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GEOLOGY AND HYDROLOGY OF THE PARKER=-CENTERVILLE OUTWASH
| BY
Me J. TleON
I NTRODUCT 10N

GENERAL STATEMENT

THE INVEST|GATION OF THE PARKER~CENTERVILLE OUTWASH WAS
UNDERTAKEN. BY THE STATE GEOLOGICAL SURVEY AS PART OF A PROGRAM
TO DEVELOP THE SHALLOW WATER RESOURCES OF SOUTH DAKOTA. THE
FREQUENT DRY SEASONS, WH!CH HAVE BROUGHT ABOUT THE RECENT [N~
TEREST IN SHALLOW WELL IRRIGATION, HAVE FOCUSED THE SURVEY'S
ATTENTION ON SHALLOW WATER RESERVOIRS. . THE PARKER-CENTERVILLE
OUTWASH IS ONE OF THESE RESERVOIRS WHOSE DEVELOPMENT CAN BE
OF GREAT VALUE TO THE STATE.

LOCATION AND AREA

THE AREA COVERED iN THIS REPORT LI!ES IN THE VERMILLION
RIVER BASIN IN TURNER AND CLAY counTies (FiGg. |). THE TOTAL
AREA MAPPED ON THIS PROJECT COVERS ABOUT |60 SQUARE MILES, OF
WHICH 66 SQUARE M{LES ARE OCCUP|ED BY THE OUTWASH RESERVOIR,

PURPOSE AND METHOD OF INVESTIGATION

THERE WERE TWO PURPOSES IN MAKING THIS INVESTIGATION:
(1) To MAP THE GEOLOGY OF THE RESERVOIR AND THE AREA |MMED]ATELY
SURROUND ING, (2) TO DETERMINE THE SHALLOW WATER CONDI]TIONS
PREVAILING IN THIS RESERVOIR.

THE FIELD WORK WAS DONE DURING THE SUMMER OF 1956, THE
GEOLOGICAL FIELD PARTY INCLUDED THE WRITER AS GEOLOGIST,
ROBERT SCHOON AS FiELD ASSISTANT, S, W. HOWELL AS GEOPHYSICIST
AND DONALD JORGENSEN AND EUGENE FICK AS ASSISTANTS. GARY
LARSON AND ROBERT MARTIN JOINED THE PARTY LATE IN THE SUMMER
AND SERVED AS A DRILL AND SURVEYING CREW.

THE BOUNDARIES OF THE RESERVOIR. WERE FIRST DETERMINED ON
THE BASIS OF TOPOGRAPHY. THEN ELECTRIC SOUNDINGS WERE MADE
WITH A RESISTIVITY GRADIOMETER TO DETERMINE THE THICKNESS :OF
THE SAND AND GRAVEL DEPOSITS IN THE RESERVOIR. THESE STATIONS.
WERE SET AT EVERY SECTJION CORNER WiTH A FEW |[NTERSPERSED WHERE:
NEEDED. A BRIEF HISTORY OF MOST OF THE DOMESTIC AND I|3RIGATION

|
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WELLS WAS OBTAINED AND ELEVATIONS WERE CARRIED TO ALL CRITICAL
POINTS IN THE AREA BY PLANE-TABLE. TEST HOLES WERE DRILLED AT
RANDOM POINTS TO CHECK THE INTERPRETAT!ION OF THE RESISTIVITY
SOUNDINGS AND TO GET A MORE DETAILED PICTURE OF THE SUBSURFACE
GEOLOGY. ABOUT THE MIDDLE OF THE SUMMER, |5 OBSERVATION WELLS
WERE DRILLED AT STRATEGIC POINTS ON THE OUTWASH TO KEEP AN
ACCURATE CHECK ON THE FLUCTUAT!IONS OF THE WATER TABLE. THESE
OBSERVAT!ION WELLS WERE INSTALLED WITH THE COOPERATION OF THE

GR IMSHAW AND BICE DRILLING COMPANY, WHO-DRILLED THE WELLS WITH=-
OUT CHARGE, AND THE STATE WATER RESOURCES COMMISS{ON WHO F =
NANCED THE COST OF THE PIPE AND EQUIPMENT, THE STATE GEOLOGI=-
CAL SURVEY CARRIED ELEVATIONS TC THESE WELLS AND HAS MADE MONTH-
LY READINGS OF THE WATER FLUCTUATIONS SINCE THAT TIME.

PREVIOUS INVESTIGATIONS

Jv E. Topp (1903) INCLUDED THIS ARCA IN THE MAPPING OF THE
PARKER QUADRANGLE; AND MORE RECENTLY, R. F. FLINT (1955) MADE:
A RECONNAISSANCE STUDY OF THE GLACIAL DEPOSITS OF SOUTH DAKOTA
EAST OF THE MISSOUR] RIVER, THE SOUTH DAKOTA GEOLOGICAL SURVEY
HAS ALSO HAD A LONG-STANDING INTEREST IN THIS AREA AND FOR THE
PAST TWENTY YEARS HAS KEPT RECORDS OF THE WATER LEVEL [N TWO
WELLS LOCATED IN IT.

ACKNOWLEDGMENTS -

THE WRITER 1S DEEPLY INDEBTED TO DR. E. P. ROTHROCK, STATE
GEOLOGIST, WHO CONCEIVED THE PROJECT AND UNDER WHOSE GUIDANCE
IT WAS CARRIED OUT.

APPRECIATION [S ALSO EXPRESSED FOR THE KIND COOPERATION.
RECE|VED FROM. THE WELL DRILLERS AND RESIDENTS OF THE PARKER-
CENTERVILLE AREA. .

SPECIAL THANKS ARE DUE THE MEMBERS OF THE FIELD  PARTY FOR
THEIR VALUABLE ASSISTANCE [N COMPILING THE DATA USED IN THIS .
REPORT AND TO DR. ALLEN F. AGNEw, DR. K. Y. LEE AND DR. ROBERT
E. STEVENSON FOR THEIR MANY HELPFUL SUGGESTIONS.

GEOGRAPHY
CLIMATE -

THE AREA MAPPED LIES ON THE WESTERN EDGE OF THE HUMID
CONTINENTAL BELT AND HAS A TYPICAL CONTINENTAL CLIMATE WITH
HOT SUMMERS AND COLD WINTERS. THE AVERAGE GROWING SEASON
is |40 payS. DURING THE SUMMER, TEMPERATURES OfF [00Y . ARE
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NOT UNCOMMON: AND IN THE WINTER THE MERCURY IS WELL BELow 0°
F. ON MANY OCCAS|ONS. THE ANNUAL MEAN TEMPERATURE FROM |938
To 1956 was 47.7° F. (TABLE 1), ACCORDING. TO RECORDS OF THE
U. S. WEATHER BUREAU, THE ANNUAL PRECIP|{TATION FOR THIS AREA
FROM 1938 T0 1956 AVERAGED 24,62 INCHES (TABLE |).. THE MAX~-
IMUNM- PRECIPITATION OF 41, INCHES FELL IN 941 AND4THE MIN=
[MUM- OF 16 24 N 1939, ’

S

POPULATION AND AGRICULTURE

THE PARKER-CENTERVILLE AREA IS QUITE THICKLY POPULATED,
HAVING ABOUT 28 PEOPLE PER SQ. MILE, AND THE TOWNS ARE FAIRLY
NUMEROUS BUT NOT LARGE (TABLE 2). FARMING IS THE CHIEF

TaBLE 2

PorPULATION OF TOWNS

Town "PopuLATION (1950 CENSUS)
PARKER======m~=mm—mmmmm e e e ——————————————
CENTERV ILLE=mmmm e s e e e e e e
HURLEY === e st m e e et e e e e e e
CHANCELLOR === m e e e e et e e e e e
DAV | S==mm e e e

OCCUPATION WITH CORN, ALFALFA, AND SMALL GRAINS AS THE MAJOR
CROPS, SHEEP CATTLE, AND HOGS ARE ALSO :RAISED.,

"Two DISTINCT SOIL TYPES ARE RECOGNIZED IN THE AREA MAPPED.
TOWARD THE CENTER OF THE OUTWASH, THE SANDS AND GRAVELS ARE
COVERED WITH A LIGHT SANDY LOAM TO A DEPTH.OF FRoMm [0 T0. 20
INCHES, THIS SOIL HAS HIGH PERMEABILITY,:WHICH MEANS THAT WA=
TERS WHICH FALL GN |T, EITHER FROM RAIN OR IRRIGATION, W|LL
PASS THROUGH T READILY INTO THE.RESERVOIR. THIS SOIL IS
LOCALLY REFERRED TO AS THE "LIGHT-SOIL'"s AROUND THE EDGE OF

" THE OUTWASH THE COVER CONTAINS MORE_.FINE MATERIAL ,AND WOULD BE
CLASSED AS'A SILT OR LIGHT CLAY LOAMe ;. THIS SOIL .S DESI|GNATED
LOCALLY AS THE "HEAVY SOIL" AND HAS THICKNESSES OF FROM 36 TO
60 INCHES. THOUGH IT 1S NOT AS PERMEABLE AS THE SO-CALLED
LIGHT SoiL, IT STILL ALLOWS WATER TO PASS THROUGH [T WITH,..
SUFFICIENT EASE TO PREVENT WATER LOGGING. THE HEAVY SO}L HAS
BEEN THE MORE PRODUCTIVE Of THE TWO BECAUSE OF ITS ABILITY TO
RETAIN MOISTURE LONGER. HOWEVER, WITH AN AMPLE SUPPLY OF WA=
- TER, THE LIGHT SOIL COULD POSSIBLY DO. AS WELL. -



GEOLOGY

TOPOGRAPHY

THE TOPOGRAPHY OF THIS REGION REFLECTS THE TWO MAIN
GLACIAL AGENTS WHICH FORMED |T: |ICE AND MELTWATER FROM THE
ICE. THE MELTWATERS FORMED THE OUTWASH RESERVOIR AND THE [CE
FORMED THE BOULDER=CLAY WHICH SURROUNDS THE RESERVOIR,

THE QUTWASH:=~ THIS OUTWASH RESERVOIR, CALLED "THE UNDERGROUND
LAKE" BY LOCAL RESIDENTS, UNDERLIES SOME 40,000 AcrRes (66
‘SQUARE MILES) ALONG THE VtRMlLLlON VALLEY - 1N TURNER COUNTY.
THE CITY oF PARKER 1S AT THE'NORTHWESTERN END OF :THE RESERVOIR
AND THE CITY OF CENTERVILLE AT THE SOUTHERN END. HURLEY LIES
MIDWAY ON [TS SOUTHWESTERN EDGE, AND DAVIS LIES NEAR |TS CEN-
TER. THESE ARE NOT THE LIMITS OF THE OUTWASH, HOWEVER, AS

IT IS FOUND BOTH ABOVE AND BELOW THE AREA MAPPED,

BETWEEN PARKER AND DAVIS, THE OUTWASH HAS FILLED AN IR~-
REGULARLY SHAPED FLAT DEPRESS!ION SOME SEVEN MILES IN WIDTH AND
ELEVEN MILES LONG. FROM DAVIS TO CENTERVILLE, THE OUTWASH IS
GEOLOGICALLY CALLED A VALLEY TRAIN AS -IT- IS CONFINED TO THE
FAIRLY NARROW VERMILL}ION VALLEY; WHIiCH IS ABOUT A MILE WIDE IN
THIS SECTION OF ITS COURSE.

THE BLUFFS OF THE VERMILLION VALLEY RISE STEEPLY ABOVE
THE VALLEY BOTTOM UPSTREAM FROM PARKER AND DOWNSTREAM FROM
DAViIS. BETWEEN THESE CITIES THE OUTWASH WIDENS GREATLY AND
THE BLUFFS RISE SO GENTLY ABOVE THE FLAT OUTWASH SURFACE THAT
IT TAKES CAREFUL OBSERVATION -TO DETECT THE LINE OF DEMARKATION.
THIS GENTLE SLOPE ON THE SOUTH AND WESTERN S|DES RISES ABOUT
20 FEET IN'A MILE, AND THAT ON THE ‘NORTH"AND EASTERN SIDES
‘ApouT {0 FEET IN. A Mlu—:= ;

THE GRAVELS N THIS RESERVOIR WERE POURED, BY THE MELT=
WATERS OF THE GLACIER, SINTOA MORE OR LESS BAS|N=SHAPED DE-
PRESSION WHICH MAY HAVE BEEN PART OF A PRE-GLACIAL VALLEY ‘THAT
CROSSED THIS PART OF SoutH DakoTA, (Fic. 1) anp (FLINT:}955,
PLATE 7). SOME HILLS ;0R KNOBS OF BOULDER CLAY WERE PRESENT
ON THE SURFACE OF THIS /DEPRESSION BEFORE THE SANDS AND:GRAVELS
WERE |NTRODUCEDe THESE ARE NOW REFLECTEE AS |SLANDS OF ;BOULDER
CLAY' SURROUNDED: BY GRAMVEL OUTWASH. A PERUSAL OF THE GEOLOGIC
MAP' SHOWS THAT ‘S1X.OF “THESE HILLS CAME TO THE SURFACE,

: b -

FOUR SMALL JSLANDS, THE LARGEST OF WHIGH COVERS ABOUT A
QUARTER SECTION, LIE JUST NORTH OF DAVIS. A LARGER ONE, ABOUT
A HALF SECTION IN AREA, LIES IN A BEND OF THE VERMILLIJON RIVER

4



TWO' MILES SOUTHWEST OF CHANCELLOR. ANOTHER LARGE ONE COVERING
APPROX IMATELY "A SECTION EXTENDS WELL OUT INTO THE OUTWASH TWO
MILES NORTH OF HURLEY. THESE ISLANDS OF BOULDER CLAY HAVE
VERY LITTLE TOPOGRAPHIC EXPRESSION AS THEIR FLAT TOPS ARE AL-
MOST OR ENTIRELY LEVEL WITH THE TOP OF THE OUTWASH PLAIN.

LOWER UNDULATIONS DID NOT REACH THE SURFACE BUT CAUSED A
THINNING OF THE GRAVELS AND SANDS OVER THEM. THESE ARE SHOWN
AS FAR AS POSSIBLE ON THE CROSS~SECTIONS OF THE GEQLOGIC MAP
(PLATE |) ACCOMPANYING THIS REPORT.

MATERIAL SURROUNDING THE OUTWASH RcSERVOIR:~ THE RESERVOIR IS
SURROUNDED BY THE BLUFFS OF THE VERMILLION VALLEY. THESE
BLUFFS ARE MADE OF BOULDER CLAY WHICH WAS DERIVED FROM THE |[CE
OF THE GLACIER. THIS MATERIAL, GEOLOGICALLY KNOWN AS TILL,

IS A HETEROGENOUS M{XTURE OF SAND GRAINS, PEBBLES, COBBLES,
AND BOULDERS IN A MATRIX OF CLAY., 1TH!S TILL WAS FORCED BE=
NEATH THE GLACIER ICE OR PARTLY LET DOWN FROM THE UPPER PARTS
OF THE ICE AS' |T MELTED OR EVAPORATED. AS A RESULT, THE SUR~
FACE OF THE TILL 1S VERY GENTLY UNDULATING WITH A FEW KETTLES,
MARSHES AND CLOSED DEPRESSIONS AND |S TERMED GROUND MORAINE

IN THiS REGION (PLATE ).

' DRAINAGE

THE PRESENT DRAINAGE SYSTEM S DIRECTLY CONTROLLED BY THE
GLAC|ATION BUT MAY HAVE BEEN INDIRECTLY CONTROLLED BY A PRE-
GLACIAL VALLEY OF THE WHITE RIVER PREVIOUSLY REFERRED To (FiG.1).

. THE MAIN STREAM IN THE AREA |S THE VERMILLION RIVER WHiCH
FLOWS ALONG THE EASTERN SIDE OF THE OUTWASH AND CONTINUES SOUTH
IN A MEANDERING COURSE ACROSS THE VALLEY TRAIN. [T EVENTUALLY
EMPTIES INTO THE MISSOUR! RIVER NOT FAR FROM VERMILLION. THIS
RIVER ORIGINATES 60 MILES NORTH OF THE MAPPED AREA AND DRAINS
soME 8000 SQUARE MILES OF PLAINS BETWEEN THE JAMES AND BIG
Sioux Rivers (Fla. 1). THE EAST AND WEST FORKS OF THE VERMIL=
LION RIVER JOIN ON THE OUTWASH PLAIN JUST EAST OF PARKER. =
THERE ARE MANY SMALL INTERMITTENT STREAMS WHICH FLOW INTO THE
RIVER FROM BOTH SIDES, THE LARGEST BEING TURKEY RIDGE CREEK,
WHICH DRAINS THE EASTERN FLANK OF TURKEY RIDGE TO THE WEST.

A LARGE DAM ON THE VERMILLION RIVER AT CENTERVILLE AND SEVERAL
SMALLER DAMS ALONG THE COURSE OF THE RIVER HELP TO STABILIZE
THE SHALLOW GROUND WATER LEVEL.,

- STRATIGRAPHY

THE FORMATIONS EXPOSED IN THIS AREA BELONG TO THE TWO

5



GEOLOGIC SYSTEMS AT THE EXTREME ENDS OF THE GEOLOGIG TIME=~
ROCK. CHART: THE PRE~CAMBRIAN S{OUX FORMATION (AND THE QUATERNARY
WISCONSIN DRIFT AND RECENT ALLUVIAL DeEPosiTs! (TABLE 3).

“ s

TABLE 3

GEOLOGIC TIME~ROCK CHART
OF THE PARKER-CENTERV!LLE OUTWASH - T

SYSTEM SERIES STAGE SUB-~STAGE FORMAT LON
Q .. RECENT ~ ALLUVIUM
u .7 P S {

A L W
T E !
£ l S OUTWASH
R S C CARY VALLEY
N T 0 TRAIN
A 0 N TiLL
R C S
Y E l
' N N
E

UNCONFORMITY

a9 1oUX

v 3T QUARTZITE
o T '
N o T
p ’ e : oL

awrr E) A

I

Zr—22m==>09) MXAT

i

PRE-CAMBR |-AN DEPOSITS !
D A : S|
S1oux FORMATION:~ THE SICUX QUARTZITE FORMATION IS A SEDIMENTARY
ROCK CONSISTING OF WELL~SORTED, ROUNDED,:®JNK ,GRAINS OF QUARTZ
SAND WELL CEMENTED BY SILICA« LI e Ol

I THERE MAY BE CHALK FROM THE CRETACEOUS NIOBRARA FORMAT|ON NEAR
THE SURFACE [N THE SOUT HWESTERM PORT[ON OF THE AREA MAPPED,
THE ONLY EVIDENCE OF THI!S, HOWEVER, WAS FROM FARMERS WELL
LOGS (APPEND!X)-. VG T :
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THE ONLY OUTCROP OF THE SJOUX FORMATION 1S IN THE SEZ,
Sec. 14, TO99N., R53W., AND COVERS AN AREA OF A FEW SQUARE
YARDS. THE OUTCROP HAS SEVERAL GLACIAL STRIATIONS ON [TS
SURFACE WHICH INDICATE THAT THE MOVEMENT OF THE ICE WAS I[N A
SOUTHWESTERLY OR A NORTHEASTERLY DIRECTION.

PLEISTOCENE DEPOSITS

DURING THE WISCONSIN GLAC|AL STAGE, EASTERN SOUTH DAKOTA
WAS COMPLETELY COVERED BY ICE DURING THE |OWAN AND CARY SUBSTAGES
AND PART|ALLY COVERED DURING THE TAZEWELL AND MANKATO SUBSTAGES.
IN THE PARKER-CENTERVILLE AREA, ONLY THE CARY SUBSTAGE OF
GLACIATION WAS RECOGN|ZED; HOWEVER, THE MANKATO SUBSTAGE MAY
ALSO BE PRESENT.

CaRY TirL:- THE CARY TILL (BOULDER CLAY) COVERS THE AREA ON
BOTH THE EAST AND WEST SIDES OF THE OUTWASH RESERVOIR. ITS
SURFACE IS SLIGHTLY ROUGHER ON THE WEST SIDE THAN ON THE EAST,
[

THE TILL IS NOWHERE "“EXPOSED IN MORE THAN A TEN FOOT CUT
SO NO ACCURATE SURFACE MEASUREMENT OF TS THICKNESS COULD BE
MADE. HOWEVER, FROM DRILL HOLE INFORMATION, [T CAN BE ESTI-
MATED AT BEING BETWEEN 30 AND 40 FEET THICK.

_ THE TILL IS COMPOSED OF SEDIMENTS RANGING IN SIZE FROM
BOULDERS TO CLAY, WITH THE LARGEST PERCENTAGE BEING SILT AND
CcLAY (TABLE 8). THESE SEDIMENTS CONSIST OF IGNEOUS AND META-
MORPHIC ROCKS WITH PALEOZOIC LIMESTONES AND DOLOMITES (SIMILAR
TO THOSE OUTCROPPING IN CANADA) AND A LARGE PERCENTAGE OF N|o-
BRARA CHALK (DERIVED LOCALLY). - ‘

THIS TILL ALSO UNDERLIES THE SAND AND GRAVEL OF THE RES=-
ERVOIR AND APPEARS AS '"BLUE CLAY'" IN WELLS THAT ARE DRILLED
THROUGH THE GRAVELS,

MANKATO TILL:-~ IN HIS RECONNAISSANCE, FLINT (1955) MAPPED THE
DEPOSiTS IN THE NORTHWEST CORNER OF THIS AREA AS MANKATO SuB~-
STAGE OF GLACIATION AND THE REMAINDER AS CARY SUBSTAGE; HOWEVER,
NO EVIDENCE OF THE MANKATO AGE COULD BE FOUND., THERE |S NO
APPARENT TOPOGRAPHIC BREAK BETWEEN THE TWO AREAS, NOR DID THE
LABORATORY ANALYS!S OF THE TILLS SUGGEST ANY MEANS OF DIFFER-
ENTIATING THEM., N ADDITION TO THIS EVIDENCE, ZUMBERGE AND
Wri1eHT (1956, P75-78) HAVE SHOWN BY RAD!OCARBON DATING THAT
THE TILL AT THE MANKATO TYPE LOCALITY IN MINNESOTA IS ACTUALLY.
CARY IN AGE. CONSEQUENTLY, THE ENTIRE PARKER-CENTERVILLE AREA
WAS MAPPED AS CARY TILL. ‘
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CARY QUTWASH AND VALLEY TRAIN:= THE SEDIMENTS OF THE OUTWASH
AND VALLEY TRAIN UNDERLIES AN AREA OF ABOUT 66 SQUARE MILES
AND HAVE AN AVERAGE THICKNESS OF 45 FEET, AS DETERMINED BY
TEST HOLES AND RESISTIVITY SOUNDINGS (APPENDIX). THE DEEPEST
PORTION IS OVER 90 FEET THICcK (SeEC. 4, T98N., R53W.) AND THE
THINNEST PARTS ARE AROUND THE EDGES. JTHERE 1S AN ESTIMATED
3,210,662,400 cuBiC YARDS OF SAND AND GRAVEL IN THE OUTWASH
AND VALLEY TRAIN COMBINED.

THE ORIGIN OF THESE OUTWASH SEDIMENTS |S NOT OBVIOUS AS
THERE ARE NO PROMINENT END MORAINES IN THE AREA FROM WHICH
THEY COULD HAVE BEEN DERI[VED, IT IS POSSIBLE THAT THE END
MORAINES MAY HAVE BEEN DESTROYED BY A LARGE VOLUME OF MELT-
WATER, THIS WOULD HELP TO EXPLAIN THE UNUSUALLY GREAT VOLUME
OF SEDIMENTS IN THIS OUTWASH AS COMPARED TO OTHER OUTWASHES
IN THE AREA, o o

: PROBABLY THE SANDS AND GRAVELS WERE WASHED INTO THE BASIN
DIRECTLY FROM A RECESS|ONAL ICE FRONT WH{CH LAY ALONG THE NORTH-
WESTERN MARGINS OF THE PRESENT OUTWASH BODY. [HIS PROBABILITY
IS SUPPORTED BY THE GREATER“THICKNESS OF THE OUTWASH SEDIMENTS
ALONG THIS NORTHWESTERN PORTION OF THE OUTWASH; AND ALSO BY
THE PRESENCE OF TI|LL OVERLYING THE GRAVELS IN SECTIONS 4, 5,
9, AND 10, T98N., R532W. THE POSITION OF THE TILL IS PROBABLY
DUE TO SLUMP|NG WHICH OCCURRED AT THE MARGIN OF THE [CE FRONT,
CREATED BY UNDERCUTTING OF THE TILLS BY MELTWATER. ANOTHER
FACTOR LENDING SUPPORT TO THIS EXPLANATION IS THE PRESENCE OF
~ MANY OUTWASH PITS IN THIS NORTHWESTERN AREA. THESE PITS ARE

- THE RESULT OF LARGE BLOCKS OF |CE BREAKING OFF FROM THE MAIN
ICE FRONT AND MELTING AFTER THE OUTWASH SEDIMENTS WERE DE-
POSITED AROUND THEM,

THE SEDIMENTS OF THE VALLEY TRAIN WERE DERIVED FROM THE
SAME SOURCE AS THE SEDIMENTS FOR THE MAIN OUTWASH RESERVOIR AS
FAR SOUTH AS CENTERVILLE. AS CAN BE SEEN ON PLATE | THE VAL-
LEY TRAIN WIDENS SOUTH OF CENTERVILLE AND THERE |S EVIDENCE
IN THE LABORATORY ANALYSIS OF THE SEDIMENTS TO INDICATE THAT
THE SANDS AND GRAVELS WHICH FILL THE VALLEY FROM THE WIDENED
PORTION SOUTH HAD A SEPARATE SOURCE FROM THE SANDS AND GRAVELS
OF THE OUTWASH RESERVOIR. HOWEVER, THERE ARE NO END MORAINES
NEAR THIS WIDENED PORTION OF THE VALLEY TRAIN FROM WHICH THESE
SEDIMENTS COULD HAVE BEEN DERIVED JUST AS THERE ARE NO END
MORAINES NEAR THE MAIN OUTWASH BODY.

L ABORATORY ANALYS1S OF THE TILL AND QUTWASH:~ SEVERAL SAMPLES
OF THE TILL AND OF THE OUTWASH SEDIMENTS WERE COLLECTED AT
AVAILABLE EXPOSURES AND LABORATORY TESTS SUCH AS S1ZIN%, SORTING
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AND COMPOS |TION WERE MADE. THE LABORATORY TESTS WERE MADE TO
DETERMINE THE ENVIRONMENT OF THE SEDIMENTS AS THIS ENVIRONMENT
DIRECTLY AFFECTS THE OCCURRENCE AND MOVEMENT OF WATER CONTAINED
IN THESE SED|{MENTS. |T SHOULD BE KEPT IN MIND THAT THESE
SAMPLES WERE COLLECTED AT AVAI[LABLE EXPOSURES ONLY AND THERE-
FORE DO NOT SHOW THE CONDITJONS OF THE DEEPER PORTIONS OF THE
TILL AND OUTWASH,.

THE COMPOSITION OF THE OUTWASH SANDS AND GRAVELS WERE
DETERMINED BY PEBBLE COUNTS AND WERE FOUND TO CONS[ST MAINLY
OF LIMESTONE, DOLOMITE AND GRANITE WITH. LESSER AMOUNTS OF
SANDSTONE, SHALE, CHERT AND GREENSTONE, THE COMPOSITION OF
THESE SANDS AND GRAVELS IS VERY SIMILAR TO THAT OF THE CARY
TiLLs (TABLE 4) AS IS ONLY NATURAL BEING THAT BOTH WERE DE-
RIVED FROM THE SAME GLACIER. THERE ARE TWO NOTABLE EXCEPT]ONS,
HOWEVER, AS ALMOST NO CHALK 1S PRESENT IN THE QUTWASH SEDIMENTS
WHILE THE TILLS CONTAIN UP TO 77% CHALK (TABLE 4). THIS IS
PROBABLY DUE TO THE ABRASIVE ACT|ON OF THE MELTWATERS ON THE
OUTWASH SEDIMENTS. THE OTHER EXCEPTION IS THAT MANY Sloux
QUARTZITE BOULDERS ARE SCATTERED OVER THE SURFACE OF THE TILL,
WHEREAS NO S10UX QUARTZITE PEBBLES WERE FOUND [N EITHER THE
TILL OR OUTWASH SEDIMENTS. THIS 1S PROBABLY DUE TO THE SHORT
DISTANCE OF TRANSPORT FROM THE SjoUX RIDGE NORTH OF PARKER TO
THE AREA OF DEPOSiT, WHICH DOES NOT ALLOW TIME FOR THE ‘ABRASIVE
ACTION OF THE iCE TO BREAK THE BOULDERS INTO SMALLER PARTICLES,

THE TEXTURAL PROPERTIES OF THE OUTWASH AND TILL SEDIMENTS
WERE DETERMINED BY MECHANICAL ANALYSIS, USING THE WENTWORTH'S
SIZE SCALE. THE RESULTS OF THE MECHANICAL ANALYSIS APPEAR AS

WENTWORTH'S S|ZE CLASSIF [CATION

GRADE LIMITS :
DIAMETER, MILL iMETERS NAME _OF PARTICLES
ABOVE 256 BOULDER
256 10 64 (COBBLE
64 10 4 y PEBBLE
-4 70 2 N GRANULE
2 10 | VERY COARSE SAND ... ..
| 10 1/2 COARSE SAND \ -
/2 10 1/4 MEDIUM SAND
/4 10 1/8 FINE SAND
1/8 1o 1/16 VERY F{NE SAND
1/16_10 1/256 SILT
{BELOW | /256 CLAY




HISTOGRAMS [N FIGURES 2 AND 3. A HISTOGRAM IS A BLOCK DIA=
GRAM WHICH SHOWS THE: PERCENTAGE OF GRAIN WEI[GHT IN EACH OF THE
GRADE S1ZES; AND FROM THE HISTOGRAM DATA, THE CUMULATIVE CURVE
(F1éss 4 & 5) 1s MADE BY ADDING THE WEIGHT PERCENTAGES OF SUC-
CESSIVE GRADES AND THEN DRAWING A SMOOTH CURVE.THROUGH THE
POINTSs BY MEANS OF THE CUMULATIVE CURVE,. THE 25TH AND 75TH
QUARTILES AND THE 50TH PERCENT!LE ARE FOUND. THE 50TH PERCENT-
ILE ARE FOUND. THE 50TH PERCENTILE [S FOUND BY FOLLOWING

THE 50 PERCENT LINE ON THE GRAPH TO THE RIGHT UNTIL |T INTER~
CEPTS THE CUMULATIVE CURVE AND THEN READING THE VALUE ON THE
PHI SCALE AT THE BASE, 1HIS: READING IS THEN CONVERTED TO
MILLIMETERS BY MEANS OF A CONVERSION SCALE. THE 50TH PER~
CENTILE VALUE !S THE MEDIAN DIAMETER, WHICH |S THE AVERAGE
GRAIN DIAMETER OF THE SEDIMENTS, THE 25TH AND 75TH QUARTILES
ARE FOUND IN THE SAME MANNER EXCEPT THAT THE 25 AND 75 PER=~
CENT LINES ARE USED, FROM TH!S INFORMATION THE SORTING COEF-
FICIENT (S5C), WHICH |S DEFINED AS THE SQUARE ROOT OF THE-RATIG
OF THE FIRST QUARTILE TO THE THIRD QUARTILE (So =VQ,Q@3), can
BE CALCULATED.

THE SORTING COEFF!CIENT HAS A DIRECT RELATIONSHIP TO THE
PERMEABILITY OF THE SEDIMENT. |N GENERAL, THE BETTER THE
SORTING, THE BETTER THE PERMEABILITY; AND CONVERSELY, THE
POORER THE SEDIMENT 1S SORTED THE POORER ALSO S |TS PERME~
ABILITY. WELL SORTED SEDIMENTS HAVE SORTING COEFF|C{ENTS LESS
THAN 2.5¢{ MODERATELY SORTED SEDIMENTS RANGE FROM 2.5 To 4.0:
AND POORLY SORTED SEDIMENTS RANGE ABOVE 4.0.

THE SAMPLES OF SAND AND GRAVEL SHOW SORTING COEFFICIENTS
BETWEEN 2.3 AND 3.5 (TABLE 5), THUS BEING MODERATELY TO WELL
SORTED AND HAVING A GENERALLY HIGH DEGREE OF PERMEABILITY;

ON THE OTHER HAND, THE SAMPLES OF TILL SHOW SORTING COEF=
FICIENTS BETWEEN 6.3 AND 16.1 (TABLE 5), THUS BEING POORLY
SORTED AND HAVING A LOW DEGREE OF PERMEABILITY.

THE MEDIAN DIAMETER OF THE SEDIMENTS IS DIRECTLY RELATED
TO THE STRENGTH OF THE CURRENT TRANSPORTING THE SEDIMENTS AND
THE DISTANGCE THAT THE SEDIMENTS HAVE TRAVELED FROM THE SOURCE,
IN GENERAL, THE LARGER THE MEDIAN DIAMETER OF THE SEDIMENT
THE CLOSER IT 1S TO ITS SOURCE AND THE STRONGER THE CURRENT
OF THE TRANSPORTING AGENT. o ‘

IN THE GRAVEL SAMPLES STUDIED, THE MEDIAN DIAMETER OF THE
SAMPLES TAKEN NEAR THE SOURCE OF THE OUTWASH IS SLIGHTLY OVER
4 MILLIMETERS WHEREAS A SAMPLE TAKEN NEAR THE TOWN OF DAVIS
(ABOUT EIGHT MILES FROM THE SOURCE), HAS A MEDIAN DIAMETER ‘OF
| MILLIMETERs A SAMPLE WHICH WAS COLLECTED SOUTH OF CTNTERV]|LLE
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(Sec. 25, T95N., R53W.) HAS A MEDIAN DIAMETER OF 3.5, THIS
LENDS SUPPORT TO THE THEORY THAT THE GRAVELS BELOW CENTERVILLE
HAD A SEPARATE SOURCE THAN THE ONE FOR THE MAIN OUTWASH BODY.

THE PEBBLES OF THE OUTWASH AND VALLEY TRAIN ARE, IN GEN=-
ERAL, ANGULAR TO SUB=-ROUND IN THE NORTHWEST PART OF THE AREA
AND GRADUALLY BECOME MORE ROUNDED AS THEY ARE TRACED [N A
SOUTHEASTERLY DIRECTION ALONG THE OUTWASH BODY AND DOWN THE
VALLEY TRAIN AWAY FROM THE SOURCE. HOWEVER THE PEBBLES 'AND
BOULDERS IN THE WIDENED PORTION OF THE VALLEY TRAIN SOUTH OF
CenTervILLE (PLATE |) BECOME MORE ANGULAR; THIS CORRELATES WITH
THE ANOMALOUS MEDIAN DIAMETER AND SORTING THERE, THUS REFLECT-
ING A SEPARATE SOURCE FOR THE SEDIMENTS SOUTH OF THIS REGION.

RECENT SEDIMENTS

ALtuviuMs= THE ALLUV{UM, WHICH WAS DEPOSITED BY STREAMS, 1S
CONFINED TO THE SMALL FLOOD PLAINS ALONG THE MAIN STREAM AND
ITS TRIBUTARIES, [T CONSISTS OF SILT AND CLAY SIZE PARTICLES
WITH SOME GRAINS AND LENSES OF SAND, THE ALLUVIUM IS CHAR-
ACTERIZED BY FAINT CROSS-BEDDING AND SLIGHT LAMIMAR STRUCTURE,
THUS SHOWING. THAT "1T: HAS BEEN DEPOS|TED CHIEFLY BY WATER.

HYDROLOGY

SHALLOW GROUND WATER

THE SHALLOW GROUND WATER !N THIS AREA IS CONTAINED IN THE
GLACIAL SEDIMENTS, WITH THE LARGEST PERCENTAGE OF AVA[LABLE
WATER COMING FROM THE SAND AND. GRAVEL PORTION. THE SAND AND
GRAVEL DEPOSITS OF THE OUTWASH AND VALLEY TRAIN ARE CONS|DERED
A GOOD STORAGE ENVIRONMENT FOR THE SHALLOW WATER AS IT WAS
ESTABLISHED IN THE LABORATORY ANALYSIS THAT THEY ARE VERY PER=
MEABLE, - WATER CAN MOVE THROUGH THE SAND AND GRAVEL WITHOUT
MUCH DIFFICULTY, HENCE THEY FURNISH THE MAIN WATER SUPPLY TO
SHALLOW WELLS. THE SAND LENSES WHICH OCCUR IN THE GLACIAL
TILL ALSO PROVIDE SMALL RESERVOIRS FOR THE STORAGE OF SHALLOW
WATER. . HOWEVER, DUE TO THE HIGH PERCENTAGE OF SILT AND CLAY
CONTAINED IN THE SURROUNDING TILLS, (TABLE 8) THE WATER PER=-
COLATES VERY SLOWLY THROUGH THEM; THUS THEY FURNISH ONLY SMALL
LOCAL SUPPLIES OF WATER.

THE SOURCE OF SHALLOW GROUND WATER [N THIS REGION IS FROM
PRECIP|ITATION IN THE FORM OF RAIN AND SNOW. PART CF THIS PRE-
CJPITATION [S LOST THROUGH SURFACE RUNOFF, EVAPORAT|ON, AND
TRANSP1RATION; HOWEVER, THE REMAINDER PERCOLATES DOWNWARD THROUGH
THE TOPSOIL AND RECHARGES THE SHALLOW GROUND WATER SUPPLY,
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- The' WATER TABLE AND MoVveEMENT of SHALLow GROUND WATER

"THE WATER TABLE |S DEFINED AS THE UPPER SURFACE OF THE
ZONE OF SATURATION, EXCEPT WHERE THAT SURFACE |S FORMED BY AN
IMPERMEABLE BoDY (MeINZER 1923, P 30). TH!S WATER TABLE IN
THE SAND AND GRAVEL RESERVGIR UNDER DISCUSSION IS AT AN AVER-
AGE DEPTH OF ABOUT |0 FEET OVERALL. THERE ARE A FEW DEPRES~

'SIONS IN THE RESERVOIR WHERE THE SURFACE OF THE WATER TABLE
"CAN BE SEEN SUCH AS AT MUD LAKE NEAR HURLEY, AND IN THE WATER
IN THE BOTTOM OF GRAVEL PITS SUCH AS THE ONE ON THE O'KeFfe
FARM IN Sec. 3, TI8N., R53W, ‘

THE WATER TABLE 1S NOT A LEVEL SURFACE SUCH AS ON A LAKE
BUT RATHER A SLOPING SURFACE WHICH CONFORMS GENERALLY TO THE
TOPOGRAPHY. MOREOVER, THE WATER TABLE DOES NOT STAY AT A
FIXED ELEVATION BUT IS HiGHER [N MOIST SEASQNS THAN IN DRY
AND EVEN FLUCTUATES FROM, MONTH TO MONTH. .. (SEE.FIGURES 6 & 7
AND TABLE 9). ST 3

WATER IN AN UNDERGROUND kzngvotR PERCOLATES FROM THE

HIGHER PARTS OF THE WATER TABLE TO THE LOWER PARTS AND THE
RATE AT WHICH THIS PERCOLATION TAKES PLACE DEPENDS ON THE
PERMEABILITY OF THE MATERIALS THROUGH WHICH THC WATER iS
PASSING. |IT IS FOR TH!S REASON THAT IT IS POSSIBLE TO PUMP
LARGE QUANTITIES OF WATER FROMPTHE VERY ‘PERMEABLE SANDS AND
“GRAVELS SUCH AS OCCUR !N THE OUTWASH WHILE ONLY SMALL AMOUNTS
CAN BE OBTAINED FROM WELLS WHICH OCCUR IN THE:SURROUND]NG
jB?yLDER CLAY ST
Y : VO
RE&ﬂABﬁE
RECHARGE 1S THE ADDITION OF WATER TO THE UNDERGROUND _
RESERVOIR AND IN THIS AREA THERE ARE THREE MAIN SOURCES:
RAINFALL, RUNOFF FROM THE SURROUNDING HILLS, AND STREAMS
ENTERING THE AREA. THERE |S ALSO A MINOR AMOUNT OF RECHARGE
FROM PONDS AND SWAMPS AND BY SUBSURFAGE UNDERF LOW e R
v

THE RECHARGE BY RA!NrALL DEPENDS UPON THE ANNUAL PRECIP |-
TATION WHICH HAS AVERAGED ABOUT'24 INCHES A- YEAR IN THE PAST
20 vEARS. (TABLE |). ONE INCH OF RAINFALL ON ONE SQUARE MILE
OF LAND SURFACE IS EQUIVALENT To 2,323,000 cuBIC FEET OF WA-
Ter (Fox 1949, P 11) OR MORE THAN 17 MILL ION (U.S.) GALLONS
OF WATER. THIS MULTLPLIED BY THE ANNUAL PRECIPITATION OF, 24
INCHES AMOUNTS TO ABOUT 408 MILLION GALLONS- OF WATER PE? ‘SQUARE
MILE, OR MORE THAN 26 BILLION GALLONS FOR “THE WHOLE RESERVO |R .
MOST OF THIS WATER 1S ABSORBED BY THE RESERVOIR SINCE THE SUR~-
FACE |S VERY FLAT AND THE SOILS ARE SANDY OR LOAMY. THUS, IN
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SPITE OF THE TRANSP|RATION OF A PORTION OF THIS WATER INTO THE
AIR- BY PLANTS GROWING ON THE RESERVOIR, AN ACCUMULATION OF
FROM A FOOT AND ONE HALF TO TWO FEET OF WATER PER YEAR COMES
DIRECTLY FROM RAINFALL,

THE SECOND MAIN SOURCE OF RECHARGE FOR THE RESERVOIR COMES
FROM RUNOFF ON THE SURROUNDING SLOPES. THESE SLOPES ARE UNDER-~
LAIN BY TILL AND /IN-TIMES’OF HEAVY RAIN, A LARGE PROPORTION
OF THE WATER FALLING GN THEM RUNS OVER THE SURFACE AND [NTO
THE RESERVOIR., |7 1S HARD TO ESTIMATE JUST HOW MUCH OF THIS
WATER REACHES THE RESERVO!Rj; HOWEVER, ASSUMING THAT THE RUNOFF
AMOUNTED TO ONLY ONE-TENTH OF THE PRECIPITATION WHICH FELL ON
THESE SLOPES, THIS WOULD PROVIDE A SOURCE OF RECHARGE OF 816
MILLION GALLONS OF WATER PER YEAR.

THE THIRD MAIN SOURCE OF RECHARGE COMES FROM THE STREAMS
FLOWING ONTO THE OUTWASH PLAIN. THE VERMILLION RIVER, BEING
THE LARGEST STREAM, PROVIDES MOST OF THE RECHARGE OBTAINED
IN THIS MANNER AND |S PERHAPS THE RESERVOIR'S GREATEST SOURCE"
OF WATER IN DRY TIMES« THIS RIVER CARRIES THE RUNOFF FROM AN
AREA OF ABoUT 8000 SQUARE MILES NORTH OF THE OUTWASH AND PART
OF THE RAINFALL FALLING [N TH!S REGION EVENTUALLY REACHES THE
RESERVO|R, THE RIVER LEYEL IN THE NORTHERN PART OF THE OUT=-
WASH IS FROM 3 TO 5 FEET ABOVE THE WATER LEVEL [N THE RESER~
VOIR SO IT 1S SAFE TO ASSUME THAT PART OF THIS WATER PERCO="
LATES DOWNWARD, HOWEVER, HERE AGAIN IT 1S HARD TO SAY JUST HOW
MUCH WATER S OBTAINED {N THIS MANNER AS THERE HAS BEEN NO-
GAUGING OF 'THIS STREAM ABOVE THE OUTWASH. A GAUGE STATION,
SEVEN MILES SOUTH oF CENTERVILLE, SHOWED THAT AN AVERAGE OF
{02 MILLI'ON:GALLONS OF WATER FLOW THROUGH THE VERMILLION RIVER
pAiLY. (WeLLs, 1952, P 488).

THERE WOULD ALSO BE A MINOR SOURCE OF RECHARGE FROM PONDS
AND SWAMPS [N THE AREA BUT SINCE THE[R WATER SUPPLY |S DEPEND-
ENT ON THE PRECIPITATION OF THE I[MMEDIATE AREA; [T HAS BEEN
INCLUDED [N THE RAINFALL RECHARGE FIGURE OF 26 BILLION GALLONS
GIVEN ABOVE. - ‘

SUBSURFACE UNDERFLOW WOULD PROVIDE STiLL ANOTHER MINOR
SOURCE OF RECHARGE; BUT BEING THAT THE SURROUNDING SUBSURFACE
SED|MENTS ARE COMPOSED OF GLACIAL TILLS, WHICH:HAVE A LOW
PERMEABILITY, WATER PERCOLATING THROUGH THEM: INTO THE RESER=-
VOIR COULD PROVIDE ONLY A COMPARATIVELY SMALL' AMOUNT OF RE-
CHARGE,

OBSERVATION OF WELLS [N THE OUTWASH (FIGURE 7) AND IN THE
SURROUNDING TILLS (FIGURE 6) SHOW THAT THE WATER TABLE HAS
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FLUCTUATED MARKEDLY WITH THE SEASONS IN THE PAST 20 YEARS,
BEING HIGHEST IN SPRING AND LOWEST IN EARLY WINTER. [TS EX=
ACT POSITION IS DETERMINED BY THE AMOUNT OF PRECIPITATION
WHICH FELL DURING THE PART OF THE YEAR IN WHICH THE READINGS
WERE MADE. SPRING RAINS AND MELTING SNOW RAISE THE WATER
TABLE, WHILE LACK OF RAIN AND FREEZING OF THE SOIL IN THE FALL
AND WINTER ‘LOWER .1T. AN ORDINARY YEAR SEES A SEASONAL FLUC-
TUATION OF ABOUT 4 FEET IN THE BOULDER CLAY AND ABOUT 3 FEET
IN THE RESERVOIR ACCORDING TO THE 20 ‘YEAR RECORD ON THE ARSER-
VATION WELLS (FIGURES 6 & 7). IT IS NOTEWORTHY.THAT THE LEVELS
OF THE RESERVOIR DO NOT FLUCTUATE AS MUCH AS THOSE ON THE SUR~-
ROUNDING UPLANDS, THIS 1S DUZ LARGELY TO THE RECHARGE FROM
THE VERMILLION ‘RIVER MENTIONED ABOVE.

DISCHARGE

DISCHARGE 1S THE LOSS OF WATER FROM THE RESERVOIR AND
IS ACCOMPLISHED BY NATURAL DISCHARGE AT THE SURFACE OR BY
PUMPING FROM WELLS. EVEN WITHOUT PUMPING THERE |S CONSIDERABLE
WATER LOSS FROM THE RESERVOIR DUE TO NATURAL DISCHARGES SUCH
AS SEEPAGE, EVAPORATION,; AND TRANSP|RATION THROUGH PLANTS.

A STUDY OF THE ACCOMPANYING MAP (PLATE [[) WILL SHOW THAT
THE WATER TABLE SLOPES SOUTHEAST, THAT IS DOWNSTREAM, OVER THE
ENTJRE RESERVOIRs 1HIS MEANS THAT THE WATER |S PERCOLATING
DOWN THIS SLOPE AND SEEP!NG INTO THE VERMILLION RIVER WHICH IS
LOWER AT THE SOUTH END OF THE OUTWASH THAN AT THE NORTH END.
THE SLOPE OF THIS WATER SURFACE S LOW, AMOUNTING TO ABOUT FIVE
FEET PER MILE OR A GRADE OF ONE FOOT 'IN EVERY |056 FEET. THIS
IS ABOUT FIVE TIMES THE SLOPE OF THE MiISSOUR! RIVER AND WOULD
MAKE AN OPEN STREAM FLOW QUITE RAP!DLY. HOWEVER, [N GRAVEL IT
CAUSES ONLY A SLOW PERCOLATION, BECAUSE OF THE FRICTION DE~-
VELOPED [N FLOWING THROUGH THE SMALL OPENINGS BETWEEN THE SAND
AND GRAVEL GRAINSe

WATER MAY ALSO BE LOST THROUGH NATURAL DISCHARGE FROM THE
RESERVO{R AT THE SURFACE BY EVAPORATION INTO THE ATMOSPHERE
AND TRANSPJRATION THROUGH PLANTS, THE AMOUNT OF WATER LOST BY
EVAPORATION IS DEPENDENT ON THE VAPOR PRESSURE OF THE WATER
SURFACE, VAPOR PRESSURE OF THE A{R,! WIND MOVEMENT, AND SALINITY
(BLAIR 1948, P 48). THE AMOUNT OFfWATER LOST BY TRANSP{RATION
THROUGH PLANTS IS DEPENDENT ON ATMOSPHERTG HUMIDITY, AIR MOVE-
MENT, AIR TEMPERATURE, INTENSITY' OF LIGHT AND SOIL CONDIT|ONS,
(RosBINs AND WEIER, 1950, P 172-173). BECAUSE SO MANY VARIABLE
FACTORS CONTROL THE AMOUNT OF WATER LOST BY EVAPORATION AND
TRANSPIRATION, IT IS DIFFICULT TO ESTIMATE EXACTLY HOW MUCH IS
LOST 'IN THIS MANNER.

|4



— THE MAIN DISCHARGE OF THIS RESERVOIR |S ACCOMPLISHED BY
PUMP NG FROM DOMESTIC, CIiTY AND IRR|GATION WELLS.

THE IRRIGAT{ON WELLS PROBABLY USE THE LARGEST AMOUNT OF
WATER; HOWEVER AN ACCURATE FIGURE OF THE AMOUNT OF WATER THEY
USE 1S NOT AVAILABLE, AS NONE OF THE WELLS HAVE GAUGES. THEY
PUMP 300 To (500 GALLONS OF WATER PER MINUTE WHEN OPERATING
BUT NOT ALL OF THIS WATER [S LOST AS SOME OF |T RETURNS TO THE
RESERVO IR BY SEEPAGE AND CAN BE RECIRCULATED.,

HURLEY IS THE ONLY CITY [N THE AREA WHICH DRAWS |TS WATER
SUPPLY 'FROM THE OUTWASH AND A RECORD FROM .NOVEMBER--1955 TO
NovemBER [956 sHOWS THAT IT usSep 22,323,400 GALLONS OF WATER
(TasLE 9). . |

DOMESTIC WELLS ACCOUNT FOR THZ REMAINDER OF THE WATER
WHICH IS DISCHARGED FROM THE RESERYOIR THROUGH WELLS. MOST OF
THE RESIDENTS WHO LIVE CN THE OUTWASH PLAIN DRAW THE[R DOMESTIC
SUPPLIES FROM THE GUTWASH RESZRVOIR, THE TOTAL VOLUME OF WATER
USED BY THEM HCWEVER, |S PROBABLY LESS THAN THAT USED BY THE .,
cITY OoF HURLEY ABOVE.

THE RESIDENTS WHO L!VE ON THE TILL SURROUNDING THE OUTWASH
DRAW THEIR WATER SUPPLIES FROM THE TILL OR FROM THE FRACTURED
SURFACE OF THE SI10UX QUARTZITE. OSOME OF THE WELLS IN THE SOUTH-
.-WESTERN PORTION OF THE ARfA MAPPED MAY DRAW WATER FROM THE Nio-
BRARA CHALK. 1HIS POSS!BILITY WAS.NOT INVESTIGATED FURTHER DUR=-
ING THE PRESENT STUDY, A3 THE WATER OBTA!NED FROM THE CHALK,

AS, WELL AS THE WATER OBTAINED FROM THE TILL AND QUARTZITE, IS
ENT!RELY SEPARATE FROM THEZ OUTWASH AND DOES NOT AFFECT THE DIS-
CHARGE OF THE OUTWASH RESCRVOIRe

FsTIMATES oF WATER STORAGE OF THE RESERVOIR

T HAS BEEN PREVIOUSLY ESTIMATZD THAT THERE ARE SOME.
3,210,662,400 ¢uBIC YARDS OF GRAVEL. IN THE RESERVOIR. THE
AMOUNT OF WATER STORYD IN THE RESERVOIR |S DEPENDENT UPON THE
POROSITY OF TH!S SAND AND GRAVEL. HE POROS|TY OF SED|MENTS
OF THIS TYPE USUALLY RANGES FROM 25% TO 45%. THEREFORE, BY.
TAKING THE TOTAL AMOUNT OF SAND AND GRAVEL IN THE RESERVOIR;}
SUBTRACTING THE TOP TEN FIET, WHICH |S THE AVERAGE DEPTH TO
WATER, AND USING A CONSERVATIVE POROSITY OF 30%, THE AMOUNT OF
WATER STORED I[N THE SATURATED PORT{ON OF THE RESERVOIR IS
ESTIMATED AT 144,897,984.000 caLLONS, THIS 15 APPROXIMATELY
19,319,731,000 cUBiC FEET OR 433,570 ACRZ FEET OF WATER, WHIGCH
IS ABOUT |2 AND ONE-HALF TIMES AS MUCH WATER AS |S STORED IN
THE BASIN OF LAKE KAMPESKA NEAR WATERTOWN WHEN THE LAKE IS FULL,
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|T SHOULD BE KEPT IN MIND THAT THE STORAGE CAPACITY OF
THE RESERVOJR CANNOT BE FIGURED EXACTLY DUE TO THE NON=UN]-=
FORMITY OF THE TEXTURAL PROPERTIES OF THE OUTWASH SEDI|MENTS.,
THEREFORE, THE F|IGURES GIVEN ABOVE ARE CONSERVATIVE ESTIMATES,

QUALITY OF THE WATER

FIVE SAMPLES OF WATER WERE COLLECTED BY THE F|ELD PARTY
AND ANALYZED BY THE STATE CHEMICAL LABORATORY. FOUR OF THE
SAMPLES WERE COLLECTED FROM [RRIGATION WELLS ON THE OUTWASH
AND THE FIFTH WAS COLLECTED FROM A DOMESTIC WELL LOCATED ON
THE TILL. THESE ANALYSIS APPEAR IN TABLE 6, THE FIVE SAMPLES
WERE ALSO CLASSIFIED BY THE STATE CHEMICAL LABORATORY ACCORD=-
ING TO THEIR SUITIBILITY FOR IRRIGATION AS FoLLows: CLASS | -

EXCELLENT To Goop, CLASs |l - Goop To iNJURIous, CLASS [1] -
INJURIOUS TO UNSATISFACTORY., SAMPLES | AND 2 ARE PLACED IN
CLass 1; samPLES 3 AND 4 IN CLAss || AND sAMPLE 5 [N CLAass |11.

SAMPLES 3 AND 4 ARE QUITE HIGH IN SULFATE CONTENT WHICH PLACES
THEM IN GLASS |{l. THESE HIGH SULFATE CONCENTRATIONS WOULD BE
PART I ALLY COUNTERACTED BY THE HIGH CALCIUM CONTENT THUS MAKING
THEM SATISFACTORY FOR IRRIGATION PURPOSES. THE FIFTH SAMPLE
CONTAINED SUCH A HIGH AMOUNT OF SULFATE THAT [T WAS PLACED I[N
CLAss | ll, HOWEVER IT IS NOT USED FOR IRRIGATION,

THE ONLY CTHER POINT OF INTEREST IN THE WATER ANALYSIS
WAS THE EXTREME HARDNESS (CACO3 CONTENT) OF ALL THE SAMPLES.
ANY WATER THAT CONTAINS MORE THAN [30 PARTS PER MILLION OF
CALCIUM CARBONATE (CACO3) s HARD WATER (BEnNNISON 1947, P 436). -
THE 5 sAMPLES CONTAINED 316-1011 PARTS PER MILLION OF CACO3,
MAK ING THEM VERY HARD; THIS DOES NOT AFFECT THEIR USE FOR
IRRIGATION.

THE VARIABILITY IN THE QUALITY OF THE WATER SAMPLES RE~
FLECTS THE NATURE OF THE SEDIMENTS IN WHICH IT OCCURS OR THROUGH
WHICH IT HAS PASSEDs; WATER, IN PASSJNG THROUGH SEDIMENTS, D]S-
SOLVES OUT MANY COMPOUNDS AND ELEMENTS FROM THEM. WHEN THE ‘
SEDIMENTS ARE SAND AND GRAVEL THERE IS ALSO A FILTERING ACTION |
WHICH REMOVES MANY COMPOUNDS FROM THE WATER» THUS A COMBINA=~
TION OF THIS DISSOLVING AND FILTERING, ADDED TO THE VARIABILITY'
OF THE SEDIMENTS THEMSELVES, WILL CAUSE A CHANGE [N THE CHEM-
ICAL COMPOSITION OF THE WATER SUCH AS OCCURS IN THE F|VE SAMPLES
STUDIED.,

IRRI1GAT ION

Future WELLS i~ THERE ARE ENOUGH WATER-BEARING SEDIMENTS IN THIS
AREA FAR [RRIGATION WELLS TO BE LOCATED AT ANY POINT Ol THE
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OUTWASH PLAIN AS LONG AS THEY ARE NOT PLACED TOO CLOSE TO THE
EDGE OR TOO NEAR THE |SLANDS OF T|lLL WHERE THE OUTWASH SED]~

" MENTS ARE THIN. IN THIS AREA ONE IRRIGATICN WELL WILL SUPPLY
WATER TO APPROXIMATELY ONE~QUARTER SECTION OF LAND UNDER NORMAL
CONDITIONS. |F THE WELL ]S LOCATED IN THE CENTER OF THE
QUARTER, !T WILL ALLOW FOR THE LEAST AMOUNT OF P|PE NEEDED TO
SUPPLY THE QUARTER WITH WATER. THE DEPTH OF THE WELLS RANGES
FRoM 20 To |00 FEET, AND |F THE WELL |S BOTTOMED IN THE TILL

IT WILL PROVIDE A SOLID BASE FOR THE CASING AND PUMP. THE
DIAMETER OF THE IRRIGATION WELLS 1S AT LEAST 20 INCHES, AND
CASING 1S RUN THE ENTIRE LENGTH OF THE WELL. THE BOTTOM 20 OR
30 FEET OF THE CASING |S PERFORATED TO PROVIDE FOR ADEQUATE
INTAKE OF THE WELL., TURBINE OR CENTRIFUGAL PUMPS, WHICH PRO~-~
'DUCE 500-1500 GALLONS PER MINUTE CAN SUPPLY THE AMOUNT OF WA=
TER NEEDED. OSPRINKLER SYSTEMS ARE SUCCESSFUL BECAUSE OF THE
SANDY TEXTURE OF THE SOIL WHICH ALLOWS THE WATER TO PERCOLATE
DOWNWARD QUITE RAPIDLY AND WOULD CAUSE EXCESSIVE WATER LOSS

" FROM DITCHES, AND BECAUSE OF THE FLATNESS OF THE GROUND SURFACE
WHICH WOULD NOT PROVIDE ENOUGH SLOPE FOR DITCH FLOODING IN MOST
PARTS OF THE AREA,

THE QUALITY OF THE WATER SHOULD BE CHECKED AT REGULAR
“INTERVALS BECAUSE OF THE INCREASE IN MINERALIZATION WHICH WILL
ACCOMPANY THE RECIRCULATION OF THE WATER DURING THE I[RR{GATING
© SEASON,

PROBLEMS ARISING From IRRIGATION:Z~ WHEN LARGE AMOUNTS OF WATER
© ARE DRAWN FROM A RESERVOIR BY IRRIGATION, THE QUESTION OF [TS
AFFECT ON NEIGHBORING WELLS IS ALWAYS RAISED. THESE WELLS CAN
BE AFFECTED ONLY IF THE OVERALL WATER LEVEL OF THE RESERVOIR
IS LOWERED OR |F THE NEiGHBORING WELL |S WITHIN THE INFLUENCE
‘OF THE CONE OF DEPRESSION OF THE [RRIGATION WELL.,

THE OVERALL WATER LEVEL OF THE RESERVOIR WILL BE MAIN=-
TAINED 1F THE RECHARGE EQUALS OR EXCEEDS THE DISCHARGE. JTHIS
CAN BE CALCULATED BY MEANS OF OBSERVAT]ON WELLS AND FOR THIS
PURPOSE, 15 SUCH WELLS WERE PLACED IN THE RESERVOIR DURING
THE SUMMER OF 1556 AND READ AT REGULAR INTERVALS SINCE THAT
TIME (TABLE 7). [N THEC SHORT TIME THAT THESE RECORDS HAVE
BEEN KEPT, THEY DO NOT SHOW A SIGNIFICANT LOWERING OF THE WA=~
TER TABLE.

EVEN [F THE OVERALL WATER LEVEL IS NOT LOWERED, THERE IS
A LOCAL LOWERING OF THE WATER LEVEL NEAR ANY WELL WHICH |S BE~-
ING PUMPED, CALLED THE CONE OF DEPRESSION OR DRAWDOWN, THE
ZONE OF INFLUENCE OF THE CONE OF DEPRESSION |S DEPENDENT ON THE
RATE OF PUMPAGE AND THE PERMEABILITY OF THE WMATER|AL S!URROUNDING

t7



THE WELL. [N EXTREMELY PERMEABLE MATER|AL, SUCH AS SAND AND -
GRAVEL,; WATER PERCOLATES SO RAPIDLY TO THE WELL THAT. LARGE
VOLUMES CAN BE PUMPED W|TH VERY LITTLE DRAWDOWN. THE CONE OF
DEPRESSION, HOWEVER, CAN REACH 3 OR 4 HUNDRED FEET FROM THE :
WELL, IN SUCH MATERIAL, BUT IS VERY FLAT. THEREFORE, DOMESTIC -~
WELLS WHICH ARE CLOSE ENOUGH TO IRRIGATION WELLS TO. BE WITHIN
THE |INFLUENCE OF THE CONE OF DEPRESSION MAY SUFFER WATER DE-
PLET{ON DURING THE PUMPING SEASON. THIS [S ESPECIALLY TRUE

IF THEY ARE IN THE VERY SHALLOW SANDS AND GRAVELS AT THE EDGE
OF THE OUTWASH. THIS, HOWEVER, [S NOT A PERMANENT DIFFICULTY -
AS RECHARGE TAKES PLACE WHEN PUMPING 1S STOPPED AND THERE ARE
ONLY A VERY FEW WELLS LOCATED AT SUCH PLACES.

THE RESIDENTS WHO HAVE DOMESTIC WELLS LOCATED IN THE TILL «
SURROUNDING THE RESERVOIR HAVE ALSO SHOWN SOME CONCERN ABOUT &
THE POSSIBILITY THAT THEIR WATER SUPPLIES MAY BE LOWERED BY
IRRIGATION. [T 1S POSSIBLE THAT OVER A PERIOD OF MANY YEARS -
THE WATER TABLE [N THE TILLS COULD BE LOWERED SOMEWHAT BY SLOW "
SEEPAGE INTO THE OUTWASH RESERVO|Ra.  THIS SEEPAGE WOULD BE
VERY SLOW BECAUSE OF THE HIGH CLAY CONTENT (TABLE 8) OF THE
TILLS WHICH MAKE THEM FA|RLY IMPERMEABLE. A RECORD OF THE
WATER LEVEL, WHICH HAS BEEN KEPT ‘BY THE STATE GEOLOGICAL SURVEY
FOR THE PAST"20 YEARS, ON A WELL ON THE.JOHN DAVIS FARM ALONG . :
A SMALL STREAM WHICH FLOWS DIRECTLY INTO THE RESERFOIR (SEC.
29, T99N., R53W,), SHOWS NO APPRECIABLE DROP IN THE WATER LEV-
EL DURING THAT PERIOD (F1G. 6). MRa DAVIS REPORTS THAT HE
HAS HAD TROUBLE OBTAINING WATER-FROM TH|S WELL IN THE LAST .
YEAR OR TWO AND THIS 1S PROBABLY DUE TO SILTING [N OF THE WELL :~
RATHER THAN TO WITHDRAWAL BY IRRIGATION WELLS AS THE DAVIS
WELL IN 1947 was 12% Feer peep (CAppes 1947, P 39) BUT IN.THE
SUMMER OF 1956 IT WAS ONLY || FEET DEEP,. |T HAS ALWAYS BEEN ¢
DIFF{CULT TO GET A PRODUCTIVE WELL FROM THE TILL IN THIS AREA’
BECAUSE THE SIOUX QUARTZITE IS SO CLOSE TO THE SURFACE THAT
THERE ARE ONLY 50 oR 100 FEET OF "TIGHT"' SEDIMENTS FROM WHICH
WATER CAN BE DRAWN. o e '

[F, IN THE FUTURE, IT 1S DETERMINED FROM OBSERVAT |ON
WELL RECORDS THAT THE WATER LEVEL OF THE RESERVOIR |S DROPPING
BELOW |TS NORMAL FLUCTUATION, STEPS SHOULD BE TAKEN TO LIMIT
THE IRRIGATION UNTIL THE RECHARGE HAS AGAIN REPLENISHED THE
WATER TO THE RESERVOIRs [F, HOWEVER, IT [S DETERMINED THAT
THE WATER LEVEL OF THE RESERVOIR IS MAINTAINING [TSELF, IRRI-
GATION CAN, WITHOUT DETRIMENT TO THE WATER USERS, CONTINUE,
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YEAR
1938
1939
1940
194 |
1942
1943
{944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955

TABLE |

ANNUAL AND MONTHLY AVERAGE PRECIPITATIONS

MAR 1ON
{9.97
17,68
27.46
19.12
31.92
23.62
39.74
22,12
29.99
22.20
27.55
18.03
22,78
30.33
18.31
25.47
25.41
18419

JANUARY 0.47
FERBRUARY 1,05

MARCH
APRIL

.53
2.18

1938-1955

25.24
14,80
27,23
20.66
28,49
23,68
42,53
22,99
24.67
24,28
21.40
22.80
NO RECORD
33,63
18.81
29.00
30.31
{5.04

May
JUNE
JuLy

PRECIPITATION (INCHES)
CENTERVILLE

3.27
4.89
2.85

AUGUST 2,90

AND MEAN TEMPERATURES

AVERAGE

22.60
16,24
27.34
19.89
30,20
28.65
41,13
22,55
27,33
23.24
24,47
20.41
22,78
31,98
18.56
27,23
27.81
16,61

AVERAGE
TEMPERATURE

49.2
50.0
46.8
49,5
47.9
47,8
48. |
47. 1
49,4
47.8
47.2
47.9
44.0
44,2
46.9
49, |
49,1
48.7

MONTHLY AVERAGE OF PRECIPITATION (INCHES) 1938-1955

SEPTEMBER 2,38
OcToORER .55
NovemBER (0,87
DecemBeER 0,54



0°001]6°66]0°001]0°001[6°66]0°001 | 0°001]8°66] 0-001] 0°00T][8766]6 66] 0°00I TYI0L
"0 10°0 ]0°0 10°0 ]0°0 10°0 10°0 10°0]0°0 |00 J0°0 |0°0 | 0°0 ALTZL19vNG XNo1g)
0°0_[0°0 ]0°0_10°0 070 |00 0°0 19 ¥ (0°0 [€°0 |00 [1T°¢ ] 0°GI IAOT IV
G0 18°¢ 10°0 12°0 J1°0 |£°0 00 1000]0°0 |20 87000 G0 575504
0°G 168 {70l |1°¢1 19°6 12°6 776 10°¢i|¥'G 8¢ 18 (191 ¥9 “BNOD 5T LTNONT]
9°0 (11 318°0 1171 0°0 j/°¢ €°0 |v"1 g7 11 ¢C¢ |70 | ¥°¢ INOLSANVYG
0°0 [0°0 {0°0 J0°0 J0°0 [T°0 0°0_10°0]0°0 |T°0 070 g1 [ 80 SIVAS a9vH
90 [1°1 16°0 120 J0°0 JI°] 20 | v 0]9°0 [£°0 [I"1 160 ¢l VELE
e 1970115 Ve 18°8 11°1 [6°el [9°8 |G ¢zl 1°EC |8°61 [8°¢l|c'9 | ¢l SLTRO 100
c¥ 126119l \¥°LZ 19°¢2 |61 16°11 16 1210°%2 |9°¥%c |v €c|c 0] ¥ 0C INOLSINT]
0°0 |0°0 1000 |+ 0 J0°0 |00 0°0 10190 [€0 |9°0]€ 0] 80 311219vN0
"0 1¢°0 |00 _J0°0 00 150 "0 [6°0]1°0 |60 |[€0J00] €0 TSTHC
ST 15 0 10°0 [Z°0 110 {8°0 Jo°1 [T 1 g1 |61 ez |01 [0 SIEENEIINES]
S0 1€°019°0 |60 (10271 ST |1 19°¢ 11 _1av v 1 | 0] SNOANS1 QaN1vaD aN] ]
9%z [9°¢ 1v°¢ 1v ¥ |20 ]c'¢ 65T |22 161 €1 |62 192150 INGISNIITH
00 [2°0 1870 |20 [1°0 18" 9°0 190180 |Z°0 |1I"1 1601 80 SFEENE)
00 TS0 1000 100 |00 110 J00 JeO0lT0 [0 [g0]c0o]¢€¢ 3178010
0 CT 1o ZT1v°01 |86 |c'¢ |2°0 166G [1'6l¢6 |26 19°8I1/L°9 1 0°6 JLINVYD (330100 31T
S V"¢ |v°E |ve 11 157¢ "¢ 16°¢ 18V |v v |8V |velce JIINVED SIN1d-03Y
96 12°9 [¥°62 10%2l |1°6 [/°] ¢ ll°clleve |2°6 |6°1119°¢l| L ¢l ATVHS
517 [0 ce[v 1 |v°8c |0°ZZ18°Z¢ |0°8G |9°c €0 [6°6 [1'¢ [I1'G¢| 0°8 TIvAS
¢l zi 1 11 01 6 8 L 9 3 Y ¢ Z | 3dALl 00y
EREINES

(¢ 378V} 33GC SNOILYOOT] ¥04)
(IN30¥3d) S171L IVIOVID FHL 40 NOILISOdWOO ¥ Favl



G ¢ a4 %3 76¢ %EG “WeGY  TNG6L G T O3S ERG P
4 00°] %8 562 %29 FNESH” "NB6.L BT “03S°FNS 73S ¢
[1°¢ vy %01 %0€E %09 “MESY " "N66L°GZ " 0AG TN AN b4
¢e°¢C A %8 %GC %79 MEGY  N66LT T 1" 03G NG 1S
"CN 2TidWV
A3AVYYHY

9°Z] 8% 0 %l R4 51G “NeGH N6 6° 035 IS ¥I8 €l
0°6 e’ 0 %9 568 %S9 "WESY - "NB6L #E "035 NS F4S 4
/0] €¢°0 %/ Ave 469 TG CNG6L €2 035 ¥IMG T3S L]
- -—== e 70/ C bV TG NG6L e 925 +S T35 01

€ 0] 270 %0 %ol 7l Gy "NG6L G035 ¥IS F1S 6
¢l €50 ol %0¢ hEl "NZqd” “N661"8C 9IS FIN TMS 8
9] 8/°0 %0l e 769 MEGH  "N66L ¢l “CAS FAN TN L

72 0] 1€°0 55 %81 5l ) "HEGH " "N66L - 01 935 F3S FMS 9
€79 6£°0 %E K4 %97 MG CNOOT L GE 935S £35S +IS S
G 5570 7 H0e_ | el FlgGd “NOOIL'8[ 035235 ¢3S L
L] 210 % AOE %09 TNEGY CNOOT L' #1°93G M AN €

€ 0] 2€°0 %G %481 %9/ .gmmm,.zmmP.wm.oum,wgm 23S 4

S Pl v 0 %) ¥4 nll TNEGH TNGAL ¥ O3S EIN FMS |

INITOT 4300 [ (WNHHILINV I [ INOLSNIFAG [ILINVES [INOLSIAWIT NOTLVOOT TON 31dWV S

DN | LY¥0G

NV | aap

V(I Qg Ol N9l3d0d4 s3nggdd

a1

S12AVYO ¥ T11L 40 SINITO 44300 ONILIM0S ‘S¥ALINVIA NVIAIN ‘SINNOD J18d3d § J1dWl



SISATIUNY ¥3lvm 9 J7dvl

601 |G 9c 9 0c (YN)WNTaog

INON INON INON ANON ANON (1)3areonTd.

18 | L INON ERNETE (N) 3SINVONV

LZ 30VY ] Gl 3INCN JOVE] NOF T

L 101 898 85/ 91 ¢ - L2y (E00VH) SSIANTUVH

56 £6 06 ZC| 811 IONVE0  TARLIN:

2 8 9 0} ¢l (EOOVD)ALTNTAVITY

€8 98 S/ ce (N4 (OW)WNTSINOV

89¢ 90¢ 081 cl 001 (VO)WNTITV T

L ¥ o¢ G2 Ge (C0TS)VoTITg

568 919 905 = 61 Qo@mub‘b:m*

6] INON | INON [ (7)) S3ATIYOTHY;

. 2691 60¢ | 9011 Y4 149 Saios 4<»op“
_ NOTI 1T} 83 S1YV]

Rl HSYMLN) HSYMLN) HSYMLNO HSYM1NO *d3G 40 ¥310VAVHJ

Pl W 1 _ * J3IVA 40 5SSV 1)

i od “NEAL *8293C TPMEGY 'NEAL “GO3G [FNEGY 'N66L  Geo3S |“NZGy “NE6L “62935 | “Meod ‘NB6L e 1039 NO11Vv30T]

LT NOTGTaN ¥3ADAT] AOY HONVY S3Nog VN39OV WUVH QUVE3ING 3anv) a4 INMQ

g ¥ ¢ b _ *ON 3T1dWVS



1334 /2| L334 |°¢] | L334 6°¢] | L334 9°Z1 | 1334 €09z | ‘"MeSY¥ ‘*N86L ‘927035 ‘¥AaN | 0
w 1334 €791 | 1334 9| | 1334 G 9| | 1334 ¢°9] | 1334 |G/l | "MESY T'NB6L ‘€1703S ‘¥AN | N
w 1334 /9| w 1334 6°p| | 1334 6| | L334 9" | L1334 0°9/Z1 | ‘NESY ‘N86L ‘¥ito3S YAN | W
m 1334 6°'¢ W 1334 0"9 1334 g6 1334 9°g 1334 $°¢/2] “TMESH f*NBEL ‘ot "o3g .muz\a! 7
w 1334 /°8 mkuuu | "6 1334 |°8 1334 679 1334 6°/92] TMESY ‘TNS6L ‘917035 “HN P
| 1334 7 W 1334 @'y| | 1334 /"y| | 1334 G'p| | 1334 97pBZI | “TMESY TNB6L I 038 ‘IMS | I
Wiawme 8'S | 1334 6°S | 1334 2°S | 1334 p°G | 1331 8°8/21 | 'MESY NS6L ‘€ '03S ‘IS
1334 /G 1334 |9 1334 2°9 1334 09 1334 724821 ‘UMESY fUNB6L ‘6 035 ‘I H
1334 /°§ % 1334 /"9 | 1334 ¢*9 | 1334 99 | 1334 8°G8z| | ‘"NESY ‘°NB6L ‘v 038 fmMS | 9
1334 0°¢| W 1334 /°z| | 1334 62| | 1334 ¢°Z1 | 1334 2°|0¢l | ‘"MeSY ‘'N86L G 035 FNS E
1334 G°¢Z W 1334 /7¢z | 1334 |y | 1334 /TpZ | 1334 9°20¢! | ‘*MESY ‘°N86L ‘b "03S EAN 3
av3y LON | av3y LON | 1334 ¢ pZ | L334 $°y2 | L334 8°/0¢I “rMesY ‘UNg6L ‘v t93S TN a
avay LON | av3y¥ ION | 1334 [*pg | 1334 G*pz | 1334 [°80¢] | ‘*MeSd ‘°Ng6L ‘v 938 N | O
av3¥ LON | 1334 9*pZ | 1334 $°pg | 1334 /°pZ | 1334 €780l | ‘"MESY ‘*NseL ‘v "03S ‘wN | 8
| 1334 g'g| | 1334 grg| | 4334 /7G| | 1334 G'G| | 1333 6°¢6Zl | UMESY TNe6L ‘SET03S YN |V
M 4IYANINAON ¥380130 ¥38N31d43G 1snany T3AA3T] V3G _
| anocay *A313 NOH LV007 RREN

m GG | -ANNO¥Y 30 d0] WO¥ 4 ¥3LVH OL HLd3(

i

|

SONTAV3EY 113Mm NOYLVAY3SE0

/ F1gviL



FFTETTE T m VIOTTC™8 1676 [ ¢80 [97Z €€ [L79[¥6 172, 9¥[TTe[e7C 8E[T7E €T
A A Ll o o B A - A L F =0 A =B A RO R e R o B Mo A AL A NV R ) 4
FOEETITT Ty W S0z T2 0T 157, [ 270 (5 8 11°6 [8°9 |6 01| eI [9°% [0 ¢ [€°T[07 T80 m.ow N
s‘-w,;--_ S B e e B N B i A PR A Rl A T R 575" 0l
memwmuwmw L AT ) A A "mum 8% |6°6 |6°01]9°G |9 €6 e|T Ve ElEC 6

FECETVCTTT0S O (9T (9T |69 9% [ZTe [5TE (€79 |Sel[ e 8T [ ST ZTTZT 3

%xﬁmwog CT9TE T FTIC 05 (09 [ 079 |07 [0°F |07 [¥Te [OTTT[STIETg 8 ¢[T7¢[67°¢C meNM 7

mzmmm@“_mw R o M L - B o - [ B e K AT A N A R AL A R A FAT R O )

ww@“w@ammm I"%S 1876 [979 |99 | 979 |9°91876 [876 [0l el|[c 8 |6 ¥ [b ec|c ¢|971|L70 G

mc__ww.@mm 0°¢9 197G |96 1779 | /79 [1°9 [1°97|8"Z [0 el|0"el|[G L |6 V|6 e|L c|S c|L™L ¥

msmmwmﬁwmﬁ B7EE | 0°¢e |67 TT°% | €8 [T°G1[0°TT[e 8 [0°Z |6 Z |8F [ I TIL 0¥ 0]¥"I 3

umgwmwo"wm TPV T07CZ [6F9 (69 [ §°9 G768 (6T [67e 176 [cvl|Lrg 278 e iy 0 c

w&mw%mummm 9% 1 G¥1Z 10°8 [0V | 2°9 [¥°G [Z797|0°V [¥°8 [ el|a"8 |S ¥ |L¢|v"1]071|67¢ _

i _ T3AVYE) | !

M}muogPJ_m_% anvs |vz01 /1 215/11952/1l 821 /11 v9/1\ze/1lo1/1ig/y Lo/t le/i 1 12l v 8 lo lee -

35V IN3IONI] m muw_w 3113did | $3Z1G N3I3¥0Q 31dWYS

WA NT STT1L 40 3ONVY 3Z1S 8 J1avl



TABLE 9

WATER LEVELS AND PRODUCT ION
HURLEY CITY WELL

DATE DEPTH To WATER GALLONS WATER USED _
NOVEMBER 1955 |3 FEET 2 INCHES 720,600
DECEMBER 1955 {2 FEET || INCHES 595,400
JANUARY {956 |2 FEET 4 INCHES 461,000
FEBRUARY 1956 [2 FEET 4 |INCHES 491,000
MARCH 1956 |2 FEET 4 INCHES 536,000
APRIL 1956 12 FEET O INCHES 864,000
May 1956 Il FEET |l INCHES |, 396,300
JUNE 1956 If FEET |1l INCHES 2;901,800
JuLy 1956 |2 FEET 2 INCHES 2,578,100
AuGcusT 1956 |2 FEET 7 INCHES 4,285,300
SEPTEMBER 1956 [3 FEET 8 INCHES 5,517,600
QctoBeER 1956 13 FEET 2 INGHES | 1,976,000

TOTAL 22,323, 100
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RESISTIVITY DATA ON THE THICKNESS OF SAND AND GRAVEL

STA. ELEvAaTiON | THIcknESs (FEET)
NO . LOCATION Sea LeveL | SAND &|OVERBURDEN
SURFACE GRAVEL
‘:A-1¢”*Nw%9w% Sec. 7, T98N., R53W., 0
B | | N¥ISWE Sec. 8, T98N., R53W., 0
B 2| SEISWF Sec. 5, T98N., R53W., 1304.0 3 6
B3| SEINEL Sec. 6, TOBN., RS3W.. 0
G 1| SISO Sec. O, TeaN., RS2, 0
C 2 | SELSEY Sec. 5, TU8N,, RE2W,, 12954 40%* 6
C 3 | SWINV% Sec. 4, T9N., R53W,, 1308.0 55% 4
D | | SMSWE Sec. 15, T98N., RE2W., | 1269, | 0
D 2 | NNEW¥L Sec. 15, T28N., RE3d., 1275.4 0
D 3 | MWIENNVE Sec. 10, T9EN., R53W., 1278, 5 0 B
D 4 | SE3SEL Sec. 4, TS8N,, R524,, 1284.9 15 3
D 5 | SE4SEL Sec. 33, T98N., R&2., 0
D6 | MUINNE Sec. 34, T99N., R53W,, 0 o
D7 | NVZNNE Sec. 15, T99N., R53W., 48 2
E | | SWiSW Sec. 23, T98N., R53W., 1261.8 627
| E 2 | SESNEF Sec, 22, T98N., R53W., 1266,4 30
E 3 | SWiSW§ Sec. 11, T98N., R53W., 1274, | 35 2.5
F 4 | SWiSW: Sec. 2, T98N,, R53W., 1281.5 80 0.5
E 5 | NWINWE Sec. 2, T98N., RS3W., 1289.0 52 0.5
E 6 | SWiSW3 Sec. 26, T99N., RS53W., 1297.4 70 2
E 7 | NVINWE Sec, 26, T99N., RS53W., 1303.9 58 2 |




}

STA. | ELEVATION | THICKNESS (FEET)
No. LocaTION Sea LeveL | SAND &|OVERBURDEN
SURFACE GRAVEL
E 8] NWZNNZ Sec. 23, T99N., R53W,, 1310.5 50% 5
E 9| SWZNN% Sec. 14, T99N., R53W., 1304.9 60*
EI0| NNZNVZ Sec. 14, T99N., R53W., 1305.6 0
M% | NEZNEEZ Sec. 35, T98N., R53W., 1253.9 27 3.5
F 2| SEZNEZ Sec. 23, T98N., R53W., 1261.0 40 3.0
F 3| SEZSEZ Sec. 14, T98N., R53W., 1266.4 60* 2.0
F 41 NNZNNE Sec. 13, T98N., R53W., 1274.7 60* .5
F 5| NVINWE Sec. 12, T98N., R53W., 1277.7 70% 3.0
F 6| SEZSEx Sec. 35, T99N., R53W., 1287.9 52 1.0
F 7] SE4SEL Sec. 26, T99N., R53W., 1293.9 50 1.5
F 8] NEZNEZ Sec. 26, T99N., R53W., 1299, | 45
F9] NEZNEZ Sec. 23, T99N., R53W., 1304.5 65 1.5
G || SEJSEF Sec. 36, T98N., R53W., 20 3.0
G2 NEZNEZ Sec. 36, T98N., R53W., 1248.6 30 2.0
‘G 3| SE4SE% Sec. 24, T98N., R53W., 1254, | 55% 1.5
G 4| NEZNEZ Sec. 24, T98N., R53W., 1264.9 67 2.0
G 5| NEZNEX Sec. 13, T98N., R53W., 1271.4 - 90 2.5
G 6| NEINEZ Sec. (2, T98N., R53W., 1277.8 55 3.0
G 7| NEZNE} Sec. |, T98N., R53W., 1284.3 52 3.0
G 8| NEZNEL Sec. 36, T99N., R53W., 1287.8 55 3.0
G 91 NNZNWE Sec. 30, T99N., R52W., 27
‘GIO SWzSW1 Sec. 18, T99N.,; R52W., 0
H 11 NEJSEF Sec. 6, T97N., R5W., | 1243.8 ? 5.0




STA. ELEVATION | THICKNESS (FEET)
No. LocaTioN Sea Level | SanD & [OVERBURDEN
i SURFACE GRAVEL
H 2| SEINEL Sec. ~ 6, TO7N., R520., | 1245.2 227
H 3| SWiSW: Sec. 29, T98N., R520., | 1253.4 45 3.0
H 4| NEINEL Sec. 30, T98N., R52W., | 1258.0 65 4.0
H5| SELSEL Sec. 18, T98N., R52W., | 1265, 1 35 3.5
H 6| SWISW: Sec. 8, T98N., RG2W., | 1265.5 50 6.0
H 7| NESNES Sec. 7, T98N., R52W., | 1268.0 ? N
H 8| NEINEL Sec. 6, T98N., RS2W., 0
H 9| NEISEX Sec. 31, T99N., RSAW., 0 ]
| 1| NNISWE Sec. 4, TO7N., R52W., | 1242.6 60%* 1.0
1 2| SwiSwWh Sec. 33, T98N., REAW., | 1250.5 70% 6.0
| 3| SE4SEL Sec. 29, T98N., R5M., | 1253.7 60* 4.0
| 4| SWISWE Sec. 21, T98N., RSW., | 1257.8 60% 2.0
| 51 NWINWL Sec. 21, T98N,, RSW., | 1264.9 70% 1.0
| 6| NELZNES Sec. 17, T98N., R52W., | 1270.6 32 6.0
| 7] NINNL Sec. 9, T98N., R52W., 0
J 1| NUEZNWE Sec. 10, TO7N., R52W., 50% 5.0
J 2| NESSEF Sec. 4, T97N., R52W., 38 i
J 3| SE4SEL Sec. 33, T98N., R5MW., | 1246.0 50% 5.0 i
J 4| SEISEL Sec. 28, T98N., RSW., | 1252.2 40% 4.0 E
J 5| NWINN: Sec. 27, T98N., R5M., | 1255.6 28 4.0
J 6! NEINEX Sec. 21, T98N., R52W., 42 5.0
K || SE4SEL Sec. 10, T97N., RSAM., 50% |
K 2| NUENME Sec. 11, TO7N., RS2W., | 55% g .5
* lelC/—\TES BOTTOM OF GRAVEL WAS NOT FéEACHED DUE TO OPERATIJONAL FAIL-~
URE OF RESISTIVITY GRADIOMETER, |NFORMATION OBTAINED FROM NEARBY

DRILL ROLE,




WELL LOGS IN OUTWASH SEDIMENTS

Survey TesT Hore Ti

Location: SEZ SWE Sec, 10, T98N., DRILLER: STATE SURVEY

R53W., TurRNerR CoOUNTY ELEVATION: 1272
OwNER 2 PuBLIC PROPERTY ToTaL DeEPTH: 44 FEET
DeptH (FEET) DESCRIPTION
n - 4 ToPsSOlL. AND FINE SAND
4 - 9 FINE SAND, WATER AT 6 FELT
9 - 14 MED. SAND AND WATER
4 - 19 MED. SAND AND WATER
19 -~ 24 MED. SAND AND WATER
24 - 29 MED. SAND AND WATER
29 - 34 MED., SAND AND WATER TO 30 FEET;
30 70 34 FEET TILL AND MED. SAND
34 - 39 FINE GRAY GRAVEL AND CLAYEY TILL

39 - 44 CLAYEY TILL



SUrRVEY TesT Horeg T2

LocATION: SW4 Sec. 19, T97N., ELEVATION: 1219
R5IW., LincoLN COUNTY ToTAL DeEPTH: 64 FEET
OwNER: PuBLJC PROPERTY DRILLER: STATE SURVEY
Depth (FEET) DESCRIPTON
0 -~ 4 ToPsoliL
4 -~ 9 MED. SAND, WATER AT 8 FEET
9 ~ 14 COARSE SAND
14 - 49 FINE GRAVEL, VERY WELL SORTED
49 -~ 54 SAME AS ABOVE WITH A CLAY PARTING
5 - o4 FINE GRAVEL, VERY WELL SORTED

SURVEY TesT Hore T3

LocaTion: SEZ SWE Sec. 8, T98N., DRILLER: STATE SURVEY
R52W., TurRNER COUNTY ELeEvaTion: 1271
OwWwNER: PuBL1iC PROPERTY ToTaL DeEPTH: 43 FEET
DeptH (FEET) DESCRIPTION
0 - 4 TorpsotL
4 - 14 Sanpy cLay (ALLUVIUM)
t4 - |9 MED., SAND, WATER AT |7 FEET
{9 - 4] FINE TO MED. GRAVEL
41 - 43 DARK BLUE CLAY

Sugvey TesT HoLe T4

LocaTion: NWE NVE Sec. 3, T97N., DRILLER: STATE SURVEY
R52W., TURNER COUNTY ELEVATION: (247
OwNER: PuBLIC PROPERTY ToTAL DEPTH: 59 FEET
DerTH (FEET) DESCRIPTION

0 ~- 3 BLACK TOPSOIL
3~ 4 BROWN BUFF, SANDY SGIL
4 - 9 VERY FINE, BROWN, MOIST SAND
9 - 14 FINE SAND, WATER AT |0 FEET
14 - 49 FINE SAND WITH WATER

49 - 59 FINFE SAND AND SOME CLAY



LocaTton: NET NE+ Sec. 9, T97N.,
R52W., TURNER COUNTY
OwNER: PusL[C PROPERTY

DepTH (EEET)

0
4

9
34
44

- 4
- 9

- 34
- 44
- 64

Survey TesT HoLe T5

FLEVATiON: (238
ToTAaL DEPTH: 64 FEET

DESCRIPTION

Roap FiLL

DARK BROWN SANDY SILT
9 FEET

FINE GRAVEL AND WATER
COARSE SAND AND FINE

DRILLER: STATE SURVEY

, WATER AT

GRAVEL

NO CUT TINGS CAME TO .SURFACE,

HOWEVER WHEN THE AUGE
BROUGHT TO THE SURFAC
WERE ALL CLEAN AND WE
THEY WERE PROBABLY DR
GRAVEL CONTAINING MUC

SURVEY TeEST HoLe T6

- LocaTtoNt NWE SW§ Sec. 28, T93N., DRILLER: STATE SURVEY

R52W., TurnER COUNTY
OwNER: PuBLIC PROPERTY

DEPTH (FEET)

0
7
9

14
19
24
29
34
48

- 7
-9
- 14

- 19
- 24

- 29

- 34
- 48
- 49

ELEVATION: [25]
ToTaL DEPTH: 49 FEET

DESCRIPTION

Humus AND TOPSOIL
MED. GRAVEL

MED., TO FINE GRAVEL,
|2 FFET

COARSE SAND

MED., SAND

COARSE TO MED, SANB
MED. TO FINE SAND
FINE SAMND

CLAY AND SAND

RS WERE

E THEY

T INDICATING
ILLING N

H WATER

WATER AT



SURVEY TEST HoLe T7

LocaTion: SE4 NEZ Sec. 6, T97N., DRILLERZ STATE SURVEY
R52W., TURNER COUNTY
OWNER: PUBLIC PROPERTY

DepTH (FEET)

ELEVATION: 247
ToTaL DEPTH: 64 FEET

DESCRIPTION

0 - 3 TorPsoiL

3 - 14 MED. GRAVEL TO COARSE SAND,
WATER AT 7 FEET

4 - 29 FINE TO MED. GRAVEL

29 - 34 SAME AS ABOVE WITH SOME COARSE
GRAVEL

34 - 39 FINE GRAVEL

39 - 44 FINE TO MED. GRAVEL

44 - 61 MED. GRAVEL

6| - 64 COARSE SAND

SURVEY TEST HOoLE T8
LocaTion: SW% Sec. 33, T96N., DRILLER: STATE SURVEY

R52W., TURNER COUNTY
OwNER: PuBL1C PROPERTY

DepTH (FEET)

ELEVATION: UNKNOWN
ToTAL DEPTH: 69 FEET

DESCRIPT{ON

0 - |4 FINE SAND, WATER AT |4 FEET
14 - |9 MeED. SAND
|G - 39 COARSE SAND
39 - 54 FINE GRAVEL
54 - 59 MED., SAND
59 - 69 FINE sSaND
IRRIGAT!ION TesT HoLeE Wi
LocaTioN: 80 RODS EAST OF CENTER DRILLER: MAXweLL & GRIMSHAW
NE%+ Sec. 35, T99N., R53w., ELEVATION: 1297

TurRNER COUNTY

ToTAaL DEPTH: 35 FEEeT

CwWNER: BoNES HEREFORD RANCH

DepTH {FEET)

0
2
6
34

2
6
34
35

DESCRIPT ION

TopsoiL

SAND

SAND & GRAVEL, WATER AT |5 FEET
BLUE CLAY



IRRIGATION TEST HoLE W2

Location: CENTER NN Sec, I,
T98N., R53W., TurNER COUNTY
OwNER: HARRY NovAK

DepTH (FEET)

DRILLER: MAXWELL & GRIMSHAW
ELEVATION: 273
ToTAL DEPTH: 72 FEET

DESCR IPTION

TersoiL
FINE SAND
SAND AND GRAVEL, WATER AT |Q FEET

IRRIGATION TEST HoLe W3

LocaTion: CenTER SEF Sec. 20,
T98N,, R52W., TUrRNER COUNTY
OWNER: HARM HAGENA

DEPTH (FEET)

0- 2
2 - 4
4 - 10
10 - 50
50

DPILLERP: MAXWELL & GRIMSHAW
ELEVATON: 1259
ToTAL DEPTH: 50 FEET

DESCRIPTION

TorsOIL

FINE SAND

SAND AND GRAVEL

SAND, WATER AT |2 FEET
BLUE CLAY

Rk IGATION TEST HoLE W4

locaTion: CENTER NEF Sec. |2
T98N., R53W., TurRNER COUNTY
OWNER : CLAUDE SHERARD

DepTH (FEET)

0~ I3
- 7
7~ 10
0 - 45

DRILLER?! MAXWELL & GRIMSHAW
ELEVATION: 1286
ToTaL DeEPTH: 45 FEET

DESCRIPTION

TopPsoiL

FINE, RED SAND

GRAVEL

SAND & GRAVEL, WATER AT 22 FEET



IRRIGATION TEST HOLE W5

LocATION: NEX Sec. 23, T9S9N.,
R53W., TURNER COUNTY
OwnER: Roy CosTAIN

DepTH (FEET)

0~ 2
2 - 8
8 - 43
43

DRILLER: MaxweLL & GRIMSHAW
ELEVATION: UNKNOWN
ToTAL DepTH: 43 FEET

DESCRIPTION

TopPsolL

COARSE GRAVEL

SAND & GRAVEL, WATER AT |0 FEET
BLUE CLAY

IRRIGATION JEST HOLE W6

LocaTioN: CENTER SEF Sec., 26

T98n., R53W., TurRNER COUNTY

OwNER: CHR1S FLYGER

DepTH (FEET)

0- 2
2 -5
5 ~43
43 -~ 55

55

DRILLER: MAXWELL & GRIMSHAW
ELEVATION: 1262
ToTaL DEPTH: 55 FEET

DESCRIPTION

TorsoiL

CLAY AND SAND

SAND, WATER AT |2 FEET
WHITE SAND

BLUE cCcLAY





