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CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL DATUM

Multiply By To obtain

inch (in.) 25.4 millimeter
foot (ft) 0.3048 meter

mile (mi) 1.609 kilometer

square mile (mi?) 2.590 square kilometer
million gallons (Mgal) 3,785 cubic meter
gallon per minute (gal/min) 0.06309 liter per second
million gallons per day (Mgal/d) 3,785 cubic meter per day

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
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.

Water year: Water year is the 12-month period from October 1 through September 30. The water
year is designated by the year in which it ends; for example, the 12-month period ending
September 30, 1993, is called the “1993 water year.”
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Selected Hydrogeologic Data From the Cedar Rapids
Area, Benton and Linn Counties, lowa, October 1992

Through March 1996

By Douglas J. Schnoebelen and Peter M. Schulmeyer

Abstract

The city of Cedar Rapids, Iowa, obtains its
water supply from shallow wells screened in the
alluvial aquifer along the Cedar River. A coopera-
tive study between the city of Cedar Rapids, Iowa,
and the U.S. Geological Survey was started in
March 1992 to assess the water quality and water
quantity of the ground-water resource. This report
summarizes selected hydrogeologic data collected
from October 1992 through March 1996. Informa-
tion collected includes water quality (major ions,
nutrients, and pesticides), ground-water levels,
multiprobe-instrument data (water levels, specific
conductance, pH, water temperature, and dis-
solved oxygen monitored at 15-, 30-, or 60-minute
intervals), well information (location, casing type,
screen interval, and depth), and geophysical seis-
mic-refraction and seismic-reflection data (esti-
mated depth to bedrock and alluvial thickness
along the Cedar River). Geologic, hydrologic, and
water-quality data were collected from domestic,
municipal, observation, and industrial wells and
the Cedar River. Well-construction data for more
than 300 wells in the Cedar Rapids area in Benton
and Linn Counties, lowa, were compiled primarily
from records on file with the lowa Department of
Natural Resources, Geologic Survey Bureau
(Iowa City).

INTRODUCTION

Alluvial aquifers adjacent to large streams are an
important source of ground water for drinking and
industrial use in many municipalities. The city of Cedar
Rapids, Iowa, obtains its water supply from shallow
wells (60 to 80 ft deep) along the Cedar River. The city
has 53 vertical wells and has planned two horizontal
collector wells. A typical vertical well can be pumped
at 1.0 to 1.2 Mgal/d, and each horizontal well can be
pumped at 9.0 to 11.0 Mgal/d (John North, Cedar Rap-
ids Water Department, oral commun., 1995). The city
of Cedar Rapids has seen a steady increase in the
demand for water. Pumpage from municipal wells was
8,487 Mgal in 1980, 9,118 Mgal in 1990, and 11,000
Mgal in 1994 (Bob Glass, Cedar Rapids Water Depart-
ment, oral commun., 1995).

The alluvial aquifer is recharged by precipita-
tion, and municipal pumping can induce recharge from
the Cedar River and the underlying Silurian-Devonian
bedrock aquifer. The underlying bedrock aquifer and
the Cedar River are in hydraulic connection with the
alluvial aquifer (Hansen, 1970; Wang and Squillace,
1994). Historically, the alluvial aquifer has supplied the
needed quantity of water, which is generally of high
quality. As future population growth in the area contin-
ues and water-quality concerns increase, the water
managers of the city of Cedar Rapids have recognized
the need to: (1) determine the maximum safe yield of
the alluvial aquifer adjacent to the Cedar River, (2) plan
for additional withdrawals and future expansion, and
(3) identify potential threats to the quality of water in
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the alluvial aquifer. To meet these needs, the city of
Cedar Rapids and the U.S. Geological Survey (USGS)
began a cooperative study in 1992 to assess the
ground-water flow and quality in the alluvial aquifer.

Purpose and Scope

This report summarizes the methods of data col-
lection and presents selected hydrogeologic data col-
lected and compiled from October 1992 through March
1996 for the cooperative study by the city of Cedar
Rapids, Iowa, and the USGS. Geologic, hydrologic,
and water-quality data were collected from domestic,
municipal, observation, and industrial wells and the
Cedar River. The data include a one-time synoptic sam-
pling for water quality and water levels, quarterly sam-
ples for water quality and water levels, and
multiprobe-instrument data for water-quality proper-
ties (collected every 15, 30, or 60 minutes) in water
from selected wells and the river.

Location and Description of Study Area

The study area encompasses 231 mi? (fig. D in
Benton and Linn Counties, east-central Iowa. Informa-
tion on wells located immediately outside of the study
area also was collected to improve definition of the
hydrogeologic framework near the edges of the study
area. An area between Cedar Rapids and Palo (approx-
imately 10 river mi upstream) that extends approxi-
mately 1 mi beyond either side of the Cedar River in
Linn County was selected for more detailed study
(fig. 2). The detailed area of study focuses particularly
on the alluvial aquifer, which is the area of greatest
concern as future population growth continues. Land
use in the study area is approximately 81 percent agri-
cultural upstream from Cedar Rapids (U.S. Department
of Agriculture, 1976). Water is pumped from the allu-
vial aquifer by the city of Cedar Rapids at the Semi-
nole, West, and East municipal well fields adjacent to
the Cedar River (fig. 2).

Surficial Quaternary-age unconsolidated aqui-
fers overlie Silurian-Devonian-age carbonate bedrock
aquifers in the study area. The surface of the Silurian-
Devonian-age bedrock was eroded, and an incised
drainage system was established before deposition of
overlying glacial material. In some cases, buried-chan-
nel aquifers were created when the valleys were filled
with outwash deposits consisting of glacial drift, loess,

and alluvium (Hansen, 1970; Wahl and Bunker, 1986).
Cross-bed leakage of ground water can occur between
the bedrock aquifer and alluvial aquifer during pump-
ing of the alluvial aquifer (Hansen, 1970). The Cedar
River alluvium consists of sand and gravel that range
from 5 to 95 ft thick and can yield as much as

2,000 gal/min (Wahl and Bunker, 1986). Exchange of
water occurs periodically between the alluvial aquifer
and the Cedar River (Wang and Squillace, 1994;
Schulmeyer, 1995).
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METHODS OF INVESTIGATION

The data-collection sites used in the study are
assigned a numeric or alphanumeric data-base identi-
fier (data-base ID) and include ground-water sites
(domestic, municipal, observation, and industrial
wells) (table 1), three surface-water sites (table 2; sites
700, 701, 702), and “raw” water from the Cedar Rapids
municipal waterworks plant (table 2; site 800). Several
methods of investigation were used to meet the objec-
tives of the study. The study included construction of
observation wells, water-quality data collection, mea-
surement of ground-water levels, multiprobe-instru-
ment data collection, and geophysical
seismic-refraction and seismic-reflection surveys.
These data were used to help define the hydrogeology
of the alluvial aquifer, to assess the water quality, and
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and were completed open hole, with 4-in. (0.D.) PVC
casing set in the alluvial material above the bedrock.

Wells open to the alluvial aquifer were drilled
using continuous-flight hollow-stem augers and
completed with 2- and 4-in. O.D. PVC casing and
2.5-ft PVC screen. Cuttings returned to the surface dur-
ing drilling were collected at about 5-ft intervals for
geologic description. The observation wells were
capped with a vented cap and developed by pumping
three to four casing volumes of water to provide a rep-
resentative water sample and water level.

The newly drilled wells, and other available
wells used by the USGS to collect water-level measure-
ments during the study, were surveyed for vertical con-
trol referenced to sea level and location (latitude and
longitude) with a global positioning system (GPS)
(Ashtech Company, 1991). The GPS surveying unit
had a 3 ft or better horizontal accuracy (Ronald
Kuzniar, USGS, oral commun., 1996).

The wells in this report are also identified by a
land-survey system (township, range, section) used by
the U.S. Bureau of Land Management and USGS. The
land-survey system uses three numbers and four letters
to identify a location. The first numeral denotes the
township north (N) of a base line, the second numeral
denotes the range east or west (E or W) of a principal
meridian, and the third numeral denotes the section in
which the well is located. The letters after the section
number are used to divide the section into quarters. The
letters A, B, C, and D are used to designate the north-
east, northwest, southwest, and southeast quarters of
any area within a section. The first letter designates the
location for the 160-acre quarter section; the second
letter, the 40-acre quarter-quarter section; the third let-
ter, the 10-acre quarter-quarter-quarter section; the
fourth letter the 2.5-acre quarter-quarter-quarter-quar-
ter section. For example, 83N7W3CDBD would be a
well located in the southeast quarter of the northwest
quarter of the southeast quarter of the southwest quar-
ter of section 3, range 7 west, township 83 north.

Water Quality

Water samples were collected for analysis of the
following dissolved constituents at the USGS National
Water-Quality Laboratory (NWQL) in Arvada, Colo-
rado, following the procedures of Fishman and Fried-
man (1989)—major ions (calcium, magnesium,
sodium, potassium, sulfate, chloride, and fluoride),
nutrients (nitrite as nitrogen, nitrite plus nitrate as nitro-

gen, ammonia as nitrogen, ammonia-plus-organic
nitrogen, phosphorus, and orthophosphate), iron and
manganese, dissolved organic carbon (DOC), and pes-
ticides. Onsite measurements of specific conductance,
pH, water temperature, dissolved oxygen, and alkalin-
ity were determined at the time of sample collection.

Samples were collected after three well volumes
were removed. The small-diameter observation wells
were sampled with a peristaltic pump. Observation
wells that were constructed with 2- and 4-in. O.D. PVC
were pumped and sampled with a portable submersible
pump made of stainless steel and equipped with Teflon
tubing. Municipal and industrial wells had permanently
installed pumps and were sampled at the well head.

Pumps and tubing were cleaned with laboratory
detergent, rinsed with organic-free deionized water,
and allowed to air dry. Filter plates and the peristal-
tic-pump tubing were cleaned using the same technique
and included a once-daily rinse with a solution of
S-percent hydrochloric acid. Filter plates were auto-
claved before sampling. Samples were prepared onsite,
preserved, and stored according to NWQL analytical
requirements. Samples of dissolved constituents were
filtered through a 0.45-micrometer pore-size cellulose
filter in a polycarbonate filter plate. Samples for cal-
cium, magnesium, sodium, iron, and manganese were
preserved with nitric acid, whereas samples for alkalin-
ity, sulfate, chloride, fluoride, nutrients, and DOC were
untreated. All samples were stored on ice during trans-
port to the laboratory. Nutrient and pesticide samples
were shipped on ice by next-day air freight to the
NWQL for analysis.

Approximately 10 percent of the analytical sam-
ples were quality-control (QC) samples—a mixture of
blank and replicate samples. Blank samples of
organic-free deionized water from the USGS water-
quality laboratory in Iowa City were passed through
pumps, filter plates, and filters as if they were environ-
mental samples to verify cleanliness of sampling
equipment and technique. The replicate samples were
collected simultaneously with environmental samples
to help define the possible deviations in data handling
or the variability in analytical results. Analytical results
from the replicate samples were similar to the original
environmental samples. Blank samples for pesticides
were typically less than the minimum detection limit
(MDL) of 0.05 pg/L (micrograms per liter). Nutrient
blanks were less than the MDL of 0.01 mg/L (milli-
grams per liter), with the exception of one blank sam-
ple that had a nitrate plus nitrite as nitrogen
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concentration of 0.06 mg/L. The blank samples for
major ions were generally less than the MDL for a par-
ticular constituent, although calcium, chloride, and flu-
oride showed minor amounts at 0.05, 0.30, and

0.10 mg/L, respectively. The analytical results of the
blank and replicate data indicate minimal variability
and verify that the sample collection and handling
procedures were appropriate.

Measurement of Ground-Water Levels

Water levels were measured manually to the
nearest 0.01 ft in the 2- and 4-in. diameter observation
wells using a calibrated steel tape. Water levels for the
small-diameter wells were measured using an electric
tape because the diameters of these wells were too
small for a conventional steel tape. All water levels
were measured according to USGS protocols
(U.S. Office of Water-Data Coordination, 1977).

Multiprobe-Instrument Data Collection

Multiprobe instruments were used to continually
monitor water level, specific conductance, pH, temper-
ature, and dissolved-oxygen concentration in selected
wells at two intensive study sites (figs. 4, 7A, 7B) and
in the Cedar River (fig. 7B). The multiprobe for the
Cedar River was installed in a 6-in. diameter pipe
placed in the river. The multiprobe instrument recorded
data at 15-, 30-, or 60-minute intervals that were gener-
ally retrieved every 4 weeks. However, in the winter
months, the data from multiprobe instrument in the
river were retrieved less frequently because of water
freezing in the pipe. The multiprobes were recalibrated
using known specific conductance and pH standards
after each data retrieval.

Surface Geophysics

Seismic refraction on land and continuous seis-
mic reflection on the Cedar River were used to deter-
mine the depth to bedrock. The refraction system
consisted of a 12-channel seismograph, portable com-
puter, energy source and associated equipment, geo-
phones, geophone cables, and surveying equipment.
For the seismic-refraction technique, geophones were
laid in a line perpendicular to the river, where possible,
using 50- or 100-ft spacings. Data were recorded on
seismograms and then onto computer disk. Onsite cal-
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culations of the data, made on the basis of equations
given by Haeni (1988), were done to check the plan-
ning of site geometries to maximize the data collected.
Final processing of the data was done using a computer
modeling program, SIPT2V3.2 (Rimrock Geophysics,
1992).

The continuous seismic-reflection work used a
low-frequency, continuous seismic-profiling system
consisting of a filter-amplifier unit, 455-joule sound
source, hydrophone streamer, a single hand-held GPS
(Magellan, Nav-Pro 5000), digital tape recorder, porta-
ble generator, and a graphic recorder. The graphic
recorder synchronized the firing of the sound source
and graphically displayed the received signals from the
hydrophone streamer. The filter-amplifier unit received
the signal from the hydrophone streamer, filtered out
signals that were not within its preset range, and ampli-
fied the desirable signal to send to the graphic recorder.
The raw signal was recorded on tape for playback at a
later time. The hand-held Magellan GPS unit was used
to locate latitude-longitude points for geophysical lines
on the map.

SELECTED HYDROGEOLOGIC DATA

Hydrogeologic data were collected to create a
data base for an assessment of ground-water flow and
quality. Various types of water-quality data were col-
lected to assist with analyzing short- and long-term
trends. Information collected included well-construc-
tion data, water quality, ground-water levels, multi-
probe-instrument data (water levels, specific
conductance, pH, temperature, and dissolved oxygen),
and surface-geophysical data.

Well-Construction Data

Information for ground-water wells in the vicin-
ity of Cedar Rapids was collected to improve definition
of the hydrogeology. Much of the well-construction
data were obtained from well files of the IDNR/GSB.
Selected well information in table 1 includes data-base
ID, site name, site identification number, land-net loca-
tion (township, range, section), land-surface elevation,
site type, types of data collected, diameter of well cas-
ing, screen interval, total depth drilled, and USGS
aquifer code.



Seminole 1
(31)

CRM-6

(986) *&I

CRM-4 CRM-3
@ (919) 918) @
(]

Seminole 10
(40)

NOT TO SCALE

EXPLANATION
(Cg':'g')_?'. Alluvial observation well and name—Number in parentheses ()
is data-base identifier used table 1
(S:B')“ino'e @ Municipal well and name—Number in parentheses () is data-base
identifier used table 1
RM
gaeﬁ Bedrock observation well and name—Number in parentheses ()
is data-base identifier used table 1
gﬁ‘ﬁg;ﬂ;‘:’ Surface-water-quality data-collection site and name—Number in

{701) parentheses ( ) is data-base identifier used table 1

Figure 7. Schematic diagrams showing features of intensive study sites (A) near
Cedar Rapids Seminole well 1 and (B) near Cedar Rapids Seminole well 10.
Location of intensive study sites shown in figure 4.
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Water-Quality Data

Information on water quality was collected from
a one-time synoptic sampling during November 1993
that was used to assess the areal distribution of water
quality of the alluvial aquifer, primarily in the detailed
area of study adjacent to the river (fig. 2). Preparation
for the synoptic sampling involved the construction of
54 small-diameter wells. The synoptic sampling also
included municipal wells and USGS 2- and 4-in. diam-
eter observation wells. The synoptic sampling provided
a “snapshot” of the water quality to improve under-
standing of the ground-water resource.

Quarterly sampling of 10 wells (observation and
municipal wells) and the Cedar River has been an
ongoing part of the study since 1992. The quarterly
sampling provided a temporal assessment of the
ground water and surface water and was used to
improve understanding of water-quality trends in the
Cedar River and the alluvial aquifer.

Table 2 lists the sites used for water-quality sam-
pling and identifies the sampling frequency (synoptic
or quarterly) and the site type (alluvial, bedrock, or sur-
face water). The physical properties and constituent
concentrations in water from the sampled sites are
listed in table 3.

Ground-Water-Level Data

Ground-water levels were measured in the Sil-
urian-Devonian bedrock aquifer and the alluvial aqui-
fer to prepare potentiometric-surface maps of the study
area and to establish general directions of ground-water
flow. This information also was used for calibrating a
computer ground-water model being constructed for
the study. The bedrock water levels were measured
from 76 domestic and industrial wells between June
and August 1993. Synoptic water levels for small-
diameter wells, observation wells, and municipal wells
completed in the alluvial aquifer were measured during
November 1993. Water levels also were measured dur-
ing November and December 1994 in both bedrock and
alluvial wells. Wells used for measuring ground-water
levels are listed in table 4, and the location of wells is
shown in figures 3, 4, 5, and 6.
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Multiprobe-Instrument Data

The intensive study sites were used to investigate
the relation between the alluvial aquifer, the Cedar
River, and the bedrock aquifer. The intensive study
sites also were important for determining if the ground
water was directly affected by surface water
(Schulmeyer, 1995).

The first site of intensive study was near munic-
ipal well Cedar Rapids Seminole 10 (fig. 7B). Multi-
probes at this site were installed in the Cedar River
(site 800), alluvial observation wells (1993 USGS
CRM-3 and CRM-4), the bedrock observation well
(1993 USGS CRM-6), and municipal well Cedar Rap-
ids Seminole 10. Data were collected from December
1992 through January 1994. The multiprobes from the
wells at the Seminole 10 site then were moved to the
second intensive study site near Cedar Rapids Semi-
nole 1 (fig. 7A), and data were collected from June
1994 through February 1996. The multiprobes at the
second site were installed in the alluvial observation
wells (1993 USGS CRM-9 and CRM-10), the bedrock
observation well (1993 USGS CRM-7), and municipal
well Cedar Rapids Seminole 1. The multiprobe in the
river remained at the Cedar Rapids Seminole 10 site for
the duration of data collection at the two intensive
study sites. Specific-conductance and temperature data
collected with the multiprobes were the most important
indicators of water-quality changes in the alluvial aqui-
fer that correspond to changes in the river (Schulmeyer,
1995). Selected mean daily specific-conductance, tem-
perature, and dissolved-oxygen data for the two inten-
sive sites are shown in figures 8—13, with the mean
daily values for each water year given in tables 8-28.

Surface-Geophysical Data

Geophysical seismic-refraction and continuous
seismic-reflection surveys were conducted from Octo-
ber 1992 through June 1993 to determine depth to bed-
rock and thickness of the alluvial aquifer along the
Cedar River between Cedar Rapids and Palo, Iowa, at
selected locations in the detailed study area. The loca-
tion for the seismic-refraction traverses is shown in fig-
ure 14. The seismic-refraction sections are illustrated
in figures 15-18, and the seismic-refraction data are
listed in table 5. The continuous seismic-reflection data
collected on the Cedar River between the East Well
Field in Cedar Rapids and Palo, Iowa, are listed in
table 6.
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