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In Memory of Lydia (1805-1992) and Clyde Bekis Begay (1903-1 884)

As | complete my thesis, | reflect on the influences my grandparents had on my
life and the career | have chosen. Their lives were harsh, moving livestock from
their winter to their surmer home every year. As a young child, the long
extended visits to Tocito and Beautiful Mountain were limited during school
breaks. Even now, it is hard to imagine that we were siill hauling our drinking
water in the early 1980's. Sometimes our trips to the water hole would he as far
as 30 miles away from camp. We would take the old Chevy truck or the horse
and wagon,; filling at least four 55 gallon containers for our weekly drinking water.
The horseback rides in the mountains with my grandparents are my fondest
memories. My sister and | would sit behind my grandfather and grandmother
holding onto their shirt/skirt observing, even at that early age, that as elevation
changed, the types of vegetation and rock types also changed. It wasn't until
years later that | would le::in that thoss plants were able to survive on limited
water in this desert climaie and those rocks were of sedimentary and volcanic
origin. On Beautiful Mountain, another source of water was from a nearby pond.
One of our daily chores was to bring two buckets of pond water for washing
dishes and hands. We were taught at a young age to respect water, not to
wasle or play with it, since we had to physically bring water into our home. My
grandparents taught their children and grandinildren the imporiance of
preserving the land and, most importantly, water.




Abstract

A study was undertaken at the US Department of Energy’s UMTRA site at
Shiprock, New Mexico, fo determine the behavior of the NO, and SO~
contaminant plume within an unconfined aquifer ini th= floodplain. To
characterize the aquifer, data were obtained from monitoring well logs, water-
level measurements, electrical conductivity, refraction seismic data, and water
chemical analyses. Lithologies from monitoring well logs and seismic refraction
were used to define the floodplain stratigraphy and possible fractures in Mancos
Shale. The fractures provide: conduits for contaminants to be transported from
the terrace onto the floodplain aquifer and eventually into the San Juan River.
The stratigraphy consists of alluvial gravels overlying coarser outwash gravels
that were deposited on a strath terrace cut into the Mancos Shale. Ancestral
channels are identified by variation in the thickness of stratigraphic units from the
monitoring well logs, seismic refraction data and isopachs for the surface of the
Mancos Shale the outwash gravels and the more recent alluvium. The ancestral
channels and a thicker outwash gravel bed may be major factors controlling the
groundwater and contaminant flow directions in the floodplain aquifer. The
outwash gravels contain larger pore space than the alluvium providing a
preferential flow path. The finer grained alluvium may inhibit groundwater
moveme::t and retard contaminant flow directions. However during high river
flows the retardation effact decreases as water-levels increase in the aquifer.
Water-level measurems:nts were collected on a monthly basis, {o determine the
interaction between the flow in the San Juan River onto the floodplain aquifer.
Discharge from Bob Lee Wash s recharging the unconfined floodplain aquifer
throughout the year. Electrical conductivity surveys on the floodplain identified
the vertical and horizontal extent of a contaminant plume. Movement of the
contaminant plume was difficult to determine from chemical water analyses in
abandoned and existing monitoring wells since they were sampled inconsistently
over the last eleven years, Futhermore the density of wells was insufficient to
adequately characterize the contaminant plume over the entire floodplain.
Comparison of chemical analyses and electrical conductivity readings were used
to determine if movement of the plume varies with flows in the San Juan River.
Correlations of all four results indicates the general direction of groundwater flow
and how lithology influences the groundwater and contaminant movements
withing the floodplain. The groundwater flow direction is controlled by the
lithological changes from the smaller grain size alluvium to the larger size gravels
and by the ancestral channcls in the Mancos Shale beneath the floodplain. The
contaminant plume has a similar flow direction as the groundwater.
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1.0 INTRODUCTION

The Shiprock uranivin mill in northwestern New Mexico ended operations 29
years ago cn the Navajo Nation (Figure 1). Shiprock is a small town of
approxirnately 8,000 people (Bekis-Begay, pers. comm., 1985) situated on the
banks of the San Juan River. Milling operations dissolved the uraniferous
minerals from the ore using sulfuric acid (H,30,) followed by an amrnonia (NH,)
solution to neutralize the acid so that the uranium could be precipitated
(Department of Interior (DOI), 1980). Tailings and chemical by-products, (SO~
and NO;7), of the milling process were deposited on a terrace surface and the
lower floodplain of the San Juan River. As a result of the milling operations high
concentrations of sulfate (SO,), nitrate (NO,) and uranium (U) have been
found on the terrace and the floodplain (DO, 1980, and 1984). These chemicals
are in the form of aqueous solutions beneath the tailings pile and measurements
indicate high 8O,* and NO,™ concentratioris along seepages on the escarpment,
and in the floodplain aquifer (Public Heath Service (PHS), 1960, Department of
tnergy (DOE), 1984, 1985-1996, 1989a, and 1989b). The mill ceased operation
in 1868 and the tailings pile was capped in 1986 with a 2.1 meter clay layer
(DOE, 1984). Recently DOE cbserved groundwater contamination in the
shallow aquifer underlying the floodplain adjacent to the San Juan River. The
floodplain aquifer is recharged by the San Juan River flows and contamination of

the aquifer may also move into the San Juan River.
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The drinking water supply for Shiprock comes from the river beginning in
October through April (Atcitty, pers. cornm., 1996) and a surface intake system is
located 78 meaters across the northwestarn section of the study area. In light of
concerns (DOE, 1984a) that leachate from the mill site wés contaminating the
floodplain aquifer, the Center for Radioactive Waste Management (CeRAM) was
funded by DOE to evaluate strategies for remediation of the shallow aquifer.
One of the possibilities considered was to place a permeable barrier in the
floodplain and allow the contaminant plume to pass through it (CeRAM, 1995).
Such an approach requires an understanding of the structural and lithological
controls on the movement of groundwater and contaminant plume in the
floodplain. Existing DOE data on the floadplain did not identify tempaoral or
spatial changes in groundwater water flow directions. Determining the
lithological and structural controls on groundwater flow directions, was one of

the objectives of this study.

1.1 Rosearch Objeciives

The objectives of the research was 1 characterize the floodplain stratigraphy,
the behavior of the unconfined aquifer and the contaminant plume within the
floodplain below the Shiprock UMTRA site. The structural and tithological
controls were investigated to determine how they influence groundwater flows in

the floodplain aquifer. The influence of recharge from the San Juan River and




from the Bob Lee Wash, which drains onto the floodplain near its downstream
end, were studied to determine if these flows affected the direction of
groundwater movement or caused a dilution of the contaminant plume. The last

objective was to define the vertical and horizontal extent of the plume.
1.2 Mining and Mill Site Operation History

Shiprock is located approximately 42 kilometers southeast of the Four Corners
area and in the northeastern section of the Navajo Nation (Figure 2). The former
uranium mill site is located on a terrace approximately 21 meters above the San
Juan River, east of the fairgrounds at Shiprock. In the 1940's vanadium and
uranium ores were mined in the Four Corners area and in the Carrizo
Mountains. The uraniferous minerals were disseminated in fluvial sandstones
and conglomerates. in 1954, a uranium mill was constructed at Shiprock by
Kerr-McGee, who operated the mill until 1863, In 1963 the operation was taken
over by the Vanadium Corporation of America, who later merged with Foote
Mineral Company and operated the mill until 1968 (Chenoweth, 1977). Navajo
miners brought 1.5 million short tons (DOE, 1989, 1984, and Chenoweth, 1977)

of uranium ore to the Shiprock mill for processing over a period of 14 years.

The milling operation involved dissolving the uraniferous minerals from the ore

using sulfuric acid (H,80,) in leach circuits to form complex uranyl sulfate anions

' e
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such as UO,(50,), % and UO,(80,),™. With the uranium in solution the
remaining waste rock was deposited into an uniined waste pile (tailings). The
liquid waste not removed from the tailings was transported to raffinate ponds and
discharged onto the floodplain (DOI, 1980; DOE, 1984). In the final processing
stages, an ammonia (NH,) solution was added to neutralize the acidic solvent for
precipitating of the uranjum yellowcake (DOI, 1980). After processing, high
concentrations of sulfate (§0,%) and nitrate (NO;”) were left in the unlined
raffin:te ponds and waste rock,

F3

1.3 Historical Hevelopment of Shiprock UMTRA Site ramediation

In 1978, the Uranium Mill Tailings Radiation Control Act (UMTRCA) providad
funding for the stabilization of abandoned uranium mill tailings. Remedial action
at the Shiprock site began in September 1984 and the tailings were stabilized
permanently by being covered by a clay cap in September 1886, The clay cap
decreases radon exposure to local resicents by inhibit the release of airborne
particles from the uncovered tailings pile. In 1978, the US Environmental
Protection Agency (EPA) required that sites operating under UMTRCA, adopt
health and environmental protection standards for grouncwater contamination
(40 CFR Part 192, Subpart A-C) (Nuclear Regulatory Comrmission (NRC), 1990).
in the mid-1980's DOE began to install the required well points and monitoring

weils on the floodplain and terrace (Figures 3 and 4) (DOE, 1886, 1994a) to
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determine the extent of groundwater contamination (DOE, 1990). In 1985 and
1986 twelve well points (638-647, and 670-672), thirty-two monitoring wells
(601-607, and 60£-632), and six surface stations (550-555) adjacent to the San
Juan River were also sampled for water quality parameters (Appendix A).
Ground and surface water quality data indicated high concentrations of arsenic,
molybdenum, nitrate, sulfate, selenium, and uranium which are common by-

products of the uranium extraction processes (DOE, 1984).

Gross alpha activities in the San Juan River were found in the to be less than
background levels (Ra-226 0.07-0.08 pico curies per liter (pCi/l), uranium (U)
(total) 2.90-8.49 micrograms per liter (. :g/l) and the EPA suggested that any
discharge from the tailings was not affecting the water quality of the river (DOE,
1984). By 1984, DOE completed background water quality analysis for the
terrace and determined that the groundwater ¢ 1ality of the shallow aquifer on
the terrace was poor and it was not a viable aquifer for the local area. They
assumed the nearest usable aquifer was in the Dakota Sandstone 807 meters
beneath the Mancaos Shale, which acts as an aquiclude. Hence contamination of
the Dakota aquifer by the UMTRA site was considered unlikely and that is why
contamination was thought unlikely at the site (DOE, 1984, and 19294). The last

time DOE installed monitoring wells was in 1993 and they continue to sample

yearly for water quality analysis.
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However, by 1994, DOE began to be concerned about the contamination of the
shallow aquifer of the floodplain. Two groundwater studies by DOE (1995a) and
Henry (1995), respectively, used MODFLOW to characterize the behavior of the
alluvial aquifer below the UMTRA site. The models indicaﬂte that the San Juan
River was the only external influence on flow directions in the floodplain aquifer.
The contaminant plume appears to be moving in a northwest direction and
encompass a large area of the floodplain (DOE, 1994b and 1995b). Because of
the large distance between monitoring wells, the DOE qualitative analysis doas
not reflect the complex relationship between the geologic and hydrologic

controls on the floodplain.

In 1994 CeRAM submiited a groundwater remediation rese=arch proposal to DOE
for the Shiprocik UMTRA site. The goal of the study was to evaluate the
feasibility of installing a permeable barrier within the floodplain for remediation
purposes. Bedrock occurs 7.5 meters below ground surface on the floodplain
making it makes it technically possible to trench the floodplain and piace a
permeable barrier across the groundwater flow direction. The pilot model for
testing the permeable barrier would allow the contaminated groundwater to flow
through while sorbing sulfate (SO,%), nitrate (NOy), and metal constituents. The
proposed barrier would have at least three different filter types: microorganisms
consisting of sulfate reducing-bacteria that would destroy the sulfates and

immobilize the metal constituents (Henry, 1988), zero valence material that

10




modified zeolite that would immobilize sulfates and nitrates by sorption (Bowman
et al., 1996). The sorbed materials and the immobilized metals could be

removed from the barrier and then be disposed of.

1.4 Environmental Concerns of Contamination of the Floodplain Aquifer

In the early 1980's, three seeps were identified along the eastern terrace in
gullies, which were covered to prevent further erosion of the terrace (DOE,
1984). Black and white aerial photographs from 1935 (Soil Conservation Survey
(SCS) and 1954 (US Army)) show gullies eroding along the terrace edge (Figure
5 and 8), but after 1978 (U.S. Geological Survey (USGS)) the gullies were
difficult to identify (Figure 7). In 1991, DOE identified two seeps (#425 and #4286,
Figure 3) which occur along the edge of the terrace. Seep #425 is 9 meters long
and discharges one to two l/min. Water quality analyses in 1991 showed 80,7
at 4800 mg/l, NO, at 290 mg/l, and total dissolved solids at 8,020 mg/!.
Analyses from Seep #426 indicate concentration values for 80,* at 5,670 mg/l
at NO; at 328 mg/l, total dissolved solids at 9,540 mg/l. Both seeps show that
NO;, SO, and U are now moving from the base of the UMTRA pile into the

floodptain aquifer (DOE, 1991 and 1984),
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Aerial photograph guliies
Figure 5. Soil Conservation Survey aerial photograph (1935) showing
the Shiprock UMTRA siie before operations began. Fracture induced

gullies ars indicated by the arrows. The lighter colored areas or the
floodplain are former channels of the San Juan River.
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Transfer station. "

{ Aerial photograph gullies
Figure 6. US Army aerial photograph (1954) showing the Shiprock
uranium transfer station activities east of RBoh Les Wash. Fracture
induced gullies are indicated by the arrows. Lighter colored areas on
the floodplain represent former channels. Vegstation is beginning to
grow along the escarpment below the Bob .ee Wash.

13




s T ~ ] meters
0 250, 500 750 1000

| Aerial photograph qullies
Figure 7. US Geological Survey aerial photograph (1975) showing the
southeastern edge of the floodplain. The uranium mill tailings pites

remains expesed and gullies have been covered to stabilizz erosion
northeast of the tailings piles.

14




In 1996, DOE sampled eighteen of the thirty floodplain monitoring wells and the

water analyses showed that these wells are highly contaminated with NOj; from

110 3320 mg/l, SO,* from 593 to 17,100 mg/l, and U from 0.019 to 2.47 pCifl

(DOE, 1984-1996). High SO,* and NO, concentrations are known health
hazards when found in municipal drinking water systems. The U
Environmental Protection Agency’s National Drinking Water Regulations (40
CFR-Part 141) 1994 proposed maximuim contaminant levels (MCL) for sulfate c;f
500 mg/l and final MCL for 10 of mg/l nitrate (as nitrogen)(1981). Sulfates above
1,200 mg/l in public water supplies can cause osmotic diarrhea (EPA, 1954) and

nitrates above 45 mg/! in public water supplies can have potential toxic effects

on infants and can cause methemogiobinemia ( EPA., 1991, and Driscoll, 19886).

2.0  PHYSICGRAPHY OF THE UTMRA SITE

The UMTRA site lies approximately 21 meters above the San Juan River on a
terrace cut into the highly weathered Mancos Shale (DOE, 1983: and Sergent ot
al.,y 1983). Both the floodplain and strath terrace consist of alluvium and gravels
overlying the shale deposit (Figures 8a to 8¢). The tailings pile lies
approximately 8 meters (USGS, 1966) above the strath terrace, and the study
area is located on the floodplain approximately 21 meters below the terrace

(Department of Energy (DOE), 1983).
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Shiprock is located on the Four Corners platform within the physiographic
boundaries of the Defiance Uplift and west of thé San Juan Basin. A Hogback
monacline, approximately 24 kilometers east of the study area, is formed by
drape folding layers over a single fault at depth (Woodward and Callender,
1977). Faults and/or fractures along the Hogback west ridge formed in the
Mancos Shale during Laramide deformation during the late Cretaceous period
(Woodward and Callender, 1977). Saveral interpretations of lineaments have
- been complated within the Four Corners area using Landsat data and these

show trends in a northeasterly direction (O Driscell, 1981; and Knepper, 1982).

21 Fluvial Deposits in the Study Arca

Three types of deposits occur in the study area. The lithology consists of fine
grained Holocene alluvium overlying Pleistocene outwash gravels and
Cretaceous marine shales. The migration of Tethyan sea waters during the
Cretaceous deposited the marine shaies which consist of clays and silty clays
(rassett, et al,, 1977). Regressive and transgressive transitions resulted in the
many facies changes throughout the formation (Peterson and Kirk, 1977). Below
the Shiprock UMTRA site, the Mancos Shale formation has a thickness of
approximately 239 meters (Johnson, M. S., pers. comm., 1997). The outwash
gravels and boulders overlie sirath terraces on the north and south sidas of the

San Juan River and can be observed from Farmington to Shiprock.
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Metamorphic and volcanic rocks are common in the deposits, and do not oceur
locally. The thickness of the outwash deposits on the floodplain ranges from 6 to
9 meters. The presence of well rounded gravels, cobbles, and boulders reflect

long distances of fluvial transport during glacial melting.
2.2 Moraine and Terrace Sequences from Durango fo Farmington

Terraces along the Animas River from Durango, Colorado, to Farmington, New
Mexico, areas have been interpreted to have formed intermittently from the late
Pliocene to the late Pleistocene. Three glacial moraines --Durango (330,000 to
240,000 years BP (Gillam et al., 1984; and Love and Gillam, 1991)), Soring
Creek, (140,000 years to 150,000 years (Gillam et al., 1984)), and Animas City
{70,000 to 60,000 years BP and 40,000 to 30,000 years BP (Gillam et al_ 1984))
-- have been identified near Durango, Colorado. A set of ouitwash terraces was
formed after each of the glacial events (Gillam et al., 1984; and Love and Gillam,

1981).

2.3 Ages for the Terraces and Floodplain in the Shiprock Area
Published maps had not identified the ages of the terraces and floodplain in the
study area. Therefore terraces were mapped and correlated with the surfaces

identified by Love & Gillam (1991).  Along the San Juan River from Farmington
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to Shiprock Ward’s (1990) surficial deposits map and Gillam's unpublished

- (Gillam, pers. comm., 1996) maps were used as a basis for determining the
terrace ages in the study area. The terrace elevations from south of Farmington
to northwest of Shiprock were plotted against the length of the San Juan River to
determine the terrace ages from Farmington to Shiprock (Figure 9). The
Shiprock UMTRA site is located on a strath terrace which is estimated to have
formed between 88,000 to 150,000 (late-middle Pleistocene) years BP from the

- Spring Creek glacial waters. The floodplain outwash gravels were estimated to
have been deposited from 16,000 to 70,000 years BP (late Pleistocens) from the
Animas City glacial waters and lie approximately 1.3 meters above the San Juan

River.

3.0 HYDROLOGY

The San Juan hydrologic basin lies within the Colorado River Basin. The basin
was formed by uplifts which control the direction of groundwater movement
toward the San Juan River, which joins downsiream with the Colorado River in
southeastern Utah (Figure 2). In the Colorado River Basin (Cooley, 19689,
Lyford, 1979; and Stone, 1984), groundwater flows toward the tributaries of the
Colorado River. The perennial flows of the San Juan and La Plata Rivers

(Figure 2) are the largest tributaries in the Colorado River Basin (Cooley, 1969;
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and Stone, 1984). The principal aquifers are of Jurassic and Cretaceous age

and are shown in a generalized stratigraphic section in Figure 10.

3.1 Regional Mydrology

Cooley (1869), Stone and others (1984), and Kernodle (1996) have described
the recharge areas for the confined aquifers in the San Juan hydrologic basin.
In the Chuska Mountains of northwestern New Mexico, outcrops of Tertiary
Chuska Sandstone overlie and recharge the Jurassic Morrison Formation. This
grounawater also is the source for springs and local wells along the Chuska
Mountains (Cooley, 1869; and Lyford, 19783). The recharge area for the
Morrison fFormation aquifer extends as far north as Colorado, and is exposed

along the flanks of th2 San Juan Mountains.

Aquifers in the San Juan hydrologic basin are located stratigraphically above,
within and below the Cretaceous Mancos Shale. Upper Cretaceous units of
Mesa Verde group lie:; above the confining layers whereas the Gallup
Sandstone is within in the Mancos Shale and the Morrison Formation, San
Rafael group, and Glen Canyon Group are below the confining Mancos Shale
layers. The shale consists of siltstone and mudstone ranging in thickness from

76 meters to as much as 701 meters regicnally (Fassett, 1977). According to
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well records, artesian well #648 located on tha western terrace above the study

site, is screened in the Morrison Formation (Johnson, M. S., pers. comm., 1997).

3.2 Lecal Hydrology

The study area lies within the Middle San Juan watershed, the boundaries of
which are formed by the Defiance monocline to the southwest, the Hogback
maonocline to the east, the Lukachukai and Carrizo mountains to the west, and
the San Juan mountains to the north (Figure 11). The San Juan River tributaries
affecting the study area include the ephemeral flow. from the Canon Largo,
Gallegos Canyon, and Chaco River and the perennial flows from the La Plata

River (Cooley, 1969, and Stone, 1984).

The headwaters of the San Juan River are located north of Pagosa Springs,
Colorado. The San Juan River joins the Colorado River north of Page, Arizona
in Utah. Prior to joining the Colorado River, the San Juan River is fed by two
major tributaries, the La Plata and Animas Rivers, within the study area. The
headwaters of the La Plata River are located north of Silverton, Colorado, and
the headwaters of the Animas River are located north of Hesperus, Colorado.
The Animas joins the San Juan in central Farmington whereas the La Plata

comes in west of the city (Figure 11).

23




Silverion

Durango Pagosa Springs

' COLORADO

San Juan

ARIZONA \ ~ L New MEXCIO
s‘;if" T e
& . . &
[ &
o Q%'prDCK s Navajo Reservior
e
Shi VN
‘P \/\ﬁ
Rock, S
e Qq_c‘,"
“ s B
%
e, ;
5. -
g S,
O Tent
(3
%
% 0 10 20 30 20 Miles
< ] i | |
Z, L
'/7 [ 10 20 30 49 50 60 Kilometars
$
: 0
300 Lowm 1 1 g =

=xplanation
==meseme  River and tributaries
s Qutline of The Middle San Juan Wateished
UMTRA Site

Figure 11. Middle San Juan Watershed showing major surface water
drainages (modified after USGS, 1974 Hydrologic Unit Maps).

24




The Quaternary-aged unconfined aquifers along the San Juan and La Plata
Rivers consist of vailey fill deposits ranging from 4 meters to 20 meters thick
(Cooley, 1969; Stona et al., 1983; and DOE, 1965-1996). Since 1963 the San
Juan River flow volumes at Shiprock have depended on r‘ef@ases from the
Navajo Reservoir, located approxim:ately 100 kilometers upstream from
Shiorock, The flow from the Navajo Reservoir to San Juan River affocts
recharges to the unconfined aquifer system below the reservoir, therefore

affecting high and low water levels along the river.

3.3 Climate

i fon L e e e

in Shiprock the mean annual temperature is 52.8°F (Kunkel, 1984). The mean )
annual precipitation is 20.3 cms ver year (Kernodle, 1996). The highest

precipitation oceurs during summer months as localized thunderstorms. The

precipitation is approximately 9 cms per year from both snow and spring runcff

{(Kernodle, 1896). In the Shiprock area the potential mean annual evaporation

rate is 1.47 meters per year (Kernodie, 1996).

Since the potential mean annual evaporation rate exceeds the mean annual
precipitation rate, recharge by precipitation to the floodplain aquifer may be
negligible. The exception may be strong storm events in which precipitation

exceeds evaporation for short periods of time. The local floodplain aquifer within
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the study area is recharged predominantly thorough discharges by the artesian
well #6438, and from the San Juan River. Piezometric levels in the floodpiain
aquifer are highest at the mouth of Bob Lee Wash. These high water levels

have created a wetland environment at the base of the wash.

This study was conducted to determing the behavior of the unconfined aquifer
within the floodplain that lies below the site of the DOE's UMTRA project at
Shiprock, New Mexico. Following methods were used: a) Universal Transverse
Mercator (UMT) coordinates for all sampling locations were determined to
provide a consistent database for the diverse sources of daia from the DOE
consultants; b) Well logs from the existing and abandoned wells were collecied
and analyzed to develop cross-sections of the floodplain stratigraphy. c) Seismic
refraction cata were used to identify fractures and/or offsets, and to determine
the depths to gravel and shale contacts and fluctuations of the gravel and
alluvium interface; d) Depths to groundwater were recorded for monitoring wells;
e) Electrical conductivity data were collected using the electromagnetic (EM) 38
and 31 during the low- and high-water flows from the San Juan River to
determine the vertical and horizontal extent of the salt contaminant plume; f)

Eleven years of DOE water data were compared to high and low flow of the San
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Juan River to determine if the San Juan River flows influence uranium, nitrate

and sulphate concentrations in the floodplain aquifer.

4.1 Universal Transverse Mercator Locations

A unified coordinate system was required to enable comparison of previous and
current sampling data. In the past, all sampling locations were given a Mavajo
Engineering & Construction Authority (NECA) easting and nortning coordinate
and this did not reflect any state plane coordinate system. All available
coordinates in the DOE database were used to manipulate and calculate
Universal Transverse Marcator (UTM) coordinates to compare previously
coliected data with the data collected in 1998 and 1997 In February 1996,
Geraghty & Miller (Newlin, pers. comm. 1896) used the global positioning
system (GPS) to find the UTM coordinates for two monitoring wells arid nine
electromagnetic sampling points. Personnel from the Navajo Nation Water
Resources Program calculated UTM coordinates (Appendix B) for all the existing

and abandoned monitoring wells and the 189 sampling points for

electromagnetic survey (Largo, G., pers. comm., 1998).
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4.2  Stratigraphy

The DOE reborts published prior to 1989 identify 82 well logs from monitoring
wells, well points and boreholes and of these, 52 have been abandoned. The 82
well logs were used to establish the subsurface stratigraphy and to produce the
cross-sections and isopach maps. Seismic refraction surveys were performed
on the floodplain to identify any possible fractures and/or offsets, gravel contacts
within the shale, and topagraphical high and lows in the shale. The first ssismic
refraction test line was conducted on the floodplain in June 1995 (Figure 12). A
second seismic test was conducted on February 1986, by Geraghty and Miller in
the non-vegetative sections of the floodplain. The gravels and shale contacts
were determined from the lithologic information of menitoring well logs (Figures
3 and 4). The shale elevation (Figure 13a) and isopach maps (Figure 13b and
13c) were constructed using the 1993-1994, Surfer contouring program by
Golden Software, Inc. Version 2.0, using the data from 58 lithological logs
existing and ahandon monitoring wells, well paints, and test pits locations

(Appendixes C and D).
4.3 Waier Lavel Measurements

A schedule of water level measurements was established by the Ding’ College

students for 30 monitoring wells located on the floodplain (Figure 4). During
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data collection period, January 1995 to mid-November 1995, an electric sounder
made by Jacobs Eng.i'neering Group (JEG) was used to measure the depth to
groundwater. Subsequently a Solinst sounder Model 101 was used from mid-
November 1895 to July 1996. During periods of low river ﬂbws, from April to
May, 1985, and September 1995 to August 1808, water-levels on the flondplain
were measured each week. When the San Juan River experienced high flow
rates and/or anticipated variability in water-levels from the Navajo Dam releases,
more frequent water-level measurements were required to evaluate possible
interactions between the floodplain aquifer and the San Juan River. Water
elevation contour maps were mechanically drawn and based on depth-to-water
level measurements for the highest and lowest water levels and for monthly

averages from April 1995 to July, 1996 (Appendix E).
4.4  Electromagnstic Surveys

A 50 by 50 meter grid consisting of 189 sampling points (Figure 14) was
established on the floodplain for repeated surveys of groundwater salinity using
the electromagnetic (EM) to collect electrical conductivity values. The direction
of the north/south fine is 60° and the east/west line is 150°. Four
electromagnetic surveys were conducted at the site during different high and low
discharge seasons of the San Juan River. The ground conductivity meters oy

Geonics Limited (Ontario, Canada) used were models EM-38 and EM-31. The

32




4073000 —

4072500

= 40 72(300“2

[

i E AT X S = i
706000 706800 707000
EASTING

T MEEETL T Imeters
0 250 500 750 1000

Exolanation

EM stake sampling point

e

we wes  Bob Lee Wash and floodplain ditch

WL wWetands

Figure 14. Electrical conductivity sampling locations. Collected in
1995 and 1986 with EM-8 and EM-31.

33




electromagnetic values provide an integrated conductivity of the scil and water.
Depth of signal penetration for the EM-38 is approximately 0.75 meters in the |
horizontal mode and 1.5 meters in the vertical mode. Dep"ch of signal

penetration for the EM-31 is approximately 3 meters in the horizontal mode and

6 meters in the vertical mode.

The EM-38 and EM-31 instruments generate an electromagnetic field which
induces a small current in the ground. The magnetic field strength is determined
by terrain electrical conductivity measurements (McMeil, 1892). The EM
instruments measure the electrical conductivity over a given interval depth below
ground surface. The electrical conductivity responds to both the total salt
content and water content in the soil. The EM conduictivity technique provides
an integrated electrical conductivity profile of the subsurface soijl and can show
changes attributable to salinity variations. Locally high elscirical conductivity
values on the floodplain indicate the possible presence of contaminants, in the
form of total salt content moving with groundwater. The £EM-38 and EM-38
contour maps were constructed using the 1993-1994. Surfer contouring program
by Golden Software, Inc. Version 5.0 using the electrical conductivity data from

the EM-38 and EM-31 surveys (Appendix F).

34




4.5  Geochemical Analyses

San Juan River flow measurements from the USGS (1985-1986) Shiprock
discharge gaging station were compared with eleven yeayé (1985-1896) of
DOE’s water analyses for NO,” and $0O,%, and U (Appendix A). The evaluation
was used to determine whether or not the contaminants were being diluted by
the flows from the San Juan River. The results from the water quality analysis
were contoured using Surfer program by Golden Software, Inc. Version 5.0 and

divided into the Log concentration ranges.
5.0 DISCUSSBION OF RESULTS

One way of evaiuating the influence of the San Juan River on the unconfined
aquifer is to compare floodplain lithology, water flow directions, and the vertical
and horizontal exient of the contaminant salt plume. By overlaying the water
elevation and isopach maps, the groundwater flow directions on the floodplain
aquifer show recharge from both the San Juan River and the Bob Lee Wash.
Comparing the lithologic, water elevation, and electrical conductivity contour

maps will allow identification of recharge areas in the floodplain aquifer.

Groundwater and contaminant flow directions are influenced by many factors.

Monitoring well elevations wers incorract and initially gave inaccurate water
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level data. The EM-38 and EM-31 data allowed delineation of the contaminant
plume on the floodplain. Finally, cbmparison of previous DOE water analyses
and electrical conductivity contour data maps allowed for interpretation of the

plume source.

5.1 Re-measurement of Menitoring Wells Flevations

In winter, 1995, the calculated water levels below ground surface indicated that
saturated areas existed on the floodplain, however no water was observed on
the floodplain in December, 1995. Earlier in the year the floodplain was
saturated from mid-June to mid-July 1995 (Figures 15a to 15d) when large
releases from Navajo Dam were timed to mimic unimpeded runoff from
snowmelt. The monitoring well elevation of 28 of 30 monitoring wells on the
Shiprock UMTRA site floodplain were remeasured and the elevations on 26
monitoring wells were found to be incorrect. The monitoring wells were
remeasured and the corrected values were used for the water elevation and

lithclogical contour maps.

5.2 Floodplain Stratigraphy

The DOE data from 56 lithologic logs were (Figure 3) used to produce cross-

sections and isopach maps (Figures 8a-8e and 13a-13c) to identify variation in
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Figure 15a. Photograph of the San Juan River floodplain in June
995, View is to the southeast looking at the Navajo Tribal Utility
Autherity’s intake public water system puilding. Residents, in
background, are currently inhabiting the Upper western terrace of the
vodplain (Photo by SC Semken, 1995).
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Figure 15b. Photograph showing uan River flow in min-June
1988 View is looking to the sast, northeast of the municipal surface
water intake system building. The study

the 8an J

w

area is off the photograph to
the left and the San Juan River on the right-side (Photo by SC
Semken, 1995)




Figure 15c. Photograph of the San Juan River during high-flow in
mid-Junie 1985, View is to the south and escarpment can be seen in
the background. Open triangle indicates approximately where salt
encrustation was observed and which coincides with higher EM
conductivity values (Photo by SC Semken, 1995).
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August 1985, The mid-ground structure is the Navajo Tribal Utility
Authority’s intake for the public water system building. View is looking
towards floodplain in a southwesterly direction (Photo by 8C Semken,
1995).




lithologic thickness on the floodplain. Former alluvial channels on the floodplain
were identified from aerial photographs (Figures 5 and 6). The outwash-gravels
contain larger pore space than the alluvium. The ancestral channels may
presently control the groundwater and contaminant flow diréctions. Restricted
fluid movement would occur through the finer grained alluvium around channels.
East of Bob Lee Wash, higher electrical conductivity values indicate that the
locally finer-grained alluvium may be inhibiting the movement of contaminants
and groundwater flow from the disposal pile into the river. The alluvial channel
branching east of Bob Lee Wash may be restricting the flow of the contaminant
plume as it moves towards the San Juan River. Variations in the lithologies

- within the stratigraphic sequence will influence fluids as they cross tie boundary

from a more permeable material (outwash gravels) to less permeable material

(fine-grained alluvium).

The cross-section line B-B’ on the map in Figure 8c shows that the alluvium and
outwash gravels have a consistent thickness in the center of the floodplain.
However, the alluvium becomes thicker on the northwestern sections of the
floodplain, may be part of/or near a former point bar, where higher rates of
sedimentation by the San Juan River would be expected. In mid-cross-section
line B-B', the Mancos Shale topographical surface is relatively fiat from erosion
by the river. Cross-section C to B’ shows that alluvium and gravel thicknesses
vary as much as three meters along the edge of the terrace but the
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upper surface of the Mancos Shale shows relatively little topographic variation,
except near MW 613, and MW 614, where a resistant shale knob exists (Figure

8d).

in the southeastern and central scstions of the floodplain, the isopach maps and
cross-sections show the depth to the gravel/shale contact varying from 0.3 to 3.7
meters (Figures 8a-8e, 13a, and 13b). The shale surface alevation map (Figure
13a) and southern and central cross-sections C-B and c-¢’ (Figures 8d and 8e)
show a depression at the base of the Bob Lee Wash. This depression within the
Mancos Shale may represent ancestral channeling in the floodplain and is
pernaps a major factor in controlling the groundwater and contaminate flow
directions. The channeling can be seen in the elevation changes in shale and
the alluvium thickness. A contour map, of the shale surface along the terrace

edge and below Bob Lee Wash, shows ancestral channels that have been filled

by alluvium and gravels (Figures 8e, 13b and 13c¢).

The variation in alluvium and gravel thicknesses suggest a later stage of
channeling on the floodplain. it is probable that channeling occurred when the
shale was first eroded, when gravels were deposited, and when the alluvium
was deposited. Aerial photographs prior to 1954 show patterns of the former

alluvial channels on the floodplain (Figures 5 and ).




The seismic refraction survey for the central non-vegetated part of the floodplain
shows the Mancos Shale bedrock topography (DOE, 1996) ranging in depth from
5.5 to 10 meters below ground surface (DOE, 1996). The greatest depth to
shale is 10 meters bgs within the floodplain at the mouth and»‘east of Bob Lee
Wash (DOE, 1996). The elevation gradient of the Mancos Shale is
approximately 0.0037 to 0.0044 meter per meter trending in the northwest
direction whereas the regional dip is 1° to 5° to the northeast (Nowels, 1929).
The southeastern floodplain refraction survey resulis agree with the local,
stratigraphy determined fram the monitoring well logs. The refraction resuits
indicate that the top of shale surface and the alluvium/gravel thickness are within

one meter of monitoring well records.

5.3 Structural Setting of the Mancos Shale

Aerial photographs from 1935 (SC8) and 1954 (US Army) show erosional
patterns indicated by gullies along the terrace edge of the UMTRA site. These
gullies trend to the northeast (Figures 5 and 8). After 1975, the gullies are
difficult to distinguish in aerial photographs as they are covered by the uranium
mill tailings (Figures 7 and 16). Regional structural features, including
lineaments and anticlines, within six kilometers of the study area (O'Driscoll,
1981; and Knepyer, 1982) trend NE. The orientation of the gullies in the Mancos

Shale is consistent with the regional fracture patterns. Gullies along
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Figure 16. Us Gedlogical Survey aerial photograph (1991) showing how
much vegetative growth has occurred in the floodplain since 1935 (Figure 4).
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terrace edges parallel fractures within the Mancos Shale and have enhanced

weathering profiles.

Above the northwestern floodplain, salt deposits and seepages were found
along the escarpment which coincide with abandoned guliies observed in aerial
photegraphs. A fracture and/or offset (Schlue, pers. comm., 1995) was identified
from a refraction survey of the floodplain (Figure 12) and coincides with a gully
on the terrace (Figures 5, 6 and 16). The presence of salt deposits and
seepages aiong the escarpment (Figure 3, 15c), the occurrence of erosional
gullies, and the notably higher electrical conductivity values in adjacent areas of

the floodplain suggests that fractures exist within the Mancos Shale. These

fractures appear to be controlling the direction of contamination plume on the

floodplain.

5.4  The Influence of Fioodplain Sediment Variation on Groundwater Flow

Direction

A DOE (1994b) water elavation contour map has been interpreted to show that
groundwater flow directions are not affected by recharge influences from the San
Juan River on the eastern floodplain and only slightly affected by the recharges
from the Bob Lee Wash on the western floodplain aquifer (Figure 17). The

DOE's contour map suggests on the eastern floodplain there is a constant
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Figure 17. The 1994 DOE interpretation of groundwater flow directions
on the UMTRA site floodplain
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groundwater recharge from the floodplain aquifer to the San Juan River and on
the western floodplain the recharge from the Bob Lee Wash is significantly
recharging the San Juan River (Figure 17). However, this DOE study did not
consider the effects of flow directions in the alluvium, outwash gravels, and along
Mancos Shale elevation surfaces. Furthermore, the depth to the groundwater
was based on erroneous monitoring well elevations. As a result, the DOE study
may have incorrectly assessed influences of the San Juain River and Bob Lee

Wash on the floodplain aguifer.

During the lowest water levels on the floodplain aquifer, the water elevation
contour map in the eastern floodplain ditch shows water elevation decreasing
sharply as the San Juan River water enters the floodplain (Figure 18a). Itis
possible that finer-grained alluvium in this area acts as a barrier to water flow,
preventing flow of water from the San Juan River into the floodplain aquifer.
During high water levels the elevation gradient is reduced (Figure 18b) and it
increases during low water levels (Figure 18a). Howcver, it is possible that when
alluvium is saturated it no longer acts as a barrier to water flow from the San

Juan River (Figures 13, and 18h).

Irrespective of the flow conditions in the San Juan River, where thicker gravel

beds exist water flow directions are towards the gravels. The groundwater may
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also flow from the higher topographical shale areas and towards the lower
topographic areas near the base of Bob Lee Wash and aWay from the alluvium.
The groundwater flow directions on the southeastern part qf the: floodplain are
perpendicular to the San Juan River flow direction (Figures 18a and 18b). This
perpendicular flow pattern may be due to the San Juan River losing its water to

the floodplain (Larkin and Sharp, 1996),

5.4.1 Characterize Recharge Areas from Bob Lee Wash and San Juan

River Within the Floodplain Through the EM Survays

Artesian well #648 provides continuous discharge from formation waters of the
Morrison Formation (Johnson, M. S, pers. comm., 1995), and onto the floodplain
through Bob Lee Wash (Figure 1). During times of low flow discharges from the
3an Juan River, and Bob Lee Wash, a prominent freshwater divide occurs in the
floodplain aquifer. This can observed in the lower electrical conductivity values
and increased water elevations at the base of the Bob Lee Wash (Figures 18a,
and 19a-b). Alternatively, it is possible that this fresh water divide could also be
the result of a contribution of fresh water through a major fracture within the
Mancos Shale. The freshwater could be flowing along a fracture pathway,
increasing local fresh water flow from Bob Lee Wash and the San Juan River

during low-flow seasons. The freshwater divide creates a hydraulic barrier and
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separates the floodplain aquifer into eastern and western sections (Figure 19a-

b) between the Bob Lee Wash and the San Juan River.

The southeastern floodplain along the edge of the San Jua_h River has the
lowest electrical conductivity values (Figures 19a-b, and 20a-b). This is
probably the influence of the San Juan River freshwater recharge into the
floodplain aquifer (Figures 19a-b, and 20b). Flow lines show that groundwater
flow directions are into the floodnlain (Figures 18a-b) which coincides with lower
electrical conductivity values on the floodplain (Figures 19a-b). Below the
eastern disposal cell near its east end the contaminant plume is pushed toward

the west against the fresh water divide of the Bob Lee Wash. This may be a

result of infiltration from the losing stream from the San Juan River. This
suggests that the lithologic type is influencing variation of flow rates on the
floodplain. The San Juan River's discharges into the unconfined aquifer system
may change the flow regime of the groundwater and contaminant plume in this

area.
5.5  Delineating the Vertical Contaminant Plume Through EM Surveys

The different depths over which the two EM instruments operate provides a
basis for identifying for vertical variations in salinity concentrations. For EM-38

and zM-31, the lower electrial conductivity in the horizontal mode (0.75 and 3
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meters) suggests the presence of contaminants in the form of salts near the
ground surface, whereas the higher electrical conductivity noted in vertical mode
(3 and 6 meters) suggests that salinity is increasing with depth below ground

surface (Figures 19a-b, and 20b).

The EM-31 vertical contour map indicates that the salt contaminant plume is
concentrated in the lower portion of the aquifer (Figure 19b). During low-flow
seasons, the overall electrical conductivity values are generally higher for both
EM-38 and EM-31 (Figures 19a-b). This can be attributed to the lower water
content in the flocdplain aquifer. Lower water-levels could cause the

contaminated water to be more concentrated resulting in higher electrical

conductivity values. During higher river flow, the electrical conductivity values
are lower thus allowing the best representation of the salt contaminant plume.
This overall lower electrial conductivity value is due to the water and soil contact
which has increased and distributed over a larger area throughout the
unconfined aquifer. This occurs when the unconfined aquifer water levels are

increasing from the high discharge rates of the San Juan River.

5.8  Identifying the Extent of the Contaminant Plume with EM Surveys

The EM-38 and EM-31 electrical conductivity contour maps show three areas of

high salinity values which are consistent throughout the four sparate sampling
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periods. The first high electrical conductivity area indicate the highest salinity is
near the surface. This may be the result of the dense - 2getation. The second
area is below the UTMRA disposal pile. Finally, the third area of high electrical

conductivity is located below the western terrace.

5.6.1 Areas of High Flectrical Conductivity Related to Surface Salinity on

Fleodplain and Vegetation Effects

High electrical conductivity values are found in highly vegetated areas along the
floodplain ditch and banks of the San Juan River and probably represent the
accumulated salts along evaporative margins of the floodplain (Figures 19a-b,

20a-b, and 21). The EM-38 horizontal mode readings suggest that the higher

electrial conductivity values were probably generated by the presence of near-
surface salts. The greater salt concentrations at the ground surface may be the
result of capillary action in the vadose zone that bring salts to the surface. In
areas where the groundwater depth was less than 1.5 meters bgs, vertical mode
EM-38 measurements are probably influenced by vegetation, including:
tamarisks (salt cedar bushes), cottonwoods and Russian olive trees. Salt cedar
traes are known to have high evapotranspiration rates which increases the
uptake of water and lowers the water-table (Blaney, 1858), therefore increasing

the concentration of salts below the vegetated areas. Phreatophytes, such as
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cottonwoods and salt cedar, have high transpiration rates (Blaney, 1958) and

probably causs increased salt concentrations near the surface.

5.6.2 Righ Electrial Conductivity Areas RBelow the UW!“E"RA Disposal Pile

A second area of high electrical conductivity is located below the UMTRA site
near the terrace edge (Figures 19a-b) and is believed to have originated at the
tailings site (DOE, 1991). This area has the lowest shale eleveations and the
concentration of salts increases with depth. The locaticn of the salts is related to

fractures draining from the base of the disposal pile.

‘Nhen the 1995 and 1996 DOE water analyses contour maps (Figures 22a-b,
and 23a-b) were compared with EM conductivity maps (Figure 19a-b), the results
indicate that the higher MO, and SO,* concentrations are located at the below
the disposal pile within the floodplain aquifer. In February 1996, Geraghty &
Miller (DOE) electrial conductivity survey found high concentrations above and
beneath the escarpment immediately north and northwest of the disposal cell
and monitoring well water anaisis inidcate it is high contaminated with NO; ™,
S0O,” and U. Gullies identified in acrial photographs (Figures 5 and 6) coincide
with higher concentrations in monitoring wells (Figures 22a-b, and 23a-b),

escarpment seeps (Figure 3), and higher EM conductivity values (Figures 19a-b).
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5.6.3 High Elactrical Conductivity Areas West of Bob Lee Wash

A third area of high salt concentration is located on the western floodplain near
the escarpment. This zone is probably the result of sewage seepage flowing
along a fracture pathway in the shale from homes on the terrace west of the
UMTRA site (Figures 19a-b, and 20b). Along the escarpment edge
approximately 2 meters below the terrace, salt encrustations were found.
Located on terrace above the salt encrustation was a septic tank. A gully
identified in aerial photos (Figures 5 and 6) leads from the septic tank to the

seep.

since the Bob Lee Wash discharges has produced a fresh water divide, the
hydrologic barrier separates the unconfined aquifer i to the eastern and western
sections. As result the contaminant plume on the west is not associated with the
UMTRA site contaminants. Some high levels of NO,” and SO,> do exist on the
western side of the floodplain aquifer, but the source for the high NQ,~ on the
western side is probably not from the tailings pile but from residential septic
tarks and animal waste. This is based on the NO, and 80,% concentrations in
monitoring wells as shown in Table 1. Monitoring wells located below the
UMTRA site indicate the highest concentrations of NO, and $0,%, whereas the

western floodplain had intermediate concentration levels. At present residents

along the western terrace are not connected to the MTUA's sewage system
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(Atcitty, pers. comm., 1996) and they have created a septic-leach field on the
floodplain. In agricultural lagoons NO, concentrations range from 7.4 to 92.2
mg/l (Department of Agriculture, 1992) and NO; concentrations below the
terrace are within the agricultural septic ranges. These sabtic tanks and animal
waste therefore provide continuous source of NOj, on the western floodplain,
and are the likely cause of high electrical conductivity values from the terrace to

the San Juan River throughout each sampling period (Figures 19a-b, and 20b).

Table 1. Monitoring well NO5 and S0,* concentrations in 1995 and 1996,

ez g BT AR TR a5 & T
R R AR AT PSR GV SR R 2

Monitoring NO, {0k NO, 80,7
Wel (mg) | (mg/) | (mgM | (maf)
610* 3400 10900 | 2910 | 10900
514* 2940 13000 13320 | 13300
7347 66.1 6070 | 155 | 6560
7335 1 2220 |1 3270

*

Ms below the tailings pile

** MW on western floodplain

*** Background MW




5.7 Dilution Effects Identified on the Floodplain

The discharge recorded at the Shiprock USGS discharge gaging station along
the San Juan River was compared with DOE’s monitoring \;\Jell concentrations to
determine the possibility of dilution or a concentration was occurring over time.
Variations in lithology were analyzed to determine whether they were influencing

the directions of contaminant movement within the floodplain aquifer

In 1895 and 1996 the NO, and SO,* concentrations follow similar northwestermn
flow plume directions with an average San Juan River discharge of $32 cfs and
804 cfs (Figures 22a-b and 23a-b). Concentrations nearest to the tailings pile
and near fracture areas showed little fo no dilution effects from the San Juan
River (Appendix ). Whereas the wells nearest to the river showed lower
concentraticns in the floodplain when the San Juan River fiow was high and
higher NO," and $0,* concentrations when San Juan River flow was low
(Figures 22a-b, and 23a-b). At the base of Bob Lee Wash and along the eastern
fresh divide, discharges from Bob Lee Wash dilutes the high salinity

concentrations as the contaminants move within the ancestral channel filled with

outwash gravels,




5.8 Lithology Affecting High Elecirical Conductivity

By comparing lithological cross-sections and isopach maps with EM conductivity
contour maps and DCE’s monitoring well data, a prediction.‘of the groundwater
and contaminant flow directions can be made. In such a scenario we would
expect to see lower concentrations in the thicker gravel areas and higner
concentrations in the thicker alluvium areas; this is because gravels tend to have
higher hydraulic conductivity than the finer grained alluvium and affect flow

through the porus media (Freeze and Cherry, 1979).

The depth below the ground surface to the gravel/shale contact varies from
0.3048 to 3.7 meters near the base of Bob Lee Wash. The lower concentration
areas may also be influenced by the thicker alluvium areas whereas east of the
Bob Lea Wash the finer-grained alluvium coincides with the high EM
conductivity values (Figures 19a-b). Whereas contaminant movement is
inhibited by the channel remnants which are branching outward east of Bob Lee
Wash. East of the finer-grained alluvium coincides with high values EM (Figures
16 and 18a-b). East of Bob Lee Wash, higher conductivity values indicate that
the locally finer-grained aliuvium may be inhibiting the movement of
contaminants and groundwater flow from the tailing pile into the river. The

alluvium is restricting the flow of the salt contaminant plume as it moves towards

the San Juan River.




5.9 Comparison of Geochemical Analyses and Electromagnetic Survey
Data
Validation of the EM method for defining the plume requires a comparison
between EM data and groundwater quality data. Over the past 11 years the
number of monitoring wells sampled each year ranged frorﬁ three to fifteen wells
per year which provided an inconsistent database of groundwater quality
anulysis. The monitoring wells the floodplain were not consistently sampled and
were located as far as 415 meters apart. SO,* and NO, concentrations could
only be estimated for large areas of the floodplain (Figures 22a-23b) resulting in
a non-representative sainpling of the floodplain aquifer. Whereas the M

sampling points were located 50 meters apart and provided a representative

sampling values within the floodplain. A comparison of the =M map with a map
of the contanimant plume derived from monitoring wells, indicates the need for
additional wells to adequately characterize the SO,* and NO, plumes (Figures

22:1-23h).

6.0 COMNCLUSIONS

The ages of the two Shiprock UM 'RA site terraces were based on correlation
from the terrace surfaces describe by Gillam. The floodplain at the Shiprock
UMTRA site was formed by glacial waters from the Animas City moraines (late

Pleistocene approximately 16,000 years to 70,000 years BP) and the stratn
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terrace was formed by glacial waters that produced the Spring Creek moraines

(late-middle Pleistocene approximately 88,000 years to 150,000 ysars BP).

The floodplain stratigraphy consists of three lithologies, ﬁn~é~grained alluvium,
outwash gravels, and the Mancos Shale. Lithologic cross-sections and isopach
maps for the Shiprock UMTRA site floodplain indicate that ancestral channeling
occurred in the Mancos Shale and is a major factor influencing the contaminated
salt plume movement in the subsurface. The cnanneling can be seen by
elevation changes in lithology and the variation in thickness of the outwash
gravels and alluvium. Grain size also appears 1o be a factor in controlling the

groundwater and contaminated flow directions. Preferential flow patterns within

the study area are in the outwash gravel, whereas the finer-grained alluvium

tends to redirect groundwater flow directions and concentrate the contaminants.

The unconfined aquifer is influenced by both the San Juan River and the Bob
L.ee Wash discharges. The San Juan River is a [osing stream to the unconfined
aquifer system on the floodplain and is changing the flow regime of the
contaminant plume. In the southeastern floodplain the San Juan River is diluting
the contaminants in monitoring wells located along the floodplain edge near the
San Juan River or rediracting the contaminant flow direction into the ancestral
channels east of Bob Lee Wash. In the central floodplain area, Bob Lee Wash

is recharging the alluvial aquifer on the floodplain and creating a freshwater
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divide throughout the year. During the San Juan River low flow discharges, the
river is contributing to the freshwater divide on the floodplain. Water level
contour maps show an abrupt elevation change on the eastern fleodplain ditch
during low flows. This is interpreted to be the resuit of ﬁnef—grained alluvium
inhibiting the movement of water flow and contaminant direction from the

disposal pile into the river itself.

The contaminant plume from the disposal site is following an ancestral channe!
east of the Bob Lee Wash. This area has the lowest shale surface elevation and
high EM conductivity values. The fine-grainaed alluvium is containing the

contaminant within the lower shale depression area. With combination of the

lower shale elevation, fine-grained alluvium and fractures provides an area for a
salt plume to exist without dilution. Freshwater divide near the base of Bob Lee
Wash is diluting the contaminant plume on its western side and separating the

contaminant plumes on the floodplain.

Fractures in the Mancos Shale were identified from aerial photographs and
seismic refraction survey results. Aerial photographs from 1835 and 1954 show
erosional guilies along the terrace edge. Refraction resulis indicate
offsets/fractures in the shale on the eastern floodplain and there coincide with
high electrical conductivity values on the floodplain. The fractured induced

gullies in the Mancos Shale represent preferred groundwater conduits which
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The horizontal extent of a contaminant salt plume was defined through EM
surveys and analysis of DOE monitoring well 1994-1995 water analysis for NO,"
and SO,*. However, not all areas of high conductivity values represent
contamination from the uranium mill tailing waste. The hig_h NO, but relatively
low SO,* concentrations and the high EM electrical conductivity values on
western floodplain, downstream of the Bob Lee Wash, suggest that other
influences may be affecting the higher salinity in this area. All the residents living
on the western terrace have septic tanks and salt encrustations have been
found along the escarpment. This suggests the contaminant is transported from
the septic tanks through the fractures and onto the floodplain.

The high salinity areas aiohg the floodplain ditch and near the San Juan
River are reflected most in the EM 38 horizontal mode data indicating that they
are primarily a suriace phenomena. They are probably related to the dense
phreatophyte vegetation in this area. Phreatophytes have high transpiration
rates and the ability to bring salts to the surface and to concentrate them in the
leaves. This results in high salt concentrations in the litter and in the upper parts
of the soil and the ground surface. Thus the only areas of high salinity directly

attributable to the tailings pile are those near the base of the Western terrace.

This study at the Shiprock UMTRA site suggest that many factors are affecting
the contaminant flow directions in the floodplain aquifer. Local factors include

changes in thickness of gravels and fractures in the Mancos Shale.
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The vertical and horizontal extent of the contaminant plume and its direction of
movement can be identified by comparing the maps of =M data, floodplain
lithology and water-levels. A multi-disciplinary approach is necessary to be able
to identify and understand the lithclogical controls on the contaminant plume and

groundwater flow paths.
7.0 RECOMMENDATIONS FOR FUTURE WORK
= The four electrical conductivity maps provide a base line for future M

surveys and may be used fo compare the differences in the contaminant

plume direction. The results from future EM surveys will demonstrate the

extent of the salinity and how the shape of the plume is changing through
time. EM surveys should continue during the San Juan River high
discharges flow periods. If the San Juan River discharges are expected
to saturate the floodplain then surveys can be conducted before or after
the peak discharge season. Additional surveys should be planned for

high San Juan River discharges.

2 Upcoming suiveys should continue along an established 50 X 50 meter

grid system. This grid was established on the floodplain in preparation for

the EM survey during the study and for future surveys. This provides EM




<]

survey sampling to occur on known UMT coordinates and compare

electrical conductivity with previous surveys.

Conduct a detailed geophysical refraction survey parz}'llel to the terrace
escarpment. The survey will identify fractures and topographical high and
low within Mancos Shale and the thickness in the outwash gravels and
alluvium. The seismic survey should begin on the southeastern end and
finish on the westarn floodplain near the San Juan River. The data from
future test pits, piezometers, and well points should be used in

conjunction with the seismic refraction survey and the EM surveys.

Test pits, piezometer, and/or well points should be placed where the EM
survey data identified plumes on the western floodplain. There are no
monitoring wells or a‘bandoned sampling locations west of Bob Lee Wash
on the floodplain. A detailed lithologic cross-section should be created

for this area.

Sampling the existing wells for water chemistry analyses, and continuing
depth-to- groundwater water measurements, and EM surveys should be a
priority. Sampling should be co-ordinated to flow conditions in the San
Juan River so that meaningful comparisons can be made. A longer data
record will help answer questions about the rate of dilution of the

contaminant plure and the diraction and rate of movement of the plume.
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Artesian well #648 on the terrace should be recapped so that the
discharges can be eliminated or controlled from Bob)Lee Wash. This
would allow the fresh water divide in the floodplain aquifer to be
eliminated and re-direct the contaminant plume through the ancestral

channel below the Bob Lee Wash.

Proposed sampling areas on the western floodplain should include NO,
and S0,* concentrations to confirm whether the contamination is the
result of septic waste or disposal pile activities. Nitrate:sulfate ratios can
be compared with background levals on the eastern floodplain where
recharge areas were identified. Another constituent to sample are the
biclogical parameters; if organisms <haracteristic of human and/or animal
sewage exist in the sample, then this should confirm whether or not the

origin of NQy is from septic waste.
Finally, the proposed permeabls barrier should be installed on the esast

side of the base of Bob Lee Wash. This area represents the lowest

surface snale elevation caused by ancestral channels and would allow
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the contaminant plume to pass through the permeable barrier once the
artesian well discharges are stopped. When the discharges are stopped
then the contaminant would continue to flow within the ancestral

channels; permitting scavenging of contaminant from the tailings/disposal

site,
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Appendix A.1: 1985-1996 Nitrate, Suifate and Uranium Concentrations

WELL DATE  NITRATE log(NO3) NITRATE log{NO3T) SULFAT log(50C4) URANIUM

(TOTAL)
(MGIL) (MG/L) (MG/L) (MG/L.)
0608  01/30/95 3180 3.50 11400 4.06 2.5
0508 01/05/96 2850 3.45 12200 4.09 2.210
0809 01/30/95 3400 3.53 10900 4.04 2.260
0610 01/04/86 2910 3.46 10900 4.04 1.700
0613  01/26/95 4530 3.66 18800 4.23 4.060
0614  01/26/95 2940 3.47 13000 4.11 2.540
0614 01/04/96 3320 3.52 13300 4.12 2.280
0615  01/31/95 2940 3.47 11400 4.06 2.680
0615 01/04/98 2430 3.39 13100 412 2.470
0616  01/04/96 52.4 1.72 3170 3.50 0.345
0617  01/04/96 1620 3.21 5510 3.74 0.785
0619 01/31/95 213 2.33 8420 3.93 1.330
0619  01/04/95 327 2.51 11000 4.04 1.500
0620  01/30/95 203 2.31 7740 3.89 1.000
0622 01/30/95 178 2.25 8460 3.93 1.000
0624  01/31/95 149 2.17 5490 3.74 0.761 o
0624  01/04/58 255 2.41 9010 3.95 1,100
0625 01/31/95 17.2 1.24 4130 3.62 0.390 PLg
0626  01/29/95 1 0.00 3490 3.54 0.225 '
0626  01/05/96 3.8 0.58 3410 3.53 0.165
0628  01/05/96 1 0.00 2910 3.45 0.040
0630  01/05/96 47.1 1.67 3940 3.60 0.191
0732 01/28/95 32.8 1.52 485 2.67 0.008
0732 01/04/96 20.8 1.32 593 2.77 0.019
0733 01/28/95 1 0.00 2220 3.35 0.024
0733 01/05/96 1 0.00 3270 3.51 0.009
0734 01/28/95 66.1 1.82 6070 3.78 0.116
0734  01/05/96 155 2.19 6560 3.82 0.097
0735  01/04/98 336 2.95 2970 3.47 0.071
0736 01/28/95 2.6 0.41 9890 4.00 0.697
0736  01/05/95 26.4 1.42 17100 4.23 1.000
0725  01/22/95 123 2.09 3280 3.52 0.368
0727 01/23/95 12000 4.08 0.474

0728 01/28/25 9840 4.00 £.801
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Appendix: B Universal Transverse Mercator sampling locations

The DOE has used the coordinates developed by NECA to locate all sampling
locations at the UTMRA site. The coordinate system could not be correlated to
state plane coordinates. In February 1996, Geraghty & Miller used the global
position system to determine the UTM locations for two monitoring walls and
nine 50 X 50 meter grid coordinates during their geoshysical assignment at the
UMTRA site,

Geraghty & Miller 1996 GPS Locations
MW/siake Easting Northing
625 4072674 7064472
736 4072886 7062308
14, 1 4072488 706787
13, -1 40723686 706869
17, -4 4072451 708455
21,4 4072619 706341
23, -4 4072895 706290
23,1 4072843 706502
28,-3 4072939 706203
28, -7 4072825 708036
21,-2 4072674 706433

The Navajo Nation Water Resources overlain the eleven UTM coordinates with
established NECA easting and northing coordinates to calculate the remaining
and nonexisting wells UTM coordinates. The UTM coordinates have allowed the
development of a unifying coordinate system for all wells and 50 X 50 meter grid
system on the floodplain. Maps for cross-sections, water elevations, and
electrical conductivities were also constructed using the UTM coordinates. Now
the salt contaminant directions can be accurately located on the floodplain by
comparing the water-levels with electrical conductivities and historical water
quality results.

When the calculated UTM coordinates for the EM-grid was overlaid with the
digitized study area map, the points were off by 77.06 in the easting and -199.68
in the northing. All the UTM coordinates calcluated by Mavajo Nation Water
Resources were shifted for 77.08 meters in the east and -199.68 meters in the
north directions to fit within the study area.




Appendix B.1: Grid on Floodplain

The grid was established on the floodplain in preparation for the EM and seismic
surveys. A 50 X 50 meter grid system on the floodplain was constructed using a
Brunton compass and a 100 meter tape where the direction of the north/south
line is 60° and the east/west line is 150°. Each point was given a column and
row number for a classification and interpreting purposes. Studsents from Diné
College and New Mexico Tech participated in field work under the Navajo
UMTRA program. Major obstacles in constructing the grid system included
clearing a pathway through dense vegetation, and saturated surface soils
associated with the high San Juan Mountains snow melt discharges.




MNORTHING

Appendix B.1.a: 1995-1398 electrical conduativity
sampling locations
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Appendix B.1.b: Electromagnetic UTM sampling locations

Stake Easting MNorthing Stake Easting Northing | [Gtake Easting Morthing | [Stake Easting MNorthing
{E-W) (N-8) (E-W) {N-8) (E-W) (h-8) ‘ (E-W) (N-8)

3,2 707T151.47 40714671 [45.1 7067113 4072250} [22,4 706397.4] 40724581 {278 706095.2] 4072556
2,2 707124.8] 4071509 {15,0 706753.2) 4072278 {22,-3 706438.4) 4072487| |27,7 708137.3| 4072584
-1,-2 707087.8] 4071551} |15,1 706795.2| 4072306 [22,-2 706481.4| 4072515] |27, 708178.3| 4072612
1,-2 707044.2| 4071635{ {15,2 706837.3| 4072334) {22,-1 706523.4| 4072543] {27,-5 706221.4} 4072840
1,-1 707088.3; 40718583] |16,-4 706558.2| 40722071 {22,0 706563.8] 4072571} |27, 708263.4) 4072659
2,1 707058.4) 4071705 {16,-3 70580021 4072235| {2214 706607.7} 40725991 127,-3 708305.4| 4072697
3, 707032.7| 4071747§ {16,2 70G642.3] 4072264! {202 706649.7| 40728271 {27,-2 706347 4] 4072725
3,0 707074.7) 4071775] {18,-4 706684.4| 40722021 (22,3 706691.8| 4072655] j27,-1 706389.8| 4072753
4,0 707047.5| 4071817| [186,0 706726.4] 40723201 {23,-7 706244.4| 4072417 1270 708431.6] 4072781
5,0 707021.1 4071858| |46,1 708768.4| 4072348 123,-5 70628G.4| 4072445) 128,-8 708068.4| 4072538
6,0 708994.4( 4071500{ 48,2 706810.4] 40723761 |23,-5 706328.4| 4072473{ t28,-7 706110.41 4072626
7.0 706567 4 4071042] 117,-4 706531.4| 4072249 123,4 706370.6| 40725801} |28,6 706152.4| 4072654
7.4 707009.6{ 4071970} 47,3 706573.4| 4072277 |23,-3 706412.7| 40725291 [28,-5 706184.6] 4072682
8,1 708898.7| 4071956( |17,-2 70B615.41 4072305] |23,-2 706454.71 40725857} |28,-4 706238.6) 4072710
3,0 706940.7| 4071984! 1174 706657.4| 40723341 {23,-1 706498.8| 4072585] [28,-3 706278.7] 4072739
8,1 706982.8| 4072012] 17,0 706699.6] 4072362 123,06 706538.81 4072813} {28,-2 706320.7| 4072787
9,-2 708828.8( 40719701 {17.1 706741.7) 40723901 {231 708580.81 4072841{ [28,-1 708382.81 4072795
9,-1 708871.91 4071998] 47,2 706733.7| 4072418 23,2 708622.9( 4072663 [29,-3 708041.6| 4072640
9,0 708913.9] 4072025 |48, 706504.8( 40722911 123,3 708884.9| 4072697 |29,-7 708083.71 4072668
2,1 706855.9| 4072054] }18,-3 706546.6] 4072319 24,7 7062177} 40724591 129,35 706125.7) 4072696
10,2 | 706802.9| 4072012§ [48,-2 70B588.7| 4072347 124,-5 706259.71 4072487 {29,5 708167.3] 4072724
10,-1 | 706845.11 4072040 [18,-1 706630.7] 4072375] 24,5 706301.7| 4072515 129,-4 706209.8] 4072752
10,0 706887.2| 40720683) [18,0 706872.8] 1072403 {24,-4 706343.8( 4072543] |29,-3 706251.8 4072780
10,1 708828.2] 4072095 118,41 708714.3| 40724321 124,-3 706385.9) 4072571] 129,2 706283.9| 4072808
M2 | 706776.2] 4072054] |18,2 706755.9| 4072460( {24,-2 7064279 40725997 {30,-3 706014.9] 4072682
11,-1 1 706818.3| 40720821 {13,4 706477.8| 4072333 (24,4 7064588.9| 40726271 |30,-7 706055.9) 4072710
11,0 706860.4f 4072110| |15,-3 706519.8| 4072361 |24,0 708511.9] 4072855| {30,-6 706098.9| 4072738
11,1 708902.4] 4072133} |19,-2 708561.91 4072385 [24,1 706553.81 4072683 {30,-5 706140.8{ 4072768
11,2 706944.4] 40721661 |13, 706603.8| 4072417} 1242 706596.1] 4072711 130,4 706182.9] 4072794
12,3 | 708707.4| 4o72068] [19,0 7086459} 4072445] 258 706148.8] 40724721 {30,-3 70622511 4072622
12,2 [ 706749.4| 4072096| [19.1 706687.9] 4072473 126,.7 7056180.2( 4072500 {34,-8 705987.9| 4072724
12,1 | 706791.4) 40721241 19,2 706730.1] 4072502 |25,-6 708232.9| 4072529 131,-7 706030.1{ 4072752
12,0 706833.4| 40721521 }13,3 T08772.2| 40725301 25,5 T0B274.9| 4072557 {31, 706072.2 4072780
12,1 708875.6| 40721801 {20,-5 708772.2] 40725301 25,4 706318.8{ 4072385¢ 31,5 706114.2] 4072808
12,2 706917.7} 4072208| |20, 706450.91 4072375] |25,-3 706358.9| 40726813§ |32,-8 705861.2| 4072766
13,8 | 708680.6] 4072110] |20,-3 706492.9| 4072403] |25,-2 706401.1] 4072641[ 1327 708003.3] 4072794
13,-2 | 706722.7| 4072138] {20,-2 706535.1] 40724311 {25,-1 706443.2| 4072669

13,-1 | 708764.7| 4072166 20,1 708577.2| 4072459} 1250 706485.21 4072697

13,0 708506.8| 4072184} {20,0 706812.21 4072487 | 25,1 706527.3) 4072725

13,1 706848.8| 4072222] (20,1 708661.2| 40725151 25,2 706569.4| 4072753

13,2 706890.9| 40722501 120,2 708703.3| 4072543} 128,-8 706121.8) 4072514

14,-3 | 706653,8| 40721521 [20,3 708745.4| 40725721 {28,-7 706163.9{ 4072542

14,2 1 706695.9| 40721801 [24,-4 706424.2] 4072417 (26,6 706206.1] 4072570

14,1 | 7068757.9] 4072208] f24 -3 706466.2| 4072445] 125,-5 706248.2| 4072599

14,0 708779.9| 4072236] (21,2 708508.3| 4072473 |26,4 708280.2| 4072627

14,1 706821.8] 4072264) |21,-1 708550.4| 4072501] {26,3 706332.3] 4072655

14,2 706864.1} 4072292] [21,0 706582.4| 40725291 126,-2 706374.3] 4072683

15,4 | 708584.9| 4072155 211 7065634.4| 4072557 128,41 706416.4| 4072711

15,-3 | 706626.9| 40721941 |21 ,2 706676.4] 4072585] |25,0 708458.41 4072738

15,-2 1 708669.1| 40722221 |21 3 706718.4| 4072613] |261 706500.4| 4072767
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Appendix B.2: UMT locaticns for DOE ahandon and existing
monitoring wells

Eight-two lithologic logs from previous weil-points, bore holes, test pits and
monitoring wells were found in the DOE library and/or data base. The 52 pits
have been filled or abandon. The lithologic locations have used to produce
cross-section and isopach maps on the floodplain stratigraphy.

Abandoned wells . Abandoned wells Existing monitoring walls
Well NMorthing  Well point ] ] Morthing Viell Narthing - Easting
631 4073002 601 | 4072382 608 707002 1 4071961
832 | 7061367 | 4072993 601+ 4072464 609 | 707005.1 4071803
833 | 706211.4 | 4072165 502 7068761 | 4072346 610 | 708886.7 4071973
634 | 706121.7 | 4072835 8020 706678.7 | 4072350 611 706863.3 4071975
727 | 706059.8 | 4071356 603 706477.4 | 4072388 612 706932.2 4072066
728 | 7058083 | 4071795 604 T08337.2 | 4072512 613 | 7067448 4072062
730 706255 | 4071170 805 706227.7 | 4072325 814 | 7068747.9 4072050
731 706841.1 | 4071141 6068 7062793 | 4072427 615 | 7N6624.4 4072224
607 7085243 | 4072347 616 | 7067636 4072371
638 706121.7 | 4072888 617 | 706679.9 4072348
639 706419.8 | 4072881 818 7066759 4072345
TestPit | Easting Northing | 840 706019.9 | 4072782 619 | 7085869 4072459
700 | 7071959 | 4071628 641 706344.9 | 4072830 620 | 706522.4 4072348
701 706983.7 | 4071501 642 7064133 | 4072773 821 706525.4 4072348
702 706868.6 | 4071373 843 706178.2 | 4072785 622 | 708528.8 4072348
703 | 7089321 | 4072066 544 7068593.8 | 4072707 623 | 7085218 4072434
704 | 7087479 | 4072060 645 7071105 | 4071673 624 | 7065209 4072480
705 | 708624.4 | 4072224 646 707115.3 | 4071655 625 | 706519.9 4072477
708 | 7087836 | 4072371 647 7071161 | 4071635 626 | 708427.2 4072455
707 | 7065198 | 4072477 870 708602,1 | 4072833 627 | 708338.9 4072513
708 | 7084133 | 4072773 671 7066343 | 4072794 628 | 7063399 4072511
709 | 708019.9 | 4072782 672 706859.9 | 4072622 629 | 706256.2 4072460
710 | 7073499 | 4071643 630 | 70B257.7 4072457
711 705284.7 | 4072413 725 | 706203.2 4072352
726 | 706142.4 4072181
732 | 7072814 4071362
733 706296.7 4072924
734 | 708010.7 4072799
735 | 707145.4 4071442
738 | 7063753 4072789
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Appendix D: COE and Navajo Nation well logs
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JACOBS SNGIMEERING GROUP INC.

5, ARMAMGID SYSTUNMS DIVISION, ALBUAUERGUE DFIRATIONS

BOREMOLE LOG {501L)) ) Page. Lot L,
LOCATION MAP: A} site D FHIa . LOCATION AL
L4 | APVFROX. SITE COORDINATES {ft.): ;

N i ;

GROUND ELEVATION (ft. MSL);.

DRILLING METHOD: fﬁ;/"f-/;_'/

DRILLER: LTt e e i

DATE STARTED: FLIALAL

DATE COMPLETED: __£723 729

FIELD REP.: .. e T W

HMQUNDWATER LEVELS )
DATE TIME QERTH (ft.)

N

LOCATION DESCRIPTION ... ...S5nAL, Los Gl ot
SITE CONDITION £kt slner, »/ﬁ-/‘/ Grozsed o friee t.

¢

wil i lug - 1
oeprH | 53|35 00, BLOWS = . .

I Er A B 2R 6 tn. | %3 |uscs VISUAL CLASSIFICATION

flow ey fea =

Sl o (e e o
»*yﬁuw/’v D S f/ . QI / i
2o S Peld AE T
| 7 L

EF Vimd, Grived ¢+ 4875 Fcl;
&ﬂv;éﬂy(!/ ;3/-/‘{/ {gf‘pv 'o/f/}//t_/

TIT e e .jo“ 2 5 . [, S
— S \Stale, 5507 Sireg

e st e mera g, nrmmiond

.‘;;27‘}.’“@:9/ :?;z’/ ;[’1, Yo Vad /Z o r i
[9:4
N
)lb ,v? ,.— .'r ﬂ!ff“v,é{y”.g G/ ﬁf'é/g‘.?
| | Fedl ek @ ook

COMMENTS: : SAMPLE TYPE

A~ Auvger cultings

J ~ 2" G0, 1,38 LD, drive samcie
U= 37 00, 2,427 LD, woa gansne
T~ 3" ¢D thia-walled Shaidy tube

JEG~AL-ENG-28 (3/34)
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HIPROCK SITE, NA gy A8 of L
PROJECT __ SHIZROCK SITE, NM LOG OF WELL BORING NO.  eos

JOB NO, SHIYL DATE _08/26/85 TOTAL DEPTH 9.0 fect Tm——
SURFACE FLEVATION. 89274 RIG TYPE GARDNER-DENVER
TGP OF FILTER PACK .3.C0 BORING TVeE_ROTARY MID
WELL CASING TYPE . R.O-IN.SCHED. 40 2VC LOTATION. N 854203 E 11819 14
COMPLETION ALLUVUM DATURM 2L - S
Depth Remarks Lithology USCs Visval Classificasion
? SM ALV ] ;
Placed stezf protactive oGP STILTY SAND, fiue to medivm, some :
casing €0 2.0 feet, gravel and cocasional cobbles, '
Installed wonplastic, 1, brown.
[ R— : | Bentonite/caucnt grout e SANDY GRAVEL, vith cobbles,
. : t0 3.9 fest ceersionn! saall bouldees, ponrly
Flaced bentonite peliet graded, wonplastic, beavwn to gray.
: zenl to 5,0 {eet, ——
i tostallad 8-12 sond flter
18 U padk from 5.0 o 17 6, .
CE, TAARCOR SHALY RRRMATION
Placed .050-in stot well SHALE, soft, grey.
sexeas frosm 10 to 185 (i
15 Placad -
laced {wo fnot swnp
from 15 10 17 f1.
Cave-in {1l material from
20 17 to 19 0L, TO AT 19 FeET.
25 S—
30
33
A pormrrs o]
45
56
e GROUNDVWATER
DEPTH HOUR| DATE |
¥ 55 16201 09-28-85
¥

JEG TAC TEAM
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B 008

ENGHNEERING GROUP INC.

B4, ADVANGED SYSTEMS CIVISIOH, ALBUGUERAUL CRERATIONS

HOLE LOG (SOILY) Page Lot L

LOCATION MAP:

BORE
A
24

Ly

SITE 0: I8 0 s LOGATION ID: L8072
APPROX. SITE COORDINATES (#.):

T Tl
e Sapar

- AN
PN
/ ‘ - e 2
|_FIELD REP.:

™

@ L7 O

= (1519 . 1d

DRILLER:

GROUND ELEVATION (ft. MSL):
DRILLIMG METHOD:

dad-r 4

7‘;#‘7}"
; ’q sl f'?r///:".,z

DATE STARTED:

DATE COMPLETED:

B4 e
GLITLES oo
7= e /C/C/

st Y \ ‘ -
" : TTTTGROUNDWATER LEVELS
~ DATE TIME T OEPTH (ft)
N A .
LOCATION DESCRIPTION _ T8 <o (Tt :
SITE CONDITION LiZomda st Zie, g A L
‘g;‘[ 2% BLOWS 5
DEPTH | S} 38 0 PER 6 tn. | > ijUscs VISUAL CLASSIFICATION
Elaw =
____7,17“& . — S/o ,fvﬂ_vu; Shprer STOH Laeem 6,'«.4/ réJ//ﬂs’
TN //'a//':w' *‘y“}é'wl} AL ,../;‘-{9'{;,./ /,“.mm,
_____ N Tl P b el |
jﬁ}h’ & d’/r’}’y.aﬁ P C’é&v{/‘{’;} e, A f/
A {/&M A/f’/”} Fad f,.m,.zj G
- fid S
i _§,4 b’//ﬁ!/t’ .ﬁ’a-l“é*’ 5 s
T T
- , L [
Stggoel By €470
e

COMMENTS:

SAMPLE TYPE

A -~ Auger cutlings
g - 27 0.0, 1387 LO. dove 1adsie

U - 3° Q.0. 2.42° LD, {uos saraly
T - 3% Q. lakewated Shaloy tube’

JEG-AL~ENG=23 (3/34)
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LA AL Gk Tz

LOG OF WELL BORING NO. 409

OB NOQ. _SHEOL,

D8/30/85

TOTAL DEPTH 14.0 feet e

SURFACE ELEVATION.

s nrmet

K1 TYPE. GARDNER-DENVER

TOP OF FILTER PACK

2.00

BORING TYEE_RQIARY 3UD

WELL CASING TYPE. . £.0-IN.SCHED. 40 PV(: LOCATION ... N 8556.57 E 11817.42
COMPLETION ALLUVIUM DATUM. ML
Well o
Depth C;a. Sasarks Lithology Uscs . Visual Classification
o o | SP 1 ALTUYVIURS
33}4 p;., if?&ceq stoed protective - GP SAND, Hinle silt, fine to medivm,
Xl e casing to 2.9 feet. aecasions! gravel and cobbles,
: } . Hastalied nonpastic, ght brown.
5 i‘.mmmie/w::* at grout SANDY GRAVEL, with cobbles,
\:{) 1.5 fout d pootty graded, comsonsl bovlders,
Placad hantonite pellet ot subrounded, nonplastie, brown to
A szal to 3.0 faet, b P geey,
Hpi | Tnstalled 8-12 sand filter / CL | WANCGS GHALE FORMATION:
10 . -: pack froat 3.0 o 16.3 Ft. / SHALE, soft, grey.
X FPrared .050-in slot well /
55 I seveen froma 3.5 tn 3.8 £t /
o roe ol I i
15 Flaced two foot sumy TH AT M4 FEET.
from: 8.8 to 16.8 f1.
Cave-in {ill material from
ﬂﬂﬂﬂﬂﬂﬂﬂﬂ 10,8 to 14 11,
20
25
10
35
49
45
58
o GROUNDWATER
REPTH FHOUR| _DATE
hve 4.8 10:20 | G-20-85
R
4 JEG TAC TEAM
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PROJECT SHIPROCK SITE, NM

JOB NO. _SHPOL, VATE __09/03/85

SURFACE ELEVATI(M 593,93

TOP OF FILTER PACK . 4.00

G LYPE

Pagelof 1

LOG OF WELL BORING NO. 610

TOTAL DEPTH.L3.0 feet

GARDNER-DENVER

BORING TTPE. ROTARY HUD

WELL CASING TYPE.__ 4.0-IN SCHED. 40 FVC LOCATION. M 859295 % 1144067
COMPLETION ALLXYVITAL DATUM 3L e
Wel, )
Depih Co:f Remarks Lithology UsCs Visual Classification
¢ TSP | ALLUVIUN:
Flaced steel protective (3 SAND, little silt, fine fo medium,
casing to 2.0 fest, occasional gravel, noaplastic, It
M Tnutalled rown.
5 ;| bentonite/cement grout SANDY GRAVEL with cobbles,
! to L5 fent poorly graded, cocasions! houlders,
Piacad hantonite pellet subrousded, nouplastie, brown to
seal {0 3.0 fast. geay.
Tnstalled 8412 sond filter
10 pachk froma 3.0 to 11 {8
Flaced ,058-in slot well
seween fvota & to 9 [t
- _CL | MANCOS SHALE TORMATION:
15 Hlaced two foot sump ! SHALZE, soft, grey.
from 9 to 11 £¢, e f D AT 15 FEET.
’ -
Cave-in {1l materizl from |
il to 1511,
26
25 e
30
35
44
a5
50
—ad GROUNDWATER
REPTH HOUR| DATE
¥ 9.2 12:35 1 09-29-35
4 JEG TAC TEAM
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PROJECT ___SHIPROCK SITE, N34

4 g e uy

I
LOG OF WELL BORING NO. s11

JORNQ, SHPO e DR L 09/03/85

SURFACE ELEVATIQA..5394.05

TOP OF FILTER PACK 7.C0

WELL CASING 1325 4.0-IN.SCHED. 40 PVC

TOTAL DEPTH 2.0 feer T——
RIG TTPE GARDNER-DENVER —
BORING TYEE_ROTARY MUD

LGCATION. N 882015 F [1429, 74

COMPLETION ALLUVUM DATUM. ML -
Depth Well Remarks Lithology [ uscs Visual Classificazion
v 5P| ALLUVIUM:
Flaced stosd protective GP SAMND, fitile to semc silt, fine to
casing o 2.0 feet. medium, cecasional graved,
 installed moniplastic, light brawn.
s : | bento. " 2/centent grout SANIYY GRAVIL, with cobliles,
| 0§ faet poorly geadod, oceasions! boulder
Flace:d bentonite pellet size, subrounded, nonplastic, brown
i sexl o 7.9 feet. to grey.
o Hmstallod 8-32 sand fileer
10 - pack from 7.0 to 16.5 ft.
Placed 6501 slot wel)
swrezn fross 9.5 to 14.5
fe, Y, MAMCOS SHALE FORMATION:
13 Flaced two oot sump SHALE, soft, grey.
> from 14.5 to 16,5 ft.
Cave-in fill material froimn
16.5 1o 21 {1, S
20 e
TD AT 22 FEET.
25
38
35
40
45
50
e GROUNDWATER
DEPTH HOUR _DATE
¥ sl 15:50 1 62-29-35
.

JEG TAC TEAM




- . Pagelof 1
- 5 e o 3
PROJECT _ SHIPROCK SITE, NM LOG OF WELL BORING MO. 612

JOB MO, SHEOL, S PA'TE 0P/C2/83 TOTAL DERTH. LS. O fect "
SURFACE ELEVATIAN. A392.69 RIG TYPE. . AT DONER-DENVER
Y0P OF FILTER PACK _3.50 RORING TYPr_ROTARY MUD
WELL CASING TYRE__ 4.0-IN.SCHED, 40 PYC LOCATION. N192.0Q E 11655 72
COMPLETION ALLUVIUM DATUM ML,
i
Deprh V;:Zil Renarks Lithology yscs Visual Classificoiion
‘ v ' g TSP ALLUVIDM:
3| |22 | Placed stenl protective SADE, litile to some silt, fine to
- ‘g easing to 2.0 feet. GP 1\ medium, comsienal gravel,
* : Eastalied onplastic, tizht brown.
5 12| boaitonite/cement growt rned  GANDY GRAVEL, with cabibles,
] in 2 fert noorly graded, ocensional houlder
Placed bentonite pellat e 8172, subrounded, pounplastie, brown
seal 10 3.5 font, to giey.
Yostalled 8-12 sand filter
10 puck from 3.5 10 12 0,
Flaced .050-in slot weil
sereen fecm 5o 10 £
15 Elaced twa foot sump i et GEAFCOB SEALR FORMATION:
| frum 10t 12 1. \USHALE, soft, acoy.
Cave-in il matesial from TD AT 15 FEET.
12 o 151t
28

25 oo

39

35

48

B [rmmmmsinns o

54

e GROUNDWATER
DEPTH HOURY _DATE
6.3 13:56 1 G9-29-85

et

JEG TAC TEAM
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PROJECT

SHIPROCK SITE, NM

B NO. SHEQL,

DATE ...09/04/35

SURFACE ELEVATION 182123

TOP OF PILTER PACK.3.50

RIG TYPE

LOG OF WELL BORING NO.
TOTAL DEPTH.13.0 fret

P/lgel ()f !

GARDNER-DENVER

613

BORING TYPE. _ROTARY MUD

WELL CASING TYPE__ 4. 0-IN. SCHED, 40 PVC LOCATION. NII96.28 E-11047.87
COMPLETION ALLUVIUM e DATUM iSL
We o
Depih Ctoil Remarks Lithology Jscs Visual Classificarion
° 58| ALLUYIULG
Placed steel protective SAND, little to some silt, fine to
caring to 2.8 fezt, medbu, oceasional gravel,
o Installed aoaplastic, light brown.
5 ;| bentonite/canient grout _GF..| " EANDY GRAVEL, with cobbies,
: ta 2 feet poarly graded, occasional boulder
Flaced bentonite pellet size, subrounded, nonplastic, brown
soal ta 3.5 feat, to grey.
111 | Instzlled 8-12 sand filter
3 pack from 3.5 to 12 £t N
19 ¥ S——
Flaced 056-in slot well
seveen fvom 5 to 16 G,
15 Placed oo foot swinp Y. MAMCOS SHALE RORMATION:
from 10 1o L2 (1. 1\ SHALE. soft, grey.
TD AT 15 FEET.
Cave-in £ill material from
Zto 181t
20
25
30
35
4
45
B e
e d GROUMNDWATE,
DEPTH HOUR] _DATE ]
¥ 7.7 10:55 | 09-30-85
Z

108
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‘ _ ) Pagel o5 1
FROJECT __SHIFRQCK SITE, NM LCG OF WELL BORING NO. 14

JOR MO, SHFOI, DATE . 020483 TOTAL DEPTH. 2.0 feer T
SURFACE ELEVATION. ¥821.83 RIG TVEE GARDNER-DENVER
TOr OF FILTER PACK . 8.00 BORING T¥PE. ROTARY MUD
WELL CASING TYRE . 4.0-IN. SCHED. 40 PVC LOCATION N9I39.42 E [1057.99
COMPLETION ALLEUVIUM - DATUM. ST,
j#3
Deprir | | el Remarks Lithology USCS Visual Classificarion
¢ 58] ALLOVIULE:
Placed steel protective SAND, little to some silt, fine to
caging to 2.0 feet, medinm, eccnsional gravel,
Yastallad 1 _nouplastic, light browa,
5 beatonita/cement grout LG SAMNGY GRAVEL, with cabiles,

o 6 feat
Placed bentonite pellet
S seel to 8 fent,
i t5: Yastalled 8-12 sand Silter
5:_£ S pack from 3 to 17 b S

Lol 000y graded, cocasionsl boulder
size, subrounded, sonplastic, browa
to grey.

MAMNCOS SHALE eOREATION:
SHALR, soft, ovey.

AN\

Taced (250-in slot well
et frowu 19 to 15 £,

0

laced two foot sump
from 15 to 17 {t.

st e srrmes

| Cave-in (il matevial from
. 17 10 13 8,
T R — TD AT 19 FEET.

b

| SEE——

25

(39
[

49

e CROUNDWATER
DEPTH _HOURI _DATE
7.3

15:30 1 69-30.85 |

JEG TAC TEAM
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T y S STTE Pagel of 1
FROJECT  HUFROCKSIIE. MY LOG OF WELL BORING NO. 15

JOB NO. _SHPOIL, DATE __09/C5/35 TOTAL DEPTH. 14.0 fret o
SURFACE ELEVATION. 285095 RIG TYPE CARDNER-DENVER
TOP OF FILTER PACK .3.50 BORING TYPE. ROTARY MUD
WELL CASING TYPE____4,0-IN.SCHED. 40 PVC LOCATION. N 9744.74 FE 10897.33
COMPLETION ALLUYIUM DATUM ML
Depth Remarks Lithology uscs Visual Classificasion
\ v 5P| ALLUYIM:
Floced steel protective | Him ] SAND, little ts some silt, fine o
casing to 2.5 feet, oGP medium, cecasional gravel,
: Installed onplastie, light browa.
5 i1 | bentonite/coment grout SANDY GRAVEL, with robbles,
: to 2 feet pooriy graded, oene: caat boulder
Flaced bentonite pellet size, subrounded, noaglastic, brown
i senl to 3.5 feat, to grey.
| =t 1 | Installed 8-12 saud filter
10 | pack from 3.5 to 11.5 it
Flaced .050-in slot weil S
soreen from 4.5 to 9.5 12, -
ClL, TAANCOS SHALE FQRMATICN:
A Placed two foot sump N BHALE, suft, mrey.
from 9.5 t0 115 . TD AT 14 FEET.
Cave-in Gl material from
11.5 w0 1411,
20+
25 e |
35
35
44} o
45
50
e GROUNDWATER
ADEPTH _HOUR| _DATE
¥ 7.4 Ge:45 | 10-01-85
=

JEG TAC TEAM
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or ' Pagel of 1
D SHIPROCK SITE, N7
PROJECT .. SUEROCK SITE, 1 LOG OF WELL BORING NO.  sts
0B NO. .SHF0L, DATE __2/05/35 TOTAL DEPTH 14.0 feet -
SURFACE ELEVATION., 2390.73 RIG TYPE. GARDNER-LIENYER
0P OF FILTER PACK 3-50 BORING (TR RGIARY bil/)_ .
WELL CASING TYBE . _4.0-IN. SCRED, 70 BVC LOCATION M 10213, 34 _£11140.52 )
COMPLETION ALLUVIUM - DATUM ML et e
Deph Remarks Lithology scs Visual Classificarion
D — . 5P ] ARLUSTIULS
Placed steal protective | G2 SAND, ﬁm!e 0 some silt, fine to
__________ cusing to 2.0 feet. mnediwn, eceasional graved,
: Fastailed istie, light
5 1| bentonitefcament grout SANDY GRAVEL, with cobbies,
N o 1.5 foet poarly graded, serssional Loubday
I Fleced bentonite pailet beorreeeeq iz, subromnded, wnonplastic, heown
senl to 3.5 feet, e to grey.
Tostalled 312 sund filter
10 . paek feom 3.5 to 12 £,
::::: Flaced ,05%-in slot wel
R sereen from S to 10 ¢,
s S Fiaced e Tonc Sy TO AT 14 FERT,
] fremWowi2ee,. T A
Cave-in fili material from
12 to 14 4.
28
2S T
]
39 S,
35
44
4B
50
Sl GROUNDWATER
LT FOUR] DATE )
N NN T
oo JEG TAC TEAM
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Prgelof 1

PROJECT .. SHIPROCK SIVE, Ny LOG OF WELL BORING NO. 617

JOB NO. _SHPOL, DATE _09/05/85 TOTAL DEPTH 203 feet B
SURFACE ELEVATION 465035 RIG TYPE GARDNER-DENVER B
TOP OF FILTER PACK 290 BORING TYPE _ROTARY MUD
WELL CASING Tepi _ 404 SCHED, 20 PVC LOCATION, N 10140.39 K 10352.37
COMPLETION ALLUVITE DATUM, ML
el Remarls Litholagy Uscs Visual Classification
x L SP | ALLITVIUM:
Flaced stexd proteciive L] SAND, little o some silt, fine to
ensing {0 2.0 fect, medin, cocosional gravel,
: Tassailed nn. plastic, light browa,
5 bentendte/cament grout SAMDY GRAVEL, with cobbles,
t0 2 feat poorly graded, cceasional houlder
Flazed bantondte pellet size, subvoundad, nouplestic, brown
g [ io 3.5 fest. to grey.
Installe § 8412 eand filter
1@ pack frour 3.5 1w 13 £t s .oy
Mote: Loss of deill soued. Probable
T Maced 05025 slot well chanuelized subsuriace flow,
sovesn frovn 8 o 10 {1,
is Placed two foot sviap
from 16 1o 12 11, - -
Cave-in [ill materinl from
12 4o 28 Feo
20 = e FeEey RIANCOS SHALE FORMATION:
S_E‘iﬁ[.i’.,_fgft, grey.
TH AT 20 FT.
a5 ‘.
3e
35 e
45
45
3]
GROUMDWATER
DEPTH _HO UR% DATE
M 73 1200 10-01-8
Z i

JEG TAC TEAM
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PROJECT SHIPROCK SITF, NAA

Pagelof 1

[.OG QF WELL BORING NO. 418

JOB NO. _SHIOL, DAYE . 08/05/85

FOTAL UEPTH 21.0 fest o

SURFACE ELEVATION 485013

RIG TVFE.. OARDNER-DENVER

TOP OF FILTER PACK 280

BORING TYBE._ROTARY MUD

WELL CASING tvpr_ ACINSCHED, 40 PVC

LOCATION. M 10]138.05 E 10349.30

COMPLETION ALLUVIUM DATUM ML
5 . .
Depth ngf Rewarks Lithology Uscs Visral Classificarion
v i [ SP | ALLUVIUM:
& | Floced stexd protective 3P SAND, little to some silt, fine to
B casing to 2.9 feat, medin, occasional gravel,
s : fag | \wonplastic, light browa.
5 bentenite/onment grout e sk SANDY GRAVEL, with coubles,
1o 7 fan o poorly graded, ccensional boulder
Placed bentonite gellet size, subrounded, nonplastie, burows
ceal to 9.0 feat. et grRY.
T Irstailed 812 sand filter
16 pack from 20 o 13 0t p—
Placed 050412 stot wwoll
— sereen froin 11 to 16 {2
15 3 Placed two foot sung
. T froee 18 to 13 £t
N -
YR [Cava-in £ material foora
Bl ta 41 Tt

i3

CL. TANCOS SHALE FORMATION:

39

40

45

50

\SHALE, soft, grey.

TH AT 21 FEET.

e

ot

b GROUNDWATER
DEPTH HOUR| DATE
5.8  110:30] 1001-85

ki

JEG TAC TEAM
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Y Y TR O P FTiE N Pag\:lof I
PROJECT  SHUEROCK SIIE NI LOG OF WELL BORING NO. 619

JOBKO. SHPQL .. DATR | OEES TOTAL DEPTH. 0.0 feet T
, ELEVA: 4591, G TYPE, SARDNER-DENVER
SURFZ; CE“IfL ﬂ%; (‘}5"); 500 RS ;fg ;lm"‘; 10D
TOP OF FILTER PACK .5 BORING TYRE RATARY 2 S
WELL CASING TYRE. 4.D-iN.§Ci1'ED. +3 PYVC LOCATION. N 10852413 E10sal 47
COMPLETION ALLITTUM, DATUM. Ak
Wl - - ' - .
Depth émf. Razivewles Lithology USS Visual Classification
& A -
o8 AXLYTYIUNA:
Placed steof protective SANG, Little to some silt, fine to
casiing to 2.9 feat, mretdivm, coopsional sravel,
Estalled nonplastic, light browa,
P bm?m!iieﬁ:;:ﬁm grout (‘) e
oy 4 feat
¥laced bentonite pellet
: s¢al to 6.0 faet,
1| Knstabled 8-12 sand Giter
10 pack foom 6 to 15 {L
Flaced .85%in slot well
seeeen Cooma § 1o 13 £8, .
Ly 33 e GP SANDY GRAVEL, with cobbles,
15 Macerd two foot svmp ol poorly geaded, oonasianal boulder
foum 13 40 15 £t size, subrouaded, nanplastic, brown
to grey.
Cave-in {Il mateial from 3
1502010 490 i CL, FANCGS SEALE PORMATION:
10 SHALE, soft, gray.
T AT 20 F1.
pLs
3¢
35
44
43
50
i) GRQUNDWATTR
DEPTH ¥{OUR| BATE
WA 10:50 | 10-G2-85
¥

- JEG TAC TEAM
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PROJECT __ SHIPROCK SITE, NM

Pagej af 1

1.OG OF WELL BORING ¥O. 420

30B NO. SHPO, DATE __08/27/83

SURFACE ELEVATION 288324

TOTAL DEPTH_23.0 feet T ——
RIG TYPE e GARDNER-DENVER

TOP OF FILTER PACK . 11.£0

BORING TYPE_ROTARY MUD

WELL CASING TyveE__ A.0-IN SCHED. 40 PYC

LOCATION. NI10I62.22 E 10344.07

COMPLETION ALLUYUM DATUM M1, .
Depth well Remarks Lithalogy SCS Visual Classificarion
TR K1 ALLLIVERM: )
Plaond steed protective SADD, Little to some silt, {ine to
casing to 2.0 feet. raeditun, occasiopal gimvel,
installed GP__{\ponplastic, light brown.
5 beatoaite/cement grout SANDY GRAVEL, with cobliles,
. 10 9 feat poorly gradad, ceresional houlder
Flaced bentorite pellet size, subrounded, nonplastie, brown
sgel from 9 to 1 feet, to goey.
Instailed 8-12 sand filter
19 pack from 11 to 20 {ft.
] Flaced .058-in slot well
sereen from 13 to 18 (it
15 Flaced twe {oat sump
froin 13 to 20 {t.
H{Cave-in fill material from _Ci, MAMCOS SHALE FORMATION:
: 20 t5 23 fr. SHALE, soft, grey.
29
TD AT 23 FEET.
98 —
3
35
40
45 s
50
GROUNDWATER
DREPTH WOUR! DaTt
2 4.9 [3:35 ) 12-02-85
A

JEG TAC TEAM




FROIECY SHIPROCK SHE, N

IOBNO.LSHEL . . DATE .08/28/85

SURFACE ELEVATION. 43830

Pagelor 1

' LOG OF WELL BORING NO. 621
TOTAL DEPTH.IZ.0 fext

RIG TYPE-

TOP OF FILTER PACK 8,00

GARDNER-DENVER

BOURING TYPE_ROTARY )4UD

WELL CASING 1¥eF... 4.0-IN.SCHED, 40 PVC LocATIaN .. N 10101 72 K 1635321
COMPLETION ALLUVIUR DATUM. MSE,
Dapih Weil Rervaris Lithology Uscs Visual Classification

Ca_n.

Tl

Fiseed steel protective
casing to 2.0 feat.
Installed

l

Flaced bertonite gellet
; sanl Trou 6 (0 8 feut,
3 Enstalled 3-12 sund filter
St pack from 3 to 17 £t

Placed (050-in slot well
sovesit Sroms 10 to 15 0.

Flaced two foot sump
frem 15 to 17 {1

< |Cave-in fill mnaterisl from
170 13 58,

ALLITYIERA:
SAND, Hitle to come silt, {ine to

waselastie, lght heovn,

_\;neeiium, creasional gravel,

SANDY GRAVEL, with cobbles,
poorly graded, cocpsional boulder
size, subrouaded, nonpiastic, brown
{0 grey.

BMANCOS SHALRE FORMATION:
SHALLE, soft, grey.

'25 > e S

I R

_9'5 a2t

TD AT 12 FERT.

40
45
50
T GROUNDWATER
DEPTIH WIOUR| DATE
ol 5 16:35 [10-02-65
o
= JEG TAC TEAM
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PROJECT _SHIPPQCK SITE, 1M

Pagelof 1

JORNO. SHPOIL. DATE . 03/28/35

SURFACE ELEVATION 885, 70

TOP OF FILTER Fack 2.0

WELL CASING TPE._ 4 CIN.SCHED, 40 PVC

COMPLETION ALL IS

TOTAL DEPTH.15.0 feet

LOG OF WELL BORING NO. ' s22

RIG TYPE CGARDNER-DENVER

BORING 1YRE _ROTARY MUD

LOCATION 4 10160.52 F 10364 &0
DATUM, MSL :

Depil Rernerks

Lithelogy UsSCs

Visual Classificarion

Flaced steed protective
oasing to 1.3 feet.
Frstailed

hendonite/cemaent gvout
to 1.5 feet
Flaced bantanite gellet
seal from 1.5 (o 3.5 faat,
Lustalled 3-12 cand {iiter
pack figen 3.5 (o 12 {1,

5 e rnam s locesed

15

Placed 8501 slot wall

‘f( 2‘ seveen {rom 500 18 £t
S R 99
Ko Placed two foot swap

WEravy 10 to 15 1,

_SP__| AYLISYTIMG

SAMND, little to somne silt, fine to

| GE 1\ medina, cecnsional gravel,
cronplaste, Hght hrown,

SAMDY GRAVEL, with cohbles,
poariy graded, cocasional howldar
size, subrounded, nonplastic, brewa
o grey,

Cave-in il matavial from
15 10 16 £t

20

.’F\G Ea P

[
©r

4%

th
<>

TH AT 16 FERTY,

- GROUNDWATER
DEPTH HOUR| DATE
3.3 17:G0 1 10-02-85

A

JEG TAC TEAM
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PROJECT __SHIFROCK SITE, My

Pagelor 1

LOG OF WELL BORING NO. s23

JOB NO. .SHFL, DATE .09/ 7785

TOTAL DEPTH_23.0 feet T

SURFACE ELEVATION. 2859.86 RIG {YPE— & E. I
TOP OF FILTER PACK %80 BORING TYPE_R et —
WELL CASING Tepg, | 4.0-IN.SCHED, 30 PV LOCATION N ICSI0.77 0355 82
COMPLETION ALLUVIUAM — DATUM.  MSL T
Deprh :Y;il Remaorvks Lithology Uscs Visual Classification

Maced stzel protective
casing o 2.0 feet.
Ingtailed

bentonite/cement grout
£0 6.0 foet

Flaced bentonite pellet

T seal feom § to 8 feet,

i1 Iastatled 8-12 srund filter

S psck from 3 1o 17 1t

Placed .850-in slot well
sereen from 19 to 15 f2,

Flaced two foot surap
from 15 ta 17 ¢t

< |Cave-in fill material from
17 to 23 fi.

23

v L NANCOS SFALE TRIGTGT,

ALEITYTURS:

SAND, little to some silt, fine to
wediwn, coeasional gravel,
nosnplastic, light brown.

SANDY GRAVEL, with calibles,
poorly geaded, acmasionsl Bonider
size, svhrounded, toaplastic, byovm
to grey.,

SHALE, saft, grey.

25 A
= | =
i I ]

- [

TD AT 23 FEET.

HOUR] DATE
10:30 f 10-05-85

JEG TAC TEAM
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FROJECT __ SHIPROCK SITE, NM

Page!l of 1

I.OG OF WELL BORING NO. 624

J0oBNQ. SHFOL,_ _______ DAYTE __ 09/07/85

TOTAL DEPTH.A9.0 feer o

SURFACE ELEVATION. S839.37

RIG TYPE GARDNER-DENVER

TOF OF FILTER PACK . 12.00

BORING TYPE _BQTARY MUD

WELL CASING TYPE LO-IN SCXED, 40 PVC

LOCATION, NJ0598.41 F 10352.08

COMPLETION CALLUYINM DATUM. M,
Depth 2;65 Remarks Lithology Uscs Visual Classification
,-’.0 o . -

Flaced steed protoctive
casing to 2.0 feet,

5 ors 4t ot asamg

59 ALLUYIONE:
SAND, little to somae silt, fine to
imedivim, cecssionad ave,

nouplastic, light brown,

Cave-in [l matedsl from
22 to 29 1.

39

48

Irtajled £ SANDY GRAVEL, with cobbles,
10 bentonite/coment grout pooely graded, ceorsional baulder
I P . - - S . S ,
0 10 fet size, subrownded, aonpinstic, brown
O _ 1 togrey.
i E}E Flaced beplonite pallet
i MEQ; gesd Orova 19 to 12 Deet.
15 Installed 8-12 sand filtec
pack from 12 to 22 1.
Flaced .050-n glot well T CL_ | MANCOS SHALE FIRMATION:
29 voen froms 15 fo 26 L SHALE, soft, grov.
Flaced two foot sump - -:;
from 28 ta 22 {t. A—
b ) TD AT 24 FERT.

! _GRQUNDWATER
DEPTH HOUR! DAIE
.71 112:301 10-03-85
4

JEG TAC TEAM
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PROJECT SHIPROCK STTE, NM

JOB NO. SHEOL, DATE _ 09/07/35

SURFACE ELEVATION 1882.89

TOP OF FILTER PACK _3.3Q

RIG TYFE

LOG OF WELL BORING NO
TOTAL DEPIH.L7.0 feet

Pagel of 1

=

Q

23

GARDNER-DENVER

BORING TYRE. ROTARY MUD

WELL CASING TreE_. 2.0-IN.SCHED. 20 PVC LOCATION. N 10536, 48 £ 10343 .87
COMPLETION ALLTVITUM DATUM MEL
Deprh Remarks Lithology Uscs Visual Classificerion
v 5P| ALLUVIUM:
Tizced stesl protective SAND, little to some silt, fine to
mmmmm casing to 2.9 feet. medium, occasional gravel,
e Tngtalled nonplastie, light brown.
[y P— 11 bentonitafeement grout
: to 2.9 feet
Plaead b -tonite peilet
scal frove 2 to 3.5 feet.
Installed &-12 sand filter GP SAMDY GRAVEL, with cobbles,
FT — prck from 3.5 to 11,5 ft. peaddy graded, cceastonal boulder
size, subrounded, noaplastic, browa
| | Flaced .058-in slot well to grey.
seveen fromt 4.5 to 9.5 L.
15 Flaced two foot sump
feom 9.5 to 115 I, .
Cavewn fill mzterial from TD AT 17 FRET,
11.5 to 47 L.
9
25
30
35
49
45 PRITPOREENN |
0
T
—_ GROUNDWATER
|\ DEFTH _HOQUR| DATE
¥o71 11.00 1 10-03-85

120
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. . ” Page]af 1
ROJECT _SHIPROCK SITE, NM LOG OF WELL BORING MO. 615

OB MO, SHEOL DATE GOO8ES . TOTAL DEPL 20.0 fext T
SURFACE ELEVATION 258575 RIG TYPE CARDNER-DENVER
TOP OF FILTER PACK .2.20 BORING TYPE. ROGTARY HUD
WELL CASING TYPE. __ 4.0-11. SCHER, 4 PYC LOCATION N 10524.23 E 16040.71
COMPLETION ALLUYIUM, DATUM. MSL ;
Depih E’;’lf Remarks Lithology Uscs Vicual Classification
5P| ALLUVIEDRI:
Planed steed protective o] [AND, litife (o some silt, {inz to
cxsing ta 2.0 feet B inedivin, eccasional gravel,
Trestallad onpliastic, ight browa.
bentonite/cenent grout SANDY GRAVEL, with cobbles,
to 5.9 feat paorly graded, coeasional boulder
Fiaced bentonite pellet size, subraunded, nouplastic, brown
o : > to gray.
s nstalled 3-12 gnnd filte
pack from 7 to 16.5 Tt ]
Flaced 050-in slot well
seroen fooie 8.5 to 145
i,
Plaved two foot sump
fromm 14.5 to 16.5 ft.
Cave-in fill matesial hom
] 16.5 to 20 f1.
2 CL MANCOS SHALE UEMATION: .
ol SHALE, soft, grey. '
TD AT 20 FEET.
2E promamimin 7
.
L1
Kt
35 prmmeras
49
&5
50
GROUNDWATER
|\ DEPTH_HOUR|_DATE
vl 60 115301 i0-03-3%
= JEG TAC TEAM
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PROJECT __SHIPROCK SITE. MM

ae]off

Pag
LOG OF WELL BORING NO. 7

JOBNQ, SHPRL, __ _ DATE ._63/08/33

SURFACE ELEVATION. S5687.34

TOTAL DEPTH.20.9 fet —
RIG TYPE GARDMNER-DENVER

TOP OF FILTER PACK _5.00

BORING TYRE_RQTARY MUD

WELL CASING THeE £ O-IN.SCHED, 20 pve

LOCATION. M 1072583 E 5749 92

COMPLETION SLLUVILAS DATUM MSI.
Pepth Dernarks TLithology Uscs Visual Classification
Y ALLUVEURE:
Flaced sieed protostive o SAND, little 1o some silt, fiue to
casing to 2.9 feat, - ‘\medium, cceasional gravel,
Tostatlad ponplastie, light brown,
g bentonite/camncot graut SANDY GRAVEL, With cubbies,
. te 4.0 fent poorly geaded, comasional bontder
Flaced bontonite pellet size, subrounded, nonplastic, hrovm
seal fromn 4 ta § foot. ta grey.
Instatled B-12 sand filter ]
10 pack foom § to 15 1L S
Flaced .258-in slot well
sereen from 8 to 13 5. ]
13 Flaced two foot sump
~ from 13 to {5 7t
Cave-in fifl material fram // 7 L MANCOS SHALE PORRMATION:
15 t0 28 e / SHALE, soft, grey.
”
8 TD AT 70 FEET.
28
34
is
4
45
59
GROUNDWATER
DEPTH _HOUR| _DATE
2|55 i705170-03-85
b4

JEG TAC TEAM
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PROJECT ___SHIPROCK SITE. NAf

JOBNO. SHEOL i e

SURFACE BLEVATION 4888.37

TOP OF FILTER Pack _3.50

TOTAL DEFPTH 15.0 feer i}
RIG TYPE GARDNER-DENVER

Pagelof 1

LOG OF WELL BORING NO. 623

~ BORING TYRE: ROTARY & Ui

WELL CASING TEEE. 404 SCHED. 40 PV LOCATION. N 1071554 E 075794
COMPLETION ALETVIT DATIIM MG,
[ "m' i .
Depeh éf: Remarks Lithology uscs Visual Classificarion
Y =

Flaced stesl protoctive
casing 0 2,0 feet.

- Tngzenlled

31 | bentanitefesmant grout

i o 2.0 feet

Flaced bantonite pailet

seal frew 2t 3.5 feet.
Inatallod 8-12 sand flter

s pek froma 3.5 10 12

Flaced .050-in slot weil
sergen foem 6 to 10 ft,

Hlaced tvwy foot suimp

9P 1 ALLTUYVIRS:

SAMD, litile to sovme silt, fine to
GP medic, coeasional gravel,
aonplastic, lzht brown,

I SAMNDY GRAVEL, with cobihics,
vooriy graded, cecazianal bowlder
L] SEZR, subrounded, nouplastic, browa
to grey.

from 18 to 12 5%,

Cave-in Tl materiad from
Yo iS5t

‘Zb facsmaconcns s nimy

S

———

35

40

45 oy

N —

TD AT 15 FRET,

e amacnmrg

! _GROUNDWATER
|\ DEPTH _HOUR| DATE
%60 1135 T0-00-55

123
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, . - Pagelof 1
» SHIPROCK AL vo
PROJECT HIEROCK SITE, MM LOG OF WELL BORING NO. 629

JOBNO, SHFOL____ " naTE . 09/09/85 TOTAL DEPIH 0.0 feet _ T
SURFACE ELEVATION.. /235,18 RIG TYPE NER-DENVER
TOP OF FILTER PACK ) BORING TYPE BQTARY MUD
WELL CASING 11EE N ECHED, 40 PYC LOCATION... N 10558 80 E 0455 73 -
COMPLETION ALLUVIUM DATUM, MSL : .
A .
Depth E.:,;il Remnarks Lithology UsSCs Visual Classification
v SP 1 ALLUYRIMG:
Plared stez! peatective Gp SAMD, little to some silt, fine to
casiog to 2.0 feet. mediunm, ocvasional geavel,
Trstalled annplastic, light brown,
5 bentonite/eement grout T SANDY GRAVEL, with eotbiea,
for 4.8 Toot poorly graded, ocensionad bowlder
S sentonile pallet ] size, subrounded, wonplastic, brown
5 to grey,
ed smnd Qlter ]
10 gk froes 3 0o 15 1o, A
e Flaced .050-in slot weil
] soveen from 10 1o 15 fo
CI, FLAMCOE SRALE FORMATION:
15 fromn ] Flaced two foot sump SHALE, soft, groy.
from 15 to 17 {1,

| Cave-in fill matecial froem
17 t0 26 f1,

TD AT 20 FEET,

38

35 frermeect

49
45
59
~d__ GROUNDWATER
\DEFTH _HOURL DATE
¥ 27 1re3s [ ieai-8s
£ JEG THC TEAM




PROJECT __ SHIPROCK SITE, N

JOB NO. SHPYI, DATE _ CHOI/8S

SURFACE ELEVATION 886,24

TOF OF FILTER PACK . 230

AOJN SCHED, 40 PVC

RIG TYPE

Pagel o 1

L.OG OF WELL BORING NO. s30

TOTAL DEPTH.A3.0 feer

CARDNER-DENVER

ZORING 1VBE_ROTARY MUD

WELL CASING TYDE. _ %01l LOCATION. N 10547.53 E 945750
COMPLETION ALLITVILIMA DATUAL MSL -
Depiht Remarks Lisholog, Visual Classification
o i ALLITVIUM:
Maced stesd protective SAMND, ltile to some silt, fine 2
casing to 2.0 {eat, wmiadinm, eceasional gravel,
- fnstalled sianplastie, light brown,
P 1| bentonita/cesnent grout
: to 2.0 feet
Flaced bentonite pallet
1} seal from 3 10 3.5 feet.
o Tostaliod 3-12 sand Olter
10 pack fien 3.3 45 12 ft. :
SANDY GRAVE, with cobbles,
Paced .250-1n slot wall poosly zraded, cuonsional boulder
sovven fros 5 to 16 (L size, subroundded, novplastie, brown
' \to grey.
15 Flaced two faot simp MANCOE SHALY FORMATION:
- frosn 10 to 12 £t SHALE, soft, grey.
. , TO AT 15 FEET.
Cave-in fill materiad Srom 7 HE
12 ta 15 £1.
29 Lorves e s
25
30
35 e
44
45 Yo e 24, o
50
b GROQUNDWATER )
REPTH HOURL DATE |
¥ 28 02.:55 | 10-04-85

JEG TAC TEAM




a - , Pa rlaf 1
PROJECT _.SIPROCK SITE, Mat LOG OF WELL BORING NO. 631

JOBNO, .SHM, 09/11/35 TOTAL DEPTH 22,0 fr e e
SURFACE ;"!J"VMZION RICG TYPE._ ; FR -

TOP OF FILTER PACK_11.00 BORING TYPE ?OTARYA'IQ’D

WELL CASING IYPE (N.SC. HED, 40 Pve LOCATION M 1235510 59131 b

COMPLETION ALL AU e DATUM MSY,

Depeh

= T i
Bemaiks Litholegy Uscs ( Visual Classificarion

AJU ETUM:

AN, litle o some silt, fine to
meﬂl-m. oceasions) grgvel,
wonplastic, Hgat begwn,

Flaced steal protective
casing 19 2.9 feet.
Instalied
bentonitelcement grout
10 9.0 fect
Flaced bastonite peilet
seal from 9 to 11 fost,
installed 512 cand filter
pack firoon 11 o 13 fr,

BANDY GRAVEL, with cobbles,
poorly grnded, sccasional bouldar
size, wbmuudnd nenpdastic, brova
to grey.

Floced 0%0-0x slot well
sereen from 13 to 18 £y,

Flaced two frot sump
fovin 13 to 20 f1,

- Cave-in fil] materind from
i 28 to 23 ¢,

B %o 7 G MATICOS SHAYE TOmMATION:
D B¢ g SHALE, soft, grey.
< ///

D AT TR
25 O

L

35

40 S—

R

45 S

Y —
—

‘*'——-—J GROUNDYWATER

[ 77 WOUR] DATE

&9 110301 9-3055
L - . JEG TAC TEAM

a*é-;:w!}ﬂ




FROTECT
JoBmNO. SHPOL,

SHIPROCK SITE, M

ATE .09/11/85

SURFACE ELEVATION. $889.56

LOG OF WELL BORING NO.
TOTAL DEPTI 22.0 f

Pagel of 1

RIG TYPE__.. SARDNE
TOP OF FILTER PACK 6.00 BORING TyYRE., ROTARY b
WELL CASING TYRE___ 40N SCHED. 40 PV C LOCATION. ... 2 12343, 88
COMPLETION ALLUVIUM - DATUM ML e
. oo
Depth el Remarks Lithology SCS Visual Classification
ol TUTSP 1 ALYYYIOM:
Placed stoal protontive 5 SAND, littl2 to some silt, fine to
easing to 2.9 feet. rrrnenmend M€AIUIR, occasions] gravel,
Installed nonplastic, lght brown.
5 Bratanite/cesnent grout
4.6 fout
Placed bentonite pellat -
sead from 4 to § Feot. oGP SANDY GRAVEL with conbles,
b Lisstalledd §-12 sand filter ]P0y ginded, cccasional Boulder
10 pack fvem 6 to 15 ft. siza, subrounded, roaplastie, bravn
] B EESY,
—— Flaced ,GE0-in slot wel!
seveen from 8 to 13 1, S
15 Placed two feot - ang S
frovt 13 to 55 ¢t
Cave-in fill materia from S
1510 20 ft, . %
24 ) CL, ' MAPZOE SHALE FORMATION:
Y e 1\ ___SHALE, soft, grey.
| TD AT 20 FEET,
25
30 B
35
)
45
59
L—J._W__Q;KQLIMD WATER
REPTH WOUR] DATE
Ml en 16:30 | 09-29-85
4
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~JA(""C)B

o A DRISION

&P NS ey

oY HTERM e i,ﬁ‘;’f‘nPaQNY

OREHOLE AND TEST 9T

OF JAZOBS ENGEEERING GROUD Mo,
~ e
, BIEC 3 0 fon
P SUMMARY 055

S H PO l

TRT> SR
fgmo LD, 3

BH-BREHOLE TP TECT P

CATION COORDIMNATES;

e A539.47

DRILLER EXCAVATOR: S H A
COMPLETION DATE: ___H5 /00

BOREHOLE DIAMETER gy . leal

9300.59

B et et

TUTAL DEPTH ¢ T.): SEVEN

GROUND ELEVATION FT. M5LY. 49 15 .99
WELL SUMMARY
WELL OWNER: ___DOE FILTER PACK LENSTH ©Ty: /A
INSTALLER: .. 5 15 FORMATION OF COMPLETION /4 Lr
EVSTALLATION DATE: .S /??ﬁ STRATIGRAPHIZ ORDER: W=
CASING ELEY. ST, MSL: o AN CPENSCREEN DEFTH ET): 30
A .
CASING LENGTH 7.): 187 ‘l_‘:,_fa e CPEMSIREEM LENSTH FT): 3 -
CASING DA N, 135 CPENSTREIN AREA ONRFTH:. _(ANK
BEAL ENDIDEPTH Fr:_ N/A TELOW RELATIONSHI: D
LITHOL D(ai(’“ﬁ\L SUMMAF{Y
SCU/ROCK PROFLE STD. PENETRATION TEST
N UMEIED ‘ DEPTH
OEPTH STRAT) SALIPLE sasore] N
SOILIRE SUAL DESCRIPTION =3 N
eTy | PRI oroeR ViSUAL DESCRIPTIO w | INTERVAL by ool vaLue
TLASS FT)
a0 A ]
3.4 i/f L. [ G”uwurﬂ
?
“FLOW RE_ATIONS 8 SAWT E WMETH0DS,
4-up digat
-0 ai::::r::'ie n{ AsAugar Cattings HM~3 172 Mollswr Siem Auger MI-MZ Wregkne Roze
C-Cross Gradiant B-2'0.0, LILLD, driva aamoky -3 12 Contnous Fhghl Aygar Canng §a™zw
9-On Sae Y300 2.22°L0, tude samdg GE-Geas B0 8-Undisturoes 8227 . }
L T T-3" 0.0, (hir-waiez Shas, tuze WX -MX Rosk Caring D-Fstuzer 8,0 SETIE
dE G AL -ENG~ 8 Qi
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PROJECT __SHIPROCK SITE, M

JOBNQ, SHPOI, . DATE ._03/28/93

SURFACE ELEVATION.S506.40

LOG OF WELL BORIN G NO.
FOTAL DEPTH. éﬂ g ‘"““

Bogel of 1
© 7125

RIG TYpPE
TOP OF FILTER } ,«CK,,@"QQ_N_.W_M X BORING TYEE_CD
WELL CASING TYRE. . 2.0IN.SCHED 40 PVC LOCATION.
COMPLETION ALLUVIUM, DATUM ML
[R? ), o
T ] pepen oot Remarks Lishotagy | USCS Vissal Classification
¢ ] Tostalted 2-in. PV well GC_ | AXIXVION:
=2 B (to 19.5 fi. CLAYEY SAND AND GRAVEL,
r«', Stocl casing set to 3 gravel soorly graded fo 1-in.,
SR N N A ueessioaal mboias, low to mudium
e %! Grout seal pineed to 2 S \plasticity, brove,
- pre. et STLALY BAND, very {ine, some fine
i ﬂnm' £ c‘ﬂp seel gvavel, coaplastic, brown,
Nof.c. oo, serms of sandy silt.
10 f=m o —
- i u p‘wk placed frem
. 3 4o 20 feot. T 03
T i SILTY GRAVEL A3 COBRLES,
13 . | boorly graded with cobbles to 6-ia.,
7// CL \ubmwu‘"«d nenglmur browa.
:H{Two I3, sumn placed 7 ] PEANCGR SEALE T0.0
2 |froem 17.5 to 19.8 fr. / SHALE, soft, weathered, brown to
20 - - grey.
T AT 20 FEET,
5 Well develoned wilh
prinip to 4 NTU. ]
30
35
44
43
54 .
- i
B GRQ (/ NOWATER
JpEp HOUR DATE
 —
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PROJECT SHIPROCK SITE, NM

rages gf 4

LOG OF WELL BORING NO. 725

JOBNO. _SHPOL DATE _03/18/93

TOTAL DEPTH 409 feer m————

SURFACE ELEVATION 937,58

RIG TYPE OREX IR TH~0

TOP OF FILTER PACK . 13.75

BORING TYPE_ODEX ROTARY AR

WELL CASING TYer. _ 2.0-IN. SCHED. 40 PVC

LOCATION, N 9648.97 E 9075.03

COMPLETION ALLUYIUM. DATUM ASL
el
Depth ,fvmf Remarks Lithology /8Cs Visual Classifieasfon
o - Tustalied 2-in. BVC well [_GP | ALLITYIOM:
¢ 3525 &, SAND AND CRAVEY, some silt,
Steed vasing set to 3 poocly geaded with geavel to 2-in.,
fent. cacaston] cobbles, subrounded,
5 {Grout seal placed to ponglaste, browa.
7.75 feat.
E Rentonite chip seal
f\ glaced from 7.75 to ]
[0 e 5 GF 1575 foet. CL | BEANCOS SHALE Fad:
ﬁ ’ng FHALE, soft, westhered, tan to
iR ETAT.
5
i:: Beeoming mod, hard, and light
15 E; gmj at 14 Lot
: T Mote: Moist zooe, sfto s deilling
Eil IFilter pack placed from peazrved seepaga frow this zone
180T to 4 féet' frvar 17 feet doven,
w s Blote: Decasdonal seam of brown
shale from: 20 feat.
—‘;* .
YA
Prepacked well sereen,
I L050-in. slot, set from
P 27.2 ta 37.2 1t.
30 T Moter Shale becomi g wnod. hard to
Bard 20 30 feet,
35 g —
“Cwo Tt surap placed
N o 37,2 ta 39,2 Ft,
i o] ThH AT 40 EEET,
45 Wall devcloped with
puratn to 5 WU,
36
L] GROUNDWATER
DEPTH Wourl DATE ]
v {
s |

JEG TAC TEAM

130




i

PROJECT

SHIPROCK SITE, NM

Pagel of 1

LCG OF WELL BORING NQ. 727

108 NO. e DATE _03127/93 TOTAL DEPTH 19.0 frer -—::—.m.._m
SURFACE E/:ﬁw.lmﬂ_;fg % ,m:wg;zfp%_; h-} g}%ﬁ’w S
TOFP OF FILTER PACK BO G TYRE i g £
WELL CASING T¥PE____2.0-IN.SCHED. 40 PVC LOCATION NEIS. 41 F 3780 14
COMPLETION ALLUVIUM. DATTL MST, : ~
Depth ?:,l‘[ Remarks Lithology uscs Visual Clossification
N P ——— 7 e} ALLO VIO
{i_; 10 18.7 L. ”A = \f BTV CLAY, medivm plasticity,
B4 Kd [Steel casing set to 3 3 F A,
Lo} 2 % feot. et SANMD, GRAVEL AND CORBLES
5 % % G rout seal placed to 2.5 B9y graded, cobbles size g 8-im.
:;‘:1 -t (feat, soe 2 silt, submlmded nonglastic,
Do 12 4R t“.ﬂ(o;;tt: rmussefl cs ?/ ‘_{;L___\t‘{‘ O ST E
place: rom 2.5 ta 5. g MANCOS SITALE She.
feet. / SHALE, soft, wmﬁwx‘éﬁi, tan to
10 Fiiter pack placed from / e I
5.5 to 19 feet i
Prepacked well scromn, y
-050-in. siot, set froun 6.7 /
™ 16.7 ft. %
15 = ,/// Motar Bocoming slightly weathered,
3T we £ S placed / wiod. soft, wad light grey at 15 feet.
faety 7 to 18,7 fe. ops
:1 from 16.7 0 18.7 % Mote: Ma mcist conditions observed
\ during Salling. Perched zone may be
20 very thin.
TD AT 19 FELT.
25 Well develaped with
pump to 5 NTU,
34
35
44
45
50

GROUNDWATER
_|DEPTH_HOUR] _pATE ]

s
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I 1
RO SHIPROCK SITE, NM - - . Pt!gﬂ of
FROJECT LOG OF WELL BORING NO. 7z

Ol DATE 03726093 TOTAL DEPTH 30.0 feer T
L9437, 70 RICTSPE. O R.T
TOP GF FILTER PACK 14,00 - BORING [TPE e _
WELL CASING Trpf . 20N SCHED 40 PVE LOCATION .77, 14
COMPLETION ALLITYIUM, - DATUM.MSL
Wil T . ] 7
Depeh Con Rovnarks Lithology Uscs Visual Classification
g : e ]

Teatalled 2uin, PYC well
tn 29 1.

AL ALY
CLAYEY STLT, low to med,

BEEL
efvf
kR
|ty
afrle
i ]

- o vasing set tn 3 o plasticity, brown,
e ‘ e Motz suaist to § foat,
5 Grout szad whaced to 7.0 b
eed N E—

Heatonite chip seal
placed feows 7.0 to 14,0

10 e

SANDY, GRAVEL AND CORBRBLES,
wedl graded {0 £vin., oocasionst
baulder 1o 18-4a., sume silt,
subrounded, winplastic, tan.

f
Rt

¥ilter | ek placed from
1|14 80 36 font,

: Prapacked well screen,
H50-in. slot, et from 17
to 27 fi.

57 SO TAANCOR BEAY L FRTT

/ 237 SHALE, soft, weathered, groy,
/ Noter Moist at contact, thea hecoaing
// dirfer with depth.

Twa ft. sanp placed / Mete: Dey.

Trom 27 &6 22 7o

TD AT 36 FEET.

Well developed with
pusng to § UL

Yo Se—

§0 fremmmonend

4

——— _ GROUNDWATER
LDEPTH HOURL DATE. |
i ' i

T T

JEG TAC TEAM
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Paged of 1
LOG OF WELL BORING NO. 730
TOTAL DEPTH 40.0 feet e
RIG TTPE CDEX, IR, TH-50
BORING TYPE. CLREX ROTARY AIR

PROJECT _ SHIPROCK SITE, NM

JOB NO. _SHPO! - DATE
SURFACE £l EVATION. 2977.78
TOP OF FILTER PACK 23.09

03/26/93.

WELL CASING TYPE... 2.0-IN.SCHED 40 PYC rocATION. N 8629.2] F 9608.08
COMELETION ALL VLR, DATUM. MSL
Depth Benarks Lishology Uscs Visual Classification
Y Tnstalisd 2-in. PVC well T ML) ALLOVIDRE
0 39 ft. NN CLAYEY SILT, low plasticity, tan.
Steel casiog set to § b
feet. Wl
5 e
' | SM | SILTY SAMD, fine, noapiastic, tan.
Grout seal placed to 10 Al
£ - .
10 reet. K
Bentonite chip soal 5P SAND, {ina, wth fine gravel, some
placed from 13 ta 25 silt, nonplastic, t2o.
feat, GW SANY AND GRAVEL, well praded
15 to 2-in., somae silt, oceasinuasl
cobbles, subrounded, nonpiastic, tan,
26
25 Filter pack placed from
:1125 to 49 feet.
i 8 oM SILTY SAND AMD GRAVEL, with
3 [Prepacked well screan, @ cabbles, poorly graded, cce. boulder
11 1L050-in. slot, set frowm 27 >N to 10-in,, subrounded, uonplastic, tan.
I lto 37 ft. o
34 : O
2 0 Note: Becomling moist at 31 7t
2/ CL__| MANCOS SBALE ¥bd.:
38 / SHALE, soft, weatherd, boown to
R / el ] mrey.
i / et Nete: Only the upper 1 foot of contact
L {Two ft. swnp placed / : is moist. becomes drier with depth.
from 37 to 33 {t. /
40 Z
! 1D AT 46 FEET.
45 Well bailed dvy and
unable to develape.
Added water not
vecovered
1 B L N 1
e GROUNDWATER
DEFPTH_HOUR! _DATE
%4
2 JEG TAC TEAM
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FROJECT SHIFROCK SITE NASf

03/29/93

OB NO. _SHPCL, DATE

SURFACE ELEVATION. #397.31

TOP OF FILTER PACK 230

WELL CASING TYPE__ 2.0-IN.SCHED 40 PVC

e LAOCATIOQN

—  RIG TYPE

LoG OF WELL BORING WNO.
TUTAL DEPTR 19.9 feet

Pagel of 1
732

QREX IR 18-60

BORING TYRE _CDREX ROTARY 4AIR

NE2I7. 70 B 1274552

COMPLETION ALLUVIUM, e DATUIM Moo T
W,
Depth (.':rlx! Rernarks Litholegy Uscs Visual Classification
v BB [fostalled 240, YT well A "0 CGM_| ALTOVEIT:
= Bl 1o . @ TLTY SAND AND GRAVEL, poctiy
o tod ensing o to § —i o A gradaa geavel to 3/din., vonglastic,
: [ 3N brovi,
L [Grout seal pleced to 2 "
i feat, o 0
11 Benionite clép seal 3 C
it |plnced from 2 to 4.5 feat, - .
ik i ¢ 8 o Mote: Coc. Bouldes to B-in.,
filter pock placed from - 0 subrotnded.
o 4.5 to 19 fort °
[~ & A - =
. 3E
Prepacked well sevson, ’//“"? CL_ | MANCOS SHATE T ;
B58-in, slot, set From 7 / SHALE, solt, weathered, browa to
1§ to 17 ft, o] EECF

Two £t sump placed
Hfrom 1T w0 19 11,

Wile: formation apgears o be diy
firont oaiinct.

Well developed by FTR.

T AT 19 FEEY.

—— GROUNDWATER
‘LDEPTH HOURT DATE
| |

JEG TAC TEAM




PROJECY __ SHIFRQCK SITE, MM

aged of 1

Pag
LCG OF WELL BORING MO, 733

joRNO. SHPOL __ ganw 033503

SURFACE ELEVATION 353824

TOP OF FILTER PACK . £.00

TOTAL Dgpmé%%ge; — T
RIGTYPE .. OBEXIR TH G0
BORING TYPE. ODEX ROTARY (IR

WELL CASING L¥eF.__2.0-IN. SCIED. 0 FUC LOCATION N 1709440 < ¢ - i
COMPLETION ALLUYIR, DATUM. ML : —
Depth Remaits Lithology uscs Visual Classificasion

fostolled 2-la, ¥V well
to 13.5 18,

Seeed cnsing st 40 3

[ Heit,

CHCrout send placed 2 2

<1 feets

11| Bantonite chip seol .
i placed fram 2 ta 4.0 feet]

Filter pack placed {rem
t114.0 to 13.5 foot.

Prepackad veoll secem,
;B8040 slot, sxt frora 6.5
“oitg 11,5 £t

R 1 ALLIIYEITRL.

SILTY SAND AND GRAVEL, poorly
zraded to Lin., wonplastic,
subrenisded, brown.

GP

Y GRAYEL, with cobibles,
poorly graded, nonplastic, boowa.

15

"o £ serap placed
from 11.5 to 13.5 £t

20 o Cave-dn Gl from 13.5 to
15 feet.

25 Well developed ta 3

M.

Ly S—

50

AT ISFEET.
Mota: severce caving from 11 feet.

ot

\J’“G:O UNDWATER

LOEPTH HOUR| DATE j

]

1 1%

JEG TAC TEAM
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1: ADVARSLD §VITENS &N’I‘%}% mlﬁ!ﬁ%uiﬁ}@”ﬁ CTIUATIQMS

OLE LG {501L) . w.m;m{

"h E&?hc l) zNC_-

Uéy ATHIR TAS:
u"f
W
<]

x

.(
¢t
= 737

A
24
Ll

BITE 10 20 L0L e, LOCATION 0
BITE COOBIIMATES 143+

200 20 B
BEOUND ELBEYATION iﬂ’%. 843L3:
DRILLEIG METHOD; L
ORILLING CONTS.: 2
DATE §TARTED: .
RDATE GO *?F’l,‘?:'i"f’
FIELD REDP,

{
§ '; ’
- - - ;
g i - 4 I -
PO E AL R i BLeWs & ;
PEETH Bl o %: 5o 3 £ 1 Fdigaps 28G5ITAE & ~ f
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I I

: ACTDS G ERNG D e,
Mwa MGED TVITRRAR @am'@m ’-U,@.,Eﬁ'f el EFERATHINE
=BOUEUOLE L6 (8011 Page_.of .
3 BITE 10:. SHP L e LOCATION i0: 738
: BITE COORDMATES {913
_ j 2//3. 22 g:; /2,306 323
‘ ‘ GROUHD ELEYATIO! J;w ISLY:,. S5 33
BRILLING METHOD: /4} 2l ‘(,e/»u,«-(,z, _
DALLIMG CONTR. __2s
DATE BTARTED: . 3/20/%7 o
ﬂmﬁw’mmmfr;‘_}- LIC LTS -~ ‘
FITLD REP.: IR dasdoe }
BROUNBWATER LEVELS
o bAarE CIME DEPTH (11,3
2 LTI Kl
i B T
LOCATION DESY s : ;
BITE f.,:ﬁ}%ﬂjﬁ"h W .
palas gj ; wLows | B
gaevs faslislizia] @ PER o ta, 182 {UBCS WIBUAL BLABBITISATION
faiapiag|e
g ] R -
i .
5 (A ‘.
’ T o | R e pud i A Jons 90
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(}3 g e e
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I — &
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L
§ !
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; I
ok
P J—m- ) T 7 ¥
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J — e i § e 2T OO0 LEET LD Grerd GuEERM
Yo 3T RD AT LR dedv 2oTIE
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' ) . Top 1
PROJIECT ___SHIPROC, M " . faga? of
, PROJE HIPROCK SUE L.OG OF WELL BORING NO. 735

JOBR NG, SHEGL, DATE ..03/20007 TOTAL DEFTH. 6.0 feet —
SURFACE ELEVATION. #32432 RIG 1YPE .
TOP OF FILTER PACK RORING TTEE. DRIVEN WELL POINT
WELL CASING TYRE.... 21N STAINLESS,, LOCATION . 14 711377 E 12305.33
COMPILETION FLEOD PLAIN DATIM ML,
12,
Depth 'C'./;il Remarks Lithology USCs Visual Classificarion
' v e | ALLIVEGDS:
: ? UNKMHOWN DESCRIPTION.
/<' >
—— ) R ] L
5 7 1< , ,P ......
A ; EST. TO AT 66 f
XS — .
N i
10 ,\(\1\ CLCohH
( J T e 0l
\) B o 2
PR
S f! a~e !
it e
15 . P
i
25
] ]
34
35
40
43
50 s
b CROUNDWATER
DEPTH_HOUR| _DATE
pr
¥ . -
=l JEG TAC TEAM
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B IACIRS ENGHNEERING
&} Abvascip Gv3Tieeg By, ALSURULTAUE GIERATIONS

HOLE L.00 {B01L)

ROAJP BN

Page Lot/

Lo LOCAVION 1 256
25 (it -

7, 902_

. 74
TION €52, 0anLY: ]
/

GAOUMDWATER LEVEL

“HATE

T

e B 2LLR -

LOCATION DESCRIPTION

BITE CUHDITION

B el qt‘ . .
; i gg F R By BLOWS g
: %g H 3; o B PR 3 te. [T pUSCO] ZIBUAL SLAQMIEE. 10w
2 i - = s A,
P . s
{I 5/3 L-I]fll '(éf._,?“,,)‘ i:c},-/,?/uu, -A‘ -
Y SAAy oy Y
; Fim D, frace S
" ( See Coon J’h.sv\_)fc)
9k
L(
5 e
1
! - &r —

DANMEHTS: _ Unarc, 2 uiere

Q{pa@bfwd Lt fmekhae, c»"«rxg{;_

BamiLE TYPE

P

g A - fupgar Lultags

Misuadle asgcpted,

K2z indes o»;f T s

_'1\35,‘,;’;_,{1()‘- GG S D4 - 2700 1A LD e 93HT

1 b e R 7 Deioge | paint Somed ke diden pietads o 3 85 ta5 10 was mean
3 A ALl / 7 P11 00 thomassss Evaiay tuta ;

AT G AL~ THG=2R fA/8)
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1

TRIBAL WELL NO >12T-520 (1)C)EL 1D 3 PWSID > ok
STATE NUMBER
WELL NAME/OTHER NO »NRO17.10B5X1545

WELL TYPE >WA WELL STATUS ACT WELL USE >boH
QUAD NO > MILES WEST > Q.00 MILES SoUfdH > 0.00
10 ACRE > 40 ACRE > 160 ACRE >NW SECT »36 TWNSHP >T30.0M RANGE >R18.0VW

APPROXIMATE LOCATIOM »>20 YDS NE OF FAIR GROUNDS

UTM COORD: X{EAST) >705856 Y(NORTH) »>40723561 ZONE >12 OPERATOR >TRIBE O&M
WATERSHED CODE >14080103000 STATE >NM COUNTY >8A CHAPTER CODE >SHIP
GRAZING DISTRICT >12 LOCATION DATA SOURCE >WELL FILES/FLD CHKD 1/95

FIELD CHECKED BY >LNOTAH/BTSOSIE

WELLNO 12T-520 STARTED 10/29/1960 COMPLETED 2/ 7/1961

ELEVATION 4,941.0 FT DEPTH 1.850.0 FT DEPTH MEASURED /!

DEPTH IS R WELL DTA 13.00 IN
1 CASI&G Dla 16.00 IN FROM -1.0 FT TO 46.0 ET MATL STL
2 CASING DIA 12.00 IN FROM ~1.0 T 10 530.0 FT MATL STL
3 CASING DIa 9.62 IN FROY -3.0 FT TO 1,339.0 FT MATL STL

4 CASING DIA 7.00 IN FROM 844.0 FT TO 1,482.0 FT MATL STL

WELL NO= 127-520

1 CASING PERFORATED FROM 1,482.0 FT TO 1,777.0 FT OPENING TYPE X
2 CASTNG PERFORATED FROM FT  TO FT OPENING TYPE
3 CASING PERFORATED FROM Bt TO FT CPENING TYPE
4 CASING PERFORATED FROM FTTO FT OPENING TYPE
3 CASING PERFORATED FROM FT  TO FT QPENING TYPE

DATE WELL TURNED OVER TO TRIBE /7

FUNDED BY CONTRACTOR  0.C. ROBINSON
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SITE IMPROVEMENTS WP TYPE OF LIFT ENERGY SOURCE

PUMP HP 0 ON SITE STORAGE CAPACITY 0
gTRUCTURE DATA SOURCE WELL FILES

TRIBAL WELL NO >12T-520 ' < USGS AQUIFER CODE >221IMREN <
THICKNESS > 0.0« NOMINAL YIELD > 150.0< DATE YIELD MEASURED >03/13/1981
ENTER BT O® PT > < GPM > 350.0< HOURS > 46.0< TEST“bATE >03/13/1961
DRAWDOWN > 380.0< OBSERVATION WELL DATA AVAILABLE {(ENTER Y OR N} >N<

HORIZONTAL CONDUCTIVITY > 0.000< SPECIFIC CAPACITY >0.92<

VERTICAL CONDUCTIVITY > 0.000< STORAGE COREFFICIENT >.0000000
COEFFICIENT OF TRANSHMISSIVITY > 0.0<
* AVAILABILITY OF TEST DATA * % LOGS AVAILABLE ¥ (ENTER DL OR EL)
sN<¢ MULTIPLE BRATE DRAWDOWN TEST
»¥< SINGLE RATE DRAWDOWN TEST >DL< DRILLERS LOG >EL< ELECTRIC LOG
sN¢ MULTIPLE RATE/RECOVERY TEST .
>Y< RECOQVERY TEST DATA SOURCE >
$RECNO WELLNG SWL DATE
14657 12T-520 0.0 8/25/1985
14658 12T-520 0.0 3/10/1961
5442
WELLNO 127T-520
GEQHYDRO-SEQ-NO 1

oo

GEOHYDRO~TCP 0.00
GEOHYDRO-BOTTOM 30.00
GEQHYDRO-UNIT =110ALVYH
LITHOLOGY =5DGL
LITH-MODIFIER =
GEOHYDRO~C-UNIT =N

5443
WELLNO =12T-320
GEOHYDRO-SEQ-NOQ = 2
GEOHYDRO-TOP = 30.00
GEOHYDRO-BOTTOM = 248.00
GEQHYDRO-UNIT =2 LOMNCS
LITHOLOGY =SHLE
LITH-MODIFIER =
GEOHYDRO-C~UNIT =N

5444
WELLNO =127-520
GEOHYDRO-SEQ-NOQ = 13
GEOHYDRO-TOP = 248.00
(GROHYDRO-BOTTOM = 330.00
GEOHYDRO-UNTIT =211GLLP

LITHOLOGY =5DGL
LITH~-MODIFTER =
GEOHYDRO-~C-UNIT =N
5445
WELLND =
GEOHYDRO-SEQ-NO =
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GEOHYDRO-TOP = 33C.00
GEOHYDRO-BOTTOM = 885.00
GEOHYDRO~UNIT =2 10MNCS

LITHOLOGY =SHLE
LITH-HODIFIER =
GEOHYDRO-C-UNIT =N

5446
WELLNOQ =12T-520
GECHYDRO-SEQ-NO = §
GECHYDRO-TOP = B85.00

GEOHYDRO-BOTTOM =1,015.00
GEQHYDRO-UNIT =211CGRRS
LITHOLOGY =3HLE
LITH-MODIFIER =
GEOHYDRO~C-UNIT =N

5447
WELLNO =12T-520
GEOHYDRG-SER-NO = B
GEOWYDRO-TOP =1,015.00
GEQHYDRO-BOTTOM =1,180.00
GEOHYDRO~UNIT =211DKGT
LITHOLOGY =SDSEL

LITH~-HODIFIER
GEOHYDRO-C~UNIT =N

i

5443
WELLNO =12T-520
GEOHYDRO~SEQ-NO = T
GEOHYDRO-TOP =1,180.00
GEOHYDRO-BCOTTOM =1,342.00
GEOHYDRO-UNIT =22 1BRSB
LITHOLQGY =MDSN

LITH-MODIFTIER
GEOHYDRO-C-UNIT =N

it

5449
WELLNO =12T-520
GECHYDRO-SEQ-NG = 8
GEQHYDRO-TOP =1,342.00
GECGHYDRO-BOTTOM =1,485.00
GEOHYDRO-UNIT =221WSRC
LITHOLOGY =8NDS
LITH-MODIFIER =
GEOHYDRO-C-UNIT =

5450
WELLNO =12T-520
GEOHYDRO-SEQ-NO = 9
GEQHYDRO-TOP =1,485.00
GEOHYDRO-BOTTOM =1,610.00
GEOHYDRO-UNIT =22 1RCPR
LITHOLOGY =3NDS
LITH-MODIFIER =
GEOHYDRO-C-UNIT =8

5451
WELLNOQ =127T~520

GEOHYDRO~SEQ-NO = 10
GEQOHYDRO-TNP =1,A10.00
GEOHYDRO-BOTTOM =1,760.00
GEOHYDRO-UNIT =221SLWS
LITHOLOGY =8§NDS
LITH-MODTFIER =
GEOHYDRO-C~UNTIT =P

5452

1

4

2




WELLNO =12T-520
GEOHYDRO-SEQ-NQ = 11

GEOHYDRO-TOP =1,760.00
GEOHYDRO-BOTTOM =1,733.,00
GEQHYDRO-UNIT =221BLFF
LITHOLOGY =3SNDS

LITH-MODRIFIER =
GEOHYDRO~C~UNIT =U

5453
WELLNO =12T-520
GEOHYDRO-SEQ-NO = 12

GEOHYDRO-TOP =1,7985.00
GEOHYDRC-BOTTOM =
GEQHYDRO-UNIT =2218SHVL

LITHOLOGY =SDSL
LITH-MODIFIER =
GEOHYDRO~-C-UNIT =N

$RECNO WELLNO FWQ~SAMPLE-DATE FWQ-GEO-UNIT FWQ-MEASURENMENT
2910 12T-320 3/10/61 22 1MRSN 30.0
2911 12T-520 6/25/85 221MR3N 32.5
2912 127-520 3/10/61 221MR5N 3,000.0
2913 12T7-520 6/25/85 221IMRSN 3,900.0
WELL FLOWED 153 GPM BEFORE IT WAS << USGS COMMENT
PLUGGED BACK TO 1777 FT. << USGS COMMENT

WELL CONFIRMED-UPDATED PER * O&M SURVEY OF FALL 91 *

FLOWING WELL NEAR FAIR GROUNDS AT SHIPROCK. THE ORIGINAL
TOTAL DEPTH WAS 1830' PLUGGED BACK TO 1777'. REPORTED FLOW~-
ING WELL 155 GPM, DETATLED BOREHOLE/CASING HISTORY IN WELL
FILE. USGS WELL SCHEDULE WITH LITHOLOGIC AND STRATIGRAPHIC
LOGS IN FILE. GEOHYDROLOGIC UNITS FROM USGS STRATIGRAPHIC
LOG. VELL PRODUCES FROM AT LEAST 3 MEMBERS OF THE MORRISON
FM (221MRSN). WATER QUALITY DATA AVAILABLE IN WELL FILE.
LOCATION COORDINATES MEASURED WITH GPS DEVICE 6 SATELLITES
VISIBLE. G. KINSEL/M.S. JOHNSON 3/21/85
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Appendix E:  Dingd College water leve! measurements

A schedule of water level measurements was established for the 30 monitoring
wells located on the floodplain.  An electric sounder made by JEG was used in
measuring depth to water for each monitoring well from January 1995 to mid-
November 1995, A Solinst sounder model 101, George-town, Ontario, Solinst-
Canada Ltd. was used in from mid-Movembar 1995 to July 1996, Frequent
water-level measurements were required to evaluate possible interactions
between the floodplain aquifer and the San Juan River. Water-levels were
measured each week from April to May, 1995, and from September 1995 to
August 19968, During the 1995 summer months, when San Juan River flowed
high due to high snow melt and Navajo dam high release times (BOR, 1996),
water level measurements were taken bi-weekly from June to August, 1995, and
from June to July, 1998. Frequent data collection was crucial during the high
flow and release at Navajo Dam upstream. Water-lavel elevation contour maps
were made to observe the seasonal effects on the unconfined aquifer (Appendix
£.4) from the San Juan River. These frequent measurements allowed the
observation of the effects on the alluvial aquifer from the water flow of the San
Juan River. '
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Appendix E.4: Monthly groundwaier elevation contour maps for the
unconfined aquifer.

Piezometric surface contour maps were mechanically drawn from the averages

of monthly water-level measurements for each month from April 1995 to June,
1996. :
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Appendix E.5: Diné College vs DOE monitoring well elevations

In conjunction with Diné College and NMT, we re-measured the existing well
casings on the Shiprock UMTRA site floodplain. According to the DOE
monitoring well logs, the monitoring well elevations for #630 and #629 had been
recorded as 76 and 86 centimeters above the ground-surface. Based on field
observations and the bgs water-level contour maps, the monitoring elevations
should have been less than the DOE surveyed lengths. Using the DOE
monitoring well elevations, the winter 1995, water-level contour maps showed
saturated areas on the floodplain, when the floodplain was not saturated. From
mid-June to mid-July 1995 sections of floodplain was the only time the floodplain
was saturated. As shown below the stick-up length ranges from 0.09 to 84
centimeters from the DOE survey casing and hand measured casing.

WELL  Ground Suiface NCC Top NCC DOE Ton DOn Diiferance
Elevation of Casing Stick-up of Casing Stick-up  in Stick-up
{m) {m) (i) (1) frn) (tm)
608 1491.31 1491.96 0.65 1492.01 0.71 -5.63
609 1:91.26 1481.70 0.44 1491.87 0.61 -17.15
610 1491.68 1492.65 0.98 1492.39 0.72 26.18
611 1491.71 1492.67 0.96 148239 0.68 27.93
612 1491.35 1491.78 0.43 1481.95 0.60 -17.20
813 1491.05 1491.97 0.92 1491.88 0.84 8.57
614 1491.03 1491.66 0.83 1492.01 0.98 -34.35
615 1490.77 1491.33 6.57 1491.44 0.87 -10.53
616 1480.71 1491.21 0.50 1491.44 0.73 -22.36
617 1490.58 1491.13 0.55 1491.29 0.71 -15.47
618 1490.51 1491.01 0.50 149125 0.74 -23.60
619 1430.78 1491.32 0.53 1491.38 0.60 -6.71
620 1489.97 1490.45 0.48 1480.59 0.62 -14.55
821 1490.02 1490.58 0.57 1490.74 0.72 -15.41
622 1450.08 1480.54 0.47 1490.85 0.77 -30.75
623 1450.43 1491.01 0.58 1491.11 0.68 -10.18
624 1480.34 1491.02 0.68 1491.19 0.84 -16.48
825 1490.44 1491.02 0.58 1491.19 0.75 -16.87
626 1490.09 1490.70 0.61 1490.53 0.74 -13.13
627 1489.81 1490.42 0.61 1490.57 0.75 -14.33
628 1489.98 1490.59 0.62 1490.89 0.21 ~29.53
629 1489.31 1489.40 0.10 1480.07 0.76 -68.68
630 1489.33 1489.35 0.02 1490.19 0.86 -84.35
725 149547 1496.15 0.68 1496.18 Q.70 -2.15
726 1505.10 1505.72 0.83 1505.71 0.862 0.98
732 1492.26 1492.72 0.46 1482.70 0.44 2.16
733 1489.94 1490.52 0.58 1490.52 0.58 0.51
734 1489.32 1489.33 0.01 1489.44 012 -11.22
735 1491.79 1492.23 0.44 1492 17 0.38 5.41
736 1489.75 1490.04 0.29 1489.97 0.22 6.95
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Appendix: F EM-38 and EM-31

The EM instruments allow the measurement of soil salinity as it respends to both
the conductive soils and water. The EM values provide a integrated conductivity
of the soil and the small variations by the measurements over the approximate
depth of exploration. The ground conductivity meters by Geonics Limited,
Ontario, Canada, we used were the FM-38 and EM-31. Depth of signal
penetration for the EM-38 has a penetration depth of 0.75 meters horizontal
macde and 1.5 meters in the vertical mode, whereas the EM-31 is 3 meters in the
horizontal mode and 6 meters in the vertical mode. These instruments generate
an electromagnetic field which induces a small current in the ground. The
magnetic field strength is determined by terrain conductivity (McNeil, 1992). The
EM measurement was conducted along an established 50 X 50 meter grid
system as discussed above in section 4.3,

The readings for the EM-38 were taken in both the horizontal and vertical modes
by placing the instrument directly on the ground on each grid point. Reading for
the EM-31 were taken in both the horizonal and vertical modes by carrying the
instrument one meter above the ground on a sling strap while walking to each
sampling point. Vertical and horizontal contour maps of electrical conductivity
have been produced for both EM-38 and EM-31.

Four electromagnetic surveys were conducted on the floodplain during different
seasons in August 1995, December 1995, January 1996, and June 1996. The
1996 EM surveys sample locations was approximately 10 meters apart in the
north/south directions. These four electrical conductivity maps provide a base
line for future EM surveys. Comparing the results from the two instruments wil
allow an estimation of the variation in conductivity with depth, which can then be
correlated with horizontal and vertical variation of the salt contaminant plume.
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Appendix: F.9: Comparison of electrical conductivity values with water
levels

An attempt to define the vertical salt contaminant plume was made by comparing
bgs water-level measurements with electrical conductivity values. Water-levals
from weekly measurements were from dates closest to the EM survey and
conductivity values used the nearest sampling location near. the monitoring well.
In August 1995, January and February 1996, water-levels did not reach 0.75
meters bgs, as result no graphs were produced using the EM-38 conductivity
values in the horizontal mode. Because the vertical mode has a deeper
penetration depth, the EM-38 vertical mode was used instead. Conductivity
values from EM-31 used both the horizontal and vertical modes to produce
graphs. The following graphs are some crude estimates of where the salt plume
may be concentrated within the floodplain aquifer. Monitoring wells in the
graphs were grouped according to location and distance from each other. Those
wells closest in distance were grouped as one section. In the table below
indicates from August 1995 through February 1996, electrical conductivity tends
to follow similar patterns of increasing conductivity with decreasing water levels.
Whereasin June 1996, the upper 1.3 m shows that electrical conductivity may
begining to decrease at the surface. Perhasp these trends might be indicating
during low water-levels as electrical conductivity increase at the water suiface
and during the high water-levels the electrical conductivity decrease below the
water surface.

EM-38 and EM-31

EM Augus 95 January 88 February 96 June 86
EM-38 vert (1.5m) | EC! WLI ECI WL ECt WL! EC: WL
12m ECt WL ECT WL ECT WL ECT WL
12-14m

EM-31 horz (3m)

06-10m EC1 WL No Correlation ECT WLL ECl WLL
1.0-1.2m ECt WLI ECt WL! ECi WL ECT WLL
1.3-1.6m ECi WL ECT WL ECT WL! ECT WL
EM-31 vert (6m) : |
06-10m EC1 WILL No Correlation ECr WL L ECL WL
1.0-1.2m ECi WL! ECT WL ECT WL ECT WL!
13-186m ECT WL ECi WL! ECI WLI ECT WL
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Appendix F.10: EM - 38 Electrical Conductivity Values

Stake  Easting Northing Horz 9785 Vart 6/96 Horz /98 Vert 1/96 iz 2186 Vert 2198 Wors 6158 Vart §/95
{£-W) {N-5) {mSim)  (mShim)  mS/m)_ (mS/m)  mSm)  (mS/m) {8} (mShm)
S,-2 7075147 4077467 1 66.50 8320 30.10 41730 37.20 4330 fno readinglno reading
2,2 |707124.6 | 4071509 | 167.40 17.90 123.20 135.90 127.30 148.40 150.10 1€8.10
-1,-2 | 707097.8 | 4071551 | 181.30 158.40 117.50 85.10 145.80 121.80 150.40 140.30
1,2 707044.2) 4071635 | 68.80 -4.10 35.20 39.10 55.50 19.70 33.10 81.30
1,1 707086.3 | 4071663 | 24.10 30.60 12.30 23.40 12.80 17.80 13.80 19.00
2,41 707058.4 | 4071705 | 115.00 91.680 €4.70 64.00 69.40 61.20 84.20 79.90
3,-1 707032.7 | 4071747 | 170.80 173.80 89.40 138.30 137.40 144.40 105.20 147.00
3,0 707074.7 | 4071775 | 70.50 72.80 21.80 30.10 4420 52.10 53.10 55.00
4,0 707047.9] 4071817 | 83.80 898.40 47.70 51.60 47.00 64.20 74.40 76.30
5,0 707021.1 | 4071858 | 159.20 169.20 115.40 166.80 116.30 1€8.20 132.80 167.70
5.0 706994.4} 4071900 | 124.30 80.80 69.50 37.60 31.00 338.20 83.10 78.00
7,0 706967.4| 4071942 | 16.20 21.20 11.10 17.70 2.90 14.50 13.50 19.40
7,1 707009.6 | 4071970 | 72.80 53140 43.00 39.40 43.20 37.10 40.50 65.40
8,-1 708898.7 | 4071956 | 2520 38.20 15.90 29.80 18.20 26.40 21.80 35.40
3.0 706940.7 | 4071984 39.00 .00 5.10 10.00 8.50 7.80 680 8.20
8,1 706982.8 472012 | 97.20 106.00 78.40 85.60 87.40 91.60 90.70 26.90
9,-2 70682991 4071970 | 17.10 27.20 1.30 23.50 12.40 21.60 14.30 21.30
9,-1 708871.9 | 471988 |no reading|no readingl . 1.30 19.60 13.00 18.00 12.80 19.50
9,0 706913.9| 4072026 1270 13.40 5.40 10.00 7.60 8.50 4.60 6.10
9,1 706985.9 4072054 | 16.40 16.20 9.30 8.60 6.80 5.70 3.50 4.50
10,-2  [706302.9] 4072012 | 34.80 53.20 24.20 42.10 24.70 41.70 31.80 51.10
10,-1 | 7088451 | 4072040 | 13.30 17.50 7.50 13.80 7.70 11.10 £.80 13.00
10,0 706887.2] 4072068 | 12.60 10.70 7.80 8.30 9.60 710 7.50 9.30
10,1 706929.2 | 4072096 4.80 5.90 3.30 7.40 4.80 3.00 5.30 3.90
11,-2 | 708776.2| 4072054 | 17.50 26.80 12.90 23.20 13.70 20.90 16.20 25.80
11,-1 |706818.3| 4072032 | 1050 14.20 5.30 8.30 5.50 6.80 7.10 3.40
11,0 706860.4| 4072110 3.20 11.80 5.10 7.40 5.8 6.20 8.00 8.70
11,1 706802.4 | 4072138 5.20 6.30 3.60 7.90 2.80 5.20 4.80 7.80
11,2 706944.4 | 4072166 | 59.10 60.20 38.90 40.80 39.40 38.80 53.00 52.10
12,-3 | 708707.4} 4072068 | 128.70 126.20 £8.80 72.00 73.20 71.80 75.70 86.60
12,-2 | 706749.4| 4072096 | 1:.30 18.80 9.10 16.30 9.80 13.80 11.60 16.680
12,-1 |706791.4] 4072124 | 1:3.60 12.50 6.70 980 7.00 7.80 9.30 11.00
12,0 706833.4 | 4072152 | 10.50 11.80 4.60 5.60 8.20 6.70 10.90 9.50
121 706875.6 | 4072180 7.00 9.80 2.30 8.40 4.60 5.40 7.40 9.30
12,2 708917.7 | 4072208 7.70 7.00 3.20 6.40 6.10 3.60 6.70 7.60
13,-3 | 706680.6| 4072110 | 61.40 79.20 38.90 63.70 36.60 52.60 41.50 65.60
13,-2 | 706722.7 | 4072138 14.C0 21.20 2.30 14.90 7.80 11.50 10.10 13.80
13,-1 | 708764.7 | 4072166 | 10.80 14.90 7.10 11.50 6.30 8.10 4.50 10.10
13,0 706808.8 | 4072184 1 10.30 10.80 6.30 9.20 5.70 6.10 8.00 9.10
13,1 |706348.8| 4072222 | 8.40 10.10 2.80 7.90 2.80 4.70 6.00 7.10
13,2 706890.9 | 4072250 4.60 2.80 2.60 5.560 2.00 1.50 5.00 4.50
14,-3 7066538 2072152 8750 113.20 47.60 69.30 47.70 88.60 86.70 59.50
14,2 | 708685.9| 4072180 | 10.90 17.40 8.30 16.20 8.80 12.40 12.00 18.00
14,-1  |706737.9| 4072208 8.60 13.70 6.30 10.80 6.70 7.00 8.90 11.30
14,0 TOG779.8 | 4072236 8.30 10.10 5.70 9.80 4.80 6.50 8.60 11.20
14,1 [708821.9{ 4072264 | 15.70 21,20 9.80 15.30 11.80 14.20 17.70 22.40
14,2 706864.1 | 4072292 5.70 6.50 3.10 6.00 4.20 520 7.00 7.10
18,4 |7068584.9 ) 4072165 ] 152.50 132.20 69.20 76.90 76.20 73.90 79.00 85.70
15,3 |706626.9| 4072194 | 39.20 63.00 292.60 51.00 30.50 50.00 40.50 67.30
18,-2 | 706669.1 | 4072222 1 12.10 13.80 6.40 14.10 8.20 11.20 10.70 14.40
15,-1 j706711.1 | 4072250 | 16.10 23.60 8.10 15.00 10.20 13.80 13.60 18.70
18,0 [706753.2) 4072278 7.70 10.40 5.40 13.00 4.20 5.40 8.00 10.80
15,1 T06785.21 4072306 | 28.20 40.40 15.30 23.00 14.80 20.20 8.20 11.10
15,2 706837.3 | 4072334 7.00 16.30 -3.20 19.90 7.20 11.60 7.70 28.20
16,4 | 708558.2] 4072207 | 149.00 152.00 104.70 107.80 105.20 111.50 115.00 131.00
16,-3 | 706600.21 4072235 | 3590 59.00 26.70 47.50 23.20 46.50 31.00 54.00
16,-2 | 708642.3| 4072264 | 54.30 54.30 25.50 36.50 28.60 34.60 26.00 35.00
18,-1 [708684.4| 4072292 3.60 12.30 5.30 13.90 9.60 11.00 4.00 7.00
16,0 TO6726.4| 4072320 1 11.30 16.€0 7.60 15.60 8.90 13.20 5.00 10.00
16,1 |706768.4 | 4072348 | 22.70 32.80 12.00 21.10 14.00 18.90 10.00 20.00
16,2 |706810.4| 4072375 | 82.20 62.10 41.10 3210 43.10 38.20 43,00 37.00
17,4 | 706531.4| 4072249 | 124.30 133.60 99.90 118.60 §7.90 110.50 138.00 122.00
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Appendix F.10: EM - 38 Electrical Conductivity Values

Stake  Easting HNorthing Horz 9/85 Vert 8/95 Horz 1/96 Vert 1/96 Horz 2/96 Vert 2/38 Horz 6/98 Vert £/38
(E-V) {N-5) (mShv)  {mShm)  (mS/m) (mShn) (mSim) {mShn) s (mSim
7, 3TTV06573 4T 4472277 37.20 53.60 2330 4680 2580 4360 23.00 44,
17,-2 | 7066154 4072305 | 43.30 72.20 28.60 58.80 29.80 53.10 29.00 56.00
17,-1 | 706657.4 | 4072324 | 4930 72.20 12.80 18.60 20.30 19.80 6.00 13.00
17,0 |706689.6 | 4072362 | 15.20 17.20 16.30 27.40 20.70 28.00 12.00 23.00
17,1 17087417 | 4072350 | 21.40 31.90 43.40 55.80 55.70 64.10 52.00 63.00
17,2 {706783.7 | 4072418 | 77.20 87.50 50.50 33.50 54.80 38.80 55.00 48.00
2,4 | 706504.5| 4072281 | 117.50 145.90 75.10 2710 85.30 59.30 11.00 17.00
8,-3 |706546.6 | 4072319 | 49.30 72.20 31.80 50.20 43.00 57.40 89.00 123.00
18,-2 | 706588.7 | 4072347 | 57.30 57.20 34.00 44.70 392.60 38.10 30.00 47.00
18,-1  |706630.7 | 4072375 | 34.00 58.50 37.10 47.80 29.60 46.20 27.00 36.00
18,0 |706672.8 | 4072403 | 16.40 31.10 23.30 34.50 2530 33.40 23.00 42.00
13,1 ]706714.9| 4072432 | 17.50 18.30 16.30 24.20 19.30 21.90 16.00 27.00
18,2 |706756.9| 4072450 | 60.40 38.30 29.50 2710 41.10 33.40 16.00 24.00
19,4 | 706477.8 | 4072333 | 127.80 | 104.50 62.00 80.60 86.50 82,79 §7.00 102.00
19,-3 | 706519.9| 4072361 | 14850 | 148.50 85.20 81.50 28.30 82.10 78.00 85.00
18,-2  1706561.81 4072389 {1 73.50 115.60 41.80 73.50 55.10 83.90 51.00 84.00
18,-1  |706G03.9| 4072417 | 126.70 120.70 65.80 71.30 103.80 82.50 126.00 95.C0
18,0 |706645.9| 4072445 | 28.40 45.60 16.60 33.20 26.80 38.40 17.0G 32.00
19,1 |706887.9| 4072473 | 13.70 21.50 13.10 20.20 20.50 25.90 14.00 23.00
19,2 706730.1] 4072502 | 5860 79.00 50.90 75.30 66.20 84.50 78.00 1056.00
19,3 |706772.2| 4072530 ino reading|no readingino reading|no readingjne readingino reading]  9.00 9.00
20,-8  [7068772.2| 4072530 no readingino readingino readingjno readingino readingino reading! 464.00 | 444.00
20,4 1706450.9 | 4072375 | 108.20 | 120.00 §0.90 58.90 81.40 63.90 69.00 65.00
20,-3  [706492.8 | 4072403 | 192.60 193.90 191.50 1893.50 192.20 198.30 28.00 427.00
20,-2 (7065351 | 4072431 | 74.20 115.50 47.860 75.20 53.00 84.50 48.00 88.00
20,-1  [708577.2| 4072459 | 30.20 50.00 20.20 36.60 26.80 42.50 18.00 33.00
20,0 [706619.2| 4072487 | 21.50 34.40 15.20 25.00 15.90 28.00 8.00 20.00
20,1 |7066561.2 | 4072515 | 46.30 72.30 31.80 £2.80 35,90 56.70 25.00 50.00
20,2 |708703.3 | 4072543 | 166,70 | 167.10 | 114.80 | 1413.00 | 13570 [ 128.00 | 14500 | 152.00
20,3 |706745.4| 4072572 | 30.50 34.20 18.30 23.50 28.30 37.00 23.00 45.00
21,4 |706424.2| 4072417 | 133.20 | 128.30 73.20 48.30 76.80 55.20 68.00 62.C0
21,3 |706486.2 | 4072445 | 18.00 28.30 12.90 2070 18.20 26.40 14.00 23.00
21,-2  |706508.3 | 4072473 | 9.60 14.80 7.20 11.30 12.80 16.30 8.00 13.60
Z1,-1  |706550.4 | 4072501 |no reading|no reading; 151 31.20 23.30 38.30 13.00 44.00
21,0 |706592.4| 4072523 | 48.80 56.10 26.00 34.1 33.10 37.90 24.00 39.00
21,1 | 706634.4 | 4072557 |no reading|no reading] 191.30 189.7 186.40 | 185.80 | 388.00 | 357.00
21,2 |708676.4 | 4072585 {no readingino reading| 30.70 493 34.90 49.30 32.00 55.00
21,3 |706718.4 ] 4072613 |no reading|no reading]  94.90 93.60 104.10 | 106.80 | 124.00 | 136.00
22,-4 |706397.41 4072458 1 67.70 83.30 59.00 46.10 46.60 55.40 36.00 42.00
22,3 1T706439.4 1 4072487 | 59.80 77.40 37.20 50.50 37.80 52.10 36.00 51.00
22,2 |708481.4 4072515 ] 17.00 28.90 9.50 22.60 13.50 24.60 9.00 18.00
22,1 {706523.4) 4072543 ino reading|no reading] 77.20 104.00 85.70 115.70 56.00 133.00
22,0 |7065685.6| 40725871 | 108,80 | 172580 | 136.20 | 116.70 | 181.20 | 131.80 | 184.00 | 140.00
22,1 |706807.7 | 4072553 | 58.30 86.60 45.80 7110 58.50 76.50 70.00 94.00
22,2 7066487 | 4072627 | 23.40 44.60 20.20 3%.50 24.60 34.80 24.00 38.00
22,3 |708621.8 | 4072655 | 18710 | 151.60 81.50 83.00 103.00 92.50 98.00 119.00
23,-1 | 706244.4 | 4072417 jno reading{no reading| 24.40 43.80 35.60 62.40 33.00 51.C0
23,-6 |706286.4) 4072445 | 17290 | 15250 | 121.00 95.10 130.20 | 119.70 | 14000 | 130.00
23,-6 | 70G323.4 ) 40724731 147.90 131.60 74.50 69.30 95.90 85.80 78.00 77.00
23,4 |706370.6 | 40726501 87.20 34.00 44.10 55.30 80.50 68.00 41.00 51.C0
23,-3  |706412.7 | 4072528 | 27.80 44.60 13.10 32.80 24.60 39.80 20.00 37.00
23,-2  |706454.7 | 40725857 | 18.10 26.20 11.70 19.80 18.20 2570 10.00 17.00
23,-1 | 706496.8 | 4072585 [no readingino reading] 48.70 55.10 66.60 73.70 30.00 45.00
23,0 |706538.8| 4072613 | 74.10 104.50 735.50 97.80 80.30 105.80 95.00 128.00
231 706580.9 | 4072641 24.30 42.20 16.70 32.30 19.40 35.50 20.00 33.00
23,2 706622.9 | 4072669 | 20.40 30.50 13.40 23.30 16.10 25.80 20.00 34.00
23,3 |708664.9 | 4072037 |no readingino reading] 45.40 72.30 49.20 75.30 177.00 | 191.00
24,-7 | 706217.7 | 4072459 | 56.10 69.60 27.80 43.80 44.30 53.40 42.00 56.00
24,6 |706252.7 | 4072487 | 16460 | 122.50 80.10 69.70 114.60 82.00 117.00 B87.00
Z4,-5  |706301.7 | 4072515 | 60.00 90.20 33.40 65.70 47.00 68.80 38.00 60.60
24,4 |706343.8 | 4072543 | 161.50 | 103.60 60.50 56.00 89.30 61.20 52.00 57.00
24,-3 | 706385.9| 4072571 27.3 28.7 15.50 2590 26.20 35.00 21.00 31.00
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Appendix F.10: EM - 38 Electrical Conductivity Values

“Stake  Fasting Northing Horz 8/55 Vert 9/95 Horz 1/98 Vert 1/58 Horz 296 Vert 2/56 Horz 6/36 Jert 6785
{i=-W) (N-5} (mSim)  (mShm)  {mSAn)  (mS/m)  (mShim)  (mS/m)  (mS/m) _ {mSin)
B4,2 7064078 2079508 | 4450 43.90 7 33.30 28,20 3540 32.00 4000
24,-1 |706469.9| 4072627 | 30.60 51.70 17.70 4220 23.90 42.00 16.00 38.00
24,0 |706511.9| 4072555 | 16.50 27.80 11.80 20.70 1550 2310 12.00 22.00
24,1 |706553.8 | 4072683 | 21.40 37.00 14,30 28.10 16.40 28.00 15.00 30.00
242 | 708596.1| 4072711 | 18410 | 17310 | 10990 | 104.40 | 13530 | 117.00 | 128.00 | 149.00
25,8 |708148.8| 4072472 | 38.40 52.30 30.60 42.40 33.60 54.10 38.00 £8.00
25,7 |706190.91 4072500 | 132.40 | 110.20 | 11230 | ©92.00 | 10400 | 8450 | 145.00 | 83.00
25,-6 |705232.9] 4072529 | 143.10 | 117.80 | %0.40 67.50 66.30 69.50 70.00 £0.00
25,5 |7062749) 4072557 | 161.30 | 15080 | 99.10 8850 | 12080 | 105.10 | 135.00 | 129.00
25,4 |706316.9| 4072585 | 7080 | 113.80 | 41.90 65.70 52.30 83.40 55.00 87.00
25,3 1706358.9| 4072613 | 153.80 | 16.60 | 10430 | 115860 | 126,60 | 14010 | 118.00 | 150.00
25-2 |706401.1| 4072641 | 1530 26.30 8.90 15.50 15.50 18.50 7.00 13.00
25,-1 |708443.2| 4072669 | 18.20 46.50 9.50 24.30 15.30 24.60 11.00 20.00
25,0 | 706485.2| 4072887 | 11.50 14.80 11.80 21.40 1450 23.30 13.00 26.00
25,1 |706527.31 4072725 | 13050 | 93.90 44.80 53.40 49.90 52.50 52.00 72.00
25,2 |706569.4| 4072753 | 54.80 78.40 52.90 75.70 61.70 87.80 66.00 95.00
28,-8 | 706121.9| 4072514 | 173.10 | 170.60 | 153.30 | 157.80 | 17830 { 169.70 | 202.00 | 200.00
25,7 |706163.9| 4072542 | 7250 | 10120 | 5950 74.20 74.60 85.00 59.00 87.00
26,6 {706206.1| 4072570 | 18820 | 18550 | 176.00 | 178.50 | 194.80 | 194.40 | 240.00 | 281.00
26,-8 | 706248.2| 4072569 | 185.90 | 18250 | 181.20 | 173.70 | 195.10 | 185.50 | 248.00 | 221.00
26,-4 | 706290.2| 4072627 | 169.50 | 84.10 42.00 37.10 85.40 44.40 £8.00 £5.00
26,-3 | 706332.3| 4072655 |no reading|na reading|  6.00 11.80 12.30 17.10 8.00 14.00
26,-2 |706374.3| 4072683 | 20.10 28.90 6.80 23.60 18.10 27.60 13.00 26.00
28,-1  |7068416.4| 4072711 | 11.30 17.80 4.30 14.00 12.50 17.30 8.00 13.00
26,0 |708458.41 4072738 | 116.80 | 12010 | 47.20 71.00 58,30 83.10 49,00 74.00
26,1 | 708500.4| 4072767 | 87.50 $9.40 42.80 50.80 53.80 £3.10 32.00 43.00
27,-8  |706095.21 4072556 | 11670 | 13510 | 123450 | 18970 | 173.40 | 194.80 | 192.00 | 333.00
27,7 |706137.3| 4072584 | 165.80 | 14530 | 11280 | 93.60 | 13640 | 10450 | 153.00 | 125.00
276 |706179.3| 4072612 1 95.60 96.50 61.30 7860 | 10060 | 92.40 | 105.00 | 105.00
27,-5 | 7062214 4072640 | 32.60 41,10 19.00 29.30 24.70 33.40 37.00 43.00
27,-4 | 706263.4| 4072669 | 97.80 33.30 47.30 47.70 72.80 61.10 69.00 71.00
27,3 | 706305.4| 4072657 | 31.40 39.80 12.60 24.10 33.00 29.20 28.00 37.00
27,2 |706347.4| 4072725 | 19.80 30.40 11.00 21.60 18.30 26.80 24.00 36.00
27,-1 | 706389.6]| 4072753 | 169.80 | 11580 | 86.60 6440 | 104.00 | 7450 | 12200 | 101.00
27,0 |706431.6| 4072781 | 8580 64.10 25.50 33.20 34.30 27.00 56.00 81.00
28,3 |7060688.4| 4072595 | 187.30 { 187.30 | 190.30 | 183.30 | 195.70 | 195.30 | 348.00 | 425.00
28,-7 | 706110.4| 4072626 | 31.50 55.00 16.90 34.80 24.20 38.60 23.00 38.00
28,6 |706152.4| 4072654 | 4050 £2.90 27.90 48.40 33.80 53.70 32.00 54.00
28,6 |706194.56| 4072682 | 50.30 64,30 19.50 41.10 30.20 48.60 28.00 47.00
28,4 | 706236.6| 4072710 | 11.20 13.70 4.70 3.60 10.80 13.30 7.00 11.00
28,-3 |706278.7| 4072739 | 12.80 24.80 13.70 18.00 17.80 22.10 8.00 16.00
28,-2 |706320.7| 4072767 | 172.80 | 14930 | 64.30 €6.60 83.90 78.20 78.00 84.00
28,-1 | 706362.8| 4072795 | 59.70 78.30 43.30 66.40 52.70 6320 | 51.00 87.00
29,-8 | 7060416 | 4072640 | 16570 | 177.80 | 12250 | 168.00 | 136.80 | 175.80 | 156.00 | 220.00
28,7 |706083.7 | 4072668 | 17530 | 17510 | 129.40 | 146.00 | 154.20 | 15860 | 179.00 | 197.00
29,-6 |706125.7| 4072696 | 185.70 | 185.20 | 191.70 | 191.10 | 19410 | 19320 | 406.00 | 394.00
29,5 |706167.8| 4072724 | 18240 | 180.70 | 173.70 | 177.40 | 184.40 | 179.20 | 254.00 | 250.00
29,-4 |706208.9| 40727521 161.40 | 180.00 | 17650 | 16720 | 18750 | 178.00 | 269.00 | 240.00
29,-3 | 706251.9| 4072780 | 185.40 | 184.00 | 185.20 | 188.60 | 19210 | 191.00 | 309.00 | 327.00
29,-2 | 706293.9| 4072308 | 177.80 | 177.40 | 151.20 | 169.30 | 166.60 | 177.80 | 220.00 | 280.00
30,8 | 706014.9| 4072682 | 15630 | 16450 | 97.50 | 117.70 | 11500 | 12650 | 143.00 | 147.00
30,-7 |706056.9| 4072710 | 181.10 | 181.70 | 177.00 | 18430 | 18550 | 188.90 | 282.00 | 308.00
30,-6 |706088.9| 4072738 | 157.80 | 157.30 | 90.70 87,80 | 11360 | 10550 | 14600 | 132.00
30,-5 |706140.9| 4072766 | 171.50 | 138.40 | 8210 71.80 | 11090 | 8800 | 135.00 | 117.00
30,-4 |706182.9| 4072794 | 159.30 | 143.30 | 68.80 78.4) 86.80 93.90 | 103.00 | 131.00
30,3 |706225.1| 4072822 | 156.80 | 140.00 | 84.30 9360 | 9920 | 10530 | 118.00 | 143.00
31,-8  |705987.9| 4072724 | 14150 | 153.80 | 138.30 | 146.10 | 11240 | 129.30 | 224.00 | 211.00
31,-7 | 708030.1 | 4072752 | 86.80 79.50 41.00 4310 49.50 50.90 65.00 85.00
31,-8 | 706072.2 | 4072780 | 36.00 60.40 17.90 30.40 27.90 37.60 24.00 41.00
31,-5 |706114.2| 4072808 | 13.90 42.80 10,80 21.90 16.90 23.40 14.00 25.00
32,83 |705961.2| 4072766 | 137.20 | 156.60 | 12020 | 142.90 | 104.20 | 122,60 | 157.00 | 179.00
32,-7  1706003.3| 4072794 | 119.8 169.7 73.50 | 12610 | 9100 | 14360 | 117.00 | 172.00
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Appendix F.11:

EM-31 Electrical Conductivity Values

Stake Easting Northing Vert8/95 Horz 8/35 Vert 1/26 Horz 1/96 Vert 2/96 Horz 2/95 Vert 6188 Hory 6755
(E-W) (N-8) (mS/in)  (mS/m) (mShn)  (mB/m)  (mS/m)  (mSim)  {mSim) {(mS/m)
3,2 [707151.47 4071487 Tro reading [no réading | 30.00 25.00 51.00 38,40 |no readingjno reading
2,52 |707124.6 | 4071509 |no reading{no reading| 91.00 70.00 108.60 | 103.20 | 390.00 | 390.00
-1,-2 | 707087.8 | 4071551 {no reading{no reading| 88.00 54.00 79.20 73.80 270.00 | 315.00
1,2 |707044.2| 4071635 | 61.00 38.00 68.00 43.00 85.80 57.00 200.00 | 270.00
1,-1 707086.3 | 4071663 | 53.00 25.00 39.60 21.00 4880 28.80 150.00 | 105.00
2,41 707058.4 | 4071705 | 44,00 31.00 52.00 35.00 64.20 51.00 210.00 | 180.00
3,1 T07032.7 | 4071747 | 64.00 40.00 89.00 67.00 113.40 | 108,60 | 43500 | 375.00
3,0 7070747 | 4071775 40.00 28.00 35.00 21.00 55.80 [ 39.80 180.00 150.00
4,0 T707047.9| 4071817 | 51.00 32.00 76.00 50.00 $0.00 60.60 | 330.00 | 330.00
§,0 707021.1| 4071858 | 80.00. 46.00 450.00 | 330.00 | 179.40 | 130.80 | 500.00 | 465.00
6.0 7069344 | 4071600 |  54.00 27.00 73.00 50.00 £1.80 60.60 315.00 | 240.00
7,0 706567.4) 4071942 | 42.00 22.00 34.00 20.00 42.80 24.00 150.00 | 105.00
7,1 707008.6 | 4071970 34.00 24.00 24.00 24.00 33.60 34.20 150.00 80.00
2,1 706898.7 | 4071956 51.00 28.00 50.00 31.00 64.20 44.80 195.00 180.00
2,0 706840.7 | 4071984 | 38.00 22.00 20.00 12.00 27.20 15.80 105.00 75.00
8,1 706982.8 | 4072012 |no reading | no reading| 28.00 38.00 50.40 43.80 165.00 | 180.00
9,-2 706828.9 | 4071970 46.00 29.00 50.00 29.00 63.20 38.00 210.00 150.00
2,1 706871.9 | 4071998 43.00 21.00 34.00 20.00 42.00 25.40 150.00 120.00
9,0 708913.9| 40720268 | 3400 20.00 20.00 11.00 27.20 16.00 80.00 75.00
8,1 706955.9 | 4072054 |  40.00 18.00 16.00 10.00 23.80 15.80 75.00 50.00
10,2 | 706802.91 4072012 49.00 26.00 50.00 38.00 73.20 45.40 255.00 | 180.00
10,-1 | 706845.1 | 4072040 | 40.00 18.00 28.00 15.00 35.60 23.80 120.60 90.00
10,0 | 706887.2 1 4072068 | 34.00 17.00 15.00 8.00 23.00 15.20 90.00 60.00
10,1 1706829.2 | 4072096 |no reading | no reading| 14.00 7.00 20.60 1340 75.00 75.00
11,2 | 706776.2 | 4072054 | 44.00 21.00 38.00 24.00 51.00 33.€0 185.00 | 165.00
11,-1 [ 706818.3 | 4072082 38.00 17.00 20.00 10.00 30.00 13.80 105.00 75.00
11,0 | 7G6860.4) 4072110 | 35.00 16.00 15.00 8.00 22.60 13.80 90.00 60.00
i1t | 706902.4| 4072138 [no reading | no reading| 14.00 8.00 22.40 12.60 75.00 60.00
11,2 1 706944.41 4072166 |no reading | no reading| 18.00 18.00 27.40 24.20 80.00 105.00
12,-3 | 706707.4) 4072088 ¢ 61.00 40.00 77.00 55.00 95.40 79.80 375.60 | 315.00
12,-2 | 706749.41 4072096 | 44.00 22.00 30.00 18,00 40.80 26.20 135.00 90.00
12,-1 | 706791.4| 4072124 | 39.00 17.00 185.00 10.00 29.40 16.40 105.00 75.00
12,0 | 706833.4| 4072152 | 33.00 18.00 14.50 8.50 23.60 14.20 $0.00 80,00
12,1 |706875.6 | 4072180 |no reading | no reading | 14.00 6.50 21.50 12.80 75.00 60.00
12,2 7068917.7 | 4072208 |ne reading | no reading | 10.00 6.00 19.00 11.20 75.00 60.00
13,-3 | 706680.6 | 4072110 50.00 29.00 72.00 48.00 7.80 3.60 285,00 105.00
13,-2 | 7087227 4072138 40.00 20.00 24.50 12.00 39.60 24.00 120.00 90.00
13,-1 705764.7 | 4072166 39.00 19.00 20.00 15.00 34.20 21.00 105.00 60.00
13,0 706808.8 | 4072194 38.00 18.00 16.00 5.C0 24.80 14.80 80.00 60.00
EN 708848.8 | 4072222 ino reading | no reading| 10.00 6.00 13.40 11.40 €0.00 60.00
13,2 706880.9 | 4072250 [no reading | no reading| 10.00 6.00 17.84 9.00 €60.00 60.00
14,3 | 706653.8 | 4072182 358.00 37.00 87.00 41.00 91.20 83.60 330.00 | 270.00
14,2 | 706695.9 | 4072180 | 42.00 18.00 78.00 40.50 38.40 22.20 135.00 90.00
14,-1 | 706737.9| 40722081 37.00 18.00 54.00 25.50 29.00 16.60 180.00 | 105.00
14,0 [706779.9| 4072236 | 29.00 17.00 52.50 25.50 27.40 18.20 105.00 75.00
14,1 [ 706821.9 4072264 [no reading [ no reading|  63.00 3460 32.20 20.80 120.00 80.00
14,1 [708864.1 | 4072292 |no reading |no reading|  43.50 19.50 23.22 13.86 105.00 75.00
15,4 | 706584.9 4072165 66.00 42.00 73.00 51.00 107.40 81.00 315.00 270.00
15,-3 | 706626.9| 4072194 | 53.00 32.00 58.00 37.00 88.80 £58.20 300.00 240.00
15,2 | 706669.1 | 4072222 | 39.00 19.00 22.00 11.00 40.80 25.80 120.00 90.00
15,1 | 7067111 | 40722580  40.00 18.00 22.00 12.00 36.30 56.60 120.00 90.00
15,0 | 706753.2| 4072278 | 38.00 19.00 15.00 7.00 27.00 17.80 90.00 60.00
15,1 | 706795.2 | 4072306 [no reading {no reading| 20.00 11.00 34.40 21.20 120.00 90.00
15,2 |706837.3| 4072334 |no reading{no reading| 70.00 .50 31.80 18.80 105.00 90.00
16,4 | 708558.2| 4072207 | 74.00 42.00 87.00 62.00 12420 | 100.80 | 420.00 | 380.00
16,-3 | 706600.2 | 4072235 | 58.00 24.00 58.00 34.00 85.00 57.00 285.00 | 210.00
16,-2 | 706642.3| 40722684 |  43.00 23.00 40.00 22.00 59.00 40.40 185.00 | 135.00
16,1 | 706884.4| 4072292 40.00 17.00 18.00 8.50 34.20 26.00 105.00 75.00
16,0 [T0B726.4| 4072320 | 36.00 21.00 14.00 9.00 32.40 18.60 135.00 ©0.00
18,1 T08768.4 | 4072348 |no reading| no reading| 32.00 13.00 36.40 22.60 165.00 80.00
18,2 | 708810.4| 4072376 |no reading| no reading| 16.00 10.00 16.89 12.75 20.00 90.00
17,4 | 708531.4| 4072248 | 6700 37.00 91.00 £2.00 127.20 90.00 360.00 | 330.00
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Apovendix F.11;

F2M-31 Elsctrical Conductivity Values

Stake Fasting  Noithing Verf 8/95 Horz 868 Vert 198 Horz 1/98 Vert 2/96 Horz 2/938 Veit 6198 Horz 6758
{E-) (N-S} i) aShn)  (m3m) nSm) (mEm) _ (mS/m}  (inS/im) {m3S/m)
17,-3 T [706573.47 4077 77T 5300 5.00 29.00 | 3400 87.00 53.80 270.007T Fa000
17,-2 |706615.4| 4072305 | fence fenca fance fence fence fence fence fence
7,1 (7066574 4072334 | 35.00 16.00 23.50 11.00 20.75 13.34 120.00 80.00
17,0 |706599.6| 4072362 | 37.00 22.00 34.00 18.00 27.27 17.49 165.00 | 120.00
17,1 [706741.7 | 4072380 Ino reading | no reading | $6.00 40.00 43.27 28.45 240,00 | 180.00
17,2 7067837 4072418 |no reading | no reading; 13.00 15.00 36.14 42.04 106.00 | 120.00
18,44 1708504.6 | 4072291 60.00 38.00 70.00 60.00 57.21 4416 390.00 | 320.00
18,-3 | 706545.8] 4072319 48.00 24.00 54.00 33.00 40.81 27.57 240.00 | 180.00
706588.7 | 4072347 |  44.00 21.00 $9.00 38.00 35.27 23.71 210.00 | 180.00
706630.7 | 4072375 51.00 21.00 69.00 45.00 42.88 28.08 270.00 | 180.00
T06672.8| 4072403 |  40.00 22.00 50.00 32.00 32.31 19.27 185.00 | 135.00
708714.9 | 4072432 |no reading | no reading | 31.00 20.00 21.24 13.63 120.00 890.00
708756.9 4072460 |no reading| no reading|  75.00 25.00 2312 17.78 13560 | 105.00
7064778 4072333 | 55.00 31.G0 £°2.00 61.00 50.68 34.09 330.00 | 300.00
708518.9| 4072361 | 55.00 31.00 82.50 63.00 51.28 40.01 330.00 | 240.00
706561.9 | 4072389 | 59.00 34.00 81.50 60.00 54.83 37.84 360.00 | 285.00
706603.9| 4072417 |  42.00 22.00 62.00 48.00 39.42 30.23 240.00 | 225.00
706645.9 | 4072445 | 40.00 22.00 55.00 35.00 35.57 22.82 210.00 | 150.00
7GGBB7.8 | 4072473 |no reading| no reading| 41.00 24.00 26.97 15.60 165.00 | 12000
7067301 | 4072502 |no reading| no reading|  58.00 41.00 35.57 2757 225.00 1 185.00
7068772.2) 4072530 {no reading | no raading | 55.50 38.00  noieading|no reading]  75.00 50.00
TOB772.2 | 4072530 |no reading | no reading Ine readingjno readingl  53.35 50.39 £30.00 | 705.00
706450.9 | 4072375 | 39.00 21.00 51.50 41.00 34.38 28.16 210.00 | 210.00
70849291 4072403 | 57.00 58.00 38.00 36.00 43.31 11815 54.00 180.00
TO6535.1 | 4072431 46.C0 23.00 72.50 51.00 48.83 32.M 300.00 | 24000
708577.2| 4072459 {no reading ! no reading|  62.85 38.00 33.53 24.30 225.00 | 180.00
708619.2 | 4072487 [no reading | no reading | 47.00 22.00 29.64 18.67 165.00 | 12000
706861.2 | 4072515 |no reading | no reading]  59.50 68.00 53.08 34.38 330.00 | 22500
705703.3 1 4072543 {no reading| no reading|  89.50 68.00 £3.43 48.91 375.00 | 345.00
7067454 | 4072572 {no reading wdingl 51.00 30.00 34.93 26.38 270.00 | 180.00
7084242 4072417 | 36.00 20.00 54.00 40.00 79.84 59.52 210.00 | 185.00
7064862 4072445 | 33.00 15.02 32.00 18.60 47.85 35.19 150.00 | 105.00
706508.3| 4072473 | 32.00 14.00 81.00 46.50 40,39 28.11 90.00 75.00
7055504 | 4072501 |no reading | no reading! 54.00 32.00 7897 5527 185.00 | 135.00
70359241 4072529 [na reading | no reading|  57.00 39.00 75.58 53.15 180.00 | 150.00
705634.4 | 4072557 | no reading | no reading | 56,00 45.00 100.78 95,14 680.00 | 58500
706678.4| 4072585 |no reading | o reading | 76.50 49.00 43.87 30.83 210.00 | 285.00
706718.41 4072613 |no reading | no reading |  78.00 80.00 45.35 38.53 315.00 | 308.00
70634741 4072459 | 36.00 21.00 54.50 34.00 36.27 24.01 185.00 | 150.00
70C439.4 | 4072487 | 32.00 20.00 47.00 32.00 31.71 28.79 185.00 | 135.00
706481.41 4072515 Ino reading | no reading]  42.00 26,00 26.63 18.97 135.00 £0.00
7006523.4 1 4072643 {no reading | no reading | 57.50 £53.50 34.08 33.79 216.00 | 210.00
706565.8 | 4072571 |no reading | no reading | 85.00 75.00 49.20 44.43 300.00 | 300.00
706607.7 | 4072599 |no reading | no reading ] 95.50 60.00 58.32 4416 360.60 | 270.00
705849.7 1 4072827 |no reading| no reading|  52.00 38.00 37.35 27.27 22500 | 165.00
7060681.8 | 4072655 |no reading| no reading|  75.50 56.00 4535 38.12 450.00 | 300.00
70624441 4072417 | 44.00 24.00 60.00 39.00 3352 27.88 228.00 | 168.00
706286.4 | 4072445 |  35.00 22.00 49.00 48.00 29.34 32.31 68.00 72.00
706328.4| 4072473 | 33.00 20.00 55.00 44.00 8267 67.79 72.00 62.00
23,1 | 706370.8 | 4072501 34.00 23.00 43.00 38.00 68.73 50.23 58.00 45.00
23,3 |708412.7| 4072523 | 33.00 20,00 45.50 29.00 65.43 49.34 58.00 42.00
£3,-2 | 706454.7 | 4072557 |no reading | no reading} 34.00 21.00 51.49 38.26 44.00 30.00
23,1 [706496.8 | 4072585 (no reading|no reading | 54.50 47200 34.98 29.94 64.00 45.00
43,0 1706538.8 | 4072513 {no reading|no reading| 20.00 68.00 48.91 43.57 34.00 45.00
23,1 |708580.9 | 4572641 |no reading | no reading| 63.00 39.00 87.87 51.49 30.00 33.00
23,2 |708822.9 4072569 [no reading i no reading | 49.20 23.00 65.84 43.89 268.00 | 180.00
23,3 |708684.9 | 4072697 |no reading | no reading ino readingine reading|  56.94 39.72 21000 | 150.00
T [ TOB217.7) 4072459 | 44.00 20.00 55.00 33.00 35.86 27.86 420.00 | 360.00
24,5 | 708259.7 | 4072487 1 34.00 21.00 51.00 43.00 31.71 29.34 185.00 | 150.00
24,8 | 706301.7 | 4072515 |no reading | no reading| 43.00 33.00 32.31 25.49 195.00 | 150.60
24,4 [708343.8 | 4072543 |na reading | no reading Ino readingjno reading| 25.19 24.0 180.00 | 150.00
24,3 | T06385.9 | 4072571 |no reading| i reading} 33.50 22.50 24.20 17.78 150.00 | 150.00
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Appendix F.11: EM-31 Elecirical Conductivity Values

Stake Easting Norfhing VYert$/35 Horz 8/95 Vert 1/26 Horz 1/96 Vert 2/95 Horz 4/96 Vert 6/35 Horz 6736

(E-W) (N-5) (msim)  (mS/m) (mShm)  (mS/m)  (mShim) S} (mSm)  mShim)
24,-2 70042797 4072599 no reading [0 reading [ 45700 29.00 9.05 2243 160.60 77 172000
24,1 1706469.9 | 4072627 |no reading|no reading| 63.50 38.00 40.61 23.71 165.00 135.00
24,0 {7068511.2 4072655 ino reading|no reading| 44.00 25.00 27.57 21.64 225.00 120.00
241 706553.9 | 4072683 |no reading|no reading| 53.50 32.00 32.31 2312 150.00 120.00
24,2 | 708596.1 | 4072711 Ino reading|no reading{ 315.00 | 240.00 68254 52.76 165.00 150.00
258 | 708148.8 | 4072472 no reading | no reading| 80.00 49.00 ino reading|no reading] 435.00 | 250.00
75,7 |708190.81{ 4072500 |no reading | ho reading| 90.00 65.00 51.87 36.75 330.00 210.00
25,6 706232.9] 4072529 | 39.00 24.00 51.00 42.00 33.49 28.16 22500 | 180,00
255 1706274.9 4072557 37.00 21.00 59.50 42.00 35.86 34.38 240.00 240.00
25,4 [706316.9| 4072585 32.00 20.00 56.50 36.00 38.24 29.34 210.00 180.C0
25,-3 | 7063539 4072613 | 41.00 27.00 71.00 85.00 47.42 46.83 330,00 | 270.00
25,2 [706401.1 | 407264 34.00 15.00 33.50 18.00 23.42 14.52 120.00 20.00
R5,-1 | 706844321 4072663 1 44.00 17.00 52.00 29.00 32.31 20.45 180.00 135.00
25,0 706485.2 | 4072897 ¢ 30.00 17.00 40.20 25.00 26.63 19.86 150.00 120.00
251 706527.3 | 4072725 43.00 23.00 £6.00 48.00 39.42 33.49 270.00 240.00
25,2 706569.4 | 4072753 |no reading|{no reading|  65.00 55.00 45.94 40.31 240.00 210.00
26,-8 | 708121.9| 4072514 [no reading |no reading | 342.00 300.00 ino reading|no reading] 420.00 345.00
25,-7 [ 708163.8 | 4072542 |no reading|no reading | 72.00 57.50 43.53 43,27 330.00 240.00
28,8 | 706206.1 | 4072570 [no reading | no reading| 363.00 | 31500 7558 73.80 540.00 | 555.00
26,5 | 7068248.2 ) 4072493 no reading | no reading | 324.00 | 2756.00 66.39 56,61 45000 | 420.00
26,4 | 7068290.2| 4072627 | 32.00 15.00 32.00 26.00 43.70 42.04 120,00 | 135.00
26,-3 [ 706332.3 ] 4072855 |no reading | no reading{ 84.00 49.50 43.22 29.53 120.00 90.00
26,2 | 706374.3| 4072683 30.00 14.00 37.00 24.00 53.62 3472 150.00 | 120.00
25,-1 | 706416.4 4072711 30.00 30.00 31.00 18.00 20.75 13.04 120,00 $0.00
26,0 706458.4| 4072739 43.00 27.00 77.00 52.00 4418 29.34 285.00 210.00
28,1 | 706500.4 | 4072767 no readingino reading| ©5.00 45.00 95.61 70.86 270,00 | 180.00
27,8 |T706096.2 | 4072556 |no reading|no reading | 360.00 350.00 66.39 65.50 450.00 290.00
27,7 | 706137.3 | 4072584 |no reading |no reading | 66.00 £6.00 41.20 38.42 225.00 255.00
27,6 | 706179.3) 4072712 |no reading|no readng ) 45.50 39.00 26.38 27.27 150.00 | 180.00
27,-5  {706221.4) 4072640 39.00 17.00 44.50 27.50 28.45 18.67 180.00 135.00
27,4 {706263.4| 407266 36.C0 22.00 48.50 34.00 29.94 2312 180.00 | 15C.00
27,-3 |706305.4 | 4072697 | 41.00 17.00 35.00 22.50 21.64 13.93 150.00 | 103.00
27,-2  |706347.4 4072725 30.00 19.00 35.60 20.50 21.93 14.23 135.00 105.00
27,1 |706389.8 4072753 40.00 21.00 £59.50 47.00 35.57 34.08 240.00 240.00
27,0 706431.6 | 407273 40.00 19.00 56.00 35.00 34.68 2223 285.00 210.00
23,-8 | 706068.4 | 4072593 no reading {no reading | 555.00 | 480.00 | 103.44 93.66 720,00 | 720.00
28,7 [ 706110.4| 4072626 |no reading |no reading| 52.20 33.00 32.90 22.82 210.00 | 150.00
28,6 | 706152.4| 4072854 | 41.00 21.00 70.00 42.00 4418 25.97 255.00 | 180.00
28,-5 [706184.6 | 4072682 |no readinglno reading| 57.80 38.00 33.48 24.08 240,00 + 150.00
28,4 | 706236.6 | 4072710 [nareading|no rzading| 62.40 35.40 14.18 B.57 .00 105.00
28,-3 | 706278.7 | 4072739 |no reading | no reading| 30.00 18.00 19.81 14.48 150.00 1056.00
28,-2  [706320.7 | 4072767 |no readingino reading ] 71.20 49.00 45.23 32.52 300.00 225.00
28,-1 | 706362.81 4072795 |no reading{no reading; 38.00 57.50 51.43 35.77 380.00 270,00
29,-8 | 706041.6 | 4072640 ino reading | no reading| 428.00 | 342.00 88.09 66.51 535.00 | 510.00
28,7 |706083.7 | 40726€8 |no reading| no reading| S8.00 77.80 60.1 53.80 420,00 | 420.00
29,6 |706125.7| 4072625 |no reading|no reading| 504.00 | 486.00 86.13 82.47 585.00 | 645.00
29,-5 [ 706157.8| 4072724 |no reading{no reading | 414.00 348.00 72.42 85.33 430.00 450.00
29,4 [708209.9| 4072752 |no reading | no reading | 360.00 294.00 70.35 61.78 480.00 450.00
29,-3 [708251.8| 4072780 |rareadingino reading{ 420.00 | 360.00 73.90 70.35 510.00 | S10.00
29,-2 | 706293.9| 4072809 | - reading|no reading{ 540.00 | 380.00 | 108.03 87.10 72000 | 495.00
30,8 | 706014.9! 4072682 {rw readingno reading | 85.50 69.00 56.16 53.50 330,00 | 375.00
30,-7 | 706056.9| 4072710 |no readingno reading | 420.00 | 360.00 85.72 74.79 585,00 | 570.00
30,-6 | 706098.9| 4072738 |no readingino reading| 71.80 58.00 44.93 42.57 330,00 | 315.00
30,5 70614091 4072768 |no reading|no reading| 66.00 48.00 45.23 37.84 300.00 | 300.00
30,-4 |706182.9| 4072794 |no reading [ ho reading| 85.00 55.00 48.48 39.99 375.00 | 315.00
30,3 |706225.1 | 4072822 no reading|no reading| 78.50 56.00 42.27 45.23 360.00 | 300.00
31,-8 | 705987.8| 4072724 ino reading | no reading{ 300.60 | 222.00 57.35 51.14 375.00 | 375.00
31,-7 | 7080301 4072752 |no reading{no reading | 65.00 40.00 40.79 27.79 28500 | 240.00
31,-8 {708072.2 | 4072780 |no reading|no reading | 50.00 35.00 20.69 31.33 210.00 | 150.00
31,-5  |706114.2 4072308 |no reading{no reading| 42.80 21.80 33.70 23.08 180.00 | 120.00
32,-8 | 705961.2| 4072766 |no reading|no reading| 300.00 | 225.00 86.21 55.87 450.00 | 450.00
32,-7 | 708003.3| 4072794 |no reading|noreading| 315.00 | 216.00 60.01 41.09 450.00 | 360.00
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Appendix F.11.a: EM-31 &

Slactrical Conductivity Values for F

ehruary 26-29, 1896

192

fZasting Nerthing  Horizontal  Vertical Stake Easting Northing Horizontal Vertical
(W) {M-3Y {(mS/im) {mS/my} (=W {N-3) {mSlm) {m&/m)
TOMST A 4071457 5100 38.40 706977.4 4071859 62.40 4320
7071454 4071471 53.40 40.20 7069859 4071895  70.80 49.20
707139.4 4071475 56.00 43.80 5,0 7069944 4071900 _ 9180 6060
707133.4 4071479 63.60 53.40 706937.4 4071922 © 8360 41.40
7071274 4071483 96.00 81.60 706043.4 4071926  64.20 45.00
7071214 4071487 85.20 66.60 706949.4 4071630  67.20 48.60
7071154 4071491 91.20 66.00 706955.4 4071934 54.00 35.60
7071246 4071509 108.80 103.20 706961.4 4071638  47.40 3060
TO/18.6 4071513 127.20 121.20 7,0 706967.4 4071942  42.60 24.00
7071126 4071817 1358 1344 | 706973.4 4071846 41,40 28.20
707097.8 4071551 73.80 706979.4 4071950  45.00 25.80
7071008 4071558 e 75.00 7069854 4071954 48.00 55.20
7071042 4071566 108.60 96.60 7069916 4071958  63.00 63.40
7071074 4071573 119.40 113.40 706997.6 4071962 4380 44.40
707110.4 4071580 137.40 129.00 707003.6 4071986  43.80 ’3“60
7071437 4071587 148.80 132.00 707009.6 4071970 _ 3360 3420 |
707146.9 4071585 144.50 123.60 706381.8 4071945  69.80 48 a5
707119.9 4071602 133.80 117.60 706890.3 4071951 62.40 38.40
7071232 4071809 138.60 133.20 8,1 YDBRAR.7 4071956  64.20 44,80
T07i26.4 4071817 138.00 124.80 703906.9 4071962  84.00 4250
7071296 4071624 129.80 115.20 706915.4 4071967  56.80 35.60
7071328 4071631 136.20 145.80 706923.9 4071973  48.00 30.20
7071359 4071833 121.20 112.20 706932.3 4071979 32.80 22.20
7071292 4071645 97.80 79.80 3,0 706940.7 4071984  27.20 15.80
7071424 AOT1653 108,20 83.40 7068477 4071883 27.00 145,20
7070372 4071830 54.00 63.00 7080547 4071993  25.00 15.60
7070442 4071635 85.80 57.00 706951.8 4071988  26.20 15.20
7070512 4071640 94.80 58.20 TO69G8.8 4072003  30.00 2220
7070582 A0T1644 106.20 73.80 7069758 4072007  65.40 55.20
7070653 4071649 72.60 67.20 317089828 4072012 5040 m@ﬂo -
707072.3 4074634 66.00 44.40 9,2 706329.8 4071870 6320 38.00
707079.3 4071658 £0.00 36.60 706838.2 4071978  55.60 40.20
7070863 4071663 48.60 28.80 706846.7 40714681 57.60 35.00
7070834 4071868 43.20 25.20 706854.9 4071987 4540 28.00
7070384 4071691 G1.30 63.60 706863.4 4071993 43,00 25.00
7070454 40716958 108.60 91.20 9,-1 7008/1 9 4071988 4200 25.40
7070524 4071700 98.40 88.20 5 4072004 40.40 24.60
707059.4  AQT1T0S 64,20 51.00 4072008 38.60 23.20
707066.4 4071710 54.60 36.00 70: 197.2 4072015 35.00 23.00
7070734 4071714 57.20 22.20 70::905.6 4072021 31.60 26.20
7070804  A071719 3420 21.60 3,0 706913.8 4072026  27.20 15.00
7070267 AQT1743 133.80 103.80 7089209 4072031 24.40 13.80
7070327 4071747 113.40 105.60 708027.9 4072035 2200 13.00
7070387 4071751 107.40 75.60 7069348 4072040 2220 13,00
7070447 4071755 87.20 58.80 7089421 4072045  21.80 14.40
707050.7 4071758 5820 36.00 7069491 4072049  22.60 15.00
7070567 4071783 52.80 36.80 8,1 7069559 4072054 _ 23.80 15.80
70706827 4071767 48.20 33.00 706788.9 4072003  71.60 43.20
7070687 4071771 4580 30.60 706795.9 4072007 T2.00 48.20
707Q74.7 4071775 55.80 39.60 10,-2  706802.9 4072012 7320 45 .40
7070142 4071795 135.60 126.00 706802.9 4072017 54.60 37.40
T07022.7 4071800 150.00 118.80 706816.9 4072021 43.20 27.60
7070308 4071806 112.40 108.20 TOG23.9 4072026 46.20 28.40
7070394 4071812 $5.40 81.00 706831.1 4072031 42.40 26.40
707047.9 40718317 90.00 60.60 708838.1 4072035 3520 26.20
707056.4 4071823 8520  73.80 10,-1 7068451 4072040  35.80 23.80
7070043 4071847 T 98.00 7620 | 706853.4 4072045 3500 21.80
7070127 4071853 131.40 118.20 706861.9 4072051 34.40 24,00
7070211 4071358 179.40 130.80 706870.4 4072057 3120 18.60
7069692 4071683 71.40 51.60 TO8378.8 4072083  26.40 20.00




Appendix F.i1.a: £M-31 Elecirical Conductivity Values for February 26-23, 1996

Stake Fasting Northing Horizontal Vertical Stake Easting Morthing Horizontal  Vertical
(E-W) (M-5) (inS/n) (nShn) {(E-W) (N-5) {mSim) (mS/rn)
10,0 7088872 4072068 23.00 15.20 706858.8 4072188 24.80 18.00
708894.2 4072073 24.20 15.40 706867.2 4072175 22.40 14.60
706801.2 4072077 18,00 11.40 12,1 706875.6 4072180 21.50 12.80
7068908.3 4072082 13.20 13.00 706882.6 4072185 12.60 13.00
7069153 4072087 20.00 12.60 706389.7 4072189 12.80 22.00
706922.3 4072091 21.40 14.00 706896.7 4072184 12,40 21.00
10,1 7069292 4072083 20.60 13.40 706903.7 4072188 17.60 20.20
706836.2 4072101 17.80 12.60 7063107 4072203 20.20 11.00
708943.2 4072105 22.80 13.80 12,2 706817.7 4072208 16.00 11.20
| __706950.3 4072110 2720 24,40 7069247 4072213 19,20 12.40
7067411 4072031 96.00 70.80 7089317 4072217 18.40 11.80
7067481 407203% 85.80 61.80 706663.8 4072089 30.680 3.00
708755.2 4072040 74.40 45.00 708872.2 4072105 12.60 7.20
706762.2 4372045 34.80 43.80 13,-3 7083806 4072110 7.80 3.80
706760.2 4072049 58.20 37.20 7066889 4072116 32.20 57.00
11,-2 706776.2 4072054 51.00 33.60 TOB697.4 40721214 46.80 33.00
706783.2  A07Z059 42.60 27.00 TOE705.9 4072127 43.20 28.20
706790.2 4072053 40,20 27.80 TO87143 4071133 41.40 31.20
706797.3 4072068 45,60 31.20 13,-2 70687227 4072138 39.60 24.00
7068043 4072073 36.60 22.20 708730.9 4072144 38.80 25.20
706811.3 4072077 30.00 21.00 TO6739.4 4072149 40.80 29.40
11,-1 706818.3 4072082 30,00 19.80 706747.9 4072185 33,40 26,40
708325.4 4072087 23.20 18.50 708758.5 4072161 37.80 725.20
706832.4 4072091 23,20 18.60 13,1 FOS764.7 4072168 34.20 21.00
706839.4 4072066 25.40 16.80 7067717 40721714 34.80 23.20
70G6846.4 4072101 25.40 17.00 708778.7 4072175 36.60 27.00
7068534 4072103 23.20 16.00 7087858 4072180 34.80 24.00
11,0 706860.4 4072110 22.60 13.30 TU6792.8 4072185 30.60 19.80
7068674 4072115 21.80 15.00 708799.8 4072189 24.20 14.60
7068744 4072119 20.40 12.60 13,0 706308.8 4072194 2480 14.80
706881.4 4072124 19.20 11.60 706813.9 4072192 24.00 15.80
708888.4 4072129 18.20 10.80 706820.9 4072200 22,20 15.00
7068954 4072133 18.80 11.60 706827.9 4072204 21.80 14.60
11,1 706802.4 4072138 22.40 12.60 7068349 4072213 24.40 17.00
706909.4 4072143 22.40 12.40 7068419 4072217 2110 12.40
706916.4 4072147 21.40 14.00 13,1 706848.8 4072222 18.40 11.40
706923.4 4072152 70.20 12.40 TO8855.9 4072227 18.20 13.50
7069304 4072157 18.80 706862.8 4072231 18.80 11.00
TOSU37.4 4072161 21.30 7086863.9 4072235 15.60 14.00
11,2 706944.4 4072166 0 2420 ] 708876.9 4072241 18.60 10.80
706698.9 4072063 73.20 706883.9 4072245 18.78 10.08
12,-3 706707.4 4072068 85.40 79.80 13,2 706890.9 4072250 17.64 9.00
7087159 4072074  $9.00 78.60 TB8Y7. 4072255 1944 11,28
7067242 4072079 95.00 38.40 706617.3 4072128 109.80 72.60
706732.7 4072085 74.00 54.80 706624.4 4072133 100.20 64.20
7087411 4072091 48,80 30.40 705831.4 4072137 105.00 77.40
12,2 TOBY49.4 4072096 40.60 26.20 706638.4 4072142 102.60 68.00
706756.4 4072101 40.60 28.40 7066454 4072147 97.20 62.70
TOE763.4 4072105 42.40 25.20 14,3 7086538 4072152 91.20 63.60
7068770.4 4072110 38.20 26.20 7066622 4072158 £3.20 46,60
7087776 4072115 31.40 17.40 708670.7 4072163 50.20 31.60
706784.6 4072119 23.00 15.80 706673.9 4072169 41.80 2480
12,-1 706791.4 4072124 29.40 16.40 706687.4 4072175 40.40 24.50
706799.9 4072130 31.00 21.40 14,-2 7066959 4072180 33.40 22.20
7068082 4072135 27.60 21.80 7067042 4072188 32.40 18.40
706818.7 4072141 26.60 18.60 7068712.7 4072191 26.60 15.60
058251 4072147 21.40 13.80 7087209 4072187 26.20 14.40
12,0 ° 7068334 4072152 23.60 14.20 706729.4 4072203 30.40 19.40
TO6841.9 4072158 25.40 15.40 14,1 TOB737.93 4072208 23.00 16.60
706850.4 4072163 24,80 14.80 706744.9 4072213 28.00 17.20




Appandix F.H.a BEM-31 Clectrioal Conductivity Values for February 25-29, 1995

Gtake Easting MNeortning Horizontal Yertical Sfake Easting Nertning orizonial Veriical
{E440) {N-3}) {ms/m) nS/m) (F-W) (M4-3) (S (rS/m)
7067519 4072217 29.30 18.00 706RY3.3 4072230 73.20 48.20
706758.9 4072222 30.40 17.20 18,-3  706600.2 4072235 85.00 57.00
70370659 4072227 24.00 14,40 TOBBO7.2 4072240 £9.80 45,50
7067729 4072231 24.40 14.50 706514.2  4U72244 65.00 43.8

14,0 706779.9 4072238 27.40 16.20 7068213 4072249 650.40 34.80
T05788.9 407224 28.80 17.00 TOUBZE.3 4072254 57.00 43.00
THET793.9 4077245 25,80 14.40 7066353 A072258 59.00 38.40
706800.9 4072250 27.40 17.30 1€,-2 706642.3 4072204 58.00 40.40
7068081 4072255 29,80 20.00 T06880.7 4072270 £5.80 43.20
706815.1 4072253 28.40 18.40 T06659.2 4072275 58.60 38.00

14,1 TOE821.9 4072264 32.20 20.80 706967.4 4072281 48.00 31.40
7CG828.9 4072269 34.00 18.40 7066759 4072287 42.80 29.40
706835.8 4072273 29.00 21.00 18,-1 T06684.4 4072292 34.20 25.00
7068429 4072278 2094 13.08 706631 4 4072297 31.56 20.00
7068501 4072283 22.20 13.68 T06688.4 4072301 29.20 20.60
7058571 4072287 23.08 14.15 7087054 4072306 34.00 18.80

14,2 706864.1 4072292 23.22 13.36 7067124 4072311 33.20 22.60
T0C371.1 4072287 2232 12.24 7067194 4072315 34.20 20.20

L J06B78.2 4072301 2130 1152 | 15,0 VHB728.4 4072320 3240 18.60

T4 joeb84.9 40721685 1 107.40 8100 TOB73A7 4072326 3360 21.00
TOB593.4 4072172 102.60 78.60 TOG743.2 4072334 33.60 20.60
7068017 4072177 113.40 83.40 7068751.4 4072337 31.80 20.20
706610.2 4072183 106.20 100.20 TORTH9.9 4072343 33.60 22.20

708613.6 4072188 115.30 9540 16,1 7087684 4072343 38.40 22.60
16,3 7088269 4072194  88.80 53.20 YOS7I6.9 4072354 48.80 23.40
7068354 4072200 73.80 54.00 7057937 4072365 25.19 27.86
7066429 4072205 55.80 35,40 7068021 4072371 76.68 16.30
5 4072211 46.80 28.80 16,2 7083104 4072376  16.89 12.75
4072217 44.40 27.30 TOBB1E.0 4072382 13.04 10.37
15,2 TOABEO.1 4072222 40.80 25.80 7088274 AQT2387 1215 8.60
70B676.1 4072277 4020 2760 o 7UBB35.8 4072393 1037 771
706683.2 4072231 45.00 28.80 706508.2 4072232 0 138.000  115.20
7086802 4072236 4220 2520 708514.4 4072233 114.00 81.60
TOBRIT.2 4072241 39.60 2420 7065200 4072244 13440 107.40
067042 4072245 4020 2580 17,4 TOB531.4 4072249  127.20 90.00
16,1 70RTi1A 4072250 35.80 58.80 7065397 4N72255  106.80 76.80
706719.4 4072256  29.20 16.40 TOE548.2 4072260 95.40 61.20
706727.9 4072261 26.20 16.40 706556.4 4072286 91.20 67.20
TO6736.4 4072267 2420 14.00 706564.9 AD7Z272  B7.00 59.00 .
7067448 4072273 2420 14.20 17,3 TOBSTR.A 4072277 87.00 53.90
i3, 4072278 27.00 17.30 708581.8 4072283 8220 54.00
V57514 4072284 2620 16.80 17,2 7086154 4072305
7087699 4072289  26.00 18.20 7068623.9 4072311 23.12 16.01
705778.4 4072285  26.00 14.60 17,1 FOGS57.4 4072334 2075 13.34
708786.8 4072301 27.20 16.20 TOEE65.9 4072340 2253 14.23
15,1 TOBTSS.2 4072306 34.40 21.20 TOEGTAA 4072345 2430 15.12
TOBE02.2 40723114 39.00 24.20 706682.8 4072351 25.08 16.30
7068092 4072315 35.20 22.80 708691.2 4072357 26.68 16.60
7R8816.3 4072320 28.40 19.80 17,0 7066809.6 4072362  27.97 17.49
706823.3 4072325 27.40 18.80 T06707.9 4072368  34.58 19.36
706830.2 4072329 27.20 19.60 706716.4 4072373 3260 18.03
15,2 706837.3 4072334  31.80 18.80 7067249 4072379 4357 20.94
7068444 4072339  25.40 15.80 7067333 4072385  41.50 47.72
7068514 4077343  21.60 14.40 174 TOGT41T 4072390 4327 28.45
"""""" T 706551.2 4072202 106.20 50.00 7067409 4072396  57.40 84.01
18,4 TOBGSR.2 4072207 12420 100.80 706758.4 4072401 73.22 51.02
7085652 4072212 13650  103.30 70B766.9 4072407  B63.07 38.03
7065722 4072216 13140 131.60 7067753 4072413 39.88 27.87
TOB579.3 4072221 87.60 54.80 17,2 TOB783.7 4072418 3614 42.04
706586.3 4072225 8450 46.60 7087021 4072424 3242 19.84
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Appendix F.11.a: EM-31 Electrical Conductivity Values for February 27 .29, 1596

Stake [Easting Northing Hcerizontal  WVerieal 8Stake Easting Moithing Horizontal Versiesl
(E-M) {N-3) (S im) {(mS/rn) {iZ-1) {M-5) (m3/my} {imShn)
706B00.4 4072429 2975 17.24 T06506.9 4072412 54.54 3912
706808.9 4072435 £8.58 30.23 19,-1 706603.9 4072417 38.42 30.23

e TOBB17 .4 4072441 52.91 27.64 706612.4 4072423 3324 29.34
706480.4 4072282 48 61 2875 706620.7 4072428 47.72 29.05
TO3497.8 40722886 52.48 31.71 706629.2 4072434 49.20 31.71

18,4 706504.6 4072291 57.21 441G T08637.6 4072440 4565 26,94
T06511.6 4072296 62.84 4416 19,0 TOBB45.9 4072445 3557 22.82
706518.7 4072300 5424 44,16 TUBBE4. A4 Ai72451 28.45 17.49
TOB525.7 4072305 46.83 40.90 706652.7 4072458 23.42 1452
7065327 4072310 44.46 32.80 706671.2 4072462 2312 15,41
706538.7 4072314 41.50 28,45 7006678.6 4072468 22.82 13.93

18,-3 708546.6 4072319 40.61 27.57 19,1 708687.9 4072473 26.97 16.60
7085536 4072324 41.79 24.01 TOGB84.5 4072478 23.64 18.67
708560.7 4072328 42.39 26.16 TOGT01.9 4072482 356.16 24.01
7065677 4072333 39.42 26,97 706708.9 4072487 29.42 24.01
7065747 4072338 33.53 28,16 7067161 2072492 33.20 26.68
706581.7 4072342 33.83 26.97 7067231 407 30.23 21.64

18,-2 T06585.7 4072347 35.27 23.71 19,2 TOG730.1 4072507 35.57 2757
T06595.7 4072352 38.53 24.60 FO6737.4 40, 54.24 45.83
T06802.7 4072356 41 .80 29.94 13,3 eI 4062530
7068609.5 4072361 48.61 29.05 706401.9 4072342 4553 37.94
7(8616.8 4072366 4653 26.68 20,8 T06408.9 4072347 $3.33 50.39
706623.8 4072370 45.35 27.56 7084159 4072352 59572 53.94

18,-1 T0G630.7 4072575 42,83 25.08 7064229 235 19.56 57.50
706639.1 4072381 4920 3553 706428.9 4072361 4418 37.05
706647.4 4072388 64,32 53.35 706436.9 4072366 33.86 26.68
T06655.9 4072362 59.23 39.12 706443.9 4072370 255,49 3171
7006R4.4 4072368 41.50 26.97 20,-4 7084509 4072375 3438 28.16

13,0 706672.8 4072403 32.31 19.27 7C0456.9 4072379 37.64 40.61
706681.2 4072410 28.16 17.48 TO6452.9 4072383 43.87 37.35
706689.7 4072415 21.04 13.34 T0B458.9 4072387 5247 29.34
706687.9 4072421 18.97 13.63 TOBATAD  ABTZ301 53.65 30.53
706706.4 4072427 1719 12.45 7084809 4072385 75.38 67.68

13,1 708714.9 4072432 21.34 13.63 T06486.2 4072389 76.17 81.21
TOB721.9 4072437 23.71 15.41 20,-3 7084328 4072403 48.31 118.15
706728.9 4072441 22,23 23,42 T06501.4 40724009 40.31 40.31
7087359 4072448 32.80 23.94 706502.9 4072414 40,80 32.60
70687429 4072451 21.93 18.56 7065183 4072420 37.35 72.82
706749.9 4072455 26.38 8.3 TOGR2B.7 4072426 38.75 24.01

18,2 706756.9 4072450 2312 17.78 20,-2 7065351 4072431 46.83 32.01

e TOG763.8 4072465 ) 3 TOER43.4 4072437 2727 21.93
706444 1 4072311 2 3 708551.8 4072442 25.79 18.97
706452.4 4072318 58.98 39.12 706550.4 4072448 33.49 25.08
706460.9 4072322 58.39 32.890 708568.8 4072454 35.27 21.64
708469.4 4072328 58.69 41.20 20,-1 706577.2 4072459 38.53 24.30

19,4 7064778 4072333 50.68 34.09 7065854 4072465 41.20 23.71
705486.2 4072339 53.35 36.75 T706593.8 4072470 35.27 24.014
706494.7 4072344 85.72 45.65 706602.4 4072476 28.45 16.69
7C6502.9 4072350 37.35 706610.8 4072482 24.80 18,71
706511.4 4072356 50.39 31.42 20,0 7068619.2 4072487 23.64 18.87

13,3 706519.9 4072361 51.28 40.01 708827 4 4072493 33.20 18.86
706528.2 4072387 63.76 47.72 706635.8 407298 33.20 21.04
706536.7 4072372 55.72 50.39 705644.4 4072504 42.68 27.86
706544.9 4072378 53.98 42.09 706652.8 4072510 49 50 30.23
706553.4 4072334 5424 40 61 20,1 706661.2 4072815 53.06 34.38

18,-2 706561.8 4072589 54.83 37.94 708667.2 4072519 54.54 38.24
7O0568.9 4072394 53.39 48.02 T06673.2 4072523 61.068 37.94
7065759 4072398 7114 44,73 70B679.2 4072527 61.93 48,53
706582.9 4072403 67.28 41.79 706685.2 4072531 72.62 5454
706589.8 4072408 56.61 45 65 7066881.2 4072535 54,26 83.58




Appendix F.la: EM-31 Electrical Conductivity Values for February 26-23, 1985

Silake Easting f\!oﬂsthing Horizontal  Vertical Stake Fasting Morthing Horizontal Vertical
{E-4) (N-5) {mSim) {mSim) {Z-W\) {iEY {mShn) {rmShm)
F06897.2 4072539 73.21 T 82.24 7084254 4072473 30.23 25.49

20,2 TOE703.3 4072543 55.43 43.91 T06432.4 4072482 32.01 28.45
706710.4 4072548 40,61 33.79 22,-3 706439.4 4072487 31714 25.79
T06717.4 4072652 37.35 22.64 7064479 4072493 23.71 17.19
706724.4 AQT2557 3812 2875 700466.2 4072448 22.82 15.41
7067314 4072562 45.35 34.33 7064647 4072504 23.71 14.52
706738.4 4072566 4268 30.83 7064731 4072510 24.60 18.34

20,3 706745.4 4072572 34.98 23,38 22,2 7064814 4072515 28.63 13.97
706752, 30.53 2253 i 7064889 4072521 25.79 18.38

i 7087535.4 4 , i 28 75 7064832 AO72528  25.49 18.97
706410.2 4072408 82.67 67.32 70650867 4072532 27.88 21.04
708417.2 4072412 85.03 60.04 7085151 24.50 13.43

21,4 706424.2 4072417 79.84 53.62 22,1 7065234 4072543 34.09 33.79
708431.2 4072422 87.39 75.11 7065284 4072547 28.53 31.12
708438.2 4072426 82.91 6212 7085354 4072551 30.23 22.82
7064453 4072431 64,72 43.13 706541.4 4072555 3112 19.27
7064523 4072438 53.85 338.599 7085474 4072550 31.12 3112
706459.3 4072440 54.09 41.10 7065534 4072583 32.01 24.90

21,-3 708486.2 4072445 47.95 35.19 7068558.4 4072567 41.50 33.20
7064748 4072451 43.93 3472 22,9 7065856 4072571 49.20 44.46
706843820 4072458 45 11 30.00 7063716 4072575 61.95 55.43
706491.4 4072482 44.83 33.54 TOBS77.6 4072573 74.89 70.54
706499.9 4072468 42.52 30.71 708583.6 4072583 73.21 653.99

21,42 70BS08.3 4072473 40.39 78.11 706585.7 4072587 105.81 83.29
706516.7 4072479 52.44 34.49 T08585.7 40720591 104.63 106.11
706525.2 4072484 64.01 49.37 7086017 4072595 63.47 63.17
706533.4 4072480 70.39 54.09 22,4 706807.7 40725992 56.32 44,16
706541.9 4072496 75.11 54.56 7086615.9 4072605 41.20 3618

21,1 7065504 4072501 78.77 55.27 TNE624.4 4072610 38.83 23.05
706553.7  A72E07 £69.92 43.82 708632.9 4072618 40.31 28.97
7065672 4072512 59.29 4417 7066413 4072622 Z8.42 32.01
T0B575.4 4072518 59.29 46.06 22,2 T06649.7 4072627 37.35 270.27
7065839 4072524 67.79 53.85 706658.1 4072633 34.93 21.34

21,0 706552.4 4072529 7558 53,15 TO6E65.4 4072638 32.60 23.71
7065094 4072534 75.82 63.54 7066749 4072644 33.79 25.19
7066806.4 4072438 45.85 28.45 7080383.4 4072650 33.583 31.71
T066813.4 4072547 43.80 37.94 22,3 F6691.8 4072655 45.35 3812
7086204 B 6047 43.27 L TOB7002 AOT2661 4802 37.05
708627.4 4072652 70.54 53.85 23,0 /08244.4 4072447 3853 27.88

21,1 706534.4 4072557 100.78 95.14 7062514 4072422 37.05 43.42
7066414 4072562 68.47 6491 706258.4 4072426 38.24 26.08
7066434 4072588 61.38 50.68 7062654 4072431 33.79 23.71
706655.4 4072571 48 61 3972 7062728 4072436 32.80 21.93
706662.6 4072576 47 .42 32.01 T06279.6 4072440 34.28 24.60
706669.8 4072580 4535 34.58 23,6 T0NER86.4 4072445 28.34 32.31

212 7086764 4072585  43.87 30.83 7052934 4072450 _ 32.604 2676
706584.9 4072591 43.91 36.46 T706317.9 4072468 6354 57.87
708693.2 4072506 45.24 35.86 23,-5  706328.4 4072473 32.67 67.79
708701.7 4072502 37.84 26.68 706338.9 4072430 79.13 94.48
7067101 4072608 37.35 26.08 706349.4 4072487 78.28 53.15

21,3 T068718.4 4072613 45,35 38.53 7063601 4072484 a7.08 4213
7087269 4072618 43.57 32.80 23,-4 7063706 4072501 88.73 60.23

. 7087354 4070624 __40.31 26,58 70B377.56 4072506  €9.88  50.07

T708376.4 4072445 24.580 2312 706384.7 4072510 69.91 4313
7063834 4072450 32.90 23.16 766391.7 4072515 67.79 43,89
7083904 4072454 37.05 27.57 70639387 4072520 58,26 54.33

22,4 706387 4 4072453 35.27 24,01 TOG405.7 4072524 70.86 55.27
706404.4 4072464 33.20 25.49 23,-3 7064127 4072529 65.43 42.84
706411.4 4072468 32.31 25.38 7064197 4072534 76.53 62.83
706418.4 4072473 30.23 26.38 7064267 4072538 70.39 49.37
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Appendix F.it.a: EM-31 Electiical Conductivity Values for February 26-29, 1924

8iake  Easting Morthing Horizonial Vertical Stake Fasting Marthing Horizontal  Vertical
(=44 (N5} {rS/m} (rad/m) {E2-W) (N-5}) fnSim) {ms
7064334 4072543 74,40 53.38 24,1 T06469.9 . 40672527 40.61 T3
706440.8 4072548 55.92 50.55 706473.4 4072633 28.75 18.67
70684478 4072552 5527 43.22 T06488.7 4072638 3112 22.23

23,-2 7064547 4072557 51.49 38.26 7084952 4072644 31.71 23.71
7064563.1 4072563 49,60 34.96 706503.6 4072650 29.94 19.27
T06471.4 4072663 53.38 41.81 24,0 7065119 4072655 27.57 21.64
7084789 4072574 26.38 18.67 706518.9 40723550 26.38 20.18
706488.4 4072580 2579 23.7 7065259 40720064 2460 17.78

73,1 706486.8 4072585 34.98 29.94 7065328 4072569 24.80 17.49

706806.2 4072551 4021 36.16 7065401 4072674 24.80 189.27
23,0 706538.8 4072613 48,91 43,57 7065471 4072678 3.85 16.30
7065472 4072618 66.61 54.09 24,1 706553.9 4072583 32.31 2312
706555,7 4072624 55.45 37.56 7065609 4072688 31.42 2342
706583.9 4072630 57.40 35.43 706587.9 4072692 31.42 21.04
7085724 4072636 G951 48.59 7065748 4072697 42.98 33.49
23,1 7085808 4072841 87.87 51.48 7065821 4072702 53.65 39.42
706537.5 472648 7251 55.27 7065591 4072708 62.84 48.50
7068594.9 40728350 76.06 51.56 24,2 706596.1 4072711 82.54 H2.76
705601.9 4072855 7.z 58.8 N 7068031 4072718 79.14 54.91
708608.8 4072660 77.47 59.28 25,48 7051488 4072472
7066150 4072064 69.91 55.51 25,7 7081509 4072500 51.87 36.75
23,2 706622.9 4072089 86.64 43.89 25,6 7062329 4072529 33.49 2816
706629.9 4072674 7360 55.88 7082369 4072534 33.20 2338
706636.9 4072678 80.07 56.45 706246.9 4072538 32.80 7218
706643.9 4072683 05.66 ga.z21 7062539 4072543 38.75 2127
706850.9 40726388 51.57 39.42 7062609 4072543 36,67 31.71

T0B657.9 4072692
23,3 706684.9 4072697
706210.7 4072454

7062679 4072552 38.75 32.31
25,-8 7062749 40725857 35.83 3438
706281.9 4072662 35.27 33.79

24,7 7062177 4072459 35.8G 27.86 706238.9 4072568 35.57 33.20
7062247 4072484 3557 23.45 708209585 4072571 32.80 2.0
708231.7 4072488 30.83 24.90 7063031 4072576 32.1 30.53
706236.8 4072473 30.83 30.23 7063101 4072580 3279 30.83
7062458 4072473 39.12 33.49 25,4 7083169 4072585 28.24 29.34
7062528 4072482 34.38 31.71 706323.9 4072590 24.90 25.66
24,8 706259.7 4072487 31.74 29.34 7083309 4072594 29.64 22.53
TOB266.7 4072492 30.53 29.05 7063379 4072599 28.06 30.23
706273.7 40724396 35.57 30.23 706345.1 4072604 30.23 3557
706230.8 4072501 39.42 3438 TO6352.1 4072808 33.20 34.09
706287.8 4072508 37.64 33.20 25,3 7063588 4072613 A7.42 46.83
706294.8 4072510 323 2518 706367 .4 4072519 51.28 38.24
A5 7083017 4072515 32.31 25.49 7063759 40726524 29.94 2519
706329.8 4072534 28.16 2312 70838343 4072630 29.684 24.60
706335.8 4072528 2312 13.88 T706392.7 40720636 26.08 1719
24,4 706343.8 4072543 2519 24.01 25,-2 7064011 4072644 23.42 14.52
70835089 4072343 2549 23172 T06409.4 4072647 23.71 165.89
TOB357.0 4072552 21.83 149.56 706417.8 40720652 24.30 15.41
7063649 4072557 21.93 16.89 7054264 4072658 28.08 18.38
706371.6 4072562 23.71 18.38 706434.8 4077064 3023 21.34
T08378.9 4572066 2727 g 25,1 7084432 4072669 3231 20.45
7063859 4072571 27.57 705451.4 4072875 2934 2018
24,-3 7063858 4072571 24,30 7064599 4072680 2371 18.97
7083928 4072576 22.30 706468.4 4072686 24.30 17.78
7063939 4072580 22.82 708476.8 4072692 24.90 19.27
706406.9 4072585 2579 25,0 7004352 4072697 26.68 19.86
7064138 4072590 28.67 T06492.2 4072702 2757 21.83
7064209 4072594 32.01 706489.2 4072706 32.01 2045
24,2 ‘7064279 4072582 29.05 706506.3 4072711 33.79 24.90
706434.9 4072604 3112 23.42 7065133 4072716 34.93 24.80
706441.9 4072608 32.01 29.94 708520.3 4072720 33.48 26.97
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Appendix F.11.a: EM-31 Electrical Conductivity Values for February 26-29, 1598

Stake Easting Northing Horizontal Verfical Stake Easting Northing Horizontal Vertical
(E-V) (N-3) (mShm) (mS/in) (E-W) (N-B)  {inSim) {rnShin)
75.1 7085273 4072725 30.47 3340 FORIEB.A ADF2088  A4.75 5764 |
70685357 4072731 46.53 36.53 706165.4 4072603  42.98 25.19
7068544.2 4072736 5247 40.31 T06172.4 4072807 3735 29.34
706E52.4 4072742 45,91 41.79 27,6 7061793 4D72812 2838 2727
706560.9 4072748 5502 35.57 7081877 4072618  23.45 17.49
25,2 706569.4 4072753 45.04 4031 708196.2 4072623 21.93 16.01
26,9 7061219 4072514 ) 7068204.4 4072629 24.01 18.89
26,-7  705163.9 4072542 45,53 13.27 06212.9 4077635 . 7549 14.82
7061708 4072547 66.59 61.95 27,5 7082214 4072840 28.45 18.57
7061779 4072551 75.88 72.52 7062297 AD72647  23.45 21.64
706184.9 4072556 75.44 69.06 70682382 40726852 2984 18.67
7061921 4072561 7855 3477 706246.4 4072658 3053 21.04
706189.1 4072565 84.18 87.44 7062549 4072664  30.23 22.82
26,5 706206.1 4072570 7558 73.80 27,4 706263.4 ADT2669 20.94 2312
706213.1 4072575 65.50 £5.80 FO6271.8 4072675 21.64 14.82
706220.2 4072579 55.91 £4.91 706280.2 4072580 17.73 12.15
7062272 4072584  61.95 54.54 706283.7 4072686 16.5) 11.26
7068234.2 4072589  58.G6i 52.84 7062971 A0TZH92  16.459 12.15
70682412 4073593 60.47 56.32 27,3 706305.4 4072697 21.64 13.93
25,-6 7062482 4072559 653.30 56.61 7C6313.8 4072703 2282 14,82
706256.4 4072605 5385 57.16 706322.2 4072708 2519 18.26
T06264.9 4072610 66.14 £3.62 7083307 4072714 SR23 13.34
706273.4 4072616 63.19 61.18 706339.1 4072720 71.04 12.75
7062818 4072622  65.61 4937 27,2 T06347.4 40772725 21.93 14.23
26,-4  TOB200.2 4072627 4370 42.04 708355.9 4072731 23.42 1482
7062986 4072633 3755 24,80 706384.4 4072736  24.60 14.82
706306.9 4072638 38.74 7268 T06372.8 4072742 27.27 16.80
706315.4 4072644  43.92 28.11 708381.2 40772748 2875 19.27
7063239 4072650 42.75 31.65 27,1 7063896 4072783 3557 34.09
28,-3 7063323 4072655 43.22 2953 706397.9 4072758 35.%7 25.68
7063406 40772661 35.90 22.20 706406,4 4072764 4331 35.86
706348.3 4072686 37.32 25.98 70841483 4072770 57.50 4120
TO6387.4 AUTPET2 4252 29.53 708423.2 4072776 4743 30.83
706365.9 4072678 45,30 28.76 270 706431.6 4072781 34.63 2223
26,-2 7083743 40772683 53.62 3472 989 706063.4 4072598  103.44 9366
706382.7 4072689 43,93 34.01 708074.4 4072602  104.63 98.11
7063912 4072894 4275 28.58 706080.4 4072606  93.96 99.00
706399.4 4072700 41.10 25.04 TOB0B6.4 4072310 81.81 73.80
706407.9 4072706 19.27 11.86 706002.4 4072614 5343 52.76
28,-1 7064164 4072711 20.75 13.04 TOROUS.A 4072618 3912 26.97
7064247 4072717 2430 16.60 706104.4 4072622 3320 22.23
706433.2 4072722 FTE7 21.93 28,-7 7061104 4072626 3290 22.82
708441.4 4072728 25.97 17.78 706117.4 4072631 3320 24.30
7084499 4072734 2964 18.97 706124.4 4072835 33,20 24,350
26,0 706458.4 4072738 4416 25.34 7061314 4072840  37.35 24.30
706455.4 AD72744  48.02 38.53 706138.6 4072645 40,61 30.23
706472.4 4072748 47.13 32.20 706145.6 4072649 4418 35.46
7068478.4 4072753 4585 32.60 28,8 706152.4 4072654 4418 26.97
706486.4 4072758 50.09 3379 706159.4 4072659  40.01 73.46
706493.4 4072762 43.31 32.80 706166.4 4072663 3527 22.82
25,1 706500.4 4072767 9881 7086 706173.4 4072668  34.68 2579
97,8 7060952 4072556 68.39 6560 7081806 4072673 35.86 2519
706102.2 4072561 7114 82.98 708137.6 4072877  29.84 22 53
706109.2 4072565 55.47 772.91 28,5 7061248 4072682  33.49 24.08
706116.3 4072570 50.09 52.17 706201.6 4072687  41.50 32.90
708123.3 4072575 43.27 39.72 T06208.7 4072691 3527 29.34
706130.3 4072579 40.81 37.94 7062157 4072696  26.38 7016
20,7 708137.3 4072584  41.20 39.42 706222.7 4072701 18.57 13.04
706144.4 4072539 42.08 38.33 706229.7 4072705 15.30 10.37
706151.4 4072593 37.35 28.24 28,-4 7062366 4072710 14.19 8.57




Appendix F.11.a: EM-31 Slectrical Conductivity Values for February 26-29, 1596
Stake  Easting  MNovihing Horizantal Varticn! Stake [asting MNorthing Horizental Vertical
{E-W) {N-5) IS 3 {54 {MN-3) {rafin} st
7L,624% 4072715 16.85 . TO6UTT O ANTETE4 5262 4050
{ 4072718 17.44 11.23 7030849 4072723 4611 37.25
; 4072724 23.35 20.40 706001.9 4072733 4582 39.31
?bd? 4072722 y 70,69 34, TOB098.9 4072738 4443 4257
708271.7 4072733 12.42 7061059 4072743 4227 41.09
28,3 7062787 4072439 14,48 TOBTI2.Q 4072747 48.70 30.15
70682869 4072745 18.92 T06119.9 4072752  44.04 36.08
7062954 4072750 35.47 2424 TOB128.9 4ADTI7ST 4843 36.36
706303.9 4072755 33.70 26.90 TO5133.9 4072761 46,37 2835
7083123 4072767 40.20 33.40 39,5 T08140.9 4072756 4523 37.84
28,2 TOB320.7 4072757 5,038 3252 7081479 4072771 4552 30.45
7063281 4072773 4877 32.81 7081848 AGTR77S 43.07 31.92
706337.4 4072778 60.60 40.20 7081619 4072750 8587 4079
7063459 4072784 €533 5578 7081691 4072785 £0.25 38.72
7C63;44 4072790 5376 3377 7081761 4072739 53.50 35.47
.T06362.8 4072795 5143 3577 -4 TOB182.9 4072794 4848 39.99
706041 @ TABTEEAY T T as 00T Ee AT ) 7061914 4072800 41.33 35.13
7060488 4072645 a7.84 9577 70A189.9 4072803 44.93 28.80
7060557 4072643 7863 73.60 i 4:77)811 53252 19.81
708062.7 4072854 B5.03 53,82 31.33
706069.7 4072659 59.42 52.03 3 7052251 4072822 4573
TOGOTET 4072055 57.G4 4937 7062334 3 3499
28,-7T  70B0OB3.7 4072663 60.01 5350 31,8 705837 5114
7080915 4072674 63.85 5232 7058964 57.94
7061004 4072672 68.158 565,16 706004.9 %07?7% 57.05 5587
706108.9 4072685 67.10 58,76 706013.3 y 47.89 31.83
7061173 4072691 75.97 60.30 7060217 33.11 41,90
19,6 7061257 4072695 85.13 82.47 31,-7  708030.1 40.79 27.79
7061340 4072707 85.09 80.99 706033.4 40.20 27.20
706142.4 4072707 £3.09 7567 7080459 4072763 39.02 28.01
7061509 4072713 83.65 69.78 TOBOGS5.4 AQ072769 20.40 33,40
706158.4 4072718 74.20 67.40 T0B063.3 4072775 30.45 2128
29,-5  70B167.5 4072724 y 65.33 31,6 7080722 4072780 20.69 31.33
7061749 4072729 58.82 706080.4 A0T2786 33.99 21.28
7061518 4072733 5353 706088.0 4072791 29.56 i7.14
TOB188.2 4072735 57 64 7080974 4072797 31.92 22.17
T06195.6 4072743 53.23 706105.8 4072803 39.31
7062028 4072747 £0.89 71.54 31,5 T06114.2 4072608 3370
28,4 7CB208.8 4072752 70.35 61.78 ER C BB
7062169 4072757 67.10 YAl i 83.65
7062239 4072761 7242 G303 TOSGTT.S  ANTITIT 74,79
706230.9 AD72766 74.49 67.10 TO5886.4 4072783 4138
706237.9 4072771 80.40 84.25 7050049 4072789 50.55
7062449 4072775 8247 82.47 32,7 7080033 4072794 50.01
22,-3  706251.8 4072720 73.90 70.35
TOB258.8 4072785 66.81 48.41
7052659 4072789 62.67 47.30
706272.9 4072794 A7.59 53.21
7062798 4072799 51.88 64.15
7062869 4072803 89.03 A3.06
23,-2 70620939 4072809  109.08 57.10
30,8 706014.9 4072882 56.16 53.50
7068021.9 4072687 70.94 59.42
706028.8 4072691 71.63 63.26
7060359 4072693 78.53 7774
7060428 4072701 76.33 73.04
7060489 4072705 83.65 75.08
30,-T  70R056.9 4072710 85,72 7479
7060623.9 4072715 80.11 75.33
706070.9 4072719 65.03 58.87
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Appendix F.it.b: EM-31 Elzctrical Conductivity Values for June 14-17, 1996

Stake  Easting Northing Vertical Horizontal Stake  Easting  Noititing Vartical | Hoo ffmhi (
(30 (N3} msim)  mShmy () {N-8} fnf
32 7071514 4071487 7069239 4071973 ¥ ¢
2,2 7071248 4071509 390 390 7009324 4071979 135 108
1,2 707097.8 4071551 270 315 8,4 7069407 4071984 105 75
707101.9 4071560 390 300 /0(3949.1 4071990 g0 €0
709105.9 4071570 430 420 708957.4 4071995 90 5
707109.9 4071579 510 430 3,1 7059828 4072012 465 150
707113.9 4071588 525 435 7069912 4072018 45 420
707117.8 4079597 525 408 ' 7053194 4071963 210 iB0
7071221 4071607 290 420 2,2 70688208 4071970 210 150
7071262 4071618 510 450 7068403 4071977 198 150
7071302 4071625 510 450 7088508 4071984 150 120
7071342 4071634 480 420 706861.4 24071991 150 105
7071383 4071644 480 450 3,1 7068719 4071993 150 120
, Y33 7071423 4071653 420 360 7063804 4072004 135 105
1,2 70/0449 A071835 T TA00T A0 7068887 4072009 135 150
7070528 ADTI841 375 300 708887.2 4072015 120 108
'707060‘9 aN74646 375 345 70GU05.5  A072021 120 o0
TO7CES.4  40T1852 255 18 4,0 70G913.9 4072006 90 75
TOIO77.9 4071658 195 150 708522.4 4072032 90 &0
1,1 TOT086.3 4071683 150 105 7080307 4072037 7S G0
n TOF094.7 4071659 120 105 | 706539.2 4072043 75 &0
TTIOT034.2 40716837 105 20 TOBS47.6 4072049 75 80
7070427 4071694 105 105 6.1 7069559 4072084 75 80
7070511 4071700 105 75 7065644 4072080 90 ¢
2,-1 707059.4 4071705 210 180 706972.9 4072085 90 7%
TR7067.8 4071711 300 905 | 70B8s 4072071 78 75

Pas T ANTTAR 3157 TOBTOA.6  A07R007 270

3,-1 70327 407TTAY

433

375 14,2 O6802.9 4072012 255
070411 4071753 3480 300 TO8811.4 4072018 150
070404 4071758 375 345 706819.9 4072023 150
TOT057.9 4071784 495 150 7%5983 ADTI020 150
7A7066.4 407170 138 120 708026.7 4072035 20
3,0 TO70747  AOTATTS 180 480 | 13,1 70@545.1 4072040 120 o0
S35 T anTia00 " Ass 450 706853.4 4072048 120 a0
707030.9 4071806 540 510 706861.9 4072051 120 90
TO7039.4 AQT1812 420 450 TOBETO.4 4072057 90 75
4,0 707047 .9 407‘181"’ 330 330 T06870.8 4072063 S0 75
__707058.4 11\82’% 300 2f0_ 13,0 708337.2 4072083 @0 )
’ 708995.9 '4 B A0 706895.4 4072074 75 50
7070043 4G/1847 465 450 708903.9 4072079 05 60
707012.7 4071853 510 585 705912.4 4072085 75 60
5.0 70;)?11 4071858 800 435 70589208 4072091 75 80
0687 A407i8a3 T 285 180 19,1 7068202 4072096 75 75
706077 4 4071833 210 165 706937.6 4072102 75 75
706859 4071895 270 210 7069459 4072107 60 60
3,0 706994.4 40715 240 706954.4 4072113 75 80
7069339 4071920 ' B0 706962.9 4072118 60 60
706942.2 4071925 180 150 F08750.9 4072037 165 120
708950.7 4071931 130 170 705759.4 4072043 300 270
706959.1 4071937 150 {05 T08767.8 4072049 255 180
7.0 706967.4 4071842 150 105 11,-2 T068776.2 4072054 195 165
7068975.9 4071048 180 165 7086784.6 4072080 150 105
706984.4 4071953 240 285 706792.9 4072055 135 an
706892.8 4071959 150 120 708801.4 4072071 120 30
707001.2 4071865 135 120 706809.9 4072077 120 <]
7,1 7070096 4071970 150 ) 11,1 7085818.3 4072082 105 75
706890.3 4071951 240 180 7086828.7 4072088 90 105
a,-1 7068087 4071956 185 180 7068352 4072093 90 60
7069071 4071962 270 180 706843.4 4072099 50 &0
T08915.4 4071967 180 150 706851.9 4072105 90 75
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Appendix F.11h: EM-31 Electrical Conductivity Values for June 14-17, 1995

Stake Easting Moithing Vertical  Horizantal Stake Casting Nerthing Yartieal | Horizontal
{£2-W) (M-53) {mS/m} {mS/imy (E-W) {N-5} (mS/m) (Sl
14,0 70GEED. 4 472110 g0 €0 . 1132 7063606 4072250 ¢o i
70686587 4072116 75 60 7068994 4072256 75 B0
TOE877.2 4072121 75 60 14,3 an7z2i527 330 2700
7068854 4072127 75 60 4072159 345 755
706883.9 4072133 75 60 7086749 40721668 315 240
11,1 706902.4 4072138 75 60 14,2 7068959 ADT2180 135 20
TOE10.8 4072144 90 60 706704.2 4072186 80 75
706919.2 4072749 90 0 067127 4072191 50 80
TOR92TT 4072155 a0 &0 7067208 4072197 15D 80
70693581 4072181 105 75 706729.4 4072203 75 75
11,2 7089444 4072166 90 105 14,1 706737.9 4072208 150 105
706656.9 4077061 300 240 706748.4 4072215 150 120
12,-3 TOETO7.4 4079068 375 315 706758.9 4072222 210 150
T08717.8 4072075 300 270 706769.4 4072229 240 225
TORT28.4  40T2062 105 150 14,0 7087799 4077036 105 75
706738.9 4072083 35 90 TOBTER.4 4072242 90 75
2,2 TOB742.4 4072098 135 20 TOB796.7 4072247 105 75
706757.9 4072102 150 105 TOB805.2 4072253 105 o0
TO6756.2  A0T2107 150 a0 706813.6 4072259 105 £0
TOBT747 4072143 120 00 14,1 706821.9 4072284 120 a6
7067834 4072118 105 75 7083304 4072270 90 60
12,1 706791.4 4072124 105 75 706838.9 472275 a0 50
706816.7 4072141 85 80 706347.3 4072231 108 75
7088251 4072147 ) 60 TOBAEG.T 4072287 90 75
12,0 708833.4 4072162 90 60 14,2 7063641 4072292 105 75
708841.9 4072153 50 60 706872.4 4072208 75 60
706850.4 4072163 90 80 TO6380.9 4072303 90 60
706858.8 4072169 75 60 708889.4 4072309 S0 AN
7068672 4072175 75 60 16,4 7065849 4072165 415 270
12,1 7063756 4072180 75 G0 TOE595.4 4072172 330 270
706883.9 4072186 75 £0 THESN5.8 4072179 AP0 350
708892.4 4072191 75 60 706618.6 4072186 300 390
7039008 4072197 50 8 15,3 TOGBZED 4072194 300 240
706209.3 4072203 50 45 706627.4 4072201 150 210
122 TOBYIVT 4072208 75 80 70E647.9 4077208 150 120
TOB670.1 4072103 300 24 T06658.8 4072215 135 105
13,-3 TOSBEN.E 4072110 285 108 15,-2 TOE660.1 4072222 120 &0
7068211 4072117 135 108 U576 4072229 120 S
7067017 4072124 240 180 TOBGH0.2 4072236 150 105
7O6712.2 4072934 150 120 FOB700.7  AD7243 120 90
13,-2 TOBT22.7 4072138 120 90 15,1 7087111 4072250 120 [=la)
TOB730.9 4072144 120 20 7087194 4072256 90 75
TOBT39.4 4072149 120 90 7087278 4072261 20 80
7087479 4072155 120 a0 706736.4 407067 S0 60
TOB7383 4072181 20 a0 7067448 4072273 90 60
13,1 TOBTGAT 4072166 105 60 15,0 705753.2 4072078 g0 60
TOETTEY 4072172 120 20 7087516 4072284 90 &
706781.4 4072177 120 90 706769.9 4072289 50 60
7067892.9 4072183 105 o0 T06778.4 4072295 a0 60
706798.4 4072189 90 75 706786.9 4072301 105 105
13,0 TUGB0G.8 4072184 S0 60 15,1 7067952 4072306 120 90
7068151 4072200 90 &0 708802.6 4072312 120 90
TOBB23.4 4072705 75 60 705311.9 4072317 120 50
7063319 4077411 S0 60 7068204 4072323 105 75
706840,4 4072417 60 60 7068258.9 4072329 30 75
13,1 TO6B43.8 4072222 60 60 15,2 706837.3 4072334 105 50
7068572 4072228 60 &0 70688457 4072340 90 60
7068857 4072233 60 &0 T06854.2 4072345 75 60
7058739 4072239 60 45 706862.4 4072351 20 60
TOEBE2.4 4072245 60 60 706870.9 4072357 105 60




Appendix F.11.b:

EM-31 lectrical Conduectivity Values for June 14-17, 1596

202

Stake Casting  MNorthing Vertical  Horizontal Stake Easting  Morthing Vertical Horizanial |
(E-W) (N-9) {mifm) m8him) (-4 (N-8) {m3m) {msim)
16,-4 TEL58.2 4072207 Az( 360 7065877 4073353 s 165
706568.7 4072214 480 390 70685782 4072340 225 180
TCE579.3 40772221 300 210 18,.2 TOB588.7 4072347 210 180
7G6589.8 4072223 270 120 THRR09.2 4072354 210 165
16,-3 7066002 4072235 285 210 7NB609.8 4072361 270 225
7056107 4072242 210 150 7066203 4077388 255 210
7086213 4072249 185 150 3,1 TO6630.7 4072375 270 B30
TGBE31.8 4072255 180 135 7056412 4072382 A50 510
i6,-2 TO8642.3 4072264 195 135 70606518 4072389 450 450
7086529 4072271 180 150 TOB662.3 4072396 270 210
706663.4 4072278 150 105 19,0 TRE672.8 4072403 135 138
7066873.9 4072285 105 0 706683.4 4072410 150 105
13,1 TNEE84.4 4072202 105 75 7066939 4072417 120 90
708694.9 4072269 105 75 TOB704.4 4072424 20
TOBT05.4 4072308 105 &) 13,1 7057142 4072432 90
TOBTIS.S 4072313 105 Q0 70687254 4AD72433 120
16,0 TOG726.4 4072320 135 90 7067359 4072445 225
TCBT36.9 4072327 105 20 7087484 AQ72453 120
706747 4 4072354 120 90 12,2 7067559 4072460 105
TO8737.9 4072341 120 80 V087674 4072467 300
16,1 708768.4 4072348 165 80 I ) 72474 270
16,2 7088104 4072375 <0 G0 19,4 33 300
706520.8 4072383 75 G0 2 4072339 300
. TOBB31.4 4072300 6D a0 7064947 4072344 255
7055104 4072235 4045 330 706502.9 4072350 210
TOGRZ20.9 4072242 390 345 7085114 4072358 240
17 ,-4 708531.4 4072249 360 330 18,23 7065199 4072361 240
T00541.9 4072256 330 525 7065304 4072368 450
7085524 4072263 300 210 70685405 4072375 270
TOBSS2.9 4072270 270 180 TOG581.4 4072382 300
17,-3 7085734 4072277 270 180 19,2 TO6581.8 4072389 235
7065839 4072284 255 185 / 2.4 4072388 380
17,2 TG6615.4 4072305 706582.9 4072403 345
7086408 4072322 180 180 706593.4 4072410 345
706549.2 4072328 135 1G5 13,-% T08B603.8 4072417 225
47,1 TOGE57.4 4072334 120 90 7066144 4072424 225
TOBBBT7.9 4072341 120 105 TOBRZA.3  ANT2431 240
7O6E78.4 4072348 150 50 4072438 270 195
TOBGBY.1 4072355 150 105 3,0 4072445 210 150
17,0 706688.8 4072362 165 120 T06856.4 4072452 150 105
70687101 4072369 2729 150 YOG666.9 4072450 135 g0
7087207 4072376 450 225 706677.6 4072465 150 105
TO6731.2 4072383 B 375 15,1 TURE37.9 4072473 165 120
7,1 7067417 4072390 240 180 TOEBGE.A 4072480 185 150
067522 4072397 145 i3 TOG708.9 4072487 270 180
7087628 4072404 180 120 TO8719.6 4072484 210 150
TOBTT33  ADT72411 120 i20 19,2 TOBT30.1 4072502 225 195
i7,2 7087337 4072418 105 120 1654 4072523 90 80
7087942 4072425 B0 80 4072530 73 60
7068048 4072432 80 45 4072347 630 705
o 7068153 4072439 50 30 7064154 4072354 320 270
T GRS T AT TS 315 TOG428.9 4072361 255 205
7054834 4072277 380 200 7064404 4072368 210 150
706424 1 4072284 330 255 24,-4 7004508 4072375 210 210
48,4 7065046 4072291 390 390 TG5161.4 4072582 225 240
7063151 4072283 360 315 7054712 4072389 315 210
7065257 4072305 285 240 706482.6 4072386 450 420
706536.2 4072312 240 195 20,-3 708452.9 4072403 54 180
18,-3 7005468 4072313 240 180 7065034 4072410 270 300
TOBS57.1 4072326 225 130 706513.8 4072417 270 300




Appendix F.11.b:  EM-31 Electrical Conductivity Values for Juns 14-17, 1986

Siake  Easting Northing Verfical  Horizontal Siake | Easting  Morining Vertical
1 (E-%4) (M-S} {mSim) frnSim) {40} -8} {raSim)
7065246 472424 2ad) 165 7054604 4072501 12
20,-2 7065351 4072431 300 240 7084711 4072508 120
7065456 4072438 165 120 22,2 T05431.4 4072515 135
7085562 4072445 150 150 706491.9 4072522 120
TOSH68.7 4072452 180 135 THES02.4 4072528 450
20,-1 7085772 4072459 225 180 2.1 706523.4 4072543 210
7O8587.7 4072466 210 180 7065339 4072550 180
7055983 4072473 150 120 Sad.4 0 AQ72857 150
706608.8 4072430 150 S0 4072564 210
20,0 708518.2 4072487 165 120 Z20 6 472571 300
706628.7 4072494 180 120 TOGS76.1 4072578 420
7066403 4072501 210 135 TOEB86.7 4072585 480
706650.8 4072508 285 210 706597 .2 4072502 430
201 708651,2 4072515 330 225 22,1 7066077 4072598
TO6671.7 4072522 330 240 706618.2 4072508
7066323 4072529 540 435 TORERB.8 4072813
706692.8 4072536 630 585 7066393 40725320
20,2 7067033 4072543 375 345 22,2 TO6EA8.7 4072827
TOB713.8 4072550 240 180 G 4072634
TOBT24.4  AD72557 240 180 4072641
706734.9 4072564 285 185 4072648
20,3 7007454 AQ725T2 270 180 407 5
. T0B7SS9 AU7ZSTO_ 270 195 | 07247
TOB413.7 4072410 210 {95 7082520 AD7R423
21,-4 7084242 4072417 210 195 TUE251.4 4072428
7064347 4072424 150 180 TO6262.8 4072434 78
70684453 4072431 180 135 ) 706273.2 4072440 83 26
7084558 4072438 150 120 23,-8 {706206.4 4072445 83 72
21,-3 708486.2 4072445 150 105 7062608 4072452 64 53
TOB4TBE.7 4072452 105 30 706307.4  A072458 £6 83
708437.3 4072458 120 90 7083181 4072468 8 56
7064387.86 4072466 120 a0 23,-8 i 706328.4 4072473 72 62
21,-2 706508.3 4072473 90 75 7063389 4072480 62 95
706518.9 4072480 150 120 7063494 40724537 62 48
706528 4 4072487 150 120 706350.1 4072494 650 42
7065389 4072484 180 135 23,4 TE370.6 4072501 58 45
21,1 706550.4 4072501 195 135 706378.8 4072507 586 38
TOGL60.9 4072508 135 120 708337.4 4072512 56 38
TOES7T1.4 4072515 133 109 TOR3%95.9 4072518 58 40
706581.9 4072522 180 120 754043 4072524 53 23
21,8 7C6592.4 4072529 180 150 23,-3 To642.7 4072829 58 42
708602.9 4072536 225 165 23,-2 7084547 4072657 44 30
706613.4 4072543 255 185 T06465.2 4072564 48 38
706623.8 4072550 375 270 To6475.8 4072571 43 30
21,1 706634 .4 4072557 630 585 T06488.3 4072578 55 39
7066449 4072564 405 350 23,1 70G496.8 4072585 64 45
7086554 4072571 330 255 7OGE07.4 4072592 £4 58
TO6E66.1 4072573 300 210 TO6517.9 4072598 32 70
21,2 706676.4 AQ72585 210 285 TG54 4072805 84 74
706686.9 4072592 300 225 23,0 706538.8 4072613 30 3
706637 .4 407255 283 210 T06547.2 4072619 185 135
7087081 4072606 270 195 7065857 4072624 150 105
21,3 708718.4 4072613 315 309 70A5E3.9 4072630 180 120
708386.9 4072452 210 180 708572.4  H072636 210 150
22,4 T08387.4 4072459 195 150 231 7068580.8 4072641 240 1800
708407.9 4072466 195 135 706589.4 4072847 210 150
T08418.4 4072473 185 150 7065977 4072652 210 180
, 7084289 4072480 165 150 706806.2 4072653 210 165
22,-3 7064384 4072487 165 135 7066148 4072654 210 50
70684498 4072454 135 g0 23,2 T0E622.9 4072663 210 150
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Appendix F.11.b: EM-231 Electrical Conductivity Values for June 14-17, 1996

Staka Easting Northing Vertical Horizontal | Stake Easting Nortiving Vartical  {orizontal
(- (N-5) (mSim) _ {mShv) e D 1 0)) sy msim)
7C6833.4 40726765 30 225 T08E 4 4072599 165 1207
706 345 330 706333.9 4072596 120 40
708 g 450 390 706342.3 4072802 150 90

233 708664.9 4072097 420 360 7083507 4072603 1830 240
7082072 4072452 255 165 25,3 TOE3BB.8 4072813 a0 270

24,7 7062177 4072459 240 150 TOE367.4 4072619 190 380
TOB228.2  A72465 195 135 706375.8 4072824 120 165
708238.8 4072473 295 180 TNE3B4.3 4072630 180 150
7062493 4072430 24 210 706392.7 4072636 150 50

24,-8 7062587 4072487 195 50 25,2 0G4 ADTR641 120 o0
7082702 4072484 180 180 708408.4 4077647 45 1720
706280.8 4072501 240 150 TO8417.9 4072652 150 120
7062913 4072508 185 180 706426.4 4072658 165 120

24,-5 706301.7 4072515 180 150 7068434.8 4072664 180 135
7082122 4072522 180 180 25,1 7084432 4072665 180 (35
706322.86 4072528 120 135 7064516 4072675 165 155
TDB333.3 4072536 150 150 708489.0 4072080 135 a0

24,4 708543.8 150 150 706463.4 4072685 135 80
708352.2 120 105 TOBATE.9 4072602 135 a0
TOB360.7 4072554 120 105 75,0 7084852 4072697 150 150
7053689 4077560 135 120 7084536 4072703 150 120
706377.4 40725366 150 120 708501.9 4072708 150 120

24,3 7063859 4072571 150 120 TOE510.4 4072714 210 150
7083964 4072578 120 105 T08518.9 40727720 240 180
764069 072585 135 120 25,1 TOGSRT.3 4072725 270 240
TOB417.4 072502 150 120 TOBB35.7 4072731 330 270

24,2 706427.9 4072529 185 135 706544.2 4072736 330 300
T06438.4 4072306 180 150 TOB552.4 4072742 360 300
7064488 4072613 135 33 TORBG0.8 4072748 380 270
7064594 4072620 42 42 28,2 7065604 4072753 240 210

24,1 TOB4G9.98 40726827 225 120 68 TuBizid 4072b14 420 TAE
7064804 4072634 150 120 46,-7 T06163.9 4072542 330 240
T06490.9 4072641 180 120 706172.4 4072548 510 510
7065016 4072643 180 120 706180.9 540 480

24,0 706511.9 4072655 150 120 705189.3 570 630
7065204 4072661 150 <0 7061977 4072565 585 735
706528.9 4072668 135 105 28,0 7062061 4072570 540 555
7065373 4072672 150 135 706214.4 4072576 450 510
7065457 4072678 150 105 T06222.9 40725 290 4885

24,1 706553.9 4072683 195 150 7062314 420 450
T06562.4 4072688 168 135 706239.8 4072593 450 510
TOG570.8 4072684 255 210 26,5 706248.2 4072598 450 A0
7065793 4072700 330 270 7062566 4072605 285 453
TOGS87.7  4D72706 350 350 TH6264.9 4072B10 195 165

24,2 7065961 4072711 435 380 T08273.4 4072616 150 180
T0BE04.4 4072717 525 480 7082819 4072622 180 120

L 700612.9 4072722 510 510 26,4 7062902 4072627 120 135

25,8 TOE148 3 4072472 300 180 TOBIG8.6 4072633 420 g0

28,7 7081809 4072500 330 210 706306.9 4072638 108 75

25483 7062329 4072579 225 18 706315.4 4072644 120 80
7082414 4Q72535 240 180 7063239 4072650 120 G0
7062497 4072540 180 180 46,-3 7083323 4072655 120 50
7062582 4072345 210 180 7063407 4072851 105 o0
706266.5 4072552 210 210 7063492 4D72666 90 a0

25,-5 T06274.9 40726857 240 240 T08357.4 4072572 120 20
FO6283.4 4072563 240 240 7083659 4072678 120 105
7052919 4072568 210 240 26,-2 7063743 4072683 150 120

bO706300.3 4072574 1685 180 706382.7 4072689 150 105
TCB308.7 4072580 210 50 70R321.2 4072684 120 105
23,-4 706315.9 4072535 210 180 706399.4 4072700 120 o0
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Appendix F.11.b: EM-31 Electrical Conductivity Values for June 14-17, 1926

Stake Easting  Norhing Vertical  Horizontal Stake Easing  Worihing Vertical | Harizontal
{590 {N-8) {raSfn) (mSfm) | (2 (N-3) (i S/t {mEhn}
064078 4072706 120 50 060157 4072685 120 40

26,1 706416.4 4072711 120 50 ‘ 70682262 4072703 105 105
7084249 4072717 135 120 28,4 706235.6 4072710 20 105
7084332 4072722 180 120 7062471 4072717 105 &0
7064417 4072728 185 120 706257.7 4072724 150 125
706450, 4072734 180 135 70G268.2 4072731 150 120

26,0 706458.4 4072739 285 210 28,3 T06278.7 4072739 150 105
706466.9 407274E 330 270 7062802 4072745 180 150
7064752 4072760 330 255 TO6299.8 4072753 275 185
706483.7 4072756 345 270 70683103 4072760 270 210
7084921 4072762 315 210 28,-2 706320.7 4072767 300 275

25,1 7085004 4072767 270 1890 706331.2 4072774 330 270

27,8 TOBEOE 2 4072556 450 330 705341.8 4072731 420 380
7061057 4072563 48U 600 706352.3 4072788 450 420
7061163 4072570 390 450 23,1 706362.8 4072795 360 270
TOG126.8 4072877 270 255 B 706373.4__ 4072802 350 315

27,7 7061373 4072584 225 255 93,8 C0B0AT.6 4072640 585 510
706147.9 4072581 240 265 29,7 706083.7 4072688 420 420
706158.4 4072588 240 180 7060047 4072675 450 405
706168.9 4072803 180 165 706104.8 4072682 435 435

27,5 708179.3 4072812 150 150 7061153 4072682 480 510
7061888 4072619 150 120 29,6 7061257 4072686 585 845
706200.4 4072626 150 120 7061352 4072703 600 705
7062109 4072633 150 120 70681458 4072710 408 350

27,5 7062214 4072840 180 135 7081573 4072717 525 510
705231.9 4072647 165 135 29,5 TOB167.6 4072724 480 450
706242.4 4072854 150 120 706178.4 4072731 525 510
7082529 4072661 180 120 706188.9 4072738 435 450

27,4 706263.4 4072669 180 150 7061994 4072745 390 450
706273.0 4072876 120 g0 79,4 7082099 4072752 480 450
7062844 4072683 105 30 7062204 4072759 465 510
7062949 4072680 120 75 28,3 7062519 4072780 GI0 510

27,-3 7063054 4072627 150 105 706262.4 4072787 420 420
706315.8 4072704 120 120 T06272.9 4072794 450 350
706326.4 4072711 150 105 7062834 4072801 540 495
TOB33T.1 4072718 120 20 29,-2 706293.9 4072809 720 465

27,2 706347.4 4072725 135 105 30,-8 TOBO1AG  A072682 330 375
766357.8 4072732 150 105 706025.4 4072688 435 420
706358.4 4072733 165 120 7060359 4072695 540 570
706379.1 4072746 180 120 7080454 4072703 GO0 540

27,1 706389.6 4072753 240 240 30,-7 7080569 4072710 585 570
7064001 4072760 285 255 706067.4 4072717 540 600
706410.7 4072767 375 285 060779 4072724 360 330
706421.2 4072774 360 270 706088.4 407273t 315 300

27,0 706431.5 4072781 265 210 30,-6 706003.8 4072738 330 315

4072788 300 210 706100.4 4072745 300 225
o AN72RaE T 720 720 706119.9 4072752 330 240
706078.9 4072805 675 850 7061304 4072759 300 315
706089.4 4072612 45 45 30,-6 706140.9 4072766 300 300
7060899 4072618 225 150 706151 4 4072773 320 255

28,1 7061104 4072628 210 150 708161.9 4072780 360 770
7061208 4072633 185 135 30,4 706182.9 4072794 375 315
706131.4 4072640 210 165 706193.4 4072801 315 300
7061424 4072647 240 210 706203.9 4072808 270 180

28,8 7061524 4072654 255 180 7062146 4072815 300 240
706162.0 4072661 210 1685 7062251 4072822 360 300
706173.4 4072868 165 150 ; YOB0R7.G 4072724 375 375

. 7061844 4072675 165 135 705603.4 4072731 450 £50

28,-5 7061046 4072882 240 150 706008.9 4072738 403 450

7062051 4072683 185 165 706019.6 4072745 300 270
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Appendix F.11.b:  EM-31 Electrical Conductivity Values for June 1417, 1558

Stake Fasung Horthing Verlical Horizental
{40 (M-5) {raSim) {snShn)
31,47 TO603C1 4072752 265 244}
7080406 4072759 300 240
706051.2 4072766 240 210
TOBO6Y.7  AQTZTT3 210 150
31,-6 708072.2 4072780 210 150
7060827 4072787 210 180
708093.3 4072794 210 150
7G6103.8 4072801 240 185
31,5 4072803 180 120
32,8 ANT2TES 430 450
56 4072772 300 570
T05977.9 4072777 535 540
7050864 4072733 405 330
708934 ¢ 4072789 360 300
32,7 708003.3_ 4072734 450360




Appendix: G US Department of Energy W%Pr E’aﬂ?!}f varsyus U

Geological Survey Shiprock Discharg e*;} 2Gingg Sia imn

Nitrate and sulfate concentrations from DOE's yearly water analysas were
compared with discharges at UBGS Shiprock gaging station to determing
whetner a dilution effect was occurring on the floodplain. Since not all test pits,
well points and monitori; ng wells were not consistently samplad only six samo!mq
locations ware uiilized. Two mnmmmg wells, 610 and 614, located nearest to

the terrace and near fracturas did n L correlate o discharges., Whereas those
test pus 642 and 644, located near the han Juan River tend to decrease in
concentration as river dischorges increased. Finally, monitoring wells, 628 and

624, located on the east of Hob Lee W,_zsh LE concentrations had no correlation
with river discharges.
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Appendix: H seismic refraction survey on the sastern floodpliain
Although some of the wall logs provide some information on lithelogy and
stratigraphy, a better understanding of the floodplain stratigraphy is needed.
This can be best ac ,omplm’“’ed through a shallow seismic survey., A seismic
refraction test line was emplaced on the noounl i in June 10, 1995, from grid
points (0,1) to (8,-2). The seismic re fraciion survey was coordinated with the
NMT Geopghysics r* nari mt ing College *‘mr*ar ts and tne Navajo UMTRA
program. Some nmuia ms ware enceuntered in complsting the remainder of the
shallow seismic refraction survey so less than 10% of the site was surveyed.,
The seismic refraction test line was emplacad on ! the floodplain in June 10,
1995, usod the multichannel signal enhancament seismog mph, model 25-1225
by EG & G Geometrics, in Sunnyvale, California.  The seismegraph produced
the seismaogram trace. The scismic line was placed 36 melers apart for ona to
six lines and 60 meters apart for the seven io eight lines. The energy source was
a hammer banging on r'n@‘{a! plate. Measuremants of the first arrivals times from
the seismogram fraces were recordad. ii & measuremaents weare plotied as
arrival times (t) with the corresponding seismic h ne distances (x). On the grapn,
the slopes from the abova plotied poms were maasured from the straight lines
and the velocities were calculated from the reciorocals. From the velocities the
lithclogy thickness was caloulated. A rough cross-section, by Dr. J. Shule ;,
Hustrates the thickness in lithology of the alluvium, gravel and shale on th
floodplain
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Anpendix b

Terr

ace elevations vs the San Juan
from Farminglon to 3

shiprock, New Me

Fiver Distar 12
iso

San Juan

Ffarrnce

Han Juan

A,
Fan Juan

ace errace
Rivar Dis. {n) Elevation () River Dis. (m) £ it&uon {rmy Hiver Dis. {m] Elovation () |
1axdis tayelev 6 x dis Gy alzv T3 dis 1’3 Yy eley
5.1 1668.11 4.45 1591.08 17.89 1630.63
6.29 16565.08 5.28 1588.01 13.83 1627.53
5.89 1655.06 7.24 1384.96 21.39 1627.63
21.85 1627.63
1h x dis by elev 7 x dis 7 yelev 22.27 1621.54
9.80 1697.74 522 159410 22.83 1621.54
10.58 1697.74 10.58 1584.896

12.04

1 x dis
1.59
1.39
277
457
523

2 xdis
1.54
5.1

6.722

2a % dis
2907
3. 05
3 5

Jxdis
0.19
0.41
2.05

5 x dis
0.45
i.44
2.77
3.05

16885.59

2yelev
1639.82
1624.58
1618.49

2a y elov
1627.63
1621.54
1621.54

4y elev
1609.34
160934

1 ‘w"i- 10
152410

13.23
13.51
14.98

8 x dis
542
8.31

g,
(3‘{)(5

9 x dis
13.51
15.17
15.19

10 x dis
10.75
12.42
13.08
14.08

11 xdis
10.03
11.386
12.04
13.23
14.62
14.81

12 x dis
14.08
14.62
14.28

1578.88
1575.82
1575.52

3 vy elav
1638.78
162458
1624.08

gy eley
165311
1655811
165811

10y eley
1603.25
1603.25
1600.20
1600.20

11 yelev
1578.88
1575.82
1575.82
1569.72
1566.57
1566.67

12y elev
1581.91
1581.91
1578.86

14 x dis
17.32
17.69
1343
18.67
13.98
19.03
15‘ 64

U \’/
2067

Taax dis
22.03
22,83
2338
23,78

i5a xdis
2264
2283
22.83
24 44

15 x dis
16.18
17.32
18.03

10 k f«w

14 vy alev
1608.24
1606.30
1605.30
160325
160325
16503.25
1600.20

A =
160325

150345

o AL !
{43y alev

1603.25
1587 .15
158410
150715

thay elev

15G65.67
1566.87
1569.72
1560.08

15y elev
1547.158
1588.01
1600.20

16 v elev
1866.67

£E63.62
1560.58

155753

Zero begins at junction of Animas and San Juan River in Soutn Farmington.
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Appendix 1 Terrace elevations vs the San Juan River Distance
from Farmingion to Shiprock, Mew Maxico

San Juan Terracs San Juan | ferrace
River Dis. (m) Elavaiion (im) Mver s, i Bl i r Hon (i
17 xdis T/ yelev 22 x dis 02y eley 3 29 yelev
18.79 187277 26.69 1554.48 33.74 1524.00
19.08 157277 27.05 165448 36.34 1336.19
21.65 1550.58 27.31 1554 .48 37.43 1517.90
21.79 1563.62 25.50 1554 .48 38.02 1811.81
25.79 1554.48 41.21 1505.71
41.79 1505.71
18 x dis 13 v eley 23 xdis 23y alev

20.67 TH51.43 2765 153619 30« dis 30y alev
21.39 15483.38 25.36 153924 41.21 1554 .48
21.79 1\;% 2749 153824 419,39 1554.43
23.78 SENRE 27.31 153924 42.25 1554.48
24.04 43.47 1548.38
24 x dis 24y elev 43.95 1554.48
19 x dis 19 yelev 33.10 1591.06
21.08 1852.02 33.74 1591.06 31 dis x 31 elevy
21.63 16452.02 33.22 597.15 38.42 1530.10
25.74 1630.68 41.21 1530.10
25.83 245 P xdis 2hy elev
26.10 31.97 1578.56 97 dis x 32 elevy
26.52 35.21 1572.77 44235 157277
36.58 1566.87 48.93 157277
20 x dis 20 v elav 39.02 1560.58

23.95 1621 .54 37.74 1560.58 2 disx 33 elevy
24.04 1621.54 44 .34 1517.80
24.30 1621.54 26 x dis 26 vy elav 47.65 1511.81

24 .44 1621.54 20.67 157277 50.09 1505.,71
28.30 1609.34 33.74 1665.67 50.73 149962
27.05 16512.39 5690 1505.71
26.79 1612.39 27 x dis 27 v elev o
31.52 w*o 58
21 % dis 21y elev 33.10 554.48

25.83 1594.10

26.10 1551.06 28 x dis 28 v elev
26.52 1621.06 31.9 164229

31.97
26.79 1588.01 33.51 1542.29
76.86 1591.06 33.74 1542.29
27.65 1591.06 33.79 1535.19
28.51 1591.08 34.69 1538. 19
27.19 1534.96 35.21 1536.1
27.31 1584.98 36.00 1525. 1
2948 158495 | |  36.34 1517.90
T m— 36.58 1530.10
37.43 1530.10
38,33 1524.00

B mx o Ay A
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Appendix I: Terrzoe elevations vs the San Juan River Distance

San dusa
River s, (i)

frorm Fary *mjfe:m to Shiprock, NMew Mexico

San Jusn
River s,

Teirace San Juan Terrant
gvation (im) River Dis. Iim) Ek

e

0.00
1.89

i
34 dis x 3elevy | 40 dis ™
49.52 149962 54.69
50.21 1499.62 55.81 3.81
57.23 4 5.44
35 dis x ASelevy 6.55
46,30 1463 572 41 dis x 41 elevy 257
B0.47 1487.42 5545 147523 10.10
£3.75 1487.42 59.85 146914 11.33
61.30 1458.09 12.85

26 dis x uG ﬂlov Y 1463.04 13.49
4718 ! 1459.59 15.80
5021 9385, 13 1456894 18.97
50.75 153613 18.43

42 dis ¥ 42 elevy 19.31

37’ m‘is; X 37 elayy 61.45 1842.29 20.42
1527.05 6211 184229 2122
1530.10 £3.05 1536.19 23.40
1524.00 : 24.73
43 dis ¥ 43 elevy 28.00
38 disx 33 elevy 63.05 1524.00 27.10
59.36 1489.52 4.2 1517.80 29.52
59.85 149862 65.20 1511.81 33.46
60.54 1493.52 3694
61.30 146G.00 A HB dis v HB Elev 37.98
62.11 1487.42 32.89 1654.48 40.83
63.05 148133 33.27 173245 3 49
G3.73 1475.23 34.17 1699.59 4557
65.60 147523

K site dis y site Elay 53.19
39 dis x A9 elov y 47,65 151061 5611
53.08 1 ‘9”% fv) 47.65 1433, "nZ 59.28

48.60 : 60.68
A9.80 “l'“‘di :~) 682,10
63.57
AMNCC dis Y NGC Elev 65.11

5912

15485.34
164229
1539.24
1536.19
1533.14
1524.00

1417.90
1511.81
150571
1499.62
1493.52
1437 .42
1451.33
147523

‘69 14

466.09
14&-3.04
1458.99
1456,94

52.95 1524.00

ro beging at junction of Animas and San Juan River in Souih Farmington.
8 g
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Appendix: J LUEGS Shiprock gaging station discharges

227




- %
i

K] |
)
)
o
a
A
] 7
3
s
<
=
Q i
O
3¢
!u i,
)y a5
i 3
il 2
P P
> =%
i >
o b=
" ‘
) = S
(4] =
wd
=T (=] o
o3 e 0|6 S
& 51517 o
] - = -
T @) S ,g o &y
o < o e R
R
& |- Z 2 8
==ty [+3] B
- o o Ql ~r
i o o
et gl
<t <
: T o
Z 1w S 2 &
. U o 2 31
£ e o ~
Zlnl =
B [F 2 -
T [N '
B ™
i e = [ MY
|z o) 2
5l S al@ges
oIt F 1o & e &
s A
(Tl
2 - [e]
' ;} (=] o % E
&) =z (\l (8] (] e
{03 ~ S o
3
(@] [w]
’ (] (7o) vl 8
i i L & <5
3 ;\": R L -
&
] @ 5
P -
[ ]

80

]
il
9

|
I
i
l
|
I

1706

700

C
¢
v

1620

]

[o

1=

3
i4
i
i8

4




| _ D5%e 0S99 OpSL  GEEC  0S/L  0GEe  OvSL  (QYze
] 038g H28 /4% 09BZ 0/81 _0ges o
| gier O ; 49¢ 008l 0vZ2 0002 05'z  (2hi
053y 0yP2 0318 Gl 0522 0602 0022 Oirl G

I —

WON 1D

|
i _

LdZIS O ¥081 UI30100 YUY3A

It R

m |

¥ SOYNIYED Y0Eren

LE 298Py WNLAVG 00700528

ENOS WY3HIS BN S00Y

LA RS 15 LY HIAM MYy

I
NY3

“ | * _ ﬁ

1T AZAENS TYOID0N03S - HOMZIN IHL 20 INS

. -u 1HYG30 S3L¥LS gILND !
|__000/221 13-0V 6L Nitd 0896 XYIN 6/52 VAN 167078 17101

_
,_ | SL6L 4OV SELNIN 0208 XYW £v9Z NYIW £89v06 17101 636
,_ ] | m L L ]
0:fal o0zl 0099z 04312 00CZZC 00TYy) 0085¢I 0OL6YL COCIEY 0viSS Clail
v¥g CS0L  O€YL  0¥SZ  0B0Z  OSOZ  G0iZ  GpSZ 0owL Cyrt 604
0E T OvrS_ 0886 0SYE 0287 0947 00%%  CLSZ . oool
oL © ZGTE  emve  f8vZ 00T 12z BiSL gezy
13558 58 baT9L 0viEs 095CL  09YSL  0BGS0 | &
w ] [ | “ N
To_ 0EZL 000Z - 088§ - Qplz - g8z 0.8l —~ 0881 i
0£Cl 0ol 04l 0922 C2iz  —  0/82 09Sl  Cart  oosl oo
S 0881 gene 0052 Criz BT QZiZ Oar. 06t 62
2L G8GL 0340 0632 Ov2z S 0352 03rL osgl oz
g% olel gsoc 00LZ 082 b2 DL0E  0gst  ozwl | 42
sz 008 08 oive  ogce P2 0S/L CE3L 0ok gg
“ | ] i | W _
| ool 081 052 0052 o1bT 0z8l 029l
i 0} 0Log nzez D CEYZ FL 00§t 00S:
h 65 C598 05vZ  0°0Z. ouhz  nese L 0sel o7
; ) 0458 022 0lzz 0562 0882 0sb1  O69: 048
| 0z 081g 0818 0LLZ  0/57 082 OovL O¥SL on
; _ ] | ] _ _
{ 0AL o208 0878 001z O 0908 05y 01§t poel | oz

-




]!JL _ Lib 026 Q0B 0D2C 000 a5y 0%L _0Z¥L  OZLL 0802 GLel 546

I3
A o —{ C0Lr CS/Z 0GBV 00Si O0Eol © 0S98 0527 bwlmm»wilum,m|m@!mmww ,%z |
N-IJIA,]J[; . fmwmmf.@h.wllwmﬁ PCLS Ove/ €605 y0ee o582 eeog 90%e _£2i2 2107 NVEW
- OB2L9 GLA0V 05958 020157 0S0EbZ 069891 061L0L 010z, CLZE9 06629 08568 szvee TviO) |
i ,Ja,m-.lif | ;Jf_qr!-.,l I I S . [
T = 2
- 52 |
008 0205 B
/65 2_2 052y 0z Lz
052 0% (o x BT 031z ez
‘ | 0L} ohmmlyﬂ-hl 0S€3 _ 0SLv  Crot 0161 Gdbz  07is o\.mm 0sZz oz

HH%J-IHIUI- .§.N ymw.ﬂfrww‘mr-tomwfommmfm& 09%¢ 0651 0%y 0902 0162 (ovz  bE

N c“mn 0ZZy  D0SEE 0/02 0619 0riS_ 09/S  030Z  oeve aljﬂvo 0i€z sz
IIIIII ] Jive 008 00GE  0S18 0/88 Ceys ogee oozs 552 02l 03z oov g
N ‘Jlf_]l'f[lf.-ma um.w\wllmhhw vmﬁ]ibmmmlrmmm.m Syoy Oaaw Ly mmvm ommwf,omm.w wm|
S S St S s AU N . —
![!__f.lfll.;;:@w{m, 3L 05 %.Nmioﬁlmmm.!umw, piE_ 0GS2 OELZ Oeec  Ceve 0%
I if,@imﬁmwli?. 7239 0S99 0799 Do/e 080y 0/E2  veiz o0iz obe e ar
, SvZ a8 io CPoe 0889 041 ©R/S O0re  0i'z noez ociz  EL

N ‘M tie woi on 0953 0%va  cizs 0055 CLOE 00ve %fwmjmmmwl cLvz 1y

-
HIHF, 0¥0g_ oea _0202 0ze6 CBle 04 2L _OvES  00iz  0/5F poic 0252 0 0£2 9l
L Tfj!i?fjﬁ?{l R R R w M [ —

i 020 096 0842 0996 Qive 0889  ozif  owiz mmr 0v22_ 0zze ¥ce &:

. fH;HLF 0i€2 0S8 0982 0//6 0580 0150 06%% £i2 oé 0¥s2 ¥

. ——— TP ¥E volrlsn SO i o o A

! 023Z 085  osoz Ovvi  0lZo A

i

l(l‘l-\ . T Thie 9tiZ  00BDL 098 9909 ooy

0169

230

P

LlQ

gite

for g anent

LT

Y.

f S e DAL




T B
[l
&5
<y
~r
o
s N
2 i
35 ]
RN n,
) 1
[45]
i o Moo oo
o - (73 S S ; TIH @
b2 o4
B
o
i€
2 0
I b
Pt
B 1212 2
¢ N
2
€.
C:) *
& -t o
«© L. w
= 7]
‘
\
@l et
[ !
)
S Y Lginige 2lololoR Rgolael oiojolow
a—ge — FBIRISRIS SIS LIRS RS e TR
R S ol QS E]E W i ey [SIEN IS E.Y
] 0.
e « o] [l el fo]
g b < 1R | 8
[} o e Encaliol
& o Qe &
=z =11
- i | B
RN
IS TEN RN

3

I
i

77

tif oy
[9) Moo iololoioo|oiole 2
[ R e R e RLIVELTp] s R e ) oy
o wie b | €3 (23160 Qe i3
T — CHE T2 @M
L P
-2
o
[ Qo [l Qo
G jQioe 2 22 Boisials 8818183
2 a3 WIS (BI|O0 R
& NN DHDI@ ! [ |
(:S L ] :
: o DIy [ [} ]
= N~ IGIEIG S Lo 8 ] )
0 G idn e Ik ik areare AT ars:
3Y SHONGH SN (oS AT
Yo
2 2 |olaioigio o oo
(6] R L= e R ks R Y e 13
w3 PO enich o L [P (O3 1 CO | P
i o e i e e [
e
u N (B
51 © x\‘co mi.‘a ol Sfif?gﬁ a

i ! H

231




[y
st

[y

Ui
|
i

L

<
<3

(UBGS

g
o 163
2|9
s
30

7C EBY0

C

¢t
ol

N
DI 3 les ¢
& [N “':"J & <,3 . { o
i (O S 03 e 3 R i | D &
| | RN DR
w8 0 q
oo QIO olm|o P
SIS QI F (i [ &
A [ e €IS Qi i
AN A IG @y s e

2ol

QI L (0
€02 10| wr CHED = |
| )

SHlml 1 s
o Lo | e | e N R L L o
i ax
@i ool lololololo f\f
S MR (RS iGl e i
i Qo CHEE N [ o €D =
TG N AT S| BB o e @ e S
& g),
oialaimiol [aiooalo - 2
SIBSIBIE| (BB 2 |R5 i [ ]
AN € &) s I = ~
Gr|eafm (e én] |30 i I L
. - Sl @ al |l
cyiesiey o o | ola £ " i o
DG S| | Slahana], o o | jolo|oloo
@Dldigio o SIS ] ) o : e P lsmm (€D LD [
SIS RS oo ! : [$) ey i e e
b [ o e
olololoio 2 3 i
s Reig - &
e LG D D U
T T e
ety
bty =0 o
Q&) [ | L felosjor e fio
{




T | 00535 DiSvg J0vBiz 00/50% S0U35¢ 00IBYE 000FEZ 000YS! CCiz61 Bmmmm@bﬁmwr,&mmfm OY |
S R R S S Olok 0a0e 0 o5z oun
sfl;ﬂellifilzmrl,i.fr : o.& 08vS_ Cizy 0258 050y Oios 06vs X
e 1 sg b_ 9958 0r%9 (teg ¢ i8S YTie LB J6SE oo N

I G8Sez eeSEy 0980bL 998807 O - .01 023971 08711 ‘25 05593 DI§vOL G0RSLL (6396 Ty

I 1 lw T [

- CiEbgsst - b E_— 007y - oo 005 ooe - 0882 te

975 ©00SL 009L  00l/ 08ie 08B/ Gy = giee Gii€ 0098 0262 oo

1025001t~ ossy ozzs ooz @H@Imﬁﬂ,-ui@m CLSE 0.8 65

€6 06e. 0z8) 00B. 03%E_ 0gos  Osav OLSL  0%2S  o0iS 0ocg 0802 8z

58 0% OpOZ Q8L Ovi8 (06E  CLEL o056y ooel L0026 OSIE /% Ozig N

0v8 _ 00vZ _ 06BL O owmm olhﬂ C9EL  0ESy Jo%mwl 0838 0SIE_ Ol 051z 9z 2 9z

028 cfmllomﬂ 01z8  Cith 0029 0zbp ommwf 002 081E 0aSE_ C6iz | &7

008 00LL 0512 o0ze Oery OLyS 02 0itc 0LiS ozze  ouos €552 pe

052 003 gﬁu L8 0108 Olby 0328 QSIS GD9T  0BOE 0026 Ohos 0652 o2

998 0L 052" 38 0i%h 0038 0zif  97pe CFiE 0976 o9 otip gz

mmm 003 ¢sey 0BL2  0O0DS  Coye  Qgoc t‘q.vc (OPiE gzE 0S8 08ic  if

GIZ 6735 caa ool EHV@H. de T o w -
ca/ ozes o 0988 02/8  GSSE  GBSE  oons  nwoh 018 61 &
T 0Ci6_ 0ECO  0gv:  gohe  ome 0788 (5 G 81 o™
088 ope 90T s.!l&ﬁf R T
0Z8 Osze e \ll.-, 0SS 0378 0ong or
T itri_l‘ijﬁ I
086 o OV G2y 0218 %88 0p/E  0gis 4l
050t 0/0S o/l oum.mlof;wm oF0y %mlalmo O/ 0p9E bt
Ciii 0228 0v/6 0vo3 0058 oise 020y 0Zi6 _otec obac 08% €5
0516 138 08%. OybS 0042 01 Gvo 9&; 00SC _ 0626 06¥S a1
¥8 _ COEL 0028 COBO 0v8.  OY2E  0%0Y 075 0Sot  0ves 0s2c  ooge Lt
N I R T I R
- L 005 0Pyl Gze  00EOL oBEL COiS_ 0oSy o) o L8 _0v08 pass 0/26_ 010 oL
—— | e85 0¥l o085 oees S 080L_ 096y 0205 018 0506 o0Bog 04rS  0LL  © |
N IM.,mm‘ Lm&fﬁ,mmm 0885 02/9  oe/v aw\mmf €8 0ZCE_ 026f _ 0g9% 98 0561 8 |
.Ifn,‘Jl,l. S S < TY S T R T ommm 0159 08y 0Sv§_ pise ogm 0S0F 025y 082 L
L omes oas £/8 _08%9 DSG¥  GiSr 063 0808 0oig 08Ly  ooos o

D O s s B A R R




XiCO

Jud
[

=

5

i @l @
=z =2 Q1O

B o Qo b
- - il

o
e DS
i) £
2 i

=t
S 2

1

LOG

) s
134 1518
O] e
'

4 c_;g
Q @

£R

ol
DNF e}
o BLEQia
W-«—-ﬁ-.w;:
it
D jo i)
5 [ Ty
[foRRYe) o iy i)
{ & B @i
2 2;:_253 @ DD G|
S 2] L
PiBlololRrein|eioE
[hy] P REe 2R3
O BIBS eSS
22222 1212
- olo oo
Rigieo B DR Ies
Gl &l 10|28 5ial
LIS > =i 2R s
ol oo o
RSIBIBI=| BiRIgRE
D2 idhn T |
(5 e3 SIS e T
T | - o | e | YT

o

IO 0T e [

Rl e v-i—.n- e

234




€
[=3]
e
(9]

1l

(8] o,

Z i1l

171 I .
S R . % I P Y P A S
[ o Qi NI A
& @eRlal w|@ e Pl e
S | g D FOGIR o ™
et DRSS ol I il R e 1]
hast
213 £

0

3 Dlem ) b
' Y i~ IS
Slaloiel] |22y |18 & 3 .
SEiap Hle i - L
BTG e i i ol It 4
& ol w
— S N e Q
. o [o] o [ - =] e
812288 N8Rl 18 | i &
FIBIS|ImI& N@2ege TS :
Wil @ g i N ey 1!
[ K Dlg D im
ol lolololol™] | InE[E 5
miee|glal_lel=nie HoIB-18) e i
S@BERTRRRleRl T8 | e A
» - e ] e g [1e] - [»
- Do PGB SIEI] e Eﬁ
) o jis s SEpmeibL el o~
glalolei®l 181220 & gHR olE| lmiy =
2215 [t N A Do ] P2
513 N Do o wl: S1E 1= . <
: sy 3|0 od B R Tt B L N B
Mk @ ) . gl
R = - o - i il e

T
OND, ¥
s

vq;
[} 94 |
L it Lt
(X5
o o ‘5 Wiy

~ w2
i ©

S ::f < (‘5 QT
e 2 Q
2| o) :
ui gy

€520 e1130 el
&

AL 489027 M
=8

g
T
Lz

4

,“,
(e
TOT.

80080 7734
38

e
i
L4
b
Ly

2
C

A
DAY

1

2

3

4

5




A ! 1 _ _ i
58 _0018S 00S09 0BEES  0/68% 0Bebe 1507
__O0iL 026 008 6¥. €07
0281 08il 020t 0w 00
0581 y0l ves
ov 0578
e £sol Lo
__8gste - 030 0
0gg az
41518 gz
oggte iz
00512 Y 8z
o LLL 0902 05125 Gerie 020)8 0o L8 gg_
S0, ozs 8L 0FIZ_ 00225 08213 0006 0in c bz
564 oete 9_9 CS6L 08228 OO¥iZ 0O00I® 00O 2 ¢ z
0262 061t 002 09ic8 00¥L® 0006 0:035 Dise  arz  tig 2z
L G089 062% OB 08510 0CriD 00018 (z0ie 0180 118 bee Lz
1 _ iif_v “ !
- zo%e €6 _ie 0%
15¢ val_ col 5t | 2
L8 0es g2l st | o~
goe . 0558 208 41§
95 08 £ OgEe T2 gL
| _ _ |
€5y OL}L COSt® QUSie 0Z9i5 Q/C0LE 0598 Do 0iEe 178 T
{37 OSEL 0298 0S8l® 00G1e 05018 0068 pfes  0isa gii ot
7Sy OIEL  005:® 02413 0CGLe 05018 0669 6605 0069 ol 6t
vOr OSgi  0ZiZ5 008i9 0SSie 00LL8 0ged 25/ oBee  £ve  on
GEY 0821 01229 (/81 (CSLE 0SGI® 0y6® 6% 0830 C/2 11
M | _ ﬁ _ _
ory N 0888 /7 985 01
B9y GEvl 02239 08910 Oviie 5655 000te /28 88 &
¥CG  COSL  0GyE® 0ESL  QOLLe 0Z88  (iolo  9od 665 ¢
010! 845 0!8l  0£2i® Ogr:  00LID 088 o0nie  1a/ 828 1
QLiL 28§ 0v8L  Ovil® GOSL Ciile 0enle odse ool 0588 o




w

(e ]

[#: 3093

g )

G| en

]
[ R

|

w

(4]

o]
wen

=

[{o]

o

[re]
0N

Y

lefH

oim 08018 8l

237

.ilﬂwu _

mmw H3I80100 an

oot zECI00 iﬂlJr

Q oo Gommw umm< xnéé 4&3

D ADY wm% mu

Jl, fu

_
L

!
H
!

’Wj_e ‘

QIS MIN ~ AZAEAS 17

HIJIIAI.I

ou_w‘_ unmmw




e}
15
i)
&
e
5
-
w3 2 o | 1&
& = & »
& 5 2 2
o o 85 lul:; o
o a m \&u
& o = ’
—1%2 (I ﬁ{_’f g
K ¥ % {28 (O] tlf) 91
(=X =21=3F°N @2 ‘ Lid : o
T | (U | D o i) .. A
RIS ke Nt e {u
iRl bl =] o3| b O o ‘:2
‘ 2|8 i b A
- NPy, e
—22|ele o o) & 0w w| @
WS e Bl 7 & 2
DD 3G9 =y [ ]
i St ’ o ol2'2
[ L e
It I i z| 18158
FoY e (120 P PO it o 15 m ) s
IR LD e 0d w oo S =1
bR o9 b o
N ) o & [T pis] O C)O;‘Xg
Sio|o e m%,‘f} “C In &} > ?\7} &
M ~ x| e - A i - T
{8 IR21B|L (G T=d B AN ' I e
< ||| e o © e g )
JRCA g 4 i = o h olole
— S';g O e | D > KRG
P~ 1| & o o 0w
oloioiolo olelis| @18 i ' ol
QDS || D D0103|  faw o [N
el =Rt e - 4
=l Q| © =
NRE Z 0013
S8 ol Qi
W e oy @@ 518 =
el oy < g R BRI
P~ @~ R P ol
2 ks &
BISig |=l= & GO
ol {emiar i oy | = B S1eHe
s e 0B 1D e Wi g e D 1
te [ €O €D &5 ) hed I S P 2
to [ e g P
o) I % , i
Sii~lolin|om TR P N B LNy
o | ek e S8 Dz
@ o r- © ZiT 3
NS T jund A=, gloie
oo g @it g || -l o) i Kimie
6O | D S T G 0 10 o T o) s prgl =
Gl C e el L B il L L L I T I 2 S 8la fﬁ ,_:,512
- s ) 13 Pl
& C{m) v o] RN e T Ia) o P
S N <] [l @ldin
i et e [ O I o 5“‘0:)\‘ i~ = A~ Limi
FAO e[ OO D | sy o iv) ] f 5 e el B Bt
[ [ e S A R FaN K5 o Ko iyl 4 - L:,]
) DI D =i £ T
- RS2 L8 e w1z
=i ge O L RS OO0
LD 1@ 01 o s e 1 e R A LTt A e 35 - | 4D P D
3l en 1D = 10 D i e IR 5 5] Q@ v D
D~ || 0w WD W[ | . - = (“""Lu — e
a % ‘3-’, ';'.) "‘}' L.
iy LI Pt . o
Wb n o1t O] e R S ] _L»P FR2
IR R AR RSN CARRnt e ! S
an [ D e thom W5 Qo
: t: e ]
: STyt b
) ' @ | rten o O] =it © | L el
g.l g)’ ﬁ ﬁ CQ IR R R YR FuY) 1< (S35 . i ‘m i

2383




Stb OSEL  OveS  02iv  0/vE  Olol

163
nz;ll_{)
Doe

82 113 CS0i 0s82  ofiz oiol

00EZ_06EL G

v 04 evve SISE  oc/)  geos sizt wB‘

mmmmw‘@mmmm CUS801 _BEYZS L0518 1egbe

!‘,IJ S S

uy

L 008i 0r52  %wn

w N.w,_._w
08688 mmm,( 7 WiGL

o1

0oges

L BBy - 0808 - k95 - jose gig - 32 e
608 S5 0ivl 089€ 0261 0ho) 0201 0801 080l o0y5i  Of

azn 2T 58D nogy omwm Gyt ooy - i CCLE 0856t g0l 4
[i‘mmul.m‘w.i@m L6cE  0is -wh@ll,wmwm €05 0901 036t ez
90 SLZ VS 0851 GL6Z  O0E0Z 0001 zos 2¥8 283 0O0Lr 046y iz
te I8z 763 oesi oseg ¢__090Z 000l 026 pvs €08 io cgct oz

&Z
PLE 8% ©AS  0S6L 05 OvvE se6
{8952 /39 0522 O0I9E olvz (68 £Z_
642 6% 0327 06Er  Oze Cook  Us oL 0%yl gz
85228 £8§ 0822 owmw.llwlm% cqnp ogetLe @w 3 wml
N I A A B 1T
__T¥6_ 983 syg  oers J.@f%sl@a 0518
fomm._rlm@mimﬁiﬁmhmﬁ!@wl@i,‘@m!i
OESE BiE0 BI 0362 OVSE 081 00t GBEL
081 5129 /55 0082 oee 088t 001 0/5%

Qv8L  8Y2R w85 00/z 08ty 025 Dwot

CilZ  63pe O_m. oate  ogiy v Oigh 845

0882 28 €8S Gilt  Qlpy Do 0ocl  zos

0632 05Sr  opgle goos

H

0585 £28 &, .Pw 0408 0vs7 0351 gbp g gL
582 699 o@ ©L 082 0S8y 089¢ G0 oml zL

155 018¢ oo I T 15
s D?w £8g S £35
CSLL e/ 03/z 02 oomn 0522 00g:

ShE  OSyz o062 gomv o2gL

€98 0922 opZL 0zl o/z)

B U B Sy B J! B

802

g
e

e

S8 28/ 843 2 0zC 0C8L oAzl 0801 egg 088t otgL posL g
242 ooe 675 ¢icg O5iC 0941 0G0t Lo OGLL  aurl oo/ F i




hJ

,f

1
| &

.ob,m o.m_m o;«

ﬁf: fﬁé ATl

&nu Gl .wugw«I LO0 HYZ,
Jg . f _ _
) RIS 1Y HEAM AT

JH!;?;;I

=9 - dOHI LN 51

LL ‘H‘.

A :) - JZ‘\; .)MJJO

vav ?,qr#z 92iste

H

05093 03a8s

JQM:VM e QE_ ‘.,Dw. Z E m\:.:.. ey

L’L

817 V oowvuw Ogeee

N




03¢ 0%e6 CEiL O3S ovie 205 Ghen Gid

g
OlYE 283  @gIiy  gyee 0iGL  0%we 0068

e

1 IL ‘HMU,V

130 A 5

INATVA _ |

‘ ey S S 82

___ EBsid3d Em:aumh.;_,.umm.wh mb L0 EYIA H3LYM dl,,.@u,m,m‘wwn 1324 31gno " m@;._mwgf?fu.lii
N R . ; o .
AINAOY SE3IyIS mmmmé?ﬁ;m@w REECES L ECLEEE SOALIY
508N AONIDY ZOENCS AVYIHIT AN NG THS 1Y H3A NOIVE
N D ;IWJL g ’Ilr N
........ | _ssrt Jlf,,., .LMV.VMILw‘m,uﬁ,_.x“,uwomwltlmﬁmll_n! ,mmnm.u.wmﬁ"mlmrmu.ﬂmm! U+
R I f:lfl:ii_l | £00eByt 130y gozg Féﬁﬁmmmilmw,m m_\» VI 084y LOL Z85: HA MM
i,,.ﬁi;’%l:]!k[ ol 0B005ICL 1o 0¥ SSE NI 0ZLP XY 20 ENVER S84 EE VIO L5961 HA WD
T S e N D R B I
o 052§E 05086 5iizs 000882 £0L88T cotest opess GeLE/ 0o235 05482 _ 06482 0202y 14 :
o L 25 gze uoul‘mmw!mm@mfomm,ilmmmw!!ﬂm 084 /58 mr.flmmm.i!.
o 0o6L  ooge wmmm 0v2s  06es :pﬂ,m!folmmflmmmm,lom.w,w Lotz oed 48 080t
uum L8 S0GL  LS/Yy  govQ 82CE  8S2L  o/o: [§813) 3CLL VZ 32

[ 45082 05202 ee/0p ,mﬁwwriahrm@,hfﬁmmmfﬁw%lmm.mm,m PESLZ 238 03ty oslig Hn@m
s (S N I thLfL L 1
‘ ] i 5 0824 0851 -~ 0zl ob0L -~ gwor g

] [ 95/ Ov2L Oevi 6@ez . Gels 0887
F_ g et e AN Iy

PEG 0901 Qos 0082 0489 owg Ofbi wvo_. m:m 0/3 928 09oi £g

41

i~ D¥DL 238 Gior (L e o

015 02l 08tz 0/67  0%ge 040r QIS 16 vas  som 10T 568 =8

528 0gse 0882 Otos L034ig 0®m> 0511 Qm“, hns 898 000 gg/ iz

P e LA . T e A S U L 2L S -

a8 0482 0BOZ GB0E  0J5L  n8s8 080 020! /28 898 oool  zoy sg

Y ey ) R R R R D

. _ooop oﬁlmmﬁmﬁfﬁr@wl@.ﬁ%mf% €05 08t g8 §%
logdr ovil gen 0v2  02CL 08y 002t 0521  zos 8 496 090 El3 4z

0SSh ESS 8¥E  OvrE  OscL  0zev o6zt 03gi 955 001 o008 30 gz

0351 ©2¢ 608 pwoe 006L 0237 02l €38 188 vl /Lt olg =z

. f:lmﬁfiffili-f 503 0vSE

GUBt 926 638 085 00ts 041y 021 Zi8 106 oog: 084t a0 :

T IIJ.HH.JII I S

H_on,ow m«m 8PS 0085  0L/s 0L6F  DSit - 0S0F ges O2vi o5z g9 e

] €95 Bie cto  0oye oses ozic 0528 0S0r 925 oezy Guz ©a9 5i
L TU iff_.mwm!mjﬂulln, o : : i

o
/L 05EE 0985 cvey 02l 0oit oop 0801 ooz 26g gi |

B




o
&
Slo
; ey
} . ” NI=ir oD~ GRS -
ol.tomal [BI2081elg) 22218 & Fel2ia o Biml e I,
Rribeabt b iEe 010 v o | |82 i o™ @ lig G R %
e ks Al e IR
o

1246

IPNp eai
G| & oo B6 8
Bl e B
I I I KN

©
[w i) . <
B0 o
[TV y s %]
g [{eRi¥s) w
o
o2 &
S e o
t?_]l i wi | «wr
el oo
% <7 D Q? D
z\) o i ¢y
s W
T oo
N Blol Wel&Ee Qe
I P e e N Y
> R A R R YT IR PO A
o
Qe
o ;
b -
o [
i Giles
e &
Dies 1y
LR ey
D e el
B
o] o idn
o] :
@ !
10y e
@l
- Lo P A Fo Sl P [ S
i iy 943 | S | LD PR e sy
2 ~ N R e s
. ) 0 [ ey v w1y 01T 1 Q0 £ | €3 |-
eil=rlie] ] W;iﬂ mEREn @ine|ojel .- 88 ‘;‘1“’ ISP
i

]
A
[}




0018 oogie

,fﬁ,f!% T

%m{!ﬂwlﬂ L

51

8

l

g

£

IIH

100 HYZA HILVM 'Chi 3 ‘FOHVHOSIA

2 Jf!,‘willx =

,,lfl],fffl'ﬁ

€31Y.LS 29°6vny E

‘ qu S 0021 ¥
v >ozu@< 30HN0S WY

ZELPSC = L‘ka.rﬁ

JUW I:Hfl B

Ni ur_ 4 30 InNT1

qlf,.ltﬁf M

mmus IVIOL €8BI HA

H1AL
2581 HA YD

2<u$ vveiz] WAL 286

L[fj

<mr O8BYL  0gmic

i

243




| ©
| &
=
! &3
o 0y
— 'y .
o [} H

I
&
P~
o
3
& (s ¥
h e o
w g
c 2 -
. e 0
‘cg 9] o) I.S
@ < m
@) 2
. [ b
7 Ic) Q
w i Q
~j a4
ot

=
=/

YE

2

{

27487

JAN

it Ule

I

Fai

NGV

|
oC

DAY

244




0veL - Gie -

e e S — T T N e I R
— L‘[ ‘r‘w Glez  0/8%  ply.  (ggss L0y

S48  ¥88  £C

— Auis

S — T T T s 0w o Ocsi DLES 080y _CCoe — .ev6 &5 een gmp  6n
— | o ooCz Obo DS Ol OF: OBLIO 66 bs G oo ob
B T Sle 066 Q802 0606 GEve  OG2€ Ovea 0GLis GO0F 286 oed iz

M . £}8 023 OBCZ 0BE6 0083 0eAc  Gvoc  poiie AYZ5 P68 tog oz

BN A N S SR T R R [

SE8 003! 082 0825 062 0980 O&le  OvLis 208 78 000 62

1 _ ——— 123050l 095z 08/ Ceel 0Z3c  ozze  oGiia (el 92 060l vz

858 000L &7

€08 0!8t 0342 COLCL  ooos G40y 00ec  wBole gpg

— - : _feer  osh: Oo0c QUi0l 0¥t ofor  9ize g (8 185 vEs 7
[618 026 0%ES_ 60z0! 0pe9  Ceip oezs %25 ¥I8 12

S S S S N I S B B R

b CeSe 00201 0152 OSEE  Over  OpOL 857 563 £E8  0%0L oz

— T wmmimmwwﬁmw@ﬁ,@WWMH@WH@.@MM@ﬂf@lfﬁmmtlmmwi _0set el
— T BS5_ 135 06e 0011l 0589 0c7e 0116 Grit zas oo €96 0855 Gl

T T 090l 0iil CBYE  00ZLL 0,95 0SzE ez 018F 288 8IS 0901 0brl g
o EU S T R
O%el_ DLty 00B0L 01ST COIE  0EBZ_ 005L_ /98 | 56

T s C9iE 08T 00Kl /99 936 Gvii  ochl SL

G0Z1 _0/ST oefy  ooeal 0595 O0LC€ 0822 /06 215 | y6@  quet s ¥y
JOOSt OCEL 0AiS  0its 0505 0zie  oics 790 808 | 05 ogce 2o/ 61

]

Olii 00} 0136 00711 oszo CZZ6__000S_ G2vt . Sem 188 856 0585 /L

N

245

momﬁ.lfm}mwm. 0S5 0189 0858 oees 0652 vi6 096 | 658 Cont bl zL
TBN 0Lt ©_059L 0985 € 0Sve 285 ci6 | o3 evs  ois iy

-l O 03 e g8 sl e % -
_ S TR S A | T 1

H S b
Tz 0511 oles 0 oore osie 0£0 /g3 ol

) ~ [ ln%i 11280821 0p25 oris  0gee GLE 0202 0r0r  s0e| OflL 078 wop
— e 'S 0g ]

| Toizz oz odee ouel C95 0998 0Qlc 835 956, 36 063 zeg ot

0ivS g8 28 © ¢ i 918

0868 0815 0528 5198 010} 8€5:  o%ri  els  jig 4

N ,,m@w O2vl 0285 01,8 oeay GBS 0087 625 693 051 0c5 a5

SR N S — T T

SaL 0SSy LW0S  0Jee 4B ves 082 GE0L b7
_CiEL__ovol osav oiss 65/t £53  pee. 990 060l odg v
. % . . OLit 0YSL 0%9L 0107 Ozev 0SSz ozsL 966 8i8, ¥8% €8 001 €
|06t CiSL G45L 0189 0SE¥  0/S7 0Svl /o 8251 148 903 orol 2
) | L 058 0l2/ 6elo  Obly ooz 012l® /e 5o 1o8  oas 0/0L

. R A D S




I
i
i
;
{
i
1o
]
ey
"""] 53 (18] .
.
2
&
e
o | R S}‘
o 1 1_,{
i
H
i




2

ey
e

1
1
¢
1
¥
¥
e OB A Y
Y e MY e g
)
i
O~ 0O
~y

N ~F SR S
Aod Y e

[T S WD

]

+

i

[}

t

¥
~ QD
o
o~

r;mmm e

'

O)w..:v.
b4z

B ) Py 0O

t

§

i

3

}

1
Peod 8d e- D

s R e SN nla7e
——— —— 92¢ o587
e amee L mee 895 A762%
—— -— tiy gLz
e wem i DALES

—- ——— 94

— s FEST PR -

——— - 06

R T e e 820

046928

dglze
e 0BOER

It U 5.3 Oy ) 41 L FUNIN -2 SN FX- SN 3 SUIUNE - SR V.Y SO T - SO 4 )
——— —— 6L¢ 0ggge 0Y82 €L §4e 6 28 056 oLe
ST ABL 20 DDMEE LGP o LN 987 i AOS LB 070" oig
——— sze 248 greze 34 223 L3v 202 8i5 gse 28

. TTT e YW D09 OBDESL L OORLL 0§90 L FiJ €l . B9i . wp tig

S T e BLE 908 DEZEE 0002 62 e LOL e 02t e €60 GO0N e DCOL
-—- 0g °55 gzece 00514 vy 2id y0g e 2204 050
——- SELL L BER L 0YEES L 088l 901G 224 . Ldde e %90 Q80L. 03
- ==Y ey £99 p2oLY cell £ 754 £os £2g Citl 030

T SRl S UL SE % S+ £F S-SR oL 7 SRR Y SR 1.3 S 4 S S84 ...

e = G217 g
_— 712 654 128
e eS0T DAkl ze
- gyt 045g )
SOy & € IR 1 14 zZs

B R 1 - SO i - 152 S i.m

e GLRES c Ll e 29 i

2927

—
Aol
Y

.
~
i
o
=]
bia)
~r

i
}

(VAR o I oV BY 2el

-

~r

S o
bl :

-

<

&
a0 e O
[ A

MO D e

.
~y

NY¥IWN 2206000 YLI0L

0162% ocezy Y265 lioay WP
284 ., 898 L6L MY
oLt 0z it ozt FS2
810l 5L 216 Ny G
S%51g cioLe 0Z40€  Iriot

- oy - $ig &l ——— G20t LE
AP Y5 &Ym= F9R.L . BSA.. .06l | oeoy e -
uegl [444 L0z 98 AP 00t GZgl 67
J— e TS 88 US04 L L 0%8._ . i5Q2. . g2th ., 080, .8
1M gcs 04 i0s 616 0803 080L LE
e VS ESR L L GES L L FES. . nLol RIS AL - e P

.

3

P s 5 L i TLG e T s AL DZ0E,
iz 299 £84 s¢s oot
S SN LSS 3 SN -2 S o 5 1
082 2ue 1id i0% N
233 E0da e §CL zz5.. NiHES .
-y 1)
e & < LS shdmne L35 i’y o

zig 24z 062 L9
oLt

o BYRZL LY

70y

LA USRI

-3:FA

[N 5 T S

258

g8

x—-\f\f'h
[ I+ I S
o b e B B

594 Loy 882 L1 VTR

. 1 20 i BE :,.;.rmmirl}.r..m.:..rf O -5 R < S,

Sve 24y
e LY

54 106 %08
SRV SRR 1.5 TN < 1 X -

e s .

SN 3: ¥ N1 - TN

T A v 4

[4: 2 SN - S kmh.r‘»s,fiogo

| S m«.m....pl!-,cv
i 26T

o8, DR

D000
Foowm 03D

20000

o

-
5
RIS s

ORI L4 f DU

| ST L

05014 856
98 -

CLoL L6
008t 0ECh s

e an ~ - . - ”
. d35 . g3 : L 834 HYL ei=34} ACH ay i
H ¥ .
e e ot b et A2 umk%:...lz.,r.s.?ﬁ.ikert? e e b e

NOXISIAZY 0L 1l3rons_
590 ALNQODD
[EPRRRS-3: 11

5§ 3.Yis 8%

$66L ¥ITHIicRe 0L S66b B

\INIAMLADANON, L HYINLS L WY ZNI0HdIHS, .ertrc:wml? Jn

FELRLIBD. L L L O2INIW MIN -, AZAERS_

o.wua m«m» m.;...\ 4. FONCDIS 32 pzad
S PR VIR ho.L¢ I 13- ) rrtrr
"3¥8Y  WNAVE QO0TCD6ZE YSUY IGVNIVEQ Y wmmwmow

GV3I907039 - YOXMIANI, 3HL A0 INIWi¥Y42Q .S

JIPND 73DYVHISIA

FONLIDNOT w
N¥Soa . QUOBCT460. BISHNN,NOTLVLS,

FLVLS QZIINTL .

YL

e b a3 A A ©

2lv9¢

WOYNQIST
NLITLVY

vn
G

..,w
o o o o rnecn g g

247




Appendix: K U3 Bureau of Reclamation discharges for Mavajo
Reservoir
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)t

Berndette,

L was told that you are looking for Havajo Reservolir releases for
the period Januavy 1995 to the prasent. Attached is a hard copy
of those valuaes. DPl=ase note thai periodically we Yeview our
data and modify thess number. This has net been doug vet for the
period of January 1935 to tha present. Thus, these nunbers

o should be considered provisional,

I can get you this data in electonic format if vou need it. The
bast way is for me to Ewail it to you. I could alse send you a

disk, however ‘“\
(5 fﬁ
i

Frall com@uasunl.ue.usbr. gov
Phonea 801-524-3732
Fax 301L-524~5429

address Tom Ryan UC-292
Bureau of Reclsmation
125 8. State Straetl
salt Lake City, Ut.
84108
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Navajo Reservoir Releases

01-jan-1895
02-3an-1995
03-jan-19925
04-jan-1995
05-3an-13385
06-jan-13%95
07-jan~199%
08-jan-1995
09-7an-1995
10-jan-1995
11-jan-19$95
12-7&n-1995%
13-jan-1995
14-7a&n-1995
15-7an-1995
l16-1an~1995
17-7an-1995
18-jan-1995
19-9an-~19985
20-jan-1995
21-3an-1995%
22-jan-12385
23-jan-199%
24-jan-1995
25-3an-1935
26-jan-199%5
27-jan-1995
28-jan-1335
22-jan-1995
30-jan~-1995
31-jan-1995
01-£feb-19385%
02-feb-1995
03-feb~1995
04-feb-1995
05-fen-1995
06-feb-1995
07~feb-1998
08-feb-1995
09-feb-1995
10-feb-1985
li-feh-19%5
l2-feb-19%3
13 feb-1985
-feb-1925
lS-LGb L1595
16 feb-1995
7-feb-19953
18 feb-1995
19-Zeb-1995
20-feb-1995
21-feb-1995
"2—F9b W99C
3-feb-
24 be~¢995
25-feb-1995
26~ feb-1995
27-feb-1995

504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
S04
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
504

Navajo
Navajo
Havajo
Mavajo
szajo
\;.Vaj <
Navajo
Navajo
Navaijo
Navajo
Navaijo
Navajo
Navajo
Navajo
Mavajo
Navajo
Navajo
Navajlo
Navajo
Havajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navaijo
Navajo
Navaijo
Navajo
Navajo
Navajo
Navajo
HMavajo
Navajo
Navajo
Havaijo
Navaijo
Mavajo
Navajo
MNavajo
Navajo
Navajo
MNavajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navaio
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Daily
Daily
Daxily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Dally
Daily
Daily
Daily
Daily
Deily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Caily
Daily
Daily
Daily
Daily
Daily
Dai 1y
Jdll}'

Daily

Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
DaiTy
Dai l}’
Daily
Daily
Daily
Daily
Daily
Daily

0

Release
Release
Release
Releage
Release
Releasea
Rel=zase
Release
Release
Release
Relzase
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Raelease

Ralease
Release
Releasa
Release
Release
Release
Ralease
Release
Release
Releage
Release
Release
Release
Ralease
Release
Release
Release
Release
Release
Releasge
Releaze
Relezse
Release
releage
Release
Release
Release
Release
Release
Release

(CFs)
(CFS)
(CFs)
(Crs)
(CFS)
(CF3)
(CFS)
(Crg)
(C¥s)
{CFS)
(CFS)
(CFS)
{CFS)
(CFS)
((‘FS)
(C¥3)
(CFS)
(CEs)
(CFS)
(crs)
{CFS)
(Crs)
CFS)
(CFS3)
(Ccra
)
(CF:)
{CFS)
(Crs)
(CFs)
{Crs)
{CF8)
{CFS3)
{(CF3)
(CFS)
(CFS)
(CFs)
(Cr 5)
(CF3)
(CF8)
(CFg)
(Cws)
{CFS)
(CFS)
(CFs)
{CF3)
(CFrg)
{CFs)
(C1rs)
(CFS)
(CF3)
{CFS)
(CF3)
{CF3)
(Crg)
(CFg)
(CFS)
(CFS)




28-feb-1995
0l-mar-1995
0Z2-mar-1995
03-mar-1995
04-mar-1995
05-mar-129953
Q6-maxr-1993
07-mar-1995
08-mar-1995
09-mar-1995
10-maxr-1895%
11-mar-1995
12-mar-~19895
13-max-1995
L4-mar-1993
15-mar-1895
le-mar-1995
17-mar-1995%
l8-mar-1385
19-mar-1995
20-mar-1995
21l-mar-1395
22-mar-1995
23-mar-1%95
24-maxr-1995
25-mar-19385
26-mar-1995
27-mar-1995
28-mar-1995
29-mar-~-1995
30-mar-1995
31l-mar~1995
01l-apr-1985
02-apr-19355
03~apr-1995
C4-apr-1995
S-apr-199S
06-apr-1995
07-apr-1395
08-apxr-1995
09-apr~1985
10-apr-15385
11l-apr-1995
12-apr-1985
13-apr-1985
la-apr-1995
15-apr-1995%
I6-apr-1995
17-apr-13895
18-apr-1985
19-apr-19585
20-apr-13995%
2l-2pr-19935
22-apr-199%
23-apr-1895
24 -apr-1995
25~apr-1995
26-apr-1995
27-apr-19395
28-apr-1995

504

504

S04

504

504

504

504

S04

810G
1596
1999
2016
20186
2018
2018
2016
2016
2018
2016
2018
2016
2016
2016
2016
2016
Z016
2016
2016
2016
20%6
2016
2016
2016
2016
2487
2520
2520
2520
2520
2520
2520
2520
2520
2520
2520
2520
2520
2520
2520
2520
2520
3021
3024
3024
3024
3435
3529
3529
3528
3529

Navajo
Navajo
Navajo
Navaijo
Mavajo
Navajo
Navajo

Navaio I

Navaijo
Navaio
Navajo

Navajo I

Nawvajo
Navaio

lavajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Mavajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
MNavajo
Navajo
Navajo
Navajo
Navajo
Navaijo
Navajo
Navajo
Navajo
Navajo
Navajo
Mavajo
Navajo

2

Dal l‘j
Daily
Daily
Daily
Dailiy
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily

Daily

Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily

Release
Leleage
Release
Release

Release
Ralease
Release
Release
Ralease
Eelease
Releasa
Release
Release
Ralease
Release
Palease
Ralease
Release
Rele:zsea
Rel
Relaase
Releasa
Release
Release
Release
Release
Release
Release
Release
Release
Releage
Release
Release
Release
Release
Releasea
Release
Releage
Release
Release
Release

2

(CFs)
(Crs)
(CF3)
(CEFS3)
{CFS)
(CFSs)
(CFS)
(CFS)
(CF3)
(CF8)
(CFs)
(crs)
(CFS)
{CFS)
{CFS)
(CrS)
{CFS)
(CFS)
(Crs)
(CFS3)
{(CF3)
{(CFS)
(CFS)
(CFS)
(CFrs)
{CFS)
(CFS)
(CFS)
(OFs)
{CEFS)
(CFS)
(CFS)
(CFS)
(Crs)
(CFS)
(CFS)
(crs)
{Crs)
(CFS)
{(CFS)
(Crg)
(cwsg)
(Crs)
(CFS)
{Crs)
(CFS)
{CFS)
(CFS)
{CFS)
(CFS)
(CFS)
(CFg)
(CFS)
(Crg)
(CFS)
(CFS)
(CPS)
(CP3)
(CFS)

(CF3)




Z29-apr-1335
30~apr-18%3
0l-may-1835
02-may-199%
03-may-1%95
04-may-1L9355
05-may-198%5
06-may-19385
07-may-1995
08-may-19%5
0%-may-1995
L0-may-~199%
ll-may-1985
12-may-199%
13-may-1985
l4-may-1955
15-may-1395
16-may-1295
L7 -may~-189%
18-may-1995%
19-may-13295
20-may-1995
21-may~1995
22-may-~1595
23-may-1995
24 -may-199%
25-may-193%
26-may-1.995
27-may-1995
28-may~-1995
29-may-1995%
20-may~-19955
3l-may-1995
01 -jun-19%%
02-jun-19253
03-jun-199%
04-Jun-19935
05-jun-1995
06-jun-~3199%
07-4un-1995%
08- jun-.933
09-jun-199
10-jun-~ 199;
11-jun-1995
L2-jun~-1995
13-jun-1995
l4-jun-16385
15-7un-19895
16-jun-1995
17-jun-199%
18-jun-1995
19-3un-1995%
20~-3un-~-1995
231-4un-199%
22-jun-1995%
23-jun-1595
24-3un-1995
25-jun-1995
~jun-1995
27-3un-1995

3529

3629
3730
3831
3832
3832
3832
2033
4134
4234
4335
4436
L1436
44386
4237
4538
4739
4339
4240
4340
4540
5041
5041
5041
5041
5041
5041
5041
5041
5041
5041
5041
5041
5041
5041
5041,
5041
5041
5040
5041
5041
5041
S041
5041
4340
4839
4739
4739
4739
4537
4436

35
4134
4033
4033
4033
38562
3226

Navajo
Navaijo
Navaijo
Navajo
Navajo
Navaijo
Navaijo
Nav.jo
Naviijo
Navaijo
Navajo
Navajo

Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily

Navajo Da

Navajo
Navajo
Navajo
Navaijo
Navajo
Navaio
Navajo
Navaijo
Navaijo
Navaijo
Navajo
Navaio
Navajo
Navaijo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navaijo
Navajo
Navajce
Navajo
Navaijo
Navajo
Mavajo
Navajo
Navajo
Navaijo
Navaijo
Navaijo
Navaijo
Navajo
Navajo
Navajo
Navajo
Navajo
Navaijo
Navaijo
Navaijo
Navaja
Navajn
Navaijo
Navajo

al J.[
Daily
Daily
Daily
Dally
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Dail-
Daily

atly
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Paily
Baily
Daily
Raily
Daily
Daily
Daily
Daily
Daily
Daily
Daily

Daily R

Daily
Daily
Daily
Paily

Release
Release
Releasea
Release
Releasa
Release
Release
Ralease
Raeleasge
Release
Raeleaseae
Release
Release
Release
Release
Release
keleasge
Release
Ralease
Release
Release
Releage
welezse
Celease
Release
Release
Relnase
Releage
Release
Release
Release
Release
Releass
Release
Release
Release
Ralzase
Release
‘{aj [E=R2Ts]
Raleage
Raeleases
Releage
Release
Ralease
Feleasae
Relaase
Release
Releasa
Release
Release
Release
Releage
Release
Releass
Release
alaase
Release
Relaase
Release
Release

(CF3)
(CFs)
(CF3)
(CFS)
(CFS3)
{CF3)
{CP3)
(CTFS3)
(CFS)
(CF3)
(CFS)
(CPS)
(CFS3)
(CFS)
(C“")

{(CF3)
(Crs)
(CWG)

na)
(LTS)
(CFS)
(CF3)
(CF3)
(CFS)
( ‘F «)
(

(‘F‘)
{(CrS)
(CFS)
{CFS)
(CFS)
(CF8)
{CFS)
{CFS)
(CFS)
(CFS)
(CF8)
(CFS)
(CFS)
(CFS)
(Crg)
(CFS)
(CFS)
(CFS)
(CF8)

ey




28-jun-31995
29-jun-1998
30-jun-1995%
01-jul-1995
02-3ul-1995
03-jul-15963
04-4ul-1595
05-jul-1995%
06-jul-1995
07-3ul-1395
08-3ul-19953
09-3ul-1995
10-3ul-1995
11-jul-1995
12-jul-1995
13-jul-1995
14-jul-1995
15~jul-1995
16-jul-1985
17-jul-1395
18-jul-19295
19-jul-1995%
20-jul-1995
21~3ul-1985
22-jul-1595
23-jul-1995
?d—jul 1955

5-3ul-19358
25 ]u7—1995
27-3u1l-1995
28-4ul~1995
29-jul-1695
30-jul-1995
31-jul-1995
Ol-aug-1885
02-aug-158%
03~aug-1995
04-aug-1995
05-aug-1995
0G-aug-19385
07-aug-1995
08-aug-15985
09-aug-1895
10-aug-199%
ll-aug-1995
12-aug-1585
13-aug-199%5
l4-aug~1295
15-aug-1995
16-aug-19295
17-aug-1995
18-aug-1995
19-aug-1995
20-aug-1995
21 ~3ug-1995
22-3ug-1995
23-aug-19%%
24-aug-1995
25-aug-1395
26-audg-19958

3024
2823
2419
24193
2419
2419
2418
2218
1923
1529
1209
1209
1109
1008
907
8046
806
306
806
806
806
506
806
206
8046
g08
506
306
806
8306
806
806
806
806
806
B06
806
306
808
806
806
306
806
806
2806
806
806
806
806
506
306
806
806
808
806
806
3086
306
806
806

Navajo
MNavajo
Navajo
Mavajo
Navajo
Mavajo
Havajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
lavajo D
Navajo
Navajo
Navajo
Mavajo
HMavajo
Navajo
Navajo
Navajo
Navajo
Navaijo
Navajo
Navajo
Mavaijo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navaijo
Navajo
Mavajo
Navajo
Navajo
Navajo
Mavajo
Navajo
Navaijo
Navajo
Mavajo
Mavajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Mavajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo

25

Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Diail
Daily
Daily
Daily
Daily
ily
u_ly
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Jaily
Dai ly
DaWJy
Daily
Daily
Daily
Daily
Daily
Daily
Raily
Daily
Daily
Daily
Daily
Daily

Daily

Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily

Daily R

Daily
Daily
Daily
Daily
Daily
Daily

Daily F

Daily

Daily I

Daily

Release
Release
Release
Releasge
Relsase
Release

Release
Release
Release
Release
Relmase
Release
Releasea
Release
Release
Releage
Relea
Rele
Releassa
Release
Release
Releavs
Relea: o
Release
Release
Release
Releasea
Release
Release
Release
Release
Raleaga
Relensa
Release
Release
Release
Release
Release
Release
ReLLa?e
Rele
Qeleas
Release
elease
Release
Relzase
i{e] €-C L ‘/"
Release
Release
Release

5

0]

Daily Re

Daily |

Daily

3

Releage

{CFS)
(CFS)
(CFS)
(CF3)
(CF3)
(CES)
{(crs)
(CFS)
(C¥S)
(CFS)
(CFS)
(CFS)
(CF3)
{(CFS)
(CFS)
(CFS)
(Crs)
(CF3)

(CF8)
(CFs)
(CFS)
(CF3)
(CF3)

(CFs)
(CF3)
(CFS)
(( F».))
(CFS)
(Crs)
(CFS)
{CFS)
(CFS)
(CFS)
{CFS)
(CF5
(CFS)
(CFSY
(CFS)
(CFS)
(CF3)
(CFS)




27-aug-1285
28-aug-1995
29-aug-1925
30-aug-~1995
31-aug-19385
0l-sep~1895
02-sep-1995
03-sep-1995
04-sep-1395
05-8ep~13385
06-sep-1395
07-sep~-1995
08-sep-1395
09-s52p~1395
10-sep-1295
1l-3ep-1995
12-5ep-198%5
13-sep-1995
14-sep~-19385
15-5ep-1595
l6-sep-1995
17-sep-19395
18-sep-1995
19-sep-199%
20-sep-1985
21-sep-1995
22-52p-1995
23-5ep~-19%5
24-s5ep-19%5
25-sep-1995
26-5ep-1985
27-5ep~-15895
28-sep-19985
29-5ep-1995
30-5en-1595
01l-oct-1985
02-o0ct-1385
03-0ct~1985
04-oct-1985
05-0ct~1995
06-0ct-1935
07-0Cct-1985
08-o0ct-1585
09-0ct-1925
10-0ct-1285
ll-0ct-1995
12-0ct-1995
13-0ct-1985
14 -0ct~1995%
15-o0ct-1985
Le-oct-13895
17-0ce-1995
18-0ct-1835
18-0cr-~12385
20-0ct-1395
21-0ct-1385
22-cct-1885
23-0ct-1995
24-0ct-1995
25-0ct-1595

Navajo
Navajo
Navajo
Navajo
Navajo
Wavaijo
Navajoc
Navajo
Navajo
Navajo
Navajo
Navajo
Navaio
Navajo
MNavaijo
Mavajo
Navajo
Navaijo
Navajo
Nawvajo
Navajo
Navajo
Mavajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Mavajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Mavajo
Navajo
NMavajo
Wavajo
Navajo
Navajo
Navaijo
Navajo
Navajo
Navaijo
Navajo
Navajo
Navajo
Navajo
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Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
PDaily
Daily
PDaily
Daily
Daily
Daily
Daily
Dailly
Daily

Daily

Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily

Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Relaase
Release
Ralease
Releas:
Releasa
Release
Release
Release
Release
Release
Release
Release
Releasae
Release
Release
Release
Ralease
Release
Release
Release
Releage
Release
Releage
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release
Release

(CFS)
(CFg8)
{CFs)
(CF38)
(CP3)
(CFS3)
(CFS)

Crs)

(CFS)
(CF3)
{(Crs)
(CFS)
(CFS)
(CFS)
(CFs)
(CF3)
{(CFS)
(Crs)
(CrRS)
(CFs)
{CFS)
(CFs)
(CFS)
(CF3)
(CFS)
(CFS)
(CFS)
{CFg)
{CFS)
(CFS)
(CF5)
(CFS)
(CFS)
(CF8)
(CFS)
(CFS)

}*.j L5

hhunuuhnin®w
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26-cCc-1895
27-cct-19385
23-cct-1995
29-0c12-1995
30-oct-1985
3l-o0ct-1995
0l-nov-1995
02-nov-1985
03-nov-1995
04-nov-1995
05-nov-1885
06-nov-19385
07-nov-1995%
C8~nov-1995
09-nov-1395
10~-ncv-1%95
l1l-nov-199%
12-nov-1995
13-nov-189%s
14-nov-1995
15-ncv-15985
l6-nov-1995
17-nov-19985
18-nov-1395%
19-nov~-19395
20~-nov-1995
2l~nov-1%89S
22-no0v-1998
23-nov-1995
24-nov-1995
25-nov-1955
26~-n0v-1995
27-nov-1985
28-nov-19%5
29-nov-1985
30-nov-1995
0l-dec-1995
02-dec-1995%
03 -dec-1995
N4-dec-1995
05-dec-1995
06-dec~1395
07-dec-19395
08~-dec-1995
09-dec-~-1995
10-dec~1995
11-dec-1395
12-dec-19985
13-dec-1395
l4-dec-1995
15~-dec-1995%
16-dec-1995
17-dec-1995
18-dec-1995
19-dec~-1995
20-dec-1995
21-dec-1995
22-dec-1995%
23-dec-1995%
24-dec-1955

806
806
806
806
806
806
306
806
eos
506
806
806
806
806
808
806
808
806
306
B0&
806
806
806
806
806
306
306
806
806
808
306
806
B06
806
806
808
806
808
806
506
806
806
306
806
806
806
506
806
808
806
804
306
306
606
8Ce
804
806
806
805
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Navajo Daily
Navajo Daily
Wavajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Mavajo Daily
Mavajo Daily
NHavajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
HNavajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
MNavajo Daily
Havajo Daily
Navajo Daily
Mavajo Daily
Navaijo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navaio Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navaijo Daily
Navajo Daily
Navajo Daily
Mavajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navajo Daily
Navaio Dajily
Navajo Daily
Mavajo Daily
Navajo DRaily
Navajo Daily
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25-dec-1995
26-dec-1995
27-dec-1995%
28-dec-~199%
29-dec-1395%
30-dec-1595
31-dec-1293
0L-jan-1996
02-jan-1996
03-jan-199§
D4-jan-1596
05-jan-1996
06-jan-1296
07-jan-1596
08-jan~195%4
08-jan-1996
10-jan-1996
1l-jan-199%¢
12-3an-1996
13-jan-1996
l4-jan-199¢
15-jan-199%96
l16-jan-19936
17-jan-19%5
18-jan-1996
19-jan-1994
20-jan-1996
21-jan-1%96
22-jan-1994
23-jan-199¢
24-jan-~1996
25-3an-1396
26-jan-1996
27-jan-1996
28-jan-1996
29-jan-1996
30~-jan-1994
3L-jan-1996
01l-feb-199¢5
02-feb-1996
03-feb-19596
04-fah-1996
05- feb—*996
06~febh-1996
07- ien 1926

~feb-1995
09-feb-1936
10~-feb-1396
11-£feb-1996
12-feb-1996
13-feb-1995
l4-feb-1934
15-feb-199¢
16-feh-199¢
17-feb-1996
13-feh-199%8
19-feb-1996
?W feﬁ—x996

252

252
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424
504
504
504
504
504
504
504
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504
504
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504
504
504
504
504
504
504
504
504
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504
504
504
504
504
504
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Havajo
Navajo
Navajo
Navajo
Navaijo
Navajo
Navajo
Navajo

h“vajo

Nzvajo
Navajo
Wavajo
Navajo
Navajo
Navajo
Navajo
Havajo
Navajo
Navajo
Mavajo
Mavajo
Navajo
Navajo
Navaijo
Navaijo
Havaijo
Navajo
Navajo
Havajo
NHavaijo
Mavajo
Nevajo
Navajo
Navajo
Ravajo
Navaijo
Navajo
Mavajo
Navaijo
Mavajo
Navajo
Navajo
HNavajo
Navajo
Mavajo
Navajo
Mavajo
Navajo
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Navajo
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Havajo
Navajo
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Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Laily R

Daily

Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily 1
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23-feb-199s6
24~-febh-199¢
25-feb-194%4

s ~feb-1956
27-febh-1595
28-feb-1995
29-feb-199¢
0l-mar-1935s
02-mar-199¢
03-mar-1996
Q4-mar-199¢
O5-mar-1994
06-mar-199¢
07-mar-19s54
08-mar-~19386
0%-mar-19%6
l10-mar-1596
11-mar-199¢
1l2-mar-199¢
13-mar-19ue
ld-mar-199¢
l%-mar-1996
l6~mar-199s
17-mer-199s5
l8-mar-1994
18-mar-19ss
20-mar-1.994
21-mar-199s
22-mar-199s5
23-mar-159s
24-mar-1996
25-maxr-1996
26-mar-1994
27-mar-199¢
28-mar-199¢
29-mar-19956
30-mar-1996
31-mar-1996
0l-apr-159¢
02-apr-139¢
03-apr-199¢
O04-apr-iv9s
O05-~apr-1996
6-apr-1956
07-apr-1596
OB-apr-199s
09-apr-199¢
10-apr-199s
ll-apr-1396
12~apr-199¢
13-apr-1996
lé-apr-1996
15-apr-199¢
l6-apr-1994
17-apr-199¢
18-apr-~19ss
19-apr-1996
20-apr-1994g
21l-apr-199s
22-apr-199¢
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504
504
S04
504
504
504
S04
504
504
504
504
504
504
504
504
504
504
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%04
504
504
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a4
504
504
504
504
504
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504
504
504
504
504
504
504
504
504
504
504
504
504
504
504
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504
504
5G4
504
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8504
504
534
504
504
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Navajo
Navajo
Navajo
Navajo
Navajo
Mavajo
Navajo
Navajo D
Navaijo
Navajo
Navaijo
Navajo
Mavajo
Navajo
Navajo
Navaijo
Navajo
Navajo
Navajm
Navajo
Navajo
Navajo
MNavajo
Navajo
Mavajo
Mavajeo
Mavaijo
Navaijo
Navaijo
Navajo
Navaijo
Navajo
Navajo
Navaio
Navajo
Navajo
Navaja
Navaijo
Navajo

Navaijo 1

Havajo
Havajo
Navaio
Navajo
Navajo
Navaijo
MNavajo
Wavajo
Navaio
Navajo
Havaijo
Navaijo
Navajo
Mavajo
Navajo
Navaijo
ravajo
Mavaio
Navaijo
Navajo

Daily
Daily

Daily

Daily
Daily
Da*ly

atny
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Dai]y
”a'l }r
Daily
Daily
Daily
Daily
Daily
Daily
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Daily
Daily |
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Daily
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Odliy
Daily
Daily
Daily
Daily T
Daily
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Daily
Daily
Daily
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elease
Releasa

Jease
Release
Release
Release
Ralease
Release
Release
Releasge
Release
Release
Release
Release
Ralease
Release
Release
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Releaga
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Release
Release
Releage
Relea ASe
Release
Release
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Feleage
Release
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Release
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Relsase
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Eelease
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(CFS)
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(CF3)
(CFS)
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(CF3)
(C¥s3)
(CFS3)
(CEs)
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(CF3)
(Crg)
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{CFS)
(CF8)
(CFS)
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{(CFS)




23-apr-1%9s
24 -apr-1994
25-apr-1996
26-apr-1996
27-apr-1996
28-apr-1994
29-~apr-19%6
30-apr-199¢
0l-may-1296
02-may-1996
03-may-135396
04 -may-19596
05-may-1%96
06-may-19946
07-may-1996
08-may-1996
03-may-1998
10-may-1996
11-may-1596
12-may-19986
1l3-may-1396
14-may-1996
15-may-1936
le-may-1996
L7-may-1996
18-may-1996
19-may-19296
20-may-1996
21-may-19596
22-may-1996
23-may-1596
24-may-1996
25-may-199%6
26-may-1996
27-may-1996
28-may-1996
25-may-1996
30-may-1996
3l-may-1996
01-jun-1996
02-jun-1396
03-4un-1996
04~-jun-1996
05-3un-1294
06-jun-1996
807-jun-1396
08-3un-1596
09-Jun-1996
10-jun-1994¢
1l-jun-1996
12-jun-199%
13-jun-129s
14-3un-199s
15-jun-1996
15-3jun-199s6
17-jun-1296
i8-jun-1996
12-jun-1594
20~4un-1994
Z1-jun-199s6
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504
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504
504
504
504
504
504
504
S04
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504
504
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2520
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Daily
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Release
helease
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Pelease
Raleasa
Release
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Releasa
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22-jun-199s5
23-jun-199%
24-jun-19956
25-jun-199¢
26-3jun-1996
27-jun-199¢
28-jun-1%94
25-jun-1994
310-jun-1996
0l-jul-1995
02-jul-1996
03-jul-199s¢
04-jul-1996
05-3ul-1996
06-3ul-1996
07-3ul-1995
08-jul-199¢
09-4ul-1398
10-jul-1998
11-jul-199s
12-jul-19%s
13-jul~193s
l4-jul-1996
15-jul-199¢
16-jul-1996
17-jul-199s¢
18-jul-199s
19-3ul-1995
20-jul-199s
2L-jul-199s
22-jul-1996
23-3ul-19%¢
24~3ul-~-1998
25-jul-199¢
26-jul-199s
27-jul-199s
28-3ul-199¢
29-jul-199s
30-jul-199%
31-jul-199s
Ol-aug-1996
D2-aug-199¢
03-aug-1996
N4d-aug-19956
05-aug-~1996
U6-aug-1996
07-aug-1896
08-auy-199¢6
0%-aug-1994
i0-aug-1996
ll-aug-199¢
12-aug-199s5
13-aug-1996
l4-aug-1995
15-aug-1996
ls-aug-199¢
17-aug-199s
18-aug-1996
19-~aug-1996
20~aug-199%6
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1731
1327
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Daily
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Daily
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Daily
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Releasge
Ralease
Release
Release
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Release
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Release
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Releasa
Release
Release
Release
Release
Release
Release
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(CF3)
{(CF3)
(CFs3)
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(CP8)
(Crg)
(CF3)
(CF3)
(CFs)
(CrFs)
(Crs)
{CFS)
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(CF3)
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(CrS)
(CF8)
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21l-aug-1936
22-aug-1998
23-aug-199¢
24-aug-1996
25-aug-1996
26-aug-1996
27-aug~-1996
28-aug-1994
29-aug-1996¢
30-aug-1236
3l-aug-1996
O0l-sep-199s6
02-sep-139%
03~-sep-1995
04-5ep-1996
05-sep~1394%
06-8ep~-1936
07-sep-199%
08-sep-1996
09-sep-~-1934
10-sep-199¢
ll-sep-1996
l2-8ep-1998
13-sep-19926
l4-sep-199%6
15-sep-199¢6
l6-8ep-1996
17-s5ep-199%6
18-3ep~1596
19-sep-1996
20~sep-1996
2l-sep-1996
22-sep-1996
23-sep-199¢
24-3ep-1996
25-sep-19596
26-gep-1996
27-sep-1396
28-5ep-1996
29-3ep-1996
30-sep-1296
0l-octi-1996
02-~0ct-1996
03-0ct-1996
Q4-oct-1396
05-0ct-1996
06-0cct-1996
07-oct-199%6
08-~oct-1996
09-0ct~-1996
10-oct-1996
il-oct-1596
l2-0ct-1995
13-o0ct-1996
l4-oct-1938
15-0ct-1996
l6~o0ct-1994
17-0ct-1998
18-oct-195%
19-~0ct-198¢
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604
504
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6§04
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504
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604
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604
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604
GO4
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604
604
604
604
GO4
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Navajo
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MNavajo
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Mavaijo
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Navajo
Navajo
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Navajo
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Navajo
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Navajo
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Navajo
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Navajo
Navajo
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Navaijo
Navajo
Navajo
Navajo
Navajo
Navajo
Navajo
Navaijo
Navajo
Navajo
Nawvaijao
Nawvajo
Navajo

Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily

Daily

Daily
Caily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
PDaily
Daily
Daily
Daily
Paily
Daily
Daily
Daily
Daily
Toally
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Helease
Release
Release
Release
Releasc
Release
Release
Ralease
Release
Release
Release
Relaase
Rel=zase
Releasa
Release
Release
Release
Release
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Relsase
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(CF3)
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(CF8)
{CFrs)
(CF3)
(CFS)
(CFS)
(CEFB)
(CF3)
(Crs)
(CFS3)
(CFS)
(CFS)
(CFS)
(CFS)
(CFQ)
(CFS)
(CF3)
(CFS)
(Crg)
(CFS)
(CFS)
(CFS)
(CFS)
(CFS)
(CFS)
{CFS)
(CP3)
(CF3)
{CF3)
{CFS3)
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20-oct-1996 §04 Navajo Daily Release (CFS)

2l-oct-1386 604 Navajo Daily Release (CFS)
22-0oct-19%4 604 Navajo Daily Release (CF3)
23-0c¢ct-15%6 604 Navajo Dailly Release (CFS)
24-0cn-1996 604 Navaje Daily Releasze (CFS)
25-0ct-19%8 6504 Navajo Dally Release (CFS)
26-0ct-1998 504 Navajo Daily Release (CFS)
27-0ct-13%9¢6 604 Navajo Daily Release (CF8)
28-0ct-1936 604 Navaio Daily Release (CFS)
29-oct-1996 604 Navajo Daily Release (CFS)
30-oct-19%s G604 Mzvaijo Daily 1 (CFS)
3l-oct-1936 604 Navajo Daily 1 a (CFs)
01-nov-~-1996 504 Navajo Paily R se (CF8)
02-nov-1396 G604 Mavajo Daily Release (CFS)
03-nov-1996 604 Wavajo Daily Release (CF3)
04-nov-1926 472 Wavajo Pally Release (CFS)
05-nov-1996 321 Navajoe Dailly Release (CFS)
Q6-nov-1995 302 Navajo Daily Release (CFS)
07-nov-1996 302 Navajo Daily Release (CFS)
08-nov-1939% 302 N“Vﬁjo Daily Release (LF;)
09-nov-1996 302 : Daily Release (CF3

10-nov-1934 302 Daily Release ("”S)
L1l-nov-1996 102 3 Paily Release (CFS)
12-nov-19926 302 Mavajo Dally Releasse (CFS)
13-nov-1998 302 Mavajo Daily Release (CF3)
14-nov-199%6 302 Navajo Daily Helease (CFS)
15-nov-1996 302 Havajo Dailly Release (CFS)
16-nov-1956 302 Mavajo Dally Release (CFS)
17-nov~1996 302 Navajo Dally Releass (CFS)
18-nov-1926 256 Navajo Dailly Release (CFS)

All data is provisgional and subject to review and modification
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Appendix: L

Atwood, W. W, and Mather, K F., 193 ?, rhysiography and Quaternary Geology

of the San Juan Mountains, Coio.adc) UsGeclo !i(;al bui\my Hrofessional
Paper 166

Charléy, Parry, 1995-1996, Reclaimation Spacialist, Mave «30 MNation Abandon
Mines Land Program, Personal communication.

Davis, 8. M., and Dewiest, R. J. M., 1866, Hydrogeology, p. 266, 328, 396,
F . ]

Driscoll, Fleteher G., 1986, Groundwater and Wells second edition, p. 104,

Ding College (formaly Navajo Community College), 1995-1838, UMTRA site
flocdplain water lavels are collected by the u;urxonu at Navajo Dryiland
Environments Laboratory in Shiprock, New Mexico.

Dom: nico, P. A, and Schwartz, F. W., 1890, Physical and Chemical
Hydros aology, n. 289,

Gillamn, Mary .., 1896-1897, Geologist, Personal communication.

Gillam, M. L., Moore, D. W, and Scott, G. R., 1984, Quaternary Depasits and
Soils in Lh@ Durango f—\r@z Southwestern (,ulorado Field Trip Guideboonk for
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