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QUALITY OF WATER

SURFACE WATER QUALITY GROUND WATER QUALITY
GENERAL ASPECTS h 11 chemical " . d biol ] . : 70 Note: Broken lines indicate no records
e overall chemical, physical, and biological quality of streamflow : I [ T T T | T I | i f incipal mineral constituents
15 ind{'gated by wateriuie classifications aSSiQ"e‘(j to )stream reaches z 9 W\,Muf"\/\ T, N vVl M\\‘/JLW\/'\)‘A ] commoilln;]]pggggﬁgtr?ﬁmrs‘;ﬁ;gﬁsgnogroﬁzg E;)czgwaremg::ived from the
. fig. by the Rhode Island Department of Health (1967) in conformance & 6.0 - i ipi i ha sed The bulk of
The quality of ground water and .surface water are of concern to the with the Federal Water Pollution Control Act (public law 84-660, as 55 atmosghere through which precipitation recharge has passed. e :
round-water user in the Blackstone River area, because water pumped from s £ : ; : the dissolved matter, however, is generally derived from soil and aquifer
9 r . ! ’ q puIpes i amended).  The classifications from A to E reflect increasing concentra- materials with which the water has been in contact. Within the study
most wells is derived partly from aquifer storage and partly from infil- tions of organic and inorganic wastes present in the streamflow. Wastes o8 | . area, minerals constituting soils and subsurface materials are only
tration induced from streams. , and their byproducts in those stream reaches bearing classifications C, ' B g sh‘gf’m soluble. As a result, the dissolved-solids content of ground
Tl]e chemical quality of surface water and ground water, wi th the D, and E are derived chiefly from raw and partly treated municipal sewage — Temperature 7 o 4 - s enli :
exception of high trations of manganese that develo ter from - : . - g . ; < water is relatively low. The dissolved-solids content of water in the
p gn concentra ng h évelop 1n wat and from textile mill discharges. Substantial quantities of industrial 24— by o : Fi i i i i ble 1
many gravel-packed wells after they are put into production, is good 3 : : stratified-drift aquifer is generally less than 150 mg/1. Data in table
BotJr: ground Slater' and  surfice watei ap generaﬂg soft to moderately $hem1?alkproce§s Slnd meﬁa] Félat”‘g wastes are also discharged to the o T £ show that, with the exception of iron and manganese, concentrations of
enmile River in Massachusetts. z - . : : - g
hard, slightly acidic, and have a Tlow to moderate dissolved-solids Despi he 1 ; ; > 20 =l individual mineral constituentS commonly analysed are well below Iimits
content study :?‘E;te :tﬁea:lg?ngo}gmﬁgtoﬁigﬁ;e;ig;ig?i_);‘ggd Bgtasxe?cranz];? sﬁgff & 2 o considered acceptable 1in drinking water by the U.S. Public Health
* . s . . . . D ow Di Ived _ -t . R
The biological and physical quality of much of the streamflow is that, with the exception of iron and manganese, concentrations of indi- e seoecovgen : x . Service. It shou]dhbe noted, hﬁ:ever,t that fiwigaﬁgts:;avi;lﬁ‘t;]::azg:
very poor. Many reaches of principal rivers are extensively polluted by vidual mineral constituents are generally well below limits considered Gu \ qzu g some constituents that are generally not present d 9
municipal sewage and industrial waste discharges. During periods of Tow acceptable in drinking water by the U.S. Public Health Service (1962). sz 112435 b and that are looked for only when contamination is suspected. ,
to moderate flow, water in these reaches is characterized by offensive There are, of course, many other constituents, such as heavy metals and i) ‘i 10 3% - The chemical guahty of g;‘zﬁnd gaterthas cggsg g{fecggse?‘);eqastes#]g
rﬁiizgraggdogggi m‘gh aﬁgr?:)\(:.l tﬁ;sgggcegog;:(;;::at;g:i ﬁz Sus?ﬁzdgfo%g?gﬁ B e oneich Timits have been established but for which few 1222 ~ 'g } Elr{?zcig:] :2$ecfs;trl:ajs/ b:g:a; s;aﬂozg moggratgeincre;;eyfn hardnesg‘and in
eria, - ent. analyses have been made. ) —H 68 et ot : . :
and physical quality of ground water, on the other hand, is generally yChemica] quality of virtually all streams in the study area has been PR Z =g g © 2 the concentration of chloride, sulfate, and nitrate. Sources of %:he
excellent. degraded to some extent. However, analyses of samples from Abbott Run and o [oRL & 0] increase include septic-tank and cesspool effluent, fertilizers, salts
: TR o : . : : . ] . : s q 284 - d to deice highways, leachate from sanitary landfills and dumps,
0f particular significance to the ground-water user is the fact that its tributaries (sites 1-3, fig. 1) probably come closest to representing o 22 AR X used to deic e h d 4 infiltration induced from
pollutants associated with the organic wastes in streamflow are largely the natural chemical quality of streamflow. Concentrations of the same o = g © 139014 clewicals spilled on- Ghe. groumds epe Ird. Stanim, ncuese Srot
or entirely r‘emove;d or markequ altered dumr]g passage c_)f water through mineral constituents in samples from other streams (sites 4-10, fig. 1) zﬁg 609 - 2 ? chemically degfaded streams. Infiltration 1Erom st;'t]eams 1s the princip
streambed and aquifer materials. The aquifer functions as a highly are substantially higher. The analyses of surface water shown in figure 1 Wa — = wwl o © source of chemically degraded water pumped from wells.
effective treatment facility, which renovates the quality of induced are of samples taken during a period of low flow. Consequently, dissolved 2Z8 5 400 |- — o 9 3
streamriow to the extent that highly polluted waters are rendered mineral constituents were almost at maximum concentrations. During 65% g - M j\/: ~ - -
suitable foz usg in public SUPP1_¥ systems with qnn;ma] treatment. Infil- periods of high flow, concentrations normally are lower. ggg Y 200 CW/\J\\WV J — ANy | s 8 'g
:I:ratwn in uEe into .;?e ;qm ﬁr from orgamcg ly polluted streams, The quality of water in streams varies from time to time and from zZFE - - 8
c.)wever{,: Way BE PESpoEihie mor tdefoccurrence 1? troublesome concentra- place to place. Marked differences in quality are related chiefly to the 823 , -
t10nst mﬁngqneie 1n1bv_vitegfpumpe 4 rc;? Some ‘l’:e S'f 155 amal of Tocation, type, volume, and timing of waste discharges to streams and to O 0
" ?. - em}ga qaj]a 1 {h 920”“ ;’ e: IS_f[lov(;nd rt;m % an %ses - the volume of streamflow available for waste dilution. Time variations 5
wa 1‘2" r‘omt fwe 528 at : ap t ? s ":t‘ }e = T% ttaqu1 e‘_”; that Tﬁ of specific conductance, pH, dissolved-oxygen content, and temperature of a= - 000 I~ -
:g;;g‘;s wawﬁ?ch r»?;[gre mad:nghﬁﬁy gy t‘;"z S‘"S rgg]o]og?c;?agui:/essénd thg the Blackstone River at Millville, Mass., and the discharge of the river §
3 e : JI. s . 3 6,000 | ! B
Rhode Island Department of Health, are contained in a companion basic- 6 m11$zedog:§;;eg? gﬁ gﬁgszogﬁgg’tEeIr;VZ:ewzgggnw;Q 2?;;%5 acidic. a o ‘1
. . g s e \
%:32 Eﬁ?gﬁ: (‘gOhE;ZO"Rﬁggemgg?;ﬂzn’D;”a%;sei%' z‘:nyH:g?lE] Onglra?ilﬁszié condition typical of most New England streams. Abrupt fluctuations in pH o 5000 [ | _
manganese 1'% witer from public supp]yp wells are containéd in an unpub- may s bei part, ue r‘g]gtedh to.changes in the type and concentration of e
lished report prepared by the Rhode Island Water Resources Board wasteThg1nga;g!]"ansgggtesea)s/mﬁa? rlgigétions in river temperature are E 4,000 — —
(Sreekantham, written commun., 1969). Y : P : o
Informai’:ion on bio]ogical’ quality of surface water is contained in cont;o]]ed] c?wﬂy IEX a1r"teq1per‘aturi. The large seasomal . fluctuations 3 3.000
are typical of variations iin larger streams. 1000 — -
reports by the Rhode Island Department of Health (1967) and by Mackenthun The graph of dissolved-oxygen content illustrates chiefly the varia- =
ag‘z ?tggrsh](lg?ﬂé Inf?rmatmn_ontl?1ologzcga3 ﬂuayf:%/]c_)gfgrgung "éztegh‘gﬁ; tion in response to daily and seasonal fluctuations in water temperature. W 5000 _
CI) ]a 2 - chie yt nyEa ]Cﬁnmumca Ton wi ohn L. LIiTTord ot the Also evident, during summer and fall, are the effects of oxygen-consuming €
. anTheepggZﬁg] Ocheri?c:fchar‘acter of fresh ground water and surface decomposition of wastes, Declines in dissolved oxygen below a level of T 1o
G tE L N : . ; 5 mg/1 are caused by oxygem-consuming wastes. @ ]
water is 1nd1ca‘ged by representative analyses shown in figure 1, and by a The graph of specifiic conductance provides an indication of the a . )
summary of chemical data given in table 1. variation in dissolved-solids content of the river water. The range in O ocT [ Nov [ DEC T JAN T FiB T MAR T Arr T o e T 00 T e T
specific conductance from 140 to 520 micromhos per centimeter indicates [ 1569 7 50
an approximate range in dissolved-solids content of 75 to 285 mg/1.
Values of more than 150 micromhos per centimeter (about 80 mg/1) are
attributable largely to waste _dischal'rge. The ger.ler‘aﬂy‘higher specific FIGURE 2. — MEAN DAILY VALUES OF pH, TEMPERATURE, SPECIFIC CONDUCTANCE, AND DIS-
conductance of the water during periods of Tow river. discharge results SOLVED-OXYGEN CONTENT OF THE BLACKSTONE RIVER AT MILLVILLE, MASS. AND
because of the smaller volume of water available to dilute a relatively DISCHARGE AT WOONSOCKET, R.1.
constant volume of wastes.
TABLE 1. — SUMMARY OF CHEMICAL CHARACTERISTICS OF WATER FROM THE STRATIFIED-DRIFT AQUIFER AND STREAMS. !
(Concentrations in milligrams per liter, except color, pH, and specific conductance)
Constituent Ground water 2 Surface water 2 Limit recommended _ |
or Tor ArnI TR ot REPRESENTATIVE CHEMICAL ANALYSES OF SURFACE WATER REPRESENTATIVE CHEMICAL ANALYSES OF GROUND WATER
property Health Service (1962) (Concentrations, in milligrams per liter) (Concentrations, in milligrams per liter)
<) o
Wells sampled Range Median Sites sampled Range Median ; g
Silica (Si02) 15 2=17 11 15 0.1=— 30 7.3 - Abbott Run and tributaries — Oct. 1, 1970
iron (Fe) 60 00 =22 10 15 03=15 33 0.3 1 ' 1 ‘ _ ‘ 2 ‘ . 3 ' . N |
» 0= 6.4 30 i —— 16 a5 Manganese (Mn) Millville water quality station
Manganese (Mn) 3 ' ' 17' e '54 ;:;o 15' ' £ on ey Dissolved solids 54 Dissolved solids 47 Dissolved solids 70 [ o Mess ___ __
; - 4—- _—— on (Fe
Calc'”m‘(ca) 3 BaG = 92 " Discharge 0.10 cfs Discharge 44.7 cfs Discharge 0.10 cfs
Magnesium (Mg) 31 10— 24 4.4 15 1.1— 85 2.6 - Calcium (Ca) 7.3 :
Sodium (Na) 25 5.6— 31 18 15 51— 71 28 - Magnesium (Mg) §
. ] Woonsocket » —_— 42°00
Potassium (K) 25 5—42 14 15 6—=72 3.6 — Sodium + Potassium (Na+K) 42°00" — 5 gaging station '
Bicarbonate (HCOs) 17 6 — 138 30 15 0— 88 14 - Bicarbonate (HCO3) 19 fanch g North Smithfield 51 Pawtucket 158
Sulfate (SO4) 30 6.2 — 109 19 15 7.4— 193 32 250 Sulfate (SOy4) 10 \._ Oct. 14, 1954 Oct. 25, 1954
Chloride (Cl) 62 40—57 22 15 7.8—72 24 250 Chloride (Cl) 7.8 " o [ 000 T T T T 1 T | T
anganese n s
Fluoride (F) 31 00— 5 1 12 .1—9.0 2 1,33 Nitrate (NO3) | 1.9 ) o ; Feo | 014 Dissolved solids 60 Dissolved solids 152
1 | | 1 1 | ) - i 1 . ron e .
Nitrate (NOs) 47 0— 41 3.1 15 0—18 18 45 O 20 40 60 80 100 O 20 4 60 8 100 0 20 40 60 80 100 \ Calcium (Ca) 8.6
; ; - 47 — 644 145 500
(Hed ar masorice) > 0T e ° ANALYSES OF SURFACE WATER RECEIVING LITTLE WASTE . Magnesium (Mg)
.Specific conductance 11 85 — 464 212 12 81 — 476 291 - ) Sagjum & otassiam (Heskio B 92
(Micromhos at 25°C) . . Bicarbonate (HCO 15 42
Blackstone River — Sept. 30, 1970 CUMBERLAND d ( 3)
Calcium-magnesium 62 26 — 210 68 15 18 — 102 48 i 4 5 6 4 A1 Sulfate (SO4) 6.2 31
hardness (as CaCO3) T T T T T T T T T T e - - Chloride (Cl) 6.0
Manganese (Mn) | 0.19 ) 0.26 e \ ‘ i
pH 52 56— 76 6.2 15 26—7.0 6.6 —_— | e Dissolved solids 183 Dissolved solids 171 Dissolved solids 145 Sﬁﬁﬂﬂ[@\ Nitrate (NO3) 6.7
ron e | I I | | - I 1 l |
Color 39 0—15 5 15 3—45 10 15 alom (C8) ~.\\ 20 40 60 80 100 0 20 40 60 80 100
\ ;
Magnesium (Mg) -\ ANALYSES OF GROUND WATER DERIVED CHIEFLY FROM RECHARGE FROM PRECIPITATION
T . . | _
1 Based on data contained in companion report by Johnston and Dickerman (In press) Sodium + Potassium (Na+K) 425 31.9 aloss __|_ \
2 Most recent analysis used if more than one available. Bicarbonate (HCO.) EXPLANATION . c berland 340 c berland 7
- : o ‘ 3 2 umberlan umberland 42
imi i 14.6 to 17.7°C(A 15.5°C at Providence, Rhode Island). ® ‘
3 Upper limit where annual average maximum daily air temperature is (o} (Average is at Providence, Rhode Island) Sulfate (SOy) CHEMICAL ANALYSIS SAMPLING SITE < July 25,1968 Sept. 2, 1971
~N %
Chloride (Cl) 58 42 " " ! T ' T : T
409 8 e
Nitrate (NO3) o A anganl ¢ ((Fn))_ Dissolved sotids 121 Dissolved solids 123
! | { 1 | ron e
100 O 20 40 60 8 100 O 20 40 60 80 100 GROUND WATER SURFACE WATER .
) (Well and U.S. Geological Survey town number) (Stream site and number) Calcium (Ca)
Magnesium (Mg)
= Sodium + Potassium. (Na+K)
. Bicarb te (HCO 33 = 22
Moshassuck River — Sept. 29, 1970 MUNICIPAL OR REGIONAL SEWAGE-TREATMENT PLANT carbonate (HCO)
7 8 Sulfate (SO,) 38 24
T T T T T T T T Chloride (ClI
Manganese (Mn) § 0.50 ) i 0.64 ) U A S AR ST IR >hloride (CI)
| (Fo) Dissolved solids 231 0.6 Dissolvedsolids 229 { e e e e e Nitrate (NO3) 2.7 Analysis by RIDH Analysis by RIDH
ron e 6 L e e e e e e 4
GLOSSARY aiiGium e Discharge 3.1 cfs . Discharge 2.2 cfs 5 2lo 410 slo 8Io = : - :o 6|0 T
‘BRACKISH WATER i
; ANALYSES OF GROUND WATER DERIVED CHIEFLY FROM RECHARGE INDUCED FROM STREAMS THAT RECEIVE
Magnesium (Mg)
DISSOLVED OXYGEN: The solubility of oxygen in water is mainly a function Sodium + Potassium (Na+K) E A LITTLE OR NO WASTE
of temperature and pressure. At the normal atmospheric partial pressure . t t . ,
of oxygen, the solubility at 50°F (10°C) is 11.33 mg/1  (milligrams per Bicarbonate (HCOy) 82 88 : ’ Cumberland 409 Lincoln 418 East Providence 77
Titer) and at 86°F (30°C) is 7.63 mg/1 (Hem, 1970, p. 221). Consumption Sulfate (SOy) WATER-USE CLASSES. Sept. 30, 1970 Sept. 30, 1970 Sept. 14, 1970
of oxygen by organic and inorganic contaminants in water may cause . ' )
dissolved oxygen to be depleted below natural levels. Chlereids {0 (3.1 Rept. of Health, 167} Manganese (Mn) | 2.0 ] ' ‘ l O.F;‘ I l I 3.5 l | l l
Nitrate (NO;) gslassé gui_}ag:egorgattﬁ_rsup;t)'l_lyand ailcitherlwater L A industri | (Fo) Dissolved solids 134 Dissolved solids 157 Dissolved solids' 167
Eﬂ: A symbo'l denot.ing Oxidation-reduction potent.ia‘l . wh.ich .is a measure ass uitable odr a rlng',o erret;:lrefa |0nablpurposes,agr|cu;ura uses, an n ustr|a|pr0- ron e
of the relative intensity of oxidizing or reducing conditions. Oxidizing 0 20 40 60 80 100 0 20 40 60 80 100 Class C Csisitsaeglg?orcﬁgﬁnagﬁgcﬁﬁgti?feia%ritpalé, rlgcwlfgg?ro?\lg’i%ga";::\%agﬂrdoFr:tliat}gttlrgla :)Toecr;téses Calcium (Ca)
systems are assigned positive potentials, and reducing systems are and cooling; under some conditions acceptable for public supply with appropriate .
assigned negative potentials. Class D S;J;taﬁlefdrnavigation, power, certain industrial processes and cooling, and migration Magnesium (Mg)
offish. ) Sodium + Potassium (Na+K
HARDNESS: A physical-chemical characteristic of water attributable to the Glass £ hulsance; unsultabile far most ses. _ ¢ )
presence of alkaline earths (principally calcium and magnesium) and ex- T ile Ri Sept. 30. 1970 Bicarbonate (HCO3) 44 80
pressed as equivalent calcium carbonate (CaCO3). The following classifi- enmile River — sept. SU, Sulfate (SOy).
cation is used by the U.S. Geological Survey: soft, 0-60 mg/1; moderately : 9 : : : : 10 : : °c o - - -~ _
hard, 61-120 mg/1; hard, 121-180 mg/1; very hard, more than 180 mg/1. MiaFgansss () BES .66 BOUNDARY OF STUDY AREA Chloride (CI) 42 42
' Dissolved solids 239 ' Dissolved solids 226 Dash ted by two dots wh inci- Nitrate (NO 2.7 0.0 Analysis by RIDH
OXIDATIONS AND REDUCTIONS: Chemical reactions where a participating lron (Fe) issolved sollds ssolved soes dent with Grainage dvide: long dashes sepa. 3 1 , L, Analysisby
element changes valence number, losing or gaining orbital electrons. In _— Discharge 13.8 cfs rated by two short dashes where coincident 0 20 40 60 8 100 0 20 40 60 80 100 0 20 40 60 80 100
: « . < . . alcium (Ca) with state boundary; and solid where arbitrary.
oxidation an element loses electrons, and in reductions it gains them. ,
Magnesium (Mg) ANALYSES OF GROUND WATER DERIVED CHIEFLY FROM RECHARGE INDUCED FROM STREAMS THAT RECEIVE
pH: A symbol denoting the relative concentration of hydrogen ions in a " : .
solution; pH values range from 0 to 14--the lower the value, the more Sedium + Potassium (Na+K) 72.3 63.6 4 ) 2 ‘ 4 Mites LARGE VOLUMES OF WASTE
acid the solution; i.e., the more hydrogen ions it contains. A value of Bicarbonate (HCOJ) (') 2' 4 & Kilometers
7.0 is the neutral point; values greater than 7.0 indicate an alkaline Sulfate (SO,,)
condition; values less than 7.0 indicate an acid condition. &
Chloride (Cl) 72 65
SPECIFIC CONDUCTANCE: A measure of the ability of a water to conduct Nitrate (NO.) 4.2
an electric current, expressed in micromhos per centimeter at 25°C. It 3 ] | ! ! T ] 1 ]
is related to the concentration of ions 1in solution and may be used 0 20 40 60 80 100 0 20 40 60 80 100 = Calculated from alkalinity as Ca CO3
for approximating the dissolved-solids content of water. Multiplying
the specific conductance of waters in the study area by a factor of 0.55 ANALYSES OF SURFACE WATER RECEIVING LARGE VOLUMES OF WASTE
gives an approximate measure of dissolved solids, in milligrams per
Titer.
FIGURE 1. — CHEMICAL ANALYSES OF SURFACE WATER AND GROUND WATER IN THE BLACKSTONE RIVER AREA.
EFFECT OF INDUCED INFILTRATION ON GROUND WATER QUALITY IRON AND MANGANESE
GENERAL ASPECTS SOLUBILITY OF IRON AND MANGANESE
CHEMICAL QUALITY PHYSICAL QUALITY Troublesome concentrations of manganese and, in some places, iron in The solubility of iron and manganese in water is controlled by
The chemical quality of water pumped from a well that derives part The physical quality of streamfow, with the exception of wide wa’ger‘pur]nped fr°'3 e we]]sr'tchat E?p §triﬁifig? gr]‘cft cog§t1‘tute g hydrogen-ion concentration (pH), oxidation-reduction potential = (Eh),
J rincipal - ground-water quali roblem in the ackstone River area. i :
of its water from induced stream infiltration is intermediate between tem§>eratu;e f]uctuatiogs% has rﬂ‘ati;ely’létﬂe. ;ml;af:tt on fthe pgysical ?heir‘ gresegce in water pgses ﬂg Ehreat to human health, but concentra- n%?gegfctggzgepgizg:g,mg;dcgﬁzzra:acgﬂgieegg:m(;rl3223&52 ?ﬁazﬁz ;&325 g? H 1.5
that of the streamflow and the native ground water. A few chemical quality of water pumped from wells that induce infiltration from streams. tions smaller than 1 mg/1 can cause incrustation of well screens, i ; : '
constituents dissolved in streamflow may be altered, or removed from Tastes, odors, suspended sediment and organic matter, and turbidity turbidity, objectionable g'caste, and staining of plumbing fixtures, d1ssobz:gr1rﬁgtzgglmggir;?i?o;: wazer;tate of chemical eauilibrium i \Jf 2
solution by ion exchange, precipitation, adsorption, and other processes, asso;:iateddwi th po]fluted streamflow in thehstudyfarea are r'e$ov$d €r0$ laundry, and swimming pools. Accordingly, only concentrations much less approached at - a given location ’and depth in an aquifer beg:use the s]of; €
as water moves through aquifer materials to well intakes. Many, however, infiltrated water after its passage through a few tens o eet o than 1 mg/1 of iron and manganese are acceptable in public water supplies A : » y .
undergo little modification other than a change in concentration, which streambed and aquifer materials. Color present in streamflow, although (table 1) and in some industrial supplies. Although they can be removed Tg;i'g?gﬁs()fbg:agzg wiﬁgrwgllgw;?gﬁui:g: m:g':g}gf;o” g:r 5,1;"1{'5 Ctg'g;g? 03 @ Lin 417
results from mixing of infiltrated water with native ground water. not entirely removed, is generally reduced. ) from water by several methods of treatment, attempts to remove excessive concentrations of iron and manganese are likely to "be constant with time 57 0  Fouos
Degradation of the chemical quality of surface water can, therefore, The temperature of water from a frequently or continuously pumped manganese from water from a few public-supply wells in the study area a't a given point in an aquifer. Concentrations may vary from site to T
result in degradation of ground-water quality. Figure 3 illustrates the well ;thgt gnducgs part of]1ﬁ supply fromfatgearléy strearE fo1]cows a gycle have proved so costly and difficult that pumping from them has been site and at different depths ir.r an aquifer, however bacaise of natural Stratified-drift aquifer 0 200 Feet
increase in dissolved-solids content in water from an East Providence governe y the seasona uctuations o e stream-water temperature. discontinued. S X ik °
municipal supply well as a consequence of an increase in the dissolved- An example of this cyclic response is illustrated in figure 5. Note that Generally, neither manganese nor iron are present in amounts greater var1altj13ns in; pis Eli; ﬁ"d other controlling factors. . N 0 %0 Meters
solids content of the Tenmile River. The similarity in the pattern of the temperature range of the ground water pumped is less than that of the than 0.3 and 0.05 mg/1, respectively, in water pumped from newly aquife’; ol hera uflfbr]3;'”@3?}3?hgﬁ‘lgesﬁﬁf’;‘g;'g‘gi?t g: ‘ggt" tEr’ougPS\ an Till and Bedrock N
fluctuations and dissolved-solids content of well water and river water river water and that the temperature cycle of the pumped water is out of constructed wells in the study area. Manganese and, less commonly, iron the 1ron a%’ d mangangse Sontent Of giound wator y Pmbagie gfangsat;r; a
indicates that most of the well water consists of infiltration induced inasi' wi ;ch t:laz.oﬁ 1:hccej ;‘we;‘ water{: The 2arroweg terspergtzredrznge ang increase gradually, and typically reach troublesome concentrations only importance in the study area, however, are the 'changes inyequi?ibrium ,/'
from the river. e time lag of high and low Temperatures OT ground water behin ose o in some wells after several months or years of pumping (fig. 7). 43 : s ol : : 2 s ~ Till and Bedrock
Salt contamination of ground water resulting from infiltration of the river water are related to the time it takes the infiltrated water to Y puping (fig. 7) c?(;'(rln flonihzfclat_r‘eﬁ]t f:omhstream.1n1£;]1t¥at1on. F1gurﬁ z Tngm@tes], fgr o e
brackish water from the Seekonk and Providence Rivers is not known and move through the aquifer to the well intake and to the fact that part of SOURCES OF IRON AND MANGANESE X € SIS TS LAANGES BN, the' tepperature, Phy  dnd dissolved- 67
D . . r - . ; , oxygen content, which affects Eh, are to be expected in water in those
is not 1ikely to be a problem with the present regimen and pattern of the pumpage is native ground water and has a relatively constant . parts of the stratified-drift aquifer that are recharged by infiltration
ground-water wifghgrawals- hgever}the}ess, tlﬁe poten;m for ;ucg gontami— tempeaztu"e-. filtrates an aqui vt i Fferent points upstream and Tth I"g".and f!‘anga"ese]?‘”e comman °°gs"&t”§"}:; of most rocks ﬁﬁgh's"ojlﬁ’ from the Blackstone River. Examples of variations in pH, iron, and
nation exists. Moderate withdrawals from wells in the stratified-drift or er infiltrates u : although iron is generally much more abundan an manganese. Within the . t sar s i I g
bedrock aquifers close to these rivers, or large withdrawals from wells downstr(]eam frﬁm a PUfgﬁingtW?# fO]lowst PathSA of gﬁfe]arenig ;eng:cjh§,fa.\r11d study area, iron-bearing minerals are common 1in dthe gedr‘ock. Manganese ";ﬂg%azﬁfg l?vgcogcg ‘:ﬁg:; :‘:’t?}gwg 8we11 field recharged by infiltration EXPLANATION
in the stratified-drift aquifer farther 1inland, can cause landward moves along these paths at different rates. ccoraingly, i1nduced intil- is a primary constituent in several uncommon oxide and silicate minerals : : - . :
movement of saline water gnd eventual contamination of well supplies. tration entering a well consists of water that entered the aquifer at that occur locally in the bedrock (Quinn and others, 1948, p. 21) and may be exgegﬁgge?ﬁeglguﬁg ;ggelnzggg:eziggmS;Zigl;:gn égﬁﬁeﬁﬂdi?aﬂgaq‘éiidmﬂy °
Salt-water encroachment can be monitored by periodic sampling of water different times at different temperatures. The distribution of water of occur as a minor constituent in some of the common iron-bearing minerals. oxygen-consuming organic matter contained in water 1'nf1'1trgt1'n a‘: Well point 7
from observation wells placed near the sources of salt water and can be different temperatures in the vicinity of a pumping well is shown in Because much of the glacial drift is derived from Tocal bedrock, iron- aquifer, according to Stumm and Morgan (1970, p. 545) Disp]acemen% of (10to2e2f’:32;ndeep) s
. . s E o . . : Fy . .
ggﬂﬂglled by regulating total ground-water withdrawal from affected figure 6. Zr%gatv?i?ggi\si?ftéezga?germ1nera]s may be assumed to be present in the ?ative oxygt]anated water in an aquifer by stream infiltration having a
. > ) . . ower dissolved-oxygen content, whether or not it contains organic Cum 409
metabg(i)rs]mango gzggagﬁ?;ﬂP13gs§251mgggté‘gzc;‘3}ﬁ 1332%&?2;’"?; 22:?1212:3 matter, may also be expected to cause a decrease in Eh and increases in g ® ‘ CONCLUSIONS
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