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0 10 20 30 40 50 KILOMETERS o@ gallons per day). Of this, 82 percent was supplied from the study area by 22 .| Fsm ANNUAL PROBABILITY, IN PERCENT
Dsi% withdrawals of surface water (35 percent) and ground water (47 percent). g 2 0 Baslrs badndary
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Figure 1.—Location of study area areas not served by public supply systems were estimated on the basis of £z i BASIN RIS SUDBURY
a per capita use rate of 60 gal/d (gallons per day). This self-supplied water NAME RIVER
amounts to 8 percent of the total water use.
Figure 4.—Water use in major drainage basins
In response to needs for additional water supplies and for accurate
water data to plan developments and management of the water resources
of Massachusetts, the U.S. Geological Survey, in cooperation with the
Commonwealth of Massachusetts Water Resources Commission, is The quantity of water withdrawn in (or transferred to) individual = | I [ I I [ T % [ 1 T LR E | |
preparing a series of reports describing the water resources of the drainage basins is related to the degree of industrial development and the I i i Example: The
Commonwealth. ~The study area includes the Sudbury, Assabet, and population. Framingham, in the Sudbury River basin, and Lowell, in the 2 & i 2{,‘;?:;’;"24 o
Concord River basins (SuAsCo River basin) and the Massachusetts part Merrimack River basin, are the major industrial and population centers. 3 1.0 |— — 8100 — [ discharge during the
of the Merrimack River tributary basins from Salmon Brook to the Together they account for 37 percent of the 1976 water use. Water-use @08 [~ — & 80 — ! om0 gomaecl vy =
. : . ys of a climatic year s1s :
confluence of the Concord and Merrimack Rivers. The Assabet River data were obtained from municipal water departments. . o pegen B ! being less than 41 ft 8 The probability of the lowest average flow for a given number of
heads in Westborough and flows generally northeastward to Concord, e - ] HE el ! ¥ is & percent - consecutive days being less than a stipulated rate during any climatic year
where it joins the Sudbury River to form the Concord River. The Sudbury [ ] I A e e e R i o e ) is shown in low-flow probability curves. No curves are given for the
River heads in Westborough, flows eastward to Framingham, then L i 2 L L [ L L o 1 E [ B ﬁ 56 b , | Assabet River at Maynard because reservoirs used in part to augment low
northward to its confluence with the Assabet River. The Concord River LOW-FLOW © 5 i 60 flow were put in operation upstream from the gage during 1970, thereby
flows northward to Lowell, where it empties into the Merrimack River. gl =] = See Figure 10 for estimated 7-day low flow with 50 percent and 10 percent g 02 - | g 25 | i 30 _| changing the flow regimen in this discharge range. Data are not yet
PROBABILITY annual probabilities of occurrence O % O s ; 1 2 available to define the curves satisfactorily. However, estimates of 7-day
> z B o | z I ! i low flows with 50 percent and 10 percent annual probabilities are shown
sl S o 08 ui ' 33 in figure 10 on sheet 2.
o g 2 ! 128 | = el i g7 Low-flow probability data are used in studies of waste dilution, water
& ple _ x g i 7 ;g:— g 8 : g supply, condenser cooling, wildlife habitat, and other fields where low
= | 0. — — 6 = ; . [ —| it
% Wateruse ) __-==777meq g 2 i Climatic Years 1965-1979 3 §’_ cg 51 Climatic years 1938-1979 | . flows are critical.
T O mmmmeme Population o = Population and water use have increased during the past several 0.04 — ' 41— i =]
o : o o decades, and data for two dissimilar communities are presented in the oo3 L1 | | [ | | - I ] L1 | | T [ J
z el 2 above graph as examples. Wayland is predominantly a residential town, 8 40 30 e 10 ! > & S dg . W 20 1 L O &4 9 # 1
2 B < - whereas Framingham has a high degree of industrial and commercial ANNUAL PROBABILITY, IN PERCENT ANNUAL PROBABILITY, IN PERCENT
§ z development. In Wayland, population and water use have remained
> 4| — relatively constant during the last decade. During this period, the
= CZ) population of Framingham has also remained fairly constant, but water
o E use has continued to increase, because of continued industrial and
P o3 ] = commercial development.
s R — e - S . 5
g 2 Framingham
: =
400 rrrrrrrrrrr Tt Flow duration curves show the percentage of time during which given
ol ol b b bon b lon b e | o daily mean discharges are exceeded without regard to the sequence of
1930 1940 1950 1960 1970 1980 the flows. The Assabet River curve is based on records of daily mean
Figure 5.—Water use and population trends 200 discharge during water years 1971-79 extended to 1938-79 by
correlations with data from gaging stations on the Concord River below
1,000 [ I . | ] [l e [ = 4 ] I I River Meadow Brook at Lowell and the Charles River at Dover. For the
800 Ll il i B Nashoba Brook and Concord River stations, duration curves are shown
80 ! for the months of highest and lowest average monthly discharge, years of
600 60 i highest and lowest annual average discharge, and the entire period
i 2,000 i during which complete water years of record are avalilable. The curves
= : reflect all of the hydrologic factors that influence streamflow. Therefore,
400 2 ! the differences between the overall characteristics of the basins may be
Q 20 | compared on the basis of the shapes of their long-term water-year curves.
% ] a 1,000 The high discharge end of the curve primarily represents surface-water
o e Z 8w runoff, and the slope of the curve is indicative of the surface-water
. <"'U/§ ": 10 S e storage, basin physiography, and rainfall and snowmelt characteristics in
MDC SYSTEM IN UPPER SUDBURY RIVER BASIN i 200 w8 n the basin upstream from the gage site. For streams that are not influenced
FLOW DURATION t - & by artificial storage, the low discharge end of the curve primarily
- % t £ represents ground-water runoff; and the slope of the curve reflects the
ﬁ 8 4 L amount of subsurface storage, swamp storage, and channel storage which
Wachtsett & 00 o w contribute to streamflow. For basins where there is artificial storage, the
Reservoir o = 9 500 curve also reflects the release from storage or addition to storage,
(Nashua River basin) 3 8o 6 2 2 especially in the lower discharge ranges.
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Average precipitation on the study area is 42 inches per year, of which elf,i”éo" Relff)"io" 2
about half evaporates or transpires. Part of the remainder travels § - |
overland directly to streams and, during or immediately after storm - 2
periods, makes up a large part of the increased streamflow. However, g = a =
most of the water not evaporated or transpired percolates through the S QS). 5 fts Figure 8.— Characteristics of streamflow at gaging stations é 70
ground to the water table and then moves to streams, where it becomes n< Cochituate | | | | | | [ L c
the major component of annual streamflow (runoff). Ground-water runoff B 30 20 15 10 7 5 4 Illustrations are arranged vertically by gaging stations, i
may be as much as two-thirds of the average annual runoff and, in ) ANNUAL PROBABILITY, IN PERCENT as noted at top of columns. and horizontally by data type. Z
unregulated streams, is commonly the sole supply for streamflow during 0 ft¥s " e i v ] i 3
loowe-ow periolls: (t))l;; i(:‘f (0} Whsas A Figure 7.— Prob‘ablhty of high ﬂf)ws in the Sudbury River z
Figure 2 is based on a map of normal precipitation (base period, 1941- ©) WachusetiMorboroush Tunnel at Framingham Reservoir Number 1 outlet O
70) in New England (except Maine) compiled by Robert E. reflected by the more gradual slopes of the low ends of the long-term =)
Lautzenheiser, Massachusetts State Climatologist, dated June 13, 1975. Natural and man-made surface impoundments and low stream- Qso = 36.30A0-682 water-year flow-duration curves for the Concord Rivers and of the low- o
Figure 6.— Average flow through Metropolitan District Commission gradients result in appreciable attenuation of storm runoff in the Assabet QSO 3 55' 38A0-670 flow probability curves for the Assabet and Concord River. Occasional E 40
water system during 1979 The high-flow frequency curves (fig. 7) were derived from MDC data and Concorc} Bivers. This is reflecte.d by the moderate slopes of the high- Qfg W 72:12AO'660 re.gulation (stoxjage of.water behind dams) upstre.alm from the Concord o Example: Thers is a Bi-percent chancs
of daily a releases to the Sudbury River during water years 1965-79. flow prob::ablhty curves and the blgh enfi of the long-term water-year Qa = 96.71A0651 River gage during periods of low flow reduces daily mean flow past the ) that an event having a 2-percent annual
¥ e ) flow-duration curves for the gaging stations on these streams. Storm 4 , gage, thereby causing the larger than expected spread between the 1- z praminlity Wl BEGl anie of inalecies |
Daily release data for climatic years 1965-79 were used to obtain 1- - : L Qu = 118 140695 o < 30 during any given 35-year period
and 7-day low-flow figures at the 50 and 10 percent annual probability runoff is nmore intense in Nashoba Brook as indicated by the steeper Q, = 143.1A0-638 and 3-day lovx./—flow.pfobablllty curves. 5 !
) - "~ levels, Each of these four parameters is 2 .3 f%s. slopes of its curves. aibiate Data used in deriving the curves are grouped by two types of annual !
The MDC (Metropolitan District Commission) regulates flow from the : : Formulas applicable to the study area have been developed for i periods. The climatic year, which ends March 31 of the year stipulated, i n
upper 75 square miles of the Sudbury River basin at the outlet of For —explanations of high-flow frequency curves and low-flow enr T : - h Q, is the annual peak discharae, in cubic feet per second. for th : . e R 20 ;
: ’ : ) ; probability, see the extreme right column in figure 8. estimating the probability of annual peak flows in ungaged streams where el p g - ; p ond, for the is used in studying low flow. The remaining discharge parameters are !
Framingham Reservoir Number 1 in Framingham (fig. 6). The northern drainage areas are between 0.25 and 260 mi? and flow is not materially specified annual exceedance probability, t, in percent, and studied using the water year as the annual period. This is the 12-month i
section of this subbasin is part of the MDC water system. Water from affected by regulation or diversions (Wandle, 1980). In using the A is the drainage area, in square miles. period ending September 30 of the year stated. 10 = ! —
Wachusett Reservoir, in the Nashua River basin, is conveyed into or formulas, it is essential to identify and evaluate the impact of possible During periods of low flow, flow in the Assabet and Concord Rivers is The curves reflect flow conditions during the noted base periods. If, in i
through the subbasin by aquaducts for use in communities in the study flow manipulation in the basin upstream from the site under sustained at a greater level than in Nashoba Brook because of relatively the future, weather patterns, urbanization, diversions, manipulation of '
area or in Greater Boston. At times, the transfer water from Wachusett consideration before the results can be considered reliable. The formulas higher releases of water stored in surface impoundments and stream flow, and the rest of the many factors that influence streamflow are the 0 I | L l i | L
Reservoir is supplemented by runoff in the subbasin. Flow rates in figure reference discharge to the annual probability of exceedence, in percent, channels and more seepage from ground-water reservoirs. This is same as during the base periods, the curves may be used to estimate L 20 a0 b 5
6 were calculated from data supplied by the MDC. as follows: future sticarflow: PERIOD, IN YEARS
Figure 9. — Chance of occurrence during specified time intervals
of flow events having given annual probabilities
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Figure 11.-Specific conductance/dissolved-solids concentration
relation indicated by sample analyses
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Figure 12.-Influence of streamflow variation \ 5 -') 0 _ - ) o
on dissolved solids concentration in 15 Site number, c o gue 40 Site number: Figure 15.-Monthly variation of water temperature
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Table 1.— Description of stream sites the Assabet River P SO0 AN | (P S _se‘frsb‘f p Pl — milligrams per liter ey Bee s eidescrinei at the Nashoba Brook gaging station
Site 0 2 4 6 8 10 12 KILOMETERS e 12 KILOMETERS Sept. 1, 1976
Number Stream and Location
1 Cow Pond Brook at Wharf Road, Groton 26 Fort Pond Brook 400 feet above mouth, Concord
- i ey b L] & Basiyaba i s e e Figure 13—Specific conductance of water at selected stream sites Figure 14.-Major dissolved chemical constituents in samples collected at selected sites An example of monthly variation in surface-water temperature is shown in figure 15,
3 Stony Brook at Town Farm Road, Westford (gaging station no. 01097300) P
e L s o : i based on records from the Nashoba Brook gaging station (site 27) during water years
4 Stony Brook at School Street, Chelmsford 28 Nashoba Brook at State Highway 2, Concord Y679 24, 1976 1977 T o o Feses t St =] 6 vkl
5 Stony Brook at Meadowbrook Road, Chelmsford 29 Assabet River at State Highway 2, Concord —74, , an . Temperature van(-as om.S. eam to streal p
6 Stony Brook at mouth, Chelmsford 30 Spencer Brook at outlet of Angiers Pond, Concord along a stream,; consequently, ‘the data are site specific. However, the temperatur(.zs
7 Beaver Brook 1,000 feet south of NH-MA boundary, Dracut 31 Sudbury River at Fruit Street, Hopkinton shown probably represent within a few degrees those that would be encountered in
8 Beaver Brook at Martin Street, Lowell 32 Sudbury River at Fountain Street, Ashland . . ; . other relatively shallow streams that are not significantly influenced by ponding or
9 Assabet River at Fisher Street, Westborough 33 Sudbury River at State Highway 135, Ashland Table 2.— Concentration of selected dissolved constituents in sampled surface water releases from reservoir storage.
10 Hop Brook at U.S. Highway 20, Northborough 34 Sudbury River at Union Avenue, Framingham
11 Assabet River at State Highway 135, Northborough 35 Beaverdam Brook at Boden Lane, Natick Silica Solids. sum of
12 Assabet River at East Main Street, Northborough 36 Cochituate Brook at Old Connecticut Path, Framingham Giseamnfion Fluoride M - . E ? e Alkalini
i i 2 ; agnesium, | Oxygen, Potassium, dissolved Iron constituents alinity Hardness
ii g;l:b[:f ;?‘T;Bartog;}r?gafee;ssZwMiﬁ‘g:::uBfOk’ Martnoesugl 3; f;;dbggi‘;r;:;:fr;sl{:‘j gf;:rgham Site instantaneous dissolved dissolved dissolved dissolved (mg/L as dissolved dissolved (mg/L as (mg/L as
15 Assabet River at U.S. Hig;:way 290 Marlborgugh 39 Wash Brook, at L andhait Boad Sudbury Number Date (ft%/s) (mg/L as F) | (mg/L as Mg) | (mg/L) (mg/L as K) SiOp) |(ng/LasFe)|  (mg/L) CaCOs) | CaCOs)
16 North Brook at Whitney Street, Berlin 40 Sudbury River at U.S. Highway 20, Wayland METRIC CONVERSION F ACTORS
17 Assabet River at Chapin Road, Hudson 41 Sudbury River at Sherman Bridge Road, Wayland Dissolved-solids concentration in surface water can vary considerably 12. The scatter of data points illustrates the variance of water quality 2 831-76 6.6 0.1 18 6.4 18 57 180 66 29 35
o5 Danforth Brook af Cox Street, Hudson 42 S“db“rz }:"e’ at i;a*e High""sa‘y 62, g°"c°’g between streams or between sites on a stream, with different rates of flow resulting from the many determinative factors previously mentioned. 5- 5-77 38.0 0 13 86 1.8 48 120 56 15 23
19 Assabet River at Main Street, Hudson 43 Concord River at Monument Street, Concor e . 5 : 5 3 . e . . . : . ]
20 Assabet River at Gleasondale Road, Stow 44 Concord River at State Highway 225, Bedford at a.specxflc Str?arn. site, and, from tlme'to. time, at_ a _glven Slte'. Sources Dat.a represented in this figure were obtained at the Assabet River gaging 5 8-31-76 7.6 1 2.6 8.8 2.6 5.7 260 119 33 46 Table 3. Factors for converting inch-pound units to
21 Fort Meadow Brook at Chestnut Street, Hudson a5 Concord River at River Street, Billerica of dissolved solids include, but are not limited to, liquid and solid waste, station. ' 5 5. 6-77 48.0 0 22 98 23 25 210 110 18 39 International System of Units (SI), with abbreviations
22 Elizabeth Brook at Gleasondale Road, Stow 46 Concord River at Pollard Street, Billerica fertilizers, and highway deicing salts. Dissolved solids can be introduced To estimate the chemical quality of surface water, six specific 7 8 30-76 80 i 18 73 49 71 330 113 25 37
23 Assabet River 150 feet upstream from State Highway 27, Maynard 47 Concord River at Lawrence Street, Lowell to surface-water bodies directly (e'g. industrial waste outfalls), or conductance measurements were made at each of 43 stream sites during 5_ 5.77 112.0 1 13 86 29 36 210 82 14 29
\aaging staticn . QLOST000) 43 Wivae Meadaw Brosic at Hai Sieet, Lol indirectly b rland flow after rainstorms (e.g. vegetal debris), or more June to December 1976 (fig. 13). The interval between measurements
24 Assabet River at State Highway 62, 1,600 feet northeast of High Street, Acton 49 Concord River 300 feet downstream from Rogers Street, Lowell TndTrec Y Oy oNenan - i p : 1 ld . (1 9. veg dq b)’ di d . 1l L 8 ) 17 9- 1-76 21.0 2 3.6 2.7 49 3.1 70 147 36 57 Wbty ik poind e B Toabtat STiunit
25 Assabet River at Pine Street, Concord (gaging station no. 01099500) indirectly by percolation of dissolved material to ground-water bodies an was approximately 1 month. 5-12-77 403.0 .0 1.7 10.6 1.8 5.8 170 79 8 18 4 y
subsequent ground-water discharge to surface-water bodies (e.g. The specific conductance of water in streams that drain lightly 99 o 198 3 - . » id 5 a3 s 58
leachates from sanitary landfills). In addition, surface chemistry is a developed areas such as Salmon Brook, North Brook, and the upstream 5: 6:77 _36,0 0 18 94 18 27 210 36 13 39 inch (in) 254 million (mm)
function of the proportion of ground water discharged to streams from end of the Assabet River (sites 2, 16, and 9, respectively) were generally 45 . i ™ 54 o P s i
. . . . . . = 3 1
chemically dissimilar rock formations (bedrock or overburden). less than 150 micromhos, which is consistent with that of similar streams 27 g:sé_;g 228 (1) %g ;(6) a0 5 P 2 e o1 s 1.609 Rt R
Contaminants released into streams, onto the land surface, or into the in eastern Massachusetts. Appreaciably higher specific conductances ’ ' ‘ : ’ ’ square mile (mi®) 2.590 square kilometer (km?)
ground anywhere in a basin can affect water quality at lany slite shown on the map are indicative of the introduction of dissolved solids 29 gj;:;? = (1) %2 138 ?g 3(1) égg 1% ?(1) 3‘51 2832 x 10-2 T
hydraullcally downgradient from the. release point. Water supply quality from wastes and (or) decaying organic matter ' . . 54 B 158 Ea5 3 o) e 18 e 160 a7 e 55 R — T BT SP————
would be directly affected by pumping from degraded surface-water or Water samples were collected at selected sites during medium 5 1777 246.0 1 19 10.2 18 38 190 105 17 o8 "
ground-water bodies, or could be indirectly affected by wells pumping streamflow (May 1977) and low flow (summer 1976) for chemical ) ; 5 e -,y 55 74 45 % cubic foot per second(ft® 2.832x10° 2 cubic meter per second (m®/s
from aquifers adjacent to contaminated streams or ponds. analysis. Concentrations of the major constituents are shown in figure 14, a2 P et Lo : ¢ e i ’ inch per year (in/yr) 254 x10° T S
The electrical conductivity of a solution depends on the concentration and those of the minor constituents in table 2. None of the sam.ples 40 2—1%—;? — i gg gg gg ‘ll-g ggg %%:13 %g g% S et ! adieans pes centiter
of ions in the solution; therefore, specific conductance is an index of contained especially high concentrations of any of the determined S - . - . : : at 25°C (pmho/cm at 25°C) at25°C (p s/cm at 25°C)
dissolved-solids concentration. This relationship is demonstrated in figure constituents. Further, the sampled water was generally soft and had low 42 9- 1-77 = N | 27 10.0 2.2 5.6 270 112 22 41
11 which is based on specific conductance measurements and laboratory levels of acidity or alkalinity. Therefore, with respect to the tested 5-12-77 292.0 0 23 9.2 21 1.8 470 102 19 37
analyses of 25 water samples. constituents and properties, the water is probably suitable for most 45 8-31-76 o i 28 7.9 26 4.6 220 117 22 44
In general, dissolved-solids concentration, and, hence, specific industrial, agricultural, or domestic uses. 5-12-77 1,400.0 .0 1.8 11.2 21 4.0 420 87 13 31
conductance, decreases with increased discharge as can be seen in figure 49 8-30-76 215.0 1 29 78 30 59 300 128 21 a7
5- 5-77 1,150.0 Pi§ 22 9.4 2.3 1.6 310 99 16 34
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