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Executive Summary

The intrusion of natural saltwater from Permian bedrock formations into the
freshwater resources of the overlying Great Bend Prairie aquifer is a problem of long-
standing concemn in the eastern portion of Groundwater Management District No. 5. The
Kansas Water Office has funded the Kansas Geological Survey to undertake, in
cooperation with Big Bend Groundwater Management District No. 5, an investigation
into the nature and extent of the saltwater intrusion, the effects of natural and anthro-
pogenic factors (especially groundwater withdrawals) on the saltwater interface on both
local and regional scales, and the implications for groundwater resource management and
development in the area.

The Mineral Intrusion Project has completed its first year. The overall issues and
experimental approach of the study were defined in Buddemeier et al. (1992). Major
efforts in the areas of literature review and data compilation have resulted in the
production of reports that both review and advance the present state of knowledge about
the mineral intrusion problem (Young, 1992; Whittemore, 1993; this report). In addition
to further compiling available data, this report presents the results of experimental studies
during fiscal year 1993.

One major accomplishment has been the development and verification of
sensitive down-hole geophysical logging techniques that permit identification of the
depth and characteristics of the saltwater interface or transition zone in the aquifer -
formations surrounding a network of deep monitoring wells. This method uses focused
electromagnetic (EM) induction logging combined with measurement of natural gamma
radioactivity in the formation. The gamma log is used to correct the EM log for
lithologic effects, leaving a signal more closely related to the conductivity (salinity) of
the pore water. Computer smoothing and curve-fitting techniques are used to generate

parameters that objectively reflect the depth and thickness of the transition zone.



These logging and data processing techniques have been used to survey the
existing monitoring well network and to obtain the first regional assessment of the
distribution of the saltwater interface and of the saturated thicknesses of fresh and
saltwater within the eastern Great Bend Prairie aquifer. Field observations have also
demonstrated the ability to detect changes in interface characteristics.

An intensive study site has been established in northeastern Stafford County to
investigate the local effects of groundwater pumping on the saltwater interface. Two
decp monitoring wells have been installed on an irrigated site, and 30 feet of the Permian
bedrock was cored during one of the installations. The core description indicates that the
bedrock consists of layered siltstones and sandstones. The dimensions of this layering
may help explain previous observations of local hydrologic variability in the Permian
formation and will provide some basis for estimating the spatial scales over which the
formation may possibly be treated as homogeneous.

In addition to the monitoring well installations at the intensive study site, several
existing shallower wells were also logged, surveyed, and sampled for chemical analysis.
Initial results have indicated two complicating factors for the study. One is short-range
discontinuities in major aquifer features such as clay layers within the saturated zone but
above the saltwater interface, and the other is the presence of chemically detected oil-
brine pollution in at least two of the shallower wells. The observed contamination will
make it necessary to place more emphasis than was originally planned on chemical -
identification of brine sources, both at the intensive study site and in general regional
investigations.

The hydrologic and geochemical data will ultimately provide input for a computer
model of saltwater-interface behavior that will make it possible to develop predictions of
conditions in the future and in areas lacking detailed measurements. A series of potential

models have been evaluated for their suitablity for this application, and a candidate model



(the SWIFT-II 3-dimensional flow and transport model) has been identified and is
undergoing testing.

Future work will continue the description of aquifer characteristics and the
variations of hydrologic parameters and the salt water interface over time. These results
will help determine the dependence of the interface on geologic, natural hydrologic, and
water-use parameters. These relationships will be modeled as part of an approach to
providing decision support to the water users and responsible management agencies in

the eastern Great Bend Prairie aquifer.



I. Introduction

The Mineral Intrusion Project is a research effort to understand the hydrologic,
water-quality, and water-resource management implications of natural saltwater intrusion
into the freshwater Great Bend Prairie aquifer in the eastern portion of Groundwater
Management District No. 5 (GMDS5). It is funded by the Kansas Water Office (KWO)
and is being carried out by the Kansas Geological Survey (KGS), in collaboration with
GMDSsS.

The region of the study is shown in fig. 1. In much of this area a bedrock aquifer
of Permian age is in direct hydraulic connection with the base of the Great Bend Prairie
(alluvial) aquifer. This connection, which in most other parts of the state is blocked by
intervening confining layers of low permeability, permits the brines that are found
naturally in the Permian bedrock to move upward and contaminate the freshwater of the
overlying aquifer. The nature and extent of the connection is illustrated by the map and
vertical section shown in fig. 2.

Groundwater use in eastern GMDS is limited by actual and potential water-quality
problems, many of which result from contamination of the freshwater by Permian
saltwater discharge. In order to support efficient use and management of water resources
in the area, the Mineral Intrusion Project includes among its objectives both an
understanding of regional controls on the saltwater interface and its responses to
groundwater withdrawal, and research into the local effects of high-volume pumping on
the depth and characteristics of the saltwater interface.

A detailed statement of the problem, including a description of study objectives
and experimental approaches, has been prepared by Buddemeier et al. (1992). Young
(1992) has compiled and reviewed the available information on the geology and
hydrology of the Permian aquifer. Whittemore (1993) has collected and discussed the
available information on water quality derived from the network of monitoring wells in

the area installed and operated cooperatively by KGS and GMDS5.
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The purpose of this report is to summarize and present the results of project work
(other than that already reported in previous publications) accomplished during fiscal
year 1993. Also included are additional data obtained from other sources since
preparation of the earlier review documents. Although results are discussed and
interpreted when warranted, this is primarily a report designed to provide a convenient
compilation of data and a description of activities and methods. Additional interpretive

reports will be prepared as appropriate over the life of the project.



Il. Field Installations and Measurements

Logging, surveying, and sampling

Nearly all of the KGS/GMDS5 monitoring well sites were logged for natural
gamma activity and formation conductivity as determined by electromagnetic induction.
Natural gamma logging provides a record of the distribution of naturally occurring
radioactive elements such as potassium, uranium and thorium. In formations such as the
Great Bend Prairie aquifer, clays and silts typically show higher levels of radioactivity
than sands and gravels. Formation conductivity reflects a combination of two factors:
the salt content of the groundwater in the formation and the natural electrical conductivity
of the minerals. In saline areas the effect of salt water dominates the conductivity signal,
but where the water is fresh, clays exhibit higher intrinsic conductivity than the sands and
gravels. Figure 3 shows the locations and status of the wells in this network. They are
discussed in more detail by Whittemore (1993). Wells at sites 5, 39, and 49 have not yet
been logged because of access problems, primarily due to washouts and flooding.

Logging was carried out using a Century Geophysics UL-1000 data logger,
portable draw-works, and a model 9510 combination gamma-EM tool. Logging
procedures followed the manufacturer's recommendations, which results in an electronic
depth profile of data points collected at 0.1-foot intervals; repeat measurements and
logging runs at slower speeds were used to test reproducibility of readings and to improve
statistical confidence in gamma counts. Prior to logging, water levels were measured and
recorded for each well. Site inspections were also conducted to document well condition.
This first round of logging took place in March, April, and May. At most sites, both the
Permian well and the deep-aquifer well were logged. Appendix A contains copies of the
well log data sheets which show well construction, basic stratigraphic information, water
levels, and gamma and EM log records prepared after processing of the electronic log

records by the methods described below.
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To monitor local and sub-regional effects of groundwater withdrawal on the
saltwater interface, two study areas were identified for progressively more detailed
investigation at different spatial scales. One area to be studied at an intermediate spatial
scale is an east-west corridor centered on monitoring well sites 11, 16, 17, 18, and 22, and
extending to sites 50 and 51 to the west and 24 and 31 to the east (see figs. 3 and 4). This
corridor spans the range of conditions from confined Permian in the west to natural
saltwater discharge in and beyond the Quivira marshes in the east and will be referred to
hereafter as the transect. The Permian wells at sites 11, 16, 17, 18, and 22 in the central
part of the transect area were relogged in mid-May to obtain initial data on interface
variability. Water-level changes at these sites are listed in table 1; logs are included in
Appendix A.

An intensive study site was established within the transect corridor with the
cooperation of Mr. Dennis Siefkes, landowner. This site is centered on an irrigation well
in the southeast quarter of section 27, Township 215, Range 12W that becomes
progressively more salty during the pumping season. A number of existing stock,
domestic, and oil-field supply wells within approximately one-half mile of the irrigation
well provide a network of shallow and intermediate-depth monitoring points. In addition,
KGS installed monitoring wells that were completed in the Permian bedrock and at the
base of the alluvial aquifer in the vicinity of the irrigation well. The monitoring well
design and installation are discussed in more detail in the following section. Figure 5
presents a map of the Siefkes site, table 2 identifies the wells by use and location, and
table 3 presents the characteristics of and recent measurements on the wells. Available
well logs are included in Appendix B.

The two new monitoring wells at the Siefkes site were logged after installation in
mid-April, and again in mid-May and early July for comparison. In addition, the
accessible existing (oil-field supply and stock) wells in the vicinity were logged; data are

included in Appendix A. Water levels were recorded for each well prior to logging and

11
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again on May 25. All of the logged wells at the Siefkes site were surveyed in late May to
obtain elevations and locations; table 3 summarizes the relevant well-elevation and water-
level data. Water samples were collected from the new monitoring wells, as well as from

oil-field supply, stock, and domestic wells at the Siefkes site. Wells with installed pumps

 were pumped to remove several casing volumes before sampling. A portable submersible

pump was used to develop the oil-field supply wells before sampling; the smaller
diameter monitoring wells were airlifted to remove approximately 10 casing volumes of
water prior to sampling. The Permian monitoring well was sampled at the bottom of the
hole. Water-quality results are reported and discussed below.

Monitoring well installations

Two monitoring wells, one screened in Permian bedrock and one screened near
the base of the Great Bend Prairie aquifer, were installed to monitor the dynamics of the
groundwater system and the effects of pumping. This site and the well locations are
shown in fig. §; well characteristics are tabulated above.

The primary purpose of the monitoring wells is to provide access points for the
use of EM logging to monitor changes in the locations and characteristics of the saltwater
interface in response to seasonal irrigation pumping. The secondary purpose is to provide
measurements of changes in head in different zones of the aquifers and to obtain water-
quality samples.

Because the monitoring wells span the water-quality transition zone in the aquifer,
extreme care was taken to ensure that the boreholes did not provide a pathway for
artificial upward migration of brine. The wells were drilled by the KGS Exploration
Services Section using mud-rotary techniques. Installations consist of 3" dia. PVC casing
above 2" PVC screen; boreholes were grouted with neat cement from the top of the
screen to well above the saltwater interface and finished with bentonite fill to the surface.

More detailed descriptions of the well installation and construction procedures and

14



Table 1: Fluid Levels and Other Information From Transect Wells.

Top of Land Elev. Elev. Depth Fluid

screen Depth surface topof bottom to level

Well Location (bls) (bls) elev. screen of well Date Water elev.
16-1 21-12-31CCC 243 248 1872 1629 1624 03/25/93 29.0 1843.0
1872 05/19/93  27.7 18443
16-2 198 203 1872 1674 1669  03/25/93 19.2 1852.8
1872 05/19/93 169 1855.1
17-1 21-12-36DDC 129 134 1804 1675 1670  03/24/93 45.7 17583
1804 05/19/93 44.7 1759.3
17-2 102 107 1804 1702 1697 03/25/93 10.8 1793.2
17-3 41 46 1804 1763 1758 03/25/93 11.6 17924
18-1 21-11-07BBB 231 236 1810 1579 1574 03/25/93 340 1776.0
1810 05/21/93  31.8 1778.2
18-2 197 202 1810 1613 1608  03/25/93 325 17775
1810 05/21/93 304 1779.6
22-1 21-12-06CCB 231 236 1855 1624 1619  03/25/93 29.3 1825.7
1855 05/21/93 28.0 1827.0
222 206 211 1855 1649 1644 03/25/93 24.7 18303
1855 05/21/93 23.0 18320
22-3 35 45 1855 1820 1810 03/25/93 16.1 18389
11-1 22-10-06CBB 237 241 1763 1526 1522 03/27/93 319 1731.1
1763 05/20/93 30.6 17324
11-2 61 66 1763 1702 1697 03/27/93 13.5 17495
1763 05/20/93 10.0 1753.0

NOTES : (1) All depths are in feet below land surface (bls); elevations are in feet above mean sea level.
The first number of the well ID indicates the site location (fig. 3); the second identifies the specific well.
Wells with the suffix -1 are completed in the upper part of the Permian bedrock, wells with -2 are
completed near the base of the alluvial aquifer, and the -3 wells are at shallow to intenmediate depths in the
alluvial aquifer. Site numbers may be preceded by MS (for monitoring site). (2) Elevations are taken from
the original installation logs and have not been re-surveyed. At a given site the ground-surface elevations
of the individual wells may vary by as much as a foot, so small differences in depth to water between wells
are not significant.

15



Table 2: Well Identifications in the Siefkes Intensive Study Area.

Well Description Legal location
ID

I Irrigation well near center of SE/4 Sec. 27 T21S-R12W 21-12-27DACC-
1

M 2" (monitoring) well near irrigation well 21-12-27DACC-
2

WOS Oil-field supply well west of irrigation well 21-12-27DBDC
NOS Oil-field supply well north of irrigation well 21-12-27ACDD
S Stock well southeast of irrigation well 21-12-27DDDC
EOS Oil-field supply well east of irrigation well 21-12-26CDCC
| KGS Permian monitoring well 21-12-27DACC-
3

DA KGS deep-aquifer monitoring well 21-12-27DADD
NEOS Oil-field supply well northeast of irrigation well 21-12-26BDB
SOS Oil-field supply well south of irrigation well 21-12-34AAB
DWwW Domestic well west of Siefkes residence 21-12-26CC

DE Domestic well east of Siefkes residence 21-12-26CCD

NOTE: (1) Well designations in the left-hand column may be preceded by MI-SS- (for Mineral Intrusion,
Siefkes Site). (2) The legal location ID is derived from the (township)-(range)-(section number) followed
by letters that denote quarters of the next larger subdivision, where A=NE, B = SE, C=SW and D =NW,
Numerical suffixes are used to distinguish wells where there are more than one in the smaller indicated
quarter. For a more complete description and examples, see Appendix B of Mitchell et al, 1993.
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Table 3: Information for Wells in the Siefkes Intensive Study Area.

Top of Land Elev. Elev. Depth Fluid
screen Depth surface  top of bottom to level
Well Location (bls) (bls) elev. screen of well Date  water elev.
I 21-12-27DACC 60 120 1840.7
WOS 21-12-27DBDC 65 85 18394 17744 17544 03/24/93 14.2 1825.2
1839.4 05/25/93 11.2 1828.2
IM  21-12-27DACC 60 1840.7 1840.7 1780.7 03/24/93 15.2 1825.5
1840.7 05/25/93 12.8 18279
NOS 21-12-27ACDD 100 120 1839.0 1739.0 1719.0 03/24/93 16.8 1822.2
1839.0 05/25/93 13.8 1825.2
S 21-12-27DDDC 80 90 18363 17563 1746.3 03/26/93 16.0 1820.3
EOS 21-12-26CDCC 80 100 18329 17529 17329 03/26/93 18.6 18143
18329 05/25/93 16.0 1816.9
P 21-12-27DACC 198 228 1839.6 1641.6 1611.6 04/17/93 23.0 1816.6
1839.6 05/20/93 22.2 18174
1839.6 05/25/93 22.0 1817.6
DA 21-12-27DADD 157 167 1839.8 1682.8 1672.8 04/17/93 22.6 1817.2
1839.8 05/20/93 209 1818.9
1839.8 05/25/93 20.7 1819.1
NEOS 21-12-26BDB 90 105 1840* 1750* 1735* 03/27/93 27.2 1812.8*
05/25/93 24.4 1815.6*
SOS 21-12-34AAB 80 105 1841.0 1761.0 1741.0 05/25/93 14.8
1826.2
07/07/93 134
1827.6
07/08/93 12.7
1828.3

*Elevations approximate, estimated from topographic map. All other elevations surveyed.
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schedules are given in Appendix B, along with available field logs for wells in the
intensive study site area.

After installation the screened intervals were developed by airlifting; because of
its high salinity, the development water was collected and trucked off-site for disposal.
The wells were sampled, logged, and surveyed; the methods and results are described in

other sections of this report.
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Ill. Results of Analyses

Water chemistry

The distribution and sources of salinity in groundwater in the Quaternary aquifer
and underlying Permian bedrock were determined for the intensive study site in the area
of the Siefkes irrigation well. Waters were sampled from the observation wells installed
by the KGS and from domestic, stock, oil-field supply, and observation wells existing in
the study area, and analyzed at the laboratories of the KGS. The location description,
date, and chemical determinations made to date are listed in tables 4 and 5. Not all
constituents were determined in all samples because the additional information is not
warranted for the purposes of the study. Bromide and iodide measurements will be
completed for all samples for salinity identification; additional analyses will be tabulated
and discussed in subsequent project reports.

The first two samples collected from the study area were from intermediate depths
in the unconsolidated sediments of the Quaternary aquifer. The oil-field supply well west
of the Siefkes irrigation well had a chloride concentration less than 100 mg/L (table 4) as
predicted for the upper aquifer by the chloride distribution map for GMDS5 (plate 3 in
Whittemore, 1993). The water chemistry fits the bromide/chloride and sulfate/chloride
versus chloride concentration mixing graphs for naturally occurring saltwater in the
region (Whittemore, 1993). The stock well southeast of the irrigation well contained a
higher chloride content than expected. The source of the additional chloride is oil-field
brine, based on the higher bromide/chloride and lower sulfate/chloride ratios than are
consistent with the Permian source of salinity that intrudes to the aquifer base.

Other groundwaters from intermediate depths in the aquifer at the study site
contain dissolved chloride in the range 91-309 mg/L (table 4). Although the bromide has
not yet been determined for these samples, the high chloride in the water from the oil-
field supply well east of the Siefkes residence appears to be related to oil-brine

contamination based on a sulfate concentration in the same range as for the other
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samples. If the source were natural intrusion from below or salts concentrated by
evapotranspiration and leached from above, the sulfate would be expected to increase
with the chloride concentration. In general, the nitrate concentrations are inversely
related to the chloride contents for the wells shallower than 115 ft, also indicating that the
salinity source for the stock well and oil-field supply well east of the house is not
primarily from agricultural practices or animal/human wastes. Quantification of oil-brine
contamination will be made after the bromide and iodide measurements are completed.

Water samples were collected during and at the end of development of the
observation wells drilled by the KGS (tables 4 and 5). An additional sample was pumped
from the Permian observation well because the sample at the end of development had a
high pH, indicating reaction with the cement used in well construction. This second
Permian sample had a lab pH less than 8 as did the water from the aquifer base well,
which is expected for water collected from this area and transported to the lab. The latest
sample for each of the two observation wells is the most representative and has the
highest salinity. The percentage change with each sampling after well completion
should diminish if no appreciable hydrologic changes were occurring; this is to be
expected for this area because the irrigation well had not pumped since the previous year.
The specific conductance and chloride concentrations for samples from the Permian well
increased 9.0% and 20.4%, respectively, from the first to second sample, and 16.8% and
5.7%, respectively, from the second to third sample, suggesting that the ultimate true
conductance and chloride of the Permian formation water may be a few percent higher
than the latest sample reported here. The conductance and chloride for the second sample
from the aquifer base well increased 2.9 and 2.3 percent, respectively, over the first
sample, suggesting that the values for the second sample are within a few percent of
actual.

When the bromide/chloride and sulfate/chloride ratios for the observation well

waters from the aquifer base and Permian bedrock at the Siefkes study site are plotted on
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Table 4. Site Locations and Chemical Properties of Groundwater Samples Collected for the

Mineral Intrusion Study in the Siefkes Intensive Study Site.*

Well Field Lab
Well Sample Depth sp.cC. sp.c. Lab
Well ID and sample  location date (ft) mS/cm mS/cm  pH
MI-SS-WQOS 21S-12W-27DBDC 3-23-93 85 730 750
MI-SS-S 21S-12W-27DDDC 3-23-93 90 1,202 1,130
MI-SS-DE 21S-12W-26CC 4-15-93 90 880 820
MI-SS-DW 21S-12W-26CC 4-15-93 96 820 770
MI-SS-IM 21S-12W-27DACC 4-13-93 60 720 680
MI-SS-EOS 21S-12W-26CDCC 4-15-93 100 1,370 1,320
MI-SS-NOS 21S-12W-27ACDD 4-15-93 128 810 680
MI-SS-P, 200 gal* 21S-12W-27DACC 4-14-93 228 55,600
MI-SS-P, add'l 100 gal* " 4-15-93 2278 60,600 9.55
MI-SS-DA, 1st200 gal*  21S-12W-27DADD 4-15-93 167.0 37,300
MI-SS-DA, 2nd 200 gal* " 4-15-93 167.0 38,400 7.80
MI-SS-P, gal @210 ft** 21S-12W-27DACC 6-02-93 227.8 70,800 7.85
See tables 2 and 3 and fig. 5 for well descriptions and locations.
*amount pumped before sampling
** Amount air-lifted before sampling
Table 5. Concentrations of Dissolved Constituents in Groundwater Samples
Collected for the Mineral Intrusion Study in the Area of the Siefkes Irrigation Well
Located at 21S-12W-27DACC. (See tables 2-4 for full location and sample
descriptions)
Sample Ca Mg Na K St HCOj3 Cl SO4 NO3 B I
Well date mg/L mg/lL mg/l. mg/lL meg/ll, mglL mg/L me/L me/L mg/l.  mg/L
WOS 3-23-93 95.6 11.1 130 0.096 0.0010
S 3-23-93 238 10.1 26.6 0.860 0.0050
DE 4-15-93 116 145 479
DW 4-1593 126 80 174
IM 4-1393 90.6 9.3 107
EOS 4-15-93 309 142 10.2
NOS 4-15-93 95.0 144 298
P 4-14-93 20,960 2,540 3.0
P 4-15-93 25,240 2,870 1.6
DA  4-1593 13,620 1,500 0.9

DA 4-15-93 347 162 8,880 <12 32 292 13,940 1,530 0.6
p* 6-02-93 697 356 17,800 32 13.7 277 26,670 3,180 0.2

Do w
— N — OO

*Silica (17 mg/L) was also determined in the 6-2-93 sample from the Permian observation well.
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the graphs of ion ratio versus chloride in Whittemore (1993) for the mineral intrusion area
of GMDS, they fall within the zone of mixing of freshwater and Permian saltwater The
data indicate that essentially no oil brine (less than 2% based on the accuracy of the
method) is present in the waters. Thus, the oil-brine contamination present in two of the
intermediate aquifer waters listed in tables 4 and 5 appears to be from local surface
sources and has not penetrated to the base of the aquifer at the observation-well locations.

The salinity increases greatly with depth at the Siefkes study site, from a chloride
of near 100 mg/L at depths above 90 ft, to 13,600 mg/L at the aquifer base (157-167 ft),
to at least 26,700 mg/L in the Permian bedrock (198-228 ft). The geophysical logs
indicate that the salinity starts to increase at about 145 ft (see geophysical log section).
The depth of the irrigation well is 120 ft or only about 25 ft above the top of the
freshwater-saltwater interface. The chemistry of the irrigation well will be monitored
once pumping begins for the season.

The chloride concentration in the Permian groundwater at the study site is within
the range predicted from the chloride distribution map (plate 2) in Whittemore (1993).
The aquifer base well is within the mapped 10,000-20,000 mg/L chloride range, but is
very close to the 20,000 mg/L contour. This contour for the aquifer base salinity will be
shifted slightly in subsequent map preparations to reflect these additional data from the
Siefkes study site. The salinity at the base of the aquifer sands and gravels at the Siefkes
subsidence site (NE sec. 3, T. 22 S., R. 12 W, about 1.3 miles south of the study site) is
appreciably less than at the Siefkes study site. The highest specific conductance and
chloride concentration recorded in the two monitoring wells drilled in the subsidence areca
were 16,500 mS/cm and 5,220 mg/L, respectively (Whittemore, 1990). However, the
depths of the wells were 130-135 ft, appreciably shallower than at the Siefkes study site.
The bedrock configuration map of Sophocleous et al.,(1993) shows that the bedrock
surface slopes from the subsidence site towards the Mineral Intrusion study site. The

map indicates a valley in the bedrock surface 2-3 miles northwest of the intrusion study
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site. Higher salinity water at greater depths in the bedrock valley is consistent with the
observations at the two locations.

In addition to the results reported above and earlier analyses presented by
Whittemore (1993), GMDS has also had a long-term program of water-quality
monitoring. A report of results to date is included as Appendix C of this report as part of
the GMDS contribution to the overall cooperative project. A search was also made of
the USEPA STORET database system. Water quality data listed there for the Mineral
Intrusion study area have been identified, and will be retrieved and published in a
subsequent project technical report. With the inclusion of these data, this report plus the
two earlier review reports (Young, 1992; Whittemore, 1993) constitute as complete a set
of the geohydrologic, geologic, and geochemical information on the Mineral Intrusion
study area as it is practical to assemble. These documents and data sets provide the basis
for future research and reporting.

Core and drill log analysis

Drilling logs based on inspection of returned cuttings were combined with gamma
logs to produce a detailed description of the formation in the vicinity of the Siefkes site
deep Permian well. This composite log is shown in fig. 6. Boundaries based on cuttings
are approximate since judgments are based on estimates of fluid return time and may be
affected by sloughing from materials higher in the borehole.

The Permian borehole was cored for approximately 30 feet beginning
approximately 10 feet below the top of the bedrock. This represents the longest and
deepest Permian cored interval that has been thoroughly logged and examined. The core

was described, and the descriptive log is given in table 6.
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Figure 6. Gamma-ray, conductivity, and drilling log for the Permian monitoring well at
the intensive study (Siefkes) site.
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Table 6: Sieftkes Permian Core Description

197" 10" to 200’
Moderate-reddish-brown muddy siltstone, no CaCOs, well sorted, poorly
indurated, no structures.

200' to 203’
Core loss--Probably siltstone or very fine sandstone.

203' to 203' 6"
Moderate-reddish-brown muddy siltstone, no CaCQO3, well sorted, poorly
indurated, no structures.

203' 6" to 204"
Light-gray siltstone, well sorted, poorly indurated, no structures.

204' t0 207" 6"
Moderate-reddish-brown muddy siltstone, no CaCO3, well sorted poorly
indurated, no structures, slightly mottled with light gray.

207! 6" to 212’ 9"
Core loss--Probably moderate-reddish-brown siltstone or very fine sandstone.

212'9" t0 217" 9"
Moderate-reddish-brown muddy siltstone, no CaCO3, well sorted, poorly
indurated, no structures, light-gray mottles at 216".

217" 9" t0 223' 6"
Moderate-reddish-brown muddy siltstone, no CaCO3, well sorted, poorly
indurated, no structures.

223'6" t0 225'6"
Moderate-reddish-brown very fine sandstone (99% quartz), no CaCO3, well
sorted , quartz grains well rounded and Fe stained, no structures, many light-gray
mottles.

225'6" to 226' 6"
Moderate-reddish-brown muddy siltstone, no CaCO3, well sorted, poorly
indurated, no structures.
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IV. Log Interpretation

The well logs used for this study were obtained using a logging tool that detects
both the natural gamma radiation and the induced electrical conductivity of the formation
surrounding the borehole.

The gamma-ray response function, measured in counts-per-second (cps), is
dependent on the concentrations of the radioactive elements uranium (U), thorium (Th),
and potassium (K) present in the minerals. Because clays possess higher concentrations
of K than a quartz arkosic sand, the response will be generally higher in the vicinity of
clay layers. An earlier study (Rosner, 1988) determined from analysis of gamma-ray logs
and samples obtained from monitoring wells constructed in the Great Bend Prairie that
silt-clay end-member gamma activity begins at approximately 100 cps and that the sand-
gravel activity is typically 50 cps or less.

The conductivity log measures electrical-current flow capacity in millisiemens-
per-meter (mS/m) as a response to an induced electromagnetic (EM) field. The
conductivity response is dependent on temperature, porosity, connectivity, and ionic
strength of both the media and the pore fluid. Because clay minerals possess relatively
high cation exchange capacities, the response will be higher than a quartz arkosic sand
saturated with a fluid of low ionic strength. However, sand saturated with a highly
concentrated solution can have a conductivity response equal to or greater than that of
clay or the underlying consolidated bedrock formations.

Each suite of logs has been conveniently plotted on comparable scales in
Appendix A with the accompanying lithologic description log that was recorded when the
wells were constructed. The introduction to the appendix contains a further description of
and key to the log presentations.

The electronic log data have been processed and analyzed to determine the
characteristics of the saltwater interface and transition zone. The primary purposes of this

processing are to remove some of the effects of matrix (aquifer mineral) conductivity that
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may obscure the signal due to groundwater salinity, and to provide a quantitative,
objective basis for detecting changes over time. The characteristics derived from this
analysis include the elevations of the top and midpoint of the transition zone. The rate of
change or slope of the line connecting these two points represents the contrast or degree
of mixing between freshwater and saltwater. These initial values for the elevation and
thickness of the transition zone are important in establishing a base level against which
temporal variations will be compared from repeated logging and analysis of the wells.

The method presently employed for characterizing interface depth and thickness
involves signal summation and correction of the EM log with the gamma log data.
Although we expect that the methods will undergo further modification before the final
data processing approach is adopted, we discuss the present version in some detail to
illustrate the objectives, conceptual approaches, and problems. The conductivity log
profile is transformed into cumulative form by progressively summing the individual
conductivity data points from top to bottom of the log. This yields a plot representing the
typical S-shaped interface-transition zone. Because of the inherent lithologic relationship
between the gamma and EM logs discussed above, the gamma-ray log is standardized
and also transformed into a cumulative form to permit its use as a correction factor for
removal of the background lithologic signal from the cumulative conductivity profile.
Examples of the corrected and uncorrected calculated cumulative curves for two sites are
shown in fig. 7. The logs from the freshwater Monitoring Site 50 were used for the
standardization, based on the excellent cross-correlation between the gamma-ray and
conductivity logs (fig 8.). The basis for standardization is discussed in the introduction to
Appendix A.

The ratio of the summed conductivity log to the standardized summed gamma log
is calculated. For wells that exhibit a distinct transition zone, a least-squares line is fit to
the segment of the derived curve spanning the region where the greatest change occurs .

Figure 9 presents a comparison of the original logs, the cumulative curves, and the
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calculated interface characteristics obtained from duplicate successive logging runs at a
single site. In spite of statistical uncertainties in the gamma records and in the correlation
between lithologic and conductivity signals, this process clearly generates a much clearer
picture of the saltwater interface than could be obtained from EM records alone. The
reproducibility of both slope (M1) and depth intercept (-M0/M1) is encouraging, since
the difference in the intercept is less than 0.2 feet, which is the expected limit of
resolution for calculations based on logs sampled at 0.1-foot intervals. The intercept of
this line with the depth axis is defined as the top of the transition zone; inspection of the
logs suggests that this is probably a reasonably conservative practical definition of the

depth at which a water
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user might expect to encounter deteriorating water quality. The slope of this line, change
in conductivity with change in depth, indicates the rate of variation (or extent of mixing)
between the fresh and saltwater at a particular site. The midpoint of the linear portion of
the summed curve is halfway between the intercept elevation and the bedrock elevation
for the logs examined to date, but this is almost certainly an artifact of the change in gross
conductivity due to the low matrix conductivity of the bedrock. Research is continuing
on the best method to use for detection of the true midpoint of the transition zone and its
change over time.

The data inset box shown in fig. 9 contains the equation for the line with the
correlation coefficient R indicating the goodness of fit. Linear dispersion functions have
been similarly used to characterize the transition zone between fresh and saltwater in an
unconsolidated coastal aquifer (Schmorak and Mercado, 1969). This method allows
analysis of logs that span the transition zone as well as logs that only partially span it,
with the assumption that the function remains constant until the bedrock is encountered.
For this reason, and as another test of the sensitivity of this method, logs from the other
monitoring wells at sites with a shallow transition zone were processed and compared to
those from the bedrock wells. Table 7 presents a summary of the differences in
calculated interface characteristics between these adjacent wells. The largest differences
appear to be related to differences between the gamma logs (see Appendix A).

Log analysis results are plotted in Appendix A for each well logged so far, with
the results of the linear analysis described above included for wells that have a well-
defined transition zone. Some wells indicate elevated levels of conductivity but lack a
well-defined transition zone, while others show no excess conductivity. Criteria for
selection, processing, and presentation of these data are discussed in the introduction to
Appendix A

Research is continuing on further improvements in approaches to interface

detection and characterization. The geochemical calibration of these curves will be
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attempted once the method has been further refined and assessed, and when appropriate
water samples have been collected and analyzed. An ultimate goal is to be able to
translate the corrected EM data into some variant of pore-water salinity such as total
dissolved solids, chloride concentration, or specific conductivity on a quantitative
predictive basis. However, the curve is useful in its present form for the determination of
the physical characteristics of the interface and transition zone, and can be used to deduce

approximate salinities.

Table 7. Differences between interface characteristics determined from
measurements on pairs of wells at the same site.

Deep Aquifer-Bedrock Shallow Aquiter-Bedrock
WELL ID dTOP dSLOPE dTOP dSLOPE
MS16 0.42 0.005
MS17 495 -0.003
MS18 -2.47 0.005
MS22 -0.26 0.012
MS25 0.68 -0.114 0.46 0.004
MS26 -0.97 -0.004
MS36 4.13 0.024

dTOP = Change (in feet of elevation) of top of interface (-Mo/M}).
dSLOPE = Change in slope (M1) of line fitted to transition zone.
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V. Saltwater Distribution

Values for calculated elevations of interface top and midpoint are tabulated in
table 8. Saturated thicknesses for both fresh and saltwater are also tabulated from
measurements of water-table elevations during log collection. The fraction of total
saturated thickness that is saltwater rather than fresh is given in the final column; it can be
seen that a serious overestimate of available freshwater resources will result if bedrock
rather than the saltwater interface is used to define the bottom of the usable aquifer.
Further analysis of the relationship between the elevations of the transition zone will be
carried out to extend estimates of the saltwater-saturated thickness to areas between the
wells where there is reason to believe that a distinct transition zone exists.

The present methods used to separate the influence of matrix conductivity from
groundwater salinity introduce some uncertainty as a result of statistical uncertainties in
any individual gamma ray log and of short-range variations in lithology. Table 7
(discussed above) shows the differences in intercept elevations and slopes calculated
from different wells at the same monitoring site. Minor differences, such as a fraction of
a foot in elevation, may be due to local variations in unsurveyed well elevations or actual
short-range variability in the interface. However, differences of several feet are probably
largely artifacts of the correction approach. Table 7 gives a rough idea of the absolute
accuracy of individual interface determinations; research is continuing in order to
understand and reduce these apparent differences in interface detection.

An example of the use of calculated interface characteristics to monitor changes in
individual wells is shown in table 9, which compares the results of logs taken
approximately one month apart and again approximately 1.5 months apart at several of
the transect wells. As long as the same gamma ray log is used for the scorrection, there
should be no additional relative uncertainty introduced into repeat measurements fo the
same well, and differences should reflect change in the saltwater interface. Because of an

unusually wet winter and spring the water table was rising over this period, and this may
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not represent "normal" conditions for this time of year. However, the tabulated
comparisons show that some (but not all) wells showed changes in the intercept of the
fitted curve that were considerably greater than the replicate-measurement uncertainty

illustrated in fig. 9.

Table 8. Saltwater interface elevations and characteristics at Mineral Intrusion
monitoring wells.

=—-$_———_==ﬂ==
Well ID GRDel TOPel  MIDel BRel SLOPE FRESH SALT WLel SALTifr

MI-SS-DA" 1840.000 1695.820 . . 0.051 128.880 . 1825.000*

MI-SS-P" 1840.000 1693.780 1673.890 1654.000 0.078 131.220 39.780 1825.000* 0.228
MsS1* 1827.000 1719.890 1700450 1681.000 0.111 101.820 38.890 1821.710 0.276
MS3" 1898.000 1768.600 1768.300 1768.000 0.029 103.670 0.600 1872.270  0.006
MsS4" 1912.000  1809.040 1796.020 1783.000 0.051 94290 26.040 1903.330 0.216
MSé6" 1950.000  1808.860 1805430 1802.000 0.039 127360 6.860 1936.660 0.051
Mss8" 1848.000 1760.080 1745.540 1731.000 0.021 79.160 29.080 1839.240 0.269
MS9" 1755.000 1685340 1676.670 1668.000 0.129  61.000 17.340 1746.340 0.221
MS11" 1763.000 1658930 1606970 1555.000 0.022 90.530 103.930 1749460  0.535
MS16" 1872.000  1709.990 1681.500 1653.000 0.160 150.020 57.990 1860.010 0.279
MS17" 1804.000  1725.790 1703400 1681.000 0.072 66610 35790 1792400 0.350
MS18" 1810.000 1676.690 1636350 1596.000 0.045 100.810 80.690 1777.500** 0.445
MS21” 1801.000  1682.640 1673320 1664.000 0.117 96790 18.640 1779.430 0.162
MS22" 1855.000 1677.250 1658.630 1640.000 0.080 161.640 37.250 1838.800 0.187
MS25" 1780.000  1755.830 1712920 1670000 0469 17.840 85830 1773.670 0.828
MS26" 1738.000  1658.760 1609.880 1561.000 0.062 72390 97.760 1731.150 0.575
MS29" 1731.000  1580.890 1581.000 1581.000 0.044 111.560 0.000 1692.450  0.000
MS35" 1760.000  1609.180 1608.090 1607.000 0.021 131.770 2.180 1740950 0.016
MS36" 1892.000 1726360 1711.680 1697.000 0076 139610 29360 1865970 0.174
MS38" 1844.000 1709870 1682440 1655.000 0.020 108.210 54.870 1818.080  0.337
MS43" 1872.000  1825.510 1816.260 1807.000 0.063 41500 18510 1867.010 0.309

*water level from well id MI-SS-IM
**water level from deep aquifer well

GRDel = Ground elevation (feet above MSL).

TOPel = Elevation of top of salt transition zone (line intercept-Mo/M1).
MIDel = Elevation of middle of salt transition zone.

BRel = Elevation of top of bedrock.

SLOPE = Slope of line fitted to transition zone (M1).

FRESH = Saturated thickness of fresh-water in aquifer (ft).

SALT = Saturated thickness of salt water in aquifer (ft).

WLel = Elevation of water table

SALTfr = Fraction of total saturated thickness occupied by salt water.
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Table 9. Changes in interface characteristics at selected wells between April and

Maz 1993 and between Maz and Ju|¥ 1993.

May-Apr Jul-May
WELL ID dTOP dSLOPE dWL dTOP dSLOPE dWL
MI-SS-DA 0.11 0.006 1.9 -1.33 0.003 2.1
MI-SS-P 0.14 0.000 1.0 0.18 0.000 1.3
MS11 -3.82 0.002 1.4 -2.26 -0.002 1.0
MS16 -0.84 -0.001 24 0.76 -0.001 1.9
MS17 -2.52 0.003 1.0 -0.80 0.001 0.6
MSI18 -2.51 0.002 2.2 -0.61 0.001 1.2
MS22 -0.69 0.004 1.3 -0.03 -0.002 1.1

dTOP = Change (in feet of elevation) of top of interface (-Mo/M}).
dSLOPE = Change in slope (M) of line fitted to transition zone.
dWL = Change (in feet) of elevation of water level.
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VI. Water-level History

Changes in water level have the potential to affect the position and characteristics
of the saltwater interface, both through changes in relative head and preferred flow
direction, and through changes in the dynamic effects of groundwater flow. Correlation
of head, water elevation, and interface characteristics will be a major effort during the
coming year. This section presents a summary overview of the nature, range, and
distribution of water table elevation changes in GMDS5.

Figure 10 presents a broad-scale picture of changes since the predevelopment
period (composite pre-1960 water levels) to January, 1991. This represents the status of
knowledge at the beginning of the Mineral Intrusion Project. Water levels have generally
increased since that time because of the high rainfall of 1992-93, but it will be some time
before the rapid changes have equilibrated to the point where an equilibrium water table
map can be reliably created.

Some general patterns can be seen in fig. 10. Areas of relatively high decline are
generally limited to the western half of GMDS above the extreme southern portion. Water
table increases are observed in the south and southeast of the district, and in the north-
central and eastern portions of the district (the region of greatest concern from the mineral
intrusion standpoint) declines are relatively small. This may be the result of relatively
low rates of witdrawal, especially in the areas of high salinity, or of the fact that the
eastern part of the district is a natural discharge zone for both fresh and saltwater.

Within each of the general regions described, detailed local behavior of the water
table shows significant variation. Figures 11-13 show long-term water level records as
detailed examples of the behavior over time. All of the graphs have the same horizontal
(time) axis, and the same range of vertical scale (30 ft) even though the absolute values
vary. Well IDs based on the legal descriptions are included so that locations can be

esitmated from the township grids in fig. 1 or fig. 10. The wells have different

38



frequencies of measurement, which leads to different appearances of the records. A well
that is only measured annually will show a much smoother pattern than one that is
measured often enough to record seasonal as well as annual variations.

Figure 11 shows hydrographs from the wells along the northwest boundary of the
study area and in the west-central portion. To varying degrees, these wells show the
effects of floods (1973) or wet years (1987); however, the longer records indicate that
these increases were superimposed on a sustained declining trend. Figure 11 depicts
trends in the north-central portion of the study area. Here declines are not as great, as
indicated by the contours of fig. 10, and the two middle panels of fig. 12 show little if any
evidence of sustained decline. However, the hydrographs at the top and bottom of the
page rather clearly show declines, although they are not as substantial as those farther
west. Figure 13 shows patterns common in the eastern and southeastern part of the study
area, where there is no evidence for systematic decline.

Although there are general trends and patterns identifiable, the absolute amounts
and detailed patterns of water level changes show substantial variation even within a
limited area. This means that it will be critical to determine, either experimentally or by
simulation, the effects of head and head differences on the saltwater interface. Records
of head changes in the different wells at the monitoring sites show complex variations
over time (see, for example, fig. 6 in Buddemeier et al., 1992). These data, and their
possible relationship to interface characteristics, are presently being analyzed and will be

reported in a subsequent publication.

39



Figure 10. Contour map of the change in water level between the predevelopment
period (pre-1960) and January 1991 in the area of GMDS5. Contour intervals are five
tfeet of water elevation, and the dots represent observation wells (data points). Contours
filled with diamonds are regions of increase in water elevation; saded contour intervals
represent decreases greater than 20 feet. Map preparation by Marios Sophocleous and
Alan Stern.
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Figure 11. Water elevation hydrographs from long-term observation wells along the
western boundary and in the southwestern portion of the Mineral Intrusion Study area.
Vertical axes are water table elevation in feet above mean sea level; horizontal axes are
dates. See text for discussion.
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Figure 12. Water elevation hydrographs from iong-term observation wells in the north-
western portion of Mineral Intrusion Study area. Vertical axes are water table elevation in
feet above mean sea level; horizontal axes are dates. See text for discussion.
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Figure 13. Water elevation hydrographs from long-
southeastern portion of the Mineral Intrusion Study

term observation wells in the
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discussion.
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VII. Model-development Progress

Preliminary modeling tests

One of the main objectives of investigations in the eastern Great Bend Prairie
aquifer is to determine the present conditions and trends of saltwater-freshwater interface
subject to variations in climatic conditions or local pumping stresses. The purpose of
modeling the transport of solutes in groundwater flow systems is to obtain an
understanding of how the sources and sinks, the boundary conditions, and the aquifer
parameters interact to cause groundwater flow patterns and consequent solute
concentration movement in the system under investigation. In addition, because the
aquifer is heterogeneous and anisotropic and the salt is dissolved and enters the
groundwater flow from the underlying Permian strata, the development of the
groundwater velocity field and contours of concentrations are of interest.

Initial investigations were undertaken using the SUTRA two-dimensional model
(described below). The results of these investigations are being prepared and will be
issued as a separate technical report (Sophocleous and Chung, 1993). Efforts focused on
simulating possible aquifer scenariaos in the vicinity of the intensive study site (described
above). It proved possible to develop credible models of saline water upconing in
response to pumping, and to investigate the effects on upconing of continuous and
discontinuous clay "confining" layers above the saltwater interface. However, the two-
dimensional character of the SUTRA model proved to be a major obstacle to expanding
its use to wider areas and a broader range of aquifer and pumping conditions. We have
therefore decided that although we will continue to use simple analytical and numerical
models to test and predict local observations, application of a three-dimensional solute

transport model will be required to meet the needs of the larger program.



3-D solute transport models for modeling saltwater intrusion

Several 3-D solute transport models were investigated for their suitability to the
Mineral Intrusion Study, and the most appropriate one (SWIFT-II) was chosen for
modeling saltwater intrusion in the study area. The following summarizes the models

considered and their characteristics.

Model applications and field/laboratory validations
1. HST3D: Heat and Solute Transport in 3-D Groundwater Flow Systems
(Kipp,1987)

The HST3D is based on the finite difference technique; this model calculates
heat and solute transport in three-dimensional saturated groundwater flow
systems; it can be applied to the study of waste injection into saline aquifers,
landfill-contaminant movement, sea water intrusion in coastal regions, brine
disposal, freshwater storage in saline aquifers, heat storage in aquifers, and liquid-
phase geothermal systems. This model has been verified against eight analytical
solutions for fluid flow, heat, and solute transport and has also been compared to
the finite element transport code SUTRA. This model seems appropriate one for
this study, and the source code which was originally on Prime 9950 computer has
already been downloaded to PC-formatted file; however, the source code has not

yet been modified to make it workable on 486-based PC systems.

2. SUTRA: Saturated-Unsaturated Transport Model (Voss, 1984)
SUTRA simulation is based on hybridization of finite element and integrated
finite difference methods, and it can calculate fluid density-dependent flow with
heat or chemically reactive single-species solute transport and has been verified

by comparisons to four analytical solutions, several other codes, and a field
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experiment. It has applications to saltwater intrusion, thermal pollution of
aquifers, and groundwater contamination studies. This model is primarily for two-
dimensional simulations; the thickness of the model grid can be specified from
cell to cell to represent a three-dimensional model, but it is not quite appropriate
for this study due to its pseudo three-dimensional ability.
3. FESDGW: Finite Element Three-dimensional Groundwater Flow Model
(Gupta et al., 1984)

FE3DGW is a finite element model and is developed for analyzing flow
through large, multilayered, complex ground-water systems with varying number
of layers, varying thickness, and constant or time-dependent source/sink terms.
This model has been applied to several field problems, some of which are:

A. Sutter Basin, California, to define the flow field in a multilayered system with
volcanic rock outcrop and fault zone (Gupta and Tanji, 1976).

B. Multilayered ground-water system, Long Island, New York, to evaluate
alternative schemes for water supply and waste-water treatment (Gupta and
Pinder, 1978).

C. Drawdown and pumping requirements for a purposed uranium mine in
Sweden (Carlson and Carlstedt, 1980).

This model calculates hydraulic head values, but does not account for density
variations; therefore, it is not an appropriate model for this study. Its upgraded
version, CFEST, can be used for coupled flow, energy, and solute transport.

However, the CFEST code is proprietary.

4. SWIFT-II: Sandia Waste-isolation Flow and Transport Model (Reeves et al.,
1986)
The SWIFT-II model is based on the finite-difference technique and is a fully-

coupled, transient, three-dimensional model. This code has been verified against
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eight analytical solutions for heat flow and solute transport, and also against
laboratory results. In addition, it has been applied in studies of nuclear-waste
isolation, deep injection (Ward et al., 1987), and mineral-intrusion problems

(Butow and Holzhecher, 1987).

The SWIFT-II documentation is complete, and the source code (originally on a
CDC computer) has been successfully downloaded to a PC-formatted file and modified
as a PC-workable model. This model has been tentatively selected to simulate themineral
intrusion problems, and some simple example problems provided by the original code
have already been tested., A simplified mineral-intrusion problem will be tested soon, and
if the results are satisfactory then this model will be applied to the Great Bend Prairie

aquifer for the simulation of present conditions and trends of the saltwater interface.
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VIl. Summary of Accomplishments, Interim Conclusions, and Future Directions

Since this is primarily a report of progress and a compilation of data, detailed
interpretation will be reserved for subsequent publications. However, a number of
achievements and observations deserve mention.

During its first year, the project has carried out a comprehensive review and
compilation of data relating to the issue of mineral intrusion in GMD35, and has
significantly added to that data base by additional field observations. Essentially all of
the goals and schedules outlined by Buddemeier et al (1992) for the first year of the
project have been achieved.

The major accomplishment of the first year of the project has been the
development and demonstration of techniques to sensitively detect the elevation and
characteristics of the saltwater interface, and to measure its changes over time. These
methods have been used to survey interface characteristics in all accessible deep
monitoring wells in the study area and to develop the first regional inventory of the
saturated thickness of freshwater (as opposed to total saturated thickness) in the eastern
portion of the Great Bend Prairie Aquifer. These accomplishements bode well for our
ability to measure and model the regional characteristics of the saltwater interface in the
future.

An intensive study site has been established to monitor the local effects of
seasonal recharge and pumping and how these are controlled by aquifer geology. A 30-
foot core of Permian bedrock in this location shows that it is made up of alternating
layers of siltstone and sandstone. This observation may help explain the extreme
variability of formation hydraulic conductivities observed in shorter intervals tested by
the monitoring-well network (Young 1992). If this layered structure is a general feature
of the Permian formation, it may possible to treat it as a homogeneous hydrologic unit at
scales enough to average out local spatial variability in the hydrologic connection of the

Great Bend Prairie aquifer with the various bedrock strata.
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Although these results are encouraging in terms of developing a good general
understanding of the system, other initial results from the intensive study site highlight
the complexity of the problems remaining to be solved. First, we have found that some
(but not all) of the elevated salinity in the intensive study area is due to previously
unrecognized oil-brine pollution. This will necessitate careful chemical analysis to
permit interpretation of observations of change in salinity of the various water sources.
This presents somewhat of an operational dilemma, since this was not included in the
original project design, and may necessitate reductions in some of the originally proposed
activities to make resources available. Second, drilling with a well spacing of several
hundred yards has shown that an apparently substantial clay stratum that might have the
capability to act as a confining layer for underlying saltwater is locally discontinuous.
This indicates that it may be difficult to make explicit predictions of local and
subregional behavior on the basis of the density of well logs available, and that a
geostatistical approach will be required. Finally, substantial but spatially variable
recharge has been observed as a result of the unusually wet season, and in some wells the
change in the water table appears to have been accompanied by a significant change in
the saltwater interface. This natural variability will require close attention to methods for
defining our experimental baseline and for assessing the effects of local and regional
groundwater withdrawal.

Activities for the second year of the project will continue along the general lines
laid out by Buddemeier et al (1992). Experimental activities will include continued
monitoring and assessment of the the saltwater interface, a limited program of testing the
hydrologic characteristics of the Permian aquifer, and sampling and analysis as needed to
determine water-quality trends and to distinguish between natural brine and oil-field
contamination. Data interpretation will focus on the relationships between the saltwater
interface and the bedrock topography, and between hydraulic heads in different parts of

the hydrologic system, geologic features, and the relative movement of fresh and
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saltwater. Considerable attention will be devoted to developing and testing computer
models of interface behavior, both to understand the system and to define additional data
that may be needed to complete the project.

We will continue to seek the guidance of our Public Advisory Committee and
Technical Advisory Committee, and to respond in any way practical to the information

needs for water management of GMDS5 and the Division of Water Resources.
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APPENDIX A. Well Data Sheets, Geophysical Logs, and Log Processing

This appendix contains plots of the well logs recorded and processed for each of
the Monitoring Well Sites (deepest well and next deepest well with a transition zone) and
each of the other available wells discussed in Section II. Figure A-1 is a key to the
interpretation of the contents of each log diagram. An outline of the systematic
processing steps performed on each set of logs follows this introduction.

For each log data set there is a 4.4 ft offset between the start and end of the raw
gamma-ray and conductivity logs due to the corresponding offset between the detectors
on the sonde. The processed records are limited to that part of the log depth range for
which both types of data exist and are therefore slightly shorter than the raw logs. This
range limits interface detection and characterization to the depth reached by the gamma-
ray detector, which is located above the conductivity sensor. However, other approaches
using the unstandardized conductivity log can be used in situations where the bottom 4-5
ft of the log contains important conductivity information.

The standardization process, discussed in Section IV., provides an approximate
correction of the processed conductivity profiles for the effects of the lithologic
conductivity component. The logs from Monitoring Site 50, recorded in April, were used
for the standardization of the relationship between the gamma-ray response and lithologic
conductivity. Monitoring Site 50 is located on the western edge of the Transect with
ground-water specific conductivity values at the low end of the range for this area
(Whittemore, 1993). Therefore, the measured conductivity is assumed to represent a
background level dominated by lithologic effects similar to those present in all other logs.
Removal of this background level is accomplished by standardizing and rescaling the
gamma-ray log to match the conductivity log at this Site. The gamma-ray log is also
smoothed using a 35-sample moving-average filter to reduce the characteristic of large
sample-to-sample variations and to broaden major amplitude changes to better match

those of the conductivity log. This smoothing process results in the loss of an additional
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1.7 ft of data at the end of the processed log record, for a total of 6.1 ft of final processed
data loss at the bottom of the well. The ratio of the cumulative filtered, standardized, and
rescaled gamma-ray log to the cumulative conductivity log is calculated, resulting in a
unitless, backround-corrected conductivity profile (see figs. 7, 8, 9, and A-1).

Repeated logging of Monitoring Site 50 will maintain a background-level
reference for tracking and correction of any changes due to instrument response. Such a
change is detectable as a positive offset between conductivity logs recorded in April and
July at Monitoring Site 50. This offset is also consistently discernable on the log plots for
other wells logged during these times. This offset was subtracted from the later
conductivity logs and then the result ratioed with the gamma-ray logs using the same
standardization and rescaling parameters. Logs recorded during May, also showing an
offset, were adjusted by interpolation, assuming a constant linear drift in the instrument
response with time.

The result of the above processing generates conductivity profiles that can be
described in three categories: one that includes wells that exhibit no excess conductivity
above that of the background level determined at Monitoring Site 50; one that includes
wells that have excess conductivity but do not have a region with a sustained rate of
conductivity increase (a slope greater than 0.02 for at least 5 ft) on the processed profile;
and one that includes wells that have both excess conductivity and a sustained slope
greater than 0.02. Some wells have been included in the third category because of the
indication of a sustained slope in the unprocessed conductivity log even though the
standardized record is truncated due to the 4.4 ft detector offset mentioned above.

Well sites that fall into the first category can be distinguished by the lack of a
scale on the lower axis of the figures, since processed conductivity values are less than
zero. Well sites in the second category have values above zero but lack indication of a
line fit by not having an inset table containing the line-fit variables. The third category

profiles have the inset that contains the line equation offset (M0) and slope (M1) with the
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correlation coefficient (R) indicating the goodness-of-fit. With depth on the x-axis and
conductivity on the y-axis, the depth intercept point of the line can be calculated (-
MO/M1). The depth range used for the line fit calculation is given by the values near the
table in each plot. The range was selected by visually inspecting each processed
conductivity profile and selecting endpoints that delimit the linear section of the profile.
The range was further limited by rounding the depth of the shallow point to the next
deeper foot and rounding the depth of the deepest point to the next shaller foot unless the
conductivity log appeared to be truncated above the bottom of the transitions zone.

For well sites in the third category, initial evidence of changes caused by
freshwater-saltwater movements will be detected by systematic changes in the slope and
depth intercept point of the fitted line. For well sites in the other two categories, changes
in area beneath the processed profiles or change from one category to another can provide

evidence of changes in the freshwater-saltwater regime.

STEPS IN WELL LOG ANALYSIS
The following steps are written specifically in terms of the software and hardware
systems actually used, but can be adapted to other systems in a relatively straightforward
fashion.
I Transcribe binary log data into ASCII text file via Personal CompuLog (PCL)
utility to floppy disk.
1L Transfer ASCII file into Macintosh via Apple File Exchange utility.
IIb.  If multiple files transcribed, copy out individual logs with MS WORD or other
text editor.
III.  Import and process log in KaleidaGraph.
A. Import settings:
1. Space delimeter.

2. No. of spaces > 1.
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3. Skip 87 lines.

4. Read titles.

B. Process steps: (Cn = column n)

1.

2.

SMOOTH (35-sample moving-average filter) gamma log (C2) into CO.

Select and MASK all rows with zero values in CO AND C3

(conductivity) at top AND bottom of file i.e. disable all non-
overlapping log values.

Standardize and rescale filtered gamma log -
C4=((CO-gmean)/gstd)*cstd+cmean

where: gmean and gstd are the filtered gamma log mean and standard
deviation and cmean and cstd are the conductivity log mean and
tandard deviation of the April Monitoring Site 50 data set.
Cumulative sum of conductivity log -

RUNSUM(C3-offset,C5)

where: offset is the difference between the current cmean at Monitoring
Site 50 and the cmean of April Monitoring Site 50. (or interpolated
value for an intermediate time).

Cumulative sum of the filtered, standardized, and rescaled gamma log

RUNSUM(C4,C6)

. Ratio of cumulative summed logs minus 1 -

C7=(C5/C6)-1

. Plot resulting ratio vs. depth (C1); select depth range of transition zone,

if present.

. MASK ratio values below and above selected depth range -

MASK(C1 < lower,C7)
MASK(C1 > upper,C7) - only if upper limit exists.
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9. Replot ratio vs. depth; select linear curve fit; view fit result table; copy
result table to calculator and clipboard; paste result table into plot; save
document for incorporation into log appendix.

10. Calculate fitted line -

C8=M0O+M1*C1

11. UNMASK C0, C1, C3, and C7.

12. Plot CO vs. C1; save document for log appendix.

13. Plot C3 and C7, C8 vs. C1 (double y-axis); save document for log

appendix.
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CONDUCTIVITY mS/m
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03-27-93
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LITHOLOGY leg 04~29-82)

sandy clay

- sand and gravel
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Mi-55-DA
GAMMME- RaY LOG
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MI-SS-P 21-12-27DACC eley=1840 ft

@ GarMMi- RAY LOG LITHOLOGY (log 06-20-93) CONDUCTIYITY mS/m
' 10 100 1000
[s] 7T T =TT
& brown sandy loam 04-17-93
red sandy clay
20 1 - o
light gray sandy clay 22.97
inter bedded red medium
sand and ¢lay
caliche
40 b o
light brown sandy clay
caliche
60 L\:(ft}é{ : - A L
inter bedded red coarse sand
and light gray clay
80 & . - L
100 4 coarse red sand with minor n L
limestone fragments
32
¥
B
120 ;:3:«{ i dark gray clay 7 i
PRy
ey coarse red sand
dark grayclay
140 - < -
coarse red sand and gravel
minor dark gray clay
160 4 . \‘ o| 2 "
-
\ [ ] bt I
h A=
. § NEE
5 : RO+
light brown silty clay \ § E“. o <
180 - . M EERE L
NERE
Permian: LN ENTivA §=
hsony red silty clay and siltstone N
200 ,f;%ﬁﬁ,"-: ; - reddish brown muddy siltstone [ \ L
,: : red and }ight gray siltstone ‘.
i AN
B;;é .!”\‘,@"‘ reddish brown muddy siltstone '
220 —I H | reddish brown very fine i
| H sandstone to 225.5° \
4 l i 1 ! ! Lt 131l Loty
24055 100 0 ! ! ' ! 10
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MI-55-DA
f CONDUCTIVITY mS/m
10 100 1000
0 T T TTTTT7] T T 17111 T T T TTTTT] T T T 117117
05-20-93 N 07-08-93
18.78
204 2087+ - o
40 - -
60 L .
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1004 L4 L
120 4 o e N o
140 4 L X
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A e
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x " . x "
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AR E AL HE
Ol P = Y= % 1] x4 ok
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anlenion] il = iﬁ%ﬁ =
180 1 I|ll‘lll| 1 |;11||| 1 llJllHll 1 |=|1|11
0 10
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MORITORING SITE 1

120

140 4—

GAMMA-RAY LOG

23-12- 1 2BAAA
LITHOLOGY {log O6~06-78)

sandy silt, reddish brown

same but pink, some orange
1s. gravel

same with small amounts of
light gray clay

fine gravel to medium sand,
arkosic

medium to coarse sand, some
light gray clay

fine gravel to fine sand,
arkosic

same but with some light
gray clay

same but with yellow clay

' same with white sand
partially cemented

same with small amount of
clay

160-

I

cps

1 0cpame, small amount siltstone
and chalk fragments

red siltstone

elev=1827ft. N P

CONDUCTI¥ITY mS/m
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T T T 11710 T T T 11T
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MONITORING SITE

GAMME- RAY LOG

3 23-13-36DCCC

LITHOLOGY (log 06-18-783
10

elev=1898 ft. N ()

CONDUCTIVITY mS/m
100 1000

osrenngs ,':631'-‘.1"’"’{":"‘3 LR L AR T T 1 riid
o the 05-19-93
ﬁ?::f?,f;ﬁggf silt/clay, brownish gray to
553 N T
gg&éh::%m brown
e
St
" brown silt, calcareous gray 5
clay inclusions (1) 25.73_]
same, some medium to very
coarse sand
L - L
fine to coarse sand, fine gravel,
.. pink clay N L
Sy gray to brown clay, some
,;} - gravel ] L
(5 ]
b T
Esvtd
R m > Il=<
SRR
Fsgﬁﬁ.?\’ . . bl et K=
M;{g | same, some white caliche _* =
FR zones o, 1o~ f
Slef R
wlwl= "'°
sand, cemented S| =l =
ot —f <l
calcareous clay, red
SR dark brown sand
SLIRAENS gray clay
caliche zone
- dark gray clay =
siltstone, red-Permian
1 { I ! lrLJllillll Il |]|1u||
50 100 o 10

cps

(sumC/sumG’) -1



MONITORING SITE 4

ft SAMA-Pay LOG
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323553
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ST W et RLNTATES
oAl RIS s e Tasres.

el

180 S5Eey RESSRSEei e
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200

50 100

23-14-36DDCD

LITHOLOGY (log 06-22-78)

elev=19121t N D

CONDUCTIVITY mS/m

100 1000

black topsoil

brownish gray silt/clay, some
sand

dark brown clay
gray sandy clay
fine sand

fine to coarse sand, yellow-
brown clay

gravel, some yellow clay

pink caliche
sand, pink-brown clay 1

fine to coarse sand, pink clay,
gravel

gray clay, gravel, pink
caliche 4

same, yellow te pink ciay

coal

clay, with dark gray shale
inclusions

red siltstone

Vight gray clay

sand, calcareous siltstone,
yellow brown E

1 eIy REERELEERRRA]

04-22-93

1%

(3) 8.67]

L
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Nol ! N
laje i —
vloln] © '
HDiont—=l +fl F
| | oo -
g =) N n
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“~J) OOl tef o -
Dl
PO =] O
0] i O

red siltstone, non-calcareous-
Permian
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MONITORING SITE 6

GAMMA-RAY LOG

r

100

(O

25-13-06BCBC

LITHOLOGY (log 06-19-78) CONDUCTIYITY mS/m

elev=1950 ft. N —»

000

10 100 1
1 T RTTTay 1 LRIREARR]
brown to reddish brown sandy 04-19-83
silt
fine sand and silt, gray-brown (2) 13.78
gravel
T (1) 21.89.F
gravel
silty clay, brownish gray te
white i i
gravel
- —
=
o 2|3
-
dark and light gray clay, some olol b
3ilt and sand - wlo|ol I F
white, fine grained sandstone ol @l oy + 1P
EN R R 4|
Blolof =~
gray, brown and yeliow sandy by o o
clay, some gravel and 1s. frags =32l
i o ool = |
tan to brown-gray silty clay,
some sand and gravel fenses
sand and medium gravel, clay
stringets
pink gray to gray clay, sand
and gravel lenses
same, sandstone lenses
t il Lty
0 T T T 10

clay-like stringer, white
{sumC/sumG")- 1

thin coal beds, green-gray

shale

siltstone, alternating reddish-
brown and greenish-qray with
sandstone stringers



MONITORING SITE 7 24-13-36DDDD elev= 1906 ft. N (&
ft GarMMa-RAY LOG LITHOLOGY (log 08-08-78) . CONDUCTI¥ITY mS/m
0' 10 100 1000
R —sandusilt,brown T T TTTT T T T
A gray silty clay 04-18-93
o 3
20 ok (2) 18.21.]
Ry " pinkish gray to brown sandy r
% silt
et
4‘ 2
A
40 B i (1) 39.35
fine gravel to coarse sand,
pinkish gray to gray-brown
60 I clay lenses J S
sandstone
light brown to light gray clay,
80 - some sand - o
sandstone
100 o e -
light to pinkish-gray sandy
clay
120 - - 2
fine to coarse sand
140 - B e F
= red siltstone- Permian
160 | L1 ] yellow, fine sand Lol R REET
50 100 grey siltsone a ! ' ' ! 10
cps sandstone {sumC/3umG')- 1

light gray and red siltstone

WP 48 | (184 dUs B} 31q8UN 310N

greenish to blue-gray silt-
stone

reddish-brown sandstone
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MONITORING SITE 8
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SRl
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TR LIIAREN
% R
3\‘7&'&‘ 3

160

P

180

200 4 ¢

220

M

2t

o

N }352
eV \-YE

Ba

RAY LOG

25-12-11AAAD

LITHOLOGY (log 08-11-78)

10

slev=1848 ft. N (©)

CONDUCTI¥ITY mS/m
100

1000

dark brown and gray sandy
silt

caliche and gray sandy silt

fine to coarse sand and fine
gravel

brown to gray sandy silt and
silty ciay, some caliche and
gravei

gravel, fine to coarse sand
lenses clay stringers

grayish-brown sandy clay

gravel, sand, sandy clay
stringers

caliche, some fine sand
sandstone, gravel, sandy clay
stringers

r silty clay, siternating red and

gray~-Permian

light blue clay stringer

3ilty clay, alternating red and
gray

e

T

A

TOTTITTTY

T

P TTIaT

04-18-93
(4) 8.76_]

3138

(1) 24.89_]
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oW

Axlld +0W = A
¥-92i

100¢P21866'0
2¢£19954088020°0
1626pobacg’| -
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MONITORING SITE 9 24-10-31CBCB eley=1755ft. N —i»
f. GAMMA-RAY LOG LITHOLOGY (log 07-25-79) CONDUCTIVITY mS/m
10 100 1000
0 t LR AR i t T HTTrR
brown topsoil 04-18-93 {2) 8.66
red clayey sand, fine to coarse (1) 8.87
-
20 450 . 0 "
B4 ol 2|3
-
o )
ol L ) -y
e fine to coarse sand, gravel g E g ? c,'°
a0 lenses J NES é =2
=i E=1FN K.
. Wi oo oo X
-. 8|52
: —=loof r
60~ 40 R
fine to very fine sand, some N IE
pink clay \
80 1 1 -
silty red clay, some cemeta-
tions upper portion-Permian
i 1 1 1t 1 L3 1 i1t
10053 100 0 [ J I I 10

cps {sumC/sumG'})- 1



ft.

20

40

60

80

100

120

140

160

180

MONITORING SITE 10

GAMMA-RAY LOG

2
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o

5
s

GG
t‘?\ 25 :’8

24-10-06DCCC
LITHOLOGY (log 08-08-79)

red sandy topsoil

grayish-tan sandy clay, some

sand and clay lenses

sand and gravel

blue gray clay, green inclu-
sions

fine sand, blue gray clay
matrix

light gray sandy clay

sand and gravel
blue gray clay lens

sand and gravel

red siltstone, some fine sand

elev= 1790 ft. N —

CONDUCTIVITY mS/m

10 100 1000
T TTTTT1] T T TTTITT
04-18-93
(4) 18.29
(3) 20.80
4 (2) 22.891L
(1) 23.124
-
b1yl 11 111
0 T 1 T T ]0
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MONITORING SITE
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| 1 } |
20055 100
% CpsS
- |
N
22T
240- B

Dedapos § e

11 22-10-06CBBB
LITHOLOGY (log 08-28-79)

gray to tan to yellow sandy
silty clay, medium to coarse
sand stringers

medium to coarse send, some
gravel

interbedded tan, gray, white
and pink sandy cley with
coarse sand and gravel lenses

sand and gravel, clay matrix

tan cley, some fine sand

gravel

light to dark gray sandy clay,
some gravel

fine to coarse sand, gray clay

dark gray sandy clay

sand and gravel

red siltstone- Permian

elev=1763 ft. N --—

CONDUCTIVITY mS/m
100 1000

T T T
03-27-93
(2) 13.54J

(1)31.941
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1} 29.634
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MO[__-2.0822 3
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1000
T T TTTIT
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(1) 30.591
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T T TTT7TT
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MONITORING SITE 12 29-11-36ACCC elev=1770 ft. N P

fi. GAMMA-RAY LOG LITHOLOGY {log 08-25-80) CONDUCTIVITY mS/m

0 10 100 1000
sandy topsoil, dark brown, LR L oI

fine to medium
sand, fine to medium-grained
with caliche

04-23-93

20 Tty (3) 22.22{%} 31 34

40 sand, fine to very fine, quartz

arkose, thinclay lenses 43'-
50°

60 K

‘+ sand, fine to coarse, quartz E
arkose, thin caliche zones

8 0 ‘..,

2 5
100

sand, gravel and cobbles,

120 yellow clay at ~100° b

140 &
.‘,‘

; siltstane, red-Permian
160+

180 L SR N T
100 10

o

(sumC/sumG') -1
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MONITORING SITE 13 29-14~36AAAD

GAMMA- RAY LOG LITHOLOGY {log 09-11-80)

% sand, brown clay, some gravel
e and pebbles

same but with less clay and
more gravel

sand angd gravel

same with cobble Tenses in
tan clay matrix

sand and fine gravel, tan to
white caliche

sandy silt, red, some arkose
= ~ pebbles

1 i i ]

100 red bed

elev= 1905 ft. N --—

CONDUCTIVITY mS/m

10 100 1000
T T TTITE 1 T 1T T1711T
e 04-23-93
<
{
g 233471
2) 34814
13 37.45_
1 o
- L
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0 10
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MONITURING SITE

CAMIIA - BAY DG

14 22-14- 1 Z4BCE

CETHOLOGY {log (9= T0- 300

tay, blact

clay tan some nodules of
caliche

sandy clay tan, fine to very

Tine-Qrarned, quarts arkose

ealiche Zone
sandy clay, tan, fine fovery
fine-gratned, quartz arkose

sand and gravel, quartz arkese
some pebbles and cobbles, some
clay ballz in upper portion

Tire tayet 3

red bed
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MONITORING SITE 15 28-11-01AAAD elev=1725ft. N -—
A GAMMA-RAY LOG LITHOLOGY {log 10-09-80) CONDUCTI¥ITY mS/m
' 10 100 1060
0 T | IR LN III[ I T T FPTTEHT
04-22-93

yellow-tan clay with stringers
of sand and pebbles

sand and gravel, brown clay
and caliche

tan sandy clay, fine to coarse {1) 26.83_|
sand, some yellow clay 3 29'?2(2) 30.697

20

- -

sand and gravel

coarse sand and fine gravel, 1 r
quartz arkoesic

40

quartz arkosic sand and gravel,

some clay lenses
60

sand and gravel with yellow
and light red clay stringers,
some caliche

80

sand and gravel, quartz arkose,

100 coarse-grained, clay at 102°

clay and sand

120 sand and gravel, quartz ar- e -
kosic with clay lensesat 118"

to 119’

red bed- Permian .

140

1 [N ENEEL 1 L L1 ittl
L} T L T

50 100 0 10
cps {sumC/sumG')-1
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MONITORING SITE 16

GAMMA-RAY LOG

21-12-3iCCCB

LITHOLOGY (log 09-24-80)

sandy topsoil, yellow
sand, fine to coarse, quartz
arkose, clay matrix, yellow

sandy to silty clay, yellowish
to greenish~gray, some caliche

fine to coarse sand, gravel,
quartz arkose, clay matrix
reddish-tan to gray

sand, fine to coarse, quart2
arkose

[ silty clay, greenish-gray

gravet, fine to medium, quartz
arkose, greenish-gray clay
L. stringers

sandy shale, red, fine to very
fine

1ga

elev= 1872 ft. N -—

CONDUCTIYITY mS/m
100 1000

| LR IR EARE] T LR RRAS

03-25-93
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o
ucmzs -
NIy =4 =~ \
@] | *
Nl olog X
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MONITORING SITE 16 21-12-31CCCB sleve 1871 ft N
a GAMMA-RAY LOG LITHOLOGY {log 09-24-80) COMDUCTI¥ITY mS/m
' 10 100 1000
sandy topsoil, yellow T TTTTTT] TTTTTTTT

03-25-93

sand, fine to coarse, quartz
arkose, clay matrix, yellow

sandy to silty clay, yellowish
to greenish-gray, some caliche

fine to cosrse sand, gravel,
quartz arkose, clay matrix
reddish-tan to gray

-
x X
=| 23
_{
il —
jon] R un ] B
] ;_D‘_.ng_
-.Dt.n!-ﬂol
oHdof +
o) I ool -
) ol X
NN PO —
' e olen] x
i | o] —]
. 2R 2
»n
\ =l il o
1

sand, fine to coarse, quartz .
arkose '

3ilty clay, greenish~gray

\ 1
- L
N o
N
N,
~ '\. -
N
| gravel, fine to medium, quartz
arkose, greenish-gray clay
200 - E | stringers . L
haged
220 I ! ] I L1 1 g1l 1oLt
50 100 o Y
cps {sumC/sumG') -1
sandy shale, red, fine to very
fine




MONITORING SITE 17 21-12-36DDCC elev=1804ft. N B
ft. GAMMA-RAY LOG LITHOLOGY {log 09-30-80) CONDUCTI¥ITY mS/m
q 10 100 1000
W}"? b o tOpSOﬂ T T TTTTTT] T LRS!
-24-
gﬁii}g —  03-24-93
0 szg 10.85_]
3) 11.60
2
RPN 2 o i R
20ge ';?: 5 ‘clay, some caliche
40+ 3 1 r I
o 2 X1
p -< o 45.71
_ It
o3 2T
g=a5s
60 r . = & D BT
T|5la 2=
gravel, quartz arkese, clay ® 2| of *
matrix, tan o & o
=] o] O
s Lo
80 - -s;. -
; clay
100 3 rgravel, quartz arkose i i
clay, tan with fine sand
120 T}\"a &# - - -
: |
E = siltstone, red
; =
140? I 1 1 1 L gt L L L1111l
50 100 0 ' ' ' ' 10
cps {sumC/sumG')-1



MONITORING SITE 17 21-12-36DDCC eley=1804ft. N P
ft. GAMMA-RAYLOG | |THOLOGY (log 09-30-80) CONDUCTIVITY mS/m
10 100 1000
0 topsoﬂ i Frrring 1 LR RA
= 03-25-93
h—h_\‘-l
20 zang ™ clay, some caliche i i
-{ ————
>
40 .?itf.\s* X ' B ral E g - L
: o) o ot
o 2 2|
wlnlnl oo
Ol O +
el Bt K — !
- . : Aif el =] Xl =
v : AR e
60 - : - 1 ol rof o] ¢ B
b ' Q0| o
gravel, quartz arkose, clay ' N
matrix, tan .
_ - '
80 B - 1y -
1 clay ' I
100 ' = - gravel, quartz arkose B
=
| clay, tan with fine sand
120' Il 1 I} i Jll lllllll] ll 1'llllll
50 cps 100 0 10
. {sumC/sumG’)- 1
- siltstone, red
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MONITOR!NG SITE 18

GAMMA-RAY LOG

9‘1"5’3:; R
SNKAAR
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gj{z‘ o e
SRR

ir——_

[} DO

21-11-07BBBA
LITHOLOGY (log 10-02-80)

topsoil
sandy clay, white, fine grained
clay, yellow

sandy clay, pink to tan, fine
grained quartz arkose, gravel
at 20°

sand, fine to medium
sandy clay, tan with caliche

sand and gravel, fine to coarse, |

quartz arkose, cobbles at 40-
50

sandy clay tan to pinkish-gray,
very fine to fine

sand and gravel, some pebbles,
quartz arkose, blue clay string-
ers

clay, blue green to brown to
tan

gravel
clay, brown and tan

sand and gravel

clay
same as 152'-164°

clay, tan with gravel stringers

sand and gravel, quartz arkose,
some cobbles, trace fine sand-
stone

siltstone, red

elev=18107t. N (O
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MONITORING SITE 18

CONDUCTI¥ITY mS/m

2 L 1 I i I n 0 . R N
- LA ;
- oW E
- Nt E
- oo 1
b 10 N
- =
- m S~ ¥ =M0+ MI%X Ll
5 MO -6.1474
E° M1] 0.047221 3
ﬂ in
- vI_Rl 099776 . ]
; be A N
- -
B — 1
- c.\l-l-!\illsl B
T ' n.l-.ll...aun..l....n;naﬂ ||||||| T ¥ T T T
m 1 I 2. A A L N N X . ) o
o 1] -
" s ;
- O 1
- o ) 1
- o s
[ - Y =MO + M1*¥X Lx
; MO -6.0974
ol v ]
2E° M1l 0.04661 E
: Y R 0.9977 +
——— -
i ¥ —— I.\.\-h\n\n\ ]
. \..u--...zu... 1
B . i
w ! M TS S st -l “W T T T L o
o

{(sumCssumG') -1



MONITORING SITE 18

SAMMA-RAY LOG

4 topsoil
a 3andy clay, white, fine grained
] clay, yellow

% sandy clay, pink to tan, fine

[T

21-11-07BBBA

LITHOLOGY (log 10-02-30)

elev=1810tt. N ()

CONDUCTIVITY mS/m

grained quartz arkose, gravel -
at 20°

sand, fine to medium
sandy clay, tan with caliche

sand and gravel, fine to coarse, |
quartz arkose, cobbles at 40-
50°

sandy clay tan to pinkish-qray,
very fine to fine

sand and gravel, some pebbles,
quartz arkose, blue clay string-
ers

clay, blue green to brown to
tan

gravel “'k
clay, brown and tan

sand and gravel

clay
sameas 152'-164"

clay, tan with grave! stringers -

sand and qravel, quartz arkose,
some cobbles, trace fine sand-
stone

siltstone, red
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MONITORING SITE 19

GAMMA~ RAY LOG

ft.
o
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80 pa g
A (A ;ré;:
S
100
120
140
160
180
200 —

25-13-360CCC

LITHOLOGY (log 06-05-81)

100

coarse sand

coarse sand

pink gilt and sand

medium to coarse sand

sand and gravel, trace of clay

red clay, fine sand

tan clay, fine sand

elev= 1902 ft. N (%)

CONDUCTIVITY mS#/m

10 100 1000
T T T T TTTITT
04-19-93
(2) 14.46_]
A {1 19_50_{_
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MONITORING SITE 20

GAMMA-RAY LOG

76 WA
e
v

§1

&

25
5

TTIERR
S
e

5

&

LITHOLOGY {log 06-17-81)

il topsoil

silt and fine sand

clay

fine to coarse sand

trace clay, medium to coarse

sand

very coarse sand and gravel

reddish clay

gravel

red rock shale

100

cps

25-13-31DDAA

elev=1960ft. N (&)

CONDUCTIVITY mS/m

00

10 100 10
T TTTTTI T T
04-19-93
e (2) 20.44_¢
(1) 29.82.]
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MORITORING SITE 21

GAMMA-RAY LOG

LITHOLOGY {log 06-25-81)

2

2

£

ST
Ot "'t('-

G
RN

topsoil

sand, fine to coarse

I~ fine sand

sand medium and coarse

clay, tan with varying amount
of coarse sand, caliche zones
at 49,53, 60°

clay, white, with varying
amounts of coarse sand

- sand, coarse with tan clay
stringers

sand, coarse with white clay
stringers

| sand, coarse to fine

- sand, fine

50

{IIIm

100

siltstone, sandy, red

26-11-01DDDA

elev=1801ft. N -—vo

CONDUCTIVITY mS/m
100 1000

7 TETilTg 1 [BRBRRAL

05-20-93
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MONITORING SITE

GAMMA-RAY LOG

22 21-12-06CCBC
LITHOLOGY {log 08-03-81)

s0il, clay, silt-tan and gray

fine sand

white clay

sand and gravel, minor clay
lenses

tan clay

sand and gravel, some tan clay

yellow-brown clay

coarse sand and fine gravel,
some clay stringers

gray sandy clay
coarse sand

tan and yellow clay, occasional
gravel stringers 158-178"

tan sandy clay

coarse sand and fine grave!l

red siltstone

1
100

eley=1855ft. N —»
CONDUCTIVITY mS/m

100 1000
T T T T T T T 7T
03-25-93
(3)16.11]
(2) 24,67
(1) 29.304
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MONITORING SITE 22
CONDUCTI¥ITY mS/m
100 1000

204
a0 -
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80 -
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200 -
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T TTTTTT T LR EAR]

05-21-93
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MORITORING SITE 22

GAMMA&-RAY LOG

40 b

60

80X
%

100 gxﬁz

120 s

140

160 fEE

180 4%

200

2204

i

21-12-06CCBC

LITHOLOGY {log 08-03-81)

fine sand

white clay

lenses

tan clay

S0

[

1 Oored siltstone

so0il, clay, silt-tan and gray

sand and gravel, minor clay

sand and gravel, same tan clay

yellow-brown clay

coarse sand and fine gravel,
some clay stringers

gray sandy clay
costse sand

tan and yellow clay, occasional
gravel stringers 158-178"

tan sandy clay

T coarse sand and fine gravel

elev=1855ft. N —»

CONDUCTI¥ITY mS/m

10 100 1000
f LIRS 1 LBRERARL
03-25-93
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MONITORING SITE 23
GaMMA-RAY LOG

ft.

0 ==
AN
PATTHN
hase

20
40
60
80

LITHOLOGY {log 09-17-81)

-

[HIIT

cps

topsoil
sandy loam

¢ tan sandy clay

coarse sand and fine gravel

tan sandy clay

coarse sand and fine gravel
some clay lenses

I” sandstone and weathered shale

{Dakota Formation)

100red siltstone

21-10-06AADD

elev=1743ft. N w-—

CONDUCTIVITY m5/m

10 100 1000
T T T TTTTT] T T TTTT77
04-20-93
v
~ 2;22.35 -
1) 23.64-
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MONITORING SITE 24 22-10-01ADBC

GAMMA-RAY LOG

LITHOLOGY (1og 08-12-81)

T topsoil
sand and silt

coarse sand

ST
o

20
i3

‘,, ,,.-qm
SN

ks V. 23 faelses OIS
3"\]-&'&.&'?3 GRS

7

SR

tan sandy clay

fine to coarse sand, tan clay
stringers

fine sand

gravel

grayclay

red siltstone

50 100

1

elev=1736 ft. N -4—
CONDUCTI¥ITY mS/m
0 100 100
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MONITORING SITE 25

GAMMA-RAY LOG

23-10-06BBAB

LITHOLOGY {log 08~19-81)

red sandy silt

clay, red, sandy, uellow string-
ers, traces of gravel

sand and gravel lenses

clay-red, yellow, light brown
caliche zones at 60°, 80°, 90°,
95', sand and gravel stringers
occasionally

sand and gravel
red clay-caliche zone
sand and gravel

red siltstone with hard green
cementations

cps

100

elev=1780ft. N ()

CONDUCTIVITY mS/m

10 100 1000
T T TTTTI0 T T T V1777
{3) 6.33_]
(1) 11.44]
(2)11.99
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MONITORING SITE 25

-

L5208
&

2
e

GAMMA-RAY LOG
|

23-10-06BBAB

LITHOLOGY (log 08-19-81)
10

elev="1780ft. N (%)

CONDUCTIVITY mS/m
100

1000

(LI

red sandy silt

clay, red, sandy, yellow string-
ers, traces of gravel

sand and gravel lenses
-

4
I
0

T

v T TTTTT t LR

03-28-33

= A

¥ S5g-0¢

11 311t] 1] 1 11113l
i 1

cps

100
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lz899915¢9660
596502 0595 0
by eop 1280 L) -
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MONITORING SITE

25 23-10-06BBAB

#t,  GAMMA-RAYLOG  LITHOLOGY (log 08-19-81)

I

50 100

-1 red sapdy silt

clay, red, sandy, yellow string-
ers, traces of gravel

sand and gravel lenses

clay-red, yellow, light brown
caliche zones at 60°, 80, 90°,
95’, sand and gravel stringers
occasionally

sand and gravel
red clay-~caliche zone
sand and gravel

elev= 1780

it.N

CONDUCTI¥ITY mS/m
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MONITORING SITE 25

GAMMA-RAY LOG

23-10-06BBAB

LITHOLOGY (log 08-19-81)

red sandy silt

clay, red, sandy, yellow string-
ers, traces of gravel

sand and gravel lenses

clay-red, yellow, light brown
caliche zones at 60°, 80', 90°,
95°, sand and gravel stringers
occasionally

sand and gravel
red clay~caliche zone
sand and gravel

red siltstone with hard green
cementations

cps

160

elev=1780ft. N ()

CONDUCTI¥ITY mS/m

10 100 1000
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(1) 11.44_]
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MONRITORING SITE 26

GAMMA-RAY LOG

1 I ! 1

23-10-01AAAA
LITHOLOGY {log 08-25-81)

brown silty topsoil

clay, brown, orange, gray,
traces of sand and gravel

L sand and gravel

clay, white, gray, light red,
some is sandy

L

sand and gravel, some clay
zones and caliche zones

clay, light red with sand and
gravel stringers

clay, gray, sand lenses,
caliche zones

sand and gravel

clay, light red, sandy traces
of gravel and caliche zones

red siltstone, green resistant
inclusions

elev=1738 ft. N\

CONDUCTIYITY mS/m

10 100 1000
T T T T TTTT] T T7TTH
-20-93
04-20 (3) 6.85

(2) 11.11_]

(1) 16.214
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Xelld +0W
Heel -28

P006£8929190°0

168281224660
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MONITORING SITE 26 23- 10-01AAbA elev=1738 ft. N
ft GAMPMA-RAY LOG LITHOLOGY (log 08-25-81) CONDUCTIVITY mS/m
’ 10 100 1000
0 B brO'w'n sﬂtu topsoﬂ I LRI ) LIRS LR
04-20-93
clay, brown, orange, gray,
traces of sand and gravel
20 B sand and grave) - -
£
clay, white, gray, light red,
some is sandy
40 F"& _ L
% Soms + ™
60 bl = -
sand and gravel, some clay
zones and caliche zones
80 . (
100 n -
clay, light red with sand and =
gravel stringers . I Lo _<
\ o o el "
ol &l 2
120 4 - § § g + -
ol X
> o] ) —
AR E:
clay, gray, sand lenses, A G ~d
calithe zones Sl o
140 l 1 1 P il L3 110111
50 100 0 ' ' Y
cps {sumC/sumG')-1
sand and gravel




MONITORING SITE 27

GAMMa - RAY LOG

3] reddish brown sandy silt
2

23-09-01ADAA

LITHOLOGY (log 09-01-81)
10

elev=1685ft. N @

CONDUCTIVITY mS/m

100 1000

brown topsoil

clay, gray, varying amounts
of sand in matrix

sand, fine to coarse, some
gravel stringers and qray and
red clay stringers, caliche
zone at 96’

clay, red and gray sandy

red 2andy siltstone

T

CUTTTTT] 1 IR R

04-20-93
(1)995=E

L1t i1

100 0

sttty 1
I | i

(sumC/sumG') -1
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MONITOR!ING SITE 28

s GAMMA-RAY LOG

%

L

LITHOLOGGY (log 09-03-81)

topsoil, brown silty clay

&1 orange clay, sandy

gravel, fine and medium grain
brown clay, sand and gravel
streaks

sand and gravel, clay lenses
caliche zones

red siltstone, streaks of gray

100

25-09-01ADDA

elev=1668ft. N (O

CONDUCTI¥ITY mS/m

10 100 1000
T TTTITT T TTTT
04-25-93
3)23.74
Ny 22382
1) 24,48~

1

L1111t




MONITORING SITE 29 24-10- 364004 elev=1731 ft. N —»
ft GAMMA - RAY LOG LITHOLOGY (log 03-10-81) CONDUCTI¥ITY mS/m
10 100 1000
D i IR RRARLE 1 IR RERERI
04-25-53
clay, sandy, gray and brown
20 . -
2) 37.96
40 - §33 38.55 F
fine to coarse sand, Tenses of
gravel (1) 50.34_
60 B L
80 - 5
100 - L
fine to coarse sand, some clay
caliche at 90-92°
120 - o
)
clay, light red sandy, caliche v
at 138 .
140 1 -
clay, tan, light red, white )
: caliche, some fine sand '
160 < dark red siltstone 4 L
white siltstone ol I
i red siltstone, green gray hard \ o g R
_j inclusions Slal 2
180 =23 - T RN | ey B
I Al -Jjont -
QB ~gf g Zj N
! PO | ~df =
NNt o bl i
2ol x| o
| | SEHEA I
[ ] Pt ot i
| | i ! 1 J
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MONITORING SITE 30 23-10-36DAAA elev=1750ft. N P
it GAMMA- RAY LOG LITHOLOGY (log 09~22-81) CONDUCTIVITY mS/m
10 100 1000
0 S T N P ) T T TTIIT T T TIT11T1
; ; ' 04-25-93
R
clay, srange, sandy £ 12405

tan clay, caliche

clay, gray, yellow, orange a
few sand lenses, caliche

light gray clay, caliche

sand and gravel, clay lens at
56

clay, tan
yellow sandy clay

T T =T

sand and gravel, trace of clay
and caliche

140 4@

red siltstone, trace red sand
and green silty cementations

160

P11 vargal L1ttt
T T T 1

10

50 100 0
cps {sumC/sumG") -1
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80

MOMITORING SITE 31

G&MMA-RAY LOG

1 1

LITHOLOGY {log 09-27-81)

100

clay, sandy, brown

sand, fine, yellow, with brown
clay

clay, gray, trace sand, brown
clay stringers and caliche
brown and yellow clay

red hard clay, stringers of
hard white clay, caliche

sand and gravel, thin clay
lenses and caliche zones

yellow clay
sand and gravel
yellow and gray clay

sand and gravel

redbed-asiltstone
caliche at 93° and 97.5-98"

22-09-01ADAA

elev= 1665 ft. N -w—0
CONDUCTIV¥ITY mS/m
10 100 1000
T T TTT1ITY T T T TTTT7
04-20-93
(1) 13.10]
(2) 13.36
L Ill‘llll L
1] 10

(ezumC/sumG') -1



MORITORING SITE 32 23-09-25DDDD elev=1689 ft. N &P

GaAMMA-RAY LOG LITHOLOGY {log 05-20-82) CONDUCTIVITY mS/m

10 100 1000
1 LA RARI] I LI | ITITI:
gray-brown sandy clay 04-24-93 ¥3) 0.83
(4) 2.53
t sandy clay with caliche depos- | -
its
sandy clay interbedded with
sand
40 - . B
€13 45.34_]
2) 4543
60 ~ arkesic sand and qravel 1 -
80 = -
100 4 R
120 r medium to fine grained sand B
~ blue gray clay 4 "
" sand and gravel N i
red shale
1 t 1 1 I N RN L)y 11l
2005 700 0 ' ' ' K 10

cps {sumC/sumG')-1



MONITORING SITE 33 25-12-36CBBA elev=1872ft. N
. 5 MMA-RaY LOG LITHOLOGY (log 06-03-82) CONDUCTIVITY mS/m
10 100 1000
D H LIS LAREI 1 LR
red-brown sandy clay 05-20-93

y red-brown to gray-brown
> silty clay with caliche deposits

and clayey sand

2) 32.99
sand and gravel 51; 34.18=X3) 33.91

L sandy clay inter bedded with g
sand and gravel

fine grained sand, some clay

sandy clay interbedded with
sand

-

arkosic sand and gravel

1 L
light gray-brown sandy clay
red-brown sandy clay

- - -
sand and gravel
clay with some limestone lay-
ers
sand and gravel

- 1 -

red shale

—v—|—7'illlll [N EEEY|




MONITORING SITE 34 25-09-36DDCC elev=1653 ft. NP

ft. GAMMA-RAY LOG LITHOLOGY (log 06-07-82) CONDUCTI¥ITY m5/m
10 100 1000

1 LR ILELLARD] 1 | LA

04-24-93 (1) 7.95-(2) 7.05

VoS 25

2

Lo

VAL

o
N
o0

reddish-brown sandy clay

FIBAEY
1’% Y
ViR

gray sandy clay with thin sand
lenses 3
- partially lithified clay and _
limestone ;
fine to medium grained sand
little gravel

light gray to yellow-gray
siltyclay

sand, little gravel

red shale

11 1111l L1t
T T T 1

100 0 10
tps {sumC/sumG')-1




MONITORING SITE 35 26~10-31CCCB eley=1760 ft. N -—

ft GAMMA-RAY LOG LITHOLOGY (log 06-10-82} CONDUCTI¥ITY mS./m
' 10 100 1000
0 SR —T T TTTITT T T T TTT
w;%; 3 reddish-brown silty sandy 04-21-93
5’% i y clay
gt
20 B ] 3) 19.05]
"»*i'iéf fine to medium grained sand 12 %2;9:1
reddish-brown sandy clay
sand and gravel interbedded
with thin clay lenses
40 | reddish-brown silty clay 4 -
sand and gravel
60 . -
SRl
it
80 fﬁ}?j" L gray-brown sandy clay inter- - L
Rt bedded with sand
brown clay, slightly sandy <
100 L - -
>
0| 3|3
sand interbedded with sandy o] |7
O] ¢ ] —-
- clay R E B
120 X 1 o X -1 of ~a} o 1 o
clay interbedded with sand N B e
sand and gravel b DA e I
o 3|
(2,1 EVa1 8N
140 Lgrtau—brcw.-'n silty clay . -
!
sand and gravel b
160 N -
I red shale '
J 1 1 ! 1 IS R NEN) ISR
1 80 50 1 00 D T ! ! ! 1 0

cps {sumC/sumG'}-1



MONITORING SITE 36 27-12-06BaAB elev=1892ft. N ()

ft. GAMMA-RAY LOG LITHOLOGY (log 06-16-82) CONDUCTIVITY mS/m
10 100 1000
0 LN ¥ 1 T TTTHN I 1T VITTd
&1;5;;: Sk N\ 04-21-93
'% el g Tight brown sandy clay
20 .‘1‘7‘?" ' : fine to medium grained sand L
il " with some clay streaks 7] ‘%) 26,03
Feox 4 i 3 b3{ 5.
5 3;@ light reddish-brown sandy clay o; = (4
ey s . —_
1 7 s
9{ 23
é sand inter bedded with sandy clay
2oy, L. L
40 el %}ﬁ light gray-brown sandy clay
e 5,{}:(, interbedded with 1imestone
2 B
S sty
e oo
i
50 sand and gravel . -
0 2’
%‘,f;t; light red-brown sandy clay
80 ,g{" . 4 i
r»;.‘;? sand inter bedded with sandy clay
ﬁ};“é light gray- brown sandy clay
100 gix‘.sg - light gray-brown sandy clay . i
;’g,\ interbedded with 1imestone i - —
2 sandat 112° !
1 Q Z %

120 . : AER N R
sand and gravel with limestone 1§, o3l = e
at top ' | Al Tl =
brown clay, little sitt or sand | &) 3| | 2|
sand and gravel ! L=
brown sticky clay 1 3 bl& >

-1 il o) ro b=
NN
sand and gravel .
light brown silty clay ,
1
]
3
sand and gravel \ v
[ Y
\
reddish clay \
red shale .
sand and gravel \
— 1 -
s
red shale \
i Loierargl 1 11 1131t
100 0 ' ' ! 10

{sumC/sumG") -1



MONITORING SITE 36 27-12-06BAAB elev=1892ft. N (O

ft. GAMMA-RAY LOG LITHOLOGY {log 06~16-~82) CONDUCTIVITY mS/m
| 10 100 1000

o T T TTTTTI T TTTTIT
% 04-21-93
: light brown sandy clay

fine to medium grained sand
| with some clay streaks

light reddish-brown sandy clay

20

sand interbedded with sandy clay

40 - light gray-brown sandy clay 7

interbedded with limestone

60 L sand and gravel &

light red-brown sandy clay

80

sand interbedded with sandy clay

light gray-brown sandy clay

i
Kek
A

100

74
£

( light gray-brown sandyclay -
interbedded with limestone
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6.:@ n.. , -l e———
p & sandat 112
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g | =2 S
R <
120 47 - - - olof F LI+
sand and gravel with limestone wlof e g @
at top X = S
brown clay, little silt or sand ¥ o Al &l =i =
sand and gravel : > 2 & =
brown sticky clay ' a| 3 % >
140 L B o o o 5| o
sand and gravel .
light brown silty clay .
|
1
160 - 4 L
hl
sand and gravel )
180 4| Fr] 1 L 1 3
' Y
reddish clay
] red shale
g sand and gravel
200 | | 1 lIlllllllll 11 1'111111
50 cDs 100 0 10
P red shale (sumC/sumG’)-1
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MONITORING SITE 37

s
SRR

GAMMA~RAY LOG

LITHOLOGY {log 06-22-82)

-
.

{ grey- brown topsoil

: brown silty cley

reddish-brown silty clay
interbedded with sandy clay

sand

yellowish-brown silty clay

sand and gravel

light gray-brown sandy clay
interbedded with some lime
layers

reddish-brown sandy clay

sand and grave)

sandy clay

sand and gravel

Tight gray silty sandy clay
with some lime lenses

sand and gravel

red shale

27-13-05CABB

eley=1971 ft. N «—

CONDUCTIVITY mS/m

(sumC/sumG’) -1

10 100 1000
H T T TTIITIT} T 1 TTTITT
04-21-93
Jd -
h r
4) 58.49
335889
h 1) 60.80%}
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MONITORING SITE 38

GarMMA-RAY LOG

26-12-36ADDA

LITHOLOGY (log 06-29~82)

yellowish-tan sandy clay

light gray-brown silty clay

3 yellowish-brown sandy clay

sand and gravel

white slightly sandy clay and
lime

sand and gravel

L Tight tan sandy clay with some
lime layers

sand and gravel
sandy clay, mottied color

fine to medium grained sand
L sandy clay

sand and gravel

mottled color sandy clay
Time interbedded with sandy
clay

sand and gravel

light brown silty clay

clay interbedded with sand and
I gravel

I~ red shale

50

100

elev=1843.6 ft. N —=

CONDUCTIVITY mS/m

10 100 1000
T I T TTTIT] T T T 11117
04-21-93
{3) 25.95_]
(2) 31.32
(1) 31.914
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40 26-09-31CDDD

LITHOLOGY {log 07-08-82)

dark brown sandy loam

5 brown sandy clay

sand and gravel

1ight gray to white sandy clay
becoming silty with depth

light gray to tan sandy clay
decrease in sand with depth

reddish~-brown sandy clay

sand and gravel

orange-brown silty clay

sandy clay and sand with de-
crease 1n clay with depth

red shale

elev=1735ft. N —
CONDUCTI¥ITY mS/m
10 100 1000
] 1R R | T T THTTT
7  04-22-93
3) 56.16
2)56.14
1) 56.31.
- -
I Lo ted | I 1 1L t11f
0 1 1 ¥ 1 10

(sumC/sumG') -1



60 -

80 -

100 A

120

MONITORING SITE 41

GAMME-RAY LOG

LITHOLOGY {log 07-15-82)

dark brown sandy loam
sand and gravel
- light gray silty, sandy clay

fine grained sand

yellow-ochre slightly silty
L. clay interbedded with a light
gray silty clay

" sand and gravel

red shale

50

100

26-09-35ADAD

elev=1654ft. N P

CONDUCTIVITY mS/m

100 1000

T

VOUTTTITIT ] LR LELRL

04-22-93 (1) 2.33)

11 paattd I R
1 i i

{sumC/sumG'}-1
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MONITORING SITE 42

GAMMA- RAY LOG

| coarse sand and gravel

- bedded with lime -

| sand and gravel, some tan

50

100 c

28-13-01CBAA

LITHOLOGY (log 08-11-82)
10

eleys 1828 ft. N —

CONDUCTI¥ITY mS/m
100 1000

dark brown sandy soil

tan silty clay, some caliche

interbedded sand and tan to
dark brown sandy clay

dark gray-brown slightly
silty clay, increase in sand
with depth

sand and gravel

yellow-tan silty clay with
lime layers

gray slightly silty clay inter-

e m 4 e = -

clay stringers

red shale

P L

T LERELELRRARSI 1 TV TTEY

04-22-93

(3)13.124

{2) 20.15
{1) 21.04
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MONITORING SITE 43 27-13-3100DD elev= 1872 ftN —
it GAMMA-RAY LOG LITHOLOGY (log 08-17-82) CONDUCTI¥ITY mS/m
’ _ 10 100 1000
brown sandy soil T 1T T T 1173} T T 171101 (2) 4.99
fine to medium sand, some clay 04-22-93 (1) 5.37
dark gray silty clay =
sand interbedded with clay =
| —
- ~< L
of {nijju
o| F|~f 2|7
SERE
sand and gravel, some thin clay oo § = o
streaks IR e
~{Djo| *
- . Of Aoyl X -
ek
light gray silty clay alrale

sand and gravel

I white clay becoming tan silty
clay

i red clay and shale-Permian

1 1 vl Lt ]ty
I 1 i

1
{sumC/sumi') -1
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MONITORING SITE 44

GAMMA-RAY LOG

LITHOLOGY (log 08-24-82)

T dark brown tepsoil

sand and gravel interbedded

1

29-13-35ABBA

0

glev= 1891t N ()

CONDUCTI¥ITY m5/m

100 1000

with thin yellowish clay streaks

1ime interbedded with white
silty clay

tan to orangish sandy clay

| sand and gravel interbedded

with silty orange clay

gray slightly silty clay

sand and gravel interbedded
with silty orange clay

tan sandy clay

sand mixed with sandy clay

sand and gravel

light gray to white sandy clay
some lime

sand and gravel, some clay

red clay to red shale-Permian
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MONITORING SITE

i GAMMA-RAY LOG

60

100 <55

140 -

180 ~Z

45 29-11-01D4DaA

LITHOLOGY (log 39-02-32)
dark brown sandy clay
Yight tan to white clay becom-

ing sandier with depth, some
caliche lenses

yellow-ochre sandy clay inter- |

bedded with sand, some caliche
sand and gravel, some yellow
sandy clay

gray-tan to yellow sandy clay,
some sand lenses

sand and gravel

yellow-ochre siity clay

pinkish-tan te pink sandy
clay

fine to medium sand, some
gravel, small lenses of pink
clay

red clay

sand and gravel

red 3ilty clay and siltstone
Permian

23 100

elev= 17957t N D
CONDUCTIVITY mS/m
10 100 1000
T T TTTT7T] T T TTTTIT
04-24-93
3) 47.69
1) 48.43
2) 48.52
1
1
t
1
1
—, =3
§
A}
1
]
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1
By L
:
X
o1t raasl i 1ol
0 T =T T 10

{sumC/sumG') -1



MONITORING SITE 46

s GAMMA-RAY LOG

20

40

60

120

160 -

180 .

(T

LITHOLOGY (log 09-15-82)

reddish- black clay (topsoil)
gray and tan silty clay with
caliche

white, orange, tan, pink clay

sand with clay and caliche

clay, light brown to white

sand and gravel with clay and
caliche near top

tan clay and caliche

sand and gravel with some
clay and caliche

pink clay
| sand and gravel with clay
lenses

tan clay with sand

i sand and gravel

tan clay

 gravel, sand with some clay

pink clay with sand and gravel

50

I

cps

100

red beds silty to sandy

29-11-06AAAB

elev= 1830ft. N P

CONDUCTIVITY m3/m

10 100 1000
T T TTTTTT] T T T 11177
04-24-93
§3; 47.06
2) 47.08_
(1) 51.44_]
P11l L1 11ty
0 1 I ] 10

{sumC/sumG'}-1



.

20

40

60

100

120

140

160

180

MONITORING SITE 47

GAMMA-RAY LOG

5;/9. 74 ST
(Y = :
R

EIIALY
S

o
Hek

<.
35

e
LAY

£5

A

3
23

\ 17
VL
AR
B
I 2

2
N
i

g
X

LITHOLOGY {log 09-77-82)

black clayey topsoil

sand and gravel with tan clay
and caliche near top

yeliow to gray clay

sand and gravel

gray clay with sand, some
caliche

sand and gravel with some clay
tan clay with fine sand and
caliche

sand, some tan clay

tan clay, caliche, sand lenses

sand and gravel with clay -

lenses

tan, white and light gray clay

with sand and gravel .

sand and gravel, some clay

clay, some fine sand and cali-
che

sand and gravel with clay
lenses

clay
sand and gravel

weathered red bed

siltstone with very fine sand

29-13-12ABBA

elev= 1

900 ft. N P

CONDUCTIVITY mS/m

10 100 1000

T TTTITT] T TTTTIT
04-23-93

7] B
§3§ 70.73

2) 71.214

(1) ?7.04,
B S W EETT | . N W R

0 10
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MONITORIRG SITE 48

GAMMA- RAY LOG
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LITHOLOGY {log 10-07-82)

tan sandy clay with caliche

sand and gravel with clay
lenses and caliche
yellow clay

sand and gravel, some clay

dark tanclay
sand with clay and caliche

tan to light red clay, caliche
near top

sand with lenses tan clay

tan and pink clay with sand

sand and gravel

tan clay with fine sand

sand and gravel

pink clay with caliche

red siltstone

100

29-12-36DCCD

elev= 1842 ft. N --—

CONDUCTIVITY mS/m

10 100 1000
H Ill]llr[ 1 LR
7 04-23-93
D
-J r
3
i
22; 56.17_]
‘ 3)56.46 |
(1) 62.84.]
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MONITORING SITE 50 21-13-06BCCC elev=1912ft. N —#»
i GAMMA-RAY LOG LITHOLOGY (log date?) CONDUCTIYVITY mS/m
0 10 100 1000
. . H IIIIHII 1 UVTrTrTrer
topsoil and fine sand | oL » 04-17-93
~
clay with fine sand toward base 2
M
- [
20 f? . { -
' fine sand withclay | O ~ (1) 25.65
! : (2) 25.81 |
{f’ (3) 25.95
: o
40 & 4 ‘f’" X
""'l
5;2
II.?
60 W fine sand to coarse gravel with | 73" i
i clay streaks, pebbles at base _J"?
50 B4 { ¢ .
x“~\ﬁ
[4
. clay with sand and gravel f
100 b}: 7 5 -
<
cZ.
»
. 4
: sand and gravel with clay 5
120 53 streaks 4 < !
T
\I
<\‘\\h)
G W
140 clay with sand and gravel, - e 3
: trace of caliche 3
&
£l
o
: sand and gravel {
160 5 4 5 R
tan clay with sand \'-~.\
sand and gravel fs“
i
ESE tan clay with sand and gravel iy
180 57 1 1
ol 7
| S
- fine to medium sand with clay
; =
? 1 111yt ] I 1 i iitl
200510 T 1cp3l T 100 U T 1 1 1 10
gray sandy clay with fine {sumC/sumG') -1

gravel
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MONITORING SITE 51

GAMMA-RAY LOG

52

o

[

100

21-14-36DDDA

LITHOLOGY (log date?)

elev=1G15ft. N -%—

CONDUCTIYITY mS/m

10 100 1000
topsoil, tan cla AL R
P i 5703-25-93
rrrr ’J‘-’;
£ (2) 17.34
T (1) 17.874
=
fine sand and clay grading into !
fine sand ,/
N
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L
- ~ L
y
¥4
P
<
- ;—3 L
2>
e
E
medium sand to fine gravel, _T- %
sandyclayat 101° B
.--y..
4'.‘\
- g p—
=
sandy clay e
sand and interbedded gray _,‘//
clay . 3
3
ey
?
sand and gravel ‘i>5
- 3 L
brown sandy clay :-3
fine sand to coarse gravel, §
clay at 149° P
. ;f L
c‘h
fine to coarse sand <
...... -t
i Illlllll 1 L1 311l

sandy gray clay with fine
gravel {Dakata drift)



MONITORING SITE 52 23-13-06B8BC elev=1920ft N —»
f GAMMA-RAY LOG LITHOLOGY (log date?) CONDUCTIVITY mS/m
10 100 1000
O t ILRARALIL] i LILLIRERRI
topsoil, fine sand 05-19-93
20 . s
brown sandy clay &g 58313=
40 - -
60 - -
sand and fine to medium gra-
vel, clay at 54
80 4 -
100 . -
brown sandy clay
120 - fine sand to fine gravel . L
gray clay
fine sand to fine gravel
140 - R
sandy tan clay
160 | fine sand to fine gravel, i |
clay at 156°
light gray clay inter bedded
180 _wth fine sand | i
fine sand to fine gravel inter-
bedded with gray clay
| i 1 ] 1 4t rrpanl L1 11t
200 50 100

fine sand to fine gravel



Appendix B. Intensive Study Site Installations and Well Logs

Installation Procedures:

A description of the intensive study site, well characteristics, and the logs of the
Permian monitoring well are included in Section II of the report. This appendix contains
additional information on the installation, and the available log information for the other
wells.

The following is a summary of the drilling and installation procedures used for the
Permian monitoring well at the Siefkes site. Figure B-1 schematically illustrates the steps
in the procedure, as follows:

B-1a -- site conditions prior to drilling, with stratigraphic units estimated from
available well logs.

B-1b -- a 5.5"-dia. borehole was drilled (mud-rotary) 10’ past the initial point of
contact (186") with the Permian bedrock, to TD of 197'.

B-1c -- a 3" dia. schdule 40 PVC casing was installed, with a cement shoe (check
valve assembly) on the bottom. A 1"-dia. tremie pipe with left-hand threads is attached to
the cement shoe fitting inside the casing (see fig. B-2 for a schematic of the cement shoe
design).

B-1d -- sufficient cement is pumped through the tremie and cement shoe to grout
the borehole annulus to an elevation well above the saltwater interface. The tremie is
then unscrewed and removed, the cement is held in place by the cement shoe check valve,
and is allowed to set up.

B-1e -- after the cement is set up, the cement shoe and bottom plug are cored out
and an additional 30" of the Permian formation is cored below the bottom of the original

hole (197-227".



a
0
\\*’?: *N\'\\Y&\:‘Q\\\'{:{.
. 50
N 100
R
N
150
187
227
227

227

Figure B-1. Sequence of Permian monitoring-well installation operations
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_1L—3"-PVC coupling

| _3-PVC

[ 1"-left-hand pipe thread

—— cement

check valve ball

pin for holding ball

Figure B-2. Cement shoe design (see text for explanation of use).
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B-1f -- 40' of 2"-dia. schedule 40 PVC screen slot 10 is to protect the open core
hole section against collapse; the top of the screen is measured to ensure installation to
the bottom of the hole.

Following installation the borehole grout was sounded at 20" and the upper part of
the annular borehole was sealed with bentonite to ground level. The well was developed
by airlifting and sampled for water quality.

A generally similar approach was used for installation of the deep aquifer well,
but since coring was not required the cement shoe was not used. Drilling was stopped
when fluid returns showed the first sign of the clay layer that had been observed directly
above the bedrock at the Permian well (TD = 167'). Well was constructed with 10' of
schedule-40 2"-dia. slot-20 screen at the bottom with 157 feet of 3"-dia. schedule-40
casing above that. Borehole annulus was filled using conventional tremie tube technique:
gravel to 152/, fine sand to 147', cement to 100", bentonite to ground surface. The well
was airlifted to develop and sampled for water chemistry.

Chronology of Drilling

March 23, 1993: Initiated drilling at site 52' east and 5' south of irrigation well.
Problems were experienced with the mud pump, fluid return was inadequate, and hole
collapse prevented penetration below 132'. The hole was abandoned on March 24,
grouted with cement from TD to 69.5 feet, then filled with bentonite topped with soil.

March 25, 1993: Moved 25' due east, drilled to 217", installed casing and cement
shoe, and pumped grout to 34' below surface in annulus. March 26 -- cement shoe failed,
grout flowed back into casing and cemented tremie pipe into casing. Attempts to
overdrill were unsuccessful, and the hole was abandoned.

April 12, 1993: reoccupied site, commenced drilling 15" west of the second

abandoned hole. Drilling proceeded normally according to plans summarized above, and
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installation was completed April 14. Drilling of the deep aquifer well was begun April
14 and completed April 15.

Intensive Study Site Well Logs

Logs of the Permian monitoring well are presented in section II this report.
Available well logs (Form WWC-5) for other wells in the area of the intensive study site

follow. See appendix A for the gamma and EM logs of all wells.



USE TYPEWRITER TR SALL
PCINT PENSPRESS FIRMLY
PRINT CLEARLY.

MJ-<Ss

T

WATER WELL RECCRD
KSA 820-1201-1215

Kansas JDepartment of ~egith ang
Environment~Civision of Invironment
Water weil Tontracrors)

Tooexa, Kansos 66612

N
1 i 1
| 1
e NW === = NE==
g l l
:: W ! ! I3
z ! i )
! 1
_—e W el e X oo
! 1
] 1 1
S
; 1 Mile

Counry o Fraction Section number Townsnip numper Ronge numper i
. Location of well: i :
Stafford 1/4 1/¢ CSE /4 27 : 21 stz 1a <
2. Distance ana direction fram nearest tawn or cuy 3. Owner of well: Dennis Siefkes
8 miles Northeast of r{udson, Ks R.R. ar smeer: Rouze 3
Street cacress of weil lccancn ifin c:ny . , N . - -
e City, stare, zip code: Hudsaon, KS 67545
- AL - — VWSS
4. Locare with *X" in section below: ™ Sketch map: 6. 3ore hoie dia. in. Comoietion dordt

We“deorhmh, ]-2"'7-76

7. __ Cable tooi

— Holiow rod

— Rotrary
. Jetred

— Driven _ Dug

Bored L Ceverse rater

8. Use: ___ Domestic ___ Public supply — industry

_x Irrigation ___ Air conditioning ___

Stock
Lawn __ Cil fieid water

— __ Other

9. Casing: Mareriung_gi. \Heignht: Above ar beiow
Threoded

]
Weided __L:Surfacn , 12 in.
RMP pPVC Weight S Ibs /Fr.

Du:.\.'Lb in. foéo £t

geerWcH Thickness: inches or

brown ¢lav & sandstone streaks

33 51

5. Tyoe and color of material From To Dia 1090 _ #. deoth "*cge No.— {4 _Z8»
10. Screen: Manufgcrurer’'s name Doerr !

top _seoil & sand Q 9! spedouble=slot . 161
Slat/'gouze ]-j gu Length ESE !
brown & orav clav 9 35 1 Set berween 60 ft. and 0 ‘f.g
90 ft. and 120 ff.l

Gravel sock? _J €3 Size range of matericl R=2f

| sand & gravel

57 63

. Static woter level: ma./day/yr.

11
141 6".‘?. below land surface Date _th:_[_ﬁ__

brown clay & limestone streaks

63 78

12. Pumping level beiow land surfoces:

sand & gravel

78 80

2R \12,

|

fr. ofter — G2
. pumoing . g.92.m.°

hrs. pumoing
ft. after o hrs

brown clay

80 50

Zstimared maximum yield 3.5.m. !

13. Water sampie submitted: ma.. gy vr. |
!
|

sand & gravel

90 1120

Yes X No

Date

14. Well heod completion: i

Pitiess adaoter 12 Inches cbove grace

15, Well grovted? YES

With:_£ _ Neat cement _____ Bentcnite Conerete

Deoth: From ft. o
SUNS DUWN

16. Nearest source of passiple contaminatian: i

10 _ . ' -

fr. Direction Tyge ‘
XX ~Nes

‘Well disinfected uoon comoletian? Yes

17 . Pump: Nat instaiiec !

*Manufacturer's ncfz Pee-Iess Pump

Modei number

ap 00 Voirs 48 2
80

fr. cocoacity Mﬂ.:.m. i

-ength of droo pioe

3

(Use 2 secong :neet if needed)

Type: ,
s o '{ - .
Submersibie L Turcine
Jer Recizrocsting
-

Cenrmifugal Trrer

‘8. Eievarion: 19. Remarks:

T coQgreony:
Hill
Slope

Upiang

— ‘ailev

2C. ‘Water weil contractor's certification:
This weil was arilled under my jurisaicrion 2no this rescr?
i3 ue 1o the best of My <nowiedge ana Celief,
1 . o1 .
Clarke Well & Equip.,,Tac,

3usiness ncme [

Grﬂat Bend, XS 57

L LA L12-3e76

Acdress

Zigneo

Authorized represenrgtive

Forwarg *he wnite

=, Diue anu piInk copies ta the Depcrtment of Heaith and Environment

Form 'WWC-5



WATER WELL [ECCRD Form WWC-5 KSA 32a-12°2

ZATICN CF WATZR WELL. Fracuon Secton Numger | Townsnmio Numeer [Sance Numcer
- Stafford C Va B Va A 27 ! T 21 S = lgw =
I?anc Qirecton from nearest 1own or ity street adcress of well if locatec within city? )
> B, 6 N of Hudscn, Kensas M-I' S_s -
@ SR WELL OWNER: Je. Shumway L. D. Drilling
i. Accress. Box # Hudson, Ks. Rcute 1 Board of Agriculture, Division of Water Resc.-
Stata. ZIP Code : 675L5 Great Bend, Ks. 67530 Application Number: TEZ-311
CATE WELL'S LOCATICN WiTH|4| 0EPTH OF compLETED WELL. .. 85 . . # Ersvamion: | Umown
'>< N S:*_,«ICFZJ s0x: Depthis) Groundwater Encountered 1.25 ... ft. 2. .3 .., LT
J ! WELL'S STATIC WATER LEVEL ... .. .. 25 1. below land suriace measured on mo.day’yr ... ... 1/21/83 .
__ le . IJE . Pump test data: Wellwaterwas ........... . after ... ... ... hours pumping .. ......... 3=
' | | Est. Yield . 6Q . . .. gpm: Well waterwas ........... ft. after .. ......... hours pumping . . ......... e
| 1 Bore Hole Diameter. . . .. 8 into. 85 ... ... ...... fl,oand. ... oL {10 TR (o T
I | WELL WATER TO BE USED AS: S Public water supply 8 Air conditioning 11 Injection weil
l - S\'N N SIE . 1 Domestic 3 Feedlot 6 Qil field water supolv 9 Dewatering » 12 Other (Specify below)
i 2 Immigation 4 Industrial 7 Lawn and garden only 10 Observation well ... . ... . ... ... ...
1 Was a chemical/bacterioiogical sample submitted to Department? Yes.......... No_......... ; If yes, mo/day yr sample was :
S mitted Water Well Disinfected? Yes No
FOF BLANK CASING USED: S Wrought iron 8 Concrete tile CASING JOINTS Glyed .. ... Clamped . . . .
Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded .. ............. .
2 PVC 4 ABS 7 Fiberglass oL Threaded. . .............
asing diameter . . . 5 ........ in. to. 65 ......... ft., Dia............. into............. ft., Dia............ . in.to ......... ...
Iheight above land surface. . ........... 1-2 ..in., weight ... ... .. 2'8 ............ Ibs. ft. Wall thickness or gauge No. . ... SCh" 1“’0 .
: OF SCREEN OR PERFORATION MATERIAL: 7 PVC 10 Asbestos-cement
Steel 3 Stainless stee! S Fiberglass 8 RMP (SR) 11 Other (specify) . ................
lBrass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)
==N OR PERFORATION OPENINGS ARE: S Gauzed wrapped 8 Saw cut 11 Ncne (open hole:
1 Continuous slot 3 Mill slot 6 Wire wrapped 9 Drilled holes
Louvered shutter 4 Key punched 7 Torch cut 10 Other (specify) . ..... ... .. ... ... ...
N-PERFORATED INTERVALS: From........ 65 ....... ft. to .. 85 ............ B FrOM oo ftto............ ... ..
From................. flto.. ... ft,From .. ............... ft.to. ... ...
GRAVEL PACK INTERVALS: From........ lo ....... ft. to .. 85 ............ ft., From . .. ... ... .. ... foto. ..o
From ft. to ft.. From ft. to
ACUT MATERIAL: 1 Neat cement 2 Cement grout 3 Bentonite 4 0ther . ... e
ntervals:  From........ C...tto.10........ f, From............ Re 10, e, B, From............ fotO .o,
's the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well
' Segtic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Qil welllGas weall
2 Sewer lines S Cess poot 8 Sewage lagoon 12 Fertilizer storage 16 Other (specity below)
Watentight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage . ...... ...
n from well? Tast How many feet? 60
M TO LITHOLQGIC LOG FROM TO LITHOLOGIC LOG
O] 50 |Sandy Clay (c¥)
I;O 85 |Sand and Gravel @‘7’) A

_—

ENTRACTOR'S CR LANDOWNER'S CERTIFICATION: This water weil was (1) _~onstruzrad (2) reconstructed. or (3) pluggec under my jurisdiction anc

sated on (mo.cayyear) .. ... 1/ 21/ 33 anc this record is rue to the best of my knowledge and belijf, Kar
\Well Contractor's License No. . . ... .. 186. .. ... .. This Water Well Record was comptetec on (m/dav.yr) .. ... R 2/23, 33
he business name of Kell-re Yater Well Sewrice by (signature) -t ey
o 7 . -
"RUCTICNS. Use tycewriter or ball point pen, PLEASE PSESS FIAMLY and PRINT ciearty. Please lill in Slanks, underiine or circle tne correct answers. Serc

pondhen BT
s comies ta Kansas Nenarment af Heaith and Fawviranmant Dnisinn af Fauennmant Fruirnnmantal (amiams Sectinn Tanaka K& ARR2N Sand one tn WATES W



UZE TYPDWRITER 2P 3aLl
PCINT PENSPPEZS FiRMLY,
PRINT CLEARLY.

MI-SS-S

WATER 'WELL RECTRD
KSA 820-1201-1218

Y.gniQs Jeperiment 3 mesitn InG
Environment=Jivisien or Zavirgnmens
(Water weil Zontractors)

Topexc, Kansas 206270

Stteet aocress of weil focation if in city:

7% miles Northeast of Hudson, KS

R.R. or streer:

Ciry, stare, zio ¢ode:

County Fraction Sectian numoer Townsinip numcer Rgnge numoar
1. Location cf weil:
Stafford 14 SE /¢ SE 14 27 i 21 SR P
2. Distance 3nd direction from nearest town af city: 3. Qwner of well: Dennis Si=Zke

4. Locate with "X" in section beiow:

1
1

—= NW ==]w =« NE==
:
!
i
!

" {
R ! £
= !
1
= W ea| == S ==
| 1 X
1 I 1
S
1 1 Mile

Sketch map:

Rcute 3 ;
Hudson, KS 67545 )
4. 3ore hoie dio. _9__ in. Compietion acfel"'—Lo-r =

!

Waell death *90 fr,

-

7. . Qable toosl i(_ Rotary __ Driven _ Oug ||

. Hollow rod ___ Jetted __ 3ored __ Reverse rorarv:

3. Use: __ Domestic __ Public supply  __ Industry i
__lrrigation ___ Air conditioning _xSrock :
i

— Lawn __Cil field water __ Cther

?. Casing: Mcrericlsi'_“;:.c_'ﬁeig'nf:or below )
1

Threcded Welced _i(__lSurfcce 12 in.;
' —_—— Ny
P Ve Weight 23  the./:

V
Dic._._s_ in. to 8___0 fr. deprn:WuH Thickness: inches sr !

2iG. enin. 1o

-
‘t. deoth 'sege No. = 200

Sand

56

62

Brown clay & limestone

62

72

5. Type and color of material From To

10. 3creen: Manuisciurer's name _JESS & LOWE‘.;
Top soil \ 0 3 | s _Styrene 200 ., 5" ;
& Youz /8" Length __LGO' i

Brown & gray clay & limestone ‘ 31| 56 |&KSs9oue g
° S Y y ° Set between 80 ft. and 20 By
ft. and ER!
i

= S A
Gravel pack? _YLS Size range of mcveriql.i/_g'.‘_“iu_

Sand & gravel

72

76

11. Stetic water level: mo./davsyr. |

166", below land surface Dare 11-16-78

Brown clay

76

81

Sand & gravel

8l

90

12. Pumping level below land surfaces: N/c

|

ft, ofter ______ hrs. pumaing 3.0 ;

. R J

ft, after . hrs. pumoing 3.3 I

|

Esrimated maximum vield 2.5.m. 0

13. Water sample submitted: mo.. cay, vr.

Yes _i{_ No Dcte }

14, Well head comsietion: !
Pitless adaoter 12 inches above jrace

15. Weil groured? __YES

With: K Neat zement

Oeoth: From Q .10 10_ &, !

3entonite Cancrate

: .. - -
16. Naorest source of possicle contamination: = L2 LD
£t N

Direction /e

Well disinfected uoan compietion? __2X%__ Yes e

(Use a3 second sheet if needed)

17. Pump: xNor instaileo

Monufacturer's ncme

Model nymoer HP Volts

Length of drop nine ammee ft. cazacity < 5.5.m.

Type: |

— Submersibie Turbine ;
Jet Reciorocating

Canrrifugal __ Cther

18, Slevarion: 19, Remarks:

Topogrepny:
Hiil
Sicoe
Lniend

‘Yailev

0. 'Woter weil contrector's certifiestion:
This weil waes ariiiep uncer my iurisaicrion cna *his recer”
is Tue to the best of my knowisdge and beiief.

Clarks Well § Zc., Inc, 13
Zusiness name Lizense iz
edren Gr=a3* Band, KS - 57570

d tred - -
. Ot A A AR R S
liznea = PRt
Authorized regresentative

[9)]

forwarg the w~nite, goiue 2na pink copies to the Deporrment of Heaith ana Snvironment

Farm ‘WwWC-5

[PYPRY- 3!



}lf WATER WELL RECCRD Farm 'WWC-5 KSA 320-72°2
A WELL. Sracuon Secuon Number | Towrsnip Numbper Range “umoer
R , St -~ -
J S K v KL w 227 l T e/ S 3 [ix =T

1 from nearest !1OWN Or city street accress of well if located within city? )
3 E45T o T nveepl [ pSEr VoY Serzt
E 1 . - - . E J F 0/
qu’ i/ lMI-Ss NS ‘H/‘ SIEFKES, STARROAL K 5

oX # 60}( /5’3-—5 Board of Agn/nure Dnv:s:on of Water RescuL-"
ﬁﬁ’n Cined, [l LTERD Agplication Numter: j :;_L/.___
OCA* ON WITHI4| DEPTH OF COMPLETED WELL. ... ... .. RO w ELEVATION: .
rﬁ sexc Depth(s) Grouncdwater Encountered 1. ... ... ... C,; LR 2 o3 . -
t WELL'S STATIC WATES LEVEL .. ... X3 .t below land surface measured on mo:day'yr ._‘5’/7/,?5’
l - l\:E _— Pump test data: Well water was ... "’— fl.after ... ... ... .. hours pumping .. ......... gz
1 Est. Yield ........ gpm: yell waterwas ....o...... ftafter ........... hours pumping . . ......... fojulng
4 ¢ | Bore Hole Diameter .. A7 im0, ... L30. ... f,oand. ..o 10 e -
1 WELL WATER TO BE USED AS: S Public water supply 8 Air condcitioning 11 Injection well
' o S‘E . 1 Domestic 3 Feedlot 6 Qil field water supoiv S Dewatering 12 Cther (Specity below)
1 2 lrrigation 4 Industrial 7 Lawn and garden only 10 Observation well ... ... ... ... .. ... ...
] Was a chemical/bacteriological sample submitted to Department? Yes............ NO......veeeen ; If yes, mordayryr sample was 3_-
l S mitted Water Well Disinfected? Yes No
K CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . M!amped. L
3 RMP (SR) 6 Asbestos-Cement 9 Other (specity below) Weided . ...............
l 4 ABS 7 FIberglass e ' Threaded. .. ............
eter ....... 5 Jdnoto .. /00 B £ SO O - TN into............. ft., Dia............. in.to ............. -
bove land surface. . ... ....... /ﬂ.— dn, oweight L oL L cz é'5 ... lbs. . Wall thickness or gauge No. . . .l..?/.ﬁ/. ......
=N OR PERFORATION MATERIAL: 7 PVC_ 10 Asbestos-cement
r 3 Stainiess stee! 5 Fiberglass 8 RMP (SR) 11 Cther (specify) . . ... .. ... ... ...
4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hoie)
2ERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Saw cut 11 None (cgen hole?
us slot 3 Mill slet 6 Wire wrapped 9 Drilled holes
shutter 4 Key punched ‘ 7 Torch cut 10 Other (specity) ....... .. i .
IFCRATED INTERVALS:  From. ........ /09 wwo. /2D HLFOM U -
l From. ..o, B0 e ROFOM . R - P -
PACK INTERVALS:  From.......... PO ttro......... A2 HUFOm B0 e -
From f. to i.. From ft. to -
TERIAL: 1 Neat cement 2 Cement grout 3 Bentonita.. 4 Other ... e e '
From........ O tto... . ... 6 %, From............ B 10, . B, From............ 10 . -
nearest source of possible contamination 10 Livestock pens 14 Abandeoned water well
ic tank 4 Lateral lines A/ 7 Pit privy 11 Fuel storage 15 Oil well/Gas well
r lines 5 Cess poal 8 Sewage lagoon 12 Ferntilizer storage 16 Other (specify telcw)
ignt sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage ... ... ..o
M well? How manv feet?
TO LITHOLOGIC LOG FRCOM T0 LITHOLOGIC LCG
L% Spndy Top Saif

yLa) 5:11/1/({7/ C_Y/A(/

NQETH  cie=Sv@fie y

0 _S‘ﬂNAD C’/AL/
V7, P /,4!-/ - &
_2_.5’__%/ a/»ﬂ/ L) (4
/2D a.e,:u//z_, it ~

|
l

l

ACTOR'S OR LANCCOWNER'S CERTIFICATION: This water weil was (1) cgnstructed, (2) reconstructed, or (3) ptugged uncer my jurnisgicion anc -
on (Mg aay/year) . 5/7 §< 0 Y angd fus recora is true o the best of k/'vxwiedge and beiief. Xa
Caontracior’'s License No. .3 ........... This Water Well Record was compietec on (mo}/a}y yr) _‘5 ............

L

usiness name of ,{7,{,_{3{ L{/} hk// 5/,%/ eg (T by (signature) f~ 4/4/&( m IAI/\

tTME iea rvpewnter Or ball paint pen PLEASE PRESS FIAMLY and PRJNTC'early Please il in bianks, S, underume or ¢ rpé the correct answers. Sers i
=~ enmment. Division of Eavironment, Environmentai Geology Secton, Topeka, KS 66620. Send one to WATESR W~ 2




2
I
-4
m
1
<
m
{
I
1
m
O)
Q]
D
o}
1t

orm WWC-53 KSA 323-7212
ZATION OF WATES WELL Fracuon , . ! Secuon Numper Townsmp Number ‘ Range Numter
= = . 'y Ve ’ [ | - 7 . ' — -
! < Ll L L o f ¢ 2 Y ¢ 0 e v (e Va i D < T </ S = /2 =
o - —

e ang girrection from rearest town or Sity?
s B . N

e é’,:t_»l_'- N A 2 Jeoe. ¥ L._z/, 'j[-—,é’

'ATER WELL OWNER:  J /e o oo B e eia € .:.‘,.-7 A/‘T., 55 'SD:}
t. Accress. Box # / oyl 37 - uiture, D

’ Street acdress of well if .ccated within city?

RS AT Boara of Agric ivisicn of Water Sesc .
B:ate. ZIP Code : i £ B med v Sy ¢ 75 30 Appiication Numper: 77 ¥ - .3 & —
EPTH OF COMPLETED WELL. .../ . (" .k Bore Hole Diameter. . 7. & . \/)( into A f.oang ... ... inte. .
/ater '0 de usec as: 5 Public water suppiy 8 Air conditiomng 11 Injection well
omesiic 3 Feedlot @ Qil tieid water suppty 9 Dewatering 12 Cther (Specity beiow)
Irngation 4 Industnal 7 Lawn and garden only 10 Observation well L
static water level ... .. A ... ft. below land surtace measured on ... .. .. o month . ...... T S cay .. .'5). O
ITes: Data /ll/" _} . Wellwaterwas. . ........... floafter . ... ROUFS PUMPING. . . .. o oo o2
eld ; gom: Weil water was ft. after hours pumecing -
YPE OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile Casing Joints: Glued . A—.’?CIamped. ..
Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specity below) Welded .. . ........ ...
.PVC ., 4 ABS ~ 7 Fiberglass L. Threaded. . ...........
x casing cia . . . -5_/1 ..... N0 ... g f" ..... ft.,Dia......... ..... T o P ff..Dia. ... ......... in.to........ -
height above land surface. .. ... .. / Q. ......... in, weight ........ ... ... ....... Ibs. ft. Wall thickness or gauge No - - /. 25 E&
IOF SCREEN OR PERFORATION MATERIAL: (Trve 10 Asbestos-cement
1 Steel 3 Stainiess steel 5 Fiberglass 8 RMP (SR) 11 QOther (specify) ... ... ... ........ .
Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)
‘ or Perforation Openings Are: 5 Gauzed wrapped @Saw cut 11 None (cpen hcle
Continuous slot 3 Milt slot 6 Wire wrapped 9 Drilled holes
2 Louvered shutter . 4 Key punched 7 Torch cut 10 Other (specity) .. ...... ... ... ........
I:-F’erforation Dia. .. 5 R BT !0 0 oftoDia into ... ......... t..0@a ............. into.........
-Perforated Intervals: From.......... '8 Ko ft. o ...... & 5 ....... ft., From ... ................. ft. to. ... ...
From........... I ft.to.. ... .. ft., From ... ... ... ... ...... foto. .. o
 Pack Intervals: From....... O ... f.to..../. 2. 0. .. ... ff., From................... B0, e
I From . ft. to ft.. From ft. to _
3ROUT MATERIAL: (f; Neat cement 2 Cement grout 3 Bentonite 40ter ... L. L
d Intervals: From. ... .. Q... .. ft.to0 ... /@ ..... ft.. From ... ......... fl.to ....... e ft., From ... ......... flto........
IS the nearest source of possible contamination: 10 Fuel storage 14 Abardoned water weil
Septic tank 4 Cess pool 7 Sewage lagoon . 11 Feriilizer storage d;’Oil well/Gas weil
2 Sewer lines 5 Seepage pit 8 Feed yard 12 Insecticide storage 16 Other (specify belcw?
Lateral lines 6 Pit pri/y 9 Livestock pens 13 Watertight sewer lines . ............... ...
on from well. ... .72 C—:".—:C“./.l.'f ...... How many feet . . NAY= 2 ? Water Well Disinfected? Yes. . H‘TH No ......
a chemical/bacterioicgical sample submitted to Department? Yes ......... e No......... L. ... ......... Wtyes, date sa~
bmitted . . ...... ... ....... momth ... day............. year: Pump Instailec? Yes................ No .. .& .. ..
rPump Manufacturer's name. . ... ... .. ... . ... ... Model No.................. HP . Volts. . ... ..
hotPumpintake ... ... .. .. ft. Pumps Capacity rated at . . .. ... ... . . . e zz
f pumop: 1 Submersible 2 Turbine 3 Jet 4 Centrifugal 5 Reciprocating 6 Cther
NTRACTOR'S OR LANDOWNER'S CERTIFICATION: This water well was@\construc!ed. (2} recons{t(ucted. or (3) plugged under my junsdicticn arc
pletedon . ... ... ... [ month. . ....... V2 day ... .
is record is true to the best of my knowledge and belief. Kansas Water Well Contractor's License No. . ... .. / j 7 AN
i\/ater Well Record was completed on. . ... ,.....° fl e e month. ... ... 4/ ....... day . ..... 5 ~. & year under ‘he c-.:
of A ns s i iady = LHipmrcas by (signature) Tl el e ﬂ;-//c—r-rg_,
OCATE WELL'S LOCATION |__FAOM TO LITHOLOGIC LOG |~ FacMm 0O | LITHCLCGIC LOG
1;(:—1 AN “X" IN SECTION cC .3 L DG ail, ,Z;;f] Dl
_3 // 1:i_LL‘LL~'Z; d(dq_l
: ~ 1L ﬁ,\ '/:",j\-L__‘.’ LN _/Z'__ﬁ__f Lo !
' : X s L & E AN r.__/: e / i ! - i et
l A M ¢- g: 7 C/__,_ﬂ_éé.._t_lc/d'd_é_l_vgz : L= — e
E o — e 79 1 /0 | Ode i 4G wamiecef | ! | bk T
: o | v | » | =
| ‘ L5
: ! | Y
e { | ! : |
i

"AUCTICNS. Use typewriter or ball point pen. please press lirmiy angd PRINT clearly. Please fill in Dtanks. underline or circie the caorrect g_rj_swers.x Senc cc
'es 10 Kansas Depanment of Health ana Environment, Division of Environment, Water Weil Contraciors, Topeka, KS 66620. Seng one to WATER WELL CWNE=-

WATION: ! ‘ | 1
ts) Grouncwater Sncountered 1., .20 7 . R 2. T N P A A {Use a seconc sneet :f neecec)



l WATER WELL RECCRD Form WWC-5 KSA 323-72+2

“ATICN OF WATER WELL. Sracuon Section Numoer | Townsnic Humber Range “umzcer
¢ Stalford SW v B w SW w | 2% |21 5 A 12§ =T
ang direciion !rom nearest !own or City street address of well if located within city?
LEL 5 N of Hudscn, Kansas M1'§§ =
\TeR WELL OWNER:De Siefkes Revelon Drilling
1. Address, Box # :Rcute 3 Box &8 Board of Agricuiture, Division of Water Rescw-
te. ZIP Code ‘Hudson, Kansas 67545 Ruassell, Kansas 67665 Acoplication Number: Unkown
SATE WELL'S LCCATION WITH|4| DEPTH OF COMPLETED weLL. .. 100 . #. grsvaTion: Unknown oL
X" IN SECHC}E\‘J S0X: _D‘eom(s) Groundwater Encountered 1. ........ 28 ... .. o2 . fl. 3. ..
l | 1 WELL'S STATIC WATER LEVEL ....... 28 . velow lanc sur‘ace measured on mo/cay'yr . .. 3/13/32 S
- NiN U r\iE - Pump test data: Wellwaterwas ........... ft. after ... ... ..., hours pumping . ... ....... ole
] ' Est. Yield &0.. ... gpm: Wellwaterwas ........... ft. after . .. ... ... .. hours pumping . . ......... 3z
| | 1 £ Bore Hole Diameter. .. ... 8 . inw0l00 . .. ... ..., ft..and. ... .. into .............
| 1 WELL WATER TO BE USED AS: S Public water supply 8 Air conditioning 11 Injecticn well
__ S:N N SlE . 1 Domestic 3 Feedlot 6 Qil field water supply 9 Dewatering 12 Other (Specify beicw)
l | ) 2 lrrigation 4 Industrial 7 Lawn and garden only 10 Observation well ... ... ..............
1X 1 Was a chemicai/bacteriological sample submitted to Department? Yes......... N ; It yes, mo.day’yr sample was :
S mitted ) Water Well Disinfected? Yes No
25 OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued ... ... Ciamped . . . .
Steel 3 AMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded . ...............
weve 4 ABS 7 Fiberglass L. e Threaded. .. ............
casing diameter . . S in. to. 80 ......... #t.,, Dia............. in.to............. ft., Dia............. in.to ... .. ... ..
height above land surface. .. .......... 12 L.n, weight .. ... 2'8 ............. Ibs. ft. Wall thickness or gauge No. . . SCh‘ Z.J,O ..
F SCREEN OR PERFORATION MATERIAL: 7 PVC 10 Asbestos-cement
1 Steel 3 Stainless steel § Fiberglass 8 RAMP (SR) 11 Other (specify) . .. ..............
8rass 4 Galvanized steei 6 Concrete tile 9 ABS 12 None used (open hoie)
'N OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Saw cut 11 None (open hcle:
1 Continuous siot 3 Mill siot 6 Wire wrapped 9 Crilled holes
Louvered shutter 4 Key punched 7 Torch cut 10 Other (specify) . ... ... ... .. .. .. . ...
iN-PERFORATED INTERVALS:  From. ......... 80..... rto.100 L. B FIOM oo B0 oo
From................. 1 R (o T ft,From ................. ft.to...... ... .. ...
GRAVEL PACK INTERVALS: From.......... 10..... #1.3100 ... B, FIOM.. oo A T
k . From ft. to ft., From ft. to
UT MATERIAL: 1 Neat cement 2 Cement grout 3 Bentonite 4 Other . ...
Intervals:  From...Q....... #.oto0..10 ... .. #t., From............ f.ot0. ... #t., From............ ffl.to ...
g the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well
!Septic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15_Qil well'Gas well
Sewer lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage 16 Cther (specify beicw)
Watertight sewer lines 6 Seepage git 9 Feedyard 13 Insecticide storage .. ... ..o
in from well? South How many feet? 60
LITHOLOGIC LOG FROM T0 LITHOLOGIC LOG

TO
75 Sandy Clay
100 Sand and Gravel

- [T
(W
B
h
&
(\

TRACTOR'S OR LANDOWNER'S CSRTIFJCATION: This water well was (1) constructed. (2) reccnstructed, or (3) plugged uncer my junsciction anc

jeted on (mcrCay:vear) . ... L. 3/ 13 LY 2 ........................ and this record is true to the best of my knowledge a&%':ejgt. Ka-
’ o =¥’
- ‘Nell Contractor's License No. ... ... .. 186 ......... This Water Well Record was compietec on (mexday:/yr) . .............. B/ < / .....
he business name of Kellys Water Well Service By (sicnature) A, N T

A" g g
UCTICNS. Use rypewrtter or ball peint pen, PLEASE PRESS FiAMLY and PRINT clearty. Please !ill in bianks, unaériine or circle the correct answers. Sers

' copies to Kansas Department of Heaitn and Environment, Division of Environment, Environmentat Geotogy Section, Topeka, KS 66620. Send cne to WATER
JE3 ana retain one for vour records.




KGA 329-°2°2
uon Numper | Townsmp Mumber Range Numoer

WATER WEL_ SEZCRD -
TICN OF WATEZR WELL. | Fracueon Se

n
2

3

9]

QO

- STAFSCRD N a =2 P MLy ' 25 I T 2 3 2 1z =
/e aNC Cireclon ‘rom neares: own or ity street adaress of weil if located wmithin Ziry?
Sl el LF HINSDN KT
E3 WELL CWNER:  pPuILLIFS PSTRCLIUM CO. Mj-ef /0
St. Adcress, Box # RE3 8CX 20-A Soard of Agncuiture. Rivision of Water Rescur
'a“e ZiP Coce : G2ZAT 3780 KS 7230 Application Numper: g7 .03=2
ATE WELL'S LOCATICN WITH __rDEPTH OF COMPLETED WELL. . ... .| 114G ... ROELEVATICN: ...
N S:vllcs sox. Depth(s) Groundwater Encountered 1. .. . .. .. ... ... ... .20 B3 -
l | ! WELL'S STATIC WATER LEVEL ... 335 . .. .. ft. below 'and surtace measured on mo:day'yr . ... ... ... ..
.- NEN S !*:E - Pump test data: Well waterwas .. ......... ft. after . .......... hours pumping . . ......... fotend
1 X 1 Est. Yield ........ gpm: Well waterwas ........... ft. after . ..., ... .. hours pumping . . .. ....... [ofol
' | | £ Bore Hole Diameter. . @ . ... .. in.to. ... floand. ... .. into .............. :
| 1 WELL WATER TO BE USED AS: S Public water supply 8 Air conditioning 11 Injection well
. S"N N S|E . 1 Domestic 3 Feedlot X& Qil field water supply 9 Dewatering 12 Other (Specity beicw)
| ) 2 lIrrigation 4 Industrial 7 Lawn and garden only 10 Monitoring ;e}a(ll ...............................
I | 1 Was a chemical/bacteriological sample submitted to Depantment? Yes............ No.l ... ; It yes, mo’cay’yr sample was =
S mitted Water Well Disinfected? Yes No
‘PE OF BLANK CASING USED: S Wrought iron 8 Concrete tile CASING JOINTS: Giued . AL .Clamped . . ..
Steel 3 RMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded . . ..............
I PVC 4 ABS 7 Fiberglass .. Threaced. . .............
¢ casing diameter . . 5 ......... in. to..... S O ...... . Dia............. into....... ... ft., Dia............. in.to .............
eignt above land surface. . . ... ZL‘ .......... in, weight .. .. ... ... .. ..... ... .. Ibs..ft. Wall thickness or gauge No. . ...............
'QF SCREEN OR PERFORATION MATERIAL: XL pvc 10 Asbestos-cement
Steet 3 Stainless steel 5 Fiberglass 8 RMP (SR) 11 Other (specity) . . ................
2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)
tN OR PERFCRATION OPENINGS ARE: 5 Gauzed wrapped 8 Saw cut 11 None (open hoie)
Continucus siot X¥ Mill siot 6 Wire wrapped 9 Drilled holes
2 Louvered shutter 4 Key punched 7 Torch cut 10 Other (specity) ... ... ... i
N-PERFORATED INTERVALS:  From. ..... S0........ s S 0. R, From .. ... B0 o
r From................. ft.to................. ft,From .. ... ... .. L. ffl.to. . ...
GRAVEL PACK INTERVALS:  From....... 20....... fto...... 1C........ foFrom ... ... ... Hoto e
From ft. to ft.. From ft. to
IDUT MATERIAL: 1 Neat cement 2 Cement grout X3 Bentonite 4 Oter L
tintervals:  From. . Q... ... .. foto..... 20..... ft., From............ ffl. to............ ft.. From............ ff.to ......... ..
lis the nearest source of pcssible contamination: 10 Livestock pens 14 Abandoned water well
l Septic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Qil well/Gas well
Sewer lines 5 Cess pool 8 Sewage lagoon 12 Fenrilizer storage 16 Other (specify belcw)
3 Watertight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage LNONE
on from well? How many feet?
lT TO LITHOLOGIC LOG FROM TO PLUGGING INTZRVALS

3 TI0B S071¢
10 SAND

23 cLAY
EETs) je3=Ba Vi

=TT T T
pd
N

NTRACTOR'S CR LANCOWNER'S CERTIFICATION: This water well was’ () constructed, (2} recanstructed, or (3) plugges uncer My jursciction anc

lead on (mo.day'year) ....... ... WC=24=52 and ‘his record 1s true !0 the test of my kncwiedge and telief. Ka~
- - -

' Well Contractor's License No. .. . . . Lz2-3 .. .. . This Water Well Becorc was completec on (madayynl . ... .a= 2

he business name of 3AM'3 WATZ2 WEKL S3EZRVICE by (signature)

sas Cepanmer:

ll'F

CTALCTICNG  Use Cewnter or Salt 5ot pen 2L ZaSE PRESS SiAMLY ang PQINT niwany Please ‘il in DIaNks, ungering of CiCie e SOffec! answell Jenc 183 TAraed
=ealh 1r2 Sawrorment 2ureau of Naler TeOera. aansas 66620-uC01 Teieonane 113-296-5545 Seng one 10 WATER WELL DWNER and retan one 'Cr our rec2ras




l WATESR WELL SECCRC Form WWC-5 X3A 32a-12+2

SZTATION DF WATES WELL | Fraction ' Secuon Numger Townshig Numper : Range Numcte-
-y Stafford | 5T v SW W SW_ % 26 T 21 s i a3 12 z
Ee ang cirecticn from nearest town or city? 9 miles North Street acdress of well if ocated within city?

whe 2 miles east of Hudson

NATZR WELL QWNER: Dennis Siefkes
St Acdress. Box # Route 3 - Box 68 MI 'SS -b Board of Agricuiture, Division of Water Res:
tate. 2IP Code : Hudson., KS 67545 Appfication Number: Not Reguired

JERTH OF COMPLETED WELL. . .36, .. .. .. ft. Bore Hole Diameter. . . .. S.. ... in.to... 96 .. ... ft.oand .. .......... o, ...

Ea!er ‘0 De used as: S Putlic water sucply 8 Air conditioning 11 Injection well

omestc 3 Feedlot 6 Cil field water suppiy 9 Dewatering 12 Cther (Specity below)

I irngation 4 Industnal 7 Lawn and garden only 10 Observation well

e static water level . .. .. ... 23 ... H# below land surface measured on ... ... .. ... .. month . ... .. 14 ... .. day ....: 1981

ITest Data : Wellwaterwas. . ........... ft.after .. .. ... .. hours pumping. . .. ....... .. ... .. ... .....
ieid not ck'd qpm: Well water was ft. after hours pumping

TYPE OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile Casing Joints: Giued . XX . Clamped . . .

l Steel 3 RMP (SR) 8 Asbestos-Cement 9 Other (specity below) Weided . . ............

PVC 4 ABS 7 Fiberglass L Threaded. . ..........
“k casing dia . ..... 5. into ....09. . ..., fl.,Dia.............. into............. f.,.Dia............. into..........
height above land surface. .......... 12 ... in., weight . ... Lo Ibs./ft. Wall thickness or gauge No - - . * 200, ...
OF SCREEN OR PERFORATION MATERIAL: 7 PVC ' 10 Asbestos-cement
1 Steel 3 Stainless steel 5 Fiberglass 8 RMP (SR) 11 Other (specify) . . ..............
2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)

In or Pertoration Openings Are: 5 Gauzed wrapped 8 Saw cut 11 Ncne (open hoe
1 Continuous slot 3 Mill slot 6 Wire wrapped 9 Drilled holes
2 Louvered shutter 4 Key punched 7 Torch cut 10 Other (specify) .. ... ... ... ... ... .....
n-Perforation Dia...... S into ....96. ... .. ft..Dia ............. into ............. ft..Dia ............. into . ........
n-Perforated Intervals: From. .......... 79 ... ft. to....... 96 ... .. ft., From................... ff.to. ... ...

From................... oto.. ... ft., From................... Hoto.. oo,

| Pack Intervals: From........... 60 ..... ft.to....... 96. . ........ fl., From ... ................ ftl.to. .. ...
knular fill From 10 ft. to 56 ft., From ft. to

ROUT MATERIAL: 1 Neat cement 2 Cement grout 3 Bentonite 4 Other ... e

wred Intervals: From. . O ... ... ... f.to.... 10 ... .. ., From ... .96 . . .. f.two ..60 . ... . #, From ............ fl.to.........

'is the nearest source of possible contamination: 10 Fuel storage 14 Abandonec water we:i
1 Septic tank 4 Cess pool 7 Sewage lagoon 11 Fertilizer storage 15 Oil well/Gas well
2 Sewer lines 5 Seepage pit 8 Feed yard 12 Insecticice storage 16 Cther (specity belcw)
3 Lateral lines 6 Pit privy 9 Livestock pens =D igs 13 Waterlight sewer lines ... ...............
ion from well. . . . . north............. How many feet . ............. 20Q ....? Water Well Disinfected? Yes.. XXX ... .. No ......

s a chemical/bacteriological sample submitted to Department? Yes . ..............c.uv.uuu.... No..... XX ... fyes, date sz
ubmitted . . ... ... ... ..., month . . ............. day............. year: Pump Installed? Yes................ No XX........ ..
© Pump Manufacturer's name. . ... ... ..ot e Model No.. . ............... HP Volts. . ... ..

Nhof Pump intake . ... .. e ft. Pumps Capacity rated at . . . ... ... e e e sz
o! sumo: 1 _Submersible 2 Turbine 3 Jet 4 Centrifugal 5 Reciorocating 6 Ctrer

NTRACTOR'S OR LANDOWNER'S CERTIFICATION: This water well was (1) constructed, (2) reconstructed, or (3) plugged under my juriscicticn z-:
Metedon............ P month. ..... 4. ... day ........ 881 .

this record is true to the best of my knowledge and belief. Kansas Water Well Contractor's License No. . ....... 185 .. ... ... . .. ... ..... ..
ater Well Record was completed on. . .. ......... . month. .. ... 20........ :»V./yunder tre o
of Clarke Well & Eg., Inc. by (signature) . g
LOCATE WELL'S LOCATION FROM TO LITHCLOGIC LOG FRCM LITHOLOGIC LCG
‘ ITXH AN “X" IN SECTION 0 12 Fine sand
' 12 74 Sandy brown clay
™ 74 76 Sand & gravel
76 81 Brown & green clay i __
81 96 Sand & gravel T AT DY oA <
) —i o 7=
1)
e 'I
'\ \/
w/
2/ATION: unknown 1 i | l |
is) Grouncwater Encountereg 1. . 23, ... . 2. .. L3 ft.4 . ft. | (Use a second sheet it needed)

i RUCTICNS: Use typewriter or bail point pen, pieasa prass firmty and PRINT clearty. Please fill in Dlanks, underine of circle the correct answers. Se:c R
ies to Kansas Cepanment ot Heaith ang Environment, Division of Environment, Water Waell Contractors, Togeka, KS 86620. Senc one to WATER WELL CWNRz*

NE DANO PAF UNIr racAerme



1D3E TYPEWRITZ2 2R 3ALL
POINT PEN-PREST FIRMLY,
PRINT TLEARLY.

MT -SS Do

WATER WELL RECTRD
KSA 820~-1201-1215

L T ars

T R 3%

sec /4 /4 1,4 No.

Kansas State Deot. Cf Health
(Water Well Tonrractorst
Forbes-3ldg. 740

Tooeka, Konsas 604620

County Tawnsnip name Fraction Section numoer Town numper Renge numoer
i Location of well:
U =giag e mAa —a Are
Stafford Byren Swiz of Swk 223 rlZW

Oistance and direction from nearest town or city:

63 mi. North of Hudson, KS

3 Owner of well:

Cray clzav & limestone

us | 807

Street address of weil locarion if in city: Address: 3 —_—
Y Eudson, Kansas
. Db eyem . ! 30 : Lo LT TR
Locate with "X" in section below: Sketch map: 4 Well agepth: I ft. Date of completion Z -
. N Well dicmeter g in,
: ! ! 3 B Ccble tool E Rotary D Driven D Sug
i ]
P P U P D Hellow rod D Jetted D Bored D Reverse rotary
1 —
: ! 4 Use: |2 Damestic D Public suoply D tadustry
W T -|‘—- o g D irrigation D Air conditioning D Commerciol
: 1 ! D Test well D
PN SRS PR PR i
1 \ | 7 Casing: Mcreriosmhh Zoovelbeiow
X ! ! ! Threaded E Weided @:Surface 2L .
!
| S I Diam. :Weig'm1 S Ibs./ft.—
| 1 Mile { _5_ in. to —Q—Q ft. dep'h:Orive shce?DYes @Nc
2 ———— 0L 1D ft. deotht
Type and color of material Fram To
2 Screen:
. Manufocturer L2823 £ Towall
Sendy Top soil 0l Uu Tyee Smana 200 vie. _A1
iet/gauze 1/13 Length int
Sandy zm clay Ll 38 Set between R0 ft, and S0 _ar.
. Fittings: 3/8 -
Firmo ga=Ad 28 Ly Gravel pack EYes D No Size range of materiol m—
9 Static warer level:

22 fr. beiow land surface Dore kﬂ-75

Sand & orayal

80 1 20

10 Pumoing level below land surfoces:

N/C

— Y,

after —___ hrs. pumoing 3.2.m.
ft. ofter eee.—hrs. pumping g.p.m.
Estimarted maximum yield 3.2.m.
11 Warer somple submitted:
E Yes @ No Date
12 Weil heaa campietion: 2L’."
D Pitless adaoter mhes above gragde
13 Well grouted? E Yes D No

@ Neat cement D 8entonite D

Deoth: From ft. to .

14 Nearest saurce of sassible contamination:

NUIND D

fuse a second sheet if needed)

fr. Direction Type
Well disinfected uoan completion? ! Yes E Ne
15 Pump: Not installed

Manuiactyrer's name

Model number HP Valts

Length of drco pioe ft. capocity 3.Mm.p.

Type:

B Submersibie D Turcine I

E Jet E Recioracating {
|

[T Cther

E Czrmrifucal

3¢ Remarxs: etevation

17

‘Warer well zontroeror's certification:
This ~eil was arillea unaer mv jurisdiction ana this

recort is rrue 1o tne oest of my «nawieage and oeiief.

‘apagreany: Clavis Weit 3 T- T~ 1 ac
E Hill Susiness nome - License MNo.
Pvent TaswA el
I Siope Address o222 = -
- - - - u=1"
[: Uoiang Jignea Core
Y Aulnorizeg reoresentafive 1
'iailev
Forwara the wnite, biye ana pink copses 1o the Kansas State Deot. Of Heaith, Form wWwW(C-:



I TN UEE U IS BN En B T D I T D T - .

APPENDIX C
SELECTED WATER QUALITY DATA

BIG BEND GROUNDWATER MANAGEMENT DISTRICT #5
STAFFORD, KANSAS

The following is a summary of selected water quality (chloride)
data available from various studies Big Bend Groundwater Manage-
ment District #5 has/ or is, undertaking. This information per-
tains to data collected from selected wells in northeastern Staf-
ford County, and data collected from the lower reaches of Rattle~
snake Creek.



In order for Big Bend Groundwater Management District #5 to
formulate groundwater management policy, it requires the collec-
tion and analysis of an adequate base of da:ta. This is espe-
cially true in the eastern portion of the District where natural
mineral intrusion occurs as a result of subcropping Permian for-
mations (Figure 1). This area has long raised serious concern
not only for many local water users, but many scientific inves-
tigators as well: Latta 1950, Stramel 1967, Layton & Berry 1873,
Stullken & Fader 1976, Hathaway 1978, Fader & Stullken 1978, Har-

gadine 1979, Cobb 1980, MacFarlane 1983, whittemore 19889,
Sophocleous & McAllister 1930b, Gillespie 1991, Sophocleocus &
Perkins 1992, Young 1992, and Whittemore 1393 (in press). In

1378, the realization of the potiential problems that might arise
from this condition prompted the combined efforts of GMD #5 and
Kansas Geological Survey in the installation of a netwerk of ob-
servation wells (Figure 2).

The object of this report is not to elatorate on the exist-
ing published data at this time (or the findings and
conclusions), but to provide other agencies with some data that
has been collected by, and is on file with, the District.

As mentioned, the presence of saltwater has been histori-
cally known to exist in the freshwater aquifer, especially in
northeastern Stafford County, where saline waters eventually
reach the surface (in Rattlesnake Creek and the salt marshes of
Quivira National Wildlife Refuge). It is known that under cer-
tain hydrogeologic conditions, the pumping and drawcown from
large capacity wells on the aquifer, allcws an upconing of the
saltwater "interface”. Because of this potiential upconing (and
degredation to the fresh water), the District decided to see, 1if
in fact, this might be occurring in that area.

In the Spring of 1990, the District began conducting
preliminary investigations into irrigation water guality changes
from the operation of large capacity wells in north-central Staf-
ford County. The arsa of study is covered approximately by the
Hudson NW Quadrangle (USGS 7.5’ topographic sheet). See Figure 3.
Samples of water were collected from selected wells throughout
the growing (pumping) season. Intervals for collecting samples
were dictated primarily by when the systems were operating.

Table 1 1ists locaticns, dates of samples, and chloride con-
centrations (measured in milligrams/liter), from this
investigation, along with any other miscellaneous chloride data
that existed, or was taken, 1in this same general area (most of
which 1is frcm domestic wells). Sampling continued until the
early part of 1992, when the area began receiving more normal
amounts of precipitation and pumping was racduced considerably.
This preliminary sampling indicates that chloride levels within
the water pumped from some wells continued tc increase the longer
the wells were in operation. Samples collected from a number ofT
wells increased to total concentration levels of over 300 mg/l
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Figure 1 : Buried (subcrop) bedrock formations in Groundwater Management District #5.
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chloride, and some even increased to over 500 mg/1 chloride.
However, once these wells were shut down for an extended gperiod
of time, the <chloride levels would be decreased when the wells
subsequently went back into operation. Of the 23 wells in which

multiple samples were taken during a growing season, the follow-
ing increases in chloride concentrations (total for the season)

were observed: increases of 0-20 mg/1 = 6 wells; 20-100 mg/1 = 8
wells; 100-200 mg/1 = 6 wells; and increases of more than 200
mg/1 = 3 wells. This preliminary sampling data seems to indicate

that in this area, the pumping (and subsequent drawdowns) from
large capacity wells, does have some effect on the movement of
saline water in the agquifer. But to what extent the total change
(degradation to the aquifer) that is occurring under various
pumping conditions has yet to be determined.

From the GMD #5-KGS observation well network, it was learned
that a "head"” (pressure) differential exists among the Permian,
the basal freshwater agquifer, and the upper watertable 1in most
areas. These "heads"” (measured as waterlevels) alsc vary from
region to region. However, when the Permian, or the basal
aquifer (which is usually saltwater) possesses the highest head,
there could be a natural tendency for upward migration of the
saltwater. Therefore, in considering the total problem of water
quality, the District also wanted to examine the interaction of
the aquifer with surface flows. Since in fact, some of these
surface flows are derived from the underlying aquifer, and are
thus a drain (?pressure release) on the system. Especially, as
was stated earlijer, since natural saline waters from the deeper
portion of the aquifer do eventially reach the surface (this oc-
curs primarily in the flows of the lower reaches of Rattlesnake

Creek, and 1in the artesian seepage around the salt marshes of
Quivira).

Several times during past 1investigations, 1limited water
quality sampling along Rattlesnake Creek has given evidence of a
notable change in surface water chloride concentrations (Latta,
Stramel, and Bidleman). This change (ie. increased
concentrations) occurs in the lower reach of the stream, 1in the
area where the stream passes over the Permian subcrop.

The summer of 1991 was dry, with the area receiving belcw
normal precipitation. The District conducted a preliminary water
sample survey on October 18, 1991 (Figure 4). At that time, only
minimal flow conditions existed (estimate at less than 1 cfs) in
the west half of township T23S8-R12%, ancd in the east half of
township T23S-R13%. These samples also indicated 1increases 1in
chloride concentrations alcng this stretch of the stream (Table
2). From this first preliminary 1information, the District
decided to expand its water sampling, and to begin gaging stream
discharge flows at scme of the sample locations. Stream gaging
was considered necessary as the only USGS gage stations were
either many miles upstream (Macksville station) or many miles
downstream (Zenith station). It was also decided to collect data
on a quartarly basis, to coincide with the waterlevel measure-
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ments being taken on the GMD5-KGS water quality network wells
(January, April, July, and October).

On April 6, 1992, the Rattlesnake Creek was visually sur-
veyed from its exit of Quivira National Wilflife Refuge (east
side 18-21-10, Rice County; 1listed on some topographic maps as
Salt Creek; also located two miles upstream of the Raymond gage
station), to the southwest corner of Stafford County (SwW 28-25-
15). Although ponding of water did occur along many stretches of

the stream channel, actual flowing water was encountered only in
the Tlower reaches (east of US 281, the area of the Permian
subcrop). It should be noted, that although 1992 turned out to

have above normal precipitation, this first survey was taken
before any significant rainfall had begun.

The results of this survey, as well as subsequent sampling,
are shown 1in Table 2. It is evident from this data that dis-
charge flows, chloride concentrations, and total salt load, sub-
stancially change as the stream passes over the Cedar Hills por-
tion of the subcrop , and as it flows eastward. It appears that
more data is necessary before a clear picture of the interaction
becomes apparent.
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Table 1

LOCATION

SW2-21-12

SE 2-21-12

SE §-21-12

NE 8-21-12

SWg-21-12

NE 11-21-12

NW 11-21-12

SW 11-21-12

SW 14-21-12

NW 15-21-12

SE 15-21-12

Chioride concantrations (measured in mg/!) of water

samples from wells in northeast Stafford Co.

DATE

06/19/91

07/10/90
06/19/91

0€/18/90
07/13/90
06/28/91
08/19/91
04/30/92

05/20/89
07/25/90
06/07/91

06/14/30
07/18/90
08/08/90

06/19/90
05/22/91
0€/28/91
08/01/91
08/16/91
05/06/92

06/19/90

06/26/90
04/30/92

07/10/90
0e/a7/91

06/14/90
06/26/90
07/25/90
05/21/91
06/21/91
08/01/91
08/06/92

06/26/50
07/12/90
08/09/90
06/21/91
08/01/91

CL (mg/L)

68

44
49

79

85
86
a3
82

54
121
28

67
87
S0

165
173
208
290
225
263

26

173
a8

48

18
49
107
22

113
35

185
263
304

€3
295

SW 26-21-12 (a)

SW26-21-12 (b)

LOCATION

NE 16-21-12

NE 17-21-12

SE 17-21-12

SW 19-21-12

NE 23-21-12

82 23-21-12

NE 26-21-12

SW27-21-12

SE 27-21-12

DATE

06/14/90
06/26/90
08/09/90
06/21/91
08/01/91
05/06/92

06/28/90
08/09/90
09/11/90
06/28/91
05/06/92

06/28/90
08/19/91
04/30/92

03/16/90

06/26/90
06/21/91

08/01/91

06/26/90
08/16/91

08/27/90

08/27/390

06/18/90
07/Q9/390
07/28/90
08/27/90
06/21/91
06/28/91
08/01/91
08/16/91
05/06/91

06/18/90
06/28/30
07/0%/30
07/25/90
08/27/90
06/21/91
08/01/91
08/16/91
08/3C/91

05/06/92

CL (mg/L)

8s
122
202
131
180
108

55
74
75
57
65

148
160
163

990

181
167

185

86
142

161
163

126
130
129
134
126
137
118
121
146

177
225
270
250
303
2486
214
301
320

215



Table 1

LOCATION

NE 28-21-12

SE 28-21-12

NE 32-21-12

NW 33-21-12

NE 34-21-12 (a)

NE 34-21-12 (b)

SW1-21-13

SE 10-21-13

Chloride concentrations (measured in mg/!) of water

sampies from wells in northeast Stafford Co.

DATE

06/18/90
07/08/90
08/27/90
06/21/91
08/01/¢1
08/16/91

06/18/90

07/10/90
Q7/28/90
08/21/91
06/21/91
06/28/91
08/01/91
08/16/91
04/20/92

06/28/90
07/10/80
08/09/90
08/27/90
05/21/81
06/21/91
08/01/91

10/01/81

06/18/90
07/0s/90
07/28/90
08/27/90
06/07/91
06/21/91
08/01/91
04/30/92

*May represent mixture of a & b

06/18/90
07/0s/80
08/27/8Q

07/13/90
09/19/91
04/30/92

06/28/50
09/11/90
08/01/¢1
08/16/91

04/20/92

CL (mg/L)

125

94
226
147
222
219

68

78
98
6%
73
a1
120
128
az2

242
220
385
480
387
517
441

160

12
138
213
235
104~

38*
222"

47

27
27
47

133

274
320
213
172
310

SE 28-22-11(a)

SE 28-22-11 (b)

LOCATION

NE 13-21-13

NE 158-21-13

SE 24-21-13
NE 26-21-13
NW 26-21-13

NW 27-21-13

NE 28-21-13
SW 4-22-11

SW 5-22-11
(Artesian)

NW 9-22-11
(Artesian)

SW 31-22-11

SE 1-22-13

8S 3-22-13

DATE

08/14/30
06/28/91
08/01/91
08/30/91
Qs/06/91

07/11/90
Q7/25/90
04/30/92

05/06/92
08/16/91
05/06/92
06/28/90
07/17/90
09/11/90
04/30/92
08/01/91
04/30/92
04/30/92
07/13/92
10/01/92
03/26/83

01/28/92

05/15/90

05/15/90

04/07/92

08/27/50
08/11/90
5/086/92

06/18/90
07/13/80
08/27/90
09/11/90
06/28/91
07/28/11

CL (mg/L)

280
302
301
323
201

148
160
133

260
122
134

135
136
185
137

159
64

147
140
137
150

79

106

6750

520
460
362

113
149
181
187
140
195



Table 1

LOCATION

SE 10-22-13

NW 11-22-13

NE 13-22-13

NW 13-22-13

SW 13-22-13

SE 14-22-13

SE 27-22-13
NE 5-23-10

SW5-23-10

Chlcride cocncentrations (measured in mg/!) of water

samples from wells in northeast Stafford Co.

DATE

07/09/90
07/24/90

08/27/50
06/28/91
08/01/91
05/06/92

Q7/Qg9/9C
07/25/90
08/08/90
08/27/90
06/28/91
Q8/a1/91
08/16/91
05/06/92

07/28/92

09/06/88
06/28/90
07/09/90
08/08/90
08/27/90
06/21/91
06/28/91
04/30/92

07/08/90
08/11/90
06/28/91
04/30/92

07/09/90
08/09/90

02/16/93

04/10/92

04/10/82

CL (mg/L)

23
30

41
25
37
20

133
188
264
130
180
457
348

S8

10

550

64
378
518
350
197
326
208

206
365
213
185

333
278

1860

SW 8-23-12 (a)

SW5-23-12 (b)

SW 4-24-11 (a)

SW 4-24-11 (b)

LOCATION

NW 6-23-10

SE 7-23-10

SE 21-23-11

SE 6-23-12

NE 36-23-12

NE 6-24-11

SW 11-24-12

DATE

Q7/18/83

08/09/92

02/08/90

08/19/88

08/19/88

08/19/88

Q6/21/91

12/10/90

12/10/90Q

Q7/26/91

02/18/52

CL (mgiL)
3500

620

305

346

820

50
205
110
185
800

220



Table 2

Surface water chicride concantrations and discharge
data from Rattlesnake Creek
10-18-31| 4-6-392 7-13-82 | 10-1-92 | 3-26-33
1. SW 10-23-13 = CL 80 44 65 52
NQ FLOW LARGE (a)
= CFS PONDED 5.12 0.84 FLOW
2. SE 3-23-13 =CL 310 124 76 130 85
=CFS FLOW FLOW
3. ES 2-23-13 =CL 950 46 975 276
a CFS
4. ES 1-23-13 =CL 1460 1490 856 1660 660
=CFS FLOW
5. ES 6-23-12 =CcL 1990 1750 1028 2000 790
=CFS T FLOW 4 86 11.12 3.53 31.89
6. ES 5-23-12 =CL 1980
SMALL
=CFS FLOW
7. WS 1-23-12 = CL 2340 1810 800 2090 850
=CFS PONDED 5.25 11.85 2.88 34.34
8. SW 26-22-11 =CL 2020 1124 2520 1080
= CFS DRY (6.40)b (25.00)b (3.80)b
9. SS23-21-11 =CL 1070
VERY SMALL LARGE
=CFS DRY DRY DRY FLOW FLOW
10. WS 17-21-10  =cL 7030 6500 8200 1770
=CFS
11. WS 15-21-10 =cL
= CFS (0.53)c (2.70)c (8.80)c (2.20)c
12. NW 7-22-11 (d) =cL 1650 1480 2350 1520
=CFS FLOW FLOW FLOW FLOW

(a) CONSTRUCTICN IN STREAM PREVENTED MEASURING FLOW

(b) USGS ZENITH STATION

(c) USGS RAYMOCND STATION
(d) DATA IS FROM SMALL, UNNAMED SURFACE (7ARTESIAN) FLOW
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