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INTRODUCTION

This is the final technical report of Phase III of our activities under
cooperative agreement DOE-FCO7-79I1D12030 which was executed March 7, 1979.

Phase I of this agreement (January 15, 1979 to March 7, 1980) consisted
of an evaluation of potential hydrothermal aquifers based on the North Dakota
Geological Survey's records of oil and gas wells drilled in the state. The
Phase I study assembled a computer library system (WELLFILE) of the oil and
gas well data, and used this data to constru;t a geothermal gradient map of
North Dakota and summarize the characteristics of potential hydrothermal
aquifers (Figure 1) (Harris and others, 1980).

Most of the oil and gas wells drilled in North Dakota have been drilled
in the western two-thirds of the state, and most of these wells have had
Paleozoic rock units as their objective. Consequently, the oil and gas well
data contained in WELLFILE is concentrated geographically in the western
two-thirds of the state and stratigraphically in Paleozoic rocks.

Our Phase II activities (March 8, 1980 to April 30, 1981) dealt with
three main topical areas: geothermal gradient ahd heat-flow studies,
stratigraph%c studies, and water quality~stgdies (Harris and others, 1981).
Geographically, ouf effort§\w§pe,copcgntrgiedfin areaé of interest indicated
by our Phase I study, andiétﬁ%ﬁﬁg?épﬁiééiiy:¢heyAwere concentrated on
Mesozoic and Cenozoic rocks“(Figur§ Z)fv,f,V"%

The geothermal gradiént;ﬁﬁd:hé;f;flgw‘sfudies involved running temperature
logs in groundwater observation,ho]es'in areas of interest indicated by the
Phase I study; and locating, obtaining access to, and casing "holes-of-

convenience" to be used as heat-flow determination sites.
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The stratigraphic and water qua]itykstudies involved two main efforts.
First, WELLFILE was updated and expanded. Second, a computer library system
(WATERCAT) was assembled for all water wells drilled in the state. WATERCAT
combines data from the United States Geological Survey Water Resources
Division's (USGSWRD) WATSTOR and GWSI computer libraries; and includes physical,
stratigraphic, and water quality data. |

Our Phase III work (May 1, 1981 to August 1, 1982) consisted of a
continuation of the work stated during Phase II. We again concentrated our
efforts on Mesozoic and Cenozoic rocks to supplement our existing geothermal
gradient, heat flow, stratigraphic and water quality data.

In the following report we will restate our goals, detail our methods

of reaching those goals, and present the final results and interpretations

of our study.
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GOAL

The object of this study was to evaluate the hydrothermal resources of
North Dakota. This evaluation was based on existing data on file with the
North Dakota Geological Survey (NDGS) and other state and federal agencies,
and field and laboratory studies we conducted. The principal sources
of data used during the study were WELLFILE, the computer library of oil and
gas well data developed during our Phase I study, and WATERCAT, a computer
1ibrary system of water well data assembled during our Phase II study. A
field survey of the "shallow" geothermal gradients present in selected ground-
water observation holes was conducted. Laboratory determinations of the
thermal conductivity of core samples were done to facilitate heat-flow

calculations on those "holes-of-convenience" we cased.
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DATA BASES

WELLFILE

The WELLFILE computer Tibrary system (Harris and others, 1982) manages
data obtained from about 10,000 o0il and gas wells drilled in North Dakota.
These data are filed with the North Dakota Geological Survey.

Location, legal, production, and stratigraphic data, as well as the
availability and storage location of cores and samples, are stored for each
well. Well 1ocatidn information includes county; township, range, section,
and quarter-quarter-quarter description (Figure 3), as well as the footages
from north-south and east-west section lines. Legal data include owner-
operator, N.D.G.S. well number, N.D.G.S. permit number, permitted date,
completion or abandoned data, and A.P.I. number. Production data include

well status, producing horizon, perforated interval, and initial production.

Stratigraphic data include reference elevations, total depth, deepest formation

penetrated, selected formation "tops" and kinds of geophysical logs run.
Cores cut in the well are identified by formation and by the footage of top
and bottom of the cored intérva] ’ESémp1Ed interva1s are identified by
footages. Core and sample storage 10cat1on are 11sted for the cores and
samples available in the North Dakota Geo]og1ca1 Survey s Wilson M. Laird
Core and Sample L1brary J >'1> f:ki ,}ﬁ; ; 

Two data subsets are ma1nta1ned separate]y from the WELLFILE library.
These are considered work1ng f11es, current]y used for special projects and
N.D.G.S. internal data manaéement If desired, these subséts can be added
to WELLFILE.

The first data subset contains water-quality information from analyses

performed on water recovered during drill stem tests. N.D.G.S. well number,

11
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well location, formation tested, footages of the tested interval, pH,
resistivity, and the concentration of major ion species are stored in the
subset.

The second data subset contains production statistics from oil and gas
wells. This is an internal file and is used only by the the N.D.G.S. staff for
geologic and engineering studies.

The WELLFILE system is updated as information from newly drilled wells
is made public.

The WELLFILE coding guide and a detailed discussion of the data sources,
data elements, system mainténance, and validation techniques are contained
in our Phase II final report (Harris and others, 1981).

WATERCAT

The WATERCAT computer library system (Harris and others, 1982) manages
data from groundwater observation, domestic, and stock wells inventoried by
the United States Geological Survey, Water Reéources Division (U.S.G.S.W.R.D.)
and the North Dakota State wﬁter Commission (N.D.S.W.C). The library contains
information on about 41,000 wells drilled in North Dakota. The source of this
data is the U.S.G.S.W.R.D.'s water-well inventory and water-quality files
(WATSTOR and GWSI). These two source files were reformatted and combined into
our location-oriented library system.

Information stored in WATERCAT includes location, physical, stratigraphic,
and water quality data, as available, for each well on file. Location data
includes county, township, rénge; section, quarter-quarter-quarter, and
latitude and Tongitude. Physical data includes tota1'depth, well depth, casing
depth, and casing diameter. Stratigraphic data includes the footage of the
top of the producing horizon, name of the producing horizon, lithology of the
producing horizon, and the surface elevation. Water quality data include
temperature, specific conductance, pH, and the concentration of major ion

species.
13



WATERCAT has one data subset. Temperature and depth data, measured in
groundwater observation wells, are maintained as a project file. Information
in this subset includes well location, date measured, and temperature-depth
values at five- or ten-meter depth intervals. These data are intended to
provide accurate, shallow, geothermal gradient data and accurate aquifer
water temperature data. It is anticipated that the WATERCAT systém will be
updated periodically.

The WATERCAT coding guide and a detailed discussion of the data sources,
data elements, system maintenance, and validation fechniques are contained

in our Phase II final report (Harris and others, 1981).

14

-_— -:Jgi) - e e e e e e e ) ) ) ) lf’gf:hiiij F



TASKS

Geotherma] Gradient and Heat-Flow Studies

This task (Figure 4) involved locating, obtaining access to, and running
temperature logs in suitable groundwater observation holes and in "holes-of-
convenience," drilled by other agencies or interests, that we cased as heat-
flow determination sites. Separate discussions of the procedures followed
and our results follow for the geothermal gradient studies and the heat-flow
studies. _ \

Geothermal Gradient Studies

Our Phase II temperature logging was geographically limited to those
areas of above average geothermal gradient (greater than 30°C/km), indicated
by our Phase I study, and the extrehe eastern edge of the state, where no
0il or gas well data was available (Figure 5). Our Phase III temperature
logging concentrated on available groundwater observation wells in areas not
logged during Phase II.

Locating suitable groundwater observation wells was accomplished by
interrogating WATERCAT for all observation wells, This resulted in a Tisting
of cased wells, sorted by :location, that‘enabied our field crew to easily
locate suitab]é wells. The North Dakota State Water Comm1ss1on (NDSWC)
and the United States Ge01og1ca1 Survey Water Resources D1v1s1on (USGSWRD)
granted access to the we]]s and temperature 1ogg1ng was, accomp11shed during
the 1980 and 1981 f1e1d;seasons.

Coding forms and computer storage structures were designed, and all
temperature-depth obsefvations have been assembled in a data subset of
WATERCAT.

The apparatus used for temperature logging consisted of a thermistor

15
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FIGURE 5 - PHASE I GEOTHERMAL GRADIENT MAP OF NORTH QAKOTA', DETERMINED FROM OIL AND
GAS WELL BOTTOM-HOLE-TEMPERATURES (CI = 57C/KM)



probe, a cable reel, and a digital volt-ohm-meter. A calibration curve was
determined in the laboratory for the thermistor circuit (+.03°C). Field
operations involve lowering the probe down the borehole, allowing the
thermistor to reach equilibrium, and measuring the resistance of the thermistor
circuit. The digital volt-ohm-meter was used to measure the thermistor
resistance, and temperatures were calculated from the calibration curve
(+.01°C).

Results

The Phase II and III geothermal gradient study measured temperatures
at five— or ten-meter intervals in 421 groundwater observations wells. This
temperature-depth data is stored in WATERCAT and can be summarized graphically
and in map form.

Graphical display of the temperature-depth data is accomplished with
machine-generated, temperature profiles. A catalog of temperature profiles,
for all wells with temperature logs, is maintained by the North Dakota
Geological Survey to provide potential users with specific local information.
Figure 6 shows an example of a machine-generated temperature profile. The
plotting routine automatically scales the abscissa and ordinate to
accommodate the temperature and depth range encountered. Temperature profiles
prove most useful when combined with a geologic description of the well.

We have added a lithologic data column to each temperature profile for which
published well data is available.

Map summaries of the temperature-depth data include a "shallow" geothermal
gradient map and slice maps, showing expected temperatures at selected depths.

Our "Sha]]ow" geothermal gradient map (Figure 7) shows machine-contoured,
site-average, geothermal gradients calculated in the depth interval of 30 to
100 meters. This depthuinterval was chosen since it is below the depth of

seasonal temperature variation and includes a maximum amount of the data
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collected. Interval gradients were calculated between adjacent temperature
observations in each well. Since some temperature profiles show isothermal
zones and the spurious effects of imperfect casing, only interval gradient
values between 8 and 80°C/km were used in calculating the site-averages. The
site-average, geothermal gradients for each well were then machine-contoured
to produce the "shallow" geothermal gradient map.

"STice" maps have been constructed from measured temperatures at 30, 50,
80 and 100 meters (Figures 8, 9, 10 and 11). These machine-contoured maps
show the expected temperature at these depths. The well control for these
maps is shown in Appendix D.

Phase I vs. Phase III Geothermal Gradient Maps

Figure 12 shows a comparison df our Phase I and Phase III geothermal
gradient data. The differences observed in the two sets of data can be
attributed to at least three factors: well control, depth of the data,
and calculation techniques.

The distribution and density of the wells contributing data to the
two maps is not the same. More wells contributed data to the Phase I map,
but they were concentrated in the western two-thirds of the state. Fewer
wells contributed deta to the Phase III map, but they were more evenly dis-
tributed. Consequently; the "shape" of the gradient features shown cannot
be expected to be 1dent1ca1 ; Nf' .

The depth of ‘the data, used to calculate the grad1ents, is different
for each map. The Phase Ismap d1sp]ays geothermal grad1ents calculated from
bottom-hole- temperatures recorded pr1nc1pa11y in- PaLeozo1c rocks These
Paleozoic aqu1fers are regnona] groundwater flow systems, and higher than
average gradients resu1t in those areas where these aquifers are closer to
the surface.

The Phase III geotherma1 gradient map displays site averages of interval
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FIGURE 10 - "SLICE" MAP SHOWING EXPECTED TEMPERATURE AT 80 METERS (CI=.5°C)
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gradients»from wells Tocated in three geologic settings: shallow, local
groundwater systems in Quaternary sediments; shallow, local groundwater
systems in Quaternary sediments, in hydraulic communication with deeper
regional aquifer systems; and shallow, regional and subregional groundwater
systems in Tertiary rocks.

The shallow, local groundwater systems in Quaternary sediments are
found in the northeastern one-half of the state. Gradients calculated from
temperature logs run on wells in this setting are low (10 to 20°C/km).

In some areas these shallow, local groundwater syst?ms are in hydraulic
communication with deeper, Cretaceous and older regional groundwater systems.
In these areas the warmer water from the deeper aquifers results in higher
temperatures and consequently, higher gradients. This "leakage" also results
in higher piezometric heads and poorer water quality.

The techniques used for calculating the gradients on the two maps was
different. The Phase I map is based on gradients calculated from oil and
gas well bottom-hole-temperature and total depth using the following

expression:

0 _ BHT (°F) - 40°F
Grad. ("C/km) = Total Depth (Feet)

(1823)

This calculation assumes a linear geothermal gradient from total depth to
surface, and a mean annual surface temperature of 4.4°c (40°F). Neither of
these assumptions -is absolutely correct, but the linear gradient is least
correct.

Shallow geothermal gradients were calculated by averaging the interval
gradients, between adjacent temperature obserVations, in each well logged.
Isothermal zones in aquifers and water movement behind poorly cemented
casing caused spurious gradient profiles. In order to eliminate these effects,

only interval gradients between 8 and 80°C/km were used in calculating the
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site average. Only temperature observations in the depth interval of 30 to
100 meters were used. Temperatures measured shallower than 30 meters are
influenced by seasonal temperature fluctuations and recharge in shallow
aquifers. In order to maximize the amount of data available, only observed
temperatures shallower than 100 meters were used.

A linear projection of most shallow gradient profiles intercepts the
ground surface at temperatures of from 5-10°C. Thus, the assuhed 4.4%¢

(4OOF) surface temperature used for the Phase I map is not correct. On the

‘other hand, if shallow well gradients are calculated from a single temperature

observation and an assumed surface temperature of 4.4°C (40°F), the resulting
gradients would be higher than they actually are.
It is our conclusion that both the Phase I and Phase III gradient maps

are useful. The Phase I map is useful for indicating areas of relatively

higher geothermal gradients to Paleozoic aquifers. The Phase III map is useful

for indicating the relative geothermal gradient to Quaternary and Tertiary
aquifers. The "slice" maps and geothermal gradient profiles provide expected
and actual temperatures present in shallow aquifers. This information has
proven to be invaluable in satisfying requests by potential users for site-
specific information.

Heat Flow Studies

Work completed during Phase III of the project in addition to that
reported in the Phase II Final Technical Report is as follows:

The thermal conductivity measurements on unfractured samples of
Cretaceous Pierre Shale undertaken during Phase Il were completed. Although
it was not possible to achieve good reproducibility in the measurements,’
we were able to bracket the thermal conductivity value, finding it to 1lie

1,-1

between 0.85 and 1.25 Wm 'K™ ‘. Blackwell and others (1981) have

reported a value based on in-site studies in four deep wells in Kansas.
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They find the thermal conductivity of Paleozoic shales to lie between

1.05 and 1.25 Wn K. Figure 13 indicates nine sites for which we have

reliable temperature gradients in Cretaceous Shales (see Phase Il Final
Report for discussion) superimposed on the 30 to 100 meter thermal gradients.
Heat flow values (in me-Z) are given, calculated from the assumption that

el for Cretaceous Shales.

the thermal conductivity K = 1.05 Wm 'K~
Only one hole was cased during Phase III. A 750 ft. well into the

Pierre in Towner Co. was cased during late fall 1981 in cooperation with

the North Dakota State Water Commission. Results are not available at this time.

Stratigraphic Studies

The goal of this task is to construct geologic maps of potential hydro-

thermal aquifers in the state.

Phase I Stratigraphic Studies

The Phase I study collected stratigraphic data from oil and gas wells
drilled in North Dakota and assembled that data in the computer Tibrary

WELLFILE. These data have enabled us to construct structural maps on fourteen

selected formations and an isopach map of the Mississippian Madison

Formation (Appendix A).
Phase II and III Stratigraphic Studies

Our Phase II and IIIistratigraphic stﬁdies (Figure 14) involved
identifying potentiai Mesozoic 3nd-Cenozoic aquifers and compiling additional
stratigraphic data,fin‘drder to éyéiuate'these aquifers. A1l Mesozoic and
Cenozoic addife%SHWéké‘Of:ihtékésf, BJE emphasis was piéted on the Cretaceous
Inyan Kara Fofmation aﬁd Qﬁai%rhéry aquiiers. Since upper Cretaceous and
Tertiary aquifers have'rgcénpiy'beEn sgﬁdiéd in detail by Dr. Ray Butler
(USGSWRD), these aquifers We%é‘hOt'embhésized in this study. The results
of Dr. Butler's study are on file with the USGSWRD in their Bismarck, ND office.

The data bases used for our stratigraphic study consisted of WELLFILE

and WATERCAT.
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WELLFILE was updated and expanded to accommodate 47 formation tops.
Data from new wells, being added to the system, includes thé footages of
the new formation tops.

WATERCAT contains a stratigraphic identification of the aquifers
producing water. These identifiers are compatible with the stratigraphic
identifiers used in WELLFILE, but are based on stratigraphic data contained
in the original U.S.G.S. source tapes. The geographic distribution of this
data isn't satisfactory for producing machine-contoured maps of the state.
The U.S.G.S. stratigraphic data has been collected over about the last twenty
" years, and a certain amount of confusion in the stratigraphic nomenclature
is found. For instance, in the southeastern part of North Dakota, the
Cretaceous Newcastle Sand is considered part of the Cretaceous Inyan Kara
Formation. As a result, the quality of the stratigraphic data contained in
WATERCAT will not permit structural mapping of aquifers.

The U.S.G.S.W.R.D. has been involved in regional aquifer studies for
several years. Dr. Ray Butler, formerly of their Bismarck office, worked
with Mesozoic and Cenozoic aquifer systems in the region. The results
of the Mesozoic and Cenozoic study are on file with the U.S.G.S.W.R.D.
in Bismarck. Their study has produced structural and isopach maps of
major aquifer systems, as well as hydrologic and geochemical models and
maps.

Cretaceous Inyan Kara Formation

Structural, isopach, and sand/shale ratio maps were constructed, for
the Cretaceous Inyan Kara Formation, during the Phase II study. All available
geophysical logs, in the N.D.G.S. log library, penetrating this formation
were studied, and the data was entered in WELLFILE.

Our structural map (Figure 15) shows that the Inyan Kara Formation is

present throughout most of the state. The elevation of the formation ranges
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FIGURE 15 - CRETACEOUS INYAN KARA FORMATION STRUCTURAL MAP, (CI=100 METERS)
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from about 100 meters, in the east, to about -1,000 meters, in the west.
Our structural map was constructed by contouring the tdwnship—average
elevations of the top of the Inyan Kara Formation. Figure 16 shows the
location of townships contributing well control to the map.

Major structural features, evident on the map, include the Williston
Basin and the Nesson Anticline. The basin configuration, the tendency for
contour lines to describe concentric circles, can be seen in the western
one-half of the state. This basin configuration is interrupted, in northwestern
North Dakota, by the southward projection of the Nesson Anticline into the
basin. The anticline is clearly shown by the -800 meter contour line.

The Inyan Kara jsopach map (Figure 17) was constructed by recording
formation thickness from all logs penetrating the unit, and contouring the
township-average thickness values. Figure 18 shows the location of townships
contributing well control to the map. The thickness of the Inyan Kara
Formation ranges from about 30 meters, in the east, to more than 150 meters,
in the center of the Williston Basin, and shows a tendency to thin in the
area of the Nesson Anticline.

A sand/shale ratio map (Figure 19) was constructed for the Inyan Kara
Formation. The footages of sand and shales were recorded from each geophysical
log penetrating the formation, and entered in WELLFILE. The summation of
sand footage'was'divided by thé\Summation of shale footage for each well;
and the townéhip-gVeragetqf‘tnge ratios was mapped. Figure 20 shows the
location of thoSe,toWnshipsﬁéontributing déta to the map. A ratio of one
means equa1 f00tagé§ of‘saﬁawahd?sha}é.r Afratio of two means twice as much
sand footagé; compared to fhéqshélei%oéfage, is present. These ratios, when
used with the isopach maﬁ, will givé a total footage value for sand and shale

at that location. For example, if the sand/shale ratio is two and the isopach
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FIGURE 17 - CRETACEQUS INYAN KARA FORMATION ISOPACH MAP (CI=25 METERS)
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map shows 90 meters of sediment; we can expect 60 meters of sand and 30 meters
of shale.

The areas where the sand/shale ratio is greater than two indicate areas
of significant sand accumulation. The location of these sand-rich areas is
related to the location of source areas for clastic sediment and the environ-
ment of deposition during the Early Cretaceous.

Sediments of the Inyan Kara Formation are thought to have been deposited
in a marine and marginal marine environment as Cretaceous seés transgressed
from the west and southweét toward the east (Hansen, 1955). The transgressing
sea reworked sand deposited by preexisting river systems, and depoéited, in
a nearshore environmént, the sand transported into the marine environment.

The terrestrial sources of sand are thought to be the eroded rocks, of

Jurassic to Precambrian age, over which the Cretaceous sea advanced, as well

as sources, mainly Precambrian in age, to the north, east, and south.

The sand/shale ratio map shows concentrations of sand in the south-central,

east, and north-central parts of the state. The accumulations are interpreted

to be proximal to sources of terrestrial sand and/or preexisting river
deposits.

Quaternary Aquifers

A map showing the locations of Quaternary aquifers in North Dakota

(Figure 21) was constructed during Phase III by compiling information contained

in county groundwater resources studies, published jointly by the U.S.G.S.
Water Resources Division, North Dakota State Water Commission and the North

Dakota Geological Survey, and the Geologic Map of North Dakota (Clayton and

others, 1980). This Quaternary aquifer map shows the location of known aquifers

in the upper 100 meters of sediment in the state. Since these aquifers are mainly

composed of sand and gravel of glaciofluvial or glaciolacustrine origin,

their distribution was controlled by the position of glacial ice and the
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FIGURE 21 - QUATERNARY SAND AND GRAVEL IN THE UPPER 100 METERS



regional slope. Consequently, in map veiw they form an intricate web of
aquifers, which may or may not have hydraulic continuity.

Water Quality Studies

The goal of this task is to summarize existing water quality data for
potential hydrothermal aquifers in the state.
Phase I Water Quality Studies

The Phase I study ;ummarized water quality data from chemical analyses
performed on water recovered during oil and gas well drill-stem tests. This
information is part of the oil and gas well data on file with the N.D.G.S.
Most 0il and gas wells have Paleozoic or Mesozoic rocks as their drilling
objective. Consequently, most of the water quality data collected during
Phase I was from Paleozoic and Mesoczoic aquifers.

Phase II and III Water Quality Studies

Qur Phase II and III water quality study (Figure 22) involved identifying
potential Mesozoic and Cenoioic aquifers and compiling additional water quality

data on these aquifers. As in our stratigraphic study, emphasis was placed on

the Cretaceous Inyan Kara and Quaternary aquifers.

The data bases used for our Phase II and III water quality study consisted

of WELLFILE and WATERCAT.
The.Phase I water quality data, contained in WELLFILE, was expanded

and updated. Water analyses not included in the Phase I study and recent

water analyses were entered into the system. The updated water quality data

are contained in Appendix B.

WATERCAT contains the results of chemical analyses performed on the
water produced by selected water wells in North Dakota. The geographic
distribution of this data is not satisfactory to produce water quality maps

for most aquifers. In addition, the variable quality of the stratigraphic
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control on this data results in a chaotic map presentation. Consequently,
only tabular summaries of the water quality data are presented for
Cretaceous and Tertiary aquifers in this report (Appendix B).

Quaternary Aquifers

Because of the good areal distribution of the Quaternary aquifers

(Figure 21) it was possible to map the reported Pleistocene water quality

data contained in WATERCAT. WATERCAT was interrogated for the total dissolved

solids of all Pleistocene wells on record. Two conditions were imposed
on the data in order to eliminate spurious values and bogus stratigraphic
identifiers. The conditions imposed on the data were that the well must be
less than 300 meters deep and that the reported total dissolved solids must
be within one standard deviation of the mean of all reported Pleistocene
total dissolved solids (x = 1117 mg/%, o = 885 mg/%). Figure 23 shows the
Pleistocene aquifers water quality map. Figure 24 shows the township control
for the Pleistocene water quality map.

The total dissolved solids in the Pleistocene aquifers averages about
1100 mg/%. Areas with total dissolved solids greateh than 1100 mg/2 are
located along the eastern edge and in the northwestern part of the state.
In the east, the areas of higher total dissolved solids are thought to
be related to the subcrop of Cretaceous and o]dér, regional aquifers beneath
the Pleistocene aquifers and the associated "leakage" of the warmer, poorer
quality into the Pleistocene aquifers. In the areas mapped in excess of
2000 mg/%, considerably poorer quality water may be Tocally encountered. In
the northwestern part of the state, the areas mapped in excess of 2000 mg/%,
are thought to be related to "leakage" of warmer, poorer quality water from

Tertiary aquifers into Pleistocene aquifers.

44



0 . S N A .
2 —\j
2/, ?
) GG
LA o |
BT
% F"“'"'p f%o D
0 _ A )
<<g\___L\;:) Y 6;;;/ (} i; :

Py
Q
S 7
(g o
P i fo]
[ |
a
8 10 12 14 16 18 20 2e c4 26 ¢g 30

FIGURE 23 - PLEISTOCENE AQUIFER WATER QUALITY MAP, TDS (CI=500 MG/2)



44+ +

4+ T T

+ -+ + 4+t 4+ 4+ +
4op At =
++ + + +i+ ++||M.+.+.

-+ 4 .+..++ ++++ )
R -
+ + ~ 4+ ++ N
++++ ++ HH
B I AR PR
— |t S L aaamte s M
\\ldlll.
HH+++* T + T
ot + +++ TrT
+ + + +

36

32

40 42 44 46

g

34

FIGURE 24 - CONTROL FOR PLEISTOCENE AQUIFER WATER QUALITY MAP

-!>.fﬁ Y O T O s O O e T T O ) IF{Dﬁfl ¥

¥
[ mam]



SUMMARY

Our Phaée I study developed and impiemented WELLFILE, a computer
library system based on 0il and gas well data contained in NDGS files.
WELLFILE is an easily accessible data base that can be interrogated to
summarize, in map form or listings, the depth, thickness, Water quality,
and temperature of potential hydrothermal aquifers. Most of the data in
WELLFILE are concehtrated in Paleozoic aquifers. Consequently, our
Phase II study developed WATERCAT, a computer library system based on water
well data collected by the U.S.G.S.W.R.D. and N.D.S.W.C. WATERCAT is
compétib]e with and supplements the data in WELLFILE. Most of the data in
WATERCAT are concentrated in Mesozoic and Cenozoic aquifers, with potable
water, stratigraphically above the Pierre Formation. Our Phase III study
updated, expanded, and validated the computer library systems, and used them
to_eva]uate selected aquifers.

Hydrothermal Potential of Selected Aquifer Systems

" Information from WELLFILE and WATERCAT has been used to evaluate
the hydrotherma] potential of aquifers.in North Dakota. Our computer
Tibrary systems were intérrogatéd‘forfdataaon the depth, thickness,
water quality, and_tgmperature.for the aquifer selected.-.Due to the
geographical and stratigraphic.distrjbution;ofaoil,and;gas well data and
water well data, it wasn't possib]eztb:cohstnuét maps describing each of
the four aquifer characteristiéS'for‘a]ﬂ selected aquifers. However, the
data not mapped areqéummarizedA1n‘tabu1ar'form in the attached Appendicies.
Potential hydrothermal aquifers were selected from each of the Paleozoic,

Mesozoic, and Cenozoic Erathems.
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Palebzoic Aquifers

The Mississippian Madison Formation was selected as being typical
of the Paleozoic, principally carbonate rock type, aquifers. The Madison
Formation is also the most prolific 0il producing formation in the state.
Consequently, we have more subsurface information in WELLFILE on the
Madisdn than on any other formation.

The following statement of geologic setting and 1ithologic charécter
of the Mississippian Madison Formation is summarized from Sedimentary and
Tectonic History of North Dakota, Part of the Willison Basin (Carlson, C.G.
and Anderson, S.B., 1966).

The Mississippian Madison Formation was deposited during the Kaskaskia
Sequence, in the tectonically negative Williston Basin (Figure 25), by
a transgressive sea spreading across the area from the north and west. The
Williston Basin is part of a larger Devonian seaway whose thickest deposits
are in western Canada.

The Madison Formation consists of three gross lithologic subdivisions
deposited in environments ranging from normal to restricted marine. The
Lodgepole facies consists of thin-bedded, argillaceous of cherty, generaf1y
dense, light gray to dark gray limestone. The Mission Canyon facieé con-
sists of a massive-bedded pure limestone, composed largely of fragmental
and oolitic material, ranging in color from brownish gray to light yellow-
ish gray. The Charles facies consists mainly of halite and anhydrite.

Thin shale and minor sandstone tongues are also associated with some
anhydrite beds. Some primary dolomite may also be included in this facies.

The Madison is present in the subsurface in the western three fourths
of North Dakota but is truncated in the eastern half of the state by a post
Kaskaskia erosional unconformity (Figure 25).

The Madison Formation ranges in depth from 1ess‘than 800 meters in
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the eastern part of the state to more than 2600-meters deep in the west

central part of the state (Figure 26).

L NN

The thickness of the Madison Formation ranges from zero at the eastern
erosional 1imit of the rock unit to more than 650 meters in the northwestern
part of the state (Figure 27).

The total dissolved solids in Madison water, based on the results of
analyses of water recovered on drill stem tests, ranges from less than
50,000 mg/% to more than 300,000 mg/s (Figures 28 and 29).

The témperature of the water contained in the Madison Formation is
shown in Figure 30. This map is based on township averages of reported
bottom-hole-temperatures in wells that terminated in the Madison (Figure 31).
Water temperatures increase from less than 30°C, in the eastern part of
the state, to more than 1]00C, in a few areas in the southwestern part

of the state.

The Mississippian Madison Formation and other Paleozoic aquifers, are

™ ol - al ! Pl O Fl OFE

Tow to medium temperature geothermal resources, but their great depth and poor wate
quality will probab]y'preclude their development as significant hydrothérma]
aquifers in North Dakota.

Mesozoic Aquifers

Our Phase II study concentrated on developing structural, isopach, and
sand/shale ratio maps of the Cretaceous Inyan Kara Formation. A1l available

0il and gas well logs were studied and the new data was incorporated into

WELLFILE.

No reliable temperature data are available for this formation, but its
~ depth, thickness and water quality can be summarized. The Inyan Kara
Formation is a widespread aquifer of moderate depth. Figure 32 shows that
it ranges from less than 400 meters deep in the east to more than 1,700

meters deep in the central part of the Williston Basin. Based on our
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FIGURE 26 - MISSISSIPPIAN MADISON FORMATION, (DEPTH MAP) (CI=200 METERS)



FIGURE 27 - MISSISSIPPIAN MADISON FORMATION, ISOPACH MAP (CI=50 METERS)
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FIGURE 28 - MISSISSIPPIAN MADISON FORMATION, TOTAL DISSOLVED
——————  SOLIDS IN FORMATION WATER (CI=50,000 MG/%)
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FIGURE 29 - CONTROL FOR MISSISSIPPIAN MADISON FORMATION TOTAL DISSOLVED SOLID MAPS




FIGURE 30 - MISSISSIPPIAN MADISON FORMATION, WATER TEMPERATURE MAP (CI=100C)
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FIGURE 32 --CRETACEOUS INYAN KARA FORMATION, DEPTH MAP (CI=100 METERS)
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FIGURE 33 - CRETACEOUS INYAN KARA FORMATION, ISOPACH MAP (CI=25 METERS)



temperature "slice" maps (Appendix D), the temperature of the water contained
in the Inyan Kara Formation can be expected to range from about 30%C (86°F)
in the east to about 65°C (1500F) in the western part of the state. Figure
33 shows that the thickness varies from less than 25 meters in the east to more
than 150 meters in the west. Figure 34 shows the location of significant
accumulations of sand in the Inyan Kara Formation. These areas, with
sand/shale ratios greater than two, are located in the south-central, south-
east, north-east, and north-central parts of North Dakota. The available
water quality data are summarized in table form in Appendix B and C. In
general, the total dissolved solids in the formation water range from about
2,000 mg/% in the south-east part of the state to about 14,000 mg/2 in the
western part of the state. In some local areas total dissolved solids as
high as 50,000 mg/¢ can be exbected, due to the injection of 0il well brines
or the vertical movement of groundwater from underlying aquifers. The Inyan
Kara Formation is a widespread aquifer of moderate depth and moderate water
quality. It is likely to be an important hydrothermal aquifer in North Dakota.
Two other Mesozoic aquifers, the Cretaceous Fox Hills Formation and
the Cretaceous Hell Creek Formation, are probably important hydrothermal
aquifers. Dr. Ray Butler, formerly of the U.S.G.S.W.R.D. in Bismarck has
completed a study of CretaceoUS\and'Té}tiary aguifers in North Dakota.
The results of his study ére on filevat’the;Bigmarck U.S.G.S.W.R.D. office.
The time schedule for pub]icqtionuqf;Dr. BUtler's'§ﬁQdy is uncertain at this
time. . |

Cenozoic Aquifers

NATERCAT'contain§'USer1 water/quality data on most Cenozoic aquifers
(Appendix C), but Tittle re]iab]erstratigraphic and temperature data. Our
Phase Il and III geothermal gradient and heat flow studies provided reliable

temperature data which supplements that data contained in WATERCAT. However,
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FIGURE 34

- CRETACEOUS INYAN KARA FORMATION, SAND-SHALE RATIO MAP (CI=1)




most of the temperature data we added are restricted to relatively shallow
(Tess than 100 meters deep) Pleistocene aquifers.

Tertiary Aquifers - A number of Tertiary aquifers (see Appendix C) are

probably important hydrothermal aquifers. A1l major Tertiary aquifers have
been studied by Dr. Ray Butler, a hydrogeologist, formerly with the
U.S.G.S.W.R.D. in their Bismarck office. The results of Dr. Butler's study
are on file with the U.S.G.S.W.R.D., however, the time schedule for the
publication of this dafa is uncertain.

Quarternary Aquifers - In terms of being an economic application of

geothermal energy, currently in use, the Quaternary aquifers are probably
the most important hydorthermal resource in North Dakota. Quarternary
aquifers consist of saﬁd and gravel deposited in Pleistocene glaciofluvial
and glaciolacustrine environments as well as more recent, Holocene,
fluvial and lacustrine environments.

Figure 35 shows the distribution of Quaternary sand and gravel within
100 meters of the surface. This map is based on a compilation of existing
aquifer maps contained in county groundwater resources reports, published
by the U.S.G.S.W.R.D. and the N.D.S.W.C., and the Geologic Map of North
Dakota (Clayton andAothers,«}QBQ).: The distribution of these sediments was
contro]]éd b&_ﬁhé pégitipnqu giapia1 ice and the regioﬁa] slope at the time of
deposition. éQQartekhgfy4aqaiférs are not as uniformly distributed as
the previousiy.discgésed aéuifer systems, But they are widely distributed
over the glaciated portion of the state.

Figure 36_show§’a contour map of the observed temperatures at a depth
of 100 meters. Thej100 meter temperatures in Pleistocene aquifers range from
about 6.5°C, in the{north central part of the state, to about 11.5°C in the
northwestern part of the state. The higher temperatures (11 to 13°C) in the
southwestern part of the state were measured in wells penetrating Tertiary

sediments.
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FIGURE 35 - QUATERNARY SAND AND GRAVEL IN THE UPPER 100 METERS



FIGURE 36 - "SLICE" MAP SHOWING THE EXPECTED TEMPERATURE AT 100 METERS (CI=.50C)



The quality of the water contained in Pleistocene aquifers,
expressed in terms of total dissolved solids, is shown in Figure 37.
Pleistocene aquifer water quality, expressed as total dissolved solids,
ranges from less than 500 mg/%2 to more than 2500 mg/t, but averages about
1100 mg/2. Those areas mapped in excess of 2000 mg/% total dissolved solids,
along the eastern edge of the state and in the northwestern part of the state,
may be expected to produce water of much poorer quality locally. "Leakage"
of warmer, poorer quality water from deeper aquifers is Tikely in these areas.

- The number of groundwater heat pumps, using water from Pleistocene
aquifers as a heat source, is rapidly growing. About 100 groundwater heat
pumps are now in operation in the state (Gaugler, 1982). The application of
groundwater heat pumps to residential and light industry for heat is probably
the most important application of geothermal energy in the state.

Site Specific Capability of the Data Base

The Tocation - oriented data management system we have developed during
this study is well suited to responding to site specific requests for
geothermal data. We have used this system to respond to requests for data
by individuals, architects, cities, and contractors during the past three
years. We anticipate a growing number of requests for site specific data
in the future. Our data management system will be maintained by the North

Dakota Geological Survey.
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FIGURE 37 - PLEISTOCENE AQUIFER WATER QUALITY MAP, TDS (CI=500 MG/%2)
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APPENDIX A
Wellfile Stratigraphic Data
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FIGURE 7 - CRETACEOUS INYAN KARA FORMATION (KIK),
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FIGURE 13 - PERMIAN MINNEKAHTA FORMATION (PM),
STRUCTURE MAP_(CI 100 METERS)
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 FIGURE 14 - CONTROL FOR PERMIAN MINNEKAHTA
: FORMATION STRUCTURE MAP
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FIGURE 15 - PENNSYLVANIAN MINNELUSA FORMATION
(PNM), STRUCTURE MAP (CI = 100 METERS)
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FIGURE 17 -~ MISSISSIPPIAN KIBBEY LIMESTONE (MKLS),
STRUCTURE MAP (CI = 200 METERS)
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FIGURE 21 -

BASE OF MISSISSIPPIAN MADISON FORMATION,
STRUCTURE MAP (CI = 200 METERS)
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FIGURE 22 - CONTROL FOR BASE OF MISSISSIPPIAN

MADISON STRUCTURE MAP

81"



o mHMEAHMWLxm- L (o La@ | & (a8 | 8 _ 8 L . i Ll Lam s _a L _a»

Q._ifll

R

3¢ 40 42 44 48

3o 3a 36 38 40 42 a4 46

e Sl‘ 23

%0

I e e T e s Sl SR oo B s Sl s nenes S Sunss St Stiee

82

T ey ee 8w 26 28 i35
STRUCTURE MAP (CI = 200 METERS)
DUPEROW STRUCTURE MAP

T 2o 22 ¢4 ek 28

FIGURE 24 - CONTROL FOR DEVONIAN

FIGURE 23 - DEVONIAN DUPEROW FORMATION (DD),

‘Ho
e




200 METERS)

STRUCTURE MAP (CI

"FIGURE 25 - SILURIAN INTERLAKE FORMATION (SI),

I

—_— e

28

‘2‘4 * 26’

e

BT

i8

FIGURE 26 - CONTROL FOR SILURIAN INTERLAKE

FORMATION STRUCTURE MAP

83



PR

B it ST Rt e

;
T
L
b
i
4
i
.

84

STRUCTURE MAP (CI = 200 METERS)
FORMATION STRUCTURE MAP

FIGURE 27 - ORDOVICIAN RED RIVER FORMATION (ORR),
FIGURE 28 - CONTROL FOR ORDOVICIAN RED RIVER
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FIGURE 29 - CAMBRIAN. DEADWOOD FORMATION
STRUCTURE MAP (CI = 200 METERS)

FIGURE 30 - CONTROL FOR CAMBRIAN DEADWOOD
FORMATION STRUCTURE MAP
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WELLFILE Water Quality Data
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The following table lists the chemical data contained in WELLFILE which
consists of the results of analyses of water recovered from 0il and gas well

drill stem tests.
A brief explanation of the table headings is necessary.
WELLNO - N.D.G.S. Well Number
T-R-S =~ Location of well, towhship. range, and section

FORM - , D, DB, etc. - The abbreviation of the formation tested.

’ See Appendix "B" for a complete listing of
the abbreviations used. ( = blank,
Formation is unknown.)

TOP - Top of tested interval (footage).
BOTTOM - Bottom of tested interval (footage).
CA, MG, NA - The concentration of Ca++, Mg++, and Na+

FE - The concentration of Fe++ or ppm x 100.

€03, HCO3, S04, CL - The coRcéntratioh of thése €05, HCO5™, SO, and C17 ppm.
pH - The pH of the tested fluid x 100.

RESIST and F - Thé resistivity of the Formatioh fluid (p x 1000) at
the testéd temperature (OF):

-

7S - Total disssived solids iR testéd: Foration fluid.
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CHEMICAL DATA

1=(mg/1l, ppm) 2=(mg/1, ppm)x100 3=pH x 100 =  4=ohms/meter3 x 1000
WELLNO T-R-S FORM TOP BOTTOM Ca(1l) Mg{1) Na(l) Fe(2) CO3(1) HCO3(1) $04(1) C1(1) PH(3) RES(4) °F TDS(1)
6322 130-091-07 8355 8419 12224 1580 52300 840 : 140 1300 110000 681 53 77 L77532
7240 131-104-04 3006 1459 28700 200 305 1510 48580 685 89 77 84562
94 133-065-12 169 47 481 293 1045 238 745 77 2273
4570 133-098-05 4776 4830 38 8 4893 1525 43 720 750 560 08 13227
4578 133-098-06 4790 4825 38 24 4605 1660 48 6240 780 590 68 12615
4565 134-098-31 4816 4881 14 6 5387 1370 73 7500 790 520 68 14350
1541 138-095-06 8665 8720 13000 1400 76300 144 853 144000 610 47 68 235697
7127 139-096-30 13828 365 76800 320 330 1410 149600 647 45 77 242336
1587 139-100-10 132 61 9631 1230 835 13936 760 290 68 25825
3813 139-102-02 380 58 3572 270 984 5468 740 640 68 10732
3750 139-102-13 15 2 489 50 710 183 179 920 5600 68 1628
3939 139-102-15 1210 154 5869 214 860 10880 19187
3829 139-102-23 9029 9038 3080 920 6598 245 870 17650 640 240 68 29363
4640 140-059-09 452 180 32 268 1350 189 740 2429
© 151 140-080-18 7729 7763 1558 175 8046 1295 2872 12800 790 290 68 26740
4592 140-080-18 7729 7763 1558 175 8046 1295 2875 12800 790 290 68 26749
7403 141-100-07 9326 9362 4609 608 31200 110 738 1880 56210 702 87 77 95246
7403 141-100-07 9375 9410 4008 486 29800 1030 629 800 52129 701 94 77 87862
6618 141-101-22 9153 9159 1133 110 9407 488 1125 16000 740 260 68 28263
6618 141-101-22 9218 9230 850 141 8248 476 1000 13900 740 280 68 24615
7499 142-100-26 4409 486 31700 80 256 900 58596 708 78 717 96348
6474 143-100-05 23368 4326 87019 159 240 197000 600 56 68 312112
4488 145-092-28 7182 413 36698 281 481 70000 680 82 77 115055
7579 145-104-24 5812 122 24800 1000 506 1100 47802 724 107 17 80152
22 146-081-10 1008 215 20849 380 8606 28000 730 150 68 59058
7162 146-104-14 15631 1337 49180 692 537 1350 108766 669 48 77 176808
7162 146-104-14 13026 608 69E3 180 4550 180 732 40 135158 1038 47 77 206444
4304 146-104-33 11570 11624 16400 6561 108698 11700 644 1360 214420 560 38 77 348200
4304 146-104-33 12640 12752 36000 7290 87469 15100 195 1600 218680 500 38 77 351385
4304 146-104-33 12766 12826 41200 8991 82317 16200 127 3400 223650 470 37 77 359847
6994 147-096-13 ' 77350 4376 37100 12800 101 20 237050 462 47 77 356125
6663 147-104-03 8670 818 109600 146 864 184400 630 46 68 304498
7166 147-104-22 ' 11824 2553 99500 780 268 580 174020 612 41 77 288753
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CHEMICAI. DATA o
1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter? x 1000

WELLNO T-R-S  FORM  TOP BOTTOM Ca(l) Mg(1l) Na(1l) Fe(2) CO3(1) HCO3(1) SO4(1) CL(1) PH(3) RES(4) °F TDS(1)
7366 151-094-06 18036 3768 81900 500 409 490 169400 610 42 77 274008
41 152-096-26 9175 9225 1343 217 121697 - 189 7625 185006 580 53 68 316071
4633 153-058-08 100 170 672 128 223 780 1125
2665 153-094-30 1660 204 12748 365 692 22473 720 190 68 38142
1335 153-094-32 1207 264 17600 330 1730 28900 720 50031
78 153-095-16 Con 752 168 18234 620 1658 28362 660 170 68 49794
919 153-095-33. o 148 110 340 535. 1012 49 770 4690 68 2194
1226 154-095-31 - . 309 262 1529 535 835 2742 730 1140 68 6212
7570 155-094-09 S 11764 1165 114000 765 193826 460 46 68 321520
79 155-095-07 4590 4998 27 1 3418 146 1560 852 3615 890 780 68 9619
165 155-096-01 - 4599 4647 19 8 3620 240 1500 522 4050 9959
7712 155-098-21 - . 9018 365 104500 200 207 1270 185040 778 43 77 300402
647 156-095-18 4825 5105 21 3 3235 37 1880 650 3420 840 850 68 9246
44  156-095-33 8641 8671 6423 6243 92098 305 613 171000 660 52 68 2766%2
© 4618 156-103-17 - 9533 9570 28371 2096 87871 171 390 191700 580 68 31059y
32 157-095-12 8361 8394 12900 1538 99440 205 789 180000 620 50 68 294872
32 157-095-12 8486 8544 8841 1125 114696 110 1064 195000 610 52 68 320836
32 157-095-12 11561 11665 1735 173 126186 ) 110 215 198000 680 52 68 326419
7279 158-082-01 - 4315 4360 3407 1094 109600 700 220 3200 180800 656 41 77 298328
7709 158-083-28 : 5042 5068 8016 1823 100200 180 348 1350 178872 639 40 77 290611
4081 159-084-05 12 7 1401 75 1818 800 3313
5239 161-079-32° 3462 3490 3407 705 30793 21200 195 4878 52116 670 90 73 92306
2214 161-092-03 10146 10147 7520 1390 110000 80 325 186000 630 1207 60 305236
3030 162-092-22 4288 4384 15 8 4500 72 1549 143 5900 820 650 68 12187
1549 162-092-24 6330 6352 4260 206 79700 ©222 2660 129000 650 51 68 216048
1549 162-092-24 - 6357 6368 1320 154 12200 900 4810 17600 770 224 68 36984
6401 163-087-10 8690 8855 20320 2163 92855 49 226 191000 560 60 68 306613
6401 163-087-10 9257 9364 15748 2472 103258 85 528 200000 620 60 68 322091
1530 163-092-24 5932 5978 5680 1100 77200 247 2080 129000 710 49 68 215307
1530 163-092-24 6031 6060 1450 36 10600 420 5860 14700 680 233 68 33066
1530 163-092-24 6061 6093 1930 206 21600 348 5140 33600 600 136 68 62824
1742 163-092-34 6259 6273 3170 352 28600 300 2780 48600 730 106 68 83802

7773 163-094-06 11423 1580 97700 700 207 930 170391 669 42 77 282238



CHEMICAL DATA

1=(mg/1, ppm) 2={mg/1, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000
WELLNO T-R-S  FORM  TOP BOTTOM Ca(1l) Mg(1) Na(1) Fe(2) C03(1) HCO3(1) SO4(1) C1(1) PH(3) RES(4) °F TDS(1)
6 163-095-27 0 84 7 91 91
7515 163-096-32 10822 608 39400 900 744 90 81726 1067 70 77 133399
7515 163-096-32 3330 3390 20240 1216 48800 2190 159 1250 112566 703 126 77 184253
864 164-080-35 2480 924 1555 2050 54 2980 7250 15264
381 164-080-36 2786 870 150 108 3635 64537 730 1080 77 71938
3859 135-083-34 C 7882 7950 2270 380 33992 230 2605 55500 780 93 68 94977
4218 152-095-01 CD 14166 14308 8640 3596 47580 710 430 98430 690 66 68 159386
6436 163-087-05 CD 9490 9528 11684 14E3 76233 134 414 192000 540 50 68 294679
6436 163-087-05 CD 9532 9596 21336 3090 58556 122 760 145000 520 64 68 228864
6436 163-087-05 CD 9535 9550 559 62 994 98 185 2580 680 135 68 4478
3448 130-107-12 D 7750 7803 677 103 17773 317 1800 27400 800 155 77 48070
3798 131-106-32 D 8042 8102 517 99 6024 586 2650 8200 740 390 77 18076
644 139-068-05 D 3199 3216 1026 464 3429 660 2526 6210 700 520 68 14315
© 1202 152-094-06 D 20240 1503 101815 100 162 197064 580 46 68 320884
NE 1748 152-094-06 D 10747 10768 6435 2065 33803 135 124 69376 550 86 68 111935
1370 152-094-07 D 20614 1466 91523 25 142 181800 520 46 68 295570
4240 152-094-07 D 10693 10891 41804 790 59216 143 346 167560 570 269 269859
1567 152-095-12 D 10334 10351 22770 5605 87513 168 191490 500 51 68 307546
1495 153-094-32 D 21480 2400 100851 84 200500 450 47 68 325315
1495 153-094-32 D 10349 10366 21285 3245 103215 144 206220 460 51 68 334109
1231 155-096-02 D = 10279 10460 49920 11E3 24307 220 353 157560 600 50 68 243380
1231 155-096-02 D 10279 10460 49920 11E3 22692 230 492 154960 600 50 68 239314
1982 155-096-12 D 10500 10501 36400 1980 129955 73000 110 120 264000 485 505 433295
182 156-095-16 D 10267 10304 49995 5605 67938 475 208 209166 600 51 68 333387
1385 156-095-16 D 10485 10530 56840 9440 56666 355 110 215213 550 46 68 338624
2501 156-095-30 D 10316 10391 20640 2900 106555 30 291 209100 530 48 68 339516
1534 156-096-26 D 17150 2990 35658 146 338 98000 690 710 68 154282
1514 156-096-34 D 10271 10329 54880 6490 65506 185 217 216800 430 48 68 344078
1514 156-096-34 D 10388 10428 41160 5900 68354 230 285 195120 500 48 68 311049
355 158-094-18 D 9920 9945 56050 6380 62051 142 213384 400 50 68 338007
355 158-094-18 D 9920 9975 55100 5800 62892 165 211292 400 50 68 335249
355 158-094-18 D 10120 10220 55100 6380 65855 : ' 144 217568 400 50 68 345047
6684 161-085-02 D 31930 2817 75619 232 295 182000 600 55 68 292893
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WELLNO
6634
3859
4280
4130
2584

793

607

607
4095
2373
3086
7741
1385
4618
1517
2010

528

528
3160
4130
1678
3927
3927
3044
2853
5887
7265
3492
6894
6832
4304
4304

413

1={mg/1, ppm)
TOP BOTTOM

T-R-S

161-085-02
135-083-34
135-103-18
138-105-09
145-101-16
149-091-22:
149-093-24
149-093-24>
151-096-34"
152-095-01.
152-095-01
156=094~28"
156-095-16.
156=103-17
162-071-16
157+089~25;
157-089-25
137-095-20-
138-105-09
139-101-02
139-101-21
139-101-21
143-092-27.
143-101-05
144-092-08
144-100-30
146-090-25
146-103-05
146-103-09
146-104-33
146-104-33

-147-093-05

FORM
D
DB
DB
DR
DB
DB
DB
DB
DB
DB
bB
DB
DB’
DB:
DB
DB

DBD
DD
DD’
DD
DD
DD.
DD
DD
DD
DD
DD
DD
DD
DD
DD
DD

DBD

6664
6038
3690
9898
11020
10326
10850

10850

11060
10380

10487
10664
10090’

10494
3393

8006:
8967
9103

9895

10102 .
10766

10541
10631

10033
11209

10540

10070
11118
11170

11048

11204
10883

6728
6070
9734
9918

11100

10388
11062
11062
11088
10450
10565
10691
10150

10560

3400

8049

9051

9YTh

9952
10192
10798
10601
10686
10126
11245
10600

10121
11153
11240
11163
11281
10898

25750
7840
13320
13453
23925
12000
18200
250
25816
25650
24700
24800
27048
22306
3430
33165
48925
40375
26970
19089
38417
33200
33200
32300
48222
1282
39679
16017
51904
14600
52000
35600

3756
1100
3420
1853
2004
1342
4514

79
2071
2850
3400
1880
3304
1731
1593
4130
6090
4930
5600
1962
2820
4100
3250
5700
3762
1307
2431
2380
6199
1750
12E3
19E3

CHEMICAL DATA
2=(mg/1l, ppm)x100

79837
63597
90085
66413
84951
73934
83753
1045
717542
82098
87191
82700
79949
93911
60325
879717
64111
57849
63376
67837
78635
66834
79662
81330
75500
135466
54300
60052
65700
105400
65182
70265

3=pH x 100 4=ohms/meter? x 1000

Ca(1) Mg(1) Na(1) Fe(2) CO3(1) HCO3(1) SO4(1) CL(1) PH(3) RES(4) °F
134 300 185000 620 65 68
60 2901 113000 680 57 68
60 259 172300 610 48 68
75 341 131350 610 53 68
37 179 179000 580 45 717
162 1740 137808 610 52 68
355 626 173880 550 47 68
224 1187 1279 500 1750 68
75 209 171125 600 48 68
85 310 180050 600 48 68
60 412 187800 520 48 68
260 182000 500 49 68
270 362 180386 600 46 68

315 439 189073 610 307
110 3766 100920 740 66 68
75 570 205960 590 48 68
186 245 202924 520 47 68
112 402 174682 500 48 68
75 526 161370 550 53 68
160 901 143375 670 52 68
122 197400 500 49 68
4 37 228 173600 570 51 68
37 100 191000 610 51 68
1575 341 198050 720 50 68
85 99 208000 470 42 717
195 520 221000 530 58 68
1200 98 270 163452 564 45 77
122 950 131000 680 53 68
183 1510 208800 514 4t 717
159 633 173500 530 52 68
7400 195 1020 227200 590 37 77
11200 161 1100 227200 590 37 77
34 311 103554 480 60 68

25840

2552

32831

THS(1)
294777
183448
279444
213485
290096
226986
281328
4064
276838
291043
303563
291640
291319
307775
170144
331877
322481
278350
257917
233324
317394
277999
307249
319296
335668
359770
260242
210521
334296
296042
357821
353878
165122



CHEMICAL DATA

1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000 :
WELLNO T-R-S  FORM  TOP BOTTOM Ca(l) Mg(1) Na(1) Fe(2) C03(1) HCO3(1) S04(1) CL(1) PH(3) RES(4) °F TDS(1)
2600  148-096~10 DD 11555 11607 48450 4560 75319 _ 145 112 215033 560 51 68 343619
793 149-091-22 DD 16712 10724 1026 93 4210 104 1926 7099 630 500 68 1445

1744 149-095-07 DD 11470 11520 50490 5310 73536 390 182 217884 530 51 68 347792
1744  149-095-07 DD 11577 11628 47520 4720 77484 670 232 216800 620 50 68 347425
1744  149-095-07 DD 11633 11658 46530 4130 77477 305 208 213548 600 50 68 342198
1744 149-095-07 DD 11657 11691 51975 4425 72164 560 184 215716 600 49 68 345024
2750 149-096-36 DD 11281 11320 47232 4872 76353 108 139 215384 500 50 68 344088
7209 149-104-21 DD 27655 1459 90300 5200 146 690 195200 600 44 77 315502
7209 149-104-21 DD 10998 11008 50100 3890 68200 4400 580 3800 204000 594 46 77 330614
2494 151-094-19 DD 11262 11405 52320 3480 79008 185 112 224400 540 51 68 359505
4095 151-096-34 DD 11416 11450 47268 3270 70449 170 119 201650 600 51 68 322926
2373 152-095-01 DD 10562 10640 35150 3420 82764 135 385 199465 590 49 68 321319
2373 152-095-01 DD 10674 10706 57950 5130 65969 280 220 218925 600 50 68 348474
2373 152-095-01 DD 10724 10778 45600 4350 77407 865 139 212160 700 51 68 340521
L 3086 152-095-01 DD 10658 10744 19950 3420 99276 37 444 198050 510 49 68 321177
3086 152-095-01 DD 10747 10780 57000 5700 63376 109 215150 470 51 68 341335
2967 152-096-03 DD 10748 10950 35900 2725 45683 170 316 141600 640 53 68 226394
2967 152-096-03 DD 10748 10950 35900 2725 45683 170 316 141600 640 53 68 226394
2226 153-094-18 DD 11150 11278 56050 3400 70831 425 132 218000 600 50 68 348838
2841 153-094-29 DD 10799 10817 61500 4800 62062 204 104 218348 520 48 68 347018
2841 153-094-29 DD 10858 10933 43500 4200 78084 278 53 209456 560 47 68 335571
2665 153-094-30 DD 10920 10975 24460 1740 94158 100 176 193400 640 52 68 314034
2839 153-094-30 DD 10921 10979 57500 3600 69575 224 122 219336 530 48 68 350357
1495 153-094-32 DD 10710 10785 14694 1344 100287 100 555 184140 570 49 68 301120
2602 153-095-06 DD 10266 10332 28000 6804 89884 12600 81 1150 207320 450 38 77 333365
- 1679 153-096-10 DD 10615 10668 44055 3540 79225 185 97 210296 560 47 68 337398
2375 155-096-10 DD 10151 10236 56050 5700 67053 230 120 219000 770 51 68 348153
2487 155-096-12 DD 10266 10484 63000 6000 61187 10 72 223288 440 . 49 68 353557
1729 155-096-13 DD 10152 10277 50304 3944 81635 200 166 226260 500 49 68 362509
1729 155-096-13 DD 10424 10490 62370 5900 63618 245 102 225472 540 50 68 357707
2438 155-096-13 DD 10211 10291 43200 3480 79770 . 137 126 209456 520 49 68 336169
2515 155-096-14 DD 10129 10305 55000 4500 61752 196 96 205504 510 49 68 327048
2515 155-096-14 DD 10322 10352 43607 146 90183 183 192 208119 581 342 342430



G6

WELLNO
2147
2409
1385
2092
2092
2149

254
2344
2583
2555
2555
2555
1514
1820
4618

392
1002
1745
1745
1689

355
4665
3983
3983
3983
3983
3983
3983
2182
2182
4514
4390
3899

1=(mg/1, ppm)
TOP BOTTOM

T-R-S
155-096-23
155-096-23
156-0495-16
156-095-17

156-095-17

156-095-18

156-095-19

156-095-19
156-095-20

156-096-23

156-096-23

156-096-23
]56-0Q6r34
156-096-35

156-103-17
157-085-21
157-094-10
157-095-21
157-095-21
158-081-07

158-094~18

158-095-06
158-095-16
158-095-16
158-095-16
158-095-16
158-095-16
158-095-16
158-095-21
158-095-21
158-095-24
158-095-27
158-095-28

FORM

DD
DD
0D

DD

DD

DD
DD

DD
DD

DD
DD
DD~
DD
DD

DD

)
DD~
Db
DD

bD
DD
DD

‘DD
DD

DD
DD
DD
bD

DD
DD

DD
DD

DD

10376
10131
10330

10311
10464
10299
-10286
- 10314
10349

10304
10461
10479
10456

10160

10705
7607
1027I
10082
10205
5788

10155
10178

9980

9995
10110
10176
10230
10284
10143
10195
10105

110027

10076

CHEMICAL DATA

2=(mg/1, ppm)x100

10465
10208
10420
10370
10465

10350

10346
10440
10423
10356
10508
10556

10504

10449

10750

7645
10328
10205
10400

5845
10220
10188
10274
10105
10164
10212
10250
10329
10190
10274
10140
10065
10129

Ca(l)
58900
57000
54880
58410
36135
57915

4465
28215
15744
35520
23040
58080
47049

6500
55037

1388
54321
58410
58410
31360
55100
59000
56800
17460
14720
17640
18540
19280
53450
64350
55000
44180
42250

Mg(1)
2850
8550
6490
7080
3540
5900
580
2950
2088
4350
3190
6090
4425
660
8475
314
4060
5900
6195
4720
6380
4600
8100
1640
1200
1960
1860
1960
5300
5300
14E3
11E3
3545

69659
62627
70154
62385
87023
64444
111908
95964
100602
90737
103983
69513
76335
39629
58448
5010
63186
66134
64837
75735
65855
60700
62844
83963
72519
85856
90982
90560
68263
64057
444963
69000
74648

3=pH x 100

4=ohms/meter? x IOOO
Na(1) Fe(2) €O03(1) HCO3(1) SO4(1) C1(1) PH(3) RES(4) °F

205
635
280
279
185

75

39
205
120
340
295
200
253
355
315
355
295
120

295
60
110
75
25
195
365

18
120

78
230
122
128
268
110
272
300
537
206
363
118
216
923
178

3136
131
174
156
344
144

50

71
560
770
396
435
405
200
120

69
247
225

219800
221844
216550
219968
208184
219000
182004
206280
188700
215220
210120
227460
213548
73755
212290
8580
205138
222220
221136
185744
217568
211400
221000
164600
140800
169000
178200
179200
215060
227820
208600
215840
200000

540
570
550
560
530
580
400
560
520
650
650
610
480
690
550
580
640
550
550
500
400
480
550
780
700
7120
690
600
540

550

550
480
560

51

50

46
52
52
52
48
48
46
50
49
51
48
75

410
49
50
50
47

50

50
48
47
50
48
47
47
50
50
54
339
50

68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68

68

68
68
68
68
68
68
68
68
68
68

68

TDS( 1)
351492
350886
348476
348241
335335
347369
299229
333784
307710
346238
340816
361601
341859
121667
334681

18783
327151
353193
351029
298023
345047
335750
348815
268518
230069
274962
290092
291430
342468
362012
723032
339977
320788

PRSI |
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CHEMICAL DATA
1=(mg/1l, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter? x 1000

WELLNO T-R-S  FORM  TOP BOTTOM Ca(1) Mg(1) Na(1) Fe(2) CO03(1) HCO3(1) SO4(1) C1(1) PH(3) RES(4) °F TDS(1)
3899 158-095-28 DD 10236 10271 55900 4100 61476 122 205600 510 52 68 327198
265 158-095-35 DD 10046 10084 39250 5596 69605 145 185 192906 550 46 68 307687
7087 163-095-18 DD 8175 8240 2004 24 81200 1060 3451 20747 4900 15680 1015 46 77 128017
2010 163-102-07 DD 8403 8446 28215 5015 88948 170 440 201320 590 50 68 324108
1679 153-096-10 DDB 11038 11069 79200 5900 45088 : 355 172 226556 570 50 68 357271
1679 153-096-10 DSR 10980 11015 81180 5900 49105 295 141 236312 560 51 68 .372933
3827 162-078-20 DSR 4952 5005 11063 1558 87931 75 913 159029 740 49 68 260569
793 149-091-22 DTF 10045 10100 2000 52 31355 230 6698 46980 630 100 68 87315
4304  146-104-33 DW 11624 11674 23600 16E3 76038 9500 136 800 205190 600 39 77 321897
5279 157-076-34 DW - 5079 5129 8016 1556 90788 16900 61 1003 158120 550 44 73 259713
5498 157-082-01 DW 6765 6821 31872 4228 79525 183 460 199000 610 52 68 315268
5281 158-075-16 DW 4784 4814 1964 511 28862 51100 610 5548 45380 650 105 73 83386
5283 158-077-34 DW 5240 5289 6613 632 87783 11100 171 1480 147839 630 52 74 244629
© 5277 162-077-11 DW 5691 1143 82403 7600 293 1903 138976 583 49 72 23048%
o 4655 162-078-31 DW 5333 5365 7068 425 90712 185 1400 152650 720 42 68 252440
7087 163-095-18 DW 9377 9407 802 61 3030 80 104 1300 5200 834 505 77 10498
511 134-096-24 KIK 14 2 3014 133 1730 1099 2705 870 900 68 8697
4485 136-101-09 KIK 5384 5424 351 5246 875 252 8023 740 68 14747
3339 139-101-12 KIK 625 75 18841 35000 430 910 30000 615 190 74 51231
2680 158-081-07 KIK 2730 2785 8 4 1624 108 964 329 1600 850 160 68 4637
3148 158-081-07 KIK 2700 11 1847 48 1122 351 1900 820 149 68 5279
2792 159-082-36 KIK 2688 2750 24 107 1920 1025 268 2520 640 1070 77 5864
6001 160-084-21 KIK 462 113 7348 920 736 3744 9196 750 21608
893 161-079-21 KIK 2192 2203 9 2 1411 96 575 477 1398 860 1800 68 3968
2782 161-082-14 KIK 2520 2580 52 41 2489 1074 440 3096 680 900 77 7192
1764 162-095-29 KIK 4615 4625 21 2 3296 2125 306 3666 770 840 68 9416
924 164-078-32 KIK 18 4 1760 58 918 343 1900 5 1 5001
165 155-096-01 KIK 405 55 4840 989 2005 6250 760 730 68 14544
50 155-096-14 KIK 4750 4925 67 29 6710 805 1099 9274 760 400 68 17984
954 155-096-15 KIK 4502 4920 19 9 3331 43 1990 807 3395 890 850 68 9594
73  156-095-10 KIK 18 6 4055 1550 1492 557 4900 855 618 68 11044
43 132-078-08 M 104 637 200 216 839 422 830 3300 79 2220

1835 133-072-20 M 2720 2738 495 171 1051 220 3550 249 810 1700 68 5736
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CHEMICAL DATA

1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000
WELLNO T-R-S FORM  TOP BOTTOM Ca(1) Mg(1) Na(l) Fe(2) CO3(1) HCO3(1) S04(1) Cl(1) PH(3) RES(4) °F TDS(1)
1835 133-072-20 M 2981 3019 554 236 983 255 2750 1008 810 1550 68 5786
4136 138-105-09 M- 8640 8701 14726 1744 107393 205 460 185000 670 47 68 309528
3146 139-101-01 M 8008 8034 4650 1232 63930 760 109890 420 58 68 180462
6780 151-089-24 M 9675 9780 43610 4860 73390 170 170 204570 570 42 68 326770
6780 151-089-24 M- 10760 10863 19238 1459 105400 153 79 140 193600 479 43 77 319918
184 157-094-06 M.~ 8272 8312 13056 1740 100511 207 274 182886 600 46 68 298674
5281 158-075-16 M 3010: 3056 4890 2091 72467 244 2196 124795 630 48 73 206683
5183 158-081-33 M 4595 4622 6607 2430 98222 410 1422 169000 590 47 68 278091
231 158-094-08 M.~ 8187 8217 12288 1856 98058 210 328 178040 630 46 68 290780
237 158-094-23 M: 8340 " 8394 1751 482 92467 4256 144000 : 242 68 242956
460  158-094~30 M. 8196 8233 12672 1392 98437 151 313 177996 620 46 68 290961
482  158-094~30 My 8214 8236 12672 1740 102854 215 268 185820 600 46 68 303569
7577 160-086-15 M::' 5465 5495 9619 972 92000 5300 1587 166844 880 44 17 271015
5518 Iﬁi-QSSE%OiMi : 8702 1112 103109 61 570 181000 580 50 68 2945%4
0 5518  161-085-10" I o 8702 1112 103109 61 570 181000 580 50 68 294554
2996 161-096-25 M . 7554 7594 12228 1856 110459 166 971 196612 630 46 68 322292
3729 162-085-19. M~ 3010 3056 4890 2091 72467 5900 244 2196 124795 630 48 68 206742
1794  163-086-03 M 4444 4460 28300 680 49900 132 3940 81000 740 68 68 138482
1794 163-086-03 M:~ 4448 4480 2520 570 42300 132 3160 69000 730 84 68 117682
6749 163-087-03: M ‘ < 16232 1459 79400 540 220 920 152800 678 44 77 251036
5834 163-087-12 M 8702 1946 105291 329 584 187000 600 50 68 303852
5834 163-087-12, M ' 9618 834 103070 329 570 187000 610 50 68 301421
793 149-091-22 MB: 9974. 10054 2080 73 33382 160 7020 50112 630 96 68 92827
607 149-093-24. MB 10530 10712 80 82 269 425 426 234. 710 6000 68 1516
2996 161-096-25 MB 7906 7940 12864 1508 106954 198 465 191672 590 46 68 313661
1522 137-100-15. MH - 8086 8103 7500 660 56121 - 166 532 101270 570 60 68 166249
2923 137-100-15 MH 4020 972 45669 527 80000 540 70 68 131188
2923 137-100-15 MH 4020 972 45669 527 80000 540 70 68 131188
3733 138-101-24 MH 3660 350 29764 ' 245 764 52700 660 99 68 87483
5028 139-098-03 MH 8070 8112 16400 1215 95799 29900 112 1300 179630 410 41 77 294755
2909 139-100-04 MH 8203 8221 13000 840 73544 ' 44 739 138320 540 51 68 226487
2395 139-100-06 MH 8124 8136 12144 1339 59290 2 100 307 116560 590 56 68 189740

2486 139-100-08 MH 14000 1500 83318 10000 60 250 160000 515 51 78 259228



’ CHEMICAL DATA
1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000

WELLNO  T-R-S  FORM  TOP BOTTOM Ca{1l) Mg(1) Na(l) Fe(2) CO3(1) HCO3(1) SO4(1) C1(1) PH(3) RES(4) °F TDS(1)
518 139-100-09 Mi - 10668 6699 52353 55 1260 118200 530 61 68 189235
518  139-100-09 MH 8240 6650 1276 28007 195 705 58053 540 93 68 94385
518 139-100-09 MH 8245 8247 11020 1392 55273 : 205 1674 107460 530 58 68 177024
518 139-100-99 MH 8245 8287 12100 1580 64200 110 674 124500 450 1134 71 203164
518 139-100-09 MH 8287 616 244 5778 695 1498 9204 710 41 68 18035

3146 139-101-01 MH 8008 8034 4650 1232 63930 760 109890 420 58 68 180462
2928 139-101-03 MH 8237 8266 11200 1320 54791 264 452 107692 590 58 68 175719
3643 139-101-12 MH 8024 8052 9911 928 59176 245 459 111038 690 58 68 181757
1789 139-101-14 MH 11590 644 66898 315 106182 340 5 98 185629
1789 139-101-14 MH 7947 7960 1280 143 10600 438 1610 17800 550 232 68 31671
4009 139-101-20 MH 1836 256 ' 321 820 53352 720 79 75 56585
3761 139-102-02 MH 7668 7710 13080 1300 99129 9 49 824 179200 680 48 68 293582
3761 139-102-02 MH 7768 7710 15240 1280 96415 85 - 766 178800 640 49 68 292586
3790 139-102-10 MH 7618 7655 12000 1280 94177 100 1045 169400 650 49 68 278007
9 3790 139-102-10 MH 7692 7750 9530 750 52685 5 185 551 99800 650 62 68 16350i
3829 139-102-23 MH 501 3731 278  781E3 5893 9720 6 68 791206
4027 139-102-25 MH 9023 759 37249 79 558 75260 610 209 122928
4027 139-102-25 MH 301 . 30 1886 232 760 2840 740 122 68 6049
4077 139-102-27 MH 7800 7830 16544 1744 60641 60 284 127650 640 55 68 206923
613 140-099-31 MH 8249 8254 14250 1624 72846 164 314 141984 500 53 68 231182
613 140-099-31 M 8254 8266 15700 417 71609 166 339 139104 500 51 68 227335
613 140-099-31 MH 8338 8356 15800 417 71436 54 305 139104 480 51 68 227116
919 153-095-33 MH 7430 7483 14400 1464 108865 78 414 197316 450 46 68 322537
1536 138-099-25 MK 8172 8192 3600 120 104500 120 3860 165000 740 44 68 277200
1508 139-101-10 MK 8178 8222 451 100 21503 365 4387 30809 1043 150 68 57615
613 140-099-31 MK 8513 8553 8300 915 90412 IAA 397 156492 480 49 68 256560
1267 152-096-17 MK 7933 8019 4950 1560 83187 60 743 141036 640 51 68 231536
796 159-094-29 MK 6987 7027 4300 671 65290 _ 112 1235 109296 600 57 68 180904
4280 135-103-18 MKSS 8011 8030 190 57 4598 24 490 6592 2420 840 630 68 14371
3160 137-095-20 MKSS 7750 7808 7254 896 81324 . 60 367 140580 600 51 68 230481
4642 140-102-30 MKSS 8172 8220 380 480 35889 o 120 2250 55700 720 95 68 94819
1469 149-096-25 MKSS 8345 8464 7742 1160 110193 85 454 186664 590 46 68 306298
882 151-095-08 MKSS 8062 8152 4465 522 103258 102 2161 167040 530 47 68 277548
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WELLNO

1111
1101
1101
1575
6322
6322
1446
2677
43
6413
6413
511
511
511
3859
1464
2805
2805
2805
2805
4280
1926
1926
6243
3160
3160
3160
3160
1574
1396
1541
850
657

1=(mg/1, ppm)

T-R-S

153-095-28 MM
153-095-28
129-106-09
130-091-07' MM
130-091-07" MY
130-103-34 M
130-107-03" MM
132-078-08" IDY.
133-092-21: M
133-092-21: M-
134-096-24. MM,

134-096=24: M-

134-096~ 24 MM
135-083-34. MM!
135-100=16. M
135=101-09:-MM:
135-101=09: MM:
135-101=09: MM
135=101~09s MM

135-103-18- MM
136-093-35: MM -
136-093=35 MM+
137-092-26- MM
137=095-20" MM

137-095-20" M-

137-095-20" M

137-095-20 MM
137-099-15 MM
137-100-14 M
138-095-06 MM
138-098-15 MM
138-099-09 MM

FORM
152-095-01 MKSS

7697
8872

8926

6855
©220
6310

1319

6820

3569

6968
7830:

7885

8023
5112
- 8648

7890:
- 8465,
8655
8676

8686

7819
7902

1710

8310:

8362
8511
8605
9045

8485
9080
7672

CHEMICAL DATA

2=(mg/1, ppm)x100

7766
8926
8951
6869
6310
6220

7395

6821

3599
7058"
7900:
7958

8110

5148

8694

7909

8487
8677

8760
8734
7884
71922

7752
8357
8450
8600
8680
8085

8532
9170
17117

‘TOP BOTTOM Ca(1l)

6534
12276
15246

568

13175
13627

1137

386
689
6515
7836
551
475
2470
6000
1270
369
15552
330

209
6138
9999

11623
16740
13990
7626
14508
266
15250
5840
969
10494

998

1020
1800
1800
89
389
1580
177
67
287
668

1325

754

1640
109
30
1566
32

64.
80

1475
1593
2431
2352
1792
896
1792
42
2850
828
52
2006

804
103519
92326
1800
32900
50600
14000
690
3767
40300
85500
7206
4678
17668
72384
29200
9616
105030
910
4981
813
118672
102531
96000
94296
78128
45804
90722
1478
63919
40500
5053
115392

3=pH x 100

450
500

200
45
150

3700

264
155

4=ohms/meter? x 1000
Mg(1) Na(1) Fe(2) €O3(1) HCO3(1) SO4(1) CL(1) PH(3) RES(4) °F

54
305
135
355
333
137
390
281
257
194
531

160
525
220
180
490

95
340
340
230
185
145
320
195
135
280
160
295

170
168

475
135

804
874
698
1778
1500
1050
2786
1461
4732

1800.

950
10558
4166
1477
2329
2870
6057
384
1106
2881
984
1100
620
293
869

1246

2634
619
950
251

1390

2814
950

166260
185820
174040
2523
63500
112000
21840
702
4228
78540

155950

3870
4707
32426
125200
45500
10820
193648
1067
1312
997
197288
179944

180480
181170

149490
84645
170280
2000
133600
73800
7308
201624

500
600
600
680
695
687
690
810
175
697
640
1100
1010
660
130

570

710
560
660
130
800
650
640
612
610
620
690
610
740
710
680
660
610

48
46
47
1000
74
51
200
2200
556
63
43
420
600
150
54
110
300
46
2080
470
2300
47
47
40
49
52
10
50
1400
52
70
460
49

68
68
68

68

17

77
68
77
19
77
77
68
68
68
68
68
68
68
68
68
68
68
68

7
68

68

68
68

68
68
68
68
68

TDS(1)
175475
304594
284245
7113
106002
178999
40330
3587
13962
128017
252094
22449
14341
55320
207775
79129
27382
316275
3785
16576
3313
324858
294832
291184
295622
244781
141885
278081
5031
216040
123126
16671
330601



CHEMICAL DATA

1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000

WELLNO T-R-S  FORM  TOP BOTTOM Ca(1l) Mg(1) Na(1) Fe(2) CO3(1) HCO3(1) S04(1) C1(1) PH(3) RES(4) °F TBS(1)
657 138-099-09 MM 7884 7900 9108 2596 113211 255 1200 197258 580 47 68 323658
849 138-100-34 MM 8985 9032 18050 2320 105795 135 428 201492 610 46 68 328220
849 138-100-34 M 9157 9170 1330 116 21289 280 3363 32886 650 140 68 59264
849 138-100-34 MM 9168 9192 874 58 9530 415 1544 15034 660 260 68 27455
4091 138-102-10 MM 9016 9042 1200 109 8288 500 1749 13644 690 280 68 25490
3695 138-103-11 MM 8736 8796 16678 1450 98654 60 672 185377 630 49 68 302891
3695 138-103-11 MM 8739 8796 16678 1450 98654 ‘ 60 672 185377 630 49 68 302891
3695 138-103-11 MM 8964 8990 362 46 2055 380 1132 2888 700 1050 68 6863
3695 138-103-11 MM 9178 9210 362 35 1459 270 1123 2007 700 1420 68 5256
4525 138-104-16 MM 8952 8972 490 78 2072 290 1175 3260 700 980 68 7365
4525 138-104-16 MM 9182 9198 500 60 2302 290 950 3740 700 910 68 7842
4130 138-105-09 MM 8795 8890 364 49 1713 380 1313 2239 730 1200 68 6058
4130 138-105-09 MM 9096 9120 273 33 1071 270 905 1406 730 1840 68 3958
7127 139-096-30 MM 8838 8901 13828 365 76800 260 330 1410 149600 647 45 77 242334
= 4250 139-097-17 MM 8788 8848 24400 11E3 94829 14600 166 1700 213710 530 38 771 3458b0
o 4250 139-097-17 MM 8915 8965 14000 5589 72266 420 2300 150520 650 45 77 245095
4224 139-098-10 MM 8985 9041 16579 1700 102463 122 360 192000 600 43 77 313224
4224 139-098-10 MM 9110 9130 4215 442" 53618 281 3100 89000 720 58 77 150656
2117 139-099-16 MM 9018 9046 9900 1534 116828 170 1060 201310 630 49 68 330802
2117 139-099-16 MM 9150 9275 15246 1652 111736 145 1060 203274 620 49 68 333113
2117 139-099-16 MM 9344 9370 6930 1062 84177 170 2340 143372 640 52 68 238051
375 139-100-04 MM ‘ 130 17 2163 486 1950 1904 760 6 _ 6650
375 139-100-04 MM 9418 9451 2790 495 68189 220 5926 107060 570 60 68 184680
375 139-100-04 MM 9434 9451 238 35 2877 500 1510 3556 740 810 68 8716
522 139-100-04 MM 139 48 9631 1075 723 14083 690 290 68 25699
522 139-100-04 MM 9415 1422 430 37 8199 940 1587 11798 680 320 68 22991
522 139-100-04 MM 9415 9422 1700 366 18478 720 5382 28188 640 160 68 54834
2577 139-100-04 MM - 9415 9422 608 342 17063 190 1114 27460 610 170 68 46777
291 139-100-09 MM 9378 9466 44 20 - 554 37 685 300 328 810 4100 68 1968
291 139-100-09 MM 9388 9466 223 35 1950 1220 1490 1696 760 1250 68 - 6614
291 139-100-09 MM 9401 9666 273 38 1645 500 974 2122 740 1250 68 5552
291 139-100-09 MM 9402 9466 1665 319 2583 365 1325 6670 730 530 68 12927
291 139-100-09 MM 9404 9430 242 55 2857 510 1550 3556 740 810 68 8770
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WELLNO
291
291
625
784
448
598
598
738
739
795

1855
4325
1508
1508
2725
3268
3268
1789
3761
3928
4268
3573
3573
3939
4012
3829
3829
4019
4359
4627
4627
7461
4150

1=(mg/1, ppm)

T-R-S
139-1066-09
139-100-09
139-100-09
139-100-09
139-100-10
139-100-10
139-100-10
139-100-15

139-100-16.
139-100-16
139-101-02.

139-101-03

139-101-10
139-101-10.
139-101-10
139-101-10'
139-101-10

139-101~14
139-102-02
139-102-03

139-102-08"

139-102-11
139-102-11
139-102-15
139-102-22

139-102-23

139-102-23
139-102-26
139-103-05
139-103-05
139-103-05
139-103-09
140-097-34

FORM
Mt
M
MM
Ve
MM
MM
MM
M-

MM

M
MM
MM
MM
MM

M

MM
MM
MM
M

MM

MM
MM
MM
MM
MM
MM
MM
MM
MM
MM
MM
MM
MM

9469

9110

TOP BOTTOM
9508
9601 9666
9435
9403
‘9291

9425
9390
9240
9444.

9300
9349
9132
9328 9349
8929

9040
8844
9260
8974
8861

9059
8869
9280
8979
8877

9240
9146
9172

9310
9194
9205

9476

9402

8935

18 122
273 38
130 12

8400 2697
6745
17100
1748

2320
139
139 . 17
139. 17
1330 112
81 46
11928 2538
380 12
380 12
1862 209
2006 134
865 82
277 17
295 41
351 30
400 80
21160 2890
280 42
1210 154
725 80
351
351
858 58
863
4200 420
2200 300
106 18

132

2204

CHEMICAL DATA

2=(mg/1, ppm)x100

2693
1645
2544
1470
1336
106890
25386
2677
2677
1370
1352
99280
1773
1773
8358
5887
11551
1642
1647
4727

3465

96444
1445
5869
5838
1587
1587
1655
7515

25887

14659

7192

3=pH x 100 4=ohms/meter? x 1000 :
Ca(l) Mg(1) Na(1) Fe(2) CO3(i) HCO3(1) SO4(1) C1(1) PH(3) RES(4) °F TDS(1)
510 1370 4650 730 700 68 10163

500 2122 974 740 1230 68 5552

389 2625 2013 765 7 7713

16800 610 1010 24140 550 430 68 38495
380 868 19560 540 230 68 31093

742 351 201204 550 46 68 328607

440 5283 38502 660 130 68 71498

542 3000 1904. 770 7 8279

542 3000 1904. 770 8 8279

180 418 955 6580 620 10 10767
770 300 1694. 760 1700 68 4243

170 1275 180600 640 46 68 295791

2000 270 625 2900 690 1460 74 5980
2000 270 625 2900 690 5980
305 786 16038 670 270 68 27550

245 765 12314 680 320 68 21351

295 834 18800 630 230 68 32427

261 611E3 1763 6730 185 615098

245 930 2353 760 1320 68 5511

267 1017 7100 710 13 68 13492

355 1022 5325 740 650 68 10647

-205 254 194320 600 46 68 315273

255 720 2167 700 1350 68 4909

214. 860 10880 19 19187

120 1765 9150 760 400 68 17678

303 844 2272 730 11 68 5357

303 844 2272 730 5 5357

270 1918 2668 720 1050 68 7427

305 1256 12400 750 290 77 22471

130 3200 46150 720 110 68 79987

255 2075 25700 690 170 68 45189

145 330 1134 630 2680 68 2525

159 207 165000 640 43 77 268250

17000 1955

83929



CHEMICAL DATA

I=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000
WELLNO T-R~-S FORM TOP BOTTOM €a(1) Mg(1) Na(1l) Fe(2) C03(1) HCO3(1) SO&4(1) CL1(1) PH(3) RES(4) °F TDS(1)
613 140-099-21 MM 9488 9499 860 49 18591 415 3761 27324 660 160 68 51060
2768 140-100-04 My 9816 9856 499 70 4868 330 678 7904 730 49 68 14349
4642 140-102-30 MM 401 61 2921 464 1174 4260 730 690 68 a.81
4339  140-103-20 MM 9150 922¢ 899 118 6458 329 362 10700 740 335 77 19864
6325 140-103-36 MM 8851 8871 18715 4137 91823 268 613 186200 600 48 68 301756
6325 140-103-36 MM 9060 9080 1152 136 6287 464 1469 10780 660 370 68 20288
4467 140-105-21 MM 8946 8986 14800 2080 106954 170 168 197000 610 48 68 321172
824 141-091-08 MM 7794 7869 1560 268 19573 342 5124 29754 640 160 68 56621
7463  142-100-03 MM 4810 1216 38500 50 452 510 72474 708 69 77 117963
6936 142-100-06 MM 6012 2674 52200 130 378 840 97146 694 51 77 159251
7465 142-100-32 MM 2204 292 22000 40 342 650 37933 774 102 77 63421
7514 142-100-33 MM 2325 486 22000 80 342 650 39167 695 100 77 64971
2894 142-103-24 MM 9413 9486 4000 600 77543 145 3226 125970 660 53 68 211484
2894 142-103-24 MM 9498 9594 3600 720 44460 415 3667 74100 670 73 68 126962
L 2826 143-090-01 MM 8112 8173 5600 1320 116315 180 1886 191672 580 46 68 3169/53
Q 3044 143-~092-27 MM 8407 8508 15744 2320 104698 234 512 195600 550 46 68 319108
3044 143-092-27 MM 8470 8508 16512 2668 101874 224 487 193644 520 46 68 315409
3044 143-092-27 MM 8527 8597 16200 3400 100487 " 25 573 193150 560 46 68 313835
2853 143-101-05 MM 9543 9588 4512 855 57818 345 3325 97000 670 52 77 163855
2853 143-101-05 MM 9773 9818 5076 1026 54290 415 639 95000 640 54 77 156446
3199 144-092-16 MM 8689 8763 16554 2352 84164 185 718 165330 600 50 68 269303
2689 144-099-21 MM 9910 9952 12800 1080 113071 224 271 199875 610 47 68 327321
2788 144-099-33 MM 10126 10149 11712 1044 107883 315 397 189696 630 46 68 311047
2798 144-100-09 MM 9968 10058 9328 928 110802 305 332 189696 610 46 68 311391
4419 144-102-14 MM 9315 9360 4607 825 88984 244 2263 146000 670 51 77 242923
734 145-091-17 MM 8709 8721 19392 2668 98954 246 233 192660 550 48 68 314153
2821 145-099-03 MM 9681 10049 17088 1508 104619 222 338 195624 560 46 68 319399
2584 145-101-16 MM 9550 9554 12650 1670 103153 159 270 186000 660 45 77 303902
2584 145-101-16 MM 9569 9571 12650 1670 101870 195 272 184000 670 45 77 300657
2678 145-101-23 MM 9462 9517 15400 167 112022 171 477 200000 700 42 77 328237
1516 146~082-32 MM 5797 5841 745 77 4329 255 4465 4778 760 530 68 14649
1516 146-082-32 MM 6139 6165 9408 2596 101184 220 900 179494 710 46 68 293802
826 146-091-11 MM 8568 8610 37000 6710 79776 270 227 207756 520 46 68 331739
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WELLNO
6894
6966

413
413
413
2848
2848
2230
6532
6532
6663
2352
2352
2400
2400
2400
7193
793
793
793
1469
3089
3089
1309
2383
1798
1542
1716
1716
1792
1792
2032
1938

1=(mg/1, ppm)
TOP BOTTOM Ca(1)

T-R-S
146-103-05
146-104~36
147-093-05
147-093-05
147-093-05
147-093-08
147-093-08
147-096-36
147-101-15
147-101-15
147-104-03

FORM
MM
MM
MM

CMMC

MM

MM

© MM

FMM

CMM

LMY

148-095-181 MM*
148-095-18" M-

148-096-10
148-096-10
148-096-=10
149-091-22

g
MM
MM
MM

149-091-22" MM
149-0971-22"MM

149-091-22

- MM

149-096-25 MM

150-079-1%
150-079-14
150-094-20
150-094-30
150-095-02
150-095-06
150-095-09
150-095-09
150-095-15
150-095-15
150-095-15
150-095-16

MM

*MM‘
MM
M

MM
MM .
MM
MM
MM.
MM
MM
MM

9290

8930
9012
9121

9104
9192.

10007
9330
9468
9270
9510

9894.
9402
961%:
8553’
8840 -
89957

8999

9400
5128

5128
9205
9291
19384

9080
9320
9304
9474
9300
9246

CHEMICAL DATA

2=(mg/1, ppm)x100

9405 10421
12024

8950 33250
9040 20140
9148" 30400
9127 38500
924520000
1003914454
| 9440 11684
9560 10160
9370 9740
9575.37620

10005 17622

9456- 36100
700720900
9700..20900
8583 2920
8940 3080
9001 18050
9036 7700
9463 32830
5115 7790
5175 7600
9350 15444
9329 14630
9447 17028
14000

9142 35770
9372 15680
9363 14652
9534 15642

9366 14454

9302. 13266

1459

972
7830
2320
1624
5400

4200

1888
6682
4764

584
4720
1770
3400
2052
2052

512

610
2900
1342
3835
2280
2166
2040
1600
2006
1520
4130
1888
1888
1888
1888
2596

105800

108800
79033
80540
74838
82318
96924

105009
96813
93234

113900

85537
99159

88010
101967
101967
126274
114492

92499
105012

86098
101474

99109
87552
96961
92477

83893

77869
93995
96794
96255
94177
80261

3=pH x 100

400

4=ohms/meter3 x 1000
Mg(1) Na(1) Fe(2) CO3(1) HCO3(1) S04(1) C1(1) PH(3) RES(4) °F

146
1739
575

310
205

120

122
122

85
205
315
205
255
255
210

88
278
200
120
396

414

440
890
500
475

60
355
660
500
245
135

1450
450
416
429
439
192

546.

680
560
752

864

196
470
300
860
860
363
3313
281
744
253
920
1087
845

760

750
173
392
339
545
450
570
1130

193600
193600
202924
166314
173636
210516
196612

192480

181000
170000
184400

212000

188760

209200 -

199460

199460

201042
181332
182700
178848
201818
176040
171590
167440
179032
177776
158200
195120

177776

179944
181028

175780

153928

592
810

540-

380
100
560
570
630
630
580
570
580
640
620
650
650
580
500
610
620
570
540
570
640
680
670
720
450
550
630
620
690
600

44
41
49
48
47
47
46

51

59
59
46
48

47

51
51
51
46
46
49
46
46
47
47
48
47
48
50
47
47
47
417
48
49

77
77
68
08
68
68

68
68

68
68

68.

68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68

68 .

68
68
68
68

TDS(1)
312876
317589
324028
269743
280937
337236
318487
314631
296861
279032
309573
340278
308096
337215
325444
325494
331321
302915
296708
293846
324954
288900
281966
273761
293873
290537
258261
313341
290033
294483
295763
287114
251316



CHEMICAL DATA

' 1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter? x 1000 '
WELLNO T-R-S  FORM ~ TOP BOTTOM Ca(1) Mg(1) Na(l) Fe(2) €O3(1) HCO3(1) S04(1) CL(1) PH(3) RES(4) °F TDS(1)
1938  150-095-16 MM 9319 9354 15642 1888 92755 245 680 175608 620 47 68 286818
1938 150-095-16 MM 9352 9433 19800 10E3 32210 1200 119240 420 63 68 182480
1459  150-095-18 MM 9082 9149 33320 4012 88609 245 307 206960 600 46 68 333453
1459  150-095-18 M 9270 9327 14504 2006 96721 75 605 179920 670 46 68 294331
1854 150-096-17 MM 9518 9564 16038 2006 92633 305 324 176692 640 47 68 287998
1849 150-096-29 MM 9457 9520 15642 1888 94816 490 388 178860 670 46 68 292084
1849 150-096-29 MM 9526 9550 15642 1770 96366 405 292 181028 680 46 68 295503
1606 150-097-35 MM 9560 9627 18620 2242 85982 414 555 171456 560 47 68 279269
6780 151-089-24 MM 7800 7857 12374 1962 100237 305 580 186000 610 65 68 301458
1746  151-096-08 MM 9380 9435 18612 2242 106231 415 510 202708 620 48 68 330718
1305 151-096-34 MM 9192 9243 32670 4200 84480 185 393 199962 590 46 68 321890
1305 151-096-34 MM 9312 9423 17325 2700 101294 195 663 194166 650 46 68 316343
1305 151-096-34 MM 9375 9405 16830 2550 101453 315 430 193200 630 46 68 314778
1305 151-096-34 MM 9426 9493 19305 3000 98444 355 512 194166 660 46 68 315787
- 920 151-097-11 MM 9310 9408 18050 2320 102690 284 480 196578 600 46 68 320402
Q 920 151-097-11 MM 9440 9500 16150 2900 105643 170 500 199512 600 46 68 324875
1202  152-094-06 MM 20989 1692 101798 49 125 198970 520 47 68 323623
1202  152-094-06 MM 17600 3604 8307 , 102 333000 590 46 68 362613
1262  152-094-06 MM 14300 2000 72860 185 284 143200 720 52 68 232829
1265 152-094-06 MM 21900 1700 92225 110 131 185800 690 46 68 301866
1432 152-094-06 MM 8877 8991 15680 1770 98541 390 803 184080 700 46 68 301264
1279  152-094-07 MM 13350 1450 66842 185 329 130600 680 53 68 212756
1342 152-094-07 MM 10092 1256 52280 160 476 101640 710 61 68 165904
1370 152-094-07 MM 14300 1450 78297 160 280 150000 660 50 68 244487
1417 152-094-07 MM 8188 686 99296 25 317 169400 690 47 68 277912
1512 152-094-08 MM 30464 2626 85792 135 288 193600 630 50 68 312905
1254  152-094-17 MM 17898 1828 85414 245 222 168440 660 48 68 274047
1254  152-094-17 MM 8944 8975 17622 2800 100102 176 603 193200 640 47 68 314503
1254  152-094-17 MM 9055 9130 18810 2400 95751 196 615 187404 640 47 68 305176
1398 152-094-17 MM 19992 800 93740 195 276 181980 640 47 68 296983
1499 152-094-17 MM 16946 1028 91193 185 358 173272 670 48 68 282982
1440 152-094-18 MM 19040 1028 106974 270 262 201340 640 46 68 328914
1468 152-094-18 MM 18100 4000 86581 195 165 177000 720 47 68 286041



CHEMICAL DATA

1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000

WELLNO T-R-S  FORM  TOP BOTTO“ Ca{1) Mg(1) Na(1) Fe(2) CO3(1) HCO3(1) SO04(1) CL(1) PH(3) RES(4) °F TDS(1)
1111 152-095-01 M 18100 2300 78009 176G 214 158800 690 46 68 2575493
1144 152-095-01 MM 20560 2056 85657 - 230 166 174240 690 48 68 262906
1250 152-095-01 MM 12850 3700 68180 135 284 138400 660 52 68 223549
1255 152-095-01 MM 20182 2398 87696 205 185 177714 690 47 68 288380
1323  152-095-01 MM 14280 2280 71182 185 372 141328 720 53 68 229627
1350 152-095-01 MM 13800 2550 72346 170 194 143200 730 50 68 232260
1352 152-095-01 MM 14661 1142 73485 205 276 142296 710 52 68 232065
1372 152=095-01 MM 12380 1256 67783 185 407 129712 - 740 53 68 211723
1571 152-095-02 MM 19230 1256 88701 205 198 174240 690 48 68 283830
1711 152-095-02 MM 20182 1941 87567 205 194 176176 690 48 68 286265
2035 152-095-02 MM 16755 2170 84222 230 298 165528 690 48 68 269203
2480 152-095-02 MM 19992 2284 65078 ' 170 25 142296 680 51 68 229845
1114 152-095-05 MM 15488 1256 93109 245 407 174240 700 470 68 284745
1474 152-095-05 MM 12186 1485 68793 160 354 131648 720 53 68 21462¢
= 1862 152-095-05 MM 17618 1941 90602 270 337 176176 690 46 68 286944
2 1088 152-095-06 MM 16262 1713 82512 330 218 160688 670 49 68 261723
1088 152-095-06 MM 9053 9063 14208 812 83503 205 255 156000 700 48 68 254983
1162 152-095-06 MM 16184 1598 92238 185 354 175200 670 47 68 285759
2030 152-095-06 MM 18973 1599 89662 270 272 176176 670 46 68 286952
1218 152-095-07 MM 18005 2284 91306 245 177 179080 660 46 68 291097
1360 152-095-07 MM 11616 1485 61554 465 539 118096 730 56 68 193755
1504 152-095-07 MM 16946 342 86196 280 235 163600 670 49 68 267599
1601  152-095-07 MM 14280 1598 77622 : 183 635 149080 640 50 68 243398
4013  152-095-07 MM 17326 1028 95181 280 358 180040 670 46 68 294213
1310 152-095-08 MM 18850 2056 92676 270 210 181984 700 46 68 296046
1312 152-095-08 MM 18392 1941 87175 195 337 172304 670 47 68 280344
1419 152-095-08 MM 17517 2398 87258 205 210 172304 690 47 68 279892
1555 152-095-08 MMM 16843 2056 85015 255 386 166496 710 48 68 271051
1557 152-095-08 MM 18198 1713 92141 185 177 179080 680 46 68 291494
1558 152-095-08 MM 18779 1941 102992 185 227 197472 680 46 68 321596
1596 152-095-08 MM 17618 2056 83401 245 190 165528 680 48 68 269038
1846 152-095-11 MM 8555 9060 23760 2950 95412 255 508 197288 620 47 68 320173

1846 152-095-11 MM 9052 9108 24750 3245 88759 355 344 189700 650 46 68 307153



CHEMICAL DATA

901

1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter3d x 1000
WELLNO T-R-S FORM TOP BOTTOM Ca(1) Mg(l) Na(l) Fe(2) CO3(1) HCO3(1) SO04(1) Cl{1) PH(3) RES(4) °F TDS{!)
1344  152-095-12 MM 21520 2100 71751 230 156 154800 640 49 68 250617
1351 152-095-12 MM 20950 2850 87728 230 131 177200 660 47 68 259039
1567 152-095-12 MY 20940 3420 91381 160 135 187800 650 46 68 303836
2034 152-095-12 MM 25320 2280 74149 120 303 165528 670 50 68 267700
1277 152-095-16 MM 20563 2284 89650 245 226 181016 690 46 68 293984
1181 152-095-17 MM 21490 1713 85931 295 251 175208 690 47 68 284888
1200 152-095-17 MM 18973 3198 90441 270 345 181984 690 49 68 295211
1241 152~095-17 MM 15101 1941 67062 195 251 135520 720 51 68 220070
1284 152-095-17 MM 16456 2170 81364 205 186 160688 690 49 68 261069
1331 152-095-17 MM 15875 1827 54368 135 94 117128 750 56 68 189427
1361  152-095-17 MM 19554 1827 94256 245 382 184888 690 46 68 301152
1488 152-095-17 MM 18005 1827 92878 270 325 180048 710 46 68 293353
1256  152-095-18 MM 24006 3426 _935717 255 206 196504 630 46 68 317974
1295 152-095-18 MM 17618 2741 94064 245 259 183920 640 46 68 298847
1423 152-095-18 MM 9210 9234 26880 2784 88236 315 319 191360 580 46 68 309844
1562 152-095-18 M 19040 1598 91497 255 341 179080 660 46 68 291811
948 152-095-19 MM 15994 1370 56539 9 220 428 119060 640 56 68 193611
948 152-095-19 MM 9229 9269 28512 3120 87775 264 217 194622 520 46 68 314510
1156 152-095-19 MY 25362 1941 76566 230 94 168432 640 48 68 272625
1327 152-095-19 MM 25132 1142 85333 255 263 179080 650 48 68 291205
1065 152-095-20 MM 25749 1941 245 123 176176 650 46 68 204234
1143 152-095-20 MM 21706 1126 88344 205 198 177693 680 47 68 289272
1242 152-095-20 MM 27685 1941 92226 255 337 196504 670 46 68 318948
1285 152-095-20 M 26717 2741 93682 145 370 199408 640 46 68 323063
1289 152-095-20 MM 22845 1599 85165 205 210 176176 640 47 68 286200
1316 152-095-20 MM 24974 2284 82701 160 280 178112 670 46 68 288511
1433 152-095-20 MM 16456 1599 54873 295 205 118096 710 56 68 191524
1193 152-095-29 MM 27878 2512 83293 230 144 184888 640 48 68 298945
1246 152-095-29 MM 28846 2170 89255 205 478 194568 650 46 68 315522
1317 152-095-29 MM 25168 2284 94439 220 309 196504 660 46 68 318924
1330 152-095-29 MM 23813 2170 94224 295 37 193600 660 46 68 314139
1066 152-095-30 MM 9276 9295 26740 3000 90396 200 331 195132 570 46 68 315799
2661 152-095-32 MM 24974 2056 90642 205 202 189728 670 46 68 307807
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WELLNO

147
1267
1267
1085
41
2645
1282
1319
1335
1335
2316
1269
1563
1886
786
542
78
283
283
1084
397
3167
3167
919
1131
1131
1679
1152
4891
2930
2930
2816
2816

1=(mg/1l, ppm)

T-R-S
152-096-15
152-096-17
152-096-17
152-096-24
152-096-26

153-094-21

153-094-32

153-094-32'

153-094-32
153-094-32
153-094-32
153-094-33
153-094-33
153-094-33
153-095-06
153-095-07
153-095-16
153-095-16
153-095-16

153-095-20

153-095-25
153-095-31
153-095=31
153-095-33

153-095-35,,
MM

153-095=35
153-096-10
153-098-30
154-082-31

154-083-08:

154-083-08
154-092-12
154-092-12

FORM
MM
MM
MM
M
MY
MM
MM
MM.
MM
MM
MM
MM
M
MM
MM
MM
MM
MM

M
MM
MM

MM
MM
MM
MM

MM
MM
MM
MM
MM
MM
MM

TOP BOTTOM
9066 9110
9001 9060
9143 9245
9264 9356
9083 9116
9454 9548

8912
8912

9000
9000

9289,
8356.
8718
8914
8867
8868
9166
9105
8728
8728
8960
9036
9118
8890
8823
5522
5684
5748
8606
8821

9360
8394
8776
8963
8907
8904
9201
9171
8935
8935
9020
9139
9139
8943
8909
5540
5709
5778
8680
8998

2=(mg/1, ppm)x100

Ca(l)
21200
18216
18216
20988
29300
13600
13709
16755
21120

3120
10662
20754
13800
19404
29450
16400
20200
12508

3069
16236
16720
14550
14550
13490
15642
15840
15680
12078

9784

8200

8300
31488
19200

CHEMICAL DATA
3=pH x 100 4=ohms/meterd x 1000
Mg(1) Na(l) Fe(2) CO3(1) HCO3(1) SO04(1) Cl(1) PH(3) RES(4) °F

1952 92654 245 194 185832 610 ho 68
2520 100533 185 506 194166 650 46 68
2880 100456 255 403 195132 630 46 68
1920 97483 280 365 192666 550 46 68
2840 88348 176 412 196000 580 53 68
1920 102186 220 665 186660 640 46 68
1827 75160 195 272 145200 710 51 68
2056 85050 270 235 166496 700 49 68
2900 88487 245 230 182000 660 46 68
435 16531 49 273 31875 840 145 68
1713 60107 220 384 116160 710 189
1828 68270 15 238 147136 690 51 68
2850 89424 170 218 170400 720 471 68
1770 94868 280 404 185364 670 47 68
2320 24958 34 352 97092 500 65 68
1830 35446 15 378 88740 620 66 68
1220 91833 308 212 180612 610 46 68
2784 98623 248 221 182004 530 48 68
767 48405 145 1280 81300 670 71 68
1680 90792 170 630 173106 520 47 68
2320 89309 318 382 173636 570 50 68
1910 86617 270 216 164600 670 50 68
1910 86617 270 216 164600 670 50 68
1856 106871 160 524 193644 600 46 68
1920 93575 292 573 177018 550 46 68
1920 91363 224 453 174084 530 47 68
2124 94112 185 532 178600 530 46 68
1440 106910 405 686 189732 450 46 68
340 102950 458 1103 176150 660 42 68
1920 100917 290 978 174876 610 47 68
1980 105041 239 744 181792 580 46 68
4756 88327 214 262 205504 580 49 68
2552 97613 162 285 191672 530 46 68

TDS(1)
302078
316126
317342
313702
317076
305251
236363
270862
294982

52283
189246
238301
276862
302090
154200
142809
294385
296388
134966
282614
282685
268163
268163
316545
289020
283884
291233
311251
290785
287181
298096
330551
311484



CHEMICAL DATA

1=(mg/l, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter3? x 1000
WELLNO T-R-S  FORM  TOP BOTTOM Ca(1) Mg(1) Na(1l) Fe(2) CO3(1) HCO3(1) SO04(1) CL(1) PH(3) RES(4) °F TDS(1)
1135 154-095-07 MM 9036 9139 15084 2040 97211 234 642 181908 550 46 68 2497119
1286 154-095-10 MM 8570 8604 12940 1380 97660 230 302 177200 720 46 08 289712
6068 154-095-18 MM 8240 8320 13270 1240 91500 50 186 625 178700 661 41 77 285522
305  154-095-33 MY 25840 3248 80344 56 220 178866 540 48 68 288674
674  154-095-34 MM 8377 8416 15580 1740 61584 54 315 127368 530 57 68 206641
1333 154-096-36 MM 8502 8515 22572 3360 87976 230 244 185120 610 46 68 299502
474 155-090-24 MM 7887 7920 5700 1856 17053 280 1852 40271 570 130 68 67012
7570 155-094-09 MM 9690 9201 15979 1456 97000 154 372 290709 620 46 68 405670
3227 155-094-16 MM 8743 8852 16491 1692 94098 330 397 178770 650 47 68 291778
603  155-095-05 MM 13138 1598 81054 : 255 263 152586 700 48 68 248894
719 155-095-05 MM 8413 8419 10472 1370 73713 305 294 135828 730 50 68 221982
87 155-095-06 MM 9114 1405 71762 256 420 135000 710 60 68 217957
87 155-095-06 MM 8410 8446 8378 2170 56908 195 453 108480 780 58 68 176584
216 155-095-06 MM 8406 8454 4760 456 33121 450 809 59980 780 87 68 99576
223 155-095-06 MM 8532 8566 8758 1142 55086 415 477 103200 790 60 68 169070
S 347  155-095-06 MM 8417 8462 9520 1720 59329 390 453 112800 750 56 68 184212
*® 376 155-095-06 MM 8325 8362 13140 2060 81873 220 290 155200 710 49 68 252783
709 155-095-06 MM 8440 8466 6912 870 57385 535 294 102752 630 59 68 168748
709  155-095-06 MM 8520 8543 10282 1370 65986 340 392 123480 730 54 68 201850
710 155-095-06 MM 8502 8530 5332 1256 37695 195 766 70560 780 75 68 115804
66 155-095-07 MM 8503 8516 14239 1038 75270 315 215 143980 580 50 68 235057
86 155-095-07 MM 8512 8545 13518 1599 93375 185 272 172300 730 47 68 281249
439  155-095-07 MM 8466 8476 10280 1480 70383 390 412 130536 710 52 68 213481
439  155-095-07 MM 8502 8524 13520 2520 80562 205 289 155200 710 48 68 252296
475 155-095-07 MM 8498 8505 13320 2160 81535 365 294 155200 700 48 68 252874
721  155-095-07 MM 8428 8435 12760 2060 78943 245 281 150000 700 48 68 244289
490 155-095-08 MM 8490 8497 12756 1942 83125 205 284 156120 700 50 68 254432
937 155-095-08 MM 8474 8629 9520 1942 64563 255 303 121720 730 54 68 198303
970 155-095-17 MM 8444 8458 13700 1720 87539 170 246 164000 710 49 68 267375
1031 155-095-17 MM 8397 8410 15552 1972 99524 245 646 186160 640 46 68 304099
60 155-095-18 MM 8473 8488 13900 2060 99977 245 363 184400 680 47 68 300945
138 155-095-18 MM 8464 8476 12940 1940 89732 270 275 166600 690 48 68 271757
281 155-095-18 MM 8454 8472 18468 2056 86526 205 292 171800 660 48 68 279347
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WELLNO
593
1494
75
165
352
399
496
575
3844
161
261
570
640
789
300
310
143
202
202
267
445
648
386
412
562
562
50
653
5623
954
1895
106
136

1=(mg/1,

T-R-S
155-095-18
155-095-28
155-096-01
155-096-01
155-096-01
155-096-01
155-096-01

155-096-01.
155-096-01.

155-096-02
155~ 096 -02

155-096-02
155;096502
155-096-02
155-096-10;

155-096-10
155-096-11
155-096-11
155-096-11
155-096-11

155-096-11

155-096-11
155-096-12
155-096-12

155-096-13

155-096-13

155-096-14.

155-096-14
155-096-14
155-096-15
155-096-22
156-095-03
156-095-03

FORM
M
M
MM
M
MM
M
MM
M
M
M

MM

MM;
MM
MM
MM
MM
MM
MM
MM
M
MM
MM
MM,
MM
MM
MM
M
MM
MM
MM
MM
MM

- 8507

ppm) 2=

TOP BOTTOM
8468 8474
8378 8388
8487 8520
8370 8408
8444 8484
8399 8435
8395 8430
8320 8328
8452 8492
8350 8390
8402 8424
8278 8398
8284 8348
8350
8325
8351
8397
8392
8392
8300
8419
8262 -
8420
8428
8400

8338
8448
8441
8052
8466
8420
8676
8429
8629
8375
8316
8298
8428
8427

8348
8422
8294
8290
8248
8414
8417

8376.
8362.
8405
8426
8426
8428

(mg/1,

Ca(l)
13900
14112
13490
12756
12376
11620
8568
10280
22320
13708
11044
10852
13518
12186
6660
9900
16128
536
106660
4560
12940
14860
12000
12948
2574
6280
10000
8568
12560
12380
14058
208
13490

rom)
1720
1388
1740
1598
2170
2280
1714
1480
1840
1941
1714
2170
1713
1828
920
1828
1740
214
1560
1142
1942
1820
1820
1942
720
1020
3400
1256
2970
1714
2242
165
1624

CHEMICAL DATA

x100 3=pH x 100 4=ohms/meter3 x 1000

Na(1) Fe(2) CO3(1) HCO3(1) S04(1) CL(1) PH(3) RES(/) oF
94588 24 247 175600 670 43 68
95825 230 594 177708 690 46 68
89975 258 291 167360 540 47 68
95514 185 282 174242 710 47 68
94800 185 4272 174240 700 47 68
89891 185 208 165600 650 48 68
64384 160 426 119060 760 55 68
81741 230 343 148200 660 50 68
85895 185 326 177000 690 49 68
93759 205 254 174240 730 47 68
85471 305 482 155840 730 49 68
79094 230 342 147140 740 50 68
96940 230 252 178120 730 47 68
78867 220 314 148180 690 49 68
45354 245 652 83800 720 67 68
54766 380 514 106720 700 58 68
96989 176 302 182886 580 46 68
118804 295 10600 176820 650 46 68
72609 230 369 135000 730 52 68
37154 295 725 68000 750 77 68
81843 351 289 154400 680 48 68
83839 230 250 160600 680 48 68
75178 280 455 142000 730 50 68
84635 220 312 158760 720 49 68
51057 160 2298 83619 550 73 68
46411 1015 5555 84672 750 67 68
90000 2000 180 170000 630 275
60232 285 482 111200 730 56 68
84868 280 304 161400 700 48 68
84691 550 290 157000 700 48 68
98845 315 665 183200 620 45 68
120379 450 14450 175608 760 49 68
95570 162 263 175728 500 46 68
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TDS(1)

280306
290357
273114
284577
288043
269784
194312
242274
287566
284107
254856
239828
2907173
241595
137631
174108
298221
307269
220428
111876
251765
261599
231733
258817
140428
144953
273600
182033
262382
256625
299325
311260
286837
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WELLNO
146
146
198
210
210
243
379
514
595
294
294
404

67
67
249
51
53
54
56
1045
42
42
42
163
181
182
182
443
790
1014
152
204
296

011

1=(mg/1, ppm)

T-R-S
156-095-04
156-095-04
156-095-08
156-095-09
156-095-09
156-095-09
156-095-09
156-095-09
156-095-09
156-095-10
156-095-10
156-095-10
156-095-14
156-095-14
156-095-14
156-095-15
156-095-15
156-095-15
156-095-15
156-095-15
156-095-16
156-095-16
156-095-16
156-095-16
156-095-16
156-095-16
156-095-16
156-095-16
156-095-16
156-095-16
156-095-17
156-095-17
156-095-17

FORM
M

MM

MM

M
MM
MM
M
MM
MM
M
M
MM
MM
MM
MM
MM
MM
M
MM
MM
MM
MM
MM
MM
MM
MM
MM
MM
MM
MM
MM
MM
MM

TOP BOTTOM
8374 8390
8374 8390
8456 8699
8397 8424
8397 8424
8406 8440
8410 8440
8395 8476
8422 8445
8427 8453
8430 8575
8500 8526
8510 8707
8512 8540
8556 8576
8317 8473
8448 8468
8410 8450
8450 8485
8469 8475
8490 8512
8490 8512
8512 8537
8438 8478
8522 8542
8389 8390
8415 8484
8444 8480
8432 8474
8425 8455
8470 8516
8420 8452
8448 8506

2=(mg/1, ppm)x100

Ca(1) Mg(1)
13680 2204
12757 1370
4760 456
14820 1972
12186 800
17480 1972
12760 1480
1190 314
10092 1714
17100 2552
1285 286
10480 1820
5140 1370
13680 13E3
6290 1260
12756 2170
12376 2512
14470 800
13300 1508
11804 2284
13680 1856
12380 2060
6839 907
12560 1480
11044 2170
15200 1624
10860 1600
10472 1484
12360 1600
12940 1380
13518 1828
8940 1720
11804 1714

CHEMICAL DATA
3=pH x 100  4=ohms/meter3 x 1000 :
Na(1) Fe{(2) CO3(1) HCO3(1) SO4(1) C1(1) PH(3) RES(4) °F

93291 740 294 173880 550 46 68
97623 170 440 176722 700 46 68
33839 1135 578 60860 770 86 68
77887 680 261 151524 570 49 638
98335 245 311 175200 740 47 68
95794 185 317 184096 500 46 68
95720 245 264 174200 690 47 68
10852 1270 680 18520 770 220 68
74688 270 406 137600 720 51 68
74865 454 262 152716 550 51 68
15655 1305 644 26020 780 160 68
85160 280 329 154800 710 49 68
36336 1185 714 67920 760 82 68
2088 342 376 169452 530 48 68
89751 140 2112 151600 540 51 68
93818 270 230 173280 750 47 68
94860 220 285 175200 730 47 68
85606 245 268 159640 710 49 68
93301 185 259 171544 540 47 68
79609 305 298 149940 700 50 68
94991 342 282 175728 530 48 68
91902 120 266 169400 630 47 68
98943 330 1600 166000 620 52 68
94146 245 287 171400 700 47 68
83311 255 302 154000 670 49 68
82936 660 265 158976 580 48 68
83994 170 458 153000 670 49 68
79579 220 372 145200 750 50 68
93521 255 322 170400 700 47 68
50017 205 474 103600 690 60 68
84152 160 266 158760 690 49 68
72091 - 160 457 131600 660 53 68
78971 270 332 147300 700 50 68

TDS(1)
284089
2835082
101628
247 144
287077
299844
284669
32826
224770
247949
45195
252869
112665
1992138
251155
282524
285453
261029
280097
244240
286879
276128
274619
280118
251082
259661
250082
237327
278458
168616
258684
214968
240397
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WELLNO
325
388

4382
269
479
500
647

1035

1075
153
268
405
405

1039
102
131
289
311
324

80
424
429
444
219
428
428
168
190
191
417
788
183
192

1=(mg/1, ppm)
TOP BOTTOM

T-R-S§
156-095-17
156-095-17
156-095-17
156-095-18

156-095-18.
1

156-095-18

156-095-18

156-095-18
156-095-18
156-095-19
156-095-19
156-095-19
156-095-19
156-095-19
156-095-20
156-095-20

156-095-20

156-095-20.

156-095-21

156-095-21

156-095-21
156-095-21
156-095-22
156-095-22
156-095-22
156-095-28
156-095-28
156-095-28
156-095-28
156-095-28
156-095-29
156-095-29

FORYM
M
ity
MM
M
M

MM

MM

M
MM

Y
MM

M
M

MM

-095-20 MM
156-095-20"

i
MM

MM

MM

M

MM
MM
MM
MM

MM

MM
MM
yiy
MM
MM
MM
MM

8443
8449
8548
8420
8470
8454
8472
8430
8482
8484
8461
8427

8532

8457
8510
8520
8548
8538

- 8562

8507
8476
8507
8474
8545
8545
8627
8620
8610
8600
8602
8564
8628

CHEMICAL DATA

2=(mg/1, ppm)x100

8475
8496
8570
8456
8496
8465
8507
8742
8488

8530

8500

8459
8550

8487
8526
8600
8595
8580
8600

8488
8503
8514
8510
8566
8566
8663
8675
8670
8626
8615
8610
8670

Ca(l)
13824
12566
16968
11044
10472
13518
12186
61
12756
11614
9900
11420
6474
10852
11804
10092
12566
8760
7044
10092
8000
13138
13140
6854
14820
14440
11800
11040
8568
11800
12560
12376
9520

3=pH x 100

4=ohms/meter3 x 1000

Mg(1) Na(1) Fe(2) CO3(1) HCO3(1) SO4(1) CL(1) PH(3) RES(4)
1740 94431 245 441 174720 640 47
2284 85633 245 428 160520 700 47
2144 77619 120 340 155680 610 49
2056 83474 205 345 153920 750 49
1598 75598 305 350 139360 730 50
1941 91551 230 403 170360 740 47
2170 85083 245 301 158760 700 49
g 3372 1905 679 3727 820 760
1714 88721 245 289 164060 700 47
2284 91791 205 315 168444 710 47
1484 79661 305 407 144240 730 50
1380 91894 205 344 165600 710 48
800 49248 465 543 89080 760 66
1484 78804 280 374 144640 720 49
1713 93991 490 287 170360 750 47
1142 76273 195 408 138420 780 51
1942 83336 195 277 156120 690 49
1380 68046 280 431 124000 740 54
1828 50664 390 614 95260 155
1828 66961 1600 406 125240 720 53
1140 65572 405 523 118000 750 55
1256 95103 230 254 173280 740 47
1280 98783 270 262 179000 700 46
1276 89432 205 290 153460 700 49
17640 92924 315 277 173636 540 47
1740 94820 540 272 176364 550 47
1380 85758 280 294 156800 720 49
1600 73814 340 346 137600 700 50
1714 60372 295 281 112900 730 57
2056 86941 270 297 160600 670 48
1600 95071 245 256 173200 720 47
914 79 195 352 147300 700 49
1260 72288 245 376 131600 730 52

°F
63
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68

68
68

68
68
68

68
68
68
68
68
68
68

TNS(1)
285401
261676
252871
251044
227683
278003
258745

9753
267785
274653
235997
270843
146610
236434
278645
226530
254436
202897
155800
206127
193640
283261
292735
251517
283712
288176
256312
224740
184130
261964
282932
161216
215289

e



CHEMiICAL DATA

AR

1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000

WELLNO T-R-S FORM  TOP BOTTOM Ca(1) Mg(1) Na(1l) Fe(2) CO3(1) HCO3(1) S04(1) CL(1) PH(3) RES(4) °F TDS(1)
218 156-095-29 MM 8504 8532 11800 1484 89950 245 280 163600 650 48 68 207359
351 156-095-29 MM 8500 8545 12756 1484 84022 270 299 150120 730 49 68 254951
391 156-095-29 MM 8570 8604 12000 1820 95305 220 290 173200 720 47 68 282835
480 156-095-29 MM 8532 8570 9900 2284 71527 280 379 134060 730 51 68 218430
69 156-095-30 MM 8463 8490 12756 1828 103932 195 403 187800 640 46 68 306914
101 156-095-30 MM 8468 8516 10472 1942 74415 280 446 138480 730 51 68 226035
137  156-095-30 MM 8460 8500 12186 1828 84566 205 286 157000 710 49 68 256071
414 156-095-30 MM 11234 1714 76740 205 331 142880 700 50 68 233104
418 156-095-30 MM 8486 8526 12376 1828 99939 230 306 181020 700 46 68 295699
812 156-095-30 MM 8456 8476 13320 1714 104720 170 253 189800 640 46 68 309977
55 156-095-31 MM 8460 8490 12756 2056 86325 145 316 161400 720 48 68 262998
119 156-095-31 MM 8450 8480 10282 1256 68437 170 430 127000 760 53 68 207575
189 156-095-31 MM 8426 8436 7236 1028 56397 340 1292 101640 730 60 68 167933
189 156-095-31 MM 8426 8469 7616 1713 55650 245 799 103576 770 60 68 169504
272 156-095-31 MM 8393 8438 11234 1828 71613 230 351 133180 750 51 68 21843v
331 156-095-31 MM 8442 8487 12566 1714 79763 195 282 149940 730 50 68 244460
442 156-095-31 MM 8500 8560 12948 1598 82401 195 267 154360 730 49 68 251769
159  156-095-32 MM 8434 8472 7616 1142 49656 425 719 92620 790 64 68 152178
169 156-095-32 MM 8423 8456 10660 1720 75686 295 334 140200 690 51 68 228895
169 156-095-32 MM 8423 8456 11234 1828 70254 245 337 133180 760 52 68 217078
187 156-095-32 MM 8450 8481 10092 1598 65172 255 399 122600 720 54 68 200116
214 156-095-32 MM 8508 8550 9710 2170 76565 330 397 141120 770 50 68 230292
433  156-095-32 MM 8554 8566 11996 1828 86692 . 245 321 157800 750 48 68 258882
679 156-095-32 MM 8537 8542 12948 1370 82851 220 286 154360 730 49 68 252035
741 156-095-32 MM 8501 8506 12376 1598 81412 245 393 151700 700 48 68 247724
841 156-095-33 MM 8594 8601 12760 1380 94743 255 257 172400 700 47 68 281795
309 156-095-35 MM 8415 8449 18810 1624 88219 258 415 173636 540 47 68 282962
309 156-095-35 MM 8416 8445 25800 1708 43146 346 116928 470 60 68 187928
59 156-096-25 MM 8520 8540 12756 1828 100079 195 236 181980 700 46 68 297074
225 156-096-25 MM 8486 8521 10852 2170 89789 280 353 163600 720 48 68 267044
688 156-096-25 MM B485 8726 27 5 3926 1710 515 4744 790 690 68 10927
185 156-096-35 MM 8300 8328 12160 1826 100460 340 359 181332 550 46 68 296477

185 156-096-35 MM 8380 8409 9900 1942 74400 245 454 137460 730 51 68 224401



€1l

WELLNO
870
982

45

1)
1o

113
323
420
497
497
2567
2567
2610
2610
2956
883
392
1503
175
307
129
184
367
415
493
554
245
502
513
978
1030
1116
1092
1093

1=(mg/1, ppm)

T-R-S
156-090-35
156-096-35

156-096-36

150-096-36
156-096-36
156-096-36

156=096-36

156-096-36
156-096-36
157-075-01

157+-075-10

157-079-33.
157-080-21
157-085-21.

157-087-17
157-094-05,

157-094-06
157-094-06
157-094-06
157-094-06
157-094-06

157-094-07
157-094-07:

157-094-07
157-094-07
157-094-08
157-094-08
157-094-18
157-094-18

FORM

M

MM

M

By}
MM

MM
MM
MM
MM

"M
157-075-01°
157-075-10.

BNy
MM
MM
MM

MM

M
MM

MM
157-694-05"
157-094-06.

MM
MM
MM

MM
MM

MM

MM
MM

MM
MM
MM
MM
MM
MM
MM

- 8416
8448 .
2972

3012
3122

4362
6016

8227

8229

TOP BOTTOM
8372 8379
8372 8605
8472 . 8500
8266 8404
8366 8404
8457
8469
. 8415
8516

8395
8484
3036 3057
3052
3138
4020
4382
6116
6681
8244
8290
8304
8312
8263
8308
8253
8289
8297
8289
8240
8286
8538
8245
8277
8264

4008

6668

8239
8264
8272
8213
8268
8224
8268
8270
8281

8278
8298
8238
8257
8255

©2992

2=(mg/1,

Ca(1)
11234
2476
13138
13680
13328
11044
12566
12756
10538
2100
2650
2352
2832
4400
912
8455
17700
12000
11920
11800
13056
10660
4760
10860
10380
11540
10960
11424
11740
9320
12120
11040
12120

CHEMICAL DATA
ppm)x100 3=pH x 100 4=ohms/meter? x 1000
Mg(1) Na(l) Fe(2) CO3(1) HCO3(1) SO4(1) C1(1) PH(3) RLS(4) °F

2284 84709 253 313 156820 720 49 68
914 22822 425 515 41620 740 120 68

2056 87035 185 286 163170 720 48 68
1740 91079 186 314 169452 540 47 68
3198 79568 195 383 155240 730 49 68
1598 90395 245 349 161400 730 48 68
2398 97353 170 284 179080 700 46 68
1598 82649 185 331 154360 49 730 68
1180 79355 120 350 144160 620 50 68
930 35650 78 5078 57630 660 89 68

1230 53281 68 4350 87210 710 65 68
667 44883 58 5290 71400 680 74 68

1044 56470 132 4451 91800 680 63 68
1320 75443 288 2526 125970 600 53 68
15740 168 37 9612 18583 1070 190 68

1972 98393 355 989 171540 550 49 68
3340 94900 600 427 186000 680 46 68
1940 100570 195 407 181600 680 46 68
2300 102282 170 357 185200 740 46 68
1940 102551 170 293 184400 690 46 68
1740 100511 207 274 182886 600 46 68
1480 83992 145 334 152400 690 49 68
1260 43592 145 810 78652 760 71 68
1720 90337 195 349 163200 690 48 68
1040 86875 135 165 155200 720 49 68
2180 102462 160 441 184400 730 46 68
2200 100007 160 227 179800 680 46 68
1941 99334 170 44 178664 670 46 68
2180 99715 120 359 180600 710 46 68
1380 73681 355 484 133600 820 50 68
2420 98268 230 190 179800 680 46 68
1260 96853 195 387 172200 780 47 68
1270 98575 160 275 176900 670 46 68
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TDS(1}

255615
68772
26587¢

276451

251912
265031
291851
251879
235703
101466
148789
124650
156729
209947

45052
281704
302967
206712
302229
301154
298674
249011
129219
266661
253795
301183
293354
291977
294714
218820
293028
281935
289300

——



CHEMICAL DATA

AR

1=(mg/1l, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000

WELLNO T-R-S  FORM  TOP BOTTOM Ca(1) Mg(1) Na(1l) Fe(2) CO3(1) HCO3(1) S04(1) C1(1) PH(3) RES(4) °F TDS(1)
1191 157-094-18 M 8210 8231 11420 2280 98575 185 262 178600 690 46 68 291322
1253 157-094-18 MM 10780 1962 83602 185 350 153380 700 49 68 250259
1253  157-094-18 MM 8159 8259 10780 1962 82602 . 185 350 153380 700 49 68 250259
724 157-094-30 MM 8264 8272 11995 1827 91932 230 318 167984 690 47 68 274286
612 157-094-31 MM 8284 8318 13068 3120 96688 240 386 180930 550 L6 68 294432
612 157-094-31 MM 8284 8318 12186 1599 92760 160 346 168954 670 47 68 276005
822 157-094-31 MM - 8336 8537 3175 692 26177 475 930 47050 750 110 68 78499
1032 157-094-31 MM 8321 8327 11805 1599 93291 245 476 168954 710 48 68 276370
1032 157-094-31 MM 8321 8327 11805 1599 93291 245 476 168954 710 48 68 276370
82 157-095-01 MM 8242 8290 13248 266 102182 188 266 185820 570 46 68 301970
82 157-095-01 MM 8242 8290 12350 2204 90736 410 ‘441 167670 550 47 68 273811
114 157-095-01 MM 8292 8331 9901 2284 82884 355 461 151476 730 49 68 247361
299 157-095-01 MM 8226 8254 6660 1380 61326 195 660 109800 670 57 68 180021
350 157-095-01 MM 8260 8276 11800 1820 98357 110 314 177600 650 46 68 2900M
398 157-095-01 MM 8265 8300 3998 679 36131 170 811 64086 750 83 68 105875
398 157-095-01 MM 8265 8300 3944 808 32606 185 325 59280 730 89 68 97148
419 157-095-01 MM 8254 8499 3560 580 29844 1295 474 52920 760 98 68 88673
855 157-095-01 MM 8282 8302 11920 1740 99140 145 270 178800 690 46 68 292015
256 157-095-02 MM 8275 8320 13248 2204 100671 185 269 184842 610 46 68 301419
256  157-095-02 MM 8275 8320 13248 2204 100671 185 269 184842 610 46 68 301419
1062 157-095-02 MM 8267 8290 9720 1380 67659 145 227 169920 610 49 68 249051
1477 157-095-09 MM 8332 8361 12544 1888 96224 120 395 175760 650 49 68 286931
1165 157-095-10 MM 8285 8292 12186 1485 100540 160 367 180606 690 46 68 295344
93  157-095-11 MM 8258 8294 7800 1260 72019 490 128200 400 53 68 209769
366 157-095-11 MM 8208 8274 4960 1020 42588 195 821 76720 730 72 68 126304
811 157-095-11 MM » 2980 405 28490 755 433 49640 730 100 68 82703
913 157-095-11 MM 8171 8242 100 30 5732 905 535 8100 860 470 68 15402
971 157-095-11 MM 9330 1256 79154 185 527 141766 710 51 68 232218
1027 157-095-11 MM 11805 1713 105614 185 415 188374 700 46 68 308106
1027  157-095-11 MM 8202 8268 144 127 594 135 280 1256 680 2620 68 2536
32 157-095-12 MM 8312 8350 35590 6920 40321 185 425 144920 650 50 68 228361
32 157-095-12 MM 8312 8350 14652 2160 103075 240 490 190710 550 46 68 311327
62 157-095-12 MM - 8258 8290 1485 171 16623 585 494 28062 810 160 68 47420



611

WELLNO
681
606
606
649
649
876

1018
301
365
473

1043
315
315
928

1077
751
946
989
990
552
552
626
666
935

1047
744

1029

1029

1078
257
257

17
290

1=(mg/1, ppm)

T-R-S
157-095-12
157-095-13
157-095-13
157-095-13
157-095-13
157-095-13

157-095-13

157-095-14
157-095-14
157-095-14
157-095-14
157-095-23
157-095-23
157-095-23
157-095-23
157-095~24
157-095-24

157-095-24.

157-095-24
157-095-25
157-095-25
157-095-25
157-095-25
157-095-25
157-095-25
157-095-26
157-095-26
157-095-26
157-095-26
157-095-35
157-095-35
157-095-36
157-095-36

FORM
MM
M
MM
M
M
M
MM
M
M
MM
M
M
MM
M
MM
MM
MM
MM
MM
MM
M
MH
MM
MY
My
M-
MY
MM -
MM
M
MM
MM
MM

TOP BOTTOM
8289 8297
8265 8271
8265 8271
8260 8268
8260 8268
8291 8298
8279 8287
8240 8272
8238 8271
8238 8244
8162 8227
8270 8310
8276 8290
8251 8261

8257
8268
8276
8271
8266
8266
8239
8230
8253
8196
8418

8251
8260
8269
8263
8257
8257
8228
8220
8247
8191
8238

8230
8214
8300
8300
8323
8282

8236
8221
8328
8328
8372
8310

Ca(l)
11420
10660
7045
12864
12864
13660
11805
171
11220
11805
11360
329
12314
3040
2500
12314
12120
11736
12672
11995
14046
9720
11995
11995
11424
3660
11424
11210
11805
12566
11928
13056
13248

2060
1260
799
1624
1624
1384
1370
80
1700
1713
1962
45
1732
680
580
1732
1380
1732
2640
1827
1154
1020
1370
1713
1599
580
1485
1596
1485
1370
2192
1508
1392

CHEMICAL DATA

2=(mg/1, ppm)x100

99681
88372
62985
96512
96512
90480
96133
692
97349
96741
92083
1623
101753
28041
19427
93770
102087
97531
98729
95052
90481
43875
95430
95273
93626
28645
91397
91628
95971
94658
90913
96516
96509

3=pH x 100

4=ohms/meter3 x 1000
Mg(1) Na(1) Fe(2) CO3(1) HCO3(1) S04(1) C1(1) PH{3) RES(A) oF

135
305
60
205
205
160
135
390
160
145
135
525
145
465
1365
135
170
185
270
145
185
7
220
37
185
425
230
234
170
205
170
212
196

341
270
334
274
274
235
334
272
321
319
379
1070
275
1118
5658
183
318
251
457
328
235
601
568
425
310
412
428
546
423
334
170
280
280

179600
159000
111666
176040
176040
167500
172838
1175
174600
174780
167500
2120
183500
49520
34800
171260
182600
175960
181908
172838
167500
87400
171868
172838
168954
51800
165070
165282
172838
171868
167500
176040
176040

670
570
740
620
620
690
730
820
150
680
690
740
690
720
760
660
710
680
550
700
700
560
700
660
700
700
710
570
710
680
700
600
620

670
48
57
46
46
47

2520°

47
46
47
1280
46
99
130
47
298
47
46
47
47
66
46
47
47
100

48

- 48
47
47
47
46
46

68
68
68
68
68
68
68
68
68
68
© 68
68
68
68
68
68

68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68

DS (1)
293237
260167
182889
287519
287519
273419
282615

2780
285350
285503
273419

5712
299719
82864
64350
279394
298675
287395
296676
282185
273601
142623
281451
282281
276098

85522
270034
270496
282692
281001
272873
287612
287665



CHEMICAL DATA

: 1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter? x 1000
WELLNO . T-R-S  FORM  TOP BOTTOM Ca(1) Mg(1) Na(1) Fe(2) CO03(1) HCO3(1) S04(1) CL(1) PH(3) RES(4) °F TDS(1)
507  157-095-26 MM 8300 8309 13056 1624 96302 210 293 176040 590 46 68 287525
507 157-095-36 MM 8300 8309 13056 1624 96302 210 293 176040 5920 46 68 287525
770  157-095-36 MM 8269 8281 12000 1720 90899 170 425 166042 660 47 68 271256
909 157-095-35 M 8284 8291 11920 1740 95913 175 5 174000 690 47 68 283753
1973 158-077-13 MM 3325 3348 2574 1268 36937 100 1640 63956 730 83 68 106475
2652 158-078-13 MM 3343 3363 2160 552 45288 63 5910 70890 690 76 68 124863
2708 158-080-05 MM 4242 4272 5200 1200 88434 168 2030 147510 590 51 68 244542
3396 158-080-05 MM 6742 6755 8360 1482 114444 . 205 445 195190 670 49 68 320126
3396 158-080-05 MM 6743 6755 8360 1482 114444 205 445 195190 670 49 68 320126
2670 158-080-06 MM 4201 4212 5184 1334 96117 118 1178 160380 620 48 68 264311
2803 158-080-06 MM 4278 4333 5376 1450 97780 335 1825 163020 590 48 68 269786
3151 158-080-08 MM 4246 4264 4940 1480 95649 340 1955 158950 580 49 68 263314
2554 158-081-06 M 4514 4525 6528 1392 105315 132 1051 177200 630 47 68 291618
2614  158-081-06 MM 4528 4543 5600 1320 90477 305 184 153000 630 49 68 2508RA
L 2614 158-081-06 MM 4554 4574 6200 1260 108393 330 112 181560 620 46 68 297855
= 1689 158-081-07 MM 4512 4539 6076 1770 91889 270 1644 156275 550 41 68 257924
2696 158-081-07 MM 5962 1568 92566 317 959 162000 640 52 68 263372
3194 158-081-07 MM 4499 4512 5194 1298 74472 ‘ 390 2311 125913 620 53 68 209578
2663 158-081-08 MM 4519 4529 6700 1458 106789 305 889 180000 730 50 68 296141
4127 158-081-13 MM 4576 4583 6500 1260 104939 270 895 176220 610 47 68 290084
4127 158-081-13 MM 4589 4595 6500 1260 103628 310 807 174240 560 47 68 286745
2633 158-081-19 MM 4558 4573 5500 1140 87822 224 2043 146880 650 50 68 243609
2617 158-082-02 MM 4559 4572 6200 1440 103338 365 1287 173400 640 47 68 286030
3145 158-082-03 MM 4583 4603 5520 1480 85088 340 1856 143760 560 49 68 238044
2835 158-082-10 MM 4564 4581 6700 1620 101323 400 974 171912 590 41 68 282929
2926 158-082-13 MM 4560 4580 7600 840 104307 366 962 175864 610 47 68 289939
3116 158-082-15 MM 4600 4620 6840 1596 101146 362 1246 171639 570 47 68 282829
1876 158-087-22 MM 6161 6202 4455 826 117643 145 1194 190784 650 46 68 315047
1876 158-087-22 MM 6224 6250 10791 1652 100268 1295 843 177776 620 46 68 291625
1844  158-091-10 MM 7680 7724 4356 1003 121641 145 1200 197288 640 47 68 325633
416 158-093-15 MM 8312 8364 3135 870 67381 255 4181 108784 550 62 68 184606
416 158-093-15 MM 8367 8400 6745 1073 105675 305 1506 176774 520 48 68 292078
441 158-094-05 MM 8238 8263 12120 1500 98156 160 . 185 177000 690 46 68 289121
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WELLNO
484
629
804
340
393
510
628
662
728
728
238
238
312
339
346
452
506
314
209
285
753

99

99

99
132
176
215
282
326
326
345
355
148

1=(mg/1, ppm)

T-R-$
158-094-05
158-094-05
158-094-05

158-094-06.

158-094-06

158- 094- 06

158-094-06

158-094- .06
158- 094 06
158 094 07
158- 094 07
158- 094 07
158 =094~ 07
158- 094 07
158- 094 08

158-094-08
158-094-10

158-094-17
158-094-17
158-094-17
158-094-18
158-094-18
158-094-18
158-094-18
158-094-18
158-094-18

158-094~-18.

158-094-18
158-094-18
158-094-18
158-094-18
158-094-19

FORM
MM
MM

MM

\L\I

M
MM
MH

158-094-06 MM

MM

My

MH
MM

M
MM
MM

M
MM
M
MM
MM
MM
MM
MM
MM
MM
MM
MM,
MM
MM
MM
MM
MM
MM

8200

8170 .

8158

- 8111

TOP BOTTOM
8240 8260
8197 8217
8240 8249
8185 8240
8204 8245
8183 8234
8218 8236
8200 8253
8106 8145
8106. 8205
8116 8156
8116
8158 8194
8240
8210
8246
8217
8246
8180
8211
8400
8176
8260
8218
8228
8150
8254
8127

8226
8205-
8193
8141

8195
8121
8122
8160
8098

8195
8086

8117
8084
8049
8142

8169
8140
8120
8216

‘8158

Ca(l)

9720
11920
11614
11360
12376
12186
11800
12320
11540
11540

9240

9240
11740
11740

8568
13276
12314
11360
10780
12314

6160
11904

6283
13300

4240

8860
11420

5570
14360
11043
10960
10100
10860

CHEMICAL DATA
2=(mg/1, ppm)x100

49
46
46
46
47
46
46
46
46
46
50
50
46
47
52
46
47
47
47
47
65
47
61
46
78
50
46
60
47
46
48
48

68
68
68
68

68 -

68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68

3=pH x 100 4=ohms/meter3 x 1000

Mg (1) Na(l) Fe(2) CO3(1) HCO3(1l) S04(1) CL(1) PH(3) RES(4) °F
1260 84346 245 444 150506 690
1500 102041 185 205 182600 710
1713 101396 170 360 181578 680
3116 99657 170 328 182560 680
1827 94650 205 354 172838 690
1142 101825 185 362 181578 710
1820 102176 110 275 183520 670
1740 104224 160 461 187200 730
1620 102324 160 380 102324 720
1620 102324 160 380 182600 720
2420 77769 220 315 143000 710
2420 77769 220 315 143000 710
1620 102003 175 175 182600 650
1740 95712 185 230 173200 570
1256 75642 170 579 134970 700
1154 100530 195 250 181620 710
1846 96647 170 251 175960 690
1740 97273 195 135 175000 570
2080 98040 160 360 176000 730
1846 89315 160 220 164680 700
1260 49607 830 552 90200 760
1972 97610 244 286 177018 580
1256 55795 685 581 100014 720
1740 96089 366 330 176364 550
1040 38649 245 550 69600 720
1960 81480 135 260 146800 730
1720 99267 185 311 178000 690

776 57380 145 731 100000 740
1300 99995 185 244 183150 660
1599 97225 220 311 173810 700

700 92963 160 180 164600 720
1280 90361 170 359 161200 700
1720 97696 195 316 174784 680

417

68

TDS(1)
246521
298451
206331
297191
282250
297278
299701
306105
218348
298626
232964
232964
298313
282807
221185
297025
287188
285703
287420
268535
148609
289034
164614
288189
114324
239495
290903
164602
299234
284208
269563
263470
285571



WELLNO
148
195
250
581
523
523

650 -

703
894
906
964
199
199
454
482
667
809
135
186
368
400
487
498
729
729
749
488
908
908
495
495
726
726

81T

1=(mg/1, ppm)

T-R-S
158-094-19
158-094-19
158-094-19
158-094-1%
158-094-20
158-094-20
158-094-20
158-094-20
158-094-20
158-094-29
158-094-29
158-094-30
158-094-30
158-094-30
158-094-30
158-094-30
158-094-30
158-094-31
158-094-31
158-094-31
158-094-31
158-094-31
158-094-31
158-094-31
158-094-31
158-094-31
158-094-32
158-094-32

158-094-32.

158-095-01
158-095-01
158~095-01
158-095-01

FORM
MM
MM
MM
MM
MM
MM
MM
M
MM
MM
MM
MM
MM
MM
MM
MM
M
MM
MM
MM
MM
MM
MM
MM
MM
MM
MM
MM
MM
MM
MM
MM
MM

- 8206

TOP BOTTOM
8150 8186
8182 8240
8162 8225
8186 8198
8206 8216
8208 8216
8225 8233
8208 8217
8262 8503
8291 8297
8263
8222
8226
8250
8214
8218
8256
8287
8271
8260
8306
8235
8228
8226
8228

8276
8236
8295
8236
8228
8263
8336
8300
8274
8346
8247
8274
8243
8243
8225
8273
8476
8478
8255
8195
8184
8195

8255
8222
8222
8148
8160
8150
8160

8269

2=(mg/1, ppm)x100

Ca(l)
10960
10780
11920
11740
558
558
11920
12120
54
12000
12180
12540
11920
8940
12672
12180
12180
12380
8860
12320
1540
12000
11100
12890
12890
4425
11420
760
760
8930
12320
12186
12672

CHEMICAL DATA

3=pH x 100 4=ohms/meter x 1000

Mg(1) Na(1) Fe(2) CO3(1) HCO3(1) SO4(1) CL(1) PH(3) RES(4) °F
1500 90296 170 195 162800 710 48 68
1620 97587 220 260 174000 670 47 68
1384 97361 185 235 175020 700 47 68
2078 97896 255 275 177840 700 46 68
162 13328 465 1150 20900 790 21 68
162 13328 465 1150 20900 790 210 68
1840 98307 220 220 177800 680 46 68
1840 100981 195 617 182000 700 46 68
16 3718 1645 550 4515 710 72 68
1940 99365 185 336 179800 790 46 68
1720 101363 185 280 182600 690 46 68
1624 54023 92 499 109830 530 58 68
1620 101804 175 190 182600 660 46 68
1140 109340 255 321 187400 690 46 68
1740 102854 215 268 185820 600 46 68
2160 96959 135 440 177000 780 47 68
2060 101901 205 292 184400 690 46 68
2160 101531 185 286 178800 780 46 68
220 25975 100 165 56200 750 94 68
2080 99796 175 125 181600 680 46 68
700 108987 170 235 172600 720 47 68
1820 100078 170 280 180600 690 46 68
1140 102345 205 145 180600 710 46 68
2078 94344 205 255 174080 710 47 68
2078 94344 205 255 174080 710 47 68
1185 40243 85 215 73150 720 75 68
1820 98903 185 359 177694 670 46 68
920 97154 280 433 153400 700 49 68
920 97154 280 433 153400 700 49 68
1276 87015 135 1279 152716 500 48 68
1620 99499 145 150 179800 700 46 68
1370 102056 85 509 182548 680 46 68
2400 99142 170 453 181908 550 46 68

TDS(1)
265921
284457
286105
290084

36563

36563
290307
297753

10498
293626
298328
178608
298309
307394
30350y
288874
301038
295342

91520
296096
284232
294948
295535
283852
283852
119303
290381
252947
252947
251351
293534
298754
296745
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WELLNO
783
1016
1051
2238
576
627
905
108
156
157
158

158..

276
509
717
800
800
130
212
574
641
241
252
253
319
332
154
233
259
266
266
423
423

"158-095-24

"158+095-24
158-095-24

1=(mg/1, ppm)

T-R-S
158-095-01
158-095-11
158-095-11
158-095-12

'158-095-12

158-095-12
158-095-12-

158-095-13
' 158-095-13"
' 158-095-13.

158-095-13"

158-095-13"

158+095+-13"

'158:0959132

158-095+=14

" 158-095-14
158-095-14
1584095-23"
'158-095-23"
158-095-23
1158-095+23

158-095-24

158-095-24

158-095-25
158-095-25
158-095-25
158~095-25
158-095-25
158-095-25
158-095-25

MM

FORM
MM
MM
MM
M
MM
MM
MM
MM
MM
MM
MM
MM
MM
MM

MM

“MM
‘MM

MM

M
:MM
‘MM
“MM
MM
‘MM

MM
MM

‘MM

MM
MM

‘MM

MM
MM

8136

- 8265
. 8246 8295

8136
- 8180

TOP BOTTOM

8078 8154

8185
8178
8188

8193
‘8192
8218
8225

8152 8178

8102 - 8246
.- 8139 8250
8182 8220
. 86348650

8283

8246 8295
8309 8319
8326 8336
8234 8276
8194 8280
8261 8307
8204
8230
8400
8242
8336

8372
8200
8266

8260
8304
8365

8300
8335
8395

Ca(l)
960
12186
3998
10853
11995
11234
11995
11740
377
11424
11160
7620
10960
10960
6283
4570
12566
11995
11805
9139
12120
11920
7426
10860
7616
10100
11740
14440
11540
12000
11420
11220
16720

1120
1941
571
1142
1485
1713
1713
1500
90
1485
1840
1380
1740
1620
1142
1256
1370
1256
1256
1713
1740
1960

1370 =

1380
1256
1480
1840
1500
1500
1940
1940
1140
2088

CHEMICAL DATA

2=(mg/1, ppm)x100 3=pH x 100

72757
101555
37180
105804

100608
100956
101542

3155
102071

103567

73359
103239
97352
57969
39675
109729
104973
109578

90429

99540
96636
68682
88371
63528
87825
96051
94269
96864
76190
100516

95403

93717

4=ohms/meter3 x 1000
Mg{1) Na(1) Fe(2) CO3(1) HCO3(1) SO4(1) CL(1) PH(3) RES{(4) °F

1695
185
940
170
195
160
205
120
280
220
170
160
230
185
245

1015
170
195
170
160
160
135
205
160
185
160
185
185
175
405
165
205
135

453
321
655
231
11513
443
326
135
236
375
487
497
235
230
1074
679
288
347
326
459
218
251
823
345
598
456
250
275
135
506
282
288
319

4980
183520
65058
185462
189346
179636
181578
181600
5460
181578
184400
130200
183400
175000
102926
71854
195170
186432
193230
160216
179800
175600
122346
159200
114578
157220
174000
175020
174000
143800
180600
170000
179912

750
710
760
680
700
680
680
700

750 -

710
610
710
720
690
750
770
700
720
700
730
7120
700
730
790
690
690
700
680
710
660
670
790
530

680
46
81
46
46
46
46
46

710
46
46
52
46
47
60
76
46
46
46
49
46
47
54
48
56
49
47
47
47
50
46
47
46

68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68

™S(1)
81965
299708
108402
303662
214534
293794
296773
296637
9598
297153
301624
213216
299804
285347
16963y
119049
319293
305198
316365
262116
293578
286502
200852
260316
187761
257241
284066
285689
284214
234841
294923
278256
292891



CHEMICAL DATA

1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=chms/meter3 x 1000

WELLNO T-R-S  FORM  TOP BOTTOM Ca(l) Mg(1l) Na(l) Fe(2) CO3(1) HCO3(1) SO4(1) CL(1) PH(3) RES(4) °F TDS(1)
466  158-095-25 MM 8274 8316 12864 1856 99400 149 300 181185 590 46 68 295754
466  158-095-25 M 8274 8316 12864 1856 99400 149 300 181185 590 46 68 295754
268 158-095-26 MM 8278 8335 12864 1508 97994 188 277 177996 630 46 68 290827
298  158-095-26 MM 2278 8335 12864 1508 97994 188 277 177996 630 46 68 . 290827
356 158-095-26 MM 8300 8350 6100 920 57758 160 640 102000 810 60 68 167578
537 © 158-095-26 MM 8268 8301 12864 1508 99901 173 299 180930 610 46 68 295675
541 158-095-26 MM 8304 8332 12864 1508 100221 206 280 181419 590 46 68 296498
541 158-095-26 MM 8304 8332 12864 1508 100221 206 280 181419 590 46 68 296498
556  158-095-26 MM 8277 8448 5140 1140 44191 840 668 79600 810 70 68 131579
677 158-095-27 MM 8276 8511 4189 1142 40979 1025 716 72826 800 75 68 120877
118 158-095-35 MM 2475 571 220281 1365 690 36024 760 120 68 261406
453  158-095-35 MM 8276 8308 8940 800 78505 170 464 138800 770 51 68 227679
471 158-095-35 MM 8328 8356 9040 2078 73230 185 460 134560 700 52 68 219553
127 158-095-36 MM 8306 8344 12000 1820 105789 170 292 189400 660 46 68 309471

, 213  158-095-36 MM 8293 8332 12180 1820 104785 160 258 188200 700 46 68 307403
= 353  158-095-36 MM 8346 8390 12500 1740 100913 170 198 182600 690 46 68 298121
(< 421 158-095-36 MM 8249 8274 10662 1485 94085 145 334 167984 710 47 68 274695
447  158-095-36 MM 8271 8290 7620 1380 72075 170 514 128200 750 53 68 209959
781 158-095-36 MM 8330 8360 10662 1370 91883 220 484 164100 690 48 68 268719
847 158-095-36 MM 8312 8340 5520 800 47985 270 756 85400 820 68 68 140731
2960 159-080-31 MM 4229 4248 5568 1508 95783 356 2340 160056 600 48 68 265611
3009 159-081-30 MM 4547 4562 5376 1160 77977 298 2158 131404 620 52 68 218373
2976 159-081-31 MM 4510 4523 5472 1276 74561 318 2304 126524 620 53 68 210455
2471 159-081-33 MM 4492 4521 6528 1620 102518 270 1425 173194 720 47 68 285555
5986 159-082-35 MM 4547 4557 6600 1680 102196 410 1450 172900 560 47 68 285236
2792  159-082-36 MM 4500 4543 6400 4131 98946 312 520 175370 450 41 77 285679
1843 159-088-32 MM 6534 6584 5346 1239 111680 120 1332 184280 620 47 68 303997
796 159-094-29 MM 7669 7705 5100 610 114621 120 1667 186300 600 46 68 308418
796 159-094-29 MM 7878 7900 11900 1586 109400 , 190 762 193752 610 46 68 317590
796  159-094-29 MM 7965 7982 5700 1037 114741 58 1728 188784 620 46 68 312048
796 159-094-29 MM 8015 8040 11424 1485 102715 220 407 182548 710 46 68 298799
796 159-094-29 MM 8080 8100 17400 1708 101912 132 510 192510 . 630 46 68 314172
823 159-094-29 MM 7905 7965 2375 549 119182 78 3679 186876 500 46 68 312739
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WELLNO

823

828

966
1449
2790
2054
1910
1910
962

962
2899
4534
2995
2995
1227
7227
1227

995

995
1660
2071
2071
2194
2646
2646
5716
2777
2705
2424
2457
1592
1656

T-R-S
159-094-29
159-094-29
159-094-32
159-094-32
159-094-32
159-094-34
160-078-17
160-079-04
160-079-04
160-080-05
160-080-05
160~-083-22
160-083-27
160-083-30
160-083-30
160-084-32
160-084-32
160-084-32
l60:p89f23
160-089-23
160-092-01
160-094-03
160-094-03
160-094-29
160-094-29
160-094-29
160-096-13
161-078-17
161-078-19
161-078-20
161-078-20
161-079-15
161-079-16

1=(mg/1, ppm)

FORM
o
MM

MM

MM
M
MM

MM

MY

M0
M1

nt
M
M
MM
M
MM
MM

MM

MM
M
MM
Mt
MM
MM
MM
MM
MM
MM
MM
MM
MM
MM

3382

3912

TOP BOTTOM
7970 8009
8013 8029
8044 8295
8079 8083

4543
3446
3403
3470
3652
3924
4540
4550
4696
4920
4927

4500
3429

3448
3640

4518
4520
4662
4906
4900
4951
4951
6160
6322
7222
7600
7782
7937
7933
7933
7787
3341
3329
3322
3313
3465
3443

4952
6213
6412
7253
1647
7800
7955

7933
7806
3358
3355
3336
3348
3490
3498

2=(mg/1, ppm)x100

Ca(1l)
7220
3135
6920
6336

11360
6400
2970
4405
2772
3990
3800
6200
6500
7680
6912

17635

15832

11423
8170
9785
8232

10890

10494

10692

11000

11000
2198
2832
2620
2746
2880
3332
9504

CHEMICAL DATA
3=pH x 100 4=ohms/meter3 x 1000
Mg(1) Na(1l) Fe(2) CO3(1) HCO3(1) SO04(1) Cl(1) PH(3) RES{4) °F

1098 107477 102 1469 180612 530 4 68
610 118401 88 2687 187920 530 46 68
1160 57578 415 808 103600 750 59 68
1080 108779 170 1515 180930 610 46 68
2080 102750 185 200 184000 690 46 68
4131 98946 312 520 175370 450 41 77
767 40819 170 5000 66666 710 820 68
1210 33214 135 2400 60704 690 94 68
885 : 40393 170 4100 66666 690 86 68
1160 26683 170 2861 49389 620 100 68
1508 47733 205 3354 82152 610 71 68
1800 94849 336 1733 161044 610 48 68
2400 90655 270 775 157600 640 50 68
2320 105031 366 1028 177840 550 46 68
1624 99177 312 1099 168948 560 47 68
1702 61900 510 92 1710 128800 672 L9 77
1823 59500 450 140 1740 121600 680 51 77
1702 85100 1510 177 2010 161600 667 44 77
1566 104851 102 1001 179952 600 47 68
1798 107593 440 652 187776 600 46 68
1534 95983 145 1228 166098 530 48 68
1880 113732. 135 1020 199346 630 47 68
1888 107201 170 1060 188544 640 46 68
1711 106984 205 360 188540 630 47 68
1440 108468 149 315 190650 660 46 68
1440 108468 149 315 190650 660 46 68

83 100498 111 500 162000 640 57 68
783 41478 110 4337 68023 700 77 68
360 42668 112 4234 68310 670 77 68
499 52407 98 3988 84150 740 69 68
986 57708 120 4750 93408 720 64 68
1475 50394 160 4000 83388 800 68 68
1652 44852 415 1550 89430 620 66 68

& ) ﬁlz;/, &0 0 ) i) 0 &) &) ) RD) &) B0 & &) BRD iE::z;:EZZD &)

TDS(1)
297478
312841
170481
288810
300575
285679
116392
102068
114986

84253
138752
265962
258200
294268
2780/
211844
200640
262027
295642
308044
273220
327003
309357
308492
312022
312022
265390
117563
118304
143888
159852
142749
147403

—d



CHEMICAL DATA

1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000
WELLNO T-R-S  FORM  TOP BOTTOM Ca(1l) Mg(1) Na(1) Fe(2) CO03(1) HCO3(1) S04(1) C1(1) PH(3) RES(4) °F TDS(1)
893 161-079-21 MM 3476 3509 4845 1276 48166 100 2663 84564 610 68 68 141614
1996 161-079-23 MM 3368 3390 5049 1239 50478 75 2000 88888 650 70 68 147729
2289  161-079-25 MM 3308 3324 6336 1357 52159 255 1480 94380 650 66 68 155907
1526  161-079-27 MM 3361 3380 3185 1121 52247 120 3798 86621 730 64 68 147092
2090 161-079-28 MM 3396 3462 2277 501 28921 65 3300 47627 670 115 68 82691
2187 161-080-01 MM 3438 3456 5346 1121 42620 110 2450 76596 720 75 68 128243
524 161-081-19 MM 4041 4048 1348 302 6141 425 3037 10250 620 350 68 21503
524 161-081-19 M 4072 4125 5510 1972 92435 295 1360 156900 530 49 68 258472
524 161-081-19 MM 4092 4120 2565 696 13576 380 2959 25104 580 180 68 45280
524 161-081-19 M{ 4114 4120 4940 1566 83103 362 1516 140160 530 53 68 231647
524 161-081-19 MM 4531 4557 5130 1856 65228 270 2675 112968 540 57 68 188127
2271 161-081-30 MM 4092 4129 5148 1357 75584 440 2350 127660 640 57 68 212539
2300 161-081-30 M 4080 4112 5148 1298 80460 425 2050 135240 580 55 68 224621
2877 161-082-09 M 4218 4236 6400 1800 102216 270 1596 172900 610 47 68 285187
2782 161-082-14 M 4104 4122 4800 2187 109434 254 390 183180 570 41 77 30024>
= 1058 161-082-15 MM 4142 4147 2273 689 15702 137 3132 27860 680 173 68 49793
[\ 1058 161-082-15 MM 4152 4158 3789 1020 27554 99 3214 49750 660 68 85426
1058 161-082-15 MM 4152 4168 4210 1530 49237 77 3037 85570 640 72 68 143661
1058 161-082-15 MM 4159 4167 3473 1071 29982 115 3004 53233 650 100 68 90878
2813 161-082-23 MM 4124 4145 5376 1566 100992 274 1021 168940 570 47 68 278169
2813 161-082-23 MM 4142 4145 5376 1566 100992 274 1021 168940 570 47 68 278169
2320 161-082-25 MM 4151 4167 5742 1534 98262 355 800 165400 580 49 68 272093
2320 161-082-25 MM 4182 4202 5890 2052 100341 270 1120 170200 630 48 68 279873
2343 161-082-25 MM 5700 1557 97443 256 965 164000 690 51 68 269921
2343 161-082-25 MM 4098 4111 5760 1740 104893 170 1001 176220 670 47 68 289784
2343 161-082-25 MM 4098 4112 5760 1740 104893 170 1001 176220 670 47 68 289784
6624 161-085-01 MM 4941 5000 6283 1409 107989 220 1020 186000 620 58 68 302921
3571 161-086-08 MM 9020 1820 105960 279 583 184250 630 41 68 301912
3838 161-086-16 MM 5294 5309 399 112 4653 7 11 5146 490 1191 76 10328
3838 161-086-16 MM 5294 5909 8000 1361 107019 429 530 182470 490 41 77 299809
1487 161-087-09 MM 5524 5553 9604 1652 93000 365 983 164320 630 48 68 269924
1487 161-087-09 MM 5555 5577 10976 2006 103347 : 365 522 184080 620 46 68 301296
1487 161-087-09 MM 5622 5640 4606 885 37601 170 2805 66560 650 82 68 112627

- _'!F:> e e T Sl el i i aalE ol sl aallE Gl il TR IFT‘SHIK i F )



YA

(¥

WELLNO
1487
1083

945

945
1082
1082
1082
2214

836

836

836
4759
4759
2996
2722
3827
1435
3004
3309
2842
2740
1670
1588
1629

916

916
1637
1761
1761
1450
2729
2484

985

1=(mg/1, ppm)

T-R-$
161-087-09
161-090-11
161-090-28
161-090-28
161-090-30
161-090-30
161-090-30
161-092-03
161-092-06
161-092-06
161-092-06
161-092-35
161-092-35
161-096-25
161-098-13
162-078-20
162-079-04
162-079-08
162-079-18
162-079-20
162-079-30
162-080-06
162-080-17
162-081-23
162-081-26
162-081-26

162-082-34.

162-082-36
162-082-36
162-084-09
162-085-22
162-090-09
162-090-16

FORM
MM
M
MM
MM

MM

MM
MM
MM
MM
MM
MM
MM
M
MM
MM
MH
MM
MM
M

MM

MM
MM
MM
MM
MM
M
MM.:-
MM
MM
Mt
MM
MM
MM

3538

4032

TOP BOTTOM
5784 5807
6155 6215
6530 6590
66389 6741
6530 6590
6817 6844
6882 6910

6890
6960
7245
7261
7261
7648
7288
3865
3295
3292
3402
3356
3393
3522

6900
6978
1275
7309
7309
7677
7390
3900
3302
3309
3412
3388
3441
3547
3556
3620
3648
3704
4042
3843
4035
4610
4761
5835
5870

3607
3636
3692

3834
4027
4590
4730
5802
5830

Ca(1)
10584
4350
646
1292
3663
6237
10890
7280
2300
2600
9200
8480
8480
12096
4608
5002
2573
3168
3561
3034
3200
3332
2499
4410
3515
3040
5390
5742
5148
3504
7600
4032
1782

2124
840
186
209
780

1260

1800

1320
976
488

1464

1871

1895

1972
580

1269
696
957

1354
673

1008

1239
620

2242
928
928

1652

1711

1711
783

1440
928
276

CHEMICAL DATA

2=(mg/1, ppm)x100 3=pH x 100

102215
34537
56664

111541
49978
59653

105125

110000
90628
85823
97041

126767

118215

108846
83453
71737
27336
46884
52274

44321

52313
40191
25884
46422
32701
49687
99160
50637
99821
38846
103440
65887
14915

1030

4=ohms/meter? x 1000
Mg (1) Na(1) Fe(2) CO3(1) HCO3(1l) S0&4(1) C1(1) PH(3) RES(4) °F

284
380
234
254
220
305
355

85
220
136
425
478
210

96
120
120
120
120
168

44
195
145
425
112
108
270
100
280
365
285
110
135

565
3486
2588

959
3506
2572

868

335
4918
4877
1383
5500
4100

384
2708
2362
3955
4181
3983
4037
3580
3560
3741
2377
3255
43178
1420
2165
1312
3671
1100
3292
3831

182000
60636
87042

174084
83130

104646

185820

186000

143028

134676

169128

211580

199510

194636

136620

121389
27336
77558
87870
72618
86625
68761
43311
83942
56898
81432

166098
91598

166936
65480

176220

108976
24059

600
660
610
610
600
600
600
630
600
600
600
500
500
600
620
740
750
8670
720
730
650
640
700
600
530
530
620
690
610

730 -

640
700
620

C

46
88
660
46
68
59
46

50
51
47
38
39
46
51
54
110
70
67
74
66
82
110
68
92
69
47
65
47
81
47
59
180

68
68
68
68
68
68
68

68
68
68
117
717
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68

TDS(1)
297772
104235
147360
288339
141277
174673
304858
304945
241935
228684
278352
354623
332678
318174
228065
201879

62016
132868
149162
124851
146770
117278

76200
139818

97409
139573
273990
151953
275208
112649
290085
183225

44998

—



CHEMICAL DATA

1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4G=ohms/meter? x 1000

WELLNO  T-R-S  FORM TOP BOTTOM Ca(1l) Mg(1) Na(1l) Fe(2) CO3(1) HCO3(1) S04(1) Cl(1) PH(3) RES(4) °F TDS(1)
2922 162-090-17 MM 5852 5884 2100 360 19182 230 4201 31120 710 150 68 57193
1554 162-091-04 MM 6110 6128 5782 1180 57169 255 2288 100016 670 60 68 166690
1461 162-091-05 MM 6155 6188 3293 661 33020 220 3247 56160 690 92 68 96601
1485 162-091-05 i 6094 6108 1803 307 17774 23 4736 27872 790 170 68 52726
1535 162-091-05 MM 6078 6104 5586 1298 57514 195 603 101802 690 62 68 166998
1535 162-091-05 MM 6078 6104 5586 1298 57514 195 630 101802 690 62 68 167025
1580 162-091-06 MM 6081 6110 5292 1121 113123 230 728 186448 630 46 68 306942
1593  162-091-06 MM 6095 6140 774 101 3640 2700 3540 3180 680 595 68 13935
1687 162-091-06 MM 6081 6110 5292 1121 113123 230 728 186448 630 46 68 306942
1639  162-091-07 M 6142 6174 5292 1062 109712 205 731 181028 640 46 68 298030
1639  162-091-07 MM 6142 6174 5292 1062 109712 205 731 181028 640 46 68 298030
1500 162-091-08 MM 6116 6161 3920 649 70267 390 3633 114304 690 60 68 193163
1878 162-091-08 MM 6108 6140 3564 885 57447 295 4100 94300 770 63 68 160591
3545  162-091-08 M 6142 6179 2565 513 30300 220 © 5400 48660 600 - 100 68  8765%
. 3431 162-091-35 MM 5600 1191 114306 195 860 188860 480 40 77 31101z
R 2562 162-092-03 MM 6236 6263 7872 1392 107894 255 894 183600 640 46 68 301907
2474 162-092-12 MM 6237 6260 4876 880 123539 550 660 200940 720 47 68 331445
1847 162-092-22 MM 6348 6372 4356 106 89230 245 1800 144180 580 50 68 239917
1429  162-095-20 MM 7026 7032 11300 1820 104400 108 344 186000 650 41 68 303972
2970 162-101-20 MM 7022 7039 9024 1580 141527 98 756 196612 S80 46 68 349597
6555 162-103-03 MM 6811 6950 14490 1740 63653 43 1111 128050 670 59 68 209087
1669 163-078-11 MM 720 194 4550 240 5090 5100 810 548 68 15894
1237 163-079-20 MM 3269 3292 4158 1080 47105 245 3198 80661 740 70 68 136447
1281 163-080-05 MM 3314 3340 1820 552 14665 145 3572 24730 760 180 68 45484
2119  163-080-19 MM 4519 4529 5634 2006 121674 340 900 204260 590 46 68 334814
438 163-080-21 MM 3394 3404 2613 841 24508 108 4033 41840 570 120 68 73943
438 163-080-21 MM 3401 3421 1976 314 14603 260 3712 24058 660 180 68 44903
438 163-080-21 MM 3417 3421 2945 870 42595 152 4444 70082 550 78 68 121088
993 163-081-12 MM 3396 3406 2653 672 23477 135 3646 40098 640 130 68 70681
1510 163-081-24 MM 3465 3475 1901 271 12888 440 3658 21078 710 210 68 40236
1353 163-082-04 MM 3692 3702 2030 570 18313 245 3984 30420 750 148 68 55562
911 163-082-31 MM 3730 3750 2090 464 19344 110 4119 31785 640 140 68 57912
3162 163-083-05 MM 3789 3821 3540 900 39605 72 37 3457 67320 860 77 68 114931



Co CHEMICAL DATA
1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000

WELLNO  T-R-S  FORM  TOP BOTTOM Ca(1) Mg(l) Na(1) Fe(2) C03(1) HCO3(1) S04(1) C1(1) PH(3) RFS(q) °F TDS(1)
3770 162-083-16 MM 3828 3855 4290 12 45560 100 2526 79500 730 68 133196
2283  163-083-23 MM 3953 3964 1782 283 12670 120 3500 20870 740° >1o 68 39225
2283 163-083-23 MM 3968 3988 3168 649 36292 280 3300 60880 600 88 68 104509
1436 163-083-25 MM 3995 4014 4800 1392 80811 355 2430 135200 650 51 68 224983
1436 163-083-25 MM 4010 4024 4320 1334 68115 270 2765 114400 680 56 68 191204
3914 163-084-26 MM 4240 4265 5640 1420 98770 85 1129 165600 680 48 68 272644
1794 163-086-03 MM 4526 4558 7400 1700 101700 204 1000 174000 640 43 68 286004
1539 163-086-13 MM 4399 4415 2450 3009 46495 110 2320 83048 710 72 68 137432
5557 163-086-13 M ’ 9618 2780 99804 256 560 183000 600 50 68 296018
5557  163-086-13 MM ' 9618 2780 99804 256 560 183000 600 50 68 296018
5708 163-086-13. MM . 9160 1946 90946 268 584 166000 620 50 68 268904
5708 163-086-13 MM . =~ 9160 1946 90946 268 584 166000 620 50 68 268904
5587 163=087-01 MM © . 9618 3058 100568 171 540 185000 620 50 68 298955
5587 163-087-01 MM : * 9618 3058 100568 171 540 185000 620 50 68 298955
5634 163-087-01 MM A 10076 834 107430 171 516 190000 630 50 68 30902/
5634 163=087-01 MM 10076 834 107430 171 516 190000 630 50 68 309027
5565 163-087-02 MM ' 10076 1112 105683 220 516 188000 610 50 68 305607
5565 163-087-02 MM S 10076 1112 105683 220 516 188000 610 50 68 305607
5485 163-087-12 MM - 9618 1390 93534 220 510 169000 610 50 68 274272
5485 163-087-12 MM ' 9618 1390 93534 220 510 169000 610 50 68 274272
5603 163-087-12 MM 10076 1390 100579 244 530 181000 630 50 68 293819
5603 163-087-12 MM 10076 1390 100579 244 530 181000 630 50 68 293819
1080 163-088-11 MM 5030 5055 2376 432 112574 230 2646 177018 550 46 68 295276
1490 163-088-31 MM 5819 5840 9996 1770 104493 365 596 183270 610 46 68 300490
2800 163-089-13 M 5150 5162 7872 1508 90786 280 1497 157092 600 49 68 259035
2800 163-089-13 MM 5243 5302 9216 1972 107295 610 633 186732 550 46 68 306458

974 163-089-22 MM 5180 5247 760 220 2029 670 3782 1936 710 860 68 9397
974 163-089-22 MM 5306 5336 6840 1276 58133 510 2069 103668 600 62 68 172496
974 163-089-22 MM 5307 5357 3990 928 98237 365 2257 159414 620 49 68 265191
974 163-089-22 MM 5308 5342 3230 638 34022 _ 755 3918 56724 620 92 68 99287
1552 163-090-18 MM 5713 5735 1470 208 11200 1140 3480 17400 770 231 68 34898
1076  163-090-22 MY 5506 5530 2257 360 24143 270 4074 39120 602 120 68 70224

1076 163-090-22 MM 5531 5555 594 60 1701 160 3819 939 660 1150 68 71273



CHEMICAL DATA

1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000

WELILNO T-R-S  FORM  TOP BOTTOM Ca(1l) Mg(1) Na(1l) Fe(2) CO3(1) HCO3(1) S04(1) Cl(1) PH(3) RES(4) °F TDS(1)
1076  163-090-22 MM 5587 5602 594 72 1642 160 3572 1066 660 1150 68 7106
1837 163-090-28 MM 5694 5719 574 71 1972 240 4050 1138 700 1000 68 8045
1837 163-090-28 MM 5719 5739 . 554 106 2245 200 4300 1463 700 1000 68 8368
1837 163-090-28 MM 5755 5766 7425 1534 77959 205 1570 136580 580 55 68 225273
1501 163-091-17 MM 2200 613 37900 1020 4040 61200 780 83 68 106973
1501 163-091-17 MM 5878 5912 8820 1298 108436 185 1080 185744 630 46 68 305563
1501 163-091-17 MM 6041 6056 7840 2124 101385 230 808 175716 690 47 68 288103
1872 163-091-22 MM 5620 10890 1888 98073 255 404 175600 660 46 68 287110
1492 163-091-23 MM 5903 5913 7300 1450 73200 162 1510 129000 660 49 68 212622
1492 163-091-23 MM 5903 5916 640 48 2290 : 720 4060 1500 810 913 68 9258
1950 163-091-24 MM 5841 5851 9504 1593 99072 170 1000 173440 610 46 68 284779
1648 163-091-28 MM 5940 5950 6664 870 112738 425 598 187532 740 46 68 308827
2548 163-092-02 MM 6160 6178 8428 1534 107081 295 573 183958 520 46 77 301869
1540 163-092-17 MM 6028 6058 3720 595 102000 162 1540 165000 650 48 68 273017
, 1540 163-092-17 M 6075 6091 4800 1270 93600 180 661 156000 640 45 68 256511
S 1540 163-092-17 MM 6095 6111 2190 413 15300 1320 3010 25800 620 167 68 48033
o 1640 163-092-17 MM 6065 6096 2979 424 14282 390 4893 33488 690 140 68 56456
1700 163-092-20 MM 6083 6118 5684 1062 74078 490 1649 125913 580 54 68 208876
1700 163-092-20 MM 6160 6178 8526 1652 108499 270 627 186638 520 46 68 306212
1700 163-092-20 MM 6160 6178 8526 1652 108499 270 627 186638 520 46 68 306212
1799 163-092-20 MM 5737 5744 47520 5900 75218 450 330 216800 590 49 68 346218
1530 163-092-24 MM 3400 789 87100 234 2240 141000 700 49 68 234763
1742 163-092-34 MM 8700 789 110900 186 476 186000 620 43 68 307051
2412 163-093-19 MM 6303 6356 1663 314 18314 475 4900 28217 830 160 68 53883
1703 163-094-12 MM 6191 6221 5880 1357 107324 245 1220 178860 530 47 68 294886
3617 163-095-03 MM 6250 6287 7574 1283 101045 . 220 912 172198 680 47 68 283232
3617 163-095-03 MM 6376 6479 6409 813 71920 85 1978 123136 660 54 68 204341
7087 163-095-18 MM 6212 1459 59200 150 288 650 102368 642 41 77 170179
7087 163-095-18 MM 6300 6342 6012 729 94400 310 134 3800 160000 695 44 77 265078
7087 163-095-18 MM 6300 6424 7615 1094 100100 372 2110 174400 670 42 77 285691
7087 163-095-18 MM 6400 6324 8216 122 98600 1010 201 4000 164800 667 44 77 275949
4691 163-095-29 MM 6503 6521 7890 1210 102912 160 450 175800 590 47 68 288422
2688 163-098-10 MM 6453 6493 8600 1200 105390 81 1122 180400 610 46 68 296793



L2t

WELLNO
2688
2010
2010
2010
2010
2010
2010
2010

884
994
3749
317
215
413
7614
2148

. 2148

528
1186
223
4716
4716
979
1067
77
65
1764
1764
4268
6861
6894
7206
7292

1=(mg/1, ppm)

T-R-S
163-098-10

.163-102-07

163-102-07
163-102-07
163-102-07
163-102-07
163-102-07
163-102-07
164-077-33
164-081-33
164-084-35
156-095-20
158-094-18
147-093-05
148-096-10
155-095-07
155-095-07
157-089-25
153-094-32
155-095-06
155-096-11
155-096-11
157-095-14
157-095-23
157-095-36
158-095-13
162-095-29
162-095-29

139-102-08

139-106-10
146-103-05
146-104-29
146-105-36

FORM
M

MM

MM

MM

MM

MM

MM

MM
MM
MM

MM

MM

MM
MMB
MMB
MMB
MMB
MMB
MMFAR
MMFAR
MMFAR
MMFAR
MMFAR
MMFAR
MMFAR
MMFAR
MMFAR
MMFAR
MMR
MMR
MMR
MMR
MMR

TOP BOTTOM
6499
6607
6693
6760
6828
6991
6997
7180
2987
3537
4015
8517
8318

/N

6453
6580
6660
6726
6773
6967
6967
7160
2980
3525
3998
8479
8284
10360 10390
9845 9872
10316 10365
10456 10529
7580 7675
8458 8488
8332
8246
8271
8323
8150
7064
7064
8808
8687
9170
9270

8365
8255
8276
8372
8194

7065
8844
8891
9230
9371

Ca(l)

8600
26700
35640
36630

8316

4653
3861
30690

3323

3990
3620
3998
12186
37050
4809
48400
50300
7410
13708
10100
29925
7218
11614
12180
13860
14155
9520
9520
18468
4896
13627
9419
17635

CHEMICAL DATA

2=(mg/1, ppm)x100

. i[il/ R B R B0 B RD ORI R BE] RO ORD OB ORD R iE:%G;:E::j R ]

3=pH x 100 4=ohms/meter3 x 1000
Mg(1) Na(1) Fe(2) CO3(1) HCO3(1) SO&4{1) C1(1) PH(3) RES(4) °F
1200 105390 81 1122 1804006 610 46 68
4130 86418 145 710 197280 600 48 68
4720 84074 110 650 205960 580 47 68
5015 83032 19s 480 207040 610 48 68
590 13807 5350 96480 120 29 68
944 62972 120 2450106240 610 60 68
649 63909 355 2650 105140 680 60 68
4425 76841 75 440 185360 620 49 68
1238 54698 258 2946 91540 640. 62 68
1334 35614 112 3046 63570 600 90 68
700 45303 170 3288 75800 760 72 68
799 38421 205 851 67920 810 80 68
1599 92760 185 311 178000 5690 7046
1160 11097 387 85772 200 62 68
486 114600 2400 280 4300 180414 670 43 77
12E3 62800 7300 269 608 217000 450 44 68
18E3 46300 15200 433 743 210000 450 48 68
1856 70348 415 1721 125520 540 54 68
1484 62051 185 382 123904 740 55 68
2160 65774 195 418 125200 750 54 68
2309 68034 79 581 164370 540 265
1276 46090 153 1490 86480 690 0 68
1713 98192 135 272 176722 670 46 68
1380 96333 170 332 173820 650 47 68
1920 96135 220 383 177996 550 46 68
1624 53386 145 354 111780 550 59 68
1734 104873 185 344 183300 630 46 68
1156 105354 185 342 182360 630 46 68
4796 104890 110 357 208120 570 46 68
2943 103955 634 1105 178000 760 56 68
1459 107600 7600 146 700 196800 544 42 77
243 93000 720 1470 15011 900 168000 990 47 77
2674 114000 17300 317 580 215880 607 41 77

TDS(1)
296793
318383
331154
332392
124543
177379
176564
297831
154003
107666
128881
112194
285041
135466
304915
341300
325428
207270
201714
203847
265298
142707
288648
284215
290514
181444
299956
298917
336741
291533
320408
288050
351259

—



CHEMICAL DATA

: 1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000
WELLNO T-R-S  FORM  TOP BOTTOM Ca(1) Mg(1) Na(1) Fe(2) CO3(1) HCO3(1) SO04(1) C1(1) PH(3) RES(4) °F TDS(1)
6625 147-104-11 MR 9038 9045 12400 1050 108500 134  184E3 593 620 46 68 307077
6625 147-104-11 MMR 9038 9095 12700 1170 95800 85 481 174500 610 46 68 284736
7614 148-096-10 MMR 9095 9180 26853 1944 94700 4900 146 900 198918 600 42 77 323510
7570 155-094-09 MMR 8570 8635 11175 1282 107000 76 733 301952 600 46 68 422218
499 - 158-095-35 MMR 8168 8186 2280 1020 21890 305 1078 39800 830 120 68 66373
6696 162-103-02 MMR 6631 6690 21400 2920 93800 110 711 183400 620 51 68 302341
6555 162-103-03 MHR 6596 6654 11592 2320 107145 49 593 192075 600 47 68 313774
4429 162-103-35 MMR 6968 6989 10400 4131 99636 19000 351 1240 183180 650 41 77 299128
2894 142-103-24 MMRM 9289 9360 18400 2040 104178 30 538 198780 550 41 68 323966
2584  145-101-16 MMRM 9423 9428 28600 3006 86135 : 232 192000 440 45 77 309973
2230 147-096-36 MMRM 9780 9992 20233 2124 103078 120 700 200400 610 49 68 326655
7741 156-094-28 MMRM 8760 8863 18000 1530 96800 83 528 180000 610 48 68 296941
1549 162-092~24 MMRM 5200 910 107700 180 1160 177000 660 45 68 292150
1532 162-095-09 MMRM 6695 6725 5600 728 73200 342 2300 123000 700 52 68 205170
L 1794 163-086-03 MMRM 4351 4418 2600 461 18900 192 1920 33600 750 146 68 57673
N 1872 163-091-22 MMRM 5920 5921 10890 1888 98073 255 404 175600 660 46 68 287110
1648 163-091-28 MMRM 5940 5950 6664 870 112738 425 598 187532 740 46 68 308827
4691 163-095-29 MMRM 6462 6485 6830 1210 99293 145 656 168200 600 48 68 276334
2702 163-096-08 MMRM 6346 6373 6700 1020 98904 234 1257 166320 590 48 68 274435
2688 163-098-10 MMRM 6569 6614 5600 890 80891 142 2028 135550 650 51 68 225101
3749 164-084-35 MMRM 3868 3896 2760 700 40268 120 4156 65900 710 81 68 113904
3268 139-101-10 O 12708 12754 59031 2820 69042 © 219170 510 50 68 350063
3268 139-101-10 O 13456 13515 22488 4512 80445 377 176750 460 53 68 284572
151 140-080-18 O 2801 485 52358 105 2757 85000 690 70 68 143506
6920 141-104-25 0 12000 12250 21643 486 93700 440 476 930 182400 750 45 77 299639
1231 155-096-02 0OG 12570 12610 2304 604 11774 37 311 187200 560 46 68 202230
485 129-104-16 ORR 9176 9221 1235 186 14558 720 2375 2375 630 200 68 21449
485 129-104-16 ORR 9270 9332 2565 580 24645 510 2856 41840 660 120 68 72996
485 129-104-16 ORR 9335 9346 2280 464 27152 415 1358 46024 600 110 68 77693
485 129-104-16 ORR 9350 9402 2280 464 29124 330 1296 49162 600 100 68 82656
485 129-104-16 ORR 9400 9460 4370 1102 36157 380 1518 65375 530 81 68 108902
3261 129-106-15 ORR 8289 8308 2061 226 58615 205 3691 91910 660 64 68 156708

3261 129-106-15 ORR 8322 8394 2420 220 . 67385 195 5028 105040 610 59 68 180288
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CHEMICAL DATA

_ : 1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000
WELLNO T-R-S FORM  TOP BOTTOM Ca(l) Mg(1) Na(1) Fe(2) CO3(1) HCO3(1) SO04(1) C1(1) PH(3) RES(4) °F TDS(1)
6322 130-091-07 ORR 8307 8330 17836 2188 88500 8700 24 275 180000 560 44 77 288910
6322 130-091-07 ORR 8355 8414 21643 2552 89400 720 159, 215 188000 596 44 77 301977
6322 130-091-07 ORR 8378 3416 4449 741 29300 140 390 1630 52620 691 85 - 77 . 89131
6322 130-C91-07 ORR 8378 8416 5471 668 31000 100 403 15400 57582 702 80 77 110525
2677 130-107-03 ORR 8346 8348 893 203 13227 - 403 2304 20640 820 191 77 37670
7240 131-104-04 ORR 9870 9910 4810 608 53700 1860 220 3100 91200 674 61 77 153657
7241 131-104-29 ORR T 1202 486 24300 270 195 2200 38400 666 110 77 66786
7383 133-103-28 ORR . , 4810 365 59000 800 256 4900 97790 624 54 77 167129
7383 133-103-28 ORR 10320 13230 1483 76600 5550 195 650 152970 610 44 77 245184
511 134-096-24 ORR 10199 10300 28400 1392 20363 490 2136 83680 700 75 68 136461
511 134-096-24 ORR 10318 10375 544E3 4060 64790 560 667 188280 630 50 68 802057
3859 135-083-34 ORR 6918 6961 7640 1420 66056 60 1235 118600 680 56 68 195011
3859 135-083-34 ORR_ 7023 7060 9460 1960 79163 60 708 144000 680 50 68 235351
4280 135-103-18 ORR 10816 10845 6860 3880 55966 37 504 109380 640 58 68 176627
-~ 4134 137-092-15 ORR 10216 - 60449 5450 59591 60 179 214600 580 53 68 34032y
N 1620 139-090-27 ORR 10346 10387 18620 3245 100733 60 537 197353 450 47 68 320548
1678 139-101-02 ORR 12176 12223 44976 2820 72301 61 199280 460 51 68 319438
3268  139-101510' ORR 12070 12086 41400 2575 67145 123 184240 530 56 68 295483
3268 139-101-10' ORR 12072 12118 14055 1128 102437 85 370 185840 520 48 68 303915
3927 139-101-2ﬂ.0RR 12041 12092 18180 1526 66070 195 543 138014 670 52 68 224528
7012  141-100-30 ORR 12312 12342 77900 2900 31900 156 202000 510 46 68 314856
7012 141-100-30 ORR 12460 12492 974 8180 78000 73 1040 151000 620 54 68 239267
3044  143-092-27 ORR 12068 12157 85500 9200 39918 110 239600 480 55 68 374328
2853 143-101-05 ORR 12785 12920 1692 342 64897 781 2220 102000 680 52 77 171932
6508 144-104-01 ORR a - 39779 2734 74500 23900 510 160 201600 558 43 77 319522
6531 144-104-12 ORR 43888 3160 71900 4390 61 40 198800 512 45 77 317893
2584 145-101-16 ORR 13205 13280 15125 1336 33384 ' 610 1050 81000 700 69 77 132505
6308 145-103-07 ORR 50100 3829 69100 4950 143 7 209600 549 45 77 332829
5975 145-103-18 ORR 48096 4011 72300 2510 116 17 210800 575 44 77 335365
6014 145-103-19 ORR 55310 3160 66600 5330 55 10 212800 506 45 77 337988
6544 145-103-29 ORR 47795 4011 70200 1030 104 38 205200 472 45 77 327358
6655 145-104-12 ORR 50000 3707 73900 5110 247 8 209200 534 45 77 337113

7206 146-104-29 ORR 80 49 766 40 677 10 840 875 1750 17 2422



CHEMICAL DATA :
1=(mg/1l, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter3d x 1000

WELLNO T-R-S  FORM  TOP ROTTOM Ca(1) Mg(1) Na(1) Fe(2) €03(1) HCO3(1) SO4(1) C1(1) PH(3) RES(4) °F TDS(1)
7200 146-105-36 ORR 31463 122 78300 8000 116 1020 175560 565 44 77 286651
7580 148-102-04 ORR 13471 13563 53306 2431 58700 8800 104 34 187353 544 46 77 302016

793 149-091-22 CRR 13075 13170 3400 183 36711 220 4798 59508 630 90 68 104820
7306 149-102-35 ORR 1341 56112 3282 50100 5400 153 22 191208 506 43 77 300931
7478 149-102-35 ORR 13504 52505 5348 54800 1800 153 170 191979 552 43 77 304973
6780 151-089-24 ORR 12010 12089 81700 7900 40040 130 170 229610 530 47 68 359550
1231 155-096-02 ORR 12810 12876 7880 3940 6871 124 35900 630 160 - 68 54715
1403 155-096-15 ORR 12710 12735 32340 9735 8853 788 98677 250 70 68 150393
1403 155-096-15 ORR 12710 12885 65660 5310 55471 - 355 25 217000 620 46 68 343821
1403 155-096-15 ORR 12945 12985 79380 5310 42805 795 54 221464 770 46 68 349808
4990 156-084-22 ORR 9055 9115 49000 5880 62690 60 145 200400 590 49 68 318175
6223 156-086-15 ORR 10216 10243 65731 6321 46300 10400 198 32 218880 515 45 77 337566
1385 156-095-16 ORR 13292 13360 102E3 8260 29649 ' 415 34 249890 570 46 68 390168
1514 156-096-34 ORR 13046 13120 75460 7670 41530 450 219678 480 51 68 34478R
7054 156-102-14 ORR 43300 4133 58100 15900 90 191940 432 45 771 297727

5 1745 157-095-21 ORR 12904 12955 98010 8260 29522 390 242816 530 57 68 378998
© 430 158-094-17 ORR 3704 3717 279 248 11810 132 5564 15252 660 240 68 33285

355 158-094-18 ORR 12195 12295 23560 4408 84159 72 287 184096 500 48 68 296582

355 158-094-18 ORR 12432 12474 38950 11E3 2181 1185 147486 150 38 68 200822
2009 158-095-16 ORR 12742 12790 11682 1888 90147 425 1330 163994 700 48 68 269466
4514 158-095-24 ORR 12896 13011 78000 4200 44055 23 218200 570 61 68 344478

390 160-067-24 ORR 3520 3540 1620 853 25352 136 5389 40400 630 120 68 73750

390 160-067-24 ORR 3575 3602 1620 770 25397 96 5876 39895 620 120 68 73654
6624 161-085-01 ORR 8370 8510 14420 2817 86672 134 360 170000 640 60 68 274403
4655 162-078-31 ORR 5964 6041 6266 1106 89140 179 1185 143070 680 44 68 240946
6293 162-080-03 ORR 10216 10243 65731 6321 46300 198 32 218880 515 45 77 337462

434 163-068-27 ORR 3704 3717 477 272 14117 152 5604 19190 630 200 68 39812
2010 163-102-07 ORR 10492 10550 32670 4720 84445 100 600 201320 590 50 68 323855
2010 163-102-07 ORR 10550 10585 29700 4425 90287 75 560 204260 590 51 68 329307

515 129-063-11 OW 1840 46 22 1165 220 1582 648 710 2250 68 3683
1231 155-096-02 OW 13470 13510 1920 230 7959 450 519 15700 720 1024 68 26778
1514 156-096-34 OW 13762 13792 21364 2478 85656 164 322 176814 480 48 68 286798
4655 162-078-31 OW 6570 6604 4712 626 81440 61 1279 134900 630 44 68 223018
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WELLNO

511
4989
3859
4280
1508

613
4642
1469
1716
1665
4224
4224
2395
2309
2486

518
2426
4325
4357
3859
4130
3044
3044
2584
6839
3387

341

341
2841
2841
2665
1679
2148

.138-105-09"

'143-092-27

1=(mg/1,

T-R-S  FORM
134-096-24 PN
135-082-11 PNM
135-083-34 PNM
135-103-18 PNM
139-101-10 PNM
140-099~31 PNM
140-102-30 PNM
149-096-25 PNM
150-095-09 PNM
137-100-15 PNT
139-098-10 PNT
139-098-10: PNT
139-100-06 PNT
139-100-07 PNT
139-100-08: PNT
139~100-09  PNT
139-200-17 PNT
139-101+~03: PNT
140-103-13 PNT
135-083-34. S,

143-092-27

145-101-16
150-104-11
152-094-07
152-094-21
152-094-21
153-094-29
153-094-29
153-094-30
153-096~10
155-095-07

AT R R R O RD) R RN BT OEKD O RD R D

G;:E::]

ppm)

2=(mg/1, ppm)x100

TOP BOTTOMM

7610
3902
4615
7365
7452
8019
7410
7170

7315
8123.

7985
8045
8124
8155
8281

8271 -

8244

8152

7818
6497

10390.

11316
11668
12336
11720
11805
12175
12413
11933
12007
12004
11814
11606

7660
3918
4634
7400
7500
8066
7445
7843
7374
8128
8023
8058
8136
8170
8292
8278
8261
8165
7912
6571
10440
11373
11735
12386
11840
11854
12271
12460
12007
12065
12058
11887
11823

2660
824
2360
400
2471
7400
2100
706
568
6800
3316
3990
9600
12400
13200
14000
13600
10390
9235
4270
691
21400
30400
23100
24950
26128
5510
26800
21500
28000
13248
30690
15444

210
1200
91
708
1525
580
742
566
1140
408
578
1320
1560
2160
1320
1560
1485
4111
820
109
3400
5100
1837
2188
1618
638
1972
2400
1680
1850
3245
2242

24511
6086
66493
8769
119679
106386
117392
122537
125866
48686
51270
60092
45989
60243
63329
63312
67200
58222
66029
30023

9187

98199
88700
89443
89800
95427
103257
99964
101002
99340
66745
94472
107713

 CHEMICAL DATA
3=pH x 100

760

3In0

4=¢hms/meter3 x 1000
Ca(1) Mg(1) Na(1l) Fe(2) CO3(1) HCO3(1) S04(1) CL(1) PH(3) RES(4) °F

49
60
330
49

185
512
315
174
134

98
174
152
204
112
200
255
170
160
255

25

25

73
582

24
196
146
274
156

48
170
535

8692
3225
2714
2666
1081
410
775
3852
7473
600
2800
3900
380
365
350
328
341
770
290
2117

1033

314
227
214
90
152
1768
2217
145
136
518
234
480

35564
9050
108200
12340
190210
181332
185800
189280
191102
89908
84000
38500
91390
119054
126958
125970
131898
114802
129858
54600
14800
199000
205400
184000
191360
198016
169452
207108
200564
207480
131376
209212
199340

1080
640
630
810
660
380
730
640
500
620
450
460
570
570
580
570
570
630
610
170
700
570
530
730
687
570

540 -

500
580
580
610
620
670

130
380
58
310
46
47
46
46
46
65
68
55
65
55
53
54
52
56
53
97
270
48
49
45
41
47
48
46
47
47
53
47
50

68
68
68
68
68
68
68
68
68
68
77
117
68
68
68
68
68
68
68
68
68
68
68
17
17
68
68
68
68
68
68
68
68

TDS(1)
71787
19444

181027
24596

314198

297053

306832

317629

325890

147308

141928

167158
148853
193774
206201
205042
214799
185924
209693

91990

26075
322338
329852
298667
308978
321365
280821
336217
325885
336792
213785
338023
325754



CHEMICAL DATA

1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000
WELLNO T-R-S  FORM  TOP BOTTOM Ca(1l) Mg(1) Na(1) Fe(2) CO3(1) HCO3(1) S04(1) CL(1) PH(3) RES(4) °F TDS(1)
2148  155-095-07 S 11609 11763 15642 2124 107019 365 500 198360 660 50 68 324010
161 155-096-02 S 11441 11526 12600 2124 67600 600 636 132000 680 49 68 215560
1231 155-096-02 S 11441 11526 7776 406 31814 108 694 63400 690 85 68 104198
1231 155-096-02 S 11566 11616 17856 4262 64190 390 556 142480 740 54 68 229764
1231 155-096-02 S 11566 11632 16240 1200 99703 465 . 382 185470 720 46 68 303460
1231 155-096-02 S 11628 11680 20640 4640 84550 490 349 179920 700 48 68 290589
1231 155-096-02 S 11696 11766 26880 7830 79271 185 207 192400 690 46 68 306773
1231 155-096-02 S 11960 12011 31680 2900 88531 145 354 200720 600 46 68 324330
1231 155-096-02 S 11990 12050 29568 2552 93012 185 160 203000 650 46 68 328477
2438 155-096-13 S 11558 11713 18240 2320 110111 185 393 194600 650 49 68 325849
2515 155-096-14 S 11764 11436 17280 4060 108978 72 356 210200 640 49 68 340946
1403  155-096-15 § 11616 11658 19110 4720 94898 229 193780 480 46 68 312737
1403 155-096-15 S 12279 12390 45570 7375 53686 122 184851 450 46 68 291604
1895  155-096-22 S 11524 11574 27720 3540 95152 240 205960 440 46 68 332612
. 1385 156-095-16 S 11785 11870 26950 5310 89420 110 141 200925 560 46 68 322856
W 1385 156-095-16 S 11910 11960 27440 3540 92231 110 199 200925 550 L6 68 324445
1385 156-095-16 S 11982 12020 23030 2065 97348 270 373 196494 560 46 68 319580
1636  156-095-17 S 11702 11886 25650 5985 90599 240 202400 380 50 68 324874
1636 156-095-17 S 11926 11996 26235 5015 96217 120 230 209212 530 47 68 337029
2092 156-095-17 S 11750 11900 15345 2360 108169 120 650 200328 520 50 68 326972
2149 156-095-18 S 11702 11890 13860 1792 109097 120 780 197380 610 49 68 323029
2501 156-095-30 S 11703 11900 16896 2088 111145 110 402 207060 560 49 68 337701
2173 156-095-31 S 11603 11857 13840 2124 110947 120 600 201300 600 49 68 328931
2173 156-095-31 S 11627 11720 13662 1888 109755 110 740 198360 600 49 68 324515
1745 157-095-21 S 11490 11552 29205 2950 96677 100 172 209212 560 49 68 338316
1745 157-095-21 S 11590 11685 29700 3540 94337 120 252 208128 580 47 68 336077
355 158-094-18 S 11375 11445 19380 348 108927 92 467 202924 500 47 68 332138
2009 158-095-16 S 11424 11473 12276 1062 119634 60 200 209166 590 47 68 342398
2009 158-095-16 S 12258 12342 19988 2596 102433 255 620 200328 630 49 68 326220
4514 158-095-24 S 11555 11588 26500 2700 90957 37 51 195000 580 51 68 315245
4323 158-095-26 S 12226 12264 27128 2424 91445 : 106 196040 460 48 68 317143
4323 158-095-26 S 12306 12348 26936 1616 98198 135 203740 410 48 68 330625
4434  158-095-35 S 11514 11544 27500 2700 88026 60 99 192200 610 51 68 310585
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WELLNO
2675
2675
4670
4655

793
793
7570
2219
6243
6243
1606
2128
3779
2094
2113
‘1611
2160
3440
3440
893
1607
1675
1675
1675
1675
1755
3354
1996
2090
2168
3827
2709
2842

1=(mg/1, ppm)
TOP BOTTOM

T-R-S  FORM
159-079-34 S
159-079-34 S
161-080-01 S
162-078-31 S
149-091-22 SI
149-091-22 . SI
155-094-09 SI
161-079-06 SI
137-092-26" TRS
137-092-26 TRS
150-097-35 TRS

160-079-02""TRS
161-078-09 TRS
161-079-03 IRS
~161-079-07 “TRS
'161-079-09 :TRS
161-079-18: TRS
~161-079-20~TRS
161-079~20 “TRS
161-079+21 TRS
161-079-21"TRS
161-079-21 TRS
“161-079-21 “IRS
161-079-21"TRS
161-079-21 TRS
-161-079-21=TRS
161-079-21 TRS
161-079-23 ‘TRS

161-079-28 TRS
161-079-28 TRS
162~078-20 TRS
162-079-20 TRS
162-079-20 TRS

2603
5975
5853
5466
12626
12770
13530
5895
5750

5868

7540
3342
13178
23327
3408
3360

3438
3403
3403
3381
3436
3454
3458
3419
3402
3322
3368
3410
3086
3344
3273

CHEMICAL DATA

2=(mg/1, ppm)x100

2658
6056
5913
5495
127711
12855
13617
5912
5868
5750
7641
3412
~3204
3352
3434

360 3394
3419
3438

3441
3449
3452
3411
3411

3417 -

3444
3462

3405
3432
3390
3383
3424
3160
3360
3285

Ca(1l)
580
6600
6480
5213
3700

70

11764
6138
8317
8317
7252
4059

4670
7326
5472
5684
5346
2484
7360
6745
6840
6370
7309
7309
7496
5622
5060
5445
5940
7128

" 2092
4900
4456

Mg(1)

276
1140
1260

322

976

13
1165
1003

790

790
1416

885

810
1003

986
1298
1003

636
1503
1392
1334
1593
1466
1241
1692
1128
1241
1180
1121
1534

389

780

719

3=pH x 100

4=ohms/meter? x 1000

Na(1) Fe(2) CO3(1) HCO3(1) SO4(1) C1(1) PH(3) RES(4) °F
10374 160 5934 13362 700 240 68
93211 142 1142 157850 . 620 49 68
99629 37 800 168200 590 47 68
70679 359 2596 117150 706 48 68
51063 230 5395 84042 610 70 68
74 102 217 670 9999 68
114000 765 193826 460 46 68
82970 230 1640 140420 610 55 68
20200 146 1700 51600 745 88 77
20200 150 146 1700 51600 745 88 77
113747 68 510 191994 570 46 68
27183 220 2340 49836 600 110 68
47439 85 2641 81800 660 69 68
49402 168 2100 90340 910 66 68
49337 b4 2156 87042 690 66 68
45924 54 2165 83049 530 68 68
51700 100 2340 90344 620 67 68
29043 50 37 3930 48410 850 100 68
50790 75 1971 94248 700 65 68
52100 58 1786 95004 520 63 68
51761 74 1771 - 94482 550 63 68
52045 85 1753 94850 500 64 68
*54495 100 1647 99990 700 65 68
53609 185 1576 97970 830 65 68
51949 280 1630 96960 850 65 68
53370 60 2158 93930 660 67 68
52649 120 2440 91910 680 68 68
50386 60 1800 - 89430 650 71 68
62400 121 37 2500 108020 830 60 68
52169 100 1700 96240 660 63 68
20697 185 4082 33641 780 130 68
52147 34 2265 89688 620 70 68
43886 98 2757 75582 740 72 68

1DS(1)
30686
260085
276406
196319
145406
476
321520
232401
82753
82755
314987
84523
137445
150330
145037
138174
150833
84590
155947
157085
156262
156696
165007
161890
160007
156268
153420
148301
180139
158871
61086
149814
127498

—_



: CHEMICAL DATA
1=(mg/1, ppm) 2=(mg/1, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000

WELLNO T-R-S  FORM  TOP BOTTOM Ca(1) Mg(1) Na(1) Fe(2) CO03(1) HCO3(1) SO04(1) CL(1) PH(3) RES(4) °F 'IDS(1)

2842 162-079-20 TRS 3277 3282 4895 870 49309 130 2323 85462 580 67 68 142995

2842 162-079-20 TRS 3277 3289 S0060 902 51238 49 2313 88880 640 64 08 148442

2111 162-079-30 TRS 3392 3402 5742 1062 50390 60 2150 89360 660 66 68 148704

2195 162-079-31 TRS 3410 3425 6633 1357 31929 25 1475 63840 500 87 68 1065259

3088 162-079-31 TRS 3369 3415 5568 986 48298 76 2176 85575 720 67 68 142679

2455 162-080-15 TRS 3407 3437 4085 1026 33318 100 4300 58380 720 89 68 101209

1588 162-080-17 TRS 3450 3468 4165 944 32424 100 2754 58045 690 90 68 98432

1489 162-080-22 TRS 3440 3430 5684 1239 45836 100 2212 82680 710 72 68 137751

1629 162-081-23 TRS 3585 3610 4900 1475 45699 135 2265 81710 550 69 68 136184

916 162-081-26 TRS 3550 3566 5225 1102 . 47798 54 2861 84042 500 68 68 141082

3342 163-078-19 TKS 2983 64 . 138 6300 45647 55132

4052 163-079-07 TRS 3190 4329 866 48631 49 2125 83600 570 69 68 139600

4052 163-079-07 TRS 3190 3191 4329 866 48631 49 2125 83600 570 69 68 139600

2084 163-079-35 TRS 3143 3190 3317 620 47003 220 3350 77578 680 74 68 132088

438 163-080-21 TRS 3260 3280 3753 1073 38641 145 3175 66944 550 81 68 113731

@ 1259 163-081-01 TRS 3377 3397 3663 840 33147 68 3313 56511 670 90 68 97542
e 1130 164-081-36 TRS 3334 3351 4257 900 39526 75 2889 68949 580 78 68 116596
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APPENDIX C

WATERCAT Water Quality Data
(Tertiary And Cretaceous Aquifers)
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for

The following table lists the chemical data contained in WATERCAT

the formation listed below. This data was obtained from the

U.S.G.S.W.R.D. computer library systems WATSTORE and GWSI.

A brief explanation of the table headings follows:

T-R-S-Q - The location of the well, township, range, section, and
quarter-quarter-quarter.

SPCND - Specific Conductance (umho/cm).
PH - pH of water recovered.
102 - Concentration of 5102 (mg/1).

FE and MN - Concentration of Fe*™ and Mn (mg/1).

CA, MG, NA, and K - Concentration of Ca**, Mg**, Na*, and Kt (mg/1).

HCO3, S04, CL, and NO3 - Concentration of HCO3”, SO4=, C1-, and
NO3 (mg/1).

DISLD - Total dissolved solids (mg/1).

HARDX - Water hardness (equivalent Calcium Carbonate) (mg/1).
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Tertiary Aquifers . . . . . . . o oo o Lo oo e e e e e e e
Fort Union Group . . « « v o ¢ ¢ v v v v v v v e h e e e e e
"Tongue River" Formations . . . . . . . . . o o o o o oo
"Tongue River" - Ludlow Formations

Sentinel Butte Formation . . . . + « « ¢ « ¢ 4 &« ¢ 4 v 0 e 0w

---------------

Sentinel Butte - "Tongue River" Formations

Cannonball Formation . . . . . « ¢ v ¢ v v v v o v b e e e .
Ludlow Formation . . . . « « « v v v v v o v v e e e e .
Tertiary - Cretaceous Aquifer . . . . . . . . . . . . . .. ‘. . ; ..
Ludlow - Hell Creek Formations . . . . . . . . . . . « o+ o .
Cretaceous AQuifers . . . . v ¢« ¢ v v v v i v e e e e e e e e e e e

Hell Creek Formation . . . . . ¢« v v v v v o o s 4 o o o o o o s

Hell Creek - Fox Hills Formations

Fox Hills Formation . . . .« ¢« « v ¢ ¢ v v v v o v o v v« v o s

Inyan Kara Formation . . . . . . . . . ¢ ¢« o v oo oo

ooooooooooooooo

138

139
139
140
142
143
149
1560
151
155
155

- 158

158
161
165
177
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TERTTARY FORT UNION GROUP

- I=mg/ 1 2=ug/l . 3=umho/cm

T-R-S-Q SPUND(3) PH SIO2(1) FE{2) MN{Z) CACL) MG(Y) NA(I) K(1) HCO3(1) S04{1) CL(I) NO3(1) DISLD{1) HARDK®( )
143-080-35DA0 563 8 .8 30 249 82 27 1 4 310 70 o 1 352 320
143-080-35DAD 759 8 18 130 . 109 27 4 4 428 46 1 0 420 385
143-080-36CBB . 488 8 9 150 . 76 17 1 4 271 41 3 0 285 261
147-087-12BAB 2920 9 7 . . 7 1 732 3 1110 286 154 1 1840 22
148-086-00AAA 2680 8 13 940 . 6 3 720 3 1360 437 2 1 1860 29
148-086-13BCC 2410 8 15 100 . 170 70 330 9 769 659 52 89 1770 712
149-084-02DBD- 1890 8 17 560 . 12 3 467 3 771 351 5 0 1250 42
149-085-19€DC - 2380 7 12 2200 . 141 87 362 11 526 1020 9 2 1910 710
149-089-23CCC 1750 8 20 . . 178 121 61 7 646 445 5 43 1220 940
149-090-11ADA 2010 9 8 . . 2 1 510 2 885 316 3 0 1320 11
150-081-31CAC 2640 8 13 220 . 8 1 656 2 1220 253 127 1 1670 23
150-083-20CCC 2480 8 26 3000 . 174 90 322 10 741 858 8 0 1860 805
8 4 1020 947 12 0 2330 4Q

150-089-26BCC 3350 10 220 .10 6 812

6ET
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T-R-$-0
132-090-14AAB2
133-092-05BAA
133-094-04DAA
134-094-32AAA
134-096-32ADD
135-089-22CDD
135-090-23BBB2
135-093-01BCB
135-097-28DAA
138-095-23DBA6
139-099-04BDC
140-096-28DDC
140-096-29DDD1
141-085-27DDD
141-093-16AAA1
143-091-19AAA1
143-093-09BCB
144-091-30AAA2
144-097-26CBD1
145-091-05DDD2
146-082-21CCC
147-091-26CCD
147-091-29BCA
147-097-06ABB
148-093-04CAB1
148-093-04CBD
151-080-24CBC
152-080~29AAD
155-081-11CCC
155-081-11CCD
155-083-23BBB
155-096-17ADC

TERTIARY TONGUE RIVER FORMATION

SPCND(3) PH 3T02(1) FE(2) MN(Z) CA(1) MG(1) NA(1) K(1)

2600
1720
1920

1790
1350
2170
1440
2040
1450
3200
3180
2320
2280
9740
2830
3140
2400
2780
2960
1320
2950
3650
2830
4250
3680
2700
2200
1050
1600

470
1900

o 00O -

DN WEWONWYWWWWOWNWWOR WS-

7
9

~J

OO O W

166
340
700
0
1300

260
1100

2800
400
1000
7900
2000
8100
40
80
40
510
60
900
0

90
400
0
230
1100
2000
870
1800
0
1600

l=mg/1 2=ug/l 3=umho/
100 10 3 010 3
2 1 451 2
6 3 457 2
. 5 2 434 2
20 3 0 340 1
20 7 2 526 - 4
18 6 329 3

80
. 7 3 611 3
640 100 75 2400 12
40 33 12 660 7
20 4 3 870 4
30 17 16 610 7
0 2 2 770 4
0 7 5 780 4
0 3 1 350 2
620 374 123 229 10
40 8 4 973 4
40 3 1 772 3
20 6 2 1100 3
60 10 6 1000 4
0 6 6 660 3
100 42 11 670 4
100 75 32 110 6
80 63 23 280 5
270 40 20 36 11
100 84 79 340 9

ci

HCO3(1) S04(1) CL(1) NO3(1) DISLD(1) HARDX(1)

639
1090
738

808
666
870
643
528

647
608
380
1560
860
1320
2100
1440
1930
2060
762
746
2400
2050
1180
2230
1330
1200
475
551
218

820
17
374

272
160
405
248
452

1030
828
726

2

5000

420

10
150
8

6

74
1290

9 B

1
1300
12
380
490
160
390
68
660

3

159

85
19
79

19
11

1
1
3

b bt ot () b et ek e ok O\ bed bk b b e et O e O N O OO O =N

- "J!:> - T T ET s e we e e O T Y

1780
1080
1250

1160

874
1410

935
1320
1160
1930
2070
1510
1440
8030
1850
2090
1580
1800
1910

863
2460
2350
1820
3050
2370
1750
1910

656
1080

305
1540

O

a2

37
10
26

22
9
23
70
20
660 -
680
610
f10
32
560
130
23
110
16
38
12
1400
35
14
24
50
38
150
320
250
180
540

| 2B
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TERTIARY TONGUE RIVER FORMATION

1=mg/1 2=ag/1 3=wmho/cm
T-R-5-0 SPCND(3) PH SION2(1) FE(2) MN(2) ZA(1) MG(1) NA(IY X(1) HCO3(1) 804(1) CL(1) NO3(1) DISLD(1) HARDX{ 1)
155-096-21BCB1 1860 3 20 30 150 64 48 320 9 610 5 . 370 300
155-096-21BCB2 1650 8 17 10 110 85 63 250 8 550 7 . 1290 470
155-096-28CBD 1990 7 10 160 60 42 27 470 6 . 430 5 . 1460 220
163~097-34ADD 1300 8 19 100 0 66 26 210 6 811 8 57 7 800 270
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TERTTARY TONGUE RIVER LUDLOW FORHAT[ON

1=mg/1 2=ug/l 3=umho/cm

T-R-5-Q SPCND(3) PH SIO02(1) FE{2) MN(2) CA(1) MG{1) NA(C1) K{1)} HCO3(l) S04(1) CL(1) NO3(1l) DISID(1l} HARBY(1)
29-091-19BaA §35 3 11 100 20 41 14 147 4 409 147 2 0 568 162
129-093-28ABB2 1950 8 10 80 . 24 22 422 4 643 462 24 26 1310 150
129-095~08BCC 1050 8 10 4500 10 64 68 76 11 487 197 4 0 675 439
129-095-13BBD 1830 8 11 0 40 195 90 113 5 362 749 33 31 1410 856
129-095-18BBA1 1120 8 14 0 90 71 48 129 10 651 126 4 1 725 375
129-095-18BBA2 1150 8 14 0 90 87 40 127 10 649 129 4 0 731 380
129-095-30CBC 1060 8 11 0 10 41 26 167 10 458 194 3 1 680 209
129-096-02DDC2 1840 8 13 380 50 81 56 278 14 566 550 2 0 1270 433
129-096-12DCD2 909 8 15 0 60 94 59 24 4 535 65 18 2 547 476
129-096-13BBB3 1480 8 16 0 100 80 139 50 6 519 298 68 43 957 774

- .-J!:> - wr T e W e . T T T & OF O O FE I?~7 .5_7!52 T E]
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vl

T-R-5$-Q
132-092-158CH
132-092-28DCD
134-101-35BCC
135-091-06DAA
135-095-32BCA
135-097-04ADB

© 135-098-32DAD1
135-101-16CBA .

136-098-33CCD

139-097-34ACA2

139-098-17CCD

139-099=04DBC1 .
140-095=08AAA

140-096-28ADA
140-098-10DDD

141-093-02ABB

141-093-14ABA
141-093~16AAA2
141-094=02BBA
141-094-34AAA
141-094=34DAD
141-097-23ABD
141-097-324AB
142-091-12DD
142-092-10BBC
142-092-10BCC2
142-092-34BBB
142-093-09BBA
142-094-19DDD
142-095-02BCB
142-095-04CCD
142-095-27BCC

870

8

TERTIARY SENTINEL BUTTE FORMATION
3=umbo/cm
HCO3(1) S04(1) CL{1} NO3(l) DISLD(L}) HARDx{!)

l=mg/1

2=ug/1

SPCND{3) PH ST02(1) FE(2) MN(2) CA(!) MG(L) NA(L) K(1)

3700

690

3300
1300
1350
14010
2050
2390
1270
2300

601
2310
1600
13770

2590 .

“2140
2320
.5330
4530
2220
. 784
12560
2780
2710
2760
3320

<6190

1980
1540
745

\D 00 00 00 ~J 0O\ GO 00 -

00 00 CO 00 O 0O 00 00 0O 00 00 \D 09 00 WO 00 OO \O 00 GO -

17

13

11
6

9
15
25
6
11

10
13

14

© g

7

14
18

10
7
22
-8
15

15

14
17
19

420

1600
1200

"570
80
7100
730
200
100

1100

.1000

140

5200

620
1100
3900
310
470
80
0

0
500
0
170
0
470
250
0

0

60

100

10
250
160

20
330

20
60
30
40
20
80
40
20
130
30
50
10
20
20
140
20
70
100

40

38
420
69
36

3
72
7
32
11
4
66
23
219
137
72
5
14
26
7
24
238
62

74
36

17

18
520
36
10

3
20
3
22
4
2
30
15
11

130
40

24
16
19
298
33
70
22

-100

275
304

62
370
580

550
28

370
874
691
550
471
1400
1100
183
46
700
750
641
“712
800
1020
353
210
101

LN

353
376
436
444

558
574
707
954
352
1010

285
784

1290
1850
1400
745
1310
1220
672
322
1750
1980
1370
1550
1150
735
741
630
371

153
1350
30
1030

232
2700
560
580
241
300

93
407
340
1050
10
11
702
1900
1400
325
130
‘19
19
436
338
‘910
3430
515
385

82

0
0
1
11

26
16
3

4
26
7

. e
OWOOWWE =

113
14

© - -

oD = D

10

bl13
2420

425
2150
1040
1300
4060
1410
1700

824
1450

386
1500
1090
2650
1670
1340
1670

4030

3210
1480
500
1660
1800
1860
1880
2370
5430
1370
1080
468

3317
49
170
1190
80
169
3200
320
130
350
19

260
24
31

170
45
18

290

120
93

- 880

350
17
54

160
83

140

1800

370

470

180



TERTTARY SENTINEL BUTTE FORMATION

l=ag/1 2=ug/1 3=umho/cm - ' )

T-R-3-9 SPCND(2) PH STO2(1) FE(2) MN{2) CA({1) MG(1!) NA(IY R{1) HCO3(1) S04(1) CL(1) NO3(!l) DISLD(1) HARDX(1i:
142-045-32DCC 3770 S 15 740 250 33 176 1080 7 1630 2440 82 1 4940 1500
142-096-36CCB 4250 7 12 0 0 367 241 337 90 464 2000 130 226 3630 1900
142-097-24CCB -~ 4910 8 11 4] 50 355 419 235 89 902 1530 315 681 4080 2600
142-099-03DCC 680 8 11 100 20 57 36 L4 6 393 61 4 8 422 290
142-099-10DDD 565 8 10 0 60 53 26 31 3 318 46 6 2 334 240
142-100-018DC 5230 7 11 100 160 120 100 1100 13 1060 2200 18 7 4100 710
143-087-18BCC 3000 6 48 730 6200 480 170 43 8 . 2000 4 . 2820 1900
143-091-11CBA 996 7 13 5700 350 123 55 19 8 445 207 0 1 652 530
143-091-18BAD 795 8 2 230 30 14. 12 147 8 276 174 0 3 504 84
143-091-19AAA3 2530 8 8 0 140 140 58 390 10 590 940 3 3 1850 590
143-092-03BAA1 1080 8 6 310 30 11 6 240 4 547 138 0 3 679 54
143-092-08CCC2 557 8 25 290 450 72 17 17 4 275 53 11 1 336 250
143-092-20DBB 929 8 19 220 10 2 1 224 2 483 105 0 1 593 R
— 143-092-22AAD 751 7 14 100 90 90 25 15 2 263 142 1 7 426 33u
£ 143-093-03CCB 1350 8 19 130 50 24 13 296 3 674 175 3 1 878 110
143-093-18ACB 987 8 24 4500 140 64 18 146 3 445 183 1 1 666 230
143-093-31ACD 3110 8 23 0 50 6 3 179 4 1190 651 4 1 2080 27
143-093-33BCC 5260 8 4 10000 320 235 74 1070 12 941 2270 81 1 4220 890
143-094-21CCA1 3530 8 20 800 60 29 19 835 7 1130 1040 5 3 2520 150
143-094-21CCA2 2870 8 17 . 0 10 109 58 534 6 808 1020 7 3 2150 510
143-094-34BAD 748 8 21 70 10 63 39 32 2 309 79 27 9 425" 320
143-096-10DCB 767 8 9 730 10 60 30 65 3 341 125 13 1 476 270
143-096-21BDD 548 7 14 90 10 64 22 22 2 294 65 0 3 337 250
143-096-27DBB 3440 9 18 500 20 30 23 821 4 1240 843 13 1 2390 170
143-097-09CDD 870 8 11 0 10 75 30 80 2 426 124 8 11 551 310
143-097-20DCD 571 8 8 100 520 28 18 69 7 252 104 0 4 363 140
144-089-35AAD 1350 8 11 210 20 97 100 64 3 695 180 17 39 854 650
144-091-11BCA1 2650 8 10 880 30 7 6 632 5 1230 423 1 2 1690 40
144-092-04DBB . 2520 7 13 100 520 390 150 56 11 554 1200 17 3 2110 1600
144-092-10ADC1 2700 8 . 6000 . . . . . 1260 230 27 0 . .
144-093-03CCC 410 8 11 10 10 33 35 5 1 50 46 1 . 159 230
144-093-17ADA 2760 8 9 160 60 20 11 670 5 1160 560 5 2 1870 95
144-094-07DAA1 2310 9 3 540 10 5 2 570 3 1040 370 1 1 1510 22
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TERTIARY SENTINEL BUTTE FORMATION

] l=mg/ 1 2=ug/ L 3=umho/cm

T-R-5-0 SPCND(2) PH S102(1) FE(2) MN({ >) CA(1) WG(A) NA(L) K1} HCO3(1) S04(1) CL(1) NO3(1) DISLD(}!; HARDN(ID
144-094-10DAA 80U 7 9 200 100 26 19 50 5 491 69 3 5zb 149
144-094-12CCC 4900 8 10 40 200 58 36 1100 12 80 1800 7 ) 3070 300
144-094-34BAB2 3030 8 11 410 20 11 9 710 6 743 1000 6 1 2120 64
144-097-08DBD 911 - 7 16 1300 480 37 27 124 4 299 220 1 1 580 200
144-099-304AB 3800 8 9 5400 730 180 130 610 8 1080 1300 8 1 2790 980
144-100-13DBD 2950 9 6 210 0 2 2 730 3 1220 590 3 2 1970 12
145-091-05DDD3- 565 - 8 11 20 280 36 19 64 4 210 83 4 1 356 170
145-091-11CDD2 2490 8 9 0 300 51 34 516 11 795 694 0 1 1710 270
145-091-16CCC 2520 7 . 620 . . } . . 328 1100 19 4 . .
145-091-20AAA1 2380 8 10 480 80 4 2 630 2 1570 18 68 1 1510 19
145-091-20AAA2 1630 7 L 7400 . . . 7 . 400 480 4 0 . .
145-092-22DAA1. 1760 8 18 200 20 7 7 414 4 691 372 0 1 1170 46
145-092-25AAC- 5220 8 14 700 100 415 288 591 12 760 2640 47 211 4600 2200
— 145-092-25ADC2. 3030 8 8 420 40 6 4 756 4 1290 624 6 1 2050 Ry
& 145-092- ZSBAAl 4710 8 21 0 40 92 190 805 6 1120 1660 75 129 3530 1000
145-093-04DDD 1740 8 12 170 220 54 35 300 10 560 480 3 1 1180 280
145-093-21CDD 1850 8 18 0 . 0 1 4 453 2 758 355 0 1 1220 20
145-093-22DCA - 1830 .8 12 200 280 17 5 441 2 796 334 3 1 1210 61
145-093-26BAD 1980 8 11 0 10 10 7 499 3 1060 218 0 1 1290 54
145-093-27DBC 1980 8 10 190 0 11 12 490 3 1040 281 3 1 1330 17
145-093~-29CDB1 2250 8 11 0 10 19 6 571 3 1130 305 0 1 1490 71
145-093-30CDD1 2210 8 11 0 10 14 12 563 3 1140 293 0 1 1480 84
145-093-32BBB1 2930 9 10 2500 30 7 5 729 4 1070 680 A 2 2000 38
145-093-32BBB2 10000 7 16 3900 250 283 494 1820 14 728 5210 239 251 8690 2700
145-094-06CCC1 698 8 10 110 180 16 12 130 2 350 86 3 1 433 89
145-094-10ABB1 2270 9 10 0 10 14 8 565 21000 409 1 1 1530 69
145-094-10ABB2 7630 7 15 1300 350 366 553 992 14 267 4290 103 424 6890 3200
145-094-10CCB 2220 8 12 0 10 21 6 565 2 1100 322 2 3 1500 78
145-094-15DbD1 2190 9 8 680 20 3 4 530 2 900 410 3 1 1430 23
145-094-19CCC . 933 9 7 170 0 2 3 220 1 430 71 2 1 565 17
145-094-20DDB2 5820 7 21 50 110 319 326 789 21 749 2250 309 450 4860 2100
145-094-26AAA3 1775 . 20 340 310 50 31 540 7 688 820 4 1810 250
145-094-26AAA4 2690 . 39 6800 380 83 71 420 13 418 1100 6 1950 500
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T-R-S-Q .
145-094-26BBE
145-094-26BDD
145-094-27ACC
145-094-27CAA
145-095-23AAD
145-096-12DAA
145-096-14BBA
145-096-21DDD
145-097-15CAD
145-097-22DCC
146-091-08CAA
146-091-13BCA1
146-091-20DDD
146-091-21DCD
146-091-22BBA
146-092-27DDD
146-092-30DAA
146-092-32CDD
146-093-03CDD
146-093-17CBB
146-093-20ADD
146-093-20CRC
146-093-20CCA
146-093-22ADD
146-093-24DCC1
146-093-26CBB
146-093-27CCC

146-093-28AAA2

146-093-28DDB1
146-093-29CCC
146-093-34CCC
146-094-24DDD2
146-094~25AAA

SPCND(3) PH SI102(1) FE(2) MN(

1750
2110
2060
2230
482
818
596
2920
341
1050
2860
893
1230
4260
2200
407
470
810
2130
745
220
670
655
174
421
887
1030
909
733
212
433
442
950

WL NOON NS IOV O IO0OR L

20
18
14
10
14
13
25

8
13
13

8
16
11

9

5
10
15
13
15
15
17
16
16
19
24
23
12

14

18
22

9
14
12

TERTTIARY SENTINEL BUTTE FORMATION
3=umho/cn
HCO3(1) SO4(1) CL{1) NO3(1lj DISLD{1) HARDX{1I)

409
500
530
500
72
70
28
730
51
217
357
84
129
1050
550
37
52
66
530
26
9
37
49
24
34
62
73
40
105
20
16
53

1=mg/1 2=ug/1
2) CA(1) MG(1) NA(1) K{1)

140 10 12 6
540 10 4 3
560 0 3 2
390 100 23 15
80 50 15 14

0 30 73 217

0 10 62 26
120 100 8 3
180 0 13 7
780 190 12 10
0 350 206 120
6700 50 64 36
0 10 91 37

0 80 27 17
620 30 2 1
0 180 34 13
100 30 24 16
50 40 53 33
50 0 2 0
3100 420 85 38
1200 60 26 8
4300 10 58 37
1300 320 48 32
6200 140 6 4
14000 130 29 16
220 400 47 45
40 300 95 44
100 800 100 44
530 10 35 15
4200 140 13 6
80 100 49 19
120 190 26 16
200 60 14 7

210
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763
713
1230
820
287
277
327
1230
176
456
705
433
420
937
863
220
249
275
1150
374
99
312
324
65
113
53
340
450
312
78

180 -

249
420

301

524
210
530

33

181

36
590
25

167

1180
150
322

1660
401

38
44
107
8
126
25
113
70
32
113
191
300
150
131
27
71
46
150

—
(0]
o

(98] -
AN OCONDNOULNOONSEPESNDO

[

CwWoOLrScNNMNWOoOOONR~,OULNOND

—d b

[o)3

ot

ot
o
= () et bk et e e D e e \D BN (O

ot

1
1

N b pmd b 0 (D et e et OO = (O N D e

— .-jg:> - = T - ) ar - -nyﬁ o i » T

1140
1410
1380
1500
295
535
370
1980
206
654
2240
580
810
3240
1450
248
278
504
1310
485
157
428
403
133
290
630
705
579
467
145
278
285
616

50
22
15
120
95
290
260
32
63
71
1000
310
RO
14U
7
140
130
270
7
370
98
300
250
32
140
300
420
430
150
59
200
130
64
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TERTLARY SENTINEL BUTTE FORMATION

: 1=mg/1 2=ug/1 3=umho/cm
T-R-S-0 SPCND(3) PH SID2(1) FE(2) MN(2) CA(L)Y MG(1) NA(CL) K(13} HCO3(1) S0&4(1) CL(1) NO3(1l) DISLD(1) HARDX(I)
146-094-25ABA 7006 - 3 16 410 300 64 27 55 4 360 87 ) 1 438 270
146-095-07DDB2 2010 8 18 70 20 99 64 311 7 532 728 3 1 1500 510
146-095-10ABA1 3680 8 18 30 20 137 126 647 7 762 1620 31 3 2970 860
146-095-22DCA 2080 8 23 200 20 25 34 449 7 819 510 2 1 1460 200
- 146-095-30DDD 1030 8 23 570 20 8 5 226 3 471 149 2 1 656 40
146-096-13ADA - 1580 9 10 6700 100 8 3 368 2 599 296 7 1 1020 33
146-096-~24CBB . 1890 8 12 1300 10 15 12 441 5 742 407 4 1 1270 87
146-096-36AAA 895 8 11 80 20 40 24 138 6 ~ 448 113 4 1 559 200
146-097-25AAC1 1950 9 12 300 20 3 2 472 2 771 338 1 1 1230 13
146-097-26AAD 685 8 15 30 10 61 43 28 13 356 71 8 11 432 330
147-093-03DBB 4060 9 26 160 . 9 11 1060 4 1510 920 11 3 2880 68
147-093-29DCA = 3240 8 6 80 0 5 4 903 3 2360 5 31 1 2120 27
147-095-13CCC2 2120 9 15 250 20 2 0 522 2 1100 10 150 1 1280 4
— 147-095-24AAC 2070 8 15 0 20 2 0 519 2 1110 100 82 1 1290 )
A 147-095-26BBB1 2270 8 16 200 20 3 2 564 2 1170 19 189 1 1380 15
147-096-36DCB 1600 8 3 390 50 6 3 390 2 813 160 6 1 995 26
147-097-05AAA 3060 8 2 0 10 4 2 841 4 2220 4 21 1 1970 17
148-092-06BDB 888 7 13 0 20 69 50 59 5 491 120 2 2 563 380
148-092-23CCA -~ 1530 8 13 2400 100 95 44 200 5 566 400 6 1 1050 420
148-093-10CCC 3880 8 15 390 220 87 40 860 5 930 1500 8 1 2980 380
148-093-14CDC 5270 8 17 430 160 17 12 1300 4 1190 1900 8 1 3860 92
148-094-13BBD* 1090 8 24 1000 520 118 64 43 2 497 212 5 1 716 560
148-094-20DDD 1490 - 8 23 440 . 74 28 250 5 581 378 2 2 1050 300
148-096-17CCD 3080 8 9 . 40 50 8 -0 821 3 2090 0 62 1 1940 21
148-096-18ABC 3230 8 7 180 40 5 3 881 4 2360 0 16 1 2080 23
148-096-22BCB 3210 8 6 0 40 4 2 876 3 2320 0 19 1 2060 19
148-096-23BBB 3160 8 -7 0 10 4 2 867 3 2360 0 22 1 2070 19
148-096-35BCC 719 8 13 90 670 105 - 24 22 5 471 21 0 2 426 360
148-097-04DBA . 2750 8 9 0 0 4 1 736 4 1970 1 19 1 1750 15
148-097-09DBD 2180 8 14 0 20 3 2 552 2 1150 3 154 1 1320 13
148-097-10CAA 2940 8 8 80 40 A 2 803 3 2110 0 25 1 1890 19
148-097-12ABA 3200 8 6 80 40 5 3 878 4 2330 28 13 1 2090 22
148-097-17DAA 2380 8 15 0 200 3 1 587 3 1150 5 231 1 1430 9



TERTIARY SENTINEL BUTTE FORMATION

I=mg/1 2=ug/1 S=umho/cm

T-R-S-4 SPCND(3) PH S[02{1) FE(2) MN{2} CA(1) MG(1) NA(l) K1) HCO3(1) SO&4(1) CL{1) NO3{1) DISLD(C!) HARDX:(1;
148-097-33BCC 2850 3 10 0 20 3 1 737 3 1760 3 148 1 1780 1l
154-096-04AAB 2040 8 23 850 220 83 70 390 9 . 700 7 . 1630 500
160-090-15DCC 2200 8 23 80 10 5 2 590 3 960 440 8 . 1550 21
160-090-21DDD1 2050 9 8 60 10 6 2 540 3 290 12 . 1370 23
160-090-21DbN2 1560 7 23 200 240 100 40 240 8 420 5 . 1160 420
160-090-23BBA 2620 8 22 60 10 27 4 650 3 . 650 9 . 1870 86
162-093-30DDD 3200 8 17 70 30 19 6 840 8 862 1100 10 . 2430 72
162-093-30DDD1 3050 9 7 80 . 30 2 770 3 . 520 25 . 2090 83
162-094-10AAA1 2500 9 8 150 10 3 2 710 4 1420 140 47 . 1740 18
162~094-26BBB 4600 8 9 60 30 20 7 1200 5 © 1500 17 . 3450 81

8Y1
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T-R-S-Q
139-095-02AAB3
143-084-28CCC2
143-087-19BBB2
155-096-21CDC1
155-096-21CDC2
162-093-17CCC1

1076
1050
1950
2060
1520

2800

00 %0 00 O\ o -

27
17

9
11
10

TERTIARY SENTINEL BUTTE TONGUE RIVER FORMATION

2200
400
1500
100
0
90

l=mg/1 2=ug/1
. 103 32
330 390 68
40 4 3
10 58 47
20 3 1

97
40
730
250
700

3=umho/cm
SPCND(3) PH ST02(1) FE(2) MN(2) CA(1) MG(1) NA(1) K(1)

4
6
4
11
3

HCO3(1) SO4(1) CL{1) NO3(13 DISLD(1) HARDX{!)

485

1800
396
1380

186
1100
54
560
130

3
11
54
11
35

1

856
693
1800
1750
1150
1670

595
388
1300
22
340
14



TERTIARY CANNONBALL FORMATION

I=mg/1 2=ug/1 3=iumho/cm

T-R-35-9 SPUNDI3) PH ST02(1) FE(2) MN(2) CA(1) MG(1) NACL)Y K{1) HCO3{1) S04(1) CL{1) NO3(1) DISLD(1) HARDN(1);
129-092-060DDC 3190 3 g 320 20 29 21 /38 b 642 1210 2 0 2340 159
129-096~-01DAD2 2690 8 11 0 120 228 105 298 13 485 1160 29 14 2100 1000
130-092-22CBB 1780 8 8 1700 10 4 2 457 2 924 207 7 0 1150 17
131-098-07BCC 1440 8 5 530 20 8 8 380 3 861 85 17 0 955 52
131-098-23DAD1 1760 9 10 40 20 19 16 431 2 642 426 1 2 - 1250 104
133-089-328DA 2360 8 11 2800 20 115 68 366 6 519 876 9 . 1710 568
133-089-34BAB 1620 9 960 . . . . . . 418 13 . 946 10
134-089-22BDD 2150 8 12 50 120 2 1 538 1 1260 3 92 . 1290 12
151-077-34B4 . . . 1800 . 93 89 210 7 444 530 13 . . 520
153-079-30AAA3 1400 8 9 150 40 4 1 350 2 728 51 43 1 860 12
153-080-25CDC 710 8 12 480 0 5 0 170 2 335 100 3 1 459 13

041
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TERTIARY LUDLOW FORMATION

1=mg/1 2=ug/l 3=umho/cm
T-R-$-Q SPCND(3) PH SIO2(1) FE(2) MN(Z} CA(L) MG{1) NA(1) K(1j HCO3(1) S04(1) CL(1) NO3(1) DISLDEL) HARDX( L
129-091-0743A2 2270 9 9 0 20 9 5 52 3 T7lo 529 3 2 1470 44
129-091-08CCC 1790 8’ 10 50 20 7 2 422 3 590 418 5 1 1170 27
129-092-26CCB. 3660° 8 9 70 30 159 82 659 13 747 1490 29 8 2820 734
129-093-08CBB2° 1760 8 87 140 30 5 3 432 2 942 170 13 1 1110 27
129-093-28ABB3 1670 8 8 480 10 4 1 419 2 886 151 10 1 1060 15
129-094-17BBE2" 1610- 8 8 280 30 13 4 401 2 947 68 17 0 1000 51
129-094-29BBB ~ 2750 8 8 1300 10 9 7 674 4 875 759 4 0 1900 53
129-095-02DAD 2140 8" 8 0 30 7 3 516 3 770 435 9 0 1370 27
129-095-06BCC 1620 8 8 0 10 4 2 407 2 903 130 11 1 1030 18
129-095-11CCC1 1600 8 8 680 10 8 43 408 2 989 166 23 0 1170 196
129-095-13BCD 3420 8" 8 0 30 14 6 804 3 727 1180 13 1 2390 59
129-095-30AAB " 2070 8" 6 0 240 18 15 476 5 764 468 26 2 1410 106
- 129-096-06DAA" - 1660 8 9 200 10 8 0 422 2 858 156 14 1 1050 22
o 129-096-18CDD "~ 3320 8 8' 380 60 10 6 811 4 807 1090 7 0 2340 4o
: 129-096-20AAA 1830~ 9~ 6. 140 20 4 4 459 3 797 257 16 1 1180 27
129-096-25BAD" 1350 8 9- 0 50 75 44 173 10 415 412 7 1 937 368
129-096-26CAA . 2050 8 8 0 20 5 3 496 3 832 391 10 2 1330 25
129-096-33AAA1° 2350 & 8 0 20 5 3 572 3 808 547 11 1 1550 24
129-097-11DAC 2750 9 8 360 30 6 3 655 3 759 781 10 2 1880 27
129-097-15AAB  2180° 8 8 0 20 4 2 538 2 860 407 10 1 1410 19
129-098-07DDA 1520 8 8 2400 20 7 7 391 1955 35 6 0 955 49
129-098-30DCC 3550 8" 8 2600 130 12 8 - 890 3 1230 980 9 2 2530 65
129-099-04CBB 1630 8 11 100 20 2 1 393 1 724 213 30 1 1020 9
129-100-07DAA - 25707 8. 8 0 20 1 2 606 2 721 679 8 1 1690 10
129-100-21DBA 2550 8 8 240 40 5 3 609 3 787 685 4 1 1730 26
129-100-25DAA2 1710 8 9 1100 20 8 8 425 1 834 207 16 1 1110 55
129-100-26ADA 1630 8 11 50 10 2 1 400 1 745 219 21 1 1030 8
- 129-101-07CCC 1580 9 11 440 10 3 1 392 1 697 203 24 0 1010 11
129-101-27BBB 1600 9 12 320 10 30 39 1 689 208 22 1 1010 7
129-102-11CAA  * 1550 9 11300 10 3 1 378 1 666 186 12 2 955 1
129-102-27AAA 1590 9 11 40 20 2 0 386 1 647 249 11 1 1030 6
'129-102-28BAD 2240 8 9 300 20 3 1 539 1 693 570 8 1 1500 14



TERTIARY LUDLOW FORMATION

t=mg/ L 2=ug /1 3=umho/cm : :

T-R-S-¢ < SPOND(3) PH SIO2(1) FE(2) MN(2) CA(CL) MG(1) NAC1) K(1) HCO3(1) SO4(1) CL{1} NO3{1) DISLDCU) HARDLMN(T)
129-103-10DCC 159¢ 9 9 400 20 3 1 387 1 700 232 4 1 1620 10
129-103-23BDD 302 10 1 520 40 3 1 44 4 64 8 2 1 130 10
129-104~-08DDD 2060 9 8 160 20 2 1 505 1 792 367 5 1 1330 12
129-105-02CAA 1290 8 11 370 20 2 0 308 1 581 180 1 2 807 4
130-092-27BBA2 1820 8 7 0 30 14 6 452 6 944 183 20 2 1180 61
130-098-17DAA 1940 8 8 830 20 8 7 481 2 877 303 7 0 1270 51
130-098-21CCC2 1590 9 9 0 30 4 4 405 2 932 66 17 1 1010 29
130-098-26BAC 1580 8 9 0 30 7 2 396 2 938 58 18 0 989 27
130-099-17A35A1 1610 g 7 220 10 15 7 399 2 719 222 5 5 1060 65
'130-099~-17AAA2 2280 8 6 0 10 27 24 499 5 604 716 7 1 1610 165
130-103-34DDD 1590 9 11 440 10 3 1 379 1 705 207 7 2 994 10
131-091-10CCC 1780 8 9 320 10 4 2 468 2 1130 33 50 1 1160 19
131-091-13CCB 1870 8 10 160 20 3 2 473 2 1150 42 50 1 1170 17

= 131-093-21AAA1 1600 8 9 40 30 10 4 408 2 1030 23 20 1 991 “4U
o 131-093-21AAA2 1630 8 7 440 40 7 4 407 4 960 62 17 1 1000 32
131-094-20CBC3 1590 8 8 0 20 20 3 405 2 970 44 16 1 1010 64
131-099-04DAA 1450 8 9 1700 30 7 5 362 1 767 146 6 0 933 37
131-099-25BBB1 1640 . 3 40 400 5 6 420 5 968 63 6 1 1040 36
131-100-24ABB 1050 8 9 100 50 25 15 198 7 454 192 3 2 678 125
131-102-02DDA 1710 8 13 80 10 1 0 409 1 743 240 26 0 1070 3
131-102-13CCC2 2470 9 9 450 20 8 3 558 2 452 832 7 1 1660 33
131-103-08CAC1 1740 9 12 0 10 2 1 428 1 722 248 10 1 1110 8
131-105-18DCC 1820 9 9 180 10 3 0 L4 4 1 701 322 7 1 1170 9
131-106-03DAA 2500 8 12 100 80 46 22 541 5 825 681 6 4 1720 206
131-106-04DCC 869 8 13 0 20 32 15 149 4 390 138 11 2 558 143
132-096-22ABC1 2040 8 9 300 10 2 2 538 3 1350 34 17 1 1300 16
132-097-07CAB3 1500 8 10 1100 30 26 2 374 2 882 104 16 1 997 _ 75
132-097-07CAB4 2050 9 8 620 10 2 1 540 2 1340 14 8 1 1300 9
132-099-32DDC1 2600 9 9 2500 20 18 30 595 3 954 598 15 1 1790 169
132-099-32DDC2 1130 8 15 500 80 92 61 79 7 - 441 286 3 5 767 482
132-100-35DDD 1810 8 12 0 10 4 1 447 1 908 179 37 0 1130 15
132-102-24BBB1 1620 8 11 500 50 11 12 427 2 1020 54 4 1 1060 76
133-097-34BBB 2040 9 3 70 2 2 538 2 1200 23 14 1 1260 12
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€61

T-R-5-0)
138- 105 -05DAA
138-105-07CCC
138-105-22BCR
138-106-01AAA
138-106-0244A

139-105-07D€EC2 -

139-105-08AA4
139-105-18DDD
139-105-20CCC

139-105-21AAAT
139-105-2FAAA2 .
139-105-28CCC
139-105-30DEC2
139-106-13CCB:

139-106-23BBE;-

139-106-25CCC"
139-106-27AAB
139-106—34DDDi

139-106-34DDH2
140-105-06BBB2.

140-105-17AAA"
140-105-27BBB

140-105-30€CC4
140-105-30CCC5

140-106~-02BDC
140-106-23AAA
140-106-36BCC
141-056-04BBB
141-057-15CBB-
141-105-03BBB
141-105-05BBB1
141-105-07AAA
141-105-07DDD1

SPCND(3) P

DL

-

2160

3250.

4250

3200

1760

1960:
2200

3200
1860

3010
3500~
2800.
27100
L2600
1275
3100. "
2000 .
770
2720,
2250.
2380,
2700-.
3250
2000
2250
1450.
5610 .
1430
2200

3500
4000
7000

-

“N s 00 'O 00 00 €O 00 00 00 \O 00 00 00 ~J = O\ ~J 00 00 00 00 00 © 00 00 \O €0 ~J 00 00 ~J & L

Py

o

12

’ — N
O~ O\ 00 4 O 00 O O R 0D 0o

—

—
o

A = d P
o

[

—
o

[ ]
L

30
10
300
10
130
200
340
80
20
10
150
10
30
60
10
330

1000

2300
190
40
150
90
30
1100
280
510
20

10
140

30

150

TERTIARY UTUDLOW FORMATION
3=mmho/ cm
HCOZC LY SO4(1Y CLCIY NO3(1) DISLD{T)Y HARDXN: D)

l:mg/'l
ST02(13 FE{2) MN(Z) CACL)Y HMG(1) NA(L) K(1)

40
60
70
80
2000
20
100
40

30

20
10
70
40
30
40
290
1700
80
130
20
40
20
30
60
30
40
10

20
10

0
1000

2=ug/1
17 Y 630
230 140 360
41 19 730
43 100 950
480 450 130
8 5 510
12 0 540
10 5 520
29 14 700
5 2 430
14 6 660
23 21 800
31 20 630
10 6 500
18 10 610
97 89 34
390 260 77
120 71 330
83 39 6
11 41 590
8 4 460
110
. . 130
21 13 750
7 19 470
11 8 550
5 3 390
450 213 500
212 56 29
5 5 600
21 16 800
11 7 880
87 240 2400

18

8
22
21

— —
Dy ON W

]

—

346
517

850
1100
1100
1800
2500

150

69

530

950

440
1300
1300

890

290

640

310
1800

640

120

770

260

500

790
1000
76
160
230
1860
398
850
920
1400
5000

4
3
4
5

10
22
26
63
8
16
15
6
6
10
7
34
16
3
3
15
15
5
7
7
25
20
11
605
10
13
)
11
8

1940 7y
2350 1200
2340 180
3250 520
4010 3100
1280 40
1370 32
1490 47
2090 130
1220 20
2190 59
2420 150
2000 160
1360 4
1770 86
741 610
2690 2100
1540 600
428 370
1740 200
1260 36
1130 61
1300 27
2220 110
1260 96
1370 61
971 24
3920 2000
990 760
1730 33
2310 120
2570 56
1200

8560

—



TERTTARY LUDLOW FORMATION

_ I=meg/ 1 2=ug/ 3=umbo/cm

T-R-5-0Q SPCND(3) PH S{02(1) FE(2) MN(2) CA{1) MG{1) NA(1} K(1) HCOZ(1) SO4(1) CL(L) NO2(1) OLSLD(1) HARDX(!L:}
141-105-070DD2 4080 7 i4 1200 360 48 22 800 3 1200 340 . 2600 210
141-105-09AAA 1930 8 13 300 80 13 7 490 5 54 21 . 1200 63
141-105-09BBB 2600 8 8 70 10 6 4 590 2 680 10 . 1630 33
141-105-14DDA 1850 8 2 2500 60 10 6 460 5 170 27 . 1210 51
141-105-17ADC 3475 6 8 40 20 14 9 800 4 1100 6 . 2360 73
141-105-20BBB 3750 8 11 40 20 20 11 840 4 960 5 . 2430 96
141-105-20CCC1 2950 8 3 120 60 27 36 550 5 1000 22 . 1900 220
141-105-20CCC2 3600 8 10 40 60 19 13 750 6 970 5 . 2320 100
141-105~21AAA1 2300 8 6 10 30 6 10 490 3 700 40 . 1500 56
141-105-21AAA2 3300 8 . 8 30 40 16 9 750 3 1000 8 . 2200 78
141-105-29ADD1 3750 8 8 150 30 27 13 900 4 1200 6 . 2700 120
141-105-29ADD2 4000 8 8 30 30 23 15 950 4 1200 6 . 2790 120

- 141-105-29ADD3 3800 8 8 30 30 23 13 920 5 1200 5 . 2760 110
< 141-105-32DCC 2700 8 7 110 30 14 63 . 3 990 14 . 1330 LY
141-105-36AAA1 3400 9 0 190 50 12 46 650 8 1400 25 . 2290 220
141-105-36AAA2 4900 8 6 30 230 180 250 600 16 . 2400 31 . 3750 1500
143-061-14DAD 624 8 24 69 29 13 10 284 76 5 19 385 290
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(&2

T-R-$-0)
129-091-U74AA1
129-093-08CBB1
129-094-17BBC1
129-096-02D¢CC3

129-096-020DC1

129-096-13AAD
129-098-09BDD -

129-098-32ADB.

129-100-13DDA-
129-100-19AA4,
129-100- ZSDAAI

129-101-32BCD.-
129-102-14CDD ..
129-103-134DA. -

130-091- O9BAB
130-092- 27BBA3

130-097- 3DBCBI
130-098- 2]CCC1

130-099-15BCC. .
131-091-15CCC
131-094-20CBC2
131-100-09CCD

131-100-23DBA: -

131-100-29BBB1
131-100-29BBB2
131-102-07DDD1
131-102-11DDC
131-102-13CCC1
132-097-07CAB2
132-100-14ADB
132-101-10DDD
132-102-09DDD

- 1730, .

SPCAD(3) PH S10

1770 9
1870
2270
1610
1560
1720
1580
1576.
2950
1770
1650
1660
2360,
1890 -
16/0
]670
1760
712 .
1860
2020

1660 -
1680
2030
1890
1900
2120
2110
2280
1750
2080

20t

1

10

2

10

10
7

10

8
11
9
10

12

13.
10

8
12
7
8
7
8
8

)
b
8
4
9
8
6 .
1
5
9
8
4

E(2
12
9
2000

0
200

180

460
1100
1300

320

4400
200
280

90
320
320
120

80
680
240
300
620
170
230

0
0
0
180

1100

440

OOOOV

- —_—— —_—

TERTTARY LUDLOW HELL CREEK

3=umho/cm

I=mg/1

40
50
30

10
30
10
10
40
60
10
10
10
40
10
50
80
30
10
30
10
10
10
30
30
20
140
30
40
20
30
20

w
WwouNnNhDoeeUM—e S0 W

ey
— O p—
N

w
[SaRANo RN (Ul .]

2=ug/1l

N

Y

— =
NN = DO = OO NNNOR APNPNE = OO WOWOWANTDN

—

443
471
525
391
410
422
394
411
654
455
389
411
391
579
484
422
442
466
103
489
516
416
415
425
482
465
240
486

546

500
428
482

MN(2) CACL) NL((: WA(l\ R(l)

=N WNOWWN M EEHNNNUD S WWR - = WHENDN-RNDWSNDR

975
1140
851
889
927
929
768
950
962
855
672
744
676
793
1180
977
1040
989
362
1170
1250
783
789
767
617
779
675
647
1250
634
629
538

24
14
489
101
69
50
149
66
816

239 .

220
258
212
604
49
13

91 .

132
79
99

9

212

179

277
576
165
450
576
144
668
427
626

58
67
9
12
14
43
31
25
1
6
22
14
22
4
48
0
12
12
3
1
65
44
35
5
3
133
56
9
15
4
9
3

— O\ e e O bt PN et O b e N b et b e e b b et e = RO O e QO N et e bl e e

1080
1160
1470
1000

994
1050

990
1020
2030

1190

1010
1070
1000
1610
1190

990
1090

1160

432
1200
1270
1090
1040
1140
1430
1190
1280
1430
1390
1550
1220
1400

C

o &0

HCO361) SO4(1) CL{1) NO3(1) DISLDC1) HARDX{1

is
20
54
46
17
20

54
176
65
10
12
10
15 .
18
23
45
13
152
19
50
12

39
70
11
579
68
36
124
51
23
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T-R-5-9
132-102-09YD00D
132-102-12CCC
132-102-18BAA
132-104-09CDD
132-105-08BBD
133-098-14AAA
134-103~30BB
134~-105-05AAA
134-105-25A0D
134-106-27DBD
135-101-26BAA
136-098-~31ABB
136-100-31DDC2
136-102-05DBB
136-102-08ACC
136-102-17BDD
136-103-19CDC
136-105-01AAD
136-105-26ACA
137-101-19BBD
137-101-32CCB
137-101-33CCA
137-101-34CCA
137-103-01ACA
137-104-29ADA
138-100-07AAA1
138-102-03BBC
138-102-06ADD
138-102-07CAC
138-102-08BBC
138-102-18CBB
138-102-19ACD
138-102-20ADA

!
s
s
3
3
3
1
|
3
3
3
:
3
!
3
1
3

TERTTARY LUDLOW HELL CREEK
1=mg/ 1L 2=ug/1 3=umho/cm , _ _
SPOND(3) PH STIC2(1). FE{2) MN{2) CA(1) MG{1) NA(C1) K(1) HCO3(1) S04(1) CL({1) NO3(1) DISLD(1) HARDX(1}

1700 9 9 880 40 3 L 407 1 471 444 3 2 1130 1
4120 7 19 680 200 566 259 227 6 419 2320 44 86 3730 2480
2430 9 8 360 20 4 3 561 1 492 799 4 1 1640 21
3330 7 15 . . 485 274 53 37 727 1900 8 1 3160 2340
3390 9 3 200 20 4 6 848 - 2 982 799 3 1 2300 36
2200 9 10 190 0 4 1 590 2 1450 9 13 1 1400 13
2800 9 6 20 60 7 5 650 3 709 830 5 1 1880 36
1690 9 5 0 40 3 2 390 1 616 320 12 1 1060 16
3500 8 6 100 70 23 18 830 3 923 1200 6 2 2540 130
2800 9 4 230 40 7 6 660 2 897 710 5 3 1870 41
2000 9 g 270 20 3 2 530 1 1300 3 24 3 1250 13
2070 9 6 400 10 3 3 540 2 1390 6 14 4 1290 19
2950 9 0 100 40 6 15 670 9 553 1000 22 1 2000 e
1600 9 12 1 1 430 2 930 63 12 . 1020 5
1500 9 9 2 0 410 2 900 100 5 . 1010 6
1410 9 10 . . 0 1 400 2 880 88 5 . 974 4
1600 9 6 170 0 2 1 400 3 827 160 8 1 1020 9
1550 9 2 460 60 3 3 370 2 617 200 12 1 967 20
1800 9 10 230 40 3 3 400 1 608 260 17 1 1060 20
1800 8 16 . . 1 0 470 2 1250 8 1 . 1140 2
1640 9 7 100 20 2 1 430 1 930 79 9 1 1040 8
1600 8 11 1 0 410 2 1010 27 2 990 4
1550 8 11 1 1 410 2 1050 7 1 991 6
1700 9 10 . . 1 1 440 2 850 210 7 . 1130 ' 6»
2050 9 6 310 10 3 2 510 2 677 490 8 1 1380 17
2250 9 11 7170 40 2 1 540 2 1300 1 11 1 1280 10
1850 9 11 1 1 470 2 1170 5 1 1100 6
: . 9 11 2 1 490 2960 220 9 1250 11
1800 9 10 2 1 450 2 900 220 7 1180 11
1900 9 11 2 2 470 2 930 210 9 1210 12
1900 9 10 2 1 470 2 900 260 -7 1220 11
1850 9 1 2 1 450 2 880 220 9 1160 9
9 11 2 1 440 2 1080 41 2 1070 8

o

T )



LST

T-R-5-Q
138-103-25DBA
139-101-17CDA.

139-102-10DBD1

139-102-10DBD2
139-102-20ABB.
139-102-21CAB
139-102-33CBB
140-102-17CCA .
140-102-27ACB2
140-105-30CCC2
141-101-02BBB
142-100-25DDA
143-102-09CBB]1
143-102-21DDD

144-100-24BBD2 -

144-102-05CCB”
144-102-05DBA
144-102-16BBB
144-102-24DDD

SPCND(3) PH SIO02(1) FE(2) MN(2) CA(1)

1550

2000
1700
2160

1950

2050

3100

2020
2180

2300

2400
2030
2050

1720
1620,

DO 00. 00 000 \O (0O 00 OO0 0 WO 0 \O 00 €0 \O WO

12
9
10
12

7

10
10
12
14

1
10

13

10
11
12
10
10

9

14

460

140

40
120

170

250

TERTIARY
I=mg/1
0
10
10
10
20
10

N OO OWNRNWRNWUMANDDODND W= WD

LUDLOW HELL CREEK
3=umho/cm

2=ug/1

MG{1) NA(}) K(1)

.. o
O NO =W OOO N~ BN

420
410
480
700
530

490

480
510
410
700
570
580
560
600
610
560
550
580
420

RN NWRWNLOLRD NN BN N

. iiiii/ ) B B R R &) A 8D D & & 0 A0 &0 ED

C

3 &3

HCO3(1) SO4(1) CL(1) NQB(]) DISLDCL) HARDY (1)

770
791
960
1720
860
1000
330
112
900

1490
1410
1470
1460
1450
1230
1250
1320

874

250
140
220

8
390

200

190
170
71
1000
9

4
9
15
5
110
90
110
17

7
33
4
2
13
2
10
3
29
20
1
12
2
2
21
2
4
1
56

3

1110
1030
1240
1580
1410
1240
1180

784
1020
2130
1340
1370
1310
1400
1450
1340
1320
1400
1040

3
10
24

oW C

]



CRETACECUS HELL CREEK FORMATION
1=mg/1 2zug/1 3=umho/cm

T-R-5-u SPCND(3) PH S[O2(1) FE(2) MN(2Y CACL)Y MGU1) NAC!) K(1) HCO3(i) SO04(1) CL{L) NO3{1) NISLL{LY HaRLK(1)
129-088-51Dba 2150 5 15 240 140 62 22 425 4 543 666 ) . 1490 244
129-090-29ACA 2050 8 9 0 140 11 3 479 3 590 577 3 . 1380 39
129-099-04ABA2 1620 9 10 860 30 2 1 400 1 685 214 29 2 1030 8
129-102-01ADD 1550 9 12 240 30 2 1 381 1 687 196 16 ] 981 11
130-084-314AA1 4260 8 7 150 70 120 49 900 6 495 1900 83 28 3340 500
130-086-28CCC2 1900 . 16 380 50 4 1 480 1 810 260 39 1 1220 14
130-101-25ADD 3740 - 8 11 70 40 22 12923 8 1150 1140 6 1 2690 106
130-102-13DCD 2930 8 13 120 20 60 37 600 14 893 863 0 1 2030 301
130-103-29CBE 2120 8 10 200 30 4 1 519 1 783 447 5 1 1400 17
130-104-15CAC 1660 9 11 320 10 2 2 393 1 610 285 2 2 1060 14
131-080-33ADD 1320 8 24 200 110 4 18 245 5 546 227 14 . 861 184
131-081-31DBC 1730 8 16 120 10 5 0 430 1 969 104 30 . 1070 14
131-081-33ACA 2420 8 17 260 10 12 2 592 3 984 479 18 . 1610 1]

o 132-087-27ADA 1800 . 14 610 30 3 1 440 1 921 98 78 1 1100 12
o 132-101-12CCC 1450 9 9 440 20 13 6 349 1 559 256 14 0 960 57
132-105-16BDB 1720 9 11 240 20 3 3 425 1 736 259 3 0 1100 20
133-089-04DAD 2100 . 9 360 90 3 1 530 1 1140 2 100 1 1250 11
134-080-30CCD 2200 8 38 100 . . 126 482 . 96 498 99 . . .
134-081-06DAB1 3180 8 27 680 50 12 4 750 2 820 900 12 1 2120 45
134-083-05CCD1 1530 8 27 20 10 2 0 380 1 700 260 0 1 1020 6
134-083-05CCD2 1640 8 24 40 0 2 0 400 1 740 270 5 1 1070 5
134-084-03AAD 2020 8 11 230 60 3 1 - 490 1 620 550 1 1 1380 9
135-083-32CBB2 3870 9 10 1300 60 13 4 980 3 1140 1200 14 1 2790 50
135-086-15DDD1 2680 8 12 110 20 3 2 660 3 1300 15 260 1 1620 14
136-081-07DDC2 2230 9 14 150 20 4 1 560 2 1070 110 130 1 1380 15
136-082-07CCC2 2130 8 8 290 0 3 6 530 2 1160 23 140 3 1300 33
137-080-35CAD 4030 9 17 0 . 41 14 1000 6 1050 1400 3 1 3070 160
137-081-25CAB 2500 8 15 90 20 7 8 610 2 870 690 0 2 1760 49
137-083-06CDL2 3400 . 12 310 10 6 1 720 3 1210 6 440 . 1790 19
137-083~06CDD3 2500 . 12 150 0 3 1 570 2 1210 23 160 . 1380 11
137-086-03AAD2 2400 9 12 60 20 3 1 670 2 1270 4 220 . 1580 10
137-089-09ABA1 2480 9 11 220 40 2 1 600 2 1120 7 230 0 1460 9
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CRETACEOUS HELL CREEK FORMATION

l=me/1 2=ug/l 3=umho/cm :

T-R-5-0 SPCHD(3) PH ST0O201) FE(2) MN(2) CA(L) MG{1) NA(1) K{l) HCO3{1) S04(1) CL(i) NO3(L) DISLDOL Akl i
135-08G-03ABA1 2090 3 18 5300 27060 i30 b7 320 o 350 450 61 U 1480 oU0
138-080-28AAA1 890 8 12 1100 310 110 35 52 6 480 130 1 2 587 420
138-081-09ABR2 2300 9 11 50 10 3 1 590 2 1270 3 200 . 1440 11
138-090-28DCB 2080 8 5 300 0 12 4 560 2 1460 8 10 1 1330 47
139-081-09AAA2 3100 9 8 50 0 9 2 800 3 1150 6 500 . 1960 30
139-081-09AAA3 2800 9 11 110 20 5 2 680 2. 1070 10 410 . 1680 21
139-081-36DDA1 1530 8 25 7200 . 150 45 150 7 850 150 26 0 980 560
139-081-36DDA2 3460 8 17 20 . 7 1 800 3 1170 6 580 1 2000 22
139-083-12DEA2 2600 8 11 50 20 4 1 720 2 1220 4 330 . 1720 - 14
139-085-30AAB2 3450 9 9 1900 160 7 2 800 5 1090 5 590 1 2000 26
139-085-30AAB3 1700 . 23 1600 510 74 30 280 7 807 240 4 1 1060 310
139-086-34ADC" = 1040 8 25 1900 120 84 24 130 3 540 140 3 1 680 310
139-088-22DCB 3340 8 5 2000 570 26 12 830 5 1530 650 4 1 2290 10

- 139-088-34BCC2 2550 9 10 190 0 3 1 640 1 1110 4 240 . 1540 i1
@ l39~088-348CC4 4]09 8 7 330 50 11 8 1100 2 1400 1200 6 3030 59
139-089-08DDC .~ 1000 . 23 3500 50 52 27 140 3 558 62 1 1 588 240
139-089-27BCC. = 1160 8 17 3500 110 53 26 180 4 580 170 0 1 742 240
139-090-14BBD. 2060 8 2 140 10 3 1 560 2 1420 0 6 2 1290 13
140-084-08DCD 2130 8 7 150 20 5 3 540 4 1070 280 8 0 1390 23
140-084-33CCC. 2460 9 11 80 40 4 2 650 4 1490 34 88 1 1570 - 17
140-085-O3DDD 2670 8 10 190 0 3 3 640 3 1240 1 290 1 1590 20
140-085-09DBD 2520 8 10 870 40 3 3 680 4 1770 17 22 3 1620 18
140-085-20BDA1 2490 8 10 680 0 3 4 680 4 1750 24 20 1 1610 21
140-085-28BCD1 2440 8 11 40 0 2 2 640 4 1530 32 71 2 1540 15
140-085-30AAA 2470 8 12 40 10 2 3 660 3 1620 7 66 1 1570 17
140-086-12BCB 1690 9 7 720 20 2 2 420 4 730 280 2 1 1100 12
140-089-15DCC 2130 8 17 40 50 100 54 . 360 11 1110 330 7 1 1430 470
140-089-36ADD1 2250 . 24 5500 140 140 75 410 12 721 980 2 1 2010 660
141-089-20CB 2750 8 9 1800 . 4 1 750 2 1880 3 33 2 1760 14
141-090-19CCD 2320 10 2 300 20 3 2 542 9 650 10 191 1 1340 12
141-095-08BCD 5910 7 12 90 80 661 546 421 8 399 4090 1 287 6230 3900
141-095-17ACC 788 8 14 140 10 7 10 172 4 371 125 1 1 523 56
141-097-10CDhA 561 8 14 50 10 16 12. 103 4 298 58 4 0 357 89



CRETACEQOUS HELL CREEK FORMATION

, i=mg/1 2=ug/l 3=zumho/cn
T-R-5-Q SPUNTH(3) PH STOZ(1) FE{2) MN(2) CACL) MGC1) NACL) K(1) #HCO3€1Y S04(1) CLCL) NO3(L1) DistD(1l) HARDX{i]
144-091-23DBE 2360 5 10 9 0 3 1 020 2 1580 8 74 . 15G0 iv
145-095-22DAD1 1870 8 11 1100 50 3 2 480 3 1060 12 106 1 1150 13
147-095-04BBA 3210 8 10 580 20 5 2 837 3 1730 15 323 1 2050 18
148-096-15AAA 2310 8 14 90 30 4 0 580 2 1240 0 192 1 1410 11
151-075-15CBA 1490 8 16 330 740 75 27 230 7 611 250 an 3 954 300
151-075-23BCC © 1700 8 21 580 300 74 23 290 10 704 160 140 3 1070 280
151-076-02CBC2 . . . 900 . 5 580 3 660 74 320 1 20
151-076-02CBC3 . . . 1000 7 630 4 910 120 420 1 29
151-076-03DDA . . . 1400 . . 5 560 3 705 270 73 1 . 20
151-076-07DDC3 2200 9 11 710 40 5 3 520 2 917 1 230 1 1270 24
151-076-07DDC4 2000 8 10 80 20 5 3 500 2 9713 89 90 1 1220 25
151-076-10AAA 1550 8 7 620 0 2 1 440 2 977 7 110 1 1060 8
151-077-29ADD 2500 8 6 250 20 5 6 590 3 1030 2 370 1 1490 36
. 152-076-05CAC 2300 8 10 290 10 6 1 670 3 846 3 540 1 1660 13
o 152-077-30DDA3 3200 8 12 20 0 8 5 710 3 769 0 650 1 1790 39
152-079-13DDD2 3000 9 12 100 0 8 3 740 3 936 690 74 1 2020 33
152-079-13DDD3 4000 8 11 150 70 8 4 800 3 859 10 710 1 2020 34
152-080-05DAA 2500 8 7 690 10 6 1 710 3 1160 3 420 1 1730 20
153-077-15ADD 2400 8 6 420 10 4 1 590 3 978 5 360 1 1460 15
153-079-30AAA2 4000 9 4 150 40 4 4 780 3 1140 7 480 1 1930 26
153-080-22CDB 2500 8 7 420 0 5 3 680 2 1160 3 410 1 1690 22
154-078-31BAA2 4030 8 9 210 50 10 5 890 3 756 110 880 1 2310 47
154-079-30AAC 2300 8 7 670 20 5 2 550 2 1130 190 83 3 1410 19
154-079-36CAC 3500 8 19 2500 60 74 26 630 6 858 2 690 1 1880 290
155-080-10DCD 4000 8 16 860 60 38 13 790 7 742 7 910 1 2150 150
155-080-14AAA 4100 8 6 210 20 8 5 870 4 842 10 890 1 2210 39
155-080-17BBD 3250 8 7 480 20 6 1 730 3 983 -3 580 1 1820 17
155-080-17CAC 4200 8 6 670 60 8 2 870 4 829 3 900 1 2210 27
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T-R-5-1)
129-096-04DCB
129-096~12DBR
129-096-13ACA
129-096-13ADD
129-096-13BBR1
129-096-13BDD1
129-098-31ABB
129-103-35BBB
129-104-34ADA
130-098-04DBB
130-098-04DCC
131-094-20CBC1
131-099-22CCC1
131-099-22CCC2
131-100-26ABA -

131-103-21DBC——1980

131-104~2844A2
131-105-23CDD
132-097-07CAB1
132-102-28AAA
132-103-20BBB
133-099-02CBB
133-099-32BBA

"133-103-23BDC

133-105-30CCC
133-106-13ADB2
133-106-34AAA
133-106-34BAA
134-104-24DDD1
134-105-09BAA
134-105-26BAA
135-102-03CDB

15380
1840
1880
1550
1590
1530
1540
1600
1650

1730

1760
1930
2260
1880
1870

1490
1760
1790
1730
2230 -
1920
1830
1600
2570
2400
2220
1960
1800
1420
1480
1780

O VOGO WO WO DO WO O 00 0O 00D \D \O O 60 00 00 00 00O D 00 00 0O O O 00 O

11
11
11
11
11
11
10
12
12
12
11
10

8

9
11

- 6,,,

12
9
12
12
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CRETACEOUS HELL CREEK-FOX HILLS FORMATION

700
320
40
200
280
480
260
300
140
0
140
260
1600
320
420
400
760
160
2800
50
360
750
410
290
240
80
40
60
250
270

210

130

l=mg/ | 2=ug/1

70 5 Q 397
40 4 1 455
10 2 0 460

0 2 1 393
0 2 2 400

0 2 1 390

. 1 3 376
10 3 1 375
20 3 0 396
10 3 2 418
10 2 1 438
50 6 2 504
40 7 3 518
10 2 1 498
20 4 2 435
10 5 1 459
20 3 1 366

0 2 0 435
30 5 1 451

. 2 150 43
20 7 3 510
10 2 2 480
40 2 3 450
10 1 1 410

0 6 - 2 610
40 4 5 570
20 3 3 530

0 3 1 460
10 3 3 400
20 2 2 330
10 2 1 360
20 2 2 420

. 3=umho/cm
SPCNDE3) PH ST02(1) FE(Z2) MN(2) CA(L) MG(1) Na(1l) Kl)

NN W NN =N == WRDNOAWRRN - = N W=
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-

N

HCO3(1) S04(1) CL(1) NO3(1) DISLD(L) HARDN{1}

735
852
884
789
794
853
708
646
683
897
892
888
601
1200
782
488
663
767
877
580
435
891
830
814
700
678
788

653
527
623
712

120
45
7
101
66
70
194
235
254
11
4
4l
668
48
93
551
209

© 242

175
130
766
150
180

65

720
660
500
430
150
230
220
220

55
165
180

47

71

44

24

16

14
129
138
237

110
23

66

0 989
1 1110
1100
966
970
947
977
999
1050
1030
1050
1250
1520
1200
1100
1320
951
1120
1140
1070
1530
1200
1160
995
1730
1640
1450

— N et D bt N e bd ke b pd DO e N
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1050
885
944

1 1100

oW .

ta
15
6
9
12
10
15
12
10
15
11
25
22
6
19
19
12
5
19
820
29
12
16
6
22
31
22
11
19
14
7
12



CRETACEQOUS HELL CREEK-FOX HILLS FORMATION

1=mg/L 2=ue/ | 3=umho/cm
T-R-5-0 SPCND(3) PH STO02(1) FE(2) MN{Z) CA(1) MC(i) NALIY K1) HCO3(1) SO4(1) CL(1) NO2(1) DISLD(1) HARDX(1;
135-102-19DAA 1910 9 8 350 ) 2 2 460 4 822 56 i70 1 1150 12
136-100-31DDC1 1920 9 13 80 10 5 1 470 4 742 220 57 . 1230 14
136-102-11DAC 1600 8 16 . . 1 0 410 2 710 220 25 . 1070 2
136-102-15ACC 1700 9 10 130 20 2 1 420 1 730 140 88 2 1060 9
136-102-20BBD 1550 9 14 1 0 410 2 700 220 28 . 1050 4
136-102-21DBD 1610 9 14 1 1 400 2 7130 220 22 . 1060 6
136-103-14ADA 1650 8 12 1 0 410 2 720 220 18 . 1060 4 -
- 136-103-23ADB 1600 8 13 2 0 400 1 690 220 21 . 1050 6
136-103-24ABD 1600 8 14 X . 1 0 400 2 730 220 22 . 1060 4
136-104-12BAD 1670 9 7 80 10 2 2 390 4 593 300 25 1 1060 14
137-101-29CCA 1600 9 14 . ) 2 0 410 2 850 110 19 . 1020 6
137-101-30ABC 1610 g 10 120 20 2 0 390 1 710 180 27 1 1000 5
137-101-30BBC 1590 9 14 1 0 400 2 B60 110 15 . 1000 2
= 137-102-06CBD 1600 9 11 1 1 420 2 750 240 7 . 1090 i
o 137-103-12BAB 1600 9 15 ; ) 0 1 400 2 620 280 31 . 1070 7
137-105-10ABB 2020 9 10 210 0 6 1 500 1 770 370 18 1 1310 19
138-102-34DDA 1600 9 11 100 20 1 1 410 1 650 210 28 1 1030 5
138-106-25DDA 1780 9 9 80 20 2 2 420 1 717 280 21 3 1120 10
139-102-02DCA 1650 9 16 1 1 420 2 730 220 39 . 1100 5
139-102~14DRBD . 9 16 . . 1 0 410 2 733 210 41 . 1070 3
139-102-17CAC2 1700 9 10 1100 40 2 1 410 1 660 250 32 1 1080 8
139-105-13BBC 1840 9 10 340 0 3 1 440 1 760 270 24 4 1160 11
140-100-28CAB 1670 9 11 230 0 2 2 410 2 79 160 34 0 1050 13
140-101-35DAD 1690 9 15 40 0 4 1 410 2 . 120 68 . ) 13
140-102-06DCC 1750 9 10 140 20 1 0 430 1 680 260 37 1 1120 4
140-102-10DDA . 9 9 . . 3 1 480 2 590 500 - 8 . 1340 12
140-102-18DCC 1800 9 9 100 10 3 2 420 1 670 260 44 4 1100 13
140-102-22DBD 1700 9 13 230 0 3 1 410 1 668 220 56 1 1080 13
140-102-22DCD 1720 9 14 40 . 0 1 0 410 1 . 220 . 50 . . A
140-102-26ACC . . 17 . . 4 0 440 0 740 220 38 . 1130 10
140-102-26BBB 1670 9 14 0 0 3 0 410 1 677 220 41 . 1060 8
140-102-26BCA 1680 9 14 140 20 3 1 410 1 730 190 37 1 1060 9
140-102-27ACB1 1700 9 14 1 0 440 2 780 170 42 . 1110 5
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T-R-5-q
140-102-54AAD
140-103-02CDC
140-104-12ADB
140-104-15BBD
140-105-14ABA
140-105-30CCC1
140-106-25CBB1
141-100-30ACA
141-101-02AAC
141-101-21BCB
141-101-21CAC
142-101-33DBA
142-102-04BCB
143-102-01BBD
143-102~-29AAD
143-105~-33BAB
144-099-14ABB
144-100-24BBD1
144-102-27DCC
144-102-29BBA
144-102-35CCB
145-074-08AAA
145-077-04ABC
145-077-04DAR
145-077-09BBB
145-077-09DDD
145-077-16CAA
145-077-22BAA
146-077-29DBB
147-074-04BDD
147-075-20ADC
148-077-02DDD2
149-075-15ABB

1760
1790
1670
1820
1890

2060

2170
1600
1700
1700

2400

2050
1550

1720

1450
2100
2150

2100,
1900’

2250
1750
1700
1850
1910
2700
2200

VLN OO WDWWWOo WO oW WIWWWWWO\

i5
10
11
10
10

7
11
10
15
16
13
15
11
15
16
13
13
15
14
13
12
29
12
12
13
19
10
11
13
22
26
13
18

CRETACEQUS HELL

230
130
100
330

40

80
210

730
270
420

1700
420
460
380

3000
150

1000
750

13000
20000

3000

650

l=me/1
SPCND(3) Pi S{Q2{1) FE(2) MN¥{2) CA(1

20
10
10

0
20
20

0

20
10

120
60
40
60
20
20
10

240

260

100
10

)
1
2
2
2
4
3
4
2
0
2
2
0
3
1
2
4
2
3
2
2
2

26
19
8
30
11
8

7

6
140
140
10

CREEK-FOX HILLS FORMATION
2=ug/1

p—t

—

i

W~
A= WNENONM WO WR OOO = WUNODOOOOO~NWM M =NCO

400
440
430
430
450
570
530
410
440
430
410
460
570
470
450
450
430
450
470
440
430
300
500
550
520
480
590
420
430
210
240
570
560

3=umho/cm
MGU1) NA{Y) K{1)

NN = LW NN =N

Ll
WL OOONWNWULWWARNNPDNONNRMEENNWNODN-

HCO3 {1y S064(1) CLe13 NO3(1) DISLDOY

710
710
666
674
708
728
790
765
890
760
740
820
1500
870
750
834
969

890
810
790
644
883
915
973
941
796
852
996
905
786
867
741

240
220
300
310
320
640
430
170
150
200
190
190
12
140
250
190
7
29
160
170
160
140
410
460
400
280
600

240

7
340
430
150
540

31
65
38
38
37
31
23
37
40
33
38
35
2
48
44
40
84
78
56
49
66
79
13
13
10
17
10
15
85
6
16
270
51

. N = o LW N

W O = WWO O WW:

1080
1130
1140
1150
1210
1680
1410
1050
1090

1070
1150
1370
1140
1180
1140
1050

1180
1110
1110

918
1400
1500
1470
1290
1630
1130
1040
1260
1320
1480
1560

P

3 &

HARDX E
3

15

8

7

12

110

15

- N
N0 e s D= V0o OO

ot
W~ A
SO N

120

N W
NS~ O

650
560
50
20

J—
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CRETACEOUS HELL CREEK-FOX HILLS FORMATLON

1=mg/1 2=ug/l 3=wmho/cm
 T-R-$-Q SpPCND(3) PH SI02(1) FE(2) MN(2) Ca(1l) MG(1) NACL) K(1) HZ03(1) 804(1) CL(1) NO3(L) DISLD(LT HARDE )
150-074-08CHEs 2090 3 53 210 0 8 2 490 6 796 240 120 3 13490 =Y
150-074-14BBE 4000 8 20 240 60 18 7 880 10 523 850 470 10 2530 74
150-075-35BBD 3010 8 45 1500 160 22 5 730 7 848 950 13 4 2210 74
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CRETACFOUS FOX HILLS FORMATION

T=mg/1 2=ug/1 J=umho/cm
T-R=5-0 SPCND(3) PH SI02(1) FE(2) MN(2) CA(1) MG{1) NA(1) K1) HCO3(1) S04(1) CL(1) NO3(U) DISLBO1) HAREXCL,
129-077-17ADA 2650 8 25 4700 790 293 128 220 15 977 825 14 . 2030 1260
129-078-11DCC 1870 7 15 0 250 74 54 299 9 763 422 20 . 1270 407
129-081-01BAB 2520 8 12 2100 40 11 3 610 5 905 600 13 1 1720 38
129-087-10BBC = 2000 . 10 220 20 3 1 470 1 907 2 220 1 1170 10
129-089~24DDD2 2000 8 10 0 20 23 5 473 2725 508 3 . 1390 77
130-071-20DDD 1080 8 43 80 140 68 A 74 12 378 170 13 2 613 350
130-076-34DCD. 3510 8 12 3600 200 78 32 669 12 204 1240 229 . 2380 325
130-077-01CCC 1500 8 31 . . 80 64 196 11 545 395 10 . 1060 462
130-081-31BBB2 1440 8 17 0 10 7 0 340 1. 577 254 0 . 918 18
130-083-25CBC". 2590 8 15 0 20 16 4 617 1 820 739 5 . 1810 56
130-083-28DCDY 2030 9 . 690 . . . . . . 595 9 . 1200 32
130-083-28DCD2 2530 9 2100 . . . . . . 846 21 . 1540 46
130-083-28DCD3. 1710 8 . 400 . . . 432 . 726 330 10 . 1110 15
= 130-084-36ABA 2470 8 13 1200 80 7 1 540 2 675 410 130 0 1450 il
o 130-085-17DAAT 2200 : 16 1200 30 3 1 510 2 875 3 270 1 1250 12
130-086- 28CCC1 2130 9 11 0 10 4 2 510 3 874 30 249 0 1270 16
130-089- 32DDA 2600 . 9 40 20 3 1 600 2 847 2 410 1 1460 g
130-089-33CCB . 3180 8 6 140 30 185 125 421 11 663 1320 13 . 2410 975
130-099-04BAA 4500 7 . . . . . . 14 . . . . .
131-067-35ACC 990 7 20 1100 1500 140 56 36 8 456 260 9 0 757 580
131-071-07BBB2 610 8 20 0 100 IAA 19 61 6 313 50 5 1 370 190
131-072-02CCC2 400 8 15 240 240 40 12 28 6 237 21 3 1 246 150
131-072-14BBB2 420 8 19 0 100 35 18 19 6 224 7 3 1 219 160
131-073-35BCC 1180 8 19 480 120 39 20 170 11 514 - 120 11 2 650 180
131-087-06BCB 1770 8 10 100 40 4 2 425 1 742 291 13 . 1130 21
131-088-01AAD 1750 . . . .. . . . . . . . 1140 10 .
131-089-30AAA 2330 8 10 980 40 4 1 550 3 880 10 330 . 1370 12
131-090-04CAA 1040 8 11 360 10 61 21 143 13 415 212 1 . 668 240
132-068-02DDD2° 840 8 26 80 200 92 51 17 6 397 120 6 1 527 440
132-068-22CDA 1850 8 16 190 560 180 110 120 12 479 590 40 87 1390 900
132-069-05BCD 1670 8 19 420 1400 97 26 250 11 485 370 .95 0 1110 350
132-070-22BBB1 800 8 22 210 220 26 11 140 7 373 86 4 2 498 110



CRETACEOUS FOX HILLS FORMATION

_ l=ma /1 2=ug/l 3=umho/cm

T-H-5-9 SPOND(3) BH 3702(1) FE(2) HH(2) CAC1) MGl NA(1)Y K(1) HCO3{1) SO4(1) CLOVY NO3(1) DISLDU) HARDR{
132-071-01DDDz 550 3 18 40 20 39 18 i50 g 4106 98 18 3 573 170
132-072-22CCC2 555 8 25 0 460 61 21 17 6 292 37 2 2 318 240
132-073-02DDD2 610 8 45 0 300 68 24 37 7 322 91 3 1 441 270
132-073-04BBB2 1690 8 22 350 720 14 4 340 7 667 210 8 7 941 50
132-073-04CAB 4120 8 11 60 180 190 250 470 15 852 1100 190 570 3220 1500
132-073-08CBC 4520 7 21 170 50 320 240 580 23 499 2500 64 33 4030 1800
132-073-28BAB 1650 7 15 690 400 200 88 78 12 683 460 6 0 1200 860
133-047-17CCC1 869 8 21 60 260 17 36 67 7 490 66 16 2 535 340
133-047-20BAA1 1090 8 21 850 320 84 83 35 5 456 250 7 2 713 550
133-047-20DDD1 2890 8 16 3200 30 370 140 170 12 341 1500 41 3 2430 1500
133-078-09CCC 1200 8 17 0 60 32 25 220 6 599 163 8 . 770 184
133-082~05ABC 2300 8 17 270 30 6 1 590 2 1170 170 100 1 1480 18
133-082-05DBA 2120 8 21 380 20 79 30 410 7 1170 130 96 1 1350 32N
e 133-082-15ACD2 2730 8 16 860 40 7 2 670 8 1130 530 42 1 1840 24
g: 133-082-29CDD1 2240 8 16 90 10 3 4 560 2 1150 230 74 1 1470 26
133-082-31DDA 2150 8 16 220 10 4 2 530 2 1100 240 37 1 1380 17
133-082-32BAD 2270 8 16 0 0 5 1 570 2 1130 200 93 1 1450 17
133-085-12AAD 2270 8 17 920 0 3 1 559 2 1130 6 224 1380 12
133-088-14DAC 1640 7 . 11000 . . . . . 391 456 11 1170 680
134-075-08DCB 1070 7 49 6400 630 126 54 37 11 408 264 2 753 538
134-077-18CCB 1260 -8 19 . 280 10 30 16 243 4 494 237 4 . 800 142
134-079-07BCB 1750 8 27 40 260 32 15 370 5 720 350 5 1 1160 140
134-079-20AAB 1150 8 15 150 260 36 32 190 6 470 240 7 0 757 220
134-080-16DAA 1930 8 24 0 20 14 7 450 4 880 310 10 1 1260 64
134-080-17DDD 1940 8 19 200 80 19 7 440 5 910 300 10 1 1250 76
134-080-23BAB 1940 ‘8 15 490 240 12 8 450 3 840 350 5 1 1260 62
134-081-06DAB2 2700 8 26 20 40 9 4 680 3 890 700 41 3 1910 41
134-081-08DAD1 2540 8 25 310 40 25 11 600 3 800 690 4 4 1760 110
134-081-08DAD2 2520 8 25 80 30 7 4 610 2 760 750 2 3 1780 32
134-081-30BCD2 2490, 8 17 20 10 5 1 610 3 1100 320 69 1 1570 18
134-082-01AAC 1800 8 22 90 50 3 3 470 2 1000 140 RN 3 1180 20
134-082-01ACA 1420 8 24 400 50 3 3 360 1 730 160 9 1 928 20
134-082-35DAA 2370 8 16 60 0 5 6 570 2 1110 240 82 1 1490 36
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T-R-5-0
134-082-36DCH
134-083-05DCC
134-083-17CCC
134-083~-17DDB1
134-083-17DDR2
134-083~-23CAD

134-083-26BBA

134-083-32AA41
134-083~32AAA2
134-084-01CDC1

134-084-01CDC2
134-084-03ADC

134-084-03CBA .

134~084-11DDD

134-084~-17DBD
135-075-12DBB
135-076-19CCC
135-076-19€CC
135-076-19CCC
135-079~10AAB1
135-080-30AAB

135-080-32DDA

135-080-33DPA
135-081-03BCC
135-081-04BAB
135-081-24DDD
135-082-30CRBB
135-083-31BCD
135-083-32CBB1
135-084-04DCC
135-084-09CCD
135-084-16AAA1
135-084-16AAA2

SPCND(3) PH S102(1) FE(2)

2500 . 14 2500
1610 8. 22 610
1600 8 25920
1950 8 24 190
1530 8 25 1300
1410 7. 26 5800
2110. 8 - 23 270
2280 8 24 360
1790 8 22 3600
773 8 24 2100
862 8" 19 3100
2240 8 13 170
2100 8 9 370
730 8 20 2100
1610 8 24 1300
533 8 43 0
1150 8 40
1170 . 40 .
1210 8 44 640
2900 9 9 40
1310 8 28 40
1770 8. 16 640
2080 8. 27 100
1070 8 22 1500
998 8 30 1100
1760 8 12 100
1310 8 14 40
1450 7 . 940
3110 9 8 0
1930 8 25 1000
2330 8 14 7400
919 8 24 1700
889 8 15 2900

CRETACEOQUS
1=me/1
ME(2)Y CACD)
50 5
100 26
160 22
140 140
60 66
500 140
20 70
120 20
60 110
620 70
520 90
10 4
10 3
540 67
100 14
20 7
11
. 18
140 32
40 7
10 110
50 6
140 70
1200 160
480 120
10 8
80 17
60 16
40 6
40 31
220 130
340 130
220 110

3=umho/ om

dC030 1) 504(1) CL{

FOX HILLS FORMATION
2=ugz/!
MGOLy NACLY Kt
2 040
11 360
9 350
68 250
35 250
60 100
33 420
8 520
47 250
28 56
43 39
3 520
3 470
27 51
4 380
38 45
12 249
7 254
17 230
2 690
33 150
3 430
26 400
41 21
29 62
5 420
6 290
7 320
2 750
15 430
55 380
35 35
40 33

MR CTUIRNNWNNOOOOTNDDWUMOUOONN NSNS N~ WL WK

1080 470
800 230
680 280
800 460
710 270
600 310

1050 300

1070 210
670 470
330 150
360 190
960 250
600 540
340 120
720 270
220 90
567 151
561 166
570 190
1110 -5
560 260
800 300
720 510
460 240
410 210
800 270
550 230
670 230

11160 470
950 280
660 790
550 73
520 88

WHSMOODOWOUAEANNOUNMON~WONNMUOUOOWWDS
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bt had (D ped e md pd bd pd bed ped beed ped b e e
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110
93
630
310
600
310
82
470
290
400
20
20
Zov
52
174
117
73
150
27
410
26
280
570
420 -
40
67
69
24
140
550
470
440

——



CRETACECUS FOX HILLS FORMATION

I=mg/ ] 2=ug/ ! 3=umho/cm

T-R-2-8 SPCNLT3) PH SIOZE1)Y FEL2) MN(2Y CAQUD) ®Gi1y NACLY KOt) HCO(1) sSO4(1) CL{1) NOB(Cij DISLDOL HARGHL by
135-084-16AAA3 953 3 15 4500 540 i20 41 34 4 530 100 3 1 560 570
135-084-16AAA4 1480 8 19 1200 80 32 12 330 3 830 150 9 1 969 130
135-084-16AAAS5 990 8 17 5700 300 130 38 41 4 570 110 3 1 632 480
135-084-16AAA6 969 8 16 2600 300 120 41 40 5 550 110 4 1 611 470
135-084-16AAA7 995 8 15 4500 140 79 30 110 4 560 1100 3 1 624 320
135-084-16AAA8 904 8 23 2700 40 130 33 27 3 560 69 2 1 568 460
135-084-16A4A9 1020 8 22 3800 240 110 28 93 3 610 89 2 1 654 390
135-084-16AAB 1320 8 18 3300 560 37 16 280 5 700 150 . 6 1 869 160
135-084-16ABA 1950 8 25 1400 160 70 28 370 6 830 410 5 1 1330 290
135~084-16ABB 1620 8 24 5700 200 97 48 230 6 700 360 1 1 1120 440
135-084-21DBD2 1920 8 25 1600 20 45 21 400 5 760 420 8 1 1300 200
135-084-21DDD3 104 8 23 3300 140 47 20 170 4 470 180 3 1 685 200
135-084-23AAB 2170 8 . 300 20 4 1 530 1 930 370 17 3 . 13
135-084-26DAA1 1880 8 26 1800 20 110 45 290 5 620 550 5 1 1350 Guu
o 135-084~-26DAA2 1700 8 25 2700 40 110 55 220 7 680 420 4 1 1180 500
® 135-084-26DAA3 1270 8 22 5000 80 110 50 120 5 480 320 3 1 875 480
135-090-23BBB1 2250 9 10 300 80 3 1 567 3 1080 20 167 0 1370 12
136-075-14AAA 764 7 39 1600 130 33 12 129 5 380. 103 1 . 515 130
136-079-05CCC 2990 8 12 130 20 7 3 720 3 1210 140 340 1 1830 29
136-079-07BAD1 2070 8 12 370 20 4 1 490 2 630 550 4 3 1380 13
136-081-06BBB 2570 8 28 500 80 84 27 510 8 1000 510 63 1 1730 320
136-081-07A7A4A 980 . 29 1700 400 117 24 88 12 467 88 1 1 553 290
136-081-07BBE 2640 8 27 120 120 62 18 570 6 1010 490 76 1 1750 230
136-081-07DDC1 1620 9 10 190 20 2 3 400 1 380 130 7 1 175 19
136-081-13DBD 2420 5 18 1200 100 59 27 500 4 750 750 0 8 1740 260
136-081-16BBB 1800 8 28 440 250 140 46 230 7 590 520 7 1 1270 540
136-081-16CDD 1350 8 25 190 100 70 23 220 4 490 310 9 1 305 270
136-081-31ABB 1420 8 21 120 260 37 12 290 5 560 300 5 1 950 140
136-081-32ABD 1050 8 14 11000 1600 150 49 22 7 450 250 0 3 729 © 580
136-082-07CCC1 2840 8 11 . 460 10 5 4 690 2 1200 0 380 4 1710 30
136-082-08AAB 2560 - 8 18 420 30 8 2 660 3 1380 25 210 0 1610 26
136-082-22BBC 1980 8 15 400 0 4 0 500 2 1060 130 61 3 1240 10
136-082-22DAA 1450 8 28 150 1000 110 38 170 9 550 320 21 1 969 430
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T-R-3-9
156-082-01CCC
136-083-10CDA
136~083-10CDD
136-083-19ADB1
136-083-22BID2
136-083-22BDD3
136-083-22CCB
136-083-26DDC

136-083-32CDD1 .

136-084-20DBA
136-084-21BDC
136-084-30DAA
136-084-31ADD1
136-084-31ADD2
136-084-33DDD
136N081W16CCC
136N081W16CCD
137-080-07CAD
137-081-10BAA
137-081-24ADB
137-081-28CBC1
137-081-28CCD
137-082-36DDD
137-083-06CDD1
137-083-07BBB1
137-084-22ACD1
137-085-06CCD
137-085-17CDB
137-086-03AAD1
137-086-28NDCD
137-086-34BAB
137-087-12CDA
137-088-21DDC

SPCND(3) Bt

2170
2190
421
72150
2110
2980
1760
9090
2310
71240
2350
1220
2120
1160

1500

1070
. 931
2490
957
2310
1220
1810
2580
3800
2610
2190
2900
2490
2600

733
1550
2230

950

——

00 0O 00 00 0O £O 0B 00 0O 0 00 00 0O 0O ~J 00 0O 00 50 0o 00 GO

O O OO 000000

SIN2{1) FE(23 MN{2) CA(l

13
12
8
11
1
13
11
on
17
23
13
18
19
21
10
26
33
16
23
16
26
31
20
15
23
12
25
19
11
11
8
6

1

190
90
800
40
180
900
160
310
44000
1300
140
120
380
3500
870
40
60
20
350
200
2000
20
580
100
220
160
860
1200
40
530
110
190
40

CRETACEOUS FOX HILLS FORMATION

3=umho/cm

lzmg/ |

ol
0
130
0
20
90
30
80
400
80
10
240
10
10
40
820
400
0
400
20
110
60
40
10
80
140
10
60
10
220
10
20
20

AU

41

Lo

37
3
400
230
71
5
48
4
68
4
100
88
4
70
6
39
66
19
5
40
3
80
61
3
64
2

4

4

2=ug/1

) MG(L) HA(L)
- A -

. b

2
15
1
12
16
1
980
170
33
0
27
1
34
0
29
29
2
38
0
15
21
8
1
17
1
39
26
1
34
2
2
6

S50
540
29
550
500
120
440
1200
130
160
590
200
530
150
380
100
84
610
110
580
230
360
610
740
570
560
600
510
720
41
370
560
220

K{l}

NN NSNS WLWENWNDUNOO = DN NTD O — DN NN

21
21
160
12
62
160
13
5000
1300
330
12
230
16
Siv
10
370
340
18
330
15 .
160
250
81
17
170
10
360
260
11
300
14
16

HCOT01) SO0G(L) CLOL) HUS(TG DISLDOTY HARDG
1120 8 110 1 1350
810 530 0 1 1490
260 10 0 2 236
1150 61 140 1 1340
740 570 0 0 1470
1070 830 1 1 2150
810 300 0 1 1160
930 6400 150 170 9790
710 960 6 1 1920
540 210 24 1 803
1150 150 120 1 1450
510 230 10 1 792
1160 3130 0 1290
450 270 4 1 777
780 200 0 3 989
420 250 4 1 722
430 160 3 1 618
1010 380 87 0 1610
510 140 1 1 641
1170 300 23 2 1510
520 230 0 1 803
790 320 24 1 1220
1260 300 66 1 1650
1200 7 490 . 1860
990 460 120 1 1730
1210 200 30 3 1410
1120 720 5 1 2030
990 520 4 1 1640
1210 5 330 . 1710
360 89 13 1 439
660 240 4 1 985
1090 290 8 1 1440
339 62 22 566

34



CRETACEOUS FOX HILLS FORMATION

; I=mg/ 2=ug/l 3=wmho/ cm .

T-R-5-9Q . SPEND(2) PH SIQ2(1) FE(2) MN(Z) CAL1) MG(1) NA(1) K(i) HCO3(1) SO4(1) CL{1l) NO3(1) DISLE(D HARDN{ 1)
138-U80-0GADLD 830 8 15 2000 1000 71 20 77 3 320 160 13 1 521 2bU -
138-080-06BCA1 1880 8 16 1200 1400 130 55 250 5 940 260 47 1 1230 550
138-080-06BCA2 2750 8 13 100 0 5 2 670 2 1150 8 360 1 1630 20
138-080-06BCC 1540 8 21 2400 520 120 66 170 7 850 180 27 1 1020 570
138-080-30CDD 1860 8 15 100 10 32 15 370 4 600 330 63 66 1190 140
138-080-31DBB 2200 8 13 40 10 5 2 530 4 950 260 98 3 1390 18
138-081-01CBD 1350 8 19 210 20 31 13 280 5 620 210 16 1 881 130
138-081-01CCA 1230 8 28 250 580 87 37 140 7 550 200 29 0 800 370
138-081-09ABB1 4600 . 16 1100 30 8 3 970 3 1100 3 890 1 2440 32
138-081-09ABB4 2230 9 5 60 40 3 2 560 2 1140 220 36 1 1420 17
138-081-12DAB 1370 7 21 12000 100 98 52 150 5 960 5 11 1 827 460
138-081-15DDC 1710 9 9 170 0 13 24 420 2 820 190 18 3 1110 130
138-081-17DbbaA . 2170 8 10 230 10 4 1 550 4 1220 4 140 3 1330 15

. 138-081-20BAA 2050 8 9 140 0 4 1 520 3 1180 79 63 1 1280 15
3 138-081-25ADB 1540 8 15 100 10 22 10 340 4 510 280 70 1 994 94
< 138-081-30ABB 726 8 11 60 80 77 33 26 4 330 76 13 41 444 330
138-081-32ADA 2260 8 10 40 0 5 1 560 3 990 380 16 3 1480 17
138-081-35ABA 2180 8 22 1100 170 39 13 460 5 940 120 210 1 1340 150
138-082-04BDD1 2800 8 11 40 0 20 7 670 10 1160 1 390 1 1690 78
138-082-05BCA 2830 8 12 60 0 5 1 690 7 1230 -3 360 1 1690 18
138-082-05DBC 2860 8 13 190 10 5 12 700 6 1230 2 380 1 1730 61
138-082-08DDD 2920 8 11 560 20 7 2 700 5 1250 5 390 1 1740 27
138-082-20DDD 2440 8 9 190 30 6 5 630 8 1090 400 23 2 1640 32
138-082-30CBD 2340 8 10 170 - 30 4 1 610 8 1120 - 260 59 1 1540 16
138-082-34DAB 2620 8 9 230 20 5 2 650 8 990 580 11 1 1780 21
138-083-14ABB 2850 8 10 80 0 4 2 690 4 1270 13 350 1 1720 15
138-083-22ABA 2900 8 12 570 10 4 1 700 4 1190 17 380 1 1720 14
138-083-22BDB 3100 8 12 0 10 4 1 740 4 1230 18 420 1 1820 15
138-083-26ACC 2680 8 12 110 20 3 2 660 3 1300 15 260 1 1620 14
138-083-26CDB 2340 9 10 110 10 3 1 580 3 1030 330 38 0 1510 13
138-084-01ABC 4300 7 19 380 80 77 58 1000 9 1750 1200 2 1 3230 430
138-084-10ABB 2520 8 8 570 10 3 1 630 4 1470 5 140 1 1540 12
138-084-25AAA 3350 8 11 260 10 7 2 820 5 1020 960 2 3 2330 27
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T-R-$-0
138-084-27¢CCC2
138-085-01CAA
138-085-10CAB
138-085-20BBD
138-085-22BAD
138-085-26CDD
138-086-11DDB
138-086-13CCC
138-086-17CDD

138-086-17DRC "

138-086-20BAB -
138-086-20BEB
138-086-21BCB
138-086-26CCC
138-086-26CDD1
138-086-35BBC
138-086-364AB1
138-087-03DEB
138-087-28BBC2
138-087-34CBA
138-089-13CBB
138-089-32CBB2
138-089-35B4A
139-080-31CAA
139-080-31ChD
139-081-04BDA1
139-081-04BDA2

139-081-09AAA1 .

139-081-09AAA4
139-081-15CBB
139-081-16BCC
139~081-16CDB
139-081-22ACC

.SPOND(3)

1250
2340
1920
2320
1790
1470
1460
1560
1600
826
2740,
2150
1640,
3020
2140

. 3020

2510

3120

2390
2210
2990 .
1940
2000
1140
910
3710
3360.
3250
8000
3020
3350
2730
2710

°PH 5102(1

o

O W oW W

00 CO 00 OO 0O 0O CO 00 GO 0D 00 00 0O OO0 00 60 5. 00 00 .00, 03 00 €O 0O Co-»

QN 00 W WO O

20
680
1300
110
310
130
2100
480
1600
100

-2900

270
150
190
270
350
640
2100
140
0
80
290
90
560
60
70
190
240
40
190
100
20
370

CRETACEOUS FOX HILLS FORMATION
~ J=umho/cm -
HCO3(L) SO4(1) €L{1) NO3(1) DISLD(!) HARDX{ 1)

) NA{1) K({1)

1=mg/1 2=ug/l
) FE(2) MN{2) CA(1) MG(1Y

20 12 / 280
20 2 3 590
20 3 1 490
40 7 2 570
10 3 1 440
20 3 0 360
80 10 5 350
80 19 8 360
170 23 10 370
20 94 40 33
40 60 29 610
20 46 23 470
320 90 43 250
0 96 46 630
40 35 15 500
10 96 44 650
20 3 2 640
90 110 47 620
120 2 2 600
80 2 2 560
120 3 4 750
100 3 1 500
120 12 6 520
1500 120 41 82
460 98 35 63
30 17 8 930
0 6 2 810
10 6 .2 850
210 78 50 2000
70 8 3 750
10 1 1 800
20 5 2 650
0 6 2 680

>

NNRNONNNWWEDSPENNNNNNODSDEODOOUTOWWWEN = DN ESC

630
1360
1060
1130

880

640

740

820

840

510
1170
1070

820
1140

920
1130
1310
1140
1090
1210
1230
1240
1290

450

480
1140
1290
1300

960
1150
1310
1200
1240

140
54
150
330
220
220
180
190
200
51
600
290
280
850
470
800
310
870
360
210
640
65
. 82
260
100
1200
3

4
3800
660
1
13
320

5
82

[ et
ANV OoOWESsWULOLNNEEUVMWNDWWWW

—

N bt bt ek
SO ONO O

500
560
24
16
500
350
94

= b bk e b D (D e L) bt U et bt et bk (O e bed e el el e BN e O

— .

— o

779
1450
1210
1500
1140

936

953
1010
1050

500
1920
1390
1100
2230
1500
2190
1660
2250
1550
1410
2030
1210
1280

764

567
2760
1980
2090
6450
2040
1970
1630
1740

59
18
12
28
10
10
43
82
99
400
270
210

AnD

430

150
420
18
470
14
12
23
11
56
470
390
76
23
24
400
32
8
22
21

_



CRETACEOUS FOX HILLS FORMATION

T=mg/1 2=ug/1 3=umho/cm

T-R-5-9 SPUND(3) PH STO2(1) FE{2) HN(2) CA{Ll) MS{1) NA(1)Y K{1) HCO3(1) S04(1) CL(1) NO3(1) DISLD(CL; HARLN: 1)
139-061-25CBB 1920 5 17 20 100 95 49 310 b 910 280 51 3 1270 440
139-081-25CCC 1690 8 17 210 2400 190 67 130 6 840 300 10 1 1140 750
139-081-26ACA 1530 8 21 4600 860 130 43 180 5 730 260 11 5 1020 500
139-081-28CDC 1250 8 12 80 70 150 43 81 5 570 240 7 1 820 550
139-081-30ADA 1680 8 17 250 160 100 2 310 4 720 220 83 1 1090 260
139-081-30BRBB 887 8 14 1000 600 100 27 62 9 420 140 5 1 567 360
139-081-30DDA 2520 8 10 120 10 4 2 610 3 1200 7 260 1 1560 17
136-081-36CCD 1870 8 19 1200 100 110 47 280 5 920 290 37 1 1250 470
139-081-36DAB 1270 8 16 1800 1700 130 43 110 8 750 120 6 5 812 500
139-082-08BCC 2790 8 14 20 0 5 1 690 4 1300 5 330 1 1690 16
139-082-15ADA 3070 8 18 390 0 6 9 760 7 1290 1 420 1 1860 51
139-082-21AAB 4580 8 11 20 10 15 10 1100 5 1210 1500 11 5 3260 79
139-082-23DCB 3060 8 12 230 40 8 2 730 7 1190 1 450 1 1810 3N
— 139-082-24CCA 3200 8 13 140 0 6 2 770 8 1280 2 470 1 1910 24
N 139-082-25ADD 1170 7 18 5400 280 120 32 100 8 560 110 60 1 731 430
139-082-25BBD 1030 _ 8 16 6300 700 170 60 140 4 720 340 25 1 1120 670
139-083-12DBA1 2800 9 12 60 20 4 1 750 2 1220 4 370 . 1800 15
139-083-12DBA5 2300 9 9 30 20 4 2 600 2 1040 380 22 . 1540 19
139-083-24DDB 4380 9 9 20 10 13 7 1100 5 1090 1500 8 0 3210 61
139-083-28DAD 2550 8 7 40 20 4 4 620 2 1100 410 34 5 1650 26
139-084-27BBC 1980 9 7 80 10 3 2 500 2 1090 110 45 1 1240 15
139-085-03DCC 2190 8 8 1600 20 2 2 570 2 1180 230 5 1 1430 12
139-085-06CDD 2480 8 6 140 60 11 7 630 3 1450 220 13 5 1610 57
139-085-06DDDb1 1650 8 10 260 620 70 48 260 6 560 440 19 5 1140 370
139-085-06DDD2 1020 8 10 100 200 - 88 28 92 5 370 190 18 45 659 340
139-085-18DCDH 1640 8 25 220 160 89 26 . 290 5 780 300 2 1 1120 330
139-085-21AAD 2420 9 -8 0 20 3 1 620 2 1230 310 4 1 1580 12
139-085<21ADC 2240 9 8 400 10 3 1 570 3 1160 290 6 0 1480 12
139-085-21BAC 2800 . 8 3700 80 5 3 700 3 1320 380 6 1 1830 26
139-085-21BDB 1670 10 3 260 40 2 1 400 4 380 190 11 0 1020 10
139-085-22BCB 2740 9 9 4100 100 4 3 700 3 1320 410 5 1 1810 21
139-085-24BAB 2190 9 12 590 20 2 1 570 3 1140 260 7 1 1440 12
139-085-30AAB1 3450 9 9 1900 160 7 2 800 5 1090 5 590 1 2000 26
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T-R-5-0Q
139-086-27BAA
139-086-35BCC

139-086-35BDA

139-086-35CBC
139-086-35CCC
139-087-01BCB
139-087-08BAB
139-087-11DCD
139-087-16CDB
139-087-18ABC2
139-087-23BBB
139-087-26ADB
139-088-06DDD
139-088-15CCC
139-088-25BAD
139-088-25BCC
139-088-28DDA.
139-088-31BBC1

139-088-31BBC2 .
139-088-34BCC1 -
139-088-34BCC3
139-089-22ADA -

139-089-26CCD2
139-090-12DAA’
140-062-02CCC
140-062-16DDD
140-062-23AAB
140-062-23ABB
140-062-27CCC1
140-062-27CCC2
140-081-18ABD
140-081-21CBC
140-081-29ACC

SPCND(3) PH SIG2(1) FE

1500
1320

1460
1250

1575
2100
2270

2340
1310

2400

2120

2170

3790
3400

3330
3110
4240
2060
3460
2400
2600

12540

3990
3160
1240
1690

1110 .

1110
1430
1060
1376
1870
2780

Co o0 0o Co

05 00 000000 00 0D 05 \OAD 00 00 O \O -

00 0o 00 OO0 0O 00 0o O oo

i8

17

13
14
28
9
11

8

8

8 .

6
13
19
25
21
24
21
27
24

4

9
10
17

8
23
23
22
23
21
19
15
18

10

6100
1100
1200
1800
2600
190
190
380
480
90
320
90
2000
0
60
1200
1800
920
2500
20
180
20
1700
140
490
130
20
1400
1400
0
5100
1700
60

CRETACEOUS

I=mg/1
23 MN(2) CA(1)
520 50
220 22
520 140
360 80
70 16
10 2
40 3
40 2
780 79
- 20 9
20 4
10 2
60 210
80 140
80 110
0 90
70 130
40 28
70 47
5 4
60 3
50 17
120 260
30 6
180 70
20 26
120 65
60 63
160" 24
10 140
1600 110
100 190
0 5

cm
HCO !
640
650
560
590
856
1000
1330
990
510
1430
1310
1510
960
1000
1150
1070
1300
1020
1310
880
1300
1880
1130
970
493
601
478
468
519
406
600
1020

FOX HILLS FORMATION

2z=ug/l 3=umho/
MG(1) NA{LY K(L)

18 280 4
13 290 - 3
32 170 4
19 200 3
5 370 2
1 520 2
1 590 3
3 590 4
57 160 5
22 620 4
1 560 3
1 590 3
94 670 11
73 630 10
57 630 11
50 630 9
57 910 7
10 490 6
22 800 )
1 730 3
3 630 2
20 700 3
110 650 12
3 790 4
40 150 9
23 340 8
24 150 7
25 150 7
10 300 7
46 28 7
43 160 4
77 160 6
1 660 2

1190

1) SO4(1) CL{L)Y NO3(1) DISLDCl) HARDN: Y

290
190
350
190
160
290
170
450
320
160
18

7
1500
1200
930
910
1400
280
890
7
290
96
1600
1000
210
240
160
160
210
250
280
260
4

3
4
14
12
3
2
7
2
3
15
14

—
w

O}
— O
LonpoOooOoONOONUNNOOUNTW

. —
N = o s =0
DN WO - O N

350

i

1
1
1

N e N ke 00 e D e N O

—_ e

w

—_— L e et e Ot e e

990

863
1000

813
1010
1350
1470
1570

886
1580
1330
1400
3000
2580
2340
2250
3180
1350
2450
1770
1610
1780
3200
2300

799
1070

706

706

907

704

928
1250
1630

200
110
480
280
60
8
10
15
430
110
12
8
010
(e ]V)
510
430
560
110
210
16
18
130
1100
28
340
160
260
260
100
540
450
790
18

—
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T-R-5-4)
146-082-01DAD
140~084-35CCC
140-085-18BBC
140-088-16ADB1
140-089-36ADD2
140-090-12DCC
140-090-17ACB
140-090-20DBA1
140-090-21BCB1
140-090-21BCB2
140-090-32BDD
140-090-33ACD
140-090-34AA4
140-090-35BBA
141-089-36DCD
141-095-06CCD
141-096-29CCC
141-097-06BAD
142-084-24BBA
142-092-08BBE
143-095-32ACB
143-095-34ACD
143-097-24DBB
164-089-35AAD
145-075-09BBB1
145-078-05BBB
146-074-08DCB1
146-074-08DCB2
146-074-21CCC
146-076-33DAA
146-077-11ADB
146-077-20CDB
146-077-21BBB

CRETACEOUS

STOND(3) PH SIQ2€1) FE(2) MN(2) CA(L)

1069
1960
2630
2900
2800

966
2680
2800
2500
9760
2310
2390
1830
2970
2930
1370
2470
1040
2820
1440
2660
2550

779
2460
1280
2700
1500
1500
1500
1680
1600
2290
1900

8
8
9
9

00 CO 0000 O\ \WIWOES 0000 C0\WOo 00\ 00000 000 00 o Co

14
9
7
4

16

12
2

11

19

10

21
2

20

14

18
9

13

13
8

17

27

28

16

11

20

11

42

43

25
30
26
13
il

40
1400
420
-0
5500
20
-90
20

0

360
100
100
2100
2000
0

1200

80
320
130
200
340
120
290
410

20
140
120
180

3300
180
480
200

t=mg/ 1
1100 50
. 5
120 5
10 2
60 100
0 110
10 4
70 6
40 55.
100 490
20 3
10 7
40 62
70 13
60 140
10 10
0 22
40 95
. 4
10 5
50 5
20 4
10 22
20 4
20 5
100 13
40 3
20 4
120 61
40 50
560 45
10 7
20 6

FOX HILLS FORMATION

HCO3(1) SO4(1) CL(IY NOZ(t)Y DIiSLB(1; HA

500
1100
1750
1630

791

330
1870
2020

890

630
1450
1250

660
1550

817
1060

897

279
1170

832
1870
1790

439
1160

653

901

874

873

716

601

788

952

2=ug/1 J=umbio/ cm

MGOL) NACLY K{1;
30 160
6 490
4 690
3 750
44 260
38 48
2 730
1 760
23 530
670 1500
2 600
1 620
23 340
7 760

80 500 1
10 501
4 550
32 77
1 684
10 361
3 708
2 673
15 146
0 590
1 320
5 570
3 390
2 390
26 250
16 330
14 400
0 590
3 540

PN LWWWANWWDESENNDNMNLWON ORI DN WWES S

993

140
180
38
56
330
160
9

7
630
6500
72
280
440
500
1100
197
260
137
5
127
13
11
74
3
88
23
110
110
200
330
100
3

4

D

4
24
35

1

1
31
38

—

N
N
COWWODWULN &~

w
=~
w

—
Uo ow

210
34
360
15
16
17
40
220
340
250

1
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+ v

680
1260
1670
1860
1150

646
1710
1820
1720
9500
1460
1540
1220
2070
2260
1290
1530

682
1670

946
1730
1640

500
1420

830
1460
1010
1010

940
1110
1200
1430
1340

REX{ Y
250
38
30
19
430
430
17
20
230
4000
18
22
750
0L
680
64
70
370
16
53
22
18
120

10
14

53
21
16
260
190
170
19

27

© _
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T-R-5-Q
146-077-30DAB
146-090-20CCC
146-092-29DDC1
146-094-05CBD
146-094-08DAC1

© 146-094-08DAD

146-094-35ABA
146-095-03DCB
147-075-03CCC1
147-094-26BCB.

147-094-34BAD -

147-095-12CAD

148-095-31CCA

.148-095432DBD
148-095-35BDD .

148-096-06DCA

'148-096~-09ABD -

148-096-11BB

148-097-20CAD
148-097-22CDC
148-097-27BCB
148-097-28ACB
148-097-30ADA
148-097-33ABB
149-072-07DDD
149-092-22CDC
149-093-02ACB
149-093-05CDC

‘

SPCND{Z) PH S102(1) FE(2) MNC2) CA())

1900
2260
1100
2890

4070

.3590
729

12100
12200
142350
12230
AD |, 2900
147-095-14AA4 |
147-095-14€BB1-
147-097-05BDB
148-076-09DDC "

148-077-02DDD1. "2000

2880

, 3860
- 2900
2910

2020

12660 -

3110
3280

2140
3060

12140

°2060
3180
2900
2030
11980
1310
772
2230
2620

3

Fid

00 00 00 00 00 0O 00 00 \D 0O 00 0O 0O (5 00 00 \O 00 00 00 00 60 G0 00 00 G0 ~J 0O 20 00 0O OO

12
14
17
10
19
11

13

14
25
12
15

11
11
2200

13

8

7
13
10
14
14
-8
=9
15
15
41

6
15
16

S 21
10/
4.

11

120
240
0

0

0
40
940
30
400

100
530

60
380
1000
"220
100

250

60
290
100

20

30
240
1800
540
200

CRETACEOUS

f=mg/1
20

20
40
180
40
350
0
140
0
0
10
10
30
10
0
90
10
10
10
10
10
30
20
10
20
40
0
20

190

9

21

8

5

o
N

WRNUDWNWWERNDPPWLWWLWEREWLWNDNO YW

5
2
2
5
9
7
6
2
2
3
2

3

o W

FOX HILLS FORMATION
3=umho/cm
dCO3(1) SO4(1) CL(IY NO3(1) DISLD(i) HARDK{l)

2=ug/1
MGEL)Y NA(L)Y H{l)

3

10

3

2

—
w

o .
_ ONMFHOMNWO=ULOWWNRNNIDNN

2
1
7
3
3
3
8
1
0
1
1
1

N

470
564

81
732
694
913

20
527
440
596
560
736
745
625

. 802

650
540
500
703
859
911
535
771
556
512
860
798
514
500
337

81
557
656

2
2

915
1100
311
1660
1060
1980
284
1160
669
1230
1190
1560
1570
870
2080
1160
940
1130

1690

2300

. 2480

1200
1690
1170
1140
2300
2110
1140
1150
730
359
1100
1140

31

3
124
10
1480
10
172
0
520
2

4
100
94
1650
-7

2
340
14

61
134
329
531

OV = OB NY-OOO

170
214
36
206
17

- 274

2
154
66
214
181
129
136
7
22
380
33
124
139
24
24
138
249
150
122
16
41
119
120
41
0
4
A

1

2
181
1
46
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1150
1370

725
1790
3110
2220

476

1280

1470
1440
1360
1760
1770
3090
1880
1640
1430
1230
1700
2040
2180
1310
1890
1310
1250
2050
1900
1240
1220

850

482
1460
1780

20
9
380
24
870
27
370
8
210
9

9
13

~

14
livv
14
24
40
12
14
22
18
7
32
7
6
23
14
9
5
10
-240
6
12
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CRETACEQUS FOX HILLS FORMATION

[=mg/ 1 2=ug/1 3=umho/cm
T~R-5-9 SPCHDY 3y PH S{02(1) FE(2) MN{Z2) CACL) MG{1) NA(L) K(1) HCO3(1) S0O4(1) CL(1) NO3(1l) DISLD(1) HARDX{(1)
149-043-08DCC 3010 3 18 300 0l 3 3 743 2 1120 710 2 3 2040 - 18
150-076-21BBB 4000 8 20 80 160 15 3 960 7 576 1 1200 1 2490 49
150-077-05DDD . 2200 8 10 0 10 5 8 580 3 1050 .10 310 1 1450 45
150-080-08BBB 739 8 14 0 0 90 40 11 4 359 120 3 3 462 390
151-076-07DDC1 3800 9 20 20 40 11 6 850 4 640 11 920 1 2170 51
151-076-07DDC2 3000 9 14 380 80 5 4 650 3 725 0 530 1 1620 28
151-077-01BCC 3000 8 7 330 10 8 4 680 3 144 4 680 1 1760 36
152-077-11CCD . . . 430 . 2 10 1100 7 459 32 1100 2 46
152-077-21CDD . . . 380 . 5 11 1100 8 444 26 1300 2 . 58
152-077-30DDA1 4200 9 14 230 40 13 4 890 4 687 6 960 3 2250 50
152-077-30DDA2 4500 8 12 330 70 10 8 800 4 724 7 820 1 2040 57
152-079-13DDD1 4330 8 23 480 60 11 7 950 4& 737 3 1000 1 2390 55
153-072-03DDD 1110 8 45 4300 . 2 1 279 3 588 101 5 1 747 a
- 153-077-34ACD 4000 8 17 330 0 12 4 370 5 632 5 1200 1 2530 43
;: 153-079-30AAA1 4800 8 11 210 40 9 1 840 3 991 8 680 1 2070 27

154-075-04AAA1 2700 9 31 40 10 6 2 570 4 892 3 370 5 1460 25
154-075-21CDD1 1300 9 38 130 0 4 1 340 2 818 5 27 1 847 15
154-075-21CDD2 700 9 19 80 0 4 2 180 1 397 13 3 1 454 15
154-078-31BAA1 4610 8 2] 60 80 15 4 1200 4 626 3 1400 1 2960 52
155-075~-03ADD 1300 8 15 440 40 8 1 300 3 721 100 - & 1 790 26
155-075-15BBB 2700 9 25 120 0 6 1 590 3 949 53 310 3 1480 18
155-075-23ABB 650 8 20 270 80 19 6 120 4 373 39 1 2 397 74
155-080-15AAA 5680 8 17 580 60 17 10 1200 6 585 3 1600 1 3160 84
155-080-19CCB2 4900 8 6 860 40 10 3 960 3 764 7 1100 1 2470 36
156-071-05AAA 479 8 17 20 320 52 15 25 5 285 16 1 1 274 190
156-071-17CDA 1320 8 18 60 100 46 11 260 7 648 180 15 1 858 160
156-073-12CCC 1420 9 44 80 20 4 2 340 3 690 120 26 2 907 16
156-075-22CCC 3500 9 20 870 160 7 3 710 4 834 4 600 1 1780 31
156-077-22CCC 1030 9 14 0 0 3 1 260 1 612 12 28 1 648 12
157-076-22DCC 1310 8 16 270 80 20 5 300 3 731 58 51 4 819 69

8 12 40 90 10 10 1200 5 690 7 1400 1 3030 64

158-079-13CCC 5210
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129-054-02AAC

129-054-18BBD
129-055-13BCC
129-056-30DDD
129-057-14CCC
129-057-30DCC
129-058-22ADD
129-060-06CCA
129-060-28CCB
129-061-31BCA3
129-063~25BBB
129-063-34BBB
129-064-208BB

129-065-35DBD *

129-071-154AB
129-073-21CDB-

130-048-31DCD1

130-052-29DAA
130-053-06DDD
130-053-28DDB
130-054-29ABA
130-055-13ACB1
130-055-32ADD1
130-056-06ABB1
130-056-35AAB1
130-057-02ABC
130-057-35AAB
130-058-06AAA
130-058-25CBD
130-059-23CBD
130-059-26CAC

SPCIND(3) PH S[02(1) FE(

4300
4100
4500
3890
4600
3900
3740
3970
2870
3150
4020
2640

4830~

3880

4000
2650
2800
6060

4230
4250

4310

4000

3950
4390

4630
3810
3500

4090

4140
4000
580
630

o

—

—

w W

£ O O ~J 00 CO WO O ~J 000 000N WOWOON i 00O\ 00N U O

230
330
580
1400
710
850
480
3100
2200
430
40
4100
1800
5100
1300
1400
3600

440
500
1800
580
130
60

0
990
0
940
60
2500
900

CRETACEOUS
1=mg/ 1
23 ME{ZY cally
40 16
10 14
60 15
60 19
40 18
80 27
40 21
80 19
60 96
60 37
60 16
220 210
20 13
60 25
. 18
60 93
160 290
33
. 15
10 18
40 16
620 17
40 20
30 35
40 14
40 22
50 25
20 11
90 18
10 15
1000 90
1200 95

INYAN KARA FORMATION
2=ug/l 3=umho/cm
MGU1 NACL)Y K(1) HCO3(1) S04(1) CLe1) NO3(1) DISLDUIY RHAgINi )
9 10060 13455 1200 410 2 2890 /o
7 960 14 440 1200 370 1 2800 63
9 1000 14 477 1200 390 1 2880 75
6 880 13 344 1200 360 1 2670 74
7 1100 17 527 1300 430 1 3160 75
35 790 13 357 920 470 3 2450 210
8 810 12 403 900 440 1 2410 84
6 880 13 547 660 620 3 2490 70
29 510 23 190 1200 85 1 2050 360
12 670 12 210 1300 100 1 2250 140
6 870 13 420 700 640 1 2470 64
60 330 21 190 1200 67 1 2000 7170
7 1100 21 575 160 1300 1 2900 62
14 810 21 781 200 770 14 2260 12y
8 900 17 891 210 810 2 2420 17
31 460 11 188 1100 71 1 1870 360
76 330 20 180 1200 180 . 2210 1000
16 1390 16 307 1450 1020 7 4090 150
8 970 20 334 1290 414 12 2900 70
7 980 17 461 1200 370 6 2850 75
7 970 11 460 1200 400 1 2860 70
7 900 15 377 1100 370 1 2620 70
6 920 15 323 1200 370 0 2710 74
8 960 13 294 1300 4990 1 2970 120
6 1100 16 888 790 620 11 3010 60
6 840 13 357 1100 360 8 2540 80
8 820 18 315 1100 330 1 2470 96
6 940 14 576 870 540 4 2690 50
6 930 17 585 790 600 1 2670 70
8 890 17 574 730 580 1 2550 70
26 8 3 337 55 16 4 401 330
27 9 3 370 61 4 3 419 350

S



CRETACEOUS {NYAN KARA FORMATION

1=me/ 1 2=ug/1 3=umho/cm

T-8-5-9 SPONDOY) PH STO2(1) FE(2) MN(2Y CACL) MG{Ll) NA(L) K{1) HCO3(H) SO4C1Y CLULY NOSCL) DISLDOU Ay i
130-001~-25:CA 2920 3 b 2300 60 pI] 38 520 29 195 1200 a5 1 2060 580
130-062-15ADR8 1800 8 11 5000 180 200 54 330 35 199 1200 71 1 2010 720
130-062-15CBB 4890 8 7 350 20 34 6 1000 24 470 200 1200 2 2710 110
130-063-20DDC 4530 8 7 100 20 18 7 970 21 700 160 1100 1 2640 75
130-065-11CAB 2570 8 8 2900 220 230 64 290 25 190 1200 79 1 2000 840
130-084-13AA0 2030 8 . 300 . . . 514 . 773 485 0 . 1220 24
131-047-07DAD 2880 9 7 . 8 5 650 10 486 464 364 5 1790 42
131-048-28AA 3560 8 7 32 29 778 14 327 784 578 4 2400 200
131-051-31DBA 4350 8 7 12 6 990 18 478 1180 443 12 2910 55
131-052-32CCC 4290 8 7 . . 14 & 1020 21 544 1170 443 6 2950 50
131-053-10DDC1 5500 8 7 480 0 9 7 1100 7 565 1300 420 1 3160 50
131-054-17BAA 4000 8 9 270 40 23 8§ 870 15 318 1200 350 1 2650 91
131-054-26ABD2 4000 8 8 1500 60 20 7 910 17 374 1100 370 1 2640 80
: 131-055-03CHD 4000 8 8 120 20 20 4 880 15 437 950 470 0 2570 ur
g 131-056-23CBB1 4000 8 8 130 20 17 7 890 17 459 980 . 440 1 2600 70
® 131-057-12CDC 4000 8 8 60 40 14 4 920 17 529 880 490 6 2620 50
131-057-30ADD 3800 8 8 1200 60 26 6 830 18 299 1100 320 0 2470 89
131-056-11BAA 4500 8 g 1700 20 18 4 970 20 643 750 640 1 2760 62
131-060-27ABA 5780 8 7 1400 200 47 13 1300 22 310 1900 590 1 4040 170
131-061-23DDC 3390 8 7 470 40 62 16 680 24 270 1200 200 1 2330 220
131-062-15ACB 5000 8 7 190 10 24 10 1000 26 582 160 1200 1 2720 100
131-062-30DCC 4910 8 7 80 20 21 12 1000 23 620 160 1200 1 2740 100
131-064~22AAA 4640 8 8 100 40 38 13 910 25 570 33 1200 2 2520 150
132-047-08ABD 1590 8 8 . . 10 5 357 13 544 245 98 1 1000 45
132-047-08ACE 1670 8 8. 8 10 380 7 134 150 104 1 1030 63
132-049-12DAAY 2420 8 21 34 10 506 6 424 558 220 2 1570 127
132-050-06DCB 5800 8 7 30 18 1250 21 315 1230 970 0 3680 150
132-051-05CCD 4390 8 6 15 4 1060 34 649 1170 465 3 3080 54
132-052-19CBB1 4460 8 7 ) . 5 7 1010 10 546 1200 405 0 2930 40
132-054-09DAC 3900 8 6 590 60 22 5 870 15 338 1100 380 1 2590 75
132-054-09DCA 4000 8 . 150 10 . . . . . . . . . .
132-054-13ABB 4000 8 8 80 60 24 4 870 16 325 1200 360 1 2660 71
132-054-31BAB1 8 8 130 10 24 3 860 15 317 1100 390 4 2570 74
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T-R- \—Q
122-055-09AC8
132-056-07DDB
132-056-08CAC
132-056-34CCC

132-057-06DCC
132-057-15DDD.

132-058-20DDC
132-060-17DAA
132-063-12A44
132-063-29BBB
132-076-07BBC
133-053-16DDD?
133-054-09DAA
133-055-16CCY*

133-055-20CBR -

133-056-26ABB’
133-056-32BBD
133-058-19CCD.

133-058-22DDDT
133-059-02BCD

133-059-174AB1
133-059-11AAB2
133-059-14€BB"
133-059-22ADD
133-059-23BCC
133-059-27ADD
133-060-19BAA
133-060-24CCC1
133-060-34ACB
133-061-01DBD
133-061-03BBC
133-061-16ACB
133-063-05ADD

SEENDH )
—1\140
3990
3500
3800
5000
3900
4250
3000
5340
5060
3460:
4500,
5000
5500 -
3760
4500

- 4500

3120
4000
3050
4300
4180
3710
2560
3080
4670
4890
5410
3040
800
4860
2270
2690

PH 5T02¢ B!

2

) b
S
3
5
8
9
8
8
9
9
7
3
7
7
8
6
-8
8
4
8
8
6
7
6
9
3
4
5
6
7
6
6
7.
7

1

1100
890
190

1700
370
790
120
290
220

0
840

1800
670
580
100

80

1700

80

2500
100
890
940
130
890
350

1300
380
230
380
850
190

2500

7900

CRETACEOUS INYAN KARA FORMATION

l=mg/1

2=ug/l

JOMN(2) CA(L) MG{L) NACLY K1}

20
60
40
20
10
40
20
40
40
40
160
0
40
10
60
60
180
40
60
20
0
100
0
20
20
20
0

0
60
570
0
160
140

18
17
27
23
14
27
12
47
20
28
118
71
38
21
20
25
27
20
36
19
15
45
16
19
20
15
14
15
35
100
16
210
240

[—y
OOV YWSIOUV O~

—
(]

w
[o) QoL

67
15

990
930
810
820

1200
830
960
600

1100

1100
617
790
910

1000
830
820
840
680
840
670

1100
870
790
660
630
980

1100

1200
620

35

1100
290
280

is
19
17
18
24
17
17
21
26
26
11
28
23
19
14
18
18
14
15
19
22
25
17
19
15
20
22
23

21

6
24
33
27

3=umiic/ om
Hoosot)

©il
513
268

321

805
309
666
210
750
700
207
278
380
540
310
303
292
200
233

218

605
230
358
236
176
541
681
604
215
434
764
190
198

SO4(1) CL{L) NOS(1L)

1100
1100
1200
1200

680
1200

780

1200
25
10
1440
1100
1100
1100
1200
1200
1300
1200
1400
1200
290
1200
960
1200
1100
440
140
180
1200
93
100
1200

1200

420
420
310
310
890
340
600
85
1400
1400
232
420
470
420
280
280
260
94
240
97
1200
500
380
94
95
990
1200
1400
96
15
1200
80
92
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DISLL

{15
267U
2760
2520
2550
3240
2590
2720
2080
2970
2940
2610
2570
2760
2860
2520
2520
2610
2120
2670
2130
2950
2780
2370
2130
1970
2740
2860
3140
2100
525
2840
1990
2030

R J

b
4
62
92
80
70
96
50

160
95

120

5917

230

130

17
94
89
82
120
62
68
160
59
78
68
71
76
70
130
390
66
800
910

D —



CRETACECUS INYAN KARA FORMATION

l=mg/1 2=ug/1 3=umho/cm
T-R-5-0 SPCND(3) PH SIO2(1) FE(2) MN{2) CA{1) MG(1) NA(L) N{l)
133-063-11DAC 2600 3 3 106600 120 320 97 180 23 193
134-053-23ABC 5000 8 7 40 20 10 7 1100 5 325
134-054-28BBA 4000 8 7 350 20 40 7 900 24 348
134-055-03BBC 3900 8 7 1500 70 61 9 760 33 253
134-055-07BAB 4030 8 8 480 . 37 4 B89 19 322
134-056-13ABA 4000 8 6 2500 60 30 6 880 18 264
134-056-14AAB 3900 8 7 150 70 30 9 850 20 285
134-056-28CDD1 3800 8 8 5000 . 27 4 886 21 310
134-056-28CLD2 3900 8 7 1500 60 31 6 840 19 263
134-058-33BBA 4000 8 9 950 80 52 10 880 24 239
134-059-023A4A 3100 8 9 890 20 33 12 680 33 257
134-060-01DCA 3030 8 5 620 - 60 60 22 580 26 205
134-060~20DDA1 4780 8 4 2100 10 16 10 970 23 725
_ 134-061-06DCA 2710 8 6 3300 80 230 69 280 32 187
P 134-062-34CAA 2530 8 5 8000 200 240 75 240 30 152
© 134-063-10DDD 9140 8 7 6400 60 59 23 1900 38 700
134-065-26CDC 2640 8 8 8800 160 320 97 190 23 192
135-053-17ABB 4400 8 6 460 40 7 7 980 7 358
135-054-10CAD 4000 8 7 270 60 38 11 870 24 313
135-055-02BCB 3500 8 8 1200 80 130 28 620 48 229
135-056-10DDB 3700 8 8 1400 50 47 8 770 22 257
135-057-12BBC 3600 8 9 1100 80 75 15 730 29 261
135-058-07ACC 3100 8 7 3700 100 120 36 510 44 217
135-059-23CDD 3080 8 6 860 120 52 15 620 25 202
136-054-03CCC 4600 8 7 2700 80 87 18 850 31 228
136-054-17DDB 3500 8 7 920 60 130 30 680 49 224
136-054-33CBB 4400 8 8 2200 40 51 10 830 28 252
136-055-01BDC 4600 8 9 480 20 69 14 880 30 247
136-055-27BEC 3900 7 g 2900 80 120 34 620 44 128
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510 1 2840 230
300 1 2400 440
540 1 2960 670

1000 1 2600 100
720 1 3110 300

1200 1 2830 120
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152 119 158
326 104 1160
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CRETACEQUS INYAN KARA FORMATION

l1=mg/1 2=ug/1 3=umho/cm
T-R-5-Q SPECND(3Y PH ST02(1) FE(2) MN(2}: CA(1) MG{1) NA(L) K(1} HCO3(1) SO4(1) CLOTY NO3({1)Y DISLD{LY HARDM(13
161-055-15BCDL 9930 3 3 3100 90 136 46 2030 32 291 560 2890 0 5860 550
163-056-11BBB 41700 7 6 8100 230 1190 442 8830 150 184 2300 15900 1 28900 4790
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APPENDIX D
WATERCAT and WELLFILE Temperature and Depth Data
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The depth and temperature data contained in WATERCAT and WELLFILE
are presented here in map form.

The WATERCAT temperature and depth data consist Qf measured temperatures,
at various depths, in groundwater observation wells in North Dakota. These
data are presented as "slice" maps of temperatures dbseryed at depths of
30, 50, 80 and 100 meters. A1l temperatures were mapped that were within
+2 meters of the "slice" map depth.

The WELLFILE temperature and depth data consist of recorded bottom-
hole-temperatures at the total depth drilled in oil and gas wells in North
Dakota. These data are presented as contour maps, of the township average,
bottom-hole-temperatures recofded, at 300-meter intervals from a depth of
300 meters to 4500 meters. A1l temperatures were mapped that were within
one standard deviation of the mean temperature for the depth interval and
+150 meters of the “slice" map depth.

The WATERCAT data are considered the most reliable, sfnce they consist
of temperatures we measured with a calibrated thermistor probe. The
WELLFILE data are considered less reliable since they consist of reported
temperatures measured by many logging companies over many years.

These maps are useful in estihatqu the temperatures of water contained
in an aquifer if the aquife? depth andjthé land location 6f the well are

known.
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FIGURE 2 - CONTROL FOR 30-METER "SLICE" MAP
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FIGURE 4 - CONTROL FOR 50-METER "SLICE" MAP
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FIGURE 6 - CONTROL FOR 80-METER SLICE MAP
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FIGURE 8 - CONTROL FOR 100-METER “SLICE" MAP

FIGURE 7 - 100-METER "SLICE" MAP (CI
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FIGURE 9 - 300- METgR "SLICE" MAP
(CI . T = 32.2°¢C)
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FIGURE 10 - CONTROL FOR 300-METER "SLICE" MAP
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FIGURE 11 - 600—METER "SLICE" g
(CI = 5°C; T =31.47C)
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FIGURE 12 - CONTROL FOR 600-METER “SLICE" MAP
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FIGURE 13 - 900-METER "SLICE" MéP
(CI =5°C; T=237.9°C)

FIGURE 14 - CONTROL FOR 900-METER "SLICE" MAP
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FIGURE 15 - 1200-ME$ER "SLICE" MAP
(CI =5
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FIGURE 16 - CONTROL FOR 1200-METER “SLICE" MAP
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FIGURE 17 - 1500-METER "SLICE" MAP
(CI = 5°C; T = 50.6 C)
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FIGURE 18 - CONTROL FOR 1500-METER "SLICE" MAP
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FIGURE 21 - 2100—ME$ER "SLICE" MAP
(CI +5°C; T = 60.5°C)

FIGURE 22 - CONTROL FOR 2100-METER “SLICE" MAP
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FIGURE 23 - 2400- MEEER "SLICE" MAP
(CI =5°C; T = 72.5 C)
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'FIGURE 24 - CONTROL FOR 2400-METER "SLICE" MAP
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FIGURE 25 - 2700—ME$ER “SLICE" @AP
(CI =5°C; T =82.47°C)

FIGURE 26 - CONTROL FOR 2700-METER "SLICE" MAP
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FIGURE 27 - 3000—MEEER “SLICE" l:)’IAP
(CI =57C; T=93.87)
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FIGURE 28 - CONTROL FOR 3000-METER "SLICE" MAP
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FIGURE 29 - 3300-ME$ER "SLICE" MéP
' (CI =570C; T=101.8"C)
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FIGURE 30 - CONTROL FOR 3300-METER "SLICE" MAP
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FIGURE 31 - 3600-ME$ER "SLICE" MéP
(CI =57C; T=105.7"C)
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FIGURE 32 - CONTROL FOR 3600-METER "SLICE" MAP
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FIGURE 33 - 3900-METER "SLICE" MéP
(CI =57°C; T=112.7°C)

FIGURE 34 - CONTROL FOR 3900-METER "SLICE" MAP
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FIGURE 35 ~ 4200~ MEgER "SLICE" MAP

(CI =

59¢; T = 120.1°C)

FIGURE 36 - CONTROL FOR

4200-METER "SLICE" MAP
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FIGURE 37 - 4500-MEJER "SLICE" MAP
(c1 = 5%; T = 127.5°C)

FIGURE 38 - CONTROL FOR 4500-METER “SLICE" MAP
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APPENDIX E

Annotated Bibliography Of Publications
Resulting From This Study
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Harris, Kenneth L., 1978, WELLFILE Data Guide and Coding Guide: North Dakota
Geological Survey Open File Report, Grand Forks, North Dakota, 30 pages.

This is the initial data guide and coding guide used to assemble
WELLFILE. It contains descriptions of variables, abbreviations,
and formats used in WELLFILE. An updated version is contained
in the "Phase II Final Technical Report," Appendix B (Harris,
Howell, Winczewski, Wartman, Umphrey, and Anderson, 1981).

---1979a, Hydrothermal Resource Study Underway: North Dakota Geological
Survey Newsletter, Grand Forks, North Dakota, June, 1979, pages 11-12.

A "NDGS Newsletter" article summarizing project activities for
the first six months of the contract period.

-~--1979b, An Evaluation of Hydrothermal Resources of North Dakota; Semi-
annual Technical Progress Report: University of North Dakota Engineering
Experiment Station Bulletin Number 79-09-EES-01, 48 pages.

A six-month report submitted to DOE DGE after six months of project
activity.

--1979c, Computerized 0il and Gas Well File: North Dakota Geological
Survey Newsletter, Grand Forks, North Dakota, December, 1979, page 4.

A "NDGS Newsletter" article describing WELLFILE and the datd
-contained in storage.

---1980, Hydrotherma1 Resources in North Dakota: North Dakota Geological
Survey Newsletter, Grand Forks, North Dakota, June, 1980, pages 10-14.

A "NDGS Newsletter" article summarizing project activities for
the first 18 months.

---1981, WATERCAT Data :Guide-and Coding Guide: North Dakota Geological
Survey Open F11e Report Grand Forks, North Dakota, 30 pages.

This 1s the 1n1t1a1 data gu1de and cod1ng guide used to assemble
WATERCAT. - It contains descriptions of.variables,- abbrev1at1ons,
and formats used in WATERCAT. This report is also contained in
the "Phase II Final.Technical Report," -Appendix C (Harris, Howell,
Winczewski, - Wartman Umphrey, and Anderson, 1981)

Harris, Kenneth L. Anderson, S1dney B Umphrey, Howard R., Howell,
Francis L., W1nczewsk1, Laramie M., and Gaugler, Bruce A., 1981,
Geothermal Resources of North Dakota: North Dakota Geological Survey,
Grand Forks, Map Scale 1:500,000.
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This is a user-oriented map of the geothermal potential and geothermal
resource development in North Dakota, published by National Oceanic
and Atmospheric Administration.

Harris, Kenneth L., Howell, Francis L., 1980, An Evaluation of Hydrothermal
Resources of North Dakota; Phase II Semi-annual Technical Progress
Report: University of North Dakota Engineering Experiment Station
Bulletin Number 80-10-EES-01, 34 pages.

A six-month report subm1tted to DOE DGE after 18 months of contract
activity.

Harris, Kenneth L., Howell, Francis L., Wartman, Brad L., and Anderson,
Sidney B., 1982, An Evaluation of the Hydrothermal Resources of North
Dakota, the Final Phase: State Coupled Geothermal Resource Assessment
Meet1ng, Salt Lake City, Utah, April 5-7, 1982, Sympos1um Volume I,
pages 176-186.

A paper given at the Salt Lake City, Utah State Coupied Geothermal
Resource Assessment Meeting. This paper summarizes our Phase II and
IIT activities.

Harris, Kennéeth L., Howell, F.L. Winczewski Laramie M., and Wartman,
Brad L., 1982, Geothermal Resources of Ncrth Dakota (abs.): American
Association of Petroleum Geologists Bulletin, Volume 66, No. 5,
page 578.

An abstract of a presentation given at the American Association of
Petroleum Geologists (AAPG) convention in Calgary, Alberta, Canada.
The talk summarized our methods, results and conclusions.

Harris, Kenneth L., Howell, Francis L., Winczewski, Laramie M., Wartman,
Brad L., Umphrey, Howard R., and Anderson, Sidney B., 1981, An
Evaluation of Hydrothermal Resources of North Dakota; Phase II Final
Technical Report: University of North Dakota Engineering Experiment
Station Bulletin Number 81-05-EES-02.

An annual report submitted to DOE DGE after two years of contract
activities.

Harris, Kenneth L., Howell, Francis L., Winczewski, Laramie M., Wartman,
Brad L., Umphrey, Howard R., and Anderson, Sidney B., 1981, An
Evaluation of the Hydrothermal Resources of North Dakota: State
Coupled Geothermal Resource Assessment Meeting, Glenwood Spr1ngs,
Co]orado May 1981, Symposium Volume, pages 238-246.

A paper given in Glenwood Springs, Colorado at the State Coupled
Geothermal Resource Assessment Meeting. This paper summarized
the first two years of our contract period.

Harris, Kenneth L., Winczewski, Laramie M., Umphrey, Howard R., 1982,
Computer Management of Geologic and Petroleum Data at the North Dakota
Geological Survey: North Dakota Geological Survey Report of
Investigation No. 74, 34 pages.
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A NDGS publication which describes the information contained in
WELLFILE, WATERCAT, and COALBASE and some applications of the data
management systems.

Harris, Kenneth L., Winczewski, Laramie M., Umphrey, Howard R., and
Anderson, Sidney B., 1980a, An Evaluation of the Hydrothermal Resources
of North Dakota: Resource Assessment/Commercialization Planning
Meeting, Salt Lake City, Utah, January, 1980, Symposium Volume,
pages 129-135.

A paper given in Salt Lake City, Utah at the.State Coupled Geothermal
Resource Assessment Meeting. This paper summarizes the first year
of contract activity.

1980b, An Evaluation of Hydrothermal Resources of North Dakota; Phase I
Final Technical Report: University of North Dakota Engineering
Experiment Station Bulletin Number 80-03-EES-02, 176 pages.

An annual report submitted to DOE DGE after one year of
contract activity.

North Dakota Geological Survey, 1979 WELLFILE: A Computer Data Management
System for 0il and Gas Well Data: North Dakota Geological Survey,
Grand Forks, North Dakota.

This is the computer data management system WELLFILE which consists
of 0il and gas well data from about 10,000 wells drilled in North
Dakota. WELLFILE was designed and assembled by this study.

---1980, COALBASE; A Computer Data Management System for Coal Exploration
Data: North Dakota Geological Survey, Grand Forks, North Dakota.

This is the computer data management system COALBASE which consists
of coal exploration data from test holes drilled in North Dakota.
COALBASE was designed and assembled by Laramie Winczewski.

---1981, WATERCAT; A Computer Data Management System for Water Well Data:
North Dakota Geological Survey, Grand Forks, North Dakota.

This is the computer data management system WATERCAT which consists
of water well data from about 41,000 water wells drilled in North
Dakota. WATERCAT was designed and assembled by this study.

Wartman, B.L., (in preparation), Stratigraphy, hydrology, and geothermal
potential of the Inyan Kara Formation, North Dakota: First convened
conference in hydrogeology of the Dakota Sandstone, Lincoln,
Nebraska. : "

A talk to be delivered ét'the conference in Hydrology of the
Dakota Sandstone in Lincoln, Nebraska in the fall of 1982.

Wartman, B.L., (in preparation), Stratigraphy of the Inyan Kara Formation

(Lower Cretaceous) in the vicinity of the Nesson Anticline, Northwestern
North Dakota: wunpublished M.S. Thesis, University of North Dakota.
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A detailed stratigraphic study of the Inyan Kara Formation based
on interpretations of downhole geophysical logs.

Winczewski, Laramie M., 1980a, GEOSTOR: An Approach to the Management
of Map-Oriented Data; Part I: An Introduction to GEOSTOR: University
of North Dakota Engineering Experiment Station Bulletin Number
80-08-EES-05A, 41 pages.

This report discusses the GEOSTOR philosophy for the computer
management of map-oriented data. The GEOSTOR philosophy was used
to design WELLFILE and WATERCAT.

---1980b, GEOSTOR: A Location-Oriented Management System; Part II: Users
Manual-SEAM Prototype: University of North Dakota Engineering
Experiment Station Bulletin Number 80-08-EES-05B, 136 pages.

This report is a users manual for the GEOSTOR prototype data
management system, SEAM.

Winczewski, Laramie M., Umphrey, Howard R., Franzen, Bernadette, and
Lindem, Alfred C. III, 1980, GEOSTOR: A Location-Oriented Data
Management System; Part III: Technical Manual-SEAM Prototype:
University of North Dakota Engineering Experiment Station Bulletin
Number 80-08-EES-05C, 82 pages. '

This report is a technical manual for the GEOSTOR prototype data
management system, SEAM.
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