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CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL DATUM

Muitiply By To obtain
Length '
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 * kilometer
Flow
cubic foot per second (ft’/s) 0.028317 cubic meter per se~ond
Temperature
degree Fahrenheit (°F) O degree Celsius (°C)

lTemperature can be converted to degrees Celsius (°C) or degrees Fahrenheit (°F) by the
equations:
°C=5/9(°F-32)
OF=9/5(°C)+32.
Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929

(NGVD of 1929)—a geodetic datum derived from a general adjustment of the first-order level nets of
both the United States and Canada, formerly called Sea Level Datum of 1929.
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chemicals in near-surface aquifers. This report
presents data that were collected for this study from
May 1992 through September 1993. The data collec-
tion included drilling and installing observation wells
at six locations in the South Skunk River alluvial
aquifer near Walnut Creek. Periodic water-level
measurements and results of analyses of water
samples collected from these observation wells are
presented in the report.
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METHODS OF STUDY

Nested observation wells were drilled at six
locations in the alluvium of the South Skunk River to
characterize the surficial geologic materials at the
study site and to provide locations for collecting
water-level and agricultural-chemical data (fig. 2).
Wells were installed by drilling with 4.25-in. (inside-
diameter) hollow-stem augers. Well pipe was installed
inside the auger flights after the target depth had been
reached, and the augers then were removed, allowing
the sand and gravel to collapse around the well pipe
and form a natural sand pack. The top 5 ft of these
boreholes were backfilled with bentonite pellets to
prevent infiltration of water from the land surface
along the well casing. A descriptive log of the material
penetrated during the drilling of the deepest observa-
tion well at each of the six drill locations is given in
table 1 at the end of this report.

Two 2-in.-diameter polyvinyl-chloride (PVC)
observation wells were installed in separate boreholes

at each of the six drill sites. The deeper of the two
PVC wells was installed approximately 30 ft below
land surface in the sand and gravel part of the aquifer.
The second PVC well at each site was install~d in the
silty-sand layer above the main sand unit of the
aquifer. This strategy was used to provide information
on the vertical differences in water level and water
quality at each drill site. The screened interval of the
PVC wells was 2.5 ft long. In addition to the two PVC
wells, various lengths of 0.25-in. (inside-diameter)
polyethylene tubing were attached to the outs*de of the
deepest PVC well at sites 1, 2, 5, and 6 to provide
additional water-level measurement and wate~-sample
collection ports. These tubes were completed at 2-ft
intervals from just above the well screen to just below
the silty-sand layer. Polyethylene tubes were slotted at
the bottom 0.5 ft of the tubing and wrapped v-ith
fiberglass fabric to create a well screen. The tubes then
were attached to the outside of the PVC pipe with
nylon wire ties and lowered into the borehole: with the
PVC pipe. Water levels were measured in the PVC
wells with a calibrated steel tape to the nearest 0.01 ft,
and in the polyethylene tubes with an electronic water-
level sensor attached to a calibrated wire line. Levels
were run to the top of the PVC well casings end
referenced to sea level datum. The identification
number and depth of wells and tubing at each drill site,
along with water-level measurements from May 1992
through August 1993, are included in table 2. at the
end of this report.

PVC wells are identified in table 2 by the two

“letter prefix SR, the drill site number, and the approxi-

mate depth of the screened interval. For example,
SR-1-12 is a PVC well located at drill site 1 and is
approximately 12 ft deep. Polyethylene tubes are
denoted by a letter rather than a screen depth. For
example SR-1-A is a polyethylene tube at drill site 1.
The depths of the slotted intakes of the tubes are given
in table 2.

Water samples for agricultural-chemicel
analysis were collected from the PVC wells ¢nd
polyethylene tubes from June 1992 to August 1993
(table 2). Measurements of specific conductance, pH,
temperature, and dissolved oxygen were mad< onsite
at the time of sample collection. Three well volumes
of water were bailed from each of the PVC w-lls prior
to water-sample collection to remove stagnant water
from the well pipe. Samples were collected b
pumping the PVC wells and polyethylene tub-s with a
peristaltic pump. The pump discharge was roted

Methods of Study 3
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through a flow-through chamber to avoid aeration for
measurement of specific conductance, pH, tempera-
ture, and dissolved oxygen. Samples for laboratory
analysis were collected in 1-liter baked glass jars upon
stabilization of onsite measurements. Samples were
chilled to 4 °C before transporting to the laboratory.
Samples were analyzed by the National Soil Tilth
Laboratory in Ames, Iowa, for nitrate as nitrogen and
for the herbicides alachlor, atrazine, metolachlor, and
metribuzin using methods described by QuickChem
(1993) and Thurman and others (1990), respectively.
Gas chromatography/mass spectrometry was used for
herbicide analysis.

HYDROGEOLOGY

There is little geologic information available for
much of the South Skunk River alluvial aquifer in
Story County. Records of wells drilled in the alluvial
aquifer are limited to a well that was drilled to a depth
of about 40 ft approximately 1 mi northwest of the
study area and Cambridge’s public-supply well, which
is located several miles south of the study area. The
source of water for the Cambridge public water supply
is described as a buried-channel aquifer (D. Sneck-
Fahrer, U.S. Geological Survey, oral commun., 1994).
A buried-channel aquifer is the alluvium of a river
channel that was eroded into the bedrock surface prior
to glaciation and subsequently has been buried by
unconsolidated materials, typically of glacial origin. A
map of the altitude of the bedrock surface in central
Iowa by Hansen (1985) depicts a bedrock valley,
known as the Skunk Channel, in the vicinity of
Cambridge. The Skunk Channel trends approximately
east-west where it intersects the present South Skunk
River Valley and then northwesterly towards Ames
(fig. 1). A slightly different interpretation of the
location of the buried-channel aquifer is given in
Twenter and Coble (1965). They interpret a buried-
channel aquifer trending northwesterly that intersects
the present South Skunk River Valley south of
Cambridge (fig. 1). It appears from both interpreta-
tions that a buried-channel aquifer underlies the area
near Cambridge and that it does not follow the present
valley of the South Skunk River. The exact location,
depth, and extent of the buried-channel aquifer is not
well defined. There is insufficient information to
define the thickness of the aliuvial aquifer north of
Cambridge or the geologic materials immediately
underlying the alluvium at the study site. It is possible

that the South Skunk River alluvial aquifer directly
overlies the buried-channel aquifer at the study site
and that the two aquifers are hydraulically connected.

A previous study of the South Skunk River
alluvial aquifer was conducted by Austin and Chung
(1984). The purpose of their study was to corduct a
preliminary evaluation of the ground-water flow
system and water quality. Austin and Chung con-
cluded that the South Skunk River alluvial aqifer was
hydraulically coupled with the South Skunk Piver but
not with the tributary streams that cross the flood
plain. They indicated that the South Skunk River is a
gaining stream under most conditions and the*
regional alluvial ground-water flow has components
downvalley and towards the South Skunk River.

The general sequence of material penetrated
during drilling for this study consisted of a thin, dark,
organic-rich topsoil underlain by a silty-clay subsoil
that has a progressively larger sand content with depth.
A change to a relatively silt-free sand was no*ed at
depths of about 10 to 15 ft at each of the six c'rill sites.
This sand forms the top part of the alluvial aquifer.
Progressively coarser sand and gravel were nnted at
drill site 6, and materials eventually became too coarse
to penetrate at a depth of 29.5 ft. The thickne-s of silt
and clay overlying the aquifer decreased witt
increasing distance from the valley wall (just west of
the study site, fig. 2). The total thickness of the aquifer
at the study site is not known because the boreholes
drilled for this study did not fully penetrate tt = sand
and gravel. The extent of the gravel encountered at
site 6 also is not known. A generalized west-rast
lithologic section of materials that were encontered
during well construction is shown in figure 3.

WATER LEVELS

The ranges of water-level fluctuations measured
in the PVC wells between May 1992 and August 1993
were between 6 and 8.5 ft. The lowest water levels
were measured during October to December 1992.
Water levels declined below the screened interval of
the shallowest PVC well at each of the six drill sites at
least once during this period. The highest wa*=r levels
occurred in July 1992 at sites 4, 5, and 6 and in April
1993 at sites 1, 2, and 3. High water levels ccrrespon-
ded to periods of high streamflow in Walnut Creek and
local rainfall and probably are indicative of th~ general
hydrologic conditions throughout central Iowa. The
vertical hydraulic gradient was predominantl;

Water L evela 5
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Figure 3. Generalized lithologic section of study site.

downward at each of the six drill sites during the study
period, although gradient reversals occurred at some
locations for short periods.

A comparison of water levels measured in the
32-ft-deep PVC well at site 2 with water levels in
Walnut Creek at the adjacent gaging station is shown
in figure 4. Ground-water levels were consistently
lower than stream levels; the hydraulic gradient was
from the stream to the aquifer. Periodic observations
of Walnut Creek streamflow downstream of the gaging
station located adjacent to drill site 2 indicated that the
creek bed becomes dry under dry hydrologic condi-
tions. During mid-October 1992, water was ponded in
small pools in the creek bed adjacent to drill site 4, and
the bed was completely dry adjacent to drill site 6.

Potentiometric contours are shown in figure 2
for representative dry and wet periods during the
study. On October 13, 1992, streamflow was in
recession, and ground-water levels were declining

50 100 FeEl
e
0 10 20 30METERS

(fig. 4). Ground-water flow at this time was south-
easterly—downvalley and towards the South Skunk
River. These results and the observation of streamflow
loss to the aquifer support the conclusions of Austin
and Chung (1984) but also show that tributa-y streams
can be a source of recharge. Streamflow cor-itions in
Walnut Creek on May 19, 1993, showed the effects of
a wet period when there were several montt< of
substantial runoff from the uplands. Ground-water
flow at the study site during this time was tcward
Walnut Creek and the South Skunk River. P-rt of
Walnut Creek during this time was possibly a gaining
stream as it crossed the alluvium. Water levels at drill
site 2 and the streamflow-gaging station (fig. 4) show
that Walnut Creek was still a losing stream at this
location on May 19, 1993. Additional strear-stage
data downstream of the gaging station would be
needed to establish whether the entire reach of Walnut
Creek downstream of the gaging station is a losing
stream.

6  Hydrogeologic and Agricultural-Chemical Data for the South Skunk River Alluvial Aqulifer at a Site in Story County, Icva, 1992-93
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Figure 4. Water levels in Walnut Creek and the South Skunk River alluvial aquifer and concentrations of atrazine in Walnut

Creek, January 1992 through September 1993.

AGRICULTURAL-CHEMICAL
CONCENTRATIONS

Nitrate-as-nitrogen (NO3-N) concentrations
varied from less than 1.0 mg/L (milligram per liter) to
more than 30 mg/L in samples collected from the PVC
wells and polyethylene tubes. The largest NO3-N
concentrations occurred in water from drill site 5. The
temporal variation in NO3-N concentration in samples
from site 5 is shown in figure 5. Samples from below
30-ft deep did not exceed 10 mg/L during the period of
study, whereas a consistent pattern of NO3-N concen-
trations in excess of 20 mg/L occurred throughout the
period of study in samples from a depth of about 20 ft.
One explanation for the smaller observed NO3-N
concentrations in water below 30 ft at this site is that
water containing the large NO5-N concentrations
observed at about 20-ft deep is not moving downward
to the 30-ft depth. This is substantiated by water-level
measurements made at the site on November 13, 1992,
December 29, 1992, January 11, 1993, April 12, 1993,
and May 19, 1993 (table 2). On these dates, an upward

hydraulic gradient was measured between th= PVC
well completed at about 31.5 ft below land surface and
the polyethylene tube completed at 27 ft below land
surface. Upward hydraulic gradients provide evidence
of recharge to the alluvial aquifer from a deeper
source, possibly the buried-channel aquifer discussed
earlier. NO5-N stratification and upward hyc'raulic
gradients were not observed at the other obs~rvation-
well sites. Denitrification of water in the alluvial
aquifer with depth is also a possibility. Ther: were no
herbicide detections in water from drill site 5 where
NO3-N concentrations were the largest and most
prevalent.

Corn and soybeans were grown on the study site
during 1992 and 1993. The herbicide metolzchlor was
applied to the field site during 1992 and 1993. There
were 270 water samples collected from the 37 PVC
wells and polyethylene tubes between June 1992 and
August 1993 (table 2) for NO3-N and herbicide
analysis. Atrazine was the most commonly detected
herbicide of the four analyzed. Atrazine was detected
in 36 samples, metolachlor in 6 samples, and metri-

Agricuitural-Chemical Concent~tiona 7
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Figure 5. Concentrations of nitrate as nitrogen in water from drill site 5, South Skunk River alluvial aquifer, June 1972 through

August 1993.

buzin in 2 samples. Alachlor was not detected in any
sample. All herbicide concentrations were less than
1.0 pg/L (microgram per liter) except for one detection
of metolachlor that was 3.2 ug/L. Atrazine concentra-
tions were 0.5 pg/L or less.

Thirty-six of the 38 detections of atrazine
occurred in water from drill sites 2 and 6 (table 2),
which are adjacent to Walnut Creek. Atrazine occurred
frequently in samples collected from Walnut Creek at
the streamflow-gaging station adjacent to drill site 2
(fig. 4). It appears that Walnut Creek is a source of
pesticide (atrazine) contamination to the alluvial
aquifer; atrazine is present in ground water at locations
along Walnut Creek, while almost no atrazine detec-
tions occur in ground water farther from the creek.
Atrazine was not used on the study site during the
study. Hydraulic gradients from the stream to the
aquifer for substantial periods were measured during
the study. Additional study would be needed to
determine the magnitude and extent of tributary-
source contamination of the alluvial aquifer.

SUMMARY

A reconnaissance study was conducted during
1992-93 at a field-scale study site located on the South

Skunk River alluvial aquifer near Ames, Iow~.
Observation-well drilling at the site determin=d that
the top of a sand and gravel aquifer of unknovn
thickness is present at depths between 10 and 15 feet
below land surface. The movement of ground water
under the site is generally downvalley and towards the
South Skunk River. The South Skunk River is
probably a regional discharge line for ground water in
the alluvial aquifer.

Variable nitrate-as-nitrogen concentrations
occurred in samples from wells located at the site.
Water from the drill site farthest from the val =y wall
and Walnut Creek, a tributary crossing the alluvial
aquifer along the northern boundary of the study site,
contained the largest nitrate-as-nitrogen conc=ntra-
tions—more than 20 mg/L from a depth of atout 20 ft
below land surface. No herbicides were detected in
samples from the site with the largest nitrate-as-
nitrogen concentrations. Atrazine was the mc=t
frequently detected herbicide. Atrazine was rot
applied to the site during the time of the study but was
present in streamflow of Walnut Creek. Most. 36 of
38, atrazine detections in ground water were from
drill-site locations adjacent to the creek, indic~ting that
Walnut Creek is a source of herbicide contamination to
the alluvial aquifer.

8  Hydrogeologic and Agricuitural-Chemical Data for the South Skunk River Aliuvial Aquifer at a Site In Story County, lowa, 1992-83
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Table 1. Descriptive logs of selected boreholes drilled in the South Skunk River alluvium, Story County, lowa,
April 1992

Driii site: 1

Waeli identification: SR-1-33 Altitude of iand surtace: 864 feet
Location: T.82N., R. 23W.,, sec. 6, SE1/4 Date: 4/9/92
Deseripti Depth int L (feet)

Topsoil, black, changing to dark-brown silty clay with depth .......cccecviiinicncnicnncoi, 0 -35

Silty clay, light-brown, moist, balls UP .......ccccevicrnnniiiiii 36- 45

Silty clay, tan, cohesive, appears UNSAtUrAtEd ..........coceviiiiniiniiiinini s e 46-10.0

Sandy clay, tan, wet, Slightly CORESIVE......c..ccoviciiniiiiniiiniiniicre et 10.1 -14.5

No cuttings, Saturated SAN ...........oioeeirniirceiiiiitrre et sttt st st st s as e s eas b essssrasesne b s 14.6 -33.5

Driil site: 2

Well identification: SR-2-33 Aititude of land surface: 864 feet
Location: T. 82N., R. 23W., sec. 6, SE1/4 Date: 4/10/92
Descripti Depth i | (feet)

Topsoil, black, increasing clay with depth............ccooiiiiiiin e 0 -40

Same as above but becoming browner with depth........c.ccccceceiiiininiinnniinnnniaenceesetee 41-170

Silty clay, becoming lIZhter BIOW ........cocceeiiiirinieieniiienieicessinneeeensess et setsenscsssesesesesssesssaosass 7.1-9.0

SHIE, BAN et bR bbbt b bbb eas 9.1-11.0

SHIE, BAN, SOT .ueurieiierrieecctrini ettt sttt et b e et ses bt s ae st bt b e s e et eae Rttt s e b et saen 11.1 -16.0

No cuttings, SAUTALEd SANA .........c.coceuiereerimircneiee ittt seee e esbesesbenteseseessestaastentenssassarase 16.1 -33.0

Drili site: 3

Weli identification: SR-3-28 Aititude of land surface: 81 feet
Location: T. 82N., R. 23W., sec. 5, SW1/4 Date: 4/15/92
Descripti Depth i L (feet)

Topsoil, black grading t0 BIOW..........cciiiiiinriniininiiiiiicsiniissse s ssessssssss st ssesseses 0 -20

Silty clay, dark-DIOWIL........c.coiiiiiiiicicni bbb 2.1- 40

SAME AS ADOVE ...c.eiuieiiiciriereitineisr ettt ettt et bt st b et eab e sest bbb et saeaseste b ssssabesessesersabastan 41- 170

Silty clay, MEdiUM-DIOWI .....cucciiieiiiieeiieeetie sttt ettt st st se bt st s b st esbebencosesissansan 7.1-10.0

Same as aBOVE, SANAY........cerreeurrrrrirrerireenierrresentere s terseeeeeseeenesesbsssebtsasse et sasesereessanssenseteseresntacsssas 10.1 -14.0

NO cuttings, SAUrAtEd SANA .........ececeeveirerereeresteaeresisienasseseseesestestissesessesessesesasessesnsssassesssenssenssssaasins 14.1 -30.0

Drlil site: 4

Waeli identification: SR-4-28 Aititude of land surface: 8¢1 feet
Location: T. 82N., R 23W,, sec. 5, SW1/4 Date 4/15/92
Descripti Depth int L (feet)

TOPSOIL, BIACK ..ottt ers st er e et eeb e s s 0 -20

Silty clay, dark-brown, balls Up.........cccoucvivirinmeiniiiinii s 2.1- 80

Same as above, color change to Medium-broWn..........cccevnnimnimii s 8.1-13.0

Silty clay, medium-brown, SANAY ........c.ccccvrrerceercrnriereeercnri ettt ens 13.1 -15.0

No cuttings, saturated SANd ..........ccociciiiieiniinc e s s e 15.1-32.5

Descriptive Logs of Selected Borehnies 1



Table 1. Descriptive logs of selected boreholes drilled in the South Skunk River alluvium, Story County, lowa,
April 1992—Continued

Drili site: 5
Well identification: SR-5-32 Aititude of land surface: 8°R feet
Location: T. 82N., R. 23W,, sec. 5, SW1/4 Date: 4/14/92

Description Depth interval (feet)
TOPSO0il, DIACK-DIOWIL.......cooireereeeiinietiieeieeteeneereeressrsesstssesassessssssassesessassessasesnsesassasntensenssseseransasans 0 -25
Silty clay, medium-brown, SOft, CORESIVE .......c.cocuireeriieeririieeieereeeeseeere e see e s ses s sesaneones 25-170
Same as above, With fiNe SAN...........cceirverirreriniereiriistrcetere e erreseseeiessssessresessesesasmrsessensesestsnereranes 7.1- 8.0
Silty clay, light-brown, SANAY .......c.ecevveverereieminirieieeeeeserertriseesestesssesesassestssestesesaessaessssessessssensssasas 8.1- 9.0
No cuttings, saturated SAN..........ceccovereierrrceeceenieriensernerereieaeseesseesesestsssasessassassssesesansssssseessesessasasessns 9.1 -33.0
Drill site: 6
Well identification: SR-6-28 Altitude of land surface: 879 feet
Location: T. 82N., R. 23W., sec. 5, SW1/4 Date: 4/15/92

Description Depth interval (feet)
TOPSOIL..ucnneieeeniieiieritrcre sttt b ettt b s et s be s iR e sa e s san b e b e b e e s sr e enes 0 -20
Silty clay, dark-brown, CONESIVE .........ccocoiireiirernercienetiiin et sessere e sesesans s sesesaessessssssassanas 21- 60
Silty clay, medium-brown, CORESIVE ...........cccurrirreieeercrintneinrieereeesesessestsasssssesestassesessresesessssnsenanes 6.1- 7.0
Silty clay, medium-brown, sandy, CORESIVE .........cccccviviiiinirietiieisiiiinrciniensscsnsnsrsesesesasaesssssssessasanas 7.1- 8.0
Same as above, lighter brown ...................... vereressessasetenressssssesssasssasasnesasaessasessassssssssssassssaessssesenrioes 80k = 9.0
No cuttings, saturated SAN........ccecevreriierieriiimrrenieceree et eee e te et sate e st bes s se e catssns st sansstsssssses 9.1 -17.0
Sand, brown, fiNe, WALETY .......cccerueeiiritiieieteiese ettt cense st e ras et e sae s s e sasessesatsunessesssasssess 17.1 -23.0
Sand, coarser, color changing to Gray .........cuccveenrrionirnniniincimiienseeeieessesasessseesses 23.1-27.0
Sand, gravelly, hard drillNg ........ccceveemiiiiiiniiniiinin et sa e aes 27.1 -29.5

Could not drill deeper due to gravel

12 Hydrogeologic and Agricultural-Chemical Data for the South Skunk River Alluvial Aquifer at a Site In Story County, lova, 1862-93
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20 Hydrogeologic and Agricuitural-Chemical Data for the South Skunk River Alluviai Aquifer at a Site in Story County, lc\wa, 1992-93
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22  Hydrogeologic and Agricultural-Chemical Data for the South Skunk River Alluvial Aquifer at a Site In Story County, ic*va, 1992-93
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28  Hydrogeologic and Agricultural-Chemical Date for the South Skunk River Alluvial Aquifer at a Site In Story County, lova, 1992-93
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TO: Iain Walling, Volunteer, Lawrence, KS (IWALLING)

CC:
From: Mary J. Dunn, Secretary, Norcross, GA (MJDUNN)
Date: Friday, August 04, 1995 12:08:09

Subject: NEW AREA CODE
Return-Path: <WRD-EDOC-Owner@fslrgaatl.er.usgs.GOV>
Received: by EDOC Distributor (Rev. 2.2/proc_smtp/DIS-I) on dkslwr.cr.usgs.gov;
Fri, 04 Aug 1995 12:07:50 -0500
Received: from fslrgaatl.er.usgs.GOV [144.47.1.1] by DKSLWR.cr.usgs.GOV ; 04 Aug 95 12:07:32
Received: from localhost (fslrgaatl [144.47.1.1]) by fslrgaatl.er.usgs.GOV (EMAIL 1.2.1) with
Message-Id: <199508041634.QAA06040@fslrgaatl.er.usgs.GOV>
X-Mailer: exmh version 1.5.2 12/21/94
To: "E - All WRD Employees"<distribution.e@fslrgaatl.er.usgs.GOV>
Subject: NEW AREA CODE
Mime-Version: 1.0
Content-Type: text/plain; charset="us-ascii"
Date: Fri, 04 Aug 1995 12:34:16 -0400
From: "Mary J Dunn, Secretary, Norcross, GA "<mjdunn@fslrgaatl.er.usgs.GOV>

Effective August 1, our Area Code changed from 404 to 770 for the
Regional Office located at 3850 Holcomb Bridge Road, Suite 160,
Norcross, Georgia 30092. New phone number: (770) 409-7700.

Fax number: (770) 409-7725.

Also, the Area Code changed for the Georgia District Office located
at 3039 Amwiler Road, Atlanta, Georgia 30360. New phone number:
(770) 903-9100. Fax number: (770) 903-9199.



