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ABSTRACT

‘Lake Kampeska is located northwest of Watertown in Codmgton County, South Dakota
Results of test hole drilling in the area indicate that an aquifer, located northeast of Lake

.Kampeska hydraulically connects the Big Sioux River, Gravel Creek and the lake. Also,
- there is a direct connectlon between the Big Sloux Rrver and the lake through the
i mlet-outlet channel.

Direct ' precipitation adds 20, 52 mches of water annually to the surface of Lake

: Kampeska. Surface-water and ground—water recharge the lake when the lake has a lower

water level than the river and the aquifer northeast of the lake.
Discharge from Lake Kampeska occurs in the form of evaporatlon, which removes 33

inches of water annually, and artificial discharge. The city of Watertown pumps -
- approximately 3.2 inches of water from the lake annually for municipal purposes. In

addition, ground water and surface water leave the lake through the inlet-outlet channel and

the aqulfer ‘when the lake has a higher water level than the aquifer and the river.

During flooding a large quantity of water high in nutrients enters Lake Kampeska :
through the inlet-outlet channel. Sand and gravel deposits northeast of the lake and the low

relief of this area prevent construction of an effective structure to stop floodwater from
: reach.mg the lake. Even if such a structure could. functlon, the flood damage in Watertown :

would increase substantially. ,
It is recommended that the floodwater be stored north of the study area to reduce the.

flood damage around the lake and in the city of Watertown, Water will gradually discharge
from such a storage area, and there will be more water in the river and the aquifer northeast

of the lake during summer and fall, This increase in water will induce recharge or at least

- decrease d1scharge from Lake Kampeska, as a result, lake-level fluctuation W111 be reduced A
storage area will also reduce the amount of silt carried into the lake.

It is recommended that soil conservation practices be employed north of the lake and

. around the lake to reduce the amount of nutrients entering Lake Kampeska. Construction - T,
- of a sewage system is also- unperatrve to ehrmnate the influx of nutnents from remdences R RTA T

around the lake. - ’
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INTRODUCTION
Purpose and Scope

Study of the factors 1nfluenc1ng the water level at Lake Kampeska was 1n1t1ated in 1966
The objectives of the project were to identify the sources of water recharging and

~discharging the lake, determine their quality and quantity, study the uses of the water, and

relate the above factors as to the possible cause of lake-level fluctuation. One final obJect1ve i
was to recommend any method by wmch a more stable lake level could be achieved. B

Locatlon and Extent of the ‘Area

Lake Kampeska is. located in Codmgton County in northeastern South Dakota Included.‘ o
in the study area are approximately 80 square miles in the Coteau des Prairies d1v1$1on of the
.Central Lowlands phys10graph10 provmce (fig. 1).

Prevrous Investlgatlons

The first’ report d1scussmg water supplies and geology of Lake Kampeska was prepared“yl :
by the South Dakota Geological Survey (Rothrock, 1933). This report described the
geology and origin of the lake. Flint (1955) made a reconnaissance study of the glacial

“geology of eastern South Dakota, Steece (1958a) mapped the geology of the Watertown ‘o
quadrangle, and in another report concerning ground-water resources (1958b) included the

Lake Kampeska area. Tipton (1958) mapped the geology of the Henry quadrangle which :

~ borders the study area. Rukstad and Hedges (1964) described the ground-water supply for

the city of Watertown. A report entitled, “Report on Water Supply Facilities and Proposed
Improvements for the City of Watertown - was prepared by J. T. Banner and_Assoc1ates4 S

Methods and Procedures »

’ Dunng thls 1nvest1gat1on the surficial geology of the ‘area was’ revrewed and the geologlc - ‘
- map modified.” Data. obtained from all test holes drilled in the area since 1933 were

analyzed, and additional test holes were drilled in areas having scattered or insufficient

information. Seventeen observation wells ‘were installed in. the area  to study the
- ground-water fluctuation. Data on recharge and discharge of water to the lake werek ‘

analyzed, and 51 water samples were collected for chemlcal analyses
V Acknowledgements |
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Chmate :

The climate of the area’is charactenzed by large fluctuations in temperature. Average

daily temperature is 43.0 degrees Fahrenheit, and the average annual precipitation is 20.52 =

inches at the U. S. Weather Bureau Statlon at Watertown Aerort one-half mile east of Lake; '
Kampeska , .
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Topography and Dramage

The topography of the Lake Kampeska area ranges from nearly ﬂat well dramed and‘r
gently undulatmg to rugged, poorly drained knob and kettle topography. Maxunum rehef in

the study area is' 150 feet with land -elevations ranging from 1860 feet northwest of the '

study area to 1710 feet southeast of the study area (pl. 1).
The main stream in the area is the Big Sioux River which controls both. surface and

shallow ground-water movement. Gravel Creek (Mud Creek) and Willow Creek are
trrbutanes to the Brg Sroux R1ver ‘ r :

Ongm and Hrstory of Lake Kampeska

- Lake Kampeska is a natural lake of glacral ongm Its existence is due to the action of

: glacral ice which covered this section of the State in the geologic past. The lake is ellipsoidal

in shape with an extension at the southwest end It is about 2% miles wide and 5 miles long
covering approximately 4,800 acres (fig. 2). y

‘Lake Kampeska has’ been used. for commercial and recreational purposes since early
settlement ““The ‘marvelous purity of its water at once attracts the attention of the visitor.

k ‘There are no marshes or muddy banks” (City of Watertown Directory, 1886- 1887, p. 12)..:

“In a commercial way Lake Kampeska is a valuable asset to Watertown. It furnishes the city
with the purest of water, some of which is bottled and sold throughout the northwest. Over
30,000 tons of i ice are cut from its. surface each year” (Prctonal Revrew of Watertown S.D.,
1916) :

In 1887 a pump house ‘was built on the lake shore and a pipeline constructed to

- Watertown. Since then the city has obtained most of its water from the lake.

“Since the late nineteenth century several structures have been constructed northeast of
the lake. In 1888 a mill dam was erected on the Big Sioux River downstream from the lake’s

inlet-outlet channel (Iocated northeast of the lake, see A in fig. 3). In 1928 several structures
‘were built in location B (fig. 3). These structures consrsted of a concrete weir equipped with

a swinging grill, a dike, and a dam. The purpose of these structures was to increase the water
flow into the lake, decrease the discharge from the lake, and prevent the fish from leaving
the lake. An ice jam considerably damaged the structures the following spring. Efforts to
repair the constructlon failed and the system was abandoned. Figure 4 shows remains of the
concrete weir, =~ - -

- In 1932 a rock dam was constructed on the Big Sioux River downstream from the lake

on or near to the old mill dam (see A, fig. 3). In 1933 a diversion ditch (see E, fig. 3) was -

dug to connect. Gravel Creek to the B1g Sioux River. A dam was also constructed on the old N

" Gravel Creek channel to block the water from flowing in old Gravel Creek channel. The
~ purpose of this project was to increase the recharge into the lake.

A sheet piling dam was constructed across the Big Sioux River in 1941 (see C, fig. 3, and
ﬁg 5). The purpose of this dam was to raise the water level in the lake however late one

night the top of the dam was mysteriously cut to lower the lake level.

‘The flood of 1969 raised the lake level and flooded several cottages around Lake .

- Kampeska. Consequently, ‘the dam on the old Gravel Creek channel was blasted out to
~ divert water from the lake and lower the lake level. Later a dam was placed in the diversion

ditch (see G, fig. 3) to stop the drscharge of lake water through this channel and thereby
stop the lake-level dechne ' ; *

GENERAL GEOLOGY
» Surfic1a1 Deposrts

Surﬁcral deposits in the Lake Kampeska study area can be d1v1ded mto two marn ‘

| ‘g’roups—(l) glacral deposits and (2) stream deposits. -

Glacial Deposrts

~ During the ‘Pleistocene Epoch of geologlc time, ice moved into the Lake Kampeska area
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and deposited glacial drift. Drift can be divided into till and outwash deposits. Till consists
of a heterogeneous mixture of boulders, pebbles, and sand in a matrix of clay directly -
deposited by the ice. OQutwash material, on the other hand, is a sorted deposit consisting of
mostly sand and gravel with minor amounts of clay deposited by meltwater streams issuing

-from the ice. Figures 6 and 7 show the distribution of these deposits. =

- Stream Deposits
The Big Sioux River and some of its tributaries have depOsited alluvium in theirf cha‘rinel‘sl*u

(fig. 6). Alluvium in the study area consists of sand, gravel, and clay.
Subsurface Bedrock

No bedrock is exposed in';the Lake Kampeskaf study area. ‘Data obtained from well logs in

this area reveal that Cretaceous sedimentary rocks underlie the glacial drift. These deposits

in descending order are the Pierre Shale, Niobrara Marl, Carlile Shale, Greenhorn Limestone;
Graneros Shale, and the Dakota Formation. = i PR I
Pierre Shale underlies approximately. 500 feet of glacial drift, and consists -of

- approximately 240 feet of light- to dark-gray shale.

Niobrara Marl consists of light- to medium-gray chalk with shaly layers and numefous~ ’
microscopic white specks. These deposits have an average thickness of 90 feet. = e
le with thin silt and sand layers, and is

Carlile Shale is chiefly light-gray to black sha
approximately 200 feet thick. = - B , ,

Greenhorn Limestone is composed of about 30 feet of hard, gray limestone. .

Graneros Shale is siliceous and has an average thickness of approximately 150 feet.

A sequence of alternating sand, sandstone, and shale beds approximately 80 feet thick

makes up the Dakota Formation. Beneath the Dakota Formation are rocks of Precambrian

o age, usually quartzite and granite. -~

HYDROLOGY OF LAKE KAMPESKA

Hydrology of a lake may be defined as the study of factors coﬁtrolling the quality and
processes governing the depletion and replenishment of the water in a lake. It takes into
consideration precipitation, evaporation, flow into and out of the lake from both surface

and subsurface, and. the effects of artificial control.~Hydrology of a lake is a science by

which the behavior of lakes may be analyzed.

The water level of a lake is a function of the volume of water éontained in the lake basin. V
The rate of change of water volume is controlled by the rate at which water enters the basin =

from all sources, minus the rate at which water is lost..

The following formula shows thqrelationship between recharge, discharge, and resulting

Ah (A +AA) = AV = Recharge - Discharge
where IR ‘ ‘
Ah is the change of water level in theilake,
A is the surface area of the lake, S .
~ AA is the change of the surface area of the lake due to-
~ fluctuation of the lake level, and EIORE R S
- AV is the change in volume of water in the lake. :
The"fo]’lowying is the analyses of fthese facths’withipfesently available'ydata_.
| Recharge' : : ' ’ ‘
- Recharge to the lake includés water from a]l‘s'o'urc‘es, and may be divided into three
major categories: (1) direct precipitation, (2) ground-water recharge, and (3) surface-water
recharge. e ERE EERS e ST R
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Direct Precipitation

The term precipitation, as used in hydrology, is a general term for all forms of water

derived from atmospheric vapor deposited on the lake surface. ‘ : :
Precipitation received in this area is measured at the U. S. Weather Bureau Station at the

Watertown Airport, one-half mile east of the lake. The records show that the average annual
‘precipitation at this station is 20.52 inches. - o

~Appendix’ A is a table of monthly and annual precipitation for the<Lake Kampeska area

from 1898 through 1970. Figure 8 is a graph showing monthly precipitation from 1889 to

1945, and figure 9 shows the monthly precipitation and lake-level hydrograph at Lake

Kampeska from 1945 through 1970. o ‘ : : :
' Ground-Watér‘ Recharge

_Occurrence of Ground Water

‘ Ground water is defined as water contained in the voids or openings of rocks or
sediments below the water table. The water table is the upper surface of the zone of
‘saturation which is under atmospheric pressure. Practically all the pores of permeable rocks

~ that lie below the water table are filled with water. Rocks (including the soil) that lie above.

the water table are in the zone of aeration. Some of the interstices in this zone are also filled

~ with water, but the water is either held by molecular attraction or is moving downward

toward the zone of saturation. Water in the ground moves downward through :the

unsaturated zone under the influence of gravity, whereas in the saturated zone it movesina -~ -

direction determined by the hydraulic gradient.

Nearly all ground water is derived from precipitation in the form of rain, meIting snow, k
“or ice. Water from these sources either evaporates, percolates directly downward to the

water table and becomes ground water, or drains off as surface water. Surface water either

evaporates, escapes to the lakes or ocean by streams, or percolates downward into the rocks.
Recharge is the addition of water to an aquifer (a formation having structures that
permit appreciable amounts of water to move through it under ordinary field conditions),
and is accomplished in four main ways: (1) by downward percolation of precipitation from
the ground surface, (2) by downward percolation from surface bodies of water, (3) by
lateral flow of ground water into the area, and (4) by artificial recharge, which takes place -

from excess irrigation, seepage from canals, and water purposely applied to augment
ground-water supplies. = : '

Discharge of ground water from an équifer»is ‘écéomplished in four main ways: (1) by

evaporation from free-water surfaces and transpiration by plants, (2) by seepage upward or

laterally into surface bodies.of water, (3) by lateral movement of water out of the area, and
(4) by pumping from wells, which constitutes the major artificial discharge of ground water. -

Deﬁnitions' |

The porosity of a rock or soil is a measure of the contained open spaces and is expressed

as the percentage of these open spaces to the total volume of the rock. :

_-100W
A ==¥

“where

& is the porosity, ‘ , :
W is the volume of water required to fill all of the pore space, and
V is the total volume of the rock or deposit. o

The porosity of a sedimentary‘depositr de'peﬁds mainly on (1) the shape and arrangemént “»'
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to the total volume of rock

.- of its constituent partrcles (2) the degree of sorting of its particles, (3) the cementatlon and
compaction to which the sediments have been. subjected since deposition, (4) the removal of j

mineral matter through solution by percolating waters, and (5) the fracturing of the rock,
resulting in joints and other openings. Thus, the size of the material has little or no effect on

porosity providing all other factors, are equal Porosities of rocks range from near zero to

more than fifty percent, depending upon the above factors.
Permeability or hydraulic conductivity of a rock is its capacity for transmrttlng a ﬂuld
The coefficient of permeability (K) is defined as the rate of flow of water in gallons per day

through a cross-sectional area of one square foot under a unit hydraulic gradient. Water will

pass through a material with interconnected pores, but will not pass through a material with

-unconnected pores, even if the latter matenal has a hlgh porosity. Therefore, permeabrllty '

and porosity are not synonymous terms. :
Coefficient of transmissibility (T) is expressed as the rate of flow of water in gallons per
day through a vertical strip of the aquifer one foot wide extending the full saturated

- thickness of an aquifer under a hydraulic gradient of 100 percent. The relation between the |
- coefficient of permeability and transmissibility is shown by the following equation:

‘T=Km
Where
T s the coeffrclent of transmissibility,

- K is the coefficient of permeability, or hyclrauhc conductrvrty, and
m is the thickness of the saturated deposits. -

~ The coefficient of storage (S) of an aquifer is the volume of water released from or taken

into storage per unit surface area of the aqurfer per umt change in the component of head

normal to that surface.
Specific yield is the ratro of the volume of water that a rock or soil will yield by gravrty

. _ 100 Wy
Sy="v

 where

Sy is the specrﬁc yreld : B
Wy is the volume of water yeilded, and
V is the total volume of the rock or sorl ‘

' Coefﬁcrent of storage of-a water-table aquifer is e’ssentrally' equal to the specific yield
however, for an artesian aquifer the- coefficient of storage is generally much smaller than the

specific yreld

All of the water contarned in the ground can not be removed by pumping from a well or
under the mﬂuence of gravity; thus, retained water is held against gravity by surface tension

‘and other means. The specific retention of a rock or soil is expressed as the percentage of
- the volume of Water an aquifer holds agamst the force of gravity to the total volume of the
- deposits. : .

Sr - IOOVWI

- where

Sris the specrﬁc retention,
Wr is the volume of water retamed and
V is the total volume of the deposrts

i
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‘ Extent of the Shallow Aqurfer

Logs of test holes drilled in the area since 1933 were used to define the extent of the
shallow aquifer in the study area. During the study additional test holes were drilled in the
areas of limited information. Figure 10 shows the location of test holes in the study area.
Because of discrepancies in the data some of the old test holes were not plotted on this map.
To facilitate finding the location of test holes 2 new number starting from the top of the

map is assigned to each test hole or observation well. Appendix B, in addition to giving the

logs of all test holes and observation wells, shows.the new and old numbers. ;
Results from test holes in the area mdlcate that an extensive sand and gravel deposrt '

northeast of the lake hydraulically connects the Big Sioux River and Gravel Creek to Lake

Kampeska Figure 11 shows the thrckness of saturated sand and gravel in the study area.

Aqurfer Tests

Three aqulfer tests were conducted in the area. by the South Dakota Geological Survey
and United States  Geological -Survey dunng a study by J. T. Banner in 1964-65. The test
conducted northeast of Lake Kampeska in sec. 14, T. 117 N., R. 53 W. (see fig. 10) is
discussed below. The test was started on Apr11 20, 1965 and continued for 72 hours at an

“average tate of 260 gallons per minute. Results of the test were calculated by personnel

from the U. S. Geological. Survey (written communication, May 28, 1965), and indicate the
average. transmissibility under field conditions to be T'= 5. OXIO4 gal/day/ ft, with an average

~thickness of saturated sand of approxrmately 23 feet. The permeabrhty was K=2. 2X103‘

gal/day/ft2 '
" k Quantrty of Ground-Water Recharge
Figure 12 -is a water—table map of the study area for July 30 1970 (see app. C for

water-level measurements). This figure shows that ground water was moving toward the
northeast of Lake Kampeska along two main gravel deposits, the Big Sioux River and Gravel

k Creek Rates of these flows can be calculated by applymg the followrng equation:

dh - ey
Q KAdl : . | o

where

Q is the discharge per unit time (in gallons per day) :
K is the coefficient of permeability or hydraulic conductrvrty
of the aquifer in gallons per day per square foot.
A is the cross-sectional area of the aquifer, -
- dh is the hydraulic gradient (dh is the change of hydraulic
~dI head-dlis the change of horizontal distance). ‘

Ground water flow from a Cross sectlon of the aqulfer along the Big Sioux River, 2 miles
north of the inlet-outlet was calculated by applymg equation [1] and using the sand and-

gravel thickness along with the water-table map. The results indicate that 3.3X10° gal/day =~
. of water was flowing along the Big Sioux River 2 miles north of the inlet-outlet.

- ‘Ground-water flow in the a%ulfer along Gravel Creek was calculated 2 m1les northeast of
the inlet-outlet and was 4.0X10° gal/day. ‘
-~ The above flow rates do not include the water ﬂow in the B1g Sioux River: and Gravel-
Creek
Because of an extensive connection between the surface and ground water northeast of
the lake and the lack of a stream gage upstream from the lake, the quantlty of ground-water -
and surface-water recharge could not be. drfferentlated with present data. i
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Surface-Water Recharge

Precipitation in the form of meltmg snow or rain reaching the ground surface becomes
either surface runoff or infiltration. depending on whether or not the rain intensity exceeds

_the infiltration capacity. Relatively high relief around the lake, except for northeast of the

lake (pl 1), causes some surface runoff into the lake. However flow to the lake by this

. source is small when compared with the flow through the mlet—outlet channel, especially
during flooding. Surface water flows into the lake through the inlet-outlet channel whenever

the water level in the Big Sioux River is higher than the lake level.
During the study, no flow or very little flow was observed on several occasions in the B1g

~Sioux River 2 miles north of the lake and in Gravel Creek. The largest measured flow in
“June, July and August of 1968 was 2 cfs (cubic feet per second) in the Big Sioux River and

was measured in the NW% of sec. 2, T. 117 N., R. 53 W. On the other hand, a substantlal

‘quantity. of water ﬂows in this stream and over the land during flooding.

- Flood of 1969

The 1969 spring flood in the Big Sioux River valley can be attributed to an exceptionally
thick blanket of snow which accumulated in the winter and early spring of 1969. In April
when the snow melted, maximum stage and record discharges occurred.in some stations on
the Big Sioux River. A large quantity of water flowed over the land and along the channels

of the Big Sioux River and Gravel Creek in the study area. Figures 13 and 14 are aerial

photos taken northeast of Lake Kampeska and show the Highway 20 Bridge on the
inlet-outlet channel. The bridge was not designed to carry such large volumes of water, and
as a result, the east side of the bridge was destroyed by erosion (see figs. 15 and l6).,The
attachment to appendix E shows that the lake level on April 7, 1969 was 1718.5 feet and on
April 10-the lake level was 1723.7 feet indicating that floodwater raised the lake level 5.2
feet. In other words, 26.000 acre-feet of water entered the lake during the flood. As a result,
approx1mately one-third of the water contained in the lake after the flood was floodwater.

At 10:15 a.m., April 9, the rate of water entering the lake was measured at the Highway

‘ 20 Bridge on the 1nlet-outlet channel by the U. S, Geological Survey and was found to be

3900 cfs.- Appendix E shows that the lake level rose .2 feet between 12:30 a.m. and 2:30
a.m. on April 9. Calculation indicates that the recharge during this time was 5800 cfs. i

The flow was also measured in the channel under the bridge 1 mile downstream from the
lake inlet-outlet channel. Measurements by the U. S. Geological on April 9 show that the

~ rate of flow was 1550 cfs (Anderson and Schwab, 1970, p. 517-518). Flow rates indicate
“that the rate of water flowing into the lake was approxunately three times as large as the

flow through Watertown. Several cottages around the lake were flooded as were sectlons of
Watertown (figs. 17 and 18).

To discharge water more rapidly from the lake after the flood, the dam on the old Gravel
Creek was removed allowing water to flow out through this channel When the lake reached:
a desired level, further decline of water level in the lake was stopped by placing a dam on

. Gravel Creek, and ﬁnally, by constructing a dam on the diversion ditch. Presently, water in

Gravel Creek is flowing in its old channel.
Discharge

Discharge from the lake includes all waters leavmg the lake, and can be divided lnto N
evapotranspn'atxon 2) surface—water discharge, (3) ground—water discharge, and (4) artificial
discharge. : :

Evapotranspiration

All water surface and subsurface, released into the atmosphere by processes of .
evaporation and transpn'atlon is called evapotransplratlon ‘
Transpnratron is the process whereby the moisture that has- cuculated through a plant
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Figure 13. Aerial photvo taken’,n‘ortheast of,iLake"Kampeska

ting:the.flood of 1969.
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" Figure 15. Aerial photo showmg nghway 20 and erosion on the east Slde of the bndgc
~ (April 10, 1969). :

Flgure 16 Photograph showmg erosion on the east side of nghway 20 Bndge on the
‘ mlet outlet channel (April 10 1969).
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Figure 18. Aerial photo showing the floodwaters in Watertown, (April 10, 1969).
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transprratron depends on climate and type of vegetation.

-~ water from asoil. surface will evaporate. 1n1t1ally at quite a- high rate, but as soon as a th1n

surface of a lake in this area is 33 inches per year (Kohler and others 1959) At thrs rate
«Lake Kampeska loses: ‘13 500 acre-feet of water per year :

| vSurface-Water Drscharge f‘f':}l - f k, S
: The ,only su ace—water dlscharge from the lake is- by the mlet-outlet channel throughi

e ‘level in the river northeast of the lake

- Ground-Water Drscharge

- and gravel northeast of the lake. Because of the exchange between ground water and surface

~rArt1ﬁcra1 D1scharge

of the crty s total water from 1944 through 1970 (app. F) was obtained from Lake
‘»Kampeska Dunng 1970 the city of Watertown removed 3.2 inches of water from the lake.
In‘addition, water is presently being pumped from the sand and gravel by domestic wells *

_is small when- compared W1th the water pumped from the lake by the city. Most of the waterv

‘the aqulfer around the lake

:[Chemrcal Quahty of Water F

certain quality of water may ‘be suitable for one purpose and unsuitable for another.

_ River north of the lake alll W-H samples and sample W-G were collected from Gravel Creek;

}f»these and other samples collected dunng the study see ﬁgure 19

South Dakota Department of Health for dnnkmg water standards. - :
Because - this ‘section of the report is concerned with the water quahty of the lake

s structure is returned to the atmosphere pnncrpally 1n the form of water vapor Rate of;_; " f’

e - Evaporation is. the process - by which a liquid (water) rs changed mto vapor Thefgfi
,‘evaporatron process occurs from the surface of land, lakes, ponds, and streams. Depth hasa .
- pronounced-influence upon the rate of: evaporatlon from any body of water. Likewise,

layer of soil dries out the rate of: evaporation'is considerably reduced. Evaporation from the

‘ which water flows to the Big Sioux Rrver when the lake elevatron is hrgher than the water 5 : g

: i The marn ground-water drscharge takes place through the sand and gravel deposﬁs"} Sl
',Tnortheast of the lake. Figure 12 is a water-table map of the Lake Kampeska study area for
“July 30, 1970. This map indicates that ground water was being discharged through the sand =

'twater in th1s locatron the quantrty of each flow could not be estrmated accurately w1th the g

aterjs drscharged drrectly from the lake by the c1ty of Watertown Seventy-two PEICent;"_j,f B

around the lake. However, the quantity of water pumped by domestic wells around the lake

:v,pumped for private use ‘around’ the lake is drrectly or. mdlrectly returned to the lake or to L “,-“';‘fi'* -

Groundwater and- surface water always contam drssolved chemrcal substances in vanous, N

: mounts. - Contamed ‘chemicals are  derived (1) from the. atmosphere as water vapor = .
-;condenses and falls, (2) from. soil and underlying deposits as the water moves over theland =~ ‘
, ;nd downward to. the water table, and (3) from rocks below the water table where the water -

~is ‘moving. In general, the more chemical substances that a water contains, the poorer its oo
~quality, the suitability of .water being determined by the purpose for whrch it is used A

'Table 1 shows the quality of water samples collected from the Lake Kampeska area o T
“dunng the study, along with dnnkmg water standard limits recommended by the U. S.
'~ Department of Public. Health (sample W-Z). All W-B samples were collected from the vio o o
~ inlet-outlet channel; all W-F samples and W-L samples were collected from the Big Sioux

" and all W-K samples were collected from the lake at the ﬁltratron plant For. locatrons of L . fl‘

- Except for high iron and manganese content in some of the samples and low. ﬂuorrde mi el
. all samples. (except sample W-B3), the rest of the chemicals are within the hmrts set by the R

xiconcentratron of the chermcals in the followmg quotatrons from the Federal Water Pollutron‘_‘;:_ s
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| Locaﬁohdf vl{ater'samples in table 1.

 (For map location see fig. 19.)

W-A: NE%SW%SW% sec 12 T 117 N R. 53 W. 1rr1gat10n pOnd

; ~ W-B.All samples collected from SW%NE% sec. 15, T, 117 N., R. 53W Lake Kampeska.
r ,'W-C NE%SW%. sec. 25, T. 117N R 53W Clty Well3

W-D. NW%NW%NW% sec. 31 T 117 N.,R.52 W , Big Sioux R1ver
W-E. NW%NE%NE% sec. V12, T. ’1 16 N., R. 53 W., 3‘0 foot deep woi

W-F. All‘f‘samples collected:frcrn' SW‘Z;SWAsec 35, T. 1'18 NL,R.: . Big:Sioﬁx, River.
 W-G.SWYSWk sec. 31, T. 118 N, R. 52 W., Gravel Creek. | o
 WLH NWSNWY sec. 12, T. 117N R. 53w GravelCreek
Co WAL All samples collected from SW%NW% sec. 13 T 117N -R. 53 W B1g Sioux RlVBI‘,

W—K All samples collected from NE%NE% sec. 28, T.117N.,, R 53 W Lake Kampeska |

next to f1ltrat1on plant.

. ‘W—L SE% sec. 2 T 117N R.53 W B1g S1oux Rlver ﬂoodwater
= WML SW sec. 11 T.117N, R. 53 W,, diversion channel. |
W N. SE% sec 5, T. 116 N., R. 52 W ﬂow from sewage pond into B1g SlOU.X Rlver

“29. R
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Control Admm1strat1on (MacKenthun and’ Ingram 1967) are used to compare the quality of

 water samples listed in table 1. Extensive discussion- of the brologrcal aspect of the lake
J water is beyond the scope of this report..

Eutrophlcatlon is a term used to mean ennchment of waters by nutnents

- “Present knowledge 1ndlcates that the fertlhzmg elements contnbutmg most
to lake eutrophication are mtrogen and phosphorus Iron and certain ‘trace’ -
. elements “are " also 1mportant . As nutrient concentrations increase, the
- number of algal cells increase . Reserv01rs or lakes are the setthng basins of i
- drainage areas. The potential productrvrty of a body of water is determined to
-+ a great extent by the natural fertility of the land over which the runoff drains
and by the contributions of civilization. B1010g1ca1 activity within the lake =
influences such chemical characteristics. as dissolved oxygen, pH, carbon
~ dioxide, hardness, alkalinity, iron, manganese, phosphorus, and nitrogen; it is -
, varled through temperature ﬂuctuatlon and stimulated by nutrient variations
(e.g., phosphorus and nitrogen). A lake’s basin gives dimension to ‘biological
-activity-and may, because of unique physical characteristics, concentrate the -
- nutrients it receives as well as the developing biomass. Sawyer (1947) studied -
~the southern Wisconsin lakes and concluded that a 0.30 mg/1 concentration of
inorganic nitrogen (N) and a 0.01 mg/l concentration of soluble phosphorus
- (P)-at the start -of the active growing season could produce nuisance algal
. blooms'. A contmued high rate of nutrient supply is not necessary for
contmued algal productlon After an initial stimulus, the recycling of nutrients L
- within the lake basin may be sufficient to promote algal blooms for a number
- of years without substantial 1nﬂow from contnubtmg sources ” (MacKenthun ‘ :
- and Ingram 1967 p. 103 133) .

The nutrient level of the lake water and ‘waters. rechargmg the Iake vary seasonally For
example, floodwater introduces a high concentration of nutrients. Samples collected from
the northeast of the lake during the flood of 1969 show that floodwater had as high as 2. 1
ppm nitrogen and 0.5 ppm soluble phosphorus. The concentration of these chemicals are
higher than the figures referred to in the above quotations. Even if the lake water did not
have any phosphorus and nitrogen before flooding, the concentration of these chemicals

.after flooding would be raised to a level higher than the concentration needed to produce ,
~ algal ‘blooms. (After the flood of 1969 approxrmately one-thlrd of the water contamed in
: 'the lake was ﬂoodwater [see page 22]) ,

DISCUSSION CONCLUSION AND RECOMMENDATIONS

The Big SlOUX River is dlrectly connected to. Lake Kampeska through the inlet-outlet

~ channel northeast of the lake. In addition, an aquifer northeast of the lake hydraulically
f’connects the Big Sioux River and Gravel Creek to the lake. These two mediums of exchange,

- the inlet-outlet channel and the aquifer; are the prlmary avenues of surface and;

. ground-water recharge and discharge for Lake Kampeska.

Recharge to Lake Kampeska includes direct prec1p1tat10n which adds 20.52 1nches of

- water annually, runoff, and recharge through the inlet-outlet channel and through the

aquifer northeast of the lake. Surface runoff from the area around the lake is small when

. compared with the flow from the northeast :
o Discharge from the lake includes evaporation, whrch removes 33 1nches of water from

the surface of the lake annually, artificial dlscharge by the city of Watertown, which :

- removes approximately 3.2 inches annually by pumpmg for mumcrpal use, and dlscharoe, '

- through the aqulfer and inlet-outlet channel.

The change in the balance between the total. recharge and drscharge is reflected as

~ fluctuation in lake level. When the water level in the Big Sioux River and the aquifer is - |
higher than the lake level. water recharges the lake. When the water level in the lake 1sh1gher o

than the river and the water table in the aquifer, water is discharged from the lake. K
Durmg floodmg a large quantity of water reaches Lake Kampeska through the -
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'inqlet-outylet channel. The flood of 1969 caused the lake level to rise 5.2 féet indiCating:that‘:

126,000 acre-feet of water was recharged into the lake. The rate of flow into the lake through

the inlet-outlet channel was approximately 3 times greater than the rate of flow through
- Watertown. - ; i : : s

A construction on the inlet-outlet channel";t‘o bloc/:kﬂthe‘flqw’of floodwaters to the lake

; withqut cogtrOlling the quantity of water reaching the study. area will not function during’
- flooding. Either the sand and gravel deposits on the sides of such a construction will be
~eroded (see fig. 16) and the structure destroyed (see origin and history of Lake Kampeska,

this report), or the water will flow over the construction. (See fig. 11 showing the location -

. ~and thickness of sand and gravel deposits, and pl. 1'showing the very low relief of this area.) -
- Evcn -if ;the’ floodwater could be diverted from ‘the lake during flooding, without
- construction of a deep wide channel through Watertown flood damages in Watertown would

increase substantially. : ,

~ - Several plans have been proposed for flood control around Lake Kampeska and the city

of Watertown. One proposal suggests construction of a channel between Lake Kampeska

and Pelican Lake which would bypass the city and thus decrease flood damage there; = - |

unfortunately, such a project would also increase siltation and nutrient recharge to the lake.
Dredging out the Big Si ‘ B e SARS

from the lake in d s_and, consequently, lower the lake level. Another alternative -
incorporates a design for a deep concrete channel along the Big Sioux River south of Gravel
Creek through Watertown. This plan requires construction of a gate at the north end of the
concrete channel to control the flow of water through the channel, and dredging of the river
downstream. Thus, remedies for reducing flood damage and loss of lake water through the
‘channel during dry seasons are embodied in this proposal, however, they will be very costly. -
It is recommended that any management plan for Lake Kampeska should include -
provisions for the following major factors:. There should be provisions for quality and
quantity of water recharging the lake, both during low precipitation and high precipitation
(flooding) periods, -and there should be a provision made for the quantity of discharge
passing through the inlet-outlet channel and through the gravel northeast of the lake. Taking
the above factors into consideration, it is recommended that the floodwater be contained
upstream from the study area. A reconnaissance study for the storage of floodwater north

- of Lake Kampeska was made by the Soil Conservation Service, and presently, engineering
- studies are being conducted under contract with the East Dakota Conservancy Sub-District.
- Such a storage area will reduce the flood damage around the lake and in Watertown, because
“stored water will gradually flow through the sand and gravel and in the river, thus increasing
-the flow during summer and fall when there is little or no flow in the river. Additional water.

in the aquifer and in the river northeast of the lake will also increase water flow into the

lake or at least decrease the discharge of water from the lake. As a result, lake-level

fluctuation will decrease, and siltation of the lake will be reduced. : :
- Phosphorus and nitrogen content of the water is of primary importance to the biological

, éspect of the lake (see p. 30). Nutrient content of the lake and streams recharging the lake

fluctuates seasonally, being especially high during flooding (see p. 30). Retaining water.

_upstream will probably reduce some of the nutrient in the water reaching the lake, but it is

recommended that soil conservation practices be employed to reduce the nutrient in the

o ‘waters reaching the lake from the north and from- areas around the lake. A sewage system-
“should ‘be constructed as soon as possible to eliminate the flow of nutrients introduced t

~ the lake directly or indirectly (through the gravel) by residences around the lake. -

Because the problems associated with the quantity and quality of lake water are
inter-related, the total water management of the lake requires the cooperation of several
government agencies. Furthermore; it is recommended that the public be fully informed
about the problems. in order to gain their cooperation and support. Without public support -

- not many projects can be implemented.

i eam from Gravel Creek will reduce flooding in
- Watertown if dredging is deep enough, but this will induce increased ground-water discharge
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Year -

. 1898
1899
1900
1901

1902

1903 -
1904
1905

1906
1907
1908 -
1909
1910

1911

1912
1913

1914
1915

1916 .
1917

1918
1919

1920

21921
1.87

91
1924
1925

1926
1927
1928
1929
1930
1931
1932

1933
1934

1922
1923

1935

1936 -
1937

1938
1939

1940 -
1941
1942 -
1943
1944 -
1945

00

19

15

.13
25

A5
20 -

a7

26
-1.85

25
.1.09

.00

.80
10
.10
52
40

1.85
143"
520

.05

S5

.00

13
a7

A9
24
A8 -
85
sS4
.03
.60

AT

19
;40"' :
ST

1.00

81
1.68
12

1.45

.02

92

58

Al

Jan.  Feb.

35
<00
520

25

.07
13

46

72

30

93
-1.40
.67

40

31
35
.10

38
1.64

.69
18

40
84 -

32
.18

228
15

32
13

.06
.16
.38
45

.63

310

.02
.00

.04

.34
1.21

36
57

.85

.70
.09

-.08
1 .35
.32
95

APPENDIX A

Table of monthly and annual prec1p1tat10n for :
~ the Lake Kampeska area (Watertown' A1rport)

! Mar.

60
1.92

2.05 f

.56

48

246
.08

27
.90
.05
93

17
.58

.76
.70
1.02

. 1.58

53
1.91
1.20

.24
3.16

40
- 1.56
. 1.98

.52
1.12

" Apr.

1.72
379
56

19
419
.61

231
94

1.38

421
.70

17
291

202
462
3.36
117

1.77

3.88
2.83
A8

2.16
1.89

from 1898 through 1970%
“May

3.25

1.98

3.25

- 3.73

134

©.2.53

430
271
3.06

4.56
.39

214
- 4.30
1 3.86°
3.69-

3.01

362
46
473

2.64

- 258

227

349,
1.77
S 172
68
358
349
60
135
293

8,16

2.37
2.65

.99
1.83

1.81
2.30

405

3.91
.60

336 -

6.80

3.15
-2.25
5.22'

: Junej ,

1.65

2.85

‘2"1"7_',
561
“1.70.

-2.26

4.60

546

2.29

233

1.27

3420
191
531
167 -

351

461
2.29

4.40 -

2.72

611
350
2.66
191

5.65

2.57
, 2-86: :

July
454

.95

673

227
235
1448
5.08
5.12
344
279
6.12
323
278
151
255
430
899
520

440
294
395
©6.50

'3;72

1,64
203
5:29+

5.86: -
727

224

1.63

3.16

187

5.01
377
95
338

3.06

221
2,00

1.62

410
0220~

4.18

1.82
2.96

175
219
511
2.09
277
.88
1.37
1.74.
1.33,’

5.65

13.26.
88
92
228
1246

1.84

1.52

246

369
2.24-

2.1 2

Aug.

1.93
5.03

. 1.67

2.89

334 .
5.76
2.27
. 2.86
4.25
280 .
.88
-.3.38

39
2.37

5.26
317

282 -

2.29

-1.39

1.30
57

7.40°

1.21
1.08

142

5.10

1.82 239
141

63

5.83
244
1125
230
447
191
1.54

1.19

247
199
281

3.56

306
254
223

2.79

+.5.40

195
339

348
321
276

Sept.

153
45

4.74

7.00
13-
452

1.87
217

125"
96
1.82
50

1.20°

1.85

2,61

2.28

2.64
5.49

1.25

328
35

.53

1.28

122
.67
1.67
1.52 =
144

2.99
97
3.22

3.17

1.28

1.16

1.66

249
453

17

L300
144
263
a3
1.19
1.54
5.20

2.51

2.28

241

- Oct.

"Dec Annual
17.54
19.11 . -

16.90

2330

1641 -

2034

2732
1871
21.66

‘Nov.

132 .15 '0.0‘

275 53 .25
1145012 .10 26.96
1.87 . .08 .14 24.23
1.75 44105

191 .14 . 43 2524
224 01 34 1944
202 197 .00 2567
307 5 4T 22.62
136 .00 - .80 16.67
1.48. 1.50  47. 23.80
165 1.14 . 1.72 2365
105 30 .20 1540
424 96 34 1799

41 00 .30

113 .27 .13 2058
1.84 © 00 .30 2375
1.80 .10 .41 23.66
37 02 65 2593 -
20 08 ' 44..17.01
1.53 297 140 2229
118 247, .02 2176
52 120 .54 17.66
1590 .16 2607
520293 35 2047

23 31 38 1588
1.50 32 .07 2631
29 .57 .37 1852
206 .57 .73 16.62

56 39 148 2208
1.58 70 26

210 45 .20 17.76
109 213 .02 1557
148 .88 82 1927
1.57 .47 .38 21.56
03 31 .34 1232
143 39 .20 2093
220 540 92

35 1.05 49 1456
g3 39 .83 2144
12038 29 2064

87 .02 .10 2093
1.62 115 - 47 21.52
165 .14 .24 18.88
1.08 14 37 2584
269 . 1.42 .00
1179 68

32 ..50 110_

*Chmatologlcal summary, Clunatography of the us.; No 20-39; and South Dakota annual summary,y, i

19617, 1968 1969 and monthly chmatologlcal summary for 1970.



Year. -

1946
1947
1948.
1949: -
1950
1951 -
1952
1953 -
1954
1955

1956

1957
1958

1959
1960

1961

1962
1963 -
1964
1965

1966 - -
1967

1968
1969

1970

31

26
54
AT
20
a7

.88
37

26

133

21

10

-39
.68
05
42
74

.05

29
2%
85

50

147
32

' Normal .50

~ Jan. Feb.
.07 -

1.67

27
1.04

.01
.03

20

91

164
65
139

200
99 -
49:
74
26

.50

167
28

.38
29

a7

1.75
01

T1.53

.08

59

.68

38
a1
65
185
a3

S0

2.13
A7
1.04 -
44
.06
.87
49
149
1.65 "

- 1.22
2.67
133~
25
64
23
146

.99

»"March Apr.

223 67
- 3.50

360

.36

2.64
1.53

2:36°
134
261
314
2,02
3.00

4.52
11,02
2,69

2,06

1.85 -

.83
.3.86
- 1.74

1.80
367
146
64

.iiﬁ‘May
274
99
5T
331
321 -
2,55

1.15

177
©3.10
123

288

5.68

2134
377
- 249°
558
875
L 418
641
1.10
ar
2.67

4.77

312;:
2.87

. June
£6.00
418
552
2.09
33
3.82
"5.10¢
8.15
374
465
6.56

2215
173
96
381
1 4.05
471
348"

2.57

289

1,63
‘5,19
5.06
247

370

', :!:J'uly, -

237
©1.00

2.88
6.14

4.55
17T

4.08
292
777
88
474

402
46
135
174
129
a9
462
1036
228
202
467
341
333
667
137

267

Aug.

68
1.65.

5.63
.79

500
82
119
167
435

6.25
347
a1
220
4.40.
2.03.
62
1.89
524
~:1.39

.5.13
.65

2.07
1.26
75

278

3.86
2,80
301
1255
; 137
-40°
47
A2
242
94

70
198

1.28

-1.20
'1.59

231
184 .
139
71

4.36

137
169
271
.60

1.84

183

‘Oct.
4.53 .
198
1267
1.42°
~1.83 -

224
S 32

1.09
.16

244
242
179
460

1.50.
1.04-
CLAT
.09 o
.84 .

1.37

1.02
2.62

4.59

12,01
1.21

* Nov.. -

1.14
264
31
97

42
.08
1.10
1.07
23
46"

97

51
2.53"
1.14
1.13
63

42,
61 -
53
78
9

58
288
.81 -

“Dec.

36
.03

.07

82
26

.80
27
1 85

.02

:3.36
.16

42

24
- 1.08

73,
02
61

40

.69

28
35

2.40
20
32

ST

Annu51f
26.32

20.03
24:57

1782
1821

22.06

14.55
2912
18.04
2297
2835,

23.00

1183
56

15.19

20:70
2019

27.96

27.64

1742
25.77

20.70.
17.62

271
25.56
2080

2052

35
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~ APPENDIX B -

Logs of test holes and observatlon ‘wells in the :
Lake Kampeska study area

(For location see fig. 10 )

Abbrev1at10ns used in appendix B:

- South Dakota Geological Survey, SDGS Clty of Watertown CW Water Resources
Commlss10n WRC.

. Number following the date Of drilling is the previous test hole number,

~ Test Hole 1, SDGS, 1957, No. 31

Location: SE%SE% sec. 30 T.118 N, R. 53W

-Surface elevation: 1805 feet
- Static water elevatlon not measured

~0-1  Topsoil, black

130 Till, yellow-brown

.

Test Hole2 SDGS, 1957 No. 22

Location: SW%SW% Sec. 25 T.118N.,R..53 W.

Surface elevation: 1743 feet

Static water elevation: 1718 feet

0-5 - Topsoil
5-17 - Clay
- 7-30 Sand, coarse; water
30-37 Silt, brown;sand =~
.37-65 Silt, brown; clay

EE IS

Test Hole 3, SDGS 1957 No 32

Location: SW%SE% sec.25, T. 118 N,, R 53W
Surface elevation: 1761 feet "

Static water elevation: not measured

0- 1 Topsoil, black
1-30 Till, yellow-brown
’ k.ock ook
Test Hole 4. SDGS, 1963, No. 9
Surface elevation: not taken -
Depth to water: 12 feet
0-19 ‘ Clay brown; some sand and gravel :
19-29 - Till, brown

29-64  Clay.blue



Test HoleS CW, 1964-65, No 21

Location: SW%SE%SW% sec. 30, T 118N R 52W
Surface elevation: 1755.90

Stat1c water elevat1on 1747 48

0 2 Road bed
2-5 Clay, sandy -

L 5-17 Sand and gravel, medlum to coarse boulders 4” mud loss
17-19 Clay, gray v ,
19-42 - Sand and gravel, medium to coarse; 6” mud loss
42-56 Clay, gray e

Test Hole 6, SDGS, 1963, No. 10
Surface elevation: 1727 feet
Depth to water: 10 feet
0-9 Gravel red
929 Sand, medium to.coarse; some clay ,
02989 ¢ Sand medium to coarse; less clay
8999 Clay, blue
kokok
“Test Hole 7, SDGS, 1963, No. 11
Surface elevation: 1734 feet
Depth to water: 4 feet ,
0-11 Clay, brown; gravel; unsorted
11-29 Gravel, coarse; some clay

2944 . Gravel; less clay

4449 Gravel; more clay
49-54 Clay, blue

EIE O]
Test Hole 8, SDGS, 1963, No. 12
Surface elevation: 1739 feet
‘Depth to water: 15 feet
0-14 k Clay; sand: gravel; poorly sorted :
- '14-54 - Sand, coarse; gravel, fine” -
- 54-64 Sand and gravel: more silty E
o S

Test Hole 9. SDGS 1957.No. 48 ' '
Location: SW‘/4SW‘/4 sec. 31. T. 118N R. 53 W.
‘Surface elevation: 1748 feet

Static water clevation: not measured

0- 3 Topsoil v

3-'4 . Sand. clean. medium
4-13 Gravel, medium-fine
13- 15;,

. Gravel. medium-coarse: rocks
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“Test Hole 10, SDGS. 1963.No. 14

‘Surface elevation: 1765 feet

: Depth to water 18 feet

0-19 " Sand. brown. medlum clay-
19-24 Sand. fine: clay

24-29 Till. blue

Observation Well 11, SDGS, 1967-70

" Location: SWASE%SEY sec. 21, T. 118N R. szw
 Top of observation well: 1739. 18 feet

Depth to water: 10 feet

01 - Topsoil
1- 3 Sand. fine
- 3-5 Clay, gray
5-10 Sand and gravel
10-15 Gravel; some sand
15-30 - - Sand
30-40 Sand. coarse
EE
Test Hole 12. SDGS. 1963, No. 16
Surface elevation: 1748 feet
Depth to water: 9 feet
0-9° Clay, brown: some sand and gravel
9-24 Sand; some clay
24-59  Clay, blue; some sand

“Observation Well 13, SDGS, 1967-70,No. 10

Location: NE%NW%NW%NW% sec. 22 T.118N.. R. 57 W,

~ Top of observation well: 1740 feet -

Depth to water: 16 feet -

‘0- 1~ Topsoil

< 1-33 Sand. coarse;’some pebbles ~
3344 Clay. dark-gray: pebbly, (till) E
44-49 Clay: some sand ‘

49-74 - Clay, blue

Observation Well 14, SDGS. 1967-70. No 3

Location: SEYiSE4SEUSEY: sec. 36, T. 118 N..R. 53 W
Top of observation well: 1738.51 feet
Depth to water: 6 feet

0- 2 Topsoil
-6 Clay. dark-gray
6-16 ~ Sand:some gravel
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1629 Clay, dark-gray pebbly, (uu) |

1833 Gray clay

© 37-48- - Gray clay

: Observat10n Well 14—cont1nued

Test Hole 15,CW, 1964—65 No 22 o ‘
Location: SW%SW%NW% sec 31, T. 118N R 52W
Surface elevation: 1749.15

o Stat1c water elevation: 1740 15 ‘

S0-2 'Topsoﬂ clay :
2-12. - Medium to very coarse sand and gravel 3” mud loss -
12-18 - Yellow clay -~ - R

Test Hole 16 CW 1964—65 No 34

" Location: SE%SEANWY sec. 31, T 118N R 52W

Surface elevation: 1753.27
Static water elevatlon 1742.02

0-1  Topsoil
- 1-3 - Sandyclay :
3-28 ° Medium to very coarse sand and gravel 6” mud loss -
28-31 - Gray clay ’
31-37 . Medium to very coarse sand and gravel 6” mud loss

BT B O

Test Hole l7 Cw, 1964-65 No 33

Location: SE%SW%SE% sec. 31, T. 118N R 52W
Surface elevation: 1741.06 .
Statlc water elevatlon 1736 23

.0- l'- : Topsoﬂ
1-. 3 ~ Sandy clay ‘
‘o 3-20 ° Medium to very coarse sand and gravel 6” mud-loss
20-33 - ‘Gray, clay

Test Hole 18 SDGS 1957 No. 21

" Location: NEV:iNEY% sec. 31, T. 118 N., R, szw

Surface elevation: 1747 feet

_ Static water elevation: 1735 feet

0- 7 Topsoil
7-12. -Sand, tan;silt; water . . 7
12-18  Gravel, medium-brown; water
.-18-30" Sand, coarse; gravel, f1ne
- 30-40 Sand, coarse ‘
4045 Sand. medium to fine

" 45-65 Sand, fine =

39
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Test Hole 19, CW, 1964- 65, No 37

Location: SW/4SWYNWY sec. 32, T. i18N .R. 52w

¢ Surface elevation: 1753.71
o :Stat1c water elevatlon l742 71

01 f: "Topsoil - .
1-°4- - Yellow clay , ’
4-20 - - .Medium to coarse sand and gravel 4” mud loss e

20-33 : Brown clay and gray clay

ok %

Test Hole 20 SDGS 1957 No 50

~ Location: SW/4SWY% sec. 32, T. 118 N., R. szw-

Surface elevation: 1747 feet

Static water elevat1on 1740 feet

0-3 ,'.;Topsoﬂ ' :
3- 7 Gravel, medium; sand, coarse; water
- 7-9 Sand, medlum gravel ﬁne
924 Sand coarse -
24-47 - Sand, medium to fine

47-65 Sand, medium to fine

koo

Test Hole 21, CW 1964 65 No. 31

" Location: SW%SW%SE% sec. 32, T. 118 N, R. 52 W
~ Surface elevation: 1753.71 "
:Statlc water elevat1on 174271

0-1 Topsoil

~1-3 . Sandy clay '
- 3-18 Medium to very coarse sand and gravel 7” mud loss
1833 © Yellowcly

Test Hole 22 CW 1964-65, No 32

" Location: NW%NWASE% sec. 32, T 118N R. 52W
“Surface elevation: 1761.87 o ,

Static water elevation: 1747.87

S 0- 1 Topsoil
‘1--4 - Sandy clay - '

~4-23 Medium to very coarse sand and gravel 107 mud loss
23-33 ; , ;

Brown gray clay

Observat1on Well 23, SDGS 1967 70 &

Location: NW%NW%NW%NW% sec. 33 T l 18 N, R 52 W
Top of observation well: 1767 feet.

Depth to water: 12.47 feet S

0- 2 Topsoil



mw o

Observation Well No"'23—continued,

2-23 Sand and gravel i
23-29; Clay, dark-gray pebbly, (t111) o
 Test Hole 24, SDGS, 1963, No. 20
- Surface elevation: 1750 feet .
Depth to water: not meaSured :
0-17  Gravel, ﬁne to medlum some sand
1744 -+ Clay, brown
- 4449 Clay, brown; some sand
49-54 Clay, blue :
Test Hole 25, SDGS, 1963, No. 21
Surface elevation: 1747 feet
Depth to water: 22 feet
0-29 Clay, red;sand
29-39 - Sand, brown; clay
-39-49 - Sand; more clay
49-59 Clay, gray il
| | * %
Test Hole 26, SDGS 1963 No 15
- Surface elevatlon 1721 feet '
Depth to water: 17 feet
0-9 - Clay, brown; sand f
1924 Till, blue o
2449 - Till, brown

Observation Well 27, SDGS 1967-70

. Location: NW%NW%NW%NW% sec. 3, T. '117 N R 53 W

Top of observation well: 1749.9 feet
Depth to water: 18 feet

0- ’,2. | Topsoil
2-28 Sand and gravel
28-49 - Clay, gray-blue pebbly, (t111)

Observation Well 28, SDGS 1967-70

Location: SW%SW%SW%SW% sec. 2, T. 117 N,, R 53 W..
- Top of observation well: 1728. 58 feet ‘

Depth to water: 8 feet ‘

0-1 Topsoil
1-12 Sand and gravel, coarse

_,41,;



, Observat»i‘on’ Well No. 28—conti1iv".1ed.‘ %
1227 Gravel : ‘
2739 : Clay, dark- brown pebbly, (tlll)
S . 17*’*'*_
Observat1on Well 29, WRC No WA2

: Stat1c water level: 3 feet ,

0- 6 : Topsoﬂ
S 6-39 Sand, gray, fine to coarse some coal 8
iy 39-50 o Clay tlll dark—gray SN
T | x ;gi*
Test Hole 30, SDGS, 1963, No. 23
Surface elevation: not measured
Depth to water: 10 feet
014 Sand and gravel some clay ,
14-19 ~Sand and gravel :
- 19-24 - Sand and gravel; more clay
- 24-29 - Till, brown .
+29-37 Till, blue:

;Test Hole 3l CW, 1964-65,No. 13 -~ ’
- ‘Location: SE%SE%SW% sec. 1, T. 1'17:N.; R 53W
Surface elevation: 1726.59

- Static water elevation: 1722.26

- 0-'1.  Topsoil
“1- 5. Gray clay L
5-7 0 Medium to very coarse sand and gravel
7- 8 - Black clay :
- 8-13 Brownclay ' ' 5 '
13- 23 Medium to very coarse sand and gravel boulders, 4” mud loss
23-28 - Gray clay, gravel streaks ,
28-30 . ‘Medium to coarse sand and gravel l” mud loss

- 3045 2 .Gray clay

Test Hole 32, CW 1964-65, No. 35 '
Location: SW%NW%SW% sec. 6, T. l 17 N., R 52 W
Surface elevation: 1730.66 '

~Static water elevation: 1725.66

0.1 Topsoil
1- 8 Gray clay
8-20 .- Fine to coarse cemented sand, 47 mud loss

20-33 Gray clay '

* %k k.
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‘Test Hole 33,CW, 1964—65 No. 36

Location: NE%NW%NW% sec. 6, T 117N R 52W
Surface elevation; 1734:17

Static water elevation: 1732. 67

0-1 Topsoil
1- 3 Soft clay ‘ ~ :
- 3-10  Medium to very coarse sand and gravel 4” mud loss -
-10-11 .~ Gray clay, boulders
1122 Medium to very coarse sand and gravel 57 mud loss
22-32.- Gray clay v
-~ 32-38  Fine to coarse cemented sand and gravel 4” mud loss =
- 3848 »-Gray clay-
. Test Hole 34 SDGS 1963 No 78
Surface elevatlon 1736 feet
Depth to water 4 feet A
06 Topsoﬂ and clay :
6-19 ~ Sand, medium; gravel ﬁne
19-59- . Sand gravel g
59-64  Sand; gravel; more clay ‘
64-74 g Clay, brown :

Test Hole 35, cw 1964-65, No. 20

Location: SWASWYNEY sec. 6, T. 117N R. szw
Surface elevation: 1738.23 -
Static water elevat1on 1733. 06 '

0-1 . Topsoil

1--3°° . Gray-clay ‘ : ‘ : v
- 3-17 - Fine to very coarse sand and gravel boulders 4 mud loss
1720 Grayclay ; , '
20-63 - -Fine to coarse cemented sand and gravel 6” mud loss e

63-78 Gray clay

~:Test Hole 36 CW 1964 65,No.6 :
" Location: SW%SW%SE% sec. 6, T, 117N R 52W

Surface elevation: 1733.29
Static water elevation: 1727 79

0- I~ ~Topsoil
1-10 - Gray. clay
~10-15 ¢ Fine to medium sand
~15-18 .~ "Fine to coarse sand and gravel boulders 7” mud loss
18-31 Fine sand :
31-42 - -Gray clay, sand streaks
- 42-55 7 Fineto medium cemented sand

55-63 Gray clay ~




Il

= Test Hole 38 CW 1964-65 No. 39

Test Hole 37, SDGS, 1963, No. 25
Surface elevation: not taken -

- Depth to water: 6 feet

0- 9 ~ Sand fine to coarse; some clay ‘
9-29. ~Sand; some clay
29-44‘ T111 blue

Location: SE%SE%NE% sec. 6, T. 117 N R 52 W,
Surface elevation: 1744.57
Static water elevation: 1735.40

0-1 - Topsoil .
1-5  Yellow clay '
5-15 - Medium to coarse sand and gravel 5” mud loss :
15-32 -~ Brownclay - e
32-37 Fine to coarse sand 3” mud loss

37-38 : Gray and brown clay -

~Test Hole 39 SDGS 1967 70

Location: NWYANWYNWY:NWY sec. 5, T 117N R.52W.
Surface elevation: 1744 feet
Depth to water: 5 feet

0 :?_2' ; posoﬂ'black ofgamc
-2 -.4% - Clay, gray, compact, dry
4%~ 5% - Sand, gray-brown, fine, moist; some pebbles

5%-18 Sand, brown, medium to coarse, wet
18 -30  Sand, light gray1sh-brown fine to medium

30 -56  Sand, brown, very coarse to pea-size gravel, clean some rocks‘
56 -67 Clay, gray, gravelly, (tlll) :

Test Hole 40 SDGS 1957

Location: SE%SW‘A sec. 5, T. ll7N R 52W
- Surface elevation: 1746 feet
_ Static water elevation: not measured

0-4  Gravel ;
7 4-10 G'ravel.w_ith-silt

 Test Hole 41. SDGS. 1957

Location: SW/4SW¥% sec. 7. T. 117 N,, R 53W
Surface elevation: 1758 feet-

', Static water elevatxon 1718 teet

0-9 : Topsoﬂ ;
9-11 . Sand, medium




i

' 2329 . Clay, pebbly, (till)

 Test Hole 41—continued.

- 1127~ - Sand, medium; gravel
'27-57  Silt, gray; sand, coarse
' 57-67 - Silt, gray; sand, medium
~67-71- Silt, gray; sand, fine

7174 Clay, tan;rocks, (till)

Observation Well 42, SDGS 1967-70
Location: NW%SW%NW%SW% sec. 9, T. 117N R 53 W.

Height of pipe above the ground: 2 feet -

Depth to water from the top of the p1pe 12 19 feet

: 0- 2 Topsoﬂ

2-23 - Sand and gtavel

Test Hole 43, SDGS 1957 No. 28
-Location: SE%SE% sec. 9, T 117 N R 53 W
- Surface elevation: 1726 feet

Static water elevation: 1717 feet

L 0-2 Topsoil

2-7 " Sand, black; (sand w1th black silt)
7-9 ~ Sand, med1um, gravel;silt
- 9-50 ) Gravel fine; sand, medmm clay

- 50-65 - Till

‘Test Hole 44, CW 1964-65, No. 17

Location: NE%SE%SE% sec. 9, T. 117 N R 53 W
Surface elevation: 1721.48 :
Static water elevation: 17 1 5.63

0- 3 Roadbed
313 . Fine to very coarse sand and gravel 3” mud loss -
13-14 . Gray clay :
14-20 Fine to coarse sand and gravel 3” mud loss

- -20-33 Gray clay

Test Hole 45, CW, 1964-65, No. 18

" Location: NWY%SW¥%NW% sec. 10, T. 117N R.53 W.
_Surface elevation: 1721.68 =~

Statlc water elevatlon 171 6 18

0-5 Road bed (clay) v ‘
5-30 Fine to medium sand and. gravel 3” mud loss
3040 Gray clay ,

S x ek

45
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' Observat1on Well 46, SDGS 1967-70

Location: NW%NW%NW%NW% sec. 10, T. 117 N R 53 W

. Top of observation well: 1743.76 feet ,’t' :
o Depth to water: 26 feet ;

-1 Topsoﬂ
1- 7 Sand, coarse
724 Sand, brown, fine to coarse
. 2431  Sand, coarse - b '
- 731-39 ‘ Clay, ohve-brown pebbly, compact (t:lll)

ik E ok

Test Hole 47 CWw, 1964—65 No 9 R
Location: SE%SE% E% sec. 10, T. 117N R 53W
Surface elevation: 1718.94 - s

‘ Statlc water elevatlon 1715.69

0-1 Topsoﬂ
1-5 " . Gray clay
~.5-13  Medium to coarse sand and gravel 4” mud loss
13-17 = Gray clay, boulders ‘
'17-38 =~ Medium to coarse sand and gravel 4” mud loss
3848 Gray clay

Test Hole 48, SDGS, 1963, No 26

.. Surface elevatlon 17 24 feet (approxunately)
~ Depth to water 5 feet :

- 0-9  Clay, black sandy

937 Gravel, ﬁne to pea-s1ze h1t rock couldn’t penetratev \

* e

4Test Hole 49, CW, 1964—65 No 23

Location: NWANE/NWY sec. 11, T. 117N R. 53W.

- Surface elevation: 1724.86
~ Static water elevatlon 171728 ©

o-1 ~Tops01l
1-8 - Grayclay . ‘ ‘
- 817 Medium to very coarse sand and gravel 4” mud loss i
- 1720 ~ Grayclay - : ,
20-33 Yellow clay

Test Hole 50, CW 1964—65 No 10 -
‘Location: SW4SW¥%NEY sec. 11 T 117 N.,R 53W

Surface elevation: 1720.91 -
Statlc water elevatlon 1716 24 ’

0- 1 Topsoﬂ ‘
1- 8 . Gray clay . -

828" Medlum to ¢ coarse sand and gravel 4” mud loss -
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28-30
3043
4348

TestHole 51,CW, 1964-65, No. ll ~ S

- Location: SW%SE%SW% sec. 11, T. 117N R 53W
- Surface elevation: 1719.92

- Static water elevation: 1715.50

0-1

1= 7
- 7-28

28-44

4448

Test Hole 50—contmued

Gray and brown clay, boulders o
Fine to coarse sand and gravel 4” mud loss
Gray clay T :

- Topsoil
- Gray clay .
- Medium to very coarse sand and gravel 8” mud loss -
- Fine to coarse sand and gravel ,
. Gray clay

: Observatlon Well 52, SDGS 1967—70

Location: NE%SE%SE%SE% sec.11,T. 117N R 53W

0-1
120
2029

10200
448

o "TestHole 55, CW, 1964-65, No 12
L ,_Locatlon SW%SW%NW% sec. l2 T ll7N R 53W

“Top of observation well: 1721’ 04 feet -
*}Depth to water 4 feet e

Topsoﬂ
- Sand-and gravel
Clay, dark—gray, pebbly, (tlll)

EEE T

/Test Hole 53 CW 1964—65 No.7
. Location: NEY%NEYNEY sec. 11, T. ll7N R 53W

- Surface elevation: 1726.80

BN Statlc water elevatlon 17 20 38

0-1  Roadbed
1-100  Grayclay 5 ;
- Medium to very coarse sand and gravel boulders 6” mud. loss .
- - Fine to medium sand and. gravel e s
?.Gray clay , "
' Test Hole 54, SDGS, 1963, No. 27
- -Surface elevation: 1724 feet . -
i Depth to water: 9 feet 'k
.~ 0-9  Clay,sandy
929 - Sand;some clay
: (29-44 Trll blue \' ,
: * %k %k

a7
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3438 Gray clay

3848 ~  Gray clay

Test Hble 55—continued. |

- Surface elevation: 1722.01
- Static water elevation: 1719.01

0-1 - Topsoil
1--7 Gray clay
723 - Medium to very coarse sand and gravel 4” mud loss -
2333~ Gray clay
-33-34 ‘Mediumto coarse sand and gravel

%ok ok -

Test Hole 56 CW 1964—65 No. 2

Location: SE%SWYSWY sec. 12, T. 117 N R. 53 W.
Surface elevation: 1724.93
, Stat1c water elevation: 171 7 93

0- 1 . Road bed

1-7 °~  Clay '
- 723 - Medium to very coarse sand and gravel 6” mud loss
23-26 - Gray clay, boulders -
26-28 - Medium to very coarse sand and gravel 2” mud loss -
28-38 . Brownclay = . ,

ok ok

,Test Hole 57 Cw, 1964-65 No. 3

Location: SE%SE%SW% sec. 12, T. 117>N R 53W

- Surface elevation: 1727.34
oy Statlc water elevation: 17 1 9. 34

0- 1 TR ‘Topsoﬂ

-1--3 . - Gray clay
- 315 Medium to very coarse sand and gravel boulders, 4” mud loss: -
15-33 _Gray clay

V S * * %
“Test Hole 58, SDGS, 1963, No. 28

- Surface elevatlon 1726 feet
Depth to water: 9 feet '

0-9 Sand, gravel; some‘(:l'ay
+:9-39 - - Sand;gravel S
39-64 - Till, brown

i Test Hole 59 CW 1964-65, No. 14

Location: SW%SW%NE% sec. 12, T 117 N R 53 W
Surface elevation: 1728.82
Static water elevatlon 1720 57

0-1 Topsoﬂ



"

© Observation Well 60, SDGS, 1967-70
Location: NE%NE%NE%NE% sec. 12, T. 117 N R 53W
- Height of pipe above the ground: 2. feet ;

5769 ~;Clay, dark-gray, (trll)

2233 . __Gray clay

 Observation Well 62_ SDGS, 1967-70

2629 Till, gray, unox1d1zed S

,TestHole 59-co‘ntinued, sl

1- 3’ it Gray clay ’
- 3-22 °  Medium to very coarse sand and gravel 4” mud loss -

22‘-33_ : Gray clay

Depth to water from the top of prpe 4 feet

02 Topsorl '

2-'7 Clay,sandy K
7-15 " Sand, light-gray, ﬁne
1542 - - Sand, fine to coarse
42-57 Sand, coarse -

" Test Hole 61,CW, 1964—65

Location: SWY%SW/%NWY sec. 7 T. 117N R szw
Surface elevation: 1729.65 g

- Static water elevation: 1722. 15 :

0-1 . Topsoil
1-3  Sandyclay : : : ‘
322 Medium to very coarse sand and gravel boulders S” mud loss-

Location: NE4NE%NEYNEY sec. 7T, T. ’1 l7 N., R 52 W
Top of observation well: 1742. 24 feet

- Depth to water: 4 feet

-0-1 - Sand, clean brown, coarse

~1-4 . Sand, medrum-brown clean; scattered pea-srzed gravel
o 4-13 Y,Gravel brown, pea-srzed
~.13-19 . Sand, coarse - :

19-26 - Gravel sandy w1thh1gh clay content :

" Test Hole 63, SDGS, 1967-70

Location: SW%SW/4SWYSWY sec. 18, T. 117N R S3W.

" Depth. to water dry

0 1 Topsorl :
-~ 1-4.  Sandand gravel = =~ = -
- 422 Clay, brown, compact -

2239 Clayandsand

L%k ok

49
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e ;TestHole 66 Cw, 1964—65 i ‘

- Location: SW%NW%SW% sec. 14, T 117N R. 53 W
- Surface elevation: 172147 - -

- Static water elevation: 1715. 40 s

o leis ~ Clhy

2333 Grayclay

‘Test Hole 67, CW, 196465

Test Hole 64 SDGS 1967- 70

Location: NE%NE%NE%NE% sec. 18 T 1 17 N R 53 W
Depth to water 9 feet ,

0-2 | Topsoﬂ i A |
ne 2412 Sand and gravel = S
1229 Clay, dark-brown pebbly, (t111) e

ok ko

Pl -'I}Test Hole 65,CW, 1933-34 . iy

- Location: SW%SW%SW% sec. 14, T 117 N R 53 W
- Surface elevation: 1719.4
o Stauc water elevation: 171 1 6

B l"~ Topsorl

~-1-12- . - - Fine to coarse sand and gravel o
12-16 - Coarse sand -

. 0-3 - Sandytopsoil e
<321 .- Fine to very coarse sand and gravel 6” mud loss
- .21-23 - . Blacksilt . , : ;

Location: NW%NW%SW% sec 14 T 117N R. 53W

- Surface elevation: 1720.17
it Statrc water elevatlon l7 1 5 17

01  Topsoil

- 1--.2° . Sandy clay s Lt ‘ :
- 2-15° Medium to very coarse sand and gravel 47 mud loss -
oo 15418 Medium to coarse sand and gravel -
© 1826 Medium to coarse sand, boulders o
- 26-28 ° : Softgrayclay =
2845  Medium to coarse sand and gtavel 4” mud loss

o 45-63 o Gray clay

= Test Hole 68, CW 1964—65

' Location: SWASWYNWY sec. 14, T N, R 53w

" Surface elevation: 1720
» ~Stat1c water elevatlon 1715

4’0‘- 1 ) . Topsorls ’




' Test Hole 68—cont1nued

14170 ,Frne to coarse sand and gravel sea shells, 6” mud loss
17-24. - Fine to medium black sand ;
24-40: . Grayclay = ,
S 4042 Fine to coarse sand .
4248 - Gray clay B
* ok %

Test Hole 69 Cw, 1964—65 O

Location: SW%SW%NE% sec. 14, T 117N R 53W
~ Surface elevation: 1729.17

Statrc water elevatlon 1719. 34

0- 1 Topsoﬂ

~1-2  Sandy clay
220 . Medium to very coarse sand and gravel 4” mud loss -
20-30° - Grayclay - : .

‘30-48}’ - Brownclay e

. Test Hole 70 CW 1964-65

Location: NE%NE%NW% sec. 14 T l 17 N R 53 W
Surface elevation: 1719.05 c
Stat1c water elevatlon 171 5 25

0- 1 ; Topso11 v.
1- 5 Grayclay ’ :
- 5-25 . Medium to very coarse sand and gravel boulders 5” mud loss‘ e

25-33 -~ Brownclay -

'TestHole 71,CW, 196465
Location: NE%NE%NE% sec. 14, T 117N R 53W
Surface elevation: 172092 -

S5 Sf;atlc water elevation: 1717 09 s

06 Clay
£.6-25 Medium to coarse sand and gravel 4” mud loss

2535 Gray clay

" Test Hole 72, SDGS, 1963
- Surface elevatlon 1720 feet

in

o ,Depth to water: 4 feet

0- 4 Sand, coarse some clay

4 ,‘ Sand, coarse -
22-64  Clay, blue -

6474 Clay,brown



Izl

52

Observation Well 73, SDGS, 196770 |
" . Location: SE%SE%SE%SE% sec. 14, T. 117N R 53 W.

Top of observation well: 1724.46 feet
Depth to water: 8 feet

0-1 - Topsoil
1-13 -~ Sand and gravel

13-24 . Clay, ohve—brown (t111)

Test Hole 74 CW 1933-34

Location: SEv:SWY%SEY sec. 13, T I 17 N R 53 W
Surface elevation: 1718.2 : _
Static water elevation: dry hole

02 - Topsoil
2-3 Sand
3-8 S Clay -
*,*1# :
Test Hole 75, SDGS, 1963
Surface elevation: not taken
Depth to water 9 feet L ,
0- 4 Topsoﬂ unsorted sand and gravel
4-12 Clay, gray, moist -
12-39 - Clay, blue ~
- A * % V* N

Test Hole 76, CW, 1964—65 5 ‘
Location: NW%NW%NW% sec.. 18 T 117N R S2W

- -Surface elevation: 1739.56

Static water elevation: dry hole -

0-1  Roadbed
1--4 - Sandy clay - '
4- 5 ~  Medium to coarse sand and gravel

. 5-23 . Brown clay

2333 Grayclay

© Test Hole 77 SDGS 1957

Location: NW%NW% sec. 17, T. 117 N R. 52 W
Surface elevation: 1743 feet

- Statlc water elevatlon not measured

! 0 4 Topsoﬂ

4 - 4% - Gravel'and clay
4425 T111

* Xk %



Test Hole 78, SDGS 1957
Location: 557> W sec. 17, T. 117N R 52W
_Surface elevation: 1762 feet '
Static water elevation: not measured S

"0’3,0 | Till, yellow-brown .

Test Hole 79, CW 1933-34, No. 48

~ Location: SW%SE%SW% sec.. 22 T 11"»7‘N R 53 w.

0-2°  Topsoil

210, . Clay e
- 10-17 . Fine to coarse sand and gravel
17-22 - Clay
22-23 . Fine to coarse sand and gravel

- 23-. . Clay

© Test Hole 80, cw 1933-34 No.49

o Locatlon SE%SE%SW% sec. 22, T 117N R 53 W.,' :

“0-4 Topsoﬂ ,
4-16 - Fine blue sand -

| 16- ~ Clay

‘Test Hole 81, CW 1933-34, No. 50

~ Location: SWASWASEY sec. 22, T. 1IN, R S3W.

- 0-3 ~Topsoil
~3-14 . Coarse yellow. sand
14— . C]ay -
| : *x s
 Test Hole 82 SDGS 1963, No. 32
-+ Surface. elevatlon not taken
- =Depth to water: “dry
o '0-34 '_ ‘ Clay, brown

" Test Hole 83, SDGS, 196770

~ Location: SWYSWANWY; sec. 23‘ T 117 N R 53 W
Surface elevation: 1743 feet °

‘ f"'].Depth to Water 21 feet

0-1 - ‘Topsoil -

1-6  Clay, sandy, dry
6-17 .~ Sand and gravel dry i

1739 ;7'Tﬂ1 '
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2738 - Clay

0-3 Topso11

1518 Clay

© Test Hole 84, CW, 1933-34, No, 30 ' |
©. Location: NW%NE%NW% sec. 23 T 117N R 53 W. '

Surface elevation: 1719.7"

Static water elevation: ,1712 4

0-1 - Topsoil
1- 8 . Packed sand
8-15  Coarse sand
- 1522 ‘Fine to coarse sand and grave]
22-27 - Coarse sand

Test Hole 85 Ccw, 1933-34 No. 18
Location: NW%NW%NE% sec. 23, T. 117N R 53 W.

" Surface elevation: 1719.5

Statlc water elevation: 1713.2

| :O- 3 Topsoil

- 3-10 -~ Finesand ‘
1020 Fine to coarse sand and gravel
20-26. ~ Coarsesand :
2628 Clay

Test Hole 86, CW 1933-34 No. 26 N k ‘
Location: NE%NW%NE% sec. 23 T.117 N R 53 W

- Surface elevation: 1725.2

Static water elevatlon ‘not measured

3-14  Packed sand
1418 Clay

Test Hole 87 CW 1933-34, No. 24 o ’
Location: SE%NW%NE% sec. 23 T, 117N R 53W

- Surface elevation: 17244
- Static water elevatlon not measured

‘ Of 3 Topsoﬂ : v
3-15 Fine to coarse sand and gravel

; | Observatlon Well 88, SDGS 1967-70 ) ' '
" Location: NW%SW%NE% sec. 23, T. 117N R 53 W.

Top of observation well: 1732.¢€ 61 feet

. 'Depth to water 14 feet

0- 1_ Topsoﬂ , v
1--3 .+ Clay,brown

‘ 328 Sand and gravel



Observation Well 88—continued.
2848 ©  Clay, pebbly -
“Test Hole 89 cw, 1933-34 No.25

" Location: NE%NE%NE% sec. 23 T 117N R 53W

* Surface elevation: 1724.2°
Static water elevation: 171 4 6

5 0-3 Topsoil i e
- 3-16 Packed sand
16-18  Clay » E
‘ ' | *k %
* Test Hole 90, SDGS, 1963
Surface elevation: 1730 feet
Depth to water: 14 feet -
014 Clay, dark-brown; some sand.
1444 Clay, dark-brown
" 44-54 © ' Clay, blue
. 5474~ Clay, brown

Test Hole 91, CW 1933-34, No.17
Location: SE%SE%NE% sec. 23, T 117 N R 53 W
Surface elevation: 1723.2 :

Static water elevatlon 17 1 5 3

0-2 Topsoﬂ
©2-'8 ' Coarse sand
. 8-13 - Fine to come sand and gravel :

1318 'Clay

'Observatlon Well 92, WRC,; No S4

Location: SW%SW%,SW%SW% sec. 24, T 117N R 52 W :

" Surface elevation:

‘ r Statlc water elevatxon 4, 6 feet

0-3 . Topsoil
3-24 . Sand, coarse - -
24-40 "Clay, blue -

, %%
“Test Hole 93 Cw, 1933-34 No. 27
Location: NE%NW%NW% sec. ‘24 T 117 N R. 53 W

Surface elevation: 1725.3
Statlc water elevatlon 17 1 5 2

,'0—1 : | Topsoﬂ ,
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Test Hole 93—continued.

1-17  Packed sand
17-18 Boulders -
18-20 Clay

%k %k ok

Test Hole 94, CW, 1933-34, No. 28

Location: NE%NE%NW% sec. 24, T 117 N R 53 W
Surface elevation: 1722.7
Static water elevation: not measured

0-1  Topsoil
~1-7 - Packedsand -
7-18 = .. Clay

Test Hole.95, CW, 1933-34, No. 23
Location: SW% E%SW% sec. 24, T 117N R 53W
Surface elevation: 17254

- Static water elevation: 1713. 4

0- 3 ~ Topsoil

3-10 Packed sand
10-16 - Coarse sand
16-18 -Clay
' L * % %
Test Hole 96, SDGS, 1963, No. 33
Surface elevation: 1745 feet
- Depth to water: 17 feet
0-29 Clay, brown; some sand
- .2949 Sand; some clay
"~ 49-54 . Till, brown
- - LR

Observation Well 917, SDGS 1967-70
Location: 'NE%NEY:NEYNEY sec. 27, T. 117 N R.53 W.
Top of observation well: 1732.78 feet '

" Depth to water: 8 feet

0-2 Topsoil
2-12 Sand and gravel

12-24 _Clay, grayish-tan, pebbly, (tﬂl)

EX RN

"Test Hole 98, CW, 1933-34, No. 53

Location: NW%NW%NE% sec. 26, T 117N R 53W

0-3 Yellow sand
3-18 . Blue sand
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02 Topsoil

- 222 Yellowsand -
22- - Clay o

- Test Holev98'—continued.
1825  Yellowsand

25- : Clay

Test Hole 99 CW, 1933-34, No. 51

Location: NE%NW%NE% sec. 26, T 117 N R 53 W.

0-2 Topsoﬂ

2- 6 - Clay
6-27 Blue sand
27- Clay

Tk ok ok

” Test Hole 100, CW, 1933-34, No. 52 ‘ :
" Location: NW%NE%NE% sec. 26, T 117N R 53 W. :

e “Test Hole 101, CW, 1933-34, No. 56 ' ' :
B ,_Locatlon NW%NE%NE% sec. 26, T. 117N R 53 W.

0-23 Yellow sand -
23-33 - Blue sand

33-  Clay

Test Hole 102, CW 1933-34,No. 56 .

Locatlon SE%NW%NE% sec. 26, T 117N R 53 Ww.

0- 2 Topsoil
+ 225 - Yellowsand
- 25- Clay; '

Test Hole 103,CW, 1933-34 No. 55

- Location: SWYNE%NE sec. 26, T. 117N, R S3W.

0-2 Topsoﬂ
2-30 Fine yellow sand

- 30- Clay

Test Hole 104, CW, 1933-34, No. 57 -

Locatlon SW%SW%NE% sec. 26 T 117N R S3W.

0-2 ‘Topsoil

57



3 ]

g .

‘-,),58

Test Hole 107, CW, 1933-34, No. 38

Test Hole 1 04,—'col/1tinu’ed;

2-'8 White sand
8- Clay

o Test Hole 105, CW, 1933-34, No. 5

Location: NW/NWYSE! sec. 26, T. 11’7N R. SBW. -
Surface elevation: 1719.3- -+ . :
Static water elevation: not measured : ‘

0- 4 Topsoﬂ .
4-11 Fine to coarse sand and gravel
11-28 ~ Clay :

. Test Hole 106,CW, 1933-34,No. 39 -
Location: NE%N'E%NE% sec. 26, T 117N R 53W. ¢

0-3 Topsoﬂ L
3-13. Fine yellow sand

L I

Location: SE%NE%NE% sec. 26, T 117N R 53W

= 0- 2. Topsoﬂ
. 2-14 © Fine yellow sand
14—1 : Clay -

EEEE

~ Test Hole 108, CW, 1933-34, No. 37 _ |
. Location: SE%SE%NE% sec. 26, T 117 N., R 53 W .

0-3 Topsoil . :
3-23 . Fine yellow sand

23 Clay -

 Test Hole 109, CW, 1933-34 No. 36

Location: NE%NE%SE% sec. 26 T 117 N R. 53W '

-2 Topsoil

225 Fine yellow sand and rock
25- A Clay '

Test Hole 110, CW, 1933-34, No. 55

* Location: NE¥NE}SE¥% sec. 26, T. 117N.,R. 53 W. -
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Test Hole 110-continued. °

0-3 Topsoil
3-34 ~ Fine yellow sand and rock

3 Cly

EELE

: Test Hole 111 CW 1933-34, No. 4 = '
-Location: SB%NE%SE% sec. 26, T. 117N R 53W

Surface elevation: 1720.0°
Static water elevation: 1714.0°

0-4 Topsoil
4--9 . Sand =

- 9-28_ Clay -

Test Hole 112, CW, 1964-65, No. 68 °

Location: SW%SW%SW% sec. 25, T 117N R 53 W
Surface elevation: 1731.5

~-Static water elevation: 1724.5

0-1 Topsoil -
1- 2 Brown clay '
- 2-13 - - Fine to coarse sand and gravel 6” mud loss -
13-33 - Brown clay "

% %k

" Test Hole 113, CW, 1933-34, No. 3

Location: NW4SW/SW¥% sec. 25 T 117N R 53W

- Surface elevation: 1717.8

Static water elevatlon 17140

-0- 4 " Topsoil
49 - Sand
9-28 Clay

. Test Hole 114 CW 1964—65 No.64 .
Location: NWSWYSWY sec. 25, T 117 N., R 53 W
Surface elevation: 1730.2 "
Static water elevat:lon 17189

0-1  Topsoil -

1- 2 Brown clay :
219  Fine to coarse sand and gravel, 1’ mud loss L

19-33 v Brown clay

Test Hole 115, CW, 1933-34 No 47

: Locatlon SW%NW%SW% sec. 25, T. 117N R.53W

59
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18 Clay

"Test Hole 116, CW, 1933-34, No. 42 '
- Location: SW%SW%NW% sec. 25, T 117N R 53W

: ‘Test Hole 117, CW, 1933-34 No. 58 '
i Locatlon NW%NW%NW% sec. 25, T 117N R 53W.

- Test Hole 115—continued.

0-3 - Topsoil
3-18 Coarse yellow sand

0-3 Topsoﬂ :
3-17 Coarse yellow gravel

17- ~ Clay

0-3 Topsoﬂ
325 Yellowsand
25 - Clay

- Test Hole 118, CW, 1933-34, No. 59

Location: NE%:NW/NW¥ sec. 25, T. 117N R.53W. -

N 03 Topsoil

3-13 - Yellow sand
13- Clay

o ]Test Hole 119, CW, 1933-34 No. 60 : '
Locatlon NE%NW%NW% sec. 25, T. ll7N R.52 W. "

‘;Of-2 Tosoﬂ

.-18‘/2 Yellow and blue sznd
18%- ‘ Clay

* kX -

~ Test Hole 120, CW, 1933-34, No 16 :
' Location: NW/4NE%NWY sec. 25, T 117 N.,R 53W
~ Surface elevation: 1721.3° o :
~ Static water elevation: 1714.3

S0-2 Topsoil

- 2--8 Coarse sand
- 815 - Fine to coarse sand and gravel
15-19 Coarse sand -

19-25 - Clay

* % Xk -



Observation Well 121, SDGS, 1967—70

Location: SEANEANWY sec. 25, T. 117N, R 53 3W. "

Top of observation well: 1723. 49 feet

. Depth to water: 6 feet

-0- 2 Topsoﬂ : , :
o217 Sand and gravel
- 17-24 , Clay, dark brown pebbly, (tﬂl)

Test Hole 122 CW 1933-34 No. 14

- Location: NE%SW%NW% sec. 25, T. 117 N R 53 W.
. Surface elevation: 1720 9 : ‘
, Statlc water elevatlon dry hole o

02 g Topsoﬂ
25 . Sand

58 Clay

Test Hole 123, Cw, 1933 -34, No. 15

Location: NE/ASW/NWY sec. 25, T. 117N R 53 W

- Surface elevation: 1720.1°
Static water elevation: 1713.6

. 0-3  Topsoil
- 3-1 - Sand - ;
7-16 Fine to coarse sand and gravel .

-~ 16-18 Clay

- Test Hole 124, CW, 1933-34 No. 46 |
‘ Locat1on NW‘ASE%NW% sec. 25, T. 117N, R 53 W.

0- 2 ~Topsoil - :
2-20 - Yellow and blue sand coarse gravel
- 20- “Clay

 Test Hole 125, qw 193334, No, 45 o
7;Locat1on SE%NE‘/QNW% sec. 25, T. ll7N R 53W

0- 2 Topsoﬂ g
2-15  Yellow and blue sand

S15- Clay

* % %

,;Test Hole 126, cw 1933,34 No. 44 ~
‘,Locatlon NW%SE%NW% sec 25, T. ll7N R, 53 W.f :

0-3  Topsoil ;
320 Yellow and blue sand :

61
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23- ; Clay

~’TestHole13l CW, 1933-34, No. P

Test Hole 126I—‘y—éqntmi,1§d.{

- 20- Clay

Test Hole 127, CW, 1964-65, Nq 50

Location: SEASWYNWY sec, 25, T, 117N R.S3W.

~Surface elevatmn 1727.4
Statlg: water elevathn 1719 4

Or 1 Sandy topﬁoﬂ brdwn sﬂt streak 7

1-23- Fine to very coarse sand and gravel 1” mud loss
123-33 B;rown clay S :

Test Hole 128 CW, 1933r34 No. 41

 Location: SE/ASWNWY sec. 25, T. 117N R 53 W.
0 2 e Topsoﬂ

232 Very fine yellow and blue sand some gravel

8 TestHole 129 CW 1933-34, No. 43 R
a’LQcatwn SW%SE%NW% sec. 25 T. 117N R,,_ S3W,

02 Topsoil o i
‘223 Coarse yellow sand

Test Hole 130, CW, 1933 -34, No, 13

- Location: NE%NW%SW% sec.25, T. ll7N R. 53W

tlrface elevation: 1718 4 :
Static water elevatlon 1714. 1

: 0- 2 .~ Topsoil
2+ 8 Fine sand B
815 +  Fine to coarse sand and gravel

1518 ,Clay

Location: NW%NE%SW% sec. 25 T 117 N,, R 53w

~Surface elevation: 1718.7
. Static water elevatlon' 714 6

0- 3 Topsoil '
313 - Fine to coarse sand and gravel -

S 13-18 (‘lay )
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o228 \Clay

1923 Clay

’Test Hole 132, CW 1933-34, No 11 i SRR
- Lpcation; SWYNE%SWY sec. 23, T. 117N R, 53 \ /A
- Surface elevation: 1718.3 § f
- Static water elevatlon 17140 LR

- Q- 3 Top 011 ‘
38 Fme to coarse sand and grave]
- &Il Finesand ,
11-21 ¢ -7 Hine to coarsga sand and gravel —

& :fiTest Hole 133, CW 1933»34 No 20 ‘ ‘
‘Location: NE%SE‘ASW% sec, 25, T. 117N., R 53W

Surface elevation: 1720.1
Static water elevatlon 1713‘6 :

0-2  Topsail
2-15 - Fine to coarse sand and gravel packed

1518 Clay

Tcst Hole 134 CW 1964-65, No, 58
Location: SW%SW%SE% sec. 25, T 117N R 53W
Surface elevation: 1721.6 ‘

": Static water elevation: 1713 6

0- 2 Topsoﬂ ‘ ‘
2:35 . Fine to coarse sand and gravgl 1’ 16” mud loss

3548 Brownclay

- Test Hole 135 cw 1933-34 No. 2
- Location: NW%SW%SE% sec. 25,T 117N R 53W

Surface elevation; 1717.4

= Statlc water elevatlon 1713 5

0-3 ,Topsoﬂ

3-8 . -Fine sand

- 815 - Fine to coarse sand and gravel
©15;18 . Fine'sand
. 18,19 " Boulders

F

s Test Hole 136 cw 1933134 No. 21

Location: NW%SW% El sec, 25, T. 117N R. 53 W.

. Surface elevation: 1719.4

Static water elevation: 1712.9

0-2 . Top501l '
2- 8 Fine to coarse sand and gravel
8-18 Coarsg sand

63
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_ Static water eleva‘upn' npt meagurpd

02 Topsoﬂ SR
2-15  Packed sand
15-20 Clay : ‘

1223 Cly

o Test Hole 136-rcqntmued

1822 Gravel
22-26 Sand
- 26-28 Clay

Uk

~Test HQle 137 CW 1933 34 No 2
: LocatlonvNW%SW%SE% sec. 25, T. 117N R 53 W.

Surface elevation: 1722.0-

Test Hole 138, CW 1933 34 No 1

-~ Location; NW%SW%SE% sec. 25; T 117N R 53 W.

Surface elevation: 1717,3
Static water elevation: 1713.5

0- 3 . Topsoil

~3-17  Fine to coarse sand and gravel |

17-108 Clay R

Test Hole 139, CW 1933-34 NO 19

 Location: SWANWYSEY sec. 25 T. 117N R.53 W.
- Surface elevation: 1718.0 ;
Static water elevation: 1713;51 : :

0-3  Topsoil
~3-13 ~ Fine to coarse sand and gravel
13-16 . Fine sand e

16-18  Clay -

O

Test Hole 140 CW 1933 34 No. 10
~ Logcation: NW%NW%SE% sec. 25, T 117N ‘R. 53 W.
- Surface elevation: 1725.7
~ Static water eleva’;lon 17 15. 3

F;O; 2 . Topsail - ‘
2-12 - Fine ta qmme %and and gravel

‘Tq;:st Hole 141. SDGS 1%3 No 34

Surface glevatjon; 1721 tpet
Depth to water 4 feet



' Test Hole 141—cont1nued

017 wVSand clay, poorly sorted f n

17-39 - Sand;some clay.
3959 . Clay, gray, sandy
+59-64 - Clay, blue -

6469 - Till, brown .

s«“Test Hole 142, w, ,1933-34 No 8 Y
~ Location: SE%SE%,NE%, sec, 25, T 117N, R 53W

- Surface elevation; 1712. 8

Stat1c water elevation 1707. 7'

0-- 2 : Topsoﬂ . ‘
~2- 7 . Fine to coarse sand and gravel

- 7-18 Clay

Sk E

- Test Ho]e143 SDGS, 1967ﬂ70 \ IR
Location: SW%;NE%NE%SE% sec. 25 T. 117N R 53 W..“

©Surface elevation: 1720 feet -
: Depth to water 3feet 7' ‘

0-2 Tstp}I
2-.5. . Sand, coarse

540 Clay, pebbly, (till

~ Test Hole 144, CW, 1964-65, No 59
~ Location: NE%SE%,SE% se¢, 25, T. 117N R 53W

. Surface elevation: 1717. 0

o 'Statlc water elevatlon dry hole ‘

0- 1 " Topsoﬂ
1- 3 Fine to very coarse sand and gravel
3-"4 . - Boulders ‘

4-18  Brownglay '

© Test Hole 145, SDGS, 196770 |
Location: NE%SE%SE%SE‘@ sefz, 25, T 1]7 N R 53 w.

‘f‘;fﬁSurface elevation: 1718 f';gzt
S D@pth to water 3 fee; ‘

071~’f Topspil ’
: 1'1-42’ ~ Clay, pebbly (tlll)

R
Test Holg 146, CW, 1933-34, No, 7

~ Logatjon; SW%SW%NW% sec. 30 T. 117N R szw
‘Surtac;:elevatlon 17188 e e
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» Test Hole 146—contmued

Statlc water elevat1on 1708 4

0-2 ; Topsoﬂ ‘ :
2-11 - Fine to coarse sand and gravel

1128 Clay .

S

Test Hole 147, CW, 1933-34, No. 6
- Location: SE%NW%SW% sec. 30, T. 117N , R. 52W
‘Surface elevation: 1721.4

- Static water elevatlon' 1713.}9 S
0-2  Topsoil o S
2-26 - Fine to coarse ‘sand and gravel-packed

2629 - Clay ~

'29-30 Boulders

3033 Clay

Test Hole 148, SDGS 1967!'70
Location: SW%SW%SW%SW% sec. 31, T. 117N R. 53W
Surface elevation: 1729 feet

| ~ Depth to water: 19 feet

0- 3 . Roadbed
- 3-7 - Clay, dark-gray
7-19 . Clay, dark-brown
: 19-24 . Sand and gravel . :
24-34 Clay, dark-gray, pebbly, ( tﬂl)

"v***

Test Hole 149, SDGS 1967 70

- Location: NW%NW%NW%NW% seck33 T 117N R. 53 W

Surface elevation: 1722 feet

‘Depth to water 6 feet

> 0-2 Rqadbed
2-11"  ~Clay, dark-gray
11-17 - Sand, fine tp coarse; some gravel
17-47 . Sand, coarse; gravel ‘
47-55 Clay :
o 55-63 . Sand and gravel
-~ 63-71 . Clay :
71-73 - Sand and gravel -
73-84 -+ Clay, dark-gray, pebbly (t111)

“Test Hole 150, SDGS. 1957, No. 10

Location: SW/4SWY; sec. 33, T.- T17N. R, 53W

~Surface @levatlon 177Q feet
Static water ¢levatlon not mwsured
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 Test Hole 1 50-continued.

0-3  Topsoil and till
3-20 - Silt; some sand, (till)

Test Hole 151, SDGS, 1967-70

-Location: SE%SE%SE%SW% sec. 33, T. 1 17 N R 53 W.
‘Surface elevation: 1750 feet -

Depth to water: dry

0- 2 | Topsoﬂ ,
225 “Sand, fine to coarse- : ‘
25-39 Clay, dark-brown, compact pebbly, (t111)

oK.k

Test Hole 152 SDGS 1967-70

Location: SW%SE%SE%SE%, sec. 33, T I’ 17 N R. 53 W.
Surface elevation: 1740 feet

Depth to water: 22 feet

0-2 Topsoﬂ

-2-31 .- Sand, coarse; gravel

31-49 ~ Clay, dark-gray, compact (t111)
TestHole 153 SDGS, 1957 No. 11

Location: SE%SE% sec. 33, T, 117N R 53W
Surface elevation: 1740? feet

Statlc water elevatlon 1666 feet

0-1 ,Topsoxl -
120 Gravel; sand; silt mlxture
20-21 Pea gravel :
! 21-25- Silt and pea gravel
25-27 Clay and sand, (dry) :
- 27-44 Drysiltand occasmnal sand grams

44-55 Clay W1th sand grams (water)

W Test Hole 154, SDGS, 1967-70

‘Location: SW%SW%SW%SW% sec. 34, T. 117 N R 53 W.
‘Surface elevation: 1746 feet

o Depth to water: dry? (not measured)

0- 1~ Topsoil
~1-14 ~ Sandand gravel :
14-24. . Clay dark- brown (tlll)

% ok ok

Test Hole 155, SDGS, 1963.No. 40
3 ’Surfacc_elev}atiOn:_l746 feet
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Test' Hole '1'55 —continued

Depth to water 35 feet

019 Sand brown gravel some clay -
19-29 .- Till, brown » :
2944 - .,-T111 blue
. 4454 ?’Clay, buff - L
5459 - Till,blue g

Test Hole' 156, SDGS 1957 No 49

* Location: SW/4SWY% sec. 34, T. 117 N. ’R 53w

Surface elevation: 1752 feet
Static water elevatlon 1743 feet

0-9  Topsoil
©9-10 ~  Silt, tan;sand; water
1023 Tﬂl clay, blue
. Test Hole 157 SDGS 1963, No 41
Surface elevation: 1739 feet
Depth to water not measu’re‘d‘ .
0 4 B Topsoﬂ r FRRE T
474 T111 brown poor cuttmgs " S

. TestHole'158 SDGS, :1957 No. 12“‘

Location: NW¥SW¥ sec. 35, T. 17N, R‘53 W,
Surface elevation: 1751 feet ;

Static water elevation: 1735 feet

0-9  Topsoil

912 Sand S :
1255 - Silt, tan; sand grams (water) -
- 55-65 - ,_‘Sllt with sand , o
~Test Hole 159, SDGS, 1963, No. 35
- Surface elevation: 1775 feet
Depth to water dry -
074 Cly,dak

‘ fTest Hole 160, SDGS, 1967-70"

Location: NE%NE%NE%NE% sec 35 T 117N R.53W.-

~Surface elevation: 1730 feet
: ~’,Depth to water dry
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: Test Hole’.§1jy60§continued'., e

S 0-1 'HgTopsoﬂ
.-1-.3. -~ Sand, coarse -
©.3-15:" " Sand;some gravel

15-39 ~ Clay, gravelly = -

";,Observatlon Well 161,SDGS, 196770 |
Location: SE%SEY%SE%NEY sec. 35, T. 117 N., R. 53 W.

Top of observation well: 1730 34 feet

- Depth to water: 8 feet

0-1  Topsoil ,
1- 6 Sand, brown, medium
6- 8 Sand, coarse -
8-13 Sand, medium
13-15 - Gravel, coarse
15-25  Clay, pebbly, (til)
Test Hole 162 SDGS 1963 No 39
- Surface elevatlon 1732 feet
- Depth to water 9 feet |
0-10 Sand; gravel becommg sﬂty
10-14 Sand; gravel; saturated
1434 = Clay, sandy ,
34—49 ~ Sand, ﬁnesﬂty L

- Test Hole 163, SDGS 1957, No. 13

Location: SW%SW%, sec. 36, T. 117N R 53 W
Surface elevation: 1717 feet ,

- Static-water elevat1on 1709 feet

0-2 Topsoil
"2- 8  Sand, clean; medlum
: 8-20 ~‘Sand; some silt EEE
0 20-55 Clay, dark, hard, dry; occas1ona1 sand grains

55-65 - Sand; much silt, (water)

Sk ox ok

.- Test Hole 164 CW, 1933- 34 No. 33 .
- Location: NE%SW%SW% sec’36 T. 117N R.53W.

Surface elevation: 1733.3
Statlc water elevation: 1708 3

L 0-‘4’ f'-»‘Topsoﬂ

423  Packed sand
23-28  Fine sand
28-30.  » Clay

30-34  Finesand

e
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 Test Hole 169, CW, 1964-65, No. 51

Test Hole l64—cont1nued
34-38 Clay

Test Hole 165, CW, 1964- 65 No 67

Location: NW%SE%NW% sec 36, T ll7 N R 53 W
Surface elevation: 1729.8

Static water elevatlon dry hole

0-.1 Topsoil =

1- 4 Brown clay :
4-14 . Fine to coarse sand and g;ravel 6” mud loss -
14-16 . Boulders, gray clay
16-25 Fine to coarse sand, 3” mud loss

25-33 - Brown clay

Test Hole 166, CW, 1964-65, No. 66

Location: SW%NE%NW% sec. 36, T l 17 N R 53 W
Surface elevation: 1724.7 .
Stat1c water elevatlon 17 1 7 6.

0- 1 Fill
1- 2 Black dirt
2-'5 Brown clay : ' :
- 5-17 Fine to coarse sand and gravel l’ mud loss
1725 ;Boulders gray clay ~

%k %

Test Hole 167, CW, 1964-65, No. 65 L
Location: NW%NE%NW% sec. 36, T 117N R 53 W
Surface elevation: 1721.9

Static water elevation: l718 4 e

0-1. : ‘Road bed : G o _
112 - Fine to coarse sand and gravel 6” mud loss ok
12-18 Brown clay

- Test Hole 168, CW 1964-65, No. 62 o '
- Location: SE%NE%NW% sec. 36, T. ll7N R 53W
" Surface elevation: 1724.3

Statlc water elevation: 17 13. 6

0- l; Topsoﬂ : : :
1-30[ : Fine to coarse sand and gravel l’ mud loss :
30-32 ~ Boulders, gray clay

‘ 32-48 ° Brown clay



£ "'Test Hole 169-—contmued

fLocatlon NW%NW%NE% sec. 36 T 117N R 53 W
- Surface elevation: 1717.8 , o
:»iStatrc water elevat1on 1712 6

01 Road bed
o 1- 4 “Brown clay : ~
. 414~ Medium to very coarse sand and gravel 6” mud loss -
“14-15 Black silt and boulders -

~15-33.  Brown clay
E ,Test Hole 170 CW 1964—65 No 70 i CRRL
Location: NW%NW%NE% sec. 36, T 117N R 53W T

-~ Surface elevation:1721.8"
-~ Static water elevation: 1715 8

v0,- 2' - Black dirt - ,

2- 4 ~Brownclay
4-13 ~Fine to coarse sand and gravel 6” mud loss L
-~ 13-14 =~ Brownsilt - | o
1425 - Fine to coarse sand and gravel 1” mud lossf :

2533 Boulders and brown clay

Test Hole 171, CW, 1964—65 No 61 S
Location: NW%SW%NE% sec. 36, T 117N R 53 W
Surface elevation: 1722.1 '

2 Statlc water elevatlon 1713 2

01  Roadfil

1- 2 Black dirt
L2500 Brown clay S S
.~ 5-13 = Fine to very coarse sand and gravel 6” mud loss
13-16  Boulders, gray clay -

- 1633 Brownclay

IjTest Hole 172, CW, 1964-65, No. © :
Location: NW/SWY%NEY sec. 36, T. 117N R. 53w

- Surface elevation: not measured

EiG Statlc water elevatron not measured

: 0 1# s ,Topsoﬂ : : -

cae1-11 Fine to coarse sand and gravel 6” mud loss a
~ 11-13 - Brownclay e

13-18  Fine to medium sand

18-33 : ‘Brownclay

Test Hole 173 CW. 1964-65 No. 60

o Location: SE%NW%NE% sec. 36, T. 117N, R.S3W.




“

2

. 17-33 : aBoulders brown clay

Test Hole 1~73¥confinued;

Surface elevation: 1718.5

‘Static water elevatlon 1712, 7

0- 1 Road fill
- 1-3 - Black dirt
3-5  Brownclay : ‘ :
5-17 Fine to coarse sand and grave] 6 mud 0SS

Test Hole 174, CW, 1933-34. No. 32

Location: NE%NWYSEY sec. 36, T. 1|7N R.53W.
- Surface elevation: 1724.4 : ~

Static water elevation: not measured

0-4 ‘Topsoﬂ
4-10  Coarse sand ;
10-23  Fine to coarse sand and grave ol pac‘ e
- 2325 Clay , :
= skoskw
Test Hole 175, SDGS, 1963, No. 42
= Surface elevation: 1717 feet”
~ Depth to water: 4 feet
0-4 _Sand medlum
4.24 Sand, medium
24-34 - - Gravel, fine
3444 No cuttings
: ® k%

Test Hole 176 CW, 1964-65, No. 57

Location: NE%SE%NE% sec.’36, T. 117 N., R. 53W
Surface elevation: 1717.4

Statlcwater elevation: 1706.2 g

’ O 2. 'Topsoﬂ
221 * Fine to very coarse sand and gravel
2123 Boulders, mud loss 1° ’

2333 Brown clay

Test Hole 177, cw 1964—65 No.71

 Location: SWANEANEY sec. 36, T. 117 N., R 53 W
- Surface elevatlon 1714.0- -

Statlc water elevation: 1711. 1

0- 1 - Topsoil ‘
“1-14 - Fine to coarse sand and aravel 67 mnd loss
- 14-16 Gray clay ‘ o

16-18 ~ Brown clay



]

11-33 - Hard. brown sﬂty clay

Test Hole 178, CW, 1964-65 No. 49

Location: NE%SE%NE% sec. 36, T ll7N R 53W
Surface elevation: 1714.1°
Static water elevation: 1707.1

0- 2 ‘Sandy topsoﬂ -gravel mlxed

2-11 Fine to very coarse sand and gravel 6” mud loss -

- Test Hole 179, CW, 1964—65 No 54

Location: SW%NW%SW% sec. 31, T. ll7N R 52W
Surface elevation:- 171440 - - .
Static water elevation: 1708.15

0-3 Fill '
321 Fine to very coarse sand and gravel
21-24 Boulders -
- 24-25 Black silt

©25-33 Brown clay boulders

Test Hole 180, CW, 1964-65 No 53
Location: NW%NE%SW% sec. 31, T. 117N R 52 W,
Surface elevation: 1714.65

Static water elevation: 1708.7

0-2  Topsoil
2- 6 . .Brownclay : ‘
6-10 Fine to coarse sand and gravel sea shells ,
10-11 Brown silt .
11-25 Gray clay ,
Test Hole 181 SDGS, 1963, No 44
Surface elevation: 1727 feet
Depth to water not measured S
0-14 - Gravel poorly sorted clay, brown
14-29 Gravel, coarse to fine; some clay
29-45 Gravel poorly sorted; less clay
- 45-54. Gravel ,
54-74 - Sand, fine; some clay
74-89 Clay, blue
: k sk sk

‘Test Hole 182, SDGS, 1963, No. 45
" Surface elevation: 1724 feet

Depth to water 19.feet

0-24 Sand gravel; clay

- :24-44  Gravel, medium; some clay

73



Test Hole ‘182‘—'c6ntinued.‘k :

- 44-59 Gravel some clay :

59-69 ~ Gravel, fine S

69-74 Clay, dark-brown

k % *:

 Test Hole 183, SDGS, 1963, No. 49

Surface elevatlon 1743 feet
" Depth to water: not measured s

- 0-14 . Sand; gravel; clay; poorly sorted
1429 Sand, fine, clean -
2944 Sand; some clay

44-69  Clay, brown; some sand

69-89  Till, blue :

* % %k

Test Hole 184, SDGS, 1963, No. 50

Surface elevation: 1725 feet:

Depth to water: 34 feet

0-4 . Topsoil

436  Clay; and gravel poorly sorted
36-79 Clay; sand and gravel :

79-84 Clay, blue ’

Observation Well 185, SDGS 1967-70 -

Location: NW%NE%NE%NE% sec. 2, T. 116 N R 53 W
Surface elevation: 1725 feet . - ,
Depth to water from the top of pipe: 16 6 feet

S 0-2 Topsoﬂ

2-9 . Sand and gravel
- 927 - Sand, very fine, brown
2739 . Clay, browmsh-gray, pebbly, (tlll)

Observation Well 186 SDGS 1967-70

- Location: SEViSEV:NEVNEY; sec. 2, T. 116N R 53 w.
Top of observation well: 1726.45 feet -

Depth to water: 19 feet

0-1  Topsoil
1-33 - Sand, brown, fine
- 33-52 Gravel

5255 Sand, coarse

* %k k-

Test Hole 187, SDGS, 1963, No. 51
Surface elevation: 1720 feet



‘e

e'I_‘est Hole 187—-continued. L

Depth»to water: 19 feet

~0--9 . . Clay, brown

914 Sand;some clay
1420 Clay,sandy -

-20-39 Clay, sandy- LT
39-84 ' Sand, coarse, srlty s

 Test Hole 188, SDGS, 1963, No. 52
Surface elevatron 1718 feet

‘Depth to water not measured
024 Gravel fine - e

2484  Gravel; 'sand; high clay content
84-99 - Clay, sandy : :

® % %

Observatron Well 189 SDGS 1967-70 “ e
Location: SE%SE%SE%NW% sec. 6, T. 116N R 52W o

- Surface elevation: 1712 feet (approx1mately)
" Depth to water 3 feet - :

0-1 Topsoil | ,

1--2  Clay,sandy FA
2- 4 Gravel e

4-42  Sand, coarse -

42-46.° ‘Gravel : '
46-50 , Clay, gray, (t111) A

‘Test Hole 190 CW, 1964—65 No 55

Location: SEXSEYNW¥ sec. 6, T. 116 N., R. 52 W.

. Surface elevation: 1713.0°
: Statlc water elevatron 1708 24

0-3 Road bed - : ’ :
335 . Finetovery coarse sand and gravel boulders 1” mud lass -
35-39 - Gray clay ;
39-45.  Fine to coarse sand cemented boulder,s, 3”7 mud lpss
45-68 - Gray clay . a
68-77 - - Coarse sand and gravel

.77-83  Gray clay and b,o’uvlders

«Test Hole 191 CW 1964-65 No. 45
~ Location: NW%NW%NE% sec. 6, T. 116N R 52W
~ Surface elevation: 1710.99
‘Static water elevation: 1706.39

0-1  Topsoil

75
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7584 Gray clay wrth boulders R

" 45 Rock and gr’avel‘ .

45-  Rocks

Test Hole 191-continued.

15 Brown clay ; ‘
. 5-15 - Fine to very coarse sand and gravel l mud loss
15-17 Brownclay -~
17-23  Fine to very coarse e sand and gravel l mud loss
23-27 - Gray clay e :
27-35  Brownsilty clay o
" 3540 - Fine to coarse cemented sand 3” mud loss
40- -~ Gray clay (hard) '
-75 Very coarse sand and gravel 6” mud loss

ok ok

Test Hole 192 SDGS 1957 No 23

~ Location: 'NWYNEY sec. 6, T. ll6N R 52W

Surface elevation: 1720 feet

~Static: water elevation: 1707 feet‘

0-5 “Topsoil

. 5-25 Gravel, pea-size -
2545 Coarse sand; water

TestHole 193 SDGS, 1957 No. 24 RN
" Location: NE%NEY sec. 6, T. 116N R 52W

Surface elevation: 1719 feet

- Static water elevatlon 1707 feet o

0-8 Topsorl i
845 Sand and black sﬂt

L EE ko

Observation Well 194, WRC No WA3 ‘
Location: SW%SW%SW%SE% sec. 6, T. ll6N R 52W

‘ - Surface elevation:
Static water level lO feet

02 Topsoil
~2-10 - Sand, brown coarse, coarse gravel

1050 Clay, sandy, some brown gravel

. Test Hole 195 SDGS 1963 No 53
- Surface elevatlon 1720 feet

o Depth to water: 9 feet -

= O- 9 Sand poorly sorted srlty

934 Clay, buff; sandy.

- 34-69 ~ Till, dark-brown

BN R




 Test Hole 196, SDGS 1963, No'v a3l ey
G ;V”J_Surface elevation: 1715 feet S '
1 ;Depth to water 4 feet e

f-'fTopsoﬂ i = : : AR
Sand, dark, coarse; clay gravel poorly sorted;;r,.",»ﬂ.z"~ R
Clay, blue; some gravel o e
‘,Clay, blue \

f;Topsorl S S
W~F1ne to: coarse sand an gravel packed

e Test Hole 198 SDGS 1957 No 42

- Location:: SE%SE% sec. 5, T 116N R 52W
- Surface elevatlon 1714 feet s e
= ,Statlc water elevatlon 1702 feet

- 0-8 T;Topsoﬂ
~ 812 - Gravel; sand ‘coarse e
o 12200 ~ Sand, coarse; gravel, fine; water E
2022 ,Gravel fine; sand, clean, coarse - Fii L
. Gravel, medium, clean good for 1rr1gat10n o
. Sand, clean, ‘medium . e L
j,Gravel medlum silt, gray
,,,’Clay, blue gravel small (t1ll)

. Test. Hole 199 CW 1964—65 No 56 :

- Location: SE%SE%SE% sec. 5 T. 116N R 52 W

~ “Surfaceelevation: 1715.9 i S
J'"Statlc water elevatlon 1708 19 el

i Black d1rt

~Brown clay ' o S B

“Fine to coarse sand and: gravel l mud loss T
Boulders and gray"clay e , G

Test Hole 200, SDGS, 1957 No.47

~ Surface elevation: 1721 feet -
78 Statrc water elevat1on l709 fee

Location: SW/ANWY sec. 12, T. 116 N., R 53 w.f LR S e




78

+55-.93 Silt, gray: sand, medium
- 93-100 Clay hlue. (£l

: ‘,Test Hole 204, SDGS 1957 \]o 15 S
-~ Location: SE¥%SEY sec. 14, T. 116 N.,R 53W
~Surface elevation: 1763 feet i
' L-Statlc water elevatlon not. meaeured :

 Test Hole 200-continued.

812 ‘Gravel. fins, 2and. coarse: silt -
12--25 Sand, coarse;silt; water. - -
25- 55  Silt;sand. taedu.m water

Test Hole 201, SDGS. {963, No. 59
- Surface elevation: 1733 feet .
- Depth to water: 21 fect
- 0-19 Clvay: soms sand e
19-39 . Clay.brewn - o
3949  Till,blue - G
Test Hole 202, SDGS, 1963, No. 56
. Surface elevatlon 1726 fect
‘ Depth to water 14 feet
= ,,0-39 : g'Sand medmm c]ay mcreaees dqwnwar'd
3944 Clay. brown:some sand . o
44-54 - Drills like till :
54-69 ~Clay; little sand i
69-714 Clay,.bluc. '
:'Test Hole 203, SDGS. 1963, No. 57
- Surface elevatlon 1715 feet
Depth to water 19 feet’
0- 19 , [ "Topsoﬂ and clay
19-24 -~ Gravel, fine, s1lty
- 24-84 . - Till, brown
84-94 Clay, buff .
9498 Clay. blue

o 0-3 ' Topsoﬂ ‘ : e : o
— 3-40 : Silt; clay (dry); gravel small and large stonee mtermlxedi :

‘ (t111 with quartz)

P ‘Test Hole 705 SDGS. 1957, No. 14 '
L Loeat;qn ,NEI NE‘A sec. 22! T 116N R 52W



Test‘ Hole 205—cdntinued |

Surface elevatlon 1749 feet ,
-Static water elevatlon 1740 feet

0- 4

4.6

. el4
- 3849 .
. 49%65

;Sﬂt tan; clay

S Topsoﬂ ; :

. Silt and clay mlxed with gravel
. Sand; gravel, wet e
~ Mostly silt; some sand; some gravel o
- Clay, tan; sﬂt w1th some sand '

Sand

19
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121, SEYNEVNWY sec. 25, T. 117N, R.53W.
 161. SEVSEX%SEYSEY see 35, T. 117N, R.53 W,
186, SEUSEUNEVNEY sec. 2, T. 116 N, R. 53 W.

APPENDIX c

Water—level measurement for July 30, 1970
-in the Lake Kampeska study area
(For map locatlon see fig. 10. )

= Observatlon well number and locatlon

1L SW%SE%SE%sec 21, T.52W..R. 118 N.

13, NE%NW%NW%NW% sec. 22, T. 118N, R. 52 W,
14, SE%SE%SE%SE% sec. 36, T. 118N R.53W.
23, NW%NW%NW%NW% sec. 33T, 118N R.52 W
,i,;28 SW%SW%SW%SW% sec. 2 T. 117N R 53w

52, NE%SE%SE%SE% sec. 11 T. 117N R 53W

62 NE%NE%NE%NE% sec. 7, T 117N R. szw ’
Lake Kampeska mlet-outlet on nghway 20 Brldce 5 " o

B E SEYSE%SEYSEY sec. 14, T. 117 N., R. 53W.
97. NEVNEVNEYNE sec. 27, T. 117N, R. 53 W.

' Pehcan Lake

Water level in feet ,
S above sea Tlevel =¥

: *‘!1725 137 P

o am2as

s
- 1720, 17: |

Comen
17462

171691
. 1717.06
172506

o 1m9.63
733
171070

e 1708,'

s ;‘Some of the observatlon wells were destroyed by Vehlcles and constructlon of roads and are S
,‘ ,not 1ncluded in this hst ; S a
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~Date

- “April 5

CApril 7
April 9

o Apdllo

April 11

Aprilf‘12
Apel1e
~ 'Ap'n'1/~15jf

~ April16
CApril17

April 18

CApril 19
© April 20
. April 21
- April 22
- April 23
April 24 . -
- April 26
- April 27
CApril300 0

ATTACIMENT TO APPENDIX E
Lake Levels L

(Taken at Fﬂtratlon Plant—Lake Kampeska)

| Apnl 1969 -

Time :

- 12:30 a.m.
- 2:30am:
6:00 a.m;
- 3:30pmi
. 5:30pm; ¢
~7:30pm;
- 9:30pm;
11:30 pm:
- I:30am:
~ 3:30am: -
.-5:30am;
7:30am; -
~9:30am:
- 1:45pm. *
© . 4:30pm;
- 10:00p.m: =
- 12:30am. ¢
~.:3:30am.;
- 7:30am.
- 3:00am: ‘'
- 6:00am. * ..
©2:00p.m.- o
- 3:00am; °
- 5:30am.
4:30pm:
. 12:30am.
. 5:30am.
- 12:00a.m. *
o 6:15am;
- 4:30 pm;
~8:15am. '
10:30am; *
12:30am.
‘4:00 a.m; " '
- +12:30am. =
- 3:15am.
3:15am, °
3:30 am.; -
~12:45am.
3215 am.
~2:00am.
2:30am.
~12:00am. =

Lake Level ‘% -

17185
1718.5-1718.9
1721.9°
17221
17224
17232
17232 |
17233

17234

1723.5°
17236
17236
1723.6
1723.7°

17237
1723.7°

- 1723.7°

- 1723.7°
1723.7°
1723.7°
1723.7 -

- 17236

17235
17234 -

17234

17233

17232

17232

17231

17230
1723.0°
17228
172256
17224
17223
17223
17222
1722.1
17221
17218
17217
172156
17215
17214
17213
17212 .

- *Measurements are 2.53 feet higher than indicated elevations.



Year

1944
1945
1946

1947

1948

1949
1950
1951
1952

1953

1954

1955

1956

1957

1958
1959

1960

1961

1962
1963

1964
1965
1966
- 1967
1968

1969

1970

Yearly water consumption by the city of Watertown

Output -
Filtration
“Plant -
~ (in cubic feet)

48,755,600

55,318 700
38, 013 1200

33 334 300
Xy 55,467,700
41,381,300

47,900,700
49,930,100

52,079,200
51,837,500

53,110,100
56, 365 1900

54,855, 300

59,510,000

. 58203.400
- 57.560.500

60,231,000
60 032 200

57, 501 700
- 56 840 1400
58,467,400

-56,548,100

55.615.900
158.752,400
53,962,100
51.241,500 ~
56,312,300

APPENDIXF

~ Output

Wells

 Gneublcfeet)

17,793,600
8493900
129,910,700
16219100
© 17431700.
31,506,100

16,427,000

11,931.800

17,910,700
7,950,500

4893600
7,754,000

8,846,600

20,602,700
20,269,100

30,508,000

116,975,000
18,796,100 -
11,462,700"
18,460,500
134,550,800

26,462,800
'33.771,400

33919400

35,576,900

43,027,300 .
32,909,400

Total
- Output -~ py

(m cublc feeﬂ ‘{‘Tf' :

| 56,549.200 1,248
63,812,600 452

67,923.900 1,55%

© 69,553,400 },593

72.899.400 1,668 .

72,887,400 l,c¢7
64,327,700 1,472
61.861.900 1,418

69,989,900 ), 602

- .59 788 000 ;,g'ro
58, 003 700 11350
64,119,900 410

63,710,900 ), 460

S 70112700 J,éas’, '
© 78,472,500 h7497
88 068 500 3,020
77, 206,000 1,768
-8, 828,300 | (§05
.68, 964400 1,579, o
75,300,900 1,725
93018200 2,130 :
.83,010900 j,904 -
89,387,300 Q,Dyg o

926 1,800 5(;:{4:‘

189,539.0003,050
: 94 268,800 2160
89,221,700 3,040
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