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Abstract

This report covers the water quality and streamflow data collected between March 2017 and
November 2017, summarizes the findings of a trends analysis for total phosphorus and nitrates
concentrations between 1993 and 2@ presents aquatic plant biomatga collected in 2017

Overall, summer total phosphorus concentrations in the Assabet River mainstem have decreased
significantlysince wastewater treatment plant upgrades were completed in2@1@atal floating

aguatic plant biomass in the large mopdments has not decreased measureabil! likely take

a longer dataset to determine whether the eutrophication of the impounded sections of the Assabet
has improved in response to reductions in total phosphorus discharged from the wastewater
treatmat plants.Summer nitrate concentrations in the upper and middle Assabet River increased
over the two time periods assessed (12087 and 1992017) while concentrations in the

tributary streams decreased slightly between 2002 and 2017, suggestihg thatdase in nitrate
concentrations in the Assabet River mainstam be attributetb wastewater discharges. Upgrades

to the Marlborough Easterly WWTP, which discharges to Hop Brook, were completed in 2015. Hop
Brook, Sudbury, showed a weakly decreasiog-weighted trend in orthphosphorus between

2010 2017, although dissolved oxygen concentrations measured in Hop Brook at Lanham Road
remain low.

Water quality reportfor 1999 2016(OAR 2000b, OAR 2001, OAR 2002, OAR 2003b, OAR
2004, OAR 2005, OAR 2006b, OAR 2Q0JAR 2009, OARS 2011, OARS 201GARS 2015
OARS 2016 OARS 2017 and 2005 biomass sampling project (OAR 2006a) are available on
OARSO6 wltth:Bwiwitv.@arsirivers.org/river/waterquality/repdriull data is available upon
request.

Introduction

OARS is a 501(c)(3) neprofit organization whose mission is to protect, improve and preserve the
AssabetSudbury, and Concord Rivers, their tributaries and watersheds, for public recreation, water
supply, and wildlife habitat. Established in 1986 as the Organization for the Assabet River by a
group of concerned citizens, OAR added the Sudbury and Concond Rivies mission in 2011,
becoming OARS. Currently the organization has approximately 750 individual and family
memberships, a hember Board of Directors, and 5 pimie staff. Together with our volunteers

and partners, OARS has made significant pregyover the past 30 years towards achieving our
mission.

ThecombinedAssabet Sudburyand Concord Rivewatersheds about399square miles in eastern
Massachusetts aotdentEcsregwinXtVsubregioB BothéEastern Gagal

Plain. Themainstenrivers, particularly the Assabet, suffieom cultural eutrophicatiocaused by

exces nutrientscomingfrom point and nofpoint sources and from the soft seditseBuring the

growing fasorexcess nutrients, phosphorus in particular, fuel nuisance algalasrdphytic

plant growth which interfesawith recreational use of the riveesind causglarge daily variations in
dissolved oxygen concentrations and ptdking poor habitat for aquatic life. When the algae and
plantsdecay(whenever they are exposed on the river banks and/or at the end of the growing season)
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they generatstrong sewagéke odors can dramatically lowedissolved oxygen levels thewater
coumnand impair aesthetics and usedlu# rives.

Underthe federalClean Water Act (Section 305b), states are required to evaheatendition of

the statebs surface and ground waters with re
fishing and swimming) defined i n edhkeRBOledfft t he
Integrated Lis{MassDEP, 2017 lists al sections of the Assabahd ConcordRivers asimpaired
(ACategory 5Waters Requiring a TMDd) for a variety ofuses Although aTotal Maximum Daily
Loading Study {MDL) for total phosphorusn the Assabet River was corafgd in 2004the

Assabet River sections remain listed as CategoBebause MassDEP lists each segmenhiy

one categorysegements that have an approved TMDL for some pollutants, but not others, remain
in Category 5 until TMDLs are approved for alltbe pollutants impairing those waters. The full

list of impairments and causes is available in the Integrated List report and on an interactive map
(http://maps.massgis.stateams/images/dep/omv/il2014viewer.hHirin 2016 ,E. coliwas added as

an impairment to most sections of the Assabet and Concord Ryasexd omew assessmentork

by MassDEP. The most significant change in the proposed 2016 Integrated List is the rerhoval

total phosphorus as an impairment from three sections of the Concord RA&2A-07, MAS2A-

08, and MA82A09), with the note: Applicable WQS attained; dogestoration activitieSDO AR S 6
datasuggestshat this change is reasonaldence total phospmtus concentrations in those sections

are consistently below 0.05mg/L

The Sudbury River upstream tbie Fruit Street bridge in Hopkinton/Westborough is listed as

Category2, fAttaining some uses; other uses not assesa#djning uses foaestheticprimary and
secondary contact recreatidkll sections of thesudbury River from Fruit Street downstream to the
confluence with the Assabet in Concdimcluding the Framingham Reservoiesklisted as

Category 5impairedfor mercury in fish tissue; mosections are also listed f&r coli. Elevenof
thetributariesin the basirare also listd as Category 5 WaterSoles Brook E. coli), Beaver Brook

(E. coli), Eames Brook (agnacroinvertebratbioassessmeptaste/odorexcess algal growjhHop

Brookin Marlborough/Sudbury {otal phosphory<. coli, dissolved oxygen, and noxious aquatic

plants) Pantry BrooKfecal coliforn), Elizabeth Brookaq. macroinvertebrate bioassessment and

E. coli), Nashoba BrookE. coli, fisheries bioassessmernd RiverMeadow Brook(fecal

coliform, E. coli). Mill Brook in Concordis| i st ed as Category 4c Water ¢
by a pollutant. o Other tributaries are |isted
not assessedoNoUss Basegeedod. (A

The findings of theAssabet River Total Maximum Dallpadfor Total Phosphorustudy (ENSR
2001,Mass DEP2004 corfirmedthat the majority of the nutrients entering thesabetvere
comingfrom the wastewater treatment plants that discharge treated etfiubetriver In
particular, treatment plants are the major source of gutfusphorus (the bioavailable form of
phosphorus) throughout the ye#hile non-point sourcesontribute nutents,theycontributel
significantly less than poinbsirces over the growing seasdine 2004study concludethat
reductiongn nutrient loads from both point and rpoint sourcesvould be required to restore the
Assabet River t&lass Bconditions.Mass DERPand EPA adopted a twghased adaptive
management plan to reduce phosphorous loads in the Assabet. In Phase I, lower total phosphorus
discharge limits wereequired athe four majomwastewater treatment plants (WWTPA} a part of
Phase Iways of limiting nutrient flux from thautrientrich sedimentsvhich accumulatéen the
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slower moving and impounded river sectioveyestudied The Assabet River, Massachusetts,
Sediment and Dam Removal Feasibitydy(ACOE 2010 examined sediment dredging, dam
removal, and lowewinter phosphorus discharge limas way=f controlling the annual
phosphorusoadingfrom the sedimentslhe study concludkthat: (1)dredging would achieve, at
best,shortterm improvements; (2)q@sphorus discharge from the WWTPs in the winter
contributes to the annual phosphorus budget for the Assabatagndccumulate in the sediments
therefore, decreased winter phosphorus discharge limits would be another way to control
phosphorugoading to tke system; and (3hat dam removal plus the Phas&/WTPsphosphorus
discharge reductionsould almost meet thgoal of reducing the sediment phosphorus contribution
by 90 percen{Mass DEP2004), achieving an estimated 80% overaliiludcion. The study
commented tht iidue to the large size of the impoundméinthe Ben Smith dam were to stay in
place, significant biomass growth would continue to ga@sulting in existing levels of sediment
phosphorus flux in both the entire length of thenESmith impoundment, and continuing
downstream to the Powdemi | | i mpoundment, and beyond. 0o

Upgrades tahefour municipal wastewater treatment plants that discharge to the Assabet River
were completed as of the spring of 20l2dsonin September 200} aynard in spring 2011,
Marlborough Westerly and Westborough in the spring of 2012. With the upgrades complete, all the
treatmenplants meet summer total phosphorus discharge limits of 0.1 @mugdLa winter limit of

1.0 mg/L The Marlborough Easterly plandischarging to Hop Brook (tributary to the Sudbury

River), finishedrequiredupgrades by spring015

A natural streamflow regime (i.e. range, duration, and timing of streamflows) throughout tie year
critical to supportingfish and other aquatic lif@aseflow the flow of groundwater into the streams,

is particularly critical during the summand is essential to diluting the effluent discharged to the
river. Forthe nutrienfoad reductionp r oposed i n ttobe effactivantrestoring T MD L
water quality in the mainsterthe existing badlew in theriver and its tributaries must be

preserved and, if possible, augmented. The water resources of the area are undar tiarst
increasing demanidr water supply andentralizedvastewatetreatmentwhich results irthe net

lossof waterfrom manysubbasinsandreducedaseflow in the mainstem and tributaries.

Invasive aquatic plants are also a problem throughowvaltershed. The Sudbury River has a long
history of invasive water chestn{itirapa natangproblems and efforts to remediate those problems.
Significant water chestnut infestations are also on the Concord River, parjiculdud Billerica
impoundmentand the Asabet River sections downstream of HudgOther invasive aquatic plants
include Eurasian milfoil, fanworturly leafpondweed, and European water clover.

Because of thesssuesOARS conductsvater quality streamflow, anéquatic planbiomass
monitoringon the mainstermandlargetributaries of the AssabheSudburyand Concordivers.

Without the support and work of its volunteers, OARS would not be able to conduct such an
extensive monitoring prograrithesummer o2017wa s O B6R @dsecutive summer

collecting datat mainstemAssabet Rivesites including the longest standing sites below each

major wastewater treatment plaits, 16" yearcollecting data at tributary siteiés 14" year

collecting data at mainstem Concord Risies its 8" summer collecting Sudbury River dasad

its 13" year assessing aquatic plant biomass in the large impoundments of the Assabe{&®erer
quality data collected und€& A R ®)Gality Assurance Project PldorOA RS 6 Wat er Qual
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Quantity Monitoring Progranfapprovedviay 2016 to cover the 2018018 field seasopsind
previous Quality Assurance Project Plamsybe used by EPA and DEP in making regulatory
decisionOARS, 208b). Th e g o a |l smooitbringprogra@ndremain: to unséand long

term trends in the conditicof the rives andtheir tributaries, provide sound scientific information
to evaluateand supportegulatorydecisions that affect the rivggrand to promote stewardship of the
rivers through volunteer participatian the project.

Thedata collectedrealso usedo characterize fish habitat conditions in the ntelyutarysub
basins Streamflow and habitat availability datgerecollected afive tributary sites (Assabet
headwaterdiiop Brook North Brook Danforth BrookandNashoba Brook) to calcula@A R S 6
AStream He adingsHor thosedsteanidescribeaht hitp://www.oars3rivers.org/our
work/monitoring/interpretiatg.
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Table 1: Water Quality Sampling Sites2017

Waterbody/ Section Site Location Town g:; R#S EARIS Months Sampled Lat/Long (d/m/s) \I\lllvzasureg;vr\\lts
Concord River Rogers Street Lowell CND-009 | 46500 | Mar, MayT Sept, Nov | 42°38' 08.89" /71°18' 06.45"| & (USGS)
Concord River Lowell Street Billerica CND-045 | 46500 | June- Aug 42 A35068BLE7 304" a
Concord River Rte 225 Bedford CND-110 | 46500 | June- Aug 42°30' 33.0"+71°18' 48.6" a
Concord River Lowell Rd. Bridge Concord CND-161 | 46500 | Mar, MayT Sept, Nov | 42°27' 58.56'/71°21' 20.43" a
Sudbury River Rte 62 / Boat House| Concord SUD-005 | 47650 | Mar, MayT Sept, Nov | 42°27' 29.8"+71°21' 58.8" a
Sudbury River Sherman Bridge Rd. | Wayland SUD-064 | 47650 | May - Sept 42°23' 47.21 /- 71°21' 50.00 )
Sudbury River River Road Wayland SUD-086 | 47650 | May - Sept 42°22' 25.26/ -71°22'55.17 6
Sudbury River Route 20 Wayland SUD-096 | 47650 | MayT Sept 42A 211 Me®I62 O
Sudbury River Sudbury Landing Framingham | SUD-144 | 47650 | May - Sept 42°19'32.1 /- 71°23'50.8 6 (USGS)
Assabet River / Lower | Route 2 Concord ABT-026 | 46775 | Mar, MayT Sept, Nov | 42°27' 56.96"£71°23' 27.92" a
Assabet River / Lower | Rte 62 /Canoe access| Acton ABT-063 | 46775 | June- Aug 42°26' 28.29"£71°25' 48.65" a
Assabet River / Lower | Rte 62/ USGS Gage | Maynard ABT-077 | 46775 | Mar, MayT Sept, Nov | 42°25' 56.00"£71°26' 58.55" a (USGS)
Assabet Riverfmpound. | White Pond Road Stow/Maynard | ABT-095 | 46775 | Junei Aug 42°25'23.6" 71°28'29.5" in-situ
Assabet Rivetmpound. | Sudbury Road Stow ABT-134 | 46775 | Junei Aug 42°24'41.8" 71°30'30.0" in-situ
Assabet River / Upper | Rte 62/ Gleasondalel Stow ABT-144 | 46775 | June- Aug 42°24' 16.26"+71°31' 34.70" | &
Assabet Rivetmpound. | Cox Street Hudson ABT-162 | 46775 | Junel Aug 42°23'59.1'71°32'45.0" in-situ
Assabet River / Upper | Robin Hill Road Marlborough | ABT-238 | 46775 | June- Aug 42°20' 42.61"+71°36' 50.92" a
Assabet River / Upper | Route 9 Westborough| ABT-301 | 46775 | Mar, Mayi Sept, Nov | 42°16' 59.61"£71°38' 19.44" a
Assabet River/ Headwater | Mill Road Westborough| ABT-312 | 46775 | Mar, May-Sept, Nov | 42°16' 26"/-71°37' 56" a OARS
River Meadow Brook | Thorndike Street Lowell RVM-005 | 46525 | June- Aug 42°37' 54.54"£71°18' 30.70" a
Nashoba Brook Commonwealth Av. | Concord NSH-002 | unnamed| Mar, Mayi Sept, Nov | 42°27' 32.05"£71°23' 49.35" 3 OARS
Nashoba Brook Wheeler Lane Acton NSH-047 | 46875 | Mar, Mayi Sept, Nov | 42°30' 46.71"£71°24' 15.83" a (USGS)
Elizabeth Brook White Pond Road Stow ELZ-004 | 47125 | Mar, Mayi Sept, Nov | 42°25' 36.96"+71°29' 07.01" a
Danforth Brook Rte 85 Hudson DAN-013 | 47275 | Mar, Mayi Sept, Nov | 42°24' 13.65"+71°34' 28.64" a OARS
North Brook Pleasant St. Berlin NTH-009 | 47375 | Mar, MayT Sept, Nov | 42°21' 25.67"+71°37' 45.48" a OARS
Hop Brook Otis Street Northborough| HOP-011 | 47600 | Mar, May1 Sept, Nov | 42°17' 31.27"£71°39' 27.04" a OARS
Hop Brook Landham Road Sudbury HBS-016 | 47825 | May - Sept 42°21'26.5 / -71°24' 11.7 0]

5
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Figure 1: Sudbury, Assabet, and Concord RiveWatershed and2017Sampling Sites
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Water Quality Sampling

Water Quality Sampling Methods

Trained volunteers and O/Astaff monitored water quality at sitdtgoughout the watershédlable 1,
Figure 1). Each site is assigned a three letter prefix for the waterbody name plus a three number
designation indicatingiver milesabove its confluence with the next stredifater quality monitoring
was conductedneSundayeach month itMarch May, June, July, August, September, and November
Because of funding limitations, ndt aites are sampled each morfinom May to September (the
growing season) monitoring is conducted between 5:00am an@i®:30 capture the diurnal low in
dissolvedoxygen readings. In the nagrowing seasomwhen dissolved oxygen does not vary
dramatically over the daynonitoring is conducted heeen about 6:0am and 1:0@pm. Sreamflow
was calculated from stage readirg$DARSdgageausing stage/discharge ratingrves developenh
cooperation witlthe United States Geological Surv&SGS or recorded from the USGS rdahe
gageweb pages

Nutrientand suspended solidamplesvere taken using bottles supgali by thestate certified
laboratoryunder contract wh OARSand were stored in the dark on ice during tpansfrom the field

to the lab.Samples were delivered to the laboratory widrhours of collectiorandanalyzedwithin
their respective holtimes. ChlorophyHa samples were delivered to the laboratory within 4 hours of
samplingand analyzed within their holimes In-situ readings of temperature, dissolved oxygen, pH,
and conductivity were taken using mdfiinction YSI 6000series meter§re- and postalibraion

done by OARS staff)To ensure that samples were representative of the bulk flow of the river in
wadeable fregunning sections, bottle samples ameterreadings were taken from the main flow of
the river at miedepth where possibl@en percent ofite samples taken were duplicate field samples
and 10% wereiéld blanks of distilled wateilable2, below, summarizes the parameters measured,
laboratory methods and equipment used. Detailed descriptions of sampling methods and quality
control measures@aavailableiQual i ty Assurance Project Pl an
Quantity Monitoring ProgranfOARS, 20168.

Table 2: Sampling and Analysis Methods

Parameter Analysis Method # ngpm_ent R_an_ge/ Sar_npllng Laboratory
eporting Limits Equipment

Temperature -—- -5 to 45 degrees C YSI 6000-series ---

pH -—- 0 to 14 units YSI 6000-series ---
Dissolved oxygen -—- 0 to 50 mg/L YSI 6000-series ---
Conductivity 0 to 1000 pS/cm YSI 6000-series

Total Suspended Solids SM 2540D 1 mg/L bottle Nashoba Analytical
Total Phosphorus SM4500-P-E 0.01 mg/L bottle Nashoba Analytical
ortho-Phosphate SM4500-P-E 0.01 mg/L bottle Nashoba Analytical
Nitrates EPA 300.0 0.05 mg/L bottle Nashoba Analytical
Ammonia SM4500-NH3-D 0.1 mg/L bottle Nashoba Analytical
Chlorophyll i a SM 10200 H 2.00ng/L i 100nmy/L bottle Alpha Analytical

Water quality measurements were compared with the MassachusettQualiey StandardéViass
DEP,2017. All segments of the Assabate designate@lass Bivarm water fisheriesThe Concord
Riverfrom the confluence of the Assathand Sudbury to the Billerickinking water withdrawal is
designated Class Barmwaterfisherytreated drinking water supplifzrom the Billerica withdrawal to
Roges Streetn Lowell, the Concord is desigreatClass B warm water fishery and thast segment
(belowO A R $aét sampling sitefrom Rogers Street ihowell to its confluence with the Merrimack
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which is designated Class B (C3®@arm water fisheryThe Sudbury Riveirom the outlet of Cedar
Swamp Pond to FruStreet, Hopkintorfnot monitored as part of this proje@)designate€lass
B/Outstanding Resource Watérom Fruit Street to the outlet of Saxonville Pond, Framingham, the
Sudbury is designated Class B/wanater fishery. From the outlet of Saxonville Pond to its
confluence with the Assabet, the Sudbury is designated Class B/aquasd |d&the tributary
streamsassessed in this projeste designated Class B wate(Bor a list of SUAsCo stream segrhen
designations, see Appendix I.)

TheMassDivision of Fisheries and Wildlife list34 tributarystreams in the basin &oldwater

Fisheries ResourcéMassDFW, 2017) and MassDEP designatessvo tributary streamg$an unnamed
tributary of the Assabet River and the upper portion of Jackstraw BasatqQld water fisherigdlass
DEP,2017. Sincethese and otheributarystreams support or have supported cold water fisheries
(Schlotterbeck 1954) is useful to compartibutarydissolvedoxygenand temperaturmeasurements
with cold water fisheries standardir nutrient concentrations (where the Massachusetts standard is
narrative) results were companed t h (OB Boold t ot al ptéria QJPHPA, 19868 cCr
(Table3) andwith summertime data fdcoregion XIVsubregion 54US EPA, 2000)Table4).

Table 3: Water Quality Standards and Guidance for UseSupport (MassDEP 2017

Parameter Standard / Guidance Standard / Guidance

Class B Class B AnAquatic L
. O 5.0 mg/l for warm watdgO5.0 mg/l at | east
Dissolved oxygen O 6.0 mg/l for cold watdhour period and O

pH 6.57 83inlandwatersand &0.5 outside the natur g

ficontrol c ul t u fGold Boslkustandarg TPi< ©.@5tmg/b fordivers entering a

Nutrients lake or impounded section

r8.3  C and D< 2.8~ C for warm water fisheries

Temperature Cr0.0" C and D< 1.7” C for cold water fisheries 029.Cland DO 2C8
Suspended Solids Afree from floatl_ng, _suspended and _settlea
woul d i mpair any wuse assigned t

All surface waters shall be free from pollutants in concentrations or combinations that settle to form
Aesthetics objectionable deposits; float as debris, scum or other matter to form nuisances; produce objectionable
odor, color, taste or turbidity; or produce undesirable or nuisance species of aquatic life.

Table 4: ReferenceConditions for Ecoregion X1V (59) Streams (US EPA 2000)

Aggregate Nutrient Ecoregion XIV (subregion Aggregate Nutrient Ecoregion XIV
Nutrient Parameter 59) Reference Conditions* (subregion 59) Reference Conditions*
(25th percentile of June - September data) (50th percentile of June - September data)
Total Phosphorus 25 my/L 50 ng/L
Total Nitrogen 0.44 mg/L 0.74 mg/L
NO2 + NO3 0.34 mg/L 0.43 mg/L
Chlorophyll a (Spec A method) | 2.00 ng/L ** 4.00 mg/L **
* EPA, 2000

** chlorophyll-a data is available only for subregion 63

River Reaches and Tributaries

All the sites testeébr nutrientswere inrelativelyfreeflowing sectionswhere the water column is
assumed to be wethixed.In addtion, three sites were added in 2014 fositu measurementsithin
impounded sections of the rivekBT-162, ABT-134 and ABT095) For data analysis, thstes are

divided irto sectiongTable 1) (1) theupperAssabemainstem(2) the lowerAssabet mainsteng3)
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the Concord River mainsterfdl) theSudbury River mainsteni) the Assabeteadwater andll

tributary sitegexcept HORP016), and (5) fi mpounded®ecausdhees on t h
headwaters sitABT-312 (Mill Street, Westbaugh)is upstream of the first wastewater treatment

plant discharge, is reported separatefyom the other Assabet River mainstem sifites HOP011

(Hop Braok), NTH-009 (North Brook), DAN013 (Danfoth Brook) ELZ-004 (Elizabeth Book),

NSH-047 (Nasbba Brook in Acton)and NSH002 (Nashoba Broolgre allontributaries to the

Assabet RiverRVM-005 (River Meadow Brook at Loweli§ on the largest tributary to the Concord

River. HBS-016 (HopgLandhamBrook in Sudbury), a tributary to the Sudbury Rivemeported

separately from the other tributaries because it receives the discharge from the Marlborough Easterly
wastewater treatment plaftable5 lists tributaryand mainstem bastharacteristicsalculated using
USGS6s StreamStats program

Total drainage area, percent stratified drift (unconsolidated glacial deposits), and percent slope all
contribute to the streamflow characteristics of a stream.-8éeléd and layered glacial deposits, called
stratified drift, comprise the significant aquifémsthe Concordbasin and providenostof the ground
water used in the bas{kiSGS, 1995)Higher percent stratified drift in a stream basin means higher
groundwater contributions to the stream, providing consistent flows during-flometimes of year.

Table 5: StreamStatsDrainage Basin Satistics

Statistics at Mouth of Tributary?®
reacwater & Tiuary Sveams | LAelongiude | Daege | Statted D | e | o

Assabet at Maynard St., Westhoro 42.2741/-71.6322 6.79 1.64 24.15 3.61
Cold Harbor Brook, Northboro 42.3238/-71.6413 6.86 1.97 28.72 5.01
Danforth/ Mill Brook, Hudson 42.3897/-71.5666 7.17 2.06 28.73 3.58
Elizabeth Brook, Stow 42.4217/-71.4776 19.09 6.93 36.30 3.73
Fort Meadow Brook, Hudson 42.3975/-71.5169 6.25 1.76 28.16 3.77
Hop Brook, Northboro/Shrewsbury 42.2887/-71.6449 7.87 2.09 26.56 3.57
Hop Brook, Sudbury 42.3627/-71.3733 22.0 13.4 61.14 2.44
Nashoba Brook, Concord 42.4592/-71.3942 48.05 19.05 39.65 2.29
North Brook, Berlin 42.3576/-71.6188 16.89 4.12 24.39 4.38
River Meadow Brook, Lowell 42.6318/-71.3087 26.32 16.18 61.47 1.91

Mainstem Rivers Statistics near Mouth of River®
Assabet River, Concord 42.4652/-71.3596 177.81 73.00 41.06 3.01
Sudbury River, Concord 42.4637/-71.3578 162 49.13 30.33 2.52
Concord River, Lowell 42.6351/-71.3015 400.0 197.97 49.49 2.63

Cal cul ated usi

ng

U S QI8tp:/sstst@namreea und pov/streamplatsd g r a m

®Slope is the mean basin slope calculated from the slope of each grid cell in the desigimbgasih
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Precipitation and Streamflow

As of May 2017, MissExecutive Office of Environmental Affairdeclaredhat the drought conditions

thathad affected the region in 20h&d ended. All Massachusette gi ons wer e assesse
basedntheseven indicesised by the Drought Taslofee(Standardized Precipitation Index, Crop

Moisture Index, Keteh-Byram Drought Index, Precipitation, Groundwater levels, Streamflow levels,

and Index Rservoir levels)

Precipitation, and the associated increased stormwater runoff and streamflow changes, are correlated
with concentrations of total suspended sglidtal phosphorus, and nitrate/nitrites. thar purposes of

this project, sampling dates were classified by visual inspection of the hydrograph of the nearest
available reatime USGS gage as rising, falling, or flatdrograph(Table 6).Flow at the Sudbury

River gage in Framingham is sometimes affected by dam manipulations upstaeaptesScollected

on arisinghydrograptmayi ncl ude #Afirst flusho runoff and th

Sampling events that wepeeceded by more than 0.1 inchesoffahhe st andard defin
weather samplingare highlighted. Rainfall da{@able § was downloaded frorthe National Weather
Servicebds Wor c elstp:/evivw7Acde.rmanmdv/CBG/cAR | o n

Table 6: Hydrographic and Precipitation Data 2017

Hydrograph at USGS gage Precip (inches) before sampling day
Samping Date | ASSabetRiverat | Sudbury | Concord 2445 . betore | day (. e after
sampling day sampling)
26-March Falling Falling Rising 0.12 0
21-May Peak Falling Falling 0.01 0
18-June Falling Falling Falling 0.60 0
16-July Falling Falling Falling 0.21 0
20-August Flat Flat Falling 0.05 0
17-Sept Falling Falling Falling 0.01 0
12-Nov Falling Falling Falling 0.02 0

Streamflows measured at the Assabet River gage in Mayr@udle effluent discharges frothree of
the four municipal wastewater treatment plants on the;rilerthree treatment plants discharged a
combined averageaily flow of 13.64cfsto the river from May to Octob&017(EPA,2018. While
averagedaily wastewater discharge volume vanesh changing groundwater levels and rainfall
amounts (due tthflow and Infiltratior), the variation is relatively smalbmpared with the variation in
streamflow athe gages used
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Figure2 shows groundwater leve{depth to groundwatei 2017compared with istoric mean levels
from the USGS monitoring well in&on USGS 422812071244401 MACW 158 ACTON, MA.

By April 2017, groundwater levels had recovered fromditmeightlevels of the previous two years.
From April to November, groundwater levels were dlighigher than average levelShanges in
groundwater levels reflect precipitation and evéospiration rates and, in turn, affect baseflow to
the streams.

Streamflows measured at the Assabet River gage in Mayrdudie effluent discharges frothree of
the four municipal wastewater treatment plants on the;rilkierthree treatment plants discharged a
combined averaggaily flow of 13.64cfsto the river from May to Octob&017(EPA,2018. While
averagelaily wastewater discharge volume vanesh changing groundwater levels and rainfall
amounts (due tnflow and Infiltratior), the variation is relatively smalbmpared with the variation in
streamflow athe gages used

11
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Figure 2: Groundwater Levels (USGS Monitoring Well Acton, MA)

Mean Daily Depth to Groundwater, Jabec 2017
at USGS Groundwater Well, Acton, MA
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Figures3 and 4andshow mean dailgtreamflows for May to Octobeit the Assabet Riveand
Sudbury Rivegages compared with thaistoricmean of the daily streamflovisr the period of
record In 2017, daily streamflows at all four USGS fitime gages werat or abovés0™ percentile
flows from January to the beginning of Auguand belav the 50" percentile after that

Hydrographs for the Cooed River gage in Lowelland the Nashoba Brook gage in Acton (see
AppendixIl) show similar ptterns to the Assabet aS8ddburyR i v e r 6Montlgysstygeamflows

were also recorded at five trilany monitoring sites and near the Assabet River headwaters, above the
first wastewater discharge (data in Appendix V).
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Figure 3: Mean Daily Streamflows AssabetRiver, 2017

Mean Daily Streamflows, May-Dct 1, 2017
at USGS Assabet River Gage, Maynard, M.
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Figure 4: Mean Daily Streamflows, Sudbury River, 2017
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Water Quality Results

Reach and tributary statistics are summarized in Taldelow. Individual parameters are discussed
below.
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Table 7: Mainstem Reach andTributary Statistics

Reach Statistics 2017 (calculated on 1/2 detection level where sample is Below Detection Limit)
# Temp DO % CI?)(r?c Cond TSS TP ortho-P NO3 NH3 Chl
Reach Sites | statistic Time (30) Sat (mg/L) (eS/cm) pH (mg/L) | (mg/L) (mg/L) (mg/L) | (mg/L) | (ng/L)
N Upper Assabet Mainstem 1 | Single reading 2:59 PM 7.12 100.6 12.15 506 7.11 2.0 0.05 <0.01 5.1 0.19
8_ Lower Assabet Mainstem 2 | Median 11:52 AM 3.39 106.2 14.11 383 7.08 0.5 0.03 <0.01 1.3 0.145
§ Sudbury Mainstem 2 | Median 1:40 PM 3.52 102.8 13.61 436 7.15 2.0 0.02 <0.01 0.47 0.15
§ Concord Mainstem 2 | Median 10:36 AM 3.07 92.5 12.39 412 6.89 2.0 0.02 <0.01 0.96 0.145
Headwater & Tribs 7 | Median 1:26 PM 2.96 99.9 13.65 245 7.08 0.5 0.01 <0.01 0.40 0.12
Upper Assabet Mainstem 1 | Single reading 7:32 AM 15.69 84.1 8.34 474 7.30 3.0 0.05 0.02 2.6 <0.1
g Lower Assabet Mainstem 2 | Median 7:00 AM 19.42 91.2 8.46 552 7.35 6.5 0.05 0.02 0.53 0.155
§ Assabet Impounded Sites 3 | Median 7:02 AM 18.93 88.2 8.34 558 7.29
ﬁ Sudbury Mainstem 5 | Median 6:34 AM 20.19 60.4 5,58 602 6.87 6.0 0.04 <0.01 0.07 <0.1
§ Concord Mainstem 2 | Median 6:57 AM | 20.61 81.5 7.315 549 7.09 11.0 0.08 <0.01 0.14 | 0.135
Headwater & Tribs 8 | Median 7:25 AM 16.98 88.8 8.605 416 7.23 3.5 0.04 <0.01 0.12 0.12
Hop Brook, Sudbury 1 | Singlgeading | 7:14 AM 16.75 35.4 3.43 499 6.85 5.0 0.05 0.01 0.33 <0.1
Upper Assabet Mainstem 3 | Median 7:00 AM 19.04 84.1 7.85 673 7.17 4.0 0.01 0.01 15 0.17
~ Lower Assabet Mainstem 3 | Median 6:25 AM 20.96 93.3 8.31 598 7.35 5.0 0.02 0.02 0.94 0.19
§ Assabet Impounded Sites 3 | Median 6:23 AM 18.83 91.2 8.47 576 6.83
=] Sudbury Mainstem 5 | Median 8:48 AM 20.82 36.9 3.33 566 6.69 4.0 0.05 0.03 0.10 0.24 | <2.00
% Concord Mainstem 4 | Median 7:05 AM 21.91 66.1 5.76 579 6.98 5.0 0.04 0.02 0.26 0.205
Headwater & Tribs 8 | Median 7:35 AM 18.81 84.9 7.74 454 6.94 3.0 <0.01 <0.01 0.14 0.185
Hop Brook, Sudbury 1 | Single reading 9:05 AM 19.44 23.9 2.2 455 6.60 2.0 0.05 0.04 <0.05 0.19 | <2.00
Upper Assabet Mainstem 3 | Median* 7:50 AM 20.11 76.7 7.03 855 7.25 1.0 0.03 0.01 3.9 0.16
- Lower Assabet Mainstem 3 | Median* 6:19 AM 21.91 100.5 8.78 724 7.54 3.0 0.06 0.01 0.82 <0.1
é‘ Assabet Impounded Sites 3 | Median* 7:08 AM 21.04 82.6 7.47 822 7.25
‘“_’.- Sudbury Mainstem 5 | Median 8:36 AM 21.33 53.4 4.7 611 7.21 5.0 0.06 0.02 0.12 0.17 3.93
§ Concord Mainstem 4 | Median 6:49 AM 21.84 77.6 6.77 549 6.72 4.0 0.06 0.01 0.34 0.12
Headwater & Tribs 8 | Median* 7:26 AM 19.82 81.5 7.295 411 7.01 2.0 0.05 0.02 0.13 0.085
Hop Brook, Sudbury 1 | Single reading 9:07 AM 19.56 17.4 1.58 527 7.05 2.0 0.14 0.04 0.08 <0.1 4.57
14
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Table7 (continued)

Reach Statistics 2016 (calculated on 1/2 detection level where sample is BDL)

# Temp DO % CI?)(r?c Cond TSS TP ortho-P NO3 NH3 Cchl
Reach Sites | statistic Time (30) Sat (mg/L) (eS/cm) pH (mg/L) | (mg/L) (mg/L) (mg/L) | (mg/L) | (eg/L)
Upper Assabet Mainstem 3 | Median 7:14 AM 21.53 82.4 7.23 1078 7.37 1.0 0.01 0.01 6.2 <0.1
N Lower Assabet Mainstem 3 | Median 6:20 AM 23.83 88.4 7.44 784 7.57 0.5 0.01 0.01 0.91 0.19
8_ Assabet Impounded Sites 3 | Median 7:23 AM 24.32 90.3 7.54 1028 7.35
§ Sudbury Mainstem 5 | Median 8:18 AM 21.60 60.1 5.05 695 7.24 5.0 0.04 0.01 0.15 0.20 3.90
§’ Concord Mainstem 4 | Median 6:52 AM 24.03 84.7 7.08 681 7.38 3.5 0.01 0.01 0.42 0.20
< Headwater & Tribs 8 | Median 7:40 AM 21.07 78.1 6.92 533 7.27 2.0 <0.01 <0.01 0.14 0.155
Hop Brook, Sudbury 1 | Single reading 8:45 AM 21.57 31.6 2.82 598 7.20 5.0 0.05 0.04 0.44 0.19 2.60
Upper Assabet Mainstem 1 | Single reading 8:10 AM | 20.86 65.4 5.83 1183 7.48 0.5 0.01 <0.01 9.2 <0.1
g Lower Assabet Mainstem 2 | Median 7:30 AM 21.37 75.5 6.67 769 7.71 3.0 0.02 <0.01 1.8 <0.1
:- Sudbury Mainstem 5 | Median 7:45 AM 21.28 81.3 7.43 947 7.46
%_' Concord Mainstem 2 | Median 7:18 AM 22.06 61.6 5.30 668 7.16 8.0 0.03 <0.01 0.08 <0.1
@ Headwater & Tribs 8 | Median 7:25 AM 21.89 85.0 7.44 777 7.55 14.0 <0.01 <0.01 1.3 <0.1
Hop Brook, Sudbury 1 | Single reading 7:50 AM 20.14 83.1 7.90 524 7.25 1.5 | <0.01 <0.01 0.14 <0.1
- Upper Assabet Mainstem 1 | Single reading 9:53 AM 11.00 99.2 10.87 1487 7.10 2.0 0.04 0.02 12.4 <0.1
§ Lower Assabet Mainstem 2 | Median 9:40 AM 3.92 102.3 13.41 484 7.26 15 0.03 <0.01 1.2 <0.1
S Sudbury Mainstem 2 | Median 9:35 AM 5.06 86.2 10.95 438 7.30 2.0 0.02 0.0175 0.12 <0.1
é Concord Mainstem 2 | Median 8:52 AM 5.05 78.9 10.03 427 NA 9.5 0.04 0.02 0.36 <0.1
Headwater & Tribs 7 | Median 9:08 AM 3.12 94.5 12.48 303 7.40 0.5 <0.01 <0.01 0.16 <0.1

NA = not sampled / not recorded
NR = data censored
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Water Temperature pH, and Conductivity

In-situ readings (including dissolved oxygen, water temperature, pH, and conduatittity)
summer months (May to Septeretakenbetween about 5:30 aamd9:00 am, when dissolved
oxygenconcentrations arexpected tde at their lowest for the day. Readings during the non
growing season (November and March) were taken bet&@8&am and3:00 pm. Summary
statistics for all irsitu readings arim Table8 (above) and full dataetis in AppendixIV .

Water temperaturest all sitesmet Clas88 warm water fisheries standaf2B.3°C)on all of the
regular testing dates 2017. Many ofthe tributary streams suppant have supported cold
water fisheriestherefore tributaryand headwategemperature readinggecompaed with tre
cold water standard (20.0°Tjhe recommended singteading maxima for brook trout is
20.0°C and for browirout is 23.9°Cln 2017, most sites exceeded 20.0°C in July and August;
none of thesites exceeded 23.9°C.

Figure 5: Temperatures in Tributaries and Assabet Headwater

Water Temperature in Tributaries & Headwatdfay to Sept 2017
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All measurements met the Classtandards fopH in 2017, with readirgsrangingfrom
6.57t0 7.89

Conductivityis an indirect indicator of pollutants such as effluent-poimt source runoff
(especially road salts) and erosi&RA (http://water.epa.gov/type/rsl/monitoring/vms59.§fm
studiesof inland fresh waters indicate that streams supporting good mixed fisheries teange
between 150 and 500 [c¢®n. The range of mastem conductivity readings wasm 369¢ S/ ¢ m
to 1487¢ S/ io 2@17with the highest readin@487¢ S / )@tmssabet at Rte 9 (AB301) in
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November Amongthe tributary streams, conductivity ranged frb&#% 1057¢ S / : thenlowest
reading was recorded Bbrth Brook inMarch(152¢ S / )chighest readingwere recorded at
Hop Brook, Northboroughn August(1057¢ S /)c m

Dissolved Oxygen

Dissolved oxygen (DO) concentratiodisring the growing seasare generally lowest between
5amand8 am after plant and microbial respiration n@siovedoxygen from the water column
overnight. Lowmminimum DO concentrations and large diurnal variations in @@indicate
eutrophic conditions. Summary statistics for DO readings aratie8 and full dataare in
Appendixl. In situreadings (temperature, dissolved oxygen, conductivity ancgptipe

Ai mpoundedéd62sABT-184 an(l ABBOBS5) were not substantially different from
readings upstream and downstream of those sites (8able

Table 8: Comparison between Impounded and Lower Assabet Site Readings

Comparison oMedianReadings from Impounded vs. Lower Assabet Sites (Magpt
Temp (C)| Dissolved | Dissolved | Cond pH
Oxygen %| Oxygen (mS/cm)
Section/ Statistic (mg/L)
Impounded Sites Median 21.04 88.2 7.87 822 7.30
Lower Assabet Siteis Median 20.97 90.1 7.76 724 7.54
Relative Percent Difference 0.3% 2% 1% 13% 3%

Dissolved oxygemeasurement®iled to meewater Quality Standards5.0 mg/L for Class B;
< 3.0 mg/L for Class B Aquatic Life for mainstem Sudbury sigg$o Sudbury River and two
Concord River sites in June and one Assabet River site in Augalse(9. Hop Brook in
Sudbury (HBS016) failed to meet Class B standards in May, June, JulyAagdst. Elizabeth
Brook, Stow, failed to meet Class B standards in July, August, and Sept&loteghat low DO
measurements may not constitute a violation of WQS if caused by natural conditions.

Table 9: Dissolved Oxygen Violatons

Dissolved Oxygn Violations of WQS

Mainstem Sites
Date Site Dissolved Oxygerimg/L)
June 18, 2017 SUD-064 2.27
June 18, 2017 SUD-005 2.46
June 18, 2017 CND-110 4.31
June 18, 2017 CND-161 2.92
August 20, 2017 ABT-162 4.38

Tributary Sites
May 21, 2017 HBS-016 3.43
June 18, 2017 HBS-016 2.20
July 16, 2017 ELZ-004 4.70
July 16, 2017 HBS-016 1.58
August 20, 2017 HBS-016 2.82
August 20, 2017 ELZ-004 3.54
Sept 17, 2017 ELZ-004 4.06

17
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For comparison between yeansd sectiong-igure6 shows mediansummer (June, July, and
August)dissolved oxygen measurements for m@nmsand tributary sectiorer the last five
years Hop Brook at Landham Road, Sudbury, has consistently low dissolved oxygen
concentrationsThe orange line indicates th@nimum Class B water quality standard (5.0mg/l)
and the red line indicates thenimumClass B Aquatic Life water quality standard (3.0mg/L).

Figure 6: Median Dissolved Oxygen Measurements
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Nutrients and Suspended Solids

Summary statistics for nutrient concentrations araible7 (pagesl3-14). Mediansummer
nutrient concentratiorgre shavn (Figures7 and8) for the uppeand lowerAssabemainstem
reaches (se€able 1 for reach definitionsgudbury mainstem sgeConcord mainstersites
combinedAssabeteadwates and tributary ges, and Hop Brook in Sudbu This analysis
includes all the sites sampled2@17(not just the longerm sitesused in the trend analykigor

more aboutlong er m trends, see the 200Summer Trendso s

In 2017, themediansummerTP concentratiof0.02 mg/L), of all the Assabet River mainstem

sitesbelow the first wastewater discharge (Westborough WWid@3p el ow t hoel EPA

Booko r ec o(d6beng/ld andbelowthe Ecoregion referena®ndition for TPof
0.025mg/L. The mediansummemMO3 concentratiorof all the Assabet mainstem sites wakb1.
mg/L, more tharB timesthe Ecoregion reference conditioh0.34mg/L.

The mediansummer TRconcentrationn theConcord River mainstenvas0.04 mg/L (belowthe
Eco egi on reference condi ti on aThdmedighAumiméro |
nitrate concentration was33 mg/L, just belowthe Ecoregion reference condition
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The mediansummerTP concentrationn the Sudbury Rivewas 0.6 mg/L (atthe Ecoregion
reference condition and E®éameldi@mitraie cécentdation r e c o m
was 012 mg/L (belowthe Ecoregion reference conditioifhemedian summer TP concentration

of the Assabet headwater (AB312) andributaries(excluding Hop Brook, Sudburyyas0.02

mg/L. Hop Brook, Sudbury, which is affected by the wastewater discliemgeMarlborough

Easterly WWTP, antlad a median summ@&P concentratiof0.05mg/L)att he fA Gkhd d Boo
recommended concentration but otlex Ecoregion reference condititor total phosphorus

Figure 7: Median Total Phosphorus Concentrations(Summers 2007 2017

Median Total Phosphorus ConcentrationSummers 2002017 012007
Assabet, Sudbury, Concord, and Tributaries
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Figure 8: Median Nitrate Concentrations (Summers2008 2017

Median Nitrates ConcentrationsSummers 2002017
Assabet, Sudbury, Concord, and Tributaries
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Median btal suspendedds (TSS) concentratiorisy section are shown in Figude
Figure 9: TSS by River Section, 2017
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Chlorophyll a

Chlorophyllais the principle photosynthetic pigment in algae and vascular pantsophylla
concentrations give agstimate of the biomass planktonic algae in the river and is one
indicator of eutrophication. Rivers, like the Assabet, sdwegetation is dominated by larger
rooted andloating aquatic plants may have low chlorophgitoncentrations although they are
eutophic. There is no nmeric standard for chlorophyll in Massachusetts waldrs.New
Hampshire Department of Environmental Services categorizes chloraptoylcentrations in
riversas follows(http:/www?2.des.state.nh.us/OneStop/docs/river_parm_de3c.pdf

Table 10: NH Chlorophyll Categories

Chlorophylla Categories
<3nyg/L Excellent
31 7ng/L Good
71 15ng/L Less than desirable
> 15ng/L Nuisance

Chlorophylla was measured on the Sudbury River and Hop Brook/SudbuiynmsJuly, and
August(Figure D). (The Concord and Assabet Rivers are not sampled for chlorahyll
Concentrations ranged froxg2.00to 12.2ng/L with only 2readings in thé | eharedesieb | .e 0
The highest readingasatthe downstrearmost Sudbury siteSUD-005.
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Figure 10: Chlorophyll -a at Sudbury River Sites
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Summer Nutrient Trends

1992 - 2017

Summer (June, July, and August onhgdnds innutrient concentrations the two mossttable
nutrient parametersatal phosphorus and nitrajdsr the longest term sites was extended to
include2017. Stes thatareless than @ river milesapartand where there are no significant
changes (e.gtributaries joiningwereconsidered the same€&able 11 lists the lonterm sites
used and their sectiorBox plots for Assabet River sites are shownlf898 2017 (omitting
1992 1998databecause of graphing softwdnaitations).

Table 11: Sites for Nutrient Trends Analysis

Section Sites Years Sampled
Assabet Headwater ABT-311 & ABT-312 19922011(ABT-311) 2012 2017(ABT-312)
ABT-301 1992 2017
Upper Assabet
ABT-238 & ABT-237 1992 2005(ABT-238), 20062007 (ABT-237)
Middle Assabet ABT-144* 1992 2017
ABT-077 1992 2017
Lower Assabet
ABT-026 1992 2017
HOP-011 2002 2017
NTH-009 2002 2017
Tributary Streams DAN-013 2002 2017
ELZ-004 2002 2017
NSH-002 1995 2017
Lower Concord CND-009 2004-2017
Lower Sudbury SUD-005, SUD064, SUD086 | 2010 2017
Hop Brook, Sudbury HBS-016 2010 2017

* ABT-144 site was moved from above to below the Gleasondale dam in 2002
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Total phosphorus in the upper and lower Assabet Riaenstensites is shown ifrigurell

(note that the yaxis scalas different in the two graphd)itrate concentrations for the upper and
lower Assabet River mainstem sites are showfignre 2. Total phosphorus and nitrate
concentrations in the Assabet headwater site and five tributaries of the Assabet River are shown
in Figuresl3 and14. The last 6 thewastewater treatment plampgradeghat discharge to the
Assabet Rivefneeded, in part, tmeet the lower phosphorus discharge limits stipulated in their
2005 permitsyvere completed bthe spring of 2012.

The statistical significance of apparsoimmer trends in water qualiyere evaluated usira

single season ManrKendall test Helsel, 206) computed ortoncentration andn flow-

weighted concentratiofusing a locally weighted scatterplot smooth; LOWE&S) two date
ranges (1993312017 adhadt DA 20&)owhere sufficient data were available
Assabet River streamflows from thkSGS Assabet River gage in Maynard were used for the
LOWESS smootlfior the Assabet River sites; streamflows from the USGS Concord River gage
in Lowell were used for the LOWESS smooth for the Concord Riveriitstest statisticare
shownbelow each figre. (Ful test statisticare in Appendix VI). Results were deemed
significant for p < 0.05with absolute value of Kendatu > 0.20.

With eight summers of data, trends were analysed for the Sudbury River sites and Hop Brook,
Sudbury(Figure 15) Thelower Sudburysitesshowed a weakly decreasing trendatal
phosphorugrom 2010 ta2017.Hop Brook Sudburyshowed a weakly decreasing flow

weighted trend in orthphosphorudetween 2012017, and weakly decreasing (but not
statistically significantjrend in total phosphoru®ther satistically significant trends were

similar to findingsin 2015 and 2016

1 decreasing total phosphorus concentrations in the Assabet River &mojpiddle
section$ for both date ranges assessed

1 decreasingrtho-phosphorus concentrations in the Assabet River (upper, middle and
lower sections) between 1999 and 2Qthe only date rage assessed for this parameter)

1 weakly decreasing orthphosphorus concentratiomsthe Assabet tributaries and lower
CorcordRiver site (CND009) in Lowell

1 weakly increasing flowwveighted nitrate concentrations in the upp@dmiddle Assabet

for bothdate rangeassessed

decreasing trends in nitrate concentrations in the tribut@@ER1 2017)

nitrate concentrations in thssabet Headwater site appeared to hasleagp decrease

between 2006 and 2007 asldow a weak decreasing trend in flaweighted

concentrationfrom 2007 2017

1 increasing dissolved oxygen concentrations in the upper Assabet between 19997and 201

= =4

No significant trends were found in streamflow at the Assabet River USGS gage on sampling
datesfor either range of dates tested.
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Figure 11: Summer Total Phosphorusin Upper and Lower Assabet Mainstem
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Lower Assabet Mainstem (ABT-077 & ABT-026)

o

1998
1989 [

2000
2001
2002
2003
2004

2005 L
2006 |

2007 L

2008 L
2009

Total Phosphorus - Mann-Kendall test statistics
Section Type All dates Late
years tau z p Trend years tau S z Trend
Upper ABT conc. 1993-2017 -0.679 -739Q -12.25 0.000¢downward [1999-2017| -0.595 -383(0 -9.38 0.000qdownward
Upper ABT flow-weighted {1993-2017 -0.61 -6634 -11.00 0.000Qdownward |1999-2017| -0.582 -3749 -9.18 0.000ddownward
Middle ABT  |conc. 1993-2017 -0.738 -2049 -9.372 0.000(¢strong down|{1999-2017| -0.629 -1004 -6.91 0.000Qdownward
Middle ABT  |flow-weighted [1993-2017 -0.665 -1845 -8.435 0.0000downward [1999-2017| -0.581 -927| -6.375 0.000Qdownward
Lower ABT conc. 1993-2017 -0.599 -669(Q -10.87 0.000gqdownward (1999-2017| -0.489 -3150 -7.728 0.000Qdownward
Lower ABT flow-weighted |[1993-2017 -0.566 -6323 -10.27 0.000Qdownward |1999-2017| -0.472 -3037 -7.43§ 0.0000downward
NST = no significant trend
23

WQ Final Report2017



OARS

Figure 122 Summer Nitrates in Upper and Lower Assabet Mainstem

Summer Nitrates
Upper Assabet Mainstem (ABT-301, ABT-237)

Summer Nitrates
Lower Assabet Mainstem (ABT-077 & ABT-026)
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Nitrates - Mann-Kendall test statistics
Section Type All dates Late
years tau S z p Trend years tau s z p Trend
Upper ABT conc. 1993-2017 0.104 993] 1.867 0.619NST 1999-2017| 0.122 783 1.916 0.0554NST
Upper ABT flow-weighted [1993-2017 0.221 2029 3.81¢ 0.000l]weak up 1999-2017| 0.2220 1428 3.495 0.0005weak up
Middle ABT  |conc. 1993-2017 0.159 372 1.924 0.0544NST 1999-2017| 0.095 152 1.04] 0.282(QNST
Middle ABT  |flow-weighted |1993-2017 0.34] 797 4.123 0.000qup 1999-2017| 0.23§ 380 2.609 0.0091weak up
Lower ABT conc. 1993-2017 0.107] 1014 1.866 0.062NST 1999-2017| -0.011]  -68| -0.164 0.8699NST
Lower ABT |flow-weighted |1993-2017 0.103 977 1.797] 0.0724NST 1999-2017| -0.04) -256| -0.625 0.5324NST
NST = no significant trend
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Figure 13: Summer Total Phosphorus at Assabet Headwater & Tributaries

Summer Total Phosphorus
Assabet Headwaters (ABT-312 & ABT-311)

Summer Total Phosphorus
Assabet Tributaries
(HOP-011, NTH-009, DAN-013, ELZ-004, NSH-002)
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Total Phosphorus - Mann-Kendall test statistics
Section Type All dates Late
years tau z Trend years tau S z p Trend
Headwater ABTconc. 1993-2017 -0.056 -194] -0.75 0.453NST 1999-2017| -0.055 -119.0 -0.657 0.5110NST
Headwater ABTflow-weighted [1993-2017 -0.034 -117| -0.448 0.654NST 1999-2017| -0.06( -129.0 -0.71f 0.478GNST
Tributaries conc. 2002-2017| -0.100 -2952 -2.322 0.0202weak down
Tributaries flow-weighted 2002-2017| -0.064 -1897 -1.488 0.1367NST
NST = no significant trend
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Figure 14: Summer Nitrates at Assabet Headwater Site and Tributaries

Summer Nitrates
Assabet Headwaters (ABT-312 & ABT-311)

Summer Nitrates

Assabet Tributaries
(HOP-011, NTH-009, DAN-013, ELZ-004, NSH-002)
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Nitrates - Mann-Kendall test statistics
Section Type All dates Late
years tau S z p Trend years tau z p Trend
Headwater ABTconc. 1993-2017 -0.227 -682 -2.942 0.003weak down |1999-2017| -0.32§ -700| -3.87d 0.0001downward
Headwater ABTflow-weighted |1993-2017 -0.275 -827| -3.564 0.0004weak down |{1999-2017| -0.47¢ -102Q -5.641] 0.000¢downward
Tributaries conc. 2002-2017( -0.3] -8894 -6.985 0.0000weak down
Tributaries flow-weighted 2002-2017| -0.284 -8434 -6.62 0.000gweak down
NST = no significant trend
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Figure 15: Summer Total Phosphorus at Hop Brook and Lower Sudbury

Summer Total Phosphorus
Lower Sudbury (SUD-005, SUD-064, SUD-086)

Summer Total Phosphorus
Hop Brook, Sudbury (HBS-016)
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Total Phosphorus - Mann-Kendall test statistics
Section Type All dates Late
years tau s z p Trend years tau S z p Trend
Lower SUD conc. 2010-2017| -0.218 -556| -2.71§ 0.006§weak down
Lower SUD |flow-weighted 2010-2017| -0.20q -512| -2.48 0.0129weak down
HBS-016 conc. 2010-2017| -0.2579  -71f -1.749 0.080ZNST
HBS-016 flow-weighted 2010-2017| -0.268  -74{ -1.811 0.070ZNST
NST = no significant trend
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For comparisonvith in-stream conditionsvastewater treatment plant total phosphorus loads from 2007
to 2017 (from EPA & Discharge Monitoring RepofDMR) Pollutant Loading Tool. EPA018 are
shown(Figure16) for theWWTPs discharging to the Assabet/&i Improvements in phosphorus
removaldramaticallyreducedl'P concentrationandtotal annual loadBom the Assabetvastewater
treatment plants between 2007 abut2013. Improvements to the Marlborough Easterly wastewater
treatment plant reduced T@&ads from that plant between 2014 and 20LGtal annual discharge flows
decreased slightlgFigure17) over the same time period

Figure 16: Annual Load Total Phosphorus from WWTPs
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from Wastewater Treatment Plants 2002017
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Figure 17: Total Annual Flow from WWTPs
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Water Quality and Stream Health Index Calculations

The Stream Health Index was used to assess conditisisof the tributary stream sitésr each of the

monthly (May to Septsampling result§Table12). The Water Quality Index (a subdex of the overall

Stream Health Index) was also used to assess water quaktgctednainstensites(Table13) and

Hop Brook, Sudbury whi ch dondédt have streamflow data aval

O A R StieamHealth Index is designed to characterize summertime fish habitat conditions in the small
streams of thevatershed. A full description of the index is available on the OSWRbpage. Briefly, an

index brings information frormultiple data sourcetogetherinto a single number, like a grade, that can

be understood at a glance. As such, an index is a useful tool in making water quality, habitat and
streamflow data accessible to the public and in assessing spatial and temporal trends.

For the Stream Hath Index, measurements of streamflow, groundwatesls channel flow status,
dissolved oxygen, temperature, pH, total phosphaitrates and total suspended solids acered

from 1 (worst) to 100 (best). Streamflow data are scored against miniomamestime streamflow
recommendations of several standsetting methods. Water quality metrics are scored against
published fish tolerances, Massachusetts surface water quality standards, and EPA criteria. Nutrient
concentrations are scored against exgeeconditions for Ecoregion XIV. Channel flow status is scored
usi ng EPAOGs Ra protdcol.Borall @imitarg stresam sitgsivhich support or have
supported coldvater fish populations, temperature and dissolved oxygen readings were complared wi
Class B cold water standards. For mainstégsabet and Concord sitéasmperature and DO readings
were compared with Clag&warmwater standardand Sudbury sites were compared with Class B
AAquati c L iTheséparanmetensdoees atesaggredatgive streamflow, wateuality and
habitatavailabilityindex scores; these three index scores are then aggregated into an overall stream
health index. For postinghe index score was converted to a description: excellen1(8), good (61

80), fair(41i 60), poor (2140), and very poor {R0).

Tributary Stream Health Index The lowest scoringhonths weréAugustandSeptembe017(Table
12), when streamflows were lowhe lowest soring parameters tended to betevdemperature and
streamflow, especially in August and September.

Water Quality Index: Table13 shows Water Quality Index readings for selected sites on the mainstem
Assabet, Sudbury and Caord Rives and on Hop Brook in Sudbuit the Asabet River sites,jtnates
were the lowest scoring parameters, driving the overall WQ@esthe upper Assabet site, below the
West borough WWTP isduly rAegdst, #nd Septgmigecawse ritrate concentrations
were high The AssabetinMayards cor ed fAgoodo in May, June, July
Septembermitrates were the lowest scoring parameélbe Concod Riverat Lowell Road, Concord
(CND-161),gener al | y 0s ¢ mo déwniathtes ol duspended solidanddissolved

oxygenthe lowest scorig parametersNitrates at the Concord River site at Rogers Street, Lowell
(CND-009) was the lowestcoring parameter on all dates testgdept May, when total phosphorus was
low-scoring wat er (g u agl oot dyall detasstestedahe Sudburyi Rivesite at Saxonville
(SUD144)wasigo o d 0 t o with eotal plodphorus andnitratie lowest scoring parameser
Dissolved oxygemvasthe lowest scoring parameset the Hop Brook site in Sudbury, anderall

wat er qualfairbigMay,dumeAegiistdind Avery .pooro in July
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Table 12: Stream Health Index Readings Summer 2017

Stream Health Index Re
5/21/2017 | 6/18/2017 | 7/16/2017 | 8/20/2017 | 9/17/2017
Assabet River Headwater, Mill Rd., Westborough (ABT-312)
NO3 100 100 100 73 81
TP 82 100 82 100 71
TSS 83 83 96 44 100
DO 85 81 70 79 84
pH 100 100 100 100 100
Temp 57 33 29 45 55
Streamflow 100 100 57 9 9
Groundwater 92 92 88 82 70
Habitat 100 a0 85 35 55
Stream Health Index 92 84 72 28 31
Danforth Brook, Rte 85, Hudson (DAN-013)
NO3 100 100 100 97 89
TP 63 100 53 NR 82
TSS 83 70 59 NR 96
DO 90 89 81 80 1
pH 100 98 100 100 100
Temp 79 54 50 44 58
Streamflow 100 100 NA 14 8
Groundwater 92 92 NA 82 70
Habitat 80 100 NA 30 10
Stream Health Index 86 91 NA NR 9
Hop Brook, Otis Street, Northborough (HOP-011)
NO3 69 74 72 100 100
TP 63 100 71 100 100
TSS 70 83 96 83 100
DO 99 71 76 68 7
pH 100 95 100 100 100
Temp 73 60 48 28 38
Streamflow 100 100 86 29 35
Groundwater 92 92 88 82 70
Habitat 100 90 80 50 70
Stream Health Index 90 87 79 51 61
81 i 61 i 41 i 0L I 1 17 2
Key: Excellent |Good Fair Poor Poor
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Table 12: continued

Stream Health Index Re
5/21/2017 | 6/18/2017 | 7/16/2017 | 8/20/2017 | 9/17/2017
Nashoba Br., Commonwealth Ave, W. Concord (NSH-002)
NO3 31 72 94 92 100
TP 63 63 50 82 100
TSS 83 70 83 96 100
DO 75 73 70 49 68
pH 100 100 94 100 100
Temp 49 46 45 31 40
Streamflow 100 100 100 65 51
Groundwater 92 92 88 82 70
Habitat 100 95 85 75 65
Stream Health Index 80 84 80 69 66
Nashoba Brook, Wheeler Ave, Acton (NSH-047)
NO3 85 81 100 100 100
TP 63 71 47 82 100
TSS 70 62 76 83 83
DO 80 71 66 58 65
pH 100 91 90 100 100
Temp 62 57 51 39 45
Streamflow 100 86 100 27 17
Groundwater 92 92 88 82 70
Habitat 100 95 100 85 75
Stream Health Index 89 83 84 59 47
North Brook, Whitney Ave, Berlin (NTH-009)
NO3 100 100 81 79 89
TP 71 100 82 100 100
TSS 66 83 83 83 83
DO 90 84 75 68 81
pH 100 100 100 100 100
Temp 85 60 52 40 44
Streamflow 100 100 78 35 33
Groundwater 92 92 88 82 70
Habitat 100 90 80 55 75
Stream Health Index 92 90 79 57 62
81 i 61 1 41 17 @0 5 41 1 2
Key: Excellent |Good Fair Poor Poor
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Table 13: Water Quality Index Readingsi SelectedMainstem Sites Summer 2017

Water Quality Index Readings
Site / Parameter 5/21/2017 | 6/18/2017 | 7/16/2017 | 8/20/2017 | 9/17/2017
Assabet at Rte 9 Westboro (ABT-301)
NO3 15 16 3 1 1
TP 57 100 71 100 100
TSS 76 70 96 100 100
DO 89 82 73 78 62
pH 100 100 100 100 100
Temp 100 100 99 93 96
Water Quality Index 47 50 14 6 6
Assabet at Rte 27 Maynard (ABT-077)
NO3 48 35 38 36 22
TP 57 63 53 100 82
TSS 66 66 66 100 83
DO 96 89 93 80 80
pH 100 93 100 100 100
Temp 100 96 91 81 91
Water Quality Index 72 65 65 72 59
Assabet at Route 2 Concord (ABT-026)
NO3 51 39 57 43 21
TP 57 82 53 100 100
TSS 56 62 76 100 70
DO 84 86 80 64 64
pH 100 100 100 100 100
Temp 100 97 96 88 97
Water Quality Index 69 70 73 75 56
Concord at Lowell Rd Concord (CND-161)
NO3 100 100 70 54 31
TP 47 57 42 82 100
TSS 41 27 42 76 30
DO 73 24 67 70 75
pH 100 100 100 100 100
Temp 95 91 92 81 91
Water Quality Index 67 47 62 74 55
81 i 61 i 41 7 @0 F 1 i 2
Key: Excellent |Good Fair Poor Poor
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Table 13: continued

Water Quality Index Readings
Site / Parameter 5/21/2017 | 6/18/2017 | 7/16/2017 | 8/20/2017 | 9/17/2017
Concord at Rogers St Lowell (CND-009)
NO3 70 64 54 38 26
TP 50 63 57 100 100
TSS 62 62 70 56 83
DO 84 79 81 84 85
pH 98 100 90 100 100
Temp 100 92 92 82 92
Water Quality Index 73 74 71 68 65
Sudbury at Sudbury Landing Framingham (SUD-144)
NO3 74 85 85 74 100
TP 82 100 71 40 100
TSS 76 83 100 83 100
DO 94 95 87 69 86
pH 100 100 100 100 100
Temp 100 97 97 94 97
Water Quality Index 86 93 89 70 97
Sudbury at Main St. Concord (SUD-005)
NO3 100 100 100 100 100
TP 63 53 47 100 71
TSS 59 66 62 56 53
DO 68 24 46 60 73
pH 91 92 83 100 100
Temp 94 92 88 100 89
Water Quality Index 76 56 65 80 77
Hop Brook at Landham Rd Sudbury (HBS-016)
NO3 63 100 100 54 62
TP 57 57 35 57 63
TSS 66 83 83 66 83
DO 31 13 3 22 54
pH 94 84 100 100 100
Temp 100 100 100 93 100
Water Quality Index 59 43 14 51 73
81 i 61 i 41 7 @0 3 1 7 2
Key: Excellent |Good Fair Poor Poor
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Aquatic Plant Biomass Sampling

Three large impoundments of the Assabet River, Massachusetts, were visually surveyed for

aguatic plant biomasssing a gridbased systerbetweermid-August and earlypeptembeeach
year starting irR007. Goals of the ongoing projeateto assesthenature and extent of aquatic
plant bomass in the major impoundmenfsthe Assabet Rivep add to the multyear database

t o assess ¢ hange sandassess pragressinadchievingthecTbDLd)daksi o0 n

DEP, 2004)ia substantial reduction in total biomass of at least 50% from July 1999 values is
considered a minimumtargettfo achi evi ng desi gnated uses.

Biomass Survey Methods

These surveys have focused on three large impoundments of the Assabet ieanoss
eutrophicareas of the rivetmpoundmentdcationsinclude (1) Hudson impoundment (off Rte
85), Hudsonabout0.5 miles upstream from the dam at R®; (2) Gleasondale impoundment,
Stow, about 0.6 miles upstream froine dam neaRte 62; and (3Ben Smith impoundment
Maynard about 0.7 miles upstream fratre dam neaRte 62/117.

Therivers aredivided into observation grids, extding the grid system originallyeveloped by
USGS for MassDEP duckweed monitoring in 2007 (USGS 2@isihg this method,igual
observationsvereconducted by OARS staff from a kayak or canoe, at the peak of thengrowi
season each summer startin@@07. Observations were recorded in the field using Haeld

0

GIS/GPS devices (Spectra Precision MobileMappé&s).vi ewi ng t uband/of i Aguasc

plant rake was used in some locatitmbelp estimate the percent voluroéthe water column
filled with plantsand identification of speciest each grid celthe followingobservations were
recorded
1 water depth (measured with weighted tape)
1 visual assessment$
o total percent coverage of floating plants
o percent coveragef duckweedl(emna minoyignoring the other floating plants
o percent volume of the griddés water
0 percent coverage of emergent plants
1 dominant and other species in each category (floating, submerged, and emergent)
1 presece of invasive species

To compare conditions between years and between impoundmentaetotaight of the
floating plant biomass was calculatied each impoundmenieield estimates of total floating
plant cover were converted to consistent classesO% coverage, 1 =i 25% coverage, 2 = 25
50% coverage, 3 = 5@5% coverage, 4 = 799% coverage, 5 = 100% coveragegtotal grid

col

surfacearea(from GIS)for each class was summed for each impoundment; finally, total floating

biomass wet weightas calalatedusingconversiorfactors developed by OAREigure18).
Caveattheseconversion factors were developed on mixture of floating and rooted aquatic
plants, so biorass igelative, i.ecomparable within this anais but not with other analyses.
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Figure 18: Class vs. Biomass Wet Wight
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Biomass Results

The calculated wet weight of total floating biomasstf@Hudson, Gleasondale, and Ben Smith
impoundmerd from 2007to 2017is shown in Figurd 9. Because aquatic plant growth

strongly affected bgummemweather conditionsmean of thenonthly mearair temperaturefor

May to August(from theNational Weather Servid&/orcester Regional Airport statipare also

shown This survey is serjuantitative showssomeinter-annual variation that coincides with
variation in summeair temperatur@nd rainfal] and is subject to changes in dominant

vegetation type that are not adequately accounted for in the general biovolbimeass
conversionNote that these surveys are conducted in late August, after water chestnuts have been
pulled in all three impoundments surveyed.

Figure 19: Total Floating Aquatic Plant Biomass Wet Weight
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Figures20-22 showfloating plant biomasm theBen Smith, Gleasondale, and Hudson
impoundments i””2017. The camera icon indicates the approximatetjposof the inset photo.
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Figure 20: Total Floating Biomass, Ben Smith
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