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Thick deposits of saturated outwash sand and gravel are the direction of ground-water movement, making the area of " EXPLANATION 15
present in the Hibbing area. Their areal distribution approx- permeable channel fill deposits south of the village favorable
93°00' Y _R.21W. R.20W. 92°65' imates the traces of pre-Pleistocene valleys. The thickest for the development of large ground-water supplies. o " i o
== T SRR O, F s . S and areally most restricted sand and gravel occurs south of The effect on ground-water levels in the area caused by rl(a) T st vk el e asduisn. 5
it i ; . & : : s : " : the village where preglacial channels were deepest. The pumping a well at 500 gallons per minute is shown on distance- > 8t screened 82-92 feet in glacial outwash : 14 =
0 vertical distribution of aquifer materials is shown on the drawdown curves. Approximate coefficients of transmissi- T e B L — -
< geologic cross sections. Sand and gravel is most prevalent bility (T) for buried outwash aquifers were determined from g o w[;ter every 5th day and end of month =
in the upper 150 feet of the drift. specific capacity data. Transmissibilities of 15,000 and 50,000 = g ol Pr;cm:::.g:.“f;::a:r:i.;n:llng.'s,.o :Le’né?‘g fs %
Ground-water levels in the drift fluctuate during the year gallons per day per foot are indicative of the range of trans- = < station.  Plotted as total for 5-day E
in response to precipitation, evapotranspiration,and pumping missibilities which might be anticipated for buried sand and o intervals with vaying time intervals at <
as shown on the hydrograph of well 57.20.31 dbel. gravel aquifers in the area. ) g N
Regional ground-water movement is to the southeast. In Water levels in the Biwabik Formation fluctuate in re- ,E 2 10 - E
the northern portion of the area recharge to the drift is lim- sponse to precipitation and mine pumpage as shown on the am o
ited because the area is proximate to the ground-water divide hydrograph of well 57.20.5 dad 1. As determined from water (=) o
and water movement is disrupted by the open-pit mines. The level recovery data in mine pits, where the Biwabik For- 11+ c ‘ ‘ 1
area of relatively thick (80 + feet) sand and gravel between mationis exposed, T values of approximately 10,000 might be ex- \
Kelly Lake and Hibbing is thereby limited in its ground-water pected for the Biwabik Formation. , | ; | l 5
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TOTAL ANNUAL PRECIPITATION
e f GROUND-WATER LEVELS IN THE DRIFT IN THE HIBBING AREA VARY CONSIDERABLY
L7 S DURING THE YEAR
In the spring, ground-water levels rise rapidly because of re- for short periods of time, of a mumnicipal well 1200 feet
charge from smowmelt and spring rains. Water levels in away from the observation well produces negligible effects
the summer decline gradually due to increased water losses on the water level in the observation well. Exceptions to
by evaporation and transpiration. A steady decline occurs the normal trends occur due to excessive or deficient
- during the fall and winter months, reaching an annual low precipitation.
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THE EFFECT OF GROUND-WATER PUMPING FROM BURIED SAND AND GRAVEL AQUIFERS
IDENTIFICATION NUMBERS OF WELLS OR TEST HOLES IS SHOWN BY DISTANCE-DRAWDOWN CURVES
ALSO SERVE AS LOCATION NUMBERS Curves for two areas with different coefficients of transmais- was pumped for 24 hours. The reported drawdown in a well
s ke The numbering system is based on the U.S. Bureau of Land Manage- stbility (T) are shown. Approximate transmissibilities were 600 feet away was 4% feet. As indicated above, this agrees
- ment’s system of subdivision of public lands. The number 57.20.31 determined from average specific capacities of wells in the closely with plotted drawdowns based on the approximated
| AL dbc 1 identifies the first well or test hole which is located in the area. A storage coefficient (S) of 0.001 for a leaky artesian T and S values. The assumed coefficients are therefore be-
‘ 18 = SWYNWYSEY; sec. 31, T.57 N., R. 20 W. aquifer and a pumping rate of 500 gpm (gallons per minute) lieved to be representative for the subject areas. Drawdown
; E . -@( s '__1. £ L were assumed. Curves drawn are continuous pumping with is directly proportional to the rate of discharge so doubling
i ‘ 250 } 3 i (-:‘x-: no adjustment for hydrologic boundaries. In area 2, a well the discharge will double the observed drawdown.
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AN ADEQUATE WATER SUPPLY FOR DOMESTIC USE CAN BE OBTAINED AT THE HIBBING POWER SUBSTATION CAN BE USED TO 1964 1965
IN MOST AREAS FROM WELLS COMPLETED IN THE GLACIAL DRIFT INDICATE YEARS OF ABOVE AND BELOW NORMAL PRE- (31.05 INCHES) (39.68 INCHES)
AT A DEPTH OF LESS THAN 75 FEET CIPITATION BASED ON THE PERIOD OF RECORD TOTAL ANNUAL PRECIPITATION
Th ! S 5 WATER LEVEL IN A WELL OPEN TO THE BIWABIK FORMATION FLUCTUATES
Ieggf{f’f ;{&%;;’t‘::“leglgcg@:}g:’g%"; Z}iiﬂﬁnﬂ%eﬁ;ﬁ;ﬂg%ﬁ IN RESPONSE TO PRECIPITATION AND NEARBY MINE PUMPAGE
of well 57.20.31dbc 1. The combined effect of excessive precipitation In spite of above-normal precipitation during 1964 the water steady rise in the water level after the spring breakup in
and no nearby mine pumpage in 1965 on ground-levels in the Biwabik level dropped as a result of mine dewatering.  Excessive 1965. Water levels in wells open to the drift in the vicinity
Iron-Formation is shown on the hydrograph of well 57.20.5 dad 1. precipitation and no nearby mine pumpage resulted in a of this well are approximately 30 feet below land surface.
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parallel the traces of pre-Pleistocene valleys and are thickest in the drift. Recharge in the pit areas, both direct and
where the deepest channels were developed. The presence Sfrom adjacent drift bank seepage, is to the exposed Biwabik GEOLOGIC SECTIONS ILLUSTRATE THE DISTRIBUTION OF DRIFT MATERIALS VERTICALLY
of thick, permeable deposits south of Hibbing make that area Formation. Recharge to the drift in the vicinity of the AND HORIZONTALLY
Sfavorable for the development of large ground-water supplies. ground-water divide is limited and precludes the develop- The thickest drift deposits and correspondingly thickest de-
In the area immediately south of the mines the ground- ment of large ground-water supplies. posits of saturated aquifer materials are in large part coinci-
water movement has been reversed. There, as a result of dent with preglacial bedrock valleys. Aquifer materials

are colored for emphasis.
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