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INTRODUCTION

Purpose

This report contains the results of an investigation conducted by the South Dakota Geological
Survey for the city of Alcester, South Dakota. The city of Alcester had excessive concentrations of
nitrate-nitrogen in the municipal water supply. As a result, the Geological Survey was requested to
examine nitrate-nitrogen concentrations in the Alcester area and to assess potential sources of water for
the city. The study was financed by the city of Alcester, the East Dakota Water Development District,
and the state of South Dakota.

Backeround Information

The city of Alcester is located in Union County in southeastern South Dakota. The U.S.
Environmental Protection Agency (EPA) began requiring periodic testing of municipal water supplies
in 1977. At least one of the three Alcester city wells had concentrations of nitrate as nitrogen plus
nitrite as nitrogen, hereafter referred to in the text of this report as nitrate-nitrogen, greater than 10
milligrams per liter (mg/L) from July 1977 through 1984. Alcester had only two water supply wells in
1977 on the western edge of town. Located approximately 1% blocks apart in a north-south direction,
these two wells are referred to as city wells 1 and 2 (fig. 1). In 1981, the city installed another well,
referred to as city well 3, between these two wells (fig. 1).

The three municipal water supply wells are completed in an aquifer consisting predominantly of
quartz sand with some feldspars, pyriboles, and olivine, but lacking in carbonates. Because of the
predominance of quartz in the sand, the aquifer will be referred to as the quartz sand aquifer in this
report.

In July 1977, city wells 1 and 2 contained 13.5 and 6.2 mg/L nitrate-nitrogen, respectively (South
Dakota Department of Environment and Natural Resources, unpublished data). The maximum
allowable concentration for municipal water supplies is 10 mg/L nitrate-nitrogen. This maximum
contaminant level has been set because of the potential toxic effect on infants. High concentrations of
nitrate-nitrogen have been associated with methemoglobinemia in infants under 1 year of age (Driscoll,
1986).

METHODS
Drilling

The investigation included the drilling of 40 test holes (fig. 2) to determine the extent and thickness
of the quartz sand aquifer in the vicinity of Alcester. Thirty-two test holes were drilled during the
months of June and October 1985 using the mud-rotary method. Two test holes were drilled during
January and September 1986 using the solid flight auger method. Another six test holes were drilled
during October 1986 using the mud-rotary method. Logs of the test holes are provided in appendix A.



Monitoring Wells

Twenty-seven monitoring wells (fig. 2) were installed in test holes which encountered 7 feet or
more of aquifer material (quartz sand). These wells were installed for the purpose of gathering water
level and water chemistry data. The monitoring wells consist of 2-inch diameter polyvinyl chloride
casing and screen. Information on screen length and well depth are provided in appendix A.

Water Samples

Water samples were collected from monitoring wells installed for this investigation. Samples were
also collected from selected city and private wells. Sample locations are shown on figure 3. The
samples were analyzed at the South Dakota Geological Survey’s laboratory in Vermillion, the South
Dakota Department of Health in Pierre, and at South Dakota State University in Brookings.

GEOLOGY
Bedrock

The bedrock units underlying the study area are, from oldest to the youngest, Precambrian Sioux
Quartzite, Paleozoic dolomite, and four Cretaceous units — Dakota Formation, Graneros Shale,
Greenhorn Limestone, and Carlile Shale. The bedrock stratigraphy was not investigated during drilling
for this project. Therefore, a detailed discussion of the bedrock will not be presented.

The Dakota Formation occurs at a depth of approximately 375 feet in the study area, is
approximately 250 feet thick, and consists of sand and sandstone with interbedded silt and clay layers.
The Dakota Formation is specifically mentioned because it is used as an aquifer in the study area.

Three cross sections, whose locations are shown on figure 4, were drawn and illustrate that the
Carlile Shale was the first bedrock unit encountered in drilling (figs. S, 6, and 7). The configuration of
the shale’s surface in the study area is shown on figure 8.

Quartz Sand

A sand composed primarily of quartz and underlying much of the study area was the focus of this
investigation. The mineralogy of the sand matrix is predominantly quartz and feldspar with no
carbonates. Grain size ranges from a fine sand to a medium gravel. Silt and clay contents of the sand
unit are very minimal and only a few clay layers within the unit were noted during drilling. The sand
was found to range up to 51 feet thick (map location [ML] 26, fig. 6) and to lie directly on the Carlile
Shale (figs. S, 6, and 7).

Figure 8 shows a bedrock high to exist just northeast of Alcester with a ridge above 1,300 feet in
elevation extending generally to the east and a ridge above 1,290 feet extending to the north. The
portion of the sand unit east and north of these bedrock high areas is lacking in pink feldspar that is
common throughout the rest of the study area. The sand throughout the study area contains anorthite
(sodium rich feldspar) which gives it a green hue.



Till

The majority of the study area i1s underlain by Illinoian till (Baird, 1957). The Ilinotan till, which is
older than 23,000 years before present, was deposited by continental glaciation during the Pleistocene
Epoch of geologic time (Flint, 1955). Till is a heterogeneous sediment composed primarily of
unstratified and unsorted sand, pebbles, and cobbles in a clay and silt matrix with pockets of stratified
material. Since the deposition of the Illinoian till, a great deal of erosion has occurred creating relief in
excess of 100 feet in the vicinity of Alcester. The till often directly overlies the quartz sand aquifer
(figs. 5, 6, and 7) and can be greater than 140 feet thick.

Loess
A layer of pre-Wisconsin age wind blown silt and sand called the Loveland loess (Baird, 1957)
covers most of the study area (figs. 5, 6, and 7). Test drniling in the study area showed the loess to
range from 0 to 36 feet in thickness. On the west and south edges of Alcester, this loess layer ranges
from 13 to 36 feet thick and lies directly over the quartz sand aquifer (ML numbers 23-32; fig. 2, app.
A).
HYDROLOGY

Dakota Formation Water Quality

Four water samples from the Dakota aquifer were analyzed for chemical constituents (water
samples 50-53, table 1). Two of the four samples (52 and 53) were taken from the same well but on
different dates. Splits of water samples 51 and 53 were sent to the South Dakota State Health
Laboratory and were analyzed for trace metals and radium 226 and radium 228 (table 2) in addition to
the parameters indicated on table 1. The split of sample 51 (from the 630-foot deep well) had a
concentration of radium 226 plus 228 that was above the drinking water standard of 5 picoCuries per
liter. All three Dakota Formation wells had elevated concentrations of iron and all had concentrations of
fluoride that were higher than water collected from other sources (table 1). However, all Dakota
Formation wells had concentrations of nitrate-nitrogen far below the maximum contaminant level of 10
mg/L. The concentrations of iron observed in the Dakota Formation wells may be indicative of
individual well problems rather than of the natural quality of water in the Dakota Formation. Some
averages for concentrations of selected parameters are presented in table 3.

Quartz Sand Aquifer

Water Levels, Saturated Thickness, and Flow Directions

Water levels (figs. 5, 6, and 7) show that the quartz sand aquifer is under confined hydraulic
conditions over most of the study area based on water levels measured on January 12, 1987. However,
in the southwest corner of the study area at ML 38, 39, and 40 (fig. 2), it was under unconfined
conditions even though the aquifer is buried in that locality. One other well (ML 25, fig. 2) within the
city limits of Alcester also showed the aquifer to be unconfined where only about 15 feet of loess
covers the top of the aquifer (water level was 1.4 feet below the top of the sand).



The saturated thickness of the aquifer is shown in figure 9. Where the aquifer was present, the
saturated thickness was found to range from 2 to 55 feet.

Figure 10 shows the potentiometric surface of the quartz sand aquifer. The water levels listed for
the individual data points on the figure indicate the elevation of water in wells at those locations on the
January 12, 1987. The general directions of ground water movement in the immediate Alcester area
are to the northwest, west, and southwest (fig. 10).

Water Quality
GENERAL CHEMISTRY

Water chemistry data was obtained from the analysis of water collected from monitoring wells
installed for this project in addition to some private wells and two of the city wells. Results of the
analyses are listed in table 1.

The average concentrations for selected parameters in water collected from the quartz sand aquifer
are presented in table 3. For the area west and southwest of the bedrock high described earlier (water
samples 1-42, table 1, and fig. 3), the averages show a water of relatively good quality. The exception
to this is nitrate-nitrogen that will be discussed in the following section of this report. The average
water chemistry in the aquifer in the northeast part of the study area (water samples 43-46) is slightly
worse than the water quality elsewhere in the aquifer (table 3).

NITRATE-NITROGEN

Some very high nitrate-nitrogen concentrations were present in the southwest portion of Alcester,
as high as 140 mg/L (fig. 11). Where more than one sample was available from a given well, only the
highest concentrations are shown in figure 11. Some possible sources of elevated nitrate-nitrogen
concentrations include the city’s sewage system and two fertilizer distributors - Pete’s Produce and
Alcester Feed and Grain (fig. 1). The city’s effluent line from its treatment facility had reportedly
deteriorated to the point that significant amounts of fluid may have been allowed to escape into the
ground. However, the maximum concentration of nitrate-nitrogen in the sewage was probably only
about 35 mg/L.

Elevated concentrations of nitrate-nitrogen also occur south of Alcester but cannot be explained
with the available data. Some possible sources for the contamination are septic systems at individual
residences and the application of fertilizer to agricultural land. As is commonly the case, nitrate-
nitrogen concentrations were found to fluctuate. In June 1985, wells at ML 34 and ML 35 had nitrate-
nitrogen concentrations of 13 and 19.8 mg/L, respectively. However, in 1986, the concentrations were
9.5 and 29.1 mg/L, respectively (table 1). The monitoring well network and period of record are not
adequate to assess nitrate-nitrogen in the ground water in this area.

Nitrate-nitrogen concentrations also were found to fluctuate in the city wells. Figure 12 shows a
period of record from August 1982 through December 1986 for these wells. Of significance is that
nitrate-nitrogen concentrations in all three wells were always above the drinking water standard of 10
mg/L. Also, a general trend of increasing concentrations with time is shown in the figure. The city
ceased using well 1 in 1984 and ceased using well 3 in 1986. A
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PESTICIDES

On September 16, 1985, water samples were collected from the well at ML 27 (fig. 2) and from
two city wells. The samples were taken to South Dakota State University in Brookings to be tested for
pesticides. The city well samples did not contain any pesticides, but the water from the monitoring well
was found to contain 1.7 micrograms per liter (ug/L) alachlor and 0.31 pg/L atrazine.

The South Dakota Department of Agriculture took soil samples near the monitoring wells at ML
24 and ML 27 (fig. 2) on March 5, 1986. The results showed atrazine in the soil at both locations. At
ML 24, the concentration was 33 pg/L. and at ML 27, the concentration was 54 pg/L.

Water samples were taken from the city water supply by the Office of Water Quality, South
Dakota Department of Water and Natural Resources on September 2, 1986, and the results showed 3
ug/L atrazine, 0.05 pg/L alachlor, and 0.06 pg/L metribuzin. Because of the low concentrations of the
contaminants, another sample was taken on September 24, 1986, and the results showed 2.7 ug/L
atrazine, 0.17 pg/L alachlor, and 0.06 pg/L. metribuzin. This confirmed the presence of these
chemicals in the city water supply.

CONCLUSIONS AND RECOMMENDATIONS

Nitrate-Nitrogen

Although the quartz sand aquifer is buried and confined throughout most of the study area, there is
an area on the west and south edges of Alcester where the aquifer is covered only by a layer of loess.
Also, at one monitoring well in this area, the aquifer was found to be under unconfined conditions. This
physical setting would allow for the movement of surface sources of nitrate-nitrogen into the quartz
sand aquifer.

The pattern of elevated nitrate-nitrogen concentrations in the southwest part of Alcester shown in
figure 11 is consistent with the release of nitrate contamination in the vicinity of the two fertilizer
distributors and the sewage treatment facility. The general direction of ground water movement is to
the northwest through this area according to figure 10. This provides for movement of contaminants in
the ground water in that general direction. Also, the city wells that are present in the northwest part of
town (fig. 1) would have induced some ground water flow in a northerly direction between the
potential contamination sources and the wells when the wells were pumping. This interpretation of
ground water flow direction and north-northwesterly contaminant movement in that area is supported
by the trends of nitrate-nitrogen in the city wells (fig. 12).

When all three city wells were in operation, the closest well to the two fertilizer distributors and the
sewage treatment facility (well 1, fig. 1) nearly always had the highest concentration of nitrate-nitrogen
(fig. 12). After well 1 was shut down in April 1984, well 3 became the closest operating well to these
potential contaminant sources and showed an increase in nitrate-nitrogen concentrations. This indicates
that while well 1 was in operation, it acted to intercept some of the nitrate-nitrogen contamination as
the contamination migrated toward the city wells. After well 1 was shut down, well 3 then acted in the
same way by intercepting some of the nitrate-nitrogen contamination before the contamination could
reach the northernmost city well, well 2. This is demonstrated by the consistently lower nitrate-nitrogen
concentrations in well 2 versus well 3 (fig. 12).



The completion date for construction of a new sewage treatment plant was January 1, 1987. Close
monitoring of the ground water may have allowed a qualitative assessment of the contribution, if any,
of sewage to the nitrate-nitrogen concentrations in the ground water. However, monitoring of this sort
did not occur.

Possible Sources for Municipal Water

There are three possible alternate sources of water for the city of Alcester. They are (1) the same
quartz sand aquifer in which city wells 1, 2, and 3 were completed, but at some distance from the city
where nitrate-nitrogen concentrations are acceptable, (2) the Dakota Formation, which is a deep
bedrock aquifer, and (3) a rural water system.

Quartz Sand Aquifer

The most promising area of the quartz sand aquifer in terms of saturated thickness was found to be
south and southwest of Alcester (fig. 9). In this area, the saturated thickness appears that it may be
satisfactory for the development of a municipal water supply. However, the unexplained presence of
elevated nitrate-nitrogen concentrations in the ground water about half a mile south of Alcester
combined with the southwesterly ground water flow direction gives rise to a concern. The concern is
that even though nitrate-nitrogen concentrations were less than the drinking water standard of 10 mg/L
along the western edge of section 33 south of town (fig. 11), concentrations may rise in the future
especially with the development of a wellfield in that area which may accelerate the southwesterly
movement of ground water from the area of high nitrate-nitrogen concentrations. Therefore, no long-
term assurances can be given that nitrate-nitrogen concentrations in the ground water would remain at
acceptable levels in this area.

The portion of the aquifer northeast of Alcester has a saturated thickness of up to 25 feet (fig. 9).
The area with more than 20 feet of saturated thickness appears to be less extensive than the area of
thick aquifer south and southwest of Alcester. Also, the general water quality in the aquifer northeast
of town is not as good as elsewhere in the aquifer (table 3). Concentrations of nitrate-nitrogen are,
however, acceptable in this part of the aquifer (fig. 11).

Before any decisions are made to establish a wellfield in the quartz sand aquifer, the city should
conduct additional work. Additional testing should be conducted to verify the suitability of the aquifer
in terms of thickness, water yield, and water quality.

Dakota Formation

Water from the Dakota Formation is different than water from the quartz sand aquifer in which the
city wells are completed. Table 3 compares the averages of chemical constituents in water from the
quartz sand aquifer with water collected from three wells in the Dakota Formation. The Dakota
Formation wells are all within 3 miles of Alcester. Water from the Dakota Formation is softer (has less
calcium and magnesium), may have more iron, has more sulfate, has less nitrate-nitrogen, and has
more sodium, chloride and fluoride than the portion of the quartz sand aquifer south and west of
Alcester. Additionally, one sample collected from the Dakota Formation exceeded the drinking water
standard for radium 226 plus radium 228 combined.
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The potential of the Dakota Formation in the Alcester area to sustain high yields to municipal
production wells is unknown. Further investigation would be necessary by the city of Alcester to
determine water quality and water-yielding potential of the Dakota Formation.

Rural Water System

Another possibility for the city of Alcester for a water source is the South Lincoln Rural Water
System. Although this rural water system obtains its water from the Dakota Formation, its production
wells are located in Lincoln County in an area where the quality of water in the Dakota Formation is
very good. The water distributed by the rural water system to its customers is in compliance with all
drinking water regulations.

ACTION TAKEN BY THE CITY SUBSEQUENT TO THIS INVESTIGATION

In November 1987, the city of Alcester began receiving its drinking water from the South Lincoln
Rural Water System. No further investigation of the quartz sand aquifer or the Dakota Formation was
undertaken.
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Figure 1. Locations of city wells, city
sewage treatment plant, and
fertilizer distributors.

— \@ City sewage treatment plant and effluent line.
2 @ City well. Number indicates sequence well was drilled.

RXJ Fertilizer distributors

Map base adapted from U.S. Geological Survey 7.5 minute

quadrangle maps: Alcester and Alcester SE quadrangles.

0 1320 2640 Feet
| | |
11
2|H
3l
i |

*@%——v:—}lw

Produce

Alcester Feed
and Grain




(" i ! 1
SIIN | z/L 0 'L
‘sg|Bupippnb JS JssSed|y pub Uaysadly
:sdow s|Bupappbnb sjnuiw G/ Asaing ¢
|poiBbojoag ‘g wody psidopp aspq dpp
N
6
L
‘N
g6
L
SE MM-
85
"oz se vs
614
gle
HIIsI0TY {5¢ ko
St Yo e [
4%
£id g
'y Xlpuaddpb uj " z1d
sbo| oibojoyyl uo 'a|oy saj oLl L g
palsl] sb Jagquinu
uolypoo| dow | jjem BupopuoN ., . 5 0 y s L
S9iDOIpUl JaquinN - v
‘uoljebisaAul sy} 4 L, P> £
10) PIjUIP S|idaMm Bulioyuow
pue sajoy }s8} JO SuOljed07 ‘¢ a.nbi4

\
M BY U



| ! 1 m_v
BN | e/\ 0 I
‘sp|bupiponb 3¢ Jssesjy pubp Jslsaoly
:sdow 8|Bubaponb aynujw G'7 AsAUng ¢ s
(poibojoag ‘g wody pajdppp asbqg dbp
‘N
6
0 |
‘N zv
S6
g
Se Ly « 2
oy
s* Ge'pe  SETE
5z L mN.MN_.mN
., 0§'62'82'LT{—a 61'8l
£s57es zziz'or—o YLl
5° SU'vigl g1 o
¥3IS3IT g8 Leiog
Nr/oo: 6%
I Le "5, 6
ol
"SUOIIDDO| 40} | @|gDp4 99§
‘UMOUS jOU QG puD gy so|dUDS JalDp &
‘1L ®|gpbt W b ¢
pajsi| sb Jaquwnu ajdwbs sapojpul
JagquUINN "uoi4po0o| ajdlUDS JalDM ° o7, vy S .
1g
121 L1
(104
‘sg|dwes 1a}em }JO SuO1}ed07 ‘g 8Inbl4 e
M 6% g

10



[ T
8N | z/\ 0

‘sg|Bbupiponb 35 Jslsed|y pubp Jajsadly
:sdow ejfubippnb synuiw gz Asainsg
[poibojoeg ‘g woly pajdopp espq dop

"SU0IJ0BS SSO0JD JO) / PUD ‘g ‘G
ssinb|} 985 "UOIOAS SS0JO JOo AU O 0

'y Xipuaddp ul
sbo| oibojoyyy uo
pajsl} sb Jaquuinu

uolypoo| douw
$8}DoJpuU| JagquinN

‘a|oy }sa| o

‘llem Buliojuopn

"SUO0I}28S SSO0JID }JO Suoles07 "y 8.nbid

SE

2e

oe¢

81

Vs

m_L
/mm

0¢ gz

9z

L Z
431530

9¢

Sl

vi

<l
zl

P~

O

14

v

L1

‘M B7 U

11



1934 08811 022'11

XEE = uoneladifexs [edI1I8A

0264 0924 0099 0¥6S 082G 029 096€ ooee
1 1 I 1 ! i 1 I

09S'01 0066 0¥26

o8se
I 1 1 1 H

0¥9e

oBel

ozel
i |

099

0

gset

0L2T

0621

OIET -

0geT ~

0GeT

0LET 4

06ET

(1845

ogvT ~

v

(xoun)iip

IS0

oM

61 N

(xoun)itp

/

[9A9T ®vOg UBA] 2a0qy 1994 U] UOlyeAd[q]

(xo)Hio

/

7

<
=
[oX)
u

Z

—

. ~

YJLON <— —>YINOS

2|bys elipy oM
His/AD[o " "sop
pups zpipnp e sbp
pazipixo ‘uploulj—aid — (|i] (xo)idp
'y xipuaddp ui sBo| ojBojouyl psziplxoun ‘upjou - mL- xocswto
uo poaysi| sp pup Z =aiunbiy uo umoys pazipixo ‘uplou — g (x0)4p
sp a4p sdaquinu () uolpoo| dpp [0ADJB pup pups 10 [8ADUB —~ wWnjanjy Biop
puUbs — wnIAN[Y E-11+Y¢)
£8/ZL/| uo Jsjyinbo pups  _ {1s — wnian|y IS|PD
zjionb eyy jo sobJINS OljBLIOIIUBIO] T IS — ss807 " 1S0|D

‘uoIDOO| UOI4D8S SSO0JD Joj § aJnbyy seg

"\ -y UOl}08s ss04) "G 8unbi

0sal

— 0.2l

|- 0621

- 0161

|- oectl

[~ 0SEl

[~ 0LET

- 061

- 01vl

— QE¥L

12



XEE = uoljedofdexo [eol}dop
1934 0FS'21 088'I1 022'11 09S'01 0066 O0¥26 0856 0264 0924 0099 OP6S 082S 029% 0968 OOBE OF¥92 0B6T  02ZET 099
0521 1 1 1 1 1 I 1 1 1 ] 1 I 1 I I i 1 1 osal
Y
oY
04214 - 0421
06214 - 0621
01el - 0181
oeet - (xoun)iid . oget
0SET = - 051
z —
~ N
(0]
"
<
04ET (xo)uo = © - 0Ll
(0]
06€1 - L. 06T
] 150D
01%1 i) 4 4¢
0e¥1 - 0BV
ISDY <— —> 1524
o0syi- = L. 05H1
=
R N ?|pys 8|14p) g
o pubs zpipnp
pazipixoun ‘upjoul||] — (1L’
pazipixo ‘upjoulljl — il
-y xijpuaddp ur sBo| oibojoyy) |2ADJB pup pups Jo |eaDib — wnianjly -
uo pajsi| spb pup g aunbl} uo umoys pubs — wWNAN|Y
sp sup saaquwinu (W) uoypoo| doW IS — wnianjy
AD|D — winiAnjly
*£8/71/1 uo Jsjinbo pubs _ __ _ pups -~ SS907"
zpibnb 8y} JO 89DJINS DLIBIOUBIOJ x Iis — sseoq”

"U0J4DD0| UO|}D9S SS04D JU0) § aunbly sag

" g-¢g uoI108s Ss0J4) "9 8unbi4

[9A97 ®ag UBD 2A0QY 1994 U] UOTIRAd[Y

13



XEE = uoljeJadfexs [esTIap

1924 0%S'21 088'11 022'Il 095'01 0066 OF¥Z6 08SB  0I6L 0924 0099 OP6S 082S 029y 0966 OOBE  0P9Z 0861  02El 099 0
oeat 1 1 1 1 1 1 1 1 I 1 1 1 1 | ] 1 1 ] I 0Rz1
0521 oy, °1PDy - 0gel
0421 | oLzt

Bipp
0821 - 0621
sap
01ET - AXOCBV:QO : 3 [~ 01E1
. (xoun) - -
0EET A HO ~ - oeel
| (xo)pdp ~
x T T T T T T z
=
0GE1 - osel
s91D o
0LET - 081
(xoun)jd
06€1 - 06E1
01¥1 1SDH <— —> 1534 - 01¥1
0EbI -~ 7 - ogbl
z 3IDYS Bl dD D gy
= !
Ko I —— 4 0
o PUDS ZpDNYD s sh
pazipixoun ‘uploulj||—aid — e (xoun)dp
pazipIxo ‘ubploul|||—a.d - (xo)ndp
'y xipuaddp ui sBoj o1Bojoyy audysNoD] “s9|D
uo pajsi| sb pup Z aunbi} uo uMmMoys pazipixoun ‘uplou (xoun)up
sp aJp staquuinu (JN) uoppoo| dbp pPaz)pIxo ‘uploul||| — |1 (xo)410
|9ADUB pup pups Jo [8ADIB — wniany B1pp
/8/Z\ /| uo usyinbo pups AD|D — wnjAR|py 21pD
zjpnb 8y} Jo 29DJUNS OlujpLUOlUB}OH x flIs — ssao 1so|D

*U0J}pD20| UOI}0BS SSOUD U0 p aunbly asg

"N -0 Uol}08s sso0l) °/ 8inbi4

[8A97 ®vag URS 2A0Qy 393 U] UONeAd[]

14



[ T
olIN | z/) 0

‘sa|Bbup.ponb 35 Jalses)y pup Jalsao|y
'sdowl a|bupdppbnb sjnuiw ¢/ AeAaing
ipo1bojoag 'g'n wod) pseydopp aspq dopw

‘]99) (] = |DAJB}U| ANOJUOD “UOIDAS|S
[onba jo spujod Bujosuu0d BUIT P~

‘|oAB] DBS upawW
9AOQD 199} U] 99DJJNS }d0J4peaq 8y} 4o

UCIDAB[® S8IDOIPUl JBqUINN ‘BloY S8 ..

‘90e}INS (8|eys 9djiue))
)yooupaq ay} jo uoneinbyuo) ‘g ainbi4

082t

1270

1Lzt
6921

99zl

2% A

7

2e

6821

W
£9¢1 B9z}

LLT )
[ J

4315397

N

* S9zl

LJ Y
821 g8zl

L8C1

0871

8LZ1

///lllil\\\\\\\\\\\\\\

onz——" |

092+ Jz9z1>

[ ]
vazl 1921 41
>
bcazl L6Z1

Lt

‘M BY

o

15



f T
oliN | z/1 0

‘sa|Bupippnb 35 J9}sS8o|y PuUD U3}S30|Y
:sdow 8|Bupippnb apnujw G 7 AsAJNS
(poibojoag g wou) pajdopo aspq dop

‘juasqp J48}inby %

‘199 Ul SSauXoly} pabanyps
$81D2pUl JaquinN ‘|jem Buliojluop <z

/861 ‘¢l Atenuep
uo Jajinbe pues zjienb

8yl JO SSauyoly} pajelnieg "6 a.nbiy

8t
se _m- 2E
¥S
z IS
L
oSE
L ]
Lo e
L]
¥ISI0T L b6z
ov
\% o b L] ST
6¢
17 o
Sl . N iZl o
Iz zz 2 S 61
)
&
{
141 21
oG @

M6V o

16



H 1 i
3N | z/\ 0

‘sa|Bupippnb 35 Jaysad|y pup Jalsadly
:sdow a|bupippnb sinuiw g7 Asadng
[poiBojoag g wod} pajdopp espq dop

juasqop Jaj}inby
*UOI§D8JIP MO} J94DM puUNOI

188} G = |DAJDJUl JNO}uU0)
‘aibwixoiddp adeaym paysp( -UO|}DA3|S
[onba }jo sjulod bBujissuuocd aul

‘|eA®| DBs
UDBaW B8AOQD }83} Ul [9A9| JalDMm
saipolpul JaquwinN ‘|jam Bupiojiuopn

"/86L ‘¢l Asenuep
uo Jajinbe pues zjrenb

/

bW%\

e
61¢l

8y} jO 82BLINS D1}8WONUdI0d "0l @4nbig

E)
. geieL
Kel
&,
vzl 0zs)
L J
ezsL
Vﬂmum_ vzsl
\W.\ oJzzet
dzzs
ETCER baig
ezel
. . 07¢!
7751
wigl

:

preel

T |

\EQ
&8
>

LT

‘M 6% ™

17



T T 1
olIN | z/\ 0 m_w

‘sa|bupippnb 35 Jsyseo|y pup Js}ssoly
:sdow a|bupuponb sjnuiw gz Asaung
jpoibojosg s wou} peydppp aspqg dop

18

‘N
6
o |
N 68
S6
L
st 8514
‘sasA|pub A}pnb Jsypm U0} | 8|qD} 88S
‘jussqgp Ja}inby 1'9 )
E 1’67 0°ElL
‘l1Iam Ay10 us}saoly +
(24
‘pasn sopMm
Uo|}DIUBOUOD oM BIDAL
1seybly sy R "
Aluo ‘||am uaalb :
D WOJ} B8|gD|IDAD
spom s|dwps "484Inbp 8y}
suo upy; edow jo je94 g doy v ¢
s18UM UOI|[ILU auy ul SEIEEFIS ot gsd
sad sppd ul lem Buriojiuon
uaboujlu—apajiu
JO UO|DIJUSDUOD Jeinbo Byl N0
Sa|po|pu] Jagquin : o
IPOIPUL ABQUINN |\ Bhosyy pauselos o5 . 100 705 o
‘llem Buliojluon . * 2
-
¥ w
810
-1ajinbe pues zyienb ayj ul
SuoIjeIIUaOUO0D uabouju-alelN ‘Ll @4nbig roon s

\.

M 6% H



Figure 12. Nitrate-nitrogen in Alcester city wells.
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Table 2. Analyses for trace metals and radionuclides in Dakota Formation water

Results from well | Results from well

Parameter Maximum limit’ 630 feet deep’ 440 feet deep’
Arsenic 50 pg/L* <1.0 pg/L <1.0 ug/L
Barium 1,000 pug/L <20 pg/L <20 pg/L
Cadmium 10 ug/L <1‘.0 ug/L <1.0 ug/L
Chromium 50 ug/L <1.0 pg/L 16.8 ug/L
Lead 50 pg/L <1.0 ug/L 14.5 ug/LL
Mercury 2 ug/L <0.2 ug/L <0.2 ug/L
Selenium 10 pg/L <1.0 pg/L <1.0 ug/L
Silver 50 pg/L 1.3 ug/L 1.1 ug/L
Radium 226 see below’ 2.0 +0.6 pCi/L 0.7 + 0.2 pCi/L
Radium 228 see below’ 43+ 1.3 pCi/L 1.7+0.5 pCi/LL

-The maximum limits are from the U.S. Environmental Protection Agency’s Drinking Water Regulations
and Health Advisories published in November 1994,

Sample collected from location of water sample number 51 on figure 3 and table 1.
Sample collected from location of water sample numbers 52 and 53 on figure 3 and table 1.

ug/L - micrograms per liter.

w

Five picoCuries per liter (pCi/L) is the limit for radium 226 + 228 combined.

The water samples were collected on 11/06/86.
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Table 3. Comparison of the average water quality from the quartz sand aquifer
and the Dakota Formation

Quartz sand aquifer Dakota Formation
Northeast of Alcester
Parameter Water samples 1-42' (water samples 43-46) | Water samples 50-53°

Conductivity 1112 1551 1240

Total dissolved solids 769 1235 854
Hardness as CaCO;3 555 881 356

Iron <0.05° see below” 8.00
Manganese see below’ 0.74 see below®
Sulfate 228 656 356
Nitrate+nitrite as nitrogen 15.2 see below’ see below®
Sodium 27 26 130
Calcium 142 239 98
Magnesium 49 69 28
Potassium 3.6 7.8 15.7
Chloride see below’ 3.25 36
Fluoride 0.31 0.43 1.84
Bicarbonate 367 366 314

Results are presented in milligrams per liter except for conductivity which is in micromhos per centimeter. See
table 1 for individual analyses.

1

~N A W A W

Where more than one sample was collected from a well, only the most recent analysis was used in computing the
average. Results from 30 samples were used to compute the average.

Where more than one sample was collected from a well, only the most recent analysis was used in computing the
average. Results from three samples were used to compute the average.

All samples had reported values of <0.05.

Two samples had reported values of <0.05. The other two had concentrations of 0.07 and 0.27.

Twenty-seven samples had reported values of <0.05. Three samples had concentrations of 0.06, 0.28, and 0.32.
One of the samples had a reported value of <0.05. The other two samples had concentrations of 0.09 and 0.17.
Two of the samples had reported values of <0.04 and <0.2. The other two samples had concentrations of 0.04
and 0.18.

Two of the samples had reported values of <0.04 and <0.2. The other sample had a concentration of 0.52.

Two of the samples had a reported value of <2.0. The other 28 samples had concentrations within the
quantification range of the analytical method.
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APPENDIX A

Logs of test holes and monitoring wells

MAP LOCATION (ML)

A number arbitrarily assigned to the log according to the order in which it is listed (see LEGAL
LOCATION and LOCATION). This number corresponds to the numbers shown on figure 2.

LATITUDE and LONGITUDE
The format is DD.MMSS where D is degrees, M is minutes, and S is seconds.

LEGAL LOCATION and LOCATION
The logs are listed by smallest township number, then the smallest range number, the smallest section
number, and then by quarter section: NE = A, NW =B, SW = C, SE = D. A comparison of LEGAL
LOCATION and LOCATION is as follows. A LEGAL LOCATION of NW SE NE SW sec. 15,
T. 95 N., R. 49 W. is the same as a LOCATION of 095N-49W-15CADB. In some LOCATIONS,
the smallest quarter section is followed by the number 1, 2, or 3 which designates that more than one
test hole or monitoring well may exist at that particular location.

DRILLING COMPANY
SDGS is an abbreviation for the South Dakota Geological Survey.

TOTAL DRILL HOLE DEPTH, SCREEN LENGTH, and TOTAL CASING AND SCREEN
The numbers are presented in feet.

CASING STICK-UP

The number is presented in feet above ground surface.

SCREEN TYPE and CASING TYPE

PVC = polyvinyl chloride; MFG. = manufactured - indicates a product that is commercially available;

HM.= an abbreviation for homemade; SCH. is an abbreviation for schedule and refers to casing
thickness.

CASING DIAMETER
The number is presented in inches.
GROUND SURFACE ELEVATION and CASING TOP ELEVATION
The numbers are presented in feet above mean sea level. I - the elevation was determined using a

surveying instrument. T - the elevation was estimated from a 7.5 minute series topographic map.
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County: UNION
Map Location; 1
Legal Location: NE SE SE NE sec. 15, T.095 N.,R. 49 W.
Latitude: 43.0255
Land Owner:
Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS
Driller: M. THOMPSON
Geologist: L. FRYKMAN
Date Drilled: 10-30-1986
Ground Surface Elevation: 1403.08 1
Total Drill Hole Depth: 127
Water Rights Well:
Other Well Name:
Basin: BIG SIOUX
Management Unit:
Screen Type: PVC, HM. AND MFG.
Casing Type: PVC, SCH. 40
Casing Top Elevation: 1405.79 1
Casing Stick-up: 2.71
Well Maintenance Date:
USGS Hydrological Unit Code: 10170203
Electric Log Information:
Spontaneous Potential:
Natural Gamma: X

Location: 095N-49W-15ADDA

Longitude: 96.3629

Driller's Log:
Geologist's Log: X
Drilling Method: ROTARY

Test Hole Number: CO-86-121
SDGS Well Name: CO-86-121

Aquifer:

Screen Length: 20.0
Casing Diameter; 2.0

Total Casing and Screen: 121.0

Single Point Resistivity; X
Extra:

Samples:
0 - 16 Silt, yellow-brown, claycy (locss)

16 - 40 Clay, yellow-brown, stlty, pcbbly; oxidized (till)

40 - 48 Sil(, gray; greasy

48 - 69 Clay, yellow-brown, silty, pebbly; oxidized (till)

69 - 93 Silt, multi-colored, white, browns, grays, claycy (mixture of silts and till?)
93 - 118 Sand, white to light-green, {ine to coarse; predominately quartz and feldspar
118 - 127 Shale, dark-gray; greasy (Carlile Shale)

County: UNION
Map Location: 2
Legal Location: SE SW SE SWsec. 15, T. 095 N..R. 49 W.
Latitude: 43.0226
Land Owner:
Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS
Driller: M. THOMPSON
Geologist: L. FRYKMAN
Date Drilled: 10-08-1985
Ground Surface Elevation: 1403.00 T
Total Drill Hole Depth: 124
USGS Hydrological Unit Code: 10170203
Electric Log Information:
Spontancous Potential:
Natural Gamma:
Samples:
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Location: 095N-49W-15CDCD

Longitude: 96.3714

Driller's Log:
Geologist's Log: X
Drilling Method: ROTARY

Test Hole Number: CQO-85-120

Single Point Resistivity:
Extra:



0 - 1

1 - 6
6 - 109
109 - 116
116 - 124

County: UNION
Map Location: 3

Topsoil, black, silty

Silt, yellow-brown, clayey

Clay, yellow-brown, very silty, pebbly; oxidized; mud collar developed at approximately
60 feet so got poor samples afier that

Gravel, white, fine to medium; predominately quartz

Shale, dark-gray; hard (Carlile Shale)

Location: 095N-49W-16DAAA

Legal Location: NE NE NE SE sec. 16, T. 095 N, R. 49 W.

Latitude: 43.0249
Land Owner:

Longitude: 96.3741

Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS

Driller: M. THOMPSON

Driller's Log:

Geologist: L. FRYKMAN Geologist's Log: X

Date Drilled: 10-30-1986
Ground Surface Elevation
Total Drill Hole Depth: 7

Drilling Method: ROTARY
1 1356.291
7 Test Hole Number: CO-86-122

USGS Hydrological Unit Code: 10170203

Electric Log Information;
Spontaneous Potential:
Natural Gamma: X
Samples:

0 - 15

15 - 19

19 - 38

38 - 59

59 - 77
County: UNION

Map Location: 4

Single Point Resistivity: X
Extra:

Silt, light-reddish-brown, clayey (locss)

Sand, light-yellowish-brown, fine to medium; mainly quartz and feldspar with small
shale fragments

Clay, light-pinkish-grayish-brown, silty; very few pebbles, oxidized (till)

Silt, gray, clayey, sandy (lacustrinc?)

Shale, dark-gray; hard, greasy (Carlilc Shale)

Location: 095N-49W-21AAAA

Legal Location: NE NE NE NE scc. 21, T. 095 N, R. 49 W,

Latitude: 43.0225
Land Owner:

Longitude: 96.3730

Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS

Driller: M. THOMPSON

Driller's Log:

Geologist: L. FRYKMAN Geologist's Log: X

Date Drilled: 10-07-1985

Drilling Mcthod: ROTARY

Ground Surface Elevation: 1368.00 T

Total Drill Hole Depth: 77 Test Hole Number: CO-85-118
USGS Hydrological Unit Code: 10170203

Electric Log Information:
Spontaneous Potential:

Single Point Resistivity:

Natural Gamma: Extra:
Samples:

0 - 1 Topsoil, black

1 - 19 Silt, reddish-brown, claycy

27



9 - 29 Clay, yellow-brown to gray, mottled, silty, pcbbly; oxidized (till)

29 - 54 Clay, gray, silty, pebbly; unoxidized (till)

54 - 59 Sand and gravel, greenish-white, sand medium to coarse, gravel fine to medium,;
predominately quartz and igncous

59 - 713 Clay, light-gray, silty, pcbbly

3 -7 Shale, dark-gray; greasy, hard (Carlile Shalc)

County: UNION
Map Location: 5
Legal Location: NW NE NW NE scc. 21, T. 095 N, R. 49 W.
Latitude: 43.0225
Land Owner:
Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS
Driller: M. THOMPSON
Geologist: L. FRYKMAN
Date Drilled: 10-07-1985
Ground Surface Elevation: 1331.78 1
Total Drill Hole Depth: 57
Water Rights Well:
Other Well Name:
Basin: BIG SIOUX
Management Unit:
Screen Type: PVC, HM. AND MFG.
Casing Type: PVC, SCH. 40
Casing Top Elcvation: 1334.18 1
Casing Stick-up: 2.40
Well Maintenance Date:
USGS Hydrological Unit Code: 10170203
Electric Log Information:
Spontaneous Potential:

Location: 095N-49W-21ABAB

Longitude: 96.3804

Driller's Log:
Geologist's Log: X
Drilling Mcthod: ROTARY

Test Hole Number: CO-85-119
SDGS Well Name: CO-85-119

Aquifer:

Screen Length: 19.0
Casing Diamcter: 2.0

Total Casing and Screen: 54.8

Single Point Resistivity:

Natural Gamma: Extra;
Samples:
0 - 1 Topsoil, black, silty
1 - 16 Silt, reddish-brown, clayey
16 - 29 Clay, yellow-brown, clayey, sandy, pebbly; oxidized (till)
29 - 33 Clay, gray, silty, pebbly; unoxidized (till)
33 - 32 Sand, light-ycllowish-gray, fine to medium; predominately quartz
52 - 537 Shale, dark-gray; greasy, hard (Carlile Shale)

County: UNION

Map Location: 6

Legal Location: SE NE SE NE scc. 21, T. 095 N,, R. 49 W.
Latitude: 43.0207

Land Owner:

Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS

Driller: M. THOMPSON

Geologist: L. FRYKMAN

Date Drilled: 06-07-1985

Ground Surface Elevation: 1337.60 1
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Location: 095N-49W-21ADAD

Longitude: 96.3741

Driller's Log:
Geologist's Log: X
Drilling Method: ROTARY



Total Drill Hole Depth: 37 Test Hole Number: CO-85-20
Water Rights Well:
Other Well Name:

SDGS Well Name: CO-85-20

Basin: BIG SIOUX Aquifer:
Management Unit;

Screen Type: PVC, HM. AND MFG. Screen Length: 12.0
Casing Type: PVC, SCH. 40 Casing Diameter: 2.0

Casing Top Elevation: 1339.84 1

Casing Stick-up: 2.24
Well Maintenance Date:

Total Casing and Screen: 52.6

USGS Hydrological Unit Code: 10170203

Electric Log Information:
Spontaneous Potential:

Natural Gamma:

Samples:

0 -
1 -
13 -
14 -
24 -
39 -

51 -

County: UNION
Map Location: 7

13
14
24
39

51
57

Single Point Resistivity:
Extra:

Topsoil, black, silty

Silt, yellow-brown, clayey

Gravel, brown, fine

Clay, yellow-brown, silty, pebbly; oxidized (till)
Clay, gray, silty, pcbbly; unoxidized (till)

Sand, gray, fine to medium; predominately quartz
Shale, black; greasy (Carlile Shale)

Location: 095N-49W-21BBBA

Legal Location: NE NW NW NW scc. 21, T. 095 N, R. 49 W.
Latitude: 43.0225

Land Owner:

Longitude: 96.3846

Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS

Driller: R. GRAVHOLT

Driller's Log:

Geologist: L. FRYKMAN Geologist's Log: X

Date Drilled: 08-28-1985

Drilling Mcthod: ROTARY

Ground Surface Elevation: 1313.00 T

Total Drill Hole Depth: 70 Test Hole Number: R2-85-91
USGS Hydrological Unit Code: 10170203

Electric Log Information:
Spontaneous Potential:

Natural Gamma:

Samples:

County: UNION

9
33
435

62
70

Single Point Resistivity:
Extra:

Topsoil, black

Clay, brown to gray mottling, silty, pcbbly

Clay, gray to green mottling, silty

Sand and gravel, variegated, sand coarse, gravel [ine to medium; sand and gravel is a
mixture of quartz sand and glacial outwash consisting of igncous, metamorphics and
carbonate rocks; many clay stringers; poor aquifcr material

Clay, gray, silty, sandy

Shale, dark-gray; greasy (Carlile Shalc)

Location: 095N-49W-21CBCB
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Map Location: 8
Legal Location: NW SW NW SWsec. 21, T. 095N, R. 49 W.
Latitude: 43.0151
Land Owner:
Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS
Driller: M. THOMPSON
Geologist: L. FRYKMAN
Date Drilled: 10-10-1985
Ground Surface Elevation: 1336.62 1
Total Drill Hole Depth: 67
Water Rights Well:
Other Well Name:
Basin: BIG SIOUX
Management Unit:
Screen Type: PVC, HM. AND MFG.
Casing Type: PVC, SCH. 40
Casing Top Elevation: 1338.89 1
Casing Stick-up: 2.27
Well Maintenance Date:
USGS Hydrological Unit Code: 10170203
Electric Log Information:
Spontaneous Potential:

Longitude: 96.3850

Driller's Log:
Geologist's Log: X
Drilling Mcthod: ROTARY

Test Hole Number: CO-85-125
SDGS Well Name: CO-85-125

Aquifer:

Screen Length: 25.0
Casing Diameter: 2.0

Total Casing and Screen: 60.7

Single Point Resistivity:

Natural Gamma: Extra:
Samples:
0 - 2 Topsoil, black
2 - 21 Silt, yellow-brown, clayey (locss)
21 - 27 Gravel, brown, medium
27 - 38 Clay, yellow-brown, silty, pebbly, gravelly: oxidized (till)
38 - 39 Gravel, white, fine to medium; predominately quartz and feldspar
59 - 67 Shale, light-gray; greasy, hard (Carlile Shale)

County: UNION

Map Location: 9

Legal Location: NE NE NE NE sec. 22, T. 095 N,,R. 49 W.
Latitude: 43.0225

Land Owner:

Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS

Driller: M. THOMPSON

Geologist: L. FRYKMAN

Date Drilled: 10-28-1986

Ground Surface Elevation: 1400.34 1
Total Drill Hole Depth: 118

Water Rights Well:

Other Well Name:

Basin: BIG SIOUX

Management Unit:

Screen Type: PVC, HM. AND MFG.
Casing Type: PVC, SCH. 40

Casing Top Elevation: 1402.56 1

Casing Stick-up: 2.22
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Location: 0935N-49W-22AAAA

Longitude: 96.3629

Driller's Log:
Geologist's Log: X
Drilling Mcthod: ROTARY

Test Hole Number: "CO-86-119
SDGS Well Name: C0O-86-119

Aquifer:

Screen Length: 20.0
Casing Diameter: 2.0

Total Casing and Screen: 115.0



Well Maintenance Date:
USGS Hydrological Unit Code: 10170203
Electric Log Information:

Spontaneous Potential: Single Point Resistivity:
Natural Gamma: Extra:
Samples:
0o - 15 Silt, yellow-brown, clayey (loess)

15 - 22 Clay, yellow-brown, silly, pebbly; oxidized (till)

22 - 26 Clay, gray, silty, pebbly; unoxidized, greasy (till)

26 - 28 Clay, gray with yellow-brown mottling, silty, pebbly; oxidized (till)

28 - 35 Clay, gray, shaley; unoxidized, greasy (till)

35 - 56 Clay, brown; greasy (lacustrine)

56 - 68 Silt, brown, clayey (lacustrine?)

68 - 75 Clay, yellow-brown and gray motltled, silty; oxidized (till)

75 - 95 Silt, brown to yellow-while, clayey (locss?)

95 - 116 Sand, while to light-green, very coarse; predominalely quartz and feldspar

116 - 118 Shale, dark-gray; greasy (Carlile Shale)

County: UNION Location: 095N-49W-22AABB
Map Location: 10

Legal Location: NW NW NE NE sec. 22, T. 095 N, R. 49 W.

Latitude: 43.0226 Longitude: 96.3644

Land Owner:

Project: ALCESTER NITRATE STUDY

Drilling Company: SDGS

Driller: M. THOMPSON Driller’s Log:
Geologist: L. FRYKMAN Geologist's Log: X
Date Drilled: 10-08-1985 Drilling Method: ROTARY
Ground Surface Elevation: 1369.48 1
Total Drill Hole Depth: 97 Test Hole Number: CO-85-121
Water Rights Well: SDGS Well Name: CO-85-121
Other Well Name:
Basin: BIG SIOUX Aquifer:
Management Unit:
Screen Type: PVC, HM. AND MFG. Screen Length: 19.0
Casing Type: PVC, SCH. 40 Casing Diameter: 2.0
Casing Top Elevation: 1372.18 ]
* Casing Stick-up: 2.70 Total Casing and Screen: 83.6

Well Maintenance Date:
USGS Hydrological Unit Code: 10170203
Electric Log Information:

Sponlaneous Potential: Single Point Resistivity:
Natural Gamma: Extra:
Samples:
0 - 1 Topsoil, black, silty
1 - 8 Silt, dark-brown, clayey
3 - 24 Clay, yellow-brown, very silty, sandy, pcbbly; oxidized (till)
24 - 32 Clay, brownish-gray, silty, pcbbly; litle sand; oxidized (Lill)
32 - 48 Clay, light-gray to gray, very shaley, slightly silty; some fine sand towards bottom of
layer; unoxidized (till)
48 - 33 Clay, brownish-gray to yellowish-gray, silly, very sandy; oxidized (ill)
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64 -
69 -

County: UNION
Map Location: 1

64
69
86
97

1

Silt, greenish-gray, clayey, very sandy

Sand, gray, very fine (o finc; some silt

Gravel, grecnish-gray, fine to medium; predominately quartz and igneous grains
Shale, dark-gray, greasy (Carlile Shale)

Location: 095N-49W-22ADDA

Legal Location: NE SE SE NE sec. 22, T. 095 N, R. 49 W.
Latitude: 43.0204

Land Owner:

Longitude: 96.3629

Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS

Driller: M. THOMPSON

Driller's Log:

Geologist: L. FRYKMAN Geologist's Log: X

Date Drilled: 10-08-1985

Drilling Method: ROTARY

Ground Surface Elevation: 1407.00 T

Total Drill Hole Depth: 117 Test Hole Number: CO-85-122
USGS Hydrological Unit Code: 10170203

Electric Log Information:
Spontaneous Potential:

Natural Gamma:

Samples:

0 - 1

1 - 10

10 - 21

21 - 29

29 - 42

42 - 102

102 - 108

108 - 117

County: UNION

Map Location: 12
Legal Location: NW NW NW SWsec. 22, T. 0953 N, R. 49 W.
Latitude: 43.0156

Land Owner:

Single Point Resistivity:
Extra:

Topsoil, black, silty

Silt, yellow-brown, claycy, bccomes very sandy {rom 6 to 10 feet (loess)

Clay, yellow-brown to gray. mottled, silty, very sandy

Gravel, yellow-brown, finc to medium; contains carbonate and quartz clasts

Clay, yellow-brown to gray, silty, pcbbly; oxidized (till)

Clay, gray, silty, pebbly; unoxidized (till)

Sand and gravel, greenish-white, sand coarse, gravel fine; predominately quartz and
igneous detritus; has some bluish-gray clay stringers in it

Shale, green; greasy, hard, weathered (Carlile Shale?)

Location: 095N-49W-22CBBB

Longitude: 96.3739

Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS

Driller;: M. THOMPSON

Driller's Log:

Geologist: L. FRYKMAN Geologist's Log: X

Date Drilled: 06-06-1983

Drilling Method: ROTARY

Ground Surface Elevation: 133300 T

Total Drill Hole Depth: 47 Test Hole Number: CO-85-19
USGS Hydrological Unit Code: 10170203

Electric Log Information:
Spontancous Potential:

Natural Gamma:

Samples:

0 -

2

Single Point Resistivity:
Extra:

Topsoil, black
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2 - 3 Gravel, brown, {ine to medium

3 - 18 Silt, yellow-brown, clayey (loess)
18 - 19 Gravel, brown, medium
19 - 26 Clay, yellow-brown, silty, pebbly; oxidized (till)
26 ~ 43 Clay, gray, silty, pebbly; unoxidized (till)
43 -~ 47 Shale, dark-gray; greasy (Carlile Shale)
County: UNION Location: 095N-49W-22CBCB

Map Location: 13

Legal Location: NW SW NW SWsec. 22, T. 095 N, R. 49 W.

Latitude: 43.0149 Longitude: 96.3739
Land Owner:

Project: ALCESTER NITRATE STUDY

Drilling Company: SDGS

Driller: M. THOMPSON Driller's Log;:

Geologist: L. FRYKMAN Geologist's Log: X

Date Drilled: 06-06-1983 Drilling Method: ROTARY
Ground Surface Elevation: 1383.00 T

Total Drill Hole Depth: 67 Test Hole Number: CO-85-18

USGS Hydrological Unit Code: 10170203
Electric Log Information:

Spontancous Potential: Single Point Resistivity:
Natural Gamma: Extra:
Samples:
0 - 1 Topsoil, black
1 - 10 Silt, yellow-brown, clayey (locss)
10 - 36 Clay, yellow-brown, silty, pebbly; oxidized (till)
36 - 62 Clay, gray, silty, pebbly; unoxidized (till)
62 - 67 Shale, dark-gray; greasy (Carlile Shale)
County: UNION Location: 095N-49W-22CCBB

Map Location: 14

Legal Location: NW NW SW SW sec. 22, T. 095 N., R. 49 W.

Latitude: 43.0143 Longitude: 96.3739
Land Owner;

Project: ALCESTER NITRATE STUDY

Drilling Company: SDGS

Driller: M. THOMPSON Driller's Log:

Geologist: L. FRYKMAN Geologist's Log: X

Date Drilled: 06-06-1985 Drilling Mecthod: ROTARY
Ground Surface Elevation: 1405.00 T

Total Drill Hole Depth: 97 Test Hole Number: CO-85-17

USGS Hydrological Unit Code: 10170203
Electric Log Information:

Spontancous Potential: Single Point Resistivity:
Natural Gamma: Extra:
Samples:
0 - 2 Topsoil, black, silty
2 - 23 Silt, yellow-brown, sandy, clayey; small thin gravel stringer encountered
23 - 46 Clay, yellow-brown, silty, pcbbly; oxidized (till)
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46 - 89
89 - 97

Clay, gray, silty, pebbly; unoxidized (till)
Shale, dark-gray; hard (Carlile Shale)

County: UNION
Map Location: 15
Legal Location: NW NE NE NW sec. 23, T. 095 N.. R. 49 W.
Latitude: 43.0223
Land Owner:
Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS
Driller: M. THOMPSON
Geologist: L. FRYKMAN
Date Drilled: 10-29-1986
Ground Surface Elevation: 1428.56 1
Total Drill Hole Depth: 158
Water Rights Well:
Other Well Name:
Basin: BIG SIOUX
Management Unit:
Screen Type: PVC, MFG.
Casing Type: PVC, SCH. 40
Casing Top Elevation: 1430.76 1
Casing Stick-up: 2.20
Well Maintenance Date;
USGS Hydrological Unit Code: 10170203
Electric Log Information:
Spontaneous Potential:

Location: 095N-49W-23BAAB

Longitude: 96.3559

Driller's Log:
Geologist's Log: X
Drilling Method: ROTARY

Test Hole Number: C0O-86-120
SDGS Well Name: CO-86-120

Aquifer:

Screen Length: 5.0
Casing Diameter: 2.0

Total Casing and Screen: 147.0

Single Point Resistivity:
Extra:

Sand, white to light-green, medium to coarse; few pebbles, predominately quartz and

Natural Gamma:
Samples:
0o - 9 Silt, yellow-brown, clayey (loess)
9 - 25 Clay, yellow-brown, silty, pebbly; oxidized (till)
25 - 63 Clay, gray, silty, pebbly; unoxidized (till)
63 - 93 Silt, gray, clayey, sandy (lacustrine)
93 - 104 Clay, gray, silty, sandy, pebbly; unoxidized (till)
104 - 108 Silt, gray, slightly sandy
108 - 125 Clay, gray, silty, pebbly; unoxidized (till)
125 - 134 Clay, gray, very silty, becomes progressively sandier; unoxidized (till?)
134 - 136 Sand, fine to medium, rounded; quartz
136 - 142 Silt, light-gray, clayey, sandy
142 - 150
feldspar
150 - 138 Shale, dark-gray; greasy (Carlilc Shale)
County: UNION

Map Location: 16

Legal Location: NE NW NE NE scc. 27, T. 095 N, R. 49 W.
Latitude: 43.0132

Land Owner:

Project: ALCESTER NITRATE STUDY

Drilling Company: SDGS

Driller: M. THOMPSON
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Location: 095N-49W-27AABA

Longitude: 96.3642

Driller's Log:



Geologist: L. FRYKMAN
10-09-1985

Date Drilled:

Geologist's Log: X
Drilling Method: ROTARY

Ground Surface Elevation: 1395.00 T

Total Drill Hole Depth: 137

Test Hole Number: CO-85-123

USGS Hydrological Unit Code: 10170203

Electric Log Information:
Spontaneous Potential:

Natural Gamma:

Samples:

0 - 33

33 - 42

42 - 063

63 - 81

81 - 86

8 - 103

103 - 131

131 - 137

County: UNION

Map Location: 17
Legal Location: NE NW NW NW sec. 27, T. 095 N., R. 49 W.
Latitude: 43.0133

Land Owner:

Single Point Resistivity:
Extra;

Silt, yellow-brown to reddish-brown, claycy (locss)
Clay, yellow-brown to gray, silty, pebbly; oxidized (till)
Clay, olive-gray, silty, pebbly; unoxidized (till)

Clay, gray, silty, pcbbly; unoxidized (till)

Gravel, brown, fine to medium

Clay, gray, silty, very gravelly; unoxidized (till)

Clay, light-gray, silty, sandy, gravelly; unoxidized (till)
Shale, dark-gray; greasy, hard (Carlile Shale)

Location: 095N-49W-27BBBA

Longitude: 96.3733

Project: ALCESTER NITRATE STUDY

Drilling Company: SDGS

Driller: D. ANDERSON

Geologist: L. FRYKMAN

Date Drilled: 06-03-1985

Ground Surface Elevation: 1417.00 T
Total Drill Hole Depth: 147

USGS Hydrological Unit Code: 10170203

Electric Log Information:
Spontancous Potential:

Driller's Log:
Geologist's Log: X
Drilling Method: ROTARY

Test Hole Number: CO-85-09

Single Point Resistivity:

Natural Gamma:

Extra:

Silt, yellow-brown, very sandy (loess)

Clay, ycllow-brown, silty, pebbly: oxidized (till)

Clay, gray, silty; unoxidized

Clay, dark-brown with gray, mottled, silty, pebbly; oxidized (till)

Clay, dark-gray, silty, pebbly; unoxidized (till)

Clay, light-gray with yellow-brown, mottled, silty, pebbly; oxidized (till)

Clay, dark-gray to black to light-gray, silty, slightly pebbly; very hard, unoxidized (till)
Gravel, brown, medium, poorly sorted

Clay, light-gray, silty, pcbbly; poorly sorted gravel at 84 to 86 feet; unoxidized (till)
Clay, gray, very silty; soft (locss?)

Sand. light-brown, fine to very fine; coarse sand stringer at 138 to 139 feet; may be
lightly cemented from 139 to 140 feet

Sand, white, coarse. subrounded: contains light-green clasts, mainly igneous fragments-

Samples:

0 - 11
11 - 14
14 - 21
21 - 36
36 - 49
49 - 63
63 - 69
69 - 70
70 - 110

110 - 125
125 - 140
140 - 143
quartz
143 - 147

Shale, dark-gray; greasy (Carlile Shale)
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County: UNION
Map Location: 18
Legal Location: NE SE SW NW sec. 27, T. 095 N, R. 49 W,
Latitude: 43.0112
Land Owner:
Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS
Driller: M. THOMPSON
Geologist: L. FRYKMAN
Date Drilled: 06-05-1985
Ground Surface Elevation: 1361.88 I
Total Drill Hole Depth: 87
Water Rights Well:
Other Well Name:
Basin: BIG SIOUX
Management Unit;
Screen Type: PVC, HM. AND MFG.
Casing Type: PVC, SCH. 40
Casing Top Elevation: 1365.14 1
Casing Stick-up: 3.28
Well Maintenance Date:
USGS Hydrological Unit Code: 10170203
Electric Log Information:
Spontaneous Potential:

Location: 095N-49W-27BCDA

Longitude: 96.3723

Driller's Log:
Geologist's Log: X
Drilling Method: ROTARY

Test Hole Number: CO-85-14
SDGS Well Name: CO-85-14

Aquifer:

Screen Length: 35.0
Casing Diameter: 2.0

Total Casing and Screen: 85.9

Single Point Resistivity:

Natural Gamma: Extra:
Samples:
0 - 1 Topsoil, black, silty
1 - 15 Silt, yellow-brown, clayey; oxidized
15 - 24 Gravel, brown, {ine to medium
24 - 44 Clay, yellow-brown, silty (till?)
44 - 8l Sand and gravel, white, fine sand, fine to medium gravel; predominately quartz
81 - 87 Shale, dark-gray; greasy (Carlile Shalc)
County; UNION Location: 095N-49W-27CCBB

Map Location: 19

Legal Location: NW NW SW SW sec. 27, T. 095 N.,R. 49 W.

Latitude: 43.0053

Land Owner:

Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS

Driller: M. THOMPSON

Geologist: L. FRYKMAN

Date Drilled: 06-07-1985

Ground Surface Elevation: 1373.82 1
Total Drill Hole Depth: 107

Water Rights Well:

Other Well Name:

Basin; BIG SIOUX

Management Unit:

Screen Type: PVC, HM. AND MFG.
Casing Type: PVC, SCH. 40

36

Longitude: 96.3739

Driller's Log:
Geologist's Log: X
Drilling Method: ROTARY

Test Hole Number: CO-85-22
SDGS Well Name: CO-85-22

Aquifer:

Screen Length: 7.0
Casing Diameter: 2.0



Casing Top Elevation: 1376.65 1

Casing Stick-up: 2.83
Well Maintenance Date:

Total Casing and Screen: 103.5

USGS Hydrological Unit Code: 10170203

Electric Log Information:
Spontaneous Potential:

Natural Gamma:

Samples:

0 -
1 -

8 -
36 -
67 -
.94 -
101 -

36
67
94
101
107

County: UNION

Map Location: 20
Legal Location: SE SE SE SE sec. 27, T. 095 N, R. 49 W.
Latitude: 43.0041

Land Owner:

Single Point Resistivity:
Extra:

Topsoil, black

Silt, yellow-brown, claycy (locss)

Clay, yellow-brown, silty, pebbly; oxidized (lill)

Clay, gray, silty, pcbbly; unoxidized (till)

Clay, tan, silty, pebbly, gravelly; oxidized (till)

Sand and gravel, white, coarse sand, fine gravcl; predominately quartz and feldspar
Shale, dark-gray; greasy (Carlile Shale)

Location: 093N-49W-27DDDD

Longitude: 96.3631

Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS

Driller: M. THOMPSON

Driller's Log:

Geologist: L. FRYKMAN Geologist's Log: X

Date Drilled:

10-09-1985

Drilling Method: ROTARY

Ground Surface Elcevation: 1443.00 T

Total Drill Hole Depth: 167 Test Hole Number: CO-85-124
USGS Hydrological Unit Code: 10170203

Electric Log Information:
Spontaneous Potential:

Natural Gamma:

Samples:

0 -

1 -
34 -
49 -
78 -
122 -
154 -
156 -

34
49
78
122
154
156
167

County: UNION

Map Location: 21
Legal Location: NW NE NE NE scc. 28, T. 095 N., R. 49 W,
Latitude: 43.0130

Land Owner:

Single Point Resistivity:
Extra:

Topsoil, black, silty

Silt, yellow-brown, clayey (locss)

Clay, ycllow-brown, silly, pcbbly, gravelly; oxidized (till)
Clay, gray, silty, pcbbly; unoxidized (till)

Clay, olive-gray, silty, pebbly; unoxidized (till)

Clay, gray, silty, pcbbly; unoxidized, rock at 154 feet (till)
Gravel, while, finc to medium; predominately quartz
Shale, light-gray; greasy, hard (Carlile Shale)

Location: 095N-49W-28AAAB

Longitude: 96.3746

Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS

Driller: D. ANDERSON

Driller's Log:
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Geologist: L. FRYKMAN
Date Drilled: 05-28-1985
Ground Surface Elevation: 141713 1
Total Drill Hole Depth: 158
Water Rights Well:
Other Well Name:
Basin: BIG SIOUX
Management Unit:
Screen Type: PVC, HM. AND MFG.
Casing Type: PVC, SCH. 40
Casing Top Elevation: 1419.03 1
Casing Stick-up: 1.90
Well Maintenance Date:
USGS Hydrological Unit Code: 10170203
Electric Log Information:
Spontaneous Potential: X
Natural Gamma: X

Geologist's Log: X
Drilling Method: ROTARY

Test Hole Number: C0O-85-01
SDGS Well Name: CO-85-01

Aquifer:

Screen Length: 40.0
Casing Diameter: 2.0

Total Casing and Screen: 140.6

Single Point Resistivity: X
Extra:

Samples:
0o - 15 Silt, yellow-brown, clayey (locss)
15 - 43 Clay, yellow-brown, silty, sandy, pebbly; oxidized (till)
43 - 062 Silt, yellow-brown, very sandy (locss?)
62 - 72 Clay, yellow-brown, silty, very sandy; oxidized (till)
72 - 78 Clay, dark-gray, silty, sandy; gives a very pronounced kick to the right on the natural-
gamma clectric log
78 - 100 Clay, light-gray to dark-brown, silty, sandy; unoxidized (till)
100 - 140 Sand, white, fine to coarse; sand composed predominately of white quartz, pink and
light-green feldspars, no shale clasts noticed
140 - 158 Shale, gray; greasy (Carlile Shale)

County: UNION
Map Location: 22

Legal Location: NE NE NW NE scc. 28, T. 095 N, R. 49 W.

Latitude: 43.0132

Land Owner:

Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS

Driller: D. ANDERSON

Geologist: L. FRYKMAN

Date Drilled: 05-29-1985

Ground Surface Elevation: 1365.411
Total Drill Hole Depth: 96

Water Rights Well:

Other Well Name:

Basin: BIG SIOUX

Management Unit:

Screen Type: PVC, HM. AND MFG.
Casing Type: PVC, SCH. 40

Casing Top Elevation: 1368.191

Casing Stick-up: 2.78

Well Maintenance Date:

USGS Hydrological Unit Code: 10170203
Electric Log Information;

38

Location: 095N-49W-28ABAA

Longitude: 96.3800

Driller's Log:
Geologist's Log: X
Drilling Method: ROTARY

Test Hole Number: C0-85-02
SDGS Well Name: CO-85-02

Aquifer:

Screen Length: 33.0
Casing Diameter: 2.0

Total Casing and Screen: 82.1



Spontaneous Potential: X Single Point Resistivity: X

Natural Gamma: X
Samples:

0 - 3

5 - 17
17 - 27
27 - 30
30 - 44
44 - 83
83 - 96

County: UNION

Map Location: 23

Legal Location: NW NW
Latitude: 43.0132

Land Owner:

Extra:

Topsoil, black

Silt, reddish-brown, clayey (loess)

Silty, brown, claycy, very sandy (till)

Clay, reddish-brown, silty (palcosol)

Clay, yellowish-brown, very silty (till)

Sand, white, medium to coarse; composed of white quartz, pink and light-green
feldspars, no shale clasts noticed

Shale, gray; greasy (Carlile Shale)

Location: 095N-49W-28ABBB 1

NW NE scc. 28, T. 095 N, R. 49 W.
Longitude: 96.3815

Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS

Driller: D. ANDERSON Driller's Log;:

Geologist: L. FRYKMAN Geologist's Log: X

Date Drilled: 05-29-1985 Drilling Method: ROTARY
Ground Surface Elevation: 1338751

Total Drill Hole Depth: 37 Test Hole Number: CO-85-03
Water Rights Well: SDGS Well Name: CO-85-03
Other Well Name:

Basin: BIG SIOUX Aquifer:

Management Unit:

Screen Type: PVC, HM. AND MFG. Screen Length: 25.0

Casing Type: PVC, SCH. 40 Casing Diameter: 2.0

Casing Top Elevation: 1341.00 I

Casing Stick-up: 2.25
Well Maintenance Date;

Total Casing and Screen: 46.6

USGS Hydrological Unit Code: 10170203

Electric Log Information:
Spontancous Potential:
Natural Gamma:

Samples:
0 - 3
3 - 20
20 - 45
45 - 47
47 - 36
56 - 57

County: UNION
Map Location: 24
Legal Location: NW NW

Single Point Resistivity:
Extra:

Topsoil, black

Silt, yellowish-brown, reddish-brown from 10 to 16 fect, mottled, clayey, very sandy
from 16 (o 20 feet (locss)

Sand, wlite, coarse, pebbly; composed of white quartz, pink and light-green feldspars
and quartz, no shale clasts noticed

Clay, dark-red-brown, silty (palecosol?)

Clay, white, very silty, sandy

Shale, dark-gray; greasy (Carlile Shale)

Location: 095N-49W-28ABBB 2

NW NE sec. 28, T. 093 N.,, R. 49 W.
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Latitude: 43.0132

Land Owner:

Project: ALCESTER NITRATE STUDY

Drilling Company: SDGS

Driller: D. ANDERSON

Geologist: L. FRYKMAN

Date Drilled; 05-29-1985

Ground Surface Elevation: 1338.751

Total Drill Hole Depth: 25

Water Rights Well:

Other Well Name:

Basin: BIG SIOUX

Management Unit:

Screen Type: PVC, MFG.

Casing Type: PVC, SCH. 40

Casing Top Elevation: 1341.051

Casing Stick-up: 2.30

Well Maintenance Date:

USGS Hydrological Unit Code: 10170203

Electric Log Information:
Spontancous Potential:

Longitude: 96.3814

Driller's Log:
Geologist's Log: X
Drilling Method: ROTARY

Test Hole Number: CO-85-04
SDGS Well Name: CO-85-04

Aquifer:

Screen Length: 5.0
Casing Diameter: 2.0

Total Casing and Screen: 26.3

Single Point Resistivity:

Natural Gamma: Extra:
Samples:
0 - 3 Topsoil, black
3 - 20 Silt, yellow-brown, clayey, very sandy from 16 to 20 fect; mottled (loess)
20 - 23 Sand, white, coarsc; composed of white quartz, pink and light-green feldspars and
quartz, no shale clasts noticed
County: UNION Location; 095N-49W-28ACBA 1

Map Location: 23

Legal Location: NE NW SW NE sec. 28, T. 095 N.,R. 49 W.

Latitude: 43.0118

Land Owner:

Project: ALCESTER NITRATE STUDY

Drilling Company: SDGS

Driller: D. ANDERSON

Geologist: L. FRYKMAN

Date Drilled: 05-30-1985

Ground Surface Elevation: 1335.17 1

Total Drill Hole Depth: 20

Water Rights Well:

Other Well Name:

Basin: BIG SIOUX

Management Unit:

Screen Type: PVC, MFG.

Casing Type: PVC, SCH. 40

Casing Top Elevation: 1337.94 1

Casing Stick-up: 2.77

Well Maintenance Date:

USGS Hydrological Unit Code: 10170203

Electric Log Information:
Spontancous Potential:

40

Longitude: 96.3809

Driller's Log:
Geologist's Log: X
Drilling Mcthod: ROTARY

Test Hole Number: CO-85-05
SDGS Well Name: CQ-85-05

Aquifer:

Screen Length:
Casing Diameter: 2.0

Total Casing and Screen: 20.5

Single Point Resistivity:



Natural Gamma: Extra:
Samples:
0 - 2 Topsoil, black
2 - 15 Silt, yellow-brown, clayey (locss)
15 - 20 Sand, white, fine; composed of white quartz, pink feldspar

County: UNION
Map Location:; 26
Legal Location: NE NW SW NE scc. 28, T. 095 N, R. 49 W,
Latitude: 43.0118
Land Owner:
Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS
Driller: M. THOMPSON
Geologist: L. FRYKMAN
Date Drilled: 06-04-1985
Ground Surface Elevation: 1335.160 1
Total Drill Hole Depth: 66
Water Rights Well:
Other Well Name:
Basin: BIG SIOUX
Management Unit:
Screen Type: PVC, HM. AND MFG.
Casing Type: PVC, SCH. 40
Casing Top Elevation: 1338.11 1
Casing Stick-up: 2.95
Well Maintenance Date:
USGS Hydrological Unit Code: 10170203
Electric Log Information:
Spontaneous Potential:

Location: 095N-49W-28ACBA 2

Longitude: 96.3809

Driller's Log:
Geologist's Log: X
Drilling Method: ROTARY

Test Hole Number: CO-85-10
SDGS Well Name: CO-85-10

Aquifer:

Screen Length: 39.0
Casing Diameter: 2.0

Total Casing and Screcn: 58.6

Single Point Resistivity:

Natural Gamma: Extra:
Samples:
0 - 2 Topsoil, black
2 - 15 Silt, yellow-brown, clayey (loess)
15 - 56 Sand, white, {inc to medium; predominately quartz
56 - 66 Shale, dark-gray; greasy (Carlile Shalc)

County: UNION

Map Location; 27

Legal Location: NW SE SW NE scc. 28, T. 095 N.,R. 49 W.
Latitude: 43.0112

Land Owner:

Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS

Driller: D. ANDERSON

Geologist: L. FRYKMAN

Date Drilled: 05-30-1985

Ground Surface Elevation: 1341.23 1
Total Drill Hole Depth: 36

Water Rights Well:

41

Location: 095N-49W-28ACDB 1

Longitude: 96.3805

Driller's Log:
Geologist's Log: X
Drilling Method: ROTARY

Test Hole Number: CO-85-06
SDGS Well Name; CO-85-06



Other Well Name:

Basin: BIG SIOUX Aquifer;

Management Unit:

Screen Type: PVC, MFG. Screen Length: 5.0

Casing Type: PVC, SCH. 40 Casing Diameter: 2.0

Casing Top Elevation: 1342.88 I

Casing Stick-up: 2.65 Total Casing and Scrcen; 38.3

Well Maintcnance Date:
USGS Hydrological Unit Code: 10170203
Electric Log Information:

Spontaneous Potential: | Single Point Resistivity:
Natural Gamma: Extra:
Samples:
0 - 4 Topsoil, dark-brown
4 - 17 Silt, yellow-brown, clayey; somc sand, oxidized; moist
17 - 23 Sand, light-gray-brown, very fine, very silty, claycy; composcd mainly of quartz sand;
oxidized; moist (locss)
25 - 35 Sand, yellowish-gray, very fine, very silty, clayey; composced mainly of quartz sand;
oxidized; saturated (locss)
35 - 43 Sand, white, finc to medium; predominately quartz
County: UNION Location: 095N-49W-28ACDB 2

Map Location: 28

Legal Location: NW SE SW NE scc. 28, T. 095 N, R. 49 W.

Latitude: 43.0112 Longitude: 96.3804
Land Owner;

Project: ALCESTER NITRATE STUDY

Drilling Company: SDGS

Driller: M. THOMPSON Driller's Log:

Geologist; L. FRYKMAN Geologist's Log: X

Date Drilled: 06-04-1985 Drilling Method: ROTARY
Ground Surface Elevation: 1341.241

Total Drill Hole Depth: 77 Test Hole Number: CO-85-11
Water Rights Well: SDGS Well Name: CO-85-11
Other Well Name:

Basin: BIG SIOUX Aquifer:

Management Unit:

Screen Type: PVC, HM. AND MFG. Sereen Length: 26.0

Casing Type: PVC, SCH. 40 Casing Diamecter: 2.0

Casing Top Elevation: 1343.901

Casing Stick-up: 2.66 Total Casing and Screen: 64.0

Well Maintenance Date:
USGS Hydrological Unit Code: 10170203
Electric Log Information:

Spontaneous Potential: Single Point Resistivity:
Natural Gamma: Extra:
Samples:
0 - 4 Topsoil, dark-brown
4 - 17 Silt, yellow-brown, clayey: some sand. oxidized; moist
17 - 25 Sand, light-gray-brown, very fine, very silty, clayey; composed mainly of quartz sand,

oxidized; moist (locss)
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25 - 35 Sand, yellowish-gray, very fine, very silty, clayey; composed mainly of quartz sand;

oxidized; saturated (locss)

35 - 62 Sand, white, line to medium; predominately quartz

62 - 77 Shale, dark-gray; greasy (Carlile Shalc)

County: UNION
Map Location: 29
Legal Location: NW SE SW NE scc. 28, T. 0953 N, R. 49 W.
Latitude: 43.0112
Land Ovwner:
Project: ALCESTER NITRATE STUDY
'Drilling Company: SDGS
Driller: K. WUNDER
Geologist: L. FRYKMAN
Date Drilled: 01-28-1986
Ground Surface Elevation: 1341.00 T
Total Drill Hole Depth: 43
USGS Hydrological Unit Code: 10170203
Electric Log Information:
Spontaneous Potential:

Location: 095N-49W-28ACDB 3

Longitude: 96.3805

Driller's Log:
Geologist's Log: X
Drilling Method: AUGER

Test Hole Number; A2-86-01

Single Point Resistivity:

Natural Gamma: Extra:
Samples:
0 - 4 Topsoil, dark-brown
4 - 17 Silt, ycllow-brown, claycy; some sand, oxidized; moist (locss)
17 - 25 Sand. light-gray-brown. very fine, very silty, claycy; composed mainly of quartz sand,
oxidized; moist (locss)
25 - 35 Sand, yellowish-gray, very fine, very silty, clayey; composed mainly of quartz sand,
oxidized; saturated (loess)
35 - 43 Sand, white, line 1o medium; predominately quartz

County: UNION

Map Location: 30

Legal Location: NW SW SE NE scc. 28, T. 095 N, R. 49 W.
Latitude: 43.0110

Land Owner:

Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS

Driller;: M. THOMPSON

Geologist: L. FRYKMAN

Date Drilled: 06-04-1985

Ground Surface Elevation: 1348.13 [
Total Drill Hole Depth: 77

Water Rights Well:

Other Well Name:

Basin: BIG SIOQUX

Management Unit:

Screen Type: PVC, HM. AND MFG.
Casing Type: PVC, SCH. 40

Casing Top Elevation: 1350.63 [
Casing Stick-up: 2.30

Well Maintenance Date:

43

Location: 095N-49W-28ADCB 1

Longitude: 96.3754

Driller's Log:
Geologist's Log: X
Drilling Method: ROTARY

Test Hole Number: CO-85-12
SDGS Well Name: CO-85-12

Aquifer:

Screen Length: 27.0
Casing Diameter: 2.0

Total Casing and Screen: 73.4



USGS Hydrological Unit Code: 10170203
Electric Log Information:

Spontancous Potential: Single Point Resistivity:
Natural Gamma: Extra;
Samples:
0 - 1 Topsoil, black
1 - 37 Silt, yellow-brown, clayey; oxidized (locss)
37 - 73 Sand and gravel, white, medium to coarse sand, fine to medium gravel; predominately
quartz and feldspar
73 - 77 Shale, dark-gray; greasy (Carlile Shalc)
County: UNION Location: 095N-49W-28ADCB 2

Map Location: 31

Legal Location: NW SW SE NE sec. 28, T. 095 N, R. 49 W.

Latitude; 43.0110 Longitude: 96.3755
Land Owner:

Project: ALCESTER NITRATE STUDY

Drilling Company: SDGS

Driller: M. THOMPSON Driller's Log:

Geologist: L. FRYKMAN Geologist's Log: X

Date Drilled: 06-04-1985 Drilling Mcthod: ROTARY
Ground Surface Elevation: 1347.98 |

Total Drill Hole Depth: 47 Test Hole Number: CO-85-13
Water Rights Well: SDGS Well Name: CO-85-13
Other Well Name:

Basin: BIG SIOUX Aquifer:

Management Unit:

Screen Type: PVC, MFG. Screen Length: 5.0

Casing Type: PVC, SCH. 40 Casing Diameter: 2.0

Casing Top Elevation: 1350.77 1 ’

Casing Stick-up: 2.79 Total Casing and Screen: 45.4

Well Maintenance Date:
USGS Hydrological Unit Code: 10170203
Electric Log Information;

Spontancous Potential: Single Point Resistivity:
Natural Gamma: Extra:
Samples:
0 - | Topsoil, black
I - 37 Silt, yellow-brown, clayey; oxidized (locss)
37 - 47 Sand and gravel, white, medium to coarsc sand, finc to medium gravel;
County: UNION Location: 095N-49W-28ADCB 3

Map Location: 32

Legal Location: NW SW SE NE scc. 28, T. 095 N, R. 49 W.

Latitude: 43.0110 Longitude: 96.3754
Land Owner:

Project: ALCESTER NITRATE STUDY

Drilling Company: SDGS

Driller: M. JARRETT Driller's Log:
Geologist: L. FRYKMAN Geologist's Log: X
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Date Drilled: 09-29-1986 Drilling Method: AUGER

Ground Surface Elevation: 1348.00 T

Total Drill Hole Depth: 38 Test Hole Number: A1-86-329

USGS Hydrological Unit Code: 10170203
Electric Log Information:

Spontaneous Potential: Single Point Resistivity:
Natural Gamma: Extra;
Samples:
o - 1 Topsoil, black, silty
1 - 3 Silt, light-tan-brown; moist (loess)
5 - 13 Silt, tan-brown, clayey; moist
13 - 18 Clay, pale-whitish-gray-brown, very silty; moist (loess?)
18 - 20 Clay, whitish-gray-brown, very silty; moist (locss?)
20 - 28 Clay, palc-whitish-gray-brown, very silty; moist (locss?)
28 - 34 Silt, whitish-gray, very clayey, very sandy; moist, sand is fine (loess?)
34 - 38 Sand. whitish-gray, finc to medium. silty: saturated, predominately quartz
County: UNION Location: 095N-49W-28DABA

Map Location: 33
Legal Location: NE NW NE SE scc. 28, T. 095 N.,R. 49 W.

Latitude: 43.0104 Longitude: 96.3749

Land Owner:
Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS

Driller: D. ANDERSON Driller's Log:

Geologist: L. FRYKMAN Geologist's Log: X

Date Drilled: 06-03-1985 Drilling Mcthod: ROTARY
Ground Surface Elevation: 1338.26 1

Total Drill Hole Depth: 75 Test Hole Number: CO-85-08
Water Rights Well: SDGS Well Name: CO-85-08
Other Well Name;

Basin: BIG SIOUX Aquifer:

Management Unit:

Screen Type: PVC, HM. AND MFG. Screen Length: 30.0

Casing Type: PVC, SCH. 40 Casing Diameter: 2.0

Casing Top Elevation: 1340.821

Casing Stick-up: 2.56 Total Casing and Screcen: 67.7

Well Maintenance Date:
USGS Hydrological Unit Code: 10170203
Electric Log Information:

Spontancous Potential: Single Point Resistivity:
Natural Gamma: Extra:
Samples:
0o - 5 Topsoil, black
5 - 15 Silt, yellow-brown, clayey, very sandy from 13 to 15 feet (alluvium)
15 - 33 Sand, dark-brown, fine to medium, poorly sorted
33 - 68 _Sand, white, finc to coarse, poorly sorted; predominately quartz and feldspar
68 - 75 Shale, dark-gray; greasy (Carlile Shalc)
County: UNION Location: 095N-49W-28DCDC
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Map Location: 34
Legal Location;: SW SE SW SE scc. 28, T. 095 N, R. 49 W.
Latitude: 43.0041
Land Owner:
Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS
Driller: D. ANDERSON
Geologist: L. FRYKMAN
Date Drilled: 05-30-1985
Ground Surface Elevation: 1342.99 [
Total Drill Hole Depth: 95
Water Rights Well:
Other Well Name:
Basin: BIG SIOUX
Management Unit:
Screen Type: PVC, HM. AND MFG.
Casing Type: PVC, SCH. 40
Casing Top Elevation: 1345.27 I
Casing Stick-up: 2.28
Well Maintenance Date:
USGS Hydrological Unit Code: 10170203
Electric Log Information:
Spontancous Potential:

Longitude: 96.3807

Driller's Log:
Geologist's Log: X
Drilling Method: ROTARY

Test Hole Number: CO-85-07
SDGS Well Name: CO-85-07

Aquifer:

Screen Length: 40.0
Casing Diameter: 2.0

Total Casing and Screen: 64.1

Single Point Resistivity:

Natural Gamma: Extra:
Samples:
0 - 9 Topsoil, black, silty, clayey, sandy
9 - 16 Silt, yellow-brown, clayey, very sandy from 15 to 16 feet; oxidized (alluvium)
16 - 20 Sand, brown, fine to medium, very silty, clayey (alluvium)
20 - 24 Gravel, whilte, fine; has white silt or clay stringer; predominately quartz grains
24 - 33 Sand, white, medium to coarse; with some gravel; predominately quartz grains
33 - 66 Sand, white, coarse, contains quartz and feldspar
66 - 75 Sand, white, fine; with white clay stringers; predominately quarlz
75 - 95 Shale, dark-gray; greasy (Carlile Shale)

County: UNION

Map Location: 35

Legal Location: SE SE SE SE sec. 28, T. 095 N., R. 49 W.
Latitude; 43.0041

Land Owner:

Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS

Driller: M. THOMPSON

Geologist: L. FRYKMAN

Date Drilled: 06-07-1985

Ground Surface Elevation: 1386.29 1
Total Drill Hole Depth: 127

Water Rights Well:

Other Well Name:

Basin: BIG SIOUX

Management Unit:

Screen Type: PVC, HM. AND MFG.
Casing Type: PVC, SCH. 40
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Location: 093N-49W-28DDDD

Longitude: 96.3740

Driller's Log:
Geologist's Log: X
Drilling Method: ROTARY

Test Hole Number: CO-85-21
SDGS Well Name: C0O-85-21

Aquifer:

Screen Length: 46.0
Casing Diameter: 2.0



Casing Top Elcvation: 1388.39 1
Casing Stick-up: 2.10
Well Maintcnance Date:
USGS Hydrological Unit Code: 10170203
Electric Log Information:
Spontancous Potential:

Total Casing and Screen: 120.8

Single Point Resistivity:

Natural Gamma: Extra:
Samples:
0 - 1 Topsoil, black
1 - 10 Sil, yellow-brown, clayey (locss)

10 - 34 Clay, yellow-brown, silty, pcbbly; oxidized (lill)

34 - 73 Clay, gray, silty, pebbly; unoxidized (till)

73 - 76 Clay, tan, silty, pebbly: hit hard spot at 73 feet, rock(?); oxidized (till)

76 - 123 Sand and gravel, white, coarse sand, fine gravel; predominately quartz and feldspar

123 - 127 Shale, dark-gray; greasy (Carlile Shale)

County: UNION

Map Location: 36

Legal Location: SE SE NE NE scc. 29, T. 095 N.,R. 49 W.
Latitude: 43.0120

Land Ovvner:

Project: ALCESTER NITRATE STUDY

Drilling Company: SDGS

Driller: M. THOMPSON Driller's Log;:

Geologist: L. FRYKMAN Geologist's Log: X

Date Drilled: 06-05-1985 Drilling Mcthod: ROTARY
Ground Surface Elevation: 1315971
Total Drill Hole Depth: 57

Water Rights Well:

Other Well Name:

Location: 095N-49W-29AADD 1

Longitude: 96.3851

Test Hole Number: CO-85-15
SDGS Wecll Name: CO-85-15

Basin: BIG SIOUX

Management Unit:

Screen Type: PVC, HM. AND MFG.
Casing Type: PVC, SCH. 40

Casing Top Elevation: 1318.60 1
Casing Stick-up: 2.63

Aquifer:

Screen Length: 28.0
Casing Diameter; 2.0

Total Casing and Screen: 53.7

Well Maintenance Date:
USGS Hydrological Unit Code: 10170203
Electric Log Information:

Spontaneous Potential: Single Point Resistivity:

Natural Gamma: Extra:
Samples:
0 - 2 Topsoil, black, silty
2 - 14 Silt, yellow-brown to dark-brown, clayey: oxidized (alluvium)
14 - 22 Clay, gray, very silty (alluvium)
22 - 3l Sand and gravel, white, sand coarse, gravel fine to medium; sand had iron concretions;
predominately quartz with a few small clay stringers
51 - 57 Shale, dark-gray; greasy (Carlile Shale)

County: UNION Location: 095N-49W-29AADD 2
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Map Location: 37

Legal Location: SE SE NE NE scc. 29, T. 095 N.,, R. 49 W,

Latitude: 43.0120

Land Owner:

Project: ALCESTER NITRATE STUDY

Drilling Company: SDGS

Driller; M. THOMPSON

Geologist: L. FRYKMAN

Date Drilled: 06-05-1985

Ground Surface Elevation: 1316.13 1

Total Drill Hole Depth: 27

Water Rights Well:

Other Well Name:

Basin: BIG SIOUX

Management Unit:

Screen Type: PVC, MFG.

Casing Type: PVC, SCH. 40

Casing Top Elevation: 1318.43 1

Casing Stick-up: 2.30

Well Maintenance Date;

USGS Hydrological Unit Code: 10170203

Electric Log Information:
Spontaneous Potential:

Longitude: 96.3851

Driller's Log:
Geologist's Log: X
Drilling Method: ROTARY

Test Hole Number: CO-85-16
SDGS Well Name: CO-85-16

Aquifer:

Screen Length: 5.0
Casing Diameter: 2.0

Total Casing and Screen: 27.8

Single Point Resistivity:

Natural Gamma;: Extra:
Samples:
0 - 2 Topsoil, black, silty
2 - 14 Silt, yellow-brown to dark-brown, clayey; oxidized (alluvium)
14 - 22 Clay, gray, very silty (alluvium)
22 - 27 Sand and gravel, white, sand coarse, gravel fine to medium; predominately quartz

County: UNION
Map Location: 38

Legal Location: NW NW NW NW scc. 33, T. 095 N,,R. 49 W.

Latitude: 43.0039

Land Oswner:

Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS

Driller: C. SCHMIG

Geologist: L. FRYKMAN

Date Drilled;: 08-28-1985

Ground Surface Elevation: 1389.17 1
Total Drill Hole Depth: 140

Water Rights Well:

Other Well Name:

Basin: BIG SIOUX

Management Unit:

Screen Type: PVC, HM. AND MFG.
Casing Type: PVC, SCH. 40

Casing Top Elevation: 1392.87 1

Casing Stick-up: 3.70

Well Maintenance Date:

USGS Hydrological Unit Code: 10170203
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Location: 095N-49W-33BBBB

Longitude: 96.3850

Driller's Log:
Geologist's Log: X
Drilling Method: ROTARY

Test Hole Number: R2-85-92
SDGS Well Name: R2-85-92

Aquifer:

Screen Length: 60.0
Casing Diameter: 2.0

Total Casing and Screen: 124.8



Electric Log Information:

Spontaneous Potential: Single Point Resistivity: X
Natural Gamma: X Extra:
Samples:
0 - 1 Topsoil, black
1 - 17 Silt, yellow-brown, claycy, sandy; oxidized (locss)
17 - 29 Clay, brown to yellow-brown, silty, sandy: firm, oxidized (till)
29 - 40 Clay, light-gray to brown, mottled, silty, sandy, pcbbly; [irm, oxidized (till)
40 - 47 Sand, brown, medium to coarsc
47 - 31 Clay, pinkish-brown, silty, sandy; oxidized (paleosol?)
51 - 57 Clay, light-brown to gray-brown, mottled, silty, sandy; oxidized (till)
57 - 123 Sand and gravel, pinkish-white, coarse sand, fine gravel; predominately quartz and
feldspar; various clay lenses at 81 to 84 feet and more below 100 feet
123 - 140 Shale, dark-gray; greasy (Carlile Shale)
County: UNION Location: 0953N-49W-33CBBB 1

Map Location: 39

Legal Location: NW NW NW SWsec. 33, T. 093 N, R. 49 W.

Latitude: 43.0013 Longitude: 96.3850
Land Ovwner:

Project: ALCESTER NITRATE STUDY

Drilling Company: SDGS

Driller: M. THOMPSON Driller's Log:

Geologist: L. FRYKMAN Geologist's Log: X

Date Drilled: 10-31-1986 Drilling Mcthod: ROTARY
Ground Surface Elevation: 1411.94 1

Total Drill Hole Depth: 157 Test Hole Number: CO-86-123
Water Rights Well: SDGS Well Name: CO-86-123
Other Well Name:

Basin: BIG SIOUX Aquifer:

Management Unit:

Screen Type: PVC, HM. AND MFG. Screen Length: 45.0

Casing Type: PVC, SCH. 40 Casing Diameter: 2.0

Casing Top Elevation: 1414.07 ]

Casing Stick-up: 2.13 Total Casing and Screen: 136.0

Well Maintenance Date:
USGS Hydrological Unit Code: 10170203
Electric Log Information:

Spontaneous Potential: Single Point Resistivity: X
Natural Gamma: X Extra:
Samples:
0 - 4 Silt, yellow-brown, clayey (locss)
4 - 24 Sand, brown, {ine to medium; glacial outwash sand
24 - 31 Clay, yellow-brown, very silty, pebbly; oxidized (till)
31 - 44 Clay, yellow-brown and gray mottled, silty, pcbbly; oxidized (till)
4 - 352 Clay, brown and greenish-gray, mottled, silty, pebbly; oxidized, greasy (till)
52 - 63 Clay, gray, silty, pebbly; unoxidized. very greasy (till)
63 - 82 Silt, pinkish-brown; hard (locss?)
82 - 90 Sand, white to pinkish-while, fine to medium; predominately quartz and feldspar
9% - 136 Sand, white to pinkish-white, medium to coarsc: fine pebbles, predominately quartz and
feldspar
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136 - 138

138 - 141
141 - 157
County: UNION

Map Location: 40
Legal Location: NW NW NW SW scc. 33, T. 095 N, R. 49 W.

Latitude: 43.001
Land Owner:

3

Clay, yellowish-green; greasy
Sand, white to pinkish-white, fine; predominately quartz and feldspar
Shale, dark-gray, some reddish-ycllow on top of formation; greasy (Carlile Shale)

Location: 095N-49W-33CBBB 2

Longitude: 96.3850

Project: ALCESTER NITRATE STUDY
Drilling Company: SDGS

Driller: M. THOMPSON Driller's Log:

Geologist: L. FRYKMAN Geologist's Log: X

Date Drilled: 11-24-1986 Drilling Method: ROTARY
Ground Surface Elevation: 1412.56 1

Total Drill Hole Depth: 147 Test Hole Number: CO-86-124
Water Rights Well: SDGS Well Name: CO-86-124
Other Well Name:

Basin: BIG SIOUX Aquifer:

Management Unit; '

Screen Type: PVC, HM. AND MFG. Screen Length: 55.0

Casing Type: PVC, SCH. 40 Casing Diameter: 2.0

Casing Top Elevation: 1415.18 I

Casing Stick-up: 2.62
Well Maintenance Date:

Total Casing and Screen: 150.0

USGS Hydrological Unit Code: 10170203

Electric Log Information:
Spontancous Potential:

Natural Gamma:

Samples:

0o -
2 -
14 -
28 -
31 -
33 -
54 -
65 -
81 -
86 -

134 -
135 -
144 -

14
28
31
33
54
65
81
80
134

135
144
147

Single Point Resistivity:
Extra:

Topsoil, black

Sand, light-brown, medium; glacial outwash sand

Clay, yellow-brown, silty, pebbly; oxidized (till)

Clay, gray, silty, pcbbly; unoxidized (till)

Clay, yellow-brown, very silty, pebbly; oxidized (till)

Clay, greenish-gray, silty, pebbly; unoxidized (till)

Clay, gray, silty, pebbly; unoxidized (till)

Silt, pinkish-brown; bits of organic matcrial (locss)

Silt, light-yellowish-gray, sandy; some quartzite pebbles

Sand, pinkish-white, medium to coarse; {ine pebbles, predominately quartz and feldspar
some shale pebbles

Clay, yellow-brown, sandy

Sand, pinkish-white, medium to coarse; predominately quartz and feldspar
Shale, dark-gray; greasy (Carlile Shale)

50





