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CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL DATUM

Multiply by To obtain
inch 2.54 centimeter
foot 0.3048 meter
square mile 2.590 square kilometer
gallon 3.785 liter
cubic foot per second 0.002832 cubic meter per second

Temperature can be converted to degrees Celsius (°C) or degrees Fahrenheit (°F) by using the following equations:

°C =509 (°F-32)
°F=9/5 (°C) +32

Abbreviated water-quality units used in this report: Chemical concentrations are reported in milligrams per liter (mg/L), micrograms
per liter (ug/L), or microsiemens per centimeter uS/cm at 25 degrees Celsius (°C). Milligrams per liter expresses the concentration of chem-

ical constituents in solution as weight (milligrams) of solute per unit volume (liter) of water.

Micrograms per liter expresses the concentration of chemical constituents in solution as weight (micrograms) of solute per unit volume (liter)
of water. Microsiemens per centimeter expresses the capability of a unit volume of water to conduct an applied electrical current.

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 the “Sea Level Datum of 1929.”
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belen and Schulmeyer (1996) documented hydrogeo-
logic data collected and compiled from October 1992
to March 1996. Schulmeyer and Schnoebelen (1998)
described the hydrogeology near the municipal well
fields, documented a ground-water flow model con-
structed to simulate regional ground-water flow under
steady-state conditions and identify sources of water to
the municipal well fields, and assessed temporal and
spatial variations of selected water-quality constituents
and properties. Boyd (1998) characterized ground-
water flow near the municipal well fields with selected
environmental isotopes and tracers. Boyd (1999) eval-
vated the occurrence and distribution of selected herbi-
cide and herbicide degradate concentrations in the
alluvial aquifer and Cedar River following springtime
application of herbicides to upstream cropland.

Purpose and Scope

The purpose of this report is to document
selected hydrologic data collected from April 1996
through March 1999 for the cooperative study of the
Cedar Rapids municipal well fields being conducted by
the City of Cedar Rapids and the USGS. Data pre-
sented in this report include the results of water-quality
analyses, ground-water levels continuously measured
with pressure transducers and data recorders, and phys-
ical properties continuously monitored with multiprobe
instruments.

Description of Study Area

Cedar Rapids is in east-central Iowa and has a
population of about 110,000. Upland topography is
characterized by rolling hills of low relief. Upstream
land use in the Cedar River basin is more than 80 per-
cent agricultural; corn and soybeans are the predomi-
nant crops. Livestock raised in the area primarily
include beef and dairy cattle, hogs, and sheep (Squil-
lace and others, 1996). Iowa has a typical continental,
subhumid climate. Air temperatures generally range
from -18° F in winter to 100° F in summer. The aver-
age annual precipitation is about 36 inches, with the
greatest amounts occurring from May to August
(Schulmeyer and Schnoebelen, 1998). The Cedar
River Basin drains an area of about 6,510 square miles
upstream from the streamflow gaging station at Cedar
Rapids (Cedar River at Cedar Rapids, USGS station

number 05464500). The annual mean flow recorded at
the gaging station from 1903-1998 was 3,711 cubic feet
per second (ft3/s). Extreme daily mean flows in the
Cedar River during this period of record were

71,500 ft3/s (March 31, 1961) and 140 ft3/s (November
18, 1989) (May and others, 1999).

Hydrogeologic units near the well fields consist
of an unconsolidated surficial layer of glacial till, loess,
and the Cedar River alluvium (alluvial aquifer), under-
lain by carbonate bedrock of Devonian and Silurian age
(bedrock aquifer). The glacial till and loess form
upland areas that bound the alluvial aquifer. The allu-
vial aquifer ranges in thickness from 5 to 95 ft near the
well fields. The alluvial aquifer consists of a sequence
of coarse sand and gravel at the base, grading upward
to fine sand, silt, and clay near the surface. The bed-
rock aquifer has a maximum thickness of about 700 ft
near the well fields. The bedrock aquifer primarily
consists of jointed and fractured limestone and dolo-
mite, with some interbedded chert and shale (Schulm-
eyer and Schnoebelen, 1998). The unconsolidated
surficial layers, carbonate bedrock of Devonian and
Silurian age, and deeper hydrogeologic units are
described in detail by Hansen (1970), Wahl and Bunker
(1986) and Schulmeyer and Schnoebelen (1998).

The alluvial aquifer near the well fields is
recharged by infiltration from the Cedar River induced
by pumping of municipal supply wells, infiltration of
precipitation, and ground-water flow from adjacent
hydrogeologic units. Recharge also can occur during
periods of high river stage, when river water can move
into the alluvial aquifer because of the head difference
between the river and aquifer or when flood waters
inundate low-lying areas adjacent to the Cedar River
(Schulmeyer and Schnoebelen, 1998). In areas influ-
enced by the pumping of municipal supply wells, the
water-table gradient is from the Cedar River to the allu-
vial aquifer. In areas outside the influence of municipal
pumping, the water-table gradient generally is toward
the Cedar River, although the gradient can reverse dur-
ing periods of high river stage (Schulmeyer and
Schnoebelen, 1998). Results from a regional ground-
water flow model constructed by Schulmeyer and
Schnoebelen (1998) indicated that about 74 percent of
water pumped from the alluvial aquifer is induced from
the Cedar River, about 21 percent of the water is flow
from adjacent and underlying hydrogeologic units, and
about 5 percent of the water is recharge from infiltrat-
ing precipitation. The bedrock aquifer is recharged by
downward leakage from the overlying unconsolidated

INTRODUCTION 3



surficial layer and by infiltrating precipitation on out-
crop areas distant from the study area. The bedrock
aquifer is not used as a municipal water supply but is
used for private residential and industrial water sup-
plies.

METHODS OF INVESTIGATION

Data were collected from a network of observa-
tion wells within the municipal well fields, the Cedar
River, and the J- Avenue waterworks plant. The data
include water-quality analyses, continuously measured
ground-water levels in selected wells, and continuously
monitored physical properties in selected observation
wells and the Cedar River. The locations of sampling
sites are shown in figure 2 and figure 3. Well construc-
tion information for the sampling and measurement
sites is listed in table 1.

Well Construction and Nomenclature

Data were collected from small-diameter wells
(0.14-inch outer-diameter tubing), 2-inch outer-diame-
ter observation wells, and 4-inch outer-diameter obser-
vation wells. The observation wells are named
according to a convention that includes the year the
well was installed, the agency identifier, USGS, the
local project identifier, CRM (Cedar Rapids Munici-
pal), and a unique incremental number (for example,
1993USGS CRM-1). Small-diameter well names also
include the identifier SD (for example, 1996USGS
CRM-SD-60). For convenience in this report, the year
and agency identifier will not be included when refer-
ring to a site name, however, the map identification
number listed in table 1 will be included with the site
name so the reader can easily locate the well in figure
2 and figure 3. The observation wells were surveyed
using a combination of a Global Positioning System
and conventional surveying techniques to determine
location (latitude and longitude) and to establish verti-
cal control referenced to sea level. Observation-well
data are stored in the USGS Ground Water Storage
Information (GWSI) database. The observation wells
and measurement sites were assigned a unique 15-digit
site-identification number in GWSI that is based on the
latitude and longitude of the site (for example, the
15-digit site-identification number for 1993USGS
CRM-1 is 415949091405401). The first six digits des-
ignate the latitude (41°59°49”) of the site, the next

seven digits designate the longitude (091°40°54”) of
the site, and the last two numbers (01) are sequential
numbers to differentiate between individual sites at the
same latitude and longitude.

Small-diameter wells were installed in the allu-
vial aquifer by drilling a pilot borehole with a 9-foot
long, 1.25-inch outer-diameter solid-stem auger. A
3-inch long, stainless-steel sandpoint attached to
0.14-inch outer-diameter Teflon tubing was advanced
inside a 0.875-inch outer-diameter drill rod driven to
the desired depth with a portable hammer drill. Teflon
tubing extending above ground surface was protected
with 1-inch outer-diameter polyvinyl-chloride (PVC)
pipe. Two-inch and 4-inch observation wells were
installed by drilling boreholes with continuous-flight,
hollow-stem augers. Boreholes for 2-inch wells were
installed with 4.25-inch inner-diameter augers; bore-
holes for 4-inch wells were installed with 6.25-inch
inner-diameter augers. Wells were completed with
2-inch or 4-inch outer-diameter PVC casing with 2.5-
foot or 5.0-foot long screened intervals above the bot-
tom of the borehole. Aquifer material was allowed to
collapse around the screened interval and the remain-
ing annular space was sealed with bentonite and capped
with cement and a protective cover. The observation
wells at CRM-6 (map ID #5), CRM-7 (map ID #6),
CRM-11 (map ID #9), and CRM-12 (map ID # 10)
were installed in the bedrock aquifer using direct mud-
rotary drilling. Boreholes were drilled about 15 to 20
ft into the bedrock aquifer at each location. These
wells were completed with 4-inch outer-diameter PVC
casing with a 5-foot long screened interval above the
bottom of the borehole. The annular space around the
screened interval was filled with a washed sand pack
and sealed with about 5 ft of bentonite to the top of the
bedrock surface. The remaining annular space was
filled with a bentonite/cement grout and capped with
cement and a protective cover.

Water Quality

Water-quality samples were collected from
small-diameter wells, 2-inch and 4-inch diameter
observation wells, the Cedar River at Edgewood Road
(map ID # 31), and the J-Avenue Waterworks Plant
(map ID # 30). Ground-water samples were collected
with a stainless-steel submersible pump after pumping
about three borehole volumes of water from 2-inch and
4-inch observation wells and after pumping small-
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diameter wells for about 20 minutes with a peristaltic
pump. Surface-water samples were collected from the
Cedar River with a stainless-steel submersible pump
that was extended into the river from the riverbank.
Samples of untreated municipal water were collected
from a tap at the J-Avenue Waterworks Plant (map ID
# 30). Dissolved inorganic-constituent samples were
collected through an inline 0.45-micrometer (pm)
pore-size, cellulose-fiber filter. Pesticide and herbicide
degradate samples were collected through an inline
0.7-um pore-size, glass-fiber filter. Dissolved organic-
carbon samples were filtered in the field immediately
after collection through a 0.45-pum silver-membrane
filter.

Water samples were collected for analyses of
common ions (calcium, chloride, iron, magnesium,
manganese, potassium, silica, sodium, and sulfate);
trace elements (boron, bromide, and fluoride); nutrients
(ammonia as nitrogen (N), nitrite as N, nitrite plus
nitrate as N, and orthophosphate as phosphorus); dis-
solved organic carbon; and selected pesticides. Water
samples were analyzed by the USGS National Water-
Quality Laboratory in Arvada, Colorado using proce-
dures documented by Fishman and Friedman (1989).
Some samples collected from June through August
1998 were analyzed for selected pesticides and chloro-
acetanilide and triazine herbicide degradates by the
USGS Organic Geochemistry Research Laboratory in
Lawrence, Kansas using procedures documented by
Zimmerman and Thurman (1999).

Field-replicate samples and field-blank samples
were collected for quality control. A field-replicate
sample or field-blank sample was collected approxi-
mately every 10 samples. Field-replicate samples are
collected to assess precision of laboratory analytical
methods and consistency of sample-collection and
sample-handling procedures. Field-replicate samples
were collected simultaneously with ground-water and
surface-water samples. Field-blank samples consisted
of organic-free deionized water that was passed
through the pump and sampling equipment to evaluate
the cleanliness of sampling equipment and sampling
techniques. Quality-control sample analyses indicate
minimal variability in laboratory analytical methods
and that sample-collection and sample-handling tech-
niques did not affect the water-quality samples.

Ground-Water Levels

Water levels in selected 2-inch and 4-inch obser-
vation wells were continuously measured with pressure
transducers and data recorders. Data were recorded at
hourly intervals. Barometric pressure was recorded at
site CRM-15 (map ID # 12) in the Seminole Well Field.
Water-levels measured with pressure transducers were
corrected for changes in barometric pressure. The
water levels measured by pressure transducers were
verified about every two weeks by manually measuring
water levels in each observation well to the nearest 0.01
ft using either a calibrated steel tape or calibrated elec-
tric tape. Water levels were measured according to pro-
tocols documented in U.S. Office of Water-Data
Coordination (1977).

Physical Properties

Dissolved oxygen, pH, specific conductance,
and water temperature were continuously monitored
with multiprobe instruments installed in selected
4-inch diameter observation wells and in the Cedar
River near the Seminole Well Field at site SW-2 (map
ID # 32). The multiprobe instrument used to monitor
physical properties in the Cedar River was installed in
a 6-inch diameter pipe that extended from the river
bank into the river. Measurements generally were
recorded at 60-minute intervals and the data were
retrieved at about monthly intervals. During winter
months, data were retrieved from the Cedar River mul-
tiprobe less frequently because the instrument could
not be retrieved when ice formed in the 6-inch diameter
pipe. Measurements in the river were recorded at
3-hour intervals during winter months. The multi-
probes were calibrated each time data were retrieved by
using specific conductance and pH standards obtained
from the USGS NWQL. In addition to multiprobe
measurements, water temperature also was continu-
ously monitored in 2-inch diameter observation wells
equipped with pressure transducers and data recorders
used to continuously measure ground-water levels.

SELECTED HYDROLOGIC DATA

The types of data and the sampling and measure-
ment period at each site are summarized in table 2.
Water-quality analyses are listed in tables 3 through 9.
Mean daily ground-water levels in observation wells
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equipped with pressure transducers and data recorders
are listed in table 10. Physical properties continuously
monitored in selected observation wells and the Cedar
River are listed in tables 11 through 14. All reported
data are stored in the USGS National Water Informa-
tion System database.

Water-Quality Data

Water-quality samples were collected from
selected observation wells and the Cedar River at
Edgewood Road (map ID # 31) from April 1996 to
March 1999 to conduct periodic monitoring, to evalu-
ate ground-water geochemistry, to assess the occur-
rence of pesticides and herbicide degradates in the
alluvial aquifer, and to characterize water quality in
shallow ground water near a wetland area in the Semi-
nole Well Field. Samples collected from observation
wells CRM-14 (map ID #11), CRM-15 (map ID #12),
CRM-16 (map ID #13), CRM-17 (map ID #14), CRM-
18 (map ID #15), CRM-19 (map ID #16), CRM-SD-60
(map ID #25), CRM-SD-61 (map ID #26), CRM-SD-
62 (map ID #27), CRM-SD-63 (map ID #28), and
CRM-SD-64 (map ID #29) were used to evaluate
ground-water geochemistry (samples collected in Sep-
tember 1996 and May 1997) and to assess the occur-
rence of pesticides and herbicide degradates (samples
collected from June 1998 through August 1998) in the
alluvial aquifer near the Seminole Well Field. Samples
collected from observation wells CRM-22 (map ID
#19), CRM-23 (map ID #20), CRM-24 (map ID #21),
CRM-25 (map ID # 22), CRM-26 (map ID #23), and
CRM-27 (map ID # 24) were collected to characterize
water quality in shallow ground water near a wetland
area in the Seminole Well Field. Samples collected
from the remaining observation wells and the Cedar
River at Edgewood Road (map ID #31) primarily were
collected for periodic monitoring. Common-ion, trace-
element, and nutrient concentrations in water samples
collected from April 1996 through March 1999 are
summarized in table 3. Pesticide concentrations in
water samples collected from April 1996 through
March 1999 are summarized in table 4. Common-ion
and trace-element concentrations in water samples are
listed in table 5. Nutrient and dissolved organic-carbon
concentrations in water samples are listed in table 6.
Pesticide concentrations in water samples are listed in
table 7. Concentrations of ethanesulfonic-acid and
oxanilic-acid degradates of acetanilide herbicides in

water samples collected from June 1998 to August
1998 are listed in table 8 and table 9, respectively.

Ground-Water Levels

Mean daily ground-water levels in observation
wells equipped with pressure tranducers and data
recorders are listed in table 10. Data were not recorded
for some time periods because of instrument malfunc-
tion or data recorders were removed during periods of
flooding.

Physical Properties

Mean daily specific-conductance values are
listed in table 11. Mean daily pH values are listed in
table 12. Mean daily dissolved-oxygen concentrations
are listed in table 13. Mean daily ground-water temper-
atures and the mean daily water temperature in the
Cedar River are listed in table 14, Water temperatures
measured at sites with multiprobe instruments and in
observation wells equipped with pressure transducers
and data recorders are listed in table 14. The mean
daily specific conductance in ground water ranged
between 149 microsiemens per centimeter (LS/cm) at
CRM-25 (map ID #22) on April 2, 1998 and
850 uS/cmat CRM-1 (map ID #1) on January 22, 1997.
The mean daily specific conductance in the Cedar
River at site SW-2 (map ID #32) ranged between
202 puS/cm on February 23, 1997 and 651 uS/cm on
January 1, 1999. The mean daily pH in ground water
ranged between 6.5 at CRM-2 (map ID #2) on April 1-
2, 1996 and 8.5 at CRM-2 (map ID #2) on June 10-12,
1997. The mean daily pH in the Cedar River at site
SW-2 (map ID #32) ranged between 7.3 on June 21,
1998 and 9.3 on October 6, 1997 and October 10-11,
1997. The mean daily dissolved-oxygen concentration
in ground water ranged between O milligrams per liter
(mg/L) at CRM-21 (map ID #18) in June, July, Octo-
ber, and November 1998 and 12.6 mg/L at CRM-21 on
February 27, 1999. The mean daily dissolved-oxygen
concentration in the Cedar River at site SW-2 (map ID
#32) ranged between 1.7 mg/L on May 6, 1996 and
17.4 mg/L on December 4, 1996.

New multiprobe instruments were purchased in
the fall of 1997 to upgrade and replace older instru-
ments. Data were collected with the older instruments
at sampling sites CRM-1 (map ID #1), CRM-2 (map ID
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#2), CRM-11 (map ID #9), CRM-12 (map ID #10)
through July 1997 and in the Cedar River at site SW-2
(map ID #32) until February 1998. All dissolved-
oxygen measurements at sites CRM-1 (map ID #1) and
CRM-11 (map ID #9) were rejected after data review
because the multiprobe instruments at these sites
exhibited large drift after calibration. The new multi-
probe instruments were installed in February 1998 in
the Northwest Well Field at sites CRM-20 (map ID
#17) and CRM-21 (map ID #18), in the Seminole Well
Field at sites CRM-22 (map ID #19) and CRM-23 (map
ID #20), and in the Cedar River near the Seminole Well
Field at site SW-2 (map ID #32).
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Table 3. Summary of common-ion, trace-element, and nutrient concentrations in water samples collected from the Cedar
Rapids, lowa, municipal well fields and Cedar River, April 1996 through March 1999

[mg/L, milligrams per liter, ug/L, micrograms per liter; <, less than]

Sample Number of Mean Minimum Maximum
Constituent Units medium samples concentration concentration concentration

Common ions

Calcium mg/L as Ca Alluvium 75 77 49 140
Bedrock 16 69 49 80
Cedar River 12 63 27 80
Chloride mg/L as Cl Alluvium 75 21 1.2 31
Bedrock 16 17 0.50 34
Cedar River 12 23 16 27
Magnesium mg/L as Mg Alluvium 75 21 84 46
Bedrock 16 23 15 28
Cedar River 12 21 15 24
Potassium mg/L as K Alluvium 75 3.0 0.80 8.2
Bedrock 16 2.5 0.90 3.6
Cedar River 12 2.5 19 35
Silica mg/L as Si0;  Alluvium 75 14 5.0 25
Bedrock 16 16 12 20
Cedar River 12 8.1 0.07 14
Sodium mg/L as Na Alluvium 75 I8 3.2 24
Bedrock 16 10 3.6 16
Cedar River 12 10 5.8 15
Sulfate mg/L asSO4  Alluvium 75 30 <0.10 150
Bedrock 16 14 3.1 30
Cedar River 12 33 19 41

Trace elements

Boron ug/L as B Alluvium 65 34 20 86
Bedrock 8 41 21 49
Cedar River 10 29 22 35

Bromide mg/L as Br Alluvium 75 0.06 <0.01 0.70
Bedrock 16 0.04 <0.01 0.10
Cedar River 12 0.02 <0.01 0.06
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Table 3. Summary of common-ion, trace-element, and nutrient concentrations in water samples collected from the

Cedar Rapids, lowa, municipal well fields and Cedar River, April 1996 through March 1999--Continued

Sample Number of Mean Minimum Maximum
Constituent Units medium samples concentration concentration concentration
Trace elements--Continued

Fluoride mg/L as F Alluvium 75 0.21 <0.10 0.33
Bedrock 16 0.23 0.10 0.30
Cedar River 12 0.24 0.19 0.30

Iron ug/L as Fe Alluvium 75 2,460 <3.0 20,000
Bedrock 16 2,000 7.0 4,200
Cedar River 12 10 44 32

Manganese pg/L as Mn Alluvium 75 1,200 <1.0 7,500
Bedrock 16 627 .20 2,200
Cedar River 12 14 <3.0 60

Nitrogen, ammonia

Nitrogen, nitrite

Nitrogen, nitrite
plus nitrate

Organic carbon

Orthophosphate

Nutrients and organic carbon

mg/L as N Alluvium 70 1.5 <0.015 9.8
Bedrock 11 2.3 0.05 4.3
Cedar River 10 0.16 <0.015 0.95
mg/L as N Alluvium 70 0.02 <0.01 0.19
Bedrock 11 <0.01 <0.01 <0.01
Cedar River 10 0.03 0.01 0.09
mg/L as N Alluvium 70 1.6 <0.05 10.2
Bedrock 11 0.04 <0.05 0.08
Cedar River 10 5.5 0.05 11.0
mg/L as C Alluvium 76 24 0.50 6.4
Bedrock 16 1.5 0.40 29
Cedar River 12 29 2.1 4.4
mg/L as P Alluvium 69 0.06 <0.01 0.40
Bedrock 11 0.01 <0.01 0.05
Cedar River 10 0.06 <0.01 0.15
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Table 4. Summary of pesticide concentrations in water samples collected from the Cedar Rapids, lowa, municipal well
fields and Cedar River, April 1996 through March 1999

[All concentration in micrograms per liter; MRL, minimum reporting limit; --, not applicable]

Number of
concentrations
Sample Number of greater than Minimum Maximum
Constituent medium samples MRL MRL concentration concentration
Acetochlor Alluvium 92 10 0.05 0.06 0.17
Bedrock 9 0 - -
Cedar River 15 4 0.15 1.17
Alachlor Alluvium 101 0 0.05 -- -
Bedrock 16 0 - -
Cedar River 17 1 -- 0.16
Ametryn Alluvium 101 0 0.05 -- -
Bedrock 16 0 - .
Cedar River 17 0 - -
Atrazine Alluvium 101 81 0.05 0.05 2.7
Bedrock 16 8 0.05 0.09
Cedar River 17 17 0.05 8.2
Butachlor Alluvium 66 1 0.05 -- 0.05
Bedrock 9 0 - -
Cedar River 10 0 -- --
Butylate Alluvium 66 0 0.05 -- --
Bedrock 9 0 - -
Cedar River 10 0 - -
Bromacil Alluvium 66 0 0.05 -- --
Bedrock 9 0 -- -
Cedar River 10 0 -- -
Carboxin Alluvium 66 0 0.05 -- --
Bedrock 9 5 0.05 0.06
Cedar River 10 0 -- -
Cyanazine Alluvium 101 7 0.20/0.05 0.05 0.50
Bedrock 16 0 -- -
Cedar River 17 1 - 0.74
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Table 4. Summary of pesticide concentrations in water samples collected from the Cedar Rapids, lowa, municipal well

fields and Cedar River, April 1996 through March 1999.--Continued

Number of

concentrations

Sample Number ot greater than Minimum Maximum
Constituent medium samples MRL MRL concentration concentration
Deethylatrazine Alluvium 101 70 0.05 0.05 0.50
Bedrock 16 0 -- --
Cedar River 17 16 0.08 0.64
Deisopropylatrazine ~ Alluvium 101 32 0.05 0.05 0.26
Bedrock 16 0 -- -
Cedar River 17 10 0.05 0.28
Diphenamid Alluvium 66 0 0.0s5 -- --
Bedrock 9 - -
Cedar River 10 0 -- -
Hexazinone Alluvium 66 2 0.05 0.05 0.05
Bedrock 9 0 - -
Cedar River 10 -- --
Metolachlor Alluvium 101 58 0.05 0.05 0.62
Bedrock 16 1 -- 0.08
Cedar River 17 15 0.05 245
Metribuzin Alluvium 101 6 0.05 0.05 0.07
Bedrock 16 0 - --
Cedar River 17 0.06 0.07
Prometon Alluvium 99 0 0.05 - -
Bedrock 16 0 -- -
Cedar River 17 1 -~ 0.06
Prometryn Alluvium 101 0.05 - -
Bedrock 16 - --
Cedar River 17 -- --
Propachlor Alluvium 91 0 0.05 - --
Bedrock 9 0 - --
Cedar River 15 0 -- --
Propazine Alluvium 101 0.05 -- -
Bedrock 16 0 - -
Cedar River 17 -- -

TABLES 17



Table 4. Summary of pesticide concentrations in water samples collected from the Cedar Rapids, lowa, municipal well
fields and Cedar River, April 1996 through March 1999.--Continued

Number of
concentrations
Sample Number of greater than Minimum Maximum
Constituent medium samples MRL MRL concentration concentration
Sicloate Alluvium 66 0 0.05 - -
Bedrock 9 0 - -
Cedar River 10 0 - —
Simazine Alluvium 101 0 0.05 -- -
Bedrock 16 0 -- -
Cedar River 17 0 - -
Simetryn Alluvium 66 0 0.05 -- -
Bedrock 9 0 - -
Cedar River 10 0 - -
Terbacil Alluvium 66 0 0.05 -- --
Bedrock 9 0 - —
Cedar River 10 0 - —
Terbutryn Alluvium 25 0 0.05 - -
Bedrock 0 0 - -
Cedar River 5 0 - -
Trifluralin Alluvium 66 0 0.05 - -
Bedrock 9 0 -- -
Cedar River 10 0 - -
Vernolate Alluvium 66 0 0.05 -- -
Bedrock 9 0 - -
Cedar River 10 0 - -
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Table 8. Dissolved concentrations of ethanesulfonic-acid degradates of acetanilide herbicides and hydroxy-atrazine in water
samples collected from the Seminole Well Field and Cedar River, Cedar Rapids, lowa, June 1998 through August 1998

[All concentrations in micrograms per liter; constituents listed with USGS parameter codes in parantheses; ESA, ethanesulfonic acid]

Date Acetochlor Alachlor Metolachlor Hydroxy-
Site name (month, Time ESA ESA ESA atrazine
(with map ID from table 1) day, year) (24-hour) (61029) (50009) (61043) (50355)

Cedar River at Edgwood Road (31) 06-03-98 1200 1.47 1.38 5.45 <0.20
12052 1.50 1.37 5.31 <0.20

07-22-98 1215 1.08 1.96 4.25 <0.20

08-20-98 1125 0.90 2.13 4.15 <0.20

11302 1.05 2.28 4.56 <0.20

1996USGS CRM-15 (12) 06-02-98 1310 <0.20 <0.20 <0.20 <0.20
07-22-98 1450 <0.20 <0.20 0.38 <0.20

08-19-98 0850 <0.20 <0.20 0.37 <0.20

1996USGS CRM-16 (13) 06-02-98 1115 0.39 1.02 2.27 <0.20
07-22-98 1525 0.85 1.62 3.92 <0.20

08-19-98 0955 1.10 1.21 3.81 <0.20

1996USGS CRM-17 (14) 06-02-98 1200 1.26 1.62 4.83 <0.20
07-22-98 1600 1.37 1.73 4.51 <0.20

08-19-98 1030 1.48 1.28 4.14 <0.20

1996USGS CRM-18 (15) 06-03-98 1015 0.71 1.06 3.09 <0.20
07-22-98 1400 1.14 2.19 5.64 <0.20

08-20-98 0900 1.39 2.50 6.49 <0.20

1996USGS CRM-19 (16) 06-03-98 1120 0.99 1.38 4.24 <0.20
07-22-98 1305 2.06 2.06 6.36 <0.20

08-20-98 1100 1.58 2.35 5.48 <0.20

1996USGS CRM-SD-61 (26) 06-03-98 1345 2.08 1.36 5.48 0.21
07-22-98 1100 2.90 2.36 6.84 <0.20

08-20-98 1110 1.55 2.24 5.85 <0.20

1996USGS CRM-SD-62 (27) 06-03-98 1315 1.98 1.31 5.16 <0.20
07-22-98 1100 3.32 2.20 6.51 <0.20

08-20-98 1055 2.49 2.23 6.47 <0.20

1996USGS CRM-SD-64 (29) 06-03-98 1245 1.72 143 5.27 <0.20
07-22-98 1125 2.48 1.97 5.64 <0.20

11302 2.55 2.02 5.80 <0.20

08-20-98 1030 1.07 2.15 4.75 <0.20

2Field-replicate sample
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Table 9. Dissolved concentrations of oxanilic-acid degradates of acetanilide herbicides in water samples collected

from the Seminole Well Field and Cedar River, Cedar Rapids, lowa, June 1998 through August 1998

[All concentrations in micrograms per liter; constituents listed with USGS parameter codes in parantheses; OA,oxanilic acid]

Date Acetochlor Alachlor Metolachlor
Site name (with map (month Time OA OA OA
1D from table 1) day, year) (24-hour) (61030) (61031) (61044)
Cedar River at Edgewood Road (31) 06-03-98 1200 0.64 <0.20 0.92
12052 0.66 <0.20 1.04
07-22-98 1215 0.29 <0.20 0.62
08-20-98 1125 <0.20 <0.20 0.54
11302 <0.20 <0.20 0.56
1996USGS CRM-15 (12) 06-02-98 1310 <0.20 <0.20 <0.20
07-22-98 1450 <0.20 <0.20 <0.20
08-19-98 0950 <0.20 <0.20 <0.20
1996USGS CRM-16 (13) 06-02-98 1115 <0.20 <0.20 0.45
07-22-98 1525 0.28 <0.20 0.76
08-19-98 0955 0.35 <0.20 0.82
1996USGS CRM-17 (14) 06-02-98 1200 0.85 <0.20 1.22
07-22-98 1600 0.69 0.29 1.25
08-19-98 1030 0.61 <0.20 0.87
1996USGS CRM-18 (15) 06-03-98 1015 <0.20 <0.20 0.77
07-22-98 1400 <0.20 <0.20 0.89
08-20-98 0900 <0.20 <0.20 0.81
1996USGS CRM-19 (16) 06-03-98 1120 0.66 <0.20 0.78
07-22-98 1305 1.17 <0.20 1.17
08-20-98 1100 0.20 <0.20 0.69
1996USGS CRM-SD-61 (26) 06-03-98 1345 1.66 <0.20 1.16
07-22-98 1100 1.08 0.20 1.43
08-20-98 1110 0.26 <0.20 0.88
1996USGS CRM-SD-62 (27) 06-03-98 1315 1.18 <0.20 1.19
07-22-98 1035 1.75 0.31 1.72
08-20-98 1055 0.67 0.29 1.04
1996USGS CRM-SD-64 (29) 06-03-98 1245 1.04 <0.20 1.20
07-22-98 1125 1.34 0.25 1.40
11302 1.41 0.26 1.46
08-20-98 1030 <0.20 <0.20 0.59

Field-replicate sample
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Table 10a. Mean daily ground-water levels in observation well CRM-1 (map ID #1), East Well Field, Cedar Rapids, lowa,
July 1997 through February 1999

[Water levels measured as feet below land surface; --, value not measured or recorded]

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1997
1 - -- - - - - -- 11.22 9.79 7.55 2052 20.08
2 - - - - -- -- - 11.05 8.31 725 2290 1997
3 - - - - - - - 1124 647 738 2074 1976
4 - N . - - - - 113 555 719 2019 19.88
5 - - - - - -- - 11.13 5.10 759 2059 2029
6 - - - - - - - 11.00 5.59 730 2048 2030
7 - . . - - - - 1085 424 792 2042 2034
3 - - - - - - - 1043 403 843 2013 2043
9 - - - - - - - 1031 362 862 1994 1885
10 - - - - - . - 1038 302 842 2023 1821
11 - - -- -- -- - -- 10.39 2.67 8.11 20.25 18.62
12 - - -- - - - - 9.95 2.81 8.19 2006 1852
13 - . - - - - - 997 347 771 1973 1805
14 - - - - - - - 980 405 761 1987 1792
15 - - - - - - - 10.87 4.76 713 2027 1776
16 - -- -- -- - - - 9.09 6.43 6.79 2044 1749
17 - - -- - -- - - 8.84 6.66 7.09 2042 17.20
18 - - - - - - -- 9.33 6.46 694 2012 1776
19 - -- - -- - -- - 11.16 6.92 6.88  20.14 18.06
20 - - - - - - - 1238 686 7.7 2008 17.40
21 - - - - - - - 1124 661 719 2001 15.80
2 - - - - - - -- 10.05 6.67 727 2006 1511
23 - - - - -- - - 9.08 6.94 752 2027 1451
24 - - -- - - - 11.82 8.19 6.77 921 2040 15.29
25 -- -- -- - -- -- 11.82 7.56 6.81 10.04 19.90 14.47
2% - - - - - - 1242 701 696 1002 1998  14.02
27 - - - - - - 1230 674 707 1250 2005 14.69
28 - - - - - - 11.88 7.51 6.94 1428 1993 1632
29 - - - - - - 11.85 989 837 1566 1984  16.00
30 - - - - - - 1149  10.07 765 1689 1987 1577
31 - - - - - - 1140 1113 -- 19.83 - -
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Table 10a. Mean daily ground-water levels in observation well CRM-1 (map ID #1), East Well Field, Cedar Rapids, lowa,

July 1997 through February 1999--Continued

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1998
1 - 2494 1898 1710 1344 1331 0.24 2.57 7.08 6.76 235 216
2 1453 2540 1844 13119 1326 1343 0.10 220 7.06 5.38 1.81 218
3 14.85  26.13 18.31 844 1173 13.08 -0.37 1.58 6.73 4.78 1.86 1.97
4 14.71 25.11 18.63 4.86 11.89  13.06 -0.51 1.55 6.71 4.39 2.31 1.93
5 1503 2480 17.62 251 1282 1341 0.51 1.60 6.91 3.41 1.93 1.48
6 1554 2577 1187 1.01 1152 1446 1.88 0.81 7.24 3.06 1.26 1.56
7 17.23 2530 17.80 300 11.28 16.66 2.62 0.28 6.80 3.16 0.91 1.94
8 17.58 2461 17.13 252 1172 17.86 312 0.65 7.37 3.67 1.12 241
9 17.89 2430 17.18 1.80  10.54  18.98 5.46 0.66 7.16 3.64 5.84 2.74
10 18.25  24.26 16.81 1.92 9.44  19.61 6.60 0.48 7.54 3.59 9.27 2.68
11 1942 2426 17.79 0.34 9.56  20.58 5.90 0.93 7.60 3.56 7.85 3.26
12 19.76  23.85 19.05 0.13 11.74  19.64 5.59 1.39 7.89 3.58 6.96 3.64
13 2026 23776  20.01 1.74 1147 18.04 4.81 1.83 197 2.90 5.69 3.59
14 2036 2372 1893 433 1129 18.80 3.47 2.55 7.29 3.02 4.25 3.38
15 2032 2345 18.05 697 11.59  13.36 3.38 2.93 6.62 2.55 3.66 3.18
16 2039  23.66 19.33 540 1090 11.11 3.55 1.92 5.97 2.86 3.70 2.66
17 2042 2532 2019 202 1015 1134 3.44 1.90 5.35 2.16 4.90 253
18 20.31 2392 2045 1.26 9.39  11.61 3.48 2.55 4.78 1.55 5.90 3.14
19 2031 2389  20.64 0.44 9.16 12.78 3.19 2.18 422 1.37 6.70 233
20 20.27  23.81 20.85 2.37 9.94 1347 1.98 3.63 4.04 0.96 5.26 2.44
21 2038 2359 2107 310 10.22  13.75 1.46 3.32 3.63 1.16 4.51 2.46
22 19.78 2362  21.62 548 1052 12.63 0.88 251 3.83 1.44 4.30 1.88
23 19.67  23.74  22.60 6.52 1047 10.61 0.72 2.66 3.82 3.22 4.35 2.22
24 19.59 2351 2291 485 10.08 6.69 0.92 3.43 3.62 3.39 4.09 2.18
25 19.75  23.00 21.39 2.62 9.56 2.30 1.02 4.27 3.80 341 3.57 231
26 -- 2421 19.72 3.63 9.15 0.00 0.88 4.20 3.66 4.31 3.30 2.12
27 2427  23.04 2040 8.41 10.67 -0.01 0.79 5.03 3.97 4.44 3.10 2.45
28 2434 1971 19.06 8.09 11.74 -0.26 1.03 5.60 3.99 3.89 2.77 3.12
29 24.53 -- 16.52 11.08 1212  -0.37 1.01 5.89 5.76 3.67 2.63 3.83
30 24.51 - 17.66 1270 1291 0.09 1.26 6.34 7.82 2.28 2.16 4.06
31 24.72 - 20.21 - 1326 -- 2.80 684  -- 239 - -
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Table 10a. Mean daily ground-water levels in observation well CRM-1 (map ID #1), East Well Field, Cedar Rapids, lowa,
July 1997 through February 1999--Continued

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1999

572 491 - - - - - - - - - -
58 720 - - - - - - - - - -
632 547 - - - - - - - - - -
622 510 - - - - - - - - - -
637 504 - - - - - - - - - -
635 477 - - - - - - - - - -
671 453 - - - - - - - - - -
768 438 - - - - - - - - - -
792 460 - - - - - - - - - -
795 567 - - - - - - - - - -
794 438 - - - - - - - - - -
833 453 - - - - - - - - - -
784 479 - - - - - - - - - -
744 479 - - - - - - - - - -
723 544 - - - - - - - - - -
826 582 - - - - - - - - - -
828 558 - - - - - - - - - -
708 560 - - - - - - - - - -
696 583 - - - - - - - - - -
673 520 - - - - - - - - - -
699 518 - - - - - - - - - -
649 490 - - - - - - - - - -
621 481 - - - - - - - - - -
604 490 - - - - - - - - - -
58 507 - - - - - - - - - -
556 534 - - - - - - - - - -
568 490 - - - - - - - - - -
524 - - - - - - - - - - -
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Table 10b. Mean daily ground-water levels in observation well CRM-2 (map ID #2), West Well Field, Cedar Rapids, lowa,
July 1997 through February 1999

[Water levels measured as feet below land surface; --, value not measured or recorded]

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1997
1 -- - - - -- - - 5.71 6.27 5.16 345 8.39
2 - - - - -- - - 5.45 6.30 5.56 2.87 8.63
3 - - .- - - - -- 5.24 6.18 5.32 4.00 9.45
4 - - - -- - - - 5.37 6.01 5.31 4.00 9.68
5 - - - -- - - - 5.79 5.47 5.37 441 9.38
6 - - - - - - - 5.73 6.18 5.03 4.52 9.20
7 - - -- -- - - - 5.74 6.12 5.08 5.01 8.14
3 - - - - - - - 5.30 6.24 5.23 5.64 8.12
9 - - - - - - - 5.26 5.79 5.53 5.69 8.62
10 - - - - - - - 5.18 5.48 5.68 6.10 8.55
11 - - - - - - - 5.34 5.41 5.41 6.16 8.39
12 - - - - - -- - 5.01 532 5.35 6.05 6.29
13 - - - - - - - 5.21 3.62 5.18 6.50 5.07
14 - - - - - -- - 5.20 338 592 -- 4.79
15 - - -- - -- -- 5.34 4.74 3.18 6.69 - 4.89
16 - - - - - - 5.34 5.58 3.38 6.81 - 4.90
17 = -- - - -- -- 5.48 5.21 3.33 7.12 -- 4.80
18 - - - - -- - 5.43 5.51 3.37 6.77 - 5.39
19 - - - - - - 5.22 5.12 3.41 6.84 - 5.20
20 - - - - -- - 5.25 5.30 3.54 7.43 7.53 5.06
21 - - - - - - 5.25 5.38 3.50 7.54 7.04 4.62
22 - - - - - - 5.27 5.61 332 7.45 7.05 4.89
23 - - - - - - 5.29 5.59 3.92 7.70 7.08 4.52
24 - - - - - - 5.32 5.32 5.09 7.86 7.28 4.74
25 - - - - - - 5.51 5.21 5.42 7.53 7.34 5.18
26 - - - - - - 5.79 5.32 5.04 6.11 7.23 4.94
27 - - - - - - 5.44 5.26 5.35 3.68 7.26 4.86
28 - - - - - - 5.41 5.35 5.29 4.04 7.55 4.47
29 - - - - -- -- 5.86 5.35 4.62 3.89 7.57 4.75
30 - - - - -- - 5.76 5.59 5.26 4.35 7.69 4.65
31 - - -- -- - - 5.97 6.24 - 3.40 -- --
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Table 10b. Mean daily ground-water levels in observation well CRM-2 (map ID #2), West Well Field, Cedar Rapids, lowa,
July 1997 through February 1999--Continued

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1998
8.77 10.61 4.36 3.70 4.89 -0.55 4.07 247 5.43 5.11 -

—
[l
i

2 494 8.64 10.56 2.67 4.54 504  -092 3.94 2.75 5.17 4.83 -

3 461 9.07  10.65 1.64 4.68 420 -1.68 3.50 3.57 5.11 5.08 --

4 4.36 8.81 10.13 1.99 471 3.60 -1.44 3.55 3.05 5.30 5.53 --

5 432 8.67 10.20 2.00 4.87 311 -0.28 4.04 297 544 5.51 -

6 4.12 8.75 9.98 2.45 4.73 2.82 0.59 3.90 3.12 5.37 5.76 -

7 4.21 8.73 9.67 1.48 429 2.84 1.67 3.66 3.13 544 5.7 --

8 4.52 8.78 9.79 213 4.38 2.50 222 391 3.29 5.87 5.70 --

9 4.54 8.88 9.94 3.93 3.85 2.73 2.38 3.85 3.53 5.23 5.35 --
10 447 9.27 9.82 4.04 3.77 2.50 2.58 3.77 2.90 5.02 5.03 -
11 4.46 9.24 9.95 421 4.07 2.10 2.84 4.05 2.23 5.02 5.68 -
12 4.59 9.15 9.78 4.45 4.41 2.23 2.86 4.31 2.24 5.24 587 --
13 4.83 9.35 8.74 3.93 3.81 1.91 3.10 3.76 3.31 5.11 5.50 --
14 4.45 9.47 8.47 5.11 4.55 -0.20 3.76 3.22 3.7 4.87 5.70 --
15 4.53 9.36 8.72 437 5.43 -0.75 3.92 3.08 331 4.88 5.46 2.93
16 543 9.63 9.09 482 5.36 0.69 4.16 3.09 3.56 4.98 5.51 248
17 4.87 8.96 9.11 4.61 5.42 0.99 4.11 2.94 3.34 4.96 5.37 2.58
18 4.85 9.78 9.40 4.69 5.17 1.65 4.27 3.28 3.39 4.60 5.73 3.12
19 518  10.15 8.92 431 5.07 1.75 4.57 3.54 3.91 4.88 5.51 4.18
20 6.72  10.05 9.03 4.06 4.98 1.38 450 3.55 393 4.60 5.63 4.51
21 7.28 9.84 9.22 4.05 5.03 0.82 4.41 3.46 3.29 4.52 5.65 4.03
22 7.28  10.07 8.95 3.28 5.32 -0.04 411 2.95 3.1 4.30 6.03 3.29
23 746  10.39 8.96 3.61 5.50 0.07 4.25 3.49 2.83 4.55 5.89 352
24 7.38  10.21 9.04 4.55 5.24 0.29 4.59 3.55 2.60 4.78 5.90 3.53
25 7.71 10.40 8.97 4.52 4.92 -0.84 4.87 3.11 3.06 4.52 6.04 3.39
26 7.49 9.42 9.10 4.59 4.99 -1.53 4.64 3.04 3.17 4.63 5.31 3.26
27 7.62 9.54 8.33 5.25 504 -123 424 3.00 2.68 472 5.00 332
28 8.35 10.52 8.09 5.33 5.13 -1.63 433 2.83 2.58 4.87 -- 3.20
29 8.38 -- 8.25 4.94 4.57 -1.03 4.21 2.86 4.19 5.42 -~ 3.39
30 8.17 -- 7.55 4.63 4.70 -0.41 431 2.98 5.00 4.24 - 3.27
31 8.66 -~ 5.70 - 4.99 -- 4.79 3.10 - 5.10 -- --
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Table 10b. Mean daily ground-water levels in observation well CRM-2 (map ID #2), West Well Field, Cedar Rapids, lowa,
July 1997 through February 1999--Continued

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1999

- 3.08 - - - - - - - - - -
347 329 - - - - - - - - - -
340 227 - - - - - - - - - -
366 345 - - - - - - - - - -
335 2838 - - - - - - - - - -
352 243 - - - - - - - - - -
366 290 - - - - - - - - - -
369 290 - - - - - - - - - -
415 234 - - - - - - - - - -
410 231 - - - - - - - - - -
411 155 - - - - - - - - - -
437 221 - - - - - - - - - -
435 243 - - - - - - - - - -
418 229 - - - - - - - - - -
419 264 - - - - - - - - - -
452 243 - - - - - - - - - -
403 218 - - - - - - - - - -
418 217 - - - - - - - - - -
428 221 - - - - - - - - - -
451 2711 - - - - - - - - - -
479 243 - - - - - - - - - -
445 256 - - - - - - - - - -
459 233 - - - - - - - - - -
423 228 - - - - - - - - - -
448 232 -- - - - - - - -~ - -
457 249 - - - - - - - - - -
336 228 - - - - - - - - - -
339 261 - - - - - - - - - -
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Table 10c. Mean daily ground-water levels in observation well CRM-3 (map ID #3), Seminole Well Field, Cedar Rapids,
lowa, January 1997 through February 1999

[Water levels measured as feet below land surface; --, value not measured or recorded]

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1997
1 -- 14.37 7.7 5.19 8.62 8.49 7.01 949 1066 11.37 12.69  14.56
2 - 14.65 7.24 5.38 7.94 8.68 6.97 970 1036 1144 1121 1458
3 - 15.20 7.02 6.07 7.24 8.73 7.16 997 1022 1122 1314 14.63
4 - 15.38 6.51 6.54 6.57 8.70 733 1074 1095 11.21 13.94 1477
5 - 15.11 6.09 6.36 6.27 8.84 769 1016 1124 11.20 1381 14.78
6 - 15.10 5.81 6.77 6.18 8.98 817 1008 11.12 1140 1346 15.06
7 - 15.18 6.04 7.05 6.16 9.06 837 1009 1114 1144 1357 15.32
8 - 15.35 6.22 6.97 6.09 8.78 862 1025 11.16 1129 13.67 15.26
9 -- 15.38 7.23 6.70 6.19 9.03 856 1017 1122 1155 1354 1548
10 -- 15.44 8.02 6.53 6.21 8.96 869 1055 1133 1166 13.64 1541
11 - 15.54 7.55 6.67 6.33 9.12 861 1064 1126 12773 13.69 1543
12 - 15.63 6.52 7.04 6.54 8.97 868 1069 1137 1245 13.60 15.34
13 - 15.70 5.7 7.29 6.73 9.02 879 1060 1145 13.03 13.56 15.34
14 - 15.74 5.01 7.41 6.94 9.25 886 1020 11,53  13.67 13.64 15.28
15 - 15.81 4.25 7.38 7.27 9.08 8.73 928 1128 13.71 1370  14.68
16 -- 15.90 337 7.41 7.63 8.89 849 1043 1097 1385 1339  14.66
17 -- 15.94 3.08 7.55 7.91 9.02 817 1048 1105 1465 1392 14.834
18 -- 16.09 4.16 7.81 8.24 9.11 794 1043 1096 1541 1432 1499
19 - 15.42 5.30 8.06 7.67 9.34 791 1047 1096 1568 1445 15.13
20 - 13.45 5.76 8.19 8.06 9.16 821 1049 10.83 1568 1440 15.11
21 - 9.73 5.53 8.25 8.14 9.14 847 1074 1058 1533 1439 1527
22 - 6.86 5.68 8.36 8.27 8.87 835 1073 1098 1476 1459 15.21
23 -- 5.7 5.41 8.47 8.34 8.14 840 1057 1090 1450 1485 1540
24 12.30 5.50 4.94 8.47 8.45 7.94 847 1053 1099 1453  14.64  14.96
25 12.56 6.19 4.57 8.61 8.51 7.12 920 1076 1090 1446 1476  15.11
26 12.72 7.00 4.10 8.66 8.54 6.11 896 10.81 1085 1427 1469 15.16
27 12.96 7.62 3.60 8.70 8.55 6.16 892 1088 1066 1485 1448  15.07
28 13.03 7.97 3.28 8.85 8.44 6.44 874 1086 1053 1503 1465 13.85
29 1341 - 4.36 8.88 8.28 6.75 9.04 1112 933 1536 1459 14.24
30 1376 -- 4.99 8.44 8.39 6.64 909 1122 1093 1520 1448 14.10
31 14.03 - 521 -- 839 - 8.88 1083  -- 13.10 - 14.62
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Table 10c. Mean daily ground-water levels in observation well CRM-3 (map ID #3), Seminole Well Field, Cedar Rapids,

lowa, January 1997 through February 1999--Continued

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1998

1 1483 1474 9.46 2.57 1.37 6.27 - - 9.58 10.22 8.30 9.62

2 1499 1501 9.07 3.46 7.46 6.55 - - 9.65 1048 8.37 9.36

3 1499  14.86 9.04 3.35 7.44 7.14 - -- 949 1041 8.48 -

4 14.80 15.16 9.16 3.62 7.49 7.22 - = 9.77 1031 8.73 -

5 1478  15.26 9.25 3.83 7.59 7.48 - -- 10.01 9.52 8.95 9.33

6 1491 1533 9.36 3.85 7.70 7.66 - - 9.76 9.19 8.80 9.39

7 15.02  15.27 9.40 1.80 7.47 7.69 - - 9.73 9.36 8.92 9.48

8 1500 15.28 9.21 2.64 7.63 7.78 -- - 10.05 9.36 9.44 9.46

9 15.28  15.27 9.55 5.19 7.75 7.48 -- - 10.09 9.62 9.36 9.11
10 1547  15.29 891 5.83 7.88 6.83 -- - 10.20 9.67 6.08 8.76
11 1544 1511 8.53 3.76 7.83 5.37 - - 10.17 9.63 8.28 9.10
12 1547  15.35 8.82 531 8.02 5.46 - -- 9.98 9.70 8.57 9.46
13 14.68  15.51 9.39 4.36 8.04 4.98 -- - 9.95 9.81 8.81 9.47
14 1499  15.88 9.36 6.03 8.04 1.97 -- 10.09 9.68 9.69 8.28 9.35
15 1472 15.88 9.36 5.08 8.09 1.63 - 10.12 9.93 9.44 8.71 9.56
16 14.67 1573 9.78 5.57 8.28 3.64 - 1022  10.11 9.43 7.87 9.63
17 1442 1460 1032 6.00 8.31 4.69 - 9.83 10.24 7.86 9.03 9.56
18 1454 1570  10.36 6.05 8.29 5.27 - 10.15  10.17 7.72 8.53 8.82
19 1463 1594 10.16 5.75 8.21 5.18 - 10.11  10.01 7.18 8.77 9.47
20 1458 1582  10.13 5.36 8.40 4.92 = 10.06 9.80 6.94 9.14 9.40
21 1467 1560  10.00 5.39 8.37 4.45 -- 1023 10.01 7.14 9.36 9.14
22 1486  14.80 9.75 551 8.22 3.65 -- 10.18  10.24 7.30 8.90 7.77
23 1479  13.60 9.56 5.48 8.22 -- -- 10.09  10.40 8.06 9.16 8.59
24 1495  12.65 9.26 5.47 8.12 - - 9.84  10.15 8.76 9.44 8.60
25 1487 1148 8.83 5.20 8.00 - - 9.78  10.07 9.07 9.07 9.00
26 15.08 9.15 8.46 5.51 7.65 - - 10.18 9.88 9.30 9.27 8.86
27 15.00 8.98 7.13 6.04 7.19 - - 10.00 9.97 9.26 9.49 8.86
28 1497  10.04 6.51 6.35 6.97 - -- 9.69 10.30 9.30 9.52 8.87
29 14.86 - 6.92 7.02 6.70 -- - 9.77 9.97 8.34 8.76 8.91
30 14.85 -- 5.74 7.12 6.02 -- - 9.82 9.82 8.27 9.08 9.28
31 14.85 - 2.20 - 6.07 - -- 9.84 - 8.13 - 9.54
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Table 10¢. Mean daily ground-water levels in observation well CRM-3 (map ID #3), Seminole Well Field, Cedar Rapids,
lowa, January 1997 through February 1999--Continued

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1999

937 917  -- - - - - - - - - -
946 907 - - - - - - - - - -
950 714 - - - - - - - - - -
930 862 - - - - - - - - - -
947 864 - - - - - - — - - -
951 864 - - - - - - - - - -
9.18 859  -- - - - - - - - - -
9.67 855 - - - - - - - - - -
944 839 - - - - - - - - - -
10 951 817 - - - - - - - - - -
11 929 682 - - - - - - - - - -
12 948 778 - - - - - - - - - -
13 931 704 - - - - - - - - - -
14 951 766 - - — - - - - - - -
15 923 781 - - - - - - - - . -
16 926 170 - - - - - - - - - -
17 828 172 - - - - - - ~ - - -
18 852 174 - - - - - - - - - -
19 939 197 - - - - - - - - - -
20 933 171 - - - - - - - - - -
21 927 125 - - - - - - - - - -
22 883 797 - - - - - - - - - -
23 9.09 842 - - - - - - - - - -
24 935 851  -- - - - - - - - - -
25 874 870 - - - - - - - - - -
26 9.13 867 - - - - - - - - - -
27 924 820 - - - - - - - - - -
28 923 860 - - - - - - - - - -
29 858 - - - - - - - - - - -
30 847 - - - - - - - - - - -
31 9.10 - - - - - - - - - - -
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Table 10d. Mean daily ground-water levels in observation well CRM-4 (map ID #4), Seminole Well Field, Cedar Rapids,
lowa, January 1997 through June 1998

[Water levels measured as feet below land surface; --, value not measured or recorded]

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1997

1 - 14.28 7.05 4.40 7.78 7.52 5.88 7.82 1023  10.63 - 13.89
2 - 14.68 6.60 4.61 7.12 7.52 5.89 8.10 9.82 1019 - 13.62
3 - 15.27 6.35 5.34 6.15 7.6 5.93 8.52 9.58 7.56 - 13.22
4 -- 15.37 5.80 5.76 5.66 7.98 6.12 9.30 10.51 9.50 13.15  13.65
5 - 14.90 5.30 6.12 5.29 8.16 6.45 860 10.10 935 1362 1278
6 - 14.92 4.92 6.26 5.13 8.24 6.66 8.36 9.39 9.99 1317 1331
7 - 15.07 5.33 6.30 5.19 8.12 7.18 8.38 952 1034 1332 1411
8 - 15.12 5.68 6.11 5.18 8.48 7.15 8.52 9.79 9.60 13.17  13.59
9 - 15.24 6.75 5.86 5.22 8.86 7.56 8.65 9.80 10.83 12.62 14.03
10 - 15.45 7.55 571 5.29 8.67 7.83 8.65 9.65 1132 1324 13.37
11 - 15.56 6.91 5.94 5.36 8.21 7.66 8.65 9.65 11.80 1333  14.67
12 - 15.56 5.76 6.19 5.55 8.24 7.30 8.80 9.65 1022 1268 14.58
13 - 15.66 4.78 6.49 5.73 8.27 7.29 8.76 9.65 1142 11.87 13.74
14 - 15.76 4.11 6.60 5.97 8.15 7.27 7.82 9.65 1357 1243 14.28
15 - 15.84 3.17 6.57 6.31 8.09 7.18 6.67 9.65 1352 1277 1276
16 - 15.85 2.36 6.65 6.66 8.00 6.69 8.42 822 1358 13.01 13.02
17 - 15.98 222 6.76 6.89 8.14 6.37 9.35 927 1460 1357 1298
18 - 16.11 3.33 6.99 7.64 820 6.28 10.16 9.16 1475 1359 1345
19 - 15.42 4.55 7.22 6.66 8.41 6.22 9.46 9.07 1474 13,65 13.53
20 - 13.16 5.00 7.43 7.13 8.29 6.54 881 10.02 1546 1294 14.60
21 - 8.96 4.75 7.52 7.07 8.15 6.66 9.72 977 1500 1253  14.05
22 - 6.11 4.83 7.62 7.27 7.63 6.78 10.23 10.17 14.34 12.95 13.27
23 - 5.00 4.61 7.71 7.49 6.63 6.86 973 1014 1323 1420 13.90
24 11.80 4.94 4.08 7.78 7.63 6.67 7.07 8.85 9.68 1330 1409 11.82
25 12.14 5.62 3.68 7.88 7.68 5.69 8.32 9.54 9.08 13.85 1250 13.37
26 12.44 6.45 325 7.91 7.76 4.96 8.57 9.09 868 1275 1266  13.27
27 1275 7.05 275 7.91 7.72 4.79 8.44 9.36 7.86 1404 1130 13.10
28 12.71 7.42 291 7.91 7.57 478 8.34 9.09 6.83 1338 1260 10.13
29 13.20 - 3.54 7.93 741 5.45 8.20 9.64 936 1428 13.24 9.95
30 1372 - 4.26 7.93 7.40 527 8.33 9.95 897 1317 1293 11.60
31 1400  -- 4.45 -- 7.45 - 797 1047 - - - 14.05
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Table 10d. Mean daily ground-water levels in observation well CRM-4 (map ID #4), Seminole Well Field, Cedar Rapids,
lowa, January 1997 through June 1998--Continued

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1998

13.13 1475 9.11 3.18 6.92 6.47 - - - - - -

—

2 12.95 14.42 8.84 2.81 7.02 6.81 -- - - - - -

3 13.44 1397 8.72 2.58 7.21 7.20 - - - - - -

4 1333 1433 8.70 2.10 7.32 737 -- - - - - -

5 1268  14.84 8.00 2.83 7.34 7.25 - - - - - -

6 13.30 14.82 8.16 3.39 7.44 6.74 -- - . -- -- -

7 13.55 15.17 8.79 3.15 7.40 6.76 -- -- -- . - -

8 11.74 1523 9.13 3.82 7.55 7.31 - - - - - -

9 12.51 15.34 9.04 4.89 7.63 7.53 - - - - - -
10 14.66 15.33 9.06 484 7.60 7.03 -- - - - - -
11 14.61 15.28 9.24 494 773 6.24 - - -- - - -
12 13.95 15.45 8.93 5.12 7.63 5.44 -- - - - - -
13 14.02 15.68 8.95 5.16 1712 4.10 -- - - - - -
14 13.81 15.48 8.92 5.49 7.91 2.81 - -- -- - - -
15 1279 16.23 9.14 5.49 7.92 220 - - - - - -
16 13.38 16.15 9.13 5.52 7.52 3.10 -- - - - - -
17 12.72 16.12 9.83 5.19 7.32 4.11 - -- -- -- - -
18 13.54 16.19 10.26 491 7.94 4.44 - - - - - -
19 13.63 16.29 10.37 5.23 8.15 4.20 -- -- -- - - -
20 12.83 16.25 10.01 5.03 8.02 3.99 -- - - -- - -
21 12.70 15.88 9.63 4.42 8.17 3.74 -- -- .- -- -- -
22 13.21 15.20 9.52 434 8.16 2.58 -- - - - -- -
23 12.52 1391 8.98 497 8.14 - - - - - - -
24 13.20 12.52 8.25 5.12 8.14 -- -- -- - -- - -
25 12.55 11.55 8.56 5.24 8.01 -- -- - - - -- -
26 13.93 10.76 7.98 5.41 7.61 -- -- -- - - - -
27 15.07 10.21 7.39 5.00 7.19 -- - - -- - - -
28 14.83 9.72 6.92 5.33 7.05 -- -- -- -- - - -
29 14.95 -- 6.97 6.31 6.80 - -- - - - - -
30 14.96 - 6.64 6.92 6.42 - - -- - - - -
31 14.86 -- 3.81 -- 6.23 - - -- - - - -
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Table 10e. Mean daily ground-water levels in observation well CRM-6 (map ID #5), Seminole Well Field, Cedar Rapids,

lowa, January 1997 through February 1999

[Water levels measured as feet below land surface; --, value not measured or recorded)

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1997
1 - 5.97 047 -1.89 -037 -1.06 -2.00 1.09 1.20 0.04 1.85 1.81
2 - 5.93 024 -1.84 -1.07 -1.05 -2.02 1.16 0.78 0.27 1.29 1.78
3 - 6.29 003 -1.89 -1.23 070 -2.09 1.33 0.61 0.14 1.96 1.69
4 - 655 -062 -1.66 -133  -056 -1.93 1.98 1.00 0.46 2.25 1.72
5 - 633 -1.26  -2.61 -1.51 -0.56  -1.61 1.98 0.87 0.56 2.38 1.89
6 - 615 -147 -192 -1.51 -046  -1.42 1.83 0.93 0.64 2.24 1.94
7 - 602 -136 -084 -165 -048 -1.05 1.86 0.95 0.62 2.21 1.95
8 - 643 -1.30 -1.17  -1.72 041 -1.08 1.67 0.95 0.64 1.91 2.00
9 - 6.13 -007 -155 -157 -027 -0.67 1.60 0.89 0.88 1.75 1.88
10 - 6.09 035 -1.62 -1.68 -026 -048 2.09 0.86 0.95 1.84 1.94
11 - 630 -034 -157 -1.79 -038 -053 2.40 0.77 1.21 1.79 2.16
12 - 636 -149 -144  -1.79 041  -0.63 1.93 0.75 0.99 1.70 2.16
13 - 633 -18 -116 -1.79 -031 -0.76 1.75 0.74 1.34 1.54 1.99
14 - 648 -243 096 -191 -009  -0.65 1.14 0.77 1.95 1.66 1.90
15 - 6.17  -2.63  -1.11 -1.64  -033  -0.53 0.52 0.72 2.02 1.86 1.82
16 - 659 299 -082 -142 035 -0.76 0.98 0.46 2.09 1.77 1.83
17 - 642 -232 -08 -140 -011 -0.89 1.18 0.64 2.70 1.87 1.86
18 - 643 259 -1.17 -1.07 -0.08 -0.77 1.32 0.43 2.90 1.75 1.84
19 - 566 -230 -1.02 -0.88 013 -041 1.06 0.27 3.31 1.71 1.91
20 - 453 -193 -09  -033 017  -0.01 1.04 0.31 3.68 1.81 2.14
21 -- 192 -219 -078 -044 0.07 0.23 0.99 0.18 3.51 1.90 1.95
22 - 043 -208 -070 -040 -0.01 0.34 1.04 0.18 3.07 1.87 1.92
23 - 024 -200 -061 -0.52 -020 0.29 1.03 0.23 2.80 1.94 1.94
24 4.68 0.16 -209 059 057 -0.10 0.43 1.00 0.04 2.74 2.06 1.60
25 4.81 -0.04 -215 -019 -055 -0.20 0.60 093 -0.12 2.67 1.80 1.81
26 477 003 -216 -013 049 -124 0.5 099  -0.15 2.63 1.79 1.93
27 4.95 027 218 -031 -035 -1.84 0.69 093  -037 2.75 1.65 1.81
28 5.47 078 290 -023 -071 -2.10 1.09 095 -0.54 3.10 1.79 1.13
29 5.29 - -210 -025 -097 -2.04 1.33 110 -0.95 3.21 1.79 1.28
30 5.31 - 206  -1.32 -092  -2.08 1.25 1.14  -0.14 3.04 1.78 1.35
31 5.40 - -1.87 - -0.96 -- 1.22 1.30 - 2.11 - 1.87
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Table 10e. Mean daily ground-water levels in observation well CRM-6 (map ID #5), Seminole Well Field, Cedar Rapids,
lowa, January 1997 through February 1999--Continued

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1998

1.77 1.05 -0.85 -2.31 -1.74 -1.87 -2.00 1.09 -2.05 -2.13 -2.29 -1.78

—

2 1.66 1.41 -0.89 -1.82 -1.75 -1.90 -2.02 1.16 -2.04 -2.28 -2.67 -1.96

3 1.66 1.58 -1.00 -1.85 -1.69 -1.81 -2.09 1.33 -2.44 -2.37 -2.68 -

4 1.66 1.38 -1.01 -1.73 -1.68 -1.76 -1.94 1.98 -2.21 -2.11 -2.38 --

5 1.73 1.27 -0.91 -1.79 -1.69 -1.87 -1.62 1.99 -2.12 -2.38 -2.53 -2.07

6 1.62 1.30 -0.97 -1.82 -1.72 -1.78 -1.43 1.83 -2.17 -253 -2.56 -2.04

7 1.66 .34 -1.08 -2.67 -1.87 -1.74  -1.05 1.86 -2.34 -2.54 -2.52 -2.08

8 1.39 1.39 -1.44 -2.61 -1.69 -1.86 -1.09 1.68 -2.28 -2.19 -2.16 -1.98

9 1.54 1.47 -1.06 -1.96 -1.82 -1.76 -0.68 1.60 -2.13 -2.33 2.11 -2.09
10 1.66 1.55 -1.68 -1.94 -1.87 -1.82 -0.48 2.09 -2.17 -2.52 -4.09 -2.54
11 1.68 1.23 -1.79 -1.90 -1.75 -2.16 -0.53 2.40 -2.28 -2.57 -2.73 -2.09
12 1.67 1.52 -1.83 -1.97 -1.72 -1.90 -0.63 -- -2.24  -234 -2.29 -1.96
13 1.52 1.61 -1.40 -2.38 -1.82 -1.76 -0.76 - -2.15 -2.35 -2.39 -1.96
14 1.44 1.66 -1.39 -1.76 -1.74 252 -0.65 -1.77 -2.65 -2.41 -2.81 -1.95
15 1.28 174 -1.52 -2.12 -1.68 -2.43 -0.53 -1.77 -2.37 -2.39 -2.57 -1.93
16 1.14 1.58 -1.22 -192 172 -1.93 -0.75 -1.75 -2.10 -2.25 -2.99 -2.14
17 1.16 1.02 -1.21 -1.87 -1.70 -1.83 -0.89 -1.89 -2.21 -2.80 -2.25 -2.13
18 1.12 1.47 -1.30 -1.84 -1.74  -1.84 -0.78 -1.70 -2.15 -2.76 -2.66 -2.30
19 1.12 1.75 -1.32 -1.87 -1.73 -1.84 -0.41 -1.61 -2.38 -2.49 -2.60 -2.08
20 1.17 1.71 -1.50 -1.79 