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Frequency curves of specific capacities
tllustrate varitations in water-yielding capability among
aquifers tn the watershed. Small water supplies are available
from igneous or metamorphic bedrock; yields are limited
mainly by the size and interconmection of fractures and
Sandstones of the Hinckley Formation vary in

of water depends mainly

Approximate contact
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Thomson Formation of Spurr (1894)
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REPORTED WELL YIELDS AND CORRESPONDING DRAWNDOWNS INDICATE THAT THE GLACIAL DRIFT
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Surficial outwash gen-
erally 30-80 feet thick;
generally underlain by
till; underlain by Thom-
son Formation of Spurr
(1894).

Good: >500 gpm avail-
able from most of the out-
wash; small amounts avail-
able from till or Thomson
Formation.

Undifferentiated drift
<50 feet thick, most of it
sandy; underlain by
Thomson Formation; nu-
merous bedrock outcrops.

Poor: Yields from
drift generally small;
small yields from Thom-
son Formation.

Surficial outwash gen-
erally <30 feet but vari-
able; underlain by clayey
till or Thomson Forma-
tion; scattered bedrock
outcrops occur.

Fair: Generally <100
gpm, though areas of
thicker outwash may
yield more; small amounts
available from till or
Thomson Formation.

7
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Undifferentiated drift
generally 50-250 feet thick,
much of it sandy; under-
lain by Hinckley Forma-
tion.

Good: Moderate to
large yields possible from
sand and gravel within
drift; > 100 gpm possible
from Hinckley Forma-
tion.

Surficial outwash gen-
erally 30-100 feet thick;
underlain by till or
Hinckley Formation of
Winchell (1886).

Excellent: >500 gpm
available from much of
outwash; yields >100 gpm
possible from Hinckley
Formation.

Undifferentiated drift
<50 feet, much of it sand;
underlain by Hinckley
Formation.

Good: Yields from
drift generally small; > 100
gpm possible from Hinck-
ley Formation.

Surficial outwash gen-
erally <30 feet thick; un-
derlain by till or Hinckley
Formation.

Good: Generally <100
gpm available from out-
wash; larger yields pos-
sible locally; > 100 gpm
possible from Hinckley
Formation.

Undifferentiated drift
generally 50-150 feet
thick, most of it sandy;
underlain by Keweena-
wan basalt.

Fair: Moderate yields
possible from sand and
gravel within drift; small
yields from Keweenawan
basalt.

Surficial outwash gen-
erally 30-60 feet thick;
may contain lake silts or
clays; underlain by sandy
till or Keweenawan ba-
salt.

Good: >500 gpm possi-
ble from outwash; small
amounts available from
Keweenawan basalt.

Undifferentiated drift
<50 feet thick, most of it
sandy; underlain by Ke-
weenawan basalt.

Poor: Yields from
drift generally small;
small yields from Keween-
awan basalt.

Surficial outwash gen-
erally <30 feet thick; in-
terbedded lake silts and
clays; underlain by sandy
till or Keweenawan ba-
salt.

Fair: <100 gpm gener-
ally available from out-
wash; larger yields possi-
ble locally; small
amounts available from
Keweenawan basalt.

Undifferentiated drift
generally <50 feet thick,
most of it sandy; under- .
lain by McGrath Gneiss
of Woyski (1949).

Poor: Yields from
drift generally small;
small yields possible
from McGrath Gneiss.
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SURFICIAL OUTWASH DEPOSITS ARE THE MOST READILY AVAILABLE SOURCES
OF LARGE GROUND-WATER SUPPLIES IN THE WATERSHED
The areas labeled A, B, and C, on the surficial geologic map, are en- storage coefficient about 0.1.  The low-flow wmeasurements in- all areas. Locally, textural vartations and other boundary con-

upon texture and degree of cementation.

AND THE HINCKLEY FORMATION CONTAIN THE MOST PRODUCTIVE AQUIFERS IN THE WATERSHED

Well yield divided by drawdown equals specific capacity which
18 an ndication of the water-yielding capability of the

Large saturated

thicknesses permait yields to wells of several hundred gallons

per minute.

Wells completed im wundifferentiated drift

exhibit the largest ramge in specific capacity, a reflection
of wide variations in the texture and thickness of glacial

deposits. The thickest and most permeable

outwash deposits

have a higher water-yielding capability than even the most

productive zones of the Hinckley Formation.

larged and
ulities of the surficial outwash.

Saturated thickness of surficial outwash ranges from 0 to more than 80
Estimates of transmissivity were made by assigning per-
meability values to saturated materials penetrated at test hole
Transmissivity values based on test drilling were substanti-
ated by a 24-hour pumping test conducted in area B and by low-
flow measurements along a selected reach of the Willow River in
area B. At the pumping-test site, transmaissivity was determined

feet.

sites.

shown above to quantify the water-yielding capa-

dicate a transmissivity of about 40,000 gpd per ft near the Willow
Raver.

For practical purposes, transmaissivity values were converted to theo-
retical maximum yields in gallons per minute which might be
obtained from a single 16-inch diameter well after making the
Jollowing assumptions: 1) the well is open to the full saturated
thickness of the aquafer; 2) drawdown in the pumped well 1s
two-thirds of the original saturated thickness; 3) period of pumping
1s 1 day; and 4) a uniform storage coefficient of 0.15 applies for

to be about 90,000 gpd per ft (gallons per day per foot) and the

ditions may result i actual well yields different from this theo-

retical evaluation.

Knowing T (transmissivity) and S (storage coefficient) and assuming
Q (pumping rate) and t (period of pumping), it is possible to make
predictions as to effects of pumping on water levels. The distance-
drawdown curves above can be used to predict water-level changes

at given distances from the pumped well.

Drawdowns in the

immediate vicinity of the pumped well are mot shown because

dewatering invalidates theoretical predictions.

Undifferentiated drift
generally 50-250 feet
thick, most of it sandy;
underlain by Thomson
Formation. -

Fair: Moderate to large
yields possible from sand
and gravel within drift;
small yields from Thom-
son Formation.

Dashed line indicates inferred location of buried bed-
rock valley containing drift deposits commonly exceed-
ing 100 feet in thickness; may yield moderate to large
water supplies; because the valleys are narrow and not
precisely defined, they are not considered in the above
appraisals of hydrogeologic areas.

Areas of stmilar hydrogeology are delineated on the basis of
type, distribution, and thickness of glacial deposits and
type and distribution of bedrock.

AREAL VARIATIONS IN GROUND-WATER AVAILABILITY
ARE DEPENDENT UPON GEOLOGY

Hydrogeologic areas,

as described wn the table above, are therefore distinct as
to their overall water-yrelding capabilities.

WATER RESOURCES OF THE KETTLE RIVER WATERSHED, EAST-CENTRAL MINNESOTA

By

J.O. Helgesen, G. F. Lindholm, W, L. Broussard, and D. W. Ericson

1973

INTERIOR—GEOLOGICAL SURVEY, WASHINGTON

+ D.C.—1973—W71081





