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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 silty 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

SUMMARY

Since November 1981 the KerrMcGee Chemical Corporation Henderson Facility

has been characterizing the source and extent of chromium contamination in

the NearSurface groundwater system present beneath the Facility The

presence of chromium has been detected in the NearSurface 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

NearSurface 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 brown silty clay for at least the upper 230 feet of the

formation that underlies the Facility Based upon test drilling and aquifer

tests no waterbearing zones of significant areal extent are present in the

upper portion 230 feet of the Muddy Creek formation Groundwater found in
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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 burled 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 burled "channel fill" deposits. The groundwater 

Is moving through these alluvial sediments (under an average gradient of 

about 1.5 percent) between 0.5 to 16 feet/day. The higher flow velocities

Isolated waterbearing zones in the upper 230 feet of the Muddy Creek

formation have positive head differentials as compared to the NearSurface

aquifer Therefore water in the NearSurface aquifer cannot migrate

vertically to waterbearing 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 burled bythe 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 westcentral 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 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 feet below ground level The saturated thickness in the alluvium range

from 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 alluvial 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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S 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.

1 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 chromium plume remains fairly concentrated. Where 

the chromium plume moves through the saturated portions of the alluvial fan 

deposits, natural attenuation of the plume by dilution and dispersion occurs 

1 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.

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 watertable surface remains relatively stable with annual

fluctuations of about feet common

Site studies show strong correlation between the location of the burled

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 chromium plume remains fairly concentrated Where

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 4000 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) 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. , .

2) 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.

3) The chromium plume shows a northern migration at rates from 0.5 to 16 

feet/day and moves first through the upper part of the Muddy Creek 

formation and then the overlying saturated alluvial fan sediments.

4) 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.

CONCLUSIONS

The major conclusions of this report are

The presence of chromium In groundwater above background values has

been detected and extends from areas of past leakage northward at least

4000 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 northern migration at rates from 0.5 to 16

feet/day and moves first through the upper part of the Muddy Creek

formation and then the overlying saturated alluvial fan sediments

The alluvial fan sediments are unsaturated over the southern half and

westcentral 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 eastcentral portions of the Facility
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5) The surface of the Muddy Creek formation Is eroded by burled 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 Interfluve areas adjacent 

to the streams. These "channel fill" deposits largely control the 

migration of the chromium plume present In the saturated portions of 

the alluvial fan desposits. '

6) A large burled 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.

7) 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.

8) Aquifer testing of the "Near-Surface" aquifer revealed a wide range of 

permeability <6.5 to 1496 gpd/ft2) 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.

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 interfluve areas adjacent

to the streams These channel fill deposits largelycontrol the

migration of the chromium plume present in the saturated portions of

the alluvial fan desposits

large buried channel system occurs in an area extending northward

from the Plant AP ponds to at least the area of well M23 where the

chromium plume is largely contained

Groundwater from the NearSurface 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

NearSurface aquifer

Aquifer testing of the NearSurface aquifer revealed wide range of

permeability 6.5 to 1496 gpd/ft2 and transmissivity 45.2 to 23786

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 4s 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-linear 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).

INTRODUCTION

In May and June 1985 KerrMcGee Corporate Hydrology Department completed

detailed investigation of the hydrogeological conditions at the KerrMcGee

Chemical Corporations Henderson Facility The purpose of this

investigation was to provide detailed evaluation of the chromium

contaminant plume present in the NearSurface groundwater as well as

provide technical hydrogeological information characterizing aquifer

dynamics Major objectives of this investigation were to delineate the

extent and concentration of the plume area define aquifer properties

determine conditions that control occurrence and movement of groundwater

characterize the chemical nature of the groundwater and 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

semilinear northsouth trending mountain ranges separated by linear and

semilinear 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
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The Henderson Facility (Figure 2) Is 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 flow into Las Vegas Wash from the northeast, 

west, and southeast. All of these drainages are intermittent.

The Henderson Facility Figure is located within the Las Vegas Valley

southern edge valley that is about 40 miles long and up to 20 miles

wide The Valley trends southsouthwest and its floor ranges in altitude

from 1500 to 3000 feet This Valley is 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 Mountain 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

gentlysloping valley floor and are surrounded by flatlying 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 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 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 flow into Las Vegas Wash from the northeast

west and southeast All of these drainages are intermittent
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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 (MSI). Topographic features for the Facility are presented 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-l 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 abandoned 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 of 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 lined water-retention and/or

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 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 presented in

Figure

Two small intermittent streams or ditches cross the Henderson Facility

Plate The Beta Ditch crosses the Facility just north of the AP ponds

and leaves the property northeast of the Cl 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 abandoned gravel pit

This conducts storm water only

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

24363 in 1980 Las Vegas Nevada is 7.5 miles northwest of the Facility

SITE DESCRIPTION

The KerrMcGee 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 of industrial chemicals which are sodium

chlorate ammonium perchiorate manganese dioxide boron trichlorate boron

tribromide elemental boron and sodium perchlorate In support of Facility

activities there are currently 10 synthetic lined waterretention and/or
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evaporation Impoundments situated on the Facility (Plate 1). RCRA 

Impoundments P-1 and S-l 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.

evaporation impoundments situated on the Facility Plate RCRA

impoundments Pl and 51 were drained and removed in January 1983 and are

currently undergoing closure brief description of each of the above

mentioned ponds is presented in Appendix

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 onethird 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

13.0C CelsIus in January to 40.5C in July the mean daily minimum

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

The potential annual evaporation from lake and reservoir surfaces ranges

from 60 to 82 inches or roughly 15 to 20 tImes the annual precipitation
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GEOLOGIC SETTING

Regional Stratigraphy

The Henderson Facility is located at the southern edge of the 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 and 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 thicki

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, clay, 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 

J

GEOLOGIC SETTING

Regional Stratigraphy

The Henderson Facility is located at the southern edge of the Las Vegas

Valley Las Vegas Valley lies along boundary separating areas of

strikingly different geology The mountain ranges bounding the east north

and west sides of the Valley consist primarily of Paleozoic and 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 deep structural basin that has been filled

with thick sequence of sediments Beginning in Miocene time 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 Mioceneage 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 multicolored poorly to

wellconsolidated siltstone clay and sand with minor intercalated

fanglomeratic horizons The finegrained facies is most common in the Las

Vegas area but near the mountains the coarsegralned facies becomes
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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 typically flat lying to gently tilted and has been cut by many
i

small faults. The surface configuration of the Muddy Creek formation Is 

often characterized by eroslonal features which give considerable relief to 

Its surface In some areas.

The Muddy Creek formation is unconformably overlain by Pllo-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 PIio-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 

laterally extensive in the center of the Basin, where it is encountered at 

depths of 480-600 feet.

prominent The Muddy Creek formation reaches thicknesses of 3000 feet and

occurs at depths from to 3000 feet in the Las Vegas area The Muddy Creek

formation is typically flat lying 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

its surface in some areas

The Muddy Creek formation is unconformably overlain by PlioPleistocene

basin fill sediments These sediments represent semicontinuous sedimentary

filling of the Basin that was probably periodically interrupted either by

nondepositlon or erosion Distinct subsurface beds are generally thin

discontinuous and laterally variable making Basin wide correlation

difficult Three depositional facies are recognized in the PlioPleistocene

depositional period These are coarsegrained piedmont alluvIum

finegrained fluvial and lacustrine basin fill and blue lacustrine

ay

The coarsegrained 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 finegrained 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

laterally extensive in the center of the Basin where it is encountered at

depths of 480600 feet
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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 alluvial 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 

lithology 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 lithology encountered in 

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

Figure presents the generalized regional stratigraphic column for the Las

Vegas Basin Figure is 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 alTuvial fan

sediments each of which is discussed below detailed site stratigraphic

column is presented in Figure

Muddy Creek Formation

The Muddy Creek formation of Pliocene age underlies the Henderson Facility

in the subsurface This formation consists of brown to reddishbrown 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 KerrMcGee 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

lithology 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 lithology encountered in

these wells Two wells encountered thin sand zones at 127 and 220 feet
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FIGURE 4. GENERALIZED GEOLOGICAL HAP OF THE LAS VEGAS VALLEY AREA (After 
Bell, 1981).
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However, Geraghty and Miller (1980), Indicate that these sands 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 groundwater 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 Miller, 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 eroslonal 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 0.80% (42 feet/mile) to 5.4% (285 feet/mile) with 

an average of 2.5% (132 feet/mile). Five major eroslonal features are 

evident upon examination of this map. A burled eroslonal channel appears to

However Geraghty and Miller 1980 indicate that these sands 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 positive groundwater head

differential exists over the groundwater levels noted in the NearSurface

aquifer This pressure differential prevents downward leakage of shallow

groundwater to these deeper permeable strata Geraghty and Miller 1980

Over 100 monitoring wells and test borings have been drilled on the

Henderson property Most of these wells penetrate the upper to 20 feet of

the Muddy Creek formation Logs prepared from these wells indicate that the

upper feet of the Muddy Creek formation typically consists of brown

clayey silt followed by brown silty clay Thin discontinuous fine sand and

silt lenses may be locally present The finegrained 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

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 0.80% 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 buried erosional channel appears to
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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 burled 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 burled channel trends northeast. A third interfluve 

area occurs due west and bounds the western side of the channel. Definition 

of where these burled 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 

burled 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

start near pond AP5 and strikes north along line to well M23 An

interfluve area is suggested to exist east of this channel and strike

northward second interfluve area exists west of this channel and also

strikes northward from wells H38 to to MC20 major buried channel

exists along line from wells H23 to MC56 to MC50 to H51 in the

northwest corner of the Henderson Facility Stauffer Chemical Corporation

is currently operating groundwater interception system over the width of

this channel This buried channel trends northeast third interfiuve

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

map showing depthtotop of the Muddy Creek formation is presented in

Plate The depthtotop 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 MC59 M18 and MC60 with the intervening

buried channel systems near well M21 and wells MC80 to H5l

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

geologic cross sections presented in Figures and Line of section

shown on Plate The cross sections In Figure shows very little Muddy

Creek relief along section AA near Units and Section BB shows

the existence of an erosional channel from wells M4 to CLU1 north of the
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steam plant. The geological cross sections 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-E1) 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 burled channel systems in the area trend in a northerly direction, 

are narrow, and become more entrenched into the Muddy Creek formation in 

this direction.

PIio-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 fans. 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 varies 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 intervening Interfluve areas. Thickness of these 

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

The lithology of these deposits consists primarily of a reddish-brown, 

heterogeneous, poorly sorted mixture of sand and gravel (volcanics) with

steam plant The geological cross sections presented in Figure shows the

presence of small channel system along section CC major channel

system is indicated along section DD The cross section EE in Figure

shows the general configuration of the Muddy Creek formation in

northsouth direction It is evident from examination of these sections

that the buried channel systems in the area trend in northerly direction

are narrow and become more entrenched into the Muddy Creek formation in

this direction

PlioPleistocene Alluvial Fan Deposits

The KerrMcGee Henderson Facility is situated over alluvial sediments

derived from erosion of the McCullough Range mile south of KerrMcGee

that form northwestsloping coalescing alluvial fans 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 varies 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 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 intervening interfluve areas Thickness of these

sediments range from 19.5 to 61.5 feet beneath the Henderson Facility

The lithology of these deposits consists primarily of reddishbrown

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

..j 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

fill" deposits are typically more uniform sands and gravels (few fines) and 

; show higher permeability than the adjacent poorly-sorted alluvial deposits.

Once the old erosional channels were filled with the "channel fill" 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 presented 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.

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

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

fill deposits are typically more uniform sands and gravels few fines and

show higher permeability than the adjacent poorlysorted alluvial deposits

Once the old erosional channels were filled with the channel fill deposits

they were encased by the poorlysorted 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 distinct formation change between the Muddy Creek formation

and alluvial sediments does not exist Normally 5foot transitional zone

occurs above the Muddy Creek formation where small white clayey silt lenses

are interbedded with sand and gravel

The geologic cross sections presented in Figure and 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 PIio-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 PIIo-Plei stocene basin-fill deposits 

that underlie the Kerr-McGee Henderson Facility.

Structural Geology

The structural features of those strata pertinent to this investigation

Muddy Creek Formation and overlying basinfill 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 PlioPleistocene basin fill is characterized by

series of generally northsouth trending faults These faults are thought

to result from natural consolidation of basinfill 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

There are no recognizable structural features present In the Muddy Creek

formation or overlying alluvial fan PlioPleistocene basinfill deposits

that underlie the KerrMcGee 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 orogenlc (crustal 

deformation) activity. Continental-type sedimentary deposition and 

widespread volcanic and fault activity 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 

PIio-Pleistocene basin-fill sediments.

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 Continentaltype sedimentary depositcon and

widespread volcanic and fault activity continued through Cenozoic time

Thick deposits of volcanics were extruded over broad areas and accompanied

by strikeslip faulting during mid to lateTertiary 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

thick sequence of alluvial and lacustrine sediments were deposited in

deep structural basin These deposits included the Horse Springs and Muddy

Creek formations Following deposition of the Muddy Creek formation

period of erosion occurred The erosional period was followed by periodic

deposition of Pleistocene coarsegrained 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 ValleyFill Groundwater Reservoir This

reservoir consists of the Muddy Creek formation and the overlying

PlioPleistocene basinfill sediments
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, The aquifer system was originally subdivided 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 

j Jameson, Is recognizable only in the central part of the Basin and does not

ra, allow for correlation to other parts of the Basin. Harrill therefore,

prefers to use the terms: IV'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 PIio-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 shallow, 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.
■■'3 '

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

The aquifer system was originally subdivided into two major components by

Maxey and Jameson 1948 The Near Surface Water and 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 lNear Surface Reservoir and 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 PlioPleistocene 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 shallow middle and deep Confined Water zones tapped by

wells in the central part of the Las Vegas Valley occur at depths of about

200450 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

22
0295E



aquifer systems. Discharge Is principally through evapotransplration, 

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. All aquifers 1n 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-confining 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" aquifer. 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

aquifer systems Discharge is principally through evapotranspiration

pumping from wells and recharge to the NearSurface aquifer system

The NearSurface aquifer is found at the top of the Muddy Creek formation

usually in the overlying alluvial sand and gravel deposits The

NearSurface aquifer may also occur in the upper portions of the Muddy

Creek formation All aquifers in Las Vegas Valley are separated by thick

sequences of lowpermeability finegrained sediments Interconnection

between all aquifers in the Valley only occurs through upward leakage along

fault zones and through semiconfining layers This upward leakage

recharges the NearSurface 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 NearSurface aquifer Little recharge

occurs in the Valley itself from precipitation which is largely consumed by

evapotranspi ration

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 lowpermeability firiegrained 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 1s 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 lines of saturated thickness. All groundwater in areas 

south of the zero boundary line lies within the Muddy Creek 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 

laboratory vertical permeability tests on undisturbed samples from the Muddy 

Creek formation at neighboring Stauffer Chemical Company (<2000' 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 (2.5xl0_3 

gpd/ft2) to 2.0 x 10_s cm/sec (4.2xl0"2 gpd/ft2> with an average of 

5.85 x 10-7 cm/sec (1.2xl0-2 gpd/ft2), (Geraghty and Miller, 1980).

the Henderson Facility is contained within both the alluvial fan sediments

and the upper portions of the Muddy Creek formation 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 westcentral portions of

the Facility Referring to Plate the areas where the NearSurface

groundwater is contained within the Muddy Creek formation is indicated by

zero or negative lines of saturated thickness All groundwater in areas

south of the zero boundary line lies within the Muddy Creek formation while

groundwater found north and east of this line lies within the alluvial

deposits As shown in Plate 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

laboratory vertical permeability tests on undisturbed samples from the Muddy

Creek formation at neighboring Stauffer Chemical Company 2000 west of

KerrMcGee indicate that the upper 10 feet of the Muddy Creek formation has

vertical permeability of between 1.2 lO cm/sec 2.5xl03

gpd/ft2 to 2.0 lO_6 cm/sec 4.2x102 gpd/ft2 with an average of

5.85 lO cm/sec l.2x102 gpd/ft2 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 tests Indicate that the Muddy Creek formation has a 

horizontal permeability or hydraulic conductivity ranging from 6.5 gpd/ft2 

O.lxlO"4 cm/sec) to 54.5 gpd/ft2 <2.6xl0'3 cm/sec) with an average of 

. 29.1 gpd/ft2 <1.4xl0"3 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 ^- = .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

1 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

j

KerrMcGee performed field permeability tests at four wells the Henderson

Facility M9 Mll Ml2 and M13 completed in the Muddy Creek

formation These tests indicate that the Muddy Creek formation has

horizontal permeability or hydraulic conductivity ranging from 6.5 gpd/ft2

3.lx104 cm/sec to 54.5 gpd/ft2 2.6x103 cm/sec with an average of

29.1 gpd/ft2 l.4xl03 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 .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 Darcys 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 northwesterly direction through the Muddy Creek

formation and over most of the site as shown in Plate 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 Is 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 line 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 0 to greater than 27.7 feet 

in saturated thickness. Generally the larger zones of saturation occur over 

the burled "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

depressions caused by Stauffer Chemicals interceptor well field in the

northwest portion of the Henderson Facility The gradient varies from 1.2

to 2.77 excluding Stauffers recovery area and averages 1.5%

Waterlevel data collected from June 1983 to June 1985 from Muddy Creek

monitoring wells Mll Ml2 and M13 show small groundwater fluctuations of

1.3 1.68 and 1.2 feet respectively over this period and appear to be

result of seasonal climatic changes The groundwater is 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 westcentral half of the

Facility the alluvial fan deposits are unsaturated Referring to Plate

and Figure the unconfined alluvial fan deposits become saturated contain

groundwater north and east of the zero saturated thickness line South and

west of this line the unconfined groundwater lies within the Muddy Creek

formation The saturated thickness map Plate for the alluvial fan

deposits indicate that these deposits range from 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 burled 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 deposltlonal 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

the saturated thickness map Plate indicates there is buried stream

channel trending northnortheast from pond AP5 as evidenced by the large

saturated thickness of the alluvial deposits in this area 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 the thickness of the alluvial fan deposits vary from

19.5 feet at well MC59 to 61.5 feet at geological boring MC17

The depthtogroundwater map presented in Plate indicates that the

depthtogroundwater varies from over 55 feet at the southern portion of the

Facility to feet in the northeast corner near well PG103 The

depthtogroundwater decreases in northeasterly direction until it reaches

the vicinity of the AP Impoundments From the AP impoundments to the north

property boundary the depthtogroundwater decreases rapidly east to

northeast The reason for the rapid decrease in the depthtogroundwater

toward the eastnortheast near well PGl03 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 fault

Because of the variability in alluvial fan deposition and saturated

thickness of the alluvial deposits no specific or average permeability or

transmisslvity value have been used to describe the groundwater flow
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velocity In these deposits. Typically the "channel fill" deposits which 

are found In the old burled stream channels developed on top of the Muddy 

Creek formation are much more permeable than the deposits In the Interfluve 

areas that separate the burled channel systems. The higher permeability 

and transmissivity noted for the "channel fill" deposits probably is a 

result of reworking 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 fill" 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 f'channel fill" deposits.)

)

velocity in these deposits Typically the channel fill 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 fill deposits probably is

result of reworking of these sediments by stream action and lesser amounts

of fine materials present

The groundwater velocity was calculated for the alluvial deposits using

Darcys equation a.ssuming 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 M27 The lowest groundwater velocity of 0.5 feet/day

was from an interfluve area north of pond P3 well M4 where poorly sorted

alluvial fan deposits occur Intermediate values of permeability

transmissivlty and flow velocity probably occur between the crests of the

lnterfluve areas to the center of the channel fill deposits

The transmissivity of the alluvial deposits ranged from 231 gpd/ft at well

M4 interfiuve area to 23786 gpd/ft at well M27 channel fill deposits
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The hydraulic conductivity varied from 50.2 gpd/ft2 (well M-4) to 

1496 gpd/ft2 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 presented in Table 1.

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 level 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-l through M-9 were installed. 

Interim status groundwater samples were collected and water levels measured

The hydraulic conductivity varied from 50.2 gpd/ft2 well M4 to

1496 gpd/ft2 at well M27 The storage coefficient as determined by

Stauffer Chemical Corporation from numerous pumping tests averages 0..053

Hall 1983 summary of KerrMcGee aquifer tests is presented in Table

Hater table fluctuations are noted in several wells completed within the

alluvial deposits at the Facility Figure shows waterleiel fluctuations

for wells north of the and Sseries impoundments from June 1983 to

June 1985 Maximum waterlevel fluctuations in any one well varied from

1.54 to 2.55 .feet and averaged 2.07 feet Waterlevel 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 level during the

spring months and at its highest level during the fall

SITE HYDROGEOLOGICAL INVESTIGAT1ONS

Previous Hydrogeologic Investigations

Since November 1981 KerrMcGee has conducted hydrogeological evaluations of

the NearSurface groundwater As part of the RCRA groundwater monitoring

program for hazardous waste storage wells Ml through M9 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.

WELL

TRANSMISSIVITY
gpd/ft

HYDRAULIC CONDUCTIVITY 
gpd/ft

SLUG METHOD
Bouwer and Rice, 1976

JACOB SEMI-LOG 
Drawdown

SLUG METHOD JACOB SEMI-LOG 
Drawdown

M-2 1219 — 313 —

M-2 — 1764 — 453

M-3 2379 — 983 —

M-4 231 — 50.2 —

M-8 3628 — 834 —

M-9* 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-l 5 4717 — 306 —

M-17 1445 ■ — 182 —

M-271 23,786 — 1496 —

Note: *Aquifer test conducted on Muddy Creek clays

^Aquifer test in "Channel Fill" Alluvial Deposit 

All other aquifer tests were conducted on Alluvial fan deposits

TABLE SUItIARY OF AQUIFER TEST RESULTS CONDUCTED BY KERRMcGEE

ON SELECTED WELLS AT THE HENDERSON FACILITY

WELL

TRANS MISSIVITY

gpd/ft

HYDRAULIC CONDUCTIVITY

gpd/ft

SLUG METHOD

Bouwer and Rice 1976

JACOB SEMI-LOG

Drawdown

SLUG METHOD JACOB SEMI-LOG

Drawdown

M-2 1219 --- 313

M-2 --- 1764 --- 453

M-3 2379 --- 983 --

M-4 231 --- 50.2

M-8 3628 --- 834 ---

M_9 180 --- 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 --

M15 4717 --- 306 ---

M-17 1445 --- 182 --

M-271 23786 --- 496 ---

Note Aquifer test conducted on fIuddy Creek clays

1Aquifer test in Channel Fill Alluvial Deposit

All 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 wells 

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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at these wells Evaluation of these data indicated the presence of

chromium in the groundwater over drinking water standards As an internal

KerrMcGee program phased approach to define and delineate the chromium

plume was implemented

The program started in June 1983 when additional wells MlO through

Ml7 were installed to define the real extent of the plume and

investigate potential source areas In August 1983 an additional

monitoring wells were installed HlB through M23

In August 1983 test to recover chromium impacted groundwater was

conducted Monitor well M3 was pumped for period of about 11 months with

the captured groundwater being recycled to surface impoundment P2 old

This program was discontinued in July 1984 because heavy rainfall reduced

excess storage capacity of the improvements In May 1984 monitor wells

M24 through M27 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 M28 through M30 and nine geotechnical test

borings were installed as part of geotechnical study for the Unit

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

KerrMcGee conducted an electromagnetic EM geophysical survey over the

northern half of the property As followup to this survey 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

landfill (undergoing closure) and surface Impoundments P-1 and S-l. Wells 

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-l are now undergoing closure and have been drained and not used since 

January, 1983. Wells monitored for the Impoundments are upgradient well M-l 

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

initiated in June 1985 to further define the plume boundary Monitor

wells M31 through M40 were installed along with geological test

borings Aquifer tests were conducted on several of the existing wells at

this time Additionally complete well inventory Appendix well

sampling for chromium and water level measurements made for wells on or

immediately adjacent to KerrMcGee property These included wells installed

by neighboring companies The waterquality information waterlevel 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 The well completions and lithological logs are

presented in Appendix

Ongoing Groundwater Monitoring Programs

Groundwater monitoring continues under RCRA interim status for both the

landfill undergoing closure and surface impoundments Pl and Sl Wells

monitored quarterly as part of this program for the landfill include M5

upgradient and downgradient wells M6 M7 and H28 Impoundments Pl

and Sl are now undergoing closure and have been drained and not used since

January 1983 Wells monitored for the impoundments are upgradient well Ml

and downgradient wells M8 M9 and M2 Waterlevels 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. 

Wells M-31 through M-40 were Installed 1n 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 dlchromate 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 geohydrologic conditions are considerably different as one 

moves from the cell house area northward along the plume. An effective 

containment program should be based on the most favorable geohydrologic 

conditions.

than mg/i are monitored on monthly basis for chromium and water levels

Wells M31 through M40 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 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 This identifies major plume starting at the

cell houses Units and and continuing some distance to the north

secondary plume incorporated within the major plume is apparent in the

and 5- pond area This secondary plume Is of little consequence because

total chromium impact is essentially within one plume and any

remedial recovery program would be designed to cut off the entire plume

Furthermore the geohydrologic conditions are considerably different as one

moves from the cell house area northward 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 

I stringers in the upper part of the formation.

■rrpj
The slow migration of the chromium plume through these clays minimizes 

natural attenuation processes such as dilution and dispersion. 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 fill" 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

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 dispersion 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 and Sseries

ponds different hydrogeologic conditions control the movement of the plume

Referring to Plate 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 and The natural attenuation processes of dilution and dispersion

play 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 fill deposits

The chromium plume will move slowest in areas where the saturated zone

is contained within the clay of the Muddy Creek formation at an

intermediate flow rate through the alluvial fan sediments that do not occupy

the old drainage surfaces and 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 fill" deposits).

Downhole conductivity profiles were conducted in selected wells to determine 

vertical plume distribution. Referring to Figures 11, 12, and 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 highest 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.

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 range from about 0.1

feet/day Muddy Creek formation to 16 feet/day channel fill deposits

Downhole conductivity profiles were conducted in selected wells to determine

vertical plume distribution Referring to Figures 11 12 and 13 an

increase in conductivity with depth is evident This stratification is

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 M9 shows an

increasing trend Figure 15 shows chromium concentrations for wells M14

M22 and M25 However the chromium levels have not changed significantly

with time in this area majority of the wells have shown 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 and These crosssections show the chromium concentration

in relation to subsurface geology Often the highest 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-plume 

map (Plate 7) are nearly Identical suggesting that there Is 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 survey1 

(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 Geonlcs EM-31 electromanetlc terrain 

conductivity meter.

The conductivity map presented in Plate shows the areal distribution of

the groundwater conductivity The conductivity map and the chromiumplume

map Plate are nearly identical suggesting that there is 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 survey1

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 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 Geonics EM3l 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 spaclngs (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 groundwater exhibits lower conductivities in this area 

as compared to areas located eastward along these profiles.

EM Survey Results

Eight profile were completed in the EM Survey along eastwest traverses at

20foot spacings Plate Profiles numbered to and through are

presented in graphical form in Appendix Profile 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 th large

variation in the depthtogroundwater over the surveyed areas and the fact

that the depthtogroundwater was greater than the effective depth of

exploration of the EM Unit Referring to Plate it is evident that the

depthtogroundwater decreases rapidly moving from west to east over the

northern half of the Facility

Review of profiles and 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 and however showed very significant conductivity change

decrease occurring to the west near Stauffer wells MC65 MC66 and MC64

Plate This change corresponds to high developed on the Muddy Creek

formation Also the groundwater exhibits lower conductivities in this area

as compared to areas located eastward along these profiles

44 0295



REFERENCES

Bell, J. W., 1981; Subsidence In Las Vegas Valley, MacKay School of Mines, 

University of Nevada, Reno and Nevada Bureau of Mines and Geology, 

Bulletin 95, 84 p.

Fenneman, N. M., 1931, Physiography of the Western United States; New York, 

McGraw Hill Book Company, Inc., 534 p.

Geraghty and Miller, Inc., October, 1980; Groundwater Investigation 

Stauffer Chemical Company, Henderson, Nevada; Consulting Report

Hall, L. E., March, 1983; 1982 Hvdrogeologic Investigation in Support of the 

Groundwater Intercept System at Stauffer Chemical Company, Henderson, 

Nevada; Inhouse Report.

Harill, 0. R., 1976; Pumping and Groundwater Storage Depletion in Las Vegas 

Valley, Nevada, 1955-1974: Nevada Department of Conservation and

Natural Resources, Water Resource Bulletin 44, 70 p.

Maxey, G. B., and Jameson, C. H., 1948; Geology and Water Resources of the 

Las Vegas, Pahrump, and Indian Springs Valley, Clark and Nye Counties, 

Nevada: Nevada Department of Conservation and Water Resources, Water

Resource Bulletin 5, 128 p.

REFERENCES

Bell 1981 Subsidence in Las Vegas Valley MacKay School of Mines

University of Nevada Reno and Nevada Bureau of Mines and Geology

Bulletin 95 84

Fenneman 1931 Physiography of the Western United States New York

McGraw Hill Book Company Inc 534

Geraghty and Miller Inc October 1980 Groundwater Investigation

Stauffer Chemical Company Henderson Nevada Consulting Report

Hall March 1983 1982 Hvdrogeologic Investigation in Support of the

Groundwater Intercept System at Stauffer Chemical Company Henderson

Nevada Inhouse Report

Harill 1976 Pumping and Groundwater Storage Depletion in Las Vegas

Valley Nevada 19551974 Nevada Department of Conservation and

Natural Resources Water Resource Bulletin 44 70

Maxey and Jameson 1948 Geology and Water Resources of the

Las Vegas Pahrump and Indian Springs Valley Clark and Nye Counties

Nevada Nevada Department of Conservation and Water Resources Water

Resource Bulletin 128

45 O295E



APPENDIX A

Summary of Impoundment Usage, Design, and Capacity

APPENDIX

Summary of Impoundment Usage Design and Capacity

0295E



KERR-McGEE CHEMICAL CORPORATION 
HENDERSON, NEVADA

POND DESIGN & USAGE 
NEVADA NPDES PERMIT 

NV 0000078

SINGLE LINER SYSTEMS 

POND C-l

Liner : PVC bottom reinforced butyl side
Surface Area : 69,000 ft2
Volume : 3,125,000 gallons
Process Waste Received: Boiler Plant Blow Down

Boiler Plant Wash Down 2.8 
MnOz Cathode Wash Solution - 1.2 gpm 
Boron Neutralization Waste - .9 gpm

(Evaporation)

POND AP-2

Liner
Surface Area 
Volume
Process Waste

PVC bottom reinforced butyl side
14.000 ft2
400.000 gallons
Sodium Perchlorate purification and Ammonium 
Perchlorate process purification filter wash 
liquor; total recycle.

POND P-3

Liner
Surface Area 
Volume
Process Waste

Reinforced butyl rubber
12.000 ft2 .
390.000 gallons
Sodium Chlorate solution due to wash down, 
storm water collection and excess above that 
the process vessels can handle. Total recycle.

j

SINGLE LINER SYSTEMS

POND Ci

KERRMcGEE CHEMICAL CORPORATION

HENDERSON NEVADA

POND DESIGN USAGE

NEVADA NPDES PERMIT

NV 0000078

PVC bottom reinforced butyl

69000 ft2

3125000 gallons

Boiler Plant Blow Down

Boiler Plant Wash Down

Mn02 Cathode Wash Solution

Boron Neutralization Waste

Evaporation

2.8

1.2 gpm

.9gpm

POND AP2

Liner

Surface Area

Vol ume

Process Waste

POND P3

Liner

Surface Area

Vol ume

Process Waste

PVC bottom reinforced butyl side

14000 ft2

400000 gallons

Sodium Perchiorate purification and Ammonium

Perchlorate process purification filter wash

liquor total recycle

Reinforced butyl rubber

12000 ft2

390000 gallons

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

th.e process vessels can handle Total recycle

Liner

Surface

Vol ume

Process

Area

Waste Received

side
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DOUBLE LINER SYSTEMS

POND AP-1 

Liner

Surface Area 
Volume
Process Waste

POND AP-3 

Liner

Surface Area 
Volume
Process Waste

POND AP-4 

Liner

Surface Area 
Volume
Process Waste

POND AP-5 

Liner

Surface Area 
Volume
Process Waste

Bottom liner - 40 mil HOPE (high-density 
polyethylene). Side underllner - geo-textile 
polypropylene 400 gm/m2. Top liner - 60 mil 
HOPE.
14.000 ft2
370.000 gallons -
Sodium Perchlorate purification and Ammonium 
Perchlorate process purification filter wash 
liquor. Total recycle.

Botton liner - 40 mil HOPE
Side underllner - geotextile polypropylene -
400gm/m2
Top liner - 60 mil HOPE 
2000 ft2 
65,000 gallons
Sodium Perchlorate purification and Ammonium 
Perchlorate process purification filter wash 
liquor. Total recycle. This pond Is used as a 
pump basin for AP-1.

Bottom liner - 40 mil HOPE
Side underllner - geotextile polypropylene -
400gm/m2
Top liner - 60 mil HOPE
20.000 ft2
720.000 gallon
Ammonium Perchlorate cooling tower waste; salt 
crystalIzer washout.

Bottom liner - 40 mil HDPE
Side underllner - geotextile polypropylene -
400gm/m2
Top liner - 60 mil HDPE
35.000 ft2
1.817.000 gallons
Ammonium Perchlorate cooling tower waste

DOUBLE LINER SYSTEMS

POND APl

Liner Bottom liner 40 mil HDPE highdensity
polyethylene Side underliner geotextile

polypropylene 400 gm/rn2 Top liner 60 mu

HDPE
Surface Area 14000 ft2

Volume 370000 gallons
Process Waste Sodium Perchlorate purification and Ammonium

Perchlorate process purification filter wash

liquor Total recycle

POND AP-3

Liner Botton liner 40 rnil HDPE

Side underliner geotextile polypropylene

400gm/m2

lop liner 60 mil HDPE

Surface Area 2000 ft2

Volume 65000 gallons
Process Waste Sodium Perchiorate purification and Ammoniurn

Perchlorate process purification filter wash

liquor Total recycle This pond is used as

pump basin for APl

POND AP4

Liner Bottom liner 40 mil HDPE

Side underliner geotextile polypropylene

400gm/rn2

Top liner 60 mu HDPE

Surface Area 20000 ft2

Volume 720000 gallon
Process Waste Ammonium Perchlorate cooling tower waste salt

crystal izer washout

POND AP5

Liner Bottom liner 40 mil HDPE

Side underliner geotextile polypropylene

400gm/rn2

Top liner 60 mil HDPE

Surface Area 35000 ft2

Volume 1817000 gallons

Process Waste Ammonium Perchlorate cooling tower waste
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wall steel 
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Formation) m

Bentonite Seal
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■Gravel Pack

SANDY GRAVEL 
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SILTY GRAVEL 
Part .CementedjT;-.

CALICHE 
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hard to hard

jk—Centralizer 

<*—Bentonite Seal

-V- jrStatic Water 
^ Level

-Johnson well 
screen, 0.040." 
slot

YIELD = APPROXIMATELY 1/2 
WATER YELLOW COLORED

M-1

gpm YIELD = PUMP CAPACITY = 15 
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-r ---------
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MONITOR WELLS Md AND M2

Drawing No

ConverseVVard Davis Dixon Geotechn Consultants
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.0 258k

wall steel

casing

.0 Steel casing
Screw Cap

______

__________

Seal

20

.110i
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-SANDY GRAVEL

Seal

40

511111 SAND
Part .cemented
CLAVEY SAND
Cemented

5MW GRAVEL
with COBBLES

SILTY GRAVEL

Part .Cemen ted1

CALICHE

Moderately
hard to hard

j-Static
Water

Level

RED SILTY

CLAY

Muddy Creek

Formation

-Johnson

screen
slot

well

0.040

Johnson well

screen 0.04W
slot

Gravel Pack



CF1

- 30

fcu

50 L

SILTY GRAVEL

CLAYEY
GRAVEL

GRAVEL with 
COBBLES 
Si.Cemented

CLAYEY SILT

SILTY GRAVEL
Partly
cemented

SILTY CLAY 
(Muddy Creek 
Formation)

4
■6" I.D. Steel casing 
with screw cap-----------

Concrete seal

-5" I.D. x 0.258" 
wall steel casing

^•-Centralizers 

Bentonite seal

jyiF
Static Water 
Level

•Johnson well 
screen, 0.040" 
slot

-Gravel pack

YIELD = PUMP CAPACITY = 15 gpm 
WATER YELLOW COLOR

M-3

SILTY GRAVEL 
and SAND

CEMENTED 
SANDY GRAVEL 
Dense to 
moderately 
hard

REDDISH-BROWN 
SILTY CLAY 
(Muddy Creek 
Formation)

1

—y

:ie_

%
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oncrete seal

-5" I.D. x 0.258" 
wall steel casing

-Bentonite seal 

-Centralizer

-Johnson well 
screen, 0.040" 
slot
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YIELD = APPROXIMATELY 3 gpm 
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M-4

Project No.

MONITOR WELLS M-3 AND M-4
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GRAVEL with
COBBLES
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Formation

YIELD PUMP CAPACITY 1.5 gpm
WATER YELLOW COLOR

M-3

YIELD APPROXIMATELY gprn

WATER MURKY TO CLEAR

Project No

MONITOR WELLS P1-3 AND P1-4
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Figure No
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_____ with screw cap

11 Concrete seal

SILTY GRAVEL
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1.0 0.258
wall steel casing

Bentonite seal
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slot

-Gravel pack
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SANDY GRAVEL

Dense to
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Johnson
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Muddy Creek

Formation

Gravel pack
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6" Protective steel 
casing with cap

Concrete grout

MUDDY
CREEK

CLAYEY
SILT

■*—1,-2' gravel 
cover

•—Bentonite seal

•J'llilil

Well Pack 
+1/8" -3/8"
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8
s-r

1

n u

mi li
:i II1

SILTY
GRAVEL

'■yb'^yri

SILTY
GRAVEL

SILTY SAND 
to SILTY 
GRAVEL w/ 
gypsum

SILT w/ 
GYPSUM

SILTY-GRAVEL

CLAY

CLAYEY
GRAVEL
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SILTY 
GRAVEL to 
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GRAVEL

CLAY

£
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M-5 M-6 M-7

Remarks: Water from-wells M-5, M-6 and M-7 has strong organic chemical odor.

MONITOR WELLS, M-5, M-6 AND M-7
Project No.

82-3160

Converse Consultants f^Sr^Sr'01’

Figure No.

UMUDitiani

SILlY

GRAVEL

to

SILTY

ffiAND

Protective steel

casing with cap

Remarks Waterftom wells M-5 M-6 and M-7 has strong organic chemical odor

flS MS
Project No

MONITOR WELLS M-5 4-6 AND M-7
82-3160

Converse Geotechnical EngineeringConsultants and Applied Sciences
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Figure No
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Pack
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40

6“ Protective steel 
casing with cap

GRAVEL to 
SILTY GRAVEL

GRAVEL to 
SILTY GRAVEL

Concrete grout

Gravel cap

cemented 
SILTY GRAVEL

cemented
■Bentonite pellet 
seal

si.cemented 
SILTY GRAVEL

II

SILTY SAND
cemented 
SILTY GRAVEL Gravel Pack

Mill

SILTY SAND

MUDDY CREEK 
SILT

50

M-8 M-9

Remarks: Water from well M-8 and M-9 has yellow color.

MONITOR WELLS, M-8 AND M-9

Converse Consultants
Geotechnical Engineering 
anil Applied Sciences

Project No.

82-3160
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Protective steel

casing with cap

SILTY
crete grout

GRAVEL to

SILTY GRAVEL
iot

20

30

40

50

cap

Gravel Pack

MUDDY CREEK

SILT

SILTY SAN

11-8 M-9

Remarks Water from well N-B and M-9 has yellow color

Project No

MONITOR WELLS M-8 AND M-9
B2-3160

Figure No

Geolechnical EngineeringConverse Consultants andAppliedSelences



6“ Protective 
casing w/cap-

Concrete
Seal-

Bentonite 
: seal

x:

. 43.0'

Perforated
casing

Cement
70 L P1 u9

Casing: 5" I.D., 0.188 thick 
welded joints with 6" weld

Centralizers: One above per­
forated section.

LOG OF PILOT HOLE AND 
NELL BORING

GRAVELLY SAND

^NDY"’.GRA\Ctr with cobbles

-.GRAVELLY SAND

.'SAND with gypsum

CLAYEY SILT, trace gypsum

SANDY SILT.|

vSANDY CLAY

.CLAYEY.GRAVEL

•VCLAYEY SAND

END OF BORING AT 75.0 FT.

Project No.

83-3168

Figure No. 

2

63.0

Cement

plug

Casing I.D 0.188 thick

welded joints with weld

ollars.
Perforations .090 slot
rows on centers

Centralizers One above per
forated section

Protective

cas

LOG OF PILOT HOLE AND

WELL BORING
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20

30

SAND

17.0

19.0
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27.0
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e...a
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4-
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-t
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Bentoni te

seal

Fi
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33.0

43.0

38.0

Perforated

50

56.0

60
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65.0 CLYEY GRAVEL

CLAYEY SAND

75.0

END OF BORING AT 75.0 FT

WELL 1110
Project No

83-3168

Figure No
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seal

Bentonite
seal

33'

Perforated-
casing

Cement
plug

<58')

^22r

l

rr

I

I

I

LOG OF PILOT HOLE AND 
HELL BORING

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.

Note: Water level not measured.

^ Converse Consultants
Figure No.

Protective

4-

Perforations .090 slot rows on

centers
Centralizers One above perforated
section

Geotechnical EngineeringConverse Consultants ndApPIISdeIiŁn

Figure NO
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WELL BORING
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seal
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28.0
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Si
joints with
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plug
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I.D 0.188 thick welded

weld collars

END OF BORING AT 60.0 FT

Note Water level not measured

WELL Nil Proectflo

83-3168
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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.

LOG OF PILOT HOLE AND
NELL BORING

'■ GRAVELLY SAND .

SANDY CLAY

END OF BORING AT 65.0 FT

WELL M-12 Project No.

83-3168

Converse Consultants
Figure No.
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seal

LOG OF PILOT HOLE AND

WELL BORING
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52.0_

Casing I.D 0.188 thick welded

joints with weld collars

Perforations .090 slot rows on

centers

Centralizers One above perforated

section
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END OF BORING AT 65.0 FT

WELL 11-12 Project No

833168



I

I
:

i

i

!

1

{

f

f

<

[

r

4-»O)<U«♦-

J=
o.O)o

6" Protective 
casing w/cap-►£

Concrete
seal

Bentonite-
seal

28.0‘-

Perforated-
casing

48.0'-
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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.

Note: Water level not measured.
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WELL BORING
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SANDY CLAY

END OF BORING AT 55.0 FT
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Geotechnical Engineering 
and Applied Sciences

Perforated

casing

Casina I.D 0.188 thick welded

joints with weld collars
Perforations .090 slot rows on

centers
Centralizers One above perforated
section

Note Water level not measured
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Project No
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Figure No
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END OF BORING AT 55.0 FT
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WELL BORING
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0:with silt

nfiGRAVFI I.FII^F

GRAVELLY SAND 
jVwith silt

'-SAND with gravel

yi.^V ' «**
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: i" • ’vV:-l '•)
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:b-

•V*.
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/
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v
A

v
/
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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 section.

i

Rbi’** No.

4J

WELL P4-14

Converse Consultantc Geotechnical EnglneerSng
A_.._a

83-3168

ngt No
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WELL BORING
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16 Silica
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-V
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I.D PVC No 200 with cemented joints
.020 slots factory cut

Two one each near top and bottom of

perforated section

End cap
END OF BORING AT 37.0 FT
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Project No
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WELL BORING

: GRAVELLY SAND •i* 
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^ SANDY GRAVEL'•

'GRAVELLY SAND

■•V>- * O . "•
/ • Zl r \/
^CLAYEY SILT A

axyvQ

END OF BORING AT 41.0 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 section.•

^ Converse Consultants
Figure No.

GRAVELLY SAND .j

with silt

..J.Is..O o.4.
grading more coarse

icox..q.

.Q

O..tI
jSANDY GRAVEL

ID PVC No 200 with cemented joints
.020 slots factory cut

Two one each near top and bottom of

perforated section

Project No

WELL M-15 83-3158

Fçure No
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20
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End cap
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END OF BORING AT 41.0 FT
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with cap
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J=-MO-
<Uo
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Concrete
seal-

Sand-
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#16 Silica- 
sand

22*'
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.-I/. ■ *. **• | 4 . 1.
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: • •.•I.. •
r4;*:'>-•* P-‘

••• : 
••Tgrading more coarse 
y-.-i'v -.-f-'.v.
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v. ;•

•VSAND
■.■•cV

•**'.*•. ii *1 • ■ f • |
SANDY SILT -T;'; 
(some gypsum) .Vj:

CLAYEY SILT

iimii

END OF BORING AT 37.0 FT.

Casing; 2"'I.D. PVC, No. 200 with cemented joints 
Perforations; .020 slots, factory cut 
Centralizers; One, near center of perforated section.

;) WELL M-16
Project No.

83-3168

©
Converse Consultants .G“l“;ScS.r"n“

Figure No.

0J
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Casing
Perforations

Centralizers

2I.D PVC No.200 with cemented joints

.020 slots factory cut

One near center of perforated section

Project No
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Figure No
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End

40

37

END OF BORING AT 37.0 FT
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• : 1 i ;| • :..«
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••• - **. v •■» •: • •• t
* :v!;- T*
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v.-...

••': ••:• # * •*“••**• 
i1 • •.

[OTw?r6" gravel lense*c«^o 
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• . *.i • t
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END OF BORING AT 42.0 FT.

Note: Water level not measured.

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.

83-3168
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Perforated

casing

16 silica

sand

Note Water level not measured
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Perforations
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I.D PVC No 200 with

.020 slots factory cut

Two one each near tap and bottom of

perforated section

cemented joints

Poject No

WELL M17
833168

Figure No
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4J20
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40

End

I-
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END OF BORING AT 42.0 FT



WELL CONSTRUCTION DIAGRAM 
MONITOR WELL M-I8 
HENDERSON FACILITY

LITHOLOGY

Gravelly Silty Sand 
w/Occ. Cobbles, 
Reddish Brown

18'

Sandy Gravel w/minor 
Silt

Clayey Silt Tan to 
White

Brown Silty Clay 
Muddy Creek Fm.

■Steel Protection Pipe w/Cap 
PVC Casing, Schedule 40

3

6

8

Ilf----- Cement
------5" Drilled Borehole

----- Backfill (Cuttings)

----- Bentonite Seal

141

24 •.

#16 Silica Sand Pack

ss

on 0*' Dwr Ua11.-z-i-t-
m

fcU OlULg b r*U Wc I I
■ Screen

Uloifk c PVC

------Bottom Cap
T.D. - 28'

Note: Drilled 8-10-83

Sandy Gravel

silt

LITHOLOGY

WELL CONSTRUCTION DIAGRAM

MONITOR WELL 11-18

HENDERSON FACILITY

18

23.5

25

28t

Pack

Protection Pipe w/Cap

PVC Casing Schedule 40

Drilled Borehole

ckf111 Cuttings

Gravelly Silty Sand

w/Occ Cobbles
Reddish Brown

Slot PVC Well

Screen

Clayey Silt Tan to

White

Brown Silty Clay

Muddy Creek Fm

PVC Casinq

T.D 28

Cap

Note Drilled 8-10-83



LITHOLOGY

. J

n

•Steel Protector Pipe w/Cap

3.0'—,

6.5'—^ 

ll.Oi-

14.5*-

34.S' —

39.5'—\

-Cement Seal

1------Backfill (Cuttings)
•5H Drilled Borehole

-2" PVC Casing, Schedule 40 
-Bentonite Seal

C-"

z-z-z-z,

:->r-
"

frZ-- _ -»>

M

JR

-#16 Silica Sand Pack

-20-Slot, 2,, PVC Well Screen

-Blank 2" PVC Casing

-Bottom Cap
T.D.-40'

r» i wr

WELL CONSTRUCTION DIAGRAM

MONITOR WELL M-l9

HENDERSON FACILITY

LITHOLOGY
-t

Steel Protector Pipe w/Cap

Cement Seal

30

Backfill Cuttings

Drilled Borehole

6.5
PVC Casing Schedule 40

Gravelly Silty
.- ________Bentonite Seal

Sand Sand Content

Increasing w/Depth
11

14.5 .U

16 Silica Sand Pack

.5

Sandy Gravel
23 20-Slot PVC Well Screen

w/Cobbles
__________ 25

Gravelly Silty

Sand Slightly

Cemented

Lt Tan to White p4
305

Clayey Silt

Lt Brown Cemented Ji
Silty Clay Muddy Ck 34

Blank PVC Casing

Brown Silty Clay
Cemented from 35-36

40 39.5 __________
Bottom Cap

T.D.-40

Note Drilled 8-10-83



Gravelly Silty 
Coarse Sand

Brown Silty Clay 
(fill?)

fcll

Gravelly Silty 
Coarse Sand, Gravel 
Zone 11'-13', More 
Gravel Fraction 
IS'-ZS'

Tan Clayey Silt 
Cemented Gravelly 
Sand
Lt. Tan to White 
Clayey Silt
Cemented Gravel & 
Coarse Sand

Brown Silty Clay, 
Top Muddy Creek Fm

il

m

m

mm

m

III

mm

LITHOLOGY

5.5'

33.5' 
■ 34.0'

15'

20.4'

,

40.4' —

•Steel Protector Pipe 
w/Cap

•Cement

*5" Drilled Borehole

-2" PVC. Schedule 40 

-Backfill (Cuttings)

-Bentonite Seal 
(Pellets)

-116 Silica Sand Pack

-20-Slot, 2" PVC Screen

-Blank 2" PVC Casing 

•Bottom Cap

359
ft

Steel Protector Pipe

w/Cap

Cement

Drilled Borehole

PVC SchedulE 40

Backfill Cuttings

Bentonite Seal

Pellets

LITHOLOGY

33.5

Gravelly Silty

-Coarse Sand

Brown Silty Clay

fill

Gravelly Silty

Coarse Sand Gravel

Zone lI-13 More

Gravel Fraction

19-23

Tan Clayey Silt

Cemented Gravelly
Sand

Lt Tan to White

Clayey Silt

Cemented Gravel

Coarse Sand

WELL CONSTRUCTION DIAGRNI

MONITOR WELL M-20

HENDERSON FACILITY

11

15

20.4

40.4

44.4

16 SIlica Sand Pack

L-____20Slot Pvc Screen

Blank PVC Casing

Bottom Cap

Note Drilled 8-ll-B3 T.D 45



LITHOLOGY

Silty Clayey 
Sand (Fill )

Gravelly Silty 
Coarse Sand

Silty Clay, Lt. Bnan.
Gravelly Coarse Sand 
w/Minor Clay S Silt

16'

Gravelly Coarse Sand, 
Cemented 22-23'

Sandy Gravel

Gravelly Coarse 
Sand

Lt. Tan Silty 
Sand ■
Lt. Tan to White —
Clayey Silt __
As Above, Cemented—^
White Clayey Silt 
As Above, Cemented=

38' —

.. Brown Silty Clay 
Muddy Creek Fm.

Steel Protector Pipe w/Cap

Cement Seal 

Backfill (Cuttings)

5" Drilled Borehole 

2" PVC Casing, Schedule 40 

Bentonite Seal

#16 Silica Sand Pack

20-Slot, 2" PVC Well 
Screen

2" PVC Blank Casing 

Bottom Cap

WELL CONSTRUCTION DIAGRAM

MONITOR WELL 14-21

HENDERSON FACILITY

Gravelly Coarsq

Sand

Lt Tan Silty

Sand

Brown Silty Clay

Muddy Creek Fm

LI THOLOGY

T.D 43

Steel Protector Pipe w/Cap

Cement Seal

Backfill Cuttings

Drilled Borehole

L..............2 PVC Casing Schedule 40

Bentonite Seal

16 Silica Sand Pack

20-Slot PVC Well

Screen

PVC Blank aslng

Bottom Cap

Silty Clayey

Sand Fill

Gravelly Silty

Coarse Sand

Silty Clay Lt

Gravelly Coarse

w/Ninor Clay Silt
16
18

Sandy Gravel

As Above

38

Note Drilled P-ll-Iri



LITHOLOGY

Gravelly Coarse 
Silty Sand. 
Boulders or 
Cobbles 0 9‘ & 
14'

Tan to White 
Clayey Silt

Gravelly Coarse 
Silty Sand

Gravelly 
Coarse Sand

Tan to White ~ 
Clayey Silt _
Gravelly Sand 
w/Silt. Cement­
ed 27-27.5'
Tan to White 
Clayey Silt

Brown Silty Clay. 
Muddy Creek Fm.

i'sl

mi

ip

ilt

m

.14.0'
-14.5'

.18.0'

-23.5'

-25.0'

- 3b\ 01

31.0'—

Steel Protector Pipe w/Cap

Cement Seal

Backfill (Cuttings)
5" Borehole Diameter

Bentonite Seal
.2" PVC Casing, Schedule 40

#16 Silica Sand

-20-Slot, 2M PVC Well Screen

T7D7-35'

•Blank 2" PVC Casing

Bottom Cap

Note: Drilled 8-11-63

Tan to White

Clayey Silt

LITHOLOGY

WELL CONSTRUCTION DIAGRAM

MONITOR WELL M22

HENDERSON FACILITY

40

Tan to White

Clayey Silt

Protector Pipe w/Cap

Seal

Gravelly Coarse

Silty Sand

Boulders or

Cobbles

14

Tan to White

Clayey Silt

Silica Sand

Gravelly

Coarse Sand

lot PVC Well Screen

Brown

Muddy

31

PVC Casing

Cap

Note Drilled 8-11-83



LITHOLOGY

Gravelly Silty
Coarse Sand

mi

m

— 0

l*? •

Silty Sand
s''*

Gravelly Silty
Coarse Sand

lo.O

?? n1
Gravelly Sand, 
Cemented

^ .. JV- -. V. • { •;, •'
9/! O'

Lt. Tan to White 
Clavey Sand

White Clayey Silt 
w/Sand Stringers

§m-

Wl

m,

" cb.U

31.5'

Cemented Gravelly
Sand w/Occ. White 
Clayey Silt Stringers

ss

Hi 37 1

Brown Silty Clay. 
Muddy Creek Fm.

8

A
v ^XJ 0) •D (U

43'

1
Sffis

37.4'—

42.4'-

>>>-:
my.

>=:>r-

is

—

T.D. - 43'

Steel Protector Pipe 
w/Cap

Cement

Bentonite *

5" Diameter Borehole

2" PVC Casing, Schedule 40

20-Slot, PVC Well Screen

#16 Silica Sand Pack

Blank 2" PVC Casing

Bottom Cap

Note: Orilled 8-11-83

WELL CONSTRUCTION DIAGRAM

MONITOR WELL M-23

HENDERSON FACILITY

Steel Protector Pipe

w/Cao
LITHOLOGY

Cement

Bentonite

Gravelly Silty

Coarse Sand 5M Diameter Borehole

PVC Casing Schedule 40

12

20Slot PVC Well Screen

Silty Sand HP

18
16 Silica Sand Pack

Gravelly Silty

Coarse Sand

22

Gravelly Sand

Cemented

Lt Tan to White Al
24.0

Clavey Sand
26

White Clayey Silt

w/Sand Strinqers
ills 7t

315

Cemented Gravelly

Sand w/Occ White 56
Clayey Silt Stringers

11111

375 374

%s .4jP Blank PVC Casino

Brown Silty Clay ae Mt
Muddy Creek Fm

iMj
i/ti

42 Bottom Cap

T.D 43

Note Drilled 8-11-83
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COMPLETION DIAGRAMS WELLS M-24 to M-27, KERR-McGEE HENDERSON FACILITY.

Groundsurface

3" diameter steel casing 
with screw cap

Concrete seal

2" diameter PVC

£

:

I

10
o
oQ<

O

CN
•H

inco

Bentonite seal

15' - 2" diameter PVC 
20 slot screen

Well pack - #20 mesh 
silica sard

i
!
I

WATER SAMPLE WELL CONSTRUCTION ___ _
Project No

84-3223

^ Converse Consultants ZXZZZgXZr'"’

Figure No

l

^38647351761

COMPLETION DIAGRAMS WELLS 14-24 to 14-27 KERRMcGEE HENDERSON FACILITY

WATER SA MPLE WELL CONSTRUCTION

Project No

Converse Consultants
G.ot.chnic Englnnrlng

WIdAppIISSdSACSS

84-3223

Figure No

Groundsurface

diameter steel casing
with screw cap

Concrete seal

diameter PVC

seal

15 d3meter PVC

20 slot screen

Well pack 20 mesh

silica sar



LOG OF WATER SAMPLE WELL 24 

Loc.t,oN KMCC, Henderson, NV
5/14/84

CLC VATtON

Idcptm IN

99

I

ft«
ft

«

2 .

4 *

6 

6 - 

ID- 

12­

14 

l(r 

18­

20­

22- 

|24- 

26­

28­

30­

32­

34 

36. 

38

SW GRAVELLY SAND with silt

GW SANDY GRAVEL

SW/
GW

•OIL DESCRIPTION

light
brown slightly 

moist

SAND & GRAVEL

GRAVELLY SAND

SILTY SAND

SILT

End of well at 40.0 ft.

Tm» MMMMT N—Lltl •rn.Y AT THIS LOCATION AND AT TM( TIMI Of 
LO«CINC. SvOSI»'aE( COIBITIONS mat OirrtN AT OTNCN locations 
ANO MAT CmAWI AT Tuts LOCATION WITH THK NASSASt O^ TINT. TnI **
**T* PtSCNTIC «»N SIMNLIflCATIOiior ACTUAL CONDITIO At TnCOUnTINCO

dhawinc
NO

10

12

14

16

18

20

22

24

26

28

30

32

34

36

38
ML SILT

LOG OF WATER SAMPLE WELL 24 OATL 514/g4

End of well at 40.0 ft

tub SUSMSSY snan ONLY AT THIS LOCATION AND AT TNt TIllS OP

attit SUOSatStI CONDITIONS SAY OWflN AT OTWtR LOCAIONS

AND MAY CuASI THIS LOCATIO WITH Till PASSAIC Or THE

OSTA PRESIuTIC SIMPLI ICATION OP ACTUAL CONDIT IONS NCOIJNTICO

NA WING
NO

432230

LOCATION KMCC Henderson NV

SW

DEPTH
IN

PttT

0-

4.

ELEVATION

1pt
SOIL DESCPIPTION 4P

4cc

Otaa5

GRAVELLY SAND with silt gh

brown

dry

ightly

no st

GW SANDY GRAVEL

SW
GW

SAND GRAVEL

SW GRAVELLY SAND

SM SILTY SAND

Converse Consultants Stmns Enginsns and Geologists
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ft

0
s

LOG OF WATER SAMPLE KELL 25 

KMCC, Henderson, NV

SOIL OCSCMIPTION

GRAVELLY SAND light
brown

SAND & GRAVEL light
brown

dark
brown24

SILT & CLAY

End of well at 40.0 ft

This summshv shhliis LV ST THIS IHCSTIOH «HO ST THI TIMt f
S*0 “*T CHSHSl ST THB LHCSTIPH SIITM THC SSSSSCC OT TIMf. TH|

Converse Consultants

LOG OF dATER SAMPLE WELL 25
DATE 5114/SZ

KMCC Henderson NV SLEVATON

DtrM 44

4fr

_____ SOIL DESCRIPTION
LID SEMAULS

SW GRAVELLY SAND liciht
2-

brown

13

12

18

23 SW SAND GRAVEL light
GW brown

22-

dark

24 brown

26

28
CL SILT CLAY

33

32

36

38

End of well at 40.0 ft

TNIS SUMMAST APPLIES ..T AT Sf15 LDCATION AND AT TNt TINE St

LDSGISS SUSSIRrACE LSflflIONS MAT SITTER AT DTNCS lOCATIONS

AND sn ENANSE AT TeS tATIDN WITs Twt PASSAGE or TIME TNt

DM0 ACTUAL CDNDITIDWS ENCOUNTEREDDATA PRESENTED 155
DNA WI

NO
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LOG OF W/JTER SAMPLE WELL 26 

KMCC, Henderson, NV

S's'r«t S J*
0 %

2­

4 - 

6 

8 - 

ID- 

12­

14­

16- 

18“ 

20­

22 

24­

26­

28­

30­

32­

34­

36.

38-

|40

SOIL OESCHIPTION

6K SANDY GRAVEL

SK GRAVELLY SAND

GRAVELLY SAND with silt

—with trace silt, 
gravel varies, 
15%-302 below 20'

SILTY CLAY

light
brown

End of well at 40.0 ft.

*>•*! 5/15/84

Elevation.

TUI* SUMWMT applies SUIT AT this laCATIO* AHO AT THE TIME Of 
l***1"6- SUOSUAfACE COHOITIOnl MAT OPTE* AT OTMEA LOCATIOHS 
AHO MAT CHAHCE AT THIS LOCATIOH »r-p THE PASSASE Of TIME. THE 
S*** PAESCWTCP IS A AIMAlIT ICATIOUpr CONDITIONS CNCOUNTENCO.

LOG OF WfiTER SAMPLE WELL 26

LOCATION KMCC Henderson NV

St Sos DESCRIPTION

End of well at 40.0 ft

very
no st

ott 5/15/84

i.E VAT ION

Tills SUMMAST APPLIES ONLY AT THIS iSATION AND AT TNt TIME Of

LMCING Sussusfact CONDITIONS MAY $PflS AT OTNC LOCATIONS

AND MAT CHANGE AT ThIS LOCATION er TN PASSAGE Of TIME TNt

DATA PNCSCNTED ISASIMPLIICATIONO..ruA CONDITIONS ENCOUNTCNCD

DNA WSC

Converse Consultants Csnulting Enginens and Geologist IP.oJ
84-32234

SW GRAVELLY SAND with silt

CeO

eq
44

light
brown

REMAN_KS

DEPT
IN

PEE
0-

2-

10

12

14

16-

18

20

22-

24

26-

28-

30-

32

34

36

38

dry

lightly
10 is

to

no st

lflOi st

-nfl
wet

LW SANDY GRAVEL

SW GRAVELLY SAND

with trace silt
gravel varies
15%-30% below 201

CL SILTY CLAY
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ctoC

ft
a

LOG Op HATER SAMPLE WELL 27 bate 5/14/84
KMCC, Henderson, NV

»OiL DESCRIPTION

3RAVELLY SAND with trace nr loose
silt brown slightly

moist
to

moist

loose
to

medium
dense

SAND & GRAVEL 402-60% 
gravel

14

GRAVELLY SAND
22

24

CALICHE

32
GRAVELLY SAND light

brown
*See Note.

38

End of well at 40.0 ft Note: Hole caved to 35* when PVC was
installed. Okay per Kay Brothers.

This summmv appliss ohly *t this iocatioh am a- tm timc sp
iPSSIHA. SUSStiarACE COHO IT IONS MAT OlfPCB AT OTaC* aOCATIOHS 
AHO MAT CHAHSI AT This LOCATIOH pith THE PASSAU S' TIME. The
>*TA PHEIEHTEP IS a BIMPCIf 1C ATIOH Of ACTUAL CONOITISW E HC CUNT EHEO .

Converse Consultants Contulling Enfrarm »nd Gtologitlt I

LOCATION

LOG Of WATER SAtIPLE WELL 27

KMCC Henderson NV

can 5/14/84

I.E VA lION

SW SAND GRAVEL 40%-60%

GW gravel

CALICME light

tan

Salt DESCRIPTION

SW GRAVELLY SAND with trace

silt

C-

gh

brown

REMARkS

DEPTH

PEE
0-

4.

10-

12

14

16

20-

22

24

26-

28-

30-

32-

34

36

38

SW GRAVELLY SAND

UIJ toose

slightlj oose
moist to

to nedium
moist dense

SW GRAVELLY SAND light

brown
See Ilote

End of well at 40.0 ft Note Hole to 351 when PVC was

installed Okay per Kay Brothers

THIS sussal APPLIES ONLY AT THIS LOCATION AND Tat TIME

flCSINS SuSStMYACL CONDITIONS MAY SIftS AT ote LOCATIONS

AND MAY CHANCE AT THIS LOCATION WITH THE PASSASI lIst THE

SAA PNESCNTEO ISAIIMPLIICATIONOY ACTUAl CONOITIOC ENCOIJNICRED

DRAWl NG

1T
CØnverse Consultants Consulting Engisavers .nd Geologists 84-3223-01



WELL COMPLETION DIAGRAMS

M-28 M-29 M-30

— 4" Steel
Protector Pipe

4-7/8" Borehole

— Bentonite 
Cuttings

PVC, 2."

Cl 4" Steel 
protector

• ^emen^ 
Bentonite

.010 PVC 
Sjcreen

Silica
Sand

50.5' -C2EE

4-7/8,., Borehol e

• 4" Steel Protector 
Pipe

4-7/8" Borehole 

Cement

2" PVC

Bentonite

.010 Slot 
Screen

‘•iq-.OlO Silica 
Sand 45*

30.5 
32

34.7

Bentonite

'X. Silica Sand

.010 Slot Screen

WiLL COMPLETION DIAGRAMS

Bentônit98

M-28 M-29 M-30

Pipe

Steel

Erotecto
ripe

Cement

Benton-fte

Cuttings

Steel Protector

Cement

Bentoni te

7/8 Borehole

PVC

3.0
41.5

29
31

39

Cutting

21

22.3

Cutti ng

Bentoni te

Pvc

30.5
32

34.7
ot

.010 Pvc

Screen

Si ca

Sand

Bentoni te

Screen

.010

Sand

Si ica

45

.010 Slot Screen

50.5 50
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Elevation_________ Ny/A__________________________ Datum _______________________________________

Type/Size Boring 7" Hollow stem_____________Rig Type B40L______________________Date 7/23/84
Groundwater Conditions 42' at end of drilling__________________ ^________________________________

1

i

Blows/6“
&>H
01
a
E

D
ry

 D
en

si
ty

 
pc

f 3-'
£

U
ni

fie
d

iss
ifi

ca
tio

n

Description .

o C N/R <0 5 oU 6

^ FILL, trash, sand, asEhaltic concrete.

Mod. 8 SM FILL, SAND, silty, dark brown, carbonate.
— Dense 8 R moist, gravelly, some trash (glass)
— 7

8
C 10 R •

12

Very 17 R
Dense 35

20 R

_10
26 ii

|
ii.o: - -

i2.o' TILEA . CONCRETE

40
— 35/3 R
_15

16.0*
Dense

*8
SM SAND, gravelly, slightly silty, medium

brown, slightly moist, calcium, chemical 
odor—

Very
Dense

25

41 R

_20 34/4
' 1

26 R ;
42 _ !

— 30 R
i

_25 36

26.0'

—
O J K SLIGHTLY more fines, very hard drilling

—
40 R

30
35/4

. ------- . ----1

%

MONITOR WELL 11-28

LOG OF BORING NO 84-6

Kerr McGee
Project

Elevation

Type/Size Boring

N/A flst..m N/A

Groundwater Conditions

Hollow Stem
Rig Type

B4OL

42 at end of drilling

Sheet of

.jobNo 41843009

Date
7/23/84

.d

IT-

i_
Blows/6

-a ca
Et

JN/R nO gD
.2

a.o

Description

FILL trash sand asphaltic concrete

Mod SM FILL SAND silty dark brown carbonate

Dense moist gravelly some trash glass

10

12

Very
Dense

17

35

j.o

20

26

11.0

12.0 TILE

CONCRETE

40

35/3

16.0

Dense

Very

Dense

25

41

SM SAND gravelly slightly silty medium

brown slightly moist calcium chemical

odor

2O
34/4

26

42

30

36

65
26.0

SLIGHTLY more fines very hard drilling

40

354
-I
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84-6 CONTINUED
D

ep
th

, f
ee

t 1

Blows/ 6"

Sa
m

pl
e 

Ty
pe

D
ry

 D
en

sit
y 

pc
f

M
oi

st
ur

e 
C

on
te

nt
, %

U
ni

fie
d

Cl
as

sif
ic

at
io

n

Description

' C N/R
Very "5FT MUDDY creek formation, sand, very silty,
Dense 24 R white crystals (gypsum), light brown.

32.0' calcareous
SC SAND, clayey

24 R

.L5
51/5

*

—
9 SMALL crystals, water in sample

40 25 R
27

- ' '■ ~

— '
4

•

45 11 R
21

—
48.5'

" SHELBY tube 48.5 to 50.5'

50
ST

50.5' - , ,
— / r------------------------------- —

Bottom of Boring 50.5'

55

— Piezometer installed at 50.5*

60

a

MONITOR WELL 14-28

LOG OF BORING NO.__84-6_CONTINUED

Project
Kerr McGee JobNo_4184OO9

.-

Blows6
._

wtCa

00

0c
Description

cj N/R

Very

Dense 24 it

SW MUDDY creek formation sand very silty
white crystals gypsum light brown

32.0 calcareous

SC SAND clayey

24

is
51/5

SMALL crystals water in sample

40
25

27

11

21

48.5
SHELBY tube 48.5 to 50.5

50
ST

50.5 ______________ _____ ___

Bottom of Boring 50.5

55

piezometer installed at 50.5

60
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\

t “i project ___________Kerr McGee_____________________;______________________ job No. 4184J009

Elevation__________^__________________________ Datum N^A____________________________________ ___ _____

| , Type/Size Boring 7" Hollow Stem_____________ Rig xYpe B40L______________________Date _ 7/12/84______

Groundwater Conditions 42* 8:00 a.m. 7/13/84______ ______ ____________________________ __________________

f!

f

1

f

Blows/6"

Va>»H
a>
a
E

£

St3 O a 
>*

at cS 
3-
.fig U

ni
fie

d
iss

ifi
ca

tio
n

Description

& C | N/R ato
c
D ^ oU U

1.0’ CONCRETE

1
TUNNEL AIR VOID

m

r

■m1 ;

_5

1
7.5'

f — 8.5' CONCRETE
i -

r

_10

Very
Dense

3
16
25/4

R SP

11.0' •

FILL, sand, slightly silty, gravelly, 
slightly moist, white precipitates j

- - i

r
i—

Very
Dense

50/8 R SP SAND, slightly silty, gravelly, slightly 
moist, white precipitates

1 50/8' R

r*
J

_15 t|
J

— 50/4 R YELLOW

— 17.5’
I ■

j _20

Very
Dense

75/6 S SM SAND, silty to very silty, occasional 
gravel, reddish-brown to variable color, |
slightly moist j

i
— 50/8 S

L- .

L
_25

50/4 S

L
— 75/5 R

27.5’
— Very

Dense
75/5 R SC * MUDDY creek formation, sand, clayey, 

reddish-brown, moist

30

Project

CL

Kerr McGee

N/A

MONITOR WELL M-29
LOG OF BORING NO 84-4

flattim N/A

Job No.

Sheet of

4184JO09

Hollow Stem
Rig Type

B4OL
Date 7/12/84

CroundwaterCOnditions
428 00 a.m 7/13/84

Blows/6

00
.-

Jut
Description

N/R

1.0 CONCRETE

TUNNEL AIR VOID

7.5

SP

8.5 CONCRETE

FILL sand slightly silty gravelly
Dense 1.6

2S/4

slightly moist white precipitates

11.0 .-

50/8

Dense

SP SAND slightly silty gravelly slightly

moist white precipitates

50/8

50/4 YELLOW

17.5

Very 75/6 SM SAND silty to very silty occasional

Dense gravel reddishbrown to variable color

slightly moist

50/8

50/4

75/5

Very 75/5

27.5
MUDDY creek formation sand clayey

Dense reddish-brown moist

-____



84*4
LOG OF BORING NO. _ _ _ CONTINUED

n Project------ Kerr McGee______ _________________________________________ __________ JobNo 4184J009

1

1

¥
; 1 j D

ep
th

, f
ee

t 1

Blows/ 6"

Sa
m

pl
e 

Ty
pe

D
ry

 D
en

si
ty

 
pc

f

M
oi

st
ur

e 
C

on
te

nt
, %

U
ni

fie
d

Cl
as

sif
ic

at
io

n

Description

C N/R

*
— 50/8 R -

* ■
—

33.5*
— Very 11 R CL/ SILT and clay, sandy, reddish-brown, '
35 Stiff 26 ML slightly moist

4. 10
_ :

i
20 R l
25/5

4 —
8

40 16 R

4 22

6 . ■ *■
_ 18 R

4 30

r- 44.0*

45
4t.
35 R CL CLAY, sandy, crystals, slightly moist,

medium brown

4

14
g C A 27 R 49.5* ,©■y / /

g Bottom of Boring 49.5'

Piezometer set at 49.7
m

55

it

m

m
60 ......... ............................. - _ _ ... .■------

MONITOR WELL 14-29

LOG OF BORING NO._84-4_CONTINUED

Project_
Kerr McGee JobNo 4184JOO9

Blows/6
Description

AJN/R
50/8

33.5

Very
Stiff

11

26

10

20

25/5

16

22

18

30

1k

CL/
ML

SILT and clay sandy reddish-brown

slightly moist

5-0--

14

27

CL

44

CL7Y sandy crystals slightly moist

medium brown

495

Bottom of Boring 49.5

Piezometer set at 49.7

g__
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Description

C N/R

9 ML MUDDY creek formation .
15 R
23

35 35.0' ‘
Very 7 CL CLAY, very sandy, silty

— Stiff 14 R • ' «

— 21

40 13 O O

16 R CLAY, silty .

—

17

— ' Stiff 6 ■
8

45 9 45.0' ,

—
/ /

Bottom of Boring 45.0*

50 Piezometer set at 44.7. •
10* screen
32* sand fill
Bentonite Plug at 30.5’ and from 4 to 5'

55

-■

60

r
i

r

MONITOR WELL M3O

LOG OF BORING _84-1_CONTINUED

Kerr McGee JobNo 4184JOO9

Blows6

i5

.2

Description

MUDDY creek formation

35.0

N/R

35

15

23

ML

40

45

50

Very
Stiff

Stiff

14

21

13

16

17

CL CLAY very sandy silty

40.0
CLAY silty

45.0

Bottom of Boring 45.0

Piezometer set at 44.7
10 screen

32 sand fill

t3entonite Plug at 30.5 and from to

55

60
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Elevation, N/A .Datum. N/A

lype/Size Boring 7" Hollow Stem .Rig Type. B40L

r«...oA»at4.rr«nrfiHnn«l 40* at end of well installation

n„,. 7/16/84

D
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Description

c N/R

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

_5
60 R 5.5'

Very LEIISE of gravel and cobbles
Dense 7.0'
Mod. 7 R SP SAND, slightly silty, gravelly, brown.
Dense 9 A slightly moist, calcareous i

13 No recovery :

10 9
19 R * ’ ’ ;

Very 25/5
Dense ■

1
i

_15
|

58 R 16.0*
Very GP GRAVEL CARBONATE coatings, variable color (grey, j
Dense 17.3* red, etc.), probably from chemicals •
Dense 25 SP SAND, slightly silty, gravelly, slightly ;

21 R moist, brown, calcareous j
22 19.5' 3

_20 Dense 30 SM SAND, very silty, occasional gravel, :
35 R slightly moist, brown, slightly calcareous

Muddy Creek Formation
15 ,

■ 33 K

25 21 25.0*___________________________________ _______________ ________ ■
Stiff 30 ML SILT, very sandy, moist, medium brown, ;

non-calcareous, muddy creek formation
;

11
25

to

Pwiect

Elevation
N/A

Type/Size Boring

Croundwater Conditions

MONITOR WELL M-30

Kerr McGee

LOG OF BORING NO 84-1

Hollow Stem

n..._1 N/A

40 at end of well installation

Rig Type
B4OL

Sheet of

JobNo
4184J0O9

Date 7/16/84

Blows/6

Ee
fltD

.2

Description

N/R

Very 18 SM FILL sand silty black slightly moist

Dense 32 1.2
Dense

11

11

SM SAND silty to very silty brown slightly

moist calcareous

14

60 5.5
LENSE of gravel and cobbles

Dense

Mod SP

7.0

SAND slightly silty gravelly brown
Dense slightly moist calcareous

13 No recovery

19

Very 25/5

Dense

58 16.0
Very
Dense

Dense 25

GP

SP

GBAVEL CARBONATE coatings variable color grey
17.3 red etc probably from chemicals

SAND slightly silty gravelly slightly

21 moist brown calcareous

22 19.5
Dense 30 SM SAND very silty occasional gravel

35 slightly moist brown slightly calcareous

Muddy Creek Formation

15

Stiff

21

30 ML

25.0
SILT very sandy moist medium brown

noncalcareous muddy creek formation

11

25



Elevation _________ fj/—__________________________ Datum N//A_____________________________________
Type/Size Boring 7" Hollow Stem_____________ Rig jVDe B40L__________________ ___ Date 7/16/84

Groundwater Conditions None Encountered
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Description

C N/R

1.0' CONCRETE *
; Very 18 R SP FILL, SAND, slightly gravelly, light brown.

— — Dense 33 slightly moist, calcareous

: 35 R

_5
40/8*5

21
24 R
30 1j

— 8.5* 1
Dense 19 SP SAND, slightly gravelly, medium brown.

10 20 R slightly moist, calcareous, occasional cobble
24 .. .. .

Very 22 R 12.0'
Dense 31 GP 13 0, GRAVEL, cobbles, sandy, slightly moist

a ' Dense 15 ' SP SAND, slightly silty, gravelly, medium
15 R brown, slightly moist, calcareous :

15 32
m Very 1

— Dense 25 R I
35 1

-i-
■ 22 j

23 R ■ . !
— 25/5

* _20

50 ;

25/2*j
■

28 l
32

_25

17
17

j — 25/3

& CO • o

_ Very 17 R SM MUDDY creek formation, caliche, sand.
Dense 60 silty, brown, slightly moist, caliche lensc-

.10 a t top

m

N/A
_________________________ flatan N/AElevation

Kerr McGee

LOG OF BORING NO 84-2

Type/Size Boring

Groundwater Conditions

Hollow Stein
Rig Type OL

None Encountered

Sheet of

JobNo 4184J009

........Date 7/16/84

Blows/6
in

on
t%

tICt.

5E Din
Description

I_N/R

1.0 CONCRETE

Very 18 SP FILL SAND slightly gravelly light brown
Dense 33 slightly moist calcareous

35

40/8i

21

24

30

8.5
Dense

.io

Very
Dense

19

20

24

SAND slightly gravelly medium brown
slightly moist calcareous occasional cobbi1

22

31

12.0

13.0 GRAVEL cobbles sandy slightly moist

Dense 15 SAND slightly silty gravelly medium
15 brown slightly moist calcareous

15 32

Very

Dense 25

22

23

25/5

20

50

25/2

28

32
25

17

17

25/3

28.0
Very

Dense

17

60

SM MUDDY creek formation caliche sand

silty brown slightly moist caliche lenst

30 at top
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Description

. c N/R

31.0'

—
Very
Stiff

23
42

R ML SILT, sandy, slightly clayey, brown, ■
32.0' slightly moist # , |

35

40

_45

50

55

60

Bottom of Boring 32.0' !
• 1

i

;

;

;

!
!
;

j
?

©

11

LOG OF BORING NO._84-2__CONTINUED

Project
Kerr McGee JobNo.4184JOO9

Description

Bottom of Boring 32.0
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LOG OF BORING NO. 84-3

Project Kerr McGee

Sheet 1 of 2 

tohNo 4184J009

Elevation. N/A .Datum. N/A

Type/Size Boring —!L . Rig Type 84 Date . 7/^/84

Groundwater Conditions Perched at 11.2
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ep
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Ty
pe

D
ry

 D
en

si
ty

 
pc

f

M
oi

stu
re

 
C

on
te

nt
, %

U
ni

fie
d

Cl
as

sif
ic

at
io

n

Description

- C N/R

1.0* CONCRETE

—
TUNNEL AIR VOID '

_5 •

—

C
O • o

Very 1 SC FILL, chemically altered cement, very
Dense 6/16 R little lime remaining

30 R .. 11.0* . . 1
Very 100/5 SM * SAND, silty, gravelly, moist, yellow(sulfurj)

— Dense WAX from 11.3 to 11.4' i
—

100/7 R

_15 J

— 100/8 S
|

. ii
—

18.0'
““ 100/4 S BROWN, partially cemented i

20 1
100/5 S

—
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
50/4 29.0'

— SM/ MUDDY creek formation, sands and silts
30 ML

I

II

fl

fl

II

Project

CIn..atiflfl

Kerr McGee

N/A

LOG OF BORING NO 84-3

fl.nm N/A

Job No

Sheet of

41841009

Boring Rig Type

Conditions
at 11.2

B4OL
Date 7/11/84

Blows/6

oa

WO
.2

i3

Description

CJN/R
CONCRETE

TUNNEL AIR VOID

8.0

Very SC FILL chemically altered cement very
Dense 6/16 little lime remaining

30 11.0

Very 100/5 SM SAND silty gravelly moist yellowsulfr
Dense

100/7
WAX from 11.3 to 11.4

100/8

100
18.0

BROWN partially cemented

100/5

23.0
Dense 16 DARK BROWN speckled white precipitators

20

14

21 26.0

Very 50/4 GYPSIFEROUS very silty

Dense

24

a__50/4

SM
ML

29.0
MUDDY creek formation sands and silts
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Blows/ 6"

N/R

>•

Qj't}
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Description

L

L

r!’

U

u

43
60/3

10
21
27

Dense

Very
Dense

L -

SM/
ML

39.0’

40.0’

MUDDY- creek formation •

CLAYS, sandy, brown, moist 
-----------------------/ /-------------

Bottom of Boring 40.0'

LOG OF BORING NO 84-3 CONTINUED

PrOjt
Kerr McGee jobNo 4184J009

Blows61
ft

Ca fi

.2

cj

Description

N/R

43 SM MUDDY creek formation-

60/3 ML

10

21

27
35

Dense

Very

Dense 39.0
CLAYS sandy brown moist

_____ ______ ___ 40.0

Bottom of Boring 40.0

45

50

55

60



Project

Sheet 1 of 2

1**0 _ii!H£5£_

Elevation_________------------------------------------------ --  Datum ______________________________________

Type/Size Boring —L!____________________________Rig Type B40L______________________Date _ 7713/84

Groundwater Conditions None Encountered

' D
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Description

C N/R

1.0* CONCRETE
i
; — TUNNEL AIR VOID

K
— ■

_5

i -»

7.5*
i — „ c, CONCRETE

— Loose .1 £ SM FILL, sand, silty, occasional gravel.

f 10 Mod. 3
c

' light brown, slightly moist

Dense - ; -
■ ) 5

i
15 R

Dense 23

_ Very 50/8 R 14.0’

f 15 SM SAND, silty, occasional gravel, light browr.
\ slightly moist, calcareous

50/5 S

-
* - —

25/3 S No Recovery
fl

_20

A*

«
—

■ — 60 R
_25

a
— 75/3 R No Recovery

7* 28.0’ :
74/5 R SM MUDDY creek formation, dark brown coarse

*“• sand, silty
n 30

©

Project

Elevation
N/A

Type/Size Boring

Croundwater Conditions None Encountered

Kerr McGee

LOG OF BORING NO 84S

flat.ini N/A

Sheet of

JobNo
41843009

Rig Type
B4OL

Date 7/13/84

Blows/6

-a

li

Description

CIN/R
1.0 CONCRETE

TUNNEL AIR VOID

7.5
CONCRETE8.5

Loose

Dense

15

Dense 23

50/8

50/S

25/3

60

75/3

SM FILL sand silty occasional gravel
light brown slightly moist

14.0
SM

______________________________
SAND silty occasional gravel light brow

slightly moist calcareous

No Recovery

No Recovery

28.0

74/5

-____
SM MUDDY creek formation dark brown coarse

sand silty
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Description

C N/R

Very
Dense

40
40

75/9

R

R

Medium brown, crystalst calcareous

34.0'

2?

40

Hard

S

CL • CLAYEY, sandy, crystals

39.9'

±5

50

55

60

5T / /

Bottom of Boring 39.9'
• ii

i
• • ' - ti

845
LOG OF BORING NO CONTINUED

Project_
Kerr McGee JobNo 4184J009

Blows/6

.2

Description

N/R

Very

Dense

40

40

75/9

Medium brown crysta1s calcareous

34.0
Hard CL CLAYEY sandy crystals

.L

Bottom of Boring 39.9

45

50

55

60



Project

Sheet 1 of 2 

4X84J009

Elevation. N/A .Datum. N/A

Type/Size Boring__7' Hollow Stem_________

Groundwater Conditions None Encountered

.Rig Tvn<» B40L Date 7/16/84

*i ;

4
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, f
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Description

: C N/R

1.0* CONCRETE
% Very 16 R SP FILL, sand, gravelly, cobbles, occasional
; — Dense 30/4 boulder, slightly silty, medium brown,

slightly moist, calcareous

£ 20 R
; 25/5

.. _5 •

17 R
*. 25 *

8.0**; Mod. 14 R SP SAND, occasional gravel, slightly silty.
— Dense 13 medium brown, slightly moist, calcareous

10 13 1
j>

9 R . j

11 * 1
jfi 13 1

— Dense 13
ft _15 18 R
i 21

Very 18 R
r
i Dense 30

—
22

.

it 43/5 R
i _20

vf — ■ 18 R

i — 30

11 25 R 24.0’i
Very 42 SM MUDDY creek formation, sand, very silty.

25 Dense gravelly, cobbles, calcareous, white
if streaks
;

50/7 R

if ■ ') 12
i 17 29.0'

V.Stif : 27 R ML SILT, sandy
if 30

Sheet of

Kerr McGee
Project

Elevation

Type/Size Boring

N/A

LOG OF BORING NO 84-7

Groundwater Conditions

flat.tn N/A

None Encountered

Hollow Stein Rig Type
840L

Date 7/16/84

JobNo 4184J009

.e

Blows/6

fl t5 Description

N/R

1.0 CONCRETE

Very
Dense

16

30/4

SP FILL sand gravelly ciobbles occasional

boulder slightly silty medium brown
slightly moist calcareous

20

25/5

17

25

8.0

SAND occasional gravel slightly silty
medium brown slightly moist calcareous

jp

Mod
Dense

14

13

13

1k SP

11

13

1k

Dense 13

15 18

21

1k

Very 18 1k

Dense 30

22

43/5 1k

20

18

30

1k

Very
Dense

25

42

1k

SM

24.0
MUDDY creek formation sand very silty
gravelly cobbles calcareous white

50/7 1k

streaks

30
V.Stif

12

17

27 1k ML

29.0
SILT sandy
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Project Kerr McGee Job No. 4184 J009
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Description

C N/R

Very
Stiff

8
14
17

R
ML SILT, sandy !

32.5* , , :

35

_40

_45

1?

5_5

60

-

/ /
' j

Bottom of Boring 32.5’

LOG OF BORING NO._84-7_CONTINUED

Project
Kerr McGee JobNo 4184J009

Very
Stiff

..t Blows6
.E

wJI
_1

Description

CIN/R

14

17

Ft

ML

32.5

SILT sandy

Bottom of Boring 32.5
35

40

45

50

55

60
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Project _ 

Elevation

Kerr McGee

N/A Datum

InhNn 4184J009

Type/Sire Boring V” Hollow Stem_____________ Rig Type B40L______________________ Qate 7/25/84

Groundwater Conditions 35* at end of drilling___________________________________________________
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Description

C N/R

_5

Very
Dense

Mod.
Dense

18
46

7
9
12

R

R

SM FILL, sand, silty, gravelly, black to 
brown, slightly moist, calcareous, 
chemicals

6.5'

_ip

Very
Dense

36
39/5

R

SM SAND, silty, gravelly, medium brown, 
slightly moist, chemicals

11.0' -

_15

_20

_25

Very
Dense

35
39

45
35/3h

R

R

SC SAND, gravelly, slightly clayey, medium 
brown, slightly moist, chemicals

25.0*

30

Dense 23
25

R SM SAND, silty, gravelly, brown, slightly 
moist, chemicals, muddy creek formation

©

LOG OF BORING NO 84-8 Sheet of

Project

tIatatinn

Kerr McGee

N/A n..._ N/A

lobNo 41843099

I.at.flhI

Boring
Hollow Stein

Rig Type
B4OL Date 7/25/84

Conditions
35 at end of drilling

Vb

Blows/fl

ôc
Et gD

CIN/R

Description

18 SM FILL sand silty gravelly black to

Dense 46 brown slightly moist calcareous

chemicals

Dense

12

Very

Dense

SM

6.5
SAND silty gravelly medium brown
slightly moist chemicals

36

39/5 11.0

Very

Dense

SC SAND gravelly slightly clayey medium

brown slightly moist chemicals

35

39

45

35/3

25.0

Dense 23 SM SAND silty gravelly brown slightly

25 moist chemicals muddy creek formation
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. LOG OF BORING NO. 84-8 CONTINUED

: J Project Kerr McGee____________________________________________________ mhno. 4184J009

J
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Description
iC N/R

—

Very 8
15
25/3

R CALICHE gravels -

33.0'

35

Dense

ST

SM MUDDY creek formation, silty sand and ;
sandy silt. ;

Shelby Tube 0.8’ j

' i

38.0*

_40

Very
Stiff

S CL CLAY, sandy, silty, very moist, brown,
, hard 3" lense

42.0' , .

4_5

50

55

60

/ /

Bottom of Boring 42.0'

1

Piezometer installed at 42.0*

'

J

Project
Kerr McGee

LOG OF BORING NO._84-8_CONTINUED

.JobNo 41843009

sandy silt

DesØription

Shelby Tube 0.8

CLAY sandy silty
hard lense

Bottom of Boring 42.0

38.0

42.0

Piezometer installed at 42.0
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Project------------

Elevation______

Type/Size Boring

Kerr McGee

N/A_____________

7" Hollow Stem
Oalnm N/A 

Rig Type B40L

iobNo_iHi£5£i

n,„ 7/18/81

Groundwater Conditions 32’ at end of drilling

1

i

Blows/6"
&>H
Q.
E

>*

St*Q a >-

S5~-
.£ 5

U
ni

fie
d

iss
ifi

ca
tio

n

Description

& C N/R 10LO
c
o U

—
Dense 25

19
R SP FILL, sand, gravelly,.slightly silty, some 

precipitate, dark brown, mottled white, 
slightly moist

Very
Dense

2.8'
J.U K MEDIUM reddish-brown

12
15
18

R

— 38
26

R

9.0'

_10 Very
Dense Refusal

R SP SAND, gravelly, silty, light to medium 
brown, slightly moist

_15 16
25

R

18.0*
MEDIUM brown, very silty

_20 50/3 R 20.5’

—

23.5'

GRAVEL cobble lense to 21.0*

_25 100/6

GRAVEL cobble lense to 24.0*

—
28.0’ •

30

Very
Dense

sc MUDDY creek formation, sand, clayey, 
occasional gravel,.medium brown
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Elevation. N/A .Datum. N/A
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SAND, silty, gravelly, variable color to 
brown, slightly moist
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VeryDe ise

28.0'

SC
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VERY silty, dark brown

COBBLES to 6", partially cemented caliche 
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MUDDY creek formation, sand , clayey, occ.j|
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Hollow Stem Rig Type B4OL
Date 7/25/84
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: C N/R

Very 18 R SM FILL, sand, very silty., gravelly, black.
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53 R No Recovery on drive

A

22.0'

—
GRAVEL and cobble lenses, cemented coating
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Date 7/27/84

SM SAND silty gravelly brown slightly

moist calcareous lenses slightly

clayey some gravelly lenses slightly

clayey lenses

Dense

Very
Dense

10

15

20

25

18

25

1.0

13

18

23

53

48

25/3



a

a

i

a

a

a

i

a

i

i

a

a

i

a

a

a

a

a

Project Kerr McGee Job No. 4184 J009

Blows/6'
Description

33.5
SILT, non-cemented, sandy, reddish-brown 
wetStiff

35 to 37500 PSISHELBY tube

SHELBY tube - 45 to 47.0

47.0

Bottom of Boring 47.0

LOG OF BORING NO._84-12 CONTINUED

Project
Kerr McGee JobNo 4184J009

7.0

Description

wet

SHELBY tube 500 PSI 35 to 37

SHELBY tube 40 to 42 No recovery

SHELBY tube 45 to 47.0

Bottom of Boring 47.0



APPENDIX D 

EM Survey Results

APPENDIX

EM Survey Results

0295E



L
in

e 
o
f 

se
ct

io
n
 

sh
ow

n 
on
 

P
la

te
 

9.

E
LE

C
T

R
O

M
A

G
N

E
T

IC
S

U
R

V
E

Y
R

E
S

U
LT

S
P

R
O

F
IL

E
K

E
R

R
-M

cG
E

E
H

E
N

D
E

R
S

O
N

F
A

C
IL

IT
Y

A
s

L
in

e
o
f

s
e
c
ti
o
n

s
h
o
w

n
o
n

P
la

te

r
is

t
n
it
t

r
.e

t



EL
EC

TR
OM

A
GN

ET
IC
 

SU
RV

EY
 

R
ES

U
LT

S,
 

PR
O

FI
LE
 
2
, 

K
ER

R-
M

cG
EE
 H

EN
DE

RS
ON
 

FA
C

IL
IT

Y
.

L
in

e 
o
f 

se
ct

io
n
 

sh
ow

n 
on
 

P
la

te
 

9.

E
LE

C
T

R
O

M
A

G
N

E
T

IC
S

U
R

V
E

Y
R

E
S

U
LT

S
P

R
O

F
IL

E
K

E
R

R
-M

cG
E

E
H

E
N

D
E

R
S

O
N

F
A

C
IL

IT
Y

L
in

e
o
f

s
e
c
ti
o
n

s
h
o
w

n
o
n

P
la

te

U
IS

IP
N

C
E

r
e
t



E
LE

C
T

R
O

M
A

G
N

E
T

IC
S

U
R

V
E

Y
R

E
S

U
LT

S
P

R
O

F
IL

E
K

E
R

R
-M

C
G

E
E

H
E

N
D

E
R

S
O

N
F

A
C

IL
IT

Y

L
in

e
o
f

s
e
c
ti
o
n

s
h
o
w

n
o
n

P
la

te

s
ir

D
IS

T
A

N
C

E
F

e
e
t



EL
EC

TR
O

M
A

GN
ET

IC
 S

UR
VE

Y 
R

ES
U

LT
S,
 

PR
O

FI
LE
 
5
, 

K
ER

R-
M

cG
EE
 

HE
ND

ER
SO

N 
FA

C
IL

IT
Y

.
' 

*.

I

W
ES

T

L
in

e 
o
f 

se
ct

io
n
 

sh
ow

n 
on
 

P
la

te
 

9

E
LE

C
T

R
O

M
A

G
N

E
T

IC
S

U
R

V
E

Y
R

E
S

U
LT

S
P

R
O

F
IL

E
K

E
R

R
-M

cG
E

E
H

E
N

D
E

R
S

O
N

F
A

C
IL

IT
Y

41 4
-

U
I

-
t C
-

.2

E
U

T

L
in

e
o
f

s
e
c
ti
o
n

s
h
o
w

n
o
n

P
la

te

D
IS

T
N

IC
E

F
e
e
t



w
tr

r
EA

ST

L
in

e 
o
f 

se
ct

io
n
 

sh
ow

n 
on
 

P
la

te
 

9.

43

In

-C C
-

E
LE

C
T

R
O

M
A

G
N

E
T

IC
S

U
R

V
E

Y
R

E
S

U
LT

S
P

R
O

F
IL

E
K

E
R

R
-M

cG
E

E
H

E
N

D
E

R
S

O
N

F
A

C
IL

IT
Y

n
e
t

E
a
t

2
0
0

D
IS

T
A

N
C

E
F

e
e
t

L
in

e
o
f

s
e
c
ti
o
n

s
h
o
w

n
o
n

P
la

te



-V
;::

; 
. 

. 
. 

, 
i

EL
EC

TR
O

M
A

G
N

ET
IC
 

SU
RV

EY
 

R
ES

U
LT

S,
 

PR
O

FI
LE
 

7
, 

K
ER

R-
M

cG
EE
 H

EN
DE

RS
ON
 

FA
C

IL
IT

Y
.

L
in

e 
o
f 

se
ct

io
n
 

sh
ow

n 
on
 

P
la

te
 

9

I
.

43 sq

I
-

I
-

E
LE

C
T

R
O

M
A

G
N

E
T

IC
S

U
R

V
E

Y
R

E
S

U
LT

S
P

R
O

F
IL

E
K

E
R

R
-M

cG
E

E
H

E
N

D
E

R
S

O
N

F
A

C
IL

IT
Y

L
A

S

L
in

e
o
f

s
e
c
ti
o
n

s
h
o
w

n
o
n

P
la

te

D
IS

T
A

N
C

E
F

e
e
t



L
in

e 
o

f 
se

ct
io

n
 

sh
ow

n 
on
 

P
la

te
 

9.
80

0

E
LE

C
T

R
O

M
A

G
N

E
T

IC
S

U
R

V
E

Y
R

E
S

U
LT

S
P

R
O

F
IL

E
K

E
R

R
-M

cG
E

E
H

E
N

D
E

R
S

O
N

F
A

C
IL

IT
Y

tn
t

-
3

D
IS

T
A

N
C

E
F

e
e
t

L
in

e
o
f

s
e
c
ti
o
n

s
h
o
w

n
o
n

P
la

te



eTAums* M-eotas wax 
J. staffs* sfmsceRcn wm

J raST wax
am *Q-*ema wax

«0D F£ET

Cl?
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