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- SUMMARY

Since November, 1981, the Kerr-McGee Chemical Corporation Henderson Facility
has been characterizing the source and extent of chromium contamination in

the "Near-Surface" groundwater system present beneath the Facility. The

. presence of chromium has been detected in the “Near-Surface" groundwater

extending northward in the downgradient direction from the Facility. Since
the beginning of the investigation in November, 1981, forty groundwater
monitoring wells and 13 geological borings have been installed to delineate
the horizontal and vertical extent and chemical nature of the chromium
containing plume, as well as to determine the-geological features that
control the occurrence and movement of the groundwater. Geophysical method
(EM Survey) was also employed to better define the chromium plume

configuration.

The source areas of chromium (contained within process fluids) impact to the
“Near-Surface" groundwater have been identified and actions have been taken

to eliminate further leakage from these areas.

The stratigraphy directly underlying the site consists of poorly sorted,
heterogeneous mixtures of silty sand and gravel (boulders and cobbles
common) that vary in thickness from 19.5 to 61.5 feet over the site.
Underlying these deposits is the Muddy Creek formation consisting
predominantly of a brown si]ty'clay for at least the upper 230 feet of the
formation that underlies the Facility. Based upon test drilling and aquifer

" tests, no water-bearing zones of significant areal extent are present in the

upper portion (230 feet) of the Muddy Creek formation. Groundwater found in

vi



isolated water-bearing zones in the upper 230 feet of the Muddy Creek
formation have positive head differentials as compared to the "Near-Surface"
aquifer. Therefore, water in the "Near-Surface" aquifer cannot migrate
vertically to water-bearing zones in the Muddy Creek formation. Developed
on the clay surface of the Muddy Creek formation is an extensive ancient

_ drainage system consisting of stream channels and adjacent interfluve (area
between streams or rivers) areas that was long ago buried by"the alluvial
fan sediments. Sediments in the ancient channels consist of reworked (by
stream action) sand and gravel referred to as “channel fill" deposits. The
deposits adjacent to the “"channel fill" deposits consist predominantly of

the poorly sorted, heterogeneous alluvial fan sediments.

Groundwater beneath the site is contained within both the upper portions of
the Muddy Creek formation and the overlying alluvial sediments and occurs
under unconfined conditions. The alluvial sediments are unsaturated over
the southern half and the west-central portions of the Facility area and
saturated to some depth over the remainder of the Facility. Groundwater is
moving through the Muddy Creek formation (under a gradient of about 2.7
percent) at an average velocity of 0.53 feet/day.

Groundwater in the alluvial sediments occurs at depths ranging from about 35
to 5 feet below ground level. The saturated thickness in the alluvium range
from 0 to greater -than 27.7 feet. Generally, the thicker zones of
saturation occur over the buried “channel fill" deposits. The groundwater

- is moving through these a]luvial sediments (under an average gradient of

 about 1.5 percent) between 0.5 to 16 feet/day. The higher flow velocities
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occur in the “"channel fill" deposits and the lowest typically occur in
interfluve areas where poorly sorted alluvial fan deposits occur. The
elevation of the water-table surface remains relatively stable with annual

fluctuations of about 2 feet common.

. Site studies show a strong correlation between the location of the buried
stream channels and the migration of the chromium plume. The movement of
the plume is largely controlled by the presence of these channels in the
alluvial deposits. The chromium plume also moves through the upper part of
the Muddy Creek formation in areas where the overlying alluvial deposits
remain unsaturated. This type of movement is near the source of the
chromium leakage and the chromiuh plume remains fairly concentrated. HWhere
the chromium plume moves through the saturated portions of the alluvial fan
deposits, natural attenuation of the plume by dilution and dispersion occurs

at fairly high rates.

The chromium plume has migrated at least 4,000 feet downgradient from areas
of past leakage and is typically narrow in its configuration owing to the
fact that it moves principally through the narrow, buried stream “channel

fill" deposits.
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CONCLUSIONS

The major conclusions of this report are:

1

2)

3)

4)

The presence of chromium in groundwater above background values has
been detected and extends from areas of past leakage northward at least

4,000 feet. "

The source areas responsible for past leakage of chromium containing
process fluids were identified and actions have been taken to eliminate

further leakage from these areas.

The chromium plume shows a northern migration at rates from 0.5 to 16
feet/day and moves first through the upper paft of the Muddy Creek

formation and then the overlying saturated alluvial fan sediments.

The alluvial fan sediments are unsaturated over the southern half and
west-central portions of the Facility. Groundwater moves through the
upper parts of the Muddy Creek formation in these areas. The saturated
zone extends into the more permeable alluvial fan sediments in the

northern and east-central portions of the Facility.
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5)

6)

7)

8)

The surface of the Muddy Creek formation is eroded by buried stream
channels that eroded and are entrenched into the Muddy Creek
formation. The "channel fill" sediments that occupy these ancient
stream channels are much more permeable than 1nterflu§e areas adjacent
to the streams. These “channel fi11" deposits largely.control the
migration of the chromium plume present in the saturated portions of

the alluvial fan desposits.

A large buried channel system occurs in an area extending northward
from the Plant AP ponds to at least the area of well M-23, where the

chromium plume is largely contained.

Groundwater from the "Near-Surface" aquifer (and its dissolved
components) cannot migrate into deeper aquifer systems that may
underlie the Facility at depth due to the presence of upward or
positive head exhibited by these deeper aquifers over the

“Near-Surface" aquifer.

Aquifer testing of the "Near-Surface" aquifer revealed a wide range of
permeability (6.5 to 1496 gpd/ft?) and transmissivity (45.2 to 23,786
gpd/ft) values. The lower permeabilities and transmissivities occur in
the Muddy Creek clays and interfluve alluvial fan depositional areas.
The higher values occur in the buried stream channels which consist of
"channel fill" deposits. The storage coefficient is relatively

constant over all areas and averages 0.053.



INTRODUCTION

In May and June, 1985, Kerr-McGee Corporate Hydrology Department completed a
detailed investigation of the hydrogeological conditions at the Kerr-McGee
Chemical Corporation's Henderson Facility. The purpose of this

. investigation was to provide a detailed evaluation of the chromium
contaminant plume present in the "Near-Surface" groundwater as well as
provide technical hydrogeological information characterizing aquifer
dynamics. Major objectives of this investigation were to: 1) delineate the
extent and concentration of the plume area; 2) define aquifer properties; 3)
determine conditions that control occurrence and movement of groundwater; 4)
characterize the chemical nature of the groundwater; and 5) define

contaminate plume hydrodynamics.

LOCATION AND GENERAL SURFACE FEATURES

The Henderson Facility lies in the Basin and Range Physiographical Province
(Fenneman, 1931). Features of this province consist of linear and
semi-1inear north-south trending mountain ranges separated by linear and
semi-linear valleys. The Facility is located in portions of sections 12 and
13, Township 22 South, Range 62 East, about 1/2 mile west of Henderson,
Nevada (Figure 1).

1 0295E
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The Henderson Facility (Figure 2) 1S located within the Las Vegas Valley
(southern edge), a valley that is about 40 miles long and up to 20 miles
wide. The Valley trends south-southwest, and its floor ranges in altitude
from 1500 to 3000 feet. This Valley is a tributary to the‘Colorado River.
The Las Vegas Valley is bounded on the west by the Spring Mountains; on the
- east by Frenchman and Sunrise Mountains: on the north by the Desert, Sheep
and Las Vegas Ranges; and on the south by the River Mountains and the
McCullough Range.

The mountain ranges in the region are generally composed of exposed. bedrock
which have steep, often bare surfaces. They rise abruptly above the
gently-sloping valley floor and are surrounded by flat-lying alluvial

deposits extending to the central part of the Valley.

Las Vegas Wash is the major drainage in the area and represents the base
level of Las Vegas Valley. The Wash is 3 miles north at its nearest |
approach to the Henderson Facility. Prior to 1920, Las Vegas Wash carried
no continuous streams of surface water. However, an occasional flash flood
flowed down the Wash. Just after World War I, artesian wells were drilled
in the upper reaches of the Wash. Uncontrolled water from these wells
seeped into the alluvial material and reappeared as springs farther down the
Wash. Presently, several points of artificial discharge into Las Vegas Wash
keep it flowing year round and discharging into Lake Mead (Colorado River).
Several tributary drainages fldw into Las Vegas HWash from the northeast,

- west, and southeast. A1l of these drainages are intermittent.

3 0295E
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The Henderson Facility is located at the southern edge of the Las Vegas
Valley and rests upon alluvial fan sediments from the Black Mountain of the
McCullough Range. This alluvial fan forms a gradual northward sloping
surface underlying the Facility. The topographic elevation at the Henderson
Facility ranges from 1870 (southwest) to 1675 (northwest) feet above mean

- sea level (MSL). Topographic features for the Facility are presentgd.in

Figure 2.

Two small intermittent streams or ditches cross the Henderson Facility
(Plate 1). The Beta Ditch crosses the Facility just north of the AP ponds
and leaves the property northeast of the C-1 pond. This ditch is tributary
to the Las Vegas Wash. The second unnamed ditch crosses the northern
portion of the Facility and eventually flows into an ébandoned gravel pit.

This conducts storm water only.

The principal city in the area is Henderson, Nevada, with a population of

24,363 in 1980. Las Vegas, Nevada is 7.5 miles northwest of the Facility.

SITE DESCRIPTION

The Kerr-McGee Henderson Facility is located in the Henderson Industrial
Complex which was the site of the Basic Magnesium Incorporated (BMI) plant
operated by the U.S. Government during World War II. The Henderson Facility
is involved in the manufacture bf industrial chemicals which are: sodium

- chlorate, ammonium perchlorate, manganese dioxide, boron trichlorate, boron
~ tribromide, elemental boron, and sodium perchlorate. In support of Facility

activities, there are currently 10 synthetic 1ined water-retention and/or

5 0295E



evaporation impoundments situated on the Facility (Plate 1). RCRA
impoundments P-1 and S-1 were drained and removed in January, 1983, and are
currently undergoing closure. A brief description of each of the above

mentioned ponds is presented in Appendix A.
CLIMATE

The climate in the Henderson, Nevada area is typical of the arid southwest
with precipitation falling in two clearly defined rainy seasons. During the
winter, frontal storms produce low intensity rainfall over large areas.

Some frontal storms also occur during the summer, but most rainfall during
this season results from thundershowers occurring during periods of influx
of warm, moist tropical air. Over one-third of the four inches of annual
average rainfall at Las Vegas McCarran Airport (2162 feet elevation) falls
as short term, high intensity rainfall during these thunderstorms, which can
be quite severe and result in flash floods. Most documented floods in Las

Vegas occurr during July and August.
The mean daily maximum temperature at Las Vegas McCarron Airport ranges from
13.0°C (Celsius) in January to 40.5°C in July; the mean daily minimum

temperature for the same months ranges from 0.5°C to 24.5°C.

The potential annual evaporation from lake and reservoir surfaces ranges

from 60 to 82 inches, or roughly 15 to 20 times the annual precipitation.

6 0295E



GEOLOGIC SETTING

Regional Stratigraphy

The Henderson Facility is located at the southern edge of fhe Las Vegas
Valley. Las Vegas Valley lies along a boundary separating areas of

- strikingly different geology. The mountain ranges bounding the east, north,
and west sides of the Valley consist primarily of Paleozoic énd Mesozoic
sedimentary rocks (limestones, sandstones, siltstones, and fanglomerates).
The mountains on the south and southeast consist primarily of Tertiary
volcanic rocks (basalts, rhyolites, and andesites) that lie directly on

Precambrian metamorphic and granitic rocks.

The Las Vegas Valley occupies a deep structural basin that has been filled
with a thick sequence of sediments. Beginning in Miocene time, a thick
sequence of alluvial and lacustrine sediments began accumulating in the
Basin. In the Las Vegas area, the earliest of these deposits are the Thumb
and Horse Springs formations of Miocene-age. These formations outcrop in
the Frenchman Mountain area, where they consist primarily of limestone,
sandstone, siltstone, and conglomerate. These formations occur at depths of

at least from 3000 to 3700 feet in the Las Vegas area.

Overlying the Thumb and Horse Springs formations is the Muddy Creek
formation. The Muddy Creek formation is a multi-colored, poorly to
well-consolidated siltstone, cléy, and sand with minor intercalated '
fanglomeratic horizons. The fine-grained facies is most common in the Las

 Vegas area, but near the mountains the coarse-grained facies becomes

7 0295t



prominent. The Muddy Creek formation reaches thicknesses of 3000 feet and
occurs at depths from 0 to 3000 feet in the Las Vegas area. The Muddy Creek
formation is typical}y flat 1ying to gently tilted and has been cut by many
small faults. The surface configuration of the Muddy Creek formation is
often characterized by erosional features which give considerable relief to

. fts surface in some areas.

The Muddy Creek formation is unconformably overlain by Plio-Pleistocene
basin fill sediments. These sediments represent semi-continuous sedimentary
filling of the Basin that was probably periodically interrupted, either by
nondeposition or erosion. Distinct subsurface beds are generally thin,
discontinuous, and laterally variable making Basin wide correlation
difficult. Three depositional facies are recognized in the Plio-Pleistocene
depositional period. These are: 1) coarse-grained piedmont alluvium, 2)
fine-grained fluvial and lacustrine basin fill, and 3) "blue" lacustrine

clay.

The coarse-grained piedmont alluvium consists of coalescing sequences of
alluvial fans (as in the Henderson area) and sediments flanking the mountain
ranges of the Valley. These deposits adjacent to the McCullough Range

contain almost all volcanic fragments and thin toward the mountain range.

The fine-grained fluvial and lacustrine basin fill crops out along the axis

of the Basin and is not present in the Henderson area.

" The third facies noted above is the "blue" clay. The "blue" clay is
Jaterally extensive in the center of the Basin, where it is encountered at
depths of 480-600 feet.

8 0295E



Figure 3 presents the generalized regional stratigraphic column for the Las

Vegas Basin. Figure 4 is a generalized geologic map of the Basin.

Site Stratigraphy

This section describes only the geological units of greatest significance to
. the Henderson Facility site hydrogeology. The geological units include the
upper 200 feet of the Muddy Creek formation and overlying alfuvial fan
sediments, each of which is discussed below. A detailed site stratigraphic

column is presented in Figure 5.
Muddy Creek Formation

The Muddy Creek formation of Pliocene age underlies the Henderson Facility
in the subsurface. This formation consists of brown- to reddish-brown silty
clay and clayey silt. Thin, discontinuous lenses of fine sand and silt may

be present locally.

The upper 200 feet of the Muddy Creek formation at the Henderson Industrial
Complex were extensively investigated by neighboring Stauffer Chemical
Company. Five wells were drilled to depths of 230 feet. All of these
wells are within 2000 feet of the Kerr-McGee Henderson Facility. Similar
geological conditions exist over the entire Henderson Industrial Complex and
the logs of these wells are representative for the Henderson Facility. The
1ithology encountered when drilling these wells indicated that no

- recognizable sand or gravel (permeable) horizons were encountered in three

- of the wells and silty clay was the predominant 1ithology encountered in

these wells. Two wells encountered thin sand zones at 127 and 220 feet.

9 0295E
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However, Geraghty and Miller (1980), indicate that these sand§ have limited
areal extent because they were not encountered in neighboring wells that
penetrated this formation to at least 230 feet. Also, wells completed
within these sand horizons indicated that a positive groun&water head
differential exists over the groundwater levels noted in the “"Near-Surface"
- aquifer. This pressure differential prevents downward leakage of shallow

groundwater to these deeper permeable strata (Geraghty and Mfller, 1980).

Over 100 monitoring wells and test borings have been drilled on the
Henderson property. Most of these wells penetrate. the upper 5 to 20 feet of
the Muddy Creek formation. Logs prepared from these wells indicate that the
upper 2 feet of the Muddy Creek formation typically consists of a brown
clayey silt followed by brown silty clay. Thin, discontinuous fine sand and
silt lenses may be locally present. The fine-grained nature of this
formation (silty clay) is of utmost importance since it effectively inhibits

extensive vertical migration of any contaminant at the site.

The upper surface of the Muddy Creek formation has been modified through
erosion. An erosional surface is evident on the top of the Muddy Creek
formation and was caused by an ancient drainage system. Referring}to Plate
2, the configuration of the top of the Muddy Creek formation is shown
beneath the Henderson Facility. The predominant feature of this map is the
northward sloping surface of this formation. The surface slopes at
gradients that range from 0.801‘(42 feet/mile) to 5.4% (285 feet/mile) with
an average of 2.5% (132 feet/mile). Five major erosional features are

evident upon examination of this map. A buried erosional channel appears to

13 ) 0295E



start near pond AP-5 and strikes north along a line to well M-23. An
interfluve area is suggested to exist east of this channel and strike
northward. A second interfluve area exists west of this channel and also
strikes northward (from wells H-38 to to MC-20). A major buried channel
exists (along a line from wells H-23 to MC-56 to MC-50 to H-51) in the

- northwest corner of the Henderson Facility. Stauffer Chemical Corporation

Is currently operating a groundwater interception system over the width of
this channel. This buried channel trends northeast. A third interfluve
area occurs due west and bounds the western side of the channel. Definition
of where these buried channels and adjacent interfluves occur is of utmost
importance because they greatly control the occurrence and movement of
groundwater beneath the Henderson Facility. Typically, the erosional
channels contain greater thicknesses of more permeable sands and gravels
than the interfluve areas adjacent to these channels. The role of these
channels in groundwater occurrence and movement beneath the site is

discussed more fully in the section titled Site Hydrogeology.

A map showing depth-to-top of the Muddy Creek formation is presented in
Plate 3. The depth-to-top of the Muddy Creek formation varies from 19.5 to
55 feet over the site. Examination of this map shows the presence of
interfluve areas (near wells MC-59, M-18, and MC-60) with the intervening

buried channel systems (near well M-27, and wells MC-80 to H-51).

The configuration of the Muddy Creek formation is shown more clearly in the

geologic cross sections presented in Figures 6, 7, and 8 (Line of section

“shown on Plate 9). The cross sections in Figure 6 shows very little Muddy

Creek relief along section A-A' near Units 4, 5, and 6. Section B-B' shows
the existence of an erosional channel from wells M-4 to CLU-1, north of the

14 ~ 0295E
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steam plant. The geological cross §ections presented in Figure 7, shows the
presence of a small channel system along section C-C'. A major channel
system is indicated along section D-D'. The cross section (E-E') in Figure
8 shows the general configuration of the Muddy Creek formation in a
north-south direction. It is evident from examination of these sections

~ that the buried channel systems in the area trend in a northerly direction,
| are narrow, and become more entrenched into the Muddy Creek formation in

this direction.
Plio-Pleistocene Alluvial Fan Deposits

The Kerr-McGee Henderson Facility is situated over alluvial sediments
derived from erosion of the McCullough Range (1 mile south of Kerr-McGee)
that form northwest-sloping coalescing alluvial fahs. These alluvial fans
were deposited during the infrequent flood runoff periods and were deposited
on the older erosional surface of the Muddy Creek formation. The thickness
of these deposits vafies locally depending upon the erosional configuration
of the Muddy Creek surface. Generally, these alluvial deposits thicken from
south to north beneath the Henderson Facility. Plate 3, shows the thickness
of the alluvial fan deposits which is also the depth to the top of the Muddy
Creek formation. These sediments are thickest over the erosional channels
and thinnest over 1ntervehing interfluve areas. Thickness of these

sediments range frpm 19.5 to 61.5 feet beneath the Henderson Facility.

The 1ithology of fhese deposits consists primarily of a reddish-brown,

- heterogeneous, poorly sorted mixture of sand and gravel (volcanics) with
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lesser amounts of silt and clay. Boulders and cobbles are common. Due to
their mode of deposition, no distinct beds or units are continuous over the
Henderson Facility. Distinct layers are only present in the form of gravel
beds cemented with caliche (calcium carbonate), present only in the

northwest corner of the site. Since caliche is not found elsewhere on the

_ site it will not be discussed further.

-

A major feature of these alluvial deposits is the stream deposited sands and
gravels that were deposited within the old channels developed on the Muddy
Creek formation. These deposits conform to the old channel boundaries which
were characteristically linear and narrow in configuration. These "channel
fil1" deposits are typically more uniform sands and gravels (few fines) and
show higher permeability than the adjacent poorly-sorted alluvial deposits.
Oncé the old erosional channels were filled with the “channel fil11" deposits
they were encased by the poorly-sorted alluvial fan deposits. The
importance of these "channel fill" deposits is that they greatly affect and

control the occurrence and movement of the groundwater.

Often times a distinct formation change between the Muddy Creek formation
and alluvial sediments does not exist. Normally, a 5-foot transitional zone
occurs above the Muddy Creek formation where small white clayey silt lenses

are interbedded with sand and gravel.

The geologic cross sections préSented in Figure 6, 7, and 8 shows the

thickness and distribution of the alluvial deposits. Typically deposits

- found in the erosional channels are "clean" sands and gravels (with few

fines) as compared to other alluvial fan deposits.
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Structural Geology

The structural features of those strata pertinent to this investigation
(Muddy Creek Formation and overlying basin-fill alluvial fan deposits) are

discussed below.

The Muddy Creek formation is generally flat lying to gently tilted in
surface exposures. It has been cut by many small faults and has locally
been severely disrupted. This formation is sheared and tilted in the Las
Vegas Wash area, and it is in sharp fault contact with the Frenchman

Mountain Block.

The structure within the Plio-Pleistocene basin fill is characterized by a
series of generally north-south trending faults. These faults are thought
to result from natural consolidation of basin-fill sediments and are
referred to as "compaction faults" by Bell (1981). These faults are
typically marked by escarpments exhibiting heights up to 100 feet or more.
These escarpments have also been considerably modified by erosion in many

areas and are shown on Figure 4.
There are no recognizable structural features present in the Muddy Creek

formation or overlying alluvial fan Plio-Pleistocene basin-fill deposits

that underlie the Kerr-McGee Henderson Facility.
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Geological History

The geologic history of the Henderson region is characterized by repeated
periods of deposition, uplift, igneous activity, and erosion. Thick
sequences of marine sedimentary deposits accumulated throughout Paleozoic

. and Mesozoic time, with periodic interruption by orogenic (crustal
deformation) activity. Continental-type sedimentary depositfon and
widespread volcanic and faultlactivity continued through Cenozoic time.
Thick deposits of volcanics were extruded over broad areas and accompanied
by strike-slip faulting during mid- to late-Tertiary time. The volcanic and
tectonic activity peaked during the Miocene epoch. Following this volcanic
and tectonic activity in Miocene time, and continuing through Pliocene time,
a thick sequence of alluvial and lacustrine sediments were deposited in a
deep structural basin. These deposits included the Horse Springs and Muddy
Creek formations. Following deposition of the Muddy Creek formation, a
period of erosion occurred. The erosional period was followed by periodic
deposition of Pleistocene coarse-grained alluvial deposits consisting of

coalescing sequences of alluvial fans flanking the mountain ranges.

HYDROGEOLOGY

Regional Hydrogeology

Nearly all of the groundwater supply in Las Vegas Valley comes from what
Harill (1976) has termed the "Valley—Fill Groundwater Reservoir." This
reservoir consists of the Muddy Creek formation and the overlying

- Plio-Pleistocene basin-fill sediments.
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The aquifer system was originally sﬁbdivided into two major components by
Maxey and Jameson (1948): 1) The Near Surface Water and 2) the Confined
Water. The Confined Water was further divided into three zones - shallow,
middle, and deep. The Confined Water aquifer, as defined by Maxey and
Jameson, is recognizable only in the central part of the Basin and does not
_ allow for correlation to other parts of the Basin. Harrill therefore,
prefers to use the terms: 1)"Near Surface" Reservoir and 2) "Principal
Aquifers", where the "Principal Aquifers" includes the original subdivisions

by Maxey and Jameson as well as other recognized zones.

The shallow and middle zones of the Confined Water aquifer are the major
sources of pumped water in Las Vegas Valley. These zones occur in the
thickest sequences of Plio-Pleistocene valley fill deposits. These two
zones are not present in subsurface in the Henderson area (including the
Henderson Facility) due to the thin deposits of these sediments. The deep
zone of the Confined Water system is believed to exist in the Muddy Creek
formation. The shalfow, middle, and deep Confined Water zones tapped by
wells in the central part of the Las Vegas Valley occur at depths of about

200-450, 500, and 700 feet respectively.
Recharge to the "Principal Aquifers" is from runoff from precipitation

occurring in the surrounding mountains which infiltrate the alluvium along

the valley margins. Recharge also occurs through upward flow between
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aquifer systems. Discharge is principally through evapotranspiration,

pumping from wells, and recharge to the "Near-Surface" aquifer system.

The "Near-Surface" aquifer is found at the top of the Muddy Creek formation
usually in the overlying alluvial sand and gravel deposits. . The

_ "Near-Surface" aquifer may also occur in the upper portions of the Muddy
Creek formation. A1l aquifers in Las Vegas Valley are separated by thick
sequences of low-permeability, fine-grained sediments. Interconnection
between all aquifers in the Valley only occurs through upward leakage along
fault zones and through semi—confinihg layers. This upward leakage
recharges the "Near-Surface" aquifer which is augmented by artificial
recharge from irrigation and other forms of artificial water application to
the land surface. The upward leakage between aquifers prevents the downward
movement of groundwater from the “Near-Surface" aqﬁifer. Little recharge
occurs in the Valley itself from precipitation which is largely consumed by

evapotranspiration.

Site Hydrogeology

The geological units which are important to this investigation are the upper
portions of the Muddy Creek formation and the overlying alluvial fan
sediments. This aquifer is termed the "Near Surface" aquifer as described
above. The deeper "Principal Aquifer" will not be discussed since it is
several hundreds of feet deep and is separated from the "Near Surface"
aquifer by low-permeability fine-grained sediments. Impact to the deep

"Principal Aquifer" is therefore considered unlikely. Since groundwater at
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the Henderson Facility is contained within both the alluvial fan sediments
and the upper portions of the Muddy Creek formation, a discussion of each

hydrogeologic environment will be presented.
Muddy Creek Formation

Groundwater occurs in the upper portions of the Muddy Creek formation
beneath the Henderson Facility. Typically, groundwater is found within the
Muddy Creek silts and clay over the southern and west-central portions of
the Facility. Referring to Plate 4, the areas where the "Near-Surface"
groundwater is contained within the Muddy Creek formation is indicated by
zero or negative Tines of saturated thickness. All groundwater in areas
south of the zero boundary line lies within the MuddyFCreek formation while
groundwater found north and east of this line lies within the alluvial
deposits. As shown in Plate 4, the groundwater may occur at depths as much

as 17 feet below the top of the Muddy Creek formation.

Groundwater found within the Muddy Creek formation downgradient from past
contaminant source areas show chromium levels above background. Results of
Taboratory vertical permeability tests on undisturbed samples from the Muddy
Creek formation at neighboring Stauffer Chemical Company (<ZOQO' west of
Kerr-McGee) indicate that the upper 10 feet of the Muddy Creek formation has
a vertical permeability of between 1.2 x 10~7 cm/sec (2.5x10-?

gpd/ft?) to 2.0 x 10°° cm/sec (4.2x10-2 gpd/ft®) with an average of

5.85 x 1077 cm/sec (1.2x107% gpd/ft?), (Geraghty and Miller, 1980).
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Kerr-McGee performed field permeability tests at four wells the Henderson
Facility (M-9, M-11, M-12, and M-13) completed in the Muddy Creek
formation. These fests indicate that the Muddy Creek formation has a
horizontal permeability or hydraulic conductivity ranging from 6.5 gpd/ft?
(3.1x107* cm/sec) to 54.5 gpd/ft? (2.6x10"* cm/sec) with an average of

-” 29.1 gpd/ft* (1.4x10"* cm/sec). The average hydraulic gradient over

areas where the groundwater occurs within the Muddy Creek formation at the
Henderson Facility was measured to be an average of 5%} = .027.
Transmissivity values varied from 45.2 to 180 gpd/ft and averaged 89.1
gpd/ft. The storage coefficient was taken from aquifer test data developed
from Stauffer Chemical (Hall, 1983). The average storage coefficient was

.053.

Using Darcy's flow equation and an effective porosity of 0.20 for the thin
sand and silt stringers, an average flow velocity of 0.53 feet/day was
calculated for groundwater flowing through the Muddy Creek formation.
Because this velocity seems somewhat high for flow through clays, small sand
and silt stringers and lenses within the upper part of the Muddy Creek
formation may account for most of its permeability, and groundwater flow is
principally occurring through these small zones. These small lenses appear

to be in communication with the overlying alluvial aquifer.
Groundwater moves in a northwesterly direction through the Muddy Creek

formation and over most of the site as shown in Plate 5.. The groundwater

gradient is uniform over most of the site except near the pumping
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depressions caused by Stauffer Chemical's interceptor well field in the
northwest portion of the Henderson Facility. The gradient varies from 1.2%

to 2.7% (excluding Stauffer's recovery area) and averages 1.5%.

Water-level data collected from June, 1983 to June, 1985, from Muddy Creek

_monitoring wells M-11, M-12, and M-13 show small groundwater fluctuations of

1.3, 1.68, and 1.2 feet respectively, over this period and appear to be a
result of seasonal climatic changes. The groundwater fis typically at its
lowest levels during the spring months and at its highest levels during

early to late fall.
Alluvial Fan Deposits

Alluvial fan deposits outcrop over the entire Henderson Facility and overlie
the Muddy Creek formation. Over the southern and west-central half of the
Facility the alluvial fan deposits are unsaturated. Referring to Plate 4
and Figure 8, the unconfined alluvial fan deposits become saturated (contain
groundwater) north and east of the zero saturated thickness line. South and
west of this Tine the unconfined groundwater lies within the Muddy Creek
formation. The saturated thickness map (Plate 4) for the alluvial fan
deposits indicate that these deposits range from O to greater than 27.7 feet
in saturated thickness. Generally the larger zones of saturation occur over
the buried "channel fill" deposited in stream'channels developed on top of
the Muddy Creek formation. The smallest zones of saturation occur over the

interfluve areas that separate these old channel systems. An examination of
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the saturated thickness map (Plate 4) indicates there is a buried stream
channel trending north-northeast from pond AP-5 as evidenced by the large
saturated thickness of the alluvial deposits in this area. A second channel
system is indicated in the northwest corner of the map and in fact was

previously defined by Stauffer Chemical (Hall, 1983).

The greatest depositional thicknesses of alluvial fan sediments occur within
the old stream channel system developed on the Muddy Creek surface.
Referring to Plate 3, the thickness of the alluvial fan deposits vary from

19.5 feet at well MC-59 to 61.5 feet at geological boring MC-17.

The depth-to-groundwater map presented in Plate 6 indicates that the
depth-to-groundwater varies from over 55 feet at the southern portion of the
Facility to 5 feet in the northeast corner near well PG-103. The
depth-to-groundwater decreases in a northeasterly direction until it reaches
the vicinity of the AP impoundments. From the AP impoundments to the north
property boundary the depth-to-groundwater decreases rapidly east to
northeast. The reason for the rapid decrease in the depth-to-groundwater
toward the east-northeast (near well PG-103) is believed to be influenced by
the erosional configuration of the Muddy Creek formation or related to

structural features that may be present in the subsurface, such as a fault.
Because of the variability in alluvial fan deposition and saturated

thickness of the alluvial deposits, no specific or average permeability or

transmissivity value have been used to describe the groundwater flow
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velocity in these deposits. Typically the “"channel fi11" deposits which
are found in the old buried stream channels developed on top of the Muddy
Creek formation are much more permeable than the deposits in the interfluve
areas that separate the buried channel systems. The higher permeability
and transmissivity noted for the “channel fil1" deposits probably is a

. result of reﬁorking of these sediments by stream action and lesser amounts

of fine materials present.

The groundwater velocity was calculated for the alluvial deposits using
Darcy's equation, assuming an effective porosity of 0.20 and using an
average gradient of 0.015, varied from 0.5 to 16 feet/day. The greatest
groundwater velocity of 16 feet/day occurred within the "channel fill"
deposits near well M-27. The lowest groundwater velocity of 0.5 feet/day
was from an interfluve area north of pond P-3 (well M-4) where poorly sorted
alluvial fan deposits occur. Intermediate values of permeability,
transmissivity, and flow velocity probably occur between the crests of the

interfluve areas to the center of the “channel fil1" deposits.

The transmissivity of the alluvial deposits ranged from 231 gpd/ft at well
M-4 (interfluve area) to 23,786 gpd/ft at well M-27 ("channel fil11" deposits.)
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The hydraulic conductivity varied from 50.2 gpd/ft* (well M-4) to
1496 gpd/ft? at well M-27. The storage coefficient, as determined by

Stauffer Chemical Corporation from numerous pumping tests, averages 0.053

(Hall, 1983). A summary of Kerr-McGee aquifer tests is présented in Table H.

. Water table fluctuations are noted in several wells completed within the

alluvial deposits at the Facility. Figure 9 shows water-level fluctuations
for wells north of the P- and S-series impoundments from June, 1983, to
June, 1985. Maximum water-level fluctuations in any one well varied from
1.54 to 2.55 feet and averaged 2.07 feet. Water-level fluctuations (Figure
10) in the areas north of the AP impoundments show maximum fluctuations for
the period of record (June, 1983 to June, 1985) between 1.72 to 3.08 feet
and averaged 2.25 feet. These groundwater fluctuations are the result of
seasonal climatic changes with groundwater at its lowest Tevel during the

spring months and at its highest level during the fall.

SITE HYDROGEOLOGICAL INVESTIGATIONS

Previous Hydrogeologic Investigations

Since November 1981, Kerr-McGee has conducted hydrogeological evaluations of
the "Near-Surface" groundwater. As part of the RCRA groundwater monitoring
program for hazardous waste storage, wells M-I through M-9 were installed.

Interim status groundwater samples were collected and water levels measured
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TABLE 1. SUMMARY OF AQUIFER TEST RESULTS CONDUCTED BY KERR-McGEE
ON SELECTED WELLS AT THE HENDERSON FACILITY.

TRANSMISSIVITY HYDRAULIC CONDUCTIVITY
wELL- gpd/ft gpd/ft
SLUG METHOD JACOB SEMI-LOG || SLUG METHOD | JACOB SEMI-LOG
Bouwer and Rice, 1976 Drawdown Drawdown
M-2 1219 -— 313 -——
M-2 --- 1764 --- 453
M-3 2379 - 983 -—-
M-4 231 - , 50.2 -
M-8 3628 —— 834 ———
M-g* 180 --- 54.5 -
M-11%* - 79.2 -—— 8.5
M-11* 61.2 ——— 6.5 -——-
M-12% 45.2 ——- 19.2 -
M-13* 70.1 -— 36.1 -——-
M-15 4717 -— 306 -—-
M-17 1445 - - 182 -
M-27] 23,786 - 1496 -

Note: *Aquifer test conducted on Huddy Creek clays
]Aquifer test in “Channel Fill1" Alluvial Deposit
A1l other aquifer tests were conducted on Alluvial fan deposits
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at these 9 wells. Evaluation of these data indicated the presence of
chromium in the groundwater over drinking water standards. As an internal
Kerr-McGee program, a phased approach to define and delineate the chromium

plume was implemented.

" The program started in June, 1983, when 8 additional wells (M-10 through

M-17) were installed to define the a real extent of the plume and
investigate potential source areas. In August, 1983, an additional 6

monitoring wells were installed (M-18 through M-23).

In August, 1983, a test to recover chromium impacted groundwater was
conducted. Monitor well M-3 was pumped for a period of about 11 months with
the captured groundwater being recycled to surface impoundment P-2 (old).
This program was discontinued in July, 1984, because heavy rainfall reduced
excess storage capacity of the improvements. In May, 1984, monitor welis
M-24 through M-27 were completed at the request of Nevada Division of
Environmental Protection. These were installed to further define the extent
of the chromium plume and provide additional monitoring wells which would be
used to access cleanup of the impacted groundwater. In July, 1984, three
additional monitoring wells (M-28 through M-30) and nine geotechnical test
borings were installed as part of a geotechnical study for the Unit 6
building. These wells were not installed as part of the chromium
investigation, but“have been included in the list of wells sampled and

evaluated as part of this detailed study.

As part of the program to define the subsurface configuration of the
contaminant plume, geophysical methods were employed. In January, 1985,
Kerr-McGee conducted an electromagnetic (EM) geophysical survey over the
northern half of the property. As a follow-up to this survey, a program was
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initiated in June, 1985, to further define the plume boundary. Monitor
wells M-31 through M-40 were installed along with 4 geological test

borings. Aquifer tests were conducted on several of the existing wells at
this time. Additionally, a complete well inventory (Appendix B), well
sampling (for chromium), and water level measurements made for wells on or

: immediately adjacent to Kerr-McGee property. These included wells installed
by neighboring companies. The water-quality information, water-level data,
geological data, and aquifer test data collected are reported in this
report. The location of all monitoring wells and geological test borings
is shown in Plate 1. The well completions and lithological logs are

presented in Appendix C.

Ongoing Groundwater Monitoring Programs

Groundwater monitoring continues under RCRA interim status for both the
Tandfill (undergoing closure) and surface impoundments P-1 and S-1. Hells
monitored quarterly as part of this program for the landfill include M-5
(upgradient) and downgradient wells M-6, M-7, and H-28. Impoundments P-1
and S-1 are now undergoing closure and have been drained and not used since
January, 1983. HWells monitored for the impoundments are upgradient well M-]
and downgradient wells M-8, M-9, and M-2. Water-levels are taken during

each sampling period from each well.
In addition to the RCRA groundwater monitoring, there are 30 internal wells

that are used to monitor the chromium plume present in the groundwater.

Currently 18 of these wells with average chromium concentrations greater
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than 1 mg/1 are monitored on a monthly basis for chromium and water levels.
Nells M-31 through M-40 were installed in June, 1985, and are new to the
program. All forty wells are analyzed quarterly for chromium. Water level

measurements are taken at each well prior to sampling.

CHROMIUM PLUME DESCRIPTION AND HYDRODYNAMICS

The source of any groundwater chromium in excess of background at the
Facility would be from sodium dichromate which is used in the chlorate
process cell houses and recycled through Facility ponds. As previously
reported, the cell houses leaked over the years. A remedial program to stop
these leaks has been instituted. Therefore, the source of chromium to the

groundwater has been mitigated.

The extent of chromium in the groundwater over background levels has been
determined through the geohydrologic investigation described in this report
and is presented in Plate 7. This identifies a major plume starting at the
cell houses Units #4 and #5 and continuing some distance to the north. A
secondary plume, incorporated within the major plume, is apparent in the P-
and S- pond area. This secondary plume is of little consequence because:
(1) total chromium impact is essentially within one plume and (2) any
remedial recovery program would be designed to cut off the entire plume.
Furthermore, the géohydrologic conditions are considerably different as one
moves from the cell house area ﬁorthward along the plume. An effective
containment program should be based on the most favorable geohydrologic

| conditions.
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The plume moving through the Muddy Creek clays will show the highest
concentrations since the groundwater in these areas is moving relatively
slowly (0.53 feet/day) through the saturated clays and small sand and silt

stringers in the upper part of the formation.

- The slow migration of the chromium plume through these clays minimizes

natural attenuation processes such as dilution and dispersioﬁ. Therefore,
it is likely that those portions of the chromium plume which migrate through
the clays (and fine sand and silt stringers) of the upper part of the Muddy

Creek formation will show minimal attenuation with distance traveled.

When chromium in the groundwater reaches the area of the P- and S-series
ponds different hydrogeologic conditions control the movement of the plume.
Referring to Plate 4, the saturated zone in this area is shown extending
above the surface of the Muddy Creek formation (as evidence by the zero
thickness line) into the alluvial fan deposits north and downgradient from
this area. These deposits are much more permeable than the Muddy Creek
formation and the chromium plume moves through these deposits at much faster
rates (0.5 to 16 feet/day) in relation to fluids in the groundwater beneath
Units 4 and 5. The natural attenuation processes of dilution and dispersion
play a greater role in reducing the concentration of the chromium in the
plume with distance traveled. The chromium plume in the groundwater travels
at different rates due to the erosional variability of the Muddy Creek

surface and the location of the more permeable "channel fil11" deposits.

" The chromium plume will move: 1) slowest in areas where the saturated zone

is contained within the clay of the Muddy Creek formation; 2) at an
intermediate flow rate through the alluvial fan sediments that do not occupy
the old drainage surfaces; and 3) at the greatest rates through the "channel
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fill" alluvial fan sediments that have been reworked by stream action and
now occupy Muddy Creek formation channel surfaces. Based upon the aquifer
test results the groundwater movement varies over a range from about 0.1

feet/day (Muddy Creek formation) to 16 feet/day ("channel fil1" deposits).

- Downhole conductivity profiles were conducted in selected wells to determine
vertical plume distribution. Referring to Figures 11, 12, aﬁd 13, an
increase in conductivity with depth is evident. This stratification is a

common occurrence in plume geometry.

Figures 14 and 15 show the concentrations of chromium in selected wells over
time. Referring to Figure 14, chromium concentration in well M-9 shows an
increasing trend. Figure 15 shows chromium concentrations for wells M-14,
M-22, and M-25. However, the chromium levels have not changed significantly
with time in this area . A majority of the wells have shown a decrease in

chromium concentrations with time.

To more fully appreciate the relationship between the chromium
concentrations in the groundwater and the site hydrogeology, refer to
Figures 6, 7, and 8. These cross-sections show the chromium concentration
in relation to subsurface geology. Often the highe;t'chromium
concentrations are associated with the deeper portions of the erosional
features in areas where the alluvial fan sediments are saturated. However,
no correlation could be found for the chromium levels contained within the

saturated portions of the Muddy Creek formation.
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The conductivity map presented in Plate 8 shows the areal distribution of
the groundwater conductivity. The conductivity map and the chromium-p1lume
map (Plate 7) are nearly identical suggesting that there 1; a good
correlation between groundwater conductivity and chromium concentrations.
This was expected since the source of the chromium was contained in high

" conductivity solutions.

GEOPHYSICAL SURVEY

In January, 1985, an electromagnetic (EM) terrain conductivity survey'
(profiling) was conducted over the northern half of the Facility. The
survey could not be conducted over the southern half of the property because
the groundwater occurred at too great of a depth. The EM unit has an

effective depth of exploration of 20 feet.

The EM method measures the ground/soil conductivity and is primarily
dependent upon the pore water or groundwater contained within the pores of
the soils. This technique measures minor changes in ground conductivity
over background values. The use of the EM method is especially suited to

map high conductivity groundwater plumes originating from point source areas.

! The equipment issued was a Geonics EM-31 electromanetic terrain

conductivity meter.
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EM Survey Results

Eight profile were completed in the EM Survey along east-west traverses at
20-foot spacings (Plate 9). Profiles numbered 1 to 3, and 5 through 8 are
presented in graphical form in Appendix D. Profile 4 was too short to be of

any use and was not plotted in graphical form.

The EM survey was not as successful as hoped mainly due to the large
variation in the depth-to-groundwater over the surveyed areas and the fact
that the depth-to-groundwater was greater than the effective depth of
exploration of the EM Unit. Referring to Plate 6, it is evident that the
depth-to-groundwater decreases rapidly moving from west to east over the

northern half of the Facility.

Review of profiles 1, 2, 3, 5, and 6 show no discernible features that would
indicate the subsurface configuration of the contaminant plume. Slight
variations and trends in these profiles are evident, but it is not possible
to conclusively know what factors cause these slight trends and variations.
These variations may be due to changes in groundwater conductivity, changes

in depth to groundwater or changes in the depth to the Muddy Creek formation.

Profiles 7 and 8, however, showed a very significant conductivity change
(decrease) occurring to the west near Stauffer wells MC-65, MC-66, and MC-64
(Plate 1). This change corresponds to a high developed on the Muddy Creek
formation. Also, the groundwatér exhibits lower conductivities in this area

as compared to areas located eastward along these profiles.
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KERR-McGEE CHEMICAL CORPORATION

SINGLE LINER SYSTEMS

POND C-1

Liner
Surface Area
Volume

Process Waste Received;

POND_AP-2

Liner
Surface Area
Volume
Process HWaste

POND P-3

Liner
Surface Area
Volume
Process HWaste

HENDERSON, NEVADA

POND DESIGN & USAGE
NEVADA NPDES PERMIT
NV 0000078

PVC bottom reinforced butyl side

69,000 ft2 :

3,125,000 gallons

Boiler Plant Blow Down

Boiler Plant Wash Down 2.8

MnO., Cathode Wash Solution - 1.2 gpm

Boron Neutralization Waste - .9 gpm
(Evaporation)

PVC bottom reinforced butyl side

14,000 ft?

400,000 gallons

Sodium Perchlorate purification and Ammonium
Perchlorate process purification filter wash
liquor; total recycle.

Reinforced butyl rubber

12,000 ft? .

390,000 gallons

Sodium Chlorate solution due to wash down,
storm water collection and excess above that

the process vessels can handle. Total recycle.
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DOUBLE LINER SYSTEMS

POND AP-1

Liner : Bottom liner - 40 mil HDPE (high-density
polyethylene). Side underliner - geo-textile
polypropylene 400 gm/m*. Top 1iner ~ 60 mil
HDPE. '

Surface Area : 14,000 ft?

Volume : 370,000 gallons -

Process HWaste : Sodium Perchlorate purification and Ammonium
Perchlorate process purification filter wash
Tiquor. Total recycle.

POND AP-3

Liner : Botton liner - 40 mil HDPE
Side underliner - geotextile polypropylene -
400gm/m?
Top liner - 60 mil1 HDPE

Surface Area : 2000 ft?

Volume : 65,000 gallons

Process MWaste : Sodium Perchlorate purification and Ammonium
Perchlorate process purification filter wash
liquor. Total recycle. This pond is used as a
pump basin for AP-1.

POND AP-4

Liner : Bottom liner - 40 mil HDPE
Side underliner - geotextile polypropylene -
400gm/m?
Top 1iner - 60 mil HDPE

Surface Area : 20,000 ft?

Volume : 720,000 gallon

Process Waste : Ammonium Perchlorate cooling tower waste; salt
crystalizer washout.

POND AP-5

Liner : Bottom liner - 40 mil HDPE
Side underliner - geotextile polypropylene -
400gm/m?
Top liner - 60 mil HDPE

Surface Area : 35,000 ft?

Volume : 1,817,000 gallions

Process Waste : Ammonium Perchlorate cooling tower waste
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APPENDIX B

Monitor Well Inventory -

0295E



65T TS T2 T2 %0 | 96 ST LI9T STt TB/TT/8 [ JAd ¢ [V IE-T 6 1AM 73 (57 (O[O STZ 19°ZtZ1 | ECW
112 4 50T’ 50 2011 o 44 L 2 ¢ Ad T 141 U EB7TT78 | JAd w2 TE-T1 09 06t B¢ (S BIY 66517 | 22N
- 967 0F oog'e 0270 g1 9°6pL1 ) [ 2674 UZE TO7IT78 | I .2 1) ¢ (78877 )47 T TZE 88y U5 06T | 12-W
[ I0"9¢F 000" 5 B &5 ;- 2921 A4 1 174 9 SR 2 14 €6/117/8 | JAd o |V OF-T0Z| &5'9% 05} 4 204 146174 MR tAETIA B BT R
R 4 414 002" o1 10 T CRTA ;38 4 M4 07¢E TO70178 1 JAd W2 | S VE-G ¥V | U2 1P 0oy DL [EYEILY E6°99/T | BI°W |
86 005'% tTo L. 3) T TE R4 0A U5e £8/0T/8 | OAd .2 744 2 08" 62 (1 )8:14 YUY [BUEIY - c6'8¢L1 | BI-W
70762 WT*s 9°9 1M TO IV | C 02 rAki 74t U'SE 13:74°1 LT T -2 00U 7T 0 e 8¢ [61°79.1] U6 6OLI~[F IR
— - Py - ——- = PAGAA 00 ta7s I E-2C - 0"t DR B4 2 14 - TR
SO OT'ST 2’9 [ 2411 T52LT [48:]¢ [ 31044 UHE t8/5 Id uC Tv+-92 L4 7 [\ §7 8€'2 €6 by TETOSLT | SI°W
— W2 [ 000% 0 a4 GUTEIT Lk T4 U6t 060 11:741 LY. YA S 4 5714 v2 6t Lo )4 00" ¢ (C0ISZ0 £0' 65T | vi-W
' 347 005'9 TY 58 IRETTA S 09 | s vl e €875 | 19915 5| ov-8¢ 74k 71 0°%5 05V [EUQIBY £ HIBT | ET-W
r7 4847 00012 o°1T A 9T (4627 T TV 13: 74 T I L AL R 4 By 4 055y U5y €5°¢ | L2 U6 VI8l | 2i-W
r4: -1 [12) 814 U T 74 G I A 5 ] 8 GLLT 1 €8/5 | 9995 45| €S-E€ (-1 - 0°09 1172 82218 Gy pisl | (1-W
105 L7444 1°0> 1440 RTA TS5 P 774 U8t T87S | [9975 .5 | E9-t¥ 5069 1414 e S'RBY | OI-W
[ 9V 9t | 000'5¢ [ 4 5 1= veviy TOE | 9OV U5t eB/5T79 | 19935 5| OF-OF 1 14 'Sy “SE0 |45 BILY ¢ 8T (§’]
" eF It (111] & 4 [/} 23 Tl 274 t°5¢ EXA [+ ) % SB7HY7Y | 19998 .S [ Ob-OC 56°0F 131 4 U2 T [0S 8Ly OO OSIT BN
[ 3R | WEE 0 50 281072 S0 B T B o ¢ YT BT | 19938 .5 5652 | €W i3 1 G D G244 I (- +7A G EROY
92° b€ 005"6 10> T1= 134 7:3)8 TTE 09597 U2 F4:/ (74 BN SN ETETJ0- -1 Y 06°SE 0"ty Ti°1 (V0 B2LY SU &ell LR
[ OF'tt (') 1) 4 T0> T [ &l g | ey 575 SO/ | 19938 G| ¢ot-6¢ | G UF Uty 58°0 [ YU ZoLY 145741 S W
69°9€ 002°% vU [Al] : 7744 TSt L4174 1)1 T8/TT [ (9938 G| 0v-0F TRT) 0'sh Ov'T [S0TOBZT| GbTI8LT (]
r{4i5 OOE"EY | 8T L) 4741 A BT o'ty 18/11 | 19985 5| Ov-0t oy M 27 oc°0 |98LLT A4 EH
[ V99 | 0088 T'¢ 8 3 M7 TSE [ USEIT [ 0'6C | T8/TT | 39S 5| O0b-OC 69°0% (177 oy T 109781 207081 2K
o 1174 ) § 1 Ve L1 )i 748 (213 2 {744 (1112 T87TT 3975 W5 | G €p-G EE| OE GF 0705 L1208 B4 T-H
— == — — — == s zrT === pre pepem e e e - === Ist1an Wi
$8/9 ‘201 $8/9 $6/9 68/9 ‘14 | 58/9 *1sW | S8/9 ISH 14 LERR] L] *NI 14 68/4 *14 ‘L4 "l 1SH ISH I8N
14 ‘Y3l Qua/souut | ¢ /6w SSINYIIHL | NOILVAIII | ‘U I3 [N AGGNW | T13M 3va |  3ZIS | “WA¥IINI | HLd3Q TV3M | HAd3Q T113M | dANDILS [ *°A3T3 ] ¢°A3T3 T13M
0L Hid3Ces] “QNOD M9 | “INIINOD | ¥IJINDY |318VL-HILVM ] MO OL AQONA 40 0L ONY 3dAL | QIN33UISs | QIUNSYIWed 03180« | ONISVIe {ONAOYD |  ONISVD | HOLINOW
: WNTWOYHD | @31vunivs HLd30« | 40 *A313 | OL Hid30s INISYD ‘ NI
T 39vd

-

ALITIJVd NOSY3IANIH 33F9N-dd3IA
AJOLNIANI T13M HOLINOW




[ TEBE U0 1IT 5°¢ Ty L1748 T A (i 4 u . % 4 5%-0C [N ) 0°Sy 0v°2 |6V S6ll| 68 6Ll OV-W
612 U05*Y 0°¢ b ) ) p 144 ¥ i 2418 X 14 L) 79 " bo .Y 4 TE-U¢ 09°2¢ 00F 09°¢ [297LGII[ 22 09Tl 6C-W
- 74 (1) ts ™y — O | 512 L:3:144 1 [134:74 " I e SE-02 TR 3 09z |60 9GL1] BO6all | OCW |
1275¢ 00002 £°0 5t T VLT | B 14 [ 2] 748 [+ 44 M I Gt-02 81°L€ 0°%t SL°¢ |CR ISLI[ 85 65T (4%
— 80°ve | 00I°tl 02 9 | B rAl Y4 M 141 T " I 2 {114 S8° L€ 0°St G8'¢ |CO9SLI| 88°8Si1 9E-W
[ S8 | 005’9 90 2k ] 104/ 74) T2 9 eEll §°tE W ], 4 0F-5¢ €E2h 0oy 06t |TUEIZI[ 10°5iiL W
— U [ 0087 4t 4 5 74 144 74 4 4 4 N0 I 1 M .. b7 Y 4 09-5¢ €8' LY 0°0v 68°1 182 WZII o1 9Zit (TR
18 14 00Z*7 T'0 L4 : {748 rAd4 005IT [ 0% " .Y Y4 TH-OF 8 9% 0°Gb So' 1 [E0'GOIL| 86 98L1 tt-H
[~ 225t 006°8 Tl — 90 ht4-74) 204 R4 (1} 7 N oY Y 4 SP-0t 9L°9% 0°sh ST [F9° S8 8F 1811 26N
[ 9 I& | 000"l ¥ 0L 00 TOST | O'%E 4 o5 | 879 4]V Y4 S-0F [ 09°Zy | O'Ssv | ®c°¢ |vs seii] 26°Z8Z1 Tt
[ 08'8€ | 00%'% 90 U= 87143 UEE | 658 U 12 VAT LT T E-SF 4 47 U5™9% 02~ (g8 08T B9 UTST | oc-n
[ 8¥9E | O00°9E T0 T5T1- T 0y TOE 25811 (1 ) ¢4 S87STIT | JAd o2 1044 ] 17447 0 SET0 (¥ 9081 09 3081 W
8Ly T ) o> UTer= 41746 0ty LA TAS )45 S87EZTT 1 9Ad W2 05-0F 5284 T L7400 LA BE AR T ] 82-W
M 2 00101 M4 6732¢< | 287441 AL 5 56975 0°0p< | VB/VI/5 | IAd .¢ SE-02 26'0F 0°5¢ e8°T [9p 6eL1) BC TWIT 2R
-~ - === - S T A A U"SE V87VT7S | dAd .2 0h-5¢ -— 0'0b SEEEVEE T - 9Z-W
(1324 vt 6721 T3 [ (T [ ¢4 8°G2L1 L :74 VE7VT7S | IRd e W=5¢ 74 28§ 0o 20 (61°¢€5.1] 187 95.T A"
X0V U02°F 1 5T 24:174¢ T | CBIY | O | WIS O w2 T5-52 B 0% 0Z [ve-9821] VS BBLU | 2N
§8/9 ‘201 58/9 §8/9 68/9 ‘14 | 58/9 *sW | S8/9 ISK o RN Ei] "Nl 14 s8/8 ¥ 14 ‘14 L4 15K ISH YI8WN
14 “¥3lvM Juo/sown || /6w SSINNITHL | NOILVATII | 14 A3 |NIIYI AANW | 113M 3IVA | 3ZIS | CIVAYIINI | HLA3Q 113M | HI43Q T113M | 4nXWOLLS [ ATI3] A3 T3
01 Hid30es| ©°GNOD M3 | “INIONOD | ¥34INDY |378VL-u3lvM] MmO O AQQn 40 4oL GNV 3dAL | QIN3ITYISe | QIUNSYIMed AIT1TUYAs | ONISVI« |ONNOYUS |  ONISYI | MOLINOMW
: WOIHOYH) | qQ3iv¥nivs Hid3G« | 40 *A313 | OL Hid3Qs INISYI ENLENEEE-
¢ 39¢

ALITIOV NOSYIAN3H I39OW-YdIA
AYOLNIANI 773M HOLINOW




p—

ALITIOV4 NOSY3ANIH 339oW-dy3N
AYOLNIANI T13M HOLINOW

preem - e - == === -—= - === === —ee- == - - — -——-==-T 2-02¢
A0 U0T"C - === BL05LT == == ===F == === wee=s === = 85°¢ |Gp'L9[0 ¢€o-0LLT| 1-02C
o 000" 02< %0°0 R NI T8 [AiTA (17 €8/90/t [ IAd ¢ 6E-bE === L1817 9r'e |wrauy. ool WU
[—STOT | WU | o6z0 | SO0 | $FEEIT | SvY | G B0IT| 06t | t8/s0/¥ | 9M «¢ BE-EE - 0% 0£°z {68°Zvlf oL 05/l ¢tON
- - - === === === == - === — - S === [ -] ¥z-0|
SZ°L1 T 144 v'z2 6T $ELT IS280 IR LA (145 e8/62/vy | IMd W2 1€-2¢ === 0'Zb 09°2 (ve vl b 1G/1] <O
el 000'02<« 650 48 04 SUTELT 16 6° 6071 ({4 £687907% | 9Ad u¢ (+25 74 - ()13 02'C [s8'ovii] GO E®I[ t1-a0
00°2¢ oEL*11 g0 | OBt SOSSIT | 8°62 [ 4744 0Tt t8/TT7v | JAd 8 t€-82 = 0°€EY €87 fevrssly s9ts8L1f 1-AM
SN L3WTL
== - o - - - 8°86L1 1o 74 === == == L == preinn == IT-58 |
- - - === == - Q77211 (14 5879 === === === 0700 === 4} === Si-G8
=== === e === = -- 8 SEL1 ()47 5979 - - = (1417 - BIIT == Y58 |
=== = - - - - XA 74N USE 5879 —= == - (143 S L TAA == tI=58 |
=== === =< == == - oI Ut v879271 == - === 4 ] == | 556l - PARIT]
- === === == - - L] [d:14 Ve71ZTL === - === 0° ¢ === |96l -=- T1-48
== === === = - - T4 8 I M Va75e7T === p— === 8'9¢ <== | 8758l .- ol-¥8
Bee == - === - - 8°5941 L1 )R 77 (1) 074 === - - 112 === |8'S6L1 == 6-¥8
== === =< === === - 174 ¢ 5°62 v8/sz/i - - - 0°2Z¥ === 875611 —- 8-¥8
- === = === ~== == 74 O'TE $879T77 <= === = 33 EE ) (A €} ¢ - I8 7:]
- - - === - -—= | 68"28L1 w&Ter | ve/et/i - .- == $L76¢ --- [6£°5081 o 5-8
=== = = == == ST M €7 052 | va/ti/l = === == Ut === Jeetvosl] - t=vo
== === === === == - L hr4:7A 0SS | WI9T7T === - == 0°2¢ -== |2e7TIBT --- c-v8
; SO 3591 W
$8/9 “20L 58/9 s8/9 §8/9 *14 | §8/9 *SW | S8/9 WKW ‘14 0371140 *NI u 58/3 ¥ 14 ‘. L] WM ISH YITWN
44 ‘YN | wo/soym | fbu SSINNOIHL | NOTLVAZT3 | L4 %3340 3343 AGanW [113M va | 3ZIS | “IVANIINT | HId3Q T13M | HId3Q TTIM [ dONITLS | A3 | ¢°A3T3 1134
0L Hid3Ges| ©°GNOD MO | *INIINOD | ¥34INDY |378VL-Y3LvM| M9 OL AGaNW 40 doL QNY 3dAL | GIN33UISe | QIUNSVIWes Q3ITTUGs | INISYIe | ONNOHD [  ONISYD | HOLINOW
: WATWONHY | QILWANLYS HLd30e | 40 *A373 | OL Hld30s ONISYD ERLELEEE S
£ 39vd



1782 === o == ) 372 592 == =T PEFI B CLr LR === 00"E9 === 2T [8270891] 09 1897 95-H
= == =T === === T= 878997 015 == - —- - "D A e 3 A ¢ I [t 7 ¢ R
#9781 005'8 10> Tor 1601 tIU | v oeIr 082 EEI L == OUE - e[S 9N 17 i2L1 R
W === T0s N AL NG A LA SR L g == 18837 - T6°T |60°£691[ 00°669T | 15-H
35°%¢ == 10 5 87997 T [ TE59T UoF S ) Lk e 112 77 - eP'T |90TEEIT[ 8v° 0041 05-H
134 ¥4 === 0> 8T | 09597 | 2°9€9T Ug:14 R ok === 85°6E === 91°1 | 2¢ ¥e9I[-g8E-Ga9l 6v-H
— = - =5 - <==——JTtest UE% === [ 19935 .§ == === === 6¥°¢ (0€70891] 6.°289T 8b-H
09° 1% - == U 156l 0°9¢ | T°ovlT 0°6e CECRR 0k - 00° %5 e VT [SOTZIT[ 69 24T 8E-H
(13 74 === == TE 98T 7°82 | v L0091 113 === [1993S .S e === - 0870 [OV STZI| 027912 9%E-H |
E78 T3 000%2T T 0> g or TGEIT "t | 8 V89T L0 24 === 9975 .5 === 96°8Y - 00"V lec 62rt| ¢ OEll 82-H
[0St == === 7y Y 56T T% | ¢ 89T {34 2 EEUN U1 L = Y8V - U0 |07 6217] 09 0LV TN
popee == T0 =S === === 1T 99T 0° 0 - (3975 .5 === A1 === €8°0 [or'coz1| £6°€0LT OT-H
Ve BT
59'% [1]1]: ) ¢4 oro A AL} 1A {34 I A 1174 4 1< === LT Y4 === oe' 11 0'1e 0£°0- |g9°szs1| setsel | 801-94
22t 000" b1 06°0 1’6 G | L2'ST | ¢ et 0°SZ == WY g4 === 1] 44 U5 So'0- [T Z2IT| Tr-ecr | 0T
107G~ - == 0 11% §°6891~ 075~ | S 891> 3T=< == LLEN == ====s U8 50° =] St 69l | ¢ol-94
¥ 74 e =< 501X ¥IY W5¢ [ TUITS 1X3 - IAd w2 =< T | U9 | 050- |OC 969l US'S69T | 201-9d
TIIN 140
== -~ -== == === == === == - - == == - T-nee
= - e == -~ o= e == == - == - - -~ - - £-aze0
= P - STIAN L3WIL
$8/9 301 $8/9 §8/9 68/9 ‘13 | s8/9 *1sw | $B/9 ISH 14 Q311146 *NI IF 68/9 14 “14 14 ISW TSH YIGNON
14 *¥3LvA wd/soyur | /b SSINNITHL | NOILvAZZ | L3 3D [AIYD AQanW | TN3M Ava | 32IS | “TVAYIINT | HId3A 113N | HL3IQ TI3M | dMIOILS [ AT *°A3T3 T3
OL HLd30es| ©°GNO3 MO | "INIINOD | w34INDV |378vL-uilvm| M9 OL AQANA 40 40l ONY 3dAL | GINIUISe | AUNSYIWes] GINMY0e | INISWIw | ONNOYD | ONISVD | HOLINOW
WAIWOUHD | g3Lvunivs H1d30e |40 *A373 | OL HLd3Gs ONISY) ENENEFE
¥ 39vd

i

ALITIJY4 NOSYIANIH 3FFIN-YH3IA

AYOLN3ANI T73M YOLINOW




Y - = 1 e (341 0% 87990 | 018 EE " - 6v°LS === Wl [ BCIT | OF-W
IV e —U00" 0T === ¢ TESIT |V IE TTE3l 5Tt - . = 82°¢E - UL WLV | L8°52IT | E-OW

-1 73 === R R v 0BT % [iig4:] g (M {7 -- . - 99°8€ - 51 EIL [ S5 vell | (E-W
26°EE — 000" 6F === LA | UL | U2t PAf 1)1 L1 12 === “ - [TR 13 -—= &'l D22 UL | O

I 00"CE - - [-3¢:1] 0°083L [ 5 OF LA VL] (37 -~= " - %97 6% - BT £S5 0Ll | 207221 | G2-OW
) - === T LA ] TIE [+ 74 O B M 17 === " -— - - 05T [O°SIZI | 05702L1 | 82-OW |
5T === - ¥l E204:5:] S M el ()17 - M - - - 05l [vBlIl| 06 6Ll | LW |
— % | === 7 0] N A A 7 ] oTE = . = - - BT [T 8910 | 9T |
=== === == - == === 78591 L1 ¥4 === " - — - == 6391 .- W= |

== - - - === - )1 (147 - . - - -- SR E N 73] - 15
- === == === == === CXOLEL (4] == . - e - === 110691 -= B0 |

< == - - - - B 6001 19 == . - - - == le it === =W

= === == - - - %3l N:17 - . - - - == (U Vel - =W
- - === - == Tl [ 068 = . —— —- - === | 0891 - ST

06 - - — 86 | ¢8 L7V 7essr | 5ol - M - - == 0% (62991 27991 | T
9212 = - L X4 LAd 1] 12614 M 3L ]I 0% - . - - - 58°0 |9 tlil| or¥lil W

[ 86°%¢ - - T2 14871 tT5¢ | oelal (014 -- " - --- -—- 89°0 [0°OLZL| 89°0LZ1 LR
[ e8° 12 - == A 4 M- x4 24 (i1 == " - - - S0°'1 |vELLL| v olil e
- === - - === - 0801 o'0F - " ey - - - |0°8lLL = VR
(1§33 - - ¥ bR 118 345 ML) 117 - " P --- = 09°0 je'eell| Ly v2ll P
- === - - - == 09831 | U'EE =< . P -- -— - |0l - W
(YA - - Ut 4711 % el | UGt == 9Ad w8 === Ji: b == 02T gooell| 2l Ol =W,
ITR 3 - T'5> v ee 072591 [ 9% 5EEIl i1 == -— wes - 06 Pseual| 98'(6d1 | BaH |
- - == -= TTHRT == == == === 99s 5] = == == %'~ groezey 25 el 15K
$8/9 *20L S8/9 $8/9 $8/9 ‘14 | <8/9 *1SW | SB/9 ISK 14 ERRIt] *NI 14 5879 * 14 ‘14 yE| WSH SH U3AWN
L4 “43lvm | Jwd/sowm | | /6w SSINIOIHL | NOTIVA3YI | ‘U4 %3343 |N3IYD AGANW [T1713M 3G | 3ZIS | CTVANIINI | HLA3Q 113M | HLIQ TN § NNDILS | AT | °°ATTI MM
0L HLd30ws| ©°QNOD MO | “INIINOD | 43I4INDY |378VL-Y3LVM| M9 OL AQGNW 40 dol ONY 3dAL | G3N3343Se | QTUNSVIWew G3ITIIYQs | SNISVIs [QNNOYUD |  ONISVWI | YOLINOMW

: WAIWOYHD | Q3Lwvinivs H1d30« {40 "A373 | OL Hid3Os ONISY) EWENERE
§ 39vd

ALITIOV4 NOSYIANIH IIIOW-ddIA

AYOINIANI T13M HOLINOW




[ OFeE === === M~ T Ve T~ | VSO | 0°%F === . == == === "8lL ] 8se
e = == == =TI | 0% = . === === - L R
0 2 {1117 1] N I 11 TV U599 T | ¥l G5y === . - 02 8y - OO IOl | 99-OW
55| 00T¥l T T% U129t e Gl ) o'or === . - v ey - 73 71741 TR |
W | 0051l o> T T [ T9 [ 5veal (ML === . -- T ey - 975601 W
—¥C0C | UogTul 0> 1 95T Ve | 90 | 505 === . == 26°28 =< BLCRAEL T5-9H
BR[| OO0V T0* VI | 95l [ - A 17 ] 500 === " - 08715 === EU6690 | 29-W |
01t 000 0¥ 18114 {1411 9ol OO | 9°2591 0° 5 === N -=- 03°8¥ - {3 14! 19-0W
ﬂulaqm r45d === === U< | 5895 TS| 6990 | 508 == " === WE - 98 TOLT | 09-DW |
0008 15 D Y 2071 {2 74 5ol = " -= 98 68 - Tl 66-0W |
[~ 65°8¢ == - [ A +4N S [ U~ | 0°9%9I~ o === " == == me- 06791Z1 95-M
~0E"Te § A4 - === T-< M1 ] 6 ["2e< | 877691 012 == " - R - 52t [ 8Ll 20°02L1 | GS-OW |
- - == - == === 0"0BdI~ M - . - - - 05 I~ 5 ZUZR 1076l YS-OH |
e 5T IT 0> T A1) 5752 | ¢ 5001 ()5 == . - — g8 1Y - 09°1 pe el Wt €50
] AL 14 == === A Y A L] | 758 [ 679901 % === . - 560 - 05’1l mQN:_ 13 7741 250 |
. 60°9¢2 == - (4 081 0°%¢ | v 9991 o v == P —- 02 v - eI [ W vzl T5-W
19°92 - === 86 175891 Z'52~ | € 1991~ 0°6¥ === " - - = - O T VA T VA 05-9W
69°L2 - - 81t 01891 292~ | ¢ 6991~ 0°8¢ == . - -~ - 05 I~ [61°20Z14 69°B0IL | 69-W
e - = - — === | 0°991> 0°2¢< - " === === == 0571~ [voB0lly #5°60LL 993N |
02°92 --- --- £6¢< ¥°€891 Lhev | U0l o0'ye< | - u -e= = - 05T~ 018014 09°60L1 Sh-0u
perem v ey - T =< | 189> 0°62< ‘ -—= M === == - 05 1~ Bz 901y v2 80ll -
e v - Py o e ERTIE o< = . - - === 05 T~ Y2 80N L7601l £r-04
SL°EE -- - €2 1°8891 1°0E | 8°5991 0°ts - . =~ == - S9'C [8°8LLL| S2 L2it 200
[T 313 - - 61 S 8891 £1c | 88990 M ] - b ). % 4 - - - I8'0 [8'6LiL| IL 021 19-2
$8/9 *201 $8/9 68/9 68/9 *14 | sg/9 *ISw | S8/9 S u a31114a "NI u 6879 *14 ‘14 ‘14 ISH ISH YIGN

14 “YiLvM wa/soywt | /Bu SSANIIIHL | NOTLVAZIE | "1d 33D [NIWD AGANW {T113M 3LVA | 3IZIS | *IVAYIINT | HLd3Q T13M | HL43A TI3IM | AMNILLS | *°AIN3]  *°A3T3 AREL
04 Hid30es| ©-ONO3 M3 | "INIONOD | w3dInbV | 376vi-u3tvM| Mo oL AQOMW | " 40 dOL ONY 3dAL | Q3N33UISe | QIUNSYINve| GITU0s | ONISVIe [ONNOND | ONISVD | HOLINOW

WNIWOYHD | QaLvunlys Hid30« | 40 "A373 | 0L HLd30e INISYD ENEVERE |
9 39vd

ALITIJV4 NOSYIANIH 330OW-HyIA

AYOLNIANI TT13IM UOLINOW



*uojgeuLio] ydad) App
Appry @

MW URYILN LRAIIU}

pajRANIes $a38I|pu

Jaqunu (-) aAp3ebaN
43 9AOGR |RAJIJU} PAJRJNILS S} $SOUNDJYL Jajinby pajeanies

1aA3] Bupdund ses
fupsed jo do) wWoaj PIUNSUM ws

*yg6L *Joquazdes uj pozAloue Suam S||3M LIWIL U} SUOJIRIIUIILCD WA HWOAY) : 30N (9A3] PUNQAD WOU} PINSUSY 4
% | - —T0 | 0w T rAd 7300 B R CEIEY (3] .= " === - == T4 S 44 T
—Ew === == Tllees{ 6680 | 60t~ ] O . - TrEwIN @l | |
W | == T Twn | TI0B0 | S| 060Iv| 0% = [t as | == = T Dt/ 9
—50"T¥ - - TR e TR~ | oIl | oer | T .. == === === ~ A BE-TAR /AN 3
347 == -- e~ | L1001 | 6 6ev | 979091v oW - " - - = O = 0T I VAN |
— % =< = Tivesnr | 0°2891 | o vev | 870891 09 - " == === T 3 /A 4 d
TR0 === - 9-8l —TI651 | 682 | L'699L S°Iy - P - 060 - 35T EEOLIT | 128l | 6600 |
—C'IE = = (7% 37eEO0 | 662~ | G SL9lv o = . - = - ~ TITy 66 02L1 | 86~
L4 8¢ 4 11 - e YOI | 306 | 0°lesl 0°0r === . === | e6&vev - T2l | ¥5 e2ll | I6~M
% | - - vo: (A 5% | £ 1991 0°5h === M - 856 - :18 LEIUEESE
828 | - == 561 T80 | 96 | ¢ o9l 0°Sy == . = By - A B 7 S5 IUT | S6-M |
L - —-- VoL 50651 9°7¢ | v 0891 0°9¢ = " - v op - ST FVOLLT | G861 | v6-0h |
tle == 10> el 0D e | 901 0°6¢ - ) = | &o | 4] TSI | C6-0 |
= === = = == === | 2 €99~ o°6v - . = - - 05T~ EFTII L2l | 26°08 |
[ 60°Gt | 000 0§< == £ el (At 't | vo89l 05 === N - 06°9% - 'l T8 I2IL | 08-W |
ALY - = T | % g6~ | €e9v | 018 = . - === T eI BRIl | 6|
=== - == = - === (i) 3 == . =< = ey C = |V
05°0¢ - 10> 9 50600 | 662 | ¢ 989l R T == . == ((H 73 - £9°0 0ZLU | 62°12L1 | OL-W |
- - o9 | SRl | 06ev | 8Tel9lv UtV - 3hd v | - == === v ATECIIL | 69-M
§8/9 201 58/9 8/9 68/9 *14 | s8/9 *I1W | S8/9 WM T 0311140 “NI u ca/9 14 ‘4 14 I I5W UISN
14 “yalM | wo/sowwt | L /u ssanidiHg | norivaznd | 4 ya3u> |¥33ud conw {113 3va | 32IS | *IVAIINT | Hid3d TI3N Hid30 113N | amuorts |¢cA3Na | fA3md | T1EA
0L Hid3Ges| 2-aN03 M | iN3m0d | w3JINDY_ | IVGVL-HIIVA] MO oL | acom | 40 dOL ONY 34AL | 03N3340Se | Q3UNSVIHed Q3 TUYGe | ONISWIe | ONNOND oNISV) | MOLINOW
: WAINOYHD | QILWUNLYS H1d30« | 40 "A373 | OL HLd3Gs INISY) NI
L 39vd

ALITIOV4 NOSY3IANIH 33IIW-yd3A

AYOLN3ANI T73M HOLINOW




APPENDIX C

Monitoring Well Logs
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Figure No.

Converse Consultants Seichnica Engineering s
m
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e -

R

ey e

——ee—ag e acang -

6" Protective
casing w/cap

0 :
B Concrete j4
seal |
10 | , - i
A ;_
20 ) i
s ] 'y
.?’_, Bentonite
15 seal - <]
- 28.0' —}« l.l,‘.f
f’ 30 - - llll “4
2 1
-
Perforated - lJ' I;
casing ¥ lel =
40 - : llll "
. Illl L
: ||| -
411!
48.0° :‘ s
0 - . { ]
Cement
- plug -

60 L

Casing: 5" I.D., 0.188 thick welded
joints with 6" weld collars.
Perforations: .090 slot, 8 rows on
6" centers.

Centralizers- One above perforated
section.

N

Note: Water level not meashred.

WELL M-13

LOG OF PILOT HOLE AND
WELL BORING

Eo. v. u
16.0 .”.

?OSANDY GRAVEL

Vv-n.«
CLAYEY SAND

/ e .o
l
." \/ ..:,l/ _.’

g A
7 SANDY CLAY

55.0 L./

END OF BORING AT 55.0 FT.

Project No.

83-3168

®

Converse Consultants St Engineering

Figure No.




e

- Protective casing
with cap LOG OF PILOT HOLE AND
: WELL BORING

0r 77N
Concrete
10 L 2
: mth silt
2 I "10
g . AT FRRE - 15 . i 1.2 .&
] Bentonite 1 B . : SAND with gravel
£ 59 seal : ' 19 Paoigiditouen
i - SAND w1th sﬂt
2 22— X 23.5° s
g |#16 Silica S A e
= sand :].—:;-',-_l-,..,.._l, :
: 28 / I _'-"I-..
30 }- CLAYEY SILT
' "
Perforai_:ed f 1 /F ,
casing , LI
End cap 37 d ’} |
Y | END OF BORING AT 37.0 FT.

Casing: 2" I. D PVC, No. 200 with cemented joints
Perforations: .020 slots, factory cut
-Centralizers: Two, one each near top and bottom: of
perforated sectlon.

’- . Project No.

WELL M-14 83-3168

Figu== No.

£33 Converse Consultants Sestechics Engineering



. maeA

Protective casing

with cap LOG OF PILOT HOLE AND
WELL BORING
Y 0
[ 7N il 5 “GRAVELLY SAND 3,
Concrete I - with sﬂt i~ f--
seal 1 E . o of®
. . "f 5" “0%
_ oitee {~-': .
10L grad1ng more coarse
San# 0} 0] _.O

20 L Bentonite

L) .
§ seal 2 L -
c o ANDY GRAVEL
o= 25 o_o .d f\. .’ .
5 26'— ‘ GRAVELLY “SAND
& ' p-:-.-:a-__.,..“ o
8 30} #16 Silica P
sand a0 <
PérforatEd 34 /Q./‘] | ‘. Loy Ve
casing | CLAYEY SILT
I Endcap a1 //f’ /l/
- END OF BORING AT 41.0 FT.
50 L

~ Casing: 2" I. D PVC, No. 200 with cemented joints

Perforations: .020 slots, factory cut :

Centralizers: Two, one each near top and bottom of
perforated section., -

- ’ Project No.

WELL M-15 - 83-3168

ﬁaure Na.

@ Converse Consultants St Engineening
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Depth, in feet

Protective casing
with cap

77NN

17
18

23

37

LOG OF PILOT HOLE AND
WELL BORING

Py ORI BT Py -
ZTSILTYiSAND

fgradIng nore coarse

GRAVEL 6$<b

SAND

~,

:-'_* SA&BY ST
(some gypsum).

IIHJH

-

\ -'-".-'-. o

S,

CLAYEY SILT i $

\

END OF BORING AT 37.0 FT.

Casing: 2" I.D. PVC, No. 200 with cemented joints

PZZ 4N
Concrete
seal—
10 Sand
Bentonite
~ seal
#16 Silica
20 - sand
22'
Perforated
casing
30 F
End cap
40 Lo
Perforations:
Centralizers:

.020 slots, factory cut
One, near center of perforated sectionm.

5 ’ Project No.

WELL M-16

83-3168

&

Converse Consultants

Geolechnlca| Engineering
and Applied Sciences

Figure No.




| Depth, in feet

seal

10

27!

w -
o

Concrete

Sand -

25

Perforated
casing
#16 silica 35
‘ : sand
40 |- '
' End cap— 42
50—

Note: Water level

. Casing:
- Perforations:
Centralizers:

not measured.

LOG OF PILOT HOLE AND
WELL BORING

) SO

Rjenr e
SSILTY SAND *it

el iy
'.:.1._:-.’."!:-.: :. : .::" .3
-grading coarse

Bentonite IR v
i seal {§AND::ff

ﬁﬁ%thﬁgraveI lense o
.gipsifefbus silty zones
cemented

”|/ T, T 7 V
CLAYEY SILT /

1Ay

END OF BORING AT 42.0 FT.

N\

2" I.D. PVC, No. 200 with cemented joints

.020 slots, factory cut

Two, ‘one each near top and bottom of

perforated section.

. Project No.

WELL M-17 83-3168
Figure No.
@ Converse Consultants Sicchnicsl Engineering




WELL CONSTRUCTION DIAGRAM
MONITOR WELL M-18
HENDERSON FACILITY

LITHOLOGY

0
Gravelly Silty Sand
w/0cc. Cobbles,
Reddish Brown

18!
Sandy Gravel w/minor
Silt

— 23.5'

Clayey Silt Tan to
White

Brown Silty Clay,
Muddy Creek Fm.

Note: Drilled 8-10-83

———Steel Protection Pipe w/Cap
2" PVC Casing, Schedule 40

ement
}——5" Drilled Borehole

Backfill (Cuttings)
6!

Bentonite Seal
8l

#16 Silica Sand Pack
14

20-Slot, 2" PVC Well
Screen

Blank 2" PVC Casing

Bottom Cap



WELL CONSTRUCTION DIAGRAM

LITHOLOGY
0
Gravelly Silty .
Sand. Sand Content
Increasing w/Depth’
23
Sandy Gravel
w/Cobbles
25'
Gravelly Silty
Sand, Slightly
Cemented
— —30.5'
Lt. Tan to White
Clayey Silt
33!
Lt. Brown Cemented
Silty Clay. Muddy Ck \
2 35
>
Brown Silty Clay, 7 3 s
Cemented from 35-36' [ 5
40"

Note: Drilled 8-10-83

MONITOR WELL M-19
HENDERSON FACILITY

I Steel Protector Pipe w/Cap

“E'-—--Cement Seal

3.0

Backfill (Cuttings)
5" Drilled Borehole

6.5
2" PVC Casing, Schedule 40
Bentonite Seal

11.0¢
14.5

#16 Silica Sand Pack

0-Slot, 2" PVC Well Screen

Blank 2" PVC Casing

Bottom Cap

7.D.-40'



o

.Coarse Sand

WELL CONSTRUCTION DIAGRAM

LITHOLOGY

Gravelly Silty

Brown Silty Clay
(file)

Gravelly Silty
Coarse Sand, Gravel
Zone 11'-13', More
Gravel Ffraction
19'-23'

Tan Clayey Silt —TF

Cemented Gravelly
Sand

4
5.5'

Lt. Tan to White :M%l
C'layey Silt s L 37"

Cemented Gravel &
Coarse Sand

Brown Silty Clay,
Top Muddy Creek Fm.

Creek

MONITOR WELL M-20

HENDERSON FACILITY
—Steel Protector Pipe
w/Cap

Cement

5" Drilled Borehole

2" PVC, Schedulé 40

Backfill {Cuttings)

n'

Bentonite Seal
(Pellets)

15!

20.4° #16 Silica Sand Pack

20-S1ot, 2" PVC Screen

40.4'
Blank 2" PVC Casing

44 4"



WELL CONSTRUCTION DIAGRAM
MONITOR WELL M-21
HENDERSON FACILITY

Stee! Protector Pipe w/Cap
LITHOLOGY

Silty Clayey Cement Seal

Sand (Fil1)

Backfill (Cuttings)

5" Drilled Borehole

Gravelly Silty

Coarse Sand 2" PVC Casing, Schedule 40

Bentonite Seal

Silty Clay, Lt. Brunloass

Gravelly Coarse Sand
w/Minor Clay & Silt

Gravelly Coarse Sand,

Cemented 22-23' #16 Silica Sand Pack

Sandy Gravel

20-Slot, 2" PVC Well
Screen

Gravelly Coarse
Sand -

Lt. Tan Silty
Sand

. Lt. Tan to White
Claiey Silt
As Above, Cemented

White Clayey Silt
As Above, Cemented

. arown Silty Clay,

Py ina
Muddy Creek Fm. PVC B1ang asing

Bottom Cap

7.D. - 43}

‘Note: Drilled R-11-8%



WELL CONSTRUCTION DIAGRAM
MONITOR WELL M-22
HENDERSON FACILITY

Steel Protector Pipe w/Cap
LITHOLOGY

Cement Seal

3.0

Backfill (Cuttings)
5" Borehole Diameter

Gravelly Coarse
Silty Sand.
Boulders or
Cobbles @ 9*' &
14"

5.5°

Bentonite Seal
2" PVC Casing, Schedule 40

#16 Silica Sand
Tan to White

Clayey Silt —

Gravelly Coarse 20-Slot, 2" PVC Well Screen

Silty Sand

18.0'
Gravelly
Coarse Sand
Tan to White Z '—-23.5'
Clayey Sitt 127/ .

Gravelly Sand
w/Silt. Cement-
ed 27-27.5"

Tan to White
Clayey Silt

31.0¢
Brown Silty Clay. 2ix Blank 2" PVC Casing
Muddy Creek Fm. Bl
b4 (8]
35.0' ottom Cap

Note: Drilled 8-11-83



WELL CONSTRUCTION DIAGRAM
MONITOR WELL M-23
HENDERSON FACILITY

Steel Protector Pipe

LITHOLOGY w/Cap
0
Cement
Bentonite
Gravelly Silty
Coarse Sand 5" Diameter Borehole
2" PVC Casing, Schedule 40
12.5'
20-Slot, PVC Well Screen
Silty Sand
—18.5 #16 Silica Sand Pack
Gravelly Silty
Coarse Sand
22.0'
Gravelly Sand,
Cemented 404 g0
Lt. Tan to White )
Clayey Sand Y96 0
White Clayey Silt ity
w/Sand Stringers T ;;
N
;%ééééé? 31.5'
Cemented Gravelly
Sand w/0cc. White
Clayey Silt Stringersf

Blank 2" PVC Casina
Brown Silty Clay.
Muddy Creek Fm.

Bottom Cap

Note: Drilled 8-11-83
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Approved tor puoneation ... . ..

COMPLETION DIAGRAMS WELLS M-24 to M-27, KERR-McGEE HENDERSON FACILITY.

Iy ]

. ~=— 3" diameter steel casing
! with screw cap
Groundsurface
r—
= |
I7ANYZ7AN T a1 : : CSANY 7 AN
_ - 884891 -
ot |
e = I Concrete seal
o B
1 NI I ¥
S0 Vs
X i 5
8. ,i.‘

—— 2" diameter PVC

i

NN

40’
(35' in well 27 )

0 NN\

-«—Bentonite szal

15 - 2v cismeter PVC
o 20 slot screen

Well pack - £20 mesh
silica sarc

WATER SAMPLE WELL CONSTRUCTION

Project No

84-3223

Figure No

| @ Converse Consultants S oo 1
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cund B0 .

LOG OF WATER SAMPLE WELL 24

oave 5714/84

Locamon.  KMCC, Henderson, NV FLEvETION.
&
D:':.l;:': o G:o.o\v v‘ \.“\\Q*’ ‘s‘\(«
0 o $OtL DESCRIPTION ¢© &* i ®tuanxs
SW | GRAVELLY SAND with silt light 90—t
24 . brown F1ightly
moist
4 -
6 o
8 -
104
12+
144
16~
18+ GW | SANDY GRAVEL
SW/ | SAND & GRAVEL
20+ GW
'} 22+
244
SW JGRAVELLY SAND
SM JSILTY SAND
ML |SILT

End of well at 40.0 f:.

THIS SUMMARY APSLIES ONLY AT THIS LOCATION AND AT TWE VIME OF
LO08CING. SUBSUPTATL CONDITIONS MAY DIFFER AT OTHEIR LOCATIONS

AWD MAY CHAMLE AT THIS LOCATION WITH THE PASSAGE OF TiMI. TwE
GATA PRESENTIC RBA SIMPLITICATIONDOF ACTUAL CONDITIONS ENCOUNTERED .

DRAWING
NO

Converse Consultants

Consulting Engineers and Geologists

ru0)
bacd

84-3223-01
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APPROVID 7 OR PUS: 'Cf rom

LOG OF W#ATER SAMPLE WELL 25
LDCaTION KMCC, Henderson, NV

o )
SOIL DESCRIPTION o> » *

oave 5/14/8L

ELEVATION.

SW | GRAVELLY SAND

o SW/ } SAND & GRAVEL -} Tight
GW brown

_ dark
244 brown

CL |SILT & CLAY

REMARAE

End of well at 40.0 ft.

THIS SUMMARY APPLIES GELY AT THIS LOCATION AND AT THL TIME of
LOGEIRG. SUBSURFACE COMTITIONS MAY DIFFER AT OYNER (DCATIONS

AND MAY CHANGE AY THts LOCATION WITH THE PASSAGE OF TIME, Tug
OATA PRISENTED 18 ASHI™ _ ¥ ICATIONDY ACTUAL CONDITIONS ENCOUNTERED.

DRAWING
[ ]

Converse Consultants

Consulting Engineers and Geologists | no” £1-3223-0

1

—



arPROVEN ? OR PUBL LA o

LOG OF WATER SAMPLE WELL 26

oave 5/15/84
LOC4 Y10 KMCC, Hendérson, NV

ELEVATION.

\d \J
OEPTN < ~ e . (2
R “Qo & < o'
v
(4 {9 P

s
o g $O!L DESCRIPTION o~ o

REMARKS

dry
' RA - * -
5. SW | GRAVELLY SAND with silt ;:g:: klight]y
moist
4 - to
E : mist
6 = .

8-

6k | SANDY GRAVEL
10+

SK ] GRAVELLY SAND
12- '

14+
16+

18

---with trace silt,
224 : - gravel varies,
15%-30% below 20°'

moist

26=

£
ct

30
32

34~
36 | € | SILTY CLAY

very
moist
38

End of well at 40.0 ft.

Tnts BUMMARY APPLIES ONLY AT THIS LECAYTION AND AT THt ViME Of
LOSCInG. SUBSURFACK CONDITIONS MAY DFFER AT OTHIR LOCATIONS

AND MAY CHANGE AT THIS LOCATION Bi™s THE PASSASE OF Vimt, Tat
DAYA PRESTWTED 13 ASIMPLIFICATIONDT AT UAL CONDITIONS EMCOUNTERED.

ORAW NG
[

Converse Consultants Comsulting Engincers and Geologists |70’ 84-3223-C2




prow narne

[¥]

w4
2

LOCaTIiON

LOG NF WATER SAMPLE WELL 27

KMCC, Henderson, NV

$01L DESCRIPTION

oave 5/14/84

ELEVATION.

)
&> s
Y °¢

* ¢

8-

104

GRAVELLY SAND with trace
silt :

12
14+
164
18

20+

SW/
GW

SAND & GRAVEL 40%-60%
gravel

22+

24

26~

28+

SW

GRAVELLY SAND

light

brown

REMARKS
. . 100se

slightl
moist
to
moist

loose
to

medium

dense

30+

32+

CALICHE

light
tan

36

38 -

40

SW

GRAVZLLY SAND

light
brown

*See Hote.

Enc of well at 40.0 ft.

Note:

Hole caved to 35' when PVC was
instzlled.

THIS SUMMARY APPLIES DRLY AY THIS LOCATION AND 4™ Yol TinNE OF

AOSEING. SUBSURTACK CONDITIONS MAY DIFFER AY OYem®

L0CAYIONS

AND MAY CHANGE AT THIS LOCATION WITH Tul PASSASE DF Timt. Tug
GATA PRISENTED IS ASIMPLIFICATIONOY ACTUAL CONDITIDNE ENCOUNTERED .

Okay per Kay Brothers.

ORAWING
NO

Converse Consultants

Consulting Engineers and Geologists

rROJ
NO

4-
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WELL COMPLETION DIAGRAMS

4" Steel
Protector Pipe

4-7/8" Borehole
— Cement - -2

38

— Bentonite 4'

7/

AT

— Cuttings

Pvc, 2"

*v—'/.

\/\/> | 21"

J =

aredagd

':g?—-Bentdnit%g 8!
=k .o10 Pyc
=[5} Sereen

1=~ silica
- ¥} Sand
::'jit | 50"

4" Steel

rotector
ipe

Cement
Bentonite

4-7/8" Borehole

4" Steel Protector

Pipe
4-7/8" Borehole

2l

g{— Cutting

e ,
2" PVC

N 'nd

Fe

\

N ___Bentonite k] ¥/

Iy

N 533 . A

;'..‘ :;'Lt g \{

W w3 . 1S

PR 3052. N [S—Bentonite
[ A B

i gl £Y 34,731

i4—=t=l 010 STot™ ' (=1
7 o Jr My ’ ."._’ [+

s pin) Screen Err=1-1 Silica Sand
XY at S0 ) :'4 — '—_r
S i =l 010 STot Screen
Al /‘. ., = .
:-.’.-._.j{{;...01o Silica .t;jg—_-.fj
;Z — Sand 45" Acd— 1
.-;"-; :.'-ﬁ
=
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MONITOR WELL M-28

LOG OF BORING No. __84-6 . Sheet 1 of 2
Project Kerr McGee JobNo. _4184J009
Elevation N/A Datum N/A
Type/Size Boring 7~ Hollow Stem Rig Type ___B40L Date //23/84

GCroundwater Conditions

42' at end of drilling

= (7] v
Bl mowssr  [2]E | 83|22 ,
_s~ 218% ‘g* § %777 Description .
& ‘ Elz | 35("= '
[a] C N/R w o (& (]
| ] ] 1.0° FILL, trash, sand, asphaltic concrete,
Mod. |8 sM| FILL, SAND, silty, dark brown, carbonate,
— Dense | 8 R moist, gravelly, some trash (glass)
- 7
= 8
5 10 R
— 12
B Very 17 R
= Dense | 35
- 20 R i
10 26
_ [ 11.0! -
12.0° TILE
A | CONCRETE
40
— 35/3 R
15
- 16.0"
Dense 58 SM SAND, gravelly, slightly silty, medium
~ brown, slightly moist, calcium, chemical
Very 25 v
L odor
Dense
= 41 R
20 34/4
= 26 R
42
[~ 30 R
25 36
. 65 R | 26.0"' _
SLIGHTLY more fines, very hard drilling
—
- 40 R
4
30 35/4

@
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Kerr McGee

MONITOR WELL M-28
LOG OF BORING No.__84"6 conTINUED

JobNo. 41843009

Project
[N c
¥ " S 2 | o8 |o2
&1 Blows/6 cle | 52|28 .
»_‘:{ -—Ed 88 2 ‘g g’; Description
al ¢ nvr (&8 [ 28] 8
Very SM MUDDY creek format:.ox‘f, sand, very silty,
— Dense | 24 R white crystals (gypsum), light brown,
: 32.0' calcareous
sC SAND, clayey
24 R
35 51/5
N 9 SMALL crystals, water in sample
25 R
40
— 27
L 4
11 R
45
— 21
B | 48.5°
— SHELBY tube 48.5 to 50.5°'
50 .
— ST
50.5"' .
[ / £
B Bottom of Boring 50.5°
55
Piezometer installed at 50.5'
60

[N | | SO basamad | S
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MONITOR WELL M-29

LOG OF BORING NO. _ 84-4

Sheet 1 of 2

‘)
1 Project Kerr McGee Job No. 41843009
e Elevation N/A Datum N/A
| ; Type/Size Boring " Hollow Stem Rig Type __B40L Date _7/12/84
Groundwater Conditions __42' 8:00 a.m. 7/13/84
o e ———————— —
o Py [ ~4
’ i > 3Ea oR 'u'g
& Blows/ 6" F1E | 5= |&8
£ 5|88| 28 |55 Description
- a1 E|> o |I>4
4 3 ] 25| =
i 1 c N/R w|O O (8]
. l1.0' CONCRETE
| ' TUNNEL AIR VOID
!
' 5
— 7.5
i - 8.5 CONCRETE _
! . |Very 3 R Sp FILL, sand, slightly silty, gravelly,
. 10 {Dense |16 - slightly moist, white precipitates
’ — 25/4
. 11.0' -
| Very |50/8 R SP SAND, slightly silty, gravelly, slightly
- Dense moist, white precipitates
— 50/8 R
3 15
- 50/4 R YELLOW
I — 17.5°
- |Very |75/6 S SM SAND, silty to very silty, occasional
Dense ' gravel, reddish-brown to variable color,
4 —20 slightly moist
) - 50/8 [
P n
{ - 50/4 S
- 2
; pe— )
i 75/5 R
— 27.5"
! . Very 75/5 R SC : MUDDY creek formation, sand, clayey.,
1. Dense reddish~brown, moist
30

2
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MONITOR WELL M-29

LOG OF BORING NO. _84.__-4._CONTINUED
Project Kerr McGee JobNo.  4184J009
[\ c
- (=% _?: * .g -
& Blows/ 6" = 2 | |88
£ 2 3% %‘g §§ Description
g Elz | 35(°% '
(s C N/R wnio & (@]
50/8 R
B 33.5°'
— |Very 11 R cL/ SILT and clay, sandy, reddish-brown,
135 [stiff |26 ML slightly moist
e 10
- 20 R
25/5
- 8
l6 R
40
e 22
. 6 .
— 18 R
= 30
ha W = 44.0'
45 ;; R CL CLAY, sandy, crystals, slightly moist,
p— medium brown
= 14
50 27 R 49.5° y /
— Bottom of Boring 49.5°
— Piezometer set at 49.7
55
— ]
60 :
Py
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MONITOR WELL M-30 .\

. . 84-1
LOG OF BORING NO. CONTINUED
Project Kerr McGee ‘ : JobNo. 41843009
O | -4
© - K3 oR v‘g |
& Blows/ 6 12| 5-128 i
£ ;; 8% _‘gé EE Description ’
¢ Elz | S51°s
(a] C N/R wlo O O :
=[———'—" — — ==
- 9 ML, MUDDY creek formation .
15 R
f— 23
35 35.0'
Very 7 CL |~ CLAY, very sandy, silty
— Stiff | 14 R .
21
40 13 40.0'
16 R CLAY, silty
= 17 .
— Stiff 6
— 8
45 9 45.0" y ,
4
- Bottom of Boring 45.0°'
__5_0 Piezometer set at 44.7.
N 10" screen
32*' sand fill
- Bentonite Plug at 30.5' and from 4 to 5°'
55
—
60
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MONITOR WELL M-30

LOG OF BORING NO. __84-1

Sheet 1 of

JobNo, 41843009

Project Kerr McGee
Elevation N/A Datum___ N/A
Type/Size Boring ___7" Hollow Stem Rig Type __ B4OL

Croundwater Conditions _40' at end of

Date 7/16/84

well installation

o c
% ez e
E| wowsyer 2|3 | X33
£ 2 5"3 ‘g‘ § E'ﬁ Description
& £z |35 (8
8] c NR RIS |28 G
Very 18 R SM FILL, sand, silty, black, slightly moist
— Dense | 32 1.2
— |Dense sM SAND, silty to very silty, brown, slightly
11 moist, calcareous
— 11 R
- 14
S
— 60 R [5.5"
- ]Very LENSE of gravel and cobbles
| |Dense 7.0°" _
Mod. 7 R sp SAND, slightly silty, gravelly, brown,
— Dense { 9 A slightly moist, calcareous
| 13 No recovery
10 9
n 19 R - i
Very | 25/5
- Dense
— ]
- |
15 !
L 58 R 16.0°' ]l
Very GP GRAVEL CARBONATE coatings, variable color (grey,
~ Dense 17.3¢ red, etc.), probably from chemicals
- Dense | 25 sp SAND, slightly silty, gravelly, slightly
21 R moist, brown, calcareous :
— ) 22 19.5° !
.20 | Dense | 30 SM ' SAND, very silty, occasional gravel, :
35 R slightly moist, brown, slightly calcareous
| Muddy Creek Formation
15
25 21 _ 25.0° ;
Stiff | 30 - ML SILT, very sandy, moist, medium brown, ;
- non-calcareous, muddy creek formation
1 11
25 R .
30




LOG OF BORING NO. __84-2

Sheet 1 of 2

Project Kerr McGee JobNo, 41843009
Elevation N/A Datum N/A
Type/Size Boring __7" Hollow Stem Rig Type __ B40L Date 7/16/84
Croundwater Conditions __None Encountered
g. > ® 5 B
..g Blows/ 6" ~ 2 gi eE :
£l +|88| 28 5 Description
g Elz |85 |°% |
o| C N/R | &G | ©
1.0 CONCRETE -
Very 18 R sp FILL, SAND, slightly gravelly, light brown,
— |Dense |33 slightly moist, calcareous
35 R
B 40/8%
s /
- 21
24 R
B 30 [
B . 8.5'
— |Dense |19 ' sp SAND, slightly gravelly, medium brown,
10 20 R slightly moist, calcareous, occasional cobkbie
- 24 »
Very 22 R 12.0'
Dense | 31 GP 13.0° GRAVEL, cobbles, sandy, slightly moist
Dense {15 SP SAND, slightly silty, gravelly, medium
— 15 R brown, slightly moist, calcareous ;
15 32 i
Very
— |Dense |25 R
' 35
N 22
23 |R .
o 125/5
20
- 50 i
| 25/2%
28 .
32
25
17
17
. 25/3
— 28.0°
- Very 17 R M MUDDY creek formation, caliche, g.and,
Dense | 60 silty, brown, slightly moist, caliche lensc
30 at top i




Project

Kerr McGee

LOG OF BORING NO.

84-2 conTINUED

Job No. 41843009

Depth, feet

Blows/ 6"

. C

N/R

Sample Type

Dry Density
pcf

Moisture
Content, %

Unified
Classification

Description

31.0°

Very
Stiff

23
42

SILT, sandy, slightly clayey, brown,
32.0' slightly moist , .

g

/ 4

Bottom of Boring 32.0°




LOG OF BORING NO, _84-3 . Sheet 1 of 2
Project Kerr McGee : | JobNo. 41843009
Elevation N/A Datum N/A ‘
Type/Size Boring __ 5" Rig Type _ B4OL Date 7/11/84

Croundwater Conditions _ Perched at 11.2°*

- == %
- al2> © .g -
&1  Blows/é" ~le | 82|28
> 2120 2E |2 Description
£ 1REHEE P
3l ¢ NRO|SE LG S| ©
- 1.0 CONCRETE
TUNNEL AIR VOID
|3
_ 8.0° j
Very 1l sC FILL, chemically altered cement, very
— Dense | 6/16 R ) little lime remaining
10
L 30 R| - 11.0° - i
Very |100/5 SM i SAND, silty, gravelly, moist, velloW\sulz_-p
— 1
Dense 100/7 R WAX from 11.3 to 1l1.4
15
!
— 100/8 S ;
o !
' 18.0' :
B 100/4 s BROWN, partially cemented i
|20 |
100/5 S
— 1.23.0"
Dense | 16 ' DARK BROWN speckled white precipitators
— 20 s .
25 14
_ 21 R { 26.0"
Very | 50/4 GYPSIFEROUS, very silty
- Dense :
.. 24 R ’
! g 50/4 29.0' ;
sM/] MUDDY creek formation, sands and sil:s I
[_30 ML '

@



Project

Kerr McGee

LOG OF BORING NO._84-3 CONTINUED
JobNo. 41843009

Y [ c
.‘ ¥ “ S{E | oR |2
' £ Blows/6 SlE.| 52|28 .
) < | s(88 23 575 Description
I &8¢ wr &8 | 2878
i Lol al
43 R SM/ MUDDY- creek formation -
) o 60/3 ML ’
| L
- 10
™ 21 R
i - 27
R L
L' | |Dense
; . Very
{ Dense 139.0°'
- — CLAYS, sandy, brown, moist
_4..0 40.0"' - , L
l ] /. 7/
- Bottom of Boring 40.0°

l

.
| |gl

—

|
Jonl

R

P
I

=T
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Kerr McGee

LOG OF BORING NO. _84-5

Sheet 1 of 2

Project Job No. 41843009
Elevation N/A Datum N/A
Type/Size Boring __&" Rig Type __ B40L Date __7/13/84
Groundwater Conditions __None Encountered

- ‘ 8. bn P .5

2| Blowsse" Fle_| £ |28 .

£ 1 = 18%| 58 L Description

g Elz | S5 [°8

o C N/R [&]|OC Ol ©

1.0' CONCRETE

N TUNNEL AIR VOID
| 5
— 7.5°
p— 8.5¢ CONCRETE
- |Loose |1 R SM FILL, sand, silty, occasional gravel,

10 Tmoa. |3 light brown, slightly moist
- 5 :

Dense -
[~ 5
] 15 R
Dense |23 -

. |VerY Isoss R 14.0"

——{Dense - . -

15 SM SAND, silty, occasional gravel, light brow:-

slightly moist, calcareous :
- 50/5 S.
25/3 S No Recovery

20
— A
- 60 R
| 25
- 75/3 R No Recovery
j 28.0"

74/5 R SM MUDDY creek formation, dark brown coarse

— sand, silty
%0

@



LOG OF BORING NO.__._~ CONTINUED

-d

Project Kerr McGee fjobNo.__ 41843009

¥ 8z | o2 |2

Sl Blowsse" = [E | 5.8 .

£ =(8% gg Tk Description

[ E > 28 D:s

o1 C N/R | RO Ol ©
| Very 40 R Medium brown, crystals, calcareous

Dense | 40
75/9 R 34.0°'
35 Hard CL - CLAYEY, sandy, crystals
=
40 S 39.9" ,
e / /
5T ) :
Bottom of Boring 39.9°

ot
45
B l
P |
50 g
—

-

55

r

—

60

B
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LOG OF BORING NO. _84-7 _ Sheet 1 of 2

Project Kerr McGee 5 JobNo. 41843009
Elevation N/A Datum___N/A
» Type/Size Boring 7" Hollow Stem Rig Type B40L Date 7/16/84

Groundwater Conditions __None Encountered

© § Z oR o2 -
&1 Blows/6" =le | 5= &S o
£ 2 g‘g 25 |EE Description
5 Elz | 35 |°%
al- c NR [ &[G S| ©
’ 1.0 CONCRETE
Very 16 R SP FILL, sand, gravelly, aobbles, occasional
— |Dense |30/4 boulder, slightly silty, medium brown,
n slightly moist, calcareous
20 R
=
25/5
| 3
- 17 R
25 -
8.0
Mod. 14 R SP SAND, occasional gravel, slightly silty,
— |Dense |13 . medium brown, slightly moist, calcareous
| 10 13
— 9 R
- 11 )
13
— -Dense 13
| 15 18 R
21
B Very 18 R
—~ |Dense |30
B 22
— 43/5 R
20
— 18 R
| 30
25 R 24.0"
25 Very 42 SM MUDDY creek formation, sand, very silty,
—="_.|Dense gravelly, cobbles, calcareous, white
» - 50/7 R streaks
= 12
17 29.0°
—30 V.Stiff 27 R ML SILT, sandy




LOG OF BORING NO._ 84-7 CONTINUED

Project Kerr McGee JobNo.__4184J009
T‘q o gl 2| 8 - ]
. .§ Blows/ 6" - 2 §1 EE '
' e _g_ 5‘8 w5 [EE Description I
s ce |54 !
o Elz | 38|73 |
oy C N/R |wn|Q | © ;

P =
Very 8 ML SILT, sandy

32.5¢ L

M il 3
L
m
ot
-
™h
o]
—
-~
oo

Bottom of Boring 32.5'

LN Y
|

40
ﬁl S,
i - .
o

|
SR
|

: 50
—
‘ . fr—
n [
F] 35
Il -
noo
] ‘ o

60
I
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LOG OF BORING NO. _84-8

Kerr McGee

Sheet 1 of 2
Job No. 41843009

Project
Elevation N/A Datum N/A
Type/Size Boring 7" Hollow Stem Rig Type 8491‘ Date __7/25/84
Croundwater Conditions 35' at end of drilling
] §'~ z oR 1:'§
2 Blows/ 6" =le. | 5o ]88
£ =|88] 258 |E% Description
a C. N/R |&|O O| ©
Very 18 R SM FILL, sand, silty, gravelly, black to |
— |Dense | 46 brown, slightly moist, calcareous,
— Mod chemicals
. Dense
|5 7 R
9
12 6.5'
— very SM SAND, silty, gravelly, medium brown,
- Dense slightly moist, chemicals
S EREARE
[ / 11.0°' -
Very . o SAND, gravelly, slightly clayey, medium
- Dense ~ brown, slightly moist, chemicals
|15 35 R
39
| 20 45 R
35/3%
25 25.0°
Dense | 23 R SM SAND, silty, gravelly, brown, slightly
— 25 moist, chemicals, muddy creek formation
30
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LOG OF BORING NO._%4"8 _conTINUED |

[ SRRy Y NN B B Y I

..-—

a_

Project Kerr McGee JobNo. 41843009
) c
s al> R |2
E|  Blows/6" c1E | 8 (38 ,
e % 88| 2§ |E Description
g Elz | s5|°%
(o] C N/R w|o . %) o
n Very 8 R CALICHE gravels
15
— -] 25/3
33.0°
Dense SM MUDDY creek formation, silty sand and ;
ko sandy silt. :
35 | |
ST| . : Shelby Tube 0.8' i
— !
- 38.0° '
| Very S CL CLAY, sandy, silty, very moist, brown,
Stiff . hard 3" lense
40
- 42.0'
, . / /
— Bottom of Boring 42.0'
45
50
- Piezometer installed at 42.0°
55
60
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Kerr McGee

LOG OF BORING NO. _ 84-9

Sheet 1 of 2

Project JobNo. 41843009
Elevation N/A Datum N/A
Type/Size Boring __7"_Hollow Stem Rig Type __ B4OL Date _ 7/18/84

Groundwater Conditions

32' at end of drilling

@T B
® §~ Z | o® 'u'g
E1 vowsen  [=]F | £T13F |
£ = |88| 5§ €% Description
2 E|> §§ o4
o] [« N/R |&A]O O] ©
Dense | 25 R SP FILL, sand, gravelly,.slightly silty, some
19 precipitate, dark brown, mottled white,
— Very slightly moist
Dense | 10 R 2.8°
B MEDIUM reddish-brown
L5 | 12 R
v 15
— 18
= 38 R
2
_ 6 3.0’
10 | Very R Sp SAND, gravelly, silty, light to medium
| Dense | pefysal brown, slightly moist
15 16 R
25
— 18.0'
MEDIUM brown, very silty
2
- 50/3 R 20.5°
- GRAVEL cobble lense to 21.0°
— 23.5°
| GRAVEL cobble lense to 24.0°
|25 100/6
| 28.0"
Very Sc MUDDY creek formation, sand, clayey,
B Dense occasional gravel, .medium brown
30

(A
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Project

Kerr McGee

LOG OF BORING NO.__84-9 CONTINUED

JobNo.__4184J009

LY

Blows/ 6"

Depth, feet

N/R

A\

Dry Densit
pcf

Moisture
Content, %

Unified
Classification

Description

Very
Dense

28
30

13
15
30

@ Il Sample Type

[
(9}

38.5"

— Very
40 |Stiff

CL

40.0'

CLAY, sandy

Bottom of Boring 40.0°




Kerr McGee

LOG OF BORING No, _ 84-10_ Sheet 1 of 2

JobNo, 41843009

Project
‘Elevation N/R Datum N/A .
Type/Size Boring __7. Hollow Stem Rig Type __ B40L Date 7/25/84
Groundwater Conditions __34' at end of drilling
— :%
- g1 $ :
E| Blowss6 clE | % 28 | |
£ = |88| 28 [E% Description
B 1 E gc 1°8
8 c [ nr 18|58 |38
2.5" ASPHALT -
—  |Mod. 20 R SM FILL, sand, silty, gravelly, brown,
 _ |Dense |18 slightly moist, calcareous
15
| 3
Dense
B 14
— 21 R
n 32
10
11.0' i
Very 32 R SM SAND, silty, gravelly, variable color to
— |Dense {43/4 brown, slightly moist
- - BLACK & white precipitates, calcareous
15
- 38 R
37/4
20
n 40 R
25/2 i
!
= {
| 25
n 67 R VERY silty, dark brown
- 28.0" i
COBBLES to 6", partially cemented caliche i
[— 29.0" gravels to 38.5° |
30 VeryDepse scC MUDDY creek formation, sand , clayey, occ.ﬁ;}
= —,

r4a
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LOG OF BORING NO. __84-11_ Sheet 1 of

Project Kerr McGee JobNo, 41843009
Elevation N/A Datum N/A
Type/Size Boring __/~_Hollow Stem Rig Type __B40OL Date __//27/84

r———

'Y e

Groundwater Conditions ___ None Encountered

1
I

y——— ﬁ%\
- &> 8
2]  Blowsse" Zl1E | ¢% (23 .
£ 218% %g EE Description
g Elz | S51°5
8| c NR &[S S| ©
0.5" CONCRETE -
— Very 21 R SM FILL, sand, silty, gravelly, brown,
. |Dense | 25/3 slightly moist
o 4.0
s |Very SM SAND, silty, gravelly, brown, slightly
— | Dense moist
B Skipped drive at 6.0'
10
| 18 R )
25/5
15
L 27 R
. 25/3 . '
= 19.0'
20 GRAVEL and cobble lenses to 20.0°
- 37 R
25 37 R
| _ 13/2
_ 28.0"
~ Very—[ense (] SMAML MUDDY creek_ formation, sand, silt layers,
30 l 1 slightly calcareous .

r4a
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LOG OF BORING NO._ 841! conTINUED

Project Kerr McGee , JobNo.__ 41843009
[V 3
o ol > (=]
] " == R = j
2l Blowss clE | 55 (38 o |
= alod 29 g";‘, Description !
& Elz | S5|°% i
—— = = = ——|
[ |Very |30 R i
Dense | 20/4
33.0° .
Very sC CLAYEY sands and partially cemented silts, .
— |Dense . non-calcareous, brown :
35
— i
Sv 37.0" SHELBY from }6 to 3/,7‘ .
B .
| Bottom of Boring 37.0°
iO

T [=T T 1




LOG OF BORING NO. _84-12_ Sheet 1 of 2

Project Kerr McGee JobNo, 41843009
Elevation N/A Datum N/ A
Type/Size Boring __1" Hollow Stem Rig Type __B40L Date  1/27/84

Groundwater Conditions 27°

@mZ A>3 a

——

_g E 88 L § §§ Description
. [ .
8 c [ wr |&|5 [|38] S
Very | 18 R SM FILL, sand, very silty, gravelly, black,
— Dense| 30 1.5' slightly moist ]
- Dense SM SAND, silty, gravelly, brown, slightly
moist, calcareous, lenses, slightly
[~ clayey, some gravelly lenses, slightly
= clayey lenses
| 5 18 R
25
10 9 R
10 -
— 11
15 13 R
18
B 23
1 Very
— Dense
20 .
- 53 R No Recovery on drive
— A
- {22.0"
GRAVEL and cobble lenses, cemented coating
25 48 R
25/3
L 27.0'
Very SM MUDDY creek formation, wet, partially
— Dense calcareous, medium brown, sandy, partially
- cemented silts and sands, wet at top
E& — =

ez
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LOG OF BORING No._ 2712 conTINUED
Project Kerr McGee JobNo.__ 41843009
o c
% §12 | o8 |52
g1 Blows/ 6 - a '5’.; eg :
=1 -":—’z ‘g"g_ 25 |ES Description
$ Elz | s81°3|
al c NR &S S| G
B 10 R
43
B 33.5¢
— {Very ML SILT, non-cemented, sandy, reddish-brown,
15 Stiff ST wet
e SHELBY tube - 500 PSI -~ 35 to 37
__4_1_0 ST ' SHELBY tube ~ 40 to 42' - No recovery
45 51T SHELBY tube - 45 to 47.0'
-
47.0' y P
n Bottom of Boring 47.0° ;
1
L |
_5_5
N i
'
60 _




APPENDIX D

EM Survey Results
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