





























































































































Table 5. Statistical summary of water-quality analyses of ground-water samples from the Saco and
Ossipee River Basins, east-central New Hampshire--Continued

Water-quality constituent MCL'  SMCL? NS‘:;;T; of Mini q:aixrtsitle Median qgl‘:i‘i‘e Maxi-
Silica, dissolved (mg/L as SiO,) - - 29 6.4 9.75 12 16 40
Barium, dissolved (pg/L as Ba) 2,000 -- 29 5 6 7 10.5 40
Beryllium, dissolved - 4 29 <5 <.5 <.5 <5 .9

(ng/L as Be)
Cadmium, dissolved 5 - 29 <] <] <] <] 4
(ng/L as Cd)
Cobalt, dissolved (ng/L as Co) - -- 29 <3 <3 <3 <3 4
Copper, dissolved (pug/L as Cu) -- 1,000 29 <10 <10 <10 <10 <10
Iron, dissolved (ug/L as Fe) -- 300 29 <3 <3 4 33 8,700
Lead, dissolved (ug/L as Pb) 50 0 29 <10 <10 <10 <10 <10
Lithium, dissolved (ug/L as Li) -- - 29 <4 <4 <4 <4 17
Manganese, dissolved -- 50 29 <1 3 20 62.5 720
(ug/L as Mn)
Molybdenum, dissolved -- -- 29 <10 <i0 <10 <10 10
(ng/L as Mo)
Strontium, dissolved -- -- 29 8 18 27 41.5 81
(ng/L as Sr)
Vanadium, dissolved (ug/L as V) -- -- 29 <6 <6 <6 <6 10
Zinc, dissolved (ng/L as Zn) - 5,000 29 <3 <3 4 5.5 50

'MCL (Maximum Contaminant Level) is an enforceable, health-based maximum level (concentration) for contami-
nants in public drinking-water supplies as defined in the national primary and secondary drinking-water regulations
established by the U.S. Environmental Protection Agency (1992).

2 SMCL (Secondary Maximum Contaminat Level) is a non-enforceable, maximum level (concentration) for con-
taminants in public drinking-water supplies as defined in the national primary and secondary drinking-water regula-
tions established by the U.S. Environmental Protection Agency (1992).

3. one well (ADW 14) contained water with an
elevated concentration of fluoride.

The sampling procedure varied with the source of
the water sampled. The four springs maintain constant
flow, therefore, additional evacuation before sampling
was unnecessary. The USGS wells were developed
with a pneumatic pump several weeks before sampling.
At the time of sampling, the USGS wells were pumped
until at least three times the volume of water in the well
was evacuated and until the temperature, specific con-

ductance, and dissolved oxygen stabilized. These
procedures ensured that the water sampled was water
from the aquifer and not stagnant.

PH

The pH of water is a measure of the hydrogen ion
concentration (H*) in solution. Water with a pH of
seven is considered to be neutral, less than seven is
acidic, and greater than seven is basic. The pH of most
ground water in the United States ranges from about 6.0
to 8.5 (Hem 1985). The range of pH in stratified-drift
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aquifers sampled across New Hampshire (Moore and
others, 1994) varied from 5.26 to 8.48 with a median
value of 6.12. In this study, the most acidic water with
a value of 5.3 was obtained from well ADW 15. The
most acidic water was below the recommended
regulation shown in table 5. The most basic water was
taken from spring SES 1 with a near neutral pH of 7.3.

Specific Conductance

Specific conductance—a measure of the ability of
water to conduct electrical current—ranged from
16 uS/cm in water from well CKW 9 to 1,190 uS/cm
from well CKW 11 (appendix 5). The water from CKW
11 was the only sample that exceeded the recommended
limit of 500 pS/cm established by the New Hampshire
Water Supply and Pollution Control Commission
(1984) for public drinking water. The median for all
water samples in the study (48 nS/cm) was less than the
median (132 pS/cm) for public supply wells completed
in stratified-drift aquifers for the entire State (Morrissey
and Regan,1987).

Dissolved Solids

Dissolved solids in water include all ionized and
un-ionized dissolved solids in solution. The concentra-
tions of all water samples from the stratified-drift
aquifers ranged from 18 to 612 mg/L with a median of
42 mg/L. Only water from well, CKW 11, was above
the recommended limit for drinking water of 500 mg/L
established by the New Hampshire Water Supply
Engineering Bureau (written commun., 1990) for public
drinking water. The relatively low concentration of dis-
solved solids in stratified-drift aquifers is attributed to
the low solubility of the aquifer matrix and the rela-
tively short time water is in contact with the aquifer
(Morrissey and Regan, 1987). The well with the highest
concentration of dissolved solids (CKW 11) also had
the highest concentration of chloride and sodium.

Dissolved Oxygen

Oxygen is supplied to ground water through
recharge and by movement of air through unsaturated
material above the water table. The concentration of
dissolved oxygen (DO) in water that is in contact with
air is a function of temperature and pressure, and to a
lesser degree, the concentration of other solutes (Hem,
1985, p. 155). Dissolved-oxygen concentrations in
water from 25 samples ranged from 0 mg/L (well

TAW 31) to 11.8 mg/L (well WAW 23); the median was
9.5 mg/L (table 5). Water containing measurable
amounts of dissolved oxygen may flow long distances
in the ground-water system, if little reaction results with
aquifer material.

Calcium, Magnesium, and Hardness

Calcium and magnesium are common elements of
alkaline-earth minerals. Calcium and magnesium are
also the predominate cations in most natural ground
water (Hem, 1985). Concentrations of dissolved cal-
cium in 29 samples ranged from 0.8 to 11 mg/L; the
median was 3.8 mg/L. Concentrations of dissolved
magnesium in 29 water samples from the stratified-drift
aquifers ranged from 0.11 to 2.7 mg/L; the median was
0.47 mg/L. The USEPA has not assigned a drinking-
water regulation for calcium or magnesium
concentrations.

Hardness of water—a property of water that pro-
duces a residue when mixed with soap and (or) when
heated—is the result of the presence of several different
cations, particularly calcium and magnesium, and is
expressed in an equivalent quantity of milligrams per
liter CaC05 (calcium carbonate) (Hem 1985). The hard-
ness of water in all 29 samples ranged from 3 mg/L to
33 mg/L CaC04. Water that is less than 60 mg/L CaC0;
is considered soft (Hem, 1985). The median for all the
samples was 12 mg/L and the median for public supply
wells completed in stratified-drift aquifers in the entire
State of New Hampshire (Morrissey and Regan, 1987)
was 37 mg/L.

Sodium and Chloride

Sodium (Na*) and chloride (CI°) can be introduced
into ground water from natural and manmade sources.
The major natural source of chloride is atmospheric pre-
cipitation and dry fallout, and contributes about
0.5 mg/L to the New Hampshire land surface (Hall,
1975). The major manmade source of both sodium and
chloride is salt (NaCl) used in road deicing. Based on
limited data, Hall estimated that in 1975 towns and
cities in New Hampshire used at least 33,000 tons of
NaCl per year. Hall suggests that heavy metals such as
hexavalent chromium, which is toxic to humans, may
be released by the corrosion of car bodies. He also sug-
gests that dissolved salt coupled with pH ranges of 5.5
to 7.5 could pose an additional health threat as a result
of the corrosion of iron, zinc and cadmium from plumb-
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ing systems. During the period, from the winter of
1982-83 to the winter of 1992-93, the State of New
Hampshire used an average of 152,000 tons/yr of NaCl
to deice state highways and roads (Robert Hogan, New
Hampshire Department of Transportation, oral com-
mun., 1993) that contributed to an increase in
concentrations of sodium and chloride in ground water
statewide.

Water samples from well CKW 11 in the stratified-
drift aquifer had concentrations of sodium and chloride
of 220 mg/L (8.5 meg/L) and 300 mg/L (9.5 meq/L),
respectively. The ratio of these milliequivalents sug-
gests that NaCl could be a major contributor to both
constituents. The water from well CKW 11 was the
only sample with concentrations higher than the U.S.
Environmental Protection Agency (1992) Secondary
Maximum Contaminant Level (SMCL)' of 250 mg/L of
chloride and higher than the Health Advisory Level of
20 mg/L for sodium. Well CKW 11 is downgradient
from a NHDOT road deicing salt storage site. The
SMCL for chloride was established as a taste threshold
and the Health Advisory Limit for sodium was estab-
lished as a recommended limit for people with heart,
hypertension or kidney problems who are on sodium-
restricted diets. The median concentrations of sodium
(6.0 mg/L) and of chloride (6.8 mg/L) were below these
regulations. The median concentration for sodium in
ground water from public supply wells completed in
stratified-drift aquifers in New Hampshire is 11.0 mg/L
(Morrissey and Regan, 1987).

Nitrogen

Nitrogen is present in many forms in natural waters
depending on the source of nitrogen and the degree of
decomposition. Nitrogen is present in water as nitrite
(NOy) or nitrate (NO3") anions, as ammonium (NH,")
cations, and at intermediate oxidation states as a part of
organic solutes (Hem, 1985, p. 124). The predominant
form of inorganic nitrogen in natural water is nitrate,
from the oxidation of nitrogeneous compounds. High
levels of nitrate in ground water can originate from fer-
tilizer application, leachate from sewage systems (such
as septic tanks, sewage lagoons, or cesspools), or wastes

ISMCL (Secondary maximum contaminant level) is a non-
enforceable, maximum level (concentration) for contaminants in
public drinking-water supplies as defined in the national primary
and secondary drinking-water regulations established by the U.S.
Environmental Protection Agency (1992).

from farm animals. High levels of nitrate (greater than
10 mg/L as nitrogen or greater than 44 mg/L as nitrate)
in drinking water has been linked to methemoglobine-
mia in small children, or blue-baby syndrome (Hem,
1985, p. 125). Dissolved nitrite-plus-nitrate (as N) con-
centrations in 21 water samples ranged from less than
0.05 to 1.3 mg/L; the median was 0.18 mg/L.. Water
from well MBW 55 in Madison had a concentration of
nitrogen (1.3 mg/L), which is elevated from background
levels but is below the USEPA’s (1992) primary
drinking-water standard (10 mg/L) for nitrogen (appen-
dix 5).

Phosphorus

Although phosphorus is a common element in
igneous rocks and is abundant in soils, concentrations of
phosphorus in ground water are generally low. Many
inorganic compounds of phosphorus have low solubil-
ity in water and can be used as fertilizer (Hem, 1985).
Manmade sources of phosphorus in ground water can
come from waste disposal through septic tanks and
sewage lagoons, and from chemical fertilizer
applications. Six of 21 samples analyzed for dissolved
phosphorus and 18 of 21 water samples analyzed for
dissolved orthophosphate had concentrations below the
minimum reporting level. The highest concentration for
dissolved phosphorus (0.17 mg/L) was detected in
water from well CWW 67 in Conway. The highest con-
centration for dissolved orthophosphate (0.04 mg/L)
was detected in water from spring SES 1 in Sandwich
(appendix 5). At present, the USEPA has not set a
drinking-water regulation concentration for
phosphorus.

Sulfate

Sulfur is widely distributed in reduced form in
igneous, sedimentary, and metamorphic rocks as metal-
lic sulfide minerals such as pyrite (Hem, 1985).
Evaporite minerals, such as gypsum and anhydrite, also
contain sulfur, but these minerals are generally absent in
stratified-drift aquifers in New Hampshire. However,
oxidation of sulfur by human activities, such as com-
bustion of fuels and smelting of ores and resultant atmo-
spheric deposition, is @ major source of sulfate (SO4'2).
Under reducing conditions, sulfate can be reduced by
anaerobic bacteria to hydrogen sulfide (H;S) gas, which
can be detected by smell at concentrations of only a few
tenths of a milligram per liter (Hem, 1985). Concentra-
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tions of dissolved sulfate in 28 water samples ranged
from less than 0.1 to 55 mg/L, and the median was
2.6 mg/L (table 5). None of the samples exceeded the
USEPA’s (1992) secondary drinking water regulation
(250 mg/L) for sulfate.

Iron and Manganese

Elevated concentrations of iron and manganese
were the most common water-quality problems found
during this study. Iron is the fourth most abundant ele-
ment in the Earth's outer crust and is an essential ele-
ment to plant and animal metabolism. If present in high
concentrations in residential water supplies, however,
iron forms red oxyhydroxide precipitates that stain
clothes and plumbing fixtures. Manganese, also an
abundant metallic element, is an undesirable impurity in
water as a result of its tendency to deposit black oxide
stains (Hem, 1985). Both iron and manganese are
common in minerals of bedrock and stratified drift in
the study area. The water from 4 of the 29 sites sampled
had iron concentrations that exceeded the SMCL of
300 pg/L and water from 8 sites had manganese
concentrations that exceeded the SMCL of 50 pg/L.
Water from well OXW 36 had the highest concentra-
tions of iron, 8,700 ug/L with other high concentrations
as follows: CWW 67, 7,100 pug/L; TAW 33,
5,300 pg/L; and OXW 34, 890 ug/L. The median value
for iron was 4 pug/L. Water from these same wells, as
well as four others, had high concentrations of manga-
nese. The median manganese concentration of 20 ug/L
is lower than the SMCL. Three of the four wells con-
tained water with elevated iron concentrations, OXW
36, OXW 34 and TAW 33, also contained water with
low concentrations of dissolved oxygen (appendix 5).
Iron as Fe+2, is highly soluble in water with low
concentrations of oxygen and elevated concentrations
of iron can result.

Silica

The element silicon (Si+4) is the second most abun-
dant element (after oxygen) in the Earth's crust (Hem,
1985). Crystalline silica (Si0,) as quartz is a major
constituent of many igneous and metamorphic rocks.
Feldspars, amphiboles, and other minerals that also con-
tain silica, are widely distributed in igneous and meta-
morphic rocks. These silica-rich minerals are found in
sediments from stratified-drift aquifers in New Hamp-
shire. Concentrations of silica, however, are generally

low in natural waters. Dissolved silica concentrations
in water from the 29 sites ranged from 6.4 to 40 mg/L
with a median of 12 mg/L (table 5). At present (1994),
there is no USEPA drinking-water regulation for silica.

Trace Elements

Trace elements are elements that nearly always
occur in concentrations less than 1.0 mg/L in natural
waters (Hem, 1985). Water samples collected from
USGS wells in the Saco and Ossipee River Basins and
analyzed for fluoride, beryllium, boron, cadmium,
cobalt, copper, molybdenum, zinc, lead, lithium, and
vanadium generally contained concentrations that
ranged from less than detection level to a few micro-
grams per liter. Trace elements with concentrations
consistently above detection level, but less than
1.0 mg/L, were barium (less than 5 to 40 pg/L with a
median of 7 ug/L) and strontium (8 to 81 pg/L with a
median of 27 ug/L). None of the water samples
exceeded the USEPA's primary drinking-water standard
of 2,000 pg/L for barium (1992). Strontium is a
common element that replaces calcium or potassium in
minor amounts in igneous-rock minerals, such as min-
erals in granite (Hem, 1985). There is no USEPA drink-
ing-water regulation for strontium. Water from well
ADW 14, had a concentration of fluoride (2.9 mg/L) in
excess of the USEPA's secondary drinking-water stan-
dard of 2 mg/L (USEPA,1992). Fluorine is an element
found in several minerals including fluorite (CaF,), apa-
tite, Cas(Cl, F, OH), and amphiboles and may be present
naturally in the water in a wide variety of geologic
terranes (Hem, 1985).

SUMMARY AND CONCLUSIONS

Population growth and economic development
have increased demands for water in the Saco and
Ossipee River Basins in east-central New Hampshire.
The Saco and Ossipee River Basins drain 869.4 mi” and
contains 152.5 mi“ of stratified-drift aquifers. In 1990,
2.30 Mgal/d were withdrawn from the stratified-drift
aquifers by the three largest users of ground water in the
study area (Wolfeboro Water Works, North Conway
Water Precinct, and Conway Village Fire District). As
the need for water increases, the need for information
increases to ensure optimal use of available resources.
This report provides geohydrologic information on
stratified-drift aquifers in the Saco and Ossipee River
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Basins drainage area. The report also describes geohy-
drologic characteristics, presents a technique for assess-
ing ground-water availability, and the quality of water
in the stratified-drift aquifers is assessed.

Most of the stratified-drift aquifers in the Saco and
Ossipee River Basins consist of stratified, sorted, prin-
cipally coarse-grained sediments (sands and gravels)
deposited by glacial meltwater at the time of deglacia-
tion. Interconnected voids or pore spaces between sed-
iment particles provide space through which stored
ground water can flow. Characteristics of the sediments
that affect ground-water storage and flow are related to
the glaciofluvial environment in which they were
deposited. The presence of glacial lakes resulted in the
formation of deltas and other lake deposits. The degla-
ciation process also resulted in eskers, kames, kame ter-
races, and outwash deposits. These coarse-grained
stratified-drift deposits formed in contact with glacial
ice tend to have a high capacity to store and transmit
water.

Aquifer boundaries were delineated from available
maps of surficial geology or were specifically mapped
as part of this study. Thicknesses of saturated stratified
drift were contoured with the aid of the surficial map-
ping, seismic-refraction profiling, seismic-reflection
profiling, test drilling, and available well data. Satu-
rated thickness is related to the geohydrologic setting in
which the aquifers were formed. Layers of saturated
silts and clays that lie above, below, or interfinger with
the aquifer are included in the saturated thicknesses
depicted. Saturated thicknesses of stratified drift in the
study area are locally greater than 280 ft, but generally
are less.

Hydraulic conductivity of the stratified drift was
estimated from field descriptions of the grain-size distri-
butions of samples collected during test drilling, and
sieve analysis data. Aquifer transmissivity was calcu-
lated from the estimates of hydraulic conductivity and
from aquifer-thickness data. Geologic and drillers' logs
were examined during this process, and saturated silts
and clays were excluded from the transmissivity esti-
mates because their contribution is negligible. Esti-
mated transmissivity values, in the study area, range
from nearly 0 to greater than 8,000 ft%/d.

The Ossipee Lake aquifer in Ossipee, Freedom,
Effingham, Madison, and Tamworth was selected for
analysis of ground-water availability. A two-

dimensional, numerical finite-difference flow model
and transient simulations were used to simulate the
aquifer. The objective was to estimate the yield to 4
hypothetical wells after a 180-day period of pumping.
The results show that the Ossipee Lake aquifer supplied
7.72 Mgal/d to the 4 wells of which 31.6 percent of the
water pumped came from ground-water storage and
68.4 percent came from combined induced infiltration
and ground water captured before discharge to surface-
water bodies.

Ground-water quality in water from 25 test wells
and 4 springs in the stratified-drift aquifers generally
meets U.S. Environmental Protection Agency primary
and secondary drinking-water regulations. Known areas
of ground-water contamination were not sampled.
Water samples from one well had elevated concentra-
tions of chloride and sodium. Water samples from four
sites had elevated iron and manganese concentrations
(which occurs naturally in many parts of New
Hampshire) and water samples from four other sam-
pling sites had elevated manganese only. Water sam-
ples from one well had elevated concentrations of
fluoride.
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