamerausedandis capableof attachingGPS
coordinatesof picturesasthey are taken. Thisinformationisin the detailsofthe A Y I 3il§ @dperties.
GPS coordinateglid not, however, always accompanyictures and are generallymissingfrom
underwatershotsand videos.A digital SLR (Nikon4D) was used during round 9 to test with the ability
of a more powerful camera to detect algae in digital imagdgs camera did not have the ability to
store GPS metadatwith the image file

Filamentousalgaeabundancemeasurements

Percentalgae coveragemeasurementswere performed accordingto WV D E PStandardOperating
Procedures(SOP) Measurementswere recordedin meters. Single visual estimates of the entire
transect are sufficient if algaeis estimatedto be below 10%or above 80%.Moderate amountsof
algaerequirell NJ y & S O ibasédSsHnyaf yhéasuredf algaeis measuredbetween20%and40%,
three separatetransect measuresare required spanninga length of 3Xthe averagechannelwidth.
Lengthsand depthsof the lateral transectswere reportedin metersusinga Nikon Aculon laser range
finder and surveyingod. All valueswere entered on the field form and later entered into the
percent algae calculationspreadsheefile. Thefile was modified from that provided by WVDERo
receivethe measurementsas recorded, in order to calculatethe percent coverageof the entire
transect. The modified percent algae coveragecalculation spreadsheetsand associateddata are
provided separatelyas a Microsoft Excel©file with eachmeasurementoccupyingone tab. Transect
measurementswere required downstreamof CampRim Rocko / ! 1t w aomly for dhe June 17
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sample A miscalculated excel cell within our field sheet resulted in an incorrectly calculated transect
of 18%. Upon correction of the miscalculated cell after the sampling round, the site yielded a total algae
coverage of the 24.12%lo other Cacapon oSouth Branch Potomac stations required transect
measurementsalthough severastationsroutinely producedalgd growth at or below5% coverage

) 1 Z wodeddqdality

L y 1t wakeil qizality data were collected at every site with the same | { L nivpdgfcl A m LI NI YS{ S
sonde throughout the season.Water temperature (WTEMP)dissolvedoxygen (DO), pH, specific
conductance(SPCOND)nd total dissolvedsolids(TDS)were measuredA Yy 11 énd récdrdedon the

field data sheet. The, { L twagcalibratedat the beginningof eachH 1 Rdar@plinground using
concentrationstandards Specificconductancewas calibratedusinga 447.1 uS/cmstandardsolution

and pH was calibratedusinga 1 1t LIApHy7idland pH10.01)calibration. Dissolvedoxygenwas
calibratedusinga saturatedair calibrationmethod,accordingo the usermanualofthe, { Lmtpp c @

Water chemistry

Water chemistry testing included analysis for the following parametttsl phosphorous(TP),

dissolved phosphorous (DP), total Kjeldahl nitrogen (TKN),y A (i NJ G S@ ¥ kh 6 NX ft&ak B
alkalinity(TALK)¢alcium(Ga), magnesiungMg), andtotal suspendedsolids(TSS)Water samplesvere

collected at each site visaccordingto WVDEPStandardOperating Procedures, andhe sampling
locationwithin the river wasindicatedon the monitoringform. Two collectioncontainerswere rinsed

3 times and water samplescollectedfacing upstream. Water chemistry samplecontainerswere
providedby the contractedanalysislaboratory. A 2 m/ KSY S | vy Rvithea8dpisevanimdst ¥ A E SR
Three of the sample containers were filled directly from the collection containers, later to be
tested for the following parameters: TSS/TALK (bottle 1);-NO,-N/TKN/TP (bottle 2), and

Ca/Mg (bottle 3).The DP sample (bottle s filtered after collectiomsinga Nalgene®©filter funnel

cup, Nalgene© vacuum flask, 0.45um47Y' Y OSf f dzf @itér Dapgrs, anlA KISy Rt2 LISNI § SR
vacuumpump. Thefunnel and vacuum flaskvere rinsed3timesY A R 1t & friNdol filtering

at each ge. Sampleduplicateswere collectedat two sitesduring eachround and were analyzed
alongsidethe 14 stationsamples.

Samplehandling

Water chemistry sampleswere labeled with a permanent marker and immediately stored on ice
following collection. All samples were collected on contiguous days and delivered directly to
BioChemdrivers, typically in Petersburgat the end of the (i 4 2 mdRrmplinground. Exchange of
samples was documented on changfecustody forms each sampling roun@®n occasion,when
BioChemdriverscould not meet staff at the end of sampling|CPRBiologistsleft samplesandO K | A y Tt
2 T 1t O digrisatRh& West VirginiaDepartmentof AgricultureMoorefield laboratoryfor later LJA O Tt
up by BioChem.



Completeness

All 14 stations identified by WVDEPpersonnelwere sampledthroughout the study period. Nine
samplingrounds were completed during the study period on a roughly 6 A 1t ¢ S&@dul@All
siteswere monitored within a consecutived 1 Rperéod. Completesets of water chemistrysamples
were collectedand analyzedon every round with the exceptionof Round2, where a DP sample

(SB_L_PTBRG) was lost during the sampling round and not delivered to Biochem, and Round 3, where a

TSS/TALK sample (SB_L_PTBRG) was incqrestiyved and unable to be analyzeigaetransects
were performed whenever algae were observed and estimated to be above 20% coverage.
Occasionallywater clarity, or visualsurfacedisturbancedue to precipitation, preventedperforming
the qualitativevisualassessmentat certainsites.

Longitudinal surveys

Longitudinalsurveyswere employedto documentthe magnitude and extent of filamentousalgae
bloomsin targetedareasoverthe lastthree years.In order to surveysuspectecbloom areasthat are
not visiblefrom roadways piologistsusedcanoedo travel alongariver reachandrecordobservations
and measurementdn suspectedalgae occurrenceareas. The longitudinal surveysare an informal
assessmenmethod, but consistprimarily of documentingobservationswith written narrative
accounts photographs videos,and associatedsP S oordinatesof important observationpoints. Two
longitudinalsurveyswere performedduringthe 2015season.Onesurveywasperformed on the South
BranchPotomacbetween Moorefield and the troughii | |1 SattBe® L TRGSite. The Moorefield
f2y3IAGdzRRAYIE gl a aSt SOGSR oFaSR 2y 2 x5 8secad
survey was performed on the CacaponRiver between CaponBridge (CA_D_CPBR&)d Cacapon
Forks (CA_FRKShe Capon Bridgé&orks setion of river was of interest to ICPRIEologists due to a

gl a0S6FGSNJ 2dziFt 26 o0St2¢ /I LRY . NAR3IS +a 4Stf

via automobile and is only logistically gdse via canoeReports presenting the findings of the
longitudinal surveysareincludedasseparateresultssectionsof this report.

Data Processing and Laboratory Methods

Dataprocessing

Datawere enteredinto MS Excel and Rtudio for exploratoryanalyses] I NR roé@ashdétswere
deliveredto WVDEPA copyof this electronicdatasetis includedin the MSExcebkpreadsheeappendix
accompanyinghis report. All analyseswere performed using R and analysisscripts are provided,
precedingthe associatedanalysisor chartin the datafile. Fourparameterswere calculatedfrom the

water chemistrydata for analysigpurposes.Total nitrogen (TN)wascalculatedoy summingthe b h o 1

b h v =mrd TKNvaluesfor eachindependentsample.Total hardness(HARDNES®) representedas
molarequivalentsof CaC®in mg/L,calculatedusingthe equation:

[CaC@ =2.5[C4] +4.1[Md"].



Two/ | £ OA dzY m aratidl iffid&éswedetalculated following the analysisperformedin the 2008
WVDERReport on filamentous algae assessmenteport (Summers2008).A traditional Ca:Mgratio
indexwith both ratio andadditivetermsof C&*andMg?* (CA_MG_INDEX):

log[C&*/Mg?*] T0.5log[C&" +Mg*1],

Amodifiedindexconsideringpnly anadditivevariable(MOD_CA_MG):
mf 2 Fdig?t.

Results from the 2015 season

Summaryof algalobservationsand measurementsby station

CacaporRiverat Rt.9 in the town of Largent(CA_LRGNT)

Early growth FGA was observed at the Largentsiteiever manifested into longhain filaments. The

early growth FGA was observed in shallow stone bars near shangetviews local residents
SELINBaE&SR 02y OSNYy 2y (GKS tS@St 2F alft3alS¢ INBHGK
transects therefore, were conducted upstream on Kilgore Lane (WV 9/27). This site did produce large

beds of SAV and therefore could be flaggsdpotential region of concern in the future.

NorthRiverat GastonRd./ Forksof CacaporfNO_FRKS)

Thesite at the North Riverwasdominatedby atype of benthicriverweed(field id: Podostemunsp)).

The river weed could occupy up to 80% of total benthic area and attach to the bedrock ledges. No FGA
was observed growing in or around the river weed beds at this site.

Cacapao Riverat Rt.127/ Forksof Cacapo{CA_FRKS)

Early growth FGA was observed at the Cacapon at Forksusitever manifested into longhain
filaments. The patchy, early growthGA was observed in shallows near shore. This site did rarely
produce BGAolumns/tufts (roughly 10cm 50cm in heightpver the yeaat a density of roughly one
tuft per 1 meter radius.

CacaporRiverat farm off ColdStreamRoad(CA_D CPBRG)

Filamentous greemlgaewaspresentat low levelsthrough most of the samplingseasorbut never

reached a qualitative estimate measurement greater than 5%. Algae density, frequency, and intensity
were less than what was observed the previous year.

CacaporRiverat Rt.50in CaporBridge(CA_CPBRG)

Small periphytic communities of FGA éB@A were observed infrequently amongst a dense periphytic
community. As has been observed in other years, this site is rich in freshwater snails, likely due to the
abundance of periphyton.



CacaporRiveralongCaporRiverRd.anddownstreanof CampRimRak (CA_RMRCK)

This site produced an abundancetfdrilla spin 2015. Early in the2015 sampling season small

shoots ofHydrilladominated the thalweg leaving the gravel and pebble bank opposite the entry point
bare and exposed. The gravel bar was, asalas observed in 2014, the genesis of the problematic

FGA early in the season. A transect was conducted in sampling round two measuring FGA abundance
at 24% coverage. Due to high water velocity events that occurred early in the year, the gravel bar that
generally produced the FGA remained scoured well into summer(i1KsS | dginfor? thelthe

more robust SAV was able to endure the high velocity events better than FGA early in the year and
therefore could expand and colonize in the regitimet, in previous years, had beeilominated by

FGA. Despite the lack of F(&A015that this site is known for, Camp Rim Rock did produce a

perceived overabundance éfydrilla Hydrillabeds in some regions (via driving transect and

exploratory hikingyeached100%coverageand column fill. Some regions even appeared as large

grass fields/islands.

CacaporRiverat Rt.259belowWardensvill§CA_YWSPR)

The Cacapon River at the Rt. 259 bridge did not produce any FGA, BGA, or abundant SAV in 2015. Some
cold water upwelling was felt coming up from the substrate which raised questions of source water

input to the Rim Rock Site downstream.

CacaporRiverat farm ford in Wardensvill§CA_WRDS)

Filamentous green algae (FGA) was not observed at this sid | Zhis site did produce a heavy
periphyton load. Given the river morphology and substrate compaosition, it appears that this site is
subject to flashy increases in water velocity and wawdtbe idealfor FGAgrowth.

SouthBranchat | | NJY A la@dyigS8L TRGH)

There was no FGA or BGA observed at this site in 2015. Small isolated SAV was obsetvedmmid
however. Much of this site is a shallow shoal of coarse sand, pebble and gravel sized substrate which
was devoid of much primary production. émestingly, this site frequently produced lower DO than was
observed elsewhere on the South Branch Potomac. As this was our first sampling locaticGg§0@P0

on the second day of our algae survey rounds, the low DO may suggest primary production located
above this site. Road surveys with binoculars supported this suspicion asagoatéec macrophyte

regions could be observed in the distance upstream. No longitudimakywas conducted within the

S. Branchrbugh this year and therefore no measured estbed of plant growth upstream from this

site are available.

SouthBranchat SouthBranchWMA(SB_U_TRGH)

There was no FGA or BGA observed at this site. This site narrows to a shallow channel characterized by
cobble and boulder substrate. This site appears tatieo high a constant velocity to allow FGA or

BGA growth.



SouthBranchat Rt.220/28in Moorefidd (SB_L_MRFLD)

This site produced moderate tnoderatelyhigh amounts of SAV in the main flow leading to the riffle
found at this site. There was little FGA observetarge but short lived BGA bloom occurred in July.
This shodlived bloom covered roudy 80% of the benthic substrate in dense diatomaceous mats with
BGA tufts frequently growing from them. Matts of recently detached Bére wbserved in eddies and

in snags near shore.

SouthBranchat FisheRdaboveMoorefield(SB_U_MRFLD)

This site di not produce any algae at our standard sampling point, nor did it above the Fisher Rd
Bridge. The main thalweg at this site is deep and channeled which appears to make it difficult for FGA
to anchor and grow. This site, as was obsemEtany others, haa large eddy opposite to the

thalweg. The eddy at this site produced a small amount of FGA in 2014 but not in 2015.

SouthBranchat WeldonParkoff Rt.220/55SB_L PBRG)

This site did not produce any significant FGA thedalgae that was presemtasmostly periphytic

growth. Interestingly, roughly 1km upstream there was a dense patch of fragile light green FGA in a
back eddy next to the main thalweg. Frequency of algae growth increased as we approached the
nearest upstream riffle from our observatiaite, only to diminish again upstream of the riffle.

SouthBranchat Rt.220in PetersburdSB_UPBRG)

This site did not produce any significant FGA and the algae that was present was mostly periphytic
growth. This site is particularly interesting diethe thalweg proximal to the entry site. This thalweg

was always devoid of any FGA or BGA while only occasionally holding SAV. Once out of the main flow,
small, sparse and fragile lightly colored FGA could be observed in low flow environments near shore
and in the shallows.

Summaryalgae measurementalso areincludedin Table3 below. Thistableincludesactual
measurementsandqualitativevisualestimatesof low abundancealgaeoccurrences.



Table 3.Summary of percent filamentous algae cover measurements made during the 2015 season. \
up to 10% were visually estimated and recorded as "<1", "<5", or "<10", all other values are actual alg;
measurements using the wadeable transect methiddeasured by a single transect.

Site Name Waterbody JUNL JUN JUull JUR JUuB AUG AUR SER SER 0C1

CA_LRGNT  Cacapon <1 <1 <l <1 <1 <1 <1 <1 <1 <1
NO_FRKS North River <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

CA_FRKS Cacapon <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
CA_D_CPBRC Cacapon <1 <1 <l <1 <1 <1 <1 <1 <1 <1
CA_CPBRG Cacapon <1 <1 <l <1 <1 <1 <1 <1 <1 <1
CA_RMRCK Cacapon <1 2412 <1 <1 XKp <1 <5 <5 <3 <1
CA_YLWSPR Cacapon <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
CA_WRDS Cacapon <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

SB L TRGH SouthBranch <1 <1 <l <1 <1 <1 <1 <3 <3 <1
SB_U TRGH South Branch <1 <1 <l <1 <1 <1 <1 <1 <1 <1
SB L MRFLD South Branch <1 <1 <l <1 <1 <1 <1 <1 <1 <3
SB U MRFLLC South Branch <1 <1 <l <1 <1 <1 <1 <1 <1 <1
SB L PTBRG South Branch <1 <1 <1 <1 <1 <1 <1 <5 <3 <3

SB U PTBRC South Branch <1 <1 <1 <« <1 <1 <1 <3 <3 <3




Water chemistry across stations
(Boxplots of water chemistry data can be found in Appendix II, )

Calcium, Magnesium, Total Alkalinity, and Hardness

Medianandmeanvalues of the measured water quality parametersdach site are provided in

Table5 and Tables. In generalthe South Branch Potomac River produced the highest concentrations

of calcium (Ca+, Mg+, specific conductivity (SPCOND), total alkalinity (AlQydmess relative to the
Cacapon and North rivers. The South Branch had similar water chemistry across all sampled sites and
saw no longitudinal trends from upstream to downstream. The highest Ca, Mg, alkalinity and hardness
concentrations in the Cacapavere observed at the most upstream site, CA_ WRDS. Downstream from
CA_WRDS water chemistry stabilized and did not change significantly betweemlsit€sacapon and

North River had lower alkalinity levels, yet were above the minimal threshold for alghbdhk been
observed in previous work (Summers 2008). These two rivers have lower overall buffering capacity,
and could be more susceptible to diel swings in pH resulting from increased primary productivity and
carbonic acid from SAV and algae.

Nitrogenand Phosphorous

The various nutrient species pitrogenand phosphorusare importantto understanding algae
abundance and frequen@s they are known to be primary drivers of algal blooms. Phosphorous,
particularly, is known to be a common limiting nietnt in freshwater systems. Both water column P
measures wereery similain the CacapoyNorth and South BrancRivers, with TP havingears of
0.046 mg/L, 0.044 mg/L,and 0.039ng/Lrespectively, across all Cacapon stations (Table 4).
Phosphorous wakighest in theCacapon Rivebelow the city ofCapon Bridgewhichappeared to
have grey water discharging into the riypossiblydue to the input of the Capon Bridge WWTP, a
small treatment facility serving less than 250 residents.

Nitrogen displayed pattern that was consistent with previous ysa{2013, 2014)the highest

nitrogen levels observed were at the upstream site, CA_WRDS, where the Cacapon rises from the
ground Nitrogen concentrationdecreased moving downstreaamnd stdilized around 0.4 mg/IThe
mean concentration of total nitrogen all sites was 0.581 mg/I.

Table4. Mean nutrient concentratior{sg/l) in the Cacapon, North, and South Branch rivers.

Parameter Cacapon North South Branch

DP 0.026 0.022 0.026
TP 0.046 0.044 0.039
NO3_NO2 0.269 0.164 0.321
TKN 0.361 0.351 0.260
TN 0.630 0.515 0.581
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Dissolved Oxygen, pH, Specific Conductance, Water Temperature, and Total Dissolved
and Suspended Solids

Specific conductance and total dissolved solids are cunralatieasures of all dissolved, reactive
components in the water. As expected, they followed patterns across the 14 stations that were very
similar to those of the dissolved ionic measurements discussed ababdx5, 6). Water

temperature did not vary gatly between waterbodies, though trstes proximal to large SAV beds

saw elevated temperaturesTotal suspended solids werensistently below detection limits

throughout the year In previous years,hytoplankton production in the poolsas suggested as a
possible explanation for thelevatedamounts of suspended material in baseflow over the riftla
stations.Thereforeiit is interesting that TSS was constantly below detection thresholds in a year where
very little FGA was observed.eBumably factors promoting phytoplankton production mayabeo
associatedvith FGA blooms as weln the Cacapon, both DO and pH displayed strong swings and
increases likely associated wiglkcessive primary productionSimilarly, pH at the CA_RMRCHKiata

was increased overall and had a higher variance than nearby stations, as the SAV and algae took up or
released CO2A more in depth analysis diel variation of DO at highly productive sites can be found in
the supplemental Cacapon Microcosm Study.
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Table5. Median values of the collected and calculated water chemistry variables across the samples sites.

= 0 ® 0§ o O & @ 0 0 T T x X
e ¥ & & § £ 3z g K K £ = & &
= H Y | ! x = 2 ) ! | | | |
< ®} S 5 = < < < o o - = -3
Parameter © = S S © O © U) 2 o 07 0 77
CA (mg/L) 2310 2120 2740 2480 2365 2420 2535 2860 39.35 38.80 3935 4060 4125 41.00
MG (mglL) 530 595 560 520 510 510 510 595 640 620 640 565 575 5.40
ALK (mg/L) 68 66 77 70 65 69 71 80 99 97 95 99 103 100
Hardness 7915 77.40 9146 83.12 79.83 8141 83.88 9590 124.62 122.42 124.62 124.26 126.70 124.89
mg/L
(SPgCO)ND 234 226 235 236 236 236 238 234 238 239 238 244 244 247
(uS/cm)
CA MG Index 297 299 290 294 296 295 293 288 275 276 275 274 274 274
MOD CA MG 167.50 165.00 182.00 17550 166.50 161.00 174.00 197.50 253.50 234.50 240.50 242.00 231.50 219.00
CAMG Ratic 014 017 013 013 013 013 012 012 010 010 010 009 008 0.08
DP 0016 0022 0022 0025 0019 0020 0022 0027 0036 0026 0017 0017 0019 0.015
TP 0037 0040 0038 0039 0037 0032 0037 0040 0039 0040 0031 0030 0030 0026
NO3 NO2 0015 0052 0036 0091 0051 0114 0204 0468 0.258 0262 0252 0274 0204 0215
TKN 0320 0355 0265 0300 0260 0340 0235 0210 0270 0250 0.280 0235 0240 0.195
™ 0410 0419 0358 0490 0382 0497 0489 0.725 0508 0555 0505 0504 0532 0.389
WTEMP 2550 2299 2381 2315 2554 2490 24.60 2232 2323 2279 2255 2206 2206 22.45
DO 693 764 785 812 826 1097 890 946 723 823 801 7.88 937 9.36
pH 800 800 789 794 811 872 831 822 812 816 808 824 827 839
DS 110 108 118 114 109 105 113 129 165 162 157 153 146 142
TSS 3 1 1 1 1 1 1 1 1 1 1 1 1 1
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Table6. Mean values of the collected and calculated water chemistry variables across the samples sites.

= 0 ® o o O . Q O 0 m m r X
D) o v o o x 2 @ |rJ_: lﬂ_: 14 o - [
x L L, © © = ~ = ) 5 =2 " &5
< ®} S 5 = < < < o o - = -3
Parameter © = S S © O © U) n 7 0 & 07
CA (mg/L) 2422 21.76 2762 2528 23.78 23.82 27.03 2824 3942 3921 3921 4041 4044 3911
MG (mg/L) 559 621 571 529 511 510 516 579 647 630 633 58 575 525
ALK (mg/L) 68.16 6568 7541 69.49 64.09 66.67 7094 7698 97.93 96.98 9556 98.37 98.69 96.30
Hardness 83.47 79.86 9246 84.89 80.40 8046 8873 9434 12508 123.86 123.98 12513 124.68 119.30
mg/L
(SPgCO)ND 162.70 160.40 175.40 166.10 158.20 155.10 167.20 184.10 252.50 223.20 234.70 233.60 230.10 216.30
(uS/cm)
CA MG Index 233 225 235 236 236 237 239 235 238 239 239 243 244 247
MOD CA MG 295 299 290 294 296 296 292 289 275 275 275 274 275 276
CA'MG Ratio 014 018 013 013 013 013 012 013 010 010 010 009 009 0.8
DP 0016 0.022 0025 0030 0.027 0027 0027 0030 0.043 0039 0017 0020 0018 0.016
TP 0.037 0.044 0041 0056 0.050 0.045 0.048 0046 0.054 0053 0.032 0032 0034 0.028
NO3 NO2 0155 0.164 0231 0233 0189 0273 0290 0510 0261 0.322 0352 0.365 0.336 0.290
TKN 0.308 0.351 0277 0407 0351 0530 0433 0222 0263 0275 0264 0254 0.305 0.200
™ 0463 0515 0508 0640 0539 0.803 0723 0732 0524 0597 0616 0619 0641 0.490
WTEMP 2359 21.62 2214 2191 2328 2306 2285 2155 2211 21.78 2157 2179 2095 21.67
DO 710 793 804 801 831 1111 897 928 7.08 830 799 760 939 9.35
pH 801 802 793 795 809 858 819 818 813 812 810 827 826 8.40
DS 105.80 104.50 114.10 108.00 103.40 100.90 108.60 119.70 164.30 162.90 152.60 150.10 148.50 140.50
TSS 480 320 340 7.80 540 390 320 230 170 160 180 250 3.60 3.10
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Longitudinal s urveys

Longitudinal surveys of the Cacapon River and South Branch of the Potomac River were conducted by
boat in fall 2015. Observers taking part in the surveys were Gordon Selckmann (GMS, Aquatic
Ecologist), Jim Cummins (JC, Director of Living Resourceshatas@. Dean (CAD, Natural

Resources Intern). The prominence of algae and SAV were recorded, along with any other
observations relevant to growth of aquatic macrophytes or general stream health. Photos were taken
of any observations using a Nikon CaolRW100 waterproof camera and GPS coordinates were

marked using a Garmin handheld GPS.

South Branch of the Potomac River Lower Moorefield to Upper Trough

The South Branch of the Potomac River, from Moorefield at Rt. 226/2& UpperTroughat

Harma 2 yLahding (4.3 Kmyyas surveyed on September 17, 2016.2014this reach produced a FGA
bloom on a shoal large enough to merit a return visit at the request of WVDEP. Contrary to 2014
observations, 2015 macrophytes were very sparse in this reattteafver, and the river bed was
largely free of FGA and BGA. Freshwater sponges were observed along the longitudinal.

EventLogfor South Branch LongitudingFigure2).

Start. Entry Point on South Branch. (39.10424 N, 78.9580%/)
Site#1flagged for revisit (2014 bloom sitédYyo FGA Bloom. (39.11027N, 78.94833W)
Site #2 flagged for revisit (2014 bloom site). No FGA Bloom. (39.12172N, 78.93440 W)
End. Take out point from South Branch Potomac River. (39.22810 N, 78.43221 W)

Hpowbd e
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Cacaon River- Capon Bridge to Forks of Cacapon

A survey of the Cacapon River, from Capon Bridge to Forks of Cacapon (20km), was conducted on
September 18, 2015. The first quarter of this reach, from Capon Bridge to Cold Stream Road, had
been surveyed in fh2013. The survey in 2013 revealed multiple locations of heavy FGA blooms
reaching up to 90% coverage, along with a concerning discharge of grey waste from a waste water
treatment plant (WWTP) located just downstream of the Rt. 50 bridge at Capon Brdgextended
longitudinal was conducted this year to document if problematic blooms were occurring in a low
residential density, well forested area, and revisit the sitéhefoutfall at the WWTP. A discharge of

grey water was again observed to be flagifrom the WWTP outfall in 2015 (Event # 2). The discharge
came from a metal pipe (marked with permit # WV0103730), unlike in 2014 when it was observed to
be flowing directly from of the adjacent field as subsurface flow. The appearance of the disalaarge
similar to that observed in 2014, however no prominent odor was detected. The plume of grey water
from this outfall reached about 75m downstream and terminated at Event #3. Multiple pictures were
taken to document the discharge and resultant plumenBeHydrillaSAV patches were first observed
downstream from the WWTP outfall at Event #4 (20% cover) and appeared regularly to Event #6.
Hydrillapatches reached up to 95% coveradéallisnerieoccurred withinHydrillabeds at the

confluence of Farmsiver. We spoke with a citizen of Capon Bridge who expressed that the excessive
growth of macrophytes along Farms River is a nuisance to himself and other nearby landowners.
Filamentous green algae became prominent at Event #7, where it appeared to decsanyet still
completely covering benthic structures. A prominence of blue green algae was also first observed
here. Thi8GAgrowth led into a full bloom just downstreamhere combined FGA, BGA, and
diatomaceous matgsoveredroughly90% of the rivebottom in a deep pool below a rock outcrop.

At Event #8Hydrillaand Vallisneriavere again prominent, with small amounts of FGA and
Podostemunobserved. Long chains of FGA occurred at Ev@htittwere confined to the riffle,

covering 10% of that areés water velocity écame less contained within thbalweg and slowed,

there was an immediate large bloom covering 70% of the total stream bottom and ending at Event
#10. A more wild area began&vent #11where densé/allisneriawas observed, and comiiied for
mostof the remaining longitudinaransect This reach of the Cacapon River is surroundddregt

and is generally inaccessible from the adjacent land. A large FGA bloom occurred within the first half
of thisforestedarea, fromEvent #12 tdevent #13where coverage reached 70%. Presence & iRG

this stretch of river wascatteredand appeared in clustered distributions, suspended on SAV growth
Weeping rocks (Event #1dererecorded as a point of reference as well as marked as a patsnt

new water chemistry input. Event points #15 and #16 marked the reappearance of SAV (~40%
coverage) and FGA (~60% coverage) on the last leg of our Cacapon longitudinal. The longitudinal
concluded at the Rt. 127 bridge boat ramp.
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EventLogfor Cacapon River LongitudinéFigures).

1. Start. Entry Point on Cacapon. (39.29759N, 78.43522W)
2. Start of Grey Water Discharge. (39.29980 N, 78.43221 W)
3. End of grey water discharge (39.30011N,78.43176W)
4. Begin SA\DenseHydrillapatch,with 20% strearvbed cover (39.30274N, 78.42996W)
5. SAVHpydrillaand Vallisnerigpatches react95% strearrbed cover
and continue tadEvent #6 (39.30537N, 78.42959W)
6. End SAV: Dense SAV patches stop. (139.32042 N, 78.41152 W)
7. FGA and BGA observed in abundance. Due to depth of pool

accurate measure of FGA/BGA abundance was not feasible,
howevera visual estimate of greater than 90% benthic cover was

recorded. The bloom a continued for 100m. (39.32313 N, 78.41203 W)
8. Hydrilla,Vallisneria, Potostemum sp., and FGA observed in

high densities. (39.33437 N, 78.42447 W)
9. FGA bloom observed at greater than 70% benthic coverage.

Bloom continues to Event #10. (39.33706 N, 78.42716 W)
10. End of FGA bloom. (39.33758 N, 7842804 W)
11. DenseVallisneriacoverage Sart of river access onlgrea (39.34214 N, 78.43376 W)
12. Start of high primary production reach. FGA and SAV

Alternated dominance with coverage between-80%. (39.34396 N, 78.42779 W)
13. End of high primary producity reach. (39.37507 N, 78.42283 W)
14. Weepingrocks (39.37762 N, 78.42573 W)
15. SAV coverage ~40%. (39.39452 N, 78.41248 W)
16. FGA coverage ~60%. (39.39452 N, 78.41237 W)
17. Take out at Rt. 127 bridge. (39.40089 N, 78.41550 W)
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Figure 1. Map of | ogitudinal observation of the South Branch pontsareraasociafed witktthe bet we e n
longitudinal event log found on page 17.
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Figure 2. Map of longitudinal observation of the Cacapon River between Cacapon Bridge, WV and Forks of Cacapon, WV. Numeri gesotsaied with the longitudinal
event listfound on page 18. Regions with excessive primary produc8éV( BGA and FGA) are defined in yellow.

17

Rt



Conclusion and suggestions for the f uture

Results of the 2015 survey were unlike those from the previous three yeites.thathad
regularly and predictably produce high density filamentous algaerb$ did not hold significant
amounts of FGA. Instead, large FGA blooms appear to have been replaced by large, dense SAV beds
that dominated the river throughout the sampling season. Hifficult to identify specificallyvhat
factors contributed to theshift in floral composition at theegularly sampledites however,based on
available evidence, it appears thattysical factorsuch as flow rate andiinfall early in the summer
(Appendix 1 and 2not a change in nutrient inpuplayed a large role isettlementand eventual
dominanceof SAV.

Considerations for future work should include earlier nutrient sampling, additional sites in the
Lost, North Fork and South Fork rivers and source water tracking. Spring water chemistry samples may
elucidate wate column nutrients loads better than the summer months when biologic actiity,
specifically the increase in macrophyed/or algaebiomassare not cofounding variables. The
inclusion of additional sites will increase our sample size as well asth&ltimcking of source
nutrients in each of the study systems.

Results of the 2018upplemental studyd ¢ KS / | OF LI2Y wA @S NbferraONR O2ayY |
closer look at the effects of excessive macrophyte production. Small scale, rigorous targeted studies
with continuous DO loggers gigemore complete picture giossiblecauses and effects related to

nutrient pollution.
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Appendix I. Hydrographs from related USGS gages for the period of
June 1, 2015z October 31, 2015
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Appendix 1.
Accumulative monthly rainfall (cm) for Winchester, Virginia. (Winchester Va
Is the nearest weather station 30Km west of Yellow Springs, WV).

2015
Precipitation Historical Average

(cm) Precipitation (cm)
May 8.66 9.70
June 15.57 9.30
July 6.93 9.09
August 2.34 8.20
September 11.89 9.91
October 7.77 7.49

20



Appendix Il1.

Site specific trends in water chemistry across all sites in 2015.

Water Chemistry across Stations
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Water Chemistry across Stations
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Water Chemistry across Stations
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Water Chemistry across Stations

20-

* CACAPCN
$ NORTH RIVER
* SOUTH BRANCH

WATERBODY

Miﬁn-ﬁ.

s

| i |
w @ ]
(=]

(VB (pajeinojeo) uaBolu [e1oL

g NORTH RIVER
* SOUTH BRANCH

z
£ P
g g
& 3
st
_ 9HELd N E8s - _ DHdld N as
_ odald 1 das . . -V _ ©ddald 1 as
_ 0149w N E8s . u-v _ al4dw N as
_ 0l4dwTTas . _al4Ewas
_ HoWl n as . - _ Houl N as
— %]
E 5
_ HoHl 1TEs m = . _ HoWl 1 Es
B 7]
o
= @
_ SOdMwD A =] _ SOHAYWD
1=}
m & .
& z N
| HSATATYD B wmo, _ HdsMmIATYO
W E
]
£
. = ] -
_ HDHWE YO m el . I _ HDHNE YO
b i)
= ®
“ =
_ DHEdD w0 I, 5, .‘ _ DdEdI YD
_ DdEdO 0 wo . . - _ DdEd0 0 wo
_ SHH4 YD . _ SHH4TYWD
_ 8Mud ON _ _ BMH4TON
Y ELER ] i _ IN39WT YD
| | | | | |
o 2 o a 0 2
(=] o - (=] (=]

(VBw) uaBosuN epiely [e1oL

Station (Downstream > Upstream)

24



Water Chemistry across Stations
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Water Chemistry across Stations
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Water Chemistry across Stations
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Water Chemistry across Stations

ol

WATERBODY

* CACAPCN

$ NORTH RIVER
* SOUTH BRANCH

_ DdaLd N gs

oddld ™1 a8

144w N as

014401788

HoWL N ds

HEYL™178s

SOHM YD

HdBATAT WD

HOHWY WD

DHEdD WD

DHEAD 0 WD

SAH4 YD

SHH4TON

INELERI S

& 8
{9.) aunpesadwia] Jaepn

15~

Station (Downstream -> Upstream)

Water Chemistry across Stations

g NORTH RIVER
* SOUTH BRANCH

i s

(=]
(1B splios papuadsns jejo)

—
-

:
z
”
:
g
&
g
7

1

_ Ddald N as

_o¥gd0"a vo

oddld 1 as

Q144w N gs

14T 98

EEETRTN:

HDYL™1 88

SOHM WD

HdBAIA YD

HADHNY WD

BEEE ]

EEEER b

SHH4TON

IUEREN ]

28



Appendix IV
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Nitrate-Nitrite as Nitrogen {mg/L)

Water Chemistry across Time
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Total Kjeldahl Nitrogen (mg/L)
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