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Surface water, where in a more or less natural condition, as in small solved solids than surface water in similar areas. The ground water =
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areas. Effluent from sewage-treatment plants contributes large amounts ern part of the basin and greatest in the northern more urbanized part. z
of dissolved substances, notable chloride, nitrate, and phosphate. Run- Part of the water pumped from town-supply wells has been induced . Bedrock well = w
off from roads, streets, and urbanized surfaces cqntributes much dis- from nearby streams that receive sodium chloride from highway deicing e S Py
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° “ % aquifers, is similar chemically throughout the basin. The principal differences are in the concentration
A 4 of dissolved solids, which ranges from 40 to 380 mg/], and in proportion of chloride. With increase in dis-
NEEDH AM) / solved solids, the proportion of chloride also increases. A concentration of more than about 100 mg/l of
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< and gravel.
.u / E2
|
_~ 9 =
42°15' “ e 500 B3~
7 . o > il Water-bearing Depth Dissolved solids Date sample 120 - - i
: L : e material " (m) (mg/l) collected
. S ® 110 - b
s ,L- o 2. SL6 400 Franklin F;1 Sand and gravel 57 174 76 28 May 1969 100 |- . ‘/ 1
—_— N SHERBORN 90 I . 4
- B Holliston HT3 Sand and gravel 85 25.9 83 28 May 1969 5 .\
L l . 5 - / & Norfolk NN40 | Sand and gravel | 40 | 122 73 4 June 1969 ol Natick 117/ s |
K \ ' R E3 . ~ 300 Medfield ML124 | Sand and gravel | 88 | 2638 150 5 June 1969 W g0 [ s—e ¥ |
. g WESTWOOD s =
- & . Y o Dover DVi11 Sand and gravel —_ — 380 4 June 1969 =5 50r 1
°® e ) é
. N ? wad 718, % g Wellesley WM9 | Sand and gravel | 53 | 181 173 27 May 1969 & 40 /\ o~ ]
2 . o 30 = 7
. o \ ) g 200 Lincoln LV1 Sand and gravel 46 14.0 100 21 May 1969 e s : /\\/ A\ 3 |
o 71°30’ 4 Natick NC21 | Sand and gravel 6 | 183 1160 22 Sept 1970 E 10 = /~Wellesley 2 ]
! s Medway MN13 Sand and gravel 16 488 99 12 June 1970 g of o
00 Needham NE1 Sand and gravel 24 7.32 164 2 May 1971 § 70 b ]
: Franklin F;30 Sand and gravel 27 8.23 40 3 May 1971 60 ) 1
/ Holliston HT7 Till 26 7.93 456 12 June 1970 50 Holliston 2_,': ! 1
= 7 40} r Uy o
c 0 2 2%og 22x5g 2 Bxs g 28x5g Franklin F,11 Till 21 | 640 30 15 June 1970 o | st
e = E z £ Z" = ¥ g = = E z Milford MW45 | Till 23 7.02 125 3 May 1971 ol T |V / |
> / S S 3] S Weston XA47 | Till 29 884 58 2 May 1971 ! |
EXPLANATION Dover 21 Natick 5 Holliston 7 Natick 21 Milford MW44 | Bedrock 200 | 610 6 3 May 1971 0 T T S P S
.' — mgmmmmmm%mmgwwgww&owl\
. MILFORD HIGH CONCENTRATIONS OF DISSOLVED SOLIDS IN GROUND Millis MY41 Bedrock 490 | 149 115 15 June 1970 2 2 lgio) jo e iciNg) IORaE 2 IO 0L Ol (Gt I ey 0y
MEDFIELD B2 20 Maxitim % WATER NORMALLY INDICATE THE PRESENCE OF WASTES.— Weston XAl4 | Bedrock 700 | 214 128 10 June 1970 THE CHLORIDE CONCENTRATION OF WATER FROM MANY
. =O% Water from well DVW21 contains about 50 mg/1 dissolved solids. e T o E TOWN WELLS HAS INCREASED DURING THE PAST 20
MILLIS 2 ofw - edian The well is in a rural area, is 28 feet (8.5 m) deep, and taps a sand and S o aid : s il YEARS.—The increase in chloride concentration of water from town
S J 2 2OR 100 gravel aquifer rechz.u‘g'ed by local precipitation. wells in the past 20 years ranges from a few milligrams per litre to
. REam 100 Minimum Water from public-supply well NCWS5, 58 feet (17.7 m) deep and more than 200 mg/l. Much of the water pumped from these wells is
- feks tapping a sand and gravel aquifer, is of good quality. However, the induced from nearby streams or ponds, which, in turn, have been re-
S g = = concentration of dissolved solids and of_ principal dissolved constltt_x- ceiving more chloride in recent years, notably from highway deicing
25, M .A ents indicates that the stream from which some of the well water is salts.
. i O=a oL induced contains urban wastes. . - Much of the yield of well Holliston 1is derived from a nearby pond,
SURFACE WATER GROUND WATER Well HTW7 is dug 26 feet (7.9 m) deep in glacial till in a rural area. which receives runoff from an area of low population density; the chlo-
(Monthly samples collected (Monthly samples collected The high concentration of dissolved substances in the well water ride concentration of its waters has increased only about 8 mg/lin
fall 1969 to summer 1971) spring 1969 to spring 1971) suggests contamination, presumably from domestic wastes. the 20 years. In contrast, much of the yield of well Natick 11 is de-
. Well NCW21 is 6 feet (1.8 m) deep in permeable sand and gravel at ived f M Pond, which i ff i
Note: Many values of dissolved-solids concentration calculated from " 2 " rived from Morse Pond, which receives runoff from an area of higher
'\ rstpeciﬁc cdfilnctivity data shown on, the graphl.l * the edge of a spreading town waste-disposal and landfill area. Water population density with numerous streets and highways; the chloride
t \ from well NCW21 contains 25 times more dissolved solids, 87 times concentration of its water has increased more than 100 mg/1 in only 12
. more chloride, and 1,400 times more nitrate than water frorp well TABLE 4.— CONCENTRATION OF IRON AND MANGANESE, IN MILLIGRAMS years.
42°07'30" 2 204 Surface-water sampling site DVW21. PER LITRE, FOR SELECTED WELLS
F,30 .
42°0730" e Shallow well in sand and gravel Type of well Number Iron Manganese pH
00 Public-supply well maximum 011 0.16* 84
F,llg 1 in till Bedrock 8 minimum 0.00 0.00 54
MY41 i Hican L fto o DEGREES FAHRENHEIT
L Well in bedrock maximum 032 0.06 6.8 < o ©
- e Dug well in till 6 minimum 0.00 0.00 5.6 = -] 4 @ 3 -
= * *— Basin boundary mean 0.08 0.01 62 b I3 8 &
—— Sub-basin boundary maximum 0.09 0.00 6.0 0 3 ] 2 8 o
Dug well in sand 8 minimum 0.00 0.00 54
mean 0.04 0.00 5.6
maximum 2.50* 0.65* 6.5
50 Public supply 17 minimum 0.00 0.00 6.0 40 - 24 Wells )
.Fz % Dissolved solidsW Chloride Nitrate mean 0.12 0.07 62 » Average depth
? u 41 feet (12.5 m)
2 40 - 9 * Not included in the mean %
-. / g (% 30
: 30 3 1 6
w
/ DISSOLVED-SOLIDS CONCENTRATION OF SURFACE AND GROUND g TABLE 5—MAXIMUM LIMITS OF MINERALS AND TRACE ELEMENTS RECOMMENDED S:’
3 WATERS.—The concentration of dissolved solids in stream water varies < 20 - 7 BY U.S. PUBLIC HEALTH SERVICE FOR PUBLIC WATER SUPPLIES! =Y
. somewhat through the i@ar, and is normally highest at times of low flow = L
2 and lowest at times of high flow. The low flow of streamsis maintained L Goncentration Goncent-ation )
. largely by outflow of water from aquifers; this water acquires dissolved 2 10 - e in milli - 1 in milli wi
o . mineral substances in its passage through soil and subsoil. Overland storm wi Minera fumiErags gEcec et 5 exams o
WRENTHAM runoff, which produces high flows, does not acquire as much dissolved solids. o per litre per litre 10
~ ., The dissolved-solids concentration of water from most wells varies 0 _.
. little through the year, but the concentration will change over a period of w © v o ®»w w® o <+ o o ¥ Iron (Fe) 0.3 Chromium (Crf) hexavalent 50
e . time if the aquifer is recharged by water of different character. T B R d < S B
/ ° 9 'ol .or'y é A\ &8 Manganese (Mn) 0.05 Arsenic (As) 50
- = 0
71°22'30" Nitrate (NO. 45 d (Pl 50 LY o e = N
. : MILLIGRAMS PER LITRE Samples taken from 24 wells ) (%) Leagd (S0) ~ © g x o
g AT FREQUENCY OF VARIOUS CONCENTRATIONS OF DISSOLVED SOLIDS, Sulfate (SO4) 250 Comperi{Od) 1% Fwape oy
. CHLORIDE, AND NITRATE IN WATER FROM THE SAND AND GRAVEL Chloride (Cl) 250 Zine (Zn) 5000 DEGREESSCELSIUS
S 0 1 2 3 4 5 6 MILES AQUIFER. i ) WATER FROM WELLS IN SAND
o JL e i i) | 1 | | | issalvegiinsh o AND GRAVEL IS NORMALLY
| i | | | I | ; COOLER THAN 10°C (50°F).
(0] 1 2 3 4 5 6 KILOMETRES U.S. Public Health Service (1962)
Station Dissolved solids Discharge Date sample
(Mg /1) (ft3%s)  (m3/s) collected DISCHARGE IN CUBIC METRES PER SECOND
100
1 Charles River near Milford 36 3.90 .019 2 Oct 68 EXPLANATION w ' : ! ' °-°|°2 0-205 0-?1 0-?2 °-l°5 c 0[2 015 } ?
2 Charles R. trib. no. 1 at Bellingham 46 19 005 | 310ct69 e E 400
8 Charles River at Bellingham 230 1.70 .048 2 Oct 68 O Numbers are station numbers assigned x 90 o
- to stream-sampling sites and are keyed o % = — . . " : Ll
6 Hopping Brook near Medway 70 1.30 036 31 Oct 69 to By = Dissolved solids—Discharge relationship
. ] £ 35 S Oct 60 (7] x 350 Station 10 o for representative streams in 1970
7 Miscoe Brook near Franklin i .010 8 Oct AREA OF CIRCLE INDICATES E » ui Mineimie = ok ks
10 Mine Brook near Franklin 253 5.60 157 31 Oct 69 DISSOLVED-SOLIDS CONCEN- g 4 " = -
TRATION, IN MILLIGRAMS PER ©
11 Chicken Brook at Holliston 106 55 | 015 | 300ct69 = e = 2 300 3 -
18 Cress Brook near Millis 68 84 024 7 Oct 69 ' e o a B E 10 o
o o b —
20 Stop River tributary at Norfolk ™ 31 009 7 Oct 69 " -8 88 g & - ! 100 = = : -
% BognstoW EXoUl tear Billis 107 280 | 078 | 300ct69 £ 100 e ST R £ 5 3 > Br 5
=i SCALE OF DIAMETERS = q 3 =
31 Fuller Brook at Wellesley 175 1.40 039 7 Oct 69 o« < _ 50 | i 5 = -
= o Charles River @ g
42 Charles River at Waltham 126 29.0 .812 1 Oct 68 o 50 = 1 Milford & = 200} X\ X o N
. s » w2 3 Bellingham — < Station 3 X
E1 Charles R. trib. no. 2 at Millis 294 87 024 2 Oct 70 s g 42 Waltham g E | Charles River at Bellingham b% .
near sewage-treatment plant = e} < 20 z 2000
: 9 @ o | & ¥ S 150l \ - F
R dndEin s sl Riheshorn 175 40 [ o1 | 50ct7 3 3 & r N
near Natick dump = $O, HCO, J 8 : 1000 a
s i CI+NO s 104 — Station 26 a a 7
E3 Rock Meadow Brook at Westwood = = » e = = / | =
near housing development m 21 008 50ct 70 Z 10 = ] B gol. BPePstow Brook near Mills TE——fe L | g P 209
z 2 o ¢ a S 500 \A o
2 5 5 % | Station 34 o] N 3 N \_ s
F = a Noanet Brook near Dover o0 o « &
g ° < u o o o /\ F
= = 2 Charles River = S0 Py 8 ] w200 A /‘ —
5 5 3 .tributary No. 1 8 \%C'\Os Station 7 = \ V V \/\l E
s 10 Mine Brook (5} T, 7 Miscoe Brook & B Miscoe Brook near Frankiin 7 b /\ o
o 2 ne sroo = z 18 Cress Brook o o 100 s
130 o 26 Bogastow Brook 8 0 o 2
120 DN e IS 1 = —I L . 0.1 0.2 0.5 1 2 2 10 & 50 100 o A Discharge of the Charles River i g
o All samples taken on October 2, 1968 1 ] 1 ] 1 Ca Mg Na+KC o SO, HCO4 DISCHARGE IN CUBIC FEET PER SECOND 8 50 \/[ U \(\/ at Charles River Village 8
= M H i —1
& b Ga e NatK g ey Y 18 ’ SEASONAL CHANGES IN CONCENTRATION OF DISSOLVED S
< SOLIDS ARE LARGER IN STREAMS THAT RECEIVE WASTES 20 | |
e BOB e THAN IN STREAMS THAT DO NOT.—The upper part of the 05
i © 80 Charles River and Mine Brook receive wastes that cause abnormally
23 & S high concentration of dissolved solids at times when there is least flow
z- 7 o 5 5 o 14 € 3
S ° M'l?;oBv:OF(:'.;nklin %?:I:Zg{?a“f; :tta?:':gfg?’/s) 5 180 " 100 T T T T to dilute the wastes. Brooks such as Bogastow, Noanet, and M_ngoe, 120
2 a 6o Discharge 3.7 ft ¥s @ i & which drain little-developed areas, show only small seasonal variation g w /(\ . /R
Zo 50 0.104 m ¥/s ul 5 in concentration of dissolved solids. Sk 100 ¥ /p/ \0\ =
us 50 ¢
= o« ]
EE g , . 38 0 L Lo ] N hed
(/2 M < =a 7 b’
= El o 5 g = O/ Dissolved solids
o5 20 3 2 = 60 :
- =l 130
QE 10 s g T T Iy T T T T
=) ) 15
é 0 Z 10 & s 120 = 7 EE —t-o-l
72} z + = -t=="1" e e
o Miscoe Brook Charles River above Milford o Ca CI+NO, E fiol r g 3 10 o o
20 Discharge 0.1 ft /s (0.003 m¥/s) Discharge 3.9 ft %/s (0.109 m 3/s) ————— g 5 CATIONS PERCENTAGE REACTING VALUES ANIONS z - § \O‘\o—/o/
[+4 -
i = El Chta!"!)es’t Rlv?ﬂr ZT E 100 | l o = 5 Dissolved oxygen E
ributary INo. . w
0 _.:__—__-___-__.__—__.__-L - -———.———-—.jm—q lé E2 Indian Brook E 20 Stz'?b'zlt\;t; E %0 / 25 77 §
o 2+ = o o« S e ' e woe ¥ oo s E3 Rock Mead z = 0r N s Ll
c & £ 8 & 2 x g g @ o B g L F 6 2 2 e g.B. e F 8 w2k b woop L 11 Chicken Brook - d / Qo 20 25s = €8 &
@ T o z 31 Fuller Brook i | _ L= s NC 59 o
o
EFFLUENT FROM SEWAGE-TREATMENT PLANTS INCREASES MOST COMMON DISSOLVED y . , | (3} . 1 ] ; Z / 85 lg B r i /7’3—2? 2
SUBSTANCES IN STREAM WATER, ESPECIALLY NITRATE AND PHOSPHATE.—Comparison 1Ca Me Na+K e , - . 1 s 70 / = g L+ |~ 32 o
of water from two streams below outfalls of sewage-treatment plants, Mine Brook below Franklin and Cl+NO3~ # 3 CHEMICAL CHARACTER OF SURFACE WATER.—The points enc_los_ed within the dashed line represent Ca Mg Na+K D 80, HCO, g J 0 &
the Charles River at Bellingham, with water from their headwaters, Miscoe Brook and the Charles River waters of low dissolved-solids concentration. These waters are gimilar chemically because the factors 3 g 60 - bissolved solids ot i w
above Milford, shows that many of the dissolved constituents increased markedly. that determine chemical character of water—the amount and distribution of precipitation, and the climate, = L —— S .
vegetation, and geologic materials—are more or less similar throughout the basin. 2 sle——+——T"" | (o o A =T o
The points outside the dashed line represent waters more or less altered in chemical character by < 2 e man il pH \A’A&\Q/
wastes. The wastes normally increase dissolved solids and change the proportions of dissolved constit- 40 |- - % z 6 o
uents. For example, the Charles River receives effluent from a sewage-treatment plant 3 miles (4.8 km) Values given are for average ==
above the point of sampling in Bellingham, and at the time of sampling the water had 199 mg/1 of dis- 20 discharge of 283 ft ¥/s l il » 5
Charles River trib. No. 1 at Sawmill Brook near W. Roxbury Jar Brook near Holliston Bogastow Brook near Millis solved solids compared with 33 mg/l in the water above Milford. The water at Bellingham also contained
Bellingham Station 37 Station 25 Station 26 higher proportions of sodium than the water above Milford. o f ) o
1000 |- station 2 Dissolved solids 334 mg/I T Dissolved solids 127 mg/I Dissolved solids 94 mg/I - b 4 Chioride €, | |
Dissolved solids 46 mg/I Discharge 1.1 ft /s (0.031 Discharge 1.09 ft s (0.031m ¥s) Discharge 22.5 ft /s (0.64 1 A > @ AL /3/ o
| ) - 5 il X £ 3s) | 10 3 Chloride s = = O~ =0
500 Discharge 0.19 ft ¥s (0.005 m ¥s) April 22, 1971 £ m L —— i on ] N BT e ey = T A %
m¥s) October 7, 1969 £ Awril 23,1971 =3 20 Sulfate FAGI =4
October 31, 1969 5 0 L 1 ! ! L 1 L w ﬁl— S0a4), AT o
200 |- A5 < = 1900 1910 1920 1930 1940 1950 1960 1970 o 27
w 10 i
l&‘ . DISCHARGE IN CUBIC METRES PER SECOND = HISTORIC CHANGE IN MINERAL CONCENTRATION OF WATER g Bicarbonate (HCO3)
£ 100 - 1 7 ol o5 i i z : 10 e \ OF THE CHARLES RIVER AT WALTHAM, 1900-71. & ~
5 —2
14 = Nitrate (NO3) / \
R ie _ 160 - s 3 O A\o/ N
%] 150 R /d:] - = g —
= E ~ 2
= @ <+ = — O% Winter salting effect
E 140 4]
© = 2 (@)
4 4L ] = s 30
4 10 g 130 |- - N XY i
= it £ A o> D RIVER KILOMETRES ABOVE CHARLES RIVER DAM
= ~ w i
¥ 2l 1 H BN 120 |- Al AN _ 130 120 110 100 % 80 70 60 50 40 30 20 10 0 c 20 Sedium (ha) o
sMzMe £ w AL A oon i i ! 1 0 | | ! 10 1 \ 1 | = _o—-0—T o=
sEzl< ° 3 5\\ \\ =i o//°~~o-—r—0‘ ’D_.-—C\ O
o e c I T W ess than| 5 110 + “\196‘ \\ \D o ) 3l e & 10 O~ et O— (1 \Ur‘ No— Bg]
~ o
Less than one Less than one = - 2 lo o >4 & SHiE o Calcium (Ca)
W 100 (- Fa o N~ = : . = e )
] ; : Dissolved solids - N 2o b Sty So ] x o & 3|8 ; = { T
Al Fe BZn PbMn Cu Cr8Li AsPO; Al Fe B Zn Pb MnCu CrSLi As PO Al Fe B Zn Pb MnCuCr®Li As PO, Al Fe B Zn Pb MnCu CrSLi As PO, g - S ~~ 0| % ¢ 'g & g =42 e oS 3|2 x|® - 3 &le g Magnesium (Mg)
L5 =31 — = [N = = 7} = (4 - oo £
2 ad ol HEEE HE 35 | 33 5|2 2|3 e g5 g 32 3 /O\ TN Lo
- . - ) 11,000 - T . O go [P~ S~ - s o= o= x| = 2le 2|2 ol £ 23 313 8 2 R O
Charles River near Milford Charles River at Bellingham Charles River at Charles River Village Charies River at Waltham 5 -\ g ~. 2= 5 gl e|2 g z s|= s 7 =L W T o1
Station 1 Station 3 Station 35 Station 42 § 7ol 1952_53 A i X 5 8 S <la g /0/ otassium (K) TSO——O
1000 |~ pissolved solids 34 mg/I Dissolved solids 199 mg/1 T Dissolved solids 103 mg/| Dissolved solids 123 mg/! 7] ~—— | 2 2 9 ] L [ |
Discharge 2.5 ft %s (0.071m ¥s) Discharge 2.3 ft ¥s (0.065 Discharge 49 ft 3/s (1.39 m¥/s) Discharge 70.8 ft ¥s (2.0 m ¥s) \’\ f a
500 [— September 14, 1970 m ¥/s) T September 22, 1970 September 22, 1970 71 60 |- O 1971 &% = 55 E ] Maximum for each station | 57
. 1971 I~ = 2 2.0
o e s0f- O ——1970 T~ - 5 [ 0 @
w 4 | D ————1969 T [ = 26 2
x 200 |~ 2 z 78k - o 1.0 A\ Orthophosphate (PO3)
= g Average discharge ',_-‘z" o5 g Iron (Fe) ﬂ ‘
100 |- —+ — 3 - =
g o 283 ft3/s, 1932-69 E L 14 \-Q/ el [ < N — foo_ ,,,D Average for each station | @ b 05 n/){ o A~
@ S0 ol 9 @2 OA-——== =CE a4 - 24 @ = /)* / l
ul - 0] E .
< 74 |- - — w Ammonia (NHy)
g ; _ . ol NI AN
= AD = T T = 60 Nuj i \ I B B il z ui fof
=l = \ 19 (] \ 'ﬂ,, z o e
= - 2971 > 72 \ - ini on | i 2} \ /0/
5 0L I _ @ 50 +O__ OO0—1~_| _ 1 = \ e == Minimum for each station - 22 s 01 v4
‘n‘_’ X b Il &70\ = o 4 l&j b’ - - a é 8 \
5 JIE. | 7)) 40 E“*-.‘~Q ?\\ — > 70 |- /D\O’ = O é (G} /M ™ )x
s ~~l 419_69 T~ — |_<_ i = 0.05 anganese n
< ek S - o 5 = \
& Chloride AWIE= ==t T - & 12202 =
> L Less than I = =~~L A s 68 Results are based on 13 temperature = ) ) '_4
Less than one one Less than one Less than one 4 20 = o} profiles covering the period July 17 to 0.02
= —— 1952-53 1959 1 6611 August 15, 1967 (Courtesy of the En- 19
Al Fe B Zn Pb Mn Cu Cr®Li As PO, Al Fe B Zn Pb Mn Cu Cr6Li As POy Al Fe B ZnPb Mn CuCrSLi As POs Al Fe B ZnPb Mn Cu CrSLi As POs 10 - S e Ser —m s - 5 vironmental Protection Agency) 0.01 Lol ol o L o
ANALYSES FOR MINOR ELEMENTS GIVE INFORMATION ON SOME OF THE RARER SUB- - 4|0 | = = 0
STANCES THAT OCCUR IN WATER.—Samples along the Charles River from the headwaters to 5 10 20 50 100 200 500 1000 2000 80 70 60 & P el o o o e T
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afliition of vite, loutl, coppicrrehromium, dnd Tithium. J ? MINERAL CONCENTRATION OF THE CHARLES RIVER AT THE TEMPERATURE OF THE CHARLES RIVER IN SUMMER INCREASES ABOUT 3°C FROM HEAD- 1970 1971

WATERS TO WALTHAM.—The temperature of the Charles River in summer increases from about 21.5° C (70° F)
near Milford to 24.5° C (76° F) at Waltham. The tendency of the temperature to stabilize or to decline slightly be-
low Dedham may be caused by inflow of water from the large sand and gravel aquifers along this stretch.

WALTHAM HAS INCREASED MARKEDLY DURING 1952-71.—In
1971 the concentration of dissolved solids at a given rate of discharge
was about twice as high as it was in 1952. The concentration of
chloride increased about five times during the same period.

The water from Sawmill Brook, which drains an urbanized area and a large dump, shows much more
boron, lead, manganese, and copper than the water from a brook draining an undeveloped area in
Bellingham.

GRAPH SHOWING CHARACTERISTICS OF THE
WATER OF THE CHARLES RIVER THAT VARY
WITH DISCHARGE AND THE SEASON.
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