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Abstract

This report presents the monthly water quality and streandbda collected on the Assabet,
Sudbury,and Concord Rivers and tributary streams in@@@ay, June, July, August, and
September) and ir010(March, May, June, JulAugust, September, November

Introduction

ThecombinedAssabet Sudburyand Concord Rivewatersheds about399square miles in eastern
Massachusetts aotdentEcsregwinXtVsubregioB BothéEastern ©Gagdal

Plain. Themainstenrivers, particularly the Assabet, suffieom culturaleutrophication caused by
exces nutrients entering the rivdduring the growing sasorthese excess nutrients, phosphorus in
particular, fuel nuisance algal anthaophyticplant growth which interfesewith recreational use

of the rives and causglarge daily variations idlissolved oxygen concentrations and, ptaking

poor habitat for aquatic life. When the algae and pldetay(whenever they are exposed on the
river banks and/or at the end of the growing seatbmy) generatstrong sewagéke odors andan
dramatically lowethe dissolved oxygen leveils the rives.

In their 2010 assessmeMassachusetts Department of Environmental Proteilzn DEP, 2010)

lists al sections of the Assabahd ConcordRivers, from theAssabet River Reservoir (Al

Impoundment) in Westborough tiee confluence with the Merrimack River in Lowel§ Category
5Watersi Wat er s Re q wforaivarigty ohimphainnerits. Aotal Maximum Daily

Loading Study TMDL) for nutrientson the Assabet River was completed in 200%e Sudbury

River upstream of Fruit Street bridge in Hopkinton/Westborough is listed as Gategdr A No u s e !
assessed. 0 ASudbury Rivet fioro Frist Steeét dowisteeam to the confluence with

the Assabet in Concomtelisted as Category 5 for metaix of the tributariesin the basinHop

Brook (in Marlborough/Sudbury), Pantry Brodkjzabeth BrookNashoba Brookand River

Meadow Brookarealsolisted as Category 5 WatgitgA DEP,2010. Mill Brook in Concordis

|l i sted as Category 4c Waters, fAlmpairment not
either Category2( At t ai ni ng some uses; otheNoUsesses not a
Assessedo) .

The findings of the Assabet Riv&otal Maximum Daily Loading StudygENSR 2001, MA DEP
2009 corfirmedthat the majority of the nutrients entering th&sabetome from the wastewater
treatment plants that discharge treated effltethe river In particular, treatment plants are the
major source of orthphosphorus (the bioavailable form dfgsphorus) throughout the ye#hile
non-point sourcesontributenutrients they contributesignificantly less than poinbsirces over the
growing seasorT he study concludetthat reduction# nutrient loads from both point and ron
point sources will be required to restore the Assabet Rivélates Bconditions. MA DEP and EPA
adopted a twyphased adaptive management plan to reduce phosphorous loads in the Assabet. In
Phase I, lower total phosphorus discharge limits were imposed at the fourrasiewater
treatment plants (WWTPSAs apart of Phase Ways of limiting nutrient flux from thautrient

rich sedimentsvhich accumulatén theslower moving and impounded river sectioverestudied
TheAssabet River, Massachuse&diment and Dam Removal Feasibility St¢dZOE 2010
examined sediment dredging, dam removal, and levirter phosphorus discharge limés ways

of controlling the annualhosphorusoadingfrom the sedimentsrhe study concludes that dredging
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would achieve, at best, short term improvements. Phosphoalsadie from the WWTPs in the

winter contributes to the annual phosphorus budget for the Assabet and, therefore, decreased winter
phosphorus discharge limits would be another way to control phosphorus loading to the system.
Final |l y, amhemovahhalysisysi@owed that dam removal plus the PhaggVIPs
improvements would almost meet the 90 percent goal, achieving an estimated 80 percent reduction
of sediment phosphorus load.

Upgrades to the Hudson wastewater treatment plant were comipl&egdtenber 2009, and

upgrades to the Maynard WWTP were completed in spring 20ib%ing thoseplantsto meet
summer total phosphorus discharge limits of 0.1 mgfhgrades to the remainiiggo major
wastewater treatment plant discharging to the Assabet Ridapahe Marlborough Easterly plant
discharging to Hop Brook (tributary to the Sudbury River) are expected to be coming online over
the next several years (20tb 2014).

Flow, particularlybaseflow is criticalto suppoting fish and other aquatic life in timeainstem river
and tributariesnd is essential to diluting the effluent discharged to the. ifggthe nutrientoad
reductionpr oposed i n tobe effectivantrestoring whthrQuality in the@ainstem

the existing bagkow in theriver and its tributaries must be preserved and, if possible, augmented.
The water resources of the area are under the stramiméreasing demanibr water supply and
centralizedvastewatetreatmentwhich resuts inthe netossof waterfrom manysubbasinsand
reducedbaseflow in the mainstem and tributaries.

Because of these problenf®ARS (formerly the Organization for the Assabet Rivenducts a
water quality streamflow, and biomassonitoringprogramon the mainstemandlargetributaries

of the AssabetSudburyand ConcordThesummer oR010w a s O Aiet@dntlconsecutive
summer collecting datat mainstemAssabet Rivesites including the longest standing sites below
each major wastewater treatm@lant,its ninethyearcollecting data at tributary siteiss seventh
year collecting data at mainstem Concord River sitesecond summer collecting Sudbury River
data,and itssixth year assessing aquatic plant biomass in the large impoundments of the Assabet
River. Water quality data collected underA R Raality Assuranc@®rogram Plarfior the Assabet

& Concord (OAR 2009a, approved 7/20/2009) or Sudbury (OAR 2009b, approved 8rhai0b¢
used by EPA and DEP in making regulatory decisidns.e g o a | smonitbringproga&nd
remain: to understand loftgrm trends in the condition of the river and its tributaries, provide
sound scientific information to evaluaegulatorydecisiors that affect the river, and to promote
stewardship of the river through volunteer participation in the project.

Thedata collecte@lsosupport the goals of the StreamWatch projectharacterize fish habitat
conditions in the maitributarysubbasirs. Streamflow and habitat availability daterecollected
atninetributary sites (Assabet headwaterndpp Brook, Cold Harbor Brookyorth Brook,Fort
Meadow Brook, Elizabeth Brook, Danforth Brook, Nashoba Braakl River Meadow Brogko
calculameH&& r ledingsrod tbosedstreangdascribedat
http://www.oars3rivers.org/oework/monitoring/interpretiatg. This report covers the water

guality and streamflow datzollected betweeMarch 2009 and November 20Mater quality
reports and datéor 19997 2008 (OAR 2000b, OAR 2001, OAR 2002, OAR 2M)®AR 2004

OAR 2005 OAR 2006k, OAR 2007 OAR 2009 and 2005 biomass sampling project (OAR 2006a)
are available on OAR dvebsite fittp://www.oars3rivers.org/river/waterquality/repgrts
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Table 1: Sampling Sites 2009 & 20Q

Waterbody Site Location Town \S(zanl:;Ie d (S);toze R: 2ARIS Lat/Long (d/m/s) Vl\\/l/gasuregsvr\]lts
Concord River Rogers Street Lowell 20042010 | CND-009 46500 | 42°38'08.89" /71°18' 06.45" a (USGS)
Concord River Lowell Street Billerica 20082010 CND-045 46500 |4 2 A3 5'6-RBLEL7 30.04 a

Concord River Rte 225 Bedford 20082010 | CND-110 46500 | 42°30' 330"/-71°18"' 48.6 a

Concord River Lowell Rd. Bridge Concord 20042010 | CND-161 46500 | 42°27'5856"/- 71°21' 20.43 a

Sudbury River Rte 62/ Boat House | Concord 20082010 | SUD-005 47650 | 42°27'29.8"/71°21'58.8 a

Sudbury River Sherman Bridge Rd. | Wayland 20092010 | SuD-064 47650 | 42°23'4721" /- 71°21' 50.00 \

Sudbury River River Road Wayland 20092010 | SUD-086 47650 | 42°22' 25.26/ -71°22'55.17 N

Sudbury River Pelham Island Road | Wayland 20092010 | SUD-098 47650 | 42°21'333"/-71°22' 091" N

Sudbury River Danforth Court Framingham | 20092010 | SUD-144 47650 | 42°19' 321" /- 71°23' 508" \ \
Assabet River Lowell Road Concord 19992010 | ABT-010 46500 | 42°28'12.43"/71°21' 44.65 a

Assabet River Route 2 Concord 19922010 | ABT-026 46775 | 42°27' 5696"/-71°23' 27.92 a

Assabet River Rte 62 / Pump Stn. | W. Concord 19922009 | ABT-033 46775 | 42°27' 22.58"£71°23' 23.39 a

Assabet River Rte 62 / Canoe acceqd Acton 19992010 | ABT-063 46775 | 42°26' 28.29"£71°25' 48.65 a

Assabet River Rte 62/USGS Gage | Maynard 19922010 | ABT-077 46775 | 42°25'5600'/ -71°26' 5855 a (USGS)
Assabet River Rte62/ Gleasondale | Stow 19922010 ABT-144 46775 | 42°24'16.28 -71°31' 34.70 a

Assabet River Cox Street Hudson 19922009% | ABT-162 46775 | 42°23'59.8% -71°32' 44.74 a

Assabet River Robin Hill Road Marlborough | 20062010 | ABT-238 46775 | 42°20'42.61/ -71°36' 5092' a

Assabet River Boundary Street Marlborough | 19922009% | ABT-242 46775 | 42°20' 2970'/ -71°36' 5825 a

Assabet River School Street Northborough | 19972009% | ABT-280 46775 | 42°18' 16.94/ -71°37" 4244 a

Assabet River Route 9 Westborough | 19922010 | ABT-301 46775 | 42°16'5961'/ -71°38' 19.44 a

Assabet River Maynard Street Westborough | 19922010 | ABT-311 46775 | 42°16' 2607/ -71°37' 57.34 a

River MeadowBrook [ Thorndike Street Lowell 20042010 | RVM-005 46525 | 42°37' 5454'/ -71°18"' 30.70 a

River Meadow Brook | Route 129 Chelmsford 20042000% | RVM-038 46525 | 42°35'56.10 -71°20' 19.85 a a
Nashoba Brook Commonwealth Ave.| Concord 19952010 NSH-002 unnamed| 42°27' 3205'/ -71°23' 4935’ a a
Nashoba Brook Wheeler Lane Acton 2008- 2010 | NSH-047 46875 | 42°30'46.71 -71°24'15.83 a (USGS)
Elizabeth Brook White Pond Road Stow 20022010 | ELZ-004 47125 | 42°25' 36.96/ -71°29' 07.01 a a
Danforth Brook Rte 85 Hudson 20022010 DAN-013 47275 | 42°24' 13.6% -71°34' 28.64 a a
North Brook Pleasant St. Berlin 20022010 NTH-009 47375 | 42°21' 25.67/ -71°37' 45.48 a a
Cold Harbor Brook Church Street Northborough | 20022010 | CLD-012 47550 | 42°19'12.3% -71°40' 24.91 a a
Hop Brook Otis Street Northborough | 20022010 | HOP-011 47600 | 42°17' 3127/ -71°39' 2704" a a
Hop Brook Landham Road Sudbury 20092010 | HBS-016 47825 | 42°21' 265" / -71°24' 117" v

asite discontinued in 2010.
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Figure 1. Sudbury, Assabet, and Concord RiveWatershed and2009/2010Sampling Sites

OARS 6Sampling Sites 2010

. Mainstem Samling Site
Tributary Sampling Site
A Major WNTP

4 Minor WWTP
D Assabet Watershed
C] Concord Watershed
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6 8
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Water Quality Sampling Methods

Trained volunteers and O/ASstaff monitored water quality at sites along the mainstem Assabet,
Sudbury, anc€Concordriversand on the major tributaries to those rivers (Table 1, Figure 1). Each
site is assigned a three letter prefix for the waterbody name plus a three number designation
indicating rivermiles above its confluence with the next stream. For example, the Cotat Har
Brook site at Cherry Street in Northborough, 3.0 miles upstream of the conflfehesbrook with
the Assabet Rive030i6 dWastigmadqueal RICLiMstioni t or i |
measurements, and observations) was conducted one weekend (5:9@@rmam) each month in
May (headwater and tributary sites only in May), June, July, August, Septeédab@per (2009

only), and November (2010 only$treamflow was calculated from thtage readings using
stage/discharge rating curves develojpecboperation with USGS. Sites discontinued in 2010
were mainstem Assabet River sites above the wastewater treatment plant28ABABT-242,
ABT-162, and ABT033) and the upper River MeadowoBk ste (RVM-038).Sitesin the lower
Sudbury River watershed were added in August 2009 (8&4) SUD096, SUD086, SUD144,

and HBS016).

Samples for nutrients and suspended solids were taken using bottlesdsbgphe laboratory

under contract witlARSand were stored in the dark on ice during transport from the field to the

lab. Samples were delivered to the laboratory within four hours of colledtiesitu readings of
temperature, dissolved oxygen, pH, and conductivity were taken usingfumgition YSI 6000

series meters. To ensure that samples were representative of the bulk flow of the river in wadeable
free-running sections, bottle samples and YSI readings were taken from the main flow of the river at
mid-depth where possiblelen percat of the samples taken were duplicate field samples and 10%
were field blanks of distilled watefable2, below, summarizes the parameters measured,

laboratory methods and equipment used. Detailed descriptions of sampling methods and quality
control masures are availableinteu al i1 ty Assurance Project Pl an
Water Quality and Quantity Monitoring Program (OAR 2009a, approved 7/20/09) and Quality
Assurance Project Planfd@dARG6s Lower Sudbury River anW®oARTr Qu
2009b, approved 8/14/09).

Table 2: Sampling and Analysis Methods

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

Temperature -57 45 degrees C YSI 6000-series
pH -—- 0 to 14 units YSI 6000-series
Dissolved oxygen -—- 0 - 50 mg/L YSI 6000-series
Conductivity 0 to 1000 microS/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
-(I;joitsilo?tierﬁzzl i':'gggg)n SM4500-NH3-D 0.1 mg/L bottle Premier Laboratories
Nitrates EPA 300.0 0.05 mg/L bottle Nashoba Analytical
Ammonia SM4500-NH3-D 0.1 mg/L bottle Nashoba Analytical

Water quality measurements were compared with the Massachusetts Water Quality Standards for
Class Bwaters(MA DEP,2007). All segments of the Assabate designate@lass Bivarm water
fisheries All segment®f the Concord River are designated Class B warm water fisheries except the
last segmentbelow the last sampling sittpm Rogers Street, Lowell, its confluence with the

8
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Merrimack which is designated Class B (C&@¥m water fisheryThe Sudhbiry Riverfrom the

outlet of Cedar Swamp Pond to Er8treet, Hopkintorfnot monitored as part of this projet)
designatelass BOutstanding Resource Waté&rom Fruit Street to the outlet of Saxonville Pond,
Framingham, the Sudbury is designateds€IB/warm water fishery. From the outlet of Saxonville

Pond to its confluence with the Assabet, the Sudbury is designated Class B/aquaiit bfehe

tributary streamsassessed in this projeate designated Class B wateAdthough the tributary

streams of the basin are not designated as cold water fisheries, most of the streams support or have
supported cold water fisheries and it is, therefore, useful to cordisam@vedoxygenand water
temperature measurements on the tributaries with cold Wigtieries standard&or nutrient
concentrations (where the Massachusetts standard is narrative) results were catipénecEPA

AiGold Booldo t ot al phosphor us cBEPA 1986)Tabledahdwih. 05 mg/ L
summertime data foEcoregion XIVsubregion 5%treamqUS EPA, 2000)Tableb5).

Table 3: Water Quality Standards and Guidance for UseSupport (MA DEP 2007)

Parameter Standard / Guidance Standard / Guidance
Class B Class B fdAduwatic
. O 5. 0 marn Watef fisheries (5.0 mg/l at least 16 hours of any 24-
Dissolved oxygen 06.0 mg/l for cold water fisheries hour period and ©3.0 mg/l at any time
pH 6.57 8.3 inland waters
Nutrients ficontrol c ul t u rfGold Boskustandarg TPi< ©.85mg/lo n o

r8.3° C and A < 2.8° C for warm water fisheries

(20.0° C and A < 1.7° C for cold water fisheries 02 9%CHand AO2.8°C

Temperature

Aifree from floating, s us poacendraiohs andambinations tha a

Suspended Solids woul d impair any use assigned t

All surface waters shall be free from pollutants in concentrations or combinations that settle
to form 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.

Aesthetics

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

Parameter Reference condit_ion (25th per_centile based on summer data for
Nutrient Ecoregion XIV subregion 59)

Total Phosphorus (mg/L) 0.025

Total Nitrogen (mg/L) 0.44

NO2 + NO3 (mg/L) 0.34

River Reaches and Tributaries

All the sites tested were nelativelyfreeflowing sectionsFor data analysis, tretes aralivided
into sections (1) theupperAssabemainstenfrom ABT-301 (Route 9, Westborough) to ABR4
(Gleasondale, Stow), (2) the lowkssabet mainstepfrom ABT-077 (Route 62, Maynard) to ABT
010 (nealLowell Road, Concord)3) the Concord River mainstefrom CND-161 (below the
confluence of the Assabet and Sudbury) to G (at Rogers Street in Lowel(}) the Sudbury
River mainstenfrom SUD-144 (Danforth Ct, Framingham) to SLID5 (Rte 62, Concd), and(4)
the Assabeteadwater andll tributary sitegTable ). Becauseéhe headwaters siteBT-311
(Maynard Street, Westborougis)upstream of the first wastewater treatment plant dischaige, it
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reported separatefyom the other Assabet Rivarainstem sitesSites HOPO11 (Hop Brook),
CLD-030 (Cold Harbor Brook), NTHI09 (North Brook), DAN013 (Danfoth Brook) ELZ-004
(Elizabeth Book), NSH047 (Nashoba Brook in Actorand NSH002 (Nashoba Broolgre allon
tributaries to the Assabet RiveRVM-038 (River Meadow Brook at Chelmsford) and R\I@5
(River Meadow Brook at Lowel@re on the largest tributary to the Concord RiVable6 lists

tributaryand mainstem basiharacteristice al cul at ed wusing USGSO06s
Table 5: StreamStatsDrainage Basin Satistics
Statistics at Mouth of Tributary®
Headater & Triutary Sueams | LeeLongiude | Dranage | Suetied ot | vhaen | Siere”
Assabet at Maynard St., Westboro 42.2741/-71.6322 6.79 1.64 24.15 3.61
Cold Harbor Brook, Northborough 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 22.0 134 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 61.47 191
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@rtamreea uadd.Dav/streamplaitsd g r a m

®Slope is the mean basin slope calculated from the slope of each grid cell in the designated subbasin.

Results and Discussion

Reach and tributaryatistics are summarized Table6, below. Full monthlysummaries of the
water quality data are attached in the Appentdiindividual parameters are discussed below.

10
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Table 6: Mainstem Reach and Tributary Statisticsi 2009 & 2010

Reach Statistics 2009 (calculated on 1/2 detection level where sample is below method detection levels
# Temp DO % C%gc Cond TSS TP ortho-P NO3 NH3 TKN
Reach sites | Statistic Time (30 Sat (mg/L) | (eS/cm) pH (mg/L) | (mg/L) (mg/L) (mg/L) | (mg/L) | (mg/L)
~ 8 Assabet Mainstem Single reading na na na na na na na na na na na na
E § Concord Mainstem Single reading 11:40 AM 0.73 98.9 14.14 300 7.15 15 0.03 0.03 0.77 0.05 0.25
Headwater & Tribs 10 | Median 10:59 AM 1.13 94.5 13.33 260 7.08 0.02 0.010 0.59 <0.1 <0.5
2 Assabet Mainstem Single reading 8:11 AM 12.41 98.8 10.54 328 7.02 0.11 0.05 1.2 <0.1 <0.5
% 5 | Concord Mainstem Single reading 8:15 AM 12.41 93.3 9.95 313 7.24 3 0.07 0.02 0.4 0.13 0.61
< Headwater & Tribs 10 | Median 7:40 AM 10.58 92.2 10.02 285 6.88 0.5 0.05 0.01 0.44 <0.1 <0.5
Upper Assabet Mainstem Median 7:59 AM 18.92 74.9 6.99 451.5 6.82 2.5 0.20 0.11 2.5 <0.1 <0.5
% Lower Assabet Mainstem 5 | Median 7:05 AM 20.04 89.7 8.18 402 7.09 6 0.15 0.07 15 <0.1 0.7
é Sudbury Mainstem Single reading 6:10 AM 20.21 53.1 4.82 357 7.06 2 0.04 <0.01 <0.05 <0.1 <0.5
N Concord Mainstem 4 | Median 7:17 AM 20.03 84.1 7.63 355 7.045 5 0.11 0.03 0.5 <0.1 <0.5
Headwater & Tribs 10 | Median 7:53 AM 18.68 83.5 7.86 293 7.05 2 0.06 0.02 0.2 <0.1 <0.5
Upper Assabet Mainstem 6 | Median 7:59 AM 20.70 81.3 7.23 347 6.85 4.5 0.13 0.08 0.7 <0.1 <0.5
8 Lower Assabet Mainstem Median 7:20 AM 22.91 89.2 7.68 395 7.17 9 0.09 0.06 0.9 <0.1 <0.5
:? Sudbury Mainstem 1 | Single reading 6:25 AM 23.68 15.8 1.33 326 6.75 2 0.07 0.01 0.03 <0.1 <0.5
3 Concord Mainstem 4 | Median 7:27 AM 23.37 63.2 5.43 335 6.875 6 0.08 0.03 0.18 <0.1 0.41
Headwater & Tribs 10 | Median 8:04 AM 20.36 79.9 7.13 283 6.94 3 0.07 0.02 0.23 <0.1 <0.5
Upper Assabet Mainstem Median 8:02 AM 21.77 68.7 5.9 543 6.87 3 0.14 0.08 1.60 <0.1 0.25
g, Lower Assabet Mainstem Median 7:00 AM 23.44 88.8 7.54 423 7.32 6 0.09 0.05 0.71 <0.1 0.25
s Sudbury Mainstem Median 7:07 AM 24.28 30.1 2.53 393 6.77 3 0.03 0.02 0.15 <0.1 0.25
ﬁ Concord Mainstem 4 | Median 7:14 AM 24.15 66.8 5.59 408 6.88 6 0.07 0.04 0.31 <0.1 0.25
Headwater & Tribs 10 | Median 7:48 AM 21.76 85.0 7.31 440 6.89 3 0.06 0.02 0.25 <0.1 0.25
8- ‘aéJ_ 2 Sudbury Mainstem 5 | Median 7:13 AM 16.12 79.1 7.78 310 6.95 2.5 0.03 0.02 0.14 <0.1 nr
2 Sudbury Tributary 1 | Single reading 7:55 AM 12.19 41.8 4.48 355 6.83 4 0.06 0.03 0.63 <0.1 nr
o Assabet Mainstem 1 | Single reading 8:40 AM 8.74 99.1 11.49 362 7.23 2 0.18 0.05 1.70 <0.1 0.87
% Sudbury Mainstem 1 | Single reading 12:32 PM 10.19 99.2 11.13 261 7.63 2.5 0.03 0.02 0.09 <0.1 0.67
8 Concord Mainstem 1 | Single reading 7:20 AM 9.11 94.5 10.88 314 7.22 4 0.06 0.04 0.98 <0.1 0.90
- Headwater & Tribs 10 | Median 7:43 AM 7.33 87.9 10.29 280 7.05 2 0.04 0.02 0.24 <0.1 0.80
11
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Table6 (continued)

Reach Statistics 2010 (calculated on 1/2 detection level where sample is BDL)

DO DO
# Temp % Conc 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) | (mg/L)

Upper Assabet nr nr nr nr nr nr nr nr nr nr nr nr

% Lower Assabet nr nr nr nr nr nr nr nr nr nr nr nr
E‘TS Sudbury Mainstem 2 Median 7:52 AM 6.53 | 103.0 12.64 248 7.25 1 0.010 <0.01 0.35 <0.1 nr
& Concord Mainstem 2 Median 8:27 AM 7.64 92.3 11.05 225 6.72 1 0.010 <0.01 0.24 <0.1 nr
Headwater & Tribs 9 Median 9:40 AM 4.50 96.5 12.23 226 6.72 <1l | 0.020 <0.01 0.4 <0.1 nr

Upper Assabet Mainstem 1 Single reading 7:06 AM 15.60 81.0 8.22 786 6.68 4 0.26 0.19 7.80 <0.1 nr

91, Lower Assabet Mainstem 2 Median 7:43 AM 16.57 94.0 9.15 409 6.98 6 0.08 0.03 1.45 <0.1 nr
g Sudbury Mainstem 5 Median 6:39 AM 17.27 84.1 8.07 366 6.96 5 0.06 0.015 0.16 <0.1 nr
= Concord Mainstem 2 Median 7:16 AM 16.58 93.9 9.15 370 7.19 6 0.06 <0.01 0.27 <0.1 nr
Headwater & Tribs 8 Median 7:34 AM 15.27 89.8 9.00 270 6.94 4 0.04 <0.01 0.33 <0.1 nr

Upper Assabet Mainstem 3 Median 7:40 AM 17.96 93.1 8.70 393 7.20 7 0.103 0.06 1.20 <0.1 nr

S. Lower Assabet Mainstem 4 Median 6:55 AM 18.54 87.8 8.23 381 7.09 6 0.13 0.07 2.59 <0.1 nr
-% Sudbury Mainstem 5 Median 6:52 AM 18.87 53.6 4.97 347 6.80 13 0.04 <0.01 0.13 <0.1 nr
3 Concord Mainstem 4 Median 7:13 AM 19.04 735 6.80 350 6.92 8 0.05 0.02 0.37 <0.1 nr
Headwater & Tribs 9 Median 7:35 AM 16.77 87.7 8.55 324 7.00 3 0.04 0.01 0.38 <0.1 nr

Upper Assabet Mainstem 3 Median 7:30 AM 23.35 73.3 6.32 989 6.86 3 0.15 0.11 9.90 <0.1 nr

9‘. Lower Assabet Mainstem 4 Median 6:43 AM 26.42 85.0 6.86 853 7.50 2 0.05 0.01 1.75 <0.1 nr
:3 Sudbury Mainstem 5 Median 7:20 AM 26.97 58.3 4.65 535 7.03 7 0.05 0.02 0.11 <0.1 0.016
= Concord Mainstem 4 Median 7:04 AM 27.77 77.1 6.12 622 7.42 7 0.07 0.02 0.69 <0.1 nr
Headwater & Tribs 9 Median 7:36 AM 24.09 75.5 6.36 377 7.18 515 0.05 0.01 0.14 <0.1 nr

Upper Assabet Mainstem 3 Median 7:35 AM 21.59 80.4 6.87 843 7.31 1 0.06 0.03 2.0 <0.1 nr

9} Lower Assabet Mainstem | 4 Median 6:51 AM 21.76 66.9 6.05 1165 7.20 15 0.10 0.04 117 <0.1 nr
:(?D Sudbury Mainstem 5 Median 6:52 AM 23.36 70.1 5.96 554 7.30 11 0.09 0.01 0.03 <0.1 0.013
d Concord Mainstem 4 Median 7:14 AM 23.71 86.7 7.41 638 8.05 8 0.08 <0.01 0.7 <0.1 nr
Headwater & Tribs 9 Median 7:25 AM 20.05 53.8 4.65 482 7.04 4 0.06 0.02 0.16 0.15 nr

12
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Table6 Continued
Reach Statistics 2010 (calculated on 1/2 detection level where sample is BDL)
DO DO
# Temp % Conc 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) | (mg/L)
Upper Assabet Mainstem 1 Single reading 7:55 AM 19.13 76.2 7.03 841 6.83 3 0.53 0.48 21.6 <0.1 nr
S‘. Lower Assabet Mainstem | 2 Median 7:47 AM 16.49 | 80.0 7.93 665 7.34 4 0.08 0.05 3.35 <0.1 nr
8?.)- Sudbury Mainstem 5 Median 7:18 AM 16.34 78.0 7.50 449 7.11 8 0.04 0.02 0.23 <0.1 nr
& Concord Mainstem 2 Median 7:33 AM 17.40 84.3 8.05 535 7.34 9 0.07 0.03 1.90 <0.1 nr
Headwater & Tribs 8 Median 7:50 AM 15.43 71.7 7.17 364 6.91 2 0.04 0.02 0.06 <0.1 nr
Upper Assabet Mainstem 1 Single reading 8:45 AM 9.24 88.8 9.92 558 6.50 4 0.35 0.33 12.6 0.2 nr
S‘. Lower Assabet Mainstem | 2 Median 8:24 AM 6.00 | 107.0 13.38 308 7.04 2 0.04 0.02 1.75 <0.1 nr
§ Sudbury Mainstem 2 Median 7:46 AM 6.80 89.7 10.92 272 7.08 2 0.03 0.01 0.12 <0.1 nr
= Concord Mainstem 2 Median 8:17 AM 6.52 92.4 11.32 279 7.03 3 0.03 0.02 0.55 <0.1 nr
Headwater & Tribs 7 Median 9:00 AM 5.39 94.3 11.87 205 6.87 1 0.02 0.01 0.06 <0.1 nr
nr = not sampled / not recorded
13
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Precipitation and Streamflow

Precipitation, and the associated increased stormwater mamsb8treamflow changesre

correlaed with concentrations of total suspended solids, total phosphorus, and nitrate/nitrites.

For the purposes of thisgect, samphg dates werelassifiedby visual inspection of the

hydrograph of the nearesvailable reattime USGS gage assing, falling, or flathydrograph

(Table7). Samples collected on a rising hydrograph are likely to include stormwater runoff and

the associated pollutan®Rainfall data was downloaded framh e Nat i onal Weat her
WorcesterAirport station(http://www7.ncdc.noaa.qov/CDO/c)ifFigures 2 & 3 Table §.

Table 7: Hydrograph and precipitation on sampling days2009& 2010

Hydrograph at USGS gage
R
26&27-Feb-09 falling rising rising 0
19-Apr-09 falling falling falling 0.01
21-Jun-09 start of fall falling rising 0.24
19-Jul-09 rising falling falling 0.86
16-Aug-09 falling falling falling 0
20-Sep-09 falling falling falling 0
18-Oct-09 falling falling rising 0.17
28-Mar-10 falling falling falling 0.13
16-May-10 falling falling falling 0.22
13-Jun-10 rising rising start of fall 0.87
18-Jul-10 flat falling flat 0.31
22-Aug-10 start of rise start of rise flat 0
19-Sep-10 flat flat flat 0.02
14-Nov-10 falling falling falling 0
14
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Figure 2: NWS rainfall data (2009

Rainfall at National Weather Service, Worcester Airport, MA
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Figure 3: NWS rainfall data (2010)
Rainfall at National Weather Service, Worcester Airport, MA
January to December 2010
Rainfall

A Sampling Date

f—
—
e

b
e
- 3

o

1/1/2010

F_

3/26/2010 g
[—
v

1/29/2010
2/26/2010
4/23/2010
5/21/2010
7182010
7/16/2010

A

8/13/2010

-

b

=

F

E—
—

9/10/2010

10,/8/2010
11,/5/2010
12/3/2010

12/31/2010

15

WQ Final Report2009 & 2010



OARS

Table8 shows composite monthly rainfall for the Central Region of Massachusetts as reported
by the Department o€onservation and Recreatidn.2009,April, June and July were wetter
than average, witJuly 237% of normal for the month. In 2010, March was wetter than average,

but the following summemonths were drier than average.

Table 8: Composite Rainfall Datafor Sampling Months 2009 & 2010

2007 & 2008 Rainfall Data from DCR Rainfall Program i Central Region *

Sampling Month Rainfall (inches) Normal (inches) Percent of normal for the month (%)
Feb 2009 1.79 3.30 54
April 2009 4.12 3.98 104
June 2009 5.99 3.91 153
July 2009 9.10 3.84 237
Aug 2009 3.15 3.91 81
Sept 2009 1.54 3.99 39
Oct 2009 4.79 3.89 123
March 2010 6.33 3.75 169
May 2010 3.37 3.90 96
June 2010 3.53 3.94 90
July 2010 4.01 3.91 103
Aug 2010 3.58 3.91 92
Sept 2010 2.48 3.95 63
Nov 2010 3.92 4.18 94

* Accessed\pril 2011, http://www.mass.gov/dcr/waterSupply/rainfall/

Streamflow has a direct impact on the concentration of nutrients and suspended solids in the
water column and the availability of aquatic habitat andndirect impact on water temperature,
dissolved oxygen concentration, pH, and conductiNtte that streamflows measured at the
Assabet River gage Maynardinclude effluent discharges from three of the four municipal
wastewater treatment plants theriver. For exampleFigure4 shows summemean daily
streamflows at th Assabet River gage in Maynardmpared with thaéistoricmean of thelaily
streamflows (calculated on the period of recordfiemgage) In general, May to September in
2009 was wetter than average; in 2010 there were floods in March followed by drier than
average conditions in Map September. Summer hydrograptisthe Concord River gage in
Lowell, the Sudbury River gage in Saxonvilegmingham, and the Nasba Brook gage in

Acton (seeAppendix )

Monthly streamflows weralsorecorded asix tributary monitoring sites and near the Assabet

ar e

simil ar

t o

t he Assabet Ri

River headwaters, above the first waste@r discharge (data in Appendix ).
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Figure 4: Mean Daily Streamflows Assabet River May i Sept 2009%nd May i Sept 2010
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Water Temperature , pH, and Conductivity

In-situ readings (including dissolved oxygen, water temperature, pH, and conduatittitg)
summer months (May to Septeretakenbetween about 5:30 aamd9:00 am, when dissolved
oxygenconcentrations arexpected tde at their lowest for the day. Ri#ags during the non
growing season (November and March) were taken between 7:00 am and 1ihpmary
statistics for all irsitu readings arim Table6 (above) and full data is in Appendix A.

Figure5 shows median water temperatures by river seétioeummer 2009 and 2010/ater
temperatureat bothmainstemand tributary siteset Clas$8 warm water fisheries standaod

all dates testkin 2009and 2010Because the tributary streams support or have supported cold
water fisheries, tributargnd hadwatertemperature readings were also coregdawith tre cold

water standard (20.0°C). Exceeding 20.0°C among the tributary stream readings were: 5 sites in
July 2009, all eight sites in July 2010, and four sites in August 200recommended single
reading maxima for brook trout is 20.0°C and for brown trout is 23.9°C.

Figure 5: Water temperature readings Summer 2009 & 2010

Median Water Temperatures

June- August 2009
30 m Headwater &
Tribs

Upper Assabet

m Lower Assabet

m Sudbury River

Water Temp (C)

Concord River
21-Jun09 19-Jut09 16-Aug09

Median Water Temperatures

June- August 2010
30 m Headwater &
Tribs

Upper Assabet

m Lower Assabet

® Sudbury
Mainstem

Water Temp (C)

Concord
Mainstem

13-Junl0 18-Jul10 22-Aug10

18
WQ Final Report2009 & 2010



OARS

pH readimgs in the mainstemangedrom 6.12 to7.52in 2009, and from 6.50 to 8.14 in 2010.
Sites not meeting standards: Assabet at Rte 9, Westborough, and Sudbury at River Road,
Wayland, were below 6.5 in August 2008ributary pH readings ranged frofn78 to 7.63 in
2009, and from 6.55 to 71 in 2010 Sites not meeting standards were: Cold Harbor Brook in
Northborough was less than 6.5 in June and August 200%op Brook in Northborough were
less than 6.5 in August 20009.

Conductivity is an indirect indicator of pollutants such as effluemrpoint source runoff

(especially road salts) and erosidgihe range of mainstem conductivity readings was 261

e S/tAYle S/ w2W09anB3 €S/ cm to 1551 €S/ cm in 2010.
( 33 9 wab reaorded at Danforth Brook in June 2010, when flows were very low. The

highest reading(greater than 1000 S/ cm) wer e recorded in the upp
and at River Meadow Brook in Lowell, in July and August in 2QE@Qure6).

Figure 6: Conductivity readings (Summers 2009 & 2010

Conductivity
2009 & 2010
1,600
o
1,400 | =
[ ]
1200 F
-
S 1000 |
43}
2
. " o
£ s [ o @
2 [
=4
= 3 _
S soo |
s [

400 T

19
WQ Final Report2009 & 2010



OARS

Dissolved Oxygen

Dissolved oxygen (DO) concentratiodisring the growing seasare generally lowest between
5amand8am after plant and microbial respiration hasovedoxygen from the water column
overnight. Lowminimum DO concentrations and large diurnal variations in @@indicate
eutrophic conditions. Summary statistics for DO readings afalfe6 and full data are in
Appendix | Water qualitystandards (WQS)iolations (<5.0 mg/L for Class B; < 3.0 mg/L for
Class B Aquatic Life for mainstem Sudbury sites) are listed in TaiNetethat low DO
measurements may not constitute a violation of WQS if it is caused by natural conditions.

Table 9: Dissolved Oxygen Violations

Date Site Dissolved Oxygertmg/L)
July 2009 CND-161 4.22
CND-110 3.30
SUD-005 1.33
DAN-013 4.88
HOP-011 4.92
August 2009 CND161 4.23
CND-110 4.37
SUD-098 2.53
SUD-064 2.32
SUD-005 2.33
HBS-016 0.79
September 2009 HBS-016 4.48
May 2010 HBS-016 4.39
June 2010 SUD-064 2.93
HBS-016 3.13
July 2010 ABT-237 4.45
ELZ-004 0.77
HBS-016 0.19
August 2010 ABT-237 4.50
ELZ-004 2.24
HBS-016 1.09
HOP-011 3.04
NSH-002 4.65
September 2010 HBS-016 3.33

For comparison between years, it g2ful to look atonditions in August (generally the lowest
flow and poorest water quality conditions for the yeigures7 and8 show August dissolved
oxygen measurements for mainstem and tributary sites in 2009 and 2010. DO readings were
lower in August 201@han inAugust 2009 irmost ofthe Assabet mainstem (except ABU1

and ABT-010)andat thetributary sites. At Sudury Rivesites from Pelham Island Road (SUD
098) to the confluence (SUD05) and the upper Concord River sites (CN&EL and CNB110)
dissolved oxygen was higher in 2010, when streamflows were generally koyeBrook at
Landham Road, Sudbury, has consistently dtissolved oxygen concentrations.
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Figure 7: Dissolved Oxygen Measurementat mainstem siteAug 2009& Aug 2010)
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Figure 8: DissolvedOxygen Measurementsn tributary streams (Aug 2009 & Aug 2010
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Nutrients and Suspended Solids

Summary statistics for nutrient concentrations arkaible6, above Mediannutrient
concentrationgTable 10)over the summewere calculated for the uppand lowerAssabet
mainstenreachegsee Table for reach definitions)Sudbury mainstem sgeConcord
mainstensites combinedAssabeheadwates and tributary ges, and Hop Brook in Sudbu

Figures 9 11 show summertime (JuiieSept) nutrient concentrations in the various river
sections, displayed @&x plotsto readily compare between sectiokiedian rutrient
concentrations along the Assabet River maindielow the first wastewater discharge
(Westborough WWTP) were well above Ecoregion reference conditiofipé6entile of the
summertime data) fdyothtotal phosphoru§TP) and nitratesn 2009 and 201Median nutrient
concentrations in th€oncord Rive mainstemweregenerallylower thanAssabet River
concentratiog, but still exceeded Ecormm reference conditions for TiR 2009 and 201and

for nitratesin 2010. Median Thn the Sudbury River were lower than in eittiee Assabet or
Concord Riversbut exceeded reference conditions in 2009 and ZDdfal phosphorus
concentration in theibutariesexcept Hop Brook in Sudburwereslightly elevatedHop Brook,
Sudbury, which is affected by the wastewater dischiioge Marlborough Easterly WWTP, and
has toal phophorus concentrations/&imesthe recommended concentratigiable 10).n
Figures9 - 11, Hop Brook, Sudbury, is included in
Nitrates were very high (median 9.9 mg/L) in the upper Assabet in summer 2010; the highest
reading was 28.mg/L at the Assabet River at Rte 9 Westborough (ABT) site in August

2010, wherstreanilows were lowest.

Table 10: Summer (June - August) medians compared with recommended criteria

Summer Median TP Summer Median NO3
[Exceeds TP criteria (0.025 [Exceeds NO3/NO2 criteria (0.34
mg/L) by] mg/L) by]
A (2] o (2] o
Section S = 3 S
N N N N
Upper Assabet 0.16mg/L 0.15mg/L 1.45mg/L 9.9mg/L
[6.4X [6.0x] [4.3X] [29.1X]
Lower Assabet 0.10mg/L 0.06 mg/L 0.90mg/L 1.65mg/L
[4.04 [2.4X] [2.7X] [4.9X]
Sudbury River * 0.04mg/L 0.05mg/L 0.09mg/L 0.1mg/L
[1.6X [2.0X] [below] [below]
Concord River 0.07mg/L 0.06 mg/L 0.27mg/L 0.49mg/L
[2.8X [2.0x] [below] [1.4X]
Assabet Headwaters & Tributaries 0.06 mg/L 0.05mg/L 0.23mg/L 0.21mg/L
(except HopBrook, Sudbury) [2.4X] [1.8X] [below] [below]
Hop Brook, Sudbury* 0.18mg/L 0.16mg/L 0.18mg/L 0.08mg/L
[7.2X] [6.4X] [below] [below]

* In 2009 Sudbury River sites and Hop Brook, Subury, were only sampled in August.
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Figure 9: Total Phosphorus ConcentrationdSummers)
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Figure 10: Ortho-Phosphorus Concentrations (Summes)
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Figure 11: Nitrate Concentrations (Summerg
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Water Quality and Stream Health Index Calculations

The Stream Health Index was used to assess conditisasenof the tributary stream sitdésr

each of the monthly sampling resulf@ble 11) The Water Quality Index (a stbdex of the

overall Stream Health Index) was also used to ass&tes qualityat selectednainstensites

(Table 12) and Hop Brook, Sudbury, which dono

O A R Siteam Health Index is designed to characterize summertime fish habitat conditions in
the small streams of the watershed. A @idscription of the index is available on the CAR
webpage. Briefly, an index brings information fromultiple data sourcetgetherinto a single
number, like a grade, that can be understood at a glance. As such, an index is a useful tool in
making wateiquality, habitat and streamflow data accessible to the public and in assessing
spatial and temporal trends.

For the Stream Health Index, measurements of streamflow, groundsvesisrchannel flow

status, dissolved oxygen, temperature, pH, total plooapitrates and total suspended solids
arescoredrom 1 (worst) to 100 (bestln 2009, the index calculation was updated to use nitrates
(instead of total nitrogen, since TKN is no longer being analysed) and to include Class B
AAquat i c Lsfdrdssolvedtoxyged and tdmperature in the Water Quality Index for

the Sudbury River mainstem sit&reamflow data are scored against minimum summertime
streamflow recommendations of several standatting methods. Water quality metrics are

scored gainst published fish tolerances, Massachusetts surface water quality standards, and EPA
criteria. Nutrient concentrations are scored against expected conditions for Ecoregion XIV.
Channel flow status i s s c o Pretocol.ra tribugry Er€ambé s Rap
sites which support or have supported caldter fish populations, temperature and dissolved

oxygen readings were compared with Class B cold water standards. For m&iestdat and

Concord sitestemperature and DO readings were pared with Clas8 warmwater standards

and Sudbury sites were compar eTlhesapatarheteCscoaes s B
are aggregated to give streamflow, wateality and habitativailabilityindex scores; these three

index scores are thexggregated into an overall stream health index. For postings the index score
was converted to a description: excellenti{800), good (61 80), fair (41i 60), poor (21

40), and very poor (1 20).

Stream Health Index Thetributary Stream Health ttex readingswerg e ner al | 'y fAexcel
Afgoodo in 2009. I n 2010, with drier summer <co
in May and June, but dropped to fipedwestdo t o fAve
subindex readings were genlgrdor flow. Danforth Brook was not sampled in July, August or
September 2010 because the sampling site was dry.

Water Quality Index: Table 12 shows Water Quality Index readings for selected sites on the
mainstem Assabet, Sudbury and €and Rives and on Hop Brook in Sudbuffotal

phosphorus and nitrates were the lowest scoring parameters, driving the overall WQI score, at
the Assabet River site§otal phosphorus and dissolved oxygen were the lowest scoring
parameters at thdop Brooksite in Sulbury. Dissolved oxygen was the lowest scoring
parameter at the three Sudbury River sites below Saxonville in August 2009 and June 2010.
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Table 11: Stream Health Index Readings Summers200 & 2010

Stream Health Index Readings i 2009 & 2010
o o o
1 8] & s ¢ | £ % |¢
3 3 3 > 3 3 I b
3 S < @ ¢ % & 3
Assabet River Headwater, Maynard St., Westborough
Water Quality Index 78 50 37 80 73 56 70 84
Flow Index 91 90 91 92 96 10 8 10
Habitat Index 100 90 80 95 85 40 15 25
Stream Health Index 89 71 59 89 83 22 15 19
Danforth Brook, Rte 85, Hudson
Water Quality Index 82 68 67 86 83 na na na
Flow Index 91 90 88 78 63 8 7 7
Habitat Index 90 95 85 90 80 20 10 5
Stream Health Index 88 83 79 84 74 na na na
Elizabeth Br., near White Pond Road, Stow
Water Quality Index 62 60 61 76 71 53 6 80
Flow Index 91 90 83 100 96 62 <26 33
Habitat Index 90 95 90 100 100 80 45 85
Stream Health Index 79 78 76 91 87 63 <13 55
Hop Brook, Otis Street, Northborough
Water Quality Index 65 57 55 69 70 20 36 73
Flow Index 91 90 91 100 96 40 19 38
Habitat Index 95 95 80 100 100 60 30 45
Stream Health Index 81 77 72 87 87 33 27 48
Nashoba Br., Commonwealth Ave, W. Concord
Water Quality Index 66 54 54 na 75 77 56 77
Flow Index 91 90 91 na 96 78 na 54
Habitat Index 95 95 90 na 90 55 40 35
Stream Health Index 82 75 74 na 86 68 na 50
Nashoba Brook, Wheeler Ave, Acton
Water Quality Index 59 59 51 62 63 39 65 66
Flow Index 91 90 85 98 91 31 29 21
Habitat Index 90 90 100 100 90 75 50 35
Stream Health Index 77 77 72 82 79 42 43 33
North Brook, Whitney Ave, Berlin
Water Quality Index 85 70 54 78 64 43 56 na
Flow Index 91 90 90 100 95 71 39 43
Habitat Index 100 100 90 95 90 65 30 75
Stream Health Index 91 85 74 90 80 57 39 na

Key: | 81i 100= Excellent| 61i 80= Good| 41i 60=Fair | 21i 40= Poor| 1i 20=Very Poor |
na: data not availal
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Table 12: Water Quality Index Readingsi SelectedVainstem SitesSummers2009 & 2010

Water Quality Parameter Reading

Assabet at Rte 9 Water Quality Index
Westboro (ABT-301) NO3 | TP TSS DO pH Temp Reading
21-June-2009 5.3 0.21 2 6.33 6.76 19.94 22
19-July-2009 14 0.18 3 7.30 6.72 22.02 50
16-Aug-2009 3.0 0.30 5 5.35 6.41 23.21 33
16-May-2010 7.8 0.26 35 8.22 6.68 15.60 8
13-June-2010 3.7 0.18 12 7.74 6.82 18.62 32
18-July-2010 16.1 0.49 3 6.32 6.70 22.37 5
22-Aug-2010 24.8 0.34 <1 6.60 6.89 21.59 5
19-Sept-2010 21.6 0.53 3 7.03 6.83 19.13 5
Water Quality Parameter Reading .
Assabet at Rte 27 Water Quality Index
Maynard (ABT-077) NO3 | TP TSS DO pH Temp Reading
21-June-2009 17 0.20 6 8.04 6.96 20.41 47
19-July-2009 0.90 0.07 5 8.15 7.17 23.39 62
16-Aug-2009 0.64 0.12 6 9.99 7.34 23.27 62
16-May-2010 1.6 0.07 6 9.33 6.80 17.08 55
13-June-2010 1.3 0.06 4 8.50 7.24 18.70 60
18-July-2010 17 0.03 15 7.23 7.50 26.66 55
22-Aug-2010 2 0.05 <1 6.87 7.24 23.06 53
19-Sept-2010 3.4 0.05 5 na 7.43 17.33 na
Water Quality Parameter Reading .
Concord at Rte 225 Water Quality Index
Bedford (CND-110) NO3 | TP TSS DO pH Temp Reading
21-June-2009 0.57 0.11 7 6.16 6.97 20.01 61
19-July-2009 0.20 0.09 2 3.30 6.81 23.38 57
16-Aug-2009 0.30 0.07 6 4.37 6.85 23.99 62
13-June-2010 0.34 0.05 8.5 5.92 6.90 18.93 68
18-July-2010 0.57 0.07 10.5 7.42 7.49 28.19 58
22-Aug-2010 0.38 0.09 16 114% 8.01 24.54 61
Water Quality Parameter Reading .
Concord at Rogers Street Water Quality Index
Lowell (CND-009) NO3 | TP TSS DO pH Temp Reading
21-June-2009 0.55 0.10 1 7.52 7.18 20.05 69
19-July-2009 0.24 0.08 6 6.64 6.95 23.32 69
16-Aug-2009 0.50 0.07 5 6.80 6.92 24.30 65
16-May-2010 0.44 0.07 7 9.47 7.19 16.59 70
13-June-2010 0.67 0.06 8 7.84 7.03 19.18 65
18-July-2010 1.1 0.08 12 5.86 7.43 27.25 51
22-Aug-2010 2.0 0.07 5 7.78 8.14 23.58 49
19-Sept-2010 25 0.06 8 8.00 7.38 17.71 45

Key: | 81i 100 = Excelled 61i 80 = Good 41i 60 = Fair| 21i 40 = Poo| 1i 20 = Very Pool
na: data not availal
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. Water Quality Parameter Reading .
Sudbury at Saxonville Water Quality Index
Framingham (SUD-144) NO3 | TP TSS DO pH Temp Reading
16-Aug-2009 0.17 0.02 2 8.26 7.25 24.44 86
20-Sept-2009 0.16 0.03 <1 | 103.9% 7.34 17.23 91
16-May-2010 0.26 0.03 25 9.25 7.02 16.84 84
13-June-2010 0.24 0.01 8.5 8.67 7.20 19.05 83
18-July-2010 0.20 0.02 2 5.94 7.08 24.61 81
22-Aug-2010 0.21 0.02 1 5.45 7.18 20.88 84
19-Sept-2010 0.23 0.04 15 8.03 7.09 15.70 84
Sudbury at Pelham Island Water Quality Parameter Reading Water Quality Index
Rd, Wayland (SUD-098) NO3 | TP TSS DO pH Temp Reading
16-Aug-2009 0.16 0.03 3 2.53 6.66 24.16 59
20-Sept-2009 0.13 0.03 <1 8.06 7.05 15.95 91
16-May-2010 0.21 0.04 5 8.06 6.89 17.50 79
13-June-2010 0.15 0.06 7 4.82 6.73 19.00 70
18-July-2010 0.13 0.03 35 5.09 6.93 26.14 75
22-Aug-2010 <0.05 0.09 10 6.13 7.31 22.83 69
19-Sept-2010 0.25 0.04 7.5 7.44 7.11 16.00 76
Sudbury at River Rd, Water Quality Parameter Reading Water Quality Index
Wayland (SUD-086) NO3 | TP TSS DO pH Temp Reading
16-Aug-2009 0.15 0.04 3 3.17 6.83 24.35 65
20-Sept-2009 0.14 0.03 3 8.68 7.02 16.02 87
16-May-2010 0.14 0.05 5.5 6.41 6.79 17.46 77
13-June-2010 0.14 0.03 29 3.29 6.67 18.67 55
18-July-2010 0.11 0.06 7 4.65 6.96 26.97 67
22-Aug-2010 <0.05 0.08 12 6.55 7.29 23.36 69
19-Sept-2010 0.24 0.04 8 7.27 7.09 16.34 75
Sudbury at Sherman Water Quality Parameter Reading
Bridge Rd, Wayland Water Quality Index
(SUD-064) NO3 | TP TSS DO pH Temp Reading
19-July-2009 0.09 0.03 5 2.32 6.77 24.28 55
16-Aug-2009 0.12 0.03 3 7.22 6.84 15.82 85
16-May-2010 0.11 0.04 6.5 7.56 6.87 17.97 80
13-June-2010 0.06 0.05 13 2.93 6.57 18.76 58
18-July-2010 0.10 0.07 11 4.54 7.03 28.20 62
22-Aug-2010 <0.05 0.14 18 5.79 7.32 23.97 59
19-Sept-2010 0.05 0.06 13 7.50 7.21 17.13 73

811 100 = Exceller] 617 80 = Good 41i 60 = Fair| 217 40 = Poo| 11 20 =Very Poor |

na: data not availal

Key:
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Water Quality Parameter Reading .
Sudbury at Rte 62, Water Quality Index
Concord (SUD-005) NO3 | TP TSS DO pH Temp Reading
21-June-2009 <0.05 0.04 2 4.82 7.06 20.31 80
19-July-2009 <0.05 0.07 2 1.33 6.75 23.68 24
16-Aug-2009 0.06 0.04 5 2.33 6.72 24.23 55
20-Sept-2009 0.10 0.03 6 7.51 6.88 16.23 83
16-May-2010 0.10 0.14 5.5 9.07 7.22 16.57 71
13-June-2010 0.05 0.03 7 5.14 6.81 18.86 76
18-July-2010 <0.05 0.05 7 4.08 7.19 27.42 65
22-Aug-2010 <0.05 0.06 9 5.40 7.28 24.18 70
19-Sept-2010 <0.05 0.05 18 7.80 7.43 17.40 71
Hop Brook at Landham Water Quality Parameter Reading Water Quality Index
Road, Sudbury (HBS-016) NO3 | TP TSS DO pH Temp Reading
16-Aug-2009 0.18 0.18 6 0.79 6.74 21.71 5
20-Sept-2009 0.63 0.06 4 4.48 6.83 12.19 57
16-May-2010 0.51 0.05 25 4.39 6.59 15.18 58
13-June-2010 0.52 0.07 5 3.13 6.70 17.27 52
18-July-2010 0.08 0.25 14 0.19 7.71 24.09 5
22-Aug-2010 <0.05 0.16 5.5 1.09 6.83 20.05 6
19-Sept-2010 0.26 0.10 2 3.33 6.78 14.25 46

Key: [ 81i 100 = Excelled 611 80 = Good 41i 60 = Fair| 211 40 = Poo[ 1i 20 = Very Pool
na: data not availal

29
WQ Final Report2009 & 2010



OARS

Summary

This report presents the monthly water quality and streamflon@&RS collected on the
Assabet Sudburyand Concord Rivers and tributary stream2009(February April, June,

July, August, Septembeaind Octobgrand in2010(March,May, June, July, Auguseptember,
andNovembey. All sites are sampled in June, July, and August; a subset of the sitsmgrled
in other monthsBetween 2009 and 2010 the number Assabet River mainstem sites was
decreased and new sites were added on the Sudbury River mainstem.

In general, May to September in 2009 was wetter than average; in 2010 there were floods in
March followed by drier than average conditions in May to September.

Mainstem dissolved oxygen readings failed to nvéater Quality Standards at: 5 sites in July
20009, 6 sites in August 2009, 1 site in September 2009, 1 site in May 2010, 2 sites2@1iyne
3 sites in July 2010, 5 sites in August 2010, and 1 site in Septemberm2@ldwest mainstem
reading was tadénon the Sudbury River at Rte 62, Concord, in July 2009 (1.09 mg/L). The
lowest tributary readings were consistently at Hop Brook at LaandRoad, Sudbury, in both
2009 and 2010, with the lowest reading of 0.19 mg/L in July 2010.

Water temperatures at both mainstem and tributary sites met Class B warm water fisheries
standards on all dates tested. Because the tributary streams suppug suapported cold water
fisheries, tributary temperature readings were also compared with cold water standards.
Exceeding 20.0°C among the tributary stream readings were: 5 sites in July 2009, all eight sites
in July 2010, and four sites in August 2010.

pH readings in the mainstem ranged from 6.12.5@in 2009, and from 6.50 to 8.14 in 2010.
Sites not meeting standards: Assabet at Rte 9, Westborough, and Sudbury at River Road,
Wayland, were below 6.5 in August 2009. Tributary pH readings ranged ff@1o47.63 in

2009, and from 6.55 to 7.71 in 2010. Sites not meeting standards were: Cold Harbor Brook in
Northborough was less than 6.5 in June and August 200%Hop Brook in Northborough were
less than 6.5 in August 20009.

Conductivity is an indirect indicator of pollutants such as effluent;pwnt source runoff

(especially road salts) and erosidine range of mainstem conductivity readings was from 261
eS/cm to 671 €S/ cm in 2009 andowetdeadin/ cm to 15
(33 €S/ cm) was recorded at Danforth Brook in
highest readings (greater than 1806/ cm) wer e recorded in the upp
and at River Meadow Brook in Leedl, in July and August in 2@ (Figure 6).

Median nutrient concentrations along the Assabet River mainstem (both upper and lower
sections) were well above Ecoregion reference conditiofsg@&entile of the summertime

data) for both total phosphorus (TP) and nitrates in 2002@bd. Nitrates were very high

(median 9.9 mg/L) in the upper Assabet in summer 2010; the highest reading was 24.8 mg/L at
the Assabet River at Rte 9 Westborough (ABIL) site in August 2010, when streamflows were
lowest. Median nutrient concentrationglee Concord River mainstem were generally lower

than Assabet River concentrations, but still exceeded Ecoregion reference conditions for TP in
2009 and 2010 and for nitrates in 2010. Median TP in the Sudbury River were lower than in
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either the Assabet @oncord Rivers, but exceeded reference conditions in 2009 and 2010. Total
phosphorus concentration in the tributaries except Hop Brook in Sudbury, were slightly elevated.
Hop Brook, Sudbury, which is affected by the wastewater discharge from Marlborosighly{Ea
WWTP, and has total phophorus concentratioiix 6he recommended concentrations.

The Stream Health Index was used to assess conditicesen tributary stream sites for each of
the summesampling results. The Water Quality Index (a-sudex d the overall Stream Health
Index) was also used to assess water qualiy selectednainstensites In general, with higher
precipitation and streamflows, Stream Health Index readimtee tributariesvere higher in

2009than in201Q On the mainstersites calculatedVater Qualitysubindexreadingsvere

higher in 200%ndreadings generally improved from upstream to downstream along the Assabet
and Concord mainstem sites, blgcreased from upstream to downstream on the Sudbury River
(with dissolvedoxygen generally the lowest scoring parameter for the Sudbury sites).
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Glossary of Terms

Adaptive Management:the process by which new information abawtatershed is

incorporated intdhe watershed management plan. Idealiapdive management is a

combinationof research, monitoring, and practical managemengtlats"learn by doing." It

is auseful tool because of the uncertainty about how ecosystems function and how management
affects ecosystemblore: http://www.epa.gov/owow/watershed/wacademy/wam/step5.html

Ammonia (NH3): a form of nitrogen availabli®r uptake by plants and microorganisms.

Sources include the breakdown of organic nitrogen in sediments and untreagd.s@ther
sources of ammonia include: fertilizer, home cleaning products and food processing. While
ammonia can be readily utilized by plants, high concentrations of ammonia are directly toxic to
aguatic life. A secondary effect ofareased ammoniacours when bacteria oxidize the pitd

NO;3, a process called nitrification, consuming four atoms of oxygen for every atom of nitrogen
converted. This process can dramatically lower dissolved oxygen in the water.

Baseflow the flow of water from aquiferigito the streambed. In natural systems in New
England baseflow makes up most of the river flow during the summer.

Biochemical oxygen demand (BOD)oxygen required to break down organic matter and to
oxidize reduced chemicals (in water or sewage). BQDiges a direct measure of the
decomposition or oxidation processes in the water column. The more diftipétform

sediment oxygen demand (SODest measures the decomposition processes in the sediments.

Box plots: (also known as box-andwhisker dagrans) area convenient way akepresenting
datawith severaktatistics: the lowequartile(Q1), median(Q2), upperquartile(Q3), confidence
intervals,andoutliers Each box(from Q1 to Q3)encloses 50% of the data with the median

value of thevariable displayed as a line. The top and bottom of the box mark the limits of + 25%
of the variable population. The lines extending from the top and bottom of each box mark the
minimum and maximum values within the data set that fall within an accepaaigie(often 1.5

times the size of the baxAny value outside of this range, called an outlier, is displayed as an
individual point.More: http://www.resample.com/xIminer/help/BoxpiBox_Intro.htm

Channel Flow Status:an estimation of the amount of the streambed that is covered with water.
Method from theEPA Rapid Bioassessment Protocol.

ClassBMassachusetts Class B, sometimes referred
stat eds deapprgpnateiwatar mses tocdbé achieved and protected nder t he f ed
Clean Water ActFor more information about the federal requirements on water quality
standardshttp://water.epa.gov/scitech/swguidance/standards/indexkgnthe Massachusetts

Surface Water Quality Standardstp://www.mass.gov/dep/service/requlations/314cmr04.pdf

Conductivity: the ability of the water to conduat @lectrical chargeConductivity is a rough
indicator ofthe presence of pollutandésich aswastevater from wastewater @ément plants or
septic systemsjon-point source runoff (especially road sglem)dsoil erosion Reported in
microSiemens per centimeter (uS/¢crodnductivity is measured by applying a constant voltage
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to onenickel electrodand measuringhe voltage drop acrosscin of water The flow of

electrical current (I) through the water is proportional to the concentration of dissolved ions in

the water the more ions, the more conductive thewaterd t he hi gher Sincdhhe A c ol
conductivity in wateiis also temperature dependdmtd r esul t s ar eecthd t en r ep
conductivity 0 wihtheadw conductivity measurement adjusted to 25° C.

Dissolved Oxygenthe presence of oxygen gas moleculeg (®the waterreported as percent

saturation (% sat) or in milligrams péel (mg/L). The concentration of dissolved oxygen (DO)

in the water column provides a direct indicat
fish and macroinvertebrates. Aquatic plants and bacteria in the sediments remove dissolved
oxygenfrom the water when they respire (plants respire mainly at night). Therefore, the lowest
dissolved oxygen concentrations of the day occur in the early in the morning. During the day

plants add oxygen to the water column through photosynthesis. Bogimextiow or high) DO
concentrations and large changes in DO concentrations over the day (diurnal variation) are
damaging to the habitat.

Ecoregion An area over which the climate is sufficiently uniform to permit development of
similar ecosystems on sit¢hat have similar propertie&ccording to EPAthe ecoregionare
fidesigned to serve as a spatial framework for the research, assessment, management, and
monitoring ofecosyt e ms and e c o s yMore mformatianmmptioeerNewnBnglandd
Ecoregionshttp://www.epa.gov/wed/pages/ecoregions/new_eng_eco.htm

Eutrophic: abundant in nutrients and having high rates of productivity frequently resulting in
oxygen depletion below traurface layer.

Hydrograph: A graph showing stage, flow, velocity, or other property of water with respect to
time. More hydrographic definitiongittp://water.usgs.gov/wsc/glossary.htmi#TOC

GoldBook:EPAGs 1986 publication of recommended wa
http://water.epa.gov/scitech/swguidance/standards/critelifa/agload/2009 01 13 criteria_go

ldbook.pdf

Impoundment: A body of water contained by a barrier such as a; ¢dwaracterized by an inlet
and an outlet stream.

Mainstem: The main channel of a river, as opposed to the streams and smaller rivers that feed
into it.

Mesotrophic: having a nutrient loading resulting in moderate productivity.

Nitrogen: a major nutrient supporting plant growth. Nitrogen is measured in its various forms as
nitrate (NO3), ammonia (NHs), andtotal Kjeldahl nitrogen (TKN ). Total nitrogen is

calculated as the sum of TKN and nitratésiailable nitrogen, calculated as the sum of nitrate

and ammonia, gives a measure of the nitrogen readily available for absorption by plants. Once
absorbed, nitrogen is incorporated into proteingna acids, nucleic acids, and other molecules.
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Although most aquatic plant growth in rivers is limited by the availability of phosphorus,
increased nitrogen availability can also lead to algal blooms.

Oligotrophic: having a small supply of nutrientew production of organic matter, low rates of
decomposition, and high dissolved oxygen in the lower layers of the water column.

Oxidation/reduction potential provides a measure of the condition of the suspended solids: to
what extent the organic material in them has been degraded by microorganisms.

Phosphorus Plants need nutrients to grow; in particular they need a balance of phosphorus (P)
and nitrogen (N) Phosphorus is measured@aisl phosphorus(TP) andortho-phosphate

(ortho-P; soluble inorganic phosphate, the form required by plants). In most fresh waters, the
concentration of phosphorus available to plants is low enough that the plants canreitt thegso
maxmum rate. But in water bodidike the Assabet, where human activities add phosphorus to
the environment, the added phosphorus allows much greater growth of aquati¢epimafhic
conditions)

pH: the negative log of the hydrogen iomcentration in water, a measure of the acidity of

water. pH is measured on a scale from 1 to 14, with 1 being very acidic, 7 being neutral, and 14
being very basic. Extreme pHSs, in either direction, can be toxXisht and other aquatic life and

play arole in the behavior of other pollutants such as heavy metals in the enviror@hamges

in pH can be the result of acid rain/snow, chemicals entering the waterways, or algal blooms.

Stage and streamflowmeasure the amount of water in the river. 8tiaghe height of the water

above the riverbed, and is read at staff gages at several points alomgribenriver and at

sites on eight tributariesStreamflow(also called discharge) ike volume ofvaterpassinga

given point in the rivefreportel i n cubi c feet pbowismeasuedndhe fcf s
mainstem Assabet and Concord RiverthatUSGSjages in Maynard and Lowell, respectively,
andreported on the USGS web pagtreamflow on the tributary streams is calculated using

rating curvefrom staff gage readings taken by O8Rolunteers.

Stagedischarge rating( a k a f r at :ithe gehtienship betwiegn stage (water height) and
discharge (streamflow). The rating curve is determined empirically by making a series of
streamflow measurements at different stagesaaadl/zingthe graphed results (figure below).
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