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INTRODUCTION

The city of Rugby requested that the State Water Commission conduct

a study to locate a supplemental water supply because its well field

had experienced a serious decline of water levels and water quality.

The goals of the study were: 1) to define areas within the Pleasant

Lake aquifer which possess a potential to provide additional water

to ~he city, 2) assess chemical quality, 3) determine long term capacity

for production wells within the Pleasant Lake aquifer, 4) determine

the long term capacity for the Rugby aquifer.

Because of water quality changes that occurred in the well field

completed in

Rugby aquifer, the city of Rugby lost interest in the utilization of

the old well field except at times of high demand. As a result, objective

4 was not studied with a digital model. Objective 3 has been addressed

twice, once in 1976, and then in 1982, when the city of Leeds applied

for a water permit from the Pleasant Lake aquifer.

The study was accomplished by means of: 1) test drilling, which

includes the recording of lithologic logs and bore hole geophysical

logs, and observation well construction, 2) water sample collection

and analysis, 3) water level monitoring, 4) a three day aquifer test

to determine the hydrologic properties of the aquifer, and 5) development

of a digital computer model to simulate aquifer characteristics to

help in the evaluation of various scen.arios for development.

The test drilling was conducted from July 14, 1975 to August 20,

1975. Fifty-eight test holes were drilled totaling 7,160 feet. A

map showing the location of these holes is found on Plate 1. Twenty
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of the test holes were completed as observation wells. The pump test

was conducted from September 29, 1975 to October 7, 1975 in a selected

portion of the Pleasant Lake aquifer. The initial modeling procedure

began in December 1975 and was completed in September of 1976. Additional

work was done in 1982.

The test drilling was accomplished by the forward rotary-mud method

generally using a 4 3/4 inch bit. Lithologic logs are written records

of the materials encountered by the drill and are based on samples

obtained from the drilling mud. These are compiled by the geologist.

Geophysical logs are graphs of the electrical properties of the materials

penetrated by the bore hole. The lithologic and geophysical logs have

been included in the appendix. Observation wells provide access to

the water contained in the aquifer by means of l~ inch pvc plastic

pipe completed with l~ inch stainless steel sand points of various

slot sizes. Water samples were obtained by blowing the water from

the wells with air provided by compressors. These samples are sent

to the State Laboratory for analysis. Results of the analysis are

found in Table 1 (page 2V. The significance of these results are found

in Table 2 in the appendix. Water levels are obtained by inserting

a steel tape into the well and measuring depth to water. The water

level data has also been included in the appendix.

The aquifer test was accomplished by completing a high capacity

production well and a series of observation wells in the aquifer and

observing the drawdown effects as the production well was pumped.
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The digital computer model was al::complished by developing a mathematical

representation of the aquifer to which stresses could be applied and

their corresponding effects observed.

Location

The city of Rugby is located in the north-central portion of Pierce

County (Fig. 1). The Pleasant Lake aquifer is located between 5 and

9 miles east of Rugby and is oriented north-south passing beneath the

community of Pleasant Lake. Test drilling was conducted in portions

of Township 156 North, Ranges 71 and 72 West; Township 157 North, Ranges

71 and 72 West; and Township 158 North, Ranges 71 and 72 West in Benson

and Pierce Counties. Both Benson and Pierce Counties are located in

the Drift Prairie section of the Cent:r:a1Lowland physiographic province.

This area is characterized by ground ,and end moraine deposits, lake

and beach depos its, and glacial outwa:sh depos its.

Previous Il~vestigations

A general overview of the water resources of North Dakota is presented

by Simpson (1929). Benson County is discussed on pages 71-76 and Pierce

County is discussed on pages 187-188.

Lemke (1960) extended the easter~ boundary of his study to the

western edge of Pierce County. Though Benson and Pierce Counties are

not included in the discussion, the s'urficial geology is included in

Plate 15.

The North Dakota State Department of Health (1964) included analyses

of water from the Rugby city supply i:n its study of municipal water

supplies in North Dakota.
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Froelich (1965) was the first to study the area in detail when

conducting a study to locate a municipal supply for the city of Rugby.

He described the general geology of, ~lnd availability and quality of

water from the glacial deposits in thE! Rugby aquifer.

Randich (1971) lists test holes, water quality, and water levels

for the Pleasant Lake aquifer that were accumulated for the Benson-Pierce

Ground Water Study (Part II). A preli.minary aquifer map was presented

in the Hydrologic Investigations Atla~1 for Benson and Pierce Counties

(Randich 1972). Pages 56-60 of the BE!nson-Pierce Ground-Water Study

deals with the Pleasant Lake aquifer (Randich 1977) (Part III).

Well Numbering Systems

The system for denoting the location of a test hole or observation

well is based on the federal system of rectangular surveys of public

land. The first and second numbers iIlldicateTownship North and Range

West of the 5th Principal Meridian and! base line (Fig. 2). The third

number indicates the Section. The letters A, B, C, and D designate

respectively the northeast, northwest, southwest, and southeast quarter

Section (160 acre tract), quarter-quat'ter Section (40 acre tract) and

quarter-quarter-quarter Section (10 ac:re tract). Therefore a well

denoted by 157-072-25AAA would be loca.ted in NE!t;NE!t;NE!t; of Section 25,

Township 157 North, Range 72 West. COlnsecutive terminal numbers are

added if more than one well is located. in a 10 acre tract, i.e., l57-072-25AAAl

and l57-072-25AAA2'
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157-072-25AAA

FIG. 2 WELL NUMBERING SYSTEM

6



Water Supply (1975)

In 1975, the city of Rugby's well. field was located ~ miles east

of town. This well field, which consists of two wells, is still utilized

in 1983. City well fFl is located at 157-072-36ADDD. It is 135 feet

deep, cased with 12" casing to 102 feet and screened from 102'-135'.

Annual withdrawal is not allowed to exceed 525 acre-feet at 420 gallons/minute.

City well #2 is located at l57-072-36ADDA. It is 127 feet deep, cased

with 12" casing to 94 feet and screened from 94 to 127 feet. Annual

withdrawal is not allowed to exceed 525 acre-feet at 420 gallons/minute.

The complete system is permitted to withdraw up to 1050 acre-feet/year

at 840 gallons/minute.

The water levels in the well field had experienced a continuous

decline since its utilization began in 1966 until 1976. An observation

well at l57-072-36AAD provides a record of the water levels from 1967

to 1982 (Figure 3). Water level monitoring did not start until 1967

so the initial rapid water level decline is not recorded on the hydrograph.

The hydrograph for this well displays the effects of pumping until

1976 and the effects of greatly reduced pumping since 1976. Annual

use in acre-feet is noted along the bottom of the hydrograph.

Withdrawals average 269.8 acre-fe,et/year from 1967 to 1971. An

increase in the rate of decline is evident from the latter part of

1971. Withdrawal averaged 280.96 acre·-feet per year from 1972-1976.

The increase in the rate of decline ob:served in 1971-72 cannot be accounted

for by the slight increase in withdra~il. Most probably it is the

result of the cone of depression produl::edby the production wells reaching

a physical boundary such as the edge of the aquifer.
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The chemical quality of the wate:~ has also deteriorated since

the well field was utilized. Virgil Hoium of the Rugby water treatment

plant provided values for the change in hardness since 1966. City

wells #1 and #2 averaged 268 ppm hardness from May 1966 to December

1974. Since 1974 city well #1 has experienced the most drastic change

in hardness with occasional values as high as 800 ppm. Mr. Hoium also

indicated that the manganese concentr.ition had increased, though he

could not provide specific values for the changes. Because of well

construction, sampling at the well sites cannot be accomplished. As

a result, the water quality change hali to be evaluated on the basis

of treatment at the water plant.

HYDROLOGY
Rugby Aquifer

The old Rugby well field is located in the Rugby aquifer in portions

of Township 156 North, Range 72 West, Section 13; Township 157 North,

Range 71 West, Sections 19, 30, and 31; and Township 157 North, Range

72 West, Sections 24, 25, 26, 35, and 36. The aquifer underlies an

area of approximately three square miles. Thickness ranges from 0

to 122 feet and is a very inconsistent sequence of fluvial clays, silts,

and sands. Depth to the aquifer rangE!S from 0 to 128 feet.

Physical Characteristics

Composition of the sand sequence is variable. Grain size ranges

from very fine sand to gravel with a ~Ilight predominance of fine and
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medium sand. Grain shape ranges from subangular to rounded with a

slight predominance of subrounded grains. The sand was composed predominantly

of quartz. Gravel is predominantly carbonates with minor amounts being

igneous material. Sand and gravel sequences also contained much interbedded

fluvial silt and clay.

The thickness and areal extent of the aquifer is shown in the

north-south cross section (Fig. 4) and the isopach map (Fig. 5). City

welles) #1 and #2 are completed in the thickest part of the section

in the vicinity of l57-07l-3lCBB. The sand rapidly thins to the south.

The sand persists to the north but eventually is cut up by clay and

is truncated by a bedrock high. As seen in Fig. 5, there is a divide

present in the southern portion of the aquifer. The hydrologic connection

around the north end of the divide between the well field and the western

extreme of the aquifer is restricted by interbedded silts and clays

in the sand section in the vicinity of l57-072-25DCC. The well field

is effectively limited to a narrow trench about 1600 feet wide and

4200 feet long.

Flow System

Water levels in this aquifer reached their lowest levels at the

end of 1976 (Fig. 3). Potentiometric surface map #1 (Fig. 6) is based

on water levels measured in November of 1976. The cone of depression

in the potentiometric surface around the production wells is clearly

seen. The gradient of the potentiometric surface is quite steep to

the north of the production wells and only slightly less steep to the

south. The water level elevation was about 1488 feet above msl near

10
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the production wells in observation well l57-072-36ADD3' About 1300

feet to the north the water level was about 1539 feet above msl in

observation well l57-072-36AAD. The change in elevation was about

51 feet and the gradient was about 200 feet/mile. About 1.5 miles

north of the production wells the water level was about 1552 feet above

msl in observation well 157-072-25AAA. The change from l57-072-36AAD

to l57-072-25AAA is about 13 feet. The gradient between these observation

wells was about 10 feet/mile. South of the production wells at observation

well l57-07l-3ICBC, the water level was about 1506 feet above msl.

The elevation change was about 18 feet in about .25 mile with a gradient

of about 72 feet/mile between 36ADD3 and 3lCBC.

At the end of 1976 Rugby began utilizing a new well field in the

Pleasant Lake aquifer and thereby greatly reduced the withdrawal from

the Rugby aquifer well field. The reduction of withdrawal allowed

the water levels to rise as is seen in the hydro graph for l57-072-36AAD

(see Fig. 3). Potentiometric surface map #2 (Fig. 7) is based on the

water levels in December of 1982. The cone of depression is still

evident although the overall water levels had risen about 36 feet and

the gradients had lessened considerably.

All of the aquifer units in the study area experienced a rise

in water levels during this time period. Separate aquifer units were

distinguished by different patterns of rise. Compare the hydrographs

for wells l57-72-25AAA and l57-7l-l9AAA2 (Figs. 8 and 9). The pumping

rate was reduced at the end of 1976 and the water levels began to rise

at the end of 1977. The water level stabilized in 1981 at well l57-7l-l9AAA2

14
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even though precipitation was above normal from 1980-1982 (Fig. 10),

inferring that the aquifer unit in that area had reached a state of

near saturation. The water level in well l57-072-25AAA had continued

to rise through 1982, a pattern similar to that found in well l57-072-36AAD

(Fig. 3). It can be inferred that well l57-072-25AAA is completed

in the same unit as the production wells which had experienced considerable

depletion and is still in a state of recovery, whereas 19AAA2 is not.

Wells l57-071-llCCCl' l57-071-l9AAA2' and l57-071-32DAA were segregated

from the Rugby aquifer on the basis of historical water levels. Wells

l57-07l-31CBC1' 157-072-25AAA, and l57-072-25DCC, l57-072-25DDD, and

l57-072-36AAD were included in the Rugby aquifer on the basis of their

continued recovery.

A well located at l57-072-36DDD appears to be completed in a separate

unit with a very limited connection to the Rugby aquifer. The water

levels exhibited extreme seasonal fluctuations not evident in the old

well field (Fig. 11). The unit has also experienced an overall rise

in water levels through 1982 similar to that occurring in the old well

field.

A steep water level gradient existed between the unit in which

l57-072-36DDD is completed and the old Rugby well field. A difference

of about 35 feet existed between water levels found in l57-072-36DDD

and l57-071-3lCBC in November of 1976, resulting in a gradient of about

140 feet/mile. Leakage would occur from the separate unit, located

in l57-072-36DDD, to the old well field under these circumstances even

with a very limited connection.
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Water Quality

Analysis of water samples from the Rugby aquifer can be found

in Table 1. The water is generally a calcium bicarbonate type. Total

dissolved solids ranged from 389 mg/l to 508 mg/l. Hardness ranged

from 140 mg/l to 340 mg/l. Iron rangE!d from 15 mg/l to 18 mg/l. Generally,

better quality water was found in the northern part of the aquifer

and became poorer to the south.

Water quality near the city production wells had deteriorated

with time. Samples from l57-07l-31CBC2 were taken in 1975 and 1979.

Total dissolved solids increased from 479 mg/l to 772 mg/l. Hardness

increased from 340 mg/l to 530 mg/l. Iron increased from 15 mg/l to

26 mg/l.

Water quality was another parameter which could be used to help

distinguish separate aquifers. A sample obtained from l57-072-36DDD

was a calcium sulfate type water. Total dissolved solids concentration

was 1800 mg/l. Other constituents were also much higher than found

in the Rugby aquifer. On this basis, l57-072-36DDD was considered

to be completed in a separate unit. However, the changes in quality

in the Rugby aquifer may suggest leakage of highly mineralized water

like that found in the vicinity of l57-072-36DDD into the aquifer by

some limited connection.

Pleasant Lake Aquifer

The part of the Pleasant Lake aquifer that was under consideration

as a water supply is located in porticlns of Township 156 North, Range

71 West, Sections 4 and 5; and Townshi.p 157 North, Range 71 West, Sections

21
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TABLE 1.- CHEMICAL ANALYSES
(AnQIV.,cal (.,ulls Oft In mll1l91Q111fo"If II'.' ~.'cpl where Indicated)

.£.~~,'£~~- Oeolh Dale 0' TOfOI Total HOIonen ~run' Spt'l'"ClIInt'r ., Location ., Tom",",,) (5.0, (fel (Mnl ICa) ("~I INal (I<) IHC03' lC03 15°4) lCI) If' (NO, IBI .~SOIYt!'a 5AR pH:CSI~nQJIOn Nell COUtUIOn 'SOIll:J$

Q' COCO~ INoncoroonott
Soo.um CmducloncaU,•.U

SWCf91~1 156-011-04 •••., 160 15/07/l8 18 .04 .15 lO 11 '00 6.1 Jil 0 U 1.1 .J .. .24 J85 120 0 U •.0 .,.
SItIC IU6l" 156-011-04•••. , 100 15/0100 16 .01 .J' 51 .1 1.1 J.O nl 0 Il .6 .1 0 .04 U8 100 5 1 ., n• 0
s..:; 1V161A 156-0n-04 •••., 100 II/Ol/l8 l5 .Jl .Jl 55 IS U ••5 lU 0 14 0 .1 1.0 .08 lU 100 0 II .- 610 ..
SWC'50.' 156-011-04IIA 51 ,./0,/11 15 0 .1& " " '.' l.J 240 0 18 .8 .5 0 0 lSJ UO I. 5 .1 ,a • .
SWC ISO., 156·071-CWIU 11/01110 II .0' .11 •• •• ,. I.. 141 0 II .1 .l I .•1 1'0 100 0 , no ,
SIillC 19406 156-0n-04OCD 76 10/05/05 1I .56 .11 •• •• n •. 1 III 0 11 1•• .1 0 .0' III 180 0 ,. . .,. 17 0

SlIIC .un 151-0n·05MA 51 15/0100 11 .01 .Jl n •• 2S 5 •• lIS 0 16 1.• . l 0 .24 116 180 0 11 .0 n• I1a
SllIC 19359 151-011-05MA 51 11/01/18 16 .n •65 11 .8 41 1.0 615 0 16 1.0 .l I .05 111 110 0 1• .., I•.
SWCUlbl 156-0n·llCllA 100 15/01 JI I. .06 " .. II >A. 1.0 "I 0 110 15 .1 0 .J5 III 160 0 77 .17. 10 ,

:1lIC 19161 156-1)11-1701A 100 11/01/18 11 .01 u " 71. 8.0 111 0 160 is .l I .51 141 140 0 10 10.0 1180 1.5
S..:: 11I155 156-071-01AlI II 15/01115 I . BO •• Uo U 160 0 1100 60 .1 .1 .61 JOIO 610 J 14 ".0 '°1"-' , ..
SIlC .50 •• 151-011-0lCCC J5 1<107/77 " 11 " .0 u " •.0 J12 0 65 J.l .1 0 .0. 5SJ 110 16 .. . ... ' °
SWC '9111 151-0n·01CCC 106 15/01/15 II .51 ... 15 12 110 •.1 In 0 61 8 .• .l 0 .11 411 II • 0 .. ...
SIlIC 18144 151-01l-IICCC 51 15 01lll " ." 17 o• ,. to •.0 lOl 0 51 J.J .1 0 .0' m ". 0 71 .. «0 °
SlilC 19142 151-01l·I6ClC 61 15/01/l. 16 .04 .J ., 16 U '.0 112 0 SO '.0 .1 0 .01 lI' 160 0 56 1.5 .10 1.0
~,iWC19409 151-011-15CCC 18 01112 11 1.5 " '0 .. " n. 0 10 o. . ., ,ft, '.0 0 " 0 ••0 7
SWC'9141 157-011·15000 11 75/011l1 18 .11 .n 51 B 100 5.1 585 0 18 8.6 .l 0 .1 ••• 110 0 54 J.l '" 1.8
SWC '93JJ 151-071-19AM 51 15/01/l1 I. .42 .'0 ,. 11 lI' •. 1 156 0 61 5. . 1 0 .0• 1••• 500 I 11 .1 148 1.1
SWC 19419 151-71-1JCII II 76 05/05 10 . 1 .17 .. ,. ,. •.1 n8 0 60 1.1 .1 I .0. .11 J10 I 11 .1 68. 1.8
SkIC '9411 151-011-2611A 55 16/05/05 II ." .. 1S 17 o• •.5 565 0 66 6.8 .1 I 0 .Il 110 0 n 1.0 610 1.8
SWC'9418 151-011-1UIA 55 18/07 11 10 .11 ." 11 .. H J.I l81 0 100 1.6 .1 I .OJ 511 J.O II 11 1.0 . 115 1.8-
SWC'9416 151-01l-1Iacl II 16/05/05 10 .•0 .16 18 II IS 5 .• .U 0 81 6.8 .1 I .1• 411 l80 0 Jl 1.6 118 1.8
SM:: '9411 151-01l-10acC< 11 15/10/01 16 1.1 ••0 110 lO 00 1.l .80 0 110 1.6 .1 .1 .1 618 .00 0 l6 I.J 855 1 .•

~O 151-01l·16CCC 101 16/05/05 11 1.2 .Jl u.. 7< ., 5.5 411 0 11 5.J .1 I .01 •61 J10 0 1• 1.1 150 2.1
SWC 19420 151-01l-16CCC 101 18/01111 18 .2 .1I 7~ .0 51 •.8 41. 0 16 1.0 .1 I .41 524 o J.O 0 l5 I.l 10J 1.8--
SNC 1it420 151-01l·16CCC 101 11/01/08 11 .J .Jl 81 11 11 1.1 .81 0 80 6.1 .1 I .n 5.1 140 0 JI 1.1 111 7.8-
~51_ 151-01l-JlCIe. 116 15/01/l5 11 .01 .•0 7! SO 61 6.1 .01 0 110 5.1 .1 0 0 SOl J10 0 51 1.1 101 1.1-
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3, 4, 5, 8, 9, 10, 11, 14, 15, 16, 21, 22, 23, 25, 26, 27, 28, 35,

and 36. It underlies an area of about 14 square miles. The aquifer

ranges in thickness from 0 to 115 fee:t. Depth to the aquifer ranges

from 0 to 56 feet. It is composed pr'edominantly of sand with minor

amounts of gravel, silt, and clay.

Physical 01aracteristics

Sand size ranges from very fine to coarse. It is moderately well

sorted with the medium grain size range predominating. Grain shape

ranges from angular to subrounded with a predominance of subrounded.

Grain composition averages about 751. quartz with minor amounts of carbonates

and lignite. All logged sand sections were very clean. There is very

little i:nterstitialsilt and clay. S,and sections are very homogeneous

containing little interbedded silt and clay. Gravel size ranges from

fine to medium. Shape ranges from an:~lar to rounded. Composition

is predominantly carbonates with minol!:'amounts of granitics and shale.

The thickness and areal extent ~ln be seen in the isopach map

(Fig. 12). The aquifer ranges from 1.5 to 2.2 miles wide. Within

the study area the aquifer is oriented north-south. Immediately north

of the study area the aquifer curves 1:0 the northwest. To the south

the aquifer is truncated at Broken Bone Lake. It is bounded on the

east by a ridge of low hills and on the west by a bedrock high covered

with a thin veneer of till.

The thickest section is about 1 Dlile wide and 3 miles long. It

occupies portions of Sections 26, 27, 34, and 35 of Township 157 North,

Range 71 West and Section 4 of Township 156 North, Range 71 West.

It thins rapidly in sections 4 and 5 alnd is truncated completely in
Section 9.

2:3
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There is evidence of two different environments being responsible

for the deposits comprising the PleascLnt Lake aquifer. Older deposits

are found in a fluvial channel incised into the bedrock and till.

This channel is most prominant in the northern portion of the study

area in the vicinity of test holes l57'-07l-08CCC and l57-07l-l9AAA

(Fig. 13). Further south this channel becomes less prominant or nonexistent

(Fig. 14). To the north this channel may connect to the main Pleasant

Lake aquifer, but in the main study area this channel is separate from

the main Pleasant Lake aquifer.

Overlying the channel deposits are interbedded fluvial silt and

clay and glacial till. Above these have been deposited the sands which

comprise the majority of the Pleasant lake aquifer. These sands are

exposed at the surface in places. They extend to the east and probably
I

begin to thin and pinch out where they overlap the rising bedrock and

till hills.

Flow System

The highest water levels in November, 1976 were found along the

eastern edge of the aquifer in the vicinity of test holes l57-07l-l4CDC

and l57-07l-35BAA (Fig. 15). The lowest water levels were encountered

along the western boundary of the aquifer and in the vicinity of l56-07l-05AAA.

Ground water movement was both to the 'west and to the south. The western

flow component was evident in the vici:~ity of l57-07l-l4CDC where movement

was toward the lower water levels in the vicinity of l57-07l-l5CCC.

The southern flow component was evident in the vicinity of l57-07l-35BAA
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where movement was toward 156-071-04~~A. The two flow components combined

to produce a southwestern flow in the vicinity of l57-07l-34DAA.

Gradients were low in the Pleasant lake aquifer. The difference

in water levels between 157-07l-14CDC and 157-07l-15CCC was 7.6 feet

in 1.2 miles. The gradient was 6.4 fE!et/mile. The difference between

157-07l-35BAA and l56-07l-04ABA is 6.1 feet with a gradient of 4.9

feet/mile.

Based on water levels the areas elf recharge were estimated to

be along a line southward from l57-071-l4CDC to l57-07l-35BAA. Areas

of discharge were located along the western boundary of the aquifer

and in the vicinity of Pleasant Lake. Water is discharged through

evapotranspiration from the lakes and sloughs in the western part of

the aquifer and is discharged through springs near Pleasant Lake in

the hills north of Broken Bone Lake.

Water levels were slightly diffet'ent six years after the utilization

of the new well field. Water levels i.n an observation well completed

at l57-07l-26CCC experience about a 4 foot decline. This is shown

by the hydro graph in Fig. 16. Annual use in acre-feet is noted along

the bottom of the hydrograph. After the initial decline over the year

1977 the water levels stabilized until 1980. Water levels then experience

a small rise, probably due to the inct'ease in precipitation from 1980-1982.

This same pattern of decline, stabi1iz.ation, and slight recovery can

be seen in observation wells 156-071-04ABA2' 157-071-26BBA, 157-07l-34DAA,

and 157-07l-35BAA1'
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The cone of depression around th'e production wells is represented

in the potentiometric surface map for December 1982 (Fig. 17). The

cone is elongate, oriented to the southwest, and affects an area of

about one square mile. The elongation to the southwest results from

the drawdown effects being more pronounced downgradient. Areas outside

the cone of depression experienced a l~ise in water levels since 1976.

Water Quality

Analysis of water from the Pleas'lnt Lake aquifer can be ~ound

in Table 1. The water is generally ac:alcium bicarbonate type. The

total dissolved solids (TDS) concentr~ltion ranged from 246 mg/l to

619 mg/l. Samples from city wells #3 and #4 possessed TDS concentrations

of about 425 mg/l. Overall hardness c:oncentrations ranged from 120

mg/l to 400 mg/l. Samples from city ~rell #3 and #4 possessed hardness

concentrations of about 275 mg/l. OvE~rall iron concentrations ranged

from .02 mg/l to 1.8 mg/l. Samples from city wells #3 and #4 possessed

iron concentrations of about 1.5 mg/l.

The best water quality was encountered in the eastern portion

of the aquifer adjacent to the hills. Very small streams and valleys

are incised into the hills and drain into the area of the aquifer. Sand

and gravel deposited in these valleys act as tributaries to the aquifer.

This can account for the influx of fresh water from the east. Water

quality deteriorates downgradient to the south and particularly to

the west. Water is being discharged through numerous lakes in the

west and springs in the south. The poorest quality water encountered

in the area was at l57-07-26BCCS. This poor quality is anomalous considering
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the proximity to the eastern boundary of the aquifer. It is possible

the lake iDmlediately east of l57-071-2.6BCC is intercepting water moving

west from the hills. Once captured by the lake the water would evaporate

out of the system. This would create a zone of stagnant, mineralized

water directly west of the lake.

PLEASANT LAKE MODEL

ThI!Ory

A mathematical model of the Pleasant Lake aquifer was used to

determine the effects of development on the aquifer. A nonsteady-state

model was selected for this study in order to simulate the transient

response of the aquifer after various pumping periods and rates of

actual and planned wells.

The head changes that will occur in the Rugby aquifer after various

periods of pumping may be calculated by solution of the following partial

differential equation for nonsteady flow in a nonhomogeneous porous

medium:

where:

aox [bKx ah] + L [bK Oh] S oh W( )ox ay y oy = x,y 5t + x,y,t (1)

b is the saturated thickness;

h is the hydraulic head;

k is the hydraulic conductivity;

S is the storage coefficient of specific yield;

t is time; and

W(x, y, t) is the volume flux per unit area.
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Equation 1 may be approximated by a finite-difference equation

by applying Taylor's theorem (Pinder and Bredehoeft, 1968). The finite-difference

equation is solved at each node of a rectangular grid on a digital

computer using an iterative alternating direction implicit technique.

For this study, the flow equation was solved on a digital computer

using a program developed by Pinder, Trescott, and Larson (Trescott,

1976), and modified for this study.

Analysis of a complex nonhomogeneous aquifer system is accomplished

by subdividing the system into a large number of relatively small rectangular

cells, which constitute the finite-difference grid. The finite-difference

grid used in this study consisted of 17 rows and 32 columns with constant

cell dimensions of 1,320 feet. For each cell, values of hydraulic

conductivity, specific yield, bottom of aquifer, land elevation, recharge,

and discharge were supplied.

The accuracy of the solution of the finite-difference equations

when applied to a problem in ground-water hydrology depends upon a

number of variables. Errors are introduced when the continuous time

and space factors of a natural system are represented by discrete elements

in a mathematical model. The errors, however, may be lessened by the

proper selection of input parameters (Pinder and Bredehoeft, 1968;

Bedinger, Reed, and Griffin, 1973).

Calibration

Calibration of the digita~ model was obtained by comparing the

output from various simulations with the measured ground-water levels
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for a given time. Recharge to the model system was adjusted so that

the calculated water levels from the !limulation were in reasonable

agreement with the measured water levElls. Through this process it

was clear that recharge to the nodes em the east side had to be much

greater than on the west side. A truE~ calibration would take a period

of time in which the aquifer were beirlg stressed and attempt to duplicate

measured water levels with model simulated water levels. The 1976

model could not be calibrated in 1976 because no substantial stress

(major pumping) had yet occurred. Such a calibration did occur in

1982, and this will be discussed in the following "Results" section.

Reslults

Utilization of the ground-water model allowed for a better understanding

of the flow system. While initial data clearly showed a general flow

system from east to west, and in the siouthern portion of the study

area from north to south, the magnitud.es of flow were not known. The

model, however, allowed for an approximate quantification of these

flows. Average recharge to the area w~s estimated originally to be

in the range of 1 to 5 inches per yeat'. This wide range of values

for recharge results from having little understanding of the recharge

process as well was inadequate historical data and inadequate spatial

distribution of data. The model was investigated utilizing a range

of recharge values. The higher rate o,f recharge resulted in more evaporation

and transpiration as well as more flo~' out the lakes, springs and west

margin of the aquifer.
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In 1976 the model simulation utilized constant values for specific

yield, recharge rate, grid size spacing and the ET function. The values

varied from node to node for the water levels, hydraulic conductivity,

bottom of aquifer, land elevation, and constant flux. Because the

recharge rate could not be varied from node to node in the 1976 model,

the constant flux was used for varying recharge input into different

nodes. This had to be done because repeated efforts to use a constant

recharge rate always resulted in the "modeled" water levels being lower

than measured water levels along the east margin of the model, and

especially so in the southeast part of the modeled area in Sections

26, 35, 3 and 4 (see Fig. 18). The use of variable constant fluxes

of appropriate magnitudes and locations allowed for much better reproduction

of measured water levels. This is not inconsistent with data gathered

from the easternmost observation wells where higher than expected spring

peaks occur in the measured water levels. The potentiometric surface

shown in Figure 15 shows that the hills to the east are a major source

of recharge to the modeled area.

Some examples of the possible variations in the 1976 model are

shown on lines 1, 2, and 3 of Table 3. The model that was used to

simulate the aquifer system in 1976 is shown on line 3. This model

utilizes an average of about 2~ inches of recharge per year. This

rate was approximately doubled (line 2) for a "wet" model and halved

(line 1) for a."dry" model. In both instances the aquifer properties

remained basically the same, only the volumes of water passing through

the aquifer changed. Table 3 shows the variations. Columns 1 {model
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STEADY STATE
INFLOW (ac.ft/yr)

QRE Constant Flux Storage

TABLE 3

-Pumping
OUTFLOW (ac.ft/yr)

-Pumping Constant Head Evapotranspiration

1

2

3

4
5

6
w
00

7

8

9

10

CALIBRATION Recharge Recharge Decrease Wells Springs Springs ET and Springs

1976 Model
("drv" version) 407 520 0 0 533 0 394
1976 model
("wet" version) 3258 269 0 0 1394 0 2133

1976 Model 1343 598 0 0 991 0 950
1976 model
(slightly ad iusted) 1387 598 0 0 778 (} 1.205
1982 model
(altered) 2626 0 0 0 0 862 1764

1976-1980
VERIFICATION

1976 (adiusted) 1387 I 598 300 514 778 0 993

1982 (altered) 2624 0 239 301 0 824 1738
1981-2000 .
SIMULATION (at steadv state)
1982 model
citv of RUl!:bv 2624 0 0 275 0 814 1534
1982 model
cities of Rugbv &·Leeds 2624 0 0 425 0 798 1400
1982 model
cities of Rugby &;Leeds
and nearbv irrigation 2624 0 0 537 0 764 1322



recharge) and 2 (model constant flux) should be combined as recharge

to the aquifer. Note that an approximate doubling of recharge from

the "dry" (927 acre-feet/year) model to the "medium" (1941 acre-feet/year)

model resulted in slightly less than doubling (column 5) the outflow

through springs and more than doublin~: (column 7) outflow through evapotranspiration

(ET). However a doubling of recharge from the "medium" model to the

"wet" (3527 acre-feet/year) model results in a smaller increase in

spring flow, and a much larger increaSle in ET. In essence the modeled

system fills up and ET becomes a much more dominant factor.

This model was used to give exa~lles of impacts based on different

assumptions. Very little was known about the recharge process, and

the magnitudes of the va·riables descri.bed within those processes. The

situation was made all the more diffic:ult because there had been no

major pumping on the system, thus theI~e was no way the model could

be reasonably verified. A conservative estimate (2.24"/yr) was made

of the recharge to the aquifer and thEl potential impacts were assessed

on a somewhat "worst case" basis.

In 1982, the model was "dusted oH" and used to simulate the 1976

to 1980 water use on the part of Rugby. The model was able to duplicate

reasonably well the measured water levels both spatially and in magnitude.

The 1976 model predicted slightly morEl drawdown than actually observed,

however, particularly in the vicinity of the production wells. The

1976 model was reevaluated and some changes were made.

The new model (1982) increased the actual ET rate to a more reasonable

l6"/year from 7"/year. All slough nodes where discharge was simulated
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with pumping nodes were discontinued. The recharge in the 1982 model

was increased to 3.03"/year which is larger than the 2.24"/year of

the 1976 model (see Table 3, line 5). The springs on the south side

were modeled as constant head nodes. As constant head nodes in the

1982 model, they put out 1310 less water than they did as discharge

nodes in the 1976 model. The springs in the 1982 model represented

a smaller percentage of the overall flow system than they did in the

1976 model.

The refined 1982 model duplicated measured water levels of the

1976 to 1980 time period better than the 1976 model. The 1982 model

should still be considered a crude model, however, and only used for

rough estimates. More data is needed on recharge, and the ET function

which is subject to substantial variations depending on water levels.

Lines 6 and 7 on Table 3 give a comparison of the 1976-1980 verification

run between the slightly adjusted 1976 model and the altered 1982 model.

Line 4 shows the steady state simulation of the slightly altered 1976

model used for verification on line 6. Note that less water is taken

out of storage (column 3 lines 6 and 7) in the 1982 model. This is

reflective of the lesser drawdown (better matching field measured values)

in the 1982 model as compared with the 1976 model.

SUMMARY

In 1982 the 1976 Pleasant lake aquifer model was reinvestigated

for the purpose of investigating potential impacts due to proposed

diversion from the Pleasant Lake aquifer by the city of Leeds. Lines

8, 9, and 10 of Table 3 show the variations in the flow system depending
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on different levels of development. 1~ese can be compared with line

5 which shows the 1982 model with no dlevelopment. At any of the three

levels of development, most of the change in flow magnitude occurs

in evapotranspiration losses. ~is wCluld be reflected predominantly

by a slight lowering (fraction of a fClot) of water levels around the

slough areas at the west edge of the s:tudy area. ~e springs to the

south would be affected somewhere in the range of 40 to 100 acre-feet/year.

~is would be about 5 to 10% of the total spring flow calculated.

~e effects would be a little less in wet periods and a little more

in dry periods.

~e development of a computer model of the aquifer has shown a

flow system consisting of more than 2500 acre-feet/year of recharge

to the Pleasant Lake aquifer in the outlined study area. Discharge

has been approximated to be more than 800 acre-feet/year flowing out

the southern springs, and more than 1700 acre-feet/year being evaporated

and transpired from lakes and sloughs.

~e simulation of the development of three water permits involving

two municipalities and one irrigation supply totalling over 500 acre-feet/year

show only moderate and acceptable impacts to the springs to the south

(5 to 10% decrease). ~e aquifer system appears stable and capable

of handling present demands without unreasonable adverse effects.
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TEST HOLE 9361
LOCATION: 156-71-4 ABA DATE DRILLED: 7-23-75
ELEVATION: 1625
(FT, MSL)

DEPTH: 160
(FT)

POTENTIAL (MV) 10
II

RESISTANCE (OHMS) 25
----+ DESCRIPTI0N OF DEPOSITS

81 feet
78-81 feet

Depth:
S. 1.:

Fox Hills Formation

Observation Well (936l-A)

Depth: 141 feet
S.l. : 138-141 feet

Observation Well (9361)

Clay, silty, sandy, medium
light gray, moderately soft,
with some w~ll indurated
layers.

0-83

~_.--....,....--'!""-;------8C:3l32 lay~arrdy, s1Lty, olive
gray, soft, plastic.

13 -146 Sand, fine-to uery coarse,
angular to subrounded,
gravelly, slightly clayey,
poorly-sort~d.

~---- Glacial Drift
~Sand, fl.ne-Lo- medium~- _
grained, subrounded to
rounded, slightly lignitic,
well-sorted.

20

80

40

60

180



TEST HOLE 9406
LOCATION: l56-71-4DCD DATE DRILLED: 8-13-75

ELEVATION: 1571
(FT, MSL)

DEPTH: 140
(FT)

POTENTIAL (MV) 1 ( RESISTANCE (OHMS) 25
II --~---.,.--- •

DESCRIPTI0N OF DEPOSITS

Fox Hills Formation

Glacial Drift

76 feet
73-76 feet

Depth:
S. 1.:

Clay, sandy, silty, medium
gray to medium dark gray,
tight, friable.

Observation Well

Clay, sandy, silty, pebbly,
gravelly, olive gray, cohesive
very slightly plastic (till).

Clay, very sandy, silty, medium
dark gray, soft, poor
sample return.

Sand, very fine-to coarse-grainec
predominantly medium, subangular
to subrounded, slightly lignitic
oxidized to 40 feet, well-
sorted.

90-104

104-140

f- 140

- 80

- 60

- 40

- 20

-100

I- 120

---

I- 160 44



TEST HOLE 9359

LOCATION: l56-71-5AAA DATE DRILLED: 7-23-75

ELEVATION: 1598
(FT, MSL)

DEPTH: 120
(FT)

POTENTIAL (MV)• fl RESISTANCE (OHMS)
II 25 DESCRIPTI0N OF DEPOSITS

very sandy, silty, olive
plastic.

Clay, sandy, silty, olive
gray, cohesive.

Fox Hills Formation

Sand, fine-to coarse-grained,
subangular to rounded, well-
sorted.

Sand, very fine-to:madium
grained, subangular to
rounded, predominantly quartz,
well-sorted.

Clay, silty, sandy, medium
light gray, hard, friable.

113-120

_-------Gl~l DriftrO-13

-60
- 40

-100

- 60

- 80

- 20

,... 140

""""160
45
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LOCATION: 156-71-5BAB

ELEVATION: 1590
(FT, MSL)

POTENTIAL (MV) 10
«

TEST HOLE 9358

RESISTANCE (OHMS) 10•

0-22

20

40

60

80

100

(
120

140

160
46

DATE DRILLED: 7-23-75

DEPTH: 120
(FT)

DESCRIPTI0N OF DEPOSITS

Glacial Drift

Clay, silty, sandy, moderate
yellowish brown, plastic,
oxidized.
Clay, as above, olive gray.

Clay, very sandy, silty, pebbly,
olive gray, cohesive, slightly
plastic (ti 11).

Fox Hills Formation

sandy, silty, medium
tight, hard.



TEST HOLE 9408
LOCATION: l56-71-9DCD DATE DRILLED: 8-13-75

ELEVATION; 1600
(FT, MSL)

DEPTH: 140
(FT)

Glacial Drift

DESCRIPTI0N OF DEPOSITS

Fox Hills Formation

Clay, silty, sandy, medium
gray, smooth, cohe~iv~
slightly plastic (lacustrine).

Siltstone, clayey, sandy, med-
ium dark gray to bluish gray,
tight, brittle.

Sand, fine-to coarse-grained,
subangular to subrounded, pre-
dominantly quartz, clayey,
moderately well-sorted .

Clay, sandy, silty, pebbly,
olive gray, cohesive, very
slightly plastic (till).

Clay, very sandy, silty, pebbly
olive gray, tight cohesive,
slightly plastic (till).

Clay, silty, sandy, moderate
yellowish brown, soft, slightly
plastic, oxidized (lacustrine) •

••

-36

0-9

50-116

36-50

120-140

116-120

-------------9-24 Cla;-;y;-,~~!'!ldmlL..-l-J"",-,--<O"'-':lL' ~~e bbly ,
gravelly, moderate yeL'~wish
brown, tight, cohesive,~ ry
slightly plastic, oxidize to
21 feet (till).

•

RESISTANCE (OHMS) 25•

80

20

40

100

60

POTENTIAL (MV) 10•

160
47
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LOCATION: l56-71-l0CBB

ELEVATION; 1580
(FT, MSL)

POTENTIAL (MV) 10
c

TEST HOLE 9407

RESISTANCE (OHMS) 25
»

0-8

20

40

60

80

62-68

100

68-78

120

78-120

140

160
48

DATE DRILLED: 8-13-75

DEPTH: 120
(FT)

DESCRIPTI0N OF DEPOSITS

Glacial Drift

Sand, very fine-to fine-grained
sub rounded to rounded, pre-
dominantly quartz, oxidized.

Clay, silty, sandy, pebbly
moderate yellowish brown,
tight, cohesive, very slightly
plastic (till).

Sand, fine to very coarse-
grained, predominantly coarse,
angular to subrounded, .(about
40 percent fine to coarse
gravel), poorly-sorted, taking
some water.

Clay, very silty, sandy, medium
gray, smooth, cohesive (lacus-
trine).

Clay, sandy, silty, pebbly,
olive gray, cohesive, very
slightly plastic (till).

Sand, very fine-to coarse-
grained, subangular to sub-
rounded, well-sorted.

Clay, sandy, silty, pebbly,
gravelly, olive gray, tight
cohesive (till).

Fox Hills Formation

Clay, sandy, silty, medium
gray, hard friable.



TEST HOLE 9405
LOCATION: l56-71-l6BBA DATE DRILLED: 8-13-75
ELEVATION: 1540
(FT, MSL)

DEPTH: 100
(FT)

POTENTIAL (MV)• 10 RESISTANCE (OHMS) 10-----. DESCRIPTI0N OF DEPOSITS

7-21 Clay, as above, medium dark
gray (lacustrine).

Fox Hills Formation

Glacial Drift

Shale, silty, sandy, dark gray
to brownish black, tight,
brittle.

Clay, sandy, silty,
Pebbly, olive gray, tight,
,ohesive, very slightly
plastic (till).

Clay, very silty, sandy, moderate
yellowish brown, moderately
cohesive, very slightly plastic
(lacustrine).

0-7

21-6

68-100

- 40

- 60

- 80

- 20

-100 Observation Well

Depth:
S.1. :

56 feet
53-56 feet

- 120

i- 140

f- 160

49

10----1- 180



TEST HOLE 9363
LOCATION: l56-71-l7CDA
ELEVATION: 1570
(FT, MSL)

DATE DRILLED: 7-24-75
DEPTH: 100
(FT)

POTENTIAL (MV)
• 10 RESISTANCE (OHMS) 10• DESCRIPTJ0N OF DEPOSITS

7-27 Clay, silty, moderate yellowish
brown, soft, slightly
plastic.

0-7

Glacial Drift

Fox Hills Formation

Clay, sandy, silty, pebbly,
gravelly, olive.gray, .soft
slightly plastic~·_.

Clay, silty, sandy, medium
gray, moderately soft.

Sand, very fine-to medium
grained, clayey, silty, poorly-
sorted.

Clay, silty, sandy, olive gray
soft, cohesive, slightly
plastic.

Sand, fine to coarse-grained
angular to subrounded,
clayey, poorly-sorted, crock
at 77 feet.

27-71

71-78

90-100f-IOO

~ 20

~ 60

f- 80

~ 40

~ 120 Observation Well

Depth: 76 feet
S. I.: 73-76 feet

- 140

- 160

50



TEST HOLE 9364
LOCATION: l56-71-20ACA
ELEVATION: 1550
(FT, MSL)

DATE DRILLED: 7-24-75
DEPTH: 60
(FT)

5-14 Clay, silty, moderate
yellowish brown, very
soft, slightly plastic, oxidized

POTENTIAL (MV) , 1 RESISTANCE (OHMS)• --....10.11'---...--- •
-

- 20

I- 40

~ 60

I- 80

-100

25

0-5

14-20

20-38

38-52

52-60

DESCRIPTI0N OF DEPOSITS

Glacial Drift

Sand, fine-to medium-
grained, clayey, well-
sorted, oxidized.

Clay, sandy, silty, pebbly,
olive gray, slightly
plastic (till).

Gravel, sandy, medium to very
coarse, subangular to rounded

Clay, sandy, silty, pebbly,
gravelly, olive gray,
slightly plastic (till).

Fox Hills Formation

Clay, silty, sandy, medium
gray, with some hard sand
layers.

Observation Well

- 120

- 140

I- 160

51

Depth:
S. 1.:

36 feet
33-36 feet



DATE DRILLED: 7-24-75

DEPTH: 60
(FT)

Clay, sandy silty, 1 ight gray
to greenish gray, plastic.

Glacial Drift

Clay, silty, sandy, pebbly,
01 ive gray, very sl ightly
plastic (till).
Sand, fine to very coarse graine
angular to subrounded, sitty,
clayey, very gravelly after
29 feet.

DESCRIPTliJN OF DEPOSITS

20-49

20

40

TEST HOLE 9362
LOCATION: 156-71-20CDC
ELEVATION: 1535
(FT, MSL)

POTENTIAL (MV) 10 RESISTANCE (OHMS) 10..•. •

60 Fox Hills Formation
49-60 Siltstone, sandy, medium gray

to olive gray, hard, brittle"

80

Observat ion We 11
100 Depth: 46 feet

S. I.: 43-46 feet

120

140

160

52



TEST HOLE 9354

LOCATION: 156-72-2ABA

ELEVATION: 1568
(FT, MSL)

POTENTIAL (MV) 10 RESISTANCE (OHMS) 25• ----.-......,..--- ----+

DATE DRILLED: 7-22-75

DEPTH: 140
(FT)

DESCRIPTI0N OF DEPOSITS

~ 20

~ 40

....60

~ 80

-100

~ 120

~ 140

~ 160

53

123-

131-140

Glacial Drift

Sand, very fine- to fine-grained,
subrounded to rounded, slightly
lignitic, well-sorted, oxidized.
Silt, very clayey, sandy,
moderate yellowish brown, soft,
sl ightly plastic, oxidized
Silt, as above, medium dark gray,
tiqht after 100 feet.

Clay, silty, sandy, pebbly,
01 ive gray, cohesive, slightly
plastic (till).
] avel, shaley, medium to coarse,
angular to subrounded, poorly-
sorted.

Fox Hills Formation
Clay, sandy, s i1ty, sha 1ey ,
medium light gray to greenish
gray, hard, friable.



LOCATION: 156-72-3ABB

ELEVATION: 1553
(FT, MSL)

POTENTIAL (MV)
'f

TEST HOLE 9355

RESISTANCE (OHMS)•

0-15

15-75

40

60

75-84

80

92-120

120

140

160

54

DATE DRILLED: 7-22-75
DEPTH: 120
(FT)

DESCRIPTJ0N OF DEPOSITS

Glacial Drift

Clay, silty, sandy, moderate
yellowish brown, cohesive,
very slightly plastic, oxidized.
Clay, as above, medium qray,
sand layers 60-70 feet.

Sand, fine- to very coarse-
grained, gravelly, angular to
subrounded, sl iqhtly 1iqnitic,
poorl y sorted.
Clay, sandy, silty, pebbly,
olive gray, tiqht, very slightly
pIas tic (ti11 ) •

Fox Hills Formation

Clay, sandy, silty, shaley,
medium to greenish gray,
hard, friable.

Observation Well
Depth 81 feet
Screened interval 7R-81 feet



LOCATION: l56-72-9CDC
ELEVATION: 1570
(FT, MSL)

TEST HOLE 9399
DATE DRILLED: 8-12-75
DEPTH: 120
(FT)

Glacial Drift

Observation Well

Fox Hills Formation

DESCRIPTI0N OF DEPOSITS

Clay, as above, medium
dark gray (lacustrine).

Clay, very silty, sandy, moderate
yellowish brown, cohesive,
sticky, slightly plastic,
oxidized (lacustrine).

Clay, very silty, sandy, medium
gray, tight, brittle (lacUstrine)

Clay, sandy, silty, pebbly,
olive gray, tight very
slightly plastic (till).

Sand, fine-to very coarse-
grained, predominantly
coarse, angular to sub-
rounded, (about 20 percent
fine to coarse gravel),
moderately well-sorted.

Shale, silty, sandy, meqium
dark gray, hard, brittle.

0-14

29-36

14-29

36-69

69-104

RESISTANCE (OHMS) 10---

80

60

20

40

100

POTENTIAL (MV) 10•

Depth:
S. 1.:

101 feet
98 - 101 feet

140

160

55

180



TEST HOLE 9400
LOCATION: l56-72-l6AAA DATE DRILLED: 8,.,12-75

ELEVATION: 1572
(FT, MSL)

DEPTH: 120
(FT)

Glacial Drift

DESCRIPTI0N OF DEPOSITS

Fox Hills Formation

Shale, silty, sandy, medium
to medium dark gray, tight,
brittle.

Clay, silty, slightly sandy,
moderate yellowish brown, soft,
cohesive, oxidized (lacustrine).

Clay, very silty, sandy, medium
gray, tight after 65 feet
(lacustrine).

Clay, sandy, silty, pebbly,
olive gray, cohesive, tight
(till) .

0-20

10

20-29 Clay, ~d , silty, pebbly,
~live gray, with a fine to

~

verY coarse sand layer 23-27
feet (till).

29-44 S~, very fine-to medium
grained, subrou~ded to
rounded numerous interbedded
clay layers.

103-120

80

20

40

100

60

POTENTIAL (MV)..•

140

160.
56



TEST HOlLE 9398

LOCATION: l56-72-l8AAA DATE DRILLED: 8-12-75

ELEVATION: 1555
(FT, MSL)

DEPTH: 100
(FT)

RESISTANCE (OHMS) 10
•

Clay, sandy, silty, brownish
to medium gray, hard, tight
friable.

Glacial Drift

Fox Hills Formation

Clay, sandy, silty,
medium to olive gray, very
tight, cohesive.

DESCRIPTI0N OF DEPOSITS

Silt, as above, medium dark
gray.

Sand, very fine- to fine-
grained, subrounded to
rounded, clayey, moderately
well-sorted.

Clay, sandy, silty, pebbly,
olive gray, tight, very slightly
plastic (till).

Silt, sandy clayey, moderate
yellowish brown, soft, slightly
plastic, oxidized.

0-18

38-64

64-82

82-100

()
~-24

l4~

~

80

20

40

60

POTENTIAL (MV) 10•

120

140

160
57

180



TEST HOLE 9345

LOCATION: 157-71-20CB

ELEVATION: 1620
(FT, MSL)

DATE DRILLED: 7-17-75

DEPTH: 100
(FT)

Glacial Drift

Fox Hills Formation

Siltstone, clayey, sandy,
1 ight bluish gray to medium
light gray, hard brittle.

Clay, sandy, s i 1ty, pebb 1y ,
moderate yellowish brown,
tight, cohesive, sl ight1y
plastic (till).

Clay, san dy, s i 1ty, pebb 1y ,
olive gray, tight, with gravel
layers 48-50 feet and 54-56
feet (ti 11).

DESCRIPTI0N OF DEPOSITS

0-21

86-100

21-86

- 20

- 40

- 60

~IOO

~ 80

POTENTIAL (MV) 10 RESISTANCE (OHMS) 10. ---.....-.....,...---- .

;- 120

- 140

- 160

58



DATE DRILLED: 7-21-75

DEPTH: 100
(FT)

DESCRIPTI0N OF DEPOSITS

Glacial Drift
~and, ver-Y-f ~ to coa rse-
grained, angula~ubrounded,
well-sorted, oxidize~
Clay, s iIt· ty-scm~

erate yellowish brown,
sl ightly plastic, oxidized.
Sand, very fine- to coarse-
grained, gravelly, angular to
subrounded, well-sorted, oxidized.
Clay, silty, slightly sandy,
moderate yellowish brown,
moderately cohesive, oxidized.
Clay, as above, medium dark gray.
Sand, fine- to coarse-grained,
predominantly medium, angular
to rounded, well-sorted.
Clay, silty, sandy, medium dark
to light gray, tight.

Fox Hills Formation
Siltstone, clay, sandy, medium
gray to pale blue, hard, friable.

3-8

57-74

74-100

~IOO

f- 20

I- 40

I- 80

I- 60

TEST HOLE 9349
LOCATION: 157-71-3CCD
ELEVATION: 1612
(FT, MSL)

POTENTIAL (MV) 10 RESISTANCE (OHMS) 10.. -----+
-

0-3

Observation Well

- 120
Depth 56 feet
Screened interval 53-56 feet

- 140

- 160
59

•.••••- ••••.• 18 0



TEST HOLE 9348

LOCATION: 157-71-3DCD

ELEVATION: 1606
(FT, MSL)

POTENTIAL (MV) 10 RESISTANCE (OHMS) 10• ----y-----,--- •

DATE DRILLED: 7-21-75

DEPTH: 80
(FT)

DESCRIPTI0N OF DEPOSITS

Glacial Drift

0-14

- 20

- 40

- 60

- 80

- 100

- 120

- 140

- 160

60

56-60

60-68

68-80

Sand, very fine-to medium-grainec
subrounded to rounded, mostly
quartz, well-sorted, oxidized.

Clay, silty, sandy, dark gray,
cohesive, very slightly plastic.

Sand, very fine-to medium-grainec
angular to rounded, moderately
lignitic, well-sorted.

Clay, sandy, silty, pebbly,
gravelly, 01 ive gray, (with a vel
fine-to medium-grained sand layel
36-41 feet) cohesive (till).

Sand, fine-to medium-grained,
sub rounded to rounded, well-sort(

Clay, silty, moderately sandy,
medium dark gray, soft, cohesive,

Fox Hills Formation

Siltstone, clayey, sandy, medium
light gray to pale blue, hard,
friable.



TEST HOLE 9332
LOCATION: 157-71-8CCC
ELEVATION:
(FT, MSL)

1588

DATE DRILLED: 7-14-75
DEPTH: 140
(FT)

San , fine to very coarse,
angular ~ounded,
Dredoninan~~~artz, lignitic,
moderately well-sor~ed.

DESCRIPTI0N OF DEPOSITS

Sand, very fine to very coarse,
angular to subrounded, lignitic,
moderately well-sorted.
Fox Hills Formation

Silt, very clayey, sandy, medium
dark gray, slightly plastic.

Clay, silty, sandy, pebbly, olive
gray, very slighty plastic (till).

Sand, very fine to very coarse,
to subrounded, (about

to coarse gravel)

Clay, silty, slightly sandy,
dark gray, cohesive.

Sand, very fine to medium, rounded
lignitic, clayey to 32 feet.

Glacial Drift
Clay, Silty, sandy, moderate
yellowish brown, soft, very
sl ightly plastic, oxidized.

........-5and, fine to coa rse, sub-
~~ to rounded, 1ignitic.

S i1t~re-'f- sa!:ldy,med iurn
dark Ig y plastic.

98-107

78-87

87-92

92-98

72-78

63-]2

140

80

20

40

100

60

RESISTANCE (OHMS) 10

~ ~-20

POTENTIAL (MV) 10.•

107-140 Clay, very silty, sandy, medium
gray, hard, brittle.

160 Observation Well

61
Depth: 106 feet
S. I.: 103-106feet

180



TEST HOLE 9336
LuCATION: 157-71-9CCC

ELEVATION: 1589
(FT, MSL)

POTENTIAL (MV) RESISTANCE (OHMS)• --""""T----,r---- •.

0-14

•....20

14-34

f- 40

34-38

DATE DRILLED: 7-16-75

DEPTH: 80
(FT)

DESCRIPTI0N OF DEPOSITS

Glacial Drift
Sand, fine to coarse,
predominantly medium, angular
to subrounded, mostly quartz,
51 ightly 1 ignitic, oxidized,
well-sorted.

Clay, very sandy, silty, medium
gray to dark gray, soft, very
sl ight1y plastic (lacustrine).

Sand, fine to very coarse, angulc
to subrounded, predominantly.
quartz, moderately well-sorted,

•....60

~ 80

-100

- 120

f- 140

f- 160

62

38-50

50-80

Clay, very silty, sl ightly sandy,
medium dark gray, very slightly
plastic.

Fox Hills Formation

Clay, very sandy, medium light
gray to medium gray, hard,
friable, silty.



LOCATION:

ELEVATION:
(FT, MSL)

157-71-11CCC
1622

TEST HOLE 9344

DATE DRILLED:

DEPTH: 100
(FT)

7-17-75

POTENTIAL (MV) 10.. RESISTANCE (OHMS) 25----. DESCRIPTION OF DEPOSITS

~ 0-40
20

40

60

80

100

120

140

160 63

40-45

58-100

Glacial Drift

~and"';-ve-Fy-f-i-R-8-to-Y~coa rse
grained, angular to ~~ounded,
(about 10 entJi 0 coarse
gravel slightly lignitic,
moderately well-sorted, oxidized
to 36 feet.

Clay, silty sandy, medium dark
gray, soft, cohesive, very
sl ightly plastic.

Gravel, medium to coarse, angular
to subrounded, (about 40% very
fine to very coarse sand).

Fox Hills Formation

Siltstone, clayey, sandy,
medium 1 ight gray to pale
blue, ha rd, fr iab 1e.

Observation Well

Depth: 51 feet
S. I.: 48- 51 feet



LOCATION:

ELEVATION:
(FT, MSL)

l57-71-14CDC
1608

TEST HOLE 9342

DATE DRILLED:

DEPTH: 80
(FT)

7-17-75

POTENTIAL (MV) 10.• RESISTANCE (OHMS) 25
• DESCRIPTION QF DEPOSITS

20

40

60

Glacial Drift

Sand, fine to very coarse
grained, angular to subround0d,
sl ightly 1 ignitic, moderatley
well-sorted, oxidized to 21 fee

Clay, sandy, silty, pebbly,
01 ive gray, ver sl ightly
plastic (till).

Sand, very fine to coarse
grained, angular to rounded,
mostly quartx, slightly ligniti

Clay, silty, sandy, medium
dark gray, soft, very sl ightly
plastic.

45-63

80

63-80

100

120

140

160 64

Sand, very fine to coarse
grained, angular to rounded,
mostly quartz, slightly lignltl

Fox Hills Formation

S i1tstone, clayey, sandy, med iUi

light to medium dark gray,
ha rd, fr iab 1e.

Observation Well

Depth: 61 feet
S. I.: 58-61 feet



Glacial Drift

DESCRIPTI0N OF DEPOSITS

DATE DRILLED: 8-14-75
DEPTH: 100
(FT)

Clay, silty, sandy, medium gray,
smooth, cohesive, slightly
plastic (lacustrine).

Sand, fine to coarse grained,
subangular to subrounded,
mostly quartz.

Sand, fine to coarse grained,
subangular to subrounded, well-
sorted.

Sand, fine to very coarse grained,
subangular to subrounded, well-
sorted, with clay layer 57-59 feet
very gravelly 76-82 feet.

Clay, silty, sandy, moderate
yellowish brown to medium gray
smooth, cohesive, oxidized to
20 feet (lacustrine).

Clay, silty, sandy, medium gray,
smooth, slightly plastic
(lacustrine).

10-20

43-82

~----- Sand, fine to very coarse grained
angular to subrounded, well-sorted
oxidized, taking water.

80

20

100

40

60

TEST HOLE 9409
LOCATION: l57-7l-l5CCC
ELEVATION: 1612
(FT, MSL)

POTENTIAL (MV) 10 RESISTANCE (OHMS) 25•• II

~

Fox Hills Formation
120 82-100 Clay, sandy, silty, medium gray

to light bluish gray, tight,
friable.

140

160

65

180



TEST HOLE 9343

DATE DRILLED: 7-17-75LOCATION: 157-71-15000

ELEVATION: 1625
(FT, MSL)

DEPTH:
(FT)

120

POTENTIAL (MV) 10
«

RESISTANCE (OHMS) 50• DESCRIPTION OF DEPOSITS

20

Glacial Drift

Clay, very silty, sandy, medium
dark gray, moderately cohesive.

Sand, very fine to very coarse
grained, angular to subrounded,

out 10 percent medium to
arse gravel), moderately wel1-

sorted, mixed 2 bags of mud,
oxidized to 40 feet.

Fox Hills Formation

Clay, sandy, silty, pebbly,
gravelly, 01 ive gray (till).

Siltstone, clayey, sandy, medium
1ight to medium dark gray, wibh
an indurated sandstone from 106
to 108 feet.

78-89

98-120

120

140
Observation Well
Depth: 71 feet
S. I.: 68-71 feet

66
160



TEST HOLE 9337

DATE DRILLED: 7-16-75LOCATION: 157-71-16CCC
ELEVATION:1593
(FT, MSL)

DEPTH:
(FT)

120

RESISTANCE (OHMS)•

Fox Hills Formation

Sandstone, clayey, silty,
medium 1 ight to medium dark
gray, hard, friable.

Silt, very clayey, sandy, medium
dark gray, slightly plastic.

Clay, sandy, silty, pebbly,
olive gray, tight, very
slightly plastic (till).

Sand, very fine to coarse
predominantly medium, angular
to rounded, s 1ight 1y 1 ign it ic,
moderately well-sorted,
oxidized.

DESCRIPTION OF DEPOSITS

GJ~1 Drift

(

);106
80

120

40

20

100

60

POTENTIAL (MV)
.of

140

160 67



TEST HOLE 9333

DATE DRILLED: 7-15-75LOCATION: 157-71-19AAA

ELEVATION: 1590
(FT, MSL)

DEPTH:
(FT)

140

0-5

5-60

Glacial Drift

Clay, very sandy, silty,
dark gray, slightly plastic.

Clay, silty, sandy, pebbly,
medium dark gray to olive
gray, very sl ight1y plastic
(t i11) •

Sand, very fine to medium
grained, rounded, well-sorted
oxidized to 20 feet.

Clay, very sandy, silty, dark
yellowish brown, soft,
oxidized.

Fox Hills Formation
Siltstone, light to medium
gray, clayey, sandy, hard,
friable.

DESCRIPTION OF DEPOSITS

116-140

RESISTANCE (OHMS)
II

20

80

40

60

100

120

POTENTIAL (MV)•

140

160 68



TEST HOLE 9338

LOCATION: 157-71-20000

ELEVATION: 1587
(FT, MSL)

DATE DRILLED: 7-17-75

DEPTH: 120
(FT)

RESISTANCE (OHMS)---

Fox Hills Formation
Siltstone, clayey, sandy,
medium 1 ight to medium dark
gray, hard, friable.

Clay .c;9'i-l-ty-;-"Sandy,pebb 1y,
with tnt~~ ded gravel layers,
medi da to olive gray, very
slightly plastic (till).

Sand, fine to very coarse,
angular to subrounded, slightly

idc, moderately well-sorted.
~

Clay, very silty, slightly
sandy, medium dark gray, soft,
poor sample return.

DESCRIPTION OF DEPOSITS

Glacial Orift

107-120

80-107

0-16 Clay, very silty, sandy, moderate
yellowish brown, soft, very
slightly plastic, oxidized.

80

20

40

120

100

60

POTENTIAL (MV)•

No Observation Well

140

160 69



TEST HOLE 9410
LOCATION: 157-71-21ADD
ELEVATION: 1604
(FT, MSL)

DATE DRILLED: 8-14-75
DEPTH: 120
(FT)

POTENTIAL (MV) 10
If

RESISTANCE (OHMS) 25• DESCRIPTI0N OF DEPOSITS

Glacial Drift

Clay, very silty, sandy, medium
gray, smooth, soft (lacustrine).

Clay, silty, sandy, medium gray,
tight, sl ightly plastic.

Clay, very silty, sandy, medium
gray, tight, slightly plastic
smooth (lacustrine)

Sand, fine to very coarse graine(
subangular to subrounded,
prodominantly quartz, well-sorte,

Clay, sandy, silty,pebbly, 01 ive
gray, tight, very sl ightly
plastic (till).

Gravel, fine to coarse, angular
to subrounded, (about 30% fine
to very coarse grained sand),
shaley.

Sand, fine to coarse grained,
subangular to subrounded,
oxidized to 20 feet, well-sorted.

Clay, sandy, silty, pebbly,
olive gray, tight, cohesive
very slightly plastic (till).

-32

20

32-51

51-56
40

56-64

60

64-66

66-69
80

69-75

100

75-93

120 Fox Hills Formation

93-120 Sandstone, clayey, silty, 1 ight
gray to 1 ight bluish gray,
tight, friable.

140

160

70



TEST HOLE 9411
LOCATION: 157-71-21 DCC
ELEVATION: 1596
(FT, MSL)

.POTENTIAL (M_V_)_...•.IO_--r__R_ESISTANCE~~ 25-
- 20

- 40

- 60

- 80

-100

- 120

- 140
115-140

r- 160

71

DATE DRILLED: 8-18-75
DEPTH: 140
(FT)

DESCRIPTI0N OF DEPOSITS
Glacial Drift

Sand, very fine to fine grained,
subangular to rounded, well-
sort~d, oxidized.

Clay, very silty, sandy, moderate
yellowish brown, soft, smooth,
cohesive, oxidized.

Sand, very fine to medium grained
subangular to rounded, lignitic.

Clay, as above, medium dark gray.

Sand, very fine to medium grained
subangular to rounded, with a
clay layer 37-39 feet.

Clay very silty, sandy, medium
dark gray, soft smooth, slightly
plastic, with several small inter-
bedded sand layers (lacustrine).

Sand, very fine to medium grained,
subangular to subrounded,
predoninantly quartz, well-sorted.

Clay, very silty, sandy, medium
gray, soft, slightly cohesive.

Sand, fine to very coarse grained
predomina ly coarse, angular to
subrounded. 1ignitic, moderately
well-sorted.

Fox Hills Formation
Shale, sandy, silty, medium
gray, hard, tight, brittle.

Observation Well
Depth: 115 feet
S. I.: 112-115 feet



LOCATION: 157-71-22ABB

ELEVATION: 1612
(FT, MSL)

POTENTIAL (MV) 10..•

TEST HOLE 9414

RESISTANCE (OHMS) 25
•

DATE DRILLED: 8-19-75

DEPTH: 140
(FT)

DESCRIPTION OF DEPOSITS

20

40

60

80

100

120

140

160 72

77-114

119-124

124-140

Glacial Drift

Sand, fine-to very coarse-
grained, predominantly coarse,
angular to subrounded, moderatel
well-sorted, oxidized to 10 feet

Silty, sandy, clayey, medium
gray, soft, smooth (lacustrine).

Clay, sandy, silty, pebbly, oliv
gray, tight, slightly plastic
(till) - possible reworked Fox
Hills 104-114 feet.

Gravel, fine to coarse, angular
to subrounded, (about 40 percent
fine to very coarse sand).

Clay, sandy, silty, pebbly, oliv
gray, tight, very slightly
pIas tic (ti11) .

Fox Hills Formation

Siltstone, clayey, sandy, medium
gray to brownish gray, hard,
tight, friable.

Observation Well
Depth: 46 feet
S. I.: 43-46 feet



LOCATION: 157-71-22CCB

ELEVATION: 1614
(FT, MSL)

POTENTIAL (MV) 10•

TEST HOLE 9412

RESISTANCE (OHMS) 25----.

20

40

80-98

98-103

DATE DRILLED: 8-18-75
DEPTH: 120
(FT)

DESCRIPTI0N OF DEPOSITS

Glacial Drift

d fine to very coarse grained
predoninant~um to coarse,
angular to subrou~ostly
quartz Ii nitic. modpr~fely
well-sorted, oxidized to 35 feet.

Clay, very silty, sandy, medium
gray, soft, wi th severa 1 inter-
bedded sand layers.

Sand, fine to coarse grained
subangular to subrounded, slightly
lignitic, well-sorted.

Clay, sandy, silty, pebbly,
olive gray, very sl ightly plastic
(till) .

Fox Hills Formation
120

140

160

180

73

103-120 Sandstone, fine grained, clayey
silty, medium gray, to medium
bluish gray, hard, tight, brittle.

Observation Well
Depth: 96 feet
S. I.: 93-96 feet.



LOCATION: 157-71-22CDD
ELEVATION: 1599
(FT, MSL)

TEST HOLE9413
DATE DRILLED: 8-18-75
DEPTH: 100
(FT)

POTENTIAL (MV) 10
If ----r---,,.----

~ 20

I- 40

~ 60

I- 80

-100

- 120

47-51

60-66

66-78

78-84

25 DESCRIPTI0N OF DEPOSITS
Glacial Drift

Sand, fine-to very coarse-gra inel
subangu1ar to subrounded, pre-
dominantly quartz, well-sorted
oxidized.

Clay, silty, sandy, pebbly, olivi
gray, cohesive, slightly plastic
(till).

Sand, fine-to very coarse-grainel
angular to sub rounded moderately
well-sorted, slightly lignitic.

Silt, sandy, clayey, medium gray
soft.

Clay, sandy, silty, pebbly, ollvl
gray, cohesive very slightly
plastic (ti 11).

Sand, fine-to coarse-grained,
subangular to subrounded, pre-
dominantly quartz, well-sorted.

Clay, sandy, silty, pebbly, olivi
gray (till).

Sand, fine-to very coarse-graine,
predominantly coarse, gravelly,
moderately well-sorted.

Clay, sandy, silty, pebbly, olivi
gray, tight, very slightly plast
(till).

fox Hills Formation

~ 140

~ 160

84-100

74

Shale, sandy, silty, medium to
brownish gray, hard, tight,
friable.

Obse rvat ion We 11
Depth: 73 feet
S. I.: 70-73 feet



TEST HOLE 9419
LOCATION:

ELEVATION:
(FT, MSL)

157-71-23CBB
1617

DATE DRILLED:

DEPTH: 1617
(FT)

8-20-75

0-65
Glacial Drift

Fox Hills Formation

ISand, fine to very coar.s.e- ....
grained~predomjnantly coarse
angular to subrounded, slightly

haley and lignitic, well-sorted,
oxidized to 30 feet

Silt, very sandy, clayey, medium
gray, smooth (lacustrine).

Clay, sandy, silty, pebbly,
olive gray, tight, cohesive,
very slightly plastic (till).

DESCRIPTION OF DEPOSITS

Siltstone, clayey, sandy,
medium gray to light bluish
gray, hard, tight, friable.

127-140

J87-127

RESISTANCE (OHMS) 25
II

20

80

40

60

100

POTENTIAL (MV) 10
1

140

160 75
Observation Well
Depth: 61 feet
S. I.: 58-61 feet



LOCATION: 157-71-26BAA

ELEVATION: 1633
(FT, MSL)

TEST HOLE 9417
DATE DRILLED: 8-19-75
DEPTH: 160
(FT)

----Clay, sil~ ndy, dark
yellowish 0 soft, cohesivE
oxidized (lacustrine.

POTENTIAL (MV) 10• RESISTANCE (OHMS) 50 and 25
'2. •

0-6

o
6-59

59-70

70-145

8

145-160

DESCRIPTION OF DEPOSITS

Glacial Drift

Sand, fine-to very coarse-
gra ined redomi nantl y-co-a-r-s-e-,-
angular to subrounded, oxidized
to hO feet.

Silt, very sandy, clayey,
medium-gray, cohesive, very
slightly plastic (lacustrine).

Clay, sandy, silty, pebbly, 01!\1
gray, tight, cohesive, very
slightly plastic (till).

Fox Hills Formation
Siltstone, clayey, sandy,
medium gray to brownish gray,
hard, tight, friable, with
indurated sandstone layers.

Observation Well
160 76 Depth: 56 feet

S. I.: 53-56 feet



TEST HOLE 9418

LOCATION: 157-71-26BBA

ELEVATION: 1626
(FT, MSL)

DATE DRILLED: 8-20-75

DEPTH: 120
(FT)

POTENTIAL (MV) 10,. RESISTANCE (OHMS) 50
-----+----- DESCRIPTION OF DEPOSITS

Drift

55 feet
52-55 feet

Depth:
S. I.:

Observat ion \.Je 11

Clay, sandy, silty, medium
gray, slightly cohesive.

Clay, very sandy, silty, medium
dark gray to olive gray, tight,
cohesive, very slightly plastic,
numerous interbedded layers of
sand and gravel-terminated hole
at 120 feet due to a granite
bou1 der.

Sand, very fine-to coarse-
grained, subangul~r to sub-
rounded, predominantly quartz,
well-sorted.

Sand, fine-to
grained, pre
angular to su

__ ------------,moderatel well-sorted,
oxidized to 40 feet.

0-57
20

40
S7-59

S9-64
60

64-120

120

140

160 77



LOCATION: 157-71-26BCB

ELEVATION: 1614
(FT, MSL)

POTENTIAL (MV) 10
f

TEST HOLE 9416

RESISTANCE (OHMS) 25
)I

0-89

20

40

60

80

100

120
122-140

140

DATE DRILLED: 8-19-75

DEPTH: 140
(FT)

DESCRIPTION OF DEPOSITS

~GlaCfal Dritt ----=:
San-;-t I . - /ery-<oarse-. ~

rained, predominantly coarse,
angular to subrounded, (about 15
percent fine to coarse gravel)
I ignitic, well-sorted.

Silt, very sandy, clayey,
medium gray, soft, slightly
cohesive (lacustrine).

Clay, sandy, silty, pebbly,
Olive gray, tight, very slightly
plastic (till).

Fox Hills Formation

Siltstone, clayey, sandy,
medium gray, to medium bluish
gray, hard, tight, friable.

Observat ion We 11
Depth: 81 feet
S. I.: 78-81 feet

160 78



r LOCATION: 157-71-26SCC

ELEVATION: 1611
(FT, MSL)

TEST HOlLE 9421

DATE DRILLED: 8-20-75

DEPTH: 160
(FT)

RESISTANCE (OHMS) 25----+POTENTIAL (MV) 10
'f

20

40

60

80

100

120

160

180

rJ;;J3
(

73-84

84-90

90-95

~35-102

102-137

137-160

79

DESCRIPTI0N OF DEPOSITS

~ ac ia l-;;;--i-ft---~-
Sand, fine-to very coarse-
grained, predominantly coarse,
angular to subrounded, more
medium-grained after 50 feet,
well-sorted, oxidized to 25 feet.

Silt, very sandy, clayey,
medium gray, soft, smooth,
very slightly plastic (lacustrine)

Sand, very fine-to coarse-
grained, subangular to subrounded,
lignitic, well-sorted.

Clay, sandy, silty, pebbly,
olive gray, tight, very slightly
plastic (till).

Sand, very fine-to coarse-
grained, subangular to sub-
rounded, lignitic, well-sorted.

Clay, sandy, silty, pebbly,
olive gray, tight, very slightly
plastic (till).

Fox Hills Formation
Siltstone, clayey, sandy,
medium gray to light bluish
gray, tight, hard, friable.

Observation Well
Depth: 71 Feet
S. I.: 68-71 Feet



TEST HOLE 9422
LOCATION: 157-71-26BCD

ELEVATION:
(FT, MSL)

1619
DATE DRILLED: 8-20-75

DEPTH: 140
(FT)

RESISTANCE (OHMS) 25•

Clay, very sandy, silty,
medium gray, soft, sl ightly
cohesive (lacustrine).

Fox Hills Formation

Silt3tone, clayey, sandy,
light bluish to brownish
gray, hard, tight, friable.

Clay, very sandy, silty, pebbl'
olive gray, moderately tight,
very slightly plastic (till).

DESCRIPTION OF DEPOSITS

~--------,._--0-,l.1laclal~
S d f· ~.an, Ine to very coar~e grain.
predoninantly coarse, angular tl

r~de&r-mestly 'quar{z,
sl ightly 1 ignitic, well-sorted
oxidized to 30 feet.

122-140

0-67

94-122

80

20

60

40

140

100

120

POTENTIAL (MV) 10..

Observation Well

160 80 Depth: 64 feet
S. I.: 58-64 feet



LOCATION: 157-71-26CBB

ELEVATION: 1607
(FT, MSL)

POTENTIAL (MV) 10•

TEST HOLE 9415

RESISTANCE (OHMS) 25----.

DATE DRILLED: 8-19-75

DEPTH: 140
(FT)

DESCRIPTION OF DEPOSITS

20

40

60

80

100

120

140

160

124-140

81

Glacial Drift

Sand, fine-to very coarse-
grained, predominantly coarse
angular to subrounded, lignitic,
well-sorted, oxidized to 15 feet.

Silty, very sandy, clayey,
medium-gray, soft, slightly
cohesive (lacustrine).

Gravel, fine to coarse, angular
to sub rounded, (about 40 pe rcen t
fine to very coarse sand) poorly-
sorted.

Clay, sandy, silty, pebbly, olive
gray, very slightly plastic
(t i11).

Fox Hills Formation

Siltstone, clayey, sandy,
medium bluish gray, to brownish
gray, hard, tight, friable.

Observation Well
Depth: 77 feet
S. I.: 74-77 feet



LOCATION: 157-71-26CCC
ELEVATION: 1611
(FT, MSL)

POTENTIAL (MV) 10..

TEST HOLE 9420

RESISTANCE (OHMS) 25
•

DATE DRILLED: 8-20-75
DEPTH: 140
(FT)

DESCRIPTI0N OF DEPOSITS

20

40

60

80

100

120

140

160

117-140

-G 1ac ia l-Dr ift--..
Sand, fine-to very coarse-
grained, predominantly coarse
to 60 feet medium after 60 feet,
well-sorted, oxidized to 30 feet.

Silt, very sandy, clayey,
medium gray, soft, smooth.

Gravel, fine-to coarse-grained,
angular to subrounded, poorly-
sorted.
Clay, sandy, s iIty, pebb 1y, 0 Iiv€
gray, tight, cohes ive (ti11) .

Fox Hills Formation

Siltstone, clayey, sandy,
medium gray to light bluish gray,
hard, tight, friable.

Observat ion Well
Depth: 101 feet
S. I.: 98-101 feet

82



TEST HOLE 9339

LOCATION: 157-71-28CCC DATE DRILLED: 7-17-75

ELEVATION:
(FT, MSL)

1593 DEPTH:
(FT)

120

POTENTIAL (MV) 10• RESISTANCE (O~ 10 DESCRIPTION OF DEPOSITS

20

40

60

80

100

120

140

160 83

106-120

Glacial Drift

Sand, very fine to fine grained,
sl ightly 1 ignitic, well-sorted,
oxidized.

Clay, very silty, sandy, moderate
yellowish brown, soft, very
slightly plastic.

Clay, sandy, silty, medium
dark gray, soft, moderately
cohesive.

Fox Hills Formation

Siltstone, clayey, sandy,
medium light to medium dark
gray, hard, friable.



LOCATION: 15]-]1-29CCC
TEST HOLE 9335

DATE DRILLED: ]-15-]5
ELEVATION: 1580
(FT, MSL)

DEPTH:
(FT)

120

POTENTIAL (MV) 10 RESISTANCE (OHMS) 25• ----r----,r---- II

0-23

f- 20

23-94

- 40

- 60

- 80

94-100

-100

100-120

- 120

- 140

- 160

84

DESCRIPTI0N OF DEPOSITS

Glacial Drift

Clay, very silty, slightly
sandy, moderate yellowish brown,
soft, oxidized (lacustrine).

Clay, very sandy, silty,
medium dark gray, soft, sticky
(lacustrine) .

Clay, sandy, silty, pebbly,
olive gray, tight (till).

Fox Hills Formation

C;ay. very sandy, silty,
medium gray to dark gray, hard.
friable



LOCATION: l57-7l-30AAA

ELEVATION:
(FT, MSL)

1592

TEST HOLE 9334
DATE DRILLED: 7-15-75

DEPTH: 140
(FT)

POTENTIAL (MV) RESISTANCE (OHMS).• -- ......•.--..,r--- -----+

0-28

I- 20

28-124

- 40

I- 60

i- 80

-100

DESCRIPTI0N OF DEPOSITS

Glacial Drift

Sand, very fine to fine, rounded,
moderate yellowish brown,
clayey, oxidized.

Silty, very clayey, sandy,
medium dark gray, soft (lacustrine)

- 120

- 140

- 160

'----180

85

124-131

131-140

Clay, silty, sandy, pebbly,
olive gray, very sl ightly
plastic (till).

Fox Hills Formation
Clay, silty, moderately sandy,
medium gray, hard, tight,
brittle.



TEST HOLE 9352
LOCATION: 157-71-31 CBC
ELEVATION: 1561
(FT, MSL)

DATE DRILLED: 7-22-75
DEPTH: 140
(FT)

DESCRIPTI0N OF DEPOSITS

G 1aci a 1 Dr ift
Sand, fine- to very coarse-
grained, predominantly coarse,
an~u1ar to subrounded, moderatel'

1-sorted, taking some water,
oxidiz d to 28 feet.

Fox Hills Formation
Siltstone, clayey, sandy,
medium light to greenish gray,
ha rd, b r it t 1e.

Clay, sandy, silty, pebbly,
01 ive gray (ti11) .
Gravel, coarse, angular to
subrounded, predominantly quartz.
Clay, sandy, silty, pebbly,
gravelly, 01 ive gray (ti11).
Gravel, fine to very coarse,
angular to subrounded, rough
drilling.

0-90

122-140

RESISTANCE (OHMS) 25•

20

80

90-95

95-99
100

99-107

107-122
120

60

140

40

POTENTIAL (MV) 10..

Observation \.Je11(9352)

160
86

Depth 116 feet
Screened interval 113-116 feet



TEST HOLE 9352B
LOCATION:

ELEVATION:
(FT, MSL)

157-71-31 CBC3
1567

DATE DRILLED: 7-22-75
DEPTH: 140
(FT)

very coarse-grained,
to

DESCRIPTI0N OF DEPOSITS

Observation \.Je11

Glacial Drift
Clay, silty, sandy, pebbly,
moderate yellowish brown, cohesive
very slightly plastic, oxidized
(t i 11) •

Fox Hills Formation
Siltstone, clayey, sandy, sha1ey,
medium bluish gray to greenish
gray (indurated sandstone layers
110-120 feet), hard, friable

Clay, sandy, silty, pebbly,
olive gray, tight, moderately
cohes ive (till) .

0-28

28-97

97-109

RESISTANCE (OHMS) 25------+

80

140

120

100

40

20

60

POTENTIAL (MV) 10
If

Depth 91 feet
Screened interval 88-91 feet

160
87

180



TEST HOLE 9340

LOCATION: 157-71-34CBB

ELEVATION: 1593
(FT, MSL)

DATE DRILLED: 7-17-75

DEPTH: 140
(FT)

Glacial Drift

Clay, very silty, sandy,
moderate yellowish brown, soft,
very slightly plastic, oxidized

Clay, very silty, sandy,
medium dark gray, moderately
cohesive, slightly plastic.

DESCRIPTION OF DEPOSITS

Fox Hills Formation

Clay, sandy, silty, pebbly,
olive gray, moderately cohesive
very slightly plastic (till).

Siltstone, clayey, sandy, mediul
light to medium dark gray, hard
friable.

Clay, ve sandy, very silty,
medium d rk gray, moderately7"" soft.

114-140

RESISTANCE (OHMS) 10
••

73-110

69-73

20

80

100

40

60

POTENTIAL (MV) 10...

88
160



TEST HOlLE 9360
LOCATION: 157-71-34DAA DATE DRILLED: 7-23-75

ELEVATION; 1612
(FT, MSL)

DEPTH:
(FT)

140

Fox Hills Formation

Clay, sandy, silty, medium gray,
hard friable.

Clay, sandy, silty, pebbly,
olive gray, cohesive,.slightly
plastic (till).

Clay, sandy silty, olive gray,
cohesive.

DESCRIPTI0N OF DEPOSITS

Sand, fine to coarse grained,
angular ubrounded,

gravelly after 40 feet),
sl ightly 1ignitic,

oderately well-sorted.

0-81

104-128

128-140

81-104

RESISTANCE (OHMS) 25----.....---- Glacial Drift

40

80

20

40

120

100

60

POTENTIAL (MV) 10.•

160
89

Observation Well
Depth: 59 feet
S. I.: 56-59 feet

180



LOCATION: 15]-]1-35BAA
ELEVATION: 1611
(FT, MSL)

POTENTIAL (MV) 10
f

TEST HOLE 9341

RESISTANCE (OHMS) 25•

20

40

60

80
82-110

100

120

123-140

140

90
160

DATE DRILLED: 7-17-75

DEPTH: 140
(FT)

DESCRIPTION OF DEPOSITS

Glacial Drift

Sand, Fine to very coarse
grained, sl ight1y clayey,
slightly 1ignitic, moderately
well-sorted, oxidized to 19 ft.

Clay, very silty, sandy,
medium dark gray, soft,
moderately cohesive.

Sand, very fine to medium grain
predominantly fine, subrounded
to rounded, slightly ligniticc

Sand, fine to very coarse
grained, angular to subrounded.

Clay, very sandy, silty,
pebbly, gravelly, medium dark
to olive gray (till).

Fox Hills Formation
Siltstone, clayey, sandy,
medium light to medium dark
gray, hard, friable.

Observation Well
Depth: 101 feet
S. I.: 98-101 feet



LOCATION: l57-72-l2DDD
ELEVATION: 1600
(FT, MSL)

TEST HOLE 9403

DATE DRILLED: §~13-75

DEPTH: 60
(FT)

POTENTIAL (MV)
c 10 RESISTANCE (OHMS) 10·----+

<I
0-18

20

18-25
40

60
25-60

80

100

120

140

160

91

180

DESCRIPTI0N OF DEPOSITS

Glacial Drift

Clay, silty, sandy, moderate
yellowish brown, cohesive,
very slightly plastic
(lacustrine).

Clay, as above, medium
dark gray (lacustrine).

Fox Hills Formation

Clay, sandy, silty, medium
gray to light bluish gray
tight, friable.



TEST HOLE 9402
LOCATION: l57-72-13DDD

ELEVATION: 1575
(FT, MSL)

DATE DRILLED: 8-13-75

DEPTH: 100
(FT)

0-4 Sand, very fine-to fine-grained
well-rounded, oxidized.

Glacial Drift

DESCRIPTI0N OF DEPOSITS

Fox Hills Formation

Clay, silty, sandy, medium dark
gray, sticky, slightly
plastic (lacustrine).

Sand, very fine- to fine-
grained, well-rounded,
silty.

Clay, as above, mediam dark
gray (lacustrine).

Siltstone, clayey, Sandy, med-
ium gray to light bluish
gray, tight, friable

Clay, silty, sandy, moderate
yellowish brown, sticky, slightl:
plastic, oxidized (lacustrine).

Clay, sandy, silty, pebbly,
olive gray, very slightly
plastic (till).

46-54

34-46

54-100

RESISTANCE (OHMS) 10•

80

60

20

40

100

10POTENTIAL (MV)
•

120

140

160

92



DEPTH: 100
(FT)

TEST HOLE 9404
LOCATION: 157-72-15CCB DATE DRILLED: 8-13-75
ELEVATION: 1570
(FT, MSL)

Glacial Drift

DESCRIPTI0N OF DEPOSITS

Clay, silty, sandy, medium
dark gray, cohesive,very
slightly plastic.

Clay, silty, sandy, medium
datk gray, tight, cohesive.

Clay, very sandy, silty, medium
dark gray, soft, cohesive.

Sand, fine-to coarse-grained
subangular to subrounded, lig-
nitic, well-sorted.

Sand, fine-to coarse-~rained,
subangular to'RuQtpunqed,
Lignjtic, well-sorted.

28-43

43-46

18-28

46-56

56-74

0-4 Clay, silty, sa~~ate
yellowish-brcrwn-,-cohesive,

~htlY plastic (lacustrine).

c:( 4-18 Sand, fine-to very coars.e-grained
PredominantlYlcoarSE;.angular
to subrounded, slightly .
lignitic, well-sorted.

RESISTANCE (OHMS) 10-----.
C

20

40

100

60

eOTENTIAL (MV) 10.•

Fox Hills Formation

120 74-100 Clay, sandy, silty, medium gray
to bluish gray, tight, friable
1bentonitic 85-100 feet).

140

Observation Well

160
Depth: S4 feet
S. I. : 51-54 feet

93

180



LOCATION: l57-72""~5ADD
ELEVATION: 1570
(FT, MSL)

TEST HOLE 9401

DATE DRILLED: 8-12-75
DEPTH: 120
(FT)

POTENTIAL (MV).. RESISTANCE (OHMS)•

20

40

60

80

100

120

140

25 DESCRIPTI0N OF DEPOSITS

Glacial Drift

Sand, fine-to very coarse
grained, predominantly
coarse, angular to sub-
rounded, moderately well-
sorted, oxidized.

Clay, sandy, silty, pebbly,
moderate yellowish brown,
slightly cohesive, very
slightly plastic, oxidized
(till).
Clay, as above, olive gray,
(fine to very coarse gravel
48-50 feet), tight (till).

Sand, fine to very coarse,
angular to subrounded,
clayey, mostly quartz.

Clay, sandy, silty,
pebbly, olive gray,
tight (till).

Fox Hills Formation

Shale, clayey, sandy, silty,
medium to medium dark gray,
tight, friable, with layers
of indurated sandstone

Observation Well

160
94

Depth:
S. 1.:

97 feet
94-97 feet



TEST HOLE 9351

LOCATION: 157-72-25DCC

ELEVATION: 1590
(FT, MSL)

DATE DRILLED: 7-22-75

DEPTH: 160
(FT)

Fox Hills Formation

DESCRIPTI0N OF DEPOSITS

Glacial Drift

Siltstone, clayey, sandy,
medium 1 ight to greenish gray,
hard friable.

Clay, silty, sandy, pebbly,
olive gray, very slightly
plastic (till).

Clay, very sandy, silty, dark
yellowish brown, soft, very
slightly plastic, oxidized.
Clay, sandy, silty, pebbly,
moderate yellowish brown,
very slightly plastic,
ox id ized (ti11) .

Sand, clayey, very fine- to
medium-grained, angular to
subrounded.
Clay, sandy, silty, pebbly,
gravelly, olive gray, very
slightly plastic (till).
Sand, clayey, very fine- to
fine-grained, subrounded to
rounded, slightly lignitic,
"dirty".

Gravel, fine to coarse, angular
to subrounded, (about 40 percent
fine- to very coarse-grained
and), poorly sorted.

Clay, sandy, s i1ty, pebb 1y ,
medium dark to olive gray,
tight, moderately cohesive
(till).

139-160

111-139

- 100

- 120

60-93

3-102

- 140

- 160

- 20

- 40

- 60

I- 80

POTENTIAL (MV) 10 RESISTANCE (OHMS) 25
11' --.-.:--== ------+

95

~----l"- 180



TEST HOLE 9350
LOCATION: 157-72-25000
ELEVATION: 1565
(FT, MSL)

DATE DRILLED: 7-21-75
DEPTH: 140
(FT)

POTENTIAL (MV) 10
f

RESISTANCE (OHMS) 10• DESCRIPTI0N OF DEPOSITS

20

40

Glacial Drift

Sand, very fine- to medium-
grained, subrounded to rounded,
well-sorted, oxidized.
Silt, very clayey, slightly
sandy, dark yellowish brown,
soft, oxidized.
Silt, as above, medium dark
gray, tight, very slightly
plastic.

Observation Well

Fox Hills Formation

Sand, fine- to very coarse,
angular to subrounded, (about
40 percent fine- to coarse-
gr . ed gravel), with small

edded layers of clay,
poorly sorted.
Clay, s i1ty, sandy, pebb 1y ,
01 ive gray, tight, cohesive
(t i11)

Gravel, medium- to coarse-graine(
ang r__to subrounded, poorly-

-;-c-~

Shale, silty, sandy, medium gray
to greenish gray, hard, brittle.

Depth 109 feet
Screened interval 106-109 feet

110-140

60

80

140

100

120

160

96



LOCATION: 157-72-35DDA

ELEVATION; 1550
(FT, MSL)

POTENTIAL (MV) 10
~

TEST HOLE 9356

RESISTANCE (OHMS) 25---.

DATE DRILLED: 7-22-75

DEPTH: 140
(FT)

DESCRIPTI0N OF DEPOSITS

20

40

60

80

100

120

140

160

180
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t
12-27 .

}27-127

130-140

Glacial Drift
Sand, very fine- to fine-grained,
subrounded to rounded, we11-
sorted, oxidized.
Clay, silty, sandy, moderate
yellowish brown, soft, cohesive,
slightly plastic, oxidized
(lacustrine) .
Clay, as above, medium gray,
slightly tighter (lacustrine).

Clay, silty, sandy, pebbly,
olive gray, tight, cohesive
(t i 11) •

Fox Hills Formation
Clay, sandy, silty, sha1ey,
medium gray to greenish gray,
hard, friable.



TEST HOLE 9353
LOCATION: 157-72-36000
ELEVATION: 1558
(FT, MSL)

DATE DRILLED: 7-22-75
DEPTH: 120
(FT)

DESCRIPTI0N OF DEPOSITS

Obse rvat ion We 11

Clay, s i1ty, sandy, pebb 1y ,
olive gray, tight, very slightly
plastic (till).

Glacial Drift
Silt, very clayey, sandy, dark
yellowish brown, soft, cohesive,
very slightly plastic, oxidized.
Silt, as above, medium gray.

Sand, very fine- to medium-grain,
subrounded to rounded, mostly
quartz, well-sorted.
Clay, silty, sandy, medium dark
gray, soft, cohesive.
Sand, fine- to coarse-grained,
predominantly medium, angular to
subrounded, slightly 1ignitic.
Clay, silty, moderately sandy,
medium gray, tight, cohesive,
slightly plastic.

Fox Hills Formation
Siltstone, clayey, sandy, medium
1ight gray to greenish gray,
tight, hard, friable.

0-21

30-51

21-30

-100

- 40

- 120

- 60

- 20

- 80

POTENTIAL (MV) 10 RESISTANCE (OHMS) 10.... ---,--,r=== •

Depth 71 feet
Screened interval 68-71 feet

- 140

- 160
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LOCATION: 158-71-30DAA
ELEVATION:
(FT, MSL)

1594

TEST HOLE 9346
DATE DRILLED: 7-18-75
DEPTH: 80
(FT)

DESCRIPTI0N OF DEPOSITS

Fox ~ills Formation

Siltstone, clayey, sandy,
medium, light gray, to light
bluish gray, hard, friable.

Clay, sandy, silty, pebbly,
olive gray, cohesive, very
slightly plastic (till).

Sand, Ine to very coarse
. ed, angular to subrounded,

(about 40% fine to coar?e
gravel), interbedded clay layers
20-40 feet, moderately well-
sorted, oxidized to 20 feet.

re rounded and well-sorted
after 40 feet, s1. lignitic.

69-80

0-61

RESISTANCE (OHMS) 25•

80

20

40

60

POTENTIAL (MV) 10•

Observation Well
100 Depth: 51 feet

S. I.: 48-51 feet

120

140

160

99

180



TEST HOLE 934]

LOCATION: 158-]2-23DDC DATE DRILLED: ]-18-75
ELEVATION:
(FT, MSL)

1578 DEPTH:
(FT)

160

POTENTIAL (MV) 10• RESISTANCE (OHMS) 10• DESCRIPTI0N OF DEPOSITS

Observation WeT'

ey, sandy, medium
light bluish gray,

Format ion

Glacial Drift

121 feet
118-121 feet

Sand, fine to very coarse graine
predominantly coarse, angular to
rounded, well-sorted, oxidized
to 8 feet.

Clay, silty, moderately sandy,
moderate yellowish brown,
cohesive, oxidized.

Silty, clayey, sandy, medium,
dark gray, soft (lacustrine).
Sand, very fine to medium
grained, subrounded to rounded,
well-sorted, sl ightly 1ignitic.

Sand, very fine to medium graine,
predominantly medium, subrounded
to rounded, well-sorted, sl ightl'
Iigni tic.

light
hard,

Silt, very sandy, clayey, medium
dark gray, soft, cohesive
(lacustrine) .

128-160

20

60

80

100

120

40

100



WATER LEVELS FOR 8ENSON.COUNTY, NO
WELL 15b-01l-0U8A 1 SITE NUM8ER 4822120'l'U72001

~[GHEST WATER LEVEL 2'1.57 FEET 8ELO~ LAND SURFACE DATUM MAR 14, 1'1711.
LOWEST WATER LEVEL 31.55 FEET 8ELO~ LAND SURFACE DATU" SEP 13, 1'177•
wATER LEVELS IN FEET BELOw LAND SURFACE DATUM.

WATER WATER WATER WATEPDATE LEVEL DATE LEVEL DATE LEVEL DATE LEVH
JUL 30, 1'175 30.7b JUN 15, 1'17b 30.41 MAR 14, 1'178 2'1.57 JUL 02, 1'1111 30.'52AUG 05 30.83 JUL Oil 30.3'1 JUN Db 31.28 2'1 ~O.bl12 30.8'5 2'1 30.52· SEP 13 31.33 OCT 20 30.71\<'I 30.8'1 AUG 25 30.b8 NOV 21 31.5'5 OEC 02 30./11SEP 30 30.'1'5 SEP 2'1 30.73 JUN Ob, 1'17'1 30.43 MAR 02, 1'182 31.24OCT Db 30.'13 NOV 1& 30.8b SEP 20 30.'17 MAY 27 30.5'107 30.'11 JAN 20, 1'177 'H.ll NOV i!7 31.lb JUL Ib 30.7221 30.'lb MAR 04 31.12 MAR 011, 1'180 31.50 OCT 14 3\1.31NOV 25 31.08 JUN III 31.3 JIlN II 31.50FER 2b, 1'l7b 31.34 SEP 13 31.55 OCT 01 31.2'1APR 2'1 30.55 NOV 15 31.53 OEC 05 30.'10

WATER LEVELS FOR BENSON COUNTY , NO
WELL 15b-071-0uaA2 SITE NUM8ER 4822120'1'11172002

~IGHEST WATER LEVEL 2'1.21 FEET 8ELO~ LAND SURFACE o HUM NOV 111, 1'17b.

LOWEST wATER LEVEL 31.74 FEET 8ELOW LAND SURFACE DA TU" MAR 14, 1'178.
WATER LEVELS IN FEET BELOW LAND SURFACE DATUM •.

WATER WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL DATE lEVEL

JUl 30, 1'175 30.03 JUN 15, 1'17b 2'1.8b NOV 15, 1'177 31.\11 OEC 05, 1'1110 31.20AUG 05 30.011 JUL Oil 2'1.&5 MAR Ill, 1'178 ~1. 74 JUL 02, 1'181 30.31\
12 30.11 29 29.72 JUN 0& 31.1 2'1 30.42
21 30.1b .lUG 25 2'1.85 SEP 13 31.03 OCT 20 30.b?

SEP 30 30.27 SEP 2'1 29.'16 NOV 21 31.31 DEC 02 30.102
OCT Db 30.23 NOV 18 2'1••H JUN Db, 1'I7'l 3\.10 MAR 02, 1'1112 31.0<'

07 30.21 30 30.16 SEP 20 30.b3 MAY 27 30.0ll
21 30.28 JAN 20, 1977 30.311 NOV 27 30.'11 JUL 16 30.<'7

NOV 25 30.42 MAR 04 30.57 MAR 04, 1'180 31.22 OCT 14 30.1ll
FE8 2b, 1'17b 30.b'l JUN 14 30.78 JIJN 11 31.31
APR 2'1 2'1.72 SEP 13 31.07 OCT 01 31.20
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WATER LEvELS FOR BENSON COUNTY , NO

WELL l'5b-071-04BBA SITE NUMBFR 4B22120'l'l47'5801

HIGHEST WATER LEVEL 8.10 FEET BELOW LAND SURFACE DATUM MAY Ib, I 'H'I.

LIl",EST WATER LEVEL 11.01 FEET BELOW LAND SURFACE DATUM FEB 04, 1'171.

"lATER LEVELS IN FEET BELOW LAND SURFACE DATUM.

wATER WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEl DATE LEIlt:L

DEe 01, 1'170 10.83 MAil 22, 1974 10.70 AUG 02, 197b 9.38 MAR 13, 1'H'I 10.7<1

JAN 1 ~, 1971 10.'19 APR 22 '1.4b 11 '1.47 APR 04 10.7(1
FEB 04 11.01 MAY 21 8.72 21> '1.'5'5 MAY lb 1\.10
MAR 04 11 .01 AUG Ob '1.'51 SEP 14 '1.70 JUN Ob '1.010
APR 13 '1.0'5 SEP 03 '1.71 2'1 '1.b8 18 10.b\l

MAY 11 '1.70 OCT 01 '1.81 OCT 13 '1.73 JUL 17 '1.'51

JUN 0'1 '1.74 21 '1.7/1 fII0V 00 '1.78 AuG 22 '1.7?

JUL 02 '1.'17 OEC 04 '1.92 Ob 9.'54 SEP 20 '1.'10

27 10.lb JAN 07, 1'17'5 '1.'1'5 III '1.7'5 OCT lb '1.'19

SEP 0'1 10.33 28 10.04 30 '1./11 NOV ?7 10.0'1

OCT 05 10.2'5 MAR 21 '1.92 JAN Ob, 1'177 '1.85 MAR 04, 1980 10.'50

NOV 03 10.23 APR 20 '1.27 20 10.00 APR 09 '1.7'5

DEe 01 10.20 MAY 0'1 8.113 FEB 02 '1.'1b MAY 13 '1.84

JAN 04, 1972 10.42 JUN 12 8.81 MAR 04 10.00 JUN II 10.2'\

FEB 08 10.b2 JUL 09 '1.27 APR 07 '1.83 JUL 15 10.54

MAR 0'1 10.bb 30 '1.44 "AY 10 '1.bb AUG 13 10.4~
APP as '1.81 AUG 0'5 '1.44 JUN 14 10.07 OCT 01 '1.40
MAY 02 '1.54 12 '1.53 JUL 12 '1.'10 21 'I. Iii

JlIN 05 '1.b& 14 '1.57 AUG 0'1 10.22 DEe 0'5 '1.45
2~ '1.80 21 '1.&0 SEP 13 10.31 JAN 28, 1981 '1.7'l

AUG 04 10.12 SEP 11 '1.47 OCT 1'1 10.30 MAil Ob '1.2\
31 10.27 30 '1.54 NOV 11 10.42 APII 08 8.8/1

OCT 05 10.0'1 OCT 0& '1.5b 1& 10.38 MAY 21 9.20
DEC 0& 10.31 07 9.'5/1 DEe 21 10.48 JUL 02 9.0/1
FEB 2/1, 1'173 10.47 21 9.49 JAN 18, 1978 10.b2 27 '1.47
MAY 01 10.0'5 NOV 0& '1.54 FEll 14 10.&9 OCT 20 '1.&0

31 10.20 DEe 02 9.58 MAil 14 10.7'5 DEC 02 '1.b'l
JilL 03 10.Ob FEB 04, 197& '1.82 APII 13 '1.83 MAil 02, 1'182 q.qM

27 to.37 21> '1.82 MAY Ib 9.&7 APII 22 '1.11
SEP 0'5 10.30 MAR 08 '1.77 JIIN 0& '1.1>1 MAY 27 8.7~
OCT 08 10.54 APII 2'1 6.57 JilL 11 '1.5'1 JilL IS 8.80
NOV Ot 10.52 JUN 0'1 '1.00 AIlG 22 10.2b OCT 14 6.h~
DfC 0& 10.5'1 IS 8.&4 SEP 13 10.11 DEC 01 '1.U?
JAN 11, 1'H4 10.74 JUL 0& 10.3& OCT 12 10.33
FER 01> 10.77 08 '1.03 NOV 21 10.38
MAR 04 10.74 2'1 '1.34 FEB 20, 1'17'1 10.70

WATER LEVELS FOil 8ENSON COUNTY, NO

wELL 15&-071-01l0CO SITE fllJ"BEIl 48212'50'1'1472001

HIGHEST WATER LEVEL 8.40 FEET BELOW LAND SURFACE DATUM APII 2'1, 1'17&.

Lnl\EST WATEIl LEVEL 12.7 FEET BELOW LAND SURFACE DATUM DEC 21, I'H7.

WATE~ LEVELS IN FEET 8ELOw LAND SUIlFAeE DATUM.

IllATEIl WATEIl wATEIl W'TER
DATE LEVEL DATE LEVEL DATE LEVEL DUE LEVEL

AUG 21, 1'H'5 '1.'5'1 APII 29, 197& 8.40 NOli 18, I'HI> 10.22 NOV 27, 197'1 11.3['
(JCT 02 10.22 JUN IS '1.11> 30 10.68 nEC os, 1'l~O 10.I>~

07 10.18 JUL 08 '1.&4 JAN 20, 1977 '1.'1'1 JUL 2'1, 1981 11. ~'\
21 10.01 0'1 'l.b8 NOV 14 10.2'1 DEC 02 11 .11

NOV 25 '1.85 AUS 23 '1.&7 DEe 21 12.7 DEC 01, 1'182 10.76
FEB 2&, 1'17& '1.52 SEP 2'1 10.75 NOV 21, 1978 11.&8
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w.TER LEVELS FOR BENSON COUNTY, NO
wELL 15b-071-05UA SITE rWMBER 48221209'H1l11701

HIGHEST ~.TER LEVEL 1..81 FEE T BELOw UNO SURF.CE DATUM OCT 14, 1982.
LOwEST wATEI! LEVEL 10.57 FEET BELOw L.ND SUI!F.eE DHUM M.I! 14, 1978.
~.TER LEVELS IN FEET BELOw LAND SURF .eE DATUM.

wATER wATER w.TER w.TE~DATE LEVEL DATE LEVEL DATE LEvEL DATE LEVEl
JUL 30, 1'175 8.45 JUN 15, 1'l7& 7.1& SEP 13, 1'178 'I. "'.R 0&, 1'181 8.33.UG 05 8.53 JUL 08 7.71 NOV 21 '1.32 JUL 02 7. 1 ,12 11.7 .uG 24 8.'11 M.R 13, 1'l7'l 10.08 2'1 8.2'20 8.77 SEP 2'1 '1.08 JUN 0& '1.5'1 OCT 20 8.3<;OCT 02 8.32 NOV 18 8.5'1 SEP 20 8.&2 DEe 02 8.2707 B.37 MAR 04, 1'177 '1.18 Nnv 27 8.85 '·UI!02, 1'1112 q.l \21 8.27 JUN 04 '1.15 M.R 04, 1'1110 '1.85 MH 27 O.9hNnv 25 8.3'1 SEP 13 '1.48 JUN 11 'l.O? OCT 14 b. d IFEB 2&, 1'17& '1.05 "'.I!14, 1'178 10.57 OCT 01 7 .2&APR 2'1 1.13 JUN 0& 7.83 DEe 05 1.27

w.TEFI LEvELS FOR 8ENSON.eOUNTY, NO
'lELL 151.-071-11.88. SITE NUMBER 4820250'1'1475801

HIGHEST w.TER LEVEL 0.04 FEET BELOw LAND SURF.eE DATUM SEP 2'1, 1'l7&.
LOWEST wATER LEVEL 7.1 'I FEET BELOw LAND SURF.eE DHUN DEe 02, 1'181.
wATER LEVELS IN FEET BELOW UNO SURF ACE DATUM.

'lATER 'lATER 'l.TER WATE~DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL
AUG OS, 1'175 0.77 .PIl 2'1, 1'17& 1.50 FEB 02, 1'177 1. DEe OS, 1'180 &.1412 0.&0 JUN 15 1.10 NOV 14 2.12 JilL 2'1, 1'181 b.l"21 0.41 JUL 0'1 0.88 DEe 21 4.3& DEe 02 7.1 "OCT 02 0.58 .uG 2b 0.18 NOV 20, 1'178 5.27 MAR 02, 1'182 7. I"21 0.58 SEP 2'1 0.04 NOV 27, 1'11'1 5.'10 DEe 01 &.5~

'lATER LEVELS FOR BENSON COUNTY, NO

~ELL 15b-071-17eOA

HIGHEST WATER LEVEL 2&.50 FEET BELOW LAND SURF.eE D.TUM JUL 2'1, 1'181.

LOWEST wATEIl LEVEL 32.14 FEET BELOw LAND SURF.eE DATU'"' NOV 14, 1'177.

Id TER LEVELS IN FEET BELOW LAND SURFACE DATUM.

'lATER wATER lUTE!!OTER
DATE LEVEL DATE LEVEL DATE LEVELDATE LEVEL

FE8 2&, 1'17& 31.45 NOV 18, 1q7b 31.22 DEe 05, 1'180 27.22.UG OS, 1'l75 30.1 'I
31.34 JUL 2'1, \'181 21>.5030.2 .PIl 2'1 30.52 3012 nEe 02 28.2730.3& JUN 15 30.24 NOV 14, 1'177 32.1421 UEe 0\, 1'182 27.5"iOCT 02 30.73 JUL 0'1 30.24 DEe 21 31.3

21 30.7& AUG 2& 30.7 NOV 20, 1'178 31.&
25 31.08 SEP 2'1 30.'18 NOV 27, 1'l7'l 2'1.53NOV
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wATER LEVELS FOR BENSON COUNTY, NO

wELL l~b-071-20CDC

HIGHEST ~ATER LEVEL 0.88 FEET ABOVE LAND SURFACE nATUM NOV 30, 1'l7b.

LOWEST wATER LEVEL 2.82 FEET BELOW ~.ND SURFACE DATUM NOV 20, 1'178.
wATER LEVELS IN FEET AtlOVE OR BELOW(-) LAND SURFACE DATUM.

wATER wATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL

NOV 30, 1'l7b 0.88 NOV 20, 1'178 -2.82 DEC O~, 1'1110 -0.51
DEC 21, 1'177 -2.2b NDV 21, lH'l -2.7~ JUL 2Q, 1'1111 -2.71\

DATE

DEC 02. I'lBI
DEC 01, 1'11\2

WATER
LEVEL

WATER LEVELS FOR PIERCE COUNTY • NO

wELL 15b-072-0'lCDC SITE NUMBER 4820330'l'l~~3~01

HIGHEST WATER LEVEL b.35 FEET BELOW LANO SURFACE DATUM DEC OS, l'lal.

LOwEST wATER LEVEL 17.3'1 FEET BELOW LAND SURFACE DATUM DEC 21, 1'177 •

wATER LEVELS IN FEET BELOW UNO SURFACE DATUM.

WATER WATER WATER WATERDATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL
AUG 21, 1'175 12.13 AUG 211, 191& 13.03 DEC 21, 1'177 17.3'1 DEC lb, 1'181 b.53{JCT 02 13.32 SEP 29 14.b3 NOV 20, 1'178 14.00 DEC la, l'la2 '1.b721 'l.52 NOV 18 15.bl NOV 25, lH'l 14.13
FEB 2b, 1'l7b 13.75 MAR 04, 1'117 15.70 DEC 04, 1'180 10.02JUN IS 10.'11 NUV O'l 11.27 DEC OS, l'lal b.35

WATER LEVELS FOR PTERCE COUNTY , NO

wELL 157-071-02CCC SITE NUMBER 482b3'lO'l'l4H30 1

HIGHEST WATER LEVEL 3.71 FEET BELOW LAND SURFACE nATUM MAR 2'1, 1'181.

LOwEST wHER LEVEL 8.15 FEET BELOw LAND SURFACE DATUM AUG 07, lQb8.
WATER LEVELS IN FEET BELOw UNO SURFACE DATUM.

WATER wATER WATER WATERDATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL
AUG 07, l'lb8 8.15 MAY 13, l'lb'l b.l'l NOV 2'1, 1'l71 5.47 NOV 24, 1'l7'l 5.bn1'l 1.13 JUN 18 b.50 DEC Ob, I'H2 b .11 llEC 04, l'laO 4.32SEP 0'1 7.45 JUL Ib b.17 DEC Ob, 1'113 b.33 MAR 2'1, 1'l81 3.11

Ib 7.52 AUG 20 b.40 DEC 04, I'IH 5.87 DEC 05 4.5bOCT 07 7.b3 SEP 17 b.7b DEC 03, 1'175 5.70 Ib 4.10NOV 12 7,b4 NOV 18 b.78 NOV 1'1, lHb b.OO DEC 18, 1'182 4.lbDEC 11 7.b8 JAN 22, 1'l70 1.01 MAR 04, 1'177 b.25JAN 15, l'1b'l 8.00 MAR 24 7.11 DEC 22 b. IbA"R 24 b.4b DEC 01 b.43 NOV 21, 1'178 b.12
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WATER LEvELS fOR PIERCE COUNTY. NO

WELL 157-071-03CCD SITE NUMMER 482b400qq485101

HIGHEST WATER LEVEL Iq.q5 fEET BELOw LAND SURfACE DATUM DEC 18. Iq82.
LOwEST WATER LEvEL 25.15 FEET BELOW LAND SURfACE DA HIM MAR 04. Iq77.
"ATER LEVELS IN FEET ~ELOW LAND SURfACE DATUM.

wATER WATER WATER ••HERDATE LEVEL DATE LEVEL DHE LEVEL DATE LEVeL
NOV 1'1. Iq76 23.65 DEC 22. Iq77 22.35 DEC 04. IQ80 20.86 DEC 16. IQ81 20.65
MA'" 04, IQ77 25.15 NOV 21. IH8 22.2Q MAR 2Q. IQ81 20.63 DfC 18. 1'182 IQ.'I5NUV IS 24.31 NUV 24, IQ7'1 21.51 OEC 05 20.53

WATER LEVELS FOR PIERCE COUNTY , NO

wELL 157-071-IICCC SITE NUMBER 4825470Q'l414301

HIGHEST WATER LEvEL 21.86 FEET BELOW LAND SURFACE DATUM DEC 18. IQB2.

LO ••EST WATER LEVEL 23.QO FEET BELOW LAND SURFACE DATUM DEC 22. 1'177 •

wATEIl LEVELS IN FEET 8ELOW LAND SURFACE DATUM.

wATER WATER WATER ••HEll
DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVt.L

JilL 30, IQ75 22.85 OCT 20. 1975 23.14 AUG 26. 1916 22.QO NOV 21. IH8 23.74
AuG 05 22.82 NOV 25 23.25 SEP 2'1 23.13 NOV 24, IQ7Q 23.11

12 23.16 FE8 26. 1'176 23.36 NOV 16 ?3.45 DEC 04, 1'180 2i? 1'1
20 23.22 APR 30 22.42 MAil 04. 1977 23.5'1 MAR 2Q. 1'181 21.'15

SEP 30 23.18 JUN 15 22.58 NOV Ib 23.80 DEC 18. 1'182 2 1.86
OCT Ob 23.17 JUL 08 22.57 DEC 22 23.'10

WATER LEvELS FOR PIERCE COUNTY • NO

WELL 157-071-14CDC SITE NUM8ER 4824550Q'l472301

HIGHEST WATF.R LEVEL 5.48 FEET BELOW LAND SURFACE DATUM APII 30, 1'183; MAY 2'1, I'IK3.

LO ••EST WATER l.EVEl. 7.'12 FEE r MELOw l.AND SURFACE DATUM J AN 28, IH8.

wATER l.EVEl.S IN FEET BELOw UNO SURFACE DATUM.

wATER WATER WATER WA TEll
OATE l.EVEl. DATE LEvEL DATE l.EVEl. DATE LEVt:l.

NOV 18, 1'I7b 7.30 JUN 21. 1'178 7.11 MAR 08, IQ80 7.14 APR 15. 1'182 b.23
JAN 20. 1977 7.48 JUl. 23 7.08 APR 13 7.05 MAY 23 5.98
NAil 04 7.43 AU •• 27 7.38 MAY II' b.85 JUN 27 5.88
APII 07 7.54 SEP 27 7.37 JUN IS 7.15 JUl. 31 5.77
MAY 10 7.43 OCT IS 7.58 JUl. 12 7.2'1 AUG i!i! 5.75
JUN 14 7.47 NOV 1'1 7.70 AUG 10 7.31 SEP 26 5.1l'!
Jul. 12 7.50 21 7.44 SEP 13 7.06 OCT 24 5.82
AIJG 0'1 7.55 DEC 31 7.57 OCT 25 b.48 NOV 21 5.87
SEP 13 7.b7 JAN 18. 1'179 7.53 NOV 23 b.38 DEC 01 5.78
nCT 1'1 7.65 FEEl 27 7.66 DEC 04 6.1'1 18 5.75
NQV IS 7.55 MAR 24 7.60 MAR 29, 1'181 5.'12 MAIl 28, 1'183 5.b4

16 7.60 APR 22 7.54 APR 2& 5.96 APR 30 5.48
DEC 21 7.bO MH 30 b.47 JUl. 13 6.09 MAY 29 5.48
JAN 28. 1'175 7.92 JUN 24 b.37 2& b.O'l JUN 25 5.b3
FEB II 7.87 JUL IS b.53 AUG 29 6.25 JUl. 31 5.85
MAR 21 7.88 AUG 14 b.b'l SEP 20 b.30 AUG 21 b.O?
AI'R 23 7.28 OCT 21 b.'I8 OCT 24 6.37 SEP 24 6.10
MAY 21 7.08 NOV 24 b.'I4 MAR 21. 1'!82 6.57
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~ATER LEVELS FDR PIERCE COUNTY , NO

~ELL 157-071-15CCC SITE NU~BER 48211550991190101

HIGHEST WATER LEVEL 17.57 FEET BELOW LAND SURFACE DATUM DEC 18, 1982.

LOwE S T wATEH LEVEL 23.10 FEET HELUw LAND SURFACE DATU'" JUN 15, 1971>.
WATER LEVEL S IN FEET BELOW LAND SURFACE DATUM.

WATER WATER WATER I'llTER
DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL

AIlG 20, 1'175 18.1>5 APR 2'1, 1'171> 17.lJ2 NOV 18, IlJ71> 17.lJ4 JUL 12, IlJ7'1 16.15
SEP 30 16.1>5 Jur~ 15 23.10 MAR Oil, 1'177 1'1.7& NOV 211 111.51>
OCT 0& 18.&5 JUL 08 16.05 NOV IS 1'1.05 DEC 011, IlJ80 17.90
NOV 25 18.&7 AUG 25 20.51 DEC 21 1'1.07 DEC 18, IlJ82 11.57
FEll 21>, 197& 16.blJ SEP 2lJ 18.b8 "UV 21, 1976 16.03

wATER LEVELS FOR PIEkCE COUNTY , NO

wELL 157-07l-1511DD SITE NUMIlER 118211550lJ'I1I75301

HIGHEST WATER LEVEL 23.33 FEET BELOW LAND SURFACE DATUM "'AR 26, IlJ83.

LOwEST wATER LEVEL 25.74 FEET BELOw LAND SURFACE DATU'" MAR 21, 1'176.
••ATER LEVELS IN FEET BELOw LAND SURFACE DATUM.

WATER WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVt:L

JUL 30, IlJ75 24.77 AUG 21>, IlJ7b 24.&1 SEP 27, 1'176 25.41 JUL 14, 1'181 23.116
AUG 05 24.85 SEP 29 211.62 NOV 21 25.36 SEP 20 211.15

12 24.7b NOV 18 25.011 "'AR 211, Ien 'I 25.43 MAR 21, 1'182 24.3&
20 24.7lJ JAN 20, 1'177 25.18 JUN 24 211.25 JUN 27 23.b":>

SEP 30 211.'11 MAR Oil 2';.2& SEP 2'1 24.&9 SEP 2& 23.74
OCT 0& 211.lJO JUN III 25.17 NOV 24 24.60 DEC 01 23.1>1

20 24.66 SEP 13 211.3'1 MAR all, 1'180 24.'15 18 23.1>1
NOV 25 25.01 NOV 15 25.113 JIlN 15 23.'111 MAR 26, 1'163 23.33
FEll 2&, 1'17& 25.0& DEC 21 25.51 SEP 13 211.73 JUN 25 23.1I~
APR 2'1 211.17 MAR 21, 1'178 25.711 OEC 04 24.10 SEP 24 23.9&
JilL 08 211.34 JUN 21 25.0& MAR 29, 1'161 23.&3

WATER LEVELS FOR PIERCE COUNTY, NO

SITE NUMBER 1182114'10'1'15111602

HIGHEST WATER LEVEL 10.b2 FEET BELOW LAND SURFACE DATUM MAR 2'1, 1'181.
LOwEST WATER LEVEL 13.110 FEET BELOw LA~D SURFACE DATUM NOV 10, IlJ77.

WATER LEVELS IN FEET BELOW LANO SURFACE DATU"'.

WATER WATER WATER WA H.II
DATE LEvEL DATE LEVEL DATE LEVEL DATE LEVEL

AliG as, 1975 12.1111 FEe 2&, 1'17& 12.&'1 SEP 2'1, 197& 12.24 NOV 20, 1978 13.3020 11.'12 APR 30 II. all NOV 16 12.48 NOV 211, 1'179 12.54OCT 02 12.111 JUN IS 11.15 MAR 04, 1977 12.711 DEC 04, IlJ60 10.83
21 12.211 JUL 08 11.22 NUV 10 13.110 MAR 29, 1'161 10.1>2/lUV 25 12.311 AUG 25 11./18 DEC 22 13.40 DEC 16, 1'162 10.1>1
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wATER LEVELS FOR PIERCE CUUNTY, NO

WELL 151-071-21AOO

HIGHEST wATER LEVEL 12.85 FEET 8ELOW LA~O SURFACE DATUM APR 29, 197&.

LO\\EST wATER LEvEL 1&.80 FEET 8ELOw LAND SURFACE OATU~I MAR 04, 1977.
WATER LEVELS IN FEET 8ELOw LAND SURFACE DATUM.

WATER WATER wATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL

AUG 20, 1'175 14.20 NOV 25, 1975 13.9& AIJG 25, 197b 14.12 NOV 10, 1H7 14.42
SEP 30 14.19 APR 29, 197& 12.85 SEP 29 14.25
OCT 01> 14.23 JUN 15 13.11> NOV 1/\ 14.311

21 13.H JUL 08 13.27 MAR 04, 1977 11>.80

WATER LEvELS FOR PIERCE ~OUNTY , NO

wELL 151-071-210CC SITE NUMRER 4112403099494001

HIGHEST WATER LEVEL 7.83 FEET 8ELOW LAND SURFACE DATUM DEC 18, 1982.
LO"EST WATER LEVEL 10.50 Ft:ET BELOW LAND SURFACE DATUM AUG 20, 1975.
wATER LEVELS IN FEET BELOW UNO SURFACE DATUM.

WATER WATER WATER WIATER
DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVt:l

AIJG 20, 1'175 10.50 FEB 2&, 197& 10.15 SEP 2'1, 197& 9.15 NOV 21, 1'178 10.0&
SEP 30 9.95 APR 2'1 9.13 NOV 18 9.30 NOV 24, 1'179 9.38
OCT 0& 9.Q4 JUN 15 8.98 MAR 04, 1'177 9.&8 OEC 04, 1980 9.05

21 9.87 JUL 08 8.88 NOV 15 9.90 MAR 2'1, 1981 8.12
NOV 25 9.9~ AUG 25 9.04 DEC 21 10.11 DEC 18, 1982 7.83

WATER LEVELS FOR ~IERCE COUNTY, NO

WELL 157-071-22Afl8 SITE NUMBER 4112449099482201

HIGHEST WATER LEVEL 13.47 FEET 8ELOW LAND SURFACE DATUM OEC 18, 1"82.

LO"E Sf WATER LEVEL 15.24 FEET BELOW LAND SURFACE DATUM OEC 22, 1977 •

"ATER LEVELS IN FEET flELOI'ILAND SURFACE DATUM.

WATER WATER WATER IOU TERDATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL

AIJG 20, 1'175 14.25 APR 2'1, 1'17& 14.03 JAN 20, 1977 14.90 MAR 2'1, 1981 13.&1SEP 30 14.&3 JUN 15 14.01 MAR 04 15.05 DEC 01, 1982 13.51>OCT 0& 14.&3 JUL 08 14.04 DEC 22 15.24 18 13.47
20 14.& 1 AUf; 25 14.29 NOV 21, 1'17/1 15.10

NOV 25 14.79 SEP 2'1 14.48 NOV 24, 1979 14.50
FE8 2&, 197& 14.81 NOV 18 14.70 DEC 04, 1"80 13."&
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~ATER LEVELS FOR PIERCE C'OUNTY • NO

IjELL 157-071-23CB6 SITE NUMBER 4824220'l'l4H30 1

HIGHEST WATER LEVEL 15.70 FEET BELOW LAND SURFACE DATUM MAR 28. 1'183.
LO .•ES T wATEH LEVEL 17.78 FEET BELOW LAND SURFACE DATUM NOV 1q. 1'178.
WATER LEVELS IN FEET BELOW LAND SURFACE DATUM.

WATER wATER wATER WATER
DA TE LEVEL nATE LEVEL DATE LEVEL DATE LEV!::!.

AIIG 2\ • \'175 15.77 SEP 13. \'177 17.&3 MAR 24. l'n'l 17.43 APR 2&. 1'181 lb.04
SEP 30 \1.2'1 OCT 1'1 \7.&3 APR 22 17.20 JUL 14 \&.40
OCT 02 \1.33 NOV 11 17.73 MAY 30 \b.57 2& \&.45

0& \7.3'1 1& \7.&'1 JUN 211 lb.&2 AUG 2'1 t&.bq07 17.40 DEe 21 17.75 JUL 15 1&.15 SEP 20 1b.b8
20 11.42 JAN 2B. 1'178 17.&1 AIJG 14 1&.'15 OCT 211 lb.70

NflV 25 17.5~ FEB 11 17.&5 SEP 2'1 17.12 "AR 21. 1'182 11:1.57
FEll 2&. 1'17& 17 •4 3 MAR 21 17.&0 OCT 21 17.25 APR 18 Ib.lll>
JIIN IS 1&.'15 APR 23 17.18 N,)V 24 \7.2\ MAY 23 I&.us
JUL 2'1 1&.'18 MAY 2\ 17.\8 MAR 08. 1'180 \7.\4 JUN 27 \1I.0S
AUG 2& 17.33 JUN 2\ 17.28 APR 13 111.88 JUL 31 1&.04
SfP 2'1 \7.57 JUL 23 17.27 '<lAY1\ 1&.'18 AlJG 22 1&.1\
NIJV \6 17.42 AUG 27 17.54 JUN IS 17.33 SEP 2& lb.20HN 20. 1'177 17.40 SEP 27 17.&5 JUL \2 \7.117 OCT 24 1 &. 1 3
/-tAR 04 \7.31 OCT 15 17.71 AUG \0 17.11'1 NOV 21 1 & .12
APR 07 \7.37 NOV 1'1 \ 7.78 SEP 13 17.23 OEC \8 1&.Oll

.'1 A Y 1 U 17.17 21 17.&3 OCT 25 1&.811 MAR 28. 1 'lIB 15.70
JIJN 14 \ 7.113 DEC 31 \7.&0 NOv 23 \&.70 JUN 25 15.B3
JUL 12 17.4& JAN 18. 1'179 17.53 DEC Oll 1&.&3 SEP 24 11,.<11
AUG 0'1 \7.54 FEll 27 17.50 MAR 2'1. 1'181 1&.10

WATER LEvELS FOR PIERCE COUNTY • NO

wELL 157-u71-2&1:I8A SITE tlUMtlER 46235&OQ'l41330 I

HIGHEST WATER LEVEL 25.87 FEET BELOW LAND SURFACE DATUM APR 30. 1'183.

LO'iES T wATER LEVEL 27.70 FEET I:IELOw LAND SURFACE DATUM MAR 04. \ '177.

!'fATER LEVELS IN FEET BELOw LAND SURFACE DATUM.

wATER wATER WATER wATER
04 TE LEVEL DATE LEVEL DATE L~ VEL DATE LEVEL

NOV Ill. 1'17& 2&.3'1 APR 23. 1'178 27.03 AUG \4. 1'179 2&.&& AUG 2'1. 1'181 25.'15
OEC 01 2&.38 MAY 21 2&.'18 SEP 2'1 2&.64 SEP 20 2&.52
JAN 0&. 1'177 2&.45 JUN 21 2&.'14 OCT 21 2&.'11 OCT 211 2&.5/1

20 2&.5& JUL 23 2&.'1& NOV 24 2&.'1& MAR 21. 1'182 2&.60
FE8 02 2&.5& AUG 27 27.0'1 MAR 08. 1'180 27.23 MAY 23 21:1.17
MAR 04 27.70 SEP 27 21.22 APR 13 21.21 JUri 27 211.1SAPR 07 2&.72 OCT 15 27.28 MAY .11 27.04 JUL 31 2&.13MAY 10 2&.&'1 NOV 19 21.38 JUN 15 27.22 AUG 22 2&.10
JUN 111 2&.73 21 27.21 JUL 12 27.33 OCT 24 2&.18
JUL 12 2&.79 DEC 31 27.33 AUG 10 27.40 NOV 21 2b.ll\
AuG 0'1 2&.82 JAN 18. 1979 27.32 SEP 13 27.25 DEC 18 2&.13
SEP 13 2&.'10 FEB 27 27.40 OCT 25 211.73 MAR 28. 1'183 25. '17
OCT 1'1 2&.'12 MAH 211 27.44 NOV 23 211.38 APR 30 25.87
NOV 11 27.04 APR 22 27.45 DEC 04 20.111 MAY 2'1 25.d'l

1& 27.0 I MAY 30 21:1.&11 MAR 2'1. 1'181 211.23 JUN 25 25.QQ
JAN 28. 1'178 27.47 JUN 24 211.511 APR 2& 2&.1 'I JUL 31 211.14
FEB 11 27.118 JUL 11 211.50 JilL 14 2".33 AUG 21 211.22
MAR 21 27.07 15 2&.5b 211 2&.311 SEP 24 21>.35
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WATER LEVELS FOR PIERCE C!lUNTY , NO

wELL 157-071-2&IlCB SITE NUMBER 482343099474301

HIGHEST WATER LEVEL 14.87 FEET BELOw LAND SURFACE DATUM JUL 08, ICH&.

LO"ES T wATER LEVEL 10.98 FEET BELOw LANO SURFACE OATUM .lUG 10, 1980.

WATER 'LEVELS IN FEET BELOw UNO SURFACE DATUM.

WATER WATER wATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVeL

.lUG 21, 1975 15.00 JUL 12, 1977 1&.10 FEB 27, 1979 10.90 APR 21>, 19a1 15.10'1
SEP 22 15.51> .lUG 09 11>.19 MAR 24 11>.94 JUL 14 15.84
UCT 00 15.&2 SEP 13 10.32 APR 22 11>.88 21> 15.11'1

07 15.1>0 OCT 19 11>.37 MAY 30 11>.01> .lUG 29 10.02
'IOV 25 15.74 NOV II 11>.49 JUN 24 15.90 SEP 20 10.10
FEB 21>, 1'170 15.84 II> 1&.48 JUL 15 15.89 OCT 24 1&.02
At'll 29 14.'18 DEC 21 10.50 .luG 14 1&.03 DEC II> 11>.32
JU~I IS 14.'19 UN 28, 1978 1&.78 SEP 29 1&.25 MAil 21, 1'182 10.41>
JUL 08 14.87 FEB II 110.80 OCT 21 1&.35 APR 18 1';'11'1

0'1 15.05 MAR 21 11>.84 NOV 24 10.44 MAY 23 15.78
.lUG 21> 15.24 APR 23 11>.38 MAR 08, 1'180 11>.80 JUN 27 15.b'l
SEP 29 15.44 MAY 21 11>.30 APR 13 11>.1>5 JUL 31 15.b4
NOV 18 15.03 JUN 21 11>.30 MAY II 11>.51> .lUG 22 15.&0
DEC 01 15.70 JUL 23 11>.30 JUN IS 1&.7& SEP 21> 15.70
UN 00, 1977 11>.28 .lUG 27 1&.50 JUL 12 11>.'11 OCT 24 15.70

20 15.83 SEP 27 11>.1>5 .lUG 10 11>.98 NOV 21 15.72
FER 02 15.80 OCT 15 10.70 SEP 13 10.88 DEC 01 15.7'1
"'AR 04 15.85 NOV 19 1&.'12 OCT 25 10.37 18 15.70
APR 07 15.54 21 1&.1>7 NOV 23 1&.23 MAR 28, 1'183 \5.73
"'AY 10 11>.04 DEC 31 1&.77 DEC 04 1&.07 JUN 25 15.73
JUN 14 1&.0'1 UN Ill, 1979 1&.80 MAR 2'1, 1'181 15.72 SEP 24 \0.24

WATER LEVELS FOR PIERCE COUNTY, NO

"ELL 157-071-2I>CBB SITE IWMBER 482330099474301

HIGHEST WATER LEVEL 8.1& FEET BELOW LAND SURFACE DATUM OCT 20, 1'175.

LOwEST wATER LEVEL 11.&7 FEET BELOw LAND SURFACE DATUI~ .lUG 10, 1980.

wATER LEVELS IN FEET BELOW UNO SURFACE DATUM.

WATER WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVI:.L

AuG 21, 1'175 '1.09 MAT 10, 1'177 10.05 UN 18, 1979 11.14 JUL 13, 1981 10.Ob
SEP 22 9.11 JUN 14 10.03 FEB 27 10.50 21> 10.15
I1CT a I 8.22 JUL 12 10.14 APR 22 II. I 7 .lUG 2'1 10.42

20 8.11> .luG 0'1 10.23 "'AT 30 10.00 SEP 20 10.54
NOV 25 9.38 SEP 13 10.311 JUN 24 9.'11 OCT 24 10.'58
FEB 21>, 197& '1.58 OCT 19 10.52 JUL 15 '1.'15 MAR 21, 1982 11. 00
APR 29 8.49 NOV 11 10.1>7 .luG 14 10.28 APR 18 10.4'1
JUN \5 8.4& II> 10.&8 SEP 29 10.&1 MAT 23 10 • .!1>
JilL 08 8.44 DEC 21 10.50 OCT 21 10.75 JUN 27 '1.'1&

0'1 8.45 JAN 28, 1978 10.'14 NOV 24 10.'12 JUL 31 'l.8~
2'1 8.&8 FEB 11 11.08 "'AR 08, 1'180 11 .31 .lUG 22 '1.87
30 8.21> MAR 21 11.21 APR 13 11.1& SEP 2& 10.0&

.lUG 2& 8.78 APR 23 10.08 MAT 11 11.10 OCT 24 10.07
SEP 2'1 9.04 MAY 21 10.47 JUN 15 11.32 NOV 21 10.10
NOV 18 9.33 JUN 21 10.37 JUL 12 11.43 DEC 01 10.24
DEC 01 '1.35 JUL 23 10.40 .lUG 10 11.07 18 10.17

21 9.38 AuG 27 10.73 SEP 13 11.21 MAR 28, 1'183 10.73
JAN 01>, 1977 9.4& SEP 27 10.93 OCT 25 10.5'1 JUN 25 10.51>

20 9.58 OCT 15 11.03 NOV 23 10.35 SEP 24 11.21
FEB 02 '1.45 NOV 19 11.21 DEC 04 10.42
"'AR 04 'I. 7 ~ 21 11.03 MAR 2'1, 1981 '1.91>
APR 07 9.'14 DEC ~1 11.08 APR 21> 10.10

109



WATER LEVELS FOR PIERCE COUNTY , NO

wELL 157-071-2bCCC SITE NUMBER 4823110'l'lllH301

HIGHEST wATER LEVEL 12.24 FEET BELOW LAND SURFACE DATUM JUN 15, l'l7b.

UJ •••ES T WATER LEVEL lB.58 FEET BELOw LAND SURFACE DATUM JUL 12, I Q80.

wATER LEVELS IN FEET BELO\'l LAND SURF ACE DATUM.

wATER I<IIATER WATER WATER
DATE LEVEL DATE . LEVEL DATE LEVEL DATE LEVEL

lUG 21, 1'175 13.17 MAY 10, 1'177 14.83 MAY 30, 1'17'1 15.811 SEP 20, 1 '181 17.1'1
SEP 2.! 13. 17 JUN III lb.?'1 JUN 24 15.84 OCT 24 10.21

30 U.IB JilL 12 15.11 JUL 15 17.04 MAR 21, 1'182 Ib.5<;
lIC T Ob 13.21 AUG 0'1 lb.07 AIlG 14 17.05 APR 18 10.28

07 13.2\ SEP 13 \b.l5 SEP 29 17.38 MAY 23 15. 'l7
21 13.1'1 OCT 1'1 10.511 OCT 21 10.bO JUN 27 Ib.48

NOV 25 \3.2'1 NOV 11 15.'15 NOV 24 10.55 JuL 31 Ib.43
FEB 2b, 1'170 13.51 Ib lb.1>1I MAR 08, 1'180 10.'14 AUG 22 Ib.U4
APR 2'1 12.70 APR 23, 1'178 11>.31 APR 13 lb.02 SEP 20 10.5'1
JuN 15 12.24 MAY 21 \b .27 HAY 1\ 17.110 OCT 24 15.00
JUL 2'1 12.38 JUN 21 17.25 JUN 15 18.11 NOV 21 15.311

30 12.115 JUL 23 lb.40 JUL 12 Ill.58 DEC 0\ Ib.11I
AUG 21> 12.55 AUG 27 \7.b'l AuG 10 17.b4 18 I b .21
SEP 2'1 12.77 SEP 27 11>.'17 SEP 13 17.14 MAR 28, 1'183 15.50
NOV 18 13.011 OCT 15 11>.57 OCT 25 11>.58 APR 30 15.40
nEC 01 13.10 NOV 1'1 11>.1>8 NOV 23 15.'10 MAY 2'1 15.50

21 13.1>4 21 17.34 DEC 011 15.'18 JUN 25 11>.71>
JAil Ob, 1917 13.7'1 DEC 31 lb.4'1 HAR 2'1, 1'181 15.15 JUL 31 17.2b

20 13.57 JAN 18, 191'1 11>• .!1> APH 2b 15.40 AUG 21 17.17
FEB 02 13.70 FEEl 27 lb.20 JUL 13 11>.6'1 SEP 24 17.3b
MAR 04 15.16 MAR 24 17.5b 2b lb.'11
APR 07 15.41 APR 22 Ib.75 AUG 2'1 lb.65

WATER LEVELS FOR PIERCE CUUNTY , NO

\'IELL 157-071-3IC8Cl SITE NUMBER 4822320'1'1525bOI

HIGHEST wATER LEVEL 20.17 FEET BELOW LAND SURFACE DA HIM DEC 16. 1'182.

LO"EST wATER LEVEL 54.'l2 FEET BELOW LAND SURFACE DATUM NOV 18. I 'l7 1>.

wATER LEVELS IN FEET BELOI<II LAND SURFACE DATUM,

WATER WATER I<IIATER lOATEl<
DATE LEVEL DATE LEVEL DATE LEVt::L DATE LEV~L

NOV 16, 1'171> 54,'12 DEC 21, 1'177 42.77 JUN 211, 1'I7'l 33.2'1 APR 21>, 1'181 27,411
DEC 21 54.76 JAN 26, 1'178 41.37 JUL 15 32,74 JUL 13 25.6'1

27 511,7~ FEB 11 41.02 AUG 14 32.10 2b 25.~7
JAN 01>, 1'177 53.'11> MAR 24 3'1.8'1 SEP 2'1 31.17 AUG 2'1 24.dll

21 53."1 APH 23 3'1.03 OCT 21 30.'12 SEP 20 24.02
FE8 02 52.'10 MAY 21 38.4'1 NOV 24 30.42 OCT 211 2" • .!6
MAR Oil 51.05 JUN 21 38.18 MAR 06, 1'160 30.28 MAR 21, 1'182 23.30
APR 01 4'1.48 JUL 23 37.1>1 APR 13 3u.17 APR 16 22.34

07 11'1.48 lUG 27 37.31 MAY II 2'1.60 MAY 23 21.87
MAY 10 118.1>6 SEP 27 31>.118 JUN 15 30.'1& JUN 27 21.47
JUN 14 117.43 NOV 21 35.25 JUL 12 30.43 JUL 31 21.14
JUL 12 47.32 DEC 31 35.20 AUG 10 2'1.'1'1 AuG 22 21.02
AuG 0'1 III> .12 JAil 18, 191'1 3'i.1 & SEP 13 27.110 SEP 2& 20.62
SEP 13 115.08 FEEl 18 35.30 OCT 25 28.511 OCT 24 .!0.08
OCT 1'1 43.85 MAR 24 34.8'1 NOV 23 211.05 NOV 21 20.03
Nnv 0'1 113.37 APR 2'1 34.1>'1 DEC 04 27.55 DEC 01 21.30 •

16 43.10 MAY 30 33.71> MAR 2'1, 1'181 27.84 \6 20.\7

llO



WATER LEVELS FOR PIERCE COUNTY , ~I)

WELL 157-071-31C8C2 SITE NUM8ER 4822320'l'l525&02

HIGHEST WATER LEVEL 20.53 FEET 8ELOW LAND SURFACE DATUM DEC 18, 1'l82.
LOwEST wATER LEVEL 54.4'l FEET 8ELOW LAND SURFACE DATUI~ SEP 2'1, 1'17&.
wATER LEVELS IN FEET 8ELOW LAND SURFACE DATUM.

WATER WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEvEL DATE LEvO::L

JilL 23, 1'175 51.04 MAY 10, 1'l77 4'l.00 OEC 31, 1'l78 35.73 DEC 04, 1980 27.9"
AUG OS 50.75 JUN 14 48.0& JAN 18, 1'l7'l 35.4& MAR 2'l, 1'1111 211.bl

12 50.9& JUL 12 47.&1 FE8 18 35.&4 APR 2& 27.77
20 51.1& AUG O'l 4&.83 MAR 24 35.40 JUL 13 2&.07

OCT 02 51.48 SEP 13 4&.85 APR 2'l 35.13 2& 25.8&
21 51.48 OCT 19 44.&7 MAY 30 34.2& AUG 2'l 2"'.30

NOV 25 51.45 NOV O'l 44.10 JUN 24 33.58 SEP 20 25.u2
FE8 2&, lon& 51.& 3 1& 43.8& JUL 15 33.19 OCT 24 24.b4
AI'R 2'l 51.90 OEC 21 42.87 AUG 14 32.&0 MAR 21, 1'l82 23.70
JIIN 15 52.118 JAN 28, 1'l78 42.0'l SEP 2'l 31.&& APR 18 22.74
JUL 08 53.43 FE8 II 41.&5 OCT 21 31.40 MAY 23 22.28
AUG 2b 54.23 MAR 24 40.50 NOV 24 31.54 JUN 27 21.8'l
SEP 2'l 54.4'l APR 23 3'l.&& MAR 011, 1'l80 30.&5 JUL 31 21.52
NIIV 18 54.1'1 MAY 21 3'l.10 APR 13 30.&1 AUG 22 21.43
DEC 21 54.44 JUN 21 38.&8 MAY II 2'l.30 SEP 2& 21.24

27 54.44 JUL 23 38.11 JUN 15 31.20 ac T 24 21.08
JAN 0&, 1'177 53.87 AUG 27 37.78 JUL 12 30.83 ~OV 21 20.911

21 53.5& SEP 27 37.0& AUG 10 30.40 OEC 01 20.&b
FE8 02 53.02 OCT 15 3&.88 SEP 13 2'1.82 18 20.53
MAR 04 51.&'l NOV 1'1 3&.22 OCT 25 2'1.03
APR 07 50.111 21 35.72 NOV 23 28.4&

WATER LEVELS FOR PIERCE COUNTY , NO
wELL 157-071-320AA SITE NUM8ER 48223'l0'l'l502'l01

HIGHEST wATER LEVEL 7.&3 FEET 8ELOW LAND SURFACE DATUM DEC 04, 1'l80.
LOv.EH WATER LEVEL 1&.0'1 FEET BELOw LAND SURFACE DATUM FEd 21, 1'l&8.
wATER LEvELS HI FEET IlELOW LAND SURFACE DATUM.

WATER WATER WATER wATERDATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL
NOV 13, 1'1117 15.&5 SEP 0'1, 1'1&8 15.14 AUG 20, 1'l6'l 11.72 DEC 01, 1'l7b 11.57DEC 12 15.113 III 15.00 SEP 17 12.112 JAN 20, 1<;77 11.77JAN 15, 1'168 15.82 OCT 07 14.78 NOV 18 12.77 DEC 21 12.10FEB 21 1&.0'l NOV 12 14.53 DEC 01, 1'l70 11.13 NOV 21, 1'l78 11.77MAR 12 15.7& DEC II 14.41 NOli 2'1, 1'171 'l.8'1 NOV 21, 1'17'1 11.77APR 12 14.'l2 JAN IS, 1'l6'l 14.&8 DEe 0&, 1'172 1 1.5& OEC 04, 1'l80 7.b3MAY 14 14.5'1 APR 24 12.45 DEC 0&, 1'l73 12.1& MAR 2'l, 1'l81 7.'l0JUN 20 14.&1 MAY 13 11.80 DEC 04, 1'l74 10.42 DEC 01, 1'l82 7.7'lJllL II 15.011 JUIl 18 11.73 DEC 03, 1'l75 10.43 18 7.'l3luG 19 15.&7 JUL 1& 11.58 NOV 18, 197& 11.0'1
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WATE~ LEVELS FOR PIERCE COUNTY , NO

WELL 151-071-340 •• SITE NUMflEf/ 4822380'1'1475301

HIGHEST wATER LEVEL 15.45 FEET BELOW LAND SURFACE DATUM DEC 01, 1'17&.

LOflEST wATER LEVEL 16.40 FEET BELOW LAND SURFACE DATIIM AUG 10, 1'180.

WATER LEVELS IN FEET flELOW UNO SURF ACE DATUM.

WATER WATER wATER wATER
DATE LEVEL DATE LEVEL DATE I.EVEL DATE LEVt::L

DEC 01, 1'17& 15.4'5 APR 23, 1'178 11>.1>5 AUG 14, 1'17'1 17.53 JUL 21>, 1'181 1&.00
JAN 0&, 1'177 15.&8 MAY 21 1&.41> SEP 2'1 J7 .11 AuG 2'1 17.22
Ft::rt 02 15.&7 JUN 21 Ib.41> OCT 21 J7.07 SEP 20 1b •7ft
IHR 04 15.&7 JUL 23 1&.5'1 NOV 2q 17.00 OCT 24 lb.bO
APR 01 1'5.'1'5 AUG 27 1&.88 APR I 3, 1'1/10 J7.08 MAR 21, 1'182 1&.H
MAY 10 15.94 SEP 27 17.1& MAY 11 \1.15 APR 18 lb.47
JUN 14 1&.12 OCT 15 17.15 JUN IS 18.08 MAY 23 1&.21
JilL 12 1&.07 NOV 1'1 17.28 JUL 12 16.30 JUN 27 1'5.83
lUG 0'1 1&.16 21 17.14 AUG 10 18.40 JUL 31 1&.01\
SEP 13 Ib.4'5 DEC 31 11.20 SEP 13 17.'54 AUG 22 1&.n
lJCT 1'1 Ib.S1 JHI 18, 1 'l7'l 17.24 OCT 25 1b.52 SEP 2b Ib.02
NOV II> 11>.58 FEB 27 11.35 NOV 23 11>.4'1 OCT 24 1'5.~8
DlOC 21 11>.70 APR 22 11.20 DEC 04 17.0& NOV 21 1'5.12
JAN 28, 1'178 11>.'1'1 MAY 30 11>.00 MAR 2'1, 1'1/11 Ib.17 DEC 01 11>.13
FEB 11 17.05 JUN 24 1&.41 APR 21> 11>.0'1 16 1'5.74
MAR 21 17.21 JUL IS 11>.51 JilL 13 15.47

WATER LEvELS FOR PIERCE COUNTY , NO

ilELL 157-071-35B •• SITE 'lUMBER 4823040'1'1471301

HIGHEST ilATER LEVEL '1.95 FEET BELOW LAND SURFACE DATUM JUN 15, 1Hb.

LO"EST wATER LEVEL 13.1>4 FEET BELOil LAND SURFACE DATUM JAN 18, 1'179.

wATER LEVELS IN FEET BELOw LAND SURF ACE DATUM.

wATER WATER WATER wATER
DATE LEVEL DATE LEvEL DATE LEVEL DATE LEVtL

JilL 30, 197'5 10.43 MAR 04, 1977 10.99 NOV 21, 1976 12.&4 DEC 04, 1980 12.3'5
AIIG 0'5 10.48 APR 07 11.2& DEC 31 12.&8 MAR 28, 1981 11.'14

12 10.52 MAY 10 11.32 JAN 18, 1'l7'l 13.&4 APR 2& 11. dq
21 10.54 JUN 14 11.51> FEB 27 12.73 JUL 13 11 • ~o

SEP 30 10.b2 JUL 12 11.58 MAR 24 12.87 2& 11.92
(lCT 0& 10.57 AUG 0'1 11.74 APR 22 12.6& AUG 2'1 12.1 n

07 10.'55 SEP 13 11.62 "'AY 30 12.25 SEP 20 12.12
21 10.57 OCT 1'1 12.00 JUN 24 12.10 OCT 24 12.12

NOV 25 10.72 NOV 11 11.87 JUL 1'5 12.1 'I MAR 21, 1'182 12.41
FE~ 2b, 1'17& 10.'lb 1& 12.0'1 AUG 14 12.31 APR 18 12.27
APR 2'1 10.30 DEC 21 12.17 SEP 2'1 12.47 MAY 23 12.05
JIlN 15 '1.95 JAN 26, 1978 12.57 OCT 21 12.57 JUN 27 11.8b
JUL 08 10.07 FER 11 12.1>0 NOV 24 12.45 JUL 31 11.73

0'1 10. II MAR 21 12.74 MAR 08, 1'180 12.74 AUG 22 II.b/l
2'1 10.18 APR 23 12.5'1 APR 13 12.71> SEP 2& 11.74
30 10.15 MAY 21 12.48 MAY 11 12.60 OCT 24 II.b'5

AUG 24 10.22 JUN 21 12.44 JUN 15 12.97 NOli 21 11. &2
5EP 2'1 10.32 JUL 23 12.43 JUL 12 13.14 DEC 01 11.&0
NOli 18 10.50 AUG 27 12.&& AUG 10 13.20 16 11.59
DEC 21 10.53 5EP 27 11.95 SEP 13 13.05
JAN 01>, 1'177 10.b4 OCT 15 12.7'1 OCT 25 12.&3
FE" 02 11.42 NOV 1'1 12.8'1 NUV 23 12.45
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WATER LEVELS FOR PIERCE COUNTY , NO

wELL 157-072-15CC8 SITE NU'4ElER 4825030'f'f51>5101

HIGHEST WATER LEVEL 3.02 FEET 8ELOW LAND SURFACE DATU'4 DEC 04, 1'f8D.

LOwEST wATER LEVEL 5.1>2 FEET ~ELOw LAND SURFACE DATU'~ FE8 21>, 1'171>.

wATER LEVELS IN FEET BELOw LAND SURFACE DATU'4.

wATER WATER wATER wATER

DATE LEVEL DATE LEVEL DATE LEVEL DATE U:Vt:L

AIIG 21, IH5 5.31> JUN 15, 1'f71> 4.05 NOV 30, IHI> 4.'f1 NOV 24, ICH'f 4.'15

UCT 02 5.04 JUL 04 4.21 DEC 01 4.'f1 DEC 04, 1'f1i0 3.0~

r'H)V 25 5.17 AuG 25 4.75 NOV Ib, IH7 5.37 DEC la, 1'f82 3.35

FEB 2b, 1'171> 5.1>2 SEP 2'f 4.'13 DEC 01 5.43

4PR 30 3.31> NJV 19 5.21 NUV 20, In8 5.52

WATER LEvELS FOR PIERCE CUU~T', NO

wELL 157-072-25AAA

HIGHEST WATER LEVEL 43.58 FEET ijELOW LAND SURFACE DATUM DEC 18, 1'f82.

L (1"ES T WATER LEVEL 48.'f8 FEET ~ELOW LAND SURFACE DA TU~I NOV 10, 1'177 •

ilATER LEVELS IN FEET BELOw LAND SURFACE DATUM.

wATER wATER wATER WATER

DATE LEVEL DATE LEVEL DATE LEVEL IH TE LEVtL

AUG 12, 1'f75 45.83 APR 30, 1'f71> 47.87 "lOV 18, 1'f71> 48.14 DEC 04, 1'180 41>.43

20 47.93 JUN IS 47.1>4 30 4/!.22 DEC 18, 1982 43.58
OCT 02 47.81> JlIL 08 117.511 NOV 10, 1'f77 4R.'fe

21 47.84 AUG 25 47.70 NOV 20, Ina 48.77
NOV 25 47.'12 SEP 2'f 117.87 NOY 211, I'H'f 47.70

WATER LEVELS FOR PIERCE C~UNT', NO

wELL 157-072-250CC SITE ~U'4BER 4823120'l'f533501

HIGHEST wATER LEVEL 3'1.'10 FEET 8ELOW LAND SURFACE DATUH DEC 18, l'fe2.

LOwE ST WATER LEVEL 41>.1>0 FEET 8ELOW LAND SURFACE DATUI~ JUL 10, 197'1.

WATER LEvELS IN FEET 8ELOw LAND SURFACE DATUH.

WATER wATER I~ATER WATER
DATE LEVEL DATE LEYEL DATE LEVEL DATE LEvt:L

JUL 23, 1'175 44.20 NOY 25, 1'f75 44 .2'f NOY 18, 1'I7b 44.81 UN 2'1, 1'f7e 41>.20
AUG (,5 44.25 APR 2'1, 1'I7b 44.12 30 411.84 NOV 21 1I::'.bO

12 4".10 JUN IS 43.93 MAR 04, 1'f77 44.85 JUL 10, 1'I7'f 41>.bO
2" 43.'1'1 JUL oe 43.7'f JUN III 45.1>2 NOV 24 44.30

nCT 02 411.07 AuG 21> 44.01 SEP 13 45.'10 DEC 04, 1'180 43.22
21 44.;>0 SEP 2'f 44.35 NOY 0'1 115.'18 DEC 18. I '1/!2 3'1.9~
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WATER ~EYElS FOR PIERCE COUNTY, NO

wE~~ 1'51-072-250001 SITE NUMBER 41123120'1'15301>01

HIGHEST WATER ~EYE~ 18.31> FEET 8E~OW ~AND SURFACE DATUM DEC 18, 1'182.
~OI'lEST wATER ~t:YE~ 26.90 FI:ET 81:~Ow ~ANO SuRFACE DATUM JAN 20, 1'177.
WATER ~EYELS IN FEET BE~Ow LAND SURFACE DATUM.

wHER IlATER wATER "'HERDATE ~EYE~ DATE ~EYE~ DATE ~EYEl DATE ll:YEl
AUG OS, 1'175 27.37 AUG 21>, 1'17& 28.35 JAN 2'1, 1'178 28.14 JUN IS, 1'180 23.'1012 27.4'1 SEP 2'1 28.58 MAR 24 211.05 SEP 13 23.3d20 27,51 NOY 16 26.bll JUN 21 2&.'14 DEC 04 22.~1OCT 02 27.50 30 28,&'1 SEP 27 211.'11 MAR 2'1, 1'161 21.'11121 27.54 OEC 21 28.ijO N\JY 21 2&.45 MAR 21. 1'182 20.30NOY 25 27.5'1 JAr.!20, 1'177 28,'10 MAR 24, 1'l7'1 2&.24 JUr.!27 1'1.18FEd 211, 1'17& 28.10 MAR 04 28.85 JUN 24 25.00 SEP 2& 18.'17APR 2'1 27.34 JUN 14 26.5& SEP 29 24.78 OEC 16 I~.~h
JUN 15 27.55 SEP 13 25.25 NaY 24 24.52
Jill 08 27.&8 NaY 10 26.0'1 '4AR 08, 1980 24.3&

WATER ~EYELS FOR PIERCE COUNTY , NO

"E:L~ 157-072-3&UO SITE NUMBER 48225'10'1'15301>01

HIGHEST wATER ~EYE~ 9,02 FEET 8ELOW LANO SURFACE DATUM OEC IB, 1982.
LOnES T wATER ~E"E~ 24.12 FEET llELOw ~AND SURFACE DATU,.. NaY 30, 197&.
wATER ~EYELS IN FEET 8E~OW LAr.!D SURFACE DATUM.

WATER WATER wATER I'lATER
DATE ~EYE~ DATE ~EvE~ DATE ~EYE~ DATE lEVI:.L

SEP 07, 19117 15.03 DEC II, 1'1&8 10.1>5 NOV 30, 197b 24.12 JUr.!15, 1980 15.38
OCT 12 15.13 APR 24, 1911'1 1&,79 FEB 02, 1977 23.'18 SEP 13 14, ~O
NOY 13 15.27 MAY 13 1&.112 JAN 2'1, 1'178 20,'14 DEC 04 13.&1Dee 12 15.3& JUN 18 17,00 MAR 24 20.&7 MAR 2'1, 1981 1~.30
APR II, 19&8 15.7'1 JUL 1& 17.0 I JUi~ 21 1'1.37 JU~ 13 12.44
'1AY 14 15.&8 AUG 20 17.22 SEP 27 18.'15 SfP 20 11.'12
JIIN 20 1&.02 SEP 17 17.&1 NOV 21 18.53 MAR 21, 1982 11.04
JU~ II 1&.2& NaY 18 1&.90 MAR 2ij, 1'l7'1 1~.27 JUN 27 '1.91
AUG 1'1 1&.1>4 NaY 29, 1'l71 18.4& JUl. 24 II>.'H SEP 20 9.77
SEP 1II 111.58 DEC 0&, 1'172 19.90 SEP 29 Ib.26 DI:C I~ '1,02
OCT 07 Ib.02 DEC 04, 197/1 21.82 NUV 24 15.'13
NOV 12 111.59 DEC 03, 1975 22.7'1 MAR 08, 1'180 15.&3
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~ATE~ LEVELS FOR PIERCE COUNTY , NI)

I;ELL 157-072-3UDD3 SITE NUMtlEH 48224b09'l530b03

HIGHEST ~ATER LEVEL 55.78 FEET BELOw LAND SURFACE DATUM DEC 18, 19112.

LOwEST wATER LEvEL. 'l2.50 FEET BELOW LAND SURFACE DATU~ NOV 30, 1'l7&.

Id TER lEvELS IN FEET BELOw L.AND SURFACE DATUM.

wATER \;ATER wATER wATERDATE lEVEL DATE LEVEL DATE LEVEL DATE lEVEL

NOV 30, 1'l7b 'l2.50 JUN 21, ICJ78 74.85 SEP 2'l, ICJ7'l bb.81 JUl 2b, 1'l81 bl.l~FEll 02, 1'l77 'lO.20 JUL 23 74.27 OCT 21 bb.51 AUG 2'l bO.S.?APR 07 e&.37 AUG 27 73.90 NOV 24 &7.05 SEP 20 1>0.35MAY 10 8b.04 SEP 27 73.03 IolAR 08, l'leO &5.93 OCT 24 59.'l2JUN 14 84.45 OCT IS 73.00 APR 13 &5.78 MAR 21, 1'lll2 58.40JIJL 12 83.87 NOV 19 72.20 MAY II /05.40 AI'R 16 58.01AUG O'l 113.0& 21 70.82 JUN IS &&.80 MAY 23 57.52SfP 13 81.'l2 DEC 31 71. 'l7 JUL 12 &&.0" JurJ 27 57.12UCT 19 110.1\0 HN 18, I'lH 72.27 AUG 10 b5.b'l JIJL. 31 5b.711
NL'JV 1& 80.02 FEll 18 70.82 SEP 13 &5.05 AUG 22 S&.b"llEC 21 79.39 MAR 2" 70.52 OCT 25 &/1.3& SFP 2& 5&.4/1HN 28, 1978 77 .94 APR 2'l 70.29 NOV 23 &3.73 OCT 24 58.11FE!! II 77.58 MAY 30 b9.37 DEC 0" b3.I'l NOV 21 5&.2bMAR 24 7b.35 JUN 24 /08.70 MAR 29, 1981 b4.02 DEC 01 5&.70.PH 23 75.bO JUL 15 b8.38 APR 2b &3.1/1 18 55.78MAY 21 75.07 AUG 14 &7.70 JUL 13 & 1.2&

wATER L.EVEL.S FOR PIERCE COUNTY • NO

~EL.L. 157-072-3&A004 SITE NUMBER 48224&O'l'l530&04

HIGHEST WATER LEVEL. 3'l.&1 FEET BELOW L.AND SURFACE DATUM OEC 18, 1982.

LO ••U T \;ATER L.EVEl 78.1'1 FEET BELOW LAND SURFACE OA TU~' NOV 17, 1'l7b.

wATER lEVEL.S IN FEET BEL.OW LAND SURFACE OATIJM.

wATER WATER \;ATER WATER
DATE lEvEL DATE LEVEL DATE lEVEL. DATE LEVEL

NOV 17, 197b 78.19 OEC 21, l'ln &2.7'l MAR 24, I'H'l 55.32 OEC 041, 1980 45.51
18 7&.I'l JAN 28, 1978 &1.&8 APR 29 55.11 MAR 29, 19111 48 •.5/1

OEC 21 75.95 FEB II &1.29 MAY 30 54.30 APR 2& 47.44
HN 0&, 1'l77 75.15 MAR 24 &0.10 JIIN 24 55.10 JUL 2& 43.45

21 74.24 APR 23 59.37 JIJL. IS 52.&5 AUG 2'l 42./1&
FEB 02 73.&9 MAY 21 59.17 AUG 14 52.05 SEP 20 "4.13MAR 0/1 71.4& JUN 21 58.&8 SEP 2'l 53.17 OCT 24 43.&&API! 07 &'l.83 JUL. 23 58.11 OCT 21 52.91 APR 18, 1982 41.75
MAY 10 &9.4& AUG 27 57.b3 NOV 2/1 51.24 MAY 23 41.2&
JUN 14 &7.95 5EP 27 5&.82 MAR 08, 1'l80 50.33 JUN 27 /10.8&
JUL 12 &8.441 OCT IS 5&.53 APR 13 48.10 JUl 31 40.55
AuG O'l &&.57 NOV l'l 55.00 JUN IS 48.85 AUG 22 40.38
SEP 13 b5.32 21 55.&& JUL 12 "8.41 SEP 2& 40.25
OCT l'l &4.27 DEC 31 55.&7 SEP 13 "&.8/1 OCT 24 40.0&
NOY 10 &3.71 JAN 18, 1'l7'l 55.54 OCT 25 48.70 OEC 18 39.b1

1& &3.52 FEB 27 55.82 NUY 23 411.0/1
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WATER LEVELS FOR PIERCE COUNTY , NO

wELL 151-072-3&000 SITE NUMAER 482220099530&01

HIGHEST WATER LEVEL 7.25 FEET BELOW LAND SURFACE DATUM DEC 04, 1980.

LOwEST wATER LEVEL 20.17 FEET BELOW LAND SURFACE DATUM MAlol24, 1978.

wATER LEVELS IN FEET BELOW UNO SURFACE DATUM.

WATER wATER WATER wATER
DATE LEVEL DATE LEVEL DATE LEVEL DATE LEVEL

AUG OS, 1975 12.89 SEP 29, 197& 1&.52 JUN 21, 1978 10.93 MAR 29, 1981 10.24
12 13.1>8 NOV 18 1&.83 SEP 27 15.11 JUL 13 9.21
20 14.32 30 17 .07 NOV 21 1&.30 SEP '20 11.75

OCT 02 14.19 OEC 21 17 .31 MAR 24, 1979 1'1.51 MAR 21, 1982 15.73
21 14.37 JAN 21, 1977 18.1>8 JUN 24 6.05 JUN 27 7.27

NI1V 24 14.41> MAR 04 1&.70 SEP 2'1 1&.2'1 SEP 21> 14.20
FEI1 2&, 197& 1&.41 JUN 14 11>.37 NOV 24 1&.10 Dee 01 II .1 n
APR 29 9.87 SEI> 13 15.30 MAR 08, 1'180 16.64 16 11.40
JUN IS 10.98 NOV 09 15.12 ,IUN IS 14.10
JilL 08 10.97 OEC 21 1&.20 SEP 13 10.&3
AUG 2& 15.24 MAR 24, 1978 20.17 OEe 04 7.25

"'ATER LEvELS FOR PIERCE COUNTY , 11I0
wELL 158-071-300U SITE NUMBER 4828430'19514'101

HIGHEST WATER LEvEL 10.5& FEET BELOW LAND SURFACE DATUM oec 18, 1'182.
LO ••EST wATER LEVEL 12.25 FEET BELOw LAND SURFACE DATUM NOV 20, 1978.
wATER LEVELS IN FEET BELOW LAND SURFACE DATUM.

wATER WATER wATER WATeR
DATE LEVEL DATe LEvEL DATE LEVEL DATE LE VEL

AliG OS, 1975 11.71 APR 30, 197& 10.85 NUV 19, 197& 12.08 NOv 25, 1979 11.71\
20 11.83 JUN IS 11.72 OEC 01 12.19 OEC 04, 1980 10.il2

I)CT 02 11.70 JUL 09 11.42 11I0V 1&, 1977 12.05 OEC 18, 1982 10.51>
NOV 25 11.77 AuG 25 11.8& OEC 22 12.12
FEB 2&, 197& 12.01> SEI> 29 12.00 NOV 20, 1978 12.25

WATER LEvELS FOR PIERCE COUNTY, NO

WELL 158-072-2300C

HIGHEST WATER LEVEL
LO ••EST WATER LEVEL

1.54 FEET 8ELOW LAND SURFACE DATUM DEC 18, 1982.
4.31 FEET BELOW LAND SURFACE DATUM MAR 2'1, 1'181.

WATER LEVELS IN FEET BELOw LAND SURFACE UATUM.

WATER IUTER WATERDATE LEvEL DATE WATERLEvEL onE LEVEL DATE LEVEL
NOV 19, 1'17& 3.1>4 OEe 22, 1977 3.02 NOV 25, 1'179 2.'18OEe 01 3.35 MAR 29, 1981 4.31NOV 20, 1978 3.&3 DEe 04, 19841 1.1>& DEC 18, 1'182 1. S4NOV 11>, 1977 3.03
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Table 2 -- Ol"olvcd chemical constituents in wMer -- their effects
upon usabll i ty and recommended concentrat Ion I imi t5 for
d~ne5tic and municipal water supplies in North Dakota.

Cons tItuent
or

Parameter
Effects of dissolved
constItuents on water use

Suggested IImits
for drinking wafer
In North Dakota

U.S. Publ ic Health
Service recommended
limits for drinking water2

Constl tuent
or

Parameter

Suggested limits
Effects of disoolved for drinking wafer
constituents on water use in North Dakota

U.S. Public Health
Service recommended
limits for drinking water2

SII lea
(Si02)

Iron
(Fe)

Manganese
(Hn)

Calc/um(Ca)
and

Magnesium
(Mg)

Sod ium
(Na)

No physiological
significance

Concentrations over 0.1
mgll will cause stain-
Ing of fixtures. Over
0.5 mgll may Impart
taste and colors to
food and drink.

Produces black staining
when present In amounts
exceeding 0.05 mgll

Calcium and magnesium are
the primary causes of
hardness. High concentra-
tions may have a laxative
effect on persons not
accustomed to this
type of water.

No physiological sig-
nificance except for
people on salt-free diets.
Does have an effect on the
Irrigation usage of water.

0.3 mgll

0.1)5 mgll

Chloride
(cI)

Flourlde
(F)

80ron
(B)

O~er 250 mgll may Impart
a salty taste, greatly
excessive concentrations
may be physiologically
harmful. Humans and
animals may adapt to
higher concentrations.

Flourlde helps prevent
tooth decay within spec-
ified limits. Higher
concentrations cause
matt led teeth.

Over 45 mgll can be
Loxic to infants.
larger Concentrations
can be tolerated by
adults. More than 200
mgll may have a deleter-
ious effect on livestock
health

No physiological signi-
ficance. Greater than
2.0 mgll may be detri-
mental to many plants

limits of 0.9 mgll
to 1.5 mgll

250 mgll

Recornnended 11m;ts depend on
average of daily temperatures.
limits range from 0.6 ~/I at
320C. to 1.7 mgll at 10 C.

45 mgll

Potassium
(K)

Bicarbonate
(HC03)
and

Carbonate
(C03)

Percent
Sodium and
Sodium Ad-
sorpt Ion
Ratio (SAR)

Small amounts of potassium
are essential to plant and
animal nutrition.

No definite significance,
but high bicarbonate
content will Impart a
flat taste to water.

Combines with Calcium to
form scale. More than
500 mgll tastes bitter
and may be a laxative

Indicate the sodium
hazard of Irrigation
water.

0-300 mgll - low
300-700 mgll - high
over-700 mgll - very

high

250 mgll

Total
dissolved
solids

Hardness
(as

CaC03)

pH

Specific
Conductance

Persons may become
accustomed to water
containing 2,000 mgll
or more dissolved
solids.

Increases soap consump-
tion, but can be removed
by a water-softening
system.

Should be between 6.0
and 9.0 for domestic
consumption

An electrical Indication
of total dissolved solids
measured In mlcromhos per
Centimeter at 250C. Used
primarily for Irrigation
analyses.

0-500 mgll - low 500 mgll
500-1400 mgll average
1400-2500 mgll high
Over 2501) mgll very

high

0-200 mgll - low
200-300 mgll average
300-450 mgll high
over 450 mgll very

high

1. Schmid, R. W., 1965, Water Quality Explanation: North Oakota State Water
Commission, unpublished report File No. 989.

2. U.S. Public Health Service, 1962, Public Mealth Service Orlnklng Water Standards:
U.S. Public Health Service, Pub. No. 956, 61 p.
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