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ABSTRACT

Hydraulic conductivity with depth has been calculated for Underground Test Area
{(UGTA) wells in volcanic wff and carbonate rock. The following wells in volcanic tft are
evaluated: ER-EC-1, ER-EC-2a, ER-EC-4, ER-EC-5, ER-5-4#2 ER-EC-6 ER-EC-7, and
ER-EC-8, The following wells in carbonate rock are evaluated; ER-7-1, ER-6-1, ER-6-1#2,
and ER-12-3.

There are a sufficient number of wells in voleanic tuft and carbonate rock to associate
the conductivity values with the specific hydrogeologic characteristics such as the
stratigraphic unit, hydrostratigraphic unit, bydrogeclogic unit, lithologic modifier, and
alteration modifier used to describe the hydrogeologic setting. Asseciating hydraulic
conductivity with hydrogeologic characteristics allows an evaluation of the data range and
the statistical distribution of values. These results are relevant to how these units are
considered in conceptual models and represented in groundwater models.

The wells in volcame tuff tlustrate a wide range of data values and data dismbutions
when associated with specific hydrogeologic characteristics. Hydravlic conductivity data
within a hydrogeologic characteristic can display normal distributions, lognormal
distributions, semi-uniform distibution, or no identifiable dismibution. Thers can be multiple
types of distnbutions within a hydrogeologic characteristic such as a single stratigraphic unit.
This finding has implications For assigning summary hydrogeologic charactenistics to
hydrostratigraphic and hydrogeologic unitz. The results presented herein are specific to the
hydrogeologic characteristic and to the wells used to describe hydraulic conduetivity.

The wells in carbonate rock are associated with a fewer number of hydregeclogic
characteristics. That is, TKGTA wells constructed in carbonate rock have tended to be in
similar hydrogeologic materials, and show a wide range in hydraulic conductivity values and
data distributions. Associations of hydraulic cenductivity and hydregeologic charactenistics
are graphically presented even when there are only a few data. This approach benchmarks
what is currently known about the asseciation of depth-specific hydraulic conductivity and
hydrogeologic characteristics.

EXECUTIVE SUMMARY
Background and Purpose

The U.S. Department of Energy (DOE), National Nuclear Security Administration
Nevada Site Office (NNSA/NSO) constructed 4 senes of deep charactenzation and
monitoring wells as part of the Underground Test Area (UGTA) Program in southern
Nevada. These wells have been characterized with a borehole flow meter that measures flow
in the well under ambient and pumping conditions. Based on the changes in borehole flow
rate, the depth-specific amount of groundwater inflow is calculated. The groundwater
contributicns to the well are combined with other informaticn to calculate the depth-specific
hydraulic conductivity. These values are important when evaluating the association of aquifer
permeability to hydrogeologic features in tuff and carbonate rock such as the:

« Stratigraphic unit,
+ Lithclogic description,
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+ Lithologic alteration,
« Hydrogeologic unit, and
» Hydrostratigraphic unit,

The association of hydraulic conductivity with hydrogeologic characteristics provides
important information on how the physical charactenstics of the Nevada Test Site {(NTS} are
summarized and represented in numeric models. The UGTA project has conducted borehole
flow logging in eight wells in voleanic tuff and four wells in carbonate rock. Figure |
llustrates these wells located at the Nevada Test Site, and the Nevada Test and Training
Range in Nye County, Nevada. Wells presented in this report in volcanic tuff are: ER-EC-1,
ER-EC-2A, ER-EC-4, ER-EC-5, ER-EC-6, ER-EC-7. ER-EC-3, and ER- 5-4#2, and those in
carbonate rock are; ER-6-1, ER-6-1#2, ER-7-1, and ER-12-3,

The borehole flow logaing has obtained a substantial amount of information on
groundwater flow into the wells, The total vertical length of the flow-logged boreholes
exceeds 1,067 meters (m) in volcanic toff and 1,194 m in carbonate rock. Interpretation of
these flow-logs has produced high-resclution, depth-specific borehole hydraulic
conductivities for vertical intervals as small as 1.5 m. This information provides insight into
aquifer vertical heterogeneity at previously unavailable spatial scales.

Hydrauli¢ ¢conductivity as evidenced by groundwater flow into the well was detected
for 22.2 percent of the screened intervals in volcanic twff and 5 percent of the open borehole
accessible in carbonate rock. This finding is imporiant because wells in tuff are screened
based on an assumed relationships between geologic classification and the expected
hydraulic properties. The findings of this study suggest that these assumed relationships are
often teruous, No general trend of lower hydraulic conductivity with depth is identified
based on these data.

Tuif Bedrock

The results of the analysis are summarized in a series of tables providing the average
of the detected hydraulic conductivity and estimated statistical distribution for each of the
hydrostrangraphic charactenistics. Average hydraulic conductivity values detected for the
various hydrogeologic charactenstics should not be viewed as the average hydraulic
conductivity for the entire thickness of the unit. The purpose of evaluating hydraulic
conductivity 15 to understand the range and statishical characteristics of the permeability
underlying the transmissivity of the major hydrogeologic units.

Table 8-1 summarizes the hydraulic conductivity For stratigraphic units in tuff. The
table indicates that many of the stratigraphic units have unknown or too tew values to
describe the statistical distribution of data. Comparing data for the same stratigraphic umt
among wells indicates that the values may be similar such as for the vnit Tib (Tertiary Beatty
Wash Formation) in wells ER-EC-7 and ER-EC-8 or may have very different values such as
the stratigraphuc unit Tihw (Terbary Rhyolite of Beatty Wash Formation} in wells ER-EC-24
and ER-EC-7 and for the unit Tmar (Tertiary Mafic-rich Ammonia Tanks TufT) in wells
ER-EC-2a and ER-EC-3. There seems to be no identifiable trends in the average hydraulic
conductivity based on stratigraphic unit. [n general, well ER-EC-23 seems to have much
lower hydraulic conductivity than the other wells. This aspect may be related to the specific
fracture domain at that well.
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Table 5-2 summarizes the hydraulic conductivity For lithologic units in tuff. The table
indicates that almaost all of the units bave unknown statistical distribution of data. An
interesting observation is that the average hydraulic conductivity seems unaffected by the
degree of welding in tuff. The nonwelded tuff, partly welded tuff, moderately welded tuff,
and maderately to densely welded tuff have values over similar ranges. The average
hydranlic conductivity values for lava (LA} are generally greater than for other lithologic
units.

The summary of results for association of average hydraulic conductivity with
alterahon modifier for tuff 15 presented in Table 5-3. There are too few data to descnbe the
statistical distributions or trends for most wells. The statistical distnbution 15 vnknown for
nearly all of the remaining wells. There are no identifiable trends associating average
hydraulic conductivity with alteration modifier.

The summary of hydrogeologic units in tuff and average hydraulic conductivity is
presented in Table S-4. Well ER-EC-2a has lower average hydraulic conductivity values for
all hydrogeologic classifications. Evaluation of the average values for the welded wiff aquifer
{WTA) and lava flow aquifer (LFA) shows similarity to those for tuff confining units (TCU}.
This observation sheuld be viewed with cautien because these are average detectable
hydraulic conductivity values and do not reflect the many nondetects within each type of
hydregeologme urit. The table 1s possibly indicating that the permeability of fractures 1g
similar in welded wff aquiters and twff confining units and that it is the frequency of fractures
that determines whether the unit is an aquifer or a confining unit.

Table 5-5 presents the average hydraulic conductivity for the vanous
hydrostratigraphic units in tuff. Well ER-EC-2a 1s again unique in that the average values are
lower than the other wells. Only three hydrostratigraphic units are found in more than one
well (e.g , FCCM — Fortymile Canyon Composite Unit, TMCM — Timber Mountain
Composite Unit, and BA — Benham Aquifer). Most of the hydrostratigraphic units do not
have an identifiable statistical distributicn. The average values do not indicate an association
with hydrostratigraphic unit.
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Table 5-1. Average hydranlic conductivity by stratigraphic unit in tuff

Stratigraphic Unit
Summary
Wall P roperfiey Tiw Tih Tf Tie Tph  Tmaw  Tmar  Tmap Tch Tpcm Tptm Tepe Tmrp
ER-E{-1] Ave K (m'd) 276 23 54 1.1
Disiribution In unk unk unk
ER-E{-2a Ave K (mdd) 0.1% 017 0.17 LX)
Disinbulion In lew unk Tew
ER-EC-4 Ave K im'd) 176 16.4
Distobulion unk [ew
ER-EC-5 Ave K (m'd) 219 18.2
Diistribution -5 In
ER-5-4#2 Ave K (rmid) 52
Distribution unk
ER-ECO Ave K (mdd) 5.1
Distobution unk
ER-EC-7 Ave K (mdd) 8.2 13.4
Distribution fow n
ER-E{-& Ave K {m/d) 15.3 5.6
Distribution n unk

st statistical drstributim tvpes i = nommel, 1-5 = normal skewed, In = log notmal, few = to0 fow valoes to estumks, unk = unknown
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Table 5-2. Avemge hydmulic conductivity by Iithologie modificrs in tuff.

Lithelogic Unit
Summary
Well Properties NWT PWT PWT-MWT MWT MWT-D'WT LA BEIr TSLT BWT €L FB
ER-EC-1 Ave K (mdd) L3 $.4 334 4.3 10.7
Distribution unk unk uik few unk
ER-EC-1a Ave K (mid) 0.14 0,04 0.2 &.11 0,24
Distobution In Few In unk unk
ER-EC-4 Ave K {mfd) 16,4 pi% ] 835
Distribution unk unk unk
ER-E(C-5 Ave K {m/d) 21.9 18.2
Disteibution n-5
ER-5-4#2 Ave K (mAid) £2
Distobution unk
ER-EC-6 Ave K {mid) 5.1
Distribution unk
ER-EC-7 Ave K im'd) IR0
Distribution few
ER-EC-8 Ave K (mfd) 14.6
Distrbation In

Eslinabed stabigtical distribation tvpes o= nonmal, n-5 = normal skewed, 1n = log noaal, few = oo few valnes o estmake, wk = wknowna




Table 5-3. Average hydranlic conductivity by alteration modifiers in taff.

Alteratinn Madifier

Summary
Well Propertiey v GL K 1.7 QF VAR
ER-EC-1 Ave K imid) »ny 43 10.5 11.1
Distribrulion unk Tew ew ew
ER-EC-2a | Ave K (mdd) 0.4 0.2
Distnbulion Tew unk
ER-EC-3 Aye B {mdd} 8.8 0.4
Distribution 1wk few
ER-EC-5 Ave K (mAd) .5
Distnbution 5
ER-5-4#2 Ay K (mid}) 5.2
Distnbution ln
ER-EC-6 v K {mid} 1.6 10.9
Distnbution faw unk
ER-EC-7 Ave K (md} 8.2 13.0
Distribution fw unk
ER-EC-8 Ave K (mAd) 153 5.6
Distnbution unk few

Estimated stanstwal distnbution tvpes o= nommal, 1-5 = nommal skiewed, In = log notmal, Ew =t 2 valies
estiuale, wik = nkinewn

Table S5-4. Averase hydraulic conductiviey by hydrogeoloeic units in ouff.

Hydrogenlogic Unit
Summary
Well Properties WTA TCU LFA AA
ER-E(-1 Ave K {mid) 54 43 8.4
D¥istribution fewy few unk
ER-E(C-2a Ave K {mid) iri4 12 0.1
Dristeibution few unk few
ER-EC-4 Ave K (nvd) 16.4 235 B.5
Dristribunion few unk few
ER-EC-5 Ave K (nvd) .5
Dristobulion n-5
ER-5-442 Ave K {mid) 52
Drisiribution n
ER-EC-6 Ave K (m) 51
Crisleibulion unk
ER-EC-7 Ave K (i) 8.0
Dristribution In
ER-EC-B Ave K {mid) 14.4
Dvistribution oy

Esnmated statistical distrbation types n = nomal, n-s = nommal skeveed. In = log normal, faw = too fow valnes o

gstimale, imk = nknown
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Table 5-5. Average hydranlic conductivity by hvdrostratigraphic unit i fuff.

Hydrostratizraphic Unit
Summary
Well Properiics FCCM TMCM TCYA TMA LTCU BA UPCU TCA TEA CFCM
ER-EC-1 Ave K (med) J0.6 4.3 2.3 B4 11.1
Diistribution I unk ik unk unk
ER-EC-2a Ave K (m/d) 0.2 0.2
Dusinbutign In urnilk
ER-EC-4 Ave K (mid) 27.6 16.4
Distribution unk nnk
ER-E(C-5 Ave K (msd) 215
Distribution In
ER-5-4#2 Ave K (m/d) %2
Distribution ik
ER-EC-5 Ave K (m/d) 51
Dhistrabution unk
ER-EL(-T Ave K (mfd) 1%.4
Distributicn In
ER-EC-§ Ave K (m/d) 15.3 %6
Distributicn In few

Eslinabed stabigtical distribation tvpes o= nonmal, n-5 = normal skewed, 1n = log noaal, few = oo few valnes o estmake, wk = wknowna




Carbonate Bedrock

Wells in carbonate exhibit only two vanations in hydrostratigraphic characteristics:
the stratigraphic unit and the lithologic unit. These hydraulic conductivity values are based,
in part, on a linearization of the borehole flow rates that produces an average value over
distances greater than the nominal 1.5-m vertical calculation interval used in screened wells.
Therefore, short intervals containing nondetectable hydraulic conductivity are incorporated
into the average values.

Table 5-& presents the average hydraulic conductivity data for each stratigraphic unit
in carbonate. The statisheal distnbutions of hydraulic conduchivity within each stratgraphue
unit are generally unknown, The close similanty of values of ER-6-1 and ER-6-1%2 15 the
result of these wells being located only 64 m apart.

Table 5-7 presents the average hydraulic conductivity associated with lithelogic unit.
The values in dolomite (Dol appear to be more similar than those in limestone (Ls). The
statistical distributions in cartbonate are generally lognormal. This is in contrast to tuff which
apparently have more variability in the statistical distributions.

Table §-6. Averase hydraulic conductivity by stratigraphic units in carbonate.

SUmmary Stratigraphic Unid
Well P ropertiey DSs DSI Oes Puz
ER-6-1 Ave K im'd) 1.1 4.3 6.7
Disinbulion urk In nrik
ER-O-14#2 Ave K (mid) 3.3 4,7
Distribution unk unk
ER-7-1 Ave K (méd) 331
Distribution unk
ER-12-3 Ave K (md) 4
Distnbution unk

Estmaled stabistical distbution types n = nermal, n-2 = normal skewad. In = log normal, few = too few valnes to estunale,
unk = wikikwm

Table 5-7. Average hydraulic conductivity by lithologic medifiers i carbonate.

Summary Lithologic Unit
Well Properties Dol Ls
ER-6-1 Ave K {m/d) 3.2
Distnbution In
ER-6-1#2 Ave K {m/d) 35
Dhistnibution unk
ER-1-1 Ave K {md) 311
Dhist ribution In
ER-12-3 Ave K {imfd) 0 0.02
Dhstnbntion faw In

Estimated stasteal distnbuton tvpes = nommal, n-5 = normeal skewed, In = log normal, few =t few valoes 1 estumale,
unk = unkiwrnn



Alternative Analysis Using Censored Data

The hydraulic conductivity data collected from the well logging contains many values
reported as ‘less than” some minimum detectable K. In the first stage of this study, these data
were either discarded or averaged with detected Ks to produce a composite K for each well at
each measured depth. An alternative method to analyze these data was also performed in
stage 2 of this study. The ‘less-than,” or censored data, were retained for analysis and no
averaging of K was performed. Though this results in a significantly larger data set to
analyze, analysis 15 complicated by the presence of the censored data.

Robust, nenparamettie methods for statistical analysis of censored data sets were
employed in the stage 2 of this study, The Kendall-Tau test was performed to determine
correlations between K and depth. This test was motivated by previous groundwater models
in this area that assume an exponential decay of K with depth. Also, the Pato-Peto
maodification of the Wilcoxon test was used to test for differences in populations. This test is
a nonparametric alternative to the paired Student’s t-test and 13 appropriate for censored data
sets. As applied to this study, the test statistic is vsed to determine differences between two
survival curves.

I this stage of the study. the purpose of the analysis was to describe the data,
determine trends in the data, and evaluate heterogeneity. These tasks are similar to those
descnbed in the first stage of the study, the difference being a different representation of the
raw data was used in stage 2.

The following questions were addressed:
+ What are typical values for K?
+ Does K follow any trend within a well? Does K decrease with depth?

»  Are rock characteristics homogeneous? For example, do the K values for an HSU of
BA in ¢one location differ from the K values for an HSU of BA in another locaton?

=« Are there differences in K within rock classifications? Or, which rock classifications
best describe vanability in K?

»  Are Ks affected by fractures?
In summary, the following conclusions were reached:

s  Approximately one-quarter of the units exhibit a decrease in K with depth. However,
many of these umits are celatively thin and extrapolation to thicknesses greater than
120 m may not be appropriate.

+  ver 20 percent of the rock classitications exhibit some spatial heterogeneity.

&«  For each rock classification (HSU, HGU, LITH, STRAT, or ALTERATION) there i3
significant overlap among their respective characteristics, implying that rock
classification 1z a poor method of describing K. However, of the five rock
classifications, stratigraphic unit was the best descrptor of K, while lithology was the
Wworst,

+ Though fracture analysis was not part of the original scope, it was discovered that the
presence of fractures may be correlated to high values of conductivity.

xi
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INTRODUCTION
Background

The U. S Department of Energy (DOE), National Nuclear Security Administration
Nevada Site Office (NNSA/NSO) constructed a series of deep characterization and
monitoring wells as part of the Underground Test Area (UGTA) Program in southern
Nevada. The Desert Research Institute has performed borehole flow logging at many of these
wells as part of the hydrogeclogic characterization. The borehole flow logging is conducted
to:

+ Understand the quantity and depth of groundwater inflow to the well under
ambient and pumping conditions,

= Select target depths for geochemical sampling of discrete inflow zones, and

&« (Calculate the depth-specific hydraulic conductivity at the smallest spatial scale as
practical.

The UGTA project has conducted borehole tlow Llogging in eight wells in volcanic
tuff and four wells In carbonate rock. Figure 1 illustrates these wells located at the Nevada
Test Site, and the Nevada Test and Training Range in Nye County, Nevada. Wells presented
in this report in volcanic tff are: ER-EC-1, ER-EC-2A, ER-EC-4, ER-EC-5, ER-EC-6,
ER-EC-7, ER-EC-8, and ER- 5-4#2, and those in carbonate rock are: ER-6-1, ER-6-1#2,
ER-7-1, and ER-12-3.

The borehele flow logging has obtained a substantial amount of information on
groundwater flow into the wells. The total vertical length of the flow-logged boreholes
exceeds 1,067 meters (m) in volcanic tuff and 1,194 m in carbonate rock. These vertical
intervals include cnly the length of screened intervals or open well beres and do not include
cased sections of the wells.

Interpretation of these flow-logs has produced high-resolution, depth-specific
borehale hydraulic conductivities for vertical intervals as small as 1.5 m. This informaticn
provides insight inte aquifer vertical heterogeneity at previously unavailable spatial scales.
Hydraulic conductivity as evidenced by groundwater flow into the well was detected for
22.2 percent of the screened intervals in volcanic mff and 65 percent of the open borehole
accessible in carbonate rock. The results of borehole flow logging have been reported
previously to DOE in reports that focus on the depth-specific hydraulic conductivity at
individual wells. The hydraulic conductivity data at depth Ffor each well are provided in the
Appendix.

Furpose

Associating the hydranlic conductivity data wath other hydrogeologic information is
an important next step to understanding the area’s hydrogeology. Of value to the site
characterization and groundwater modeling are association of depth-specific hydraulic
condudctivihies to other charactenzahon data commonly used to desenbe the hydrogeology
such as the results of single-well hydraulic tests, geclegic descriptors, hydrogeolegic
classifications, and degree of fracturing.
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Figure 1. Location map showing the gight wells in voleanic tufT and four wells in carbonate rock

where borehole flow logging was conducted for the UGTA project.

This report examines depth-specific hydraulic conductivity data at multiple wells and
identifies the major statistical trends, or lack of trends, within the hydrogeologic



classifications. The hydrogeologic classifications that describe the geclogic conditions at
depth are taken from DOE NNSA/NSO Well Completion reports {DOE, 2000a b ¢.d e, DOE,
2006b), and through personal commuaication {William Fryer, Stoller Navarro, 2000} The
hydrostratigraphic designations for specific depth intervals are taken from DOE NNSA/NSO
hydrostratigraphic framework model reports {DOE 2002b, 2005b, 2006a). All of the major
hydrogeclogic descriptors reported in those studies are used in this analysis.

Site imterpretation relies on rock descriptions and context. Five separate classification
systems are applied to the rock at any single point within the borehole. For the purposes of
this report, a terminology 15 used to distnguish among the vanous rock desenption systems.
The first and highest level system is referred to as the hydrogeclogic classification. The
second and next lowest system of subsequent descriptors within a hydrogeologic
classification is referred to as 4 hydrogeologic characteristic.

The five major hydrogeologic classifications used 10 describe the rock in UGTA wells
are:

s Stratigraphic umt,

» Lithologic description,

» Lithclogic alteration,

» Hydrogeologic unit, and

» Hydrostratigraphic unit.

Each of the hydrogeologe classifications has several charactenstcs to designate the
particular stratigraphic unit, lithology, alteration, etc. The Appendix includes the
hydrogeologic classification and assigned characteristic for each hydraulic conductivity
value. This information 15 provided for the reader that wants to examine the data in greater
detail than presented in this report. The number of hydrogeologic characteristics that were
borehole flow logged and those that have detectable hydraulic conductivity for each

hydrogeologic classification are presented in Table 1. The hydrogeologic characteristics flow
logged for tuff are populated with morg designations than for carbonate.

Table 1. The number of hydrogeologic characternistics available for association with hydraulic

conductivity.
Number of Hydmygaologic Nuornber of Hydrogeokygic
Charcienstics Adjacent 1o Well Charactenstics with Delected
Hydrogeologic Classification Screen or OUpen Borehole Permeabilily
Tuff Stratigraphic Limit L3 11
Tuff Litholeic Description 16 1]
Tuff Lidwlogic Alteration 7 3]
Tull Hydrogeologic Unil 4 4
Tull Hydrosimtigraphic Unil 14 2
Carbonate Stratigraphic Unit 4 4
Carbonalc Lithologic Descnption 2 2
Carbonate Lithwologic Alieration | 1
Carbonate Hydropeologic Unit 1 1
Carbonate Hydrostratigraphic LUnit l 1




Approach

Evaluatien of hydraulic conductivity and hydrogeologic classifications is challenged
by the many possible data associations and the many possible data applications. There are
tens of thousands of possible statistical associations between hydraulic conductivity and
combinations of the many hydrogeologic characteristics. This analysis zeeks a balance
between presenting an evaluation of hydraulic conductivity in relation to the many possible
combinations of hydrogeolegic characteristics and presenting anly the most obvious
relationships. An evaluation is made of hydrogeologic conductivity within each
hydrogeologe charactenstc, even if there 15 only one hydraulic conductivity value that can
be associated with that characteristic. The purpose of presenting these limited data is to
benchmark what is known about the association of hydraulic conductivity and hydrogeology .
This can be considered a “brute force™ technique for presenting the data graphically and
fulfills the objective of documenting asscciations of hydraulic conductivity with the
hydregeologic characteristics. Presenting figures that show no trend to the data distributions
are included. That is, analyses that show null results are presented sa that the topic {i.e., do
the log-transformed hydraulic conductivity data have an identifiable frequency trend) can be
dismissed. It is alse necessary to present saphisticated analyses of the data within the
hydrogeologic characteristics and to address the imporntance of nondetections.

To accomplish these goals, the analysis is presented using two complementary stages.
The first-stage analysis 15 the most basic and is imtended for the reader who is mainly
interested in a graphical review of hydraulic conductivity at specific wells or for specific
hydrogeologic characteristics.

The second-stage analysis conducts a more in-depth statistical evaluation of hydraulic
conductivity, depth, and hydrogeologic classifications. This includes relating hydraulic
conductivity to fractures geophysically logged in the wells. Each of these approaches is
described in more detail below. The report is divided into separate sections tor volcanic tuff
and carbonate aquifers.

Stage-one Analysis

The first-stage analysis 1s the most basic and presents the data from two perspectives:
1) the well-by-well detection of hydraulic conductivity within multiple hydrogeologic
characteristics, and 2) the statistical distribution of hydraulic conductivity for each
hydregeologe characteristic at multiple wells. In other words, the first perspective examines
one well having multiple hydrogeologic charactenistics and the second perspective examnes
ong hydregeologic charactenstic at many wells.

Three metrics are used for the well-specific first-stage analysis;

. Detected hydraulic conductivity plotted versus depth independent of hydrogeologic
characteristics.

2. Vertical extent of the well screen (where there is the potential to detect hydraulic
conductivity) within gach hydrogealogie characteristic compared to the length within
the screen where hydraulic conductivity was detected.

3. Average hydraulic conductivity for each of the hydrogeologic characteristics.



The specific graphs for each well are paired with their intended application in
Table 2. A nomenclature convention related to the placement of well screen is used within
this report. Sections of a well where well screen in placed are referenced herein as
“sereened.” In actuality, this means that well screen was placed adjacent to the rock unit. The
term does not infer that a statistical selection has been made regarding the unit or that the unit
was physically changed by being screened. In providing an analysis that is as complete as
possible, there is no attempt te economize the number of associations of hydraulic
conductivity with hydrogeologic characteristics. This approach generates many figures that
sometimes contain minimal {but important) information.

Table 2  Well-specific analysis of hydraulic conductivity and hydrogeologic charactenistics.

Fresentation Graph Analvsis Application

Hydraulic conductivity with depth Overview of depths and screened intervals where
hydraulic conduetivity was detected. Number of
vertical imtervals where hvdraulic conductiviey was
detected. ldentification of any obvions trends of
hydraulic conductivity with depth.

Length of screened interval and aquifer Hydrogeologic charactenistics encountered by well
thickness containing detectable hydraolic construceion and which characteristics were
condnctivity for hydrogeologic characteristic  completed with well screen. Identification of which
within each hydrogeclopic classification characterigtics had detectable hydranlic

conductivity. Efficacy of selecting intervals for
screening at most permeable locabons. Depiction
of the amount of screcned interval with nondetects.

Average hvdraulic conductivity for Association of hydroeeologic characteristics and
hydregeclogic chamctenstc withun each hydraulic conductivity to identify overall
hydrogeclogic classification permeability for each chamctenstic.

The second part of the stage-one analysis presents the same basic hydraulic
conductivity information at multiple wells for each hydrogeologic characteristic. Where there
i5 only one well with detectable hydraulic conductivity for that characteristic, the informaticn
is not presented in a separate figure because the information is identical to that presented for
the individual well.

Five metrics are used for the hydrogeolegic-characteristic-specific first-stage
evaluation:

1. Detected hydraulic conductivity plotted versus depth independent of hydrogeologic
characteristics.

2. Binned hydraulic conductivity values where each well 1s presented individually.
Binned hydraulic conductivity values where all values are presented in composite.

4. Binned logarithmic hydraulic conductivity values where each well is presented
individually.



5. Binned logarithmic hydraulic conductivity values where all values are presented in

compaosite.

The specific graphs for each hydrogeologic characieristic and the intended application

are presented in Table 3.

Table 3.

Hydrogeclogic characteristics specific analysis of hydraulic conductivity.

Presentation Graph

Analysis Application

Hydraulie conductivity with depth for all of
the wells with that hydregeologic
charactenstic

Number of detected hydraulic conduoctivity
values ar gach well within linear staristical
hins

Combincd momber of detected hydraolic
conductiviry values for all wells within lingar
statistical bins

Numbgt of detected hydraulic conductivity
values at cach well within logarithmic
statistical bins

Combincd momber of detected hydraolic
conductivity values at each well within
loganthmis statstical bing

Ovenagw of depths and sereenad intervals whers
hydrauhe conductivity 15 deteeted, Companson of
hydrauhe conductivity at vanous wells withm same
hydrogeolagc charctenshg

Examination of whether a particolar hydrogeclogic
characterigtic resils in gimilar hydranlic
conductivity values and gimilar stanstical
distributions for different wells

Examination of whether, in composite, 2 particular
hyvdrogeolosic characteristic results in similar
hvdraulic conductivity values and the statistical
distribution of all values forms a recognizable
statistical distribution

Examination of whother 2 particnlar hydrozeologic
characteristic ar diffarent wells resulis in similar
hydraulic conductivity values and recognizable
statistical distributions when the values are
lagarithmieally transformed

Examination of whether, in composite, 2 particular
hvdrogeologic characteristic ar different wells
resulis in similar hydraulic condoctivity values and
recoynizable statistical distributions when the values
are logarithmically transformed

Stage-two Analysis

The purpose of this stage 1s to explore the data at a more detatled level using
exploratory data analysis with censored data. The data are evaluated without prior
assumptions of distribution or other behavior.

The hydraulic conductivity values (K) were cbtained with mere than ene pumping
rate, resulting in up to three values of K at each measured depth in a well. In the previous
stage of this study, low values, or values less than the assigned minimum value, were
evaluated qualitatively and either averaged or discarded to produce a composite hydraolic
conductivity. This results in one value of K for ¢ach depth in a well.



In this stage, all measured values of K were analyzed, regardless of whether or not the
value was below its minimum acceptable valug. Data identified only by a range, or a 'less-
than' value, are called censored data.

Limitations of the Borehole Flowmeter and I¥ata Reduction

Borehole flow logging was performed while the wells were being pumped and the
flowmeter instrument was moved upward and downward. Pumping rates were increased
stepwise between discrete sets of logging runs. The selected pumping rates typically
represented the maximum, intermediate, and minimum flow rates at which the well could be
continuously pumped based on water level drawdown and the motor capacity. Flow logging
was conducted at nominal line speeds (e.2., the speed at which the g&nph?’ sical tools are
raised or lowered in the well) of 6, 12, and 18 meters per minute {m min" ». The different
combinations of logging speeds and pumping rates typically provide nine unigue flow logs
for each well.

The borehole flowmeter records the impeller revolution rate as counts per second.
These readings are processzed with other information ta calculate the borehole flow rate at the
various locations in the well. Although simple in concept, calibration invelves incorporating
many factars to determine the best representation of borchole flow rate. Specifically, the
effects of well diameter, minor varations in vertical trolling speed {cable line speed),
direction of trolling the flowmeter, impeller response to changng flnd density, and the
instrument’s mechanical condition are considersd in calculating the borehole flow rate, The
borehole flowmeter records the impeller rotation rate every 6.1 centimeters of logging depth.
The relatively short recording distance also causes the logging system to base the impeller
rotation rate on a limited number of rotations. At the slowest logging line speed of about six
m min", there are 0.6 seconds of impeller rotation available to calculate the average rotation
rate. Logging at higher travel speeds of 2.1 to 12.2 m min™' reduces the recording interval to
every 0.4 to 0.3 seconds, respectively. The short time period available for data collection
limits the number of impeller rotations {or partial rotations) before data recording. Therefore,
apparent short-tenm flow rate variations are embedded in the raw data as noise.

1t 15 important to reducs the small-scale flow rate vanahons caused by measurement
noise so that they are not attributed to changes in berehole flow rate or hydraulic
conductivity. The borehole flowmeter readings are also subject to other influences including
tlow turbulence, changes in the alignment of the borehole flowmeter within the well casing,
impeller jarring, and occasional debris impacts. This is accomplished by data processing of
the borehole flow logs by averaging, filtering, and censoring Oberdander and Russell (2003)
and Cberlander and Russell {2006).

There are three primary considerations concerning flowmeter data processing that are
impartant to understanding the data presented in this report. First, the flowmeter precision is
a function of the borehole flow rate. Therefore, the instrument precision of the flowmeter
varigs as it encounters differing flow rates within the horchole and the well 15 logged at
difterent line speeds. Therefare, not all of the borehale flow rate measurements and the
subsequent hydraulic conductivity estimates have the same confidence.

Second, borehole flow rates are abstracted by verhically averaging over regular
vertical intervals. The length of the vertical calculation interval 15 important to this analysis
because 1t 15 used to estimate the change in borehole flow rate for subsequent calculation of



horizontal hydraulic conductivity with depth. There are two important and competing
objectives when vertically averaging flow rate data, preserving spatial resolution and
reducing uncertainty. Long vertical calculation intervals will average more data and reduce
the amount of uncertainty in the average borehole flow rates. However, long calculation
intervals limit detection of relatively small changes in borehole flow rate that can be
attributed to groundwater inflow. Long calculation intervals reduce the capability te locate
discrete hydraulic features with the end-member on this condition being the standard aquifer
test. In the UGTA wells, characterization of fracture flow locations is an important objective,
dictating that the vertical calculation interval be as small as practical. When the borehole
flowmeter was vsed in large diameter wells (i.e., greater than 12 cm internal diameter) or in
uncased carbonate wells, the flowmeter exhibited a high degree of variation in reading over
short vertical distances. These data sets were vertically averaged over long intervals of 10°s
of meters to estimate the average change in flow rate. These borehole flow logs were
essentially linearized over the intervals corresponding to the major changes in flow rates.
Although this process reflects the average flow conditions within the well, it also produces
the analysis artifact of having adjacent locations within the well having very similar
hydraulic conductivity values. This aspect of data analysis is recegnizable in the reported
hydraulic conductivity values provided in the Appendix.

Third, the borehole flow rates at each pumping rate are averaged 1o calculats a
hydraulic conductivity for each at each pumping rate, The three calculated hydraulic
conductivity measurements are averaged (if they agree) to produce the best estimate of
hydraulic conductivity for that location. Cempositing data from nine borehole flow logs are
used to produce one estimate of hydraulic conductivity. Therefore, compositing the flow logs
carries various sources and levels of uncertainty into each final hydraulic conductivity
estimate,

Comparisons of the summed hydraulic conductivity values derived from the borehole
flowmeter method do not precisely reproduce the transmissivity calculated from aquiter tests
for the entire well. There are several reasons for this:

» The borehole flowmetsr 15 unablg to detect small changes 1 flow rate and
subsequently calculare low amounts of groundwater inflow that can be attributed
to groundwater inflow. The lowest change in flow rate (e.g., a lower
quantification limit for hydraulic cenductivity) is a function of borehole fluid
velocity, mstrument condition, turbulence, and borehole diameter. The lower
quantitication limit for groundwater inflow and the associated hydraulic
conductivity varies for each screen section and is accounted for in the analysis by
gensenng values below the quantfication threshold.

& There are sections of the well where the borehole flowmeter cannot reliably detect
hydraulic conductivity whereas the aquifer test of the entire well includes these
minor groundwater inflow zones in the determination of transmissivity. This
results in the summed hydraulic conductivities producing a transmissivity less
than the transmissinty determined by an aquifer test for the entire well.

& Interpretation of the aquifer tests for entire wells are often based on sophisticated
techniques that include additional processes {such as dual porosity) not considered
in the analysis of the nominal 1.5 m calculation intervals used tor the borehole
flow method. The borehole flowmeter methodology is similar to the methods for



interpreting the transmissivity for a well at steady state flow. The aquifer tests for
entire wells are based on methods for transient water level drawdown while the
well 15 not at steady state flow. Use of differing assumptions in the analysis
methods and the well being tested at different states (e.g., steady state vs. transient
flow) contributes 1o the different transmissivity results.

The borehele flowmeter provides greater spatial information concerning where
hydraulic conductivity aceurs and the statistical preperties of hydraulic conductivity ina
single well. This information is gained at the cost of not being able to detect reliably
relatively Low valugs of hydraulic conductivity. Therefore, the borehole flow meter
methodolegy and aquiter testing of entire wells provide complementary, but not the same,
information.

Uncertainty in the borehole flow rates could be reduced by changing the well design
to include a section of blank casing below the lowest sereened interval. This blank section
would serve as a catchment for well detritus and ensure the entire length of well screen was
open to the aquifer. A blank section of casing at the bottom of the well would also allow
recalibration of the flow meter in the no flow zone. Currently, the flow meter 15 recalibrated
only at the top of each logged section were the borehcle flow rate is known to be equal to the
flow at flow meter located at land surface. A second calibration location for the borehole
would allow two calibrations; ong at the start and one at the finish of each flow log. These
additional calibrations would reduce uncertainty in the measured flow rates and provide
better correspondence of flow rate readings among the various logs. The ultimate outcome
would be detection of smaller changes in borehole flow rates, detection of lower values of
hydraulic conductivity, and greater certainty in the reported values of hydraulic conductivity.

STAGE-ONE ANALYSIS

Wells Constructed in Voleanic Tuff
Overview

Eight wells logged in volcanic tuff provided a tatal of 1,067 m of screened borehole.
Table 4 presents a summary of the detection of hydraulic conductivity in tuff. The length of
logged well screen reflects the accessible well depth. Some wells contained £111 matenal at
the bottom of the well that limited the depth of well logging and the effective screen length.

Detection of hydraulic conductivity in only 22.2 percent of the screened length may
seem a modest accomplishment. It should be noted that permeability in tuft is often
associated with discrete fractures and that well intervals having nondetectable permeability is
expected. Another way to view the depth-specific hydraulic conductivity in tuff 15 that
borehale flow logging provides 237 values of hydraulic conductivity and 833 nondetects
instead of only the eight hydraulic conductivity values provided by the single-well aquifer
tests. These data represent a 30-fold increase in information about the well permeability.
Most important i3 that these values also provide the depth dependence and the statistical
distribution of hydraulic conductivity as descoibed later in this report.



Table 4. Detection of hvdraulic conductivity in tuff.

Wertica) Possible Intervals with
win 1% Evaluation Hydramlic Hydraulic Detectible
Pumping Pumiping Sereened Interval Conductivity  Conductivity Hydraulic
Rute Rate [Lengih [engih [Detection [Detection Conduenv Iy
Well {Lfmim} {L/min} im) im) [1m} (1} ipercent)
FRE-RC-1 2d4 AR 1319 1.3 1319 3R 216
ER-EC=2a 69 i W 1.3 Ay BRE 235
ER-EC-4 231 692 1353 .5 1353 271 20
ER-FEC-5 230 6l B39 (1.6 Hau s At
ER-3-d42 287 Gig A8 L6 6.8 203 434
ER-EC-A 23K 260 124.2 (6 124.2 48 1w
ER-EC-T7 244 671 674 1.5 674 5.2 12.2
ER-EC-8 50 670 776 0.6 716 230 %7
TOTAL I, TLd. LOGE.8 ELi. 10668 2368 22

The hydraulic conductivity with depth is presented in Figures 2 through 9. The
position of the well screen, where detection of hydraulic conductivity is possible. is indicated
on the lefi-hand side of the figure.
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Detected hydraulic conductivity with depth at well ER-EC-1, vertical green bars on
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Lo



Hydraulic Conductivity (m/d)
0.0 0.5 1.0 1.5

. dm 1 | 1 1
£
= A
8 600 i @ _I. ‘f
o L
5 well
4 %00 screen
€
5 &
3 1000 —@ I N A
& £t
E 1200 |
@
m
£ 1400 @ I
: F
(=]

1600

Figure 3. Detected hvdravhie conductivity with depth at well ER-EC-2a, vertical green bars on
left-hand side of figure indicate position of well screen,
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Figure 4. Detected hvdravlic conductivity with depth at well ER-EC-4. vertical green bars on
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Figure 5.  Detected hydraulic conductivity with depth at well ER-EC-5. vertical green bars on
left-hand side of figure indicate position of well screen.

1960 |

1870

1980

1990

2000

2010

2020

Depth Below Ground Surface (m)

2030

0

Hydraulic Conductivity (m/d)

10 20

30 40 50

60

screen |
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Figure 9. Detected hvdravlic conductivity with depth at well ER-EC-8, vertical green bars on
left-hand side of figure indicate position of well screen,

Examination of Figures 2 through 9 indicates that for most wells, the highest
conductivity values were found in the upper-most portions of the well. That said, this does
not mean that low values were only found at deeper depths. Rather, low values were also
found mixed in with the high values in the upper-most portions of the wells. From these data
alone, it would be difficult to quantify the dependence of hydraulic conductivity with depth
as a general function based on multiple wells,

Wells ER-EC-5, ER-EC-7, and possibly ER-EC-2a are the exceptions to having the
most hydraulic conductivity in the upper portions of the screened intervals. The graphical
depiction of hydraulic conductivity with depth does not indicate any clearly identifiable
trends and these data are examined in detail in the stage-two analyses.

The analysis continues by examining hydraulic conductivity for each hydrogeologic
classification. The five major hydrogeologic classifications are:

e Stratigraphic unit,

e Lithologic description,

e Litholozic alteration,

s Hydrogeologic unit, and

e Hydrostratigraphic unit.

Each of the hydrogeologic classifications has several characteristics to designate the

particular stratigraphic unit, lithology, ete. The hydrogeologic characteristics are defined at
the beminning of each report section.




Association of Hydraulic Conduetivity with Well-specifie Hydrogeologic Characteristics

The following sections descobe the association of hydraulic conductivity with each
hydrogeologic characteristic. The analysis goals of the figures are described 1n Table 2.
These results are intended for the reader interested in the charactenistics of a specific well.
Each well is discussed in a separate section below. The value of these tables is that they
provide a quick review of the stratigraphic units containing detectable hydraulic conductivity
without the reader needing te examine each of the well-specific figures.

Hydraulic Conductivity and Stratigraphy

Well construction in tuff encountered 34 different stratigraphic units. Each of the
units encountered is presented in the tables and figures to aid the reader in understanding the
stratigraphic section at each well and the context of well screening and the detection of
hydraulic conductivity. Table 5 presents the stratigraphic abbreviations for the stratigraphic
units encountered in each well. Table & presents a summary of the stratigraphic units
associated with well screen and the detection of hydraulic conductivity. Sixteen stratigraphic
units had well screen placed adjacent to the unit and hydraulic conductivity was detected in
12 of these stratigraphic units.

The vertical length of well screen in each stratigraphic unit and the length over which
hydraulic conductivity was detected are presented for each well in Figures 10 through 17.
The figures include tuff stratigraphic umts that were encountered during dnlling but not
sereened, to aid the reader in understanding the stratigraphic centext. This is especially
important where there are intervening stratigraphic units between the screened units.

The numenical average detected hydraulic conductivity within each stratigraphic unit
i3 presented in Figures 18 through 25. This analysis demonstrates an interesting finding.
Although there are differences in average detected hydraulic conductivity values, the values
within each well are of similar order of magnitude. The largest difference in average values
within a well are less than an order of magnitude. Readers interested in performing additional
evaluaticns of the data are referred to the Appendix.

Table 3. Stratigraphic units for wells in wif,

Siratigraphic Abbreviation Siraligraphic Unit Name
ER-EC-1
Tet Trail Ridge Tuff
TepiTir Palute Mesa and Rocket Wash T
Trmap Mafic-poor Ammonia Tanks Tuff
Tmal Rhyolite of Tarmenbamm Hill
Tiup Malic-perr Rainier Mesa Tufl
Tt Rhyolite of Fluorspar Canyvon
Tpb Rhyolite of Benham
Tpem Pabute Mesa Lobe of Tiva Camyon Tuff
The {Calico Hills Fommation
Tptin Balmte Mesa Lobe of Topopah Spring Tuff
Tepe Provy Pass Tuff
ER-EC-2a
Tiow Rhyolite of Beatty Wash
Tih Beatty Wash Formation
T Yolcanics of Fortymile Canyon
Tinaw Tuwll of Buiton Hook Wash
Truar Malic-rich Avnnonia Tanks Tl
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Table 5.  Stratigraphic units for wells in wff {continued).

stangrphic Abbreyiation Stratigraphic Unil Name
ER-EC4
Typ Pliccene Basall
Tig Gold Fla1 Tuff
Tu Trail Ridge TwT
Tip Palmie Masa Tull'
Tir Rockel Wash Tuff
Tic Trachyie of Ribbon CLEF
Tibr Rhyolite of Chukkar Canyon
Thrw Rhyolite of Beatly Wash
Tmay Trachy1e of East Cat Canyon
Tmap Mafic-poor Amunonia Tanks Tuff
Trogh Bedded Ammonia Tanks Tuff
Tmrb Beddad Fainier hesa Tuff
Timp Mafic-poor Rainier Mesa Tuff
ER-EC-5
Tip Palute besa Tull
Tir Rockel Wash Tufl
Tec Caldera Moat-Filling Sedimemary Deposits
Thbw Rhyolitc of Beatty Wash
Timx Timber Mountain Landslide Breccia
Troar Mafie-rich Ammonia Tanlks Tuff
Tmap Mafic-poor Ammonia Tanks Tuff
ER-5-1#2
Tip Pabute besn Tufi
OTp Cuatemary-Tertiary Plava
QTa Cuaternary-Teriary Alluvium
Tma Ammonia Tanks Tuff
Tmab Bedded Amimonia Tanks Tull
Tinr Raimier Mesa Tufl
T Tw Rainier Mesa Tuff"Wahmonie Formation
Tw Wahmonic Formation
Tch Bullfrog Tulf
ER-EC-4
Tmat Phyolite of Tannenbavm Hill
Tt Rhyolite of Fluorspar Camson
Tph Rhyolite of Benham
Tpem Palute Mesa Lobe of Tiva Canyon Tuff
The Mafic-rich Calico Hills Formation
Tptm Fabute Mesa Lobe of Topopah Spring Tuff
Tepe Prow Pass Tull
Tepk Prow Pass Tull
ER-EC-7
Thowy Rhyolite of Beatty Wash
Tibr Rhyolite of Chubklkar Canyon
Tib Beatty Wiash Formation
T Tuff of Leadfizld Poad
ER-ECS
T Thirsty Canyon Groop
Tib Beawy Wash Formation
Tmaw Tufi of button Hook Wash
Trmap Mafic-poor Ammonia Tanks Tuff
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Table 6.

Stratigraphic units encountered in drlling: Units that are screened are shaded gray and units with detectable hvdraulic conductivity are

in bold tyvpe.

Well Stratigraphic Unit
ER-EC-1 Tut Tip/Tir Tmap Tmat Tmrp Tmrf Tph Tpem Thr Tptm Tepe
ER-EC-2a4 | Tibw Tib T Tmaw Tmar
ER-EC4 Tvp Tig T Tip Tir Tte Trbr Thow Tmay Tnap Tmab Tmrb  Tmrp
ER-EC-3 Tip Tir Tec Tlow Timx Tmar 'Tma]l
ER=5-442 Tip OTp OTa Tma Tinab Tmr T Tw Tw Tch
ER-EC-6 Tmal Tl Tph Tpem Thr Tpun Tepe Tepk
ER-EC-7 Tihw Tibr Tib Til
ER-EC-8 Ti Tfh Tmaw  Tmap
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Figure 12, Stratigraphic units adjacent to well screen and detectable hydraulic conductivity at
well ER-EC-4,
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Figure 13, Stratigraphic units adjacent to well screen and detectable hydraulic conductivity at
well ER-EC-5.
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Figure 14, Stratigraphic umits adjacent to well sereen and detectable hvdraubie conductivity at

well ER-3-4#2,
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Figure 15 Stratigraphic units adjacent to well sereen and detectable hvdraulic conductivity at
well ER-EC-6,
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Figure 17, Stratigraphic units adjacent to well screen and detectable hvdraulic conductivity at
well ER-EC-8.
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Figure 18, Average detected hydraulic conductivity in stratigraphic units at well ER-EC-1.
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Figure 20, Average detected hydraulic conductivity in stratigraphic units at well ER-EC-4.

25

T

E

2 20

g

e 15

(=]

(3]

2

gm

: -4

T

%E

3

‘ u L] ¥ r r 1 1
a = ] z = 8-
S

Stratigraphic Units Encounterad

Figure 21, Average detected hvdraulic conductivity in stratigraphic units at well ER-EC-3.
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Figure 22, Average detected hyvdraulic conduetivity in stratigraphic units at well ER-5-442.

F -

]

—

Average Hydraulic Conductivity (m/d)
(2]

Tmat

t
E

Tpb
Thr

' ae
g 3 B

Tpem

Stratigraphic Units Encountered

Figure 23, Average detected hydraulic conduetivity in stratigraphic units at well ER-EC-6.
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Figure 24, Average detected hydraulic conduetivity in stratigraphic units at well ER-EC-7.
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Hydraulic Conductivity and Lithologic Modifier

Well construction in tuff placed well screen adjacent to units containing 16
different lithologic modifiers. Each of the modifiers encountered during well construction
is presented in the tables and figures to aid the reader in understanding the context of well
screening and the detection of hydraulic conductivity, Table 7 presents abbreviations for
the lithologic medifiers encountered in the wells. Table 8 presents a summary of the
lithalogic modifiers associated with well screen and the detection of hydraulic
conductivity. Well screen was placed adjacent to 16 unique lithologic modifiers in tuff.
Ten of these lithologic modifiers are associated with detectable hydraulic conductivity.
Lithclogic modifiers have the second highest nomber of associations among the
hydrogeologic characteristic.

The vertical length of well sereen placed adjacent to each lithologic modifier and
the length over which hydraulic conductivity was detected are presented for each well in
Figures 26 through 33. The figures include enly the lithologic modifiers that werg
screened. Units described as nonwelded wiff and lava most often had detectable hydraulic
conductivity. The average detected hydraulic conductivity for the lithologic modifiers is
presented in Figures 34 through 41, The higher values of average hydraulic conductivity
are associated with lava where it is present.

Hydrauli nductivi Al won Modifigr

Well construction in tuff placed well screen adjacent to units containing seven
different alteration modifiers. Each of the modifiers that were encountered during well
construction is presented in the tables and figures to aid the reader in understanding the
context of well screening and the detection of hydraulic conductivity. Table 9 presents
abbreviations for the alteration modifiers encountered in the wells. Table 10 presents a
summary of the alteration modifiers associated with well screen and the detection of
hydranlic conductivity. Well screen was placed adjacent to seven unique alteration
maedifiers in tuff. Six of these alteration medifiers are associated with detectable
hydraulic conductivity.

Table 7. Lithologic modifiers for wells in tuff.

Lithclogic Abbreviation Lithclozic Unit Nane
NWT Nonwelded Tuff
NWT-PWT MNonwelded - Pamially Welded Tuff
PWT Partially Welded Toff
PWT-MWT Parnally Welded - Moderately Welded Tuff
MWT Maoderately Welded Tuff
DWT Densely Welded Tuit
VT Vitrificd Tuff
BED Bedded Tuff
PL Pumiceous Lava
LA Lava
VL Virrified Lava
FB Flow: Base
RWT Bhylolitic Welded Tuff
TSLT Tuff reworked with Silt
CL Paleceollovium maxed with Lava
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Table §.

Lithologic units that are adjacent to well screened. Lithologic medifiers with detectable hvdraulic conductivity are shaded gray,

Well Litholozic Unit
ER-EC-1 NWT-PWT PWT PWT-MWT MWT VT BED PL LA VL FB
ER-EC-2a NWT MWT BED TSLT RWT
ER-EC4 NWT PWT MWT DWT VT BED LA CL
ER-EC-3 MWT MWT-DWT
ER-5-442 NWT
ER-EC-6 NWT PWT MWT LA BED
ER-EC-7 LA BED VL FB
ER-EC-8 NWT PWT PWT-MWT YT
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Figure 26. Lithologic modifiers adjacent to well screen and detectable hydraulic conductivity
at well ER-EC-1.
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Figure 27 Lithologic modifiers adjacent to well sereen and detectable hydraulic conductivity at
well ER-EC-2a.
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Figure 28.  Lithologic modifiers adjacent to well screen and detectable hvdraulic conductivity at
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Figure 29 Lithologic modifiers adjacent to well sereen and detectable hvdrauhe conductivity at
well ER-EC-5,
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Figure 30, Lithologic medifiers adjacent to well sereen and detectable hvdraulic conduetivity at
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Figure 31,  Lithologic modifiers adjacent to well screen and detectable hydraulic conductivity at

well ER-EC-6,

30




&0
—_ @ Total Length Screened |
E &0 m Length with K Detected|~
S 40
S
£ 30
=
E 20
o
£ 10
. |
n T T T T T T T T T T T
F F F F F 4 J @m
= = £ & £ £ £ 3 8 5 & £ E
Z o o = = Q@ B o [
5 S S
Z o =
Lithelogic Modifier

Figure 32.  Lithologic modifiers adjacent to well screen and detectable hvdraulic conductivity at
well ER-EC-7,
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Figure 33 Lithologic modifiers adjacent to well sereen and detectable hvdrauhe conductivity at
well ER-EC-8,
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Figure 34.  Average detected hydraulic conductivity for lithologic modifiers at well ER-EC-1.
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Figure 37.

Average detected hydraulic conductivity for lithologic modifiers at well ER-EC-5.
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Figure 39,

Average detected hydraulic conductivity for lithologic modifiers at well ER-EC-6.
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Figure 40,

Average detected hydranlic conductivity for lithologic medificrs at well ER-EC-7.
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Figure 41,  Average detected hvdraulic conductivity for lithologic modifiers at well ER-EC-8.
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Table 9. Alteration modifiers for wells in tuff.

Lithologic Alteration Abbreviation Lithologic Unit Name
DV Devitrified
GL Glass Vitrophyre
VP Vapor Phase Mineralization
ZE Zeolitic
Q7 Ouartz
QF Quartz Feldspathoidic

Table 10 Alteration modifiers that are screened, Modifiers with detectable hyvdraulie conduetivity
are shaded gray,

Well Alteration Modifier

ER-EC-1 DV GL ZE QZ QF

ER-EC-2a ZE 0z QF

ER-EC-4 DV GL ZE QF

ER-EC-3 QF

ER-3-4#2 LE

ER-EC-6 DV GL QF

ER-EC-7 DV GL QF VAR
ER-EC-8 DV VP QZ QF

The vertical length of well screen placed adjacent to each alteration modifier and the
length over which hydraulic conductivity was detected are presented for each well in Figures
42 through 49. The figures include only the alteration modifiers that were screened. Units
described as devitnified and quartzo-feldspathoidic modifiers most often had detectable
hydraulic conductivity.

The average detected hydraulic conductivity for the alteration modifiers is presented
in Figures 50 through 57 Trends in the average hydraulic conductivity are difficult to
ascertain from the data plots.

Hydraulic Conductivity and Hyvdrogeolooic Unit

Well construction in tuff placed well screen adjacent to four different hydrogeologic
units. The hydrogeologic units that were screened are presented in the tables and figures to
aid the reader in understanding the context of well screening and the detection of hydraulic
conductivity. Table 11 presents abbreviations for the hydrogeologic units adjacent to well
screen. Table 12 presents a summary of the hydrogeologic units associated with well screen
and the detection of hydraulic conductivity. Well screen was placed adjacent to four unique
hydrogeologic units in wif. All four of these hydrogeologic units are associated with
detectable hydraulic conductivity,
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Figure 42, Alteration modifiers adjacent to well sereen and detectable hydraulic conductivity at
well ER-EC-1,
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Figure 43, Alteration modifiers adjacent to well sereen and detectable hvdraulic conduetivity at
well ER-EC-2a,
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Figure 44,  Alteration modifiers adjacent to well sereen and detectable hydraulic conductivity at
well ER-EC-4,
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Figure 45, Alteration modifiers adjacent to well screen and detectable hydraulic conductivity at
well ER-EC-5.

38



| |8 Total Length Screened
@ Length with K Detected

Lithologic Thickness (m)
b

- o Ll
a = N

Alteration Modifier

L
o

Dv
Qz

Figure 46, Alteration modifiers adjacent to well screen and detectable hydraulic conductivity at
well ER-5-4%2.
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Figure 47, Alteration modifiers adjacent to well sereen and detectable hvdraulic conduetivity at
well ER-EC-6.
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Figure 49, Alteration modifiers adjacent to well screen and detectable hydraulic conductivity at
well ER-EC-8,
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Figure 30, Average detected hydraulic conductivity for alteration modifiers at well ER-EC-1.
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Figure 51, Average detected hydraulic conductivity for alteration modifiers at well ER-EC-2a.
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Figure 52, Average detected hydraulic conductivity for alteration modifiers at well ER-EC-4,

25
-
E
2 0
=
B
1= ]
<
c 15
o
o
12
E 10
A
I
w
o 5
=
<
b 8

0 T T
a o = N d G
Alteration Modifier
Figure 53, Average detected hydraulic conductivity for alteration modifiers at well ER-EC-5.
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Figure 54.  Average detected hydraulic conductivity for alteration modifiers at well ER-5-442.
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Figure 55, Average detected hvdraulic conductivity for alteration modifiers at well ER-EC-6.
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Figure 56,

Average detected hydraulic conductivity for alteration modifiers at well ER-EC-7.
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Average detected hydraulic conductivity for alteration modifiers at well ER-EC-8,




Table 11. Hydrogeologic units for wells in tuff.

Hyvdrogeologic Unit Abbreviation Hvdrogeologic Unit Name
AA Alluvial Aquifer
WTA Welded Tuff Aquiter
TCU Tuff Confining Unit
LFA Lava Flow Aquifer

Table 12. Hydrogeologic units that are screened. Umits with detectable hvdraulic conductivity are
shaded grav.

Well Hvdrogeologic Unit
ER-EC-1 WTA TCuU LFA
ER-EC-2a WTA Tcu AA
ER-EC-4 WTA TCuU LFA AA
ER-EC-5 WTA
ER-5-4#2 TCU
ER-EC-6 WTA TCU LFA
ER-EC-7 TCU LEA
ER-EC-8 WTA TCu

The vertical length of well screen placed adjacent to each hydrogeologic unit and the
length over which hydraulic conductivity was detected are presented for each well in Figures
58 through 65. The figures include only the hydrogeologic units that were screened. The
figures indicate that slightly less vertical thickness described as welded wiT aquifer were
screened compared to intervals described as tuff confining umts, The probability of detecting
hydraulic conductivity is nearly equal in welded tuff aquifers and tuff confining units.

The average detected hydraulic conductivity for the hydrogeologic units is presented
in Figures 66 through 73, Average hydraulic conductivities are similar for all hydrogeologic
units within a particular well with the range of values among units within an order of
magnitude.

Hydraulic Conductivity and Hydrostratigraphic Unit

Well construction in tuff encountered 23 hydrostratigraphic units, Well screen was
placed adjacent to 12 different hydrostratigraphic units and hydraulic conductivity was
detected in eight units. Each of the hydrostratigraphic units that were encountered is
presented 1n the tables and figures to aid the reader in understanding the context of well
screening and the detection of hydraulic conductivity. Table 13 presents abbreviations for the
hydrostratigraphic units encountered. Table 14 presents a summary of the hydrostratigraphic
units and the detection of hydraulic conductivity
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Figure 60, Hvdrogeologic units adjacent to well sereen and detectable hydraulic conductivity at
well ER-EC-4,

100

@ Total Length Screened |
B Length with K Detected

Lithologic Thickness (m)
o
o

= =T
(= e

Hydrogeologic Unit

WTA
AA

Figure 61. Hvdrogeologic units adjacent to well sereen and detectable hvdraulic conductivity at
well ER-EC-5.
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Figure 62, Hvdrogeologic units adjacent to well sereen and detectable hydraulic conductivity at
well ER-5-4#2.
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Figure 63.  Hvdrogeologic units adjacent to well screen and detectable hydraulic conductivity at

well ER-EC-6,
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Figure 64, Hvdrogeologic units adjacent to well sereen and detectable hydraulic conductivity at
well ER-EC-7,
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Figure 65.  Hvdrogeologic units adjacent to well sereen and detectable hydraulic conductivity at
well ER-EC-8.

49



25

15

10

Average Hydraulic Conductivity (m/d)

=
£ 5

Hydroge ologic Unit

LFA
AA

Figure 66.  Average detected hydraulic conductivity for hydrogeologic units at well ER-EC-1.
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Figure 67.  Average detected hydraulic conductivity for hydrogeologic units at well ER-EC-2a.
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Figure 68.  Average detected hydraulic conductivity for hydrogeologic units at well ER-EC-4.
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Figure 69, Average detected hydraulic conductivity for hydrogeologic units at well ER-EC-5.
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Figure 70, Average detected hydraulic conductivity for hydrogeologic units at well ER-5-4#2.
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Figure 71, Average detected hvdraulic conductivity for hyvdrogeologic units at well ER-EC-6.
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Figure 72.  Average detected hydraulic conductivity for hydrogeologic units at well ER-EC-7.
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Figure 73, Average detected hydraulic conductivity for hydrogeologic units at well ER-EC-8.
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Table 13. Hydrostratigraphic units for wells in tff

Hydmsinaligraphic Abbreyigtion

Hydmsiratigraphic Unit Name

ER-ELC-1
TCYA
THLFA
THCM
THA
FCCU
BA
URCU
TCA
LFCU
TSA
CHCL
CFCM
ER-EL-2a
FCCM
TMCM
ER-ECH
YVCM
TCVA
FCCM
T™MA
ER-EC-%5
TCYV A
FCCM
TMCM
ER-5-4%2
AAd
FCUIU
AAl

TH-WTa
TM-LYTA

LTCU
ER-EL-
THLFA
THCM
FCLCU
BA
URCU
TCA
LFCU
T34
CHCU
CFCM
ER-EL-T
FCCM
ER-EC-%
TCYV A
FCCM
ThiChd

Thirsty Canyon Volcanic Aquifer
Tanmnenb:mm Hill Lava-Flow Aquifer
Tanne nbaum Hill Composite Unil
Tanber Mounlain Aquiler
Fluorspar Canyon Confining Unit
Benham Aquifer

Upper Paintbeush Confirang Unit
Tiva Canvon Aquifer

Lower Paintbrush Confining Unit
Taopopah Spring Aquifer

Calico Hulls Contaning Urat
Crater Flat Composite Unit

Fortymile Canyon Composite Unit
Timber Mouniain Composite Unitl

Younger Yolcanics Composite Uni
Thirsty Canvon Veleanic Aquifcr
Fluorspar Canyon Composile Unit
Timber Mounliin Aquifer

Thirsty Canyon Volcanie Aquifer
Fluorspar Canyon Composile Lnil
Timber Mountain Composite Unit

Alloyvial Aguifer No, 3

FPoorly Consolidaied Alluvial Aquifer
Al ial Agualer Ne. |

Timber Moumain Welded Toff Aquifer
Tinber Mountain Lava and Tuff Aquifer
Lower Tuff Confining Undt

Tannznbaum Hill Lava-Flow Aquifier
Tannenbaum Hill Composite Unit
Fortymmile Canyon Confining Unit
Benham Aquifer

Upper Faintbrush Confining Unil
Tiva Canyon Aquifer

Lower Painibrush Confining Uni
Topopah Spring Aquiler

Calico Hills Immsive Confining Uni
Crater Flat Compozite Unit

Fortyrile Canyon Composite Unit
Thirsty Canyon Volcanie Aquifer

Fortynule Canyon Composite Lnit
Timber Mounlain Compasite Unit
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Tahle 14. Hydrostratigraphic units encountered in drilling that were screened are shaded grav and units with detectable hydraulic conduetivity are
in bold tvpe.
Well Hvdrostmtigraplic Unit
ER-EC-1 TCVA THLFA  THCM TMA FCCU BA UPCU TCA LECU TSA CHCU CFCM
ER-EC-2a | FCCM  TMCM
ER-EC-4 YVOM TCVA FCCM TMA
ER-EC-3 TCVA FCCM T™CM
ER-5-d4%2 AAT PCUIU AAl TM-WTA TM-LVTA LTCU
ER-EC-6 THLFA THCM FCCU BA UPCU TCA LPCU TSA CHCU CFCM
ER-EC-T FCCM
ER-EC-8 TCVA  FCCM _ TMCM




The vertical length of well screen placed adjacent to each hydrostratigraphic unit and
the length over which hydraulic conductivity was detected are presented for each well in
Figures 74 through 81. The figures include all hydrostratigraphic units that were encountered
during drilling to provide a hydrostratigraphic context for well screening. The figures
indicate that the Benham Aquifer and the Fluorspar Canyon Composite Unit are likely to
have detectable hydraulic conductivity.

The average detected hydraulic cenductivity for the hydrostratigraphic units is
presented in Figures 82 through 89. Average hydraulic conductivities are highest for the
Benham Aquifer, Thirsty Canyon Voleanic Aquifer, and Fortymile Canyon Composite Unit.

Association of Hydrogeologic Characteristics with Well-apecific Hydraulic Conductivity

The following sections describe the hydraulic conductivity for each hydrogeologic
charactenistic that occurs within multiple wells. When a hydrogeologic characteristic is found
in only one well, the information 15 identical to that presented above. The analysis goals of
the figures are described in Table 3. Each hydrogeologic classification i3 discussed in a
separate section below_ The figures in this section show the detected hydraulic conductivity
data for each well plotted both separately and displayed as if all the values are at the same
lacatien.

Hydraulic Conductivity and Stratigraphy

There are five stratigraphic umits with detected hydraulic conductivity in more than
one well. The names of the stratigraphic vnits and their abbreviations are provided in
Table 5. The stratigraphic association of screened intervals and hydraulic conductivity for all
wells in tuff is presented in Table 15

There are more stratigraphic units than any other hydrogeologic characteristic. This
tends to reduce the number of detected hydraulic conductivity values within any particular
stratigraphic characteristic. Diata associations with other hydrogeologic classifications exhibit
more heavily populated data sets.

The detected hydravlic conductivity with depth for the Rhyclite of Beatty Wash is
presented in Figure 90. Well ER-EC-2a has much lower hydraulic conductivity values than
well ER-EC-7. Figures 21 through 94 present the detected hydrauhic conductivity for the
wells individually and in composite for normal and log-transformed values, Becavse the
ranges of values for the two wells do not overlap, the figures for the wells individually and in
cormposite are identical. The sparse data for this umt prevent interpretation of data trends.
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Figure 74, Hvdrostratigraphic units adjacent to well sereen and detectable hydraulic conductivity at
well ER-EC-1.
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Figure 75, Hydrostratigraphic units adjacent to well screen and detectable hvdraulic conductivity at
well ER-EC-2a.
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Figure 76.  Hvdrostratigraphic units adjacent to well screen and detectable hvdraulic conductivity at
well ER-EC4,
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Figure 77, Hydrostratigraphic units adjacent to well screen and detectable hydraulic conductivity at
well ER-EC-5,
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Figure 78, Hvdrostratigraphic units adjacent to well screen and detectable hvdraulic conductivity at
well ER-3-d42
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Figure 79.  Hvdrostratigraphic units adjacent to well screen and detectable hvdraulic conductivity at
well ER-EC-6.
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Figure 80, Hvdrostratigraphic units adjacent to well sereen and detectable hydraulic conductivity at

well ER-EC-7,
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Figure 81, Hvdrostratigraphic units adjacent to well sereen and detectable hvdraulic conductivity at
well ER-EC-8,
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Figure 82, Average detected hydraulic conductivity for hvdrostratigraphic units at well ER-EC-1.
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Figure 83,  Average detected hydraulic conductivity for hydrostratigraphic units at well ER-EC-2a,
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Figure 84, Average detected hydraulic conductivity for hydrostratigraphic units at well ER-EC-4.
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Figure 83, Averaee detected hyvdraulic conductivity for hydrostratigraphic units at well ER-EC-5,
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Figure 86, Averaee detected hyvdraulic conductivity for hydrostratigraphic units at well ER-5-4#2,
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Figure 87.  Average detected hvdraulic conductivity for hydrostratigraphic units at well ER-EC-6,
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Figure 88, Average detected hydraulic conductivity for hvdrostratigraphic units at well ER-EC-7.
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Figurc 89,  Average detected hydraulic conductivity for hydrostratigraphic units at well ER-EC-8.



Table 15.

Stratigraphic units encountered at multiple wells in twff

Stratigraphic ER-EC-1 ER-EC-2a ER-EC4 ER-EC-5
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Stratigraphic wmts are not presentaed i straigraph sequence
Crray shadmg indicotes a stratigraphic umit that cceurs momeltple wells,
Bold type indicates lengih of detectable by dranlic condustivity For stratigraphic units with detectable hydraulic conductivity i more than one well
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Figure 90,

Detected hydraulic conductivity with depth for the stratigraphic unit Rhyvolite of Beatty
Wash.
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Figure 91, Detected hydraulic conductivity for individual wells for the stratigraphic unit Rhyolite of

Beatty Wash,
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Figure 92, Detected hvdraulie conductivity for wells in compaosite for the stratigraphic unit Rhyvolite
of Beatty Wash.
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Figure 93, Detected natural logarithm hydraulic conductivity for individual wells for the

stratigraphic unit Rhyolitc of Beatty Wash.

67
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Figure 94, Detected natural loganthm hydravhe conductivity for wells in compaosite for the
stratigraphic unit Rhvolite of Beatty Wash.

The detected hydraulic conductivity with depth for the Beatty Wash Formation is
presented in Figure 95, Wells ER-EC-7 and ER-EC-8 have similar hydraulic conductivity
values. Figures 96 through 99 present detected hydraulic conductivity for the wells
individually and in composite for normal and log-transformed values. The distributions in
Figures 96 and 99 indicate a strong similarity to the data sets. Figures 97 and 98 indicate a
nearly lognormal statistical distribution

The detected hydraulic conductivity with depth for the mafic-rich Ammonia Tanks
Tuft 1s presented in Figure 100. Wells ER-EC-2a and ER-EC-5 have dissimilar hydraulic
conductivity values. Figures 101 through 104 present detected hydraulic conductivity for the
wells individually and in composite for normal and log-transformed values. Because the
ranges of values for the two wells do not overlap, the figures for the wells individually and in
composite are identical. The distributions in Figures 101 through 104 indicate that the
hydraulic values for well ER-EC-2a are much lower than in well ER-EC-5. The hydraulic
conductivity values in Figures 101 and 102 appear to have a normal distribution, with the few
values for ER-EC-2a as the low-end member. Log-transformation of the data in Figures 103
and 104 does not aid in interpretation,

The detected hydraulic conductivity with depth for the mafic-poor Ammonia Tanks
Tuft 1s presented in Figure 105. Wells ER-EC-5 and ER-EC-8 have dissimilar hydraulic
conductivity values. Figures 106 through 109 present detected hydraulic conductivity for the
wells individually and in composite for normal and log-transformed values, Because the
ranges of values for the two wells do not overlap, the figures for the wells individually and in
composite are identical, The distributions in Figures 106 and 107 do not display a regular
trend. Log-transformation of the values in Figures 108 and 109 may indicate a lognormal
distribution for ER-EC-5 and a separate distribution for ER-EC-8.
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Figure 5. Detected hvdraulic conductivity with depth for the stratigraphic unit Beatty Wash
Formation.
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Figure 96, Detected hvdraulic conductivity for individual wells for the stratigraphic unit Beatty

Wash Formation.
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Stratigraphic Unit, Beatty Wash Formation
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Figure 97, Detected hvdravlic conductivity for wells in compaosite for the stratigraphic unit Beatty
Wash Formation.
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Figure 98, Detected natural loganthm hydraulic conductivity for individual wells for the

stratigraphic unit Beatty Wash Formation,
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Stratigraphic Unit, Beatty Wash Formation
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Figure 99, Detected natural loganthm hydravhe conductivity for wells in composite for the
stratigraphic unit Beatty Wash Formation,

Stratigraphic Unit, Mafic-Rich Ammeonia Tanks Tuff
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Figure 100, Detected hvdraulic conductivity with depth for the stratigraphic unit mafic-rich.
Ammomia Tanks Tuff.
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Stratigraphic Unit, Mafic-Rich Ammeonia Tanks Tuff
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Figure 101, Detected hydranlic conductivity for individual wells for the stratigraphic unit mafic-rich
Ammonia Tanks Tuff.
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Figurz 102. Detected hyvdraulic conductivity for wells in composite for the stratigraphic unit mafic-
rich Ammonia Tanks Tuff.
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Stratigraphic Unit, Mafic-Rich Ammonia Tanks Tuff
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Figure 103. Detected natural loganthm hvdraulic conductivity for individual wells for the
stratigraphic unit mafic-nich Ammomia Tanks Tuff.
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Figure 104, Detected natural logarithm hydraulic conductivity for wells in composiie for the
stratigraphic unit mafic-rich Ammonia Tanks TufT.
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Stratigraphie Unit, Mafic-Poor Ammonia Tanks Tuff
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Figure 103, Detected hyvdraulic conductivity with depth for the stratigraphic unit mafic-poor

Ammonia Tanks Tuff
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Figure 106, Detected hvdraulic conductivity for individual wells for the stratigraphic unit mafic-poor
Ammonia Tanks Tuff
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Figure 107. Detected hydranlic conductivity for wells in composite for the stratigraphic unit mafic-
poor Ammonia Tanks Tuff,
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Figure 108, Detected natural logarithm hydraulic conductivity for individual wells for the
stratigraphic unit mafic-poor Ammonia Tanks Tuff.
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Figure 109, Detected natural loganthm hydravhe conductivity for wells in composite for the
stratigraphic unit mafic-poor Ammonia Tanks Tuff.

The detected hydraulic conductivity with depth for the Rhyolite of Benham is
presented in Figure 110. Wells ER-EC-1 and ER-EC-6 have dissimilar hydraulic
conductivity values. Figures 111 through 114 present detected hydraulic conductivity for the
wells individually and in composite for normal and log-transformed values. The distributions
in Figures 111 and 112 display a weak trend for more low values than high values. Log-
transformation of the values in Figure 113 suggests that the values for each well form a
separate lognormal distribution with the values for well ER-EC-1 slightly higher than well
ER-EC-6. Figure | 14 indicates that the values are sufficiently similar to form a composite
lognormal distribution with the values for well ER-EC-1 slightly higher than well ER-EC-6.

Hydraulic Conductivity and Lithologic Modifier

There are five lithologic moditier units with detected hvdraulic conductivity in more
than one well. The names of the lithologic modifier units and their abbreviations are provided
in Table 7. The lithologic modifier association with sereened intervals and hydraulic
conductivity for all wells in wiff is presented in Table 16. The lithologic modifier partially
welded mff (PWT) is a special case where each of the two wells with detected hydraulic
conductivity (e.g.. ER-EC-1 and ER-EC-4) has only one value.
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Stratigraphic Unit, Rhyolite of Benham
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Figure 110, Detected hvdrauhe conductivity with depth for the stratigraphic unit Rhyolite of Benham
Tuff.
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Figure 111. Detected hydraulic conductivity for individual wells for the stratigraphic unit Rhyolite of
Benham Tuff,
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Figure 112, Detected hydraulic conductivity for wells in composite for the stratigraphic unit Rhyolite
of Benham Tuff,
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Figure 113, Detected natural logarithm hydraulic conductivity for individual wells for the
stratigraphic unit Rhvolite of Benham Tuff.
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Figure 114. Detected natural logarithm hydraulic conductivity for wells in composite for the
stratigraphic unit Rhyolite of Benham Tuff.
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Table 16,  Lithologic units encountered at multiple wells mn tuff,
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The detected hydraulic conductivity with depth for nonwelded wiff is presented in
Figure 115 Well ER-EC-2a has much lower hydraulic conductivity values than wells
ER-5-4%2 or ER-EC-8. Figures |16 through 119 present the detected hydraulic conductivity
for the wells individually and in composite for normal and log-transformed values. Figures
L1& and 119 show essentially two separate lognormal distributions with well ER-EC-2a
having much lower values and ER-5-442 and ER-EC-8 sharing a similar distribution. The
visual interpretation is that well ER-EC-2a forms a separate population frem ER-5-4#2 and
ER-EC-3.

The detected hydraulic conductivity with depth for mederately welded tuff is
presented in Figure 120, Well ER-EC-2a has much lower hydraulic conductivity values than
well ER-EC-5. Figures 121 through 124 present the detected hydraulic conductivity for the
wells individually and in composite for normal and log-transformed values. Because the
ranges of values for the two wells do not overlap, the figures for the wells individually and in
compoesite are identical. Figure 123 indicates the wells have two separate distributions with
well ER-EC-2a having much lower values than ER-EC-5. There are too few values
{i.e., three) to characterize the distribution for ER-EC-2a, but it appears to form a separate
populatian from ER-EC-5. The data for ER-EC-5 appear to form a legncermal distribution,

The detected hydraulic conductivity with depth for bedded wff is presented in
Figure 125 Well ER-EC-2a has somewhat lower hydraulic conductivity values than well
ER-EC-]1. Figures 126 through 129 present the detected hydraulic conductivity for the wells
individually and in composite for normal and log-transformed values. Because the ranges of
values for the two wells do not everlap, the figures for the wells individually and in
composite are identical. Figure 128 indicates that well ER-EC-2a has much lower values than
ER-EC-1. The data for ER-EC-22 appear to form a lognormal distribution. There are too few
values {i.e_, two) to characterize the distribution for ER-EC-1.

The detected hydraulic conductivity with depth for lava is presented in Figure 130.
There are four wells with detectable hydraulic conductivity and this forms the most
populated data set for the hydrogeologic characteristic of lithologic modifier. The wells have
overlapping data ranges. Figures 131 through 134 present the detected hydraulic conductivity
tor the wells individually and in compesite for narmal and leg-transformed values, Figure
131 demonstrates that no individual well has 2 unique distribution. The wells are considered
in composite in Figure 132 and demonstrate that low values are much more prevalent in lava
and may represent a “heavy tailed” distribution. Log-transformed data for individual wells in
Figure 133 are difficult to interpret for all of the wells. The wells in composite are presented
in Figure 134 and visually suggest that the values are of the same population.

Hydraulic Conductivity and Alteration Modifier

There are four alteration moedifier units with detected hydraulic conductivity in more
than one well. The names of the alteration modifier units and their abbreviations are provided
1in Table ©. The alteration modifier associanon with screened intervals and hydraulic
conductivity for all wells in tuff is presented in Table 17,
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Figure 115, Detected hvdraulic conductivity with depth for the lithologie modifier Nonwelded Tuff,
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Figure 116, Detected hvdraulic conductivity for individual wells for the lithologic modifier
Nonwelded Tuff
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Figure 117, Detected hvdrauhe conductivity for wells in composite for the lithologie modifier
Nanwelded Tuff
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Figure 118, Detected natural logarithm hydraulic conduetivity for individual wells for the lithologic
modifier Nonwelded Tuff,
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Figure 119. Detected natural loganthm hydraulic conductivity for wells in composite for the

lithologic modificr Nonwelded Tuff,
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Figure 120, Detected hvdraulic conductivity with depth for the hithologic modifier Moderately

Welded Tuoff.
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Figure 121. Detected hvdravlie conductivity for individual wells for the hithalogie modifier
Moderately Welded Tuff,
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Figure 122. Detected hvdraulic conductivity for wells in composite for the lithologic modifier
Moderately Welded Tuff.
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Figure 124. Detected natural logarithm hydraulic conductivity for wells in composiie for the

lithologic modifier Moderately Welded Tuff,




Lithologic Modifier - Bedded Tuff
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Figure 125, Detected hydraulic conductivity with depth for the lithologic modifier Bedded Tuff.
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Figure 126. Detected hydraulic conductivity for individual wells for the lithologic modifier Bedded
Tuff.
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Figure 127, Detected hvdrauhe conductivity tor wells in composite for the lithologie modifier
Bedded Tuff,
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Figure 128, Detected natural loganthm hydraulic conductivity for individual wells for the lithologic
modifier Bedded Tutf
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Figure 129, Detected natural loganthm hydravlic conductivity for wells in composite for the
lithologic modifier Bedded Tuff.
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Figure 1320, Detected hydmuli'c conductivity with depth for the hithologic modifier lava,
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Figure 121, Detected hydraulic conductivity for individual wells for the lithologic modifier lava.
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Figure 132, Detected hydraulic conductivity for wells in composite for the lithologic modifier lava.
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Figure 133. Detected natural loganthm hydraulic conductivity for individual wells for the Iithologic
modifier lava.
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Figure 134. Detected natural logarithm hydraulic conductivity for wells in composite for the
hthologic modifier lava.
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Table 17. Alteration medifiers encountered at multiple wells in tuff.
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The detected hydraulic conductivity with depth for devitrified tuff is presented in
Figure 135 Well ER-EC-6 has slightly lower hydraulic conductivity values than wells ER-
EC-1 or ER-EC-4. Figures 136 through 139 present the detected hydraulic conductivity for
the wells individually and in composite for normal and log-transformed values. Figure 136
shows that the individual wells have no visually discemible distributions. Figure 137 shows
that in composite, there is a general trend of progressively fewer values of higher hydraulic
conductivity. Figures 138 shows that wells ER-EC-1 and ER-EC-4 have similar distributicns
of log hydraulic conductivity. Well ER-EC-4 has much lower log hydraulic conductivities.
Figure 139 shows that dewvitnfied tuff for wells 1in composite does not indicate a visually
interpretable trend.

The detected hydraulic conductivity with depth for zeolitic tuff'is presented in
Figure 140 There are few values of detected hydraulic conductivity in wells ER-EC-1 and
ER-EC-2a Well ER-EC-2a has much lower hydraulic conductivity values than wells ER-EC-
1 and ER-5-4#2. Figures 141 through 144 present the detected hydraulic conductivity for the
wells individually and in composite for normal and log-transformed values, Most of the
information for zeolitic alteration is based on well ER.- 5-4#2. The data in Figures 141
through 144 do not indicate a recegnizable statistical distribution.

The detected hydraulic conductivity with depth for quartzitic Y is presented in
Figure 145. Figures 146 through 149 present the detected hydraulic conductivity for the wells
individually and in composite for nermal and log-transformed values. Figures 146 and 147
indicate that well ER-EC-8 has detected hydraulic conductivity values forming an
approximately normal distribution. There are too few data from ER-EC-1 to demonstrate an
independent distribution. Figures 143 and 149 indicate a legnormal distribution of values.

The detected hydraulic conductivity with depth for quartz feldspathoidic tuff is
presented in Figure 150, There are six wells with detectable hydraulic conductivity and this
Forms the most populated data set for the hydrogeologic characteristic of alteration modifier.
Well ER-EC-2a again has the lowest values of hydraulic conductivity within the data set.
Figures |51 through 154 present the detected hydraulic conductivity for the wells
individually and in composite for normal and log-transformed values. Figure 151
demenstrates that ne individual well has a discemible distributien except perhaps ER-EC-5.
The wells are considered in composite in Figure 152 and appear to demonstrate that the low
values of ER-EC-2a are not part of 3 continuous distnibution. Log-transformed data for
individual wells in Figure 153 are difficult to interpret. The distribution for well ER-EC-2a
shows a decreasing number of values at low log hydraulic conductivity while well ER-EC-5
shows fewer values with increasing log hydraulic conductivity. The wells in composite are
presented in Figure 154 and visually suggest that the values are of different distributions and
that there is no everarching trend for quanz feldspatheidic tuft,

Hydraulic Conductivity and Hydrogeologic Unit

There are tour hydrogeologie umts with detected hydrauhic conductivity in more than
one well. The names of the hydrogeelogic units and their abbreviations are provided in
Table 11. The hydrogeologic umt association with screened intervals and hydraulic
conductivity for all wells in tuff is presented in Table 18
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Figure 135, Detected hydraulic conductivity with depth for the alteration modifier Devitrified.
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Figure 136. Detected hydraulic conductivity for individual wells for the alteration modifier

Devitrfied.
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Figure 137, Detected hydraulic conductivity for wells in composite for the alteration modifier
Devitrified.
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Figure 138. Detected natural logarithm hydraulic conductivity for individual wells for the alteration
maodifier Devitrified.
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Figure 139, Detected natural loganthm hydrauhe conductivity for wells in composite for the
alteration modifier Devitrified.
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Figure 140. Detected hydraulic conductivity with depth for the alteration modifier Zeolitic.
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Figure 141, Detected hydraulic conductivity for individual wells for the alteration modifier Zeolitic.
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Figurz 142. Detected hvdraulic conductivity for wells in composite for the alteration modifier
Zeolitic.
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Figure 143, Detected natural logarithm hydraulic conductivity for individual wells for the alteration

modifier Zeolitic,
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Figure 144. Detected natural logarithm hydraulic conductivity for wells in composiie for the
alteration modifier Zeoline.
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Alteration Modifier - Quartz
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Figure 145, Detected hydraulic conduetivity with depth for the alteration modifier Quartz,
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Figure 146, Detected hvdraulic conductivity for individual wells for the alteration modifier Quartz.
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Alteration Modifier - Quartz
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Figure 147. Detected hvdravlic conductivity for wells in compaosite for the alteration modifier
Quartz.
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Figurc 148, Detected natural loganthm hydraulic conductivity for individual wells for the alteration
modifier Quartz.
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Figure 149, Detected natural loganthm hyvdravhe conductivity for wells in composite for the
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alteration modifier Quartz.
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Figure 130. Detected hydraulic conductivity with depth for the alteration modifier Quartz

Feldspathoidic.
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Alteration Modifier - Quartz Feldspathoidic
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Figure 151, Detected hydranlic conductivity for individual wells for the alteration modifier Quartz
Feldspathoidic,
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Figure 132. Detected hydmuli'c conductivity for wells in composite for the alteration modifier Quartz
Feldspathoidic.
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Alteration Modifier - Quartz Feldspathoidic
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Figure 133, Detected natural loganthm hyvdravhe conductivity for individuval wells for the alteration
modifier Quartz Feldspathoidic.
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Figure 134, Detected natural logarithm hydraulic conductivity for wells in composite for the
alteration modifier Quartz Feldspathoidic.
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Table 18, Hydrogeologic units encountered at multiple wells in tuff,

Hydrogeologic ERECS ERECT ERECS
Bieerid  Debected | Bresnid  Dosectad | Boresnid  Detected #

Unit Length Lengtn irm) | Lengen i) Lengen mi | Lengin (rm)_Lengen (i

elded Tun o] @82 0 ] " g
Tuft Cenfining Uni _ 545 o 14 of e21 227
Lava Flow Aquifer | g8 o of @0 a8l 80 uol 0 0
Aliuvial Aquifer o 135 o ol o 0 o

Giray shadimg indicates an alleration modiber that occurs in multiple wells
Baobd type mdicates length of detectable bvdranlic comductivity Tor alteranon modifiers wath defectable hydraubic conductiaty m maore than one well



The detected hydraulic conductivity with depth for welded wif aguifer units is
presented in Figure 155, Well ER-EC-2a has lower hydraulic conductivity values than wells
ER-EC-1, ER-EC-4, or ER-EC-5. Figures 156 through 159 present the detected hydraulic
conductivity for the wells individually and in composite for normal and log-transformed
values. Figure 156 shows that the individual wells have no visually discernible distributions
except for ER-EC-5. This is cansed by the sparse data for the wells other than ER-EC-5.
Figure 157 shows that in composite, there is a general trend of a distribution to the data.
Figures 158 and 159 show no visually discerible distribution of log hydraulic conductivity.

The detected hydraulic conductivity with depth for Tuff Confining Umts 15 presented
in Figure 160, Well ER-EC-2a has much lower hydraulic conductivity values than wells
ER-EC-1, ER-5-4#2 and ER-EC-8. Figures 161 through 164 present the detected hydraulic
conductivity for the wells individually and in composite for normal and log-transformed
values. The distributions of detected hydraulic conductivity for the wellz individually are
presented in Figure 161 and indicate that only well ER-EC-8 has a discemible data
distribution_ Figure 162 presents the data for each well in composite and suggests a trend of a
decreasing number of values for higher values of hydraulic conductivity. Logarithm
transtormation of the data for individual wells in Figure 163 indicates that well ER-EC-2a
has a data distribution centered on much lower values than the other wells. Wells ER-EC-1.
ER-5-4#2 and ER-EC-8 have a simular range of values. Figure 164 indicates that therei1s a
unigue distribution of data for ER-EC-2a and that the other wells in composite form an
approximately lognormal distribution.

The detected hydraulic conductivity with depth for lava flow aquifer units is
presented in Figure 165, Figures 166 through 169 prezent the detected hydraulic conductivity
for the wells individually and in composite for normal and log-transformed values. Figure
146 indicates that well ER-EC-6 has detected hydraulic conductivity values that are
somewhat lower than the other wells. There are no discernible data distributions for the wells
when plotted individuwally. Figure 167 presents the detected hydraulic conductivity values
plotted in composite. Figure 168 demonstrates no visually discernible distribution to the data.
Figure 169 for data values in composite indicates a distobution of values that 15 weighted
toward higher values.

The detected hydraulic conductivity with depth for alluvial aquifer units is presented
in Figure 170. There are only four values of detected hydraulic conductivity in alluvial
aquifer units. Well ER-EC-2a again has the lower values of hydraulic conductivity within the
data set. Figures 171 through 174 present the detected hydraulic conductivity for the wells
individually and in composite for normal and log-transformed values, Because the ranges of
values for the two wells do not overlap, the plots for the wells individually and in composite
are identical. The sparse data for this unit prevent interpretation of data trends.

Hydraulic Conductivity and Hydrostratigraphic Unit

There are three hydrostratigraphic units with detected hydraulic conductivity in more
than one well. The names of the hydrogeclogic units and their abbreviations are provided in
Table 13. The hydrostratigraphic unit association with screened intervals and hydraulic
conductivity for all wells in tuff is presented in Table 15,
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Hydrogeologic Unit - Welded Tuff Aquifer
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Figure 155, Detected hydraulic conductivity with depth for the hvdrogeologic unit Welded Tuff

Aquifer.
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Figure 156. Detected hydraulic conductivity for individual wells for the hydrogeologic unit Welded

Tuff Aquiter.
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Hydrogeologic Unit - Welded Tuff Aquifer
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Figure 157. Detected hydraulic conductivity for wells in composite for the hydrogeologic unit
Welded Tuff Aguifer.
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Figure 158, Detected natural loganthm hydraulic conductivity for individual wells for the
hydrogeologic unit Welded TulfT Aquifer.
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Hydrogeclogic Unit - Welded Tuff Aquifer
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Figure 159, Detected natural loganthm hydrauhe conductivity for wells in composite for the
hvdrogeologic unit Welded Tuft Aquifer,
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Figure 160, Detected hydranlic conductivity with depth for the hvdrogeologic unit Tuff Confining
Unit.
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Hydrogeologic Unit - Tuff Confining Unit
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Figure 161. Detected hyvdravlic conductivity for individual wells for the hydrogeologic unit Tuff
Confining Unit.
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Flgurc 162, Detected hydraulic conductivity for wells in composite for the hydrogeologic unit Tuff

Confining Unit.
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Figure 163, Detected natural logarithm hydraulic conductivity for individual wells for the
hvdrogeelogic unit Toff Confiming Unit.
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Figure 164, Detected natural logarithm hydraulic conductivity for wells in composite for the
hvdrogeologic umit Tuff Confining Unit.
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Figure 165, Detected hydraulic conductivity with depth for the hydrogeologic umit Lava Flow

Aquifer,
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Figure 166, Detected hyvdraulic conductivity for individual wells for the hydrogeologic umit Lava

Flow Aquifer.
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Hydrogeologic Unit - Lava Flow Aquifer
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Figure 167. Detected hydraulic conductivity for wells in composite for the hydrogeologic unit Lava
Flow Agquifer,
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Figure 168, Detected natural logarithm hydranlic conductivity for individual wells for the
hydrogeologic unit Lava Flow Aquifer.
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Figure 169, Detected natural logarithm hydraulic conductivity for wells in composite for the

hydrogeologic unit Lava Flow Aquifer,
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Figure 170.

Detected hvdraulic conductivity with depth for the hvdrogeologic unit Alluvial Aquifer.
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Figure 171, Detected hydraulic conductivity for individual wells for the hydrogeologic unit Alluvial
Aquifer.
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Figure 172. Detected hydraulic conductivity for wells in composite for the hydrogeologic unit
Alluvial Aquifer.
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Figure 173, Detected natural loganthm hyvdrauhe conductivity for individual wells for the
hvdrogeologic unit Alluvial Aquifer.
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Figure 174. Detected natural loganthm hyvdraulic conductivity for wells in compaosite for the
hyvdrogeelogic unit Alluvial Aquifer.
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Table 19, Hydrostratigraphic units encountered at multiple wells in tuff.

Hydrostratigraphic ER-ECA ER-EC-2a ER-EC4 ER-EC-5 ER-5-4#2

Scredned  Detected K | Soeened  Delecled K | Screened  Dedacted X | Scieened  Delecled K | Screensd Debachad

Unit Length {m} _Leagth (mi § Length {m) _Length () | Length im} _Length im) § Length {rm) _Lengih (] | Length (mi _Lengh (mi

TCVA 0 39.6 255 0 ul 0 0
FooM Q 183.5 &7.2 2 0.0 0 ] Q
TMCM ] 2242 318 ] B50 324 a
ThIA 0 0 0 223 0 Q Q
B 32 0 0 a ] ] Q
UPCU 124 0 0 Q ] o ]
TCA 148 0 0 a ] ] Q
LFCU T4 0 0 Q 0 Q Q
TEA 5.3 0 0 a ] ] Q
CHCU 19.4 0 0 Q 0 Q Q
CFCM 402 0 [t] a O 1} @

LTCU 0 0 0 Q 0 2 45.8 20.3

ER-EC-& ER-EC-T ER-EC-8
Soreapied  Delecied K | Screened  Dewched K | Soeensd  Delecied K
Lengih jmi _Length (mi | Length im)_Length im) | Length im) _ Lenglh (/)

1] ol i O 1] 1]
o ] &67.4 488 208
o o o 30 18
0 o o 0 a o

310 48 0 0 0 o

239 o ] Q Q 0

148 0 0 Q 0 o

o 1] Q a a o
233 0 0 Q 0 0
A0 0 o 9 0 0

o [ a O o

0 o a a a o

Gray diadmg ndicates an alteration modilier Mat oceurs momulliple wells

Bold type indicates length of detectable vdmulic conductivity For alteration modifiers with detectable hydraolic conductivity in maore than one well




The detected hydraulic conductivity with depth for the Fortymile Canyon Compasite
Unit is presented in Figure 175, Well ER-EC-2a has lower hydraulic conductivity values than
wellz ER-EC-7 or ER-EC-8. Figures 170 through 179 present the detected hydraulic
conductivity for the wells individually and in composite for normal and log-transformed
values. Figure 176 shows a similar range for wells ER-EC-7 and ER-EC-8. The data for ER--
EC-8 appear to approximate a normal distribution. Figure 177 shows that in composite, the
data from ER-EC-2a have a different distributicn from the other wells. Figures 178 and 179
show the log transform of the hydraulic conductivity data results in two distinct statistical
distributions, with well ER-EC-2a having the lower values.

The detected hydravlic conductivity with depth for the Timber Mountain Composite
Unit is presented in Figure 180 Well ER-EC-2a has much lower hydraulic conductivity
values than wells ER-EC-% and ER-EC-8. Figures 181 through 184 present the detected
hydraulic conductivity for the wells imdividually and in composite for normal and log-
transformed values. The distributions of detected hydraulic conductivity for the wells
individually are presented in Figure 181 and indicate that only well ER-EC-5 has a
discernible data distribution. Figure 182 presents the data for each well in composite and
suggests a trend of a decreasing nomber of values for higher values of hydraulic
conductivity. Logarithm transformation of the data for individual wells in Figure 183
indicates that well ER-EC-22 has a data distobution ¢entered on much lower values than the
other wells, Figure 184 indicates that there is a unique distribution of data for ER-EC-2a and
that the other wells in composite form an approximately normal distribution.

The detected hydraulic conductivity with depth for the Benham Aquiter is presented
in Figure 185 Figures 186 through 189 present the detected hydraulic conductivity for the
wells individually and in composite for normal and log-transformed values. Figure 186
indicates no discemible data distributions for the wells when plotted individually. Figure 187
presents the detected hydraulic conductivity values plotied in composite. Figure 188
demenstrates no visually discernible distribution to the data for well ER-EC-6 and an
approximately normal distribution for well ER-EC-1. Figure 189 showing data values for
wells in composite indicates a distnbuhon of values that 15 weaighted toward lower values.

Wells Constructed in Carbonate Rock
Overview

Four wells lagged in carbenate provided a total of 1,124 m of open borehale.
Table 20 presents a summary of the detection of hydraulic conductivity in carbonate rock.
Detection of hydraulic conductivity occurred in 65 percent of the open borehole. It should be
noted that permeability in carbenate rock can be associated with discrete fractures and that
well intervals having nondetectable permeability is expected. The percentage of hydraulic
conductivity detection in carbonate rock cannot be directly compared with detection in tuff.
The boreholes in carbonate rock were not always screened to the full depth of the well. Wells
ER-6-1 and ER-6-1#2 were open boreholes at the logging depths. Wells ER-7-1 and ER-12-3
were screened but did not contain filter pack and provided an open conduit behind the well
screen. The borehole flow data were linearized along vertical intervals of vanious lengths to
remove instrument neise for calculation of hydraulic conductivity.
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Fortymile Canyon Composite Unit (FCCM)
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Figure 175, Detected hydraulic conductivity with depth for the hvdrostratigraphic unit Fortymile
Canvon Composite Unit,
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Figure 176. Detected hydranlic conductivity for individual wells for the hydrostratnigraphic unit
Fortymile Canvon Composite Unit.
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Fortymile Canyon Composite Unit (FCCM)
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Figure 177. Detected hydraulic conductivity for wells in composite for the hydrostratigraphic unit
Fortymile Canvon Composite Unit.
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Figure 178, Detected natural loganthm hydraulic conductivity for individual wells for the
hydrostratigraphic unit Fortymile Canvon Composite Unit,
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Fortymile Canyon Composite Unit (FCCM)
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Figure 179, Detected natural loganthm hydrauhe conductivity for wells in composite for the
hydrostratigraphic unit Fortymile Canvon Composite Unit.
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120




Timber Mountain Composite Unit (TMCM)
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Figure 181, Detected hydranlic conductivity for individual wells for the hydrostrangraphic unit

Timber Mountain Composite Unit,
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Figure 182, Detected h}fdrauli'c conductivity for wells in composite for the hvdrostratigraphic unit

Timber Mountain Composite Unit.
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Figure 183 Detected natural loganthm hydraulic conductivity for individual wells for the
hyvdrostratigraphic unit Timber Mountain Composite Unit,

Timber Mountain Composite Unit (TMCM)

w 25 - .
é" o ER-EC-8
£ 20 | mERECS |
"g EER-EC—Ea_
& 15

]

o

QO 1p

o

T

LH]

0

£

b= |

z

Hydraulic Conductivity Bins (In m/d)

Figure 184, Detected natural logarithm hydraulic conductivity for wells in composite for the
hydrostratigraphic unit Timber Mountain Composite Unit.
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Figure 185, Detected hydraulic conductivity with depth for the hvdrostratigraphic unit Benham

Aquifer,
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Figure 186, Detected hydraulic conductivity for individual wells for the hydrostratigraphic unit
Benham Aquifer,
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Figure 187, Detected hyvdraulic conductivity for wells in composite for the hydrostratigraphic unit
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Figure 188. Detected natural logarithm hydravlic conductivity for individual wells for the
hydrostratigraphic unit Benham Aquifer,
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Figure 189, Detected natural loganthm hydraolic conductivity for wells in composite for the
hvdrostratigraphic unit Benham Aquifer,

Table 20, Detection of hvdraulic conductivity in carbonate rock.

Verieal Posahle
Min. hax. [Dpen Bore Evaluation Hydraulic Hyvdraulic
Pumping Pumping Length [nterval Clonductivity Condustivity

Rate Rate () Length Detechivn [Fetection
Well i Lénun i L/mmn) [t} im) {m}
ER-5-1 1,053 2,140 3734 1.5 3734 329
ER-6- 162 1.050 2072 ERERE L5 3336 2347
ER-7-1 461 393 87.3 L5 BT7.3 67.3
ER-12-3 T 112 iTed 8.5 3794 1328
TOTAL 116, L& [.193.7 n.a 11234 T80

The hydraulic conductivity with depth is presented in Figures 190 through 193. The
position of the well screen or open borehole, where detection of hydraulic conductivity is
possible. is indicated on the left-hand side of the figure.

Examination of Figures 190 through 193 indicates that hydraulic conductivity is
detected in all portions of the well. Wells ER-7-1 and ER-12-3 have the highest values of
hydraulic conductivity in the upper portions of the screened interval . The reader is referred to
the Appendix to access the depths and hydraulic conductivity values if alternative data
presentations are viewed as being valuable to their analysis needs.
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Figure 190. Detected hydraulic conductivity with depth at well ER-6-1.
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Figure 191. Detected hydraulic conductivity with depth at well ER-6-142.
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Figure 193, Detected hydranlic conductivity with depth at well ER-12-3
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The analysis continues by examining hydraulic conductivity for the hydrogeologie
classifications:

» stratigraphic unit,
+ lithclogic modifier, and
» hydrogecloge / hydrostrangraphic / alteration modifier.

The hydrogeologic unit, hydrestratigraphic vnit, and alteration modifier do not vary
within the hydrogeologic classifications. The hydrogeclogic characteristics for all of the
wells are carbonate aquifer, lower catbonate aquifer, and unaltered, respectively. Each of the
other hydrogeclogic classifications has several characteristics to designate the particular
stratigraphic unit or lithologic madifier. Therefore, the data are not plotted for these
hydregeologic characteristics. The hydrogeologic characteristics are defined at the beginning
of each report section.

Association of Hydraulic Conductivity with Well-specific Hydrogeologic Characteristics

The tollowing sections describe the association of hydraulic conductivity with each
hydregecloge charactenstic. The analysis goals of the figures are described in Table 2.
These results are intended for the reader interested in the characteristics of a specific well.
Wells ER-6-1 and ER-6-142 are located about 64 m apart (210 ft} and have similar lithologic
and hydraulic charactenstics. Each well is discussed in a separate section below.

Hydraulic Conductivity and Stratigraphy

Well construction in carbonate encountered eight different stratigraphic units. Each of
the units encountered is presented in the tables and figures to aid the reader in understanding
the stratigraphic section at each well and the context of well screening and the detection of
hydraulic conductivity, Table 21 presents the strati graphic abbreviations for the siratigraphic
units encountered in each well, Table 22 presents a summary of the stratigraphic units
associated with well screen and the detection of hydraulic conductivity. The value of these
tables is that they provide a quick review of the stratigraphic units containing detectable
hydraulic conductivity without the reader needing to examine each of the well-specific
figures. Four strabgraphic units had well screen placed adjacent to the unit and hydraulic
conductivity was detected in all of these stratigraphic units.

The vertical length of well screen in each stratigraphic unit and the length over which
hydraulic conductivity was detected are presented for each well in Figures 194 through 197
The figures include carbonate stratigraphic units that were encountered during drilling but
not screened, to aid the reader in understanding the stratigraphic context. This is especially
important where there are intervening stratigraphic units between the screened units,

The average detected hydraulic conductivity within each stratigraphic unit i3
presentzd in Figures 198 through 201, This analysis demonstrates a range in hydravlic
conductivity of about two orders of magnitude with wells ER-6-1, ER-6-1%2, and ER-12-3
having relahvely low values and well ER-7-1 having higher values.
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Table 21, Strangraphic units for wells in carbonate rock.

Stratigraphic Abbreviation Stmligraphic Unil Mame
ER-6-1
Al Alluyinm
Tufl Tuff
DSs Sevy Dolomite
D&l Laketown Dolomute
Oes Ely Springs Dolomile
O Eurcka Cuarizite
ER-6-1#2
Al Allvium
Tufl Tuff
Col Coluvinm
DSl Laketown Dolomite
Oes Ely springs Dolomite
Ok Eureka Ouartzite
ER-7-1
Al Allmviom
Tufl Tuff
Col Colluyinm
Peu Paleoroic Undifferentiated
ER-12-3
Al Alluyivm
Tuff Tuff
Fim Paleoroic Undifferentiated

Table 22, Stratigraphic units encountered in dnlling, Stratigraphic units that are screened are shaded
gray and units with detectable hvdraulic conductivity are in bold tvpe.

Well Stratigraphic Uinit
ER-6-1 Al Tuff DSs DSl Oes Oe
ER-6-1#2 Al Tuft Col Dsl Des Oe
ER-7-1 Al Tuff Col Pru
ER-12-3 Al Tuff Pru

Hydraulic Conductivity and Lithologic Modifier

Well construction in carbonate placed well screen adjacent to units containing seven
different lithologic modifiers. Each of the modifiers encountered duning well construction is
presented in the tables and figures to aid the reader in understanding the context of well
screening and the detection of hydraulic conductivity. Table 23 presents abbreviations for the
lithologme modifiers encountered in the wells. Table 24 presents a summary of the lithologe
modifiers associated with well screen and the detection of hydraulic conductivity. Well
screen was placed adjacent to two unique lithologic modifiers in carbonate. Both of these
lithologic modifiers are associated with detectable hydraulic conductivity. Lithologie
modifiers have the lowest number of associations among the hydrogeologic characteristic.
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Figure 195 Stratigraphic units adjacent to well screen and detectable hvdraulic conductivity at well
ER-6-1#2.
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Figure 196. Stratigraphic units adjacent to well screen and detectable hvdraulic conductivity at well
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Figure 197, Stratigraphic units adjacent to well screen and detectable hvdraulic conductivity at well
ER-12-3.
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Figure 199, Average detected hvdraulic conductivity in stratigraphic units at well ER-G-1#2.
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Table 23. Lithologic modifiers for wells in carbonate rock.

Lithologic Abbreviation Lithologic Unit Name
Al Tuffaceous alluvium
Tuff Tult
Dol Dolomite
Ls Limestone
QTZT Quartzile
Col Coluvium
35 Sandstone

Table 24, Lithologic modifiers that ar¢ screened. Lithologic modifiers with detectable hydraulic
conductivity are shaded gray,

Well Lithologic Unit
ER-6-1 At Tuft Dol 55 QTZT
ER-6-1%2 At Tuff Col Dol QTLT
ER-7-1 At Tuff Col Ls
ER-12-3 At Tuft Dol Ls

The vertical length of well screen placed adjacent to each lithologic modifier and the
length over which hydraulic conductivity was detected are presented for each well in Figures
202 through 205, Hydraulic conductivity was detected for each lithclogic modifier that was
screened or that was open borehole. Dolomite and limestone provide similar likelihood of
detecting hydraulic conductivity. The average detected hydraulic conductivity for the
lithologic modifiers is presented in Figures 206 through 209 No data trends are identified as
being associated with lithologic modifiers.

Association of Hydrogeologic Characteristics with Well-specific Hydraulic Conductivity

The following sections describe the hydraulic conductivity for each hydrogeologic
charactenstic that occurs within multiple wells, When a hydrogeologic characteristic is found
in only one well, the information is identical to that presented above. The analysis goals of
the figures are described in Table 3. Each hydrogeologic classification is discussed in a
separate section below. The figures in this section show the detected hydraulic conductivity
data for each well plotted both separately and displayed as if all the values are at the same
location.

Hydraulic Conductivity and Straticraphy

There are three stratigraphic units with detected hydraulic conductivity in more than
one well (e.g, the data for each well are plotted separately, and the data are displaved as if all
the values are at the same location). The names of the stratigraphic units and their
abbreviations are provided in Table 21, The stratigraphic association of screened intervals
and hydraulic conductivity for all wells in carbonate rock is presented in Table 25.



400

m Total Length Screenad |
| mLength with K Detected I_

360

300

250
200

160

Lithologic Thickness (m)

100 -
60 -

w
a 7]

Lithologic Modifier

Figure 202, Lithologic modifiers adjacent to well screen and detectable hydraulic conductivity at
well ER-6-1.

=

Tuff
QTzT

400

O Total Length Scresned
380 71 g Length with K Detected
300

250

200
160

100

Lithologic Thickness (m)

60 -

O

At
Tuff
c
Dol
QTZT

Lithologic Modifier

Figure 203. Lithologic modifiers adjacent to well screen and detectable hydraulic conductivity at
well ER-6-1#2,

135



100
90 | mTotal Length Scresnad

| BLength with K Detected |

80
70
60
50 4
40
30
20
10

Lithologic Thickness (m)

]
=]

l_

Lithologic Modifier

Figure 204, Lithologic modifiers adjacent to well screen and detectable hydraulic conductivity at

At
Col

well ER-T7-1.
300
@ Tetal Length Screened
-E 260 4 ®Lengthwith K Datacted
§ 200
c
-
—
= 150
=
e 100
°
E=
| ]
n T ]
- o — 0
<
2 a -
Lithologic Modifier

Figure 205. Lithologic modifiers adjacent to well screen and detectable hydraulic conductivity at
well ER-12-3, '

136



4.0

3.0

2.5
2.0

1.5

1.0

Average Hydraulic Conductivity (m/d)

o
(=]

Litholegic Modifier

At
Tuff
88
QTZT

Figure 206. Average detected hydraulic conductivity for lithologic modifiers at well ER-6-1,

4.0

3.5

3.0

2.5

2.0
1.5

1.0

Average Hydraulic Conductivity (m/d)

ntu L L L]

At

' o
5 3

Lithologic Modifier

Dol
TZ

Figure 207. Average detected hvdraulic conductivity tor lithologic modifiers at well ER-6-1#2,

137



25

Average Hydraulic Conductivity (m/d)
S

15
10
5
0 + ; i
< E 3
Lithologic Modifier

Figure 208, Average detected hydraulic conductivity for lithologic modifiers at well ER-7-1,

0.9
0.8
0.7
0.6
0.5
04
0.3
0.2
0.1
0.0 ' '

5

-

Average Hydraulic Conductivity (m/d)

At
Dol

Litholegic Modifier
Figure 209. Average detected hydraulic conductivity for lithologic modifiers at well ER-12-3.

138



Table 25. Strangraphic units encountered at multiple wells in carbonate rock.

ER-6-1 ER-6-1#2 ER-7-1 ER-12-3
Logged Del;cfcd Losged Del::med Logged Deteﬁcied Lopged Dm;ctcd
Stratigraphic Length Length Eenithy Length Eength Length Length Length
Unit im) () (1) (m) {m) fa) (m) (i)
DSs 141.7 126.3
D&l 208.8 208.8 3246 221.0
Oes 22.86 7.62 290 13.7
Pru 87.3 61.5 3794 132.8

Srangraphoc wmnts ave nol presented m strabigraphoc sequence

Uiray shading mdicates a strabgraphic wnit that cecurs in multiple wells

Bold type indicates length of detectable hydranlic conductivty for strabigraphic units with detectable hydranlic comdactivity
m more than ong well

There are more stratigraphic units in carbonate rock than any other hydrogeologic
charactenistic. This tends to reduce the number of detected hydraulic conductivity values
within any particular stratigraphic characteristic. Data associations with other hydrogeologic
classifications exhibit more heavily populated data sets.

The detected hydraulic conductivity with depth for the Laketown Dolomite is
presented in Figure 210. The results for wells ER-6-1 and ER-6-1#2 are similar as may be
expected for wells located 64 m apart. Figures 211 through 214 present the detected
hydraulic conductivity for the wells individually and in composite for normal and log-
transformed values. The data trends are similar for these wells.

The detected hydraulic conductivity with depth for the Ely Springs Dolomite is
presented in Figure 215, Wells ER-6-1 and ER-6-1#2 are essentially identical. Figures 216
through 219 present detected hydraulic conductivity for the wells individually and in
composite for normal and log-transformed values. Because the ranges of values for the two
wells are essentially the same. the figures for the wells individually and in composite are
identical. No data trends can be identified by these data.

The detected hydraulic conductivity with depth for the Paleozoic Undifferentiated
Carbonate is presented in Figure 220. Wells ER-7-1 and ER-12-3 have dissimilar hydraulic
conductivity values, with the detected values for well ER-12-3 being much lower. Figures
221 through 224 presents the detected hydraulic conductivity for the wells individually and
in composite for normal and log-transformed values. The distributions in Figures 221
through 224 indicate that the hydraulic values for well ER-12-3 are much lower than in well
ER-7-1. The hydraulic conductivity values in Figure 222 visually appear to have a data trend
of many low values with a decreasing number of higher values. Log transforming the data in
Figures 223 and 224 does not aid in interpretation.

Hydraulic Conductivity and Litholosic Modifier

There are two stratigraphic units with detected hydraulic conductivity in more than
one well. The names of the lithologic modifiers and their abbreviations are provided in
Table 23, The lithologic association of screened intervals and hydraulic conductivity for all
wells in carbonate rock 15 presented in Table 26



The detected hydraulic conductivity with depth for the lithologic modifier Limestone
is presented in Figure 225, Wells ER-7-1 and ER-12-3 have dissimilar hydraulic conductivity
values, with the detected values for well ER-12-3 being much lower. Figures 226 through
229 present detected hydraulic conductivity for the wells individually and in composite for
normal and log-transformed values. The distributions in Figures 221 through 224 indicate
that the hydraulic values for well ER-12-3 are much lower than in well ER-7-1. The
hydraulic conductivity values in Figure 227 visually appear to have a data trend of many low
values with a decreasing number of higher values. Log transforming the data in Figures 228
and 229 appears to indicate two distinct data distributions for wells ER-7-1 and ER-12-3.

The detected hydraulic conductivity with depth for the lithologic modifier Dolomite
18 presented in Figure 230. The results for wells ER-6-1, ER-6-1#2, and ER-12-3 are similar,
Figures 231 through 234 present the detected hydraulic conductivity for the wells
individually and in composite for normal and log-transformed values. The data trends are
similar for these wells. Figures 231 and 232 illustrate a trend of higher occurrences of low
hydraulic conductivity values. Figures 233 and 234 illustrate no identifiable trends to the
data.
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Figure 210. Detected hydraulic conductivity with depth for the stratigraphic unit Laketown
Dolomite.
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Figure 211, Detected hydraulic conductivity for individual wells for the stratigraphic unit Laketown

Dolomite,
Stratigraphic Unit - DSI, Laketown Dolomite

260 —
0 : ,
3 'mER6-142
S 200 mERS1 |
o
8 160 -
82
o
2 100
[=]
o
a B0 -
: m
=
=z 0 - : : | : : : : |

5 WD 5 D M » I
q""'n 0 -F'N 1-.."-‘:',“r \."-"m @ﬂ; wFrb uf v -5"9 -.5-"'@
o T S, M - M S
Hydraulic Conductivity (m/d)

Figure 212, Detected hydranlic conductivity for wells in composite for the stratigraphic unit
Laketown Dolomate.
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Figure 213, Detected natural loganthm hyvdrauhe conductivity for individual wells for the
stratigraphic unit Laketown Dolomite.
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Figure 214, Detected natural logarithm hydraulic conductivity for wells in composite for the
stratigraphic unit Laketown Dolomite.
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Stratigraphic Unit - Oes, Ely Springs Dolomite
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Figure 215, Detected hydraulic conductivity with depth for the stratigraphic unit Elv Springs
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Figure 216. Detected hydranlic conductivity for individual wells for the stratigraphic unit Elv
Springs Dolomite.
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Figure 217, Detected hydraulic conductivity for wells in composite for the stratigraphic unit Ely

Springs Dolomite.
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Figure 218, Detected natural logarithm hydraulic conductivity for individual wells for the
stratigraphic unit Elv Springs Dolomite.
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Figure 219, Detected natural loganthm hydrauhe conductivity for wells in composite for the
stratigraphic umit Ely Springs Dolomite.
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Figure 220. Detected h ydrauli'c conductivity with depth for the stratigraphic unit Paleozoic
Undifferentiated.
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Figure 221, Detected hydraulic conductivity for individual wells for the stratigraphic unit Paleozoic
Undifferentiated.
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Figure 222 Detected hydranlic conductivity for wells in composite for the stratigraphic unit
Paleozoic Undifferentiated.
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Figure 223, Detected natural loganthm hydravlic conductivity for individual wells for the
stratigraphic unit Paleozoic Undifferentiated.
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Figure 224, Detected natural logarithm hydraulic conductivity for wells in composite for the
stratigraphic unit Paleozoic Undifferentiated.
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Table 26.  Lithic modifier units encountered at multiple wells in carbonate.

ER-6-1 ER-G-1#2 ER-7-1 ER-12-3
Logged | Detected | Logged | Detected | Logged | Detected | Logged | Detected
Lithie Length | K Length | Length | K Length | Length | K Length | Length | K Length
Muodifier {m) {m) {m) {m) | ) {m} ()
Ls 873 67.5 284.6 75.9
Dol 342.9 3429 3536 234.7 94.9 56.9

Lithelogic writs are not presented in stratigraphic sequence

Ciray shading indicates a stratigraphic unit that cccurs inmultiple wells
Hold type mndicates length of detectable hvdranlic conductivity for siratigraphic units with detectable hydraulic conduoctivity
m mone than one well

Figure 225 Detected hydraunlic conduetivity with depth for the lithologic modifier Limestone.
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Figure 226. Detected hydraulic conductivity for individual wells for the lithologic modifier
Limestone.
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Figure 227. Detected h ydrauli'c conductivity for wells in composite for the lithologic modifier
Limestone.
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Lithologic Modifier - Limestone
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anure 228, Detected natural loganithm hydraulic conductivity for individual wells for the Inth-:s!ugic
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Fl gure 239 Detected natural loganithm hydranlie mnductmty for wells in composite for the
lithologic modifier Limestone.
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Lithologic Modifier - Dolomite
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Figure 230. Detected hydraulic conductivily with depth for the lithologic modifier Dolomite.

Depth Below Ground Surface (m)

Lithologic Modifier - Dolomite
@ BERB-1
= BER-6-1#2
S BER-12-3 | |
5 Lol i)
B
2
[
(]
(™.
[=]
e
[
E
2 . , , : , _m
NN L - . R I
0 o) N N 0 0 0 0
NI . . O
Hydraulic Conductivity Bins (m/d)

Figure 231. Detected hydraulic conductivity for individual wells for the lithologic modifier
Dolomite,
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Figure 232, Detected hydraulic conductivity for wells in composite for the lithologic modifier
Dolomite,
Lithologic Meodifier - Dolomite
@ ER-6-1 |
o 70 IEE—E-.T#E|—
= o e
s 60 mER123 ||
=
T 50
ﬁ 6
o 40
g 30
o 20
8 I
g 10
2 ol=—M _
A % b1 b D iz b D N {3 A be
o o o o
g? : 0 9;& ',b@ ,.n.f-" E;P :'L-@ :\"9 P Al Y
Hydraulic Conductivity Bins (In m/d)
Figure 233, Deteeted natural logarithm hydraulic conductivity for individual wells for the lithologic

modifier Dolomite.
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Flgure 234, Detected natural loganthm hydravhe conductivity for wells in composite for the
lithologic modifier Dolomite.

Number of Detected Values

Hydraulic Conductivity and Hydrogeologic Unit / Hvdrostratigraphic Unit / Alteration
Modifier

The hydrogeologic unit, hydrostratigraphic unit, and alteration modifier do not vary
within the hydrogeologic classifications and are carbonate aquifer, lower carbonate aquifer,
and unaltered, respectively. The hydraulic conductivity values are presented in composite for
all carbonate wells.

The detected hydraulic conductivity with depth for all carbonate wells in composite is
presented in Figure 235 The results for wells ER-6-1, ER-6-1#2, and ER-12-3 are similar.
Well ER-7-1 has notably higher values. Figures 236 through 239 present the detected
hydraulic conductivity for the wells individually and in composite for normal and log-
transformed values. Figures 236 and 237 illustrate a trend of higher occurrences of low
hydraulic conductivity values. Figures 238 and 239 illustrate no identifiable trends to the
data.

Summary of Phase One Analysis

The results of the Phase One analysis are summarized in a series of tables providing
the average hydraulic conductivity and estimated statistical distribution for each of the
hydrostratigraphic characteristics. The reader is reminded that these values are the average of
the detected hydraulic conductivities. Nondetects are not included in the Stage One analysis
and are addressed in the Stage Two analysis presented later in this report. Average hydraulic
conductivity values detected for the various hydrogeologic characteristics should not be
viewed as the average hydraulic conductivity for the entire thickness of the unit. The purpose
of evaluating hydraulic conductivity is to understand the range and statistical characteristics
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of the permeability underlying the transmissivity of the major hydrogeologic units. These
charactenistics are parficularly important for numencal simulation of radienuclide
groundwater transport in calculating arrival bmes and concentrations.

Table 27 summarizes the hydraulic conductivity for stratigraphic units in tuff. The
table indicates that many of the stratigraphic units have unknown or too few values to
describe the statistical distribution of data. Comparing data for the same stratigraphic umt
amang wells indicates that the values may be similar such as for the vnit Tib (Tertiary Beatty
Wash Formation) in wells ER-EC-7 and ER-EC-8 or may have very different values such
the stratigraphic umt Tihw (Tertary Rhyolite of Beatty Wash Formation} in wells ER-EC-2a
and ER-EC-7 and for the unit Tmar (Tertiary Mafic-Rich Ammeonia tanks Tutt) in wells ER-
EC-2a and ER-EC-5. There seems to be no identifiable trends in the average hydraulic
conductivity based on stratigraphic unit. In general, well ER-EC-2a seems t¢o have much
lower hydraulic conductivity than the other wells. This aspect may be related to the specific
fracture domain at that well.

Table 28 summarizes the hydraulic conductivity for lithologic units in tuff. The table
indicates that almost all of the units have unknown statistical distribution of data. An
interesting observation is that the average hydraulic conductivity seems vnaftected by the
degree of welding in tuff. The nonwelded tff, partly welded tuff, moderately welded tuff
and moderately to densely welded tmff have values over similar ranges. The average
hydraulic conductivity values for lava {LA) are generally greater than for other lithalogic
units.

The summary of results for association of average hydraulic conductivity with
alteration modifier for tuff is presented in Table 29. There are too few data to describe the
statistical distributions for most wells. The statistical distribution is unknown nearly all of the
remaining wells. There are no identifiable trends associating average hydraulic conductivity
with alteration modifier.

The summary of hydrogeologic units in it and average hydraulic conductivity is
presented in Table 30. Well ER-EC-2a has lower average hydraulic conductivity values for
all hydrogeologme classitications. Evaluahon of the average values for welded tuff aquifer
{WTA), and lava flow aquifer (LFA) are similar to those for tff confining units {TCLT), This
observation should be viewed with caution because these are average detectable hydraulic
conductivity values and does not reflect the many nondetects within each type of
hydrogeologic unit. The table is possibly indicating that the permeability of fractures is
similar in welded toff aquifers and tuff confining units and that it is the frequency of fractures
that determines whether the unit is an aquifer or a confining unit.

Table 31 presents the average hydraulic conductivity for the various
hydrestratigraphic units in tuff. Well ER-EC-2a is again unique in that the average values are
lower than the other wells. Only three hydrostratigraphic units are found in more than one
well (¢.g , FCCM — Fortymile Canyon Compesite Unit, TMCM — Timber Mountain
Composite Unit, and BA — Benham Aquifer, Most of the hydrestratigraphic units de not have
an identifiable statistical distribution. The average values do not indicate an association with
hydrestratigraphic unit.

Wells in carbonate exhibat only two vanations in hydrostratigraphic characteristics:
the stratigraphic unit and the lithologic unit. These hydraulic conductivity values are based,
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in part, on a linearization of the borehole flow rates that produces an average value over
distances greater than the nominal 1.5 m vertical caleulation interval used in screened wells.
Therefore, short intervals containing nondetectable hydraulic conductivity are incorporated
into the average values.

Table 32 presents the average hydraulic conductivity data for each stratigraphic unit
in carbonate. The statistical distributions of hydraulic conductivity within each stratigraphic
unit are generally unknown, The close similarity of values of ER-6-1 and ER-6-1#2 is the
result of these wells being located only 64 m apart.

Table 33 presents the average hydraulic conductivity associated with lithologic unit.
The values in dolomite (Dol ) appear to be more similar than those in limestone (Ls). The
statistical distributions in carbonate are generally lognormal, This is in contrast to tuff which
apparently have more variability in the statistical distributions.
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Figure 235, Detected hydraulic conductivity with depth for the hvdrogeclogic umit Carbonate and
hydrostratigraphic unit Lower Carbonate Aquifer.
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Figure 236, Detected hvdrauhe conductivity for mndividual wells for the hvdrogeologic unit
Carbonate and hydrostratigraphic unit Lower Carbonate Aquifer.
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fi gure 237, Detected hydraulic conductivity for wells in composite for the hydrogeologic unit

Carbonate and hydrostratigraphic unit Lower Carbonate Aquifer.
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Flgure 238, Detected natural loganthm hydravlic conductivity for individual wells for the
hvdrogeologic unit Carbonate and hydrostratigraphic unit Lower Carbonate Aquifer.
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Figure 239, Detected natural logarithm hydraulic conductivity for wells in composite for the
hydrogeologic unit Carbonate and hydrostratigraphic unit Lower Carbonate Aguifer,
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Table 7. Tuff soatigraphic units property sumnmars:.

Stratigraphic Unit
Summary
Wall P roperfiey Tiw Tih Tf Tie Tph  Tmaw  Tmar  Tmap Tch Tpcm Tptm Tepe Tmrp
ER-E{-1] Ave K (m'd) 276 23 54 1.1
Disiribution In unk unk unk
ER-E{-2a Ave K (mdd) 0.1% 017 0.17 LX)
Disinbulion In lew unk Tew
ER-EC-4 Ave K im'd) 176 16.4
Distobulion unk [ew
ER-EC-5 Ave K (m'd) 219 18.2
Diistribution -5 In
ER-5-4#2 Ave K (rmid) 52
Distribution unk
ER-ECO Ave K (mdd) 5.1
Distobution unk
ER-EC-7 Ave K (mdd) 8.2 13.4
Distribution fow n
ER-E{-& Ave K {m/d) 15.3 5.6
Distribution n unk

st statistical drstributim tvpes i = nommel, 1-5 = normal skewed, In = log notmal, few = to0 fow valoes to estumks, unk = unknown
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Table 2§. Tuff lithclogic modifiers property summary .

Lithalogic Unit
Summary
Well Froperties NWT PWT PWT-MWT MWT ___MWT-DWT LA BED TSLT RWT CL FB
ER-EC-1 Ave K im'd) P a4 33.4 4.3 10.7
Disieibution unk unk uitk [ew Uik
ER-E(-2a Ave K (mdd) 014 LN .2 411 .24
Distnbulion In lew In unk unk
ER-EC-3 Ave K (m'd) 16.4 8.8 8.5
Diistribution uik uik wnk
ER-EC-5 Ave K (mdd) 21.9 18.2
Distabution n-5
ER-5-4i2 Ave K {m/d) 52
Distribution unk
ER-EC-5 Ave K {m'd) - |
Disteibution unk
ER-EC-7 Ave K (mdd) 180
Digtabution few
ER-E( -8 Ave K {mfd) 14.6
Distribution In

Estimated stanstwal distbotion tvpes o= nommal, n-5 = normal skiewed, In = log notmal, few = ool 2 valies 1 estrnate, ink = unknasn




Table 2% Tuff alteration modifiers property summary.

Alteration Maddifier
Summary
Well Propertiey v GL K 1.7 QF VAR
ER-EC-1 Ave K imid) »ny 43 10.5 11.1
Distribrulion unk Tew ew ew
ER-EC-2a | Ave K (mdd) 0.4 0.2
Distnbulion Tew unk
ER-EC-3 Aye B {mdd} 8.8 0.4
Distribution 1wk few
ER-EC-5 Ave K (mAd) .5
Distnbution 5
ER-5-4#2 Ay K (mid}) 5.2
Distnbution ln
ER-EC-6 v K {mid} 1.6 10.9
Distnbution faw unk
ER-EC-7 Ave K (md} 8.2 13.0
Distribution fw unk
ER-EC-8 Ave K (mAd) 153 5.6
Distnbution unk few

Estimated stanstwal distnbution tvpes o= nommal, n-5 = normal skiewed, In = log novmal, few = o) (2w valoes 1 estmale,
unk = mkivyan

Table 30, Toff hydrogeologic unite snmmary properties.

Hydrogenlogic Unit
Summary
Well Properties WTA TCU LFA AA
ER-E(-1 Ave K {mid) 54 43 8.4
D¥istribution fewy few unk
ER-E(C-2a Ave K {mid) iri4 12 0.1
Dristeibution few unk few
ER-EC-4 Ave K (nvd) 16.4 235 B.5
Dristribunion few unk few
ER-EC-5 Ave K (nvd) .5
Dristobulion n-5
ER-5-442 Ave K {mid) 52
Drisiribution n
ER-EC-6 Ave K (m) 51
Crisleibulion unk
ER-EC-7 Ave K (i) 8.0
Dristribution In
ER-EC-B Ave K {mid) 14.4
Dvistribution oy

Esnmated statistical distbution types n = nermal, n-3 = normal skewed. In = log normal, few = e fow valoes to cstanane,
ik = mkioan
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Table 31. Tuff hvdrostratigraphic units sumimary properies.

Hydrostratizraphic Unit
Summary
Well Properiics FCCM TMCM TCYA TMA LTCU BA UPCU TCA TEA CFCM
ER-EC-1 Ave K (med) J0.6 4.3 2.3 B4 11.1
Diistribution I unk ik unk unk
ER-EC-2a Ave K (m/d) 0.2 0.2
Dusinbutign In urnilk
ER-EC-4 Ave K (mid) 27.6 16.4
Distribution unk nnk
ER-E(C-5 Ave K (msd) 215
Distribution In
ER-5-4#2 Ave K (m/d) %2
Distribution ik
ER-EC-5 Ave K (m/d) 51
Dhistrabution unk
ER-EL(-T Ave K (mfd) 1%.4
Distributicn In
ER-EC-§ Ave K (m/d) 15.3 %6
Distributicn In few

Estimated stalistizal distribanion tvpes = nommal

, -5 = 1orinal skewed, 1= 1og 1100mwl, few = e few values to estunakz, wik = wikiown




Table 32. Carbonate stratigraphic units property sunmmary.

Summary Stratlgraphic Unit
Well Properties DSs DsI Oes Pzn
ER--1 Ave ¥ (mid) 1.1 4.3 4.7
Distribution unk In unk
ER-a-1%2 Ave K (mid) 3.3 .7
Disiribulion uik uik
ER-T-1 Ave K (m'd) 331
Disinbution unk
ER-12-3 Ave K (mid) .4
Diistribution uik

LCaumated staustical distnbution types n = nermal, n-3 = normal skewed. In = log noimal, few = too few valies 1o estunate,
ik = nnknoam

Table 33. Carbonate litholozic modifiers propetty summary.

Summary Lithirlogic Unit
Well Propertics Dal Ls
ER-a-1 Ave K{m'd d.2
Dhgtribution In
ER-6-1s2 Ave K {m/d) 3.5
Dhstribution unk
ER-7-1 Ave K {m/d) 13.1
Distnbution In
ER-12-3 Ave K {m/d) 0.8 .02
Dristribution few In

Eznmated statiztical distrbution types n = normal, n-2 = normal skewad. In = log normal, few = oo few valnas to estunale,
mk = nnknown

STAGE-TW( ANALYSIS
Introduction

The purpose of this stage of the study is to explore the data at a more detailed level
using exploratory data analysis with censcred data. The data are evaluated without prior
assumptions of distribution or other behavior,

Recall that conductiaty values (K) were obtaingd under more than one flow rate,
resulting in vp to three values of K at each measured depth in a well. In the previous stage of
this study, low values, or values less than the assigned minimum value, were evaluated
qualitatively and aither averaged or discarded to produce a composite K. Thig results in one
value of K for each depth in a well.

In this stage. all measured values of K were analyzed, regardless of whether or not the
value was below its minimum acceptable value, Data identified only by a range, or a 'less-
than' value, i3 called censored data. A detailed explanation of censored data and methods of
analysis is included below,

Also, only the wells in tutl are analyzed in this stage. As noted above, wells in
carbenate rock exhibit very hitle vanation in rock type and it was decided that, for this stage,
the analysis would be performed only on the charactenistics of tuff.

Az an example using fictitious data, table 34 illustrates the difference in data sets used
for the previous stage and this one.
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Table 34. Companson of data sets between stage one and stage two.

Rinw Deata vsed
Eaw Data Raw Data used in S1age 2 in Stage 1
Kl min Kiliw mn Ko min

depth €} K £yl K %] E Kl K2 1%} composile K
110 3 4 4 3 & ] =3 4 G 5
111 3 4 4 3 6 & =4 4 6 5
Lz 2 4 4 3 & | =4 4 G 3
113 2 2 3 3 5 i p 3 <<y 37
114 3 2 4 3 G G 3 4 & 43
113 4 4 3 4 4 6 4 5 i +.35
114 3 4 6 3 2 6 3 6 <6y 5.3

In the table above, if the minimum K is greater than the measured K, the value used
in the analysis would be "<(minK)." For example, using the fictitious data in Table 34, at
depth 110 under flow (1 the measured K i3 3, while the minimum K is 4, this results in a
data point of <4. Using a cemposite methad, the first tier analysis would have 7 values te
analyze and the second-tier analysis would have 21 values. Even though the presence of
censored data complicates any stabstical analysis, their values are retained in this stage.

Exploratory Data Analysis

Exploratory Drata Analysis (EDA) is an approach to analyzing data described in
Tukey {1977). This approach uses mostly graphical techniques to maximize use of our
natural pattern recognition abilities. Typically, the data are not assumed to follow any model
or distribution and are used to develop models and hypotheses rather than test assumptions
about the data.

This part of the study relies heavily on EDA methods, particularly graphical and
summary techniques. Typically, after the initial analysis {usually graphical), standard
statistical tests can be performed. In this study, nonparametric tests are used whenever
possible. As described below, the presence of censored data lends itself well to a
nonparametnic approach.

Among the many graph styles used in EDA_ hoxplots are often considered most
useful. However, using boxplots with censored data presents a problem—specifically, how to
present the less-than' values. Censored data can be thought of as a value in a range, rather
than a discrete point. In the case of environmental data, that range is usually between zero
and the censoring/detection limit. Boxplots in this report will use the maximum value for
display. For example, a value of less than 4 will plot as 4. The effect of this technique is a
misleading plot, one where data are skewed toward higher values. This compromise was
necessary to compare data sets, but one should be aware that these plots do not represent
actual data. Any statistical tests will use robust nonparametrie techmques on the oniginal
censored dataset; the presentation of the maximum pessible value for the censored data
points is only for visual analysis.

The Naticnal Institute of Science and Technelogy e-Handbook of Statistics (2006)
summarizes well the purpose and methods of EDA:

"The primary gocd of EDA s fo maximize the analyst's insight into o data
set and o the underlying strivcture of a dala sei, while providing alf of
the specific items that an analyst would want 10 extract from o daia set.
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"Insight implies detecting and uncovering underlying stracture in the data.
Such underiying structure may nof be encapsulated i the list of iems
above; such items serve as the specific tareets of an analysis, but the veal
isight aind "feel” for a daia yet comes ax the analyst fidicioesly probes
and explores the various subtielies of the data. The "feel” for the data
comes alinost exclissively from the application of vavious graphical
techriques, the collection of which serves as the window fito the essence of
the daia. Graphics are irreplaceable~there are no quantitative analogues
thet will give the scme Dnsight as well-chosen graphics.

"Fo get a “feel” for the data, it is not enongh for the analyst to know what
is int the dafa; the analyst afso mrst know what is nof in the dava, ad the
onh way fa do that is fo draw an oty own Iimai paftern-recogaition and
comparative abifiiies in the context of & series of fudicious graphical
fechniques applivd to the data.”

In this study, the following methods are used extensively;

*»

»

Graphical/survival curves
Description using nonparametric methods

Nonparametric analysis of vanance (ANOVA) to desenibe differences in
populations

Approach

In this portien of the study, the following questions will be addressed:

What are typical values for K?

Does K follow any trend within a well? Does K decrease with depth?

Are rock characteristics homogenecus? For example, do the K values feor an HSU of
BA in one location differ from the K values for an HSU of BA in another location?

Are there differences in K within rock classifications? Or, which rock classifications
best describe vanability in K?

Are Ks affected by fractures?

Note; Throughout the Stage 2 analysis, the following abbreviations for rock characteristics
are used extensively: Hydrostrangraphie Umt (HSL), Hydrogeologie Unit (HGU),
Stratigraphic Unit (STRAT), and Lithology (LITH).

OVERVIEW OF CENSORED DATA METHODS

There are several methods available to deal wath censored data. Sometmes,
nondetects are eliminated from the data set. This results in a daa set skewed toward higher
values and does net provide a random sample of the population. Often, one-half of the
detecticn limit is substituted for the actual (albeit unknown) value. This method is sometimes
recommended in manuals by federal agencies (EPA [1998]; U.S. Army Corps of Engineers
[1993]). A thitd common practice is to assume the data follow a distibution (with
environmental data, the log-normal distribution is often used) and replace the censored data
with data that follow the assumed disinbution.
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Helsel (2005) provides an overview of these techniques and describes the problems
and errors associated with them. Helsel also recommends statistically rigorous methods to
deal with censored data without fabricating or discarding values. or assuming the data belong
to a distribution. The nonparametric techniques described in Helsel are used in this stage of
the study

Correlation

The Kendall Tau rank correlation coefficient is used in this analysis to measure to
correspondence between two rankings. This non-parametric method is commonly-used in
the environmental sciences to determine trends (correspondence between a measured value
and time) and, in this study, to determine correspondence between hydraulic conductivity and
depth. The correlation coeflicient (1) is an intuitively simple measure of the strength of
relationship between two variables (Noether, 1986),

The Kendall Tau is defined below.

. 2
In(n !}]

where n is the number of samples and P is the number of concordant pairs—or data pairs
where X increases as Y increases, or X decreases while Y decreases. The Kendall-Tau test
was used below to identify a relationship between K and depth.

Comparison of Populations

The Peto-Peto generalization of the Wilcoxon statistic 15 used 1n this study to test for
the differences in populations. It is a non-parametric alternative to the paired Student’s t-test.
As applied to this study, the test statistic is used to determine if there is a difference between
two survival curves. Example survival curves are shown in Figure 240
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Figurc 240. Example of survival curves.



Survival curves, commonly used in medical statistics, plot percent survival as a
function of some variable. Modified for the left-censored data in this study, survival curves
plot the probability of non-exceedance—or the probability that the true K is less than K
computed by the survival function, A survival curve can be thought of as a non-parametric
q-q plot; when several survival curves are plotted together, ditferences in the populations
become apparent. Survival curves are also appropriate for censored data (Helsel, 2005),
Differences between the curves are then computed using the Peto-Peto generalization of the

Wilcoxon signed-rank test. In this study, the significance of the test statistic is computed at
p=0.05.

In this study, survival curves and the Peto-Peto Wilcoxon test are used extensively to
evaluate differences in populations,

Visual comparison of populations can also be done with boxplots. Boxplots (see the
figure below) are used extensively in this study to highlight differences in populations.
Please note, however, the difficulty in representing censored values in any plot, The
boxplots used in this study were used for visual comparison only.

Pobential
Outlier
3" Quartile
Median — 8% T
1* Quartile

SUMMARY OF ENTIRE DATASET
First, to get an overview, the entire dataset is summanzed below:

o All values lie between 0 and 109 m/d. The smallest value for K is unknown, since
any of the censored values could be the smallest, but the smallest uncensored
value is 0.0011 m/d. The largest value is 109 m/d. The plot below shows all
values of K plotted against depth and grouped by well.
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e Eighty-one percent of the values are censored. Since more than half are censored,
a median or interquartile range (IQR) cannot be computed.
e The density of the data set (using maximum values in the case of censored data) is
given below in Figure 241.
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Figure 241, Density of all Ks
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DESCRIPTION OF K WITHIN EACH WELL

In this section, conductivity within a well is described and analyzed. Data are isolated
according to their rock classification and characteristic and Kendall's tau is computed.

In each well, a test for a trend with depth was performed for every rock charactenistic
present (Table 35). For example, in well ER-EC-1 there are seven classifications of HSU,
four HGUs, 10 LITHs, five ALTERATIONs, and five STRATS, for a total of 31 tests. Only
thaese tests that resulted in a statistically significant {at the 0.05 level} correlation of K with
depth are presented below.

The purpose of this section is to determine if K varies with depth within a rock
characteristic. The detected correlation between K and depth may be due to several
underlying factors such as: increased Lithostatic pressure with depth, correlation of K to
occurrence of frachures, or fnction loss impeding flow from lower intervals. The
determination of the causal factors is beyond the scope of this report, though the section
below, titled “Compare K with Fractures,” gives a brief discussion of a pessible correlation
between the presence of fractures and high hydraulic conductiviry.

Also, many of the significant correlations between K and depth are the result of
analysis on pepulations spanning less than 100 meters in depth. Extrapolation of these
results to greater depths, or generalizing these results for use in large-scale models, may not
be appropnate.

Table 33. Charactenstics and classificabions of intervals within wells in which a statistically-
sigmificant corrclation of depth and K werc detected.

Well Charactenistic Classification
ER-EC-1 HS5L BA
HGU LFaA
ALTERATION DV
STRAT Tph
ER-EC-Za HGU TCU
ALTERATION OF
LITH NWT
ER-EC-4 HS5L TCVa
HGU LFaA
ALTERATION DV
LITH LA
STRAT Tic
ER-EC-5 and ER-5-442 nane
ER-EC-5 HSU BA
HGU LFaA
LITH La
STRAT Tph
ER-EC-3 HS5U FCCM
HGU TCU
ALTERATION 0z
LITH NWT
STRAT Tib
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K versus Depth: Well ER-EC-1

HSU:BA

Figure 242.
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Figure 244. K versus depth for ER-EC-1 by ALTERATION,

2]

HESEZ
.

Bl

Figurc 245, K versus depth for ER-EC-1 by STRAT,

T
(.73
K (e}

170



K versus Depth: Well ER-EC-2a
HGUTCU

In well ER-EC-2a, there is a slight decrease in K with depth for an HGU of TCU.
though the highest values occur in the middle sereened section,
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Figure 246. K versus depth for ER-EC-2A by HGU.

ALTERATION:OF
K decreases slightly with depth in ALTERATION QF.

poar o=y
0 L] ==
o =
"- "
- -' . . L] - -
T - - i
L] oF
AL L 2B

Lo

£ )
L]

Bl

Diapity im|

at o 18
K imay

Figure 247, K versus depth for ER-EC-2A bv ALTERATION,
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Figure 248, K versus depth for ER-EC-2ZA by LITH.

K versus Depth: Well ER-EC-4
HSUTCVA
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Figure 251. K versus depth for ER-EC-4 by ALTERATION,
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Figure 233, K versus depth for ER-EC-4 by STRAT,
K versus Depth: Wells ER-EC-5, ER-5-4#2
There are no significant correlations between depth and K for wells ER-EC-5 and

ER-5-4#2.
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K versus Depth: Well ER-EC-6
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Figure 255 K versus depth for ER-EC-6 by HGU,
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Figure 2537, K versus depth for ER-EC-6 by STRAT.
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K versus Depth: Well ER-EC-8
HSU:FCCM
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Figurc 238, K versus depth for ER-EC-8 by HSLU.

HGUTCU

Though there is a significant correlation between depth and K for an HGU of TCU,
nearly all K values greater than 10 m/d are associated with fractures. However, the presence
of only low values (<10 m/d) below 500 m depth suggest the correlation between K and
depth may indeed exist.
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Figure 259 K versus depth for ER-EC-¥ by HGU
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Figure 260. K versus depth for ER-EC-8 bv ALTERATION,

LITHNWT

Though there is a significant correlation between depth and K for a LITH of NWT,
nearly all K values greater than 10 m/d are associated with fractures. However, the presence
of only low values (<10 m/d) below 500 m depth suggest the correlation between K and
depth may indeed exist.

%0
iF=) "% % " = . e
i el & mefie o o= L] L
o mgee s v smhl = oy - W
Lar- -
run
i+ L b
E AT
& th‘ﬁ'ﬂ'
R | o
o - L
LOSH N R
11
o ] -2 =i
W

Figure 261, K versus depth for ER-EC-8 by LITH,
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Figure 262, K versus depth for ER-EC-8 by STRAT,

Summary

Twenty-one of 88 classifications have decreasing K with depth at the 95-percent
confidence level. The cause of this phenomenon is not explored in this study. However, a
preliminary and qualitative analysis of fracture location suggests many of the high Ks are
associated with fractures, which occur primarily in the shallower depths.

HETEROGENEITY OF ROCK CHARACTERISTICS

In this section, the heterogeneity of rock characteristics is explored to investigate if
Ks from a rock characteristic in one well come from the same population as those in another
well. For example, do the Ks from an HSU of BA in one well look the same as those from an
HSU of BA in another well?

In addition to a visual analysis, samples will be compared to see if they are
statistically different. In this case, 'statistically different' is defined as the difference between
two or more empirical cumulative distribution functions using the Peto and Peto modification
of the Gehan-Wilcoxon test (Lee, 2006), a nonparametric test of equivalence of populations.
This test was performed at the 95-percent confidence level

For each rock characteristic that occurs in multiple wells, the Gehan-Wilcoxon test
was performed. The results of the multiple comparison statistical test for each two-well
combination are presented below.
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Heterogeneity of HSUs

The following HSU characteristics oceur in multiple wells: BA, CHCU, FCCM,
TCA, TMCM, TSA, and UPCU.

Table 36, HSU characteristic two-well comparison by rock classification.

Classification Wells Compared p-value
BA ER-EC-1 ER-EC-6 0.0
CHCU ER-EC-1 ER-EC-6 0.0
FCCM ER-EC-2a ER-EC-4 1.0y
FCCM ER-EC-2a ER-EC-8 (L0
FCCM ER-EC-4 ER-EC-3 No significant

difference
TCA ER-EC-1 ER-EC-6 0.0
TMCM ER-EC-2a ER-EC-3 0.0
TMCM ER-EC-2a ER-EC-8 0.0
T™CM ER-EC-5 ER-EC-8 24E-05
TSA ER-EC-1 ER-EC-6 1.0
UPCU ER-EC-1 ER-EC-6 1.0y
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Figure 263, Heterogencity of HSU: BA,
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Figure 265 Heterogeneity of HSU: FCCM.
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Figure 267, Heterogeneity of HSU: TMCM.
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Figure 2649, Heterogeneity of HSU: UPCU.
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The results of the multiple comparison 1ests show that of the seven characteristics of
HSU that occur in multiple wells, significant heterogeneity exists for all of them (BA,
CHCU, FCCM, TCA, TMCM, TSA, and UPCU). The other five characteristics each ocour in
one well and could not be tested for heterogeneity.

Heterogeneity of HGUs
The following HGU characteristics occur in multiple wells: AA, LFA, TCU, and

WTA.
Table 37. HGU chamctenstic two-well companson by rock classification.

Classification Wells Compared p-value
AA ER-E{-2a ER-EC-4 RLL]
LFA ER-E{-1 ER-EC-4 no difference
LFA ER-E{-1 ER-EC-5 LRL)
LFA ER-EC-4 ER-EC-o G000
TCU ER-EC-1 ER-EC-2a G000
TCU ER-EC-I ER-EC-4 no difference
TCU ER-EC-] ER-3-442 ELIES
TCU ER-E{-1 ER-EC-A (000
T ER-E{-1 ER-EC-§ no difference
TCU ER-E{ -23 ER-EC-4 RLL]
TCU ER-EC-2a ER-3-4#2 000
TCU ER-EC-2a ER-EC-& 000
TCU ER-EC-2a ER-EC-3 G000
TCU ER-EC-4 ER-5-4#2 L]
TCU ER-E{-4 ER-EC-H R
TCW ER-E{ -4 ER-EC-§ no difference
TCU ER-5-442 ER-EC-A (000
TCU ER-5-442 ER-EC-% IR
TCU ER-EC-% ER-EC-8 OO0
WTA ER-EC-1 ER-EC-Za 000
WTA ER-EC-1 ER-EC-4 no differencs
WTA ER-EC-1 ER-EC-3 O.000
WTA ER-EC-1 ER-EC-n 000
WTA ER-E(C-1 ER-EC-K no differenee
WTA ER-ELC-2a ER-EC-4 0000
WTA ER-EL-2a ER-EC-5 G000
WTA ER-EC-2a ER-EC -t LR
WTA ER-EC-2a ER-EC-% G000
WTA ER-EC-4 ER-EC-3 no differenes
WTA ER-EC-4 ER-EC-5 000
WTA ER-E{-4 ER-EC-8 n difference
WTA ER-E{ -5 ER-EC-4 LRLL]
WTA ER-E{-5 ER-EC-3 G000

WTA ER-EC-6 ER-EC-3 (.00
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Figurc 271.
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Figure 273, Heterogeneity of HGU: WTA.
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The results of the multiple comparison 1ests show that of the four characteristics of
HGU, significant heterogeneity exists for all of them (AA, LFA, TCU, and WTA).

Heterogeneily of LITHs
The following LITH characteristics occur in multiple wells: AA, LFA, TCU, WTA.
Table 38, LITH characteristic two=well companizon by rock classification,

Clasgification Wells Compared p-value
BED ER-E{(-1 ER-EC-Za LRL)
BED ER-E{-1 ER-EC-4 n difference
BED ER-EC-1 ER-EC-o G000
BED ER-EC-2a ER-EC-4 G000
BED ER-EC-2a ER-EC-H L]
BED ER-E{ -4 ER-EC -6 G000
LA ER-EC-1 ER-EC-4 no difference
LA ER-E{-1 ER-EC-6 G000
LA ER-E{-4 ER-EC-5 RL )
MWT ER-EC-1 ER-EC-Za 000
MWT ER-EC-1 ER-EC-4 no difference
MWT ER-EC-1 ER-EC-3 G000
MWT ER-EC-] ER-EC-n 000
MWT ER-E{-*a ER-EC-4 R
MWT ER-E{-*a ER-EC-5 G000
MWT ER-EL{-Za ER-EC-a G000
MWT ER-EC-4 ER-EC-5 no difference
MWT ER-EC-4 ER-EC-5 OO0
MWT ER-EC-3 ER-EC-5 000
NWT ER-EC-2a ER-EC-4 000
NWT ER-EC-2a ER-5-4#2 000
NWT ER-EC-2a ER-EC-n 000
NWT ER-E{-2a ER-EC-3 G000
NWT ER-EL-4 ER-5-4#2 no difference
NWT ER-E{-4 ER-EC-a G000
NWT ER-EC-4 ER-EC-& no difference
NWT ER-5-442 ER-EC-5 G000
NWT ER-5-442 ER-EC-% no differenes
NWT ER-EC-& ER-EC-8 000
PWT ER-E{-1 ER-EC-4 n difference
PWT ER-E{-1 ER-EC-4 LRLL]
PWT ER-E{-1 ER-EC-3 nc difference
PWT ER-EC-4 ER-EC-H L]
PWT ER-EC-4 ER-EC-% ne difference
PWT ER-EC-6 ER-EC-8 000
PWT-MWT ER-EC-1 ER-EC-% no difference
VT ER-E{-1 ER-EC-4 ne difference
VT ER-E{-1 ER-EC-8 no diffcrence
VT ER-E{ -4 ER-EC-8 ni difference
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Figure 275, Heterogeneity of LITH: LA,
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Figure 277. Heterogencity of LITH: NWT.
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Figurc 279. Helerogeneity of LITH: PWT-MWT.
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The results of the multiple comparison tests show that of the seven characteristics of

si-ao-% —
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LITH that occur in multiple wells, significant heterogeneity exists for five of them (BED,
LA, MWT, NWT. and PWT), while two LITH types (PWT-MWT and VT) show no spatial
heterogeneity. The other eight characteristics each only oceur in one well and could not be

tested for heterogeneity.

Heterogeneity of ALTERATIONs
The following ALTERATION characteristics occur in multiple wells: DV, GL, QF,

and ZE.

Table 39 ALTERATION characteristic two-well comparison by rock classification.

Classification Wells Compared p-value
DV ER-EC-1 ER-EC-4 no difference
Dv ER-EC-1 ER-EC-6 (000
Dv ER-EC-1 ER-EC-8 no difference
DV ER-EC-4 ER-EC-5 .00
DV ER-EC-4 ER-EC-% no difference
DV ER-EC-f ER-EC-4 0000
GL ER-EC-1 ER-EC-4 no difference
GL ER-EC-1 ER-EC-6 0.000
GL ER-EC-4 ER-EC-6 0.000)

OF ER-EC-] ER-EC-2a 0000

191



Table 39 ALTERATION charactenstic two-well comparison by rock classification (continued).

Classification Wells Compared p-value
QF ER-EC-I ER-EC-4 no difference
QF ER-EC-1 ER-EC-3 O ()

QF ER-EC-1 ER-EC-6 0.000

OF ER-E(-| ER-EC-4 no difference
QF ER-E(C-2a ER-EC-4 0.000
OF ER-EC-2a ER-EC-5 (.008
OF ER-EC-2a ER-EC-6 0000
QF ER-EC-2a ER-EC-5 (000

QF ER-EC-4 ER-EC-3 no difference
OF ER-EC-4 ER-EC-6 0.000
QF ER-EC-4 ER-EC-8 no difference
QF ER-E(C-5 ER-EC-6 0.000

OF ER-EC-5 ER-EC-8 0,00
OF ER-EC-6 ER-EC-8 0000
0Oz ER-EC-1 ER-EC-5 no difference
7E ER-EC-] ER-EC-2a .00

ZE ER-EC-1 ER-EC-4 no difference
ZE ER-EC-1 ER-3-442 no difference
ZE ER-EC-2a ER-EC-4 0.000

ZE ER-EC-2a ER-5-44%2 0,000

ZE ER-EC-4 ER-5-4#2 {.001
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Figure 281, Heterogeneity of ALTERATION:
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Figure 285, Heterogeneity of ALTERATION: ZE.
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The results of the multiple comparison tests show that of the five characteristics of
ALTERATION that oceur in multiple wells, significant heterogeneity exists for four of them
(DV. GL, QF, and ZE), while one ALTERATION type (QZ) shows no spatial heterogeneity.
The other two characteristics each only occur in one well and could not be tested for
heterogeneity.

Heterogeneity of STRATS

The following STRAT characteristics occur in multiple wells; Tfb, Tfbw, Thr. Tmap,
Tmar, Tmaw, Tpb, Tpcm, Tpim.

Table 40, STRAT charactenstic two-well companison by rock classification,

Classification Wells Compared p=value
Tih ER-EC-2a ER-EC-3 0.000
THhw ER-EC-2a ER-EC-4 0_000
Thr ER-EC-1 ER-EC-6 0000
Tmap ER-EC-4 ER-EC-3 no difference
Tmap ER-EC-4 ER-EC-8 no difference
Tmap ER-EC-3 ER-EC-8 LRI
Tmar ER-EC-2a ER-EC-3 0000
Tmaw ER-E(C-2a ER-EC-8 {0.000
Tpb ER-EC-| ER-EC-6 0.000
Tpem ER-EC-1 ER-EC-A 0000
i I‘Elm ER-EC-1 ER-EC-f 01 (0
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Figure 286. Heterogeneity of STRAT: Tih.
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The results of the multiple comparison 1ests show that of the nine characteristics of
STRAT that occur in multiple wells, sigmficant heterogeneity exasts for all of them (Ttb,
Ttbw, Thr, Tmap, Tmar, Tmaw, Tpb, Tpem, and Tptm). The other six characteristics each
only occur in one well and could not be tested for heterogeneity.

Conclusions

Many rock characteristics are only found in one well, and therefore cannot be
analyzed for hetercgencity, Of the 32 classifications that occur in multiple wells, 29 exhibit
some significant spatial heterogeneity. Furthenmore, of the |26 possible combinations of
tests, a sigmificant difference was found in 90 of them (71 percent of the tests). Summanzoing
by rock classification;

HSLT: 10 of 11 {91%} of the pairs showed a significant difference.

HGU: 22 of 34 (65%) of the pairs showed a significant difference.

LITH: 25 of 39 {64%) of the pairs showed a significant difference.
ALTERATION: 20 of 31 (64%) of the pairs showed a sigmificant difference.
STRAT: 6 of 11 (54%) of the pairs showed a significant difference.

Conclusion: All rock classifications showed significant spatial heterogeneity.

HETEROGENEITY WITHIN ROCK CLASSIFICATIONS

In this section, the heterogeneity of each rock classification (HSU, HGU, etc.) is
investigated. For example, compansons are made between an HSU of BA and an HSU of
TCA., Comparisan of characteristics within each classification will yield insight into the
suitability of using that classification to describe K. In other words, the greater the difference
among the charactenstics, the better that classification is at describing the data.

To test for differences between rock characteristics, multiple comparison tests using
the nonparametnc Wilcoxon method were performed. In this method, one perforns a senies
of two-group score tests between each pair of groups. If the p-value for the test is less than
the Bonferroni individual comparison level, the bwo groups can be declared to have different
distribution functions at the chesen overall error rate. The Bonterroni comparison level is
simnilar to the comparison level for a two sample test, but modified to account for multiple
compansens. For example, for the classification HGU, there are four {n) charactenshcs (A A,
LFA, TCU, and WTA). This will yield six (n{n-1)/2) comparisons; [AA-LFA], [AA-TCU],
[AA-WTA], [LFA-TCU], [LFA-WTA], and [TCU-WTA], which results in 2 Bonferroni
comparison level of alpha/s.

The following are the results of the multiple comparizon Wilcoxon test. The reader is
reminded that boxplots can be misleading in this case since censored data cannot be plotted
accurately and descriptively, but they still have value for visual comparizons,
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Heterogeneity of HSUs
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Figure 295, Heterogenaity of HSUs,
Results: 42 percent (28 of 66 comparisons) are different.

Heterogeneity of HGUs
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Results: 40 percent (4 of 10 comparisons) are different.
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Results: 16 percent (17 of 105 comparisons) are different.
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Figure 298, Heterogeneity of STRATS,
Results: 50 percent (53 of 105 comparisons) are different.



Heterogeneily of ALTERATIONSs
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Figure 299 Heterogencity of ALTERATIONs.
Results; 28 percent (6 of 21 comparisons) are different

Summary

Using the fraction of possible comparisons that result in a significant difference,
stratigraphic unit best describes differences in K, with 53 of 105 combinations yielding a
significant difference. HSU is the next best, where 28 of 66 (42%) combinations have a
significant difference in the distribution of K. Lithology is the worst deseriptor of K, with 17
of 105 (16%) combinations with a difference in K.

COMPARE K WITH FRACTURES

Throughout this study, analyses were performed on data sets classified by their rock
type. A casual investigation of the fracture data collected for each well (data found in ULS.
Department of Energy (DOE), 2001) reveals a potential correlation between fracture location
and conductivity. The figure below presents a plot of depth versus K with points identified by
their proximity to a tracture.

The green points show those K values at a depth within 5 m of a fracture, which
suggests that all Ks greater than 25 m/d are associated with a fracture. In other wells, this
relationship is not as strong, but it does raise the question of how strongly correlated are K
and fracture location? If there 15 a strong correlation, 15 the presence of a fracture, and not
rock type. the only reason for high Ks? With regard to flow and transport. how significant are
the fractures, and are they more significant than rock type?

Further investigation is required to answer the questions above, but a cursory analysis
suggests the fractures may be very important in describing the permeability in all rock types.
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Figure 300. Correlation between fracture location and K: ER-EC-%.

STAGE 2 CONCLUSIONS

In this stage of the study, the permeability found in several wells was investigated

using statistics for censored data. The purpose was to use the raw data from the flow logs,
regardless of whether or not the data were below the minimum detection limit, and extract as
much information as possible. The Exploratory Data Analysis (EDA) approach was used as
described in Tukey (1977) and Helsel (20035). The following is a summary of the findings.

The range of hydraulic conductivity is unknown, due to the presence of censored
data, However, the smallest uncensored value is 0,001 m/d and the largest value is
109 mfd

Of the 88 possible values for rock classification, 21 show a statistically significant
decrease in K with depth. However, of those 21, 16 occur within a small fraction of
the total depth and extrapolation of this correlation to larger depths may not be
appropriate.

Of the 32 rock classifications that occur in multiple wells, 29 exhibit some spatial
heterogeneity, which calls into question the usefulness of the classification. HSU
showed the most heterogeneity among all classifications.

For each rock classification (HSU, HGU, LITH, STRAT. and ALTERATION), there
is significant overlap in K among the characteristics of the classification. However.
stratigraphic unit showed the greatest differences among the characteristics, and may
be the most appropriate way to describe conductivity. There was very little difference
in the permeability described by lithology, making lithology a poor descriptor of
conductivity.

The presence of fractures may be correlated to high values of conductivity.
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APPENDIX. Hydraulic Conductivity at Depth (Dashes indicate hydraulic conductivity
values are helow detection within the interval).
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Center of Vakank Tull
Calewladlon 113d romlic Axigmed Assigmed Arsigned Assigned Asaigned
[mlerval Comdu ctivily Sdratigraphic Lithic Lithic Hyd ropeologic Hyd rosiratigraphic
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1 TE 2501 Tpb LA o LFA BA
I3 51 ¥7 76 Tph L& oV LF& BA
s 0o 1342 Tph LA DV LFA BA
TG 62 43174 Tpk La vy LFA BA
g 23 3£ 51 Tpb LA o LFA BA
71129 1003 Tph LA v LEA BA
T804 1319 Tk La DV LFA DA
T26 61 - - - - - -
TR 14 12 44 Tpls L& DV LFA BA
TR 1775 Tpb LA Dy 1LFA BA
144 81 % Teb La DY LFA Ga
TG 52 M) &6 Tph T.A vy LLFA BA
T8 07 1215 Tpl LA DV LF& BA
T40 30 RET Teh LA DV LFA BA
TE1 27 35 57 Tpk LA oy LFA B4
A5 13 732 Tpb FE L LFA BA
T8 1 13 % Tph FE Qz LF& BA
P60 53 - - .

T - - - - - -
77261 - - - - - -
THT66 .
T 37 574 Tk DL ZE Tl UpcL
TH D3 - - - - - -
79241 . . . . . .
94 06 . . . . . .
B2 12 . . . . . .
%1083 - - . - - -
BI2 36 . . . . . .
#1387 . . . . . .
815 52 282 Tpk BED EE TCU UMCL
2310 58 - - - - - -
£32 a1 . . . . . .
B33 00 - - . - - -
#3543 - - -
8317 10 2 31 Tpam PWT o WThA TCA
#1216 . . . . . .
B30 - - . - - -
#5548 - - - - - -
5710 - . . . . .
RIRGR . . . . . .
1021 G . . . . . .
1.02% 40 - - . - - -
Lozd #3 - - . - . .
1026 47 . . . . . .
1023 15 - - - - - -
1430 23 241 Tpim PWT-MWT oV WTA TSA
1032 54 . . . . . .
1,034 [+ - - . - - -
1035 62 - - - - - -
1037 30 - - . - - -
L0352 1% . . . . . .
10354 1 - - . - - -
1.055 &1 - - - - - -
LO3T 14 . . . . . .
L3S 81 . . . . . .
1073 91 . . . . . .
1.075 55 - - . - - -
LOTT I3 - - . - . .
LTS £ . . . . . .
1.8 33 - - - - - -

= . = . a
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ER-EC-1 {continued)

Cenler of Volonic Tufl
Cnlcalation 113d romliic Axmigmed Ansigmed Assigned Azsipgned Assigned
[merval Craductivhy Strvatipraphic Llthic Lithk: Hyd ropednghe Hyd ricAratigraphlc
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1,4d1 37 - - . - - .

Dashes ndicale ydrauhic comductiyity values are below detection wathin the interval
Unly the imervals withan well sereen nre presenied
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ER-EC-2a {continued)
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ER-EC-2a {continued)
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102117 . . . . - -
1022 To . . . . . .
1034 34 - - - - - -
1325 93 - - - - - -
1,027 47 . . . . . .
1028 To . . . . . .
1031 1% - - - - - -
1032 689 . . . . . .
1,034 3% . . . . . .
1035 86 . . . . . .
1037 48 . . . - -
1039403 1% Tmaw NWT QF Teu TMCM
1,00 37 . . .

1041 87 . . . . . .
1.0d44 X1 - - - - - -
1.0d5 74 . . . . - -
104732 . . . . . .
1,045 - - - - - -
11350 43 - - - - - -
1.052 0% . . . . - -
10033 02 . . . . . .
104491 - - - - - -
105731 - - - -
1,058 84 1 fid Tmaw NWT QF U TMCM
1060 43 . . . .
10063 14 o T NWT F TeU TMEM
1,063 60 19 Tmaw NWT QF U TMCM
1,065 1% 19 Tmaw NWT QF TCU TMCM
1wt 72 #11 Tmaw NWT F TeU TMCM
1.8 02X igi s Tnaw NWT Qr TCU TMCHM
1,000 37 . . . -
1,071 89 0oz Tinaw NWT QF ToU TMCM
1073 4% - - - - - -
1.075 K» - - - - - -
1.076 &5 . . . . - -
107823 . . . . . .
107077 - - - - - -
1381 26 18 Tow NWT QF TCU TMC
1,360 50 . . . . . .
137102 . . . . . .
137261 . . . - - -
137419 . . . . . .
137578 . . . . . .
137736 . . . . . .
1378 X - - - - - -
1,380 b . . . . - -
1,362 5% . . . . . .
134411 - - - - - -
1.385 71 - - - - - -
1.387 30 . . . . - -
1348 B . . . . . .
1390 47 - - - - - -
1.352 01 - - - - - -
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ER-EC-2a {continued)

Cenler of Vileanie Tall

Calculafion 1l3d ranlic Anzigned Asnigned Anzipmcd Azsigned Anzipmced
Inferval Condwetbdty  Stratigraphic 1ithic Lithle Hyd rgentngic Hydrastratigraphic
L) (il Unle Mo ifler Alteration LT Limls

1.383 30 . . . - - -
1395 a5 . - - - - -
139717 - - - - - -
1.358 75 - - - - - -
1,400 34 . . . . - -
1.HI1 93 . . . - - .
1.403 51 - - - - - -
140303 . . . - - -
14408 3% . . . - - -
1408 63 - - - - - -
141022 - - - - - -
1,417 f . . . - - -
1413 3% . - - - - -
1.41497 - - - - - -
1416 56 - - - - - -
1418 10 . . . . - -
Ll 3% . - - - - -
1411 - - - - - -
L4233 . . . - - -
14249 . . . . - -
1426 4% . . . . . .
1428 (& - - - - - -
1429 66 . . . - - -
1431 20 . . . - - -
1432 30 . . . . . .
1.434 85 - - - - - -
1,436 37 . . . - - -
143755 . - - - - -
1.439 54 - - - - - -
14112 - - - - - -
1.4d3 71 . . . - - -
Labia 3% . . . . - .
1445 54 - - - - - -
1447 87 - - - - - -
1,449 4% . . . . - -
1431 00 . . . . . .
1452 5% - - - - - -
1454 17 . . . - - -
143375 . . . - - -
143722 . . . . . .
1.458 53 - - - - - -
1, 4ialh Sk . . . . . -
146 4 . - - - - -
1.464 05 - - - - - -
1.465 63 - - - - - -
1467 I . . . - - -
1468 B . - - - - -
14334 U7 Tonar WWT 0F WTa T
1.471 64 - - - - - -
1,471 0% . . . . . .
147551 . . . . - -
14T (3 (x) Tnar MWT aF WTA T
1A4TR 6% . . . - - -
1480 25 . . . - - -
1481 8% . . . . . .
1.483 39 i gin] Ty MWT Qr WTA TMCHA
1,484 6% . ) . . . .
148707 . - - - - -
145K 61 - - - - - -
1.489 41 - - - - - -

Dash:e mdicals Wydrauhc conduchivily values are below detection within the snierval
Only the mtervals wathn %ell screen are preseniad
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ER-E{(-4

Center of ¥olcande Tull
Calculinflon 11yd ralic Anzigmed Assigned Assigned Axsigmed A i pacd
Imterval Conductinity Stratigra phic I.Whie Lihie Hydragenlagic Hydratratipraphic
[k} LT Lnlt Bdunlifier Alterilon Umlt LT

0T 25 195 Tic LA ™ LF& TCW A
M G palll Twe [y LFA TCVA
Ak 11 124 T Y LFa TCVaA
07 63 - - - - -
33l . .
I a5 T
nn 148 Tz
a2 M e
3 #d Kk Tw

[y LFa TCVA
Y LFA TV A
L LFA T<va
v LFA TCV A
31452 17R Tic L L4 LEM
EEER] ] EI K] Tic iy LF& TCVA
33315 Tdil Tic 1.4 ™ LF& TCVA
350 43 - . -
358w iz T LA Y LFA TCYaA
340 03 5 Tic LA o LFA TCVA
35l PR Te LA [ LFA TCV A
356 B3 444 Twe LA [y LFA TCVA
L) | L3 T LA Y LFa TCVaA
CL

PEESEE . B

359 94 .
361 61 . .
36430 55 Tie
366 03 - .
367 62 .

360 |4 .

370 82 . .
583 51 - -
58315 -

586 13 . .
T T - -
S0 O3 - -
S T1 -

294 42 . .
305 0% - -
537 M - -
590 |8 .

alg 17 -

13 91 -

81749 .

&9 02 .

620 69 . .
G633 T3 - -
ax7 44 .

G307 . .
640 60 - -
G4 Z7 - -
657 13 -

659 04 . .
G600 39 - -
B2 12 - -
66379 .
676 63 .
20 39 -
687 17 .
€83 1 .
65537 .
4T 21 -
o4z M I6d Timrp FAT QF WTA TMA
050 52 . . - . - -
952 04 - - . - . .
85372 - - - - - -
056 - . - - - -
G5B 11 . . - . - -
959 6 - - . - . .
i1 19 - - - - - -

L - -

UNK A4 TCVa
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ER-EC-4 {continued)

Center of ¥olcande Tull
Calculinflon 11yd ralic Anzigmed Assigned Assigned Axsigmed A i pacd
Imterval Conductinity Stratigra phic I.Whie Lihie Hydragenlagic Hydratratipraphic
[k} LT Lnlt Bdunlifier Alterilon Umlt LT
06T 26 - . - - - -
97T BG - . - - - -
LEL - - - - - -
9Bl i - - - - - -
08k 53 - . - - - -
454 Ml - . - - - -
R - - - - - -
YER 62 - . - - - -
Oy M1 - . - - - -
4T - - - - - -
083 -H - - - - - -
108 46 - . - - - -
1010030 - . - - - -
1411 78 - - - - - -
1,01331 - - - - - -
1414 9% - . - - - -
102925 - . - - - -
14031 69 - - - - - -
1073 24 - . - - - -
103477 - . - - - -
14230 44 - . - - - -

Dashes mdiais hvdranhs conduiirily valuss ane bebow deteciion within ths intereal
Oualy the iervals within well sevzen are presenlad
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ER-EL-5

Center of Yolcanic Twafl
Calculation 1l3d ramlic Anzigned Ansigmed Anzigmed Asnigned Anzigmed
Interval Comducthity Stratigraphic Llthic Ttk Hydmgenlamle Hyidrastratigraphic
LT LTI Lnlt Modillk:x Alteration L it LU

365 76 27 57 Tover MWT OF WTA THMC M
366 37 17 B Trmar MWT OF WTa TR
364 08 - - - -

357 59 - - - - - -
368 M . . . . . .
368 B 177 Trnar MWT QF WTa TRACK
359 42 15 5% Trmar MWT OF WTA TR
37003 11&7 “Timear MWT OF Wra TMCK
270 64 . . . . . )
37123 - - - - - -
371 36 - - - - - -
37T 4T . . . .

ITi03 . . - - -
57513 1291 Trmnar MWT OF WTa T
37370 - - -

6T . . . .

376 93 . . . . . .
377 59 - - - - - -
37 . . . . ) ]
TR R . . . .

37942 . . . .

320 02 . . . . .
380 63 4759 “Timear MWT OF Wra TMCK
Bl . . . . . )
351 83 . . . .

382 - - - -
3% 67 a6 42 Tiear MWT OF WTa TMC K
297 13 w008 Tinva MWT ar WTA TMCR
337 $9 - - - - - -
393 3] 14 52 Tinar MWT OF WTa THMC M
311 1272 Tiver MWT OF WTa TMC M
300 7] . . . . . .
A0 31 - - - - - -
4 93 - - - - - -
41 54 . . . .

auz 13 . . . .

N . . . -

& 37 . . . .

4013 86 . . . . . .

4B 19 1247 “Trndr MWT OF WA TECK
413 30 g 52 T MWT ar WTA THMCM
419 4l . . . . . .
4200 . . . . . .
470 62 - - - - - -
47123 - - - - - -
421 34 . . . .

423 44 . . . . . .
42306 - - - - - -
42367 - - - - - -
424 13 . . . .

424 g . . . .

425 38 . . . -

577 3d . . . . .
5TR 43 8 80 Trna MWT oF WTA THMCK
700 . . . . .
57067 - - - - - -
RN 18 . . . .

20 24 . . . . . .
SR1 M) - - - - - -
S8 11 - - - - - -
ST T2 . . . .

55333 . . . . . .
SR04 - - - - - -
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ER-EC-5 {continued)

Center of Yolcanic Twafl
Calculation 1l3d ramlic Anzigned Ansigmed Anzigmed Asnigned Anzigmed
Interval Comducthity Stratigraphic Llthic Ttk Hydmgenlamle Hyidrastratigraphic
LT LTI Lnlt Modillk:x Alteration L it LU

5Rd 55 . . . - . .
hi-R gL 1I0g Tmir hWT QF WTA TrACK
5704 - - - - - -
SBT 65 1835 Tmar MWT QF WTA THIC
8R4 2707 Trnar MWT OF WTA TRACK]
hi-1 4.4 JI 90 Trniar hWT QF WTa THACK
580 48 1762 Tmar MMWT OF WTA THACK
o 1] Tmear RWT QF WA TR
3 W 37 R0 T MWT OF WTA TRACK
541 31 0 54 “L'mar hAWT F Wra I
50 02 14 4% Tinnar MWT Qr WTA THICHL
ST 53 1600 Tinvear MWT QF WTA THCK
314 . . - - - -
52375 ni» Tmar hAWT OF WTa Tt hd
304 Ml 2474 Tinnar MWT QF WTA THCM
HRE 56 ALAD Trnar MWT QF wTa TRACK]
LR 695 Tmir hWT QF WTA TrACK
LAl a4 Tmar hWT OF WTa T K
ali 19 a7e Tmear hWT F WTA TR
LINRLT 44 0% Trnar MWT OF WTA TRACK]
Gl al 1B ik Trniar hWT QF WTa THACK
L e 1144 Tmar MMWT OF WTA THACK
all33 . . . - . .
4173 44 . . . . . .
414 05 1033 Trnar KIWT QF WA THACKT
fl4 66 2027 Tinnar MWT Qr WTA THICHL
als1y 17 R5 Tinvear MWT QF WTA THCK
alF 32 45 Tnear h{WT Qr WTA THCKT
G50 08 1445 Tmar hWT OF WTa Tk
430 69 1538 Tinnar MWT QF WTA THCM
831 M a7 Tnnar MWT OF WTA TCK
431 41 . . - - - -
632 52 1237 Tmar hWT OF WTa T K
133 13 1540 Tmar MWT QF WTA THIC
£33 909 Trnar MWT OF WTA TRACK]
654 35 . . . . . .
G354 44 1164 Tmar MMWT OF WTA THACK
03 37 & W) Tmear RWT QF WA TR
526 12 . . . . . .
436 79 1695 Trnar KIWT QF WA THACKT
637 34 2614 Tinnar MWT Qr WTA ThiC
685 M 1R = Tivap MWT.TWT QF WTA TWCK
L 15%1 Ty hOWT-DWT ar WTA THCKT
G5 T8 - - - - - -
LET 38 - - - - - -
BRT M . . . .

E5E 6 . . . . . .
it | - - - - - -
iBe 32 - - - - - -
43 . . - .

a5 . . . -

481 635 - - - -

6% 26 . . . . . .
HiE TS 1332 Tap ROWT-DAWT OF WTA TRACK
TUT 0% . . . . . .
77 LB - - - - - -
T 1 . . . .

Teg ™ . . . . . .
TH 51 - - - - - -
ELLIR W - - - - - -
TI0 T . . . .

T 34 . . - - - -
1195 - - - - - -
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ER-EC-5 {continued)

Cetiter of
Cnleulation
Interval

()

Yolcanic Twafl
1l3d ramlic Anzigned Ansigmed Anzigmed Asnigned
Comducthity Stratigraphic Llthic Ttk Hydmgenlamle

Anzigmed
Hyidrastratigraphic

711 38
Ty
s
T4 33
TR 8
Ta%
2051
T 42
TEL0Z
751 64
TAL 15
FEVEA]
TR 47
T34 08
T34 068
TAE M
T5i 90

{ninl} Unlt odiller Alteration L it

11 3 Tmap MWT-DWT QF WwWTa

1374 Tmap MWT-DWT OF WTA

PER ] T MW T.THNT QF wWTA

ERRLI] Tnnap ROWT-DWT QF WwWTa

LT

TCRL

TtAChL

TrCKT

TBACA

Dashes indicate dmanhc conducivty valees ane below detcenon within the interyal
Cwily the tarvals within wzll sevzen are presenlzd
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ER-5-4#2

Cenler of ¥ olonmbe TuiT
Caleubntion [lxd raulic Azsigned Azsigned Assigned Axsigmed Anzigmed
Interval Cronductividy Stratigraphic Lithle Lishk: Hyillrogenlaade Hydvostratigraphlc
(i) 'y Uiy Beduuliifier Alteraiog Lt Dnle
1.074 83 - . - . . -
1975 3 - . - - . .
19711 - - - - - -
LY7o 72 - - - - - -
L %TTa3 - . - - . -
LATT 4 16 Tib MWT ZE TCU LT
1.07% 53 1% Teb MWT ZE TCu LT
L9792 16 24 33 Tb MW LL "l LIy
LT Ty 12 1s T:b MAT ZE ™u LT
LyRl 34 4 5 Tch ML LE mwTu LTCUY
L0280 o 130 Teb HWWT LL U LTCU
1,981 &4 - . - - . -
19322 - . - - . .
1.9%2 82 - - - - - -
L2983 43 - - - - - -
L34 03 - . - -
1.9%4 64 - . - - . .
1985 2% - - - - - -
Loa6 02 - . - - . -
Losg 12 - . - -
L95E 21 . . - .
1.080 52 - - - -
L9013 - . - - . .
Loty T4 1k T:b MAT ZE ™u LT
Ly9] 3% iu Tib MWW T LE Tcu LI
L9091 9% - - - - - -
1,992 57 & T3 Teh MWT EA TCo L.TCH
Loy 18 - . - - . -
1493 H - - - - - -
L9924 440 - - - - - -
1.995 01 - . - .
1.99% 6l - . - - . -
199523 Tal Teh MWT ZE TCU LT
L9906 84 - - - - - -
19T 45 g% Tib MaAT ZE ™u LT
LAE (M . . - . . .
1008 &7 [ )i Teb MWT ZE TCu LT
L3 | g Tb MW LL "o LIy
1L Ol - . - - . -
PAL N . . - . . .
200232 - - - - - -
M2 93 i9d Teh NWT FA TCo L.TCH
LWIY 54 363 Tibe M®T ZL TCU LT
pALIERE ag Tech MWT AE Tl LTCL
2004 205 Teb MNWT ZE U LTCU
1.5 37 T80 Teh HWT 7L TCI! LT
PAL IR - . - - . .
2l 59 - - - - - -
2007 20 - - - - - -
LIHIT I . . - .
PALI LY . . - . . .
TaM12 03 414 Teb MWT ZE TCu LT
TAHI9 64 TE Tzb MW LL "l LIy
rolozs 142 Tb MAT ZE ™u LT
2010 86 Ix Tib MWW T LE Tcu LI
ZO1L 47 - - - - - -
TOIZ0R - . - .
5014 ¥ - . - -
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ER-5-4#2 (tontinued)

Cenler of ¥ olonmbe TuiT
Caleubntion [lxd raulic Azsigned Azsigned Assigned Axsigmed Anzigmed
Interval Cronductividy Stratigraphic Lithle Lishk: Hyillrogenlaade Hydvostratigraphlc
(i) 'y Uiy Beduuliifier Alteraiog Lt Dnle
ToI512 - . - . . -
s 4 % Tib MWT ZE TCU LTl
e - - - - - -
2015935 03 Tcb MNW@WT ZE U LTCU
LOIT 56 14 Tab MaAT ZE ™u LT
Taong 1y i Tib MWT ZE TCU LT
T - - - - - -
013 3 L Tb MW LL "l LIy
2020 (W iz T:b MAT ZE ™u LT
2020 6l 4 38 Tch ML LE mwTu LTCUY
202122 131 Teb HWWT LL U LTCU
021 £3 112 Teh MWT EA TCo L.TCH
2002 44 [ Tib MWT ZE TCU LT
TOIR04 - - - - - -
2023 il B Teb MNWT ZE U LTCU
L0427 . . - . . -
1024 838 - . - - . .
2035 46 - - - - - -

Nazhas mdicalz rydrauhe conduchivity values ar helow detachion wathin the interval
Oy W it vals @atlun %21l screen ape proseted
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ER-EL-6

Center of ¥olcande Tull
Calculinflon 11yd ralic Anzigmed Assigned Assigned Axsigmed A i pacd
Imterval Conductinity Stratigra phic I.Whie Lihie Hydragenlagic Hydratratipraphic
[k} LT Lnlt Bdunlifier Alterilon Umlt LT

497 37 1533 T LA Gl. 1L.FA RA
497 98 15 44 Tpb LA Gl LEa Ba
455 39 184 Tpb LA 6L LEA BA
499 20 - -

A0 g . . . . . .
W 43 . . . . . .
30 03 - . - - - -
SH bd . . . . . .
0 35 . . . . . .
S[KT 36 - - - - - -
503 47 - -
Sk IR {1 &2 Tph 1.4 ™ 1LFA RA
S0 03 328 Tpb LA oY LFa A
A1 9% 174 Tpb LA M LEA B
319 56 147 Tpt LA 3

20 17 . . .

520 T3 . . .

331 39 - - -

52100 . . .

L2161 . .

12322 . .

32343 - -

524 4d . . .

L2505 . . . . . .
125 66 . . .

576 15 - - -

Sd0 47T - -

54108 . . .

247 o0 - - -

S42 3 - - -

s47 91 - -

543 §2 . . .

34413 - - -

44 74 - - -

1835 . .

135 96 . .

346 37 - -

S47 (8 . .

47 66 . .

165 99 . . .

552 &0 - - -

563 T - -

63 42 . . .

264 43 - - -

S05 4 - - -

563 65 - -

564 26 . . .

366 47 - - -

SGT 48 - - -

58 09 . .

165 T . . .

360 18 R Tpb LA o LEA BA
669 95 . . . . . .
ET0 36 . . . . . .
671 17 . . . . . .
671 78 - - - - - -
T\ - . - - - -
GTH . . . . . .
67161 - - - - - -
67422 - - - - - -
674 83 - . - - - -
675 44 . . . . . .
676 0% - - - - - -

220



ER-EC-b {continued)

Center of ¥olcande Tull
Calculinflon 11yd ralic Anzigmed Assigned Assigned Axsigmed A i pacd
Imterval Conductinity Stratigra phic I.Whie Lihie Hydragenlagic Hydratratipraphic
[k} LT Lnlt Bdunlifier Alterilon Umlt LT
676 60 - . - - - -
6T 14 - . - - - -
631 47 - - - - - -
632 08 - - - - - -
GO oy . . - . - -
G331 Ml - . - - - -
603 4] - - - - - -
a4 32 - . - - - -
b 13 - . - - - -
645 T4 - - - - - -
GG 35 - - - - - -
A% M - . - - - -
GFT T - . - - - -
63517 - - - - - -
o8 T2 - - - - - -
Trew - . - - - -
TI3 ol - . - - - -
71421 - - - - - -
T4 42 - . - - - -
TI543 - . - - - -
Tha i - . - - - -
LTS - - - - - -
MNTia - . - - - .
FIT RS - . - - - -
TIg47 - . - - - -
T17 08 - - - - - -
T84 - . - - - -
Ta0 13 - . - - - -
T34 435 - - - - - -
TR - - - - - -
73587 - . - - - -
T34 27T - . - - - -
EELE: - - - - - -
TET 48 - - - - - -
TiR 1 - . - . - -
T3ETI - . - - - -
T30 32 - - - - - -
TEN 93 - . - - - .
Fdi 54 - . - - - -
T4 LS - . - - - -
41 64 - - - - - -
755 M - . - - - .
T3 R - . - - - -
TaT2 - - - - - -
TITTS - - - - - -
5L - . - - - -
Tk oS - . - - - -
759 56 - - - - - -
Tob 1T - - - - - -
T TR - . - . - -
Tol 3y - . - - - -
6k W) - - - - - -
ol el - . - - - -
F63 10 - . - - - -
1.04% 81 - . - - - -
1,042 43 - - - - - -
101500 0 - . - - - -
103008 - . - - - -
14151 26 - - - - - -
1,051 86 - - - - - -
1052 47 - . - - - -
105308 - . - - - -
105369 - - - - - -
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ER-EC-b {continued)

Center of ¥olcande Tull
Calculinflon 11yd ralic Anzigmed Assigned Assigned Axsigmed A i pacd
Imterval Conductinity Stratigra phic I.Whie Lihie Hydragenlagic Hydratratipraphic
[k} LT Lnlt Bdunlifier Alterilon Umlt LT
10154 31 - . - - - -
105421 - . - - - -
1055 52 - - - - - -
1,053 01 - - - - - -
1057 %6 - . - - - -
1058 57 - . - - - -
105518 - - - - - -
107397 - . - - - -
1,080 40 - . - - - -
1061 01 - - - - - -
1,061 62 - - - - - -
1062 33 - . - - - -
1002 84 - . - - - -
14163 45 - - - - - -
1,064 06 - - - - - -
1484 67 - . - - - -
1.06% 15 - . - - - -
106717 - - - - - -
1067 T8 - . - - . .
1,068 38 - . - - - -
1068 %9 - . - - - -
1065 &0 - - - - - -
10T TN - . - - - -
1,070 82 - . - - - -
14071 43 - . - - - -
1,072 04 - - - - - -
1071 65 - . - - - -
107} 26 - . - - - -
10T 87 - - - - - -
1,074 42 - - - - - -
18R 75 - . - - - -
108336 - . - - - -
1080 94 - - - - - -
1,033 57 - - - - - -
1,091 18 - . - - - -
1404179 - . - - - -
1093 40 - - - - - -
1.0%3 01 - . - - - -
1,0%1 82 - . - - - -
1.0%1 23 - . - - - -
1,034 84 - - - - - -
1,095 45 - . - - - .
1,086 00 - . - - - -
111036 - - - - - -
1,112 87 - - - - - -
111 48 - . - - - -
1112049 - . - - - -
1.113M - - - - - -
1,11331 - - - - - -
1,113 92 - . - - - -
1.114 %3 - . - - - -
1.11514 - - - - - -
111375 - . - - - -
1,016 34 - . - - - -
1.11897 - . - - - -
1,117 52 - - - - - -
1131 7R - . - - - -
1132 % - . - - - -
11330 - - - - - -
1,133 41 - - - - - -
1,134 22 - . - - - -
1.134 83 - . - - - -
1.135 44 - - - - - -
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ER-EC-b {continued)

Center of ¥olcande Tull
Calculinflon 11yd ralic Anzigmed Assigned Assigned Axsigmed A i pacd
Imterval Conductinity Stratigra phic I.Whie Lihie Hydragenlagic Hydratratipraphic

(i} {inid) Unit Munlifer Aloratlon Uit Unid
113605 - .

1136 66 - . - - - -
113727 - - - - - -
1,137 &5 - - - - - -
1,138 40 . . . . . .
113204 . . . . . .
115336 - . - - - -
115397 . . . . . .
1,154 38 . . . . . .
1.155 1% - - - - - -
1,155 80 - - - - - -
1,156 41 . . - . . .
115702 . . . . . .
115763 - - - - - -
1,158 24 - - - - - -
1,158 85 . . . . . .
1152 46 . . . . . .
116007 - - - - - -
1,160 52 . . . . . .

Drasles indicals Teydrashie coplucin ity values ars ehow detectn Wil dee inberval
Only the miervals wathan %2l screem are preseniad
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ER-EL-7

Center of ¥olcande Tull
Calculinflon 11yd ralic Anzigmed Assigned Assigned Axsigmed A i pacd
Imterval Conductinity Stratigra phic I.Whie Lihie Hydragenlagic Hydratratipraphic
[k} LT Lnlt Bdunlifier Alterilon Umlt Umid

A 50031 T LA QF LFA F-CE]H
2520 . . .

292 61 - -
283 22 - -
793 £3 . .
284 49 13 T
295 0% y .
185 66 .

286 17 . .
286 I8 - -
28T 40 - -
IRR 12 -

29214 . .
237 - -
283 4 - -
224 01 .

294 62 . .
208 23 - -
295 &d . .
206 45 .

9T .

207 4% -

799 M .

304 07 .

30 14 . .
346 74 - -
351 8d -

35203 . .
36503 - -
309 23 - -
3707 -

nn 1753 Tib
ane 1426 T
372 53 [ XS T
3714 .

BT .

3N -

3749 .

378 840 .

3T 0% . .
37T TR - -
IR0 19 1337 Tih 1.4 war LFA FCCHW
38100 . . - . - -
381 61 - - - - - -
38222 - - - - - -
IR E3 - . - - - -
35344 . . - . - -
38405 - - . - . .
384 61 - - - - - -

QF LFa FCCM

Drasles indicals Teydrashie coplucin ity values ars ehow detectn Wil dee inberval
Only the miervals wathan %2l screem are preseniad
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ER-E(-8

Cenler of ¥ ollcmbe TuiT
Ualeubndion [Iydraulic Azsigned Azsigned A pucd Arnigncd Anrsigned
Lnterval Cronductividy Stratigraphie Lithle Lithl: Hyidragenlngle Hyd imnotratigra phile
{im) 'y Uiy Beduuliifier Alteration Lt Dnle

Mg 03 T Tih MWWT 07 Tcn FCChI
% o4 a5 Tih MW T Q2 TC1 FCChI
21025 1107 Tib MWT 2 TC1 FCChd
211 86 I 5% Tih MWWT 874 TCU FCChI
a7 . . - . . -
iz o L1 Tih MWT QL TCl FCChI
21268 Ikad Tib MWT Q2 TC FCChd
AR 167 1 MW 8 | [ PO
PR | [ 31 Tih MWT QL ™ Foohl
21452 - - - - - -
21513 - - - - - -
i - . - .

2103 - . - -

2818 - - - - - -
21879 - - - - - -
& a0 . . - . . -
II0 0 ¢ R Tih MWT Q2 TC1 FCChI
22061 13 8 Tib MWT 2 TC1 FCChd
1 at 34 30 Tih MWWT QF ™o Fohl
83 02l Tik MWT QF ™ FoChl
Il 44 a1 i Tih MW T QL TCl FCChI
22305 1758 Tib MWT Q2 TC FCChd
Pl 1737 1 MW 8 | [ PO
4237 Il 34 Tik MWT QL ™ Foohl
114 %8 14 56 Tih MW QL Tcn FOCh
225 40 11 32 Tib MWWT LnrA TCU FCChI
Ti6 50 13 97 Tik MWT 0 <N FCChI
1370 2T T MWWT QL TCu FoCh
23T 80 452 Tih MWT 7, T FCCh
238 41 3 T MNWT QL TCU FCChI
11902 14 30 Tih MWWT 07 Tcn FCChI
I3t ol 1T Tih MW T Q2 TC1 FCChI
29024 1353 Tib MWT 2 TC1 FCChd
241 85 15 5% Tih MWWT 874 TCU FCChI
M1 46 AL Tik MaAT 2L ™ FoChl
Iz o7 T Tih MWT QL TCl FCChI
242 68 - - - - - -
PR - - . . .

FL KL 438 Tih MAT QL ™ Foohl
433 T [Tt MWW T QL Tcn FOCh
255 54 1133 Tib HWWT QL TCU FCChlI
15613 1223 Tih NWT 07 <N FCChI
56 7 LR -] T MWT QL T FoCh
25737 - - - - - -
25T 38 - - - - - -
2158 50 - . - .

23320 - . - - . .
2508 - - - - - -
20} 42 - - - - - -
61 03 . . - .

161 b4 . . - .

25225 - - - -

T 4 - . - -

T8 - . - - . -
174 56 TES Tih MWW T QL Tcn FOCh
27517 - - - - - -
TT5TR - . - .

176 39 - . - . . -
2T - - - - - -
2770l - - - - - -
TR 12 - . - .

ITH 83 - . - - . .
270 449 - - - - - -
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ER-EC-8 {continued)

Cenler of ¥ ollcmbe TuiT
Ualeubndion [Iydraulic Azsigned Azsigned A pucd Arnigncd Anrsigned
Lnterval Cronductividy Stratigraphie Lithle Lithl: Hyidragenlngle Hyd imnotratigra phile

{in) () Unit Muddlfier Alberativ Unit Unit
283 05 - . - . . .
250 66 . . . .

28] 63 - - - - - -
29224 6 N Tib AT LA TCD FCCI
15 88 . . . . . .
293 46 . . . .

264 (7 - . - -

294 65 . . . .

TS 30 . . . . . .
295 B - - - - - -
294 51 - - - - - -
IFT 12 - . - -

297 T3 . . . . . .
208 319 - - - - - -
298 95 - - - - - -
441 W . . . .

442 51 . . - . . .
443 12 - - - - - -
44173 . . . .

44434 . . . .

944 78 . . . .

445 56 - . - -

4465 17 . . - .

448 TR . . . .

247 39 . . . . . .
448 00 - - - - - -
44% 60 - . - -

449 21 . . . . . .
251 - - - - - -
451 65 - - - - - -
451 16 - . - -

952 §7 . . . . . .
253 48 - - - - - -
454 19 - - - - - -
454 70 . . . .

453 31 . . . .

455 02 - . - -

456 53 . . . .

457 14 . . . .

45T T8 . . . . . .
458 36 - - - - - -
512 (W) . . - .

512 61 . . . . .
21312 568 Tonap NWT aF Tell TMCM
SIJE3 - - - - - -
sS4 44 - . - -

51505 . . . . . .
315 66 - - - - - -
s16 27 - - - - - -
515 58 . . . .
1T 49 . . . .
1% 10
51871 . . . .
51332 . . . .
130 19 . . . . . .
3300 0 - - - - - -
331 51 - . - -

53112 . . . . .
23273 116 Tonap NWT aF Tell TMCM
33334 - - - - - -
33395 - . - -

534 36 . . . . . .
53517 - - - - - -

g
-
E
=
=
|_]
e

™™ TN
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ER-EC-8 {continued)

Cenler of ¥ ollcmbe TuiT
Ualeubndion [Iydraulic Azsigned Azsigned A pucd Arnigncd Anrsigned
Lnterval Cronductividy Stratigraphie Lithle Lithl: Hyidragenlngle Hyd imnotratigra phile
{im) 'y Uiy Beduuliifier Alteration Lt Dnle

535 TR - . - . . -
536 39 - . - -

53T (M) - - - - - -
53761 - - - - - -

Drasles indicals Teydrashie coplucin ity values ars ehow detectn Wil dee inberval
Only the miervals wathan %2l screem are preseniad
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ER-6-1

Lenter of Vakandk Tuff

Clalenlutlnm Hyd reulis: Asslgmed Asdmmel Aschaied Asedgwcd A pid
Inlervnd Cotductinvily sirailgra phic Lihix Lithix Hydrageokopic Hydrostmligraphic
{oa} {mud} Unlt Modifler Alteratlom Umit Umid
EETET - - - - - -
L0y - . - - - -
4161 - . - . - .
13513 . . - . - -
546 66 - - - - - -
518 4 . - 4 - -
bt L | - . - . . -
551 23 - - - - - -
55275 - - - - - -
33418 - . - - - -
185 40 135 s Dol Lhalt CA LCa
557 13 133 L¥sE Dol Unalt L Lia
553 35 135 DSe Dol Unak CA LCA
600 17 | 55 &5 Tl Umak ca ICa
61 M) 135 D Dol Unall CA LCa
ind 42 1355 5 Taol Ll A ICa
ot B3 (] sy Dl Ll Ca LCA
g 47 L 53 D Tl Upalt A LCA
6T v 1535 [ Dl Unall CA LCa
59 51 155 DiEe Dl Lnak CAa LCA
ST L 33 S5 Dl Linak Ca LA
Ll L 53 s Dl Lkt ca LoA
5740 L 35 LisE ol Lmalt L Lia
373 61 135 (] ] Dl Lrnak CA LCA
377 14 L33 (b [l Linak CA LA
Lrs g 153 s Dol Lhalt CA LCa
S0 1Y 132 L¥sE Dol Unalt L Lia
sE21 71 152 DSe Dol Unak CA LCA
1w/ | 52 &s Tl Umak ca ICAa
134 TG 152 D Dol Unall CA LCa
LRk IR 152 5 Taol Ll A ICa
8T8l L 32 sy Dl Ll Ca LCA
0o 13 L 52 D Tl Upalt A LCA
L B 132 [ Dl Unall CA LCa
50T 18 1352 DiEe Dl Lnak CAa LCA
3N L 32 S5 Dl Linak Ca LCA
s 43 (. s Dl Lkt ca LoA
S0 95 l 32 LisE ol Lmalt L Lia
S0E 47 1352 (] ] Dl Lrnak CA LCA
GIH) W) L a2 s Dol Linak Ca LA
€I 52 142 s Dol Lhalt CA LA
Gl 15 342 L¥sE Dol Unalt L Lia
G4 57 347 DSe Dol Unak CA LCA
G 00 142 &s Tl Umak ca ICAa
GUFT 42 343 D Dol Unall CA LCa
ALRE 142 5 Taol Ll A ICa
ali a7 42 sy Dl Ll Ca LCA
&l 19 142 D Tl Upalt A LCA
L el | 343 [ Dl Unall CA LCa
6154 042 DiEe Dl Lnak CAa LCA
ale T 042 S5 Dl Linak Ca LA
g0 LEX: s Dl Lkt ca LoA
617 31 043 LisE ol Lmalt L Lia
621 13 043 (] ] Dl Lrnak CA LCA
627 36 043 (b [l Linak CA LCA
624 38 i 44 s Dol Lhalt CA LCa
62511 47 L¥sE Dol Unalt L Lia
627 43 047 DSe Dol Unak CA LCA
62801 047 &s Tl Umak ca ICAa
G50 48 047 D Dol Unall CA LCa
650 047 5 Taol Ll A ICa
a4 33 i 47 [5s Dol Ll CA LeA
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ER-6-1 {¢ontinued)

Center of ¥olcande Tull
Calculinflon 11yd ralic Anzigmed Assigned Assigned Axsigmed A i pacd
Imterval Conductinity Stratigra phic I.Whie Lihie Hydragenlagic Hydratratipraphic
[k} LT Lnlt Bdunlifier Alterilon Umlt LT
63505 047 DEr Dol Linak Ca LCA
636 57 047 D Duil Unalt CA LCA
635 10 047 D& Dl Uhalt CA LCa
639 62 L] DSE Dol Lmalt CA LCA
ad| |f LR D Dl Limalkt A LCA
G4 47 0y s Duil Umalt CA LCa
644 19 14 Dés Dol Uhalt CA LA
ad 1l LLh [¥s I3l Linakt CA Ica
4T 24 LLh s Dol Limak A LeA
o4 Ty 1y L}SE ol Lnalt A L
650 29 19 DSe Dl Unakt CA LCA
A51 1 i NEr Thal Linakt Ca TCA
G 39 0 M) D Dol Unalt CA LCA
654 36 L] &R Tl Val A TCa
656 3% L] DS Dl Unall CA LCA
63T 9] LRt Des Duil Lkt c LA
a9 43 0 M) D Duil Unalt CA LCA
GE O 0 D& Dl Uhalt CA LCa
Gl 48 0 Hl D55 Dl Linakt Ca LA
b4 gL D Dol Limalkt A LoA
Ll L s Duil Umalt CA LCa
66T 0% L] Dés Dol Uhalt CA LA
and 35 0l [¥s I3l Linakt CA LA
T 10 L s Dol Limak A LeA
a7l a3 0y Dss Duil Umalt CA LCA
67315 028 DSe Dl Unakt CA LCA
aTd a7 I8 NEr Thal Linakt Ca TCA
Lo 0 [ Dl Lyl A LA
T 0% &R Tl Vhalt CA TCa
T ls 028 DS Dl Unall CA LCA
&R0 T7 018 DEr Dol Linak Ca LCA
it 03 DEl Duil Unalt CA LCA
623142 032 D5l Dl Uhalt CA LCa
GB35 34 ¥ 32 sl Dol Lmalt CA LCA
G586 B7 02 Dsl Dl Limalkt A LCA
G5B 39 L D&l Duil Umalt CA LCa
629 4] 03z D5l Dol Uhalt CA LA
%] 4d 032 sl I3l Linakt CA LA
G O 02 D3l Dl Limak A LCA
a4 44 L D&l Duil Umalt CA LCA
GG 31 ¢ 532 DEl Dol Unakt CA LCA
a%7 33 % &l Thal Linakt Ca TCA
GG Lk D3l Dl Lyl A LA
L 034 sl Tl Vhalt CA TCa
Oz 11 €535 D&l Dl Unall CA LCA
T3 63 055 nEl Dol Linak Ca LCA
TOE 1% L DEl Duil Unalt CA LCA
Ty 58 781 D5l Dl Uhalt CA LCa
T3 2 781 sl Dol Lmalt CA LCA
T T3 TRI Dsl Dol Limalkt A LoA
TIL 2 TEI D&l Duil Umalt CA LCa
T 142 D5l Dol Uhalt CA LA
T4 W TR3 sl I3l Linakt CA Ica
T a2 TRY D3l Dl Limak A LCA
TIT3 43 30 D&l Duil Umalt CA LCa
71337 42 3 D&l Dl Unakt CA LCA
20039 d9 71 &l Thal Linakt Ca TCa
72192 A5 iy D3l Dl Llpalt A Lod
T23 49 LY ] sl Tl Vhmalt CA Ica
T4 97 42 X D&l Dl Unall CA LCA
726 49 348 nEl Dol Linak Ca LCA
Eriiul 343 DEl Duil Unalt CA LCA
729 5q 348 D5l i | Ll CA LA
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ER-6-1 {¢ontinued)

Center of ¥ olicrambc Tull
Ualeubndion [Iydraulic Azsigned Azsigned Assigned Aasigned Anzigmed
Lnterval Cronductividy Stratigraphic Lithle Lithlk: Hyillrogenlaade Hydvostratigraphlc
{in] [l Lt Bedoallifier Alteration Lt Dnle
1 0e I &l Dl LUnah Ch ICa
T3 59 347 Dl Duil L'mah A LCa
T4 347 Dl Dol L'makh LA LCa
735 &3 347 sl Dol Lmah CA LCA
TG 147 Dl Dl Unall A LCA
Tib ok 343 Dl Dual L'nah 3 LCa
N 3148 Dol Dol L'moh A LCA
T3 148 sl Ll Unalt CA LA
ELKIFS 143 Dl Cral Unalt LAY LCA
4T 348 15l Lol L'mah LA LCa
G 30 148 D&l Dol Lnah CA LCA
T A3 J4m 5 Ml Unah CA TCA
TaF A5 349 Dl Dl L'malt A LCa
TA0RT T4 Tsl [l LU'mah A TCa
75240 1% D&l Dol Lnuh CA LCA
TEI92 1 %k Dl Dl Uniah LA Loa
T55 A% IBg Dl Duil L'mah A LCa
T55. 97 e Dl Dol L'makh LA LCa
58 4% 185 Il [l Unalt CA LA
Tal 02 IRe D3l Dl Unall A LCA
741 54 Iy Dl Dual L'nah 3 LCa
307 s Dol Dol L'moh A LCA
Tad oY 138 sl Ll Unalt CA LA
e 11 10} Dl Cral Unalt LAY LCA
ToTog 0q0 Dl Dol L'mah 3 LCa
¢ 16 0032 D&l Dl Lnah CA LCA
FEL- 0¥t 5 Ml Unah CA 1CA
el 00O Dl vl Unal A LA
T Nk Tkl el U'mah A 1.CA
56 00z D&l Dwl Lnuh CA LCA
TI6TR I 0E: &l Dl LUnah Ch 1.Ca
RN LR VIL>] Dl Dol L'mah A LA
T RA 0Ok Dl Dl L'makh LA LCA
JE1 35 OO sl Dol Lmah CA LCA
TRIER 0ang Dl Dl Unall A LCA
TEd ] 0 Dl Dol L'nah 3 LCa
TRE 03 (G Dol Dol L'moh A LCA
TRTAS LI sl Dol Unalt CA LCA
TRR U7 0ang Dl Dl Unalt LAY LCA
Ta 50 0q0 Dl Dol L'mah 3 LCa
792 02 - - - - - -
T 55 . . - .
TS 07 - . - - . .
To5 59 - - - - - -
TeE 12 - - - - - -
T 6d - . - - . .
BO1 17 0 Dl Duil L'mah A LCa
B2 69 0 50 Dl Dol L'makh LA LCa
804 21 0 5 sl Dol Lmah CA LCA
RS T4 0 8} Dl Dl Unall A LCA
BT 26 0 M Dl Dual L'nah 3 LCa
B M 030 Dol Dol L'moh A LCA
BOK] | 0 Y sl Ll Unalt CA LA
El1 83 i 3 Dl Cral Unalt LAY LCA
B3 36 0 5 Dl Dl L'mah 3 LCa
Bl4 88 0 5 D&l Dol Lnah CA LCA
RiI6 a1 0 34} 5 Ml Unah CA TCA
BT 3 0§} Dl [l Unal A LA
£1% 43 1 30 Tkl [l U'mah A TCcA
82128 0 51 D&l Dol Lnuh CA LCA
82150 0 54 &l Dl LUnah Ch ICa
BI4 03 L] | Dl Duil L'mah A LCa
B25 5% L | sl Dol L'nah L LCA
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ER-6-1 {¢ontinued)

Center of ¥olcande Tull
Calculinflon 11yd ralic Anzigmed Assigned Assigned Axsigmed A i pacd
Imterval Conductinity Stratigra phic I.Whie Lihie Hydragenlagic Hydratratipraphic
[k} LT Lnlt Bdunlifier Alterilon Umlt LT
T o5l nEl Dol Linak Ca LCA
B2 b o 0l DEl Duil Unalt CA LCA
B3012 05l D5l Dl Uhalt CA LCa
3l 6s ¥ 51 sl Dol Lmalt CA LCA
B2 LT L | Dsl Dl Limalkt A LCA
B34 o4 0l D&l Duil Umalt CA LCa
B34 22 LT | D5l Dol Uhalt CA LA
R 03l sl I3l Linakt CAa Ica
BED 27 L | D3l Dl Limak A LCA
MY 5l sl ol Lnalt A L
24z N ¢ 51 D&l Dl Unakt CA LCA
Fd3dd i3l &l Thal Linakt Ca TCA
EaF 3G 0l D&l Dol Unalt CA LCA
46 39 05l k]| Tl Val A TCa
248 41 ¢ 5l D&l Dl Unall CA LCA
R4% 43 I Dsl Duil Lkt c LA
BS1 46 I DEl Duil Unalt CA LCA
BAT OB | D5l Dl Uhalt CA LCa
&34 31 1T il Dl Linakt Ca LA
E36 03 bl | Dsl Dl Limalkt A LCA
BST 54 T D&l Duil Umalt CA LCa
pll 1 D5l Dol Uhalt CA LA
Tl o) 172 sl I3l Linakt CA Ica
E6E 13 Frr) D3l Dl Limak A LCA
Et3 a2 T D&l Duil Umalt CA LCA
B35 17 z72 D&l Dl Unakt CA LCA
b TN 172 &l Thal Linakt Ca TCA
fied 22 rad | D3l Dl Lyl A LA
BG4 T T sl Tl Vhalt CA TCa
an zTl D&l Dl Unall CA LCA
T & 64 nEl Dol Linak Ca LCA
B¥4 3 L] DEl Duil Unalt CA LCA
' 6 M D5l Dl Uhalt CA LCa
IF7 37 6 7l sl Dol Lmalt CA LCA
ETR B0 & Ml Dsl Dl Limalkt A LCA
B&0 41 6Tl D&l Duil Umalt CA LCa
B2 99 Lo | D5l Dol Uhalt CA LA
[Ed 40 67l sl I3l Linakt CA Ica
EB4 00 L3 | D3l Dl Limak A LCA
3L | 6Tl D&l Duil Umalt CA LCA
B3 03 672 DEl Dol Unakt CA LCA
RED 36 672 &l Thal Linakt Ca TCA
[ 0G T2 (s Dl Llpalt A Lod
R | 672 (hex Tl Vhmalt CA Ica
34 13 G673 Oes Dl Unall CA LCA
BR5 65 6 T3 (es Dol Linak Ca I.CA
EFT 1B L Dets Duil Ul CA LCA
BRI - - - - - -
QM 23 - - - - - -
O T3 - . - . - -
03 37 - . - - - -
Qr 1) - - - - - -
ik 32 - . - - - .
Di¥FT 83 - . - - - -
w37 - . - - - -
Q10 39 - - - - - -
Q1T 42 - - - - -

Dashes ndicale ydrauhic comductiyity values are below detection wathin the interval
Unly the imervals withan well sereen nre presenied
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ER-6-1#2

Center of ¥olcande Tull
Calculinflon 11yd ralic Anzigmed Assigned Assigned Axsigmed A i pacd
Imterval Conductinity Stratigra phic I.Whie Lihie Hydragenlagic Hydratratipraphic
[k} LT Lnlt Bdunlifier Alterilon Umlt LT
SaE T3 - . - - - -
WL A - . - - - -
Lraler - - - - - -
571 - - - - - -
4 R2 - . - - - -
by - . - - - -
el ¥ - - - - - -
T - . - - - .
B0 02 - . - - - -
S5ET 44 - - - - - -
SB3 07 - - - - - -
SR 44 - . - - - -
atTo - . - - - -
iRE 54 - - - - - -
S0 0 - - - - - -
T 50 - . - - - -
31 - . - - - -
534 63 - - - - - -
0 16 - . - - - -
1T 63 - . - - - -
2 2 - . - - - -
LW T3 - - - - - -
Gi¥L I3 0 bd sl I3l Linakt CA Ica
GIED TR hgd D3l Dl Limak A LCA
Gl 30 0 ad D&l Duil Umalt CA LCA
G 33 T &4 D&l Dl Unakt CA LCA
Al 35 i d &l Thal Linakt Ca TCA
G 37 0od D3l Dl Lyl A LA
611 40 064 sl Tl Vhalt CA TCa
Glz o2 64 D&l Dl Unall CA LCA
Bld 45 0 6d nEl Dol Linak Ca LCA
GlFe7 LEE DEl Duil Unalt CA LCA
617 49 0 i D5l Dl Uhalt CA LCa
G192 ¥ 64 sl Dol Lmalt CA LCA
620 54 hgd Dsl Dl Limalkt A LCA
G207 UL T D&l Duil Umalt CA LCa
623 59 i id D5l Dol Uhalt CA LA
a2 11 0 bd sl I3l Linakt CA Ica
626 64 Fack D3l Dl Limak A LCA
6k 16 133 D&l Duil Umalt CA LCA
62960 233 DEl Dol Unakt CA LCA
a3l n 1313 &l Thal Linakt Ca TCA
GEr T3 T3 D3l Dl Lyl A LA
654 26 Taz sl Tl Vhalt CA TCa
G35 T8 I3z D&l Dl Unall CA LCA
637 11 - . - - - -
636 B3 - . - - - -
640 35 - - - - - -
641 38 - - - - - -
43 4 - . - - - -
G 43 - . - - - -
Gy 45 - - - - - -
o797 - . - - - .
Gd% M) - . - - - -
ail o2 - . - - - -
652 35 b D&l Dl Unakt CA LCA
a5y Ll L &l Thal Linakt Ca TCA
63 F 59 B D3l Dl Lyl A LA
65712 - - - - - -
G55 64 - - - - - -
660 17 - . - - - -
LN - . - - - -
[y | 13 05 D5l i | Ll CA LA
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ER-6-1#42 (tontinued)

Center of ¥olcande Tull
Calculinflon 11yd ralic Anzigmed Assigned Assigned Axsigmed A i pacd
Imterval Conductinity Stratigra phic I.Whie Lihie Hydragenlagic Hydratratipraphic
[k} LT Lnlt Bdunlifier Alterilon Umlt LT
64 Td 13103 nEl Dol Linak Ca I.CA
G 26 13 0% DEl Duil Ul CA LCA
66T M 1305 D5l Dl Uhalt CA LCa
669 31 1305 sl Dol Lalt CA LCA
T 13 1305 Dsl Dl Linalt A LA
Ligr il 13 0% D&l Duil Umialkt CA LCa
G ER 1305 D5l Dol LI CA LCA
ari 41 1303 sl I3l Linakt CA LA
76 03 1305 D3l Dl Linalt A LA
67 45 1305 sl ol LUnalt A LA
o7 08 1303 D&l Dl Unakt CA LCA
LA 13103 &l Thal Linakt Ca TCa
G303 13 0% D&l Dol LN} CA LCa
654 34 1305 k]| Tl Vil A Ica
GBO 07 - - - - - -
68T ol - . - - - -
659 12 - . - - - -
63 65 - - - - - -
L - . - - . .
L - . - - - -
it e - . - - - -
60 T - - - - - -
a7 - . - - - -
G T - . - - - -
TOL 3 - . - - - -
TOE 34 - - - - - -
M 36 - . - - - -
J05 29 - . - - - -
TUT 41 - - - - - -
O 93 - - - - - -
T 4a - . - - - -
TIL 93 - . - - - -
T13 51 - - - - - -
503 - - - - - -
Tle 53 - . - - - -
TIE OB I D&l Duil Umalt CA LCa
T4 6l 134 D5l Dol Uhalt CA LA
T2 13 M sl I3l Linakt CA Ica
T2t el FA-2 | D3l Dl Limak A LCA
T4 17 % D&l Duil Umalt CA LCA
72570 I DEl Dol Unakt CA LCA
72T T35d &l Thal Linakt Ca TCA
T2RTE Fa-L | D3l Dl Lyl A LA
TE0 27 Tia sl Tl Vhalt CA TCa
TEL TR I D&l Dl Unall CA LCA
73331 T5d nEl Dol Linak Ca LCA
T34 B4 I DEl Duil Unalt CA LCA
T35 37 154 D5l Dl Uhalt CA LCa
IET B M sl Dol Lmalt CA LCA
T30 410 54 Dsl Dl Limalkt A LCA
T 4 - . - - - -
T4 46 - - - - - -
FLER] - . - - - .
F45 51 - . - - - -
T4T 03 - . - - - -
743 30 - - - - - -
50003 - . - - - -
il ol - . - - - -
T5313 - - - - - -
T34 65 - - - - - -
75618 - . - - - -
TAT 0 Iha DEl Duil Unalt CA LCA
759 23 P D5l i | Ll CA LA
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Er-6-142 {continued)

Center of ¥olcande Tull
Calculinflon 11yd ralic Anzigmed Assigned Assigned Axsigmed A i pacd
Imterval Conductinity Stratigra phic I.Whie Lihie Hydragenlagic Hydratratipraphic
[k} LT Lnlt Bdunlifier Alterilon Umlt LT
60 TS 154 nEl Dol Linak Ca LCA
Tok 37 Iha DEl Duil Unalt CA LCA
763 80 a1 D5l Dl Uhalt CA LCa
T 32 I sl Dol Lmalt CA LCA
Thh BE 5 Dsl Dol Limalkt A LoA
Tob 37 Iha D&l Duil Umalt CA LCa
60 49 16 D5l Dol Uhalt CA LA
TIL 42 1H sl I3l Linakt CAa Ica
T Fa- D3l Dl Limak A LCA
T A7 I sl ol Lnalt A L
T I3 D&l Dl Unakt CA LCA
T T 5 &l Thal Linakt Ca TCA
THe Ihg D&l Dol Unalt CA LCA
TR0 36 Tia k]| Tl Val A TCa
B 09 I D&l Dl Unall CA LCA
TE1al LRt Dsl Duil Lkt c LA
TEk13 LU DEl Duil Unalt CA LCA
TRy bl L D5l Dl Uhalt CA LCa
T8 L& L il Dl Linakt Ca LA
T80T L Dsl Dl Limalkt A LCA
Tl 23 L3 D&l Duil Umalt CA LCa
Tor T 035 D5l Dol Uhalt CA LA
T IR L sl I3l Linakt CA Ica
Tk B0 L D3l Dl Limak A LCA
THT 33 L] D&l Duil Umalt CA LCA
70 35 315 D&l Dl Unakt CA LCA
M 37 s &l Thal Linakt Ca TCA
fik] w0 L D3l Dl Lyl A LA
03 42 015 sl Tl Vhalt CA TCa
304 25 €35 D&l Dl Unall CA LCA
B 47 035 nEl Dol Linak Ca LCA
BIFT 44 LU DEl Duil Unalt CA LCA
BIH 52 L D5l Dl Uhalt CA LCa
Sl &35 sl Dol Lmalt CA LCA
i L Dsl Dl Limalkt A LCA
El4 04 L3 D&l Duil Umalt CA LCa
EAREA 035 D5l Dol Uhalt CA LA
3T L4 L sl I3l Linakt CA Ica
ElR o6 L D3l Dl Limak A LCA
B0 1Y L] D&l Duil Umalt CA LCA
217 %315 DEl Dol Unakt CA LCA
HE A s &l Thal Linakt Ca TCA
#i24 TG L D3l Dl Lyl A LA
2618 015 sl Tl Vhalt CA TCa
7T H €35 D&l Dl Unall CA LCA
2933 035 nEl Dol Linak Ca LCA
B30 B3 LU DEl Duil Unalt CA LCA
B3I 3R L D5l Dl Uhalt CA LCa
HERR 1] &35 sl Dol Lmalt CA LCA
B2} 43 L Dsl Dl Limalkt A LCA
B3G9 L3 D&l Duil Umalt CA LCa
B3R 47 035 D5l Dol Uhalt CA LA
Tl ) L sl I3l Linakt CA Ica
Ed| 52 L D3l Dl Limak A LCA
E43 02 L] D&l Duil Umalt CA LCA
B4 37 315 D&l Dl Unakt CA LCA
Fda 00 s &l Thal Linakt Ca TCA
fdT 02 L D3l Dl Lyl A LA
#4919 015 sl Tl Vhalt CA TCa
B30 67 €35 D&l Dl Unall CA LCA
B5T19 035 nEl Dol Linak Ca LCA
ES3 T LU DEl Duil Unalt CA LCA
#5529 i 35 D5l i | Ll CA LA
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ER-6-1#2 (tontinued)

Center of ¥olcande Tull
Calculinflon 11yd ralic Anzigmed Assigned Assigned Axsigmed A i pacd
Imterval Conductinity Stratigra phic I.Whie Lihie Hydragenlagic Hydratratipraphic
[k} LT Lnlt Bdunlifier Alterilon Umlt LT
R56TE 035 nEl Dol Linak Ca LCA
BSE 29 LU DEl Duil Unalt CA LCA
BN L D5l Dl Uhalt CA LCa
61 33 &35 sl Dol Lmalt CA LCA
R&l 6 L Dsl Dl Limalkt A LCA
Bod 3B L3 D&l Duil Umalt CA LCa
SRy | 15 D5l Dol Uhalt CA LA
BT 43 13 sl I3l Linakt CA Ica
ROR O £ 13 D3l Dl Limak A LCA
EELUE $15 sl ol Lnalt A L
BT 00 315 D&l Dl Unakt CA LCA
®T333 %15 &l Thal Linakt Ca TCA
ETROS B 1a D&l Dol Unalt CA LCA
%6 57 b 6% k]| Tl Val A TCa
g G O D&l Dl Unall CA LCA
BT 62 663 Dsl Duil Lkt c LA
BS1 1% Lk DEl Duil Unalt CA LCA
BRI 67 LY D5l Dl Uhalt CA LCa
figd 19 L3 il Dl Linakt Ca LA
E8$ T2 663 Dzl Dl Limalkt A LCA
BT 34 Lt D&l Duil Umalt CA LCa
=y L3 D5l Dol Uhalt CA LA
b, | il L3 sl I3l Linakt CA LA
L #1 663 D3l Dl Limak A LCA
E¥3 39 L s Duil Umalt CA LCa
B 36 G 68 Oea Dl Unakt CA LCA
%6 30 f AE (es Thal Linakt Ca TCa
[FT A L (s Dl Llpalt A Lod
B0 43 LY % (hex Tl Vhmalt CA Ica
S0 N G O Oes Dl Unall CA LCA
Q0T 48 & 68 (es Dol Linak Ca I.CA
4k Lk Dets Duil Ul CA LCA
g0 53 LY Oex Dl Uhalt CA LCa
S0O7 05 - - - - - -
g 53 . . - . - -
g1 1 - . - - - -
911 %3 - - - - - -
R ERE - . - - - -
Ol4 67 - . - - - -
YiG M) - . - - - -
1772 - - - - - -
Q1915 - . - - - .
F20 035 - - - -

Dashes indicat: edranhc conduciaty vlees ane below detzenon within the intereal
Umly the imtervals withon well sereen are presenled
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ER-7-1

Center of ¥ okennbe Tull
Calculinflon 11yd ralic Anzigmed Assigned Assigned Axsigmed A i pacd
Imterval Conductinity Stratigra phic I.Whie Lihie Hydragenlagic Hydratratipraphic
(i} TE )] Lnlt Bdunlifier Alterilon Umlt LT
end 7 11543 Fru Ix Linak Ca TCA
67134 141 98 Pew Ls Ul CA LCA
L ies | 1M 012 Pzu L= Uhalt CA LCa
674 14 13 Fzu Ls Lmalt CA LA
76 0 44 T Pzu L Ukt ca LoA
GTE 26 41 14 Fzu Ls Umialkt CA LCa
a2 10 a7 Pzu L= LI CA LA
G| M 2910 dT) Lz Linak CA LA
G506 L) Trzu L Lmakt A LeA
634 35 20063 Fiu Ls Unalt A LA
GRS T2 28 42 Pzu La Unak CA LA
ARy 42 Ral Fru 15 Linak Ca TCA
it b 916 Pau L Unalt CA LCA
631 3% 17 61 Fzu l5 Linalt ca ICa
623 34 3220 Fiu Ls LANT N CA LCAa
G TE ir 40 Pzn Ls Ukt ¢ LA
6% 21 4T3 Pew Ls Ul CA LCA
697 &7 1 ) Pzu L= Uhalt CA LCa
aF i 2T Fzu Lz Linak Ca LA
TiHy 42 1583 Pzu L Ukt ca LoA
Tk 37 944 Fzu Ls Umalt CA LCa
T 53 533 Pzu L= Uhalt CA LA
0L ] ) . - - . -
20T &1 . . . . . .
Tiw 30 ind Fzu Ls Umalt CA LCA
0T 739 Pzu La Upaht ca LCA
i v kg Fru 15 Linak Ca TCA
TG il Faw L Llpalt A LA
71553 17 T Fzu l5 Lnalt ca ICa
TR 1511 Fiu Ls LANT N CA LCAa
1962 Lligi 3 Fru Ix Linak Ca TCA
il 3o 56 Pew Ls Ul CA LCA
T21 56 i o) Pzu L= Uhalt CA LCa
T4 05 1757 Fzu Ls Lmalt CA LA
T2t 4R 1275 Pzu L Ukt ca LoA
ik LS Fzu Ls Umalt CA LCa
TN ER1] Pzu L= Uhalt CA LA
TEL 03 - . - - - -
TEL A3 - . - - - -
T34 32 REL Fzu Ls Umalt CA LCA
735 82 - - - - - -
s | 138 Fru 15 Linak CA TCA
733 T4 . . - . . .
T35 80 = E 5 Fzu l5 Lnalt ca ICa
s 74 = 339 Fiu Ls Lrnall CA LCAa
4 31 - . - - - -
T46 14 . . . . . .
747 58 - - - - - -
749 8 - - - - - -
T ET . . " . - .
TalL e a1 Fzu Ls Umalt CA LCa
T53 M) - - - - - -
T35 IR i 16 w1} Lz Lialkt CA LA

Drashes indicale Teydraule sourdutiy ity values ars ehow deteclion 1-:ll|llll thet anitsrval
Only the mtervals Wallan %2l sereen are présenilad

236



ER-12-3

Center of ¥olcande Tull
Calculinflon 11yd ralic Anzigmed Assigned Assigned Axsigmed A i pacd
Imterval Conductinity Stratigra phic I.Whie Lihie Hydragenlagic Hydratratipraphic

{m} {inid) Unit Munlifer Aloratlon Uit Unid
L9 75 - .

1106 09 . . - . - -
1112 53 - - . - . .
1,118 95 - - - - - -
112831 L9 Pzu Dl Unak CA LCA
LIS1 T L 02 Fzu Dl Uriakt CA LCa
LI3E 13 0 §0 Pzu Dol Urnalt CA LCA
I.14& 55 059 Bzu Il Unak Ca LCA
1,150 94 053 T'zu Dl Unakt A LCA
LI5T 38 Ml Fiu Lol LUnalt CA LA
1,250 62 - - - - - -
1,256 95 . . - . . .
1.263 43 . . - . - -
1269 13 - - . - . .
1,276 23 - - - - - -
128263 . . . . . .
1282 03 . . - . - -
1295 43 - - . - . .
1,301 83 . .

1,308 23 .

1314 57 . .
1321 03 002 Pzu
1327 43 0 0l Bz
1,333 24 . .
1.340 29 . .
1340 04 i M1 Pzu
1,353 0d il Fru
1,359 44 . .
1365 84 - - . - . .
1,372 18 - - - - - -
1,378 64 . . - . . .
138504 . . - . - -
1,30 44 - - - - - -
1,397 84 - -
1,404 24 002 Pzu Ls Unalt CA LCA
141064 - . - - - -
141703 - . . - . .
1423 45 . . .

1,420 70 003 T'zn Ls Unalt A LCA
1436 22 . . . . . .
14205 007 Pzu La Unak CA LCA
L9 05 il Fru [F] Linak Ca TCA
1,455 45 . . . . . .
1461 §5 - - - - - -

1 468 25 - - - - - -
147371 - - - - -

Ul CA LCA
Linakt CA LCa
Unak CA LA
Linak CA TCA

l;:ll;:lii

Dashes mndicale hvdranhe conducinaty valees are below detecion wilhon the ioerval
Umly the imcrvals withan -well screen are presenied
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