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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 concern 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. 
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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 

deep 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 

4 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

(the SWIFf-113-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. 
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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 (GMDS). It is funded by the Kansas Water Office (KWO) 

and is being carried out by the Kansas Geological Survey (KGS), in collaboration with 

GMDS. 

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 GMDS. 
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location of the Mineral Intrusion study area. 
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aquifer. 8. Vertical section from west to east across the region, showing the relation 
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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. 
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II. Field Installations and Measurements 

Logging, surveying, and sampling 

Nearly all of the KGS/GMD5 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 21S, 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 
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again on May 25. All of the logged wells at the Siet'kes 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 Siet'kes 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. 5; 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 surf ace. 

More detailed descriptions of the well installation and construction procedures and 

14 
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Table 1: Fluid Levels and Other Information From Transect Wells. 

I 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 16-1 21-12-31CCC 243 248 1872 1629 1624 03/25/93 29.0 1843.0 
1872 05/19/93 27.7 1844.3 

16-2 198 203 1872 1674 1669 03/25/93 19.2 1852.8 

I 1872 05/19/93 16.9 1855.1 

17-1 21-12-36DDC 129 134 1804 1675 1670 03/24/93 45.7 1758.3 
1804 05/19/93 44.7 1759.3 

I 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 1792.4 

I 
18-1 21-11-07BBB 231 236 1810 1579 1574 03/25/93 34.0 1776.0 

1810 05/21/93 31.8 1778.2 
18-2 197 202 1810 1613 1608 03/25/93 32.5 1777.5 

I 
1810 05/21/93 30.4 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 

I 22-2 206 211 1855 1649 1644 03/25/93 24.7 1830.3 
1855 05/21/93 23.0 1832.0 

22-3 35 45 1855 1820 1810 03/25/93 16.1 1838.9 

I 11-1 22-10-06CBB 237 241 1763 1526 1522 03/27/93 31.9 1731.1 
1763 05/20/93 30.6 1732.4 

11-2 61 66 1763 1702 1697 03/27/93 13.5 1749.5 

I 1763 05/20/93 10.0 1753.0 

NOTES: (1) All depths are in feet below land surface (bis); elevations are in feet above mean sea level. 

I 
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 intermediate depths in the 
alluvial aquifer. Site numbers may be preceded by MS (for monitoring site). (2) Elevations are taken from 

I 
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. 

I 
I 
I 
I 
I 
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Well 

ID 

I 
1 
IM 
2 
wos 
NOS 
s 
EOS 
p 
3 
DA 
NEOS 
sos 
DW 
DE 

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

Description 

Irrigation well near center of SE/4 Sec. 27 T21S-R12W 

2" (monitoring) well near irrigation well 

Oil-field supply well west of irrigation well 
Oil-field supply well north of irrigation well 
Stock well southeast of irrigation well 
Oil-field supply well east of irrigation well 
KGS Permian monitoring well 

KGS deep-aquifer monitoring well 
Oil-field supply well northeast of irrigation well 
Oil-field supply well south of irrigation well 
Domestic well west of Siefkes residence 
Domestic well east of Siefkes residence 

Legal location 

21-12-27DACC-

21-12-27DACC-

21-12-27DBDC 
21-12-27ACDD 
21-12-27DDDC 
21-12-26CDCC 
21-12-27DACC-

21-12-27DADD 
21-12-26BDB 
21-12-34AAB 
21-12-26CC 
21-12-26CCD 

NOTE: (1) Well designations in the left-band column may be preceded by MI-SS- (for Mineral Intrusion, 
Sief'kes 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. 

16 
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I Table 3: Information for Wells in the Siefkes Intensive Studl Area. 

I 
Top of Land Elev. Elev. Depth Fluid 
screen Depth surf ace top of bottom to level 

Well Location (bis) (bis) elev. screen of well Date water elev. 

I I 21-12-27DACC 60 120 1840.7 

wos 21-12-27DBDC 65 85 1839.4 1774.4 1754.4 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 

I 
1840.7 05/25/93 12.8 1827.9 

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 

I s 21-12-27DDDC 80 90 1836.3 1756.3 1746.3 03/26/93 16.0 1820.3 

I 
EOS 21-12-26CDCC 80 100 1832.9 1752.9 1732.9 03/26/93 18.6 1814.3 

1832.9 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 1817.4 
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 20.9 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 13.4 
1827.6 

07/08/93 12.7 
1828.3 

*Elevations approximate, estimated from topographic map. All other elevations surveyed. 

17 
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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. 

19 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

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 GMD5 (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 animaVhuman 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 Studl in the Siefkes Intensive Stud~ Site.* 

Well Field Lab 
Well Sample Depth sp.c. sp.c. Lab 

Well ID and sam12le location date 

MI-SS-WOS 21S-12W-27DBDC 
MI-SS-S 21S-12W-27DDDC 
MI-SS-DE 21S-12W-26CC 
MI-SS-DW 21S-12W-26CC 
MI-SS-IM 21S-12W-27DACC 
MI-SS-EOS 21 S-12W-26CDCC 
MI-SS-NOS 21S-12W-27ACDD 
MI-SS-P, 200 gal* 21S-12W-27DACC 
MI-SS-P, add'l 100 gal* II 

MI-SS-DA, 1st 200 gal* 21S-12W-27DADD 
MI-SS-DA, 2nd 200 gal* II 

MI-SS-P, gal @210 ft** 21S-12W-27DACC 

See tables 2 and 3 and fig. 5 for well descriptions and locations. 
*amount pumped before sampling 
** Amount air-lifted before sampling 

3-23-93 
3-23-93 
4-15-93 
4-15-93 
4-13-93 
4-15-93 
4-15-93 
4-14-93 
4-15-93 
4-15-93 
4-15-93 
6-02-93 

{fQ mS/cm mS/cm 

85 730 750 
90 1,202 1,130 
90 880 820 
96 820 770 
60 720 680 

100 1,370 1,320 
128 810 680 
228 55,600 
227.8 60,600 
167.0 37,300 
167.0 38,400 
227.8 70,800 

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 21 S-12W-27DACC. (See tables 2-4 for full location and sample 
descrietions} 

Sample Ca Mg Na K Sr HC03 Cl S04 N03 B I 
Well date mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg& mg& 

wos 3-23-93 95.6 11.1 130 0.096 0.0010 

QH 

9.55 

7.80 
7.85 

s 3-23-93 238 10.1 26.6 0.860 0.0050 
DE 4-15-93 116 14.5 47.9 
DW 4-15-93 126 8.0 17.4 
IM 4-13-93 90.6 9.3 107 
EOS 4-15-93 309 14.2 10.2 
NOS 4-15-93 95.0 14.4 29.8 
p 4-14-93 20,960 2,540 3.0 
p 4-15-93 25,240 2,870 1.6 3.8 
DA 4-15-93 13,620 1,500 0.9 2.1 
DA 4-15-93 347 162 8,880 <12 3.2 292 13,940 1,530 0.6 2.2 
P* 6-02-93 697 356 17,800 32 13.7 277 26,670 3,180 0.2 2.1 

*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 GMD5, 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 surf ace 

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/Lat depths above 90 ft, to 13,600 mg/Lat the aquifer base (157-167 ft), 

to at least 26,700 mg/Lin 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 area 

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 

surf ace 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), GMD5 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 GMD5 contribution to the overall cooperative project. A search was also made of 

the USEP A 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: Siefkes Permian Core Description 

197' 10" to 200' 
Moderate-reddish-brown muddy siltstone, no CaC03, 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 CaC03, well sorted, poorly 
indurated, no structures. 

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

204' to 207' 6" 
Moderate-reddish-brown muddy siltstone, no CaC03, 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" to 217' 9" 
Moderate-reddish-brown muddy siltstone, no CaC03, well sorted, poorly 
indurated, no structures, light-gray mottles at 216'. 

217' 9" to 223' 6" 
Moderate-reddish-brown muddy siltstone, no CaC03, well sorted, poorly 
indurated, no structures. 

223' 6" to 225' 6" 
Moderate-reddish-brown very fine sandstone (99% quartz), no CaC03, 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 CaC03, 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 (Ml) and depth intercept (-MO/Ml) 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 Aquifer-Bedrock 
WELL ID dTOP dSLOPE dTOP dSLOPE 
MS16 
MS17 
MS18 
MS22 
MS25 
MS26 
MS36 

0.42 0.005 
4.95 -0.003 

-2.47 0.005 
-0.26 0.012 
0.68 -0.114 

-0.97 -0.004 
4.13 0.024 

dTOP = Change (in feet of elevation) of top of interface (-Mo/M 1). 
dSLOPE = Change in slope (MJ) 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 

35 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

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 
monitorin9 wells. 
Well ID GRDel TOPel MIDel BRel SLOPE FRESH SALT WLel SALTfr 
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 
MSl" 1827.000 1719.890 1700.450 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 
MS4" 1912.000 1809.040 1796.020 1783.000 0.051 94.290 26.040 1903.330 0.216 
MS6" 1950.000 1808.860 1805.430 1802.000 0.039 127.360 6.860 1936.660 0.051 
MS8" 1848.000 1760.080 1745.540 1731.000 0.021 79.160 29.080 1839.240 0.269 
MS9" 1755.000 1685.340 1676.670 1668.000 0.129 61.000 17.340 1746.340 0.221 
MSll" 1763.000 1658.930 1606.970 1555.000 0.022 90.530 103.930 1749.460 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 1703.400 1681.000 0.072 66.610 35.790 1792.400 0.350 
MS18" 1810.000 1676.690 1636.350 1596.000 0.045 100.810 80.690 1777.500** 0.445 
MS21" 1801.000 1682.640 1673.320 1664.000 0.117 
MS22" 1855.000 1677.250 1658.630 1640.000 0.080 
MS25" 1780.000 1755.830 1712.920 1670.000 0.469 
MS26" 1738.000 1658.760 1609.880 1561.000 0.062 
MS29" 1731.000 1580.890 1581.000 1581.000 0.044 
MS35" 1760.000 1609.180 1608.090 1607.000 0.021 
MS36" 1892.000 1726.360 1711.680 1697.000 0.076 
MS38" 1844.000 1709.870 1682.440 1655.000 0.020 
MS43" 1872.000 1825.510 1816.260 1807.000 0.063 

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

GRDel = Ground elevation (feet above MSL). 
TO Pel = Elevation of top of salt transition zone (line intercept-Mo/M 1 ). 
MIDel = Elevation of middle of salt transition zone. 
BRel = Elevation of top of bedrock. 
SLOPE= Slope of line fitted to transition zone (M 1). 
FRESH = Saturated thickness of fresh-water in aquifer (ft). 
SALT= Saturated thickness of salt water in aquifer (ft). 
WLel = Elevation of water table 
SAL Tfr = Fraction of total saturated thickness occupied by salt water. 
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96.790 18.640 1779.430 0.162 
161.640 37.250 1838.890 0.187 

17.840 85.830 1773.670 0.828 
72.390 97.760 1731.150 0.575 

111.560 0.000 1692.450 0.000 
131.770 2.180 1740.950 0.016 
139.610 29.360 1865.970 0.174 
108.210 54.870 1818.080 0.337 
41.500 18.510 1867.010 0.309 
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Table 9. Changes in interface characteristics at selected wells between April and 
May 1993 and between May and July 1993. 

WELL ID 
MI-SS-DA 
MI-SS-P 
MSll 
MS16 
MS17 
MS18 
MS22 

May-Apr 
dTOP dSLOPE 

0.11 0.006 
0.14 0.000 

-3.82 0.002 
-0.84 -0.001 
-2.52 0.003 
-2.51 0.002 
-0.69 0.004 

dWL 
1.9 
1.0 
1.4 
2.4 
1.0 
2.2 
1.3 

Jul-May 
dTOP dSLOPE 
-1.33 0.003 
0.18 0.000 

-2.26 -0.002 
0.76 -0.001 

-0.80 0.001 
-0.61 0.001 
-0.03 -0.002 

dTOP = Change (in feet of elevation) of top of interface (-Mo/MI). 
dSLOPE = Change in slope (M1) of line fitted to transition zone. 
dWL = Change (in feet) of elevation of water level. 
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2.1 
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1.0 
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0.6 
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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 GMD5. 

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 GMD5 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 
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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. 
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Figure 10. Contour map of the change in water level between the predevelopment 
period (pre-1960) and January 1991 in the area of GMD5. Contour intervals are five 
feet 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 Maries 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 long-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-term observation wells in the 
southeastern 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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VI I. 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. 
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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. FE3DGW: 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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VII. 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 GMD5, 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 off resh 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 GMD5 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 (MO) and slope (M 1) 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/Ml). 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. 

II. Transfer ASCII file into Macintosh via Apple File Exchange utility. 

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

2. 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. 

3. Standardize and rescale filtered gamma log -

C4=( (C0-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. 

4. 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). 

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

RUNSUM(C4,C6) 

6. Ratio of cumulative summed logs minus 1 -

C7=(C5/C6)-l 

7. Plot resulting ratio vs. depth (C 1 ); select depth range of transition zone, 

if present. 

8. MASK ratio values below and above selected depth range -

MASK(Cl < lower,C7) 

MASK(Cl > 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=MO+Ml *Cl 

11. UNMASK CO, Cl, C3, and C7. 

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

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

appendix. 
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:·:::.-.-;::•::.:-/;::.:! same some medium to very 

t~/:If [lj;'I '°";. ""' 

I1tJ\[~ JI,:f 
-~</\/.\/i fi_ne to coarse sand, fine gravel, 
· , .. , ·.-··: ... .-.· .. :· .• p1 nk clay 

·:.-,::.:.-.- .. ·, same some "white cal1che 

sand, cemented 

·,.,.•,.-:-:·.:·.:-.::.:.-l dark bro"wn sand 
gray clay 
caliche zone r dark gray clay 

I 

i '"'""'"", red- Permi,n 

I 

10 

100 0 
cps 

elev= 1898 ft. N 0 

CONDUCTIVITY m5/m 
100 1000 

( 1) 25.73 

-<--
X 

::! ::! ,::, 0 

0 
0 0 I 

'° N o-1 

'° '° -,J 
er, 0 er, 
J:>. 

I~ 
0 

-,J 

(sumC/sumG')- 1 

-< 
II 

::! 
0 

+ 
::! -
* X 

N 

'° 
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MONITORING SITE 4 23-14-36DDCD elev= 1 91 2 ft. N © 

ft. LITHOLOGY (log 06- 22- 78) CONDUCTIVITY mS/m 
10 100 

black topsoil 

20 

40 

60 

80 

}(:/j :;~;nish gray silt/cley, some 

:··/:::i:J derk bro'w'n cley 
:_-.::_::_:_·-:-:J_ gray sandy clay 
:.::/\=-_:, fine send 

i,;j}J~ 

T}ti
1i~i 

, .. ·:>::-:·.\)/-:j fine to coarse send, yellow-}:ii~{f ~ ,,,.,,,,, 
·.-:··::,·:.:::.:\)/)1 :;o ~ :I 

0 
. ~ · ••• : :1 

0 
0 i:::, I 

-0 U1 <11 

100 '° 0 N 
~ <7- -"' -J "" N -J -CD N CD ..... CD <.N 

120 

140 

160 

180 

gravel, some yellow clay 

-.::.:·,:::-::::.:;:::! same, yello'w' to ptnk clay 
·.·.-. .-:.-_::._-.:::::::::1 

coal 

cley, with dark grey shale 
inclusions 

red si 1 tsto ne 

light grey clay 

• I 

\: 
I 

\ 
' 
\ 

\ 

\ 

\ 

- -J 
~ U1 

"' CD .. 

200 
send, calcareous siltstone, 
yellow brown 

¾::¾J~~~---~w:•i~;;;il , t 
220 ~ . . .l red siltstone, non-calcareous- -1-------___..,._____, 

I l=1 I Permian 

I § I 
240 J, _____ I 

50 100 0 

(sumC/sumG')- 1 

U1 
CD 

~ 

1000 

-< 
n 

:::I 
0 
+ 
:::I -
* X 

2) 5.81 
1) 5.82 

N 
-J 

10 

U1 
a, 
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MONITORING SITE 6 25- 1 3- 06BCBC 

GAMMA- RAY LOG LITHOLOG't (log 06-19- 78) 

cps 

/f}\j ~i~~wn to reddish brown sandy 

.{::_:".;-')J 
·:·::,,:.·:I fine sand and silt, gray- brown 

}}ff} gravel 
.:.·::• 

::--:·:·:·? {{}{j gravel 

\/:. ::::_:::·_::::·:"1 silty clay, brownish gray to 
·:·::\\:·.: ·:=:_;-~::·t-:-::L 'vlhite 

:::-::.x- :_i_;_:.:_.:_\_!:'_::;.:.:.I_·i, 

}\/:· 
.\=/}: \:{\)] gravel 

• .. •, ·. :?-\/.=l 
·_:-:·:::::\· ·::·.:.-·:..:-J 

·).'-:.:::-:·:_:.:i 

-:;,.::\::.=-.)}f }j 
· \=?)J dark and light gray clay, some 
:i/:.-\:\.J- silt and sand 

~t!~ ;[;;:;~;;;;:;,:;~; 

···1 

tan to brown-gray silty clay, 

sand and medium gravel, clay 
stringers 

pink gray to gray clay, sand 
and gravel lenses 

same, sandstone lenses 

1 00clay-li ke stringer, white 

thin coal beds, green-gray 
shale 

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

10 

\ 
' 

\ 

0 

elev= 1 950 ft. N ___., 

CONDUCTIVITY mS/m 
100 1000 

04-19-93 

(2) 13.78 

(1) 21.89 

-<--

;:o :::r :::r 
0 

-< 
0 0 I 

II 

'° b ~ :::r 
,CJ (>I A 0 
0) 0) (>I + 
-"" VI a, 
A c.n (>I :::r 
A OI N -"" - .... * N ._J (>I X - 0 ._J 
a- .... <.,4 
(>I 0) -

(sumC/sumG')- 1 
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MONITORING SITE 7 24-13-360D0D 

z 
0 
-; ,.., 
-= 
~ 

"' 0-... 
,::, ... 
~ 

:;-

=:: ... 

u) 

0.. 
~ 

-=-

GAt1MA- RA'/ LOG LITHOLOGY (log 08-08- 78) 

j~f J :::".~:i :,;~v• 
:\{'//j" pi nlci:ih gray to brown sandy 

\:\::.)J :iilt 

)//,:) 
<:::::.:::·., 

lit~,=• ro=,uM, 
:·:·:•/:/·:I pi nlci:ih gray to gray- brown 
:/.:.::.~:·J clay len:ie:i 

Jfiitif 1 """''"' ·::.:,;-/.::_'.::_.::•.:,::-:::,• light brown to light gray clay, 

t,t 1 l!i~f =:=~ 
.··., 

·::?T 
//.J light to pi nlcfah-gray :iandy 

... ,f Iilf.t :~ro-~ .. oo 
.·>·:·::. ·.·:;:.:·:,:.:.;.::.:·•:.:: •. i 

~ I, red silt:itone- Permian 
____ ___.. _ _.__..._ yello'w, ft ne :iand 

Cp3 

i I 
I I 
i I 
: I 
u q 
c., 

~ 
§ 
8 

!I 

1 00 grey siltsone 
:iandstone 

light gray and red silt:itone 

greenish to blue-gray silt­
stone 

reddish-brown sand:itone 

10 

0 

elev= 1 906 ft. N 0 
CONDUCTIVITY mS/m 

100 1000 

04-18-93 

(2) 18.21 

( 1) 39.35 

(:iumC/:iumG')- 1 
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MONITORING SITE 8 25-12-1 lAAAD 
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180 

200 

220 

i -~ 
·I 

' .i 
I 

J!i!! 
\'.l~t 

:-:-:~ 
···=i 

-r 
.-=·: 

\:_:·:~! 

;}::) 
·.=:-J 

tj 
::., 

\I 

240 :;rf'.J 
-='-:i;:·_:::·::._:i 

: s i 

! ~ ! 
i 8 l 

260 ~ : 
SO!: 100 

I I 
I, 

1: 

LITHOLOGV (log 08- 11- 78) 

dark brown and gray sandy 
silt 

caliche and gray 38ndy silt 

fine to coarse sand and fine 
gravel 

brown to gray sandy silt and 
silty clay, some caliche and 
gravel 

grave I , fi ne to coarse sand 
lense:i clay :itri ngers 

grayish- brown sandy clay 

gravel, sand, sandy clay 
strinqer:i 
caliche, some fine sand 
sandstone, gravel, sandy clay 
stringers 

:iilty clay, alternating red and 
gray- Permian 

light blue clay stringer 

silty clay, alternating red and 
gray 

10 

0 

elev= 1848 ft. N () 

CONDUCTIVITY mS/m 
100 1000 

04-18-93 
(4) 8.76 

(3) 15.47 
(2) 15.60 

( 1) 24.89 

-<--

\ 
1 

\ 

::0 
::t ::t -
0 
0 

~ N 
,Q 0 

'° a, 
0) 0) - ..J ~ ti! A a, 
(>I a, 
0 -0 uo - ,.,. 

\ 

\ 

\ 
\ 

0 

' 
co 
(>I 
0"' 
A 
a, 

""' ti! 
N 
<.II -

-< 
" ::t 
0 
+ 
::t -* X 

(sumC/sumG')-1 
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MONITORING SITE 9 24-10-31CBCB 

GAMMA-RAY LOG 

i1 

cps 

1 
I 
I 
I 

! 
l 
i 
: 
I 

100 

LITHOLOGY (log 07- 25- 79) 

bro'w'n topsoil 
red clayey sand, fine to coarse 

fine to coarse sand, gravel 
lenses 

fine to very fine sand, some 
pink clay 

silty red clay, some cemeta­
tions upper portion-Permian 

10 

0 

elev= 1 755 ft. N __. 

CONDUCTIVITY mS/m 

100 1000 

x 

I 

(2) 8.66 
( 1) 8.87 

<--

;o :I :I 
0 

0 

'° ~ I 

'° - '° A No 
<>I '° -N OI OI 
A --., 0\ 
C 0 A 
OI CX) CX) 

'° 0 '° ex, 
~ ~ 

-< 
II 

:I 
0 
+ 
:I -* X 

--J 
CX) 

(sumC/sumG')-1 
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MONITORING SITE 10 24-1 0- 06DCCC 

0 

GAMMA-RAY LOG 

c1~,il 

cps 

~ 
I 
I 
I 
I 

i 
I 
i 

1 
I 

100 

LITHOLOGY (log 08-08-79) 

red sandy topsoil 

grayish-tan sandy clay, some 
sand and clay lenses 

sand and gravel 

blue gray clay, green incl u­
sions 

fine sand, blue gray clay 
matrix 

light grey ssndy clay 

sand and grsvel 
blue gray clay lens 

sand and grsvel 

red siltstone, some fine sand 

10 

0 

elev= 1 790 ft. N .,,._ 

CONDUCTIVITY mS/m 

(sumC/sumG')- 1 
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MONITORING SITE 11 22-10-06CBBB 

z 
Cl 
-< ,.,, 
C 

I ----~ , ·i 
· .... 'i 

,,,.., 
/i ., 
>1 

' i 
I 
' 

·I 

i 
.I 
L 

i 
·1 

·' ·:I 
.-:1 
: .. , 
) 

· .. :r 
\j 

·::.:·:,\:I 
···::=, .°i 

I 
I 

LJ, 
CPS 

LITHOLOGY (log 08-28- 79) 

grey to ten to yellow' ssndy 
silty cley, medium to coerse 
send st ri nge rs 

medium to coarse send, some 
grevel 

i nterbedded ten, gray, 'w'hite 
end pink sendy clay 'w'ith 
coerse send end grevel lenses 

send and gravel, cley matrix 

ten clay, some fine send 

gravel 

light to dsrk grey sandy cley, 
some gravel 

fine to coarse sand, grey clay 

dark gray sendy clay 

send end grevel 

red siltstone- Permian 

10 

0 

elev= 1 763 ft. N ..,.._ 

CONDUCTIVITY mS/m 

100 1000 

(2) 13.54 

(1) 31.94 

(sumC/sumG')- 1 
10 



I 
I MONITOR I NG SITE 1 1 

CONDUCTIVITY mS/m 
ft. 

I 
010 100 1000 

05-20-93 
(2) 10.04 

I 20 < ( I ( 1) 30.59 ( 1) 29.63 

) 
40 I < I 

I 60 

I 
80 

I 
I 100 

I I 

120 \': \ : 
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I \': l• 
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., 
\: \'-

140 I I 

I I t ~ 
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I 
\ \ 

' 
160 ; -<-- l -<-

X r 
3: 3: -< 1 3: 3: -< 

I 
:;:o 0 II 

:;:o 0 II 

3: 3: 
0 

0 0 0 0 
0 I A. 0 0 I 

A. N + '° N + 
180 '° N I '° N '° '° (>I (>I :! '° 0 3: I 

I '° O> -,J - (J1 '° N a, --,J '° Ul * a, A. N * c.n 
"° X a, 

'° X co 
~ ~ 

I 200 
0 10 

(sumC/sumG')-1 
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MON [TORI NG SITE 12 29-11 - 36ACCC 

GAMMA- RAY LOG LITHOLOGY (log 08- 25- 80) 

::~::T sandy topsoil, dark bro'w'n, 
.//\l fi ne to medi um 
<·.::·.~:=:! sand, fine to medium-grained 
·:-<r::"-.:1 vlith caliche 

)/ii} 
:::-·::::: .. •- .. · ., 

·:.:.::._: .·.... _:.·_;·.,:•_:./.;:._), 

.- ·:?-:\·:\· 
:.·::/. :·:.•·:·· .. :.·.·.::.=:·:=.·=:: .. ,·: ... :·: .. :,_:11 

·.::···.·.···: .. '.·'. ·-·-•::·::·::: 
.. :.::.- ?:\i: _./)/•:r sand, fine to very fine, quartz 
·-.:·:·-· ::."::·-.::.;·:"J arkose,. thin clay lenses 43•_ 

::·:•::•:': //:\/I 50· 
·-:::>·=-:·- ·.- .. •· .. , 

.:vw,i: 

\t:\i\:l;\::[i:)I· 

cps 

1;;~:t 
:f:SlM 
·· .. ·.· .. •-1 

{\(J sand, fi ne to coarse, quartz 
.=.::::·:,_::! arkose, thin caliche zones 

[lf,;~~j 

~~t\tj 
:_:.::_-:::_:.::I sand, gravel and cobbles, 
:.-/;·/?- yello'w clay at~ 1 oo· 
'.(:?i-i:·l 
·.·.•·····1 

' i 
I 
I 

i 
100 

10 

0 

elev= 1 770 ft. N © 

CONDUCTIVITY mS/m 
100 1000 

04-23-93 

(3) 22 22(2) 21.54 
· ( 1) 23.80 

(sumC/sumG')- 1 
10 
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MONITORING SITE 13 29- 1 4- 36AAAD 

GAMMA- RAV LOG LITHOLOGY (log 09-11-80) 

sand, bro'wn clay, some gravel 
and pebbles 

.• -::,-
1 

same but w•ith less clay and 

__ ,_·,_}/ii more gravel ii iJ[ ,and and g cave I 

;::i; same 'with cobble lenses in 
tan clay matrix 

sand and fine gravel, tan to 
'white caliche 

i:I\i'.\;'(:~I 
·-::::::_:;_-:_-:.-.,_-:":-:·.-:·::1 sandy silt, red, some arkose 

[f-f j'.-~'{)ii;:,r pebb I e, 

I"J'%}f ::i~t 
I 

I 
I 
I 
I 

,.....__..,___
100 

red bed 

cps 

10 

0 

elev= 1 905 ft. N ..,._ 

CONDUCTIVITY mS/m 

100 1000 

04-23-93 

~ 3~ 34.71 
2 34.81 
1 37.45 

(sumC/sumG')- 1 
10 
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MllNll URING SIT[ 14 

1 ere, 

c-~l1c-~1t :or1i:> 
s~ridu i: 1..:1,J. t&r,. f1 r,e tu ver 'J 
f1ne-9r.9ir,ed, quar·tz arko~e 

sand and 9,·avel. quartz srko!,e 
some pebbles and cobbles, some 
cla 11 ball3 in upr,er r•ortion 

;:, 

(3) 99 66 
(2)9972. 

( 1) 100.57 
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MONITORING SITE 1 S 28-11-0lAAAD 

GAMMA- RAY LOG LITHOLOGY (log 1 0-09- 80) 

b.-... , 
.. ·.•; ... ,:1 

\\\.J yello'w'-tan clay 'w'ith stringers 
·::_..-·._.:.-.I of sand and pebbles 

.::•.,-.... <·, 
-:\\·:··;/l sand and gravel, bro'w'n clay 

··-:·1;J and caliche 

:{\/-:-;-j tan sandy clay, fine to coarse 
-:::--:,:.-:::: sand, some yellow' clay 
··.::.:.:::I 

//\/·I sand and gravel 
::\,?:f coarse sand and fine gravel, 
::-.:._::?/! quartz arkosic 

:.-_/·:"-:. i{}{ quartz arkosic sand and gravel, 
-:_{_:\ -::_=_):": some clay lenses 

';!:I ,ond and gravel wUh yellow 
and light red clay stringers, 
some caliche 

:.-·.-:: 

\{;\ :·::;:-:.-:·.-.,:-.:·:.,<•.::1 sand and gravel, quartz arkose, 
:.::,:_:_-.:·. .'::":·:::.:/.<:.-_::•>":"\T coarse-grained, clay at 1 02' 

er /jIIN;t~\J ,,a, aM ""' 
}:(\ .• .. :.:··: ···=·.·,·.:., 0 and and gra"el quartz ar 
.•.• •• :: ••• • :.•.';•:•::_-•.•.-•:••:•::~-., • I -

i;~}i;;::~i.i;~1:l :~,::·:.:::al:n~• .. 11 a· 

cps 

I 

i 

i 
I 
I 
I 
I 

100 

10 

I ........ 

0 

elev= 1 725 ft. N ...,._ 

CONDUCTIVITY mS/m 

100 1000 

( 3) 29 72( 1) 26.83 
· (2) 30.69 

... , .. ,., ..,---~------"t 

(sumC/sumG')-1 
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MONITORING SITE 16 21-12-31CCCB 

GAMMA-RAY LOG LITHOLOGY (log 09-24-80) 

,aooy topsotl, ye!lw 
,and, fine to coar,e, quartz 
arko,e, clay matrix, 1,1e110-., 

,andy to ,ilty cley, ye!lo..,i,h 

10 

to greenish-gray, 30me caltche , 

100 

fine to coarse ,and, gravel, 
quartz arko,e, cla11 matrix 
reddbh-tan to gray 

,and, fine to coarse, quartz 
ark03e 

silty cley, greenish-grey 

gravel, fine to medium, quartz 
erko,e, greenish-gray cla11 
stringers 

sandy shale, red, fine to very 
fine 

I 

0 

elevs 1 872 ft. N ._ 

CONDUCTIVITY mS/m 

'\ I 

' , .. 
\ ·,. 

-<--

::r ::r 
X, - 0 

0 p I 

:., N 

'° "' !JI 
'° '° Cl) 
-J a, 

"' "' 0 a, 

"' a, ..,J 
CD "' "' N CD <.r 
~ '° "' '° "' ,~ ,n ,. 

100 1000 

03-25-93 

\,. 

-< . 
::r 
0 
♦ 

::r -• X 

·, 
.'\ 

CD 
0 
I 

N 

"' ::::, 

(3) 11.99 

(2) 19.15 

\. 
'\ 

\. 

(sumC/sumG')-1 
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\. 
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MONITORING SITE 16 21-12-31CCCB 

GAMMA-RAY LOG LITHOLOGY (log 09- 24- 80) 

~~j ~:.:_.J sandy topsoil .. yellow' 
MLJ :.J sand, fine to coars.e, quartz 
~ !':."·";"-:·."·.\I arkose, clay matnx, yello'w' 

'·;:.:_-·:.':.:j :.-.<·\::I 
~ :-:·,:·.:::.:.::! 
·=··.:·::: ._-'.·:.·.::.~ 

10 

·.:::.-.-:·. :·:•.:·:::.,.-1 sandy to silty clay, yello'w'ish 
\):f_.] to greenish-gray, some caliche ' 

3\i:/ )\}{j 

-~-/::\( 

;m tsrn 
.:":":·:::·~·:·:· ...... . 

x fi;:I~ 
{\/::· .••.. ·.··.:.·-1 

>< f1l~"f 
I.•·:·····':.:_:~.i /\)?I 
::·;(:.:\ ... it!.}(r 
•:::=:,·_-:';:."•:•::·,=:::(d fine to coarse sand, gravel, 
·,.:·.\·'\:·/'./,{fl quartz arkose, clay matrix 
/:--'-:::··::··:·•::•_::::::·.-;1 reddish-tan to gray 

sand, fine to coarse, quartz 
arkose 

.-.-:.}:).'.=:=.::":_::/::, silty clay, greenish-gray 

·· ·· ····· · ··· ·· l gravel, fine to medium, quartz 
arkose, greenish-gray clay 
stringers 

I 
I 
I 

100 
cps 

sandy shale, red, fine to very 
fine 

0 

\ 

elev= 1871 ft. N ,.._. 

CONDUCTIVITY mS/m 

03-25-93 

-<---

:;o 3: 3: 
0 

0 0 I 

'° N 

'° t.n t.n 

'° t.n 0 
,:r> N 0:, 
~ t.n CD 
N N N 
t.n ..,, t.n 
CD CD ---J N --J 
0 N 

~ ~ 

(sumC/sumG')-1 

-< 
II 

3: 
0 
+ 
3: -"' X 

CD 
0 

10 
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MONITORING SITE 17 21-12-36DDCC 

ft. GAMMA- RAY LOG LITHOLOGY (log 09- 30-80) 

601:·J~illl 
~:::-.-:: 

BOflt!!llil 
100 ;;j~;~ 

120 

I I I 

: gj : 
I 
I 

140 1 

50 
cps 

:.l,:::.-·/7Jtopsoil 

;B,"t~I 
r:t:··./-:-:-)-clay some caliche 

}{}; 
...... 

:\Wt 
;:.:=.-:::. 

!II <·.'.·':•:.,..C1 gravel , quortz "'°", ,1,, 

:):(( 

t\i} ·-.-.·.,.-. .-.,clay 

ii} i;rnw ravel, quartz "kose 

.-.::·.-_.·::-_:_: . .-.:·.-::,:.i•:_:'., clay, tan with fine sand 
-_:.-:-:._:.::::-::::::.:-:_.-::::'! 

i1@:~0;,~it 
I 

! siltstone, red 
I 
I 

i 
I 

100 

elev= 1804ft. N ffi 
CONDUCTIVITY mS/m 

10 100 1000 

X 

I 

\ 
\ 

' 
\ 

\ 
\ 

-<--

::0 
3: 3: - C) 

C) 
0 C, I 

i.o -.J <Tl 

'° - U1 

'° """ co cc, a, "" a, ~ a, 
-.J '° U1 

"" co "" N C) N 
a, a, a, 

cc, 0-
_t,,. (1\ ~ 

-< 
II 

3: 
C) 

+ 

3: -* X 

co 
a, 
I 

1) 
45.71 

0 10 
(sumC/sumG')- 1 
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MONITORING SITE 17 21-1 2- 36DDCC 

GAMMA-RAY LOG LITHOLOGY {log 09- 30- 80) 

1 2 0 ...._____,__--'-f ....,__.._____._ 
50 cps 100 

siltstone, red 

10 

0 

x 
\ 
\ 

elev= 1 804 ft. N EB 
CONDUCTIVITY mS/m 

100 1000 

03-25-93 

-<--

X 

I 
:r :r 

:;CJ 0 
-< 

0 II 0 • I 

'° 
0 u, :r -.J . 

'-D A A 0 
co u, Cl\ + 
-.J - 0 
Ul -.J - :r 
Cl\ lN N -0:, -.J ""' * Cl\ N co X 
0 '-D co - VI '-"' 
.t>. co -

10 
(sumC/sumG')- 1 
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MONITORING SITE 18 21-11-0?BBBA 

GAMMA-RAY LOG LITHOLOGY (log 1 0- 02- 80) 

I I 
I I 
I I 
d 
s 

topsoil 
sandy clay, white, fine grained 
clay, yellow' 

\\'. /j sandy clay, pink to tan, fine 
·;-.::;_,_.·._:., grained quartz arkose, gravel 

~;; )_!tI] ;;:~,:,~.:::~ ~H,~ 

i/<_: /\.:·}r 38 nd and gravel , fl ne to coarse, 
\/{ -::-./?i quartz arkose, cobbles at 40-

·."->?:·:,;::<\:·:-] quartz arkose, blue clay string­
ers 

clay, bro'w'n and tan 

clay 
same as 152'-164' 

. :· _:._:-:._.::::_::/:::i,! sand and gravel, quartz arkose, 

·.•.•••i···· '.I;;;r,r :::: ~ ,,,~. ,,~, "~ ~,,_ 
! ... 
! : siltstone, red 

' 
' 

100 
cps 

0 

elev=l 810 ft. N 0 
CONDUCTIVITY mS/m 

100 1000 

-<--

\ 

::0 ~ 3: 
0 

0 
0. ' . C en ~A 
~A ~ 
...J~ N 
""...J a, 
~ U1 
Cl) Cl) c,, 
A ...J -.J 
c,, ...J Cl) 
0 Cl) c,, 
00 
<D N~ 

U1 
-J 

' 

( 1) 34.01 

-< 
II 

3: 
0 
+ 
3: -
* X 

(sumC/sumG')- 1 

2) 32.50 
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220 

' I 
' 

\:, 
' 
~ 

I 

MONITORING SITE 18 

CONDUCTIVITY mS/m 

100 1000 

05-21-93 

(2) 30.40 
(1) 31.79 

\ 
<--

\ X 

\I 
:I :I < ,0 - 0 II 

:I 
0 0 

\ 
oo I 

+ C1> . .i:,. 
0 :I '° C1> '° C1> '° ...J - ...J * ' 

...J r-n In-. X 

\ -
\ 
' 
\ 

240 +-_.._..,....,_....._...,....,..,_._....,.....1.-.1-+-......... -'-"'i 

0 10 
(sumC/sumG')-1 

. ' 
\: 

I 

,0 

!=) 

'° '° ...J 
...J 
C1> 

\ 
I 

\ 

:I :I 
-o 

0 
0 I 

.i:,. ~ 

...J 
N.ll,. 
N ...J _,,..._ 

( 2) 29.20 
( 1) 30.55 

< 
II 

:I 
0 
+ 
:I -* X -(J1 
...J 
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~ON ITOR !NG SlTE 18 21-11-07BBBA 

ft. 

0 

· ... 
(~. 
~ 

., 
··{ 

20-'.}; ,, 
,. 

,. 

40 -~ 

60 

180 

I 
200 ~ 

cp3 

LITHOLOGY (log 1 0- 02- ;30) 

L __ 

:1· i-' top3oil ' ;~ 3andy clay, white, fine grained 
. clay, yellow 

,,::V .. 3andy clay, pink to tan, fine 
_':::::-f/:-r g rai ned quartz a r ko3e, grave 1 
=,--·.-.:.:1 at ?Q' 

=\){)I 3an:, fine to medium 
_:::·::_:_:;._1 3andy clay, tan with caliche 
/.-::.:·:':/:I 
\/.).\! 3and and gravel, fine to coar3e, 
:·.::=::•.::·' quartz arko3e, cobble3 at 40-

i;:J\:_ .... .:/):/iJ so· 
1:-:.=,=./{(/.:'-\-\:] 3andy ~lay ta~ to pinkish-gray, 
.,.~:::._-_:::.=:::-_::_:-:-:::.::.; very f1 ne to f1 ne 

3and and gravel, 3ome pebbles, 
quartz arkose, blue clay string­
ers 

·::::::_:_-:·./::;:.::-:-:=,:<-:·.l clay, blue green to brown to 

:.-.-:.::::·.:=:=:::_.:·::::• clay brow'n and tan 

~/:\/::-_:l clay, tan w'ith gravel stringers 

~L{?·}{;) 
ffi:~f'.,.·:•.·.·., 

l sand and gravel, quartz arkose, 

I some cobbles, trace fine sand­
stone 

I 
I 

100 
3i ltsto ne , red 

10 

0 

elev=1810ft.N 0 
CONDUCTIVITY mS/m 

;:o :I 

0 
0 0 
,JJ A 
.c, 0 c.n Q ..... (N 
0 N 
0 N 
u, CD - (N 
CD CD _.,._ - '"" 

100 

~ 
-< 

I 
II 

<.n :I 
A 0 
(N + 
u, 
A :I 
.c, -- * ...J X 
c.n ..... 

c.n 
...J 

(sumC/3umG')- 1 10 
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MONITORING SITE 19 25-13-36DCCC 

GAMMA- RA\" LOG LITHOLOGY (log 06- 05- 81) 

medium to coarse sand 

··;:;:--:_::::'._":.·i:-:-::-:-:.1 sand and gravel, trace of clay 

!llf lilI\ 
:.-:.-'::-·.-::--.:·:.:,:-:\ red clay fine sand 

r 
I 
I 

tan clay, fine sand 

coarse sand 

red bed 

10 

100 0 
cps 

elev= 1 902 ft. N 0 
CONDUCTIVITY mS/m 

100 1000 

04-19-93 

(2) 14.46 

( 1) 19.50 

(sumC/sumG')-1 
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240 50 

MONITORING SITE 20 25-13-31 DDAA 

GAMMA- RAV LOG LITHOLOGY (log 06-17-81) 

topsoil 

•:J silt and fi ne sand 

;::-\;_:;}1 

reddish clay 

s = 

· ·· · · · · · ·· ~ red rock shale 

I 
I 

100 
cps 

10 

0 

elev= 1 960 ft. N 0 
CONDUCTIVITY mS/m 

100 1000 

( 2) 20.44 

( 1) 29.82 

(sumC/sumG')-1 
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MONITORING SITE 21 26-11-01 DDDA 

GAMMA- RAY LOG 

cps 

LITHOLOGY (log 06- 25- 81) 

100 

topsoil 

sand, fi ne to coarse 

fine sand 

sand medium and coarse 

clay, ten '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 'w'hite clay 
stringers 

sand, coarse to fi ne 

sand,fine 

siltstone, sandy, red 

10 

0 

\'·. . 
\ 

elev= 1801 ft. N ..__ 

C0NDUCTIVITV mS/m 

100 1000 

~ 3~ 21.57 
2 22.87= 
1 25.20_ 

<--

:::r :::r 
;c, - 0 

0 p I 

'° -
'° - (>I 

O'> -,J co - 0 ~ CX) 

(sumC/sumG')-1 

< 
II 

:::r 
0 

+ 
:::r -
* X 

(>I 
(>I 
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MONITORING SITE 22 21-12-06CCBC 

C,>'<MMA-flAY LOG 

_:.::: .. ::i_:J 

LITHOLOGY (log 08-03- 81) 

soil, clay, silt-tan and gray 

fine sand 

'white clay 

sand and gravel, some tan clay 

yellow"- brwn clay 

coarse send end fine gravel, 
some clay stringers 

grey sandy clay 
coarse sand 

ten sandy clay 

··,.:.::-_·.-::--,:: .. :"'.-:<.1 coarse send and fine gravel 

220 
• M Jrt~~f ,~ 011,,,,. 

; g i 
I L 240

c:;ei 100 
cps 

0 

\ 
' \ 

\ 

elev= 1855 ft. N -... 

CONDUCTIVITY mS/m 

100 1000 

\ 

05-25-93 

Al 

0 

'° "' "' "' ..J 
..J 

"' "' (>I 

"" 

( 3) 16.11 

(2) 24.67 

( 1) 29.30 

:I :I - 0 

0 
i:::, I 

CD 
0 ~ 
Q N 
..J "" "' ..J 
..J ..J 

"" -'" a-, 0 
a-, a-, ..., 

-< 
II 

:I 
0 
+ 
:I -* X 

"' 
I 

N 

(>I 

~ 

..J ~ "' 

(sumC/sumG')-1 
10 
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010 

20 
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80 

100 

120 

140 
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180 

200 

220 

240 
0 

MONITORING SITE 22 

CONDUCTIVITY mS/m 

\ X 

\ I 
\ 

I 

\ 

(2) 23.02 

( 1) 28.00 

-<--

::! 
::tJ 

0 
p 
0 

'° CD 

'° .s:. 
'° N 
N CO 
-..11 ..... 

:\ 
I 

' \ ' 

::! -< 
0 II 

::! 
,o 
- + 
,ti. ::! 
'° -N * X 

I 
N 

(J,I 

(sumC/sumG')- 1 

::tJ 
::! -
0 p 0 

'° 0) 

'° N 

'° .s:. - c.n 
u, Im 

:\ 
' 

\ 

10 

::! 
0 

I 

="" 
Cl\ 

-< 
II 

::! 
0 
+ 
::! -

(2) 21.34 

( 1) 26.86 

OJ 
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20 
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60 

MONITORING SITE 22 21-12-06CCBC 

GAMMA-RAY LOG LITHOLOGY (log 08-03-81) 

soil, clay, silt-tan and gray 

Ii~\(f 
:·_··;:::-."·."_.] fi ne sand :.-.. _.·.:., 

/::/:_:_:_-:·/?-:-/.\·~ sand and gravel, mi nor clay 

W\\ 
~:; ,and ond g novel, some ton cloy 

]i~. /Cci:::·.\ce.•."'C'l yell w- b "'"'" clay 

r>··_·.-.:, 

1·.~-'/}{ 
gray sandy clay 

.,.-._..,.-.-::.-::.-: .. ,_.-_:;.T coarse sand and fine gravel 

I 
1 0 0red siltstone 

cps 

elev= 1855 ft. N __. 

CONDUCTIVITY mS/m 

100 1000 

03-25-93 

0 
(sumC/surri,')-1 

10 
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MONITORING SITE 23 21-10-06AADD 

GAMMA- RAY LOG LITHOLOGY (log 09-17-81) 

i~i ··· .. :. 

topsoil 
sandy loam 

tan sandy clay 

t?I'1 
}\/ )}//ii coarse sand and fine gravel 

·.:(~:::-_::_ 

tan sandy clay 

:!Iti i\:\\·/.\:\}i-t ~~~:~1:ayn1e~~~:i ne gravel 

If !,)i"j}!:;;i!liiti 
. ·· ··· · ·· ·· · · · ··· · l sandstone and 'weathered shale 

1 

( Dakota Formation) 

I 
1 00red siltstone 

cps 

10 

elev= 1743ft. N ......_ 

CONDUCTIVITY mS/m 

100 1000 

04-20-93 

(2) 22.35 
( 1) 23.64 
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MONITORING SITE 24 22-10-01ADBC 

GAMMA- RAV LOG LITHOLOGV (log 08- 1 2- 81) 

coarse sand 

fine to coarse sand, tan clay 
stringers 

fine sand 

red siltstone 
140 ...__.______,_ _ _..__..,____,_ 

50 100 
cps 

10 

elev= 1 736 ft. N ..-

CONDUCTIVITY mS/m 
100 

04-20-93 

(sumC/sumG')- 1 

1000 

7.32 
0.04 
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0 

MONITOR I NG SITE 25 23-10-06BBAB 

GAMMA-RAY LOG LITHOLOGY (log 08-1 9- 81) 
10 tt\J red ,.ndy ,ilt 

,, ]~ti :~'.',~:;;:;~~.~:'•" ,tring- • ', 

~(~ t·Ml sand aM grevollen~, 

20 

40 

60 

::--·:: 

{)} 

clay- red, yello'w', light bro'w'n 
caliche zones at 60', 80', 90', 
95', sand and gravel stringers 
occasi o na 11 y 

·:·-.-:-.:_, . .-·.-.:::::.-.;-.-·::1 sand and gravel 

it11ii3i1~IiiJ~l ~~::~r:~:::· zo~ 

1 20 
~. t:::l i red siltstone 'w'ith hard green 

1 
g ! cementations 

i I 

! i 
I ! 
: I 

1405~~--'--....._---''--'---1---~0 
cps 

X 

0 

elev= 1 780ft. N 0 
CONDUCTIVITY mS/m 

;o 

C) 

-D 

'° '° -..I 
tT1 
N 
(>I 

'° U1 
00 

3: 3: - C) 

C) 

:i:,. I 

C1' 

'° '-"' (>I 
C1' ,I:,. 
-..I -.J 

"" (>I 
N ,I:,. 
C1' &i ,:,,. 
C1' .~ 

100 1000 

-< 
II 

3: 
C) 

+ 
3: -
* X 

(>I 
0 
I 

(>I 
Cl1 

~ 

(3) 6.33 

( 1) 11.44 
(2) 11.99 

(sumC/sumG')- 1 
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MONITORING SITE 25 23-10-06BBAB 

GAMMA- RAY LOG LITHOLOGY (log 08- 1 9- 81) 

-· 
:_:.=. 

· . .-:. 
::·.-
:::: 
.·.·. 
;.::: 

::-~-:-:. 

I I 
I I 
I I 

cps 100 

::0 
::! ::! 

C) 

C) C) I '° :r:., -'° C1"> -C1"> (JI 6 
<>I c:, <>I 
(JI --.J N - .I>,. -
"'"' <>I .... 
C1"> '° CX) 
C1"> C1"> (.hi 
00 u, -"' N .t,. ~ 

-< 
II 

::! 
C) 

+ 
::! -
* X 

(.hi 
C) 
I 

(.hi 
(JI 

10 

0 

elev= 1780ft. N 0 
CONDUCTIVITY mS/m 

100 1000 

03-28-93 

(sumC/sumG')-1 10 
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MONITORING SITE 25 23-10-06BBAB 

GAMMA- RAY LOG LITHOLOGY (log 08-19-81) 

X 

0 

elev= 1780ft. N 0 
CONDUCTIVITY mS/m 

100 

::0 

0 

'° ,o 

'° ..,, 
-J 
c.n ~ -J 
c.n 
N 
(.>j 

3'. 3'. 
0 

0 I 

i:.n -a, ~ 
(>I -J 
tN C 

'° a-, - c.n 
~ ..,, 
0 0 
~ -~ N 

-J "' 

-< 
II 

::! 
0 
+ 
::! -* X 

(>I 

0 
I 

(>I 

c.n 
~ 

(sumC/sumG')-1 

1000 
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MONITOR I NG SITE 25 23-10-06BBAB 

GAMMA-RAY LOG LITHOLOGY (log 08-19- 81) 
10 

0 
cps 

elev= 1780ft. N 0 
CONDUCTIVITY mS/m 

Al 

9 
-,:, 

'° '° ..J ..,, 
N 

"" '° U1 
co 

:I :I 
0 

0 
~ I 

O'> 

'° '-"' "" O'> .I>,. 
..J ..... 
0"' "" N .I>,. 

g: 8'i 
O'> -

100 1000 

-< 
II 

:I 
0 
+ 
:I -* X 

"" 0 
I 

"" U1 

~ 

(3) 6.33 

( 1) 11.44 
(2) 11.99 

(sumC/sumG')-1 
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MONITORING SITE 26 23-10-0lAAAA 

GAMMA- RAY LOG LITHOLOGY (log 08- 25- 81 ) 

bro'vln silty topsoil 

cps 

clay, bro'vln, orange, gray, 
:.'.°:\:.::-l traces of sand and gravel 
_::_-::-:-:•:-:"-:! 
:·.:·-:-:::-i-.:+ sand and gravel 

}_i!ii clay, vMte, '""• light red, 
·:.:_:-;-:::-.-:.:;-:I so me is sandy 

;~';\ ;_._:_•_1_:_1_•_1_•_•;1. 

:_.:.=..-:-:~. 

?)/: __ . )/}?f 
,:_:,-:.:;,.-:.:::·.-,,_::·:_-._,:1 sand and gravel some clay 

·.-_:,_;_-_:·._-\.:·-:-:_:::./:·:-".:I clay, light red with sand and 

clay, gray, sand lenses, 
caliche zones 

sand and gravel 

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

:·.- ·:j~·:-":-:.\/:::·J red si 1 tsto ne, green resistant 

//_'-''<''-! i ac1",i o"' 

100 

10 

0 

\ 
\ 

\ 

elev= 1 738 ft. N \.., 

CONDUCTIVITY mS/m 

100 1000 

04- 20-93 ( 3) 6.85 

( 2) 11.11 

(1) 16.21 

X 

I \ 

<--

X, 

0 

'° '° -,.J 
N 
N -..... 
N 
CD 
<JI -

\ 

\ 

3: 3: 
0 

0 
0 I 

O'> ~ 
- co a- CD N ._... 
O'> U1 
co ~ 
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MONITORING SITE 26 23-10-0lAAAA 

GAMMA- RAY LOG 

I 
LITHOLOGY (log 08- 25- 81) 

cps 

?i:":> 
·-:·:-.::.::-. 

bro'w'n silty topsoil 

clay, bro'w'n, orange, grey, {}{?] traces of send end gravel 

;/:·:/} sand and gravel 

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

send and gravel, some clay 
zones end caliche zones 

-:•.-· .. .-•.=.···· . ..-::,-.r 
/=:::·:•:=.'.)'.":::.::::-;--:1 clay light red 'w'ith send and 

··.·.-.':\\·:.\.=;:J grav~l stringers 

·••·<>Lj 
r-
1 

I clay, gray, sand lenses, 
caliche zones 

100 

send end gravel 

elev=1738ft. N~ 

CONDUCTIVITY mS/m 

10 100 

\ 
-<--

0 ~ I II 

'° ~ ~ 
1-----11 '° 0\ OI 

N ,._, -
ID - -
- 0\ N 
0\ 00 A 
"" o a:, 
CX) 0 OI 
<.n 0\ --.I 
0 V, -
(>I 

0 

-;, 
x~ 

(sumC/sumG')- 1 
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10 
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MONITORING SITE 27 23-09-01 ADAA 

GAMMA- RAY LOG LITHOLOGY (log 09-01-81) 

bro\oln topsoil 
reddish bro\oln sandy silt 

~fitJ1 
:· :'.-::: :/:":.!-
!:·: :({ j 
:..'/:)\J clay, gray, varying amounts 

of sand in matrix 

, • . . •~·-?:.-:)/·:/:~::::./:_:j red clay stringers, caliche 

!iil1!il1lt roo,~

96

. 

·=·.<:•.-=::-·:•::=:,:\;::·.:·:.:•·::-:_.t clay red and gray sandy 

'">:;~<:~;£;@,: , 

cps 

red sandy siltstone 

' 100 

10 

I 

' I 

0 

elev= 1685 ft. N ffi 

CONDUCTIVITY mS/m 

100 

04-20-93 3) 9.20 
( 1) 9.95 2) 9.36 

(sumC/sumG')- 1 
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MONITORING SITE 28 25-09-0lADDA 

GAMMA- RAY LOG LITHOLOGY (log 09-03-81) 

topsoil, brow'n silty clay 

orange clay, sandy 

gravel, ft ne and medium grain 
. , <•I brow'n clay, sand and gravel 

·<L streaks 

:·-:,///:j 

II 
(({iI~ 
/::,:-::-;:.: sand and gravel, clay lenses 
-:.-·,,._=::•1 caliche zones 

~I~~ 

...... ··-······· ·····•· .. r red siltsio no, sireab of gray 

100 
cps 

10 

elev= 1 668 ft. N 0 
CONDUCTIVITY mS/m 

100 1000 

04-25-93 

~ 3~ 23.74 
2 23.82 
1 24.48 
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MONITORING SITE 29 24- 1 0- 36AAAA 

ft. 

0 

GAMMA- RAY LOG LITHOLOGY (log 09-1 0-81) 

20 

40 

60 

80 ... ·,:. 

~. '. 
, .. 

j/ 
100 -{~_,:._::-_. 

~/\: 
ff'.i:{{ 

120 

140 

160 

180 J 
I 
I 
I 
I 

200 c::,J-..,, 

, ..... -T -·:.-, 
:'I 
_., clay, sandy, gray and brown 

._::_ ... ~-.--~:j 

Ill ill ~~ :,:~ =rund, le~e, of 

11~ 
ii{:?. 

}/( fine to coarse sand, some clay 

}/{ caliche at 90-92' 

clay, light red sandy, caliche 
at 138' 

. .-_..·.::-.-··:·.•·.··.:: .. ::·, . .-.:, ... , clay, tan, light red, white ruix;~ ~ tJml caliche' ,ome fl~ ~M 

_ ... ~::::,::.::".-_:.:::.:·:/:•:•t- dark red siltstone 

, ;:;0~J~fi! ~hite ~11,tone 

· · ·· ·· .-.... ·. ·.-· .. • .. ·., ... •.• red siltstone, green gray hard l inclusions 

cps 

I 
I 
I 

100 

l 0 

0 

elev= 1 731 ft. N ----. 

CONDUCTIVITY mS/m 

100 1000 

(2) 37.96 
(3) 38.55 

( 1) 50.34 

(sumC/sumG')-1 
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MONITOR I NG SITE 30 23- 1 0- 36DAAA 

GAMMA- RAY LOG LITHOLOGY (1og 09- 22- 81) 

cps 

b?iT 
?_'.:-\\] 

·-.-:-1 
·.'!'j 

:·:"<-:-:-·.:1 c1ay, orange, sandy 

~{(\} 
:/\\J 
•••• -••• •.•I 

:t:·":":-.Y::! tan clay, caliche 

--.::-:-::: -J/f;J 
:-:-:,/· -\·'.,/j clay gray yello'w' orange a 
• .-.- •• :: ·.·.:.·:·., J ,I J 

:·.:-:-::_:. ·::\.:i:_-:-:i fe'w' sand lenses, caliche 
::-:-::.: ·:-:;:.:-: I 
.=_:;.-:;:: \::·/"ii light gray clay, caliche 

\// r=.r:-tL 
\=:=.-·:· :\:-"=::-.'.:=.1 sand and gravel, clay lens at 

clay, tan 

sand and gravel, trace of clay 
and caliche 

I red siltstone, trace red sand 
and green silty cementations 

10 

0 

elev= 1 750 ft. N ffi 

CONDUCTIVITY mS/m 

100 1000 

(sumC/sumG')- 1 
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MONITORING SITE 31 22-09-0tADAA 

ft. 

0 

20 

40 

60 

G;).MMA- RAY LOG LITHOLOGY (log 09-27-81) 

b.:, clay, sandy, bro'w'n 
~~=~j sand, fi ne, ye 11 O'w', 'w'it h b ro'w' n 
:=.i_.::-:·:=·1 clay 
•\;•).}I clay, gray, trace sand, bro'w'n 
.:·:::=\(l clay stringers and caliche 
:,.-:.-:·.-._-.1- bro'w'n and yello'w' clay 
:•::}/~') red hard clay, stringers of ........ , 
.:::::::::•.1 hard 'w'hite clay, caliche 

sand and gravel, thin clay 
lenses and caliche zones 

·_:_.:/:.:-:+ yello\v' clay 
·/.:·.\\.'j sand and gravel 

80 I l_ii.i.1.i.l.l.;.\.• f ;f; !tc~r::~·:,:~,:~:: C 

1 

., 

, 00 ~i ~i;;1l~:1/l 
I ~~ C'C:\ /I ~:,';:,-.~,;~;i. 97 s-98' 

120 
5

1
0 1 lo 

cps 

10 

0 

elev= 1665 ft. N ,.._ 

CONDUCTIVITY mS/m 

100 1000 

04-20-93 

( 1) 13.1 0 
(2) 13.36 

(sumC/sumG')-1 
10 
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MONITORING SITE 32 23-09-250D0D 

GAMMA-RAY LOG LITHOLOGY (log 05- 20- 82) 

dark grey silty clay with 
sand lenses 

-'.(/\):/1 
_-:_:_-::-:-.\-_:_._°I medium to fine grained sand 

}:)i)_\j 
·::.-;:.-·.:"::.) 

blue gray clay 

., 

.. .. '.,,,,,, .. ,·l r,d '"''' 

cps 

I 
I 

100 

10 

0 

elev= 1 689 ft. N ffi 

1000 

( 1) 45.34 
(2) 45.43 

(sumC/sumG')- 1 

3) 0.83 
4) 2.53 

10 
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MONITORING SITE 33 25-12-36CBBA 

G,!,M~'1A- RAY LOG 

cps 

LITHOLOGY (log 06-03- 82) 

red- bro,,1n sandy clay 

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

sand and gravel 
clay with some limestone lay­
ers 

sand and gravel 

red shale 

100 

10 

elev= 1 872 ft. N ffi 

CONDUCTIVITY mS/m 
100 1000 

05-20'-93 

(2) 32.99 
(1) 34.18 3) 33.91 
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ft. 

0 

20 

40 

MONITOR I NG SITE 34 25-09-36DDCC 

GAMMA- RAY LOG LITHOLOGY (log 06- 07- 82) 

cps 

.::::. 
reddish- bro'w'n sandy clay 

gray sandy clay 'w'ith thin sand 
lenses 
partially lithified clay and 
limestone 
fine to medium grained sand 
little gravel 
light gray to yello'w'-gray 
silty clay 

.. .-... .'::f.):J sand, little gravel --- ---------- -- -I red shale 

I 
100 

10 

0 

elev= 1 653 ft. NEB 

CONDUCTIVITY mS/m 
100 1000 

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

(sumC/sumG')- 1 
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MONITOR I NG SITE 35 26- 1 0- 31 CCCB 

GAt11'1A- RAY LOG LITHOLOGY (log 06-10-82) 

reddish- brown silty sandy 
clay 

?i{}t1 :e::: h~::o:n ::dn:: l::

nd 

/-/:•:·:':I sand and gravel i nterbedded 
_-::/:;-.::--:1 with thin clay lenses 

:.:/\: •:·.:;:·>:J reddish- brown silty clay 

--:.-.: . .-,.. :t:?: :\JI\l 
;/{ ••. !_ •. \.:.•.~ {}i(l sond ond g,ovel 
:;·.:-_:::·~:_ ·::·:·::::::·.-::~ 

'CC 1'l11f lil g,oy-brovn sondy clay inter-
•::::::.-.-•::•:<·:-':·.-::, bedded with sand 

s~rt'm':'.J 
•::i.-•::.-:,:?.-::·.-·.:·::/.::, brown clay, slightly sandy 

~rliii[ ::~ i nterOO~~ vith sondy 

:.-\/::·.::.:-/;/::'.:i clay i nterbedded with send 

send end gravel 

· · ........ •.-···.· ·1 red shale 

I 
I 

100 
cps 

10 

0 

elev= 1 760 ft. N ...-

CONDUCTIVITY mS/m 

100 

04-21-93 

1000 

~
3} 19.05 
2 23.70 
1 24.67 

-<---

XJ 
3: 3: - 0 

-< 
0 II 

!==> 0 I 

..0 N ~ 3: 

'° 0 - 0 m 
c,-. ..0 c,-. + c::, -.J VI m c,-. -.J 3: 
-.J '° (>I -N '° ""' "' -.J co O' X 
N -.J co 
"" ~ N 
O' '" 

(sumC/sumG')-1 
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MONITORING SITE 36 27-12- 06BAAB 

ft. 

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

(:.:=-.=:: 
r:'.::•.·. 

.. -_ ..... 
-::.-_ 

I 
I 
I 

220 50 

GAMMA- RAY LOG LITHOLOGY (log 06-16- 82) 

\}{] light brown sandy clay 

_. .. •.•1 

f}:-:j fine to medium grained sand 
/·:J with some clay streaks 
::."::"/:i light reddish- brO'w'n sandy clay 
:;.::.·1 

;ct m1 ,and interbedded vith sandy clay 
// ·=:•:•:-.-:::: light gray- brO'w'n sandy clay rt) }\/i i nterbedded with limestone 

... ··. ·.::::.: }}fl! 

!;ii i~ ~[a,: ar~d:::~:n ,andy clay 
)> !i:/:•l 
:}} :·/\•·i sand i nterbedded with sandy clay 

~H·i!l light gr,y-brown ,andy clay 

•\::,::-;::•_::.::::, light gray-bro'w'n sandy clay 
._.·.::_.·.:=.:,:;•.:·:::::i i nterbedded 'w'ith limestone 

ltiI~\~f ·"" a, , , 2· 

·: .. \:.:(:/':::.l sand and gravel w'ith limestone 
\::;' -::.\/.::/:.:.\_.=J at top 
:_.:·:•:: ·:::::.=:.:_,:·::.:-::•.:I brow'n clay, little silt or sand 
•:::::.. '.:}{:·:_:\?.:::::! sand and ~ravel 
/(:: ·.=::.:.:•:.:::._-.-.:.-:.::1 brown sticky clay 

::,:·. /}({-:.~·}/t {? ·:-::::_-:.-:·,,,:_.:·i sand and gravel 

hght brow'n silty clay 

sand and gravel 

reddish clay 
red shale 

····.·.···.: .. • .. ·,·· .. •·:-:.-.1 sand and gravel 

.... ~::;\:]}i;/(}/:){~, 
red shale 

I 
I 

100 
cps 

10 

0 

elev= 1892 ft. N 0 

CONDUCTIVITY mS/m 
100 1000 

04-21-93 

-<--

n•---""'-< 

\ 
\ 

(sumC/sumG')-1 

( 4) 
28.01 
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MONITORING SITE 36 27-12-06BAAB 

LITHOLOGV (log 06-16- 82) ft. 

0 

20 

40 

60 

80 

100 

120 

140 

200 
50 

GAMMA- RAV LOG 

L= ffl light bcos,o ,oody ,1,y 

·_\·\I 
.:::_.:_,·: fine to medium grained sand 
{/J with some clay streaks 

\}::] light reddish- brwn sandy clay 

.-.:.-:· /}j 
:)::) _\.\j sand i nterbedded with sandy clay 

/)_-:flight gray- brown sandy clay 
// ./·:".=! i nterbedded with limestone 

s'< Q}! 
? ;tt {{It""''"' gcovel 
·;:::-. ::::.- :-::-.:;·j 
{/: :.·_:(: :·\=::;-J light red- brwn sandy clay 
:: : ::: ·_._:_:_:_· __ ::::::. ::: ·.~ :_: I 

:.-:-=:· ·-- //l 
\::.: {·/ :\J sand i nterbedded with sandy clay 

.-.·: . ····1 

·/} .... _.///j 1ight gray- bro'w'n sandy clay 

~'.\i}f }ii{J light gray- bro'w'n sandy clay 

l
?\):_(:/}·\i i nterbedded _'w'ith limestone 
·::-·::.·.-··.:·:.-·1 sand at 11 2 

i]i;t:i9Jl 
· •. :_\//.=(/·:! sand and gravel 'w'ith limestone 

?i?: /_:.-/\/)._=;:/: at top . . 
·-.·.• ::-.-_:,:-.-=-·/·_·.-,_:,_-.1 bro'w'n clay, httle silt or sand 
-=::=_.:_.=.. ::·:_-::==-::-=·.-·.-:.-.:-.-:i sand and gravel 

)){ }{i:-/({-:\ bro'w'n sticky clay 

.}( /·://./}:·:J sand and gravel 

-·:=.-: -/{.:":?·-:/.=.J light bro'w'n silty clay 

I red shale 
I sand and gravel _ ........ _.....__....__..:.. 

cps 100 
red shale 

\ 
I 

0 

elev= 1 892 ft. N 0 

CONDUCTIVITY mS/m 

100 1000 

{sumC/sumG')- 1 
10 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ft 

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

240 

260 50 

MONITORING SITE 37 27-13-0SCABB 

GAMMA-RAY LOG LITHOLOGY (log 06- 22- 82) 

cps 

grey- brow'n topsoil 

brow'n silty clay 

reddish- brow'n silty clay 
interbedded w'ith sandy clay 

-.. ·. yellow'ish-brow'n silty clay 

~£} 
:_:-.'.J send and gravel 

;·,., JI h9hl onu· bc~• ~"'" ,,., 
:.'-:;·:_::_:;:-:_"::::.; 1 nterbedded w'1th some h me 

red shale 

0 

elev=1971 ft. N ..-

1000 

{
4~ 58.49 
3 58.89 
1 60.80 

(sumC/sumG')-1 
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MONITORING SITE 38 26-12- 36ADDA 

GAMMA- RAY LOG LITHOLOGY (log 06- 29-82) 

yello'w'ish-tan sandy clay 

~::.':! 
.c_:_:{_:/1 light gray-bro'w'n silty clay 

\ i~iif :::~•:::~:7" ""'Y cloy 

){{ <:;--;-_::-::-\1 'vlhite slightly sandy clay and 

5\:/: .... _{:}):/J lime 

ii'. !"jj f ~ifi "nd and g cove l 

::({i :·.-.::)::::_:i 

··: .--:: · i/:·\.}~ light tan sandy clay vith some 
{}/ ./-=.":·\::j lime layers 

:}?\ }\:-:\j san~ an~ gravel tl d 
1 •::·-.-:.:.: :):-"/.::-'.:: san y c ay, mot e co or 

.:,.::.-,-: :-:-":.\\I fine to medium grained sand 
·_,.\? :::-::·.-.::-::L sandy clay 
_/::_:_:: \::.:-_:\_:! sand and gravel 
:·\:.·:-:.-·.:·-=·=:/'_;':•:! mottled color sandy clay 
):}:_:-:,///_-:::--:] lime i nterbedded 'w'ith sandy 

sand and gravel 

r ®I light bcovn ,illy cloy 

%if 
. . .. ·:::·-:·.•·.· ...... ·.:-.·1 

{\\{ i:·.(/_:///:\l clay iterbedded with sand and 

t'[t Il~1°1f ::l gme 
~:"::_:."\-: ••• . • •.•••.•• -◄ 

I'],,J~!~ 11-it 
~ red shale 

I 
I 

100 
cps 

10 

' I 

\ 
I 

\ 
' 

\ 
I 

~ 

0 

elev= 1843.6 ft. N --+-

CONDUCTIVITY mS/m 
100 

04-21-93 

1000 

(3) 25.95 
(2) 31.32 
(1) 31.91 

-<---

::0 ~ 3: 
0 

0 
0. I . 0 

N '° -'° '° CJ\ '° 0- ~ VI co 
- '° 0 oo -J 
'D CD 0 
NO co 
0 CJ\ OI 
~ 'D ~ - ,.,., ,J 

(sumC/sumG')- 1 
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0 
+ 
3: -* X 

u, 

'° 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ft. 

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 50 

MONITOR I NG SITE 40 26-09-31CDDD 

GAMMA- RAY LOG LITHOLOGY (log 07- 08- 82) 

cps 

dark bro'w'n sandy loam 

bro'w'n sandy clay 

.... :.:;::J sand and gravel 

f;;:i.;:.:!Il 
·:::_.·.>:1 
\)/d light gray to 'w'hite sandy clay 
:::=.:: .. /:! becoming silty 'w'ith depth 

}!;;-:\/~ 
//:J.:'.J light gray to tan sandy clay 
.?.:.=:··:::] decrease in sand \.lith depth 

•:::::-r.i!:\:i 
._. .. •.·.· ·.:•:=.:=.:.:: .. :J reddish- bro'w"n sandy clay 

!II 1ii;~r ""' ood grovel 

orange- bro'w"n silty clay 

red shale 

100 

10 

0 

elev= 1 735 ft. N __., 

CONDUCTIVITY mS/m 

100 1000 

04-22-93 

i3} 56.16 
2 56.14 
1 56.31 

(sumC/sumG')-1 
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MONITORING SITE 41 26-09-35ADAD 

GAMMA-RAV LOG LITHOLOGY (log 07-15-82) 

}\\}_\\ dark brwn sandy loam 

/:_,i:;::;:l sand and gravel 

-:(:(i\i 
.:·.\•i."·.:.J_ light gray silty, sandy clay 

f ~j I fl"' grai ood ""' 

~.::_-:_:_:_.-:):).\;) yello'vl-ochre slightly silty 
._.:_-:-_-;.:-::/\·-:"/·.":.':<::.l clay i nterbedded 'vlith a light 
=·-::-:·::-,-::-_-._-:::.-::-:.=.'i gray silty clay 

}".[ i;f 5.f ]~it it ;,c;_.,;_,,.,,,.c,:?:, ""''"'gravel 

}.}) 
.. ·.-.:·.:. 

cps 

r 
I 
I 
I 

100 

red shale 

10 

0 

; , 
' , 
' ' 

elev= 1654 ft. N ffi 
CONDUCTIVITY mS/m 

100 1000 
( 2' 2.26 

04-22-93 ( 1) 2.33 (3) 2.37 

(sumC/sumG')-1 
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MONITORING SITE 42 28-13-0lCBAA 

ft. 

0 

GAMMA- RAY LOG LITHOLOGY (log 08-11-82) 

20 

40 

60 

80 :/·.\fr 
~:_::-_:: 

~{j 

120 

140 

160 

180 7 

I 
I 
I 
I 

20050 

•.•.:·. 

cps 

- 0.ck .''°"'" ,aody ,oil . 

:·--i:-:_-._i tan s11ty clay, some cal1che 

': _ _yJ. 
,:_._._.._._._., 1 nterbedded sand and tan to ./(\J dark brown sandy clay 
·.-:-.:·.-:-::_J 

\.'.·}-:":)! dark gray- brown slightly 
-::-:-.-·-.-::/_L silty clay, increase in sand 
(.-\/] with depth 

yellow-tan silty clay with 

···.-··:--:,/)\·.J gray slightly silty clay inter­
·.:.-:.-.:_-:-:":::-t bedded with lime 

100 

10 

0 

elev= 1 829 ft. N -. 

CONDUCTIVITY mS/m 
100 1000 

(3) 13.12 

( 2) 20.15 
( 1) 21.04 

(sumC/sumG')- 1 
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ft. 

0 

20 

40 

80 

MONITORING SITE 43 27-13-31DDDD 

GAMMA- RAY LOG LITHOLOGY (log 08-1 7- 82) 

1 :::1 brow'n sandy soil 
1 

O 

:/j fine to medium sand, some clay 

/I dark gray silty clay 
i.':1 sand i nterbedded w'ith clay 

sand and gravel, some thin clay 
streaks 

:.-·,;::-.-\··.:\:·:•:•;:•,/::_;.::/:."-.;i- w'hite clay becoming tan silty 

:~;(J;;~~~Jiiiif 11 cl 8Y 

···• .. ···.:.:·•:?\•:;.:.:}.:·.-_\_:r red clay and shale- Permian 
"" .,.-.~.::,;::•:<--•::! 

I 
I 

100 
cps 

0 

elev= 1 872 ft N __. 

CONDUCTIVITY mS/m 

100 

-<:---

X 

:::0 
3: 3: - 0 

0 
c::, I 

0 Cl' N 

'° (.>I ..c, 
..c, N A ..c, ..c, <.N 
(N ..c, 0 
<.N A Cl) 
-.J ..c, O"\ 
..c, A tN 
..c, (N (N 

N - '° '" (,J 

\ 

(sumC/sumG')-1 

-<: 
II 

3: 
0 
+ 

3: -"' X 

1000 

<.n 
N 

(2) 4.99 
( 1) 5.37 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ft. 
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:( z 
(I) 0 
:::: -I ,.., 
"' C: -::, 

~ g. 
--s.<» 
?" ci 

(I) 
::, -(I) ..., 

MONITORING SITE 44 29- 13- 35ABBA 

GAMMA- RAY LOG LITHOLOGY (log 08- 24- 82) 

--~ :,·:::· :/:/j dark bro·wn topsoil 
...... ·.·: , .,. .. , 

/::::::.:1 

10 

:.,:.:,.1 sand and gravel i nterbedded 
/\J vith thin yellovish clay streaks 

~\If li me i ot,c bed<ed "; th vhH• 
/·i/l silty clay 

·-:;:-:::-:: tan to orangish sandy clay ..... L 
~fu·_::, 

}ii::-::! 
'.(i-.::i 
::·-/:.\ sand and gravel i nterbedded 
:-=.:::-] 'with silty orange clay 
.=.-::··_:_:_:) 

·::::•:·. :}/() 
S/ 
'·:'::·: gray slightly silty clay 

sand and gravel i nterbedded 
vith silty orange clay 

tan sandy clay 

-:'{/: /·:{:":',.\:·/:
1 

sand mixed 'with sandy clay 

?\/ 
sand and gravel 

light gray to vhite sandy clay 

sand and gravel, some clay 

100 
cps 

red clay to red shale- Permian 

elev= 1891ft. N 0 
CONDUCTIVITY mS/m 

100 1000 

04-23-93 

( 2) 68.37 
( 1) 68.51 

( 3) 76.27 
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MONITORING SITE 45 29-11-01 DADA 

ft. 

0 

~J 

~ 
\-:_ 
'. 

...,0 ~\ 
"-- . 

40 

LITH0L0G'f (log 09-02-82) 

c()~ ::h: ::::,• ::::y :~:y b~om-
):;.<·:"_;:°J i ng sandier v1ith depth, some 
·:_-.=: :->f caliche lenses 

·::::::it:t{1 
·-: ... _, yello\o/-ochre sandy clay inter-

~~(-1 bedded v1ith sand, some ca lie he 
_._::::-_·,":'.::-+ sand and gravel, some yello\o/ 
}_-;-:_\) sandy clay 

< lltll- ;:~-::::. ~.:':' ""'" ,1,y, 

ill;, )i~t ?If l 
:-\=:"=-\ \.\:/· /\=/-::"[- sand and gravel 

60 

100 

120 

.. ·.·-:·.· .. 

r,;::·:_:_:_-.i,··_:-_::_-_:_:_:_: __ -,:· :-., ....... , 

·:::;-_::;).: 

[:i\(·: :_-:_,:::':\ 

·-· . .-.-

yello\o/-OChre silty clay 

1 40 J,:_:_::_:_-:,_·._--._-:· .-:-•::.--. -.-.. ·-· ·::.-\/:/=.\\/·l fine to medium sand, some , ..... _ ..... ::::: . .--.=. 

i:\}{\i :\ •i:_ 

[:·::·_.-·:":-'_:: 

160 f,c)j 

180 r-~~ ,..~ F"u~LC/'('.il ~:~~;:~ Glay and siltstone 

I c::: 
i b 

201JC:J ~' 100 

10 

0 

elev= 1795 ft. N ffi 

CONDUCTIVIT'f mS/m 
100 1000 

~ 3~ 47.69 
1 48.43 
2 48.52 

(sumC/sumG')-1 
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ft. 

0 

20 

40 

60 

160 

180 50 

MONITORING SITE 46 29-11-06AAAB 

GAMMA-RAV LOG LIT HO LOG\' (log 09-15- 82) 

cps 

::-.-:-:.\.- 1 reddish- black clay (topsoil) 
,:-:·\:\: gray and tan silty clay 'w'ith 
=-//\-::1 caliche 
-:-::::·:::··.) 'w'hite, orange, tan, pink clay 

sand 'w'ith clay and caliche 

clay, light bro'w'n to 'w'hite 

tan clay 'w'ith sand 

~gravel, sand with some clay 

I 
j pink clay 'w'ith sand and gravel 

100 
red beds silty to sandy 

10 

0 

elev= 1 830ft. N ffi 

C0NDUCTIVITV mS/m 

100 1000 

(3) 47.06 
(2) 47.08 

(1)51.44 

(sumC/sumG')- 1 
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MONITORING SITE 47 29-13-12ABBA 

GAMMA- RAV LOG LITHOLOGV (log 09- ??- 82) 

cps 

·Q?J black clayey topsoil 
:£•>.-.-.-:1 sand and gravel 'w'ith tan clay 

;~'.':l ::~::::;~;1;1:~ 
. __ ._:?!J gray clay 'w'ith sand, some 
-:·.-:::::,:1 caliche 
:::·::···.-:, 
_:':::,'::.-·:i:l sand and gravel 'w'ith some clay 
'(\.\:I tan clay 'w'ith fine sand and 
./?-?/L caliche 
_:-:).\/i sand, some tan clay 

J'j:,:11 tan clay, cohche, sondlenses 

·;(_:/iJ sand and gravel 'w'ith clay 

i;IJ:i! lenses 

·-:·:.':::·_.-:::; tan, 'w'hite and light gray clay 
?-\::/L 'w'ith sand and gravel 

sand and gravel, some clay 

clay, some fine sand and cali­
che 

:::.-::.=-:\.":':/.::/:/i sand and gravel 'w'ith clay 

sand and gravel 

'w'eathered red bed 

siltstone 'w'ith very fine sand 

I 
100 

10 

0 

elev= 1 900 ft. N EB 

CONDUCTIVITV mS/m 
100 1000 

04-23-93 

(3) 70.73 
(2) 71.21 

( 1) 77.04 

(sumC/sumG')- 1 
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MONITORING SITE 48 29-12-36DCCD 

GAMMA- RAY LOG LITHOLOGY (log 1 0- 07- 82) 

-:-::-.-:T 

'ilif:.1 ::::::,.:~::~:::::,M 
···:·-::-.'.-'.I lenses and caliche 
/}/.-} yellow' clay 
.·:_.,._.:,., 

gift}i 

sand and gravel, some clay 

dark tan clay 
sand with clay and caliche 

:\//·J tan to light red clay, caliche 
.-:·::',";:_:-: i near top 

:_::"t{·(J 
){· .\·.::-:-:-.:::1 

IF !i~:~-I ~:; t)ij ,_,, ";th leooe, ton eloy 

~[j!\)}ff! 
:-.:=.=::-:-:·.'."<·::._-.:::,:, tan and pink clay 'w'ith sand 

!iS~Jt ~i-'t \\:I· ·,i:·,_:·_:_::_./:)::=/:._::1
1 

sand and gravel 
. . ·,::::-:-.:-:=::.:::.-:,::•:·:., ~j'f }W§/:":}j ton eloy wHh f;n, ,ond 

'I&}:sf i)l/;'ji)f l ""' ond gmel 

· ···:.:--.::.:<:·.:::.::_-::\·•:-.::_:_:·1 pink clay with caliche 
... ··.····:::_:_-_/J 
... · .. ••·· .. ~.--::.! 

I red siltstone 

I 
I 

100 
cps 

10 

0 

elev= 1842 ft. N ..,._ 

CONDUCTIVITY mS/m 
100 1000 

04-23-93 

(2) 56.17 
( 3) 56.46 
( 1) 62.84 

(sumC/sumG')- 1 
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ft. 

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

MONITORING SITE 50 21- 1 3- 06BCCC 

GAMMA-RAY LOG LITHOLOGY (log date?) 

topsoil and fine sand 

clay 'w'ith fine sand to'w'ard base 

fine sand 'w'ith clay 

fine sand to coarse gravel with 
clay streaks, pebbles at base 

clay with sand and gravel 

sand and gravel with clay 
streaks 

clay 'w'ith sand and gravel, 
trace of caliche 

sand and gravel 

tan clay 'w'ith sand 
sand and gravel 

tan clay 'w'ith sand and gravel 

fine to medium sand 'w'ith clay 

gray sandy clay 'w'ith fine 
gravel 

10 

0 

elev= 1 912 ft. N _..,. 

CONDUCTIVITY mSlm 

100 1000 

04-17-93 I 
I 
I 
~ 
I ( 1) 25.651 

(2) 25.81 
<3> 25.95 I 

I 
~ 
I 
I 
I 

~ 
I 
I 

~ 
I 
I 
I 
~ 
I 
I 
I 
L 
I 
I 
I 
~ 
I 
I 

~ 
I 
I 
I 
r 
I 
I 
I 

f f f f I f f f I I f f I I 11 ,I 
I I I l Q 

(sumC/sumG')- 1 
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20 

40 

80 

100 
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18050 

MONITORING SITE 51 21-14-36DDDA elev= 1 915 ft. N .,.__ 

GAMM/'.rRAY LOG LI THO LOGY (1 og date?) CONDUCTIVITY mS/m 

10 100 1000 
topsoil, tan clay f--··-·! ..... ~-;~;~~~lis-g~ I I I 11111 

:cftii!f~l 
I ___ ,L I 

I
(~· (2) 17.34J 

-----.. ._____ ( 1 ) 1 7. 8 77-
-; --... Ill 

f) ne sand and clay grading i nt)I .,,.t./_,,., I 

cps 

! 
I 

! 
i 
! 

fine sand ,r I 
I ) 
~ k, L 
I \ I 
I .r/ I 
I $ I 
I

_,/ I -> r 
I,> I 

t-> I 
medium sand to fine gravel, f--~~ ~ 
sandy clay at 101 · I.,•··; I 

~? 
I ~---.,, 

7 ./' 
I..-: ... I ~~~ 
I _.,,:>" 

sand and i nterbedded gray j .. ;/" 
clay I 5'-' 

I ·~~'-r 

I i 
I ) 1 .,.,.,• 
I -~. 

sandy clay 

sand and gravel 

brown sandy clay 

I ,.. 
fine sand to coarse gravel, I ? 
clay at 1 49' l 

5
;,-

1 \ 

1----· :"'::>-,._ 
fi ne to coarse sand 

I 

I 
L 
I 
I 
I 
~ 
I 
I 
I 
~ 
I 
I 

1 oo sandy gray clay with fine 
gravel ( Dakota drift) 

II 11 JI II 11 J J 
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MONITOR I NG SITE 52 23- 1 3- 06BBBC 

GAMMA- RAY LOG LITHOLOGY (log date?) 

·•.:-F'..J:I-:Jd topsoil, fine sand 

sand and fine to medium gra­
vel, clay at 54' 

gray clay 

=:.-: .. ;_..- .. .-.,.·.· .. .-.,, .. .-.-.,.:•·:, f1 ne sand to f1 ne gravel 

· ······:.:•:.:::.::•.=:-.:_--_:::-:.-,: .. -:::::, light gray clay i nterbedded 

[J~j~;if !fff!~~ with n~ oaOO 

cps 

I fine sand to fine gravel inter­
bedded w'ith gray clay 

100 

fine sand to fine gravel 

10 

elev= 1920 ft. N ---.. 

CONDUCTIVITY mS/m 
100 1000 

05-19-93 

( 1) 29.43 
(2) 29.91 
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Appendix 8. 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-la -- site conditions prior to drilling, with stratigraphic units estimated from 

available well logs. 

B-lb -- 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-lc -- 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-ld -- 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-le -- 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'). 
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0 

50 

100 

150 

187 

227 

e 
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=-=--~ ~, 
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f 

::i:11111 

Jt 
::::=:::: 
::::r: 
::::r: 

:\}f 

~l 
Figure 8-1. Sequence of Permian monitoring-well installation operations 
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3"-PVC coupling 

3"-PVC 

1 "-left-hand pipe thread 

•~4-+-- cement 

check valve ball 

pin for holding ball 

Figure 8-2. Cement shoe design (see text for explanation of use). 
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B-lf--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. 
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USE 7YPE'-NR17EP ::R 3AL~ 
POINT PE!',-??ESS FIRML ',, 

PRINT Cl.EARLY. 

,. Lacationoiwell: I c~un:tafford 

2. Distance ano ciirecrion 'rom nearest town a city:·_ 

~rocrion 

1/4 

8 miles Northeast of Hu~son, KS 
Street oaeress oi weil !ocation if in city: -.. , . 

Sketch mop: 

N 

l I I 
I I 

-- NW -- - - NE--
I I 

.:! I I 
~ w E 
- I I 

l 
I I -- SW -- -- ~ --
I I 
I I 

,-1Mile-, 

S. Type one: color of material 

too soil & sanrl 

brown & qrav clav 

brown clay & limestone streaks 

sand & gravel 

brown clay 

WATER WEL:. REC8RD 
KSA 32a-lZ0l-1215 

l/4 CSE 1/J 

3. O..,ner of well: 

R.R. or streer: 

I 
'7 own~n, o numoer 

- 21 
De:inis Siefkes 

Route 3 

Kansas Jf!oorrment 'Jr ._.eo1 t!i 'JM 

Env1ronment-C,ivis1on or :.nv,ronmenr 

fWorer -...,ell Contrac•on 1 

iooe,co, Kansas 600:'.J 

I 
R. ange nvmo.,,. 

s ~ 12 :. '.'I 

City, Slate, :ip cede: Hudson, KS 67545 I 

From To 

0 

Q 

C..7 

~7 

78 

78 80 

80 90 

6. :,Ore hole dio. f.::___ in. 

Well deoth ...12.Q_ ft. 

7. _ C;:ble rool _ Rotary 

Hollow rad Jetted 

_ Driven Dug I 
Bore-a L ~everse rotor., 

1 

8. Use: _ Domestic _ Public supply _ Industry 

~ Irrigation _ Air conditioning_ Stock 

Lawn Oil field water Other 

9. Casing: Materia~tee 1 :Height: Abose or beiow . I 
ihreooed __ Weided_x_1Surfoce 12 in. 

RMP ____ PVC ____ :Weight 3 Q 0 3 !bs./',. 

Dia.16 in. to Q.Q_ ft. deoth[Wall Tn,ci<ness: inc',e, or \ 

Jioain.to9..Q_ft.deoth!;oge~o. 7 qa,, I 

10. Screen: Monuicc~urer's name _D_o_e~r~=~----- I 

-----------------------' 
7ype double-slot Dia. 16 11 i 
Slot/gcu:::e l / 811 Length 5 U I i 

Set berween 6 Q 't. and 80 '•, \ 
-----~9:...O:,:...._ft. end 1 ?Q f,.\ 
Gravel ~ack? ~ Si:e range oi moteric13 / R-2/JO : 
11. Static water level: mo./doy/yr. I 
14 1 611 ~t.belowlcndsvrfo~e Date 10-1-76 . 

12. Pumping level beiow lond surioces: 
___ ft.ofter ___ hn. pumoing 

UQNt,~ 
___ ft.ofter ___ hrs. pumoing 

:stimared maximum vield 

13. Weter some le submitted: 

Yes X No Dare 

___ g.o.m. j 
___ 3.::::,.:-:i.· 

;.::,.m. ! 

' :no., o::::y,1 yr. ! 
! 

1-..as;..;a;;;.n=.;:d:;;._.;::&:__.:;;:ga.:-::-=-=a'-'v'--e:::..:l,._ _______________________ -+-_9~0~;.......;l:..:2~O~ 14. Well head comoletion: 

12 

r-.._!_1 l Iv /'. -I' I I J .\ 

-,--

Pitless adccrer \ncr'les cOove ;rccie 

15. Well grouted? ves 
Wi th:_;f_ Neat cement __ Benrcni ~e 

Death: From O ft. ta _l.Q_ 't. 
i'lU.~J:. t\.J.~---qw r-. 

l6. Neoresr source of poss101e contamination~ 
fr. ____ Oirecrion _____ Type ____ _ 

\Nell disinfected ucon comoletion? 

I I 1
1 i. Pump: Not instoiled 

Monufocfurer', nc,,,~ PeeiTes~ P1.1reo r--------------------------------------....!..,---'-1-----', Mcxiei numoer l.LtlB-:i HP Cl O Voi" ~0 ~ • 
1 
.. engrl, of droo pioe80 ft. ccoociry ...2.Q.Q,;.~-~- i 

I I I -Tyt>e: Suomernbie 

t------------------(U_s_e_o_•_e-co_n_o_· -d-,e-e-,-,-,-,-e_e_d_ed_l ----------1'-----l'----_;I ~ iurcine 

T ooogrc:::,ny: 

__ Hill 

__ Sloce 

__ ,.._,oiono 

1/oi lev 

19. Remarks: 

__ Jet 

ZO. Water well conTT:1ctor· s cerri fi cation: 

"."his weil HOS orilled unaer my iuris.aicion :::no mis reocn 

;, ~ve ro ri,e Oest oi rny '«.nowieoge 'Jna beiiei. 

C~arke ~ell & Squ;v•,TJCl 1 ~; 
3u11ne11 name '-.cen1e "'•::. 

Acdreo, Great: Bend, KS 67530 
¾'Z/ t:?.A. ~

0
~2-3-~6 

I Fo,waro ,M Nnot•, 0lue on<l o•n• copie, ro the Deoonmenr oi Heoltn end Environment Forl'Ti 'lvWC-5 



I WATEc1 WEL:... 9E·:CRD Form WWC•5 KSA 32::i-::': 
:,; 71CN ::;F WA 7=R WE:...:... Sec:1on Number j :=,ance 'Jur.-::er 

Sta.:':"ord SE 114 27 I 12~i -
e :me: C:Irec::on tram nearest town '.Jr '.:,ty street address ot well 1t locatec: within city? 

E & N of F...idscn Kansas 

I
. -c:R WELL OWNER. J. Shumway L. D. Drilliri.g 

t Ac:c:ress. Box ,;, . Hudson, Ks. Route 1 Board of Agriculture. 01v1s1on of Water Resc· .• · 

.::,aie. ZlP Code 6754~ Great Ber.d, Ks. 67_5J0 Acolicat1on Number: TS2-5ll 
CATE WEL! . .'S LOCATION WITH 4 DE?TH OF COMPL:TE:J WELL. ... 85 ......... ft. EL:VA71ON: Un...lmown 

IX .. IN SECTICNN SCX: 

I 
I 

I 
I 

-- NW --
I 
I 

I 
I 

-- SW --
I 
I 

- -

--
s 

I ~;~:'.;} ~:~~w;;~:,;c:~~~~e~ .. :·.

2 \5.. ft.·~~,~~ l~~~:u~~ce measure~ ~~·~~,-d~;.·y:· ·. ·.: ·.: Oi/ii/83 .. 
I 

NE--
I 

Pump test data: Well water was . . . . . . . . . . . ft. after . . . . . . . hours pumping ......... . 

Est. Yield . 6.0 . . . . gpm: Well water was . . . . . . . . . . . ft. after . . . . . . . . . . . hours pumping . . . . . . . . . . . _ 

I 

I 

Bore Hole Diameter ..... 8 .... in. to . 8 5 ............... ft .• and .................. in. to ........... . 
E 

WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 lniection well 
I 

S£ --
I 

1 Domestic 3 Feedlot 6 Oil field wat0r :wi;plv 9 Dewatering 12 Other (Specify below) 

2 Irrigation 4 Industrial 7 Lawn and garden only 10 Observation well 

I Was a chemical/bacteriological sample submitted to Department? .Yes .......... ~ .......... ; If yes, moiday:yr sample was : 

milted Water Well Disinfected? Yes 

: OF BLA.NK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS· Gluod ..... Clamped ... . 

Steel 3 AMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded .............. . 

2 PVC 4 ABS 7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . . . . Threaded ............. . 

l~d. 5 · 6t:. D. · ft o· · asing 1ameter ............. in. to .. ,,1 . .••••••.. ft., 1a ............. 1n. to ............... , 1a ............. 1n. to ............ . 

height above land surface ............. µ ... in., weight ......... ? ~ .~ ............ lbs. ft. Wall thickness or gauge No. . .... ~c~ 0 
.• 40 .. 

: OF SCRE:N OR PERFORATION MATERIAL: ~ 10 Asbestos-cement 

l Steel 3 Stainless steel 5 Fiberglass 8 AMP (SR) 11 Other (specify) ................ . 

Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 

==-N OR P!::RFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Saw c,it 11 None (open hole: 

1 Continuous slot 3 Mill slot 6 Wire wrapped 9 Drilled holes 

I louvered shutter 4 Key punched 7 Torch cut 1 O Other (specify) ....................... . 

N-PERFORATED INTERVALS: From ........ ~5 ....... ft. to ... ~5 ............ tt., From ........... : ..... tt. to ............... . 

From ................. ft. to ................. tt., From ................. tt. to ............... . 

GRAVEL PACK INTERVALS: From ........ 10 ....... ft. to ... ~5 ............ ft., From ................. ft. to ............... . 

From ft. to ft .. From ft. to 

:::;ouT MATERIAL: 1 Neat cement 2 Cement grout 3 Bentonite 4 Other .............................. . 

Intervals: From ........ 0 ... ft. to .. 10 ........ ft., From ............ ft. to ............ ft., From ............ tt. to ......... . r the nearest source of possible contamination: 10 livestock pens 14 Abandoned water we!! 

, Septic :ank 4 lateral lines 7 Pit privy 11 Fuel storage 15 Q;I w0I1'1"~pc: '«'"" 

2 Sewer lines 5 Cesspool 8 Sewage lagoon 12 Fertilizer storage 16 Other (specify below) l Watertight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storagbO ....................... . 

n from well? 'R;:i,:;t How manv feet? 
JM TO UTHOLOOIC LOG FROM TO LITHOLOGIC LOG 

.o 50 Sandy Clay ( 04) 
I-so 85 Sand and Gravel f'r,) • ... - \. 

, 
I 1n, -- ---

I 
■ >- r' \ /1 -"?, \.-i 

U l L--- ..) ........ i I ._ j 

I I 
I 

I 
• i I I 
I ! I I I - I I 

I ' 
I 

I I 
■, ·-- - = - 1\ ,-.""'r"c•,-,,,...o,-,4 r~ ' 

~ 
~ r :Tl ;urisdic:1on anc ~N, HAC, CR S OR LANDOWNERS C-RTIFICA, ION. This water well was ( ______ ,... (2) re_~nstruc.ed. or (-.,) plug,,ec unde Y , 

:I•0,ed on ,mo cay •;ear) . . .1/:_,1_/33. . . . . . . . . . . . . . . . . . . . . . . . . . . . anc: :his record is :rue to :he best ct my knowledge and belief i<a, 

Well Cvntrac:ors License No. 126. This Water Well Record was completed on lm~da,y.yr) .... \ .. •. • •~ .2/2SJS'J. 
he >ius,ness .'1ame '.JI l(.:. 7 7 -,e, T -'- .,.. T P 7 7 c:_ .,...,d .--c bv (s1cnature1 ,· ~ _,, .·.---7'--T 

-~uc-~:CNS Use :y~ewrner or bail point pen. PLE,J.SE PC/ESS FIRMLY anc PC/INT c:earIy. PIease fill ,n ::::Ian1<s. uncer11n~ or c1rcIe :ne correc: answers. Ser:: 
~ ~80ies tn K;in~~~ ~?r.::irtn-,pnf nt HP:\ifh :,nrl ~~~gn--;--ni~-;:;1nn rif i;=.,\,1rnnrnont i:::n"irnnrnont"."11 ~~,...,1,....,_,-.,, ~&lol""'!,nn ~,"'no!.'-,, \.tC::: ~~h?n ~Pnrl r,np tn WAT~~ ·,;. · 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

t.;:E ~','Pf-,VR I TEr'. : ? :3AL '... 

PCl~H ?E'.'J->PE:.:; F!RML'(, 

PRINT C:..EMRL',, 

I 

c~unrv 

l. Locorion ci we\l: 

Stafford 
: • OjH:Jns:c ::no .::irec~ion from nearest ~own or city: 

Froc~ion 

1 /4 

7½ miles Northeast of Hudson, KS 
Street :Jocresi ot well locotion if in city: 

4. Locore with ''X" in section below: Sketch mop: 

N 

l 
I I 
I 1 

-- NW -- - - NE--
I I 

2! I I 
..: w 

I 
E 

- I 

l 
I I 

-- SW -- -- SE --
I I X 
I I 

s 
•-1 Mile-• 

5. Type ond color of material 

Too soil 

Brown & gray clay & limestone 

Sand 

Brown clay & limestone 

Sand & gravel 

Brown clay 

Sand & gravel 

/ \/ 
£, \ ))L-- ' 

~ 

--...J 

WA7ER 'NELL REC8RD 
KSA 820-\201-\215 

Section numoer 

SE 1/4 SE 

3. Cwner oi well: 

R.R. or street: 

c:,y, stare, :.io cO<le: 

I From I 7o 

I 0 I 3 

I 3 I 56 

56 62 

62 72 

72 I 76 

76 I 81 

81 I 90 

I 
- I I 

(Use o ~ec:ond siieet if needed) 

18. :levcrion: 

Tooogrconv: 

__ ~ill 

__ i_.plQnd 

I 19. Remarks: 

;o,waro rne ,.,nt re, ::due :ma pink copun to rl"le CJeconmenr of Heoith ana Environmenr 

I 
I 

i.::Jn\O'J. :cccr~~""rH ~r -~-=1'" :::r1c 

En..,1ronm~nt--.),-..,,-i.,cn :H 0:-ivirc-i,.,~r• 

Mar"'!r weil :ontr-=c~cr11 

I 7 own,ni p numcP.r 

- ,., " I ._....._ 

De:--.r.is 

Route 
Hudson, KS 

T ooel<c, '< on\oS ooo:": 

I 
~ onge n~m :•• 

' I ? -G 

67545 
:.Ore hole dia. __Lin. 

Well 1eotii 90 ;, 
Comoiet1on acre.l..l.-..LO- ~ 

_ Coble tool X Rotary _Driven_ Ou,; 

! 

I 
I 

Hollow rod Jetted :)Qred R eversse ,.orarv i 

a. L:se: _ Domestic _ Public supply _ lndusrry 

_ Irrigation _ Air conditioning ,J5. Stoci< 

Lown Oil field water Cther 

T
9: Codsindg: MoteWria

1
1C:4-:,-;r-S-ifght:~o; ~low . I 

~rec e __ e aea ___ , ur ace -- ,n.; 

~MP _____ PVC ____ :Weight l. 5 !bs./',. '. 

i)io._;iin. to 80 't. deprn:Woll T}i,ckness· incses or i 
... ,a. ;n. to ~t. deotii :;c;e 'Jo. • 200 

l 0. Screen: ,\.\onuiac~urer' s name J e S S & Lo we l ~ 

ivoe Stvrene 200 :>io. 
5 II : 

Qgou~e li:8" Length 10' i 
Ser between 80 Ft. and 90 .. i 
__________ ft. and ------,,,,-,,-:=--::cc:.:~.; 

Greve! peck" Yes Size ronge oi mcteriol 3/ 8-200 '. 

11. Stotic water level: mo./cicy/y,..; 

16 1 6 11 
ft. below lonci 5urfcce Dore 11-16-78 : 

12. Pumoing level below lend surioces: N/C 
___ ft.ofter ___ hrs. pum:J:ng ___ g.:i •. -:i. 

___ ft. :zfter ___ hrs. ;:iumoing ___ ;.;, .. ~. 

Esrimored .-naximum vield ;: . = .. "!'I. 
13. Worer scmo!e submittea: mo., ·coy/"!". 1 

Yes X No 

14. Weil head comolerion: 

?itle:ss odcoter 

15. Weil grouted? Yes 
12 

1Nitii:_x_ Neat -:ement __ .Senroni~e 

Oeoth: From __ o __ fl. to --1.Q_ ,, . 
___ C::r.crete 

16. Nearest source of possible cont.::::minotion: ?IS!..D 
rt. _____ Direction ______ ... ..,oe ------

Well disinfected uoon comoierion? X Yes 

17. Pumo: 

I 

Monuiocrurer 1s name _______________ 1 

Mociel number _______ HP _____ Volts---: 

Length of droo ::>ice ___ _ 

Type: 

__ Su0mersible 

__ Jet 

Cenn-i fu90! 

iurbine 

__ Recioroc:::tin~ 

:c. 'Noter we1I ..:onrrcc:or' s certi ri c=rion: 

... :ii~ ...,eil wcs orii;eo unaer l'T'IV ;ur1~cicion ono •hr~ ~(?ccr· 

i1 ~ue ro the best oi ,,,y knowieage and Sei;e;. 

Clarke Well & -~ I~c. 

-::: 



I 
Towrsn1p Number ~ange 'lurr.oer .... 

o,( s ::i _/"/ s,-.-
1 '.ram nearest :own or city street address of well 11 loc,lled w1thIn city? 

3 C//5 I "J 1C Jf=_ 

'

NER: L. ts. D,hf ,-~. G:J. A.AT _,ti!. A'~ ( 
ox • • /< f. :f.. 6cA I ~3-t5 t • ,_. ~~ I\J., ~ 
-----"'4::Lea: _ t!Ll~. t: 7~5~20.~. ~-----...:: 

w-. ~ I c r/(.t;-'J J/~ Fr04 .17. k ,5 
Board of Agrrd1ture. Division ot Water Resc'...·~ 

QC,l,TION WITH-. DEPTH OF COMPL=TED WELL. ./.;;?_0_ ft ElEVATION: 
N SOX:• 0~ 
N Deoth(s) Grouncwater E~counterec 1. . . . . . . ~ '_;;;J .... ft. 2. . ......... ft 3 .. 

Aoolicat1on Number: -ff 5-- S-1 /-

WELL'S STATIC WATER LEVEL ..... cf/?.3. ft below land surface measured on mo:day:yr 

f I 
NE--

l I 
E 

Pump test data: Well water was . . . . . . . . . . . ft. after . . . . . . . . . . . hours pumping .......... . 

Est. Yield . . . . . . . . gpm: :;:;.en water was .... ~. . ft. after . . . . . . . . . . . hours pumping .......... . 

Bore Hole Diameter ... 7_?,rg_in. to ..... L.,;:2c) ...... . ft., and .................. in. to ............ . ,_ I 
I -- SE 

WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection welt 

1 Domestic 3 Feedlot 6 Oil field water suootv 9 Dewatering 12 Other (Specify below) 

2 Irrigation 4 Industrial 7 Lawn and garden only 1 O Observation well ................... . 

Was a chemical/bacteriological sample submitted to Department? Yes ............ No ............ ; If yes, mo1day1yr sample was =- -
mitted Water Well Disinfected" Yes No 

K CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . ~lamped ... . 

3 AMP (SR) 6 Asbestos-Cement 9 Other (specify below) Welded ............... . 

I 4 ABS 7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . . . . Threaded .............. . 

eter ....... $. . . in. to .... .J () 0 .. ft., Dia ............. in. to ............. ft., Dia ............. in. to ............. -

bove land surface ............ /~ . in., weight ............ ~. ~ 5. .... lbs .. /ft. Wall thicKness or gauge No. . .. ,~ /.1/, .... . 

rN OR PERFORATION MA TE RIAL: 7 pyc_ 10 Asbestos-cement 

3 Stainless steel 5 Fiberglass 8 AMP (SR) 11 Other (specify) ................ . 

4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 

i:F~=AT!ON OPE;l~~~l:tAE: : !~r~z:~a:~:°:ed : ~~;e¾t7es 11 None (open hole1 

~ shutter 4 Key punched 7 Torch cut 10 Other (specify) ........................ . 

,FORATED INTERVALS: From ......... / 09.. ft. to ......... /.:2,.Q, .ft., From ................. ft. to ................ . 

I From ................. ft. to ................. ft., From ................. ft. to ................. -

EL PACK INTERVALS: From .......... ~0 .. ft. to ........ ,/.::::z..c? . . ft., From ................. ft. to ................ . 

From ft. to ft .. From ft. to 

'

TERIAL: 1 Neat cement 2 Cement grout 3 Be..,to,,it" 4 Other ................................. . 

: From ........ 0. . ft. to ....... /. 0. . ft., From ............ ft. to ............ ft., From . . . . . . . . . . . . ft. to .......... . 

nearest source of possible contamination~/' '/ii 10 Livestock pens 14 Abandoned water well 

l
·c tank 4 Lateral lines ,rv .)fl/, 7 Pit privy 11 Fuel storage 15 Oil well/Gas well 

r lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage 16 Other (specify below) 

rtight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage ........................ . 

How manv feet? 
FROM TO LITHOLOGIC LOG 

1
7;:,AC'TOR'S OR :..ANOOWNE9'S ~RTIFlCA TION: This water well was (1) coristri.1c!ed. (2) reconsrruc:ed. or (3) plugged uncer my junsdic:1cn arc • 

d on (mo aayIyear) .. S /'7./,:;::.s-'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . and :his record Is true to the best -511 ;l'Y k/wledge ana beiiet. K.:i.-: 

ell C.:intrac:or's l,cense ~o. . . ;3 ff. ......... This Water Well Record was compIe1ec on (mo1d 1yr) . .5/7 / ?S ......... . 
~he business name of .ec sc-1.e lt:/4z;-c;.e h/.11/J s~ , bv (s1cnaturel 'j.~ , ~V/4.. .t:12-<,kd-,I":::,...,,, _ 

- ~-.,..,.,c ''"'° rvoewnter or ball point pen. PL.EASE PRESS FIRML Yand PRINTc!eariy. Please 1111 in btam,s. uncern~;c:r~thecorrec: answers. ,:,.:r: 
, ~~•mt. Div1s1on at Environment, Environmental Geology Sec:1on, TopeKa, KS 66620. Send one to WATE~ ·,,_ = 



I 
:~7'1~N CF 'NATE-;;. 'NE!...~ 
-·-._;t~ . .._.Li,· l, 

~ 

n ,trom rJearest :own or ::ty? 
~- '1/,/ • ;_ (; L L - /._ , 

' Sec:ion Numoer Townsn,p Numoer 

T : / S 

Street address of well ,f .ocated w,tnIn city? 

',HER WELL OWNER ,.) (_'-·• ._ _ .._ -~'= '----, ..__ .,,(/~:...... ~ <- .... -.7 - z;:::, ""'--.. 
1st. Address. Sox # ,'.J ., ,./ / I .] i Boarc of Agricu~e. Division o( Water "1esc. 

ltate. ZIP Code . l_J 1.: L·. C . .:i_!.· -,:__:c.....-:.....:..1'.<-1 _'-;,,._.r._,_1_./_:;.c..· _. -=t_-_-.£.7--'-:'7 .... -_· ~·_,"-?_c~-.;..·· ________ A--"-Po ... l_icc...;aC-'t-'io_n_N..c.u_m_o_e_r_· ~1 __ ✓ _~_·_---'3'--,_-_._ · 
E?TH OF COMPL.ETED WELL . / c.·•. C . . ft. Bore Hole Diameter. 1 ::l.. . '.ly in. to ft .. anc in. to. 

later :o :,e used as: 5 Public water suppiy 8 Air conditioning 

omestIc 3 Feedlot fj. Oil fie1d water suppIy 9 Dewatering 

11 lnIec:ion well 

12 Other (Specify :,eIow.I 

Irrigation 4 Industrial 7 Lawn and garden only 10 Observation well 

I 
s:auc water level ..... ;2. . / ..... ft. below land surface measured on ....... 1. .......... month ....... / . )-_ . . . . . day .... ,5.J. G . 
Test Data ;i/ ,-1' : Well water was ............. ft. after ..................... hours pumping ......................... . 
eld · com: Well water was ft. after hours oumcing 

'✓ ?:: OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile Casing Joints: Glued . ~·c:amped ... l ;~~I . 
7 
! :~: [SR) (;' D ~ ~:b,:::::;C•meot •. Othe, [spec,iy below) . ~:~::,~ 

< casing d1a ... S. . . -~- . . . . In. to .............. ft .• Dia .............. in. to ............. ft .. Dia . . ......... In. to . . _ 

I height above land surface ....... ./ .:;l ......... in., weight ...................... lbs. 'ft. Wall thickness or gauge No .. ' .:.2 .. S b 
OF SCREEN OR PERFORATION MATERIAL: (i::'Pvc 10 Asbestos-cement 

1 Steel 3 Stainless steel 5 Fiberglass 8 RMP (SR) 11 Other (specify) .............. . 

12 None used (open hole) 

l 
Brass 4 Galvanized steel 6 Concrete tile 9 ABS 

or Perforation Openings Are: 5 Gauzed wrapped @saw cut 11 None (open :icle 

Continuous slot 3 Mill slot 6 Wire wrapped 9 Drilled holes 

2 Louvered shutter 
1 

4 Key punched 7 Torch cut 

1-?erforation Dia .... S.. /;1 ... in. to .... /0. C1 
• •• ft .. Dia ...... in. to 

-Perforated Intervals: From .......... 8. . 0. .... ft. to ...... /. 6. ?1. . ...... ft., 

1 0 Other (specify) ..................... . 

... ft .. Dia .. in to ....... . 

From ................... ft. to ................ . 

From .......... .' ........ ft. to ................... ft., From ................... ft. to ............... . 

Pack Intervals: From ....... / 0 . ....... ft. to ... . /.L:'. 0. ........ ft., From ................... ft. to ................ . 

From ft. to ft.. From ft. to 

,r!OUT MATERIAL: (I; Neat cement 2 Cement grout 3 Bentonite 4 Other ...... . 

l
d Intervals: From ...... C! ..... ft. to .... /. 0. ft.. From ... ft. to ft., From ft. to ....... . 

s the nearest source of possible contamination: 

Septic :ank 4 Cess pool 7 Sewage lagoon 

10 Fuel storage 14 Abar.doned water we:I 

U'.5)0i1 well,Gas well 

2 Sewer lines 5 Seepage pit I Lateral lines 5 Pi_:_e1JY, 

8 Feed yard 

11 Fertilizer storage 

12 Insecticide storage 16 Other (spec:fy below., 

9 Livestock pens 13 Watertight sewer lines 

on from well .... . /11-: C-:1..:'-:<. L ...... . How many feet ... t~ d. . ............. ? Water Well Disinfec:ed? Yes .. ~ TH . . No 

a chemical/bacteriological sample submitted to Department? Yes ......................... No ......... ~- ............ : If yes, date 22.-

.bmitted .................. month ............... day ............. year: Pump Installed? Yes ................ No ~-

1: Puma Manufacturer's name. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Model No .................. HP .................. Volts ...... . 

:h of Pump Intake ..................................... ft. Pumps Capacity rated at .................•................. ,:;::; 

f oumo: 1 Submersible 2 Turbine 3 Jet 4 Centrifuaal 5 Reciorocatin 6 Other 

NTRACTOR'S OR LANDOWNER'S CERTIFICATION: This water well wasc'.f'r?constructed. (2) reconstructed, or (3) plugged under my jurisdiction ar: ,... .. 
;,1eted on ........... ./. .................... month ........ ./. .;).. . . . . . . . . . . . . day .... O. . C. .............................. . 

fs record is true to the best of my knowledge and belief. Kansas Water Well Contractor's License No ....... / 3_ .. ~/ ..................... . 
ater Well Record was completed on .... ,;;; · ..... ?. .............. month ....... ~ ....... day ..... 5- C' .......... year under :he ::::.. , 

of ~ • ,,.. ,..._ L ~2.,, ... 7; - ·"'='""·?-?~,.;:;__: b /si nature\ ·, /. <"'c.1-(...;L,, {J. ~/.;-,r--,-~ 

I 

. 7_y__t1~~·-'<-J-•:J_~_;._~~,' -· : I ...J .• 

' 
I 

I 

7 -0 i ! I \ L.. ~ ~ IC o . .:J-~.,. ....... ,J_:1:_c·, 1,c ...... -<--I '. r- -- .J I I I - --; 

I - - :w --
1 

,--

i :~~~ 
I.. I 

I I 
I 

A7ICN: 

1 s \ <3rouncwater :;ncountered 1 . ..., ) . . ft. 2 . . ft. 3 . . ... ft. 4 . ft. 1 Use a sec one sneet ,f needed\ 
· MUC7I0NS Use typewriter or oall ooint ;:ien. p1ease press /,rm1v and PRINT clearly. Please fill ,n olanks. underline or circle the correc: a~swers. Sena :~=­
,es 10 Kansas Depanment of Heam, anc Environment. D1v1s1on of Environment. Water Well Contrac:ors, Topeka. KS 66620. Sena one to WA 7::;r! WELL CWNc:-



WATER WELL :::.EC8R0 F'Jrm 'NV✓C•S 
,,., ,lCN QF 'NA Ti::R WELL. =,ac:,on Sec:1on Numoer .

1 

7ownsnIc ,• Jumoer 

St a.:'.: o ri SW ¼ SE SW ,1, 26 
ana dIrec:1on :ram neares: town or crty street address of well 11 located wrthrn crty? 

3 5 i'J of Hudson Ka::sas 
,Ti:;i=, WELL OWNER:D. Siefkes Revelon Dr-11.ing 

r. Address. Sox # : Rcut e J Eox 88 Board of Agriculture, !Jiv1s1on of Water Resc•_-

te. ZIP Code :Hudson Kansas 6 h Russell Kar.sas 6 665 Aoolicatron Number: Unk::.OwT.. 
:ATE WELL'S LOCATION WITH 4 DEPTH OF COMPLETED WE.L. .. lCQ ........ ft. ELEVA71ON: Unk:lown 
"X .. IN SECTION SOX: 28 

I 
N Deotn(s) Groundwater Encountered 1. . . . . . . . . . ....... ft. 2. . . . . . . . . . . . . . ft. 3 ... _ . ·~/•.L· ~/q,j 

I I WELL·S STATIC WATER LEVEL ....... 28 .. ft. below lane surface measured on moiday•yr -· ;; _,._ 

Pump test data: Well water was . . . . . . . . . . . ft. atter . . . . . . . . . . . hours pumping ......... . 

Est. Yield .60. . . . . gpm: Well water was . . . . . . . . . . . ft. after . . . . . . . . . . . hours pumping . . . . . . . . . . . _ 

E Sore Hole Diameter ...... 8 ... in. to 1.00 .............. ft., and .................. in. to ............ . 

WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 lnjec:icn well I 
I I 

-- NW -- - - NE--
I I 
I I 

I I 

1 Domestic 3 Feedlot 6 Oil field wate• ?YPRiv 9 Dewatering 12 Other {Specify beicw, 

2 Irrigation 4 Industrial 7 Lawn and garden only 1 O Observation well ............... . 

Was a chemical/bacteriological sample submitted to Department? Yes ......... ~ ........... ; If yes, mo1day•yr sample was : I 
I I 

-- SW -- -- SE - -
I I 
,x I 

mitted Water Well Disinfected? Yes No 

l
;::,E OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: G~ ..... c:amped ... . 

Steel 3 AMP (SR) 6 Asbestos-Cement 9 Other {specify below) Welded ............. . 

~ 4 ABS 7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . . . . Threaded ............. . 

casing diameter ... 5 . ........ in. to .. $9 ......... ft., Dia ............. in. to ............. ft., Dia ............. in. to ........... . 

I height above land surface ............. ;L,4 .. in., weight ........ .;2..,$ ............. lbs .. ft. Wall thickness or gauge No .... Sch •.. 40 .. . 
~F SCREEN OR PERFORATION MATERIAL: 7~ 10 Asbestos-cement 

1 Steel 3 Stainless steel 5 Fiberglass 8 AMP (SR) 11 Other (specify) ............... . 

ISrass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 

N OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Saw cut 11 None (open hole 

1 Continuous slot 3 Mill slot 6 Wire wrapped 9 Drilled holes 

i Louvered shutter 4 Key punched 7 Torch cut 1 O Other (specify) ..................... . 

,N-PERFORATED INTERVALS: From .......... 2P ..... ft. to. ).99 ............ ft., From ................. ft. to ............... . 

From ................. ft. to ................. ft., From ................. ft. to ............... . 

GRAVEL PACK INTERVALS: From .......... 10 ..... ft. to .. l.90 ............ ft., From .................. ft. to .............. . 

From ft. to ft., From ft. to 

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

Intervals: From ... .0 ....... ft. to .. 10 ........ ft., From ............ ft. to ............ ft., From . . . . . . . . . . . . tt. to ......... . 

'

. the nearest source of possible contamination: 

Septic tank 4 Lateral lines 

Sewer lines 5 Cess pool 

I 
-
1

watertight sewer lines 6 Seepage pit 

n from well? South 
IIA TO LITHOLOGIC LOG 

U 7? Sandy G.lay 
i5 100 Sand a.rid Gravel 
I 

-I 
• 
I 
I 

■ 
I 

7 Pit privy 

8 Sewage lagoon 

9 Feedyard 

FROM 

1 O Livestock pens 14 Abandoned water well 

11 Fuel storage 15 Oil well:Gas well 

12 Fertilizer storage 16 Other (specify belcw) 

13 lnsec:icide storage 

How manv feet? 60 
TO LITHOLOGIC LOG 

I 

---+----41---------------+----+----+----------------
t-:-RAC7CR'S OR L.ANDOWNEi=,'S CERTIF)C~ljlON: This water well was (1) constructed. (2) reconstructed, or (3) plugged under my 1unsc1c:1on arc 

•leted on (mo,cay,year) .... _J/ 1-'/ 82_ . . . . . . . . . . . . . . . . . . . . . . . and !hrs record ,s true to the best of my knowledg~ a.2c t:.ej_1;;f -e-
r 'Nell C.:,ntrac:or"s License No. . .. _186_ ........ This Water Well Record was completed on (m day yr) 1+/ 9; ::..::. 

he :ius1ness 'lame of Kellys water Well Ser-r-i_ce bv ls1cnature1 - ---· 
UC'TIONS. Use '.'fpewrrter or ball point pen. PLEASE PRESS FIRML Yand P.9/NTclearly. Please !Iii ,n blanl<s. una rl1ne or c1rc1e the correc: answers. Ser': 

, coo1es to Kansas Depanment of Health and Environment, Div1s1on of Environment, Environmental Geology Sec:,on. Topeka, KS 66620. Send one to WATE;:; ·:. 
,,E;:; ana rewIn one for ,,our records. ______________ _ 



F'rac:1on Sec:1on Numoer 7ownsn10 ,"-Jumoer Range Numoer ---- .. ..----""' ,::;,.....,--;_;r~i..,,' '2 ':: T s 
' e .:inc c:rec:,an •rem neares: :awn or :::,ty street address of Neil ,t :ac::ned 'Nt!hin :::Ity? 

, E;:; WE:..L OWNER: P~ILLIP3 P~TROL~UM C8. 
Fi?3 80;( 20-g - /\J 'E7?aard of Agriculture. 01v1s1on of Water Rescv·· St. Adoress. Box • 

-a=-t-"-e'-. .c:zc..:P----'C=-o=-d=-e;:;__ ____ ~~_,_-_,=~=-,..~'_.,T_..;c::J;;....;;:=',..~ ... ' .,_,,....._=...,.---;c;;.....-~=..,-.. '._C ___________________ A...cp~D_li_ca_t_Io_n_N_u_m_b_e_r_· __ c_-,_,.,-::_=_::: ___ _ 
Aii:: WE:..L'S LOC,HICN WITH 4 DEPTH OF COMPLETE:J WE:..l. . . . 11G . 
'X" IN SEG,ICN 30X. 

ft. ELEVATION. 

ft. 2. ".j Decth(s) Groundwater Encountered 1. . . ft. 3. 

I I I 
I I 

-- NW -- - - NE--

WEL! . .'S STATIC WATER LEVEL 33 . . ft. below land surtace measured on mo·day yr 

Pump test data: Well water was . . . . . . . ft. after hours pumping 

,x I Est. Yield . . . . . . . . gpm: Well water was ....... ft. after . . . hours pumping 

I I I 

I I 
I I 

- - SW -- -- SE --
I I 

I I 

Bore Hole Diameter ... g ...... in. to .................. ft .. and .................. in. to ............ . 
E 

WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 lnIection well 

1 Domestic 3 Feedlot X~ Oil field water supply 9 Dewatering 12 Other (Specify below) 

2 Irrigation 4 Industrial 7 Lawn and garden only 10 Monitoring well .............................. . 

I Was a chemical/bacteriological sample submitted to Department? Yes ............ No.~.~ ...... ; If yes. mo 1day:yr sample was "· 

mitted Water Well Disinfected? Yes X No 

'PE OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued ...... Clamped ... . 

I Steel 3 AMP (SR) 6 Asbestos-Cement 9 Other {specify below) Welded .............. . 

PVC 4 ABS 7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . . . . Threaded ............. . 

: casing diameter ... ~ ......... in. to ..... 9. 0 ...... ft.. Dia ............. in. to . . . . . . . . .. ft.. Dia ............. in. to ............ . 

f
heignt above land surface ...... 2 4 .......... in., weight ......................... lbs .. ft. Wall thickness or gauge No. . ............. . 

F SCREEN OR PERFORATION MATERIAL: X1' PVC 10 Asbestos-cement 

Steel 3 Stainless steel 5 Fiberglass 8 AMP (SR) 11 Other (specify) ............... . 

2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 

tN OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Saw cut 11 None (open hoieJ 

Continuous slot X~ Mill slot 6 Wire wrapped 9 Drilled holes 

2 Louvered shutter 4 Key punched 7 Torch cut 10 Other (specify) ...................... . 

rN-?ERFORATED INTERVALS: From ...... 90 ......... ft. to ....... 1.1.0 ....... ft .• From ................. ft. to ............... . 

From ................. ft. to ................. ft., From ................. ft. to ............... . 

GRAVEL. PACK INTERVALS: From ....... 20 ....... ft. to ...... 110 ........ ft., From ................. ft. to .............. . 

From ft. to ft .. From ft. to 

UT MATERIAL: 1 Neat cement 2 Cement grout x;s Bentonite 4 Other ................................ . 

, Intervals: From .. 0 ......... ft. to ..... 20 ..... It., From ............ It. to ............ ft., From ...•........ ft. to ......... . 

I is the nearest source of possible contamination: 1 O Livestock pens 14 Abandoned water we!I 

I Septic tank 4 Lateral lines 7 Pit privy 11 Fuel storage 15 Oil well/Gas well 

Sewer lines 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage 16 Other (specify belcw) 

3 Watertight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticide storage ... NON.E ................ . 
■on from well? How manv feet? .. ,,, TO LITHOLOGIC LOG FROM TO PLUGGING INTc::RVALS 

• n ' Ti1CJ C::i1 Tl -
-:: ... n C::.'.l~rn 

lei co r1 'IV ,- - -
...... r, r::o n 11i::, - -

I I\ I T__.. 
I I \i I..,,-' 

~~I \ ; 
A•I _,, ) v:✓ V I.,.. I 
uic - -

I .. '~--,\ • I I ! /\.Jc._ V 
i I 

' 
-

I 

I I I 
I I 

I 

IN7;:;AC7OR"S OR LANCOWNER·s CS:RTIFl~ATION: This water well was~A) construc:ed. (2) rec:::nstruc:ed, or (3) pluggec uncer my 1unsdic:1an a~c 

ted on (mo day·year) ......... 1C:-24-:=2....... . . . . . . . and :his record Is true :o :he best of my kncwtedge and belief. Kac-

,,. Well Contrac:or's L.,cense No. 452:-2 This Water Well .9ecorc was corr.;:;te:ec on (mo:cay·yn 12-- _,,, .~ 
the business name of S-4M I 3 ~::\T~~ WE1SL s:::~v:r:~ by /5IcnatureI ~ 

'7~L.27::.'JS ...J~e ··.·cewr11er or nJ1I :)C1n! ;)en t=H_;7;..SE PQ~SS ::;p~L v :in:::J oo,,..Jr ::uJn•, Please 'ill ,n 01.:in~~. unaer•1rie or c:rc:e . .,e -;orrec: Jn~-we _ ..::t!nO 1;::o o" !.a::. :eoanmer 
_,, -.e,a11r, .1r:::: ~.,11,,arr.ien1 3ureou or Nc11er ... u□eM<.J "\Jn5a~ ci6620-V001 7e1e~ ·)13-296-5545 s~no 'Jne :a WAiE.? WEL ... JWNl:R .:ind H!ta1n Jne 'er ;our r~c::rd$ 



I WATER 'NE:..:.. REC8RO 

:_:;_;.._,_i..:cO_N--=.JccF_W_A_-_, E"'-R_W--=E::.::..::.:'-=----,' Fr;ic:ron 
I 

Sec:1on_ Number ' i"ownsh10 Numoer Range .\Jurr::e· 

R s~::i.f70rd ! s~ SN ¼ :26 ' T 21 S 

ce ano cIrec:Icn tram nearest '.own or city? 
_ c: :;/ miles e::i.st of Hudson 

5 miles North Street address of well rt ,ocated within c:ty7 

VAT::P WE!..L OWNE:=l: Dennis Siefkes J\ A ~ ~ ~ 
SL Address. Box # Route 3 - Box 68 .rv,!. ~~ - V ~ Board of Agriculture. Div1s1on of Water Re'.::: 

:ate. ZIP Code , S•"D. KS 6/545 Aoolication Number: Not Reaui!"ec: 
J::?TH OF COMP!..:TED WE!..!.. ... 96 ....... ft. Bore Hole Diameter ..... 9 ...... in. to 96. . .. ft .. and ............ in. to .... . 

ater :o ::Je used as: 5 Public water sucply 8 Air conditioning 11 Injection well 

omestrc 3 Feedlot 6 Oil field water supoiy 9 Dewatering 12 Other (Specify below) 

irn~auon 4 Industrial 7 Lawn and garden only 10 Observation well ......... . 

•1· :,:atIc water level ........ ;2,3 .... ft. below land surface measured on ........ J. .......... month ...... 1-:1 ......... day ..... 1.Q81_ .. 
1 est Data : Well water was ............. 11. after ..................... hours pumping ......................... . 

ield :::10t ck' d gom: Well water was ft. after hours oumoing 

TYP!: OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile Casing Joints: Glued . X..'< . Clamped .. 

t ::~I ! =~: (SR) ~ ::~:::::~Cement ~- ~'.h·e·r·(~~~~i:. ~~I~~'.......... ~:~::~:::::::::::: 

ik casing dia ...... ~ ....... in. to .... '.7.~ ....... ft., Dia .............. in. to ............. ft .. Dia ............. in. to ........ . 

r height above land surface ........... i~ ........ in .• weight ..... 1 .•. ~ .............. lbs.:ft. Wall thickness or gauge No ... ~ ~O_q .... . 
OF SCREEN OR PERFORATION MATERIAL: 7 PVC 10 Asbestos-cement 

1 Steel 3 Stainless steel 5 Fiberglass 8 AMP (SR) 11 Other (specify) ............. . 

I Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 

n or Perforation Openings Are: 5 Gauzed wrapped 8 Saw cut 11 None (open ~c e 

1 Continuous slot 3 Mill slot 6 Wire wrapped 9 Drilled holes 

2 Louvered shutter 4 Key punched 7 Torch cut 10 Other (specify) .................... . 

In-Perforation Dia ...... 5 ...... In. to .... 9 6 ....... ft .. Dia ............ ,n. to ......... ft .. Dia ............. in to ..... . 

n-?erforated Intervals: From ........ 7.9 ...... ft. to ....... 99 .......... ft.. From ................... ft. to ................ . 

From ................... ft. to ................... ft., From ................... ft. to ................ . 

I Pack Intervals: 

nular fill 
From ........... 90 ...... ft. to ....... 99 .......... ft., From ................... ft. to ................ . 

From 10 ft. to 5 6 ft.. From ft. to 

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

:led Intervals: From .. .0. ......... ft. to ... _1, 0. ft .. From .... 5 9 ....... ft. to .. 9 0 .... · .... ft .. From ............ ft. to ....... . 

is the nearest source of possible contamination: 1 O Fuel storage 14 Abandoned water we,: 

1 Seotic 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 Insecticide storage 16 Other (specify below.1 

13 Lateral lines 6 Pit privy 9 Livestock pens -pigs 13 Watertight sewer lines ................. . 

ion from well ..... north ............. How many feet .............. 20.0 .... ? Water Well DisinfeC:ed? Yes .. XX ..... No 

s a chemical/bac:eriological sample submitted to Department? Yes ......................... No ..... XX .................. : If yes, da.Ie s:c. 

l
ubmitted .................. month ............... day ............. year: Pump Installed? Yes ................ No .XX ....... . 
: Pump Manufacturer's name .................................. Model No .................. HP .................. Volts ..... . 

:t of Pump Intake ..................................... ft. Pumps Capacity rated at . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ;:c. 

1 Submersible 2 Turbine 3 Jet 4 Centrifu al 5 Reciorocatina 6 C:re, 

NTRACTOR'S OR LANDOWNER'S CERTIFICATION: This water well was (1) constructed. (2) reconstructed, or (3) plugged under my jurisdiction ::.~: 

..,leted on ............ .1 ................... month ...... .14 ................ day ........ l..9.$:t: ......................... . 
th" "'""' is true to the best of my knowledge and beUef. Kansas Wate, Well Con"actoc's License No .... ~. . . . . . . . . . ......... tater Well Record was completed on ............. 4 ............ month ...... 20 . ....... day. . . .· / ~under :r.e =--

of Cla:-ke Well & Eo., Inc. bv /sianature\ - ::::.,,c:'. ·-
LOCATE WELL'S LOCATION FROM TO LITHOLOGIC LOG -FRCM TO LITHOLOGIC LCG 

,~H 
AN "'X" IN SECTION 0 12 Fine sand 

12 74 Sandy brown clay 
" ~ 76 Sand_.§;__gravel 

; 

[ __ Lj .. ~•-·\ 76 81 I Brown & clav 

' 
g:reen 

I Sand Llravel I r/1 t ,.-- i') I',/'\,') •-
( - I / 81 96 ' I '-I I I I ;,/ -I I I I I .-/I I_, 

;. ' - I I I I I I I • I I I -
I 

- - :w - _ 1 _ - s,e - - i 
,... 1"\I~ 

I ~'" 1 
I .\ I I I I v 

'. 

I I , __ 
iM1••--• I 

i.:JATION u:1knovm i I 
l,1s1 Grouncwarer Enccunrered 1. 

,,_ 
_..) .. ft. 2 ft. 3. . ... .. ft. 4 .. ft. I /Use a second sheet if needed\ -- - ·--, 'r-,LJC • ICNS. Use typewriter or ball point pen. please press /1rm1v and PRINT ctearty. Please till in otanKs, unoerune or circle the correct answers. Sena •-=­

:,es to Kansas Oeoanment ot Health ano Environment, D1v1s1on of Environment. Water Well Contractors, Topeka, KS 66620. Send one to WATER WELL OWl'-.::c -
·11n :1nP .,,,. IJf"'\11,. l'a,.. .......... _ 
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1_.'.~E f'(P:'NRITC? ,_:Ra.ALL 

PC:!NT "E"J-?OES~ ~IRML':', 

?0:Jl"JT ::.EARLY. 
WATER WELL RECGRD 

KSA 82a-1201-1215 
Kon\OS State :)eof. er Heoltli 

Mater We I I (:onrroctors l 
Forbes-Bldg. :".iQ 

Tooei<c, Kansas 006::0 

I 
Cauntv T ownsni o name Fraction Sec~ion numoer 7'own numoer 

i Location of well: 

Stafford 
Distance onci direction from nearest town or city: 3 Owner of well: 

61:; mi. NoriJ1 of Eudson, KS 
Strieet addres'i' of well locorion if in city: Addres,: 

Locate with ''X" in section below: Sketch map: 

N 

I I I 

I I I 
- - - I- - - 1- - - I- - -

I I I 

w 
- __ , ___ , ___ , __ _ 

I I I 
I I I ___ , ___ , ___ , __ _ 

VI I I 

"" I I I 

s 
11-----l M; le----ll 

Type and color of material From 

0 

lJ. 

46 

I:erin..:..s Si2:::k2s 

Hi..:c.son, Ka.:.,s2.s 

To 

lJ. 

38 

IJ.6 

80' 

an 

~n U-77~ 
,4 Well ,:;ieoth: :, •. ft. Dote of completion --=-a-I 

Well diameter .--9.__ in. 

5 0 Coble tool [:2i i<.otory 

0 Hollow rod i7 Jetted 

Oori.,,enO :)ug 
D Bored D Reverse rotary 

6 Use: [:;] Domestic O Publ;c suop\y O fndusrry 

0 Irrigation O Air conditioning O Commercial 

0 Test well 0 
7 Cosing: MaterioS~nt: ~below 

Threaded O Welded ~:Surface -2.!±.._ in. 

D;om. :we;gnr ~ lbs./ft._ 
I 

-5_ in. to 2..0. ft. depth:Drive shoe?OYes E'ZjNo 
__ in.to __ ft. deothi 

g Screen: 

Manuiacturer 'T ~C'-=::: ~ T {"'"i,,. ""~ 7 l 

Tvoe C:-:-;v,c.r"'O ?nn :)io. _,.c:;~•-•-.,....---­
Gsouze 7 / q Length __ 1_n_1 

-----

Set between ...2Jl_ ft. and ....9..Q_ ft. __ _ 

F;tt;ngs: 3/ 8 ~ 
Grovel pock ~ Yes D No Si.:.e range of material 

9 Static water level~ 

...22- ft. beiow land surfoce Dore L!. 1,_75 I 
10 Pumping level below land surfaces: N/ C I 

___ ft. after ___ hrs. oumo;ng ___ 3.0.m. 

___ ft. ofter ___ hrs. pumoing ___ g.p.,,,.

1 Estimated maximum yield g.~.m. 

11 Wore, samole submitted: 

r Yes ~ No Dote 

12 Well heod comoiet;on: 2 lJ. 11 I 
1---'□=_P_;_t_le_ss_a_o_oo_t_e_r ____ ..;m;,,= __ :ie_s_a_b_ov_e_..;g_ro_o_·e __ _ 

1

13 

- /(\C--1-------------~.,....;;....._ _____ ____.;;,....-~~--------+---........ -----
, 1~,SI ,

1
11/\(_::;,-> 

Well grouted? ix} Yes O No I 
(3a Neat cement O Sentonite O -------- 1

, 

Deoth: From __Q_ ft. to ..l.Q_ 't. I 

iooogrcor,v: 

~ Slooe 

Cuoiand 

!:J ',a1lev 

I f'J ,--:-; I _yv. 
/ 

fuse o H:tc~nd st'leer if needed) 

Forworo ~ne ..,mre, biue ona oink coou:s ro the Kansas $rate Deer. Of Health. 

.'lui'lL .:'.\J.'l1..d~1'1 I 
14 Nearest source oi oossible contamination: 

ft. ---- Direction ------- Type --- I 

\Nell disinfected uoon como!etion? !XJ Yes CJ "-le I 

15 Pumc: ~ Nor insrolleci 
Monufocturer 1 s name _____________ _ 

Moc:1el number ____ _ HP Volts 

Length of ::ir:::o pioe ___ ft. c:::cocily __ g • .-n.~. 

iype: 

0 Submenible 

C Jet 

r, c~rtrifugal 

0 iurbine 

C ::lec1croco:t1ng 

I' Ctser 

ii' 'Norer well .:onrr::cror'~ cerriticarion: 

ihi~ Nell wos urilled unaer mv iuri\ciicrion and thi1 

reoort is :rue to ~ne best oi '1"1V <.nowieoge and Deiiei. 

1/~ :.1 censc :"-Jo. 

1

1 

AadreH 
:.i')nea _______ , ___ .....;;;.... __ ~ ~ Ll.- 1 "". - -

..:..utnor I zeo reoresenror1 ve 

Form ·MvC< 
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APPENDIX C 
SELECTED WATER QUALITY DATA 

BIG BENO 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. 
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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 data. 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 1973, 
Stu11ken & Fader 1976, Hathaway 1978, Fader & Stullken 1978, Har­
gadine 1979, Cobb 1980, MacFarlane 1983, Whittemore 1989, 
Sophocleous & McAllister 1990b, Gillespie 1991, Sophocleous & 
Perkins 1992, Young 1992, and Whittemore 1993 (in press). In 
1978, the realization of the potiential problems that might arise 
from this condition prompted the combined efforts of GMO #5 and 
Kansas Geological Survey in the installation of a network of ob­
servation wells (Figure 2). 

The object of this report is not to elaborate 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 drawdown from 
large capacity wells on the aquifer, allows an upconing of the 
saltwater "interface". Because of this potiential upconing (and 
degredation to the fresh water), the District decided to see, if 
in fact, this might be occurring in that area. 

In the Spring of 1990, the District began conducting 
preliminary investigations into irrigation water quality changes 
from the operation of large capacity wells in north-central ·staf­
ford County. The area 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 lists locations, 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, in this same general area (most of 
which is from domestic wells). Sampling continued until the 
early part of 1992, when the area began receiving more normal 
amounts of precipitation and pumping was reduced considerably. 
This preliminary sampling indicates that chloride levels within 
the water pumped from some wells continued to increase the longer 
the wells were in operation. Samples collected from a number of 
wells increased to total concentration levels of over 300 mg/1 
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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 period 
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 aquifer. 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 GMO #5-KGS observation well network, it was learned 
that a uheadu (pressure) differential exists among the Permian, 
the basal freshwater aquifer, and the upper watertable in most 
areas. These uheads'' (measured as waterlevels) also 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 earlier, 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 in the artesian seepage around the salt marshes of 
Quivira). 

Several times during past investigations, limited 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, in the 
area where the stream passes over the Permian subcrop. 

The summer of 1991 was dry, with the area receiving below 
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 T23S-R12W, and in the east half of 
township T23S-R13'H. These samples also indicated increases in 
chloride concentrations along this stretch of the stream (Table 
2). From this first preliminary information, the District 
decided to expand its water sampling, and to begin gaging stream 
discharge flows at some 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 quarterly basis, to coincide with the waterlevel measure-
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ments being taken on the GMDS-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; listed on some topographic maps as 
Salt Creek; also located two miles upstream of the Raymond gage 
station), to the southwest corner of Stafford County (SW 28-25-
15). Although ponding of water did occur along many stretches of 
the stream channel, actual flowing water was encountered only in 
the lower reaches (east of U~ 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 in 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 Chloride concentrations (measured in mg/I) of water 
samples from wells in northeast Stafford Co. 

I LOCATION DATE CL (mg/L) LOCATION DATE CL (mg/L) 

SW 2-21-12 06/19/91 68 NE 16-21-12 06/14/90 85 

I 06/26/90 122 
SE 2-21-12 07/10/90 44 08/09/90 202 

06/19/91 49 06/21/91 131 

I 
08/01/91 180 

SE 5-21-12 06/18/90 79 05/06/92 108 
07/13/90 85 
06/28/91 86 NE 17-21-12 06/28/90 55 

I 09/19/91 83 08/09/90 74 
04/30/92 82 09/11/90 75 

06/28/91 57 

I NE 6-21-12 05/20/89 54 05106/92 65 
07/25/90 121 
06/07/91 28 SE 17-21-12 06/28/90 148 

I 
09/19/91 160 

SW9-21-12 06/14/90 67 04/30/92 163 
07/18/90 87 
08/09/90 90 SW 19-21-12 03/16/90 990 

I NE 11-21-12 06/19/90 165 NE 23-21-12 06/26/90 181 
05/22/91 173 06/21/91 167 

I 
06/28/91 208 
08/01/91 290 S2 23-21-12 08/01/91 195 
08/16/91 225 
05/06/92 263 NE 26-21-12 06/26/90 86 

I 08/16/91 142 
NW11-21-12 06/19/90 26 

SW 26-21-12 (a) 08/27/90 161 

I SW 11-21-12 06/26/90 173 
04/30/92 88 SW26-21-12 (b) 08/27/90 163 

I 
SW 14-21-12 07/10/90 48 SW27-21-12 06/18/90 126 

06/07/91 64 07/09/90 130 
07/25/90 129 

NW 15-21-12 06/14/90 18 08/27/90 134 

I 06/26/90 49 06/21/91 126 
07/25/90 107 06/28/91 137 
05/21/91 22 08/01/91 118 

I 06/21/91 46 08/16/91 121 
08/01/91 113 05/06/91 146 
05/06/92 35 

I 
SE 27-21-12 06/18/90 177 

SE 15-21-12 06/26/90 195 06/28/90 225 
07/13/90 263 07/09/90 270 
08/09/90 304 07/25/90 250 

I 06/21/91 58 08/27/90 303 
08/01/91 295 06/21/91 246 

08/01/91 214 

I 08/16/91 301 

08/30/91 320 

05/06/92 215 

I - 1 -



I 
I Table 1 Chloride concentrations (measured in mg/I) of water 

samples from wells in northeast Stafford Co. 

I LOCATION DATE CL (mg/L) LOCATION DATE CL (mg/L) 

I 
NE 28-21-12 06/18/90 125 NE 13-21-13 09/14/90 290 

07/09/90 94 06/28/91 302 

08/27/90 226 08/01/91 301 

I 06/21/91 147 08/30/91 323 
08/01/91 222 09/06/91 201 

08/16/91 219 

I NE 15-21-13 07/11/90 149 
SE 28-21-12 06/18/90 68 07/25/90 160 

07/10/90 78 04/30/92 133 

I 07/25/90 98 
05/21/91 69 SE 24-21-13 05/06/92 260 
06/21/91 73 

I 06/28/91 91 NE 26-21-13 08/16/91 122 
08/01/91 120 
08/16/91 125 NW26-21-13 05/06/92 134 

I 
04/30/92 82 

NW27-21-13 06/29/90 135 
NE 32-21-12 06/29/90 242 07/17/90 136 

07/10/90 220 09/11/90 155 

I 08/09/90 385 04/30/92 137 
08/27/90 480 
05/21/91 387 NE 28-21-13 08/01/91 159 

I 06/21/91 517 
08/01/91 441 SW4-22-11 04/30/92 64 

I 
NW33-21-12 10/01/91 160 SW 5-22-11 04/30/92 147 

(Artesian) 07/13/92 140 
NE 34-21-12 (a) 06/18/90 12 10/01/92 137 

07/09/90 139 03/26/93 150 

I 07/25/90 213 
08/27/90 235 NW 9-22-11 01/28/92 79 
06/07/91 104* (Artesian) 

I 06/21/91 38* 
08/01/91 222* SE 28-22-11 (a) 05/15/90 106 
04/30/92 47* 

I 
*May represent mixture of a & b SE28-22-11 (b) 05/15/90 9 

NE 34-21-12 (b) 06/18/90 27 SW 31-22-11 04/07/92 6750 
07/09/90 27 

I 08/27/90 47 SE 1-22-13 08/27/90 520 
09/11/90 460 

SW 1-21-13 07/13/90 133 05/06192 362 

I 09/19/91 20 
04/30/92 138 ss 3-22-13 06/18/90 113 

07/13/90 149 

I 
SE 10-21-13 06/28/90 274 08/27/90 181 

09/11/90 320 09/11/90 187 
08/01/91 213 06/28/91 140 
08/16/91 172 07/25/91 195 

I 04/30/92 310 

- 2 -
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Table 1 Chloride concentrations (measured in mg/I) of water 
samples from wells in northeast Stafford Co. 

I 
LOCATION DATE CL (mg/L) LOCATION DATE Cl (mg/L) 

SE 10-22-13 07/09/90 23 NW6-23-10 07/18/89 3500 

I 
07/24/90 30 

08/27/90 41 SE 7-23-10 09/09/92 620 

06/28/91 25 

I 08/01/91 37 SE 21-23-11 02/09/90 305 

05/06/92 20 

SW 5-23-12 (a) 08/19/88 346 

I NW 11-22-13 07/09/90 133 
07/25/90 198 SW 5-23-12 (b) 08/19/88 820 
08/08/90 264 

I 08/27/90 130 SE 6-23-12 08/19/88 50 
06/28/91 180 
08/01/91 457 NE 36-23-12 06/21/91 205 

I 
08/16/91 348 
05/06/92 99 SW 4-24-11 (a) 12/10/90 110 

NE 13-22-13 07/28/92 10 SW 4-24-11 (b) 12/10/90 155 

I NW 13-22-13 09/06/88 550 NE 6-24-11 07/26/91 800 
06/28/90 64 

I 07/09/90 378 SW 11-24-12 02/18/92 220 
08/09/90 518 
08/27/90 350 

I 
06/21/91 197 
06/28/91 326 
04/30/92 208 

I SW 13-22-13 07/09/90 206 
09/11/90 365 
06/28/91 213 

I 
04/30/92 185 

SE 14-22-13 07/09/90 333 
08/09/90 275 

I SE 27-22-13 02/16/93 9 

I NE 5-23-10 04/10/92 250 

SW 5-23-10 04/10/92 1960 

I 
I 
I 
I - 3 -
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Table 2 Surface water chloride concentrations and discharge 
data from Rattlesnake Creek 

10-18-91 4-6-92 7-13-92 10-1-92 
1. SW 10-23-13 = CL 80 44 65 

NO FLOW 

= CFS PONDED 5.12 0.84 
2. SE 3-23-13 = c:.. 310 124 76 130 

= CFS FLOW FLOW 

3. ES 2-23-13 = CL 950 496 975 
= CFS 

4. ES 1-23-13 = CL 1460 1490 856 1660 
= CFS FLOW 

5. ES 6-23-12 = CL 1990 1750 1028 2000 
= CFS FLOW 4.86 11.12 3.53 

6. ES 5-23-12 =CL 1980 
SMALL 

= CFS FLOW 

7. ws 1-23-12 = CL 2340 1810 900 2090 
= CFS PONDED 5.25 11.95 2.88 

8. SW 26-22-11 = CL 2020 1124 2520 
= CFS DRY (6.40)b (25.00)b (3.80)b 

9. ss 23-21-11 = CL 
VERY SMALL 

= CFS DRY DRY DRY FLOW 

10. ws 17-21-10 = CL 7030 6900 8200 
= 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 

= CFS FLOW FLOW FLOW 

(a) CONSTRUCTION IN STREAM PREVENTED MEASURING FLOW 
(b) USGS ZENITH STATION 
(c) USGS RAYMOND STATION 
(d) DATA IS FROM SMALL, UNNAMED SURFACE (?ARTESIAN) FLOW 

3-26-93 
52 

IJIRGE (a) 

FLOW 

65 

276 

660 

790 
31.89 

850 
34.94 
1080 

1070 
LARGE 
Fl.OW 

1770 

1520 
FLOW 
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