Open File Report 87-]

January, 1987

WATER RESOURCES OF THE ~~—
ROCK RIVER ALLUVIAL AQUIFER

TIOON

by

“Carol A. Thompson

: To9N

Alvord

T8N

Sioux Co.

TOTN

ad Rock Vol ley

TO6N

Donald L. Koch, State Geologist and Bureau Chief

Geclogical Suvey Bureau
123 North Capitol Street, lowa Chy, lowa 52242
(319) 335-1575 _
lowa Department of Natural Resources

The publication of ihs document has been financldlly aided through a cozﬁ’rrc:éf with the United States
Ervironmental Protection Agency. '



jvogelg
Text Box

jvogelg
Text Box

jvogelg
Text Box


Open File Report 87-1
January 1987

WATER RESOURCES OF THE ROCK RIVER ALLUVIAL AQUIFER

Carol A. Thompson

Donald L. Koch, State Geologist and Bureau Chief

Geological Survey Bureau
123 North Capitol Street
Towa City, Iowa 52242

Iowa Department of Natural Resources

The publication of this document has been
financially aided through a contract with the
United States Environmental Protection Agency.




ACKNOWLEDGEMENTS

This study was partially funded by the U.S. Environmental Protection
Agency (EPA}.

Seismic data was collected by Mark Morton and Stephen Ales. Darwin Evans
and Mike Tietgen installed the wells for the project and collected water
samples. Additional sampling assistance was given by Roger Bruner, Donivan
Gordon, Jean Prior, and Paul YanDorpe.

The Office of the State CTlimatologist provided timely delivery of
climatologic data.

The University Hygienic Laboratory provided excellent support. They
performed all the water quality analytical work and provided answers to many
questions which arose during the study. The special efforts of Roger
Splinter, John Kempf, Nancy Hall, and Jack Kennedy are appreciated.

Data entry was done by Steve Gates, Lynette Siegley, and Nancy Hancock.
Cathy Scherer and John Schmidt both wrote programs for water data analysis and
plotting. Graphics were prepared by Kay Irelan and Pat Lohmann.

Bob Libra, George Hallberg, Roger Bruner, and Don Gordon have provided
ideas and valuable discussion throughout the course of this research.

191




TABLE OF CONTENTS
PAGE NO.

ACKNONLEDGEMENTS cccccc R RN N NN EENEERR] P N R A A R N EC N N :Ii:l
EXECUTIVE SUMMARY R R R SN B AR I T s P eSS EBRIESOESPOERRPRIETN *s s o pr s -I
INTRODUCTION ------------- tesa s e ssssssseERRIEN IR A B R I N o-oooo-‘l

3
Study Objectives seveenss tesessncssccssnnas teeseccsesensenans cresee 3
Phys“‘ographic Set‘ting ..... E U BN IR BN B BE BN BN AR BB LR B B A B N B R B L I B 3
Climatic Setting «evvuenn.. Ceecessassenanses tetsssscssnensans coses 3
Geologic History and Sett1ng teeversarareccansons hesasescsesnenn eese D

GEOLOGICAL INVESTIGATIONS .cevienecncevaneanas ceeecrnassenas cosemancens 5

Data CO.]—Eection lllllllll * S 0 ¢ EE S EEEeA @ s ® 9 S 5SS EE RS LI B R R NE B BN A 5
Results and DISCUSSTON weeevssrassscssconens sesuscecssanas seseesees 6

SURFACEWATER RESOURCES s.ovecevceasss ceesracesesvannans ceartesnennenan . b

F]Ow Duration e % &% 688 sses A ** & S B &S EEEEN . P s e SRS e .t s ePr e ]‘]
LOW-F]OW Frequenc.y ssssterer st rnane sPeresassesssasse ssasssssnenee . .1'1
Groundwater and Surfacewater Relationships eceevvesnceecenns. R

GROUNDWATER RESOURCES «evveesncracnsse cesoeesacssese cesversessanan vees 18

Nater Leve1s 4 P A B ESsSESREE L BN B B R BN B R B *® &0 88 ¢SS ERN 00 89S0 PESE 20
Streamflow Depletion ceeeeen. ceevenesssesne ceeressnsaanes ceeessaees 21

WATER QUALITY IR RN NN NEERENXNER] P A A N E RN 4sseassc s se P BEB TR 2‘1

Field Analyses ceeeae. Cessrsancsasenns tetesssssesnans cesrassasssns . 29
Chemical Analyses ..ease cesrrasseccns eevssensanas tecsssnessacnnse .. 30
Nitrateeiseevsoseaccacse Cecesecesesasasareasstsoerrnerosesabessans 30
Bacteria.seeecaess cetsrsesesaane tessasseaceen ceesseasaaeane eeesas 30
Pesticideseeasesn. crrrssessenan tersseamananes teesssassesnes vesnas 31
Organic Carboniseeceenees tecsenasassennen teessenssens ceossancanss 31
Nitrate Monitoring ceccveeens. ceisssesenan cestriesasnane cesenansene 31
Bacterial Monitoring ceeevecenass crsesrnesnenen cesesasesanes cereaes 3B
Pesticide Monitoringeesaceeeans cesressananenes tesacsanenne cevenesss 37

WATER USE ..... Ceereeieennes eeeensesenns eeeereesanes ereeeeenanenn .. 40

Future Water Use ...... cerenenenean sesresasacens cressacasesennn cees 40
RESOURCE ASSESSMENT ........ ceteessssenans ceeserasenanns cerrenasnenens 40
REFERENCES CITED ....... vessesaens cesrancesannen cesrenaasennus JO | X




Figure
Figure
Figure
Figure

Figure
Figure

Figure
Figure
Figure

Figure
Figure
Figure

Figure

Figure

Figure

Figure

Figure
Figure

Figure
Figure
Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

o J=2 Ny
¢ &+ 8 »

7.
9.
10,
11.
]2.
13.

14.
15.
16.

17.
18.

LIST OF FIGURES

Location of the Rock River ceieeeeeensn. ceersssmersancens
Seismic traverse locations ...... cesersasecrsrsssraans -
Well and test hole Tocations ....... teesssascerasasesanns
Thickness of alluvial deposits in the Rock River alluvial
BQUITEr teeeevrsscsnccevacesaae tecssssnacsssssanaas vores
June-September flow-duration curves ...cieocecens ceresanns
Idealized hydrograph illustrating the relative relation-
ships of surface runoff and groundwater flow...........
Idealized hydrograph showing the effects of bank storage.
June-September baseflow recession CUrVES....eeesncecennss
Schematic showing relationship between static water

level and pumping water Jevel cicieeeenes. cesessensasnes
Streamflow depletion curves: time vs. depTetion ........

Streamflow depletion curves: distance vs. depletion ....
Percentage of wells in Iowa less than 100 feet deep,

by CouUnty vevevvenaceacss censssasacessanen ceverssnsassens
Average percent of land area in corn and soybeans, by
COUth, 1979"]98] ----- sas st s ss00eRs s s erssssssaaracsn »

Percent of water samples, by county, exceeding the
nitrate MCL, from private wells less than 100 feet (30m)
deep analyzed by UHL between 1978-1981....cc0vvevnnenn. e

PubTic water supplies which have exceeded the nitrate
maximum contaminant level of 45 mg/1 NO3 (10 mg/7 NO3-N)

since 1980, usrenecennces Ceetrenessessense tesessassenne ore
Nitrate concentrations through time from public water
supply wells in northwest Iowa ........ cesrenssecsns ceee
Schematic diagram of nested, monitoring wells ..... ceenns
Variations in nitrate concentrations in the Rock River
alluvial aquifer ...... tessesssavancnne cesesaseseses ceos
Average monthly nitrate concentrations for all sampling
sites for three alluvial systems ..... cessscnssaess senen
Location of preliminary geologic information: Rock
RIVEY sivesecesancnasnns tessensasssens csecssesereransves
Schematic of sound wave propagation through a typical
alluvial Sequence ..eeeececccnnas tesresressaannse cevsranes
Typical seismogram .eeeoves veeeresasasanss cresseascssane .
Idealized time-distance graph ....... crserasenensanes cene
Examples of time-distance plots ceovvrennnecnnens cevrnans
Seismic profile section: Rock Rapids 1 ceeviennenveessnn
Seismic profile section: Rock Rapids 2 .eeeven.. cevaaaas
Seismic profile section: Rock Rapids 3 .cceevvinnnnnnesn.
Seismic profile section: Doon T ceveeceesnnn teersrasanas
Seismic profile section: Doon 2 ..... teerssraccanenne cee
Sejsmic profile section: Rock Valley 3 «.icveeen.. ceenas
Seismic profile section: Rock Valley 2 ......... cevaaean
Seismic profile section: Fairview 1 ...cceeeee.. Ceraeaans

vidg

PAGE NO.




Table
Table
Table
Table
Table
Table
Table

- [ ] [ ]

Table
Table
Table
Table

Ve Rue) S YOI PN

— md
_ D
“ e

APPENDIX A.
APPENDIX B.

APPENDIX C.
APPENDIX D.
APPENDIX E.
APPENDIX F.

LIST OF TABLES

Summary of Well and Test Hole Data ..... teseseaeses sesene
Streamf low-gaging Stations on the Rock River.....eeeensse
Low-flow Values ceesesnscnseces chesseansens cresesnees cren
Magnitude and Frequency of Low Flow--Rock River ........
Raseflow Contribution Percentages seeveeness ceceseanen ces
Streamflow Depletion Calculations cecvessaccess cevesseane
Drinking Water Standards and Significance of Chemical
Constituents veveveceens teerescesesnssassansns cesesons .o
Nitrate Monitoring - Rock River ATluvial System ...ceeues
Bacteria Monitoring - Rock River Alluvial System ....... .
Pesticides - Rock River Alluvial System ...evvveese. eene
Water Use from the Alluvial System by County and
Category in Million Gallons per Year ........ cesessens .o

LIST OF APPENDICES

PRELIMINARY GEOLOGIC INFORMATION covnvvvssacnees cereseans
SEISMIC REFRACTION llllll 4 o8 S8 0 s LRI B B B * 4P eS8 » e
Theory and Previous Work ....ceeeeees Ceserssascesrreseas .o
Equipment and Field Methods ......... cerrsavnen crassesne .
Resu]ts and Find’ings P B RE O B BE B L B I LI B BN BN L B N & 0 &85 ea L I )

Se:lsm:lc Resu]ts-uc.. IIIIIII * B o880 eane LB R IR BN B L3R B B R B N -

D‘iscuss"iont... IIIII R EET I NI I N NI I I N PR R I IR A I
DRILLERS' LOGS ...... R BN BN B BN BN K R 4 LR B B RN A B B A S PP AR SSEREEES
NATER LEVEL DATA ..... #4830 s ea8m - 8 6" s 02 * P PSS E O TS EEEE S
WATER QUALITY DATA siveceens tevravens creesaees reaesvacs .o
MONITORI NG NETWORK DATA b hesssen L BE B B B B " E P B P REE PR re s

Ix

PAGE NO.

PAGE NO.

49
61
63
63
66
66
68
79
85
91

99




Conversion factors to change English {foot-pounds) units to International

System {SI) units.

Multiply English units

feet (ft})

miles (mf)

square feet (ftZ%
square miles {(mi<)
acres {ac)

acres (ac)

acre=-feet (ac-ft)
gallons (g}
feet/second (ft/sec)

gallons per day/square foot (gpd/ft2)

square feet/day (ft2/d)

gallons per day/foot (gpd/ft)

gallons/day (gpd}
gallons/minute (gpm)
cubic feet/second (cfs)
feet/mile (ft/mi)
pounds (1bs)

pounds - N per acre (Ibs-N/ac)

by

0.3048
1.609
0.0929
2.59

4046 .9

0.4947

1233.6

®i

3.785
0.3048
0.0408
0.0929
0.0124
0.0909
5.42
0.0283
0.1894
0.4536
1.091

To obtain SI units

meters (m)

kilometers (km)

square meters (m?)

square kilometers (km?)

square meters (m<)

hectares (ha)

cubic meters (m3)

liters (1}

meters/second (m/sec)

meters/day (m/d}

square meters/day (m/d)

square meters/day (m/d)

cubic meters/day {(m3/d)

cubic meters/day (m3/d%

cubic meters/second (m>/sec)

meters/kilometer (m/km)

kilograms (kg)

kilograms - N per hectares

(kg=N/ha)




EXECUTIVE SUMMARY

A study of the alluvial aguifer of the Rock River valley from the
Minnesota border to its intersection with the Big Sioux valley was conducted
to provide information on water availability and water quality.

The river valley was formed by meltwater from the Tatest Wisconsinan
glaciation. The alluvial valley is wide and flat, and flanked by non-
continuous terraces. The thickness of alluvial deposits ranges from seven to
87 feet, but averages only about 20 feet. The alluvial materials consist of
coarse sands and gravels. Occasional finer sand underlies the coarser
material.

Recharge to the alluvial system occurs primarily from infiltration of
precipitation. Most recharge occurs during the early spring and fall. 1In
summer, evapotranspiration losses exceed precipitation, and groundwater levels
usually decline. During most of the year, alluvial groundwater discharges to
the stream, supplying as much as 70 percent of annual stream flow. As
groundwater levels decline, flow to the stream diminishes and stream Tevels
fall. Flow-duration and low-flow data show that moderately Tow flows are
expected to recur frequently on the Rock River.

Transmissivities in the aquifer range from 95,000 to 400,000 gallons per
day per foot. Water in storage in the Rock River alluvial system is estimated
to be at least 3.2 billion gallons.

Water levels were measured monthly and ranged from 0.5 feet above ground
Jevel to 13 feet below ground level. Water levels varied an average of five
feet during the course of the study. Water table gradients are Tow ranging
from .00 (5 ft/mi) to .0018 (9.5 ft/mi). Both strong downward (.01 - .07)
and upward (.006 - .38) gradients were observed at the nested well sets.

A total of 12 observation wells were installed at eijght sites in the Rock
River alluvial system. These were sampled monthly for nitrate and bacteria
with a few wells being analyzed for pesticides. The groundwater can be
classed as slightly alkaline freshwater with calcium and magnesium the
dominant cations and bicarbonate the dominant anion. Nitrate concentrations
are high and extensive areal contamination has occurred. Nitrate Tevels vary
temporally and generally increase in response to increased infiltration.
Higher nitrate levels are found in the Rock River system than in other
alluvial systems studied in northwest Iowa. Land use, geology, and chemical
processes all combine to effectively increase nitrate inputs to the Rock River
alluvial system.

High bacteria levels were seen in almost a1l wells sampled. Much of this
bacterial contamination may result from leakage along the casing or contamina-
tion introduced during sampling.

Limited pesticide sampling was done in the Rock River alluvial system.
Atrazine was the only compound detected in groundwater. Four pesticides were
detected in surfacewater. A1l concentrations detected are below acute
toxicity levels.

The largest allocation of water at present is for irrigation, followed by
municipal, rural-water system, livestock, and rural domestic uses. Adequate
water is available during most seasons to meet current needs and to support
projected future increases. Further degradation in water quality could Timit
use of this water resource.




INTRODUCTION

Study of alluvial aguifers in Iowa by the Geological Survey Bureau began
in 1981 in order to obtain detailed information on the nature and potential of
this important resource. Although many Iowa municipalities, rural water
distribution systems, irrigators, and rural residents draw water from alTuvial
systems, little specific information is available concerning their development
potential or Tlimitations. In several regions of the state, alluvial systems
are the only source of good quality water, and competition for these alluvial
water supplies is increasing.

Study Objectives

~ The program's objectives are to evaluate the thickness, geology, and
hydrology of the alluvial systems associated with major streams, and to
evaluate their water-producing potential in terms of yield and water quality.
Specific objectives were to: 1)} determine the geometry of the alluvial valley:
depth and width of alluvium; 2) investigate the geology: nature of the over-
Tying materials, substrate composition, and nature of alluvial sediments; 3)
evaluate surfacewater hydrology: relationships between surfacewater and
groundwater, and flow-duration characteristics; 4) evaluate groundwater
hydrology: water level variations, aquifer parameters, and quantity of water
in storage; 5) evaluate the quality of water in the aquifer, both spatially and
through time; 6) estimate water withdrawals from the aquifer and projected
increases; and 7) assess potential for future resource development.

Physiographic Setting

The Ocheyedan and Upper Little Sioux Rivers are located in northwest Iowa
and primarily traverse two physiographic provinces (Figure 1) (Prior, 1976).
The headwaters of both streams originate on the Des Moines Lobe, the area of
the Tlatest {Wisconsinan) glacial advance into Iowa. The upland topography of
the Des Moines Lobe is flat to very irregular. The irregular landscape is re-
ferred to as "knob and kettle topography,™ and is the result of glacial stagna-
tion and morainal development. Downstream, the rivers flow across the North-
west Iowa Plains. The topography of this region is the product of Pre-
I11inoian glaciations, early Woodfordian ("Tazewell") glaciation, and sub-
sequent erosion. The landscape is gently rolling with a well-defined drainage
network. The highest elevations in the state occur fin this region. The lower
valley of the Little Sioux in Woodbury County flows briefly through the
Southern Iowa Drift Plain and then enters the Western Loess Hills region. Here
the river valley is bounded by prominent, angular bluffs and ridges of loess.

The study areas are the alluvial plains which border the rivers. These
plains are broad, nearly flat valley floors adjacent to the rivers and are
characterized by Tow relief and poor drainage. Terraces along the valley
margins of the alluvial plains are remnants of earlier floodplains formed when
the river was at a higher elevation. These terraces may occur anywhere from
five to 100 feet above the present river level, and their deposits may or may
not be hydraulically connected to the alluvial aquifer.

The area drained by the Ocheyedan River is 434 square miles. The drainage
area of the Little Sioux above its confluence with the Ocheyedan River is 556
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Figure 1. Location of the Rock River.



Northwest counties are drier; east and southeast counties are wetter. During
most years, about 75 percent of all precipitation, normally about 20 1inches,
occurs during the growing season. Normally, June is the wettest month and
January the driest. Average seasonal snowfall ranges from 32 to 36 dnches.

Geologic History and Setting

Previous work on the geology of the rivers in the study area was done by
Wilder (1899). A hydrogeologic study of the Rock River in Minnesota was done
by Adolphsen (1983). The Rock River starts in Pipestone County, Minnesota and
flows through Rock County, Minnesota before entering Iowa. The river valley
was formed by outwash streams flowing from the Bemis moraine, the edge of the
latest Wisconsinan glacial advance. The river valley is flanked by one
terrace in its upper reaches in Iowa and multiple terraces can be seen below
the town of Rock Valley. The river is incised into Pre-I11inoian til11s along
its course, although near the intersection with the Big Sioux, Cretaceous
shales and sandstones also underlie the alluvium.

GEOLOGICAL INVESTIGATIONS

Data CoTlection

A preliminary phase of this project included a compilation of the
available geologic data. To evaluate the hydrologic potential of an alluvial
aquifer, its boundaries {(width and depth) must be known. Well logs on file at
the Geological Survey Bureau were examined for information about the alluvial
system under investigation. These data were supplemented with information
obtained from Department of Transportation bridge borings and sand and gravel
pit tests. Other information was obtained from rural water district,
municipal, and industrial test well borings in the alluvium. These data are
contained in Appendix A and Figure A-1 shows their locations. Lithologic
descriptions in Appendix A reflect interpretations by many different sources
and are not necessarily consistent with Geological Survey Bureau (GSB) useage.

County soil survey maps prepared by the USDA Soil Conservation Service
were used to determine subsoil Tithologies and where possible, depths to the
materials. Till-derived (glacial) soils were generally found along the up-
Tands and valley slopes, and are the Tateral boundary for alluvial materials.
The soil maps proved especially useful in areas where the valley margins are
subtle and not easily located.

In a few small areas existing geologic data were adequate, but in most
areas Timited data were available on which to predict resources. In order to
reconstruct aquifer geometry, especially in areas where alluvial thicknesses
can vary greatly, additional lateral control was needed. Seismic refraction
surveys were conducted to supplement the available information. Drill holes
were then used to obtain additional detail in areas targeted by the seismic
work. A description of the field methods along with results of the refraction
work can be found in Appendix B.




Results and Discussion

A total of 133 seismic spreads were run at eight different locations
covering a linear distance of approximately 7.5 miles. Figure 2 shows the
Tocation of each traverse.

Borings were drilled at nine locations with a mud rotary unit. A total
of 12 wells, dincluding three multi-level completions, were installed. The
wells were cased with 2-inch, schedule 40, PVC pipe which was slotted at
intervals selected for sampling. Well and test-hoTe locations are shown in
Figure 3 and well information can be found in Table 1. Driller's logs are
located in Appendix C.

The Rock River valley heads on the Des Moines Lobe boundary in Pipestone
County, Minnesota and flows through Rock County, Minnesota before entering
Iowa. Studies by Adolphson (1983) show that the valley in Minnesota ranges in
width from 0.5 to 1.5 miles. 1In the northern half, thin sands and gravels are
interbedded with clay. To the south, the alluvial deposits thicken and are
composed of fine to coarse sand interbedded with silt and gravel. Thicknesses
range from 4 to 42 feet with average thickness changing from 19 feet in the
north to 24 feet in the south.

The Rock River enters Iowa in Lyon County. Here the river valley is 0.5
to 1.25 miles wide with sand and gravel deposits ranging from 7 to 41 feet in
thickness and averaging 18 feet in the north and 25 feet in the south. There
are non-continuous terraces present on both sides of the river. The terraces
are separated from the floodplain by a distinct scarp face, approximately 10
feet high. Thicker sands and gravels occur in the terraces and they are hy-
drauTically connected to the rest of the alluvial system. Deposits in exposed
gravel pits show a stratified sequence of fine, well-rounded gravel and coarse
sand.

In Sioux County, muitiple terraces are present. Valley width ranges from
0.75 to 1.5 miles. The thickness of alluvial deposits varies drastically
ranging from 8 to 87 feet, The thicker deposits are on terraces and may
intersect older channel material. These areas have a distinct stratification
showing sand and gravel up to 50 feet thick over an additional 40 feet of
sand. Just before the Rock valley merges with the Big Sioux valley, a sharp
constriction in valley width occurs. South and west of this area the Rock
River has dissected an extensive terrace containing coarse gravels and
boulders. The deposits here are unlike those upstream in the Rock valley;
they are thicker, ranging between 20 and 63 feet and averaging 33 feet. Much
of the material was probably deposited by the Big Sioux River, which during
Late Wisconsinan time drained the James Lobe in South Dakota. Figure 4 is an
isopach map, which defines the thickness of sand and gravel in the valley.

The thickness of alluvial materials along with water level measurements in
Appendix D can be used to calculate the saturated thickness of the aquifer.

SURFACEWATER RESOURCES

Streamflow data are available for several gaging stations along the Rock
River. The stations in the study area are listed in downstream order in
Table 2. Data for these stations were statistically analyzed to evaluate the
hydrologic characteristics of the river and the role of groundwater discharge
in maintaining flow.
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Well and Test Hole Locations
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Figure 4.
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Table 1. Summary of Well and Test Hole Data.

Elevation
(ft above Screened Thickness of Depth to Sand
mean sea - Interval Substrate Sand & Gravel and Gravel
Well No. level) (ft) Lithology (ft) (ft)
229
2T R 1339.0 10.15-12.5  Til 19 5
St 19-23
///_—
2717%¢ RR2 1335.0 13-15 TN 13 3
—— e
47731 RR3 1297.0 1-13 Ti11 10 5
e
2752 RR4 1283.0 10-12 Ti11 41 2
b7 . 22-25
11629 38-41
e
23722 RR5 1274.6 16-17 . T3 29 2
TR 26-29
—
27734 RR6 1223.7 17-20 Till 21 2
1975 RRT 1224.1 17-19.5  Til1 8 12
3 RR8 1230.0 _—- Clay/Shale 87 3
gfj?ﬁ“ERR9 - 1230.7 16-21 Ti11 21 1

The flow characteristics of streams are a function of weather, vegetative
cover, topography, and geology. Stream discharge derives from precipitation,
snowmeit, and groundwater. Normally, highest stream discharges occur in the
spring and early summer, then gradually decrease over the balance of the
growing season. The decrease is caused by increased evapotranspiration during
the peak growing months. Withdrawals and discharges from power plants and
municipal water works also cause variations in streamflow, which are especially
noticeable at Tow flow. The day to day variation in streamfiow can be shown
by streamflow hydrographs--plots of discharge versus time. For evaluating
streamflow variability over longer periods of time, statistical methods are
used to characterize such parameters as flow duration, low-flow freguency, and
basef Tow recession. These methods use historical streamflow data to
characterize a stream's flow regime.

The flow response of a stream, as mentioned earlier, depends on many
factors but particularly on the intensity and duration of precipitation
events and on the physical characteristics of the stream's watershed. Streams

10



Table 2. Streamflow-gaging Stations on the Rock River.

Drainage Area
Station No. Station Name {sg. mi.) Station Type Years of Record

06-4832.70 Rock River at 788 Complete Record 8/60-10/74
Rock Rapids

06-4835.00 Rock River near 1592 Complete Record 6/48-Current
Rock Valley

having well integrated, efficient drainage networks have a very rapid T low
response to rainfall events. Conversely, if the drainage network is poorly
integrated, the result of a particular precipitation event is attenuated and
peaks on the stream hydrograph are modulated or suppressed. The Rock River
drainage basin is well-integrated with numerous tributary streams.

Flow Duration

Flow-duration curves are used to assess the variability of streamflow, and
to compare the flow characteristics of one drainage area with another. Flow-
duration curves show the percentage of time that a given flow is egualled or
exceeded. The flow-duration curve is plotted from Tong-term flow records and
does not represent the distribution of yearly flow, but rather is indicative of
the long-term average. A steeply sloping duration curve denotes a highly
variable stream--one whose flow is largely controlled by surface runoff. Flat
sloping curves indicate that streamflow is signficantly supplemented by base
flow, i.e., groundwater discharge. The slope at the lower end of the duration
curve indicates the relative contribution of baseflow in maintaining streamflow
during Tow-flow periods. A flat slope shows that streamflow is essentially
supported by groundwater discharge. In contrast, a steep lower end indicates
that groundwater discharge is negligible and not capable of maintaining stream-
flow.

Flow-duration curves were constructed for the Rock River gaging stations
using computer programs available from the U.S. Geological Survey.
June-September curves (Figure 5) are shown as this is the critical demand period
for water and also eliminates the effects of ice. The curves are fairly steep
indicating the importance of surface runoff in maintaining streamflow. The curve
for Rock Rapids shows a larger amount of storage available then for an equivalent
area at Rock Valley, however, this may be due to the length of record available
and may not be a real effect.

Low-Flow Freguency

Towa law 1imits the withdrawal of surfacewater during periods of Tow
streamflow. The 84 percent duration flow for the growing season {April-
September) is the approximate requlated, protected flow for Iowa streams.

When the flow is less than the 84 percent duration flow, water cannot be with-
drawn for consumptive purposes.

11
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Withdrawals from wells for consumptive purposes in unconsolidated
aquifers adjacent to streams are subject to restrictions based on distance of
the well from the stream, the drainage area of the stream, and the stream's
Tow-flow characteristics. Withdrawals from a stream draining fifty or more
square miles or from wells in an alluvial aquifer within 1/8 mile of the
stream are regulated by the protected flows discussed earlier. Withdrawals
from alluvial wells located between 1/8 and 1/4 mile (1320 feet) from a stream
are requlated by the seven day, one-in-ten year Tow flow (7010)}. This is the
lowest average flow for seven consecutive days that is expected to occur on
the average of once in 10 years. If the stream discharge falls to these
levels, regulated consumptive water withdrawals from the unconso lidated
aquifer, within the prescribed distances, must cease. Municipal, household,
ordinary livestock, and domestic uses are exempted under these rules. Table 3
1ists the 84 percent duration flows and the 7Q10 flows at selected points
along the river. Protected flows at other points can be established as the
need arises by comparison of streamflow data and basin characteristics.

Water developments that are based on withdrawals from streams or wells
regulated by protected flows require attention to other Tow-f low character-
jstics. At gaging sites with adequate historical records, 20 to 30 years,
daily flow data can be statistically analyzed to more clearly characterize the
duration and frequency of low streamflows. These values are of particular
importance in determining the long-term ability of a stream to sustain given
rates of withdrawal. They also can be used to predict the frequency and dura-
tjon of potential supply interruptions and the frequency of low flows which
might trigger withdrawal restrictions imposed to protect in-stream flow.

Table 4 presents low flow and low-flow duration data for two gaging sites in
the study area. The flows listed in the table are those anticipated to occur
at the given recurrence intervals and for a specified number of consecutive
days. These values are based on statistical probability of events occurring as
recorded in historical streamflow records. For example, the table indicates
that for the Rock River at Rock Rapids, the Towest flow anticipated to occur
once in ten years for seven consecutive days (7Q10) fs 1.6 cfs. Such
conditions would be critical for a power plant requiring an uninterrupted
supply of cooling water or municipal sewage plant discharging wastewater. In
the latter case, the waste load allocation of receiving streams are set in part
by flow conditions at 7Q10. In simple terms, wastewater discharged into
ctreams with recurrent, extremely low flows must receive a much higher Tevel of
treatment. This fact adds significantly to the cost of treatment plant
construction and to its normal operating costs.

Groundwater and Surfacewater Relationships

Interactions between a stream and aquifer affect the distribution of water
and the slope of the water table. Groundwater travels very slowly while
surfacewater typically flows at rates of 1 to 10 ft/sec. Precipitation events
rapidly impact stream Tevels, and with time the effects are transferred to the
aquifer by bank seepage. The amount of water transferred between the stream
and the aguifer depends on the hydraulic conductivity of the streambed, on the
water-table gradient, and the permeability or hydraulic conductivity of the
aquifer materials.

A streamflow hydrograph can be divided into two components: direct
surface runoff and groundwater discharge. Direct surface runoff responds
rapidly to precipitation events and is primarily responsible for the peaks of a
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Table 3. Low-flow Values

84% Duration Flow 7010
(cfs) (cFs)
Station Annual  June/Sept
Rock River at Rock Rapids 11.0 1.6 3.8
Rock River near Rock Valley 19.0 1.7 6.1

hydrograph. Groundwater (baseflow) contributions supply most of streamflow
during rainless periods. Since groundwater moves slowly, baseflow contribu-~
tions display a Tesser response to rainfall than surface runoff. Figure 6 is
an idealized hydrograph showing the compenents of surface runoff and ground-
water discharge. Integration of the separate areas under these curves provide
the relative volume contributions of each component.

The rapid increase in streamflow in response to rainfall may reverse the
hydraulic gradient between a stream and the groundwater system. Normally, an
alluvial aquifer will discharge to a stream. Occasionally, during a rainfall
event, stream levels will rise rapidly causing the level of the stream to be
higher than the surrounding water table. Water then flows from the stream to
the aquifer. As stream levels decrease, the gradients again reverse and
groundwater again discharges to the stream. This temporary storage of water
in the agquifer is termed "bank storage"” and can have a pronounced effect on
hydrograph shape. Streams with Tittle bank storage characteristically have
hydrographs with large steep-sided peaks. Streams with significant bank-
storage capacity have lower hydrograph peaks and less steep recession curves.
This is shown schematically in Figure 7.

The hydrograph records for Rock River gaging stations were separated into
surfaceflow and baseflow components using the method developed by the In-
stitute of Hydrology (1980). Daily discharges are grouped into sets of five
and a five day minimum flow 9s chosen. The selected minima are then
sequentially evaluated by groups of three. If 0.9 of the mid-value in the
group of three is Tess than its preceding and succeeding values, it is con-
sidered a baseflow turning point. The turning points are plotted on the daily
discharge graph and connected to form the baseflow hydrograph. Integration of
the areas under the baseflow and daily discharge curves, for the period of
record, results in volumes that are used to calculate an average baseflow con-
tribution percentage. These percentages are presented in Table 5.

Basef low recession curves define the relationship between baseflow dis-
charge and time. The principal use of these curves is to forecast low flows
especially when low flows occur during the growing season and water demand is
highest. The curves provide estimates of normal streamflow recession rates in
the absence of appreciable precipitation during the period. The reliability of
the curves decreases after about 20 days and depends, in part, on the vari-
ability of streamflow and groundwater discharge. Figure 8 shows curves
developed for gaging sites in the study area.
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Figure 6. Idealized hydrograph illustrating the relative relationships of
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Figure 7. Idealized hydrograph showing the effects of bank storage.
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Table 5. Baseflow Contribution Percentages.

Station Lohg~Term Avg. Range
Rock River at Rock Rapids .32 .15 - .51
Rock River near Rock Valley A3 7 - 71

GROUNDWATER RESQURCES

Earth materials that store, transmit, and yield useable guantities of
water to wells are called aguifers. The sands and gravels which comprise the
alluvial aquifer of the Rock River originated as stream deposits laid down
during and subsequent to the melting of the Des Moines Lobe glacier. The
saturated sand and gravel is unconfined, meaning that it is not overlain by
material which retards the downward flow of water. In a few areas, a thin
layer of clay is present, but this is not laterally persistent.

The top of the alluvial aquifer is defined by the water table, the Tevel
to which water will freely rise in a well or open hole. The surface of the
associated stream defines the groundwater table where it intersects the Tland
surface. The water table generally slopes from the higher land areas toward
the stream. The source of the water in the alluvial system is precipitation
which infiltrates through the soil. Groundwater levels change noticeably
throughout the year in response to precipitation and evaporation and are
highest in late spring and fall. Another source of water in the alluvial
system is seepage from streams which cut through the aquifer. Pumping of
wells results in Towering of the water table (static water level) and will
induce infiltration from the river,

Figure 9 shows how groundwater levels are affected by pumping. When a
well is pumped, water is withdrawn from storage in the immediate vicinity of
the well. As pumping continues, more water is withdrawn from storage over
larger areas. Water levels may eventually be lowered below the stream surface
causing influent seepage from the stream which recharges the aquifer. The
rate and area over which water levels decline depends on the aquifer
boundaries, the infiltration rates of the streambed, and the hydrogeologic
properties of the aquifer.

Hydrogeologic properties which are necessary to define the water re-
sources potential of an aquifer are specific yfeld (Sy), hydraulic conductiv-
ity (K} and transmissivity (T). Specific yield is defined as the volume of
water yield per foot decline in the water table for a specific area. It is a
dimensionless guantity. Thus, §f an unconfined aquifer releases 2 acre-feet
of water over an area of 20 acres with a drop in the water table of 1 foot,
the specific yield would be 0.7. Hydraulic conductivity is defined as the
volume of water that will move through a given cross section of aquifer,
with a specific gradient for a specified period of time. It is measured in
units such as feet/second or gallons per day per square foot., Hydraulic con-
ductivity s related to the velocity of water moving through the sediment and
the sTope of the water table. Transmissivity is similar to hydraulic con-
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Figure 9. Schematic showing relationship between static water level and pumping
water Tevel.

ductivity but considers the volume of the aguifer. It is defined as T = Kb,
where b is thickness of the aquifer, and is measured in gallons per day per foot
or square feet per day.

Several pumping tests were done for rural water districts and municipali-
ties along the Rock River. Values for transmissivity ranged from 95,000 to
400,000 gallons per day per foot. Storage or specific yield values range from
6 x 106 to 0.04. Corresponding values of hydraulic conductivity varied between
2,000 and 10,000 gpd/ft?2.

The variability of the numbers is a reflection of the variability of the
aquifer and its geology. Low specific yields signify semi-confined conditions
and probably indicate the presence of silts and clays overlying the sand and
gravel. Lithologic changes such as the presence of silt can occur over a
short distance in an alluvial section. Often, the floodplain adjacent to the
river will be covered with Holocene silt, while further away from the river
the sands and gravels may be immediately below the soil.

The total volume of groundwater in storage can be estimated from the areal
extent of the aquifer, the average saturated thickness, and the average specific
yield. As an example storage in the Rock River alluvial system in Lyon and
Sjoux counties would be: :

Saturated Specific . Conversion
Area X Thickness X Yield X Factor = Storage

1.3 billion ft2 X 16 ft X 0.02 X 7.48 gal/ft? 3.2 billjon gallons
This is a conservative figure. If a higher specific yield were applied, which
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would be reasonable for an alluvial system, then the amount of water in
storage would increase. Variations in saturated thickness will also affect
tne amount of water in storage . DNuring drought the water table drops,
decreasing the saturated thickness, thereby decreasing the amount of water in
storage. In wet years more water is in storage.

The rate at which water moves through an alluvial aquifer and the path
that it takes s dependent on both geologic factors and the gradient or slope
of the water table. Geologic factors include the nature of the materials in
the aquifer: bedding patterns, aquifer thickness, and the size and arrangement
of the particles comprising the unit. In alluvial systems the geology of the
aquifer is highly variable and difficult to quantify. The numbers presented
here are a general guide to yield potentials. Actual development sites need to
be evaluated by test-drilling and pumping to determine specific aquifer
characteristics.

Water Levels

Water Tevels were measured from July, 1985 to October, 1986 at all well
and river locations. A1l locations were surveyed to obtain accurate estimates
of water table position. Water-level data are presented in Appendix D.

Groundwater levels ranged from approximately 0.5 feet above ground Tevel
to 13 feet below ground level during the course of this study and averaged
about eight feet below ground level. Water levels in any one well showed an
average variation of 4.6 feet with a maximum variation of only 5.6 feet. Water
levels in alluvial systems are controlled by infiltration and correspond with
effective precipitation. In drier years, particularily drought years, declining
water levels will reduce the saturated thickness, affecting the amount of water
in storage.

Surfacewater levels varied up to eight feet during the time of the study.
Streams in the area are dependent on groundwater discharge to maintain flow.
During prolonged drought,the streams will have suppressed flow levels and may
eaven go dry.

Water table gradients measured in the study area range from 0,001
(5 ft/mi) to 0.0018 (9.5 ft/mi}. Flow in the aquifer is towards the river and
sTligntly down valley.

Yertical gradients were measured in the three sets of nested wells. One
well set remained within measurement error of zero during the study. A second
well set shows predominate downward gradients ranging from 0.01 to 0.07. The
third nested set, which is a three well set, again is normally near zero.
Occasionally upward gradients are present ranging from 0.006 to 0.38 ft/ft.

Even though the vertical gradients appear high in relation to horizontal
gradients, water will not travel faster in the vertical direction. Hydraulic
conductivity in a vertical direction 1s usually one-fifth to one-tenth that of
horizontal conductivity (Bouwer, 1978). This effect, caused by particle
orientation and Tayering, is called anisotropy, and is especially prevalent in
alluvial deposits. Anisotropy in the horizontal plane also exists because of
the nature of the deposits which are channelized and are most often aligned in
a downstream pattern. Hydraulic conductivity will be greater in these channels
and thus greater in the downstream direction. Thus, alluvial aguifers display
three-dimensional anisotropy. This, in turn, may affect the distribution and
movement of infiltrating contaminants.
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Streamflow Depletion

As discussed previously, gradients in alluvial aquifers normally slope
toward streams. Pumping can cause streamflow to be diverted to an aguifer.

The reduction of streamflow caused by groundwater withdrawals is streamflow
depletion. Streamflow depletion has two components, although not necessarily
separable: a) flow induced directly from the stream, and b) water intercepted
enroute to the stream. A method described by Jenkins (1968) was used to
evaluate streamflow depletion for the Rock River. The method computes the
percentages of total pumpage attributable to induced streamflow based on the
distance of the pumping well to the stream, the rate and duration of pumping,
and the aquifer's coefficients of storage and transmissivity. Figures 10 and
11 show graphs developed to provide a basis for predicting stream depletion
effects along the Rock River.

Both graphs result from using a transmissivity value of 200,000 gpd/ft
(26,600 ftZ/d). The upper curves are for a specific yield of 0.01 and the Tower
curves for a specific yield of 0.02. Stream depletion is expressed as a
percentage the total volume of water from the stream divided by the total volume
pumped from the well. Table 6 shows the rate of stream depletion (i.e., the
actual cfs being taken/ diverted from the stream) for a well pumping at 700 gpm.
The rate of stream depletion increases with time of pumping and decreases with
distance from the river.

The assumptions that the Jenkins' model is based on are the same as those
used for pumping test analysis and are as follows:

1} Transmissivity is constant over time: i.e., drawdown is negligible
compared to saturated thickness.

2) The aquifer is isotropic, homogenous, and semi-infinite in areal
extent.

3) The stream is straight and fully penetrates the aguifer.

4) The stream and aquifer are hydraulically connected.

5) The pumping rate is steady.

6) The well is open to the full thickness of the aquifer.

Field conditions never match the idealized assumptions. In the case of assump-
tion (1), T can vary and therefore streamflow depletion will vary. Assumption
(2) has more ramifications. The aquifer is neither isotropic, homogeneous, nor
semi-infinite. Impermeable boundaries, such as those corresponding to the
valley wall, cause stream depletion effects to be larger. The non-homogeneous
nature of the aquifer leads to non-homogeneity of the aquifer constants. T and
S can vary throughout the aquifer. The graphs are useful, however, as a
general guide to the effects of stream depletion.

WATER QUALITY

Background groundwater quality data were obtained from the University
Hygienic Lab (UHL), the Department of Natural Resources, Fnvironmental Pro-
tection Division and from the files of rural water systems and municipalities.
These data are contained in Appendix E.

From the existing major ion data, groundwater can be classified as
sTightly alkaline freshwater with calcium and magnesium as the dominant cations
and bicarbonate the dominant anion. Total dissolved solids are usually Tess
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Figure 10. Streamflow depletion curves: time vs. depletion.
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Table 6. Streamflow Depletion Calculations. Assumptions are: constant trans-
missivity (T} of 26,600 ftZ/day and a constant pumping rate (Q) of
700 gpm. DNistance from the pumping well to the river (r) is
constant for the first four colums while time is varied. Time is
constant over the second four columns and r is varied. For the chosen
values of storage coefficient streamflow depletion is given in cfs
and gpm induced by the pumping well. Calculations are given for two
specific yields (Sy).

Sy = 0.0 Sy = 0.1
t (days) r (feet) cfs gpm cfs gpm
1 2640 0.4 180 0 0
3 2640 0.8 350 0.1 45
5 2640 1.0 449 0.2 g0
10 2640 1.1 497 0.4 180
20 2640 1.2 546 0.6 269
30 2640 1.3 581 0.8 350
Sy = 0.07 Sy = 0.1
t (days) r (feet) cfs apm cfs apm
10 1000 1.4 628 1.0 449
10 2000 1.2 546 0.6 269
10 3000 1.0 449 0.3 135
10 4000 0.9 404 0.1 45
10 5000 0.8 350 0.05 22
10 6000 0.6 269 0 0

than 1000 mg/1 and the water is characteristically hard. A few of the wells
show objectionable iron (Fe) concentrations indicating that the gravels are
jron-rich in some localities.

Sulfate levels are moderate to high for typical alluvial water. Only a few
of the analyses are, however, over the recommended Timit of 250 mg/1. Nitrate
(NO3) levels are high, often approaching or exceeding the recommended Timit of 45
mg/% (10 mg/1 NO3-N). Table 7 lists the National Drinking Water Standards and the
description and significance of each parameter. Drinking water standards have
been established by the Environmental Protection Agency as part of the Safe
Drinking Water Act (PL 93-523), Primary standards are maximum contaminant levels
(MCLs) which are the maximum permissable level of a contaminant in a public water
supply. Recommended maximum contaminant levels (RMCL) are the maximum level of
contaminant in drinking water at which no known or anticipated adverse effect on
the health of a person would occur and which includes an adequate safety margin.
RMCLs are non-enforcable health goals. Secondary standards apply to substances
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TABLE 7. Drinking Water Standards and Significance of Chemical Constituents

CONSTHTUENTS PRIMARY STANDARDS SECONDARY STANDARDS
MCL RMCL

(A1] analyses Tn mg/l unless otherwise noted)

1 Dissolved sollds 500
2 Hardness
(as CaC04)
3 pH 645 - 8.5 pH unlts
4 Specl fic conductance
5 mikalinlty
& 1ron -3
7 Manganese (Mn) .05
8

Potassium {K) and
Sodium (Na)

9 GCalcium (Ca) and
MagnesTum {Mg)

10 suifate tsoy) 250
1T phosphorus (PO,)

12 Ghioride (CI) 250
13 Florlde (FI) 4.0 4.0

Nltrogen Serles
14 NitrateN 10

15 NiteTteN
16

Organlic=N
17 Ammonie—N
18 Dissolved Oxygen
19 rurbtdity 17U 5 TU
20 Total collform 1 organlsm/100 ml water
2 Radloactivity plocuries/1
g;g?ﬁmaégg (RaZ26) ‘ 1;
Redlyp 226 228 5
Strontium 90 (5r9% 10
Gross beta {In absence 1000

of alpha eml'tters)

22 Motals mg/t
Arsenlc (As) Q.05
Barium (Ba) 1.0
Cadmlum (Cd) 0.01
Chromium (Cr) 0.05
Copper (Cu) 1
Lead {(Pbl 0.0%
Mercury (Hg) C.002
Selenium (Sed 0.01
STiver {Ag) 0.05
Zinc (Zn} 5
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TABLE 7. Continued.

16
17

19
20

21

22

Description/Signlficance

This refers to all materlal that §s in solution. |+ affects the chemicael and physlcal propertles
of water for many Industrial uses. HIgh cencentretions will have a laxatlive effect and may cause
an obJectlionable taste.

This affects the lathering abllity of soap. Primarily caused by calcium and magnesfum. Water Is
generally classlfled as: 0-100 mg/| as soft; 100-200 mg/1 as moderate; enything above 200 mg/!
as hard.

A chemlcal expresslion Indlcating hydrogen lon activity. A ph of 7.0 is neutral, pH grester than
7.0 1s alkaline, pH less than 7.C is acld.

Specl flc conductance Is a measure cof the abllity of water to conduct an electrlc current.
AlkalInlty is defined as the capacity of 2 solutlon to neutrallze an acld.

Iron 1s objectionable as [+ may Impart an unpleasant taste and may cause discoloration of
[aundered goods and porcelain flxtures.

Objectionable for the same reasohs as Tron.

When combinad wlth chlorlde, Tmparts a salty or bracklsh taste. |In the presence of suspended
matter, causes foamlng In bollers. important Ingredlents In humen cel!l metabollsm. Low sodlum
dlets are prescribed in the treatment of certaln ftypes of heart disease and high blood pressure.

Calclum and magneslum cause water hardness. They reduce the lathering abl!ity of soap. They
react with blcarbonate and sulfate to form secale In plpes.

Commonly has a laxative effect and imparts a bitter taste when concentratlions exceed 500 mg/!,
particularly when combined with magnesium or sodlums. The effect is less when combined with cal~
clum. Persons may become acclimatized to the water, but concentratlons above 750 mg/1 generally
aftfect everyone. Sulfate combined with celclum causes scale In bellers and water heaters.

Phosphorus has been tinked to Increased eutrophlcatlion In lakes and streams. Humans utlllze
phosphorus In small amounts for bone growth and enzymatlc processes.

Imparts a salty taste, especlally when combined with sodium and potasslum.

Concentrations of 0.8--1.3 mg/1 are effective In reductlon of tcoth decay, especlally In
chlldren. Concentratlons In excess of 2.0 mg/l will cause mott!ling of denta! enamel.

Concentrations of nltrate above the recommandad 1imits may cause cyanosls or methemogloblnemia
(biue baby syndrome) when used for feeding Infants under one year of age. Thls disease reduces
the abllity of the blood to absorb oxygen and may be fatal unless properly treated.

Is highly toxie, but In natural sltuations quickly oxidlzes to nltrate. Contalns compounds such
as protein, peptides, nucleic acld, urea, and synthetlc orgenics.

Is not always availabls for reactlons.

Is a breakdown of organlc nltrogen compounds and urea. Ammonla standards applicable to streams
are for the protectlion of aguatic crganlsms.

A moasure of the amount of atmospherlc oxygen dlssolved In water. Groundwater normally has low
lavals. Surface waters are constantly aerated leading to high levels. Many aguatic organlisms
need high levels of dissotved oxygen.

Is & measure of the waters ablfiity to transmit 1ight.

Coliform bacteria are not a health problem themselves, but their prescence may indlcate the
prescence of other bacterla which can cause health problems. Smal! amounts of bacteria In
drinking water are unsatlfactory. Bacterla can be controlled by chlorination.

Groundwater may contain naturally occurring radicactivity. Human exposure to radlation [s viewed
as harmful, and unnecessary exposure should be avoided. Limits have been set Insofar as Is
technlcally and economlcally feaslble. Radloactive substances such as strontium and radlum tend
to bicaccumulate In bone and may lead to bone cancer or leukemla.

Can be very toxlc In small quentitles, exhibiting both acute and chronic effects. May inhlblt
oxygen transfer, affect the nervous system, damage chromosomes, or Interfere with enzyme pro-
duction or functlon. Metals are not rapldly excreted and tend to bloaccumulate. Metals are
natural ly occurring substances that normally occur In very smal) quantitles.



which primarily affect aesthetic qualities related to public acceptance of
drinking water. In addition to aesthetic degradation, health implications may
also exist at considerably higher concentrations of these contaminants.

Nitrate contamination of shallow groundwater is a significant problem.

It is well documented in Iowa that wells at depths of Tess than 50 feet (15 m)
are highly susceptible to contamination. A cursory examination of recorded
snformation on wells has shown that more than 25 percent of all welis in
northwest lowa are completed at depths of less than 100 feet (30 m) (Figure
12). The actual percentage of shallow wells s probably much higher as the
data evaluated are heavily biased toward deep wells completed in Cretaceous
sandstones. Potential water quality problems in the region are increased by
cropping practices. In most counties of northwest lowa over 60 percent of the
Jand is in row crops, primarily corn and soybeans which receive chemical
applications (Figure 13). 1In a few counties more than 80 percent of the land
js row-cropped. Most of the alluvial valleys are intensively farmed.

Figure 14 shows the percentage of water samples, from private wells Tess
than 100 feet deep, that exceed the nitrate MCL. Of the private alluvial wells
Tisted in Appendix E, 50 percent exceeded the recommended Timit for nitrate.
Many municipal supplies, particularly in northwest Iowa, have also exceeded the
nitrate MCL (Figure 15).

Background surfacewater-quality data show a wide range of nitrate
values from 0 to 22.5 mg/1 NO3 (0-5.0 mg/1 NO3-N). Organic nitrogen averages
around 1.2 mg/1 as N. Ammonia concentrations range from 0 to 7.8 mg/1 as N.
Fecal coliform concentrations also show a wide variation from <10 to 74,000
organisms per 100 millititers (m1).

Previous studies in Iowa (McDonald and Splinter, 1982; Hallberg et al,
1984) have shown that regional increases in nitrate levels in groundwater and
surfacewater occurred in direct relation to the increased use of nitrogen
fertilizers. 1In Iowa the statewide average nitrogen fertilization rate for
corn has increased from 45 Tbs-N/ac (50 kg-N/ha) in 1964 to 143 1Ibs-N/ac
(160 kg-N/ha) in 1984 (Hallberg, 1986). For soybeans the rate has increased
from 4 1bs-N/ac (4.5 kg-N/ha) in 1964 to 23 Tbs-N/ac (26 kg-N/ha) in 1984.
Nitrate concentrations in public water supplies in northwest Iowa have risen
steadily over the past thirty years (Figure 16).

Previous investigations along the Des Moines River in north-central Iowa
(Thompson, 1984) have shown that significant vertical stratification of
nitrate does occur. In order to investigate the distribution of contaminants
within the aquifer, nested wells were finstalled (Figure 17). In general, one
well was set at the top of the aquifer near the water table, one near the
middle, and one at the bottom of the aguifer if a thick enough section was
available. Wells were constructed of 2-inch, PVC pipe with slotted intervals
ranging from two to four feet.

Water quality sampling was done monthly on 12 wells and four surfacewater
sites. Complete information and resuits for each monitoring well can be found
in Appendix F. The wells were purged with a submersible pump before each
sampling. Three casing volumes were removed which has proven more than
adequate to stabilize temperature and conductivity values and to assure a
representative sample. Samples were collected with a PVC bajler. Prior to
sa?p1e extraction all equipment was rinsed with 75 percent ethyl alcohol
solution.
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12. Percentage of wells in
Towa Tess than 100 feet
deep, by county. (Data
from GSB files.)

13. Average percent of land
area in corn and soybeans,
by county, 1979-1981,

(Data from Iowa Dept. of
Ag., Crop and Livestock.
Rept. Serv.)

14. Percent of water
samples, by county,
exceeding the nitrate MCL,
from private wells TJess
than 100 feet (30 m} deep
analyzed by UHL between
1978-1981. N {(number of
samples) = 13,625;

28 percent of all samples
exceeded the MCL. (Data
from Roger Splinter, UHL,
pers. commun. )



Fig. 15. Public water supplies
which have exceeded the
nitrate maximum con-
taminant level of 45 mg/1
NOg (10 mg/1 NO3-N} since
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Field Analyses

Parameters measured in the field included temperature, conductivity, pH,
and dissolved oxygen. Temperature was measured with a standard Taboratory
thermometer. Conductivity was measured using a Fisher Model 152 conductivity
meter. Specific conductance was measured in micromhos/cm, automatically
corrected to 25°C. A Sargent-Welch pH meter, Model 2050, with automatic
temperature compensation coupled with a glass combination electode was used to
determine pH.
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SCHEMATIC OF NESTED WELL DESIGN

Fig. 17. Schematic diagram of
nested, monitoring wells.
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Dissolved oxygen measurements were made using a YSI Model 57B dissolved
oxygen meter and a self-stirring BOD bottle probe. Samples were collected in
standard BOD bottles and measured in mg/1. Additional dissolved oxygen
measurements were made within 24 hours using the azide modification of the
Wink ler method.

Chemical Analyses

A1 chemical analyses of water samples were performed by the University
Hygienic Laboratory (UHL) using standard analytical methods. Details of the
analytical procedures may be obtained from UHL. A1l samples were refrigerated
until delivery to UHL.

Nitrate

Nitrates are analyzed using EPA method 353.2 (US EPA, 1983} with minor
modifications. This is the standard cadmium reduction method for nitrate/
?itrite analysis. Results are reported as milligrams per liter as nitrate

NO3).

Bacteria

Total coliform bacteria were determined using the most probable number
(MPN) method in accord with EPA standard methods (US EPA, 1978). The data are
reported as the statistical MPN of total coliform individuals per 100 m1 of
water., The MPN classes are 0, 2.2, 5.1, 9.2, 16, and 16+. Any value above 0
is considered unsatisfactory and any value >2.2 is considered unsafe. Fecal
coliforms were analyzed by the MPN method as well.
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Pesticide

Pesticide concentrations in the water samples were run by standard gas-
chromatographic column methods following EPA guidelines (US EPA, 1982). Prior to
1986 a1l samples were analyzed by gas chromotography using a split injection
system with dual capillary columns and electron capture detection. Each sample
showing a positive was also analyzed with packed columns using a nitrogen phos-
phorus detector. Beginning in 1986 all samples were analyzed by gas chromoto-
graphy using a split injection and two capillary colums with two nitrogen phos-
phorus detectors. Results are reported as micrograms per liter (ug/1). Detec-
tion limits vary for individual pesticides and with other water constituents
(miscellaneous organic compounds) which may interfere with the chromatographic
peaks.

Organic Carbon

Total organic carbon was analyzed using a Dohrman TOC analyzer. Samples

are acidized to remove inorganic carbon and purged with nitrogen gas. Results
are reported in mg/1.

Nitrate Monitoring

Results of the nitrate monitoring show that extensive areal contamination
has occurred. Though nitrate concentrations are not excessively high (Table 8),
nitrate was detected at all wells and surfacewater sampling sites. Sixty-three
percent (117/185) of the samples collected have shown detectable concentrations
of nitrate. Eighteen percent (34/185) of all samples have exceeded the nitrate
MCL. Surfacewater samples have shown 100 percent detection. As sampled, the
Rock River never exceeded the nitrate MCL, although, samples from the Little
Rock River exceeded the standard 46 percent of the time.

The distribution of nitrate is not constant and shows a high degree of both
areal and temporal variability. Individual wells at a single site have shown a
range of <5 to 170 mg/1 N0z (<1 to 37.8 mg/1 NO3-N) over a 17 month period. of
the eleven wells sampled only one had nitrate present continually and it was
never consistently over the nitrate MCL. Samples from streams in the area dis-
play similar patterns over time.

Figure 18 shows the temporal trends in three wells and the Rock River. Al-
though different in magnitude the simjlarity in timing of changes illustrates
the responsiveness of the system to hydrologic events. The primary mechanism for
the movement of nitrate from the surface to groundwater is infiltration of
precipitation and snowmelt.

The distribution of nitrate is also variable over the study area. Varia-
tions of 7 to 170 mg/T NO3 (1.6-37.8 mg/1 NO3-N) have occurred at closely spaced
wells for any sampling period. The nitrate concentration at any one sampling
location at any given time reflects a complex interaction among the hydro-
geologic properties of the aquifer, the nature of surficial materials and their
hydraulic properties, precipitation patterns and intensities, land-use and
chemical application patterns, and the exact portion of the aquifer flow system
that is tapped by the well. Variability in chemical concentrations is to be
expected.

Nested piezometers were used to study the vertical distribution of solutes.
Previous studies have shown an inverse relationship hetween nitrate concentra-
tion and depth (Wehtje et al., 1983; Hendry et al., 1983; Thompson, 1984, 1986).

For the three sets of nested wells in the study area, one showed a decrease
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Table 8,

Nitrate Monitoring - Rock River Alluvial System

LOCATION SCREENED JUN JuL AlG SEPT ocT NV DEC
INTERVAL 19 16 20 10 14-13 11-12 .

1985 1983 1985 1983 1983 1983 1983

1. RR-1RA SURFACE - - - i8 2 27 -
2. RR-1U 10.5-12.3 77 78 g &7 62/24/29 41 €3
34 1L 19.0-723.0 <3 1 {3 5 <3 {3 &
4. RR-tR SURFACE 27 37 7 b/C - - -
3. RR-2 13.0-15,0 34 32 24 30 39 2 20/11
4. FRR-3 11.0-13.4 11 19 {3 4 13 13 {3
7. RR-4U - 10.0-12.0 {5 34 {3 B ] 3 €3
8. 4 22.0-24.5 ] 18 <3 ] {3 {4 3
7. L8 38.0-41,0 15 20 S 3 {3 3 14
1. LR-IR SURFACE 43 47 {3 38 43 39 -
1. RR-3Y 16.0-17.0 27 46 3 12 13 18 ]
12, I 26.0-29.0 a3 4l 24 27 22 23 &
13, RR-ZRA SURFACE - - - 24 3 29 -
14.  RR-4 17.0-20.0 23 20 &/ 7 6745143 b {3
15.  RR-3R SURFACE 35 37 ) el 38 - -
146,  RR-7 17.0-19.3 13 167 m 170 170 I} B4/97
17.  RR-9 16.0-21.0 9 - - - - - {5
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Table 8. Continued

JANR FER HAR APR MAY LN JuL AlG SEPT ocT
22 i8 11 14 3 18 22 20 23 2122
1986 19886 1986 1986 1986 19846 1986 1984 1984 1986
L. - - - 28 a7 27 29 12 7 29
2, <3 38 23 {8/<8 10443 33 7 ) 15/17 a8
3 & b < & <3 & & b {5 8
4 - - - - - - - - - -
3 3 60762 3¢ 30 23 34/32 33 48 3B/63 43
4. {3 15 <5/45 G 14 8 14714 8/8 i 1212
7. <3 3 3 3 G {3 (HTLE <3 \t {3
a. ] <3 {3 {3 {3 {5 <5 <§ & &
9. 22 19 3 ] 3 G <3 7 11
L - - - 47 49 42 29 14 36 38
11, {3 18 <5 it 3 6/ b 8 {5 15
12, 2 47747 i 9 15 32 29 52 61/97 54/53
13, - - - 3 3 9| 30 13 ? 30
14, €3 20 - QG 8/13 ? 9 9 Lt 30
15. - ~ - 33 41 38 30 14 12/12 33
1. 79 118 {3 b7 74 68 102 43/74 1y 1207118
17, - - - - - - - - - -

33




*Jajinbe |eLAN||® JBALY 320Y OYJ U} SUOLIRJIUSDOUOD D3BJILU UL SUOLIRLJIRA gl dunbL4

9861 Ggel

, d3S o?q . e | Nnp o

1 i 1 1

100 d38 onv Nt NAr AV ddvY m<._>_ 834  NVr | 230 | AON | 100

€44l o

. - 0¢

d: L P . p -0¢
e g ¢ ot

Gy 08

- 09

(17bw) FIVHLIN Lg,

34



in nitrate with depth, one an increase in nitrate with depth, and the remaining
cite was variable. Thus, the chemical stratification observed in other systems
is not apparent in the Rock River alluvial system. This lack of stratification
may be, in part, attributable to the thickness of the alluvial materials.
ATluvial deposits along the Rock River are thinner than other alluvial systems
studied. The stratification observed in other systems may be a function of the
time required for chemicals to migrate to the bottom of a thicker aquifer.

Differences in nitrate levels are also apparent between the Rock River and
other alluvial systems studied in northwest Iowa. Figure 19 shows the average
monthly nitrate concentration for the Rock River and two other alluvial systems
in Towa: the Des Moines and the Little Sioux Rivers. There is a fajirly good
correlation in the temporal trends among the systems. This is to be expected
since infiltration is the major mechanism in all systems for the introduction
of nitrate. Major recharge events will occur at approximately the same time
over the area of the three alluvial systems. There are, however, notice-
able differences in the magnitude of nitrate concentrations. The Rock River
alluvial system shows the highest nitrate Tlevels of any of the three systems.

There are several possible reasons, both physical and chemical, for the
difference in nitrate concentration. The first relates to land use. Corn pro-
duction is similar among the alluvial systems studied averaging about 50 per-
cent of all acres planted. lLivestock production, however, is greater in the Rock
River basin. This results in an increase in manure N which increases the total
N input to the basin. Topography and soil type are other factors contributing
to the difference in nitrate concentration. Most of the drainage area of the
Rock River is loess-mantled. Nitrate readily Tleaches through the loess to the
water table and from there is then delivered via shallow groundwater flow to
the alluvial valley. Numerous tributaries also collect runoff and shallow
groundwater and deliver it to the river.

Changes can also occur in the form of the nitrogen. Fertilizer nitrogen is
readily converted to nitrate in the soil. In some situations, this nitrate can
be transformed to nitrogen gas by denitrifying bacteria. This process is called
denitrification and occurs in anerobic environments where there is an available
supply of organic carbon. The greatest potential for dentrification occurs in
oxygen-def icient, water-saturated soil (Rolston, 1981). Thus, Tikely Tocations
for denitrification to occur would be in organic-rich soils with high water
tables. Such conditions are prevalent in many alluvial systems and in the till
covered uplands in central lowa. Indications of denitrification have been found
in many of these locations (Thompson, 1986; Blackmer, pers. comm.). Comparisons
between averaged monthly nitrate levels for each system shows that nitrate levels
are considerably reduced in the Des Moines River alluvial system, a factor which
has been attributed to denitrification. Water tables in the Des Moines River
alluvial system averaged four feet below ground Tevel, while at the same time
water levels in the Rock River alluvial systems averaged eight feet below ground
Tlevel. The water table is below the soil zone for most of the year in the Rock
River alluvial system and denitrification apparently does not occur or at Teast
js not significant. A1l of these factors affect the delivery of nitrate to
groundwater and will effectively increase input loads to the aquifer.

Bacterial Monitoring

Historically, bacterial contamination of groundwater has not been thought
to be a problem. The filtering action of soil and low concentrations of
organic nutrients in groundwater have heen cited as evidence that bacteria
could not reach and/or would not survive in the groundwater environment. Many
researchers believe that bacteria are introduced during well construction, or by
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seepage down the outside of a well casing, but do not migrate through an
aquifer. Reneau and Pettry (1975) investigated the movement of coliform
bacteria from septic tank effluent through three sandy soils. They found
1ittTle evidence of migration of bacteria from the drainfield. Their conclusion
was that bacteria would not be likely to move into groundwater. Recently,
however, several studies have shown that bacteria can be present and active at
considerable depths in the subsurface. Dockins and others (1980) found
sulfate-reducing bacteria at depths from 10 to 260 meters. Whitelow and Rees
(1980) found nitrate-reducing and ammonia-oxidizing bacteria at depths up to 50
meters. Over 106 organisms per gram of dry soil were found in a shallow
water-table aquifer at depths up to five meters (Wilson et al., 1983).
Stetzenbach and others (1986) sampled deep well water (150 m) and were able to
grow a large number of bacteria in a Tow-nutrient medium.

It was not possible to Took at all bacteria in this study. Instead, water
samples from wells in the monitoring network have been analyzed monthly for
total coliform bacteria by the most probable number method (MPN). The results
are given in Table 9. The coliform group is defined as "all of the aerobic and
facultative anaerobic, gram-negative, nonspore forming, rod-shaped bacteria
that Ferment lactose with gas formation within 48 hours at 35°C* {Rand et al.,
1975). Coliform bacteria are not a health problem themselves, but their occur-
rence may indicate the presence of other bacteria which can cause health
problems. However, in alluvial and other shallow aquifers, non-harmful coli-
Form bacteria occur quite frequently. Thus a pos ftive indication for total
coliforms may not be an indicator of pollution in these situations.

Previous studies in Iowa {Hallberg and Hoyer, 19823 Hallberg et al.,

1983; Thompson, 1984} have documented bacterial contamination of groundwater.
Fifty-seven percent (87/153) of the samples collected in this study showed
coliform levels greater than 2.2. Chlorination of all monitoring wells was
done immediately after installation. A strong possibility exists that much of
the bacterial contamination seen is caused by Teakage along the casing or con-
tamination during sampling. Some migration of bacteria through the aguifer
may occur.

Pesticide Monitoring

Studies by many agencies in Towa over the last six years have shown that
many of our commonly used pesticides are found in surfacewater and groundwater.
The detection of pesticides in groundwater in diverse geologic settings shows
that pesticides can move into groundwater via infiltration.

Pesticides were First detected in shallow alluvial groundwater in 1974
(Richard et al., 1974). A one-time study of selected pubTic water supplies in
Towa was conducted from 1984 to 1985 (Kelley, 1985). Forty-nine percent
(20/41) of alluvial well samples showed some pesticide contamination. Atrazine
proved most common and was present throughout the year. Other pesticides were,
with one exception, found only during June and July. Further studies on public
water supplies from alluvial aquifers located along the Little Sioux River
detected atrazine, cyanazine, metribuzin, terbufos, metolachlor, alachlor, and
sulprofos (Kelley and Wnuk, 1986).

Only limited sampling for pesticides has been done for this study {(Table
10). Six samples were collected in July, 1985, with an additional 14 collected
between May and August, 1986. Atrazine was the only pesticide found in the
groundwater and was detected at two sites. Four pesticides were detected in
surfacewater: atrazine, alachlor, metochlor, and cyanazine. Multiple
pesticides were found at 211 surfacewater sites and concentrations were higher
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Tabte 9. Bacteria Monitoring - Rock River Alluvial System

LGCATION SCREENED JUN Jul AUE SEPT oeY ROV
INTERVAL 19 16 20 10 14-13 1-12
1983 1983 1983 1983 1985 1983
1.  RR-1U 10.5-12.5 2.2 2.2 0 &1 16471647146+ Lo+
iL 19.0-23.0 16+ 0 0 3.1 3.1 9.2

3L RR-2 13.0-15.0 16+ 2.2 5.1 2.2 2.2
4. RR-3 11.6-13,0 16+ 16+ 0 0 0 0
3. RR-4U 10.0~-12.0 ¢ 0 0 0 9.2 ¢
6. 4 22,0-28.3 16 0 ! 3.1 16+ Lo+
7. 4L 38.0-41.90 0 9.2 2.2 14+ 3.1 ¢
B.  RR-DU 16,0-17.0 0 0 ¢ 16+ g1 16
7. 3L 26.0-29.0 16+ 3.1 2.2 16+ 1& 9.2
10.  RR-4 17.0-20.0 144 2.2 g 14+ 9.2/164/%.2 9.2
1. HR-V 17.0-19.5 0 g g 4 g1 0
JAN FEB APR nayY JUN JUL Alie SEPT
22 18 14 05 i8 22 20 23
1984 1986 1986 1936 1986 1984 186 1986
1 9.2 0 3 §.2/146+ 7.2/3.1 16+ OF 31 16+ 16+/164
0 0 oF 0 0 14 oF 164 9.2 16+
3, 0 0/9 9 ] 16+/14 16+ 16+ lo+/14+
4 0 2.2 0 0 1h 164/ 16t 14+/16+ 16+
& 2.2 0 oF 4.2 16+ 14+ OF 0/9.2 16 lat
6. 3.1 ¢ oF 0 0 3.1 OF 5.1 16+ 16+
7 al 3.1 OF U ¢ 1 14+ 14+ 16+
i 3.1 9.2 0 16t 1b+/16+ 14+ 16+ 14+
b 2.2 0/9 0 14+ 16+ 16+ 16+ 16+/14¢
10, 0 610 16/2,2 16+ 16+ 14 16+
11, 9 0 YOV 16 16+/ 16+ 164

F refers to colifors nuebers
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than in groundwater. The concentrations of pesticides detected were all below
acute toxicity levels and below levels assumed to contribute to chronic health
problems.

Some recent testing has indicated that both atrazine and metolachlor may be
carcinogenic in which case the recommended maximum contaminant levels (RMCL)
would be zero. Many of these compounds are still under review by EPA, and
health advisories have yet to be issued. There are also questions to be
answered relative to possible synergistic reactions between these pesticides
and other compounds found in the water such as nitrates. These factors make
jt difficult to adequately evaluate risk.

WATER USE

The major categories of water use from the Rock River alluvial agquifer are
rural-domestic and livestock, municipal, rural water distribution, jrrigation,
and industrial. No numbers are available on industrial useage. Table 11 Tists
water use by category for each county in the study area. Municipal water use
figures were obtained from the Department of Natural Resources (ONR). When use
numbers were not available, population figures were multiplied by an average
use of 50 gal/day per capita. Rural population within the valley was estimated
by multiplying the rural population of each township by the percentage of the
township mapped as alluvial land. These estimates may be high as few home-
steads are actually located on the lowlands and some may use rural water.

! jyestock estimates were computed in a similar way using consumptive figures
From Herrick (1978). Population and livestock numbers were obtained from the
19865 Iowa Statistical Profile. The numbers cited for frrigation are total
amounts allocated under the DNR water permit system. The amount of water
actually used for irrigation is extremely variable and is directly related to
the amount of precipitation available during the growing season.

Future Water Use

As can be seen in Table 11, irrigation is potentially the largest user of
alluvial water. There are no projections available to forecast future useage.
There are areas within the valley which are not oresently utilized for irriga-
tion. Another drought, such as that during 1975-1977, could stimulate renewed
interest in irrigation. Rural water systems use may be projected to show some
increases. Only minor increases in municipal use are forecast.

Fstimates of future use for municipal and rural-domestic are tied to popu-
~ lation projections. These range from +5 percent to -2 percent for the counties
in the study area. However, in the period from 1970 to 1980 the rural population
in Lyon and Sioux declined by 5 percent and 38 percent respectively. Therefore,
only minor increases are to be expected in municipal and rural-domestic use.

RESOURCE ASSESSMENT

Significant development (municipal, rural water, and irrigation) has
occurred in the Rock River alluvial aquifer. The aquifer is of variable
thickness. In many places the aquifer is thin. Thicker deposits are found in
terraces, but generally only a limited thickness is saturated. Despite this,
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Table 11. Water Use from the Alluvial System by County and Category in Million
Gallons per Year.

Municipal Rural Water System Rural-Domestic Livestock Irrigation

County _Avdg. Max. Avg. Avg. Avg. Max.
Lyon 231.8 463.6 141.8 3.2 13.9 326.6
Sjoux  118.3  283.7 54.8 7.0 12.9 1440.4
TOTA1  350.1 747.3 196.6 10.2 26.8 1767.0

the high transmissivities which characterize the aquifer allow a high
level of utilization. Further development could be accomodated although the
variability in thickness will preclude placement of high capacity wells in
some areas. Test drilling will be necessary to locate favorable sites.
Degradation of water quality has occurred throughout the aquifer. In many
places, future development will be 1imited by water quality. Long term trends
in water quality are not necessarily predictable, but degradation has been
increasing over the past twenty years. Further degradation could seriously
1imit certain uses of the system's resources. Efficient management of
fertilizer and pesticide applications could significantly improve the current
situation. Experiment farm studies in Iowa and Minnesota have shown that only
35 percent or less of the fertilizer nitrogen applied is removed in the
harvested grain (Hallberg, 1986). This s particularly true for continuous
corn. Much of this is lost in tile-effluent or stored in the soil at depths of
2 to 5 meters (5 to 15 feet). Up to 30 percent is not recovered and unaccounted
for. In areas where shallow aquifers exist, much of this nitrate may be lost to
the aquifers. The magnitude of these losses show that significant economic as
well as environmental concerns exist. Resolving these problems in order to
achieve a satisfactory balance between agricultural production and protection of
our water supplies will require an effort from all segments of the agricultural
community.
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Location of preliminary geologic information: Rock River.
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Map Other _ Elevation

Location Designation Location f+. From To L Ithoiogy
1 679(M) NE SW SW NE Sec. 8 1377.53 0 14 Alr
Ti00 R45 14 16 Water
16 19 Gravelly sd
19 22 Boulders
22 45 Tl
1a 679(W) NE SW SW NE Sec. 8  1374.53 ¢ 6 Fill
T100 R45 6 10 Sdy clay
10 16 Gravelly sd
16 17 Boulder
17 55 Tit)
2 w5703 SW SW NW Sec. 16 1367 0 10 Sofl
T100 R45 10 30 S&G
30 Till
3 THO SE SW SW Sec. 16 — 0 5 Sofll
T100 R45 5 20 Gravel, crs
sd
20 22.5 Boulders,
grave!
22.5 TI
4 W25511 NW NW NE Sec. 17 1360 0 40 $ &6
~"" T100 R45 40 220 Tt

220 280 S&6G

5 379 (NW? SW SE SE Sec. 20 1352.66 0 8 Sdy clay
T100 R45 8 14 Gravelly sd
14 16 Boulders
16 55 Till
5 TH1O SW SW NW Sec. 21 — 0 4.5 Sofl
T100 R45 4.5 20 Gravel, crs
sd
20 Till
7 TH2 NE NW NW Sec. 33 —_— 0 3 Sofl
T100 R45 3 18 Gravel, crs
sd
18 23 Gravel, b
23 T11

KEY: sd = sand, 5§ & 6 = sand & gravel, b = boulders, f = fine, sdy = sandy, crs = coarse,
vefe = very fine, N/S = no sample
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Map Other Elevation
Locatlon Destdgnation Location fte From To L ithology
Ta TH4 NW NE NW Sec. 33 — 0 2 Soll
T100 R4S 2 7 Clay
7 1 Gravel, crs
sd
11 19 Boulders
b THS NW SE NE NW Sec. 33 1343 0 5 Soll
Ti00 R4S 5 25 Gravel, crs
sd
25 26 Bou lders
26 TiI
Tc SW SE NE NW Sec. 33 1342 0 4 Clay
T100 R45 4 19 Grave|
19 20 Boulders
20 23 Grave|
23 30 Sd, T111
7d TH3 SW NE NW Sec. 33 —_— 0 7 N/S
T100 R45% 7 10 Gravel, crs
sd
10 14.5  Gravel, b
14.5 Tirt
Te TH1 NE NE SW NW Sec. 33 ——— 0 3.5 Sol!
TOO R45 3.5 15 Gravel, crs
sd
15 23 Boulders,
pebb les
23 Tiet
7f THE SW NE SW NW Sec. 33 —— 0 3 Sol|
T100 R4s 3 20 Gravel, crs
sd
20 32 Gravel, b
32 Tirl
79 SW NW SE NW Sec. 33 1342 ¢] 4 Sdy sol|
T100 R4S 4 5 Gravel, clay
5 13 Grave!, crs
sd
13 33 Gravel,
pabbles
33 34 Bou | ders
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Map Other E levation

Location Designation lL.ocation ft. From To Lithology
Th NE SE NW Sec. 33 1342 0 3.5 FIl1, soll
T100 R4% 3.5 23.5 S&6
71 TH7 SW NE SW NW Sec. 33 - 0 3 Soll
TI0O R45 3 29 Gravel,
crs sd
29 37 Bow lders,
crs sd
37 4 Clay, b
7] TH8 SE SW NW Sec. 33 - O 3.5 Sofl
: T100 R45 3.5 27 Gravel, crs
sd
27 29.5 Boulders
Tk W7261 SW NW SE NW Sec. 33 1340 0 45 S$&6G
—— T100 R45 ' 45 175 TiM
175 190 S$&6

190 240 Shale
240 365 Shale
365 97 Quartzite

8 THIA SW NW SW Sec. 33 — 0 3 Solt
T100 R45 3 14 Gravel, crs
sd
14 14.5 Clay
14.5 17 Gravel, b
17 25 Crs sd,
gravel}
25 28 Boulders,
gravel
28 TIH!
8a W25301 SW NE SW Sec. 33 1340 0 7 N/S
— T100 R45 7 24,5 546G
9 570(E) NW NE Sec. 33 1331 0 3.8 Fii
T100 R45 3.8 7.0 Sdy clay
7.0 11.3  Sand

11.3 14.6 Boulders
14.6 47.5  TIil
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Map Other Elevation
Location Designation Location ft. From To L it+holoay
10a T5-2 NW SE NE Sec. 4 —-_— 0 3 Soll
T99 R45 3 8 F-crs sd
8 15 Gravel, crs
sd
15 2%.5 Gravel, b
23.5 33 TN
i0b 75-3 NW SE NE Sec. 4 —— 0 6 Soll
T99 R45 4] 14 Gravel,
pebb les
14 18 Gravel, b
18 22 Gravel,
pebbles
22 24 Boulders
24 33 Titl
10¢ 75=-9 NE SE NW Sec. 4 e 0 4 Sdy sol!
TS99 R45 4 5 Grave|, ctlay
5 15 Gravel, crs
sd
15 33 Gravel,
pebbles
33 34 Boulders,
111
10d 758 SE SE NW Sec. 4 w—— 0 3.5 Sdy soll
T99 R45 3.5 15 Gravel, crs
sd
15 17 Gravel, b
17 18 Bou 1 der
18 33 TiI!
11 75-12 SE NE SW Sec. 4 - 0 2 Soll
TS99 RAS 2 6 Brown clay
6 16 Gravel,
pebbles
16 28 Till
12 15=7 NE SW SE Sec. 4 ———n 0 3.5 Sdy soll
T99 R45 3.5 28 Gravel, crs
sd
28 32 Gravel, b
32 43 Til!
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Map Other Elevation
Location Deslignation L.ocation ft. From Te Lithology
13 275 Sec. 32/33 1309 0 12 Fitl
TS99 R4S 12 20 Sdy clay
20 24 5d, clay
24 35 Crs sand
35 43 546
43 65.5 TIII
14 H6 NW SW SW Sec. 13 e 0 3 Sol
T98 R46 3 " Clay
11 20 S&G
20 25 Clay
23 31 §$ &6
31 50 Clay
14a H3 SW SW SW Sec. 13 —-— 0 3 Soll
T98 R46 3 9 Clay
9 34 Gravel
34 50 Clay
14b H5 NE SW SW Sec. 13 o 0 4 Soi |
T98 R45 4 36 $&6G
36 50 Clay
14¢ H4 SE SW SW Sec. 13 —— 0 3 Soll
T98 R46 3 32 S&G
32 50 Clay
15 165 Sec. 23/24 1280.9 0 13.7 Alr
T98 R46 13.7 15.1 Water
15.1 20.1 ST+
20.1 24,0 S &G, b
24.0 26.0  Sdy clay
26.0 42.0  Ti11
42.0 46.0 Clayey sd
46.0 48.0  Sdy tiid
48.0 56.5 Clayey sd
56.5 58.0  Sdy tIHII
58.0 60.0 Clayey sd
60.0 62.5  Sdy t111
16 H7 NN NW NW Sec. 24 - 0 2 Sol |
T98 R46 2 8 Clay
8 34.5 S8 G
34.5 35 Clay
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Map Cther Ejevation
Location Designation Locatlon f+. From To L1thology
17 H1 SW NW NW Sec. 24 ——— o) 3 Sol |
T98 R46 3 8 Clay
8 12 Clay, Grave!
12 37 S4&6G
37 57 Clay
57 60 Gravel
60 80 Clay
18 w8278 NW NW NE Sec. 35 1270 0 25 S&6G
198 R46 25 28 Ti!
19 248 Sec. 16/17 — 0 3 Fine sd
T97 R46 3 15 Crs S &G
i3 17.5 Gray clay
17.5 39.0 V f sd
39.0 43 Sdy clay
20 148 Sec. 20/21 -— 0 0 Sdy loam
TI7 R46 9 10 $&6
10 11 Mud
11 42 5d, crs
gravel
21 535 Sec. 24/25 1218.8 0 2 Black clay
T97 R47 2 5 F-crs sd
5 12.8 35 8&6G
12.8 36.0 Gray clay
22 160(W) SW SW Sec. 3 — 0 4.2 Stity clay
T96 R47 4.2 7.4 Crs sd
7.4 38.0  TIII
23 81-5 NE NW NE Sec. 7 — 0 4 Soll
T96 R47 4 21 $86G
21 22 Clay
22 35 S&6
35 42 Clay
42 58 S$&6G
58 62 Blue clay
A 24 #1 NW NW SE Sec. 7 e 0 5 Sol I
TS6 R47 5 25 Gravel
25 38 S$&6G
38 39 THH
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Map Other Elevation

Location Designatlion Location f+. From To L ithology
29257 24a NW SW SE Sec. 7 —— 0 3 Sof
’ T96 R4T 3 15 Gravel
15 20 Grave!, clay
20 25 Grave!l
25 30 Gravel, boulders
30 45 Gravel
A5 50 Gravel, sand
50 55 Gravel, boulders
55 57 Boulders
57 Tit
246 81-1 NW NE SE Sec. 7 — 0 3 Sol
T96 R47 3 28 $ 46
28 62 Blue clay
24¢ B1-2 NE NE SE Sec. 7 - o] 3 Sotl
T96 R47 3 25 S&6G
25 26 Clay
26 38 $&G
38 60 Blue clay
244 81~4 NE SE SE Sec. 7 — 0 2 Soll
T96 R47 2 33 S&G
33 38 Ctlay
38 62 $&6
62 Blue clay
g{g_;fg 25 032 SH SH SW Sec. 7 -—- 0 2 Sof |
T96 R4T 2 18 Clay +111
18 21 Sandy pebbly
stit
21 25 Clay
- 26 8042 W SW NW Sec. 9 — 0 2 Sol |
SWHB? T96 R4A7T Vi 65 Sand
65 70 Clay
27 SO SE SE SE Sec. 9 - 0 2 Sol |
L 5o T96 R47 2 8 Sdy clay
8 55 Sand
55 60 Clay
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Map Other E levation

Location Designaticn Location fts From To Li+hology
45, £ 28 039 SW SW NW Sec- 16 — 0 2 Sol |
T96 R47 2 39 Sand
39 45 Clay
29 150 SE SE Sec. 16 —— 0 1.2 Water
T96 R47 1.2 15.1 Cemented
S &G

15.1 29.5 Sand

Y
5145 30 036 SW NW NW Sec. 20 —

0 2 Sol !
T96 R47 2 5 Clay
5 26 Sand
26 35 Clay
1457 3 D40 NW NW NE Sec. 21 — 0 3 Sof 1
T96 R47 3 23 Sand
23 25 Clay
13
{E WSA 3 D37 NE NE NE Sec. 30 — 0 2 Sof |
T96 R4T 2 5 Clay
5 27 Sand
27 30 Clay
!
S{4S U a3 038 SW NW SW Sec. 30 —- 0 3 Sol
T96 R47 3 23 Clay, +ill
. 23 26 Sand
2% 30 Clay
ga‘\"‘tb O 34 s34 NE NE NE Sec. 1 —— 0 1 Sol|
T96 R4S 1 15 S &6
1% Hard rock
cLu G 35 $D33 SE SE SE Sec. 1 —— 0 2 Sof !
T T96 R4S 2 15 536
15 Hard rock
U U 36 D43 NE SE NE Sec. 1 —- 0 2 Sol |
5l : T95 R4S 2 7 Ctay, ti11
T 15 Sand
15 Hard rock
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APPENDIX B

SEISMIC REFRACTION
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Theory and Previous Work

Sejsmic refraction methods have been commonly used by engineers and
geologists for shallow subsurface investigations. Details of sefismic refrac-
tion theory can be found in general geophysical exploration texts such as
Dobrin (1976), and Musgrave (1967). Seismic refraction theory is based on the
fact that sound waves travel at different velocities through different earth
materials. An energy source (hammer blow, explosive) is used to generate
sound waves which propogate through earth materials. These waves are bent
(refracted) at the contacts between different velocity layers of earth
materials, and then travel horizontally just beiow the contact. As the waves
propagate along the contact they are continually refracted back to the
surface. Figure B-1 schematically shows the raypaths followed by refracted
sound waves in an ideal alluvial system.

For field measurements, a set of receivers (geophones) is placed at
uniform distances from the seismic source. These receive the refracted energy
created by the source, and create a continuous trace on the seismograph
record. A distinct break occurs on the seismic trace at the time of arrival
on the first wave (Fig. B-2). Geophones closest to the source may receive
direct wave arrivals, those traveling directly along the land surface {path
A-B-E-H on Fig. B~1}. The first energy received by the geophones furthest
from the source is from the second layer along path A-C-D-E. Even though the
distance along path A-E at the surface is shorter, the waves traveling the
segment C-D are accelerated and will arrive first. More distant geophones in
the Tine will receive energy from the ti1l layer along path A-J-K-L. The
arrival time information, recorded by a seismograph, and the distance of the
geophone from the source, can be used to plot the relationship of time versus
distance (Fig. B-3). This is used to calculate average layer velocities.
Other calculations are performed to determine the depth of the refracting
surface.

Seismic refraction has long been used in groundwater studies. Bonini and
Hickock (1958) and Warrick and Winslow (1960) used refraction methods to
delineate bedrock topography below unconsolidated deposits. Woolard and Han-
son (1954) worked in a variety of geclogical settings in Wisconsin, and had
relatively good success in Tocating the water table in glacial ti1l. McGinnis
and Kempton {1961} correlated the Tow velocity surface layer with the
weathered zone in glacial tills. They also found that accurate depth to and
velocity of bedrock could not be determined if the bedrock was shallow (10-290
feet) and irregular. Johnson (1954) used refraction methods to distinguish
between ti11 layers in ITlinois. His 1is one of the few studies which at-
tempted to differentiate Tayers within shallow unconsolidated materials.
Staub (1969) evaluated the method of the seismic refraction to solve geologic
problems in Iowa. He used statistical methods to establish confidence levels
on the results and to show where additional data was needed.

fquipment and Field Methods

nefraction data were collected using a Geometrics 12-channel signal-
enhancement seismograph which operates from a 12-vo1t power source. Each
channel has separate controls for adjusting the amplitude of the signal, to
compensate for variations in input signal strength, and for adjusting the
amplitude of the trace. Filters can be used to cancel extraneous noise,
such as that caused by wind, power Tines, and traffic. The recorded data are
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Figure B8-1. Schematic of sound wave propagation through a typical alluvial
sequence. Letters refer to discussion in text.

Figure B-2. Typical seismogram. Tic marks indicate time of arrival of wave
on each channel.
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displayed on a video screen on the seismograph which allows the data auality
to be checked before being recorded on magnetic tape. If data quality are
poor, a shot may be repeated, either to replace the existing record or to en-
hance it. Hard copy data are an added option and can be obtained from the
instrument's built-in printer. Satisfactory data are transferred to cassette
tape for storage using a Nimbus digital recorder which also operates from a
12-vot power source.

Yarying geophone spacings were used during the study depending on antic-
ipated contact depths. Ten-foot spacings were primarily used to determine the
contact between the alluvial materials and the underlying materiais. Ten to
twenty-five foot geophone spacings with shot offsets of up to 300 feet were
used to obtain bedrock depths. The primary source of energy was a mechanical
weight drop designed at the Iowa Geological Survey. Two weights were avail-
able: 125 pounds and 300 pounds; these were dropped from a height of six
to eight feet onto a thick steel plate. The weight drop allowed hetter
utilization of the signal enhancement feature of the seismograph.

The processing of field seismic data was accomplished on an Apple 11
microcomputer. The processing software used was developed by Exploranium/
Geometrics of Canada, and has routines for auto-picking first breaks on seis-
mic traces, interpretation of time-distance plots, depth, unit thickness, unit
velocity computation, and a generalized reciprocal method for determining unit
depths on irregular surfaces. The use of a portable computer allowed proces-
sing to be accomplished in the field and immediate verification of the
accuracy of the seijsmic field data. Adjustments to the field arrangment (geo-
phone spacings, shot offset) were made where targeted horizons were not ob-
served in the data.

Results and Findings

Seismic Results

There were considerably more problems in interpretation of the refraction
data than had been anticipated. Nirect wave arrivals, indicating surficial
material velocities, are observed only when geophone spacings of less than 10
feet were used. Figure B-4a is & time-distance plot {T-X) showing good fit to
the data and recognizable slope breaks. It is finfreguent, however, that all
of the points can be fit to a straight line segment. Often, the best possible
fit requires a curved surface (Fig. B-4b), which results from either an
irregular refractor surface or laterally varying velocities. Another common
occurrence is displacement of time-distance segments (Fig. B-4c). McGinnis
and Heigold {1974) also observed this effect, and attributed it to the
presence of a stepped refracting surface at the edge of a buried valley. A
third problem involves slope change. Frequently, the time-distance plot ex-
hibits an increase in slope which may be attributable to laterally varying
velocities (Fig. B-4b,c).

Domzalski (1956) discussed at some Tength the problems inherent in
shallow-refraction investigations. One of his discussions concerned changes
in surface material velocities caused by firing a shot, while another dealt
with the type of surface materials in which the geophones were placed. These
effects can cause arrival times to be delayed by up to 2 milliseconds and
change computed velocities by 100 feet/second. There are other problems which
arise because, unlike in theory, the materials are not homcgeneous or
isotropic, especially in alluvial systems. There are horizontal and vertical
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Figure B-4 a,b,c. Examples of time-distance plots.
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variations in the velocity of the overburden as well as changes in thickness.
Murphy (1977) used a combination of refraction and resistivity methods to
study alluvial terrain in Louisiana, and found definite effects related to
laterally varying velocities such as offsets and siope changes in time-
distance plots. The bedrock refractor in most cases is irregular and
weathered, either of which can greatly affect depth computations for shallow
refractors.

A major problem, which is all too prevalent in Iowa, is the lack of
sufficient velocity contrast between most unconsolidated materials. Sand and
gravel (outwash material) have been observed to have velocities around 5000-
6000 ft/sec. Glacial tills usually have velocities between 6000 and 8000
ft/sec. Observed bedrock velocities average between 7000-9000 ft/sec. --
Cretaceous sandstones and shales. Such close materials' velocities presents
two problems. First, the slope break changes on a time-distance curve can be
very subtle and difficult to identify. Second, the necessary velocity con-
trasts might not be reached at the interface, but rather within a formation.
This is found to occur frequently within the glacial till.

Discussion

Rock Rapids 1 is Tocated along the Towa-Minnesota boundary (Fig. B-5).
Approximately 5-30 feet of sand and gravel rest over till. Several interfaces
are present in the til1l. An interface within the sand and gravel on the west
side of the river may represent the water table. Drill hole data from 1978
does show the static water level at approximately the Tevel of the interface.
To the east the water level becomes coincident with the top of the sand and
gravel. Rock Rapids 2 (Fig. B-6) has a 5-10 foot layer of soil and clay over
fhe sand and gravel. This finer-textured material thickens to the east, where
jt may represent a fan deposited from the adjoining hillslope materials. Sand
and gravel ranges in thickness from 5 to 25 feet, Two small channels may
exist in the till to the east. Good agreement with existing data is seen.
Rock Rapids 3 (Fig. B-7) has 7 to 20 feet of sand and gravel over till. One
interface is present in the till.

Doon 1 {Fig. B-8) presents problems in interpretation. At least 5-15
feet of sand and gravel are present. A second layer has velocities which can
represent either sand and gravel or £i11. An interface is also observed with-
in the ti1l. In Doon 2 {(Fig. B-9), the soil and sand and gravel layer ranges
from 10 to 20 feet thick. Several channels may exist in the till indicating
thicker sand and gravels.

Rock Valley 3 (Fig. B-10) differentiates the soil layer and delineates
the static water level {water table). A thick sand and gravel deposit {up to
A0 feet) is seen, which in turn, lies on a sand. Only one point shows the
sand/shale interface. Two interfaces are seen in the sand and gravel and may
be either clay lenses or local concentrations of gravel. Rock Valley 2 (Fig.
B-11) has a 5 foot layer of soil over 10 feet of clay over a 7 to 25 Tayer of
sand and gravel. The entire package is underlain by a blue-gray sandy, silty
clay which may be till.

Fairview 1 is the Tlongest traverse done, about two miles, and is near the
confluence of the Big Sioux and Rock Rivers {Fig. 8-12). A thick Tlayer of
fine-grained, silty clay is present on top of the sand and gravel. The top of
the sand and gravel surface is undulatory much like profiles across braided
streams. The clay surface below is also slightly channelized.
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APPENDIX C

DRILLERS' LOGS
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ELEVATION

WELL NO. LOCATION (ft.) FROM TO LITHOLOGY
RR-1 NW NW Sec. 21 1358 0 5 Fi11, topsofl
T100 R45 5 10 Fine brown sand,

coarse gravel

10 20 Fine yellow sand,
coarse gravel,
boulders at base

20 24 Fine yellow sand,
coarse grave]

24 29 Yellow ti11, quartz
boulder at 29 feet

RR=-2 SE SW Sec. 10 1335 0 3 Topsoil, sandy brown
T39 RAS clay
3 8 Fine brown sand,

coarse gravel

8 12 Fine yellow sand,
coarse gravel

12 16 Fine yellow sand,
coarse gravel,
boulders at base

16 19 Yellow til1

19 21 Yellow to blue gray

til11l
RR~3 SE SE Sec. 32 1297 0 3 Topsoil, dark brown
T99 R45 clay

Sandy brown clay

10 Fine brown sand,
coarse gravel,
boulders at 10 feet

10 15 Fine yellow sand,

' coarse gravel,

houlders
15 21 YeTlow-gray till

g w
(S}

RR4 SW NE Sec. 29 1285 0
T98 R4A5 2

Topsoil, sandy clay
Fine yellow sand,
coarse grave]l

5 10 Fine brown sand,
coarse gravel

10 15 Fine yellow sand,
coarse gravel, clay
Tayer at top

15 20 Brown sand and gravel

20 30 Fine yellow sand,
medium grave]l

30 43 Fine tan sand, medium

to coarse gravel

(82NN
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ELEVATION

WELL NO. LOCATION (ft.) FROM TO LITHOLOGY
43 45 Blue-gray sandy clay
or till
45 48 Green clay, some sand
grains
RR-5 SW SW Sec. 24 1274 0 2 Sandy brown clay,
T98 R46 topsoil
2 8 Fine brown sand,

coarse gravel

8 31 Fine yellow sand,
coarse gravel

31 41 Blue-gray clay, some
sand grains

RR-6 NE NE Sec. 25 1225 0 2 Sandy gravelly brown
T97 R47 clay
2 10 Fine brown sand,

coarse gravel

10 15 Fine yellow sand,
very coarse gravel,
boulders

15 23 Fine yellow sand,
coarse gravel

23 32 Blue-gray sandy clay
or till

RR-7 NW NW Sec, 25 1225
T97 R47

3 Topsoil, dark clay

Gray to yellow silty

clay

Gray silty clay

0 12 Yellow-gray silty
sandy clay

12 20 Fine yellow sand,
coarse gravel

20 33 Blue-gray sandy silty
clay or til1

33 41 Green silty clay or

shale, very fine

cemented sand layers

— D WO
— O
je}

RR-9 SW SW Sec. 23 1230 0
T97 R47 1

Topsoil

Sandy gravelly yellow-
hrown clay

Fine brown sand,
coarse gravel

8 22 Fine yellow sand,

coarse gravel
22 25 Blue~gray silty sandy
clay or till

[0 QR
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ELEVATION

WELL NO. LOCATION (ft.) FROM TO LITHOLOGY
RR-8 NW NW Sec. 26 1230 0 3 Road bhed, topsoil
T97 R47 3 10 Fine brown sand,

coarse gravel

10 54 Fine yellow sand,
coarse gravel

54 60 Fine to medium gray
sand, thin sandy
clay layers

60 80 Fine to coarse green
sand, sandy clay
Tayers

80 90 Fine to medium dark
gray sand

90 96 Gray clay or shale
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APPENDIX D
WATER LEVEL DATA
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o

~J

10
11

12

13

15

14

WATER LEVELS - ROCK RIVER ALLUVIAL SYSTEM

JuL AUS SEp ocT

14 20 10 14-13

1985 1985 1585 1985

LOCATION SCREENED
INTERVAL WATER  WATER WATER  WATER RATER  WATER BATER  WATER
LEVEL  LEVEL LEVEL  LEVEL LEVEL  LEVEL LEVEL  LEVEL
(FEETY  ELEY (FEET)  ELEY {FEET)  ELEV (FEET}  ELEV

RR-1RA SURFACE - - - - 1335.6 1336.6
RR-1U 10.5-12.5 7.8 1338.2 6.8 1332.2 7.9 1331.1 7.9 1331.1
1 19.0-23.0 7.9 13311 7.8 1331.2 7.9 1331.1 7.9 1331.1
RR-2 13.0-13.0 - - 1.1 1323.9 8.9 1326.1 9.8 1325.2
RkR-3 11, 0-13.90 2.0 1228.0 10.0 1287.9 9.3 1287.4 3.9 12911
RR-40 10.0-12.0 10.6 1272.4 1271, 4 10.1 1272.9 10.0 1273.0
in 22.0-24.3 1.6 1272.4 1271.5 0.0 1272.% 7.9 1273.4
a4 38.0-41.0 10.4 1272.4 1271.3 9.4 1273.3 2.9 1273.1
LR-IR SURFACE ~ - - - 1273.1 1273.2
[ighil] 16.0-17.0 12.2 1262.4 13,0 1261.6 12.8 1261.8 12,3 1262.3
5L 26.0-29.0 12.5 1262.1 13,0 1261.6 12.8 1261.8 12.3 1282.3
RR-ZRA SURFACE - - - - 1264.3 1263.4
RR-6 17.0-20.0 4.3 121%.2 31 1218, 6 2.8 1220.9 3.0 1220.7
RR-3R SURFACE - - - - 1218.% 1218.8
RR-7 17.0-19.35 4.9 1219.2 3.9 118.2 3.5 [226.6 4.9 1219.2
RR-9 16.5-21.58 7.3 1223.4 - - 7.4 1231.4 6.9 1223.8
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LRV Y

1¢
H

12

13

14

15

14

WATER LEVELS - ROCK RIVER ALLUVIAL 5YSTEM

NaV DEC JAN FER HAR APR
112 18 22 18 19 14
1985 1985 1986 1986 198 1986
WATER  WATER  WATER WATER  WATER WATER  WATER WATER  WATER WATER  WATER  WATER
LEVEL LEVEL  LEVEL CEVEL  LEVEL LEVEL  LEVEL LEVEL LEVEL LEVEL  LEVEL LEVEL
(FEET} ELEV  (FEET) ELEV  (FEET} ELEV  (FEET) ELEV  {FEET) ELEV  (FEET) ELEV
133%.6 - - - - - - - - - -
8.1 1330.9 &1 1330.9 83 3307 &4 1330.6 5.2 13338 &9 1334
B.1 13309 B2 3308 8.3 13307 8.4 13306 52 1338 69 13321
10.2 13248 10,8 13242 1L2 13238 115 1323.5  10.2 13248 9.6 13254
7.5 12875 9.4 1287.6  %.6 12874 9.7 12813 .6 12894 6.0 12910
1.5 12725 10,3 12727 104 12726 10,6 12724 .5 12755 8.4 12746
10.5 12725 1.2 12728 10.4 12726 10.6 12724 .5 12755 B.4 12746
1.5 12725 10,2 12728 10,4 12726 104 12726 L5 12755 8.4 12744
2.y - - - - - - - - - -
12.6 12620 12.5 12619 12617 128 12618 155 12631 1264.1
127 12619 12,8 1261.8 12616 135 12611 1.6 1263.0 1264,
12629 - - - - - - - - - -
11296 1912198 40 12197 44 1219.3 FLOODED L7 1222.0
5.3 167 - - 5.7 12184 5.9 1218.2 41 1220.0 3.0 1221,
2.0 12316 66 1241 - - 7.3 1234 6.2 12285 b0 1247
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10
i1

12

13

14

13

16

HAY
21
1784

HATER WATER
LEVEL LEVEL

WATER LEVELS - ROCK RIVER ALLUVIAL SYSTEM

JUNE
18
1985

WATER WATER
LEVEL LEVEL

JuLY
22
1984

BATER WATER
LEVEL LEVEL

Alig
20
1986

BATER BATER
LEVEL LEVEL

5EPT
23
1984

WATER WATER
LEVEL LEVEL

acT
22
1984

WATER WATEHR
LEVEL LEVEL

(FEET} ELEY [FEET) ELEY (FEET) ELEY (FEETY ELEVY (FEET) ELEY (FEET) ELEY
1336.% 1335.4 1333.4 1335.4 1342.4 1335.7
7.3 13317 7.7 13323 7.8 1331.2 8.1 1330.9 4.3 13347 7.7 13313
7.3 13317 7.7 1331.3 7.8 1331.2 8.1  1330,% 4.3 13347 7.7 13313
8.0 1327.0 10.5  1324.5 10,3 13337 10.9 13441 1.6 1324.4 10.7  1324.3
5.2 1290.8 7.6 128%.4 7.7 1288.% 8.7 1287.9 7.7 1289.3 7.6 1289.4
8.7 1274.3 9.8 1273.2 1.3 1272.7 10,9 1272.1 9.6 1273.4 10.2  1272.8
8.6 12744 9.8 12752 0.3 12727 10,9 1272.1 9.6 1273.4 10.2  1272.8
#.4 1274.4 9.7 12733 10.2  1272.8 10.9 14721 9.5 12735
1273.4 1272.4 1272.2 1272.2 1271.9 1272.4
1264.3 1263.7 1263.90 12.3  1262.3 10,9 1243.7 1263.5
1264.3 [263.6 1263.0 12.4 1262, 1.0 1263.6 1263.4
1243.8 1263.0 1262.9 1262.9 1270.9 1269.7
2.0 12217 3.2 1220.5 3.5 1220.2 4.7 121941 -0.3  1224.2 2.%  1220.8
1219.2 - - 1287.9 1217.% 12248.4 1218.3
26 1221.5 3.9 12203 48 1219.3 5.6 1218.5 3.8 1220.3 4.2 1219.9
3.5 1205.2 6.2 1224.5 to.1  1223.4 - - 6.6 1224.1 - -
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APPENDIX E

WATER QUALITY DATA

Table E-1. Municipal and other Public ATluvial Water Analyses
Table E-2. Private Alluvial Water Analyses

Table E-3. Sampling Locations for River Quality Data

Table £-4. Water Quality Analyses - Rock River
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Table E-2. Private Alluvial Water Analysis

(Analyses in mg/1 unless other wise indicated)

Well

Nos Location Depth Bacteria Nitrate 1ron Hardness Sulfate Date
1 T99 R45 Sec. 3 40 16+ 63 — —— e 6/84
2 799 R45 Sec. 15 - 0 —— —— — -— 6/82
3 T99 R45 Sec. 27 42 0 26 - —— —— 11/84
4 T99 R45 Sec. 33 28 0 41 - ——— — 11/84
5 T98 R4S Sec. & 18 0 57 - —-—— —— 6/82

15 16+ 80 — —_— — 5/62
6 197 R46 Sec. 20 30 16+ 177 — — e 6/83
7 T97 R46 Sec. 20 30 — 147 21 450 — 1/81
8 T97 R46 Seca. 3 28 — 101 — 383 65 4./81
9 T97 R4S Sec. 30 9 —_— 159 2 70 - 12/80
10 T97 RA7 Sec. 26 30 - 46 — 257 235 4/81
11 T§7 R47 Sec. 34 -— ——— 48 — 376 175 4/81
12 T97 R48 Sec. 25 - —_— 26 e 291 95 4/81
13 To6 R4T Sec. € - — 48 «1 P 428 120 4/81
14 T96 R4T Sec. 7 - — 7 o1 239 100 4/81
15 T96 R4T Sec. 8 59 — 35 1 291 55 4781
16 T96 R47T Sec. 8 — - g9 .15 342 200 4/81
17 196 R47 Sec. 18 35 —— 35 05 359 180 4/81
18 To6 R47 Sec. 18 - — 22 1 274 100 4/87%
19 T96 R48 Sec. 12 40 -_ 13 «35 342 90 4/81
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Station
Station
Station
Station
Station
Station
Station
Station
Station

——

Wom ~ oy W Mg

Table E-3.

Sampling Locations for River Quality Data

Rock River
Rock River
Rock River

Rock River

Little Rock River

Rock River
Rock River
Rock River

Rock River
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TTOON RA5W Sec. 20

Lyon
TIIN
T8N
TO8N
T98N
T97N
TG6N
TI5N

Co. Dam

R45W Sec.
RAEW Sec.
R46W Sec.
RABW Sec.
RATW Sec.
R47W Sec.
R48W Sec.

10/15
23/24
35/36
16/17
24/25
31

6
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APPENBIX F

MONITORING NETWORK DATA
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HONITORING NETWORK BATA - ROCK RIVER ALLUVIAL SYSTEM

LOCATION RR-1RA MP ELEVATION 1332.8 FT.

DATE  HWATER LEVEL
{FT.)

M7,

9/10/83
10715783
11712/85

4714786

5/21/86

b/18/86

. 1722/Bh

8/20/86

§723/86
10/21/86

LOCATION RR-1

DATE INSTALLED S5/29/8% GCREENED INTERVAL 10-12 FT.

DATE HELL DEPTH WATER LEVEL WATER LEVEL WATER LEVEL
ELEVATION

4/19/83
7/14/85
8720783
3/10/85
10715785
11/12/835
12/16/85
1/22/86
2/18/84
3/1%/856
4/14/86
5/21786
6/18/86
7722786
8/20/86
323786
10421786

16.8
17.4
17.4
17.4
10.4
17.1

u

{F1.)

M.P.

HETER LEWEL

ELEVATION

1335.56
1336.4
1336.4

1334.9
1335.4

333.4
1335.4
1342.4
1335.7

10.4
9.4
10.3
10.3
16.7
10.7
10.9
11.0
7.8
9.5
5.9
10.3
10.4
10.7
6.9
10.3

{FT.) B.5.

PH

7.9

2 o m N e
(O I R Y = - ==

2.4
3.2
6.9
7.3
7.7
7.8
8.1
4.3
7.7

{FT.)

14.1
12.4
3.0

20.3
1%.0
22,0
22.0
17.0
14.0

1338.2
1332.2
13311
1331.1
1330.9
1330.9
1330.7
1330.4
1333.8
1332.1
13317
13323
15331.2
1330.9
1334.7
1331.3
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COND.
(HHEDS/EM)

7735
840
330

160
800
170
430
380
720

PH

6.8

1.3

:--l’:-l"n-l
L

1.3

Ho3

tHG/L)

18
23
27
28
27
red
29
12

7
29

WP ELEVATION 1341.6 FT

TERP
{c

16.1
13.7
10.5

3.0

12,0
13.8
18,0
16.0
14.0
14.0

. CASING HT. 2.6 FT.

COND.
{I'HMOS/CH} (MB/L)

640
400
480

540

470
40
430
430
570
430

b.o.

5.9

6/7.1

NO3
(M6/L)

77
78

8
&7

azi24129

4
&}
{4
3B
23
{9443
10/{3
35
27
41
15/17
48

BACTERIA
{HPN)

2,2
2.2

0
5.1

1647144/ 14
16+

9.2
0

9.2/14+
9.2/5.1
14+
g
14+
146+




LOCATION RR-1L

DATE INSTRLLED 5/29/83 SCREENEN INTERVAL 19.5-23 FT,

DATE

6/19/83
1/16/85
8/20/83
9/10/85
16/15/85
11/12/85
12/16/83
1/22/86
2/18/86
3/18/86
4/14/86
3121784
6/18/88
7/22/86
8/20/84
9/13/86
10/21/84

(FT.}

22.9
22.%
3.0

22,9
22.8

LOCATION RR-2

DATE INSTALLED 3/29/83 SCREENED INTERVAL 13-13 FY.

DATE

6/19/85
7116/85
8/20/85
9/10/83
10/13/83
11712185
12716783
1/22/86
2/18/84
3/18/84
4714786
3/21/86
&/18/84
1722186
8/20/84
9/23/84
10/21/84

H.P. (FT.)

10.3
19.2
10.3
10,3
10.5
10,6
10.7
10.8

7.6

2.3

g.7
10,1
10.2
10,5

b7
10.1

§.5.

-

-

L e OO o L O B e a b = g DD O

-

-

ELEVATION

1331.1
1331.2
1331.1
1331.1
1330.9
1330.9
1330.7
1330.6
1333.8
1332.1
1331.7
1331.3
13311
1330.9
1334.7
1331.3

WELL DEPTH ®ATER LEVEL WATER LEVEL ¥ATER LEVEL
{FT.}

WELL DEPTH WATER LEVEL WATER LEVEL WATER LEVEL

(FT.)

15.3
15.2
15,3

15.3
13.2

#.F. o (FT.)

13.9
1.7
12,6
13,0
13.6
14,0
14.3
13.0
12.4
10.8
13.3
14,1
13.7
13.4
13.5

6.5.

1.1
8.9
7.8

10,2

10.8

1.2

1.5

10.2
g.6
8.0

10,3

16,3

10.9

19.6

16,7

(FT.}

ELEVATIDN

1323.%
1326.1
1323.2
1324.8
1324.2
1323.8
1323.5
1324.8
1325.4
1327.0
1324.5
13337
1324.1
1324.3
1324.4
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H

6.9

7.3

7.6
7.4
1.6

7.4
7.4

FH

4.9

7.5

7.4
7.4
7.2

7.3
7.4

MP ELEVATION 1341.4 FT.

TEMP
(o

153.0
14.1
10,3

8.6

11,0
12.5
13,0
15.¢
12,0
13.0

TENP
(L

4.2
13.0
1.0

8.0

1.0
12,0
(4.5
13.0
12.0
13.0

LOND.
(UHMOS/CH) {MB/L)

383
360
423

486

00
330
310
430
380
520

LOND.
(UHMOS/CH) {NB/L)

130
790
450

1000

glo
860
810
620
Be0
730

D

0.7
¢.9

o e e e
.
[ R R R

b.0

o oLn
by .

o~ O~ N £n
" " .
o B3 o Uh

NP ELEVATION 1337.8 FT. CASING HT. 2.8 fT.

[ —

CASING HT, 2.4 FT.

LIN
(M6/L)

&
1t
3
3
6]
{3
3
9

6
3
<5
{3
{3
5

b
3

8

NOS
{MB/L)

36
22
24
30
39
24
20111
<3
60462
39
§0
a3
35/32
33
48
aB/43
43

BACTERTA
(MPN)

16+

BACTERIA
(HPN)

16+
2.2
3.l
2.2
2.2

6/0

0

0
16+/15
bt

16+
164/ 16+



LOCATION RR-3

DATE INSTALLED 5/30/BS SCREEMED INTERVAL 1113 FT. HP ELEVATION 1299.4 FT. CASING HT. 2.4 FT.

DATE WELL DEPTH WATER LEVEL WATER LEVEL WATER LEVEL PH TEMP cosp. DO, NS BACTERTA
{F1.) M.P. (FT.} B.5. (FT.) ELEVATION { £} {UHMOS/CR} (MB/L}  (MG/L) {HPN)

6/19/85 11 14+
7/16/85 11.4 7.0 1288.0 19 16+
B/20/83 12.4 £0.90 1287.0 <5 0
9/16/85 13.1 i2.0 7.3 1287.4 1.6 i3.¢ Bas 14 )
10/13/85 13.2 8.3 NP 1281.1 6.4 12.0 740 3.7 15 ]
11712783 13.2 11.9 7.5 1287.3 11.0 829 4.1 15 0
12/16/85 11.8 9.4 1287.6 {3

1/22/86 12.0 2.6 1287.4 <3 0
2718786 12.1 9.7 1287.3 1.5 7.0 780 5] 2.2
3/18/86 0.0 7.8 1289.4 {3/45

4/14/86 g.4 4.0 1291,0 3 0
/21786 131 8.6 6.2 129¢.8 7.3 16.2 720 2.7 1 0
&/18786 13.1 10.0 7.4 1289.4 7.5 13.0 770 3.2 8 14+
7/22/86 0.3 7.7 1288.9 7.2 14.3 2.2 14/14 164/16+
6/20/86 it.5 8.7 i287.9 14 400 3.0 B/8 164714+
§/23/86 10.1 7.7 1289.3 7.2 13.0 800 1 16+
10721788 10.0 7.b 1289.4 7.3 13.¢ 720 1.3 12/12

LOCATION LR-1R ®P ELEVATION 1Z86.0

DATE  WATER LEVEL WATER LEVEL #H TERP COND, HOS
f.P. (FT.) ELEVATION V] (UHHOS/CH)  {KG/L)

6/19/83 43
7/16/85 47
B/20/85 ]
$/10/85 12.9 1273.1 7.8 18.5 860 38
10/13/85 12.8 1273.2 7.8 873 43
11712785 14.1 1271.9 2.3 340 39
4/14184 7.4 7.8 873 4
3/21/84 12.6 £273.4 B.5 21,0 750 49
£/18/86 13.4 12726 8.4 22.0 780

7/22/B86 13.8 1272.2 B.2 22,0 29
Br20/86 13.8 1272.2 22.0 720

§/23/86 14.1 1274, % 8.2 8.0 BGo 3
10/22/84 13.4 12774 8.3 13.0 Q4(; 3%
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LOCATION RR-44

DATE INSTALLED 5/30/85 SCREENED INTERVAL 10-12 FT.

DATE

&/19/83
7/16/83
8/20/83
?/10/85
10/15/85
1712783
12/14/83
1/22/84
2/18/86
3/18/86
4/14/B5
3/21/86
6/18/84
7722786
8/20/B4
9/23/86
10/22/84

(FT.)

12,0
[2.0
12,0

LOCATION RR-4M

DATE INSTALLED 5/30/83 SCREEMED INTERVAL 22-24,5 FT.

DATE

&/19/83
7/16/83
8/20/85
3/10/83
10/153/83
11712185
12/14/83
1/22/84
2/18/84
3/18/86
4714486
3/21/84
&/18/86
7/22/86
8720784
9/23/Bk
10/21/84

{FT.)

24.3
24.6
24.3

24.5
24,5

H.F.

M.P.

13.8
14.8
13.3
13.2
13.7
13.3
13.6
13.8
1.7
1.4
1.9
13.0
13.5
14.1
12.8
15.4

13.8
14,7
13.2
12.8
13.7
13.4
13.6
13.8
10.7
11.4
1.8
13,0
13,9
14.1
12,8
13.4

{F7.) B.5.

{FT.} 6.5.

10.6
1.6
10,1
10.0
10.5
10.3
10.4
10.4
7.3
8.4
8.7
7.8
10.3
10,1
9.6
16.1

10.6
11.5
10.0
9.5
10,35
16,2
[0.4
(b
7.5
8.4
8.6
7.8
16.3
10.9
7.6
10.2

{FT.}

{FT.)

1272.4
1271.4
1272.9
1273.0
1272.5
1272.7
1272.6
12712.4
12703
1274.6
1274.3
1273.2
1272.7
12721
1275.4
1272.4

1272.4
1271.3
1272.%
1273.4
1272.3
1272.8
1272.4
1272.4
1275.3
1274.6
1274,4
1273.2
1272.7
1272.1
1273.4
1272.8

WELL DEPTH WATER {EVEL WATER LEVEL WATER LEVEL
ELEVATION

RELL DEPTH WATER LEVEL WATER LEVEL WATER LEVEL
ELEVATION

104

FH

7.5

fH

7.1

7.3

1.6
1.3
7.4

TEMP
(0

15.8
12,7
10,0

7.4

11.0
13,0
15.0
164
14.0
13.0

TENP
(o

4.5
14.9
14,0

7.0

12.0
13.3
14.0
12.0
11.0
12.0

COND.

(IHMDS/CH)  (MB/L)

Boo
940
360

950

il
930

1000

1100
§20

COND.

{UHNB5/CM) (MB/L)

430
910
863

1000

840

a%0

480

1000
1000

MP ELEVATION 1286.2 FT. CASING HT. 3.2 FT.

D.0.

HP ELEVATION 1284.2 FT., CASINB HT. 3.2 FT.

D.0.

0.7
0.7

ND3
(M6/L}

<3
4
{3

i
<3

3
3
{5
6]

]
{3
<3
&

7S]

{3
<3
3

NO3
{M&/L)

b
i3
3
3
6]
{5
&
<3
6]
{3
(1
{3
{3
&
{3
<9
d

BACTERIA
{MPX)

2.2
16+
14+
0/9.2
4

BACTERIA
{HPN)

14
g
¢

5.1
4+
16+

a1
0

—_— I

L4t
16+



LOCATION RR-4L

DATE INSTALLED 5/30/85

DATE

6/19/85
7/16/85
8/20/85
3/10/83
10/15/85
11712783
127146783
1/22/86
2718786
3/18/86
4/14/84
3/21786
6/18/84
7/22186
8/20/86
9/23/86

{FT.)

4.0
10.7
40.9

40.9
30,2

LOCATION RR-SU

DAYE INSTALLED &/3/83

DATE

6719785
7116/85
8/20/83
7/10/85
10/15/83
13712783
12/16/83
1/22/86
2/18/86
3/18/86
4/14/86
3721186
4718184
77122186
8/20/36
3/23/86
10/22/84

{FT.)

H.P.

H.P.

SCREENED INTERVAL 38-a1 FT.

[P
| N T SN
o
e own o

13.3
13.2
13.4
13.2
16,59
1.4
1.6
12.7
3.7
13.9
12,5

15.3
16.1
15.%
15.4
15.7
15.8
16.0
15.9
146
13.4
13.3
14.0
14,7
15.4
14.0
14.2

(FT.)

{FT.}

{FT1.}

[P
L1 =
e
o Ln o~

10.%
10,2
0.4
10.4
7.3
8.4
8.6
9.7
.2
10.9
9.3

SCREEMED INTERVAL 16-17 FT.

(FT.)

12.2
13.0
12.8
12.3
12.4
12,9
12.9
12.8
1.5
10.3
10.2
10.9
11.6
12.3
1.7
11.1

WELL DEPTH WATER LEVEL WATER LEVEL WATER LEVEL
ELEVATION

1272.4
1271.5
1273.5
1273.1
1272,
1272.8
1272.6
1272.4
1275.5
1274, 6
1274.4
1273.3
1272.8
1272,1
1273.5

KELL DEFTH WATER LEVEL HATER LEVEL MATER LEVEL
ELEVATION

1262, 4
1261.4
1261.8
1262.3
1262.0
1261.9
1261.7
1261.8
1263.1
1264.1
1268.5
1263.7
1263.0
1262.3
1263.7
1263.3
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PH

1.1

7.5
7.3
7.2

7.4

PH

7.4

7.4
7.3
1.3

1.5
7!3

HF ELEVATION 1284.0 FT.

TEMP
t C

14.7
10.3
9.0

7.0

14,0
153.0
14,0
£3.0
1.0

BP ELEVATION 1277.7 FT

TERP
(0

8.3

11.¢
12,0
14.0
2.

i2.0
1.0

CONB.
(UNMOS/CH)  (MB/L)

880
915
660

1000

B30
920

&80
710

. CASING HT. 3.1 FT,

COND.
{UHHBS/CH) (MB/L)

725
795
380

910

695
760
640
260
700
780

CASING HT. 3.0 FT.

B.0.

D.0.

0.7
.7/.15

bed B N
s = e =
[ =T VR - )

0.8

Ng3
{M6/L)

15
0

5
6]
<3
&)
14
22
19
{5
3

b
&
{3

7
i

NO3
(M6/L)

27
44
J
12
13
18
<3
<3
18
<3
<5
5
b/
b
8
{3
14

BACTERIA
(MPH)

9.2
2.2
16+
St

14+
16+
16+

BACTERTA
(MPN)

0

9

0
16+
g.1
14

3.1
9.2

0

16+
16+/14+
16+

14+
16+




LOCATION RR-SL

DATE INSTALLED 4/3/85

DATE RELL DEPTH WMATER LEVEL WATER LEVEL HATER LEVEL

(FT.}

4/19/85
7/16/83
8/20/83
9/10/83
10/15/83
11/12/83
12/16/83
1/22/85
2/18/84
3418/84
4714784
5/21/856
6/18/86
1/22/84
8/20/85
9423784
10/22/86

LOCATEDN RR-2RA MP ELEVATION 1280,3

DATE  WATER LEVEL WATER LEVEL
ELEVATION

AP,

4119783
7/16/83
8/20/85
3/10/85
10/15/85
11/12/83
4/14/86
3/21/86
6/18/86
7/22/86
8/20/86
3/23/86
10721484

28.7
28.8
28.8

{FT.)

16.0
16,9
17.4

16,3
7.3
17.4
17.4

3.6
17.8

NP

SCREENED INTERVAL 26-2% FT.

15.2
157
15.5
15.9
19.4
15.3
15.7
16.2
14.3
13.3
13.0
13,7
14,3
3.1
13.7
13.9

1264.3
1243.4
1262.9

1263.8
1263.0
1262.9
1261.9
1270.9
1269.7

{F1.)

(FT.)

12.3
13.0
12.8
12.3
12.7
12.8
13.0
13.5
1.8
10.4
10.3
11.0
11.4
12.4
11,0
11.2

FH

ELEVATEON

1262.1
1261.4
1261.8
1262.3
1261.9
1241.8
1261.4
1241.1
1263.0
1264.0
1264.3
1243.6
1263.0
1262.2
1263.4
1263.4

TER?
(£

22,9
23.0
24,0
21.0
18.9
13.0

PH

o~ o
FA
[+, ]

7.3

e e B |
.- m -
b LA =]

7.4
7.4

£OND,
(UHMDS/CH)

)
760
330

795
7490
B&O
620
390
730

106

P ELEVATIDN 1277.3 FT.

TEMP
)

= =
- & =
o g o~

9.0

1.0
1390
1.0
11.0
10,9
10.0

NO3

{MB/L)

43
47
{3
24
3
29
23
33
!
30
L3

9
0

COND.
{URMOS/CHY (MB/L)

740
763
363

800

700
450
b4l
320
b0
7+

CASING HT. 2.7 FT.

D.4.

—
Y
o o~

[ =~ I v R =]
.- A - "
o F= b3 b

NG3

{(MB/L)

33
61
26
27
22
23
{8
A
47/47
8
9
13
32
29
32
61757
34733

BACTERIA

14+
5.1
2.2
14+

14
9.2



LOCATION RR-6

DATE INSTALLED 6/3/85

DATE

6/19/85
7/16/83
8/20/85
?/10/83
Clo/15/83
11/12/85
12/16/83
1722786
2/18/86
3718786
4/14/86
5/21/86
6/18/86
7/22/86
B/20/86
/23786
10/21/86

LOCATION

DATE

6/19/85
7/16/83
B/20/85
9/10/85
10/14/83
11/11/83
5121786
6/18/86
1/22/86
8/20/84
9/23/86
10/22/84

WELL DEPTH WATER LEVEL WATER LEVEL WATER LEVEL
ELEVATION

{

RR-3R MP ELEVATION 1211.8 FT.

WATER LEVEL WATER LEVEL

H.F.

FT.)

20.2
20,2
20.2

(FT.)

7.4

ot
o k3 o O~
. AW
o O b

MP.

SCREENED INTERVAL 17-20 FT.

7.3
1.9
3.4
5.8
6.9
4.7
6.8
7.2
FLGODED
8,5

LN k3 O O e
P
e LA e S O

ELEVATION

1218.9
1218.8

1219.2

1217.9
1217.9
1224.4
1218.3

{F7.)

{FT.)

4.5
a3l
2.8
3.0
4.1
3.9
4.0
4.4

L RS :—‘
. =
o 2 I N e |

~0.3

FH

7.6
7.3

8.5
8.4

o oo
. M
Loy =

1219.2
1218.4
1226, %
1220.7
1219.6
1219.8
121%.7
1219.3

1222.0
12217
1220,3
1220.2
121%.1
1224.2
1220.8

TERF
t G

16.9
11.4

2.0
23.0
2.0
24.0
2.0
19.¢0
14.0
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PR

o~
. .
[= =3 )

COND.
(UHHOS/CH)

820
880
343
840
850
856
380
460
820

TENP
{ C}

15.9
14,0
10.3

9.0

12,0
13.5
15.0
12,0
12,0
11,0

ND3
{M6/L)

33
37
b
29
38
3
41
38
30
14
12112
33

{OKD.
(UHNOS/CNY (HB/L)

690
&30
640

1000

790
760
800
620
710
1100

HP ELEVATION 1226.5 FT. CASING HT, 2.8 FT.

B.0.

-
[«

)
2.9
2.2
3.2

4.1

NO3  BACTERIA
{RE/L) (MPN)

2 14+
20 2.2
{5 0
7 14+
&GS 9.2/16+/9.2
& 7.2
{a
3 D
20 0
L9745 0/0
813 14/2.2
9 . 146+
g 144
9 16
{3 14+
30




LOCATION RR-7

DATE INSTALLED 4/4/83

SCREENED INTERVAL 17-19.3 FT.

DATE WELL DEPTH WATER LEVEL WATER LEVEL WATER LEVEL

{

&/19/83
7/16/83
8/20/83
9/10/83
1}/153/83
11/12/85
12/146/85
1/22/84
2/18/86
3/18/85
4714786
3/21/8b6
6/1B/84
7122186
8/20/86
9/23/8b
10721784

LOCATION RR-9

DATE INSTALLED 4/5/83

FT.)

19.2
19.4
19,3

19.5

N.#.

o O -y :w-l £~ 4w BN O~ oo f0
s = - - - - . I
N b= ) ke O SO g R B O

1.2
8.2
7.8
7.2
7.6

{FT.}

{FT.)

A A A S ¢

P OO O B0 O O s e

ELEVATION

121%.12
1218.2
1226.4
1219.2
1226.7

1218.4
1218.2
1220.0
1221.1
12213
1220.2
1219.3
1218.5
1226.3
1219.9

SCREENED INTERVAL 16.3-21.35 FT,

DATE WELL DEPTH WATER LEVEL WATER LEVEL #ATER LEVEL
(FT.)

4/1%/83
7716785
B/20/85
9/10/83
10/15/83
11712785
12/16/83
1/22/84
2/18186
3718785
4/14/86
5/21/8%
6/18/84
7122/84
9/23/86

NP,

10.4
9.9
10,1
2.4

10.3
9.2
7.0
8.3
9.2

10.4
9.6

(FT.}

(FT.)

7.3

ELEVATEON

1223.4

12314
1223.8
1231.4
1224.1

1223.4
1224.3
1224.7
1225.2
1224.5
1223.4
1224.1
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H

o ~d
)
g

7.2

7.5
7.7

g i}
P
oh o

PH

MP ELEVATION 1226.4 FY,

TENP
(o

13.2
12.4
10.0

9.0

10
11.5
12.5
1.0

H

11.0

MP ELEVATION 1233.7 FT.

TEMP
{0

£oNd.
(UHNOS/CHY (MB/L)

1600
908
680

700

810
760
710
380
830
840

B.0.

L Ln
x u
L

£n Or o e
. ® om o=
a3 B3 e B

CASING HT, 2.3 FT.

NG
(MG/L)

133
167
i
170
170
11
84/97
79
118
it
b7
74
48
162
43714
117
120/118

CASING HT. 3.0 FT.

COND.
{UHNOS/CH) (MB/L)

D.0.

NO3
(M&/L)

9

{3

BACTERIA
(MPN)

0
.2
14+

16
16+/14+
16+



ABBREVIATIONS

MP  HMeasuring Foint
65  Bround Surface
HT  Heinht

FT Feet

COND  Conductivity

D0 Dissnlved Oxvaen
ND3  Mitrate

Duplicate samples for nitrate and bacteria were collected each month
on random samples as part of the guality control prograa.
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