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Executive Summary

On behalf of the Hopi Tribe, Daniel B. Stephens & Associates, Inc. (DBS&A) has performed a

waste characterization investigation and expanded groundwater investigation at the Tuba City

Landfill (TOL). The TCL is located on lands of the Hopi Tribe and Navajo Nation, approximately

1 mile east of the Hopi Villages of Moencopi and Upper Moenkopi, Arizona and the Navajo town

of Tuba City, Arizona. Because of the TOL's location, project activities have also been

coordinated with the Navajo Nation Environmental Protection Agency. The project was

completed under funding provided by the Bureau of Indian Affairs (BIA). The BIA operated the

30-acre landfill and is now addressing requirements for landfill closure. In order to facilitate

plans for final closure and remediation activities, this report addresses waste characteristics,
waste depth and quantity, and groundwater conditions.

The project was completed between March and November 2007, with field work conducted

during July and August 2007. The following tasks were completed:

" Task 1 - Waste characterization:

- Drilling, including 79 small-diameter borings for radiation measurement and 22 large-

diameter borings for waste sample collection (101 borings total)

- Measurement of dlownhole radiation levels in waste borings

- Sample collection in waste borings for laboratory radionuclide testing

- Determination of waste depth

- Determination of groundwater table depth

* Task 2 - Drive-point monitor wells: Installation and sampling of three groundwater

monitor wells near Pasture Canyon

During the waste characterization investigation, field radiation measurements using a dlownhole

gamma monitor and handheld geiger counter and gamma spectrometer indicated that all waste

samples have radiation at background levels. None of the waste tested was found to contain

radiation levels that constitute low-level radioactive waste. Laboratory testing also determined

that the waste tested did not meet the limits that would constitute hazardous waste. Arsenic,
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copper, strontium, and vanadium, some of the contaminants that have impacted groundwater,

are present at elevated concentrations compared to native soil and rock from core outside the

landfill. Visual inspection of waste cores indicated that the waste in the landfill is primarily

'comprised of soil, with ash from burned waste being the most commonly observed waste

material. Other waste materials observed include glass, metal, plastic, wood, Wallboard,

asphalt, paper, bone, and fabric, but these materials were found in very small quantities. Waste

testing demonstrates that most waste in the TCL constitutes municipal solid waste, and does

not meet the regulatory criteria for radioactive or hazardous waste. However, the waste

characterization investigation cannot rule out the possibility that isolated radioactive or

hazardous waste is present within the landfill.

The three new monitor wells installed during this investigation (MW-29, -30, and -32) show that

groundwater contaminant impacts from the TOL extend to the shallow groundwater in alluvial

sediments along Pasture Canyon. Sampling indicates that maximum contaminant levels

(MCLs) are exceeded for uranium, gross alpha, arsenic, sulfate, chloride, and total dissolved

solids (TDS). Uranium concentrations exceed standards at MW-29 and -30, indicating that the

groundwater plume extends over 4,000 feet from the TCL and has impacted shallow

groundwater along Pasture Canyon. The similarity of water quality constituents and

concentrations in the wells near Pasture Canyon to other TCL monitor wells indicates that these

impacts to downgradient groundwater quality near Pasture Canyon are almost certainly

attributable to the TCL.

A revised closure cost estimate was prepared using the investigation results to refine the

closure cost estimate from previous estimates prepared in 1999 and 2006. The cost estimate

includes clean closure of the landfill, the preferred alternative of the Hopi Tribe, the Villages of

Moencopi and Upper Moenkopi, and the Navajo Nation Tuba City Chapter. The estimated cost

for clean closure and groundwater remediation is approximately $33 million. The cost estimate

has increased as a result of the findings of this investigation due to the amount of soil found in

waste core samples, resulting in an increased waste density, and the expanded groundwater

plume reaching monitor wells MW-29 and -30. The cost estimate is based on removal of

307,000 cubic yards of waste for disposal at a permitted off-site disposal facility and installation

of a groundwater remediation system.
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The new groundwater monitor wells show that the contaminant plume extends to within

2,600 feet of the Moencopi water supply springs and the Upper Moenkopi supply wells. The

TCL groundwater contaminant plume imminently threatens drinking water supplies used by

Moencopi and Upper Moenkopi and springs used for irrigation of crops. To respond to this

threat, efforts should be advanced immediately to design and implement a groundwater

remediation system that will prevent continued contaminant migration and begin to restore the

N-aquifer water quality. While the contaminant source at the TCL needs to be addressed, the

downgradient groundwater plume needs to be contained and controlled, regardless of progress

with final closure of the landfill. The selection, design, and installation of a groundwater

remediation systemn should be initiated to start aquifer restoration.

Installation of additional monitor wells beyond the limits of known contaminant migration is

recommended to fully characterize the groundwater plume. Additional off-site contaminant

sources may also contribute to the groundwater plume, particularly related to the impacts

observed in the Navajo wells north of the TCL. The extent of migration has not been defined on

the west and south sides of the plume on Hopi lands or on the north side of the plume on

Navajo lands. In particular, one or more monitor wells should be installed on the west side of

Pasture Canyon, between the contaminant plume and the Upper Moenkopi supply wells.

Groundwater monitoring should continue at the TCL on a regular basis. Confirmation sampling

should be performed on MW-29, -30, and -32, to verify the water quality results from the first

monitoring event. The five deep monitor wells have been sampled infrequently; therefore,

sampling of the five deep monitor wells is recommended to examine if the shallow plume has

migrated into the deeper portion of the aquifer. A study of water quality of springs along Pasture

Canyon and Moenkopi Wash should also be initiated, as these springs are used as sources of
irrigation and drinking water. The spring sampling will allow development of a comprehensive

water quality database and should provide a mechanism to quickly detect any evidence of

increasing contaminant concentrations.
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1. Introduction

On behalf of the Hopi Tribe, Daniel B. Stephens & Associates, Inc. (DBS&A). has performed a

waste characterization investigation and expanded groundwater investigation at the Tuba City

Landfill (TOL). This report presents the results of the site investigation activities and provides

additional information to assist with planning the final landfill closure and remediation activities..

The project was completed between March and November 2007, with field work conducted

during July and August 2007. The investigation followed a work plan prepared in April 2007

(DBS&A, 2007a) as the first step of the project. In order to facilitate the selection of preferred

final closure alternatives and remediation activities, this report addresses waste characteristics,

waste depth and quantity, and groundwater conditions.

The waste characterization and groundwater investigation was performed for the Hopi Tribe, the

prime contractor, under a Public Law 93-638 contract with the Bureau of Indian Affairs (BIA).

The BIA Western Regional Office provided funding for the Public Law 93-638 project through

the BIA Hopi Agency. These investigation activities are part of the scope of work described in

DBS&A's contract with the Hopi Tribe, dated January 31, 2007. The Hopi Tribe Water

Resources Program (WRP) is the lead agency directing project activities. The project activities

have also been coordinated with the assistance of the Navajo Nation Environmental Protection

Agency (Navajo EPA).

The BIA has initiated a series of site investigation activities to develop plans for final closure of

the TCL. As the agency that formerly operated the TCL, the BIA is completing closure of the

TCL in accordance with its trust obligation to the Hopi Tribe and Navajo Nation. The BIA is

addressing requirements for closure and restoration of the site in accordance with the

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and the

Solid Waste Disposal Facility Criteria of 40 CFR 258.60. The waste characterization and

groundwater investigation was intended to support the CERCLA remedial

investigation/feasibility study (RI/ES) process recently implemented by BIA.

This report presents the details of the waste characterization and expanded groundwater

investigation, encompassing the following tasks:
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* Task 1 - Waste characterization: .

- Drilling, including 79 small-diameter borings for radiation measurement and 2,2 large-

diameter borings for waste sample collection (101 borings total)

- Measurement of downhole radiation levels in waste borings

- Sample collection in waste borings for laboratory radionuclide testing

- Determination of waste depth

- Determination of groundwater table depth if present within waste

* Task 2 - Drive-point monitor wells: Installation and sampling of three groundwater

monitor wells near Pasture Canyon

The primary goal of the waste characterization investigation is to increase understanding of the

waste regulatory classification for decisions on final waste disposition. The primary goal of the

drive-point monitor wells is to better characterize groundwater quality in the area downgradient

of the existing monitor wells.

A more thorough characterization of the physical, chemical, and radiological characteristics of

the waste disposed of at the TCL is needed to confirm the requirements for possible off-site

disposal facilities that may accept the waste under a clean-closure operation. A key issue for

final closure is a determination of whether any waste meets the criteria of radioactive waste.

The quantity of any radioactive waste must also be determined. Although radionuclides have

been detected in groundwater at levels exceeding maximum contaminant levels (MCLs), the

levels of radioactivity with respect to radioactive waste disposal criteria need to be determined.

The determination of quantities of waste that could require disposal as radioactive waste, as

compared to the quantity of typical municipal solid waste, is the most critical issue affecting

ultimate closure costs.
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2. Site Description, Operational History, and Waste Characteristics

Substantial efforts toward final closure at the TCL have been made over the past 10 years.

Several phases of site investigation have been conducted to study waste characteristics and

groundwater conditions. This section provides background on the site history.

2.1 Site Description

The TCL is located on lands of the Hopi Tribe and Navajo Nation, approximately 1 mile east of

the Hopi Villages of Moencopi and Upper Moenkopi, Arizona and the Navajo town of Tuba City,
Arizona. The TOL is located south of US Highway 160 and approximately 1.3 miles east of the

intersection of US Highway 160 and Arizona State Highway 264. The landfill location is shown

in Figure 1. As shown on the map, the 30-acre landfill is located mainly on Hopi Tribe lands,
except for a small portion of approximately 2 acres at the northern edge of the landfill that

extends onto Navajo Nation lands. Because of this unique land base situation, the BIA has

coordinated closely with the Hopi WRP and the Navajo EPA to keep all affected parties

informed of landfill closure and site investigation progress and to involve the tribes in the

decision-making process.

The Tuba City area is an arid, high-altitude desert characterized by average temperatures

ranging from 30 to 80OF and average precipitation below 8 inches annually. The geographic

coordinates are 36007'11 6.07"N latitude and 111 01 1'59.78"W longitude.

The TCL contains two landfill parcels set aside by the BIA for the area's waste disposal needs.

The older waste disposal area covers about 10 acres and the newer area covers about 20 acres

(Figure 2 and 3). Based on mapping of the waste disposal areas using a geophysical survey

(Sunbelt, 1999), approximately 22 acres of the 30 acres were used for waste disposal

(Section 2.3). The broader landfill site, including areas between waste disposal cells and

nearby monitor wells, covers approximately 300 acres. The landfill boundary and surrounding

area are shown on an aerial photograph of the site from October 1997 (Figure 4).

P.\_WR06-093\WasteCharlnv.2-08\TCL-WCI1208.doc3 3



Daniel B. Stephens & Associates, Inc.

2.2 Landfill Operational History

The TCL was operated by the BIA to serve the solid waste disposal needs of the region for

about 40 years, from the late 1950s until the landfill was closed and ceased further waste

disposal in August 1997. Because an operator was not regularly present at the site, the landfill

operated as an open dump. Access to the site was completely unrestricted, including

pedestrian traffic and livestock grazing across the site.

Landfill cells were excavated into the alluvial and aeolian sands and weathered bedrock of the

Navajo Sandstone. Trenches were excavated to approximately 10 to 15 feet below ground

surface (bgs). This trench depth reaches the shallow water table, resulting in saturated waste in

the lower portions of some waste cells across the site (DBS&A, 1999). As cells were filled with

waste, a sandy cover of variable thickness was periodically placed over the waste.

Based on the area's population, the landfill is likely to have received waste primarily from the

Tuba City area and, to a lesser extent, from the Moencopi and Upper Moenkopi area. Some

waste from other sources may also have been disposed of at the landfill over the years because

the site is located along a major highway and access to the landfill was uncontrolled. The

nearby Rare Metals uranium mill, which operated during the 1950s and 1960s, may have used

the landfill, and is considered a potential source of radionuclides detected in the groundwater

plume at the landfill (DBS&A, 2005). Rare Metals is now a Uranium Mill Tailings Remedial

Action (UMTRA) site managed by the U.S. Department of Energy (DOE).

Over the life of the landfill, the site was run as an open dump, without supervised operations or

restrictions on waste disposal. The landfill was closed to further disposal in August 1997; at the

same time, Coconino County opened a new waste transfer station in Tuba City. In August and

September 1997, the BIA Navajo Area Office conducted site cleanup activities to consolidate

and cover the exposed waste at the landfill. These actions substantially improved the landfill in

terms of limiting public exposure to the waste, improving air quality, and minimizing disease

vector concerns. The older disposal area currently has a sparse soil cover with solid waste

exposed across the surface and is not fenced, while the newer disposal area has been

completely covered with an interim soil cover and fenced.
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2.3 Previous Investigations

Since 1997, the BIA has developed plans with the Hopi Tribe and the Navajo Nation to conduct

a thorough site investigation prior to undertaking final landfill closure construction activities. The

Hopi WRP and DBS&A completed an initial site investigation of the TCL from November 1998 to

March 1999 and performed a final closure cost analysis; these activities are described in a

report titled Landfill Closure Investigation and Final Closure Engineering Assessment, Tuba City

Landfill, dated May 10, 1999 (DBS&A, 1999). The initial investigation included a waste

characterization sampling and testing program at the TCL that tested for hazardous waste in the

solid waste and landfill gas. The 1999 report provided the. results of waste characterization from

18 borings drilled in the landfill waste using a 7-%/-inch-diameter hollow-stem auger, with waste

samples collected using a 2-inch-diameter split-spoon sampler. Tests completed for this

investigation showed no evidence of hazardous waste or elevated landfill gas constituents of

concern. Radiological waste was not considered in the testing until groundwater testing later

revealed elevated uranium concentrations. The current waste characterization project builds on

the. initial study.

Additional phases of investigation have been ongoing at the TCL, including monitor well

installations (DBS&A, 2001 and 2002b), surface geophysical investigations (Sunbelt, 2005), and

geochemnical studies (Hopi Tribe, 2002; DBS&A, 2005). The most recent water quality sampling

event occurred in 2007 (DBS&A, 2007b). Based on DBS&A's evaluation of geochemnical data

for groundwater chemistry and mineralogy, the uranium in groundwater is from material

disposed of within the landfill and has been mobilized in landfill leachate (DBS&A, 2005). The

most likely source of the uranium-bearing materials and associated daughter products derived

from radioactive decay is waste that originated from the Rare Metals UMTRA site.

The TCL is located over the Navajo multiple-aquifer system (N-aquifer), which is comprised of

the Navajo Sandstone and the underlying Kayenta Formation. At the landfill, groundwater in the

upper portion of the N-aquifer occurs at 10 to 25 feet bgs. Because the bases of some waste

cells extend to the water table of the N-aquifer or within the capillary fringe just above the water

table, some waste at the base of the landfill is saturated. Groundwater contamination
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emanating from the landfill has raised significant concerns about impacts to the limited water

resources serving the region.

The groundwater and geochemical investigations conducted at the TCL have identified adverse.

groundwater quality impacts related to landfill leachate, including concentrations above

U.S. Environmental Protection Agency (EPA) MCILs of the following groundwater constituents:

uranium, arsenic, lead, chromium, nitrate, selenium, radium-226/228, and gross alpha activity.

In particular, uranium was present in groundwater downgradient of the landfill at concentrations

significantly greater than those detected upgradient and more than 8 times greater than the

MCL of 30 micrograms per liter (pigIL). Many of the contaminants detected are listed by

U.S. EPA as carcinogens in the primary drinking water standards. These carcinogens include

arsenic, uranium, radium-226/228, and gross alpha activity. There have also been

exceedances of secondary drinking water standards, including those for total dissolved solids

(TDS), sulfate, and chloride (Tables 1 and 2). The extent of groundwater impacts has not been

fully delineated, but continuing investigations planned by the BIA, Hopi WRP, and Navajo EPA

are intended to further characterize the groundwater contamination at the site. The three new

monitor wells in Pasture Canyon are part of this additional groundwater characterization effort.

Groundwater contamination has also occurred at the Rare Metals UMTRA site located

approximately 5 miles northeast of the Villages of Moencopi and Upper Moenkopi and 3.5 miles

northeast of the TCL (Figure 1). The uranium mill operated from 1956 to 1966 and processed

uranium ore that was imported to the site from mines located elsewhere (U.S. DOE, 1995). The

Rare Metals mill extracted uranium and disposed of tailings on-site. In the Tuba City area,

uranium deposits are not present in the Navajo Sandstone, and mining has not occurred.

Groundwater at the Rare Metals UMTRA site is contaminated with nitrate, sulfate, TDS, and

uranium at concentrations in excess of standards. Groundwater contaminants have migrated

from the tailings pond in a plume that extends nearly 1 mile southward, toward Moenkopi Wash.

Groundwater monitoring at the TCL has identified many of the same contaminants found at the

Rare Metals UMTRA site, including elevated concentrations of uranium and copper, which may

be associated with the extraction of both metals at the Rare Metals mill. The landfill operated

during the years of active uranium processing, and municipal-type solid waste generated at the

PA\WROG-093\WasteCharlnv.2-08\TCL-WC1-208.doc6 6
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Rare Metals site is expected to have been disposed of at the TCL. Other process wastes and

wastes containing radioactive contaminants are not known to be disposed of at the TCL;

however, the presence and magnitude of these contaminants in groundwater at the TOL

strongly suggest the possibility that uranium processing wastes were disposed of at the landfill.
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3. Investigation Methods

The investigation consisted of drilling for waste characterization within the TCL and installation

of groundwater monitor wells at locations downgradient of the landfill. In order to avoid any

possibility of transporting contaminants from the landfill to the groundwater monitor wells, drilling

of monitor wells occurred first, followed by drilling within the landfill. All of the drilling was

performed using a Geoprobe drill rig for rapid, direct-push drilling.

During waste characterization drilling within the landfill waste, temporary borings were installed

for measurement of radiation levels within the landfill waste using a downhole radiation logging

instrument. Waste samples were collected for laboratory analysis and examination with an

electron microprobe. Waste samples were also collected for visual observation of waste

composition and measurement of radiation levels in the field.

Groundwater monitor well drilling included three drive-point monitor wells installed in the alluvial

soils near Pasture Canyon. These permanent, small-diameter monitor wells were installed to

examine whether elevated groundwater contaminant levels may be present in areas where

Pasture Canyon surface water, irrigation supplies or nearby springs could be affected.

Following installation, the wells were sampled for laboratory water quality analysis.

Geoprobe drilling services were provided by Vista GeoScience LLC (Vista), of ' Golden,

Colorado, under subcontract to DBS&A. Vista employed a direct-push drill rig (DT6610

Geoprobe) to conduct the investigation. The rig was equipped with both direct-push and auger

capability. This f ou r-wheel-d rive rig proved effective at operating on the loose, sandy soils

typical at the site.

3.1 Waste Characterization

The waste characterization drilling program included a total of 101 borings. A series of

79 waste boring locations were established in a grid across the landfill surface, with spacing

over most of the waste cells at approximately 100-foot intervals and tighter spacing of

approximately 50-foot intervals in areas of the older landfill cell near the most significant

P:\_WR06-093\WasteCharlnv.2-08\TCL-WCL-208.doc8 8
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groundwater impacts (Figures 5 through 7). At 22 of the boring locations, a second 3.25-inch-

diameter core sample was drilled to collect waste samples for inspection and laboratory testing.

Boring locations were surveyed and staked in advance of the Geoprobe drilling. The boring

location coordinates were established by DBS&A with the field surveying performed by Arizona

Engineering, Inc. of Flagstaff, Arizona. The borings were numbered sequentially, and their

locations were staked for survey control prior to drilling activities.

3.1.1 Downhole Radiation Screening

A radiation screening survey was performed using downhole radionuclide logging to determine

waste radiation levels in 79 boring locations. This logging measured gamma radiation across

the full depth of waste in each of the borings. These data were then used to select locations to

collect core samples in adjacent, larger-diameter borings.

For downhole logging, Vista drilled with a 2-'/a-inch-diameter drivable casing equipped with a

disposable cutting shoe to push to refusal in the landfill. When drilling through landfill waste

with a Geoprobe, the waste is generally penetrated relatively easily. When the rate of

penetration declines, this often indicates that the Geoprobe has penetrated into more

consolidated soil or rock below the waste. This was the case at the TCL, where competent

sandstone bedrock underlies the waste. When the Vista driller observed that the penetration

rate declined, the drive-point sampler was removed and a core barrel was used to collect a

sample to demonstrate the presence and character of underlying bedrock.

When the borehole reached bedrock, a temporary 1-inch polyvinyl chloride (PVC) casing was

installed for borehole stability during gamma logging. The bottom 5 feet of the casing was

slotted to allow water to enter and be measured if saturation was present at a particular location.

Downhole radiation levels were logged using a small-diameter Mt. Sopris natural gamma sonde

logging instrument. This instrument measures gamma radiation along the entire length of the

boring in counts per second. After logging, the temporary casing was removed from the hole

and used in an other location following decontamination with liquinox detergent and water.
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An area was selected near monitor well MW-27, at a location upgradient from the landfill, to

evaluate natural gamma levels in undisturbed background soil conditions. Two borings were

attempted at location DP-80 in this area; however, the rig encountered competent Navajo

Sandstone and experienced refusal at 2.2 and 4.0 feet bgs in the two attempted borings. In

order to obtain background gamma measurements, the gamma logging tool was run in the

casing of MW-27 rather than in a temporary casing. The same procedures used for radiation

logging in the waste were used to measure natural gamma levels in the Navajo Sandstone and

alluvium. The background measurements are compared with results from within the waste cells

to help identify anomalous gamma levels.

3.1.2 Sample Collection in Waste Borings

Based on the results from the downhole and field radiation screening, 22 locations were

selected for waste sample collection using a large-diameter Geoprobe core sampler. The

Geoprobe rig was repositioned approximately 6 inches from the location of the small-diameter

downhole gamma logging installation in order to provide correlation between the downhole

gamma measurements and the core samples collected.

The method to collect waste core samples used a 3.25-inch outer casing tool. The core barrel

was lined with a clear plastic sleeve so that waste materials could be directly viewed and

photographed. Observations were recorded describing the types of waste encountered. To

collect samples for laboratory analysis, the plastic sleeve was cut open to transfer material into

glass sample containers.

As core samples were retrieved, each sample sleeve was screened for radiation. Field

screening of waste samples included ionizing radiation measurements (i.e., alpha, beta, and

gamma activity) with a Ludlum geiger counter (Ludlum 44-9 Model 3 detector) and an

Exploranium spectrometer (GR-135). The Ludlum was calibrated with technetium (Tc-99)

standard, which surveys alpha, beta, and gamma radiation. Because geiger counters typically

have a low response to gamma radiation, the gamma ray Exploranium spectrometer was also

used. The Exploranium is a gamma ray spectrometer that is calibrated to measure gamma ray

emissions during decay of radioactive materials. The Exploranium has a higher sensitivity to
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gamma radiation than the Ludlum, so both were used in the field to screen samples for

radioactivity. Due to the differences in calibration and sources, the units are not expected to

provide matching measurements during soil screening in the field. Descriptions of the cores

and screening results are presented on the waste core logs (Appendix A).

The waste radiation screening results were used before core samples were collected to meet

the requirements of DBS&A's Radiation Safety Program (RSP) to protect health and safety

during work with potential exposure to radioactive materials. The RSP conforms to the Nuclear

Regulatory Commission (NRC) regulations in Title 10 of the CFR, Part 20.1101. The radiation

screening was used to determine the radiation level of waste samples to verify safe sample

handling and shipment.

Standards for acceptable radiation levels may be judged in comparison to limits for safe levels

for employee exposure. DBS&A used the following minimum radiological limits for acceptable

handling. All radioactively contaminated samples must meet these criteria:

"Surface Dose. A portable dosimeter was used to measure radiation levels on samples

collected.

- The maximum surface contact dose reading in milIlirems/hour (mrem/hr). The

maximum allowable net surface contact dose reading for each sample must be less

than or equal to 25 mrem/hr.

- The maximum 1-meter dose reading in microrems per hour (prem/hr). The

maximum 1-meter dose reading for each sample must be less than or equal to

2.5 prem/hr.

* Activity Concentration. The maximum allowable activity concentration of all samples in a

sample delivery group (SDG) must not exceed 1,000 microcuries (pCi).
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3.1.3 Borehole Plugging

Each borehole was plugged and abandoned by sealing the borehole with granular bentonite

from the bottom to approximately 1 to 2 feet below the surface of the landfill cover. The

bentonite was hydrated during placement by pouring small amounts of water in lifts as the

bentonite was added. Soil from the existing soil cover on the surface was placed in the upper

1 to 2 feet to restore the cover to its previous condition.

3.1.4 Characterization Testing

All waste materials generated during sample collection were placed in a sealed drum for

transportation and disposal. The waste is classified as i nvestigation-de rived waste (IDW), and

amounts to approximately 500 pounds. All samples were field screened for radioactivity before

combining individual samples. A composite waste sample was collected for laboratory analysis

to determine whether the waste contains regulated radioactive or hazardous waste, requiring

disposal at a facility permitted to accept these wastes, or if the waste is non-hazardous

municipal solid waste, which can be disposed of at an off-site, permitted Resource Conservation

and Recovery Act (RCRA) Subtitle D landfill. This identification directly affects the waste

handling and disposal methods.

The laboratory testing required for waste disposal at a municipal landfill is much more extensive

than the testing. needed for the purpose of radionuclide measurement under this investigation.

Waste samples were tested for the following:

" Toxicity characteristic leachate procedure (TCLP)

* RCRA metals in TCLP leachate

* Volatile organic compounds (VOCs)

" Semnivolatile organic compounds (SVOCs)

* Polynuclear aromatic hydrocarbons (PAHs)

* Polychlorinated biphenyls (PCBs)

* Total petroleum hydrocarbons (TPH)

* Chlorinated pesticides
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" Chlorinated acid herbicides

* Alpha and beta radioactivity

* Radium-226 and -228

* Isotopes of uranium and thorium

The testing not only meets the immediate requirements for waste disposal, but also provides

valuable information regarding the future disposal of larger quantities of TCL waste. The testing

performed begins to establish the waste characterization needed for future acceptance of the

waste at a permitted, off-site landfill during a possible clean-closure operation.

3.1.5 Sample Disposal

To determine the appropriate method of waste disposal, the laboratory results were compared

to regulatory criteria for radioactive and hazardous waste. Samples that are characterized as

hazardous or non-hazardous and are not categorized as radioactive waste can be disposed of

at a RCRA Subtitle C or D facility. If the samples have material undergoing radioactive decay,

the levels of radioactivity will guide the decision process and disposal options.

If the samples contain radioactive material, handling must follow the guidelines presented in

10 CFR Part 71: Packaging and Transportation of Radioactive Materials. Types of radioactive

waste are defined based on the weight percent of uranium and thorium in the material.

Radioactive waste is generally classified as either high-level or low-level. Uranium and thorium

mill tailings have their own category; however, IDW containing uranium mill tailings mixed with

other waste is not categorized as mill tailings for disposal purposes.

Based on 10 CFR Part 71 regarding the transportation of radioactive materials, natural uranium

is exempt from 10 CFR Part 71, except 10 CFR 71.5 and 10 CFR 71.88, when the activity is

equal to or less than 2.7 x 10-1 curies per gram (Ci/g). Based on the laboratory testing of waste

collected at TOL, the waste is exempt from the aforementioned sections regarding

transportation of materials.
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For disposal purposes, uranium concentrations below 0.05 percent by weight are exempt from

classification as. radioactive waste, allowing disposal at a solid waste or hazardous waste

disposal facility regulated under RCRA.

In order to dispose of the IDW, DBS&A contracted with MP Environmental Services, Inc. of

Phoenix, Arizona, a licensed broker, to arrange for transportation and disposal. The waste

laboratory test results were submitted to MP Environmental to gain acceptance of the waste for

transport and disposal.

3.2 Groundwater Monitor Wells

Four drive-point groundwater monitor wells were installed in the alluvial soils near Pasture

Canyon (Figure 4). These wells are located approximately 2,500 to 5,500 feet (0.5 to 1 mile)

from the landfill, at locations farther downgradient than any monitor wells installed previously.

The wells were drilled in alluvial sediments that have been deposited in a channel along Pasture

Canyon. The wells are located south and east of the wash, which is deeply incised in a narrow

channel that is approximately 5 to 15 feet deep in this area.

Well completion diagrams and lithologic logs are provided in Appendix A. The total well depths

range from 32 to 36 feet bgs. The monitor wells are numbered sequentially from the existing

monitor well naming scheme (MW-29, -30, -31, -32). Well MW-31 is not counted among the

three new wells because this well was replaced by MW-32. Monitor well MW-31 was drilled to a

depth of 32 feet bgs, and saturated soil was observed by DBS&A's geologist in core samples

recovered from the boring at 22.5 feet bgs. MW-31 was constructed with screen from 20 to

30 feet bgs. However, after MW-31 was completed, only 0.6 foot of water was measured in the

well, making it unsuitable for long-term water quality sampling. Therefore, a second monitor

well, MW-32, was drilled at the same location, about 5 feet to the south of MW-31. MW-32 was

drilled to a depth of 36 feet bgs with screen from 25.3 to 35.3 feet bgs, with a water level

measured in the well at 32.29 feet below top of casing (btoc). MW-31 was completed and left in

place because the well could still be useful if water levels rise in the alluvial channel sediments.
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The monitor wells were drilled with the Geoprobe using a 3.25-inch diameter drivable casing,

equipped with a disposable point, to push to depths of approximately 30 feet below grade. The

well casings were installed within the 3.25-inch casing. Pre-pack well screens were used,

consisting of factory manufactured dual screens with silica sand pack between the two screens.

The well construction specifications are as follows, with additional details provided in

Appendix A:

* 16 to 26 feet of 1.5-inch schedule 40 PVC flush-threaded blank casing

* 10 feet of pre-pack screen in 5-foot segments, 1.5-inch-inner-diameter and 2.5-inch-

outer-diameter schedule 40 PVC 10 slot screen with 10/20 silica sand

* 4 to 5 feet of bentonite, tremied, above the filter pack

* Grouting of the well to the surface using a bentonite/grout mix

* Aboveground well completion with locking steel shroud and a 2-foot by 2-foot by 4-inch-

thick concrete pad

After installation, the wells were developed to remove any sediment and water affected by well

installation. The wells were developed by a combination of bailing and pumping. A high-

capacity peristaltic pump was used to pump the shallow, small-diameter wells. As the wells

were developed, pH, temperature, specific conductance, and turbidity were monitored

periodically to determine when the wells were sufficiently developed. In general, well

development was considered complete when the water became relatively clear. During

development, the wells were pumped dry, then allowed to recharge before continuing further

pumping. All purge water was stored in 5-gallon buckets,. which were kept on-site within the

fenced area at the TOL. After laboratory testing, the buckets of water were accepted for

disposal at the lined leachate evaporation pond at the Hopi Tribe's operating landfill. The

buckets were transported to the evaporation pond by Hopi WRP staff.

The location coordinates and elevation of each well were surveyed at the conclusion of drilling.

Location coordinates are accurate to within 0.1 foot, and elevations are accurate to within

0.01 foot. Consistent with the Hopi WRP geographic information systems, the UTM Zone 12
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NAD 27 coordinate system was used. The surveying was performed by Arizona Engineering,

Inc. of Flagstaff, Arizona.

Following installation, the three drive-point groundwater monitor wells were sampled for water

quality laboratory analysis. Details of the water quality sampling methodology are provided in

the investigation plan for this project (DBS&A, 2007a).

The BIA has developed a list of recommended analytical parameters, which was used for

monitoring the new drive-point wells. Monitoring included analysis of select metals,

radionuclides, and other inorganic constituents of interest based on previous monitoring at the

site. Samples of both filtered and unfilter ed water were collected for analysis of dissolved and

total metals to improve understanding of the source and transport of contaminants. During

sampling, MW-30 pumped dry, limiting the amount of water collected. MW-30 was tested for

general chemistry and metals, including uranium; however, all radiochemistry parameters could

not be analyzed.

Groundwater samples were collected using a portable, peristaltic pump with flexible, small-

diameter tubing extended into the casing of the well. New, disposable tubing was used to,

sample groundwater from each well. The pump and all non-dedicated sampling equipm ent

were decontaminated between sample locations (see Section 3.3). Non-dedicated sampling

equipment included only the water level meter used to measure the water level prior to

sampling. During sampling, field parameters (electrical conductivity [EC], pH, and temperature)

were monitored using portable instruments.

3.3 Mineralogical Examination

Samples were studied for mineralogy and micromorphology. Samples were examined using a

scanning electron microscope (SEM). An SEM directs an electron beam at the sample to create

morphological and chemical images. For this project, backscattered electron (BSE) images,

were collected. BSE images are black and white images that reflect the atomic number of

elements in the sample. The quantity of electrons backscattered from a given surface is

proportional to the mean atomic number (Z) of the sample material; a high-mean Z material will

P:\_WR06-093\WasteCharlnv.2-O8\TCL-WCI_208.doc 116



Daniel B. Stephens & Associates, Inc.

produce more backscattered electrons than a low-mean Z material. Therefore, minerals in a

BSE image will appear white for heavier elements such as iron or lead and gray to black for

lighter elements such as silica. This technique is useful when searching for heavy elements like

uranium, which would appear brighter in BSE than iron, for example. Any of the grains in a

sample may be selected and sampled by an X-ray spectrometer, which provides chemical

composition data or energy dispersive x-ray analysis (EDS). Samples were taken to the SEM

laboratory at the University of New Mexico (UNM) Institute of Meteoritics, and analyzed on their

JOEL JSM-5800 LV Scanning Microscope.
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4. Investigation Results

The results of this investigation provide new information needed to analyze the contaminant

levels within the landfill waste to plan for final closure of the TCL. .The inv estigation also

provides new information on contaminant migration in groundwater downgradient of areas

studied previously, indicating a heightened need to begin groundwater remediation. This

section describes the results of the waste characterization and groundwater investigation

components of the project.

4.1 Waste Characterization Borings

The results of the waste characterization drilling program include:

* Gamma radiation levels measured downhole in 79 borings and in upgradient monitor

well MW-27

* Field observation, logging, photographs, and radiati~on measurement of core samples

from 22 cores

" Laboratory analysis of waste samples for chemical constituents and radiation levels

* Electron microprobe examination of waste samples selected based on. elevated gamma

radiation

* Measurement of waste depth and confirmation sampling of the waste/bedrock interface

beneath the landfill

* Computation of the total waste quantity at the TCL

The results of the waste characterization drilling program are described in Sections 4.1.1

through 4.1.5.
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4. 1.1 Waste Depths

During drilling, the Geoprobe drive-point sampler readily penetrated through the waste to the

more dense soil or bedrock underlying the waste. The Vista driller was able to observe the

depth where the penetration rate declined, signifying that the drive-point sampler encountered

competent sandstone bedrock underlying the waste. At the base of the solid waste, the drive-

point sampler was removed and a core barrel was used to collect a sample to demonstrate the

presence and character of underlying bedrock. This verified that the waste had been fully

penetrated (rather than the drive-point sampler encountering refusal due to impenetrable

waste). Many of the core barrel samples showed the contact between waste material and the

underlying sandstone.

Table 3 provides the waste depth in each of the borings. The waste depths are measured

below ground surface on the landfill cover, and range from 1.8 to 15.8 feet bgs. The average

waste depth is 8.6 feet. The newer waste trenches in the 20-acre landfill area (DP-01 to DIP-30)

tend to be between approximately 8 and 13 feet deep. In the older waste cell in the 10-acre

landfill area, the northern two-thirds (DP-48 to DP-79) tends to have relatively deep waste (9 to

15 feet deep), while the southern third (DP-31 to DP-47) and the westernmost extension in the

vicinity of MW-07 (DP-55, -59, -61, and -65) tend to have a relatively thin layer of waste

(typically 3 to 7 feet deep).

Figure 10 shows the locations of five waste profiles that show cross sections through the landfill

indicating the depth of waste. The waste profiles are provided in Figures 11 th rough 15. In

addition to the waste depth, these figures show the surface topographic profile, downhole
.gamma logging profiles, and a projection of the water table depth below the landfill. The water

level and gamma logging results are described in Sections 4.1.3 and 4.1.4, respectively.

The thickness of soil cover was also measured at the 22 drilling locations where core samples

were collected over the full depth of the borings. At 10 of the core sample locations, the cover

thickness is nearly 0 feet, while 11 of the core sample locations had soil cover thicknesses

ranging from 0.4 to 4.3 feet (Table 3).
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The waste characterization borings drilled at 79 locations in 2007 found the waste depth to be

generally less deep than determined by 18 waste characterization borings drilled in 1999. The

difference may be due in part to the accuracy of the 2007 drive-point drilling and coring methods

at distinguishing the waste/bedrock interface, as compared to the 1999 hollow-stem auger

drilling method using auger cuttings to log the borings. The thinner waste profile is also a result

of at least some degree of waste degradation and consolidation occurring over the eight years

between the two investigations. The depth of waste may also be affected by loss of cover soil;

therefore, wind and water erosion of the cover may also be a factor in the thinner waste profile

measured in 2007.

4.1.2 Waste Quantity Calculations

The total quantity of waste at the TCL was calculated based on the waste depths determined by

the drive-point borings. The calculation also used the maps of waste disposal areas delineated

by geophysical surveys in 1998 and 2005 (Sunbelt, 1999 and 2005) and the 140-acre site

topographic map produced in 1998 by combined aerial and ground survey (DBS&A, 1999).

From the aerial photographs, a digital terrain map (IDTMV) of the site topography was prepared at

a scale of 1 inch equals 50 feet with 1 -foot elevation contours.

Based on this information, the base of the landfill disposal cells was contoured to show the

approximate waste bottom surface (Figure 16). The bottom surface was set at a depth of 1 foot

below the bottom of the waste/bedrock interface observed in the borings. This is consistent with

the waste quantity calculation completed in 1999 (DBS&A, 1999) to represent the quantity of

waste and impacted soil and rock that would be removed during a clean-closure waste removal.

While the waste excavation surface is designed as an approximation of clean-closure post

excavation design grades, the waste bottom contours provide a reasonably accurate method to

calculate the total waste quantity.

Before computing the waste quantity, the 1998 topographic survey was compared to current

ground elevations surveyed at each boring location in 2007. In comparing the elevations, the

current landfill surface typically appears lower by approximately 1 to 2 feet at many locations.

This difference may be due in part to waste degradation and consolidation or loss of soil cover
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due to wind and water erosion. To compensate for the elevation differences, the 1998

topographic surface was lowered by 1 foot, providing a fairly close fit to current landfill surface

elevations at most locations. Appendix B provides the adjusted 1998 surface, plotted along with

the current 2007 survey elevation for comparison.

The waste bottom contours and waste quantity calculations were completed using Land

Development Desktop (LDD) software linked to the AutoCAD-based grading plans. The waste

bottom contours were generated in LDD by extrapolating the waste depth between each of the

individual boring depths. The waste quantity was calculated in LDD as the volume between the

ground surface topography and the waste bottom contours.

The results of the waste quantity calculation provide an estimate of 307,000 cubic yards of

waste. This volume includes the existing cover soil and 1 foot of soil or sandstone beneath the

waste, because it would be difficult to segregate a significant quantity of this material and

demonstrate that it is uncontaminated during a clean-closure waste removal. This waste

estimate is a slightly smaller quantity than the 330,000 cubic yards of waste estimated by

DBS&A in 1999. The new waste quantity estimate of 307,000 cubic yards is used in a revised

closure cost estimate presented in Section 5.

4.1.3 Water Levels

When each waste boring fully penetrated the waste, reaching the soil or sandstone beneath, a

temporary 1 -inch PVC casing was installed with the bottom 5 feet slotted to allow water to enter

and be measured if saturation was present. None of the temporary casing installations had

sufficient saturation to measure a static water level using a sounder. In two borings (DP-54

and -58), the sounder was found to be wet from a small amount of water entering. In two other

borings (DP-55 and -76), saturated sandstone was encountered in core samples that extended

through the waste into the underlying Navajo Sandstone. These cores indicate that saturation

at the water table is close to the bottom of the landfill.

The four locations where saturation was detected are located in the western and northern

portions of the older 10-acre landfill cell. The depth of saturation ranged from 5.6 to 12.7 feet
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bgs at these locations. Borings DP-54 and -58 are located near monitor well MW-06. Depth to

saturation in these waste borings was approximately 12.5 feet. Depth to water in MW-06 was

measured at a similar level of 14.6 feet bgs.

Saturation was not encountered in the deeper waste borings within the newer 20-acre landfill

cell. At monitor wells MW-02 and MW-03 located in this area, the depth to water was measured

in August 2007 at levels slightly below the depth of waste measured in nearby borings. At

MW-02, depth to water was 19.0 feet bgs, whereas nearby borings DP-24 and -25 found waste

depths of 11.5 and 12.4 feet bgs, respectively. Depth to water measured at MW-03 was

14.5 feet bgs, whereas nearby borings DP-1 5 and -19 found waste depths of 11.0 and 8.8 feet

bgs, respectively.

The waste profiles in Figures 11 through 15 show the projected water table surface beneath the

landfill based on water level contours developed from water level measurements in monitor

wells. The profiles include water levels measured at the leachate monitor wells within the

landfill (MW-02, -03, and -06). The waste profiles show that much of the landfill is currently

above the water table and unsaturated, although depth to the water table is within a few feet of

the waste disposal trenches over most of the landfill. The minimum separation between the

waste and the projected water table is approximately 3 feet at DP-58. Because saturation was

detected in this boring, the water table may be shallower than projected or the boring may have

reached the saturated capillary fringe near the water table.

Water levels in shallow monitor wells at the TCL have declined by an average of 1 foot since

monitor wells were first installed in 1999. Table 4 provides a comparison of the water levels in

the original 13 monitor wells between 1999 and 2007. This water level decline increases the

separation between waste and the water table, although the water level could fluctuate toward

the previous level.

The waste characterization borings cannot rule out the possibility that portions of landfill

trenches do not extend deeper and closer to the water table. The borings identified saturated

waste in the western and northern parts of the older 10O-acre landfill cell, which is the area near

MW-06 and MW-07, where the most significant water quality impacts have been observed.
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4.1.4. Downhole Radiation Screening

The radiation screening survey performed using downhole radionuclide logging determined

radiation levels in 79 waste borings within the landfill. Radiation logging was also performed in

the well casing of upgradient monitor well MW-27 to measure background radiation levels in soil

and Navajo Sandstone. This logging measured gamma radiation across the full depth of waste

in each of the borings. The background radiation logging results in the native soil and

sandstone were used to evaluate logging results from waste borings in order to identify

anomalous gamma levels. The radiation logging results were also considered in comparison to

the gamma levels measured by Vista during investigation of uranium mill tailings at other sites.

Vista reports that gamma radiation typically exceeds 3,000 counts per second (cps) in uranium

mill tailings, using the same procedures and instruments used for downhole logging at TOL.

.Any results that are twice the background levels would normally be considered elevated.

Complete logs and data tables of all downhole gamma radiation measurements are provided in

Appendix C. The results are illustrated in Figure 8, which shows the distribution of peak gamma

measurements across the site.

The results of downhole gamma radiation logging indicate that gamma levels are consistently

low, usually less than 50 cps. The peak value found in all of the logging data is 162 cps in

waste boring DP-28. All other measurements are gamma levels between 22 and 77 cps. At the

background boring location in soil and Navajo Sandstone near MW-27, the peak value

measured was 41 cps.

,Figure 8 shows that relatively low background levels are present in most borings distributed

across the waste disposal cells. The most significantly elevated reading of 162 cps was from a

location in the newer 20-acre landfill area. The majority of peak gamma values in each boring

are in the range of 20 to 40 cps. Some borings with slightly elevated peak gamma values

between 50 and 77 cps are located. in the north and west portions of the older 10O-acre landfill

area. Some of the measurements in the westernmost extension of the 10-acre area near the

most significantly impacted monitor well MW-07 are at values slightly above average (41 to
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56 cps); however, these values are within levels considered to represent background conditions

measured at the landfill.

With the exception of the single boring with an elevated reading in the newer 20-acre landfill

.area, all other borings within this area have peak readings less than 40 cps. All of the other

borings with modestly elevated gamma readings exceeding 40 cps are located in the older

10-acre landfill area. The higher readings tend to be within the northern and western portions of

the 10O-acre area.

The results of the downhole gamma logging provide a substantial amount of data to evaluate

the radiation characteristics of the solid waste. While the survey is limited to discrete boring

locations, the downhole logging instrument measures the radiation signal from a larger waste

mass in a cylinder around the boring. The overall amount of waste tested is therefore much

greater than collection of discrete waste samples. A total of 722 linear feet of logging was

completed in the 79 waste borings within the waste disposal cells.

4.1.5 Waste Core Sample Collection, Testing, and Disposal

The downhole gamma logging data were used to select locations to collect core samples in

adjacent, 3-inch-diameter borings. The locations where core samples were collected are shown

on Figure 5. Collection of physical waste samples was conducted only after initial dlownhole

radiation screening determined that physical samples could be handled safely. Cores were

generally collected adjacent to borings with the highest gamma readings, which were

predominantly in the older 10-acre landfill area. Cores were collected at 19 locations in the

10-acre area. Within the newer 20-acre landfill area, cores were collected at 3 locations: the

DP-28 boring with the highest gamma readings and 2 other locations to distribute some cores at

representative locations across the site (although gamma readings were lower across much of

the 20-acre area).

Photographs of all core samples are provided in Appendix D. Selected photographs of

representative core samples are provided in Figures 9a through 9f.
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The waste material consisted mainly of inert material, including a large amount of sand and ash.

Little degradable organic material was present. The organic material has either been lost due to

fires at the landfill or due to waste degradation in the landfill over the years since waste

deposition. The waste cores were logged during sample collection and consisted mainly of

loose sand and ashes, with minor amounts of metal, glass, melted plastic, paper, fabric, bone,

asphalt, and wallboard. Little readily degradable waste, such as paper, wood, food, or green

waste (plant material), was identified.

When recovery in the cores allowed inspection of the contact between the waste and Navajo

Sandstone, the contact was easily recognized due the difference in materials. Because there is

no landfill liner, the waste rests directly on the native sand and sandstone. In some areas, the

Navajo Sandstone appears as a white sandstone with little impacts from leachate (Figure 9b).

The sandstone appears stained with iron from the waste in many areas where leachate has

mobilized metals and infiltrated into the sandstone (Figure 9c).

Geiger counter measurements for ionizing radiation, including alpha, beta, and gamma activity,

showed that all core samples retrieved were within safe levels for handling by field personnel.

These measurements found low radiation counts in all samples, at levels representative of

bac kground conditions at the landfill. Typical geiger counter results showed activity of 25 to

45 cps. In some core samples, moderately elevated readings of 50 to 60 cps were measured,

indicating possible uranium or radium contaminant impacts, but at levels that remain within the

general range of background conditions. Background measurements for the site were

conducted during the investigation by measuring soil radiation levels near MW-27

(approximately 30 cps).

A total of 10 waste samples from the cores were selected for analytical chemistry. Three

Navajo Sandstone cores collected in 2005 from the geochemnical forensics study (DBS&A,

2005) were also analyzed. The results are presented in Tables 5a through 5c. The forensic

cores were collected from a site near MW-27 (SB-O1) and two sites near MW-07 (SB-02 and

SB-03) (DBS&A, 2005). These core samples were archived in core boxes at the DBS&A

laboratory. Waste samples for analyses were selected by measuring radiation with a geiger

counter and sub-sampling a 1 -inch length of core for submission to the laboratory. The highest
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concentration of uranium, 2.8 milligrams per kilogram dry weight (mg/kg-dry), was measured in

SB-01. This value correlates with the crustal abundance concentration (2.7 parts per million

[ppm]) and range of sediment values (1.7 to 2.06 ppm) reported by Johnson and Wirt (2006).

The core samples collected near MW-07 (SB-02 and SB-03) have lower uranium

concentrations, which may indicate that the uranium has been mobilized due to contact with

landfill leachate. The uranium concentrations observed in groundwater at MW-07 should not be

attributed to leaching of natural uranium from the Navajo Sandstone. The impacts observed at

MW-07 have a source other then the Navajo Sandstone, as demonstrated by DBS&A (2005)

and Johnson and Wirt (2006). The waste core samples also have lower uranium concentrations

(<0.5 to 0.8 mg/kg-dry), which may be due to mobilization or may indicate that uranium was not

present in that portion of the waste.

The chemistry is quite variable between the core samples for arsenic, copper, strontium, and

vanadium. At many locations, vanadium and copper concentrations tend to be elevated when

compared to SB-O1. Selenium was only detected in a single core sample (DP-52).

Radionuclide analyses were also performed on these samples, and data for alpha and beta

particle activity and thorium and radium isotopes are presented in Tables 5b and 5c. The

presence of alpha and beta particles indicates that radioactive decay is active in the waste at

the TCL. The detection of radium (Ra) and thorium (Th) isotopes likely indicates that

uranium-238 (U-238) is one of the isotopes undergoing decay and emitting alpha and beta

particles as daughter products are generated. Thorium-232 (Th-232) is also a probable source.

The portion of the U-238 decay series applicable for the TOL is as follows:

U-238--*Th-234--*)Protacti nium-234 (Pa-234)--*U-234--*Th-230--+.Ra-226---*Radon-222 (Rn-222)

The decay series for Th-232 is as follows:

Th-232--* Ra-228---Actinium-228 (Ac-228) --Jh-228--+Ra-224--*.Rn-220
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Alpha or beta particles are emitted during each decay step. Elevated radon may be an issue at

the site during the decay of these radioactive isotopes.

The core samples of waste were also evaluated for mineralogy using an electron microprobe.

Back-scattered electron (BSE) images and chemical spectra are included in Appendix E. The

material in the landfill is dominated by sand particles derived from the Navajo Sandstone. The

sand grains are typically quartz coated with clay minerals and/or iron oxide minerals. The

results indicate that a variety of metals observed with the microprobe, such as lead, cadmium,

copper, vanadium, tin, and zinc, are associated with iron oxide minerals. The metals are likely

adsorbed to the iron oxide surfaces and could be mobilized in the groundwater at the TOL. Iron

oxides are minerals that form a thin film or coating on sand grains at the TCL, and they can

absorb metals onto their surfaces. This absorption phenomenon can control metal

concentrations in groundwater by limiting the amount of a particular metal in solution. Uranium

was not detected with the electron microprobe in the sediment or waste material.

In addition to the iron oxides, barite and celestite crystals were identified, which is similar to

results presented by DBS&A (2005). These are barium and strontium sulfate minerals that

precipitate from leachate and groundwater due to the elevated barium, strontium and sulfate

concentrations. These crystals occur on other mineral grains and do not appear to be a primary

mineral from the Navajo Sandstone. Instead, they appear to have formed from solutions

moving through the landfill materials. *The presence of these minerals is important because

radium is often associated with barite at uranium mill sites. Barite is used to co-precipitate

radium from solution during the mill process, and thorium will also co-precipitate with barite-

celestite minerals (Landa, 1999).

A composite sample was collected from all IDW to determine how to handle disposal of the

55-gallon drum of cuttings. The data are provided in Tables 5a through 5c, which list all

compounds detected in the material. Because the uranium concentrations are below

0.05 percent by weight in the individual core samples, the material may be classified as exempt

and will have multiple disposal options. The following types of compounds were analyzed for

but not detected in the composite sample: PCBs, TCLP metals and mercury, SVOCs, and

VOCS.
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4.1.6 Waste Characteristics for Excavation Safety and Off-Site Disposal

The waste characterization investigation demonstrates the physical, chemical, and radiological

characteristics of the waste, adding assurance regarding the requirements for proper waste

disposal at a permitted off-site disposal facility. The investigation results indicate that under a

clean-closure excavation, most, if not all, waste excavated from the site can be disposed of as

typical municipal waste. In the testing conducted for this study and in the 1999 waste

investigation (DBS&A, 1999), no waste was identified that meets the criteria to be defined as

either radioactive or hazardous waste. A single measurement in the upper portion of waste

boring DP-28 found a gamma level of 162 cps, which could constitute a level exceeding twice

the background level. However, the measured value is still within the typical background range.

The fact that a large percentage of the waste meets the definition of municipal solid waste will

hold down the costs for off-site waste disposal.

The waste characteristics also aid in understanding the potential release of airborne

contaminants during waste excavation. With regard to radiological standards, all test results

have shown that most waste is at background levels. Likewise, other hazardous constituents

are not present in the waste in substantial quantities.

Nevertheless, isolated radioactive or hazardous waste could be encountered during waste

excavation. Although the concentrations of radionuclides exceed MCLs in groundwater, their

concentrations are relatively low with respect to radioactive waste levels. The investigation

findings have not determined whether the observed groundwater impacts are a result of isolated

quantities of higher-concentration contaminants or broadly distributed contaminants at lower

concentrations that do not trigger radioactive or hazardous waste criteria.

Under NRC requirements, uranium concentrations below 0.05 percent by weight are classified

as exempt from radioactive waste disposal requirements, allowing multiple disposal options.

.Disposal of waste at an off-site landfill in Arizona will be subject to compliance under the

Arizona Radiation Regulatory Agency (ARRA) in accordance with Title 12, Article 3 of the

Arizona Administrative Code. According to ARRA, a radioactive source is defined as having an

activity greater than 0.01 picocuries per gram (pCi/g) or two times the background

P:\_WR06-093\WasteCharlnv.2-08\TCL-WCI.2OS.doc 228



Daniel B. Stephens & Associates, Inc.

concentration. Based on 10 CER Part 71; Packaging and Transportation of Radioactive

Materials, uranium is exempt when the activity is equal to or less than 2.7 x 10-11 Ci/g. The

waste material at the TCL is expected to be exempt from the aforementioned sections

governing radioactive materials and to be subject to standard solid waste disposal criteria.

During waste excavation, a rigorous waste inspection and monitoring program will be needed to

protect the health and safety of on-site workers, nearby residents, and the public. A health and

safety monitoring program should include continuous radiological and air quality testing. The

waste being excavated should be visibly inspected to identify any suspect wastes, which should

be sampled and tested to verify that radioactive or hazardous wastes will not be released or

disposed of improperly. If radioactive or hazardous waste is detected, substantial measures will

be needed to address radioactive and hazardous waste handling, storage, transportation, and

disposal issues. Advanced planning and provisions should be in place to address these

contingencies prior to undertaking any excavation.

4.2 Groundwater Monitoring

The groundwater quality results for monitor wells MW-29, -30, and -32 from August 2007 are

presented in Table 2, which includes applicable standards for comparison. Complete laboratory

reports are included in Appendix F. Table 1 includes the groundwater monitoring results from

additional wells sampled during March 2007 to provide a more complete representation of the

TCL groundwater quality. Figure 18 shows the results for key contaminants in groundwater

monitor wells sampled during 2007, including the three new monitor wells.

Monitor wells at the TCL have identified water quality impacts from landfill leachate exceeding

standards in the N-aquifer for the following constituents:

* Arsenic (As)

" Chloride (Cl)

" Gross alpha

* Lead (Pb)

* Selenium (Se)
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" Strontium (Sr)

" Sulfate (304)

" TDS

* Uranium (U)

The August 2007 monitoring results for MW-29, -30, and -32 indicate that groundwater

concentrations exceed the U.S. EPA MCL or Hopi MCL at one or more of the new monitor well

locations in Pasture Canyon for the following analytes:

" Arsenic (As)

" Chloride (Cl)

" Gross alpha

" Sulfate (SO 4)

" TDS

* Uranium (U)

Uranium and radiochemical concentrations exceeded groundwater quality standards in monitor

wells MW-29 and MW-30. The concentrations of uranium detected exceed the U.S. EPA MCL

of 30 pgIL for drinking water. Water quality in MW-29 is impacted with substantially elevated

concentrations of uranium (33 pgIL), gross alpha activity (36.6 pCiIL), arsenic (188 pg/L), and

TDS (1,700 milligrams per liter [mg/LI). The water quality in MW-30 exceeds the MOL only for

uranium (35 pgIL). The water quality in MW-32 is in compliance with the uranium standard, but

exceeds standards for arsenic and TDS, and is equivalent to the gross alpha standard of

15 pCi/L. Due to the similarity of water quality constituents and their concentrations and

proximi ty to other TCL monitor wells, the impacts are almost certainly attributable to the TCL.

The groundwater quality measured in MW-29 and MW-30 appears to emanate from the TCL

site and demonstrates that a plume of groundwater contamination has impacted shallow

groundwater along Pasture Canyon. The plume extends over 4,000 feet from MW-07 near the

old cell and over 2,000 feet from MW-iS, which was previously the most distant downgradient

monitor well southwest of the TCL. If we assume that the plume originated near MW-07 in 1966

(41 years before 2007 sampling) at the end of operations at the Rare Metals uranium mill, then
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the contaminant plume has traveled at an average rate of approximately 100 feet per year.

Using the site's groundwater gradient of 0.01 to 0.02 foot per foot (ft/ft), the groundwater velocity

is 8 x 10-5 centimeters per second (cmls), and this corresponds to a hydraulic conductivity of

1 x 10-3 cm/s, which would be typical for sandstone (Stephens, 1996). The groundwater

contaminant impacts identified in the Pasture Canyon monitor wells indicate that the

contaminant plume has migrated much closer than previously known to the springs that provide

drinking and irrigation water.

.4.2.1 Water Level Measurements

Water level measurements were collected on August 9, 2007 at all 31 Hopi monitor wells. The

measurement of water levels included depth to water measurements in each well and a new

survey of all monitor wells to accurately determine the elevation of the top of casing for the

monitor wells. The measurements were taken with an electronic Solinst sounder and recorded

to the nearest 0.01 foot from the top of the PVC casing. The water level measurements are

presented in Table 6.

4.2.2 Well Survey

A survey of well coordinates and elevations was performed by Arizona Engineering, Inc. of

Flagstaff, Arizona, who served as a subcontractor to DBS&A. The survey was performed on

August 9, 2007. The survey used the UTM NAD 27 coordinate system, consistent with the Hopi

WRP standards. Monitor well survey coordinates are provided in Table 7.

4.2.3 Potentiometric Surface

A potentiometric surface map was prepared based on the water level elevations measured in

August 2007. The map is presented in Figure 17. The potentiometric surface map represents

the water table surface of the N-aquifer, and uses water levels from the shallow monitor wells

only. The 5 deep monitor wells are not. included in determining the potentiometric surface of the

shallow potion of the aquifer.
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The potentiometric surface map indicates that groundwater flow near the TCL, within the

shallow portion of the N-aquifer, is generally in a westerly direction toward Pasture Canyon.

Near Pasture Canyon, groundwater occurring in the alluvial sediments near the wash shows a

gradient toward the southwest, following the channel. Based on the August 2007 water level

measurements, the hydraulic gradient is estimated to be approximately 0.02 ft/ft near the landfill

and approximately 0.01 ft/ft near Pasture Canyon. This gradient is consistent with previous

gradient determinations that were based on a smaller number of wells available at the time.
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5. Closure Cost Estimate

Cost estimates for final closure and remediation of the TCL have been prepared for the Landfill

Closure Investigation and Final Closure Engineering Assessment (DBS&A, 1999) and the

Preliminary Assessment and Closure Cost Estimate (DBS&A, 2006). DBS&A prepared these

closure cost estimates at the request of the Hopi Tribe and BIA to plan for funding the landfill

closure. Based on the new information gained from the waste characterization and groundwater

investigation, an updated closure cost estimate is presented in this section.

5.1 Final Closure Alternatives

The Hopi Tribe, including the Villages of Moencopi and Upper Moenkopi, and the Navajo Nation

Tuba City Chapter support the alternative of clean closure with off-site waste disposal for final

landfill closure. Formal resolutions recommending clean closure were passed by the Hopi Tribal

Council and the Village Boards of both Moencopi and Upper Moenkopi in 1999.

The BIA and other federal agencies have not yet taken any formal action to select a remedy

based on the site investigation, engineering evaluation, and closure cost estimates completed to

date. The BIA is currently developing a work plan for a remedial investigation/feasibility study

(RI/ES), which will lead to selection of a preferred closure alternative following the CERCLA

process.

The following four primary closure options have be en considered in the landfill closure

engineering assessment:

1. Clean closure with off-site waste disposal, involving excavation of all waste at the landfill

for disposal at a permitted municipal solid waste landfill (DBS&A, 1999).

2. Clean closure with on-site waste disposal, involving waste excavation with construction

of a lined landfill disposal cell in the nearby area for disposal of excavated waste

(DBS&A, 1999):'
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3. Clean closure with construction of a regional. landfill for disposal of waste from the TCL,

with the landfill continuing operation to meet regional disposal needs and provide

economic development (DBS&A, 2002a)

4. In-place closure, involving construction of a final landfill cover and a subsurface barrier

system to isolate the waste from shallow groundwater (DBS&A, 1999).

These alternatives follow the presumptive remedy for landfills typically considered by U.S. EPA

under CEROLA, including consideration of in-place waste containment or a source removal

action, along with groundwater corrective action.

The closure cost estimate provided here is based on the clean-closure alternative selected by

the tribal governing bodies. This closure option involves excavation and removal of all solid

waste from the site as part of a remedy for groundwater contaminant impacts. The waste

removed from the site would be transported for disposal in a permitted off-site landfill.

Groundwater will require immediate action to contain and remediate the contaminant plume,

followed by additional remediation efforts following source removal.

The option of clean closure with off-site disposal was selected because of several advantages

provided by this approach:

" Waste is removed from the site, eliminating future concerns of potential contamination.

" N-aquifer groundwater is protected by removing waste in contact with the water table.

* Long-term monitoring and maintenance are minimized.

* The site is restored to pre-landf ill conditions.

" The land is available for unrestricted future use.

* The waste is disposed of in a permitted landfill that protects public health and the

environment.

Clean closure is preferred by the tribal and local governments because the remedy is

permanent and the land is restored, offering potential for unrestricted future uses.
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5.2 Preliminary Closure Cost Estimate

A preliminary closure cost estimate is provided that represents an update to the cost estimate

prepared in 2006 for the Preliminary Assessment and Closure Cost Estimate (DBS&A, 2006).

The cost estimate has been updated to 2007 prices, which are then escalated in a budget

drawdown schedule for a 3-year project duration from 2008 to 2010. For budget planning

purposes, cost projections are provided for each of the 3 years. Longer-term remediation

system operation and monitoring costs have not been included. Important elements of the

preliminary cost estimates are highlighted below.

" The preliminary cost estimate is based on conceptual -level engineering designs and is

intended to be reasonably comprehensive for major aspects of the project. Costs are

based on standard cost estimating guides , contacts with landfill operators and

commercial waste haulers, and engineering judgment.

* The cost estimates contain significant uncertainties with regard to the following:

- The potential presence of radioactive or hazardous wastes, which would require

special testing, handling, and disposal

- The extent of groundwater remediation beyond the area of current site investigation

- Variations in actual construction and waste disposal bid costs, as compared with the

.standard unit prices used

- The desired or required schedule and time frame for completing closure activities

The costs associated with these significant uncertainties have not been quantified as part of this

study. Once the preferred closure alternative is selected, a construction-level cost estimate will

be needed based on a more detailed engineering design and site investigation.

Significant changes between the 2006 and 2007 cost estimates relate to:

*Waste Quantity: The revised waste quantity of 307,000 cubic yards of waste was used in

the cost estimate based on the waste depths determined by the waste characterization
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borings. This volume is slightly smalter than the 330,000 cubic yards of waste estimated

by DBS&A in 1999.

*Waste Density: Commercial solid waste disposal rates and costs for waste hauling are

dependent on the waste tonnage. Because the waste quantity in the landfill is estimated

on a volume basis, the waste density is a key variable affecting waste transportation and

disposal costs. In 2006, DBS&A estimated the waste density as 1,800 pounds per cubic

yard (lb/yd3), which is high density for landfill waste, based on a typical density of

1,200 lb/yd 3 with much higher soil content than typical landfill waste. However, the

waste coring showed that the landfill contains primarily soil, with little waste that has not

been burned. The 2007 estimate uses a waste density of 2,700 lb/yd 3 (100 pounds per

cubic foot), representative of uncompacted soil (Naval Facilities Engineering Command,

1986). This change substantially increases the cost estimate and is conservative, as

waste densities may be found to be lower.

*Groundwater Plume: Groundwater remediation costs were increased by 30 percent,

based on the findings from the new monitor wells that show a larger contaminant plume

that encompasses monitor wells MW-29 and MW-30. Groundwater remediation costs

are based on a series of 10 extraction wells and pumping rates sufficient to flush 1 pore-

volume per year through the affected portion of the aquifer and a water treatment system

based on the mass of uranium in the aquifer. Costs are included for remediation system

startup and 1 year of operation, although operation up to about 5 years may be needed.

Longer-term groundwater remediation costs have not been included, and cannot be

included without a more detailed remediation system design analysis.

*Inflation: An inflation rate of 4 percent per year was used to escalate costs from 2006 to

2007, then to escalate costs each year until 2010.

The preliminary closure cost estimate is provided in Table 8. The estimated cost for clean

closure and groundwater remediation is approximately $33 million. This estimate contains a

15 percent contingency factor, but is subject to the uncertainties noted above. The cost is

higher than the 2006 cost estimate of $23 million due to the increased waste density, the
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expanded groundwater plume, and an additional year of inflation as a result of a later project

startup.
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6. Conclusions and Recommendations

The waste characterization and expanded groundwater investigation provides additional

information to aid in decisions on final closure and groundwater remediation at the TOL. The

results of this study include a revised landfill closure cost estimate using the information gained

by the field investigation.

6.1 Waste Characterization

The waste characterization investigation included drilling a total of 101 borings within the landfill

to study waste characteristics; this included 79 borings that were logged for gamma radiation

levels and 22 borings where continuous core samples were collected for visual examination.

Background radiation was logged in upgradient monitor well MW-27 to check background

radiation levels and field procedures at a location where groundwater quality is known to be free

of radiological contaminant impacts. During the investigation, field radiation measurements

using a downhole gamma monitor and handheld geiger counter and gamma spectrometer found

that virtually all waste samples contained radiation at background levels. There was only one

boring location with a gamma measurement that slightly exceeded two times background. None

of the waste tested was found to contain radiation levels that constitute low-level radioactive

waste.

Visual inspection of waste cores found that the waste in the landfill is primarily comprised of soil,

with ash from burned waste being the most commonly observed waste material. Other waste

materials observed include glass, metal, plastic, wood, wallboard, asphalt, paper, bone, and

fabric-all in very small quantities. Little organic waste material was found that has not burned

or decomposed. Laboratory testing of the waste included testing for numerous hazardous

waste constituents, including metals and organics, using TCLP procedures. This testing

determined that the waste tested did not meet the limits that would constitute hazardous waste.

Select waste samples were also tested for total quantities of metals and radiological

components of concern based, on elevated geiger counter measurements in the waste cores.

This testing found that uranium is present at low background concentrations in the samples
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tested. Arsenic, copper, strontium, and vanadium were detected at elevated concentrations

compared to native soil and rock from core outside the landfill.

Waste testing conducted during the waste characterization demonstrates that most waste in the

TCL constitutes municipal solid waste, and does not meet the regulatory criteria for radioactive

or hazardous waste. These results are consistent with the 1999 waste investigation (DBS&A,

1999), which found no hazardous waste, but did not examine radioactive constituents. The

waste characterization investigation cannot rule out the possibility that isolated radioactive or

hazardous waste is present within the landfill. However, it appears that radioactive or

hazardous waste is not prevalent. Although the concentrations of radionuclides and hazardous

metals exceed MCLs in groundwater, these groundwater concentrations may be a result of

isolated quantities of higher-concentration contaminants. that remain undiscovered, or broadly

distributed contaminants at lower concentrations that do not trigger radioactive or hazardous

waste criteria.

6.2 Groundwater Monitoring

The three new monitor wells installed during this investigation (MW-29, -30, and -32) show that

groundwater contaminant impacts from the TCL extend to the shallow groundwater in alluvial

sediments along Pasture Canyon. Sampling indicates that MCLs are exceeded for uranium,

gross alpha, arsenic, sulfate, chloride, and TDS. Uranium exceeds standards at MW-29

and -30, indicating that the groundwater plume extends over 4,000 feet from the old 10O-acre cell

at the TOL. At monitor well MW-32, located 5,400 feet from the TCL, standards are exceeded

for arsenic and TDS, and gross alpha is elevated to a level equaling the standard. The similarity

of water quality constituents and concentrations in the wells near Pasture Canyon and the

monitor well positions downgradient of the previously identified contaminant plume west of the

TCL indicate that these impacts to downgradient groundwater quality near Pasture Canyon are

almost certainly attributable to the TOL.

The new groundwater monitor wells show that the contaminant plume extends to within

2,600 feet of the Moencopi water supply. springs and the Upper Moenkopi supply wells. The

limits of contaminant plume migration have not been fully defined, so the plume may extend
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even closer to these drinking water sources. These results indicate the need for immediate

interim groundwater containment and remediation.

Although an interim remedy may be implemented to address the known contamination,

installation of additional monitor wells beyond the limits of the known contaminant migration is

recommended to fully characterize the groundwater plume. Additional off-site contaminant

,sources may also contribute to the groundwater plume, particularly related to the impacts

observed in the Navajo wells north of the TOL. The extent of migration has not been defined on

the west and south sides of the plume on Hopi lands or on the north side of the plume on

Navajo lands. In particular, one or more monitor wells should be installed on the west side of

Pasture Canyon, between the impacted monitor wells in the western part of the plume (MW-1 5,

-16, -22, and -29) and the Upper Moenkopi supply wells. The cone of depression surrounding

these pumping wells may cause groundwater to flow toward the west, beneath Pasture Canyon,

with a potential for more rapid flow. as the gradient steepens toward the pumping center.

6.3 Closure Cost Estimates

A revised closure cost estimate was prepared for the TCL to assist with planning by the BIA,

Hopi Tribe, and additional stakeholders for funding the landfill closure and groundwater

remediation. The results of the waste characterization and groundwater investigation were used

to refine the closure cost estimate from previous estimates prepared in 1999 and 2006. The

cost estimate includes clean closure of the landfill, the preferred alternative of the Hopi Tribe,

the Villages of Moencopi and Upper Moenkopi, and the Navajo Nation Tuba City Chapter.

The estimated cost for clean closure and groundwater remediation is approximately $33 million.

The cost estimate has increased as a result of the findings of this investigation due to (1) the

amount of soil found in waste core samples, resulting in an increased waste density, (2) the

expanded groundwater plume reaching monitor wells MW-29 and -30, and (3) inflation. The

cost estimate is based on removal of 307,000 cubic yards of waste for disposal at a permitted

off-site disposal facility.
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Because most if not all of the TCL waste meets the definition of municipal solid waste, costs for

off-site waste disposal during clean closure waste removal will be held to levels well below costs

for disposal of radioactive or hazardous waste. The waste characterization has confirmed the

physical, chemical, and radiological characteristics of the waste disposed of at the TCL to

solidify the cost estimate for landfill closure.

6.4 Additional Recommendations for Groundwater Remediation

The TCL groundwater contaminant plume imminently threatens drinking water supplies used by

Moencopi and Upper Moenkopi and springs used for irrigation of crops. The new monitor wells

installed along Pasture Canyon show that the groundwater contaminant plume has migrated

much closer to water supply springs than previously known. To respond to this threat, efforts

should be advanced to immediately design and implement a groundwater remediation system

that will prevent continued contaminant migration and begin to restore the N-aquifer water

quality.

Groundwater monitoring at the TOL over the past 8 years indicates that contaminant

concentrations have remained consistent, suggesting that a continued source of leachate

generation exists at the landfill. Uranium- and metal-bearing wastes are soluble in the landfill

leachate and mobile in the groundwater geochemnical conditions at the site. The distribution of

contaminants at the site indicates that multiple sources within the old and new cells appear to

contribute to the groundwater plume.

While the contaminant source at the TCL needs to be addressed, the downgradient

.groundwater plume needs to be contained and controlled, regardless of progress with final

closure of the landfill. The selection, design, and installation of a groundwater remediation

system should be initiated to start aquifer restoration. At a minimum, the corrective action

requirements of federal solid waste regulations under 40 CFR 258 apply to the TCL. These

regulations require that corrective action be initiated within regulatory deadlines.

Groundwater monitoring should continue at the TOL on a regular basis, in conjunction with

installation of additional monitor wells needed to fully define the limits of contaminant plume
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migration. The five deep monitor wells have been sampled infrequently; therefore, sampling the

five deep monitor wells is recommended to examine if the shallow plume has migrated into the

deeper portion of the aquifer. Confirmation sampling should be performed on MW-29, -30,

and -32 to verify the water quality results from the first monitoring event.

A study of water quality of springs along Pasture Canyon and Moenkopi Wash should also be

initiated. Limited spring sampling was performed by the U.S. Geological Survey as reported by

Johnson and Wirt (2006). Key spring locations should be identified for sampling, including all

springs used for drinking water and irrigation. The spring sampling should be an ongoing

activity to develop a comprehensive water quality database and provide a mechanism to quickly

detect any evidence of increasing contaminant concentrations.
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Figure 9a. Vista Geoscience installing MW-30 along Pasture Canyon with Geoprobe.

Figure 9b. OP-i core showing the contact at 8.2 feet bgs between the bottom
of waste (gray material/ashes) and the Navajo Sandstone (white material).
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Figure 9e. DPC-28 core interval of 9.0 to 11.0 feet bgs showing contact between
waste and well-sorted sand. The waste consists of charcoal, glass, plastic,
paper, fabric, and metal.
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Figure 9t. DP-57 core of interval 9.0 to 11.7 feet bgs sh~owing contact between
waste and stained sandstone. The waste consists of glass, plastic, ashes,
asphalt, and bone.
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Table 2. August 2007 Analytical Results for
Hopi Monitor Wells near Pasture Canyon

Tuba City Landfill
Page 1 of 2

____________IEPA MCL or
Analyte Standard HopLICML MW-29 MW-30 MW-32

General Chemnistry and Metals (mg/L)
Alkalinity ---___---_ 200 360 390

Arsenic 0.01 0.05 0.188 0.006 0.049
Barium 2 1 0.036 0.55 0.11
Calcium ---___--- 73 120 120

Chloride 250 250 330 23 53
Chromium 0.1 0.1 <0.0060, 0.01 0.011
Cobalt --- __--- <0.0060 0.012 <0.0060

Copper 1.3 1 <0.0060 0.023 0.033
Lead 0.'015 0.05 <0.0060 0.04 0.011
Magnesium* ---_____ ---__ 29 30 28

Nitrite 1 1 0.11 <0.10 <0.10
Nitrate/nitrite 10 10 1.3 <0.20 <0.20
Potassium ---- 2.7 6.9 6.8
Selenium 0.05 0.05 <0.009 0.019 <0.001
Sodium ---____ ---___ 440 80 130

.Strontium -- 8 5.8 1.8 1.
Sulfate 250 250 660 48 230
TDS 500 500 1,700 490 780
Uranium 0.03 0.035 0.033 0.0346 0.0074
Vanadium ---____ ---___ 0.5 <0. 1 <0. 1

Zinc 5 5 <0.050 0.12 0.19
Radiochemis try (pCi/L ______ ____ _____ ____

Gross alpha 15 ---___ 36.6 NA 15

Gross beta 4 mrem/yr' --- 13.4 NA 12.2
Gross gamma ________ ---___ <20.0 NA <20.0

Radium-226 (dissolved) 5______ b ____ <20.0 NA <20.0

Radium-226 (total) 5b -- <0.2 NA 0.8

Bold indicates concentration that exceeds U.S. Environmental Protection Agency (EPA) and/or Hopi
and/or secondary drinking water standards.
aMCL is provided in millirems per year (mrem/yr), but analytical results are provided in pCiIL.
b Combined MCL for Ra-226 and Ra-228.

=No applicable standard mgIL = Milligrams per liter
NA Not analyzed pCi/L =Picocuries per liter
MCL= Maximum contaminant level

MOL for primary
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Table 2. August 2007 Analytical Results for
Hopi Monitor Wells near Pasture Canyon

Tuba City Landfill
Page 2 of 2

EPA MOL or11
SecondaryI

AnlteSanad Hop MOL MW-29 MW-30 MW-32

Radiochemistry ('pCi/L,) (cont.)__________

Radium-228 (isle)5b -- <0N 1

Radium-228 (total) 5b -- <1.0 NA <1.0

Uranium-234 ---_____ ---___ 26.4 NA 6.7

Uranium-235 ---____ ---___ 0.7 NA <0.2

Uranium-238 ---___--- 12.3 NA 3.1

ILU-234/U-238 cj 2.1 j NA j 2.2

Bold indicates concentration that exceeds U.S. Environmental Protection Agency (EPA) and/or Hopi MCL for primary
and/or secondary drinking water standards.
aMCL is provided in millirems per year (mrem/yr), but analytical results are provided in pCi/L.

b Combined MCL for Ra-226 and Ra-228.

--= No applicable standard mg/L = Milligrams per liter
NA = Not analyzed pCi/L = Picocuries per liter
MCL= Maximum contaminant level

TUBA CITY LANDFILL WASTE CHARACTERIZATION
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Table 3. Waste Characterization Borings
Tuba City Landfill

Page 1 of 3

Cover Waste Depth
Boring Core Thickness (to sand/bedrock)

Number Number (feet) (feet bgs)

DP-1 ---- 8.2

DP-2 ---- 9.0

DP-3 ---- 8.6

DP-4 -- 7.7

DP-5 ---- 10.7

DP-6 ---- 11.4

DP-7 ---- 6.8

DP-8 ---- 9.1

DP-9 ---- 8.4

DP-1 0 ---- 9.6

DP-1 1 ---- 9.0

DP-12 --- 11.5
DP-13 DPC-13 2.4 12.2
DP-1 4 ---- 12.6
DP-1 5 ---- 11.0

DP-1 6 ---- 11.0

DP-17 ---- 12.4

DP-18 ---- 8.6

DP-1 9 DPC-1 9 1.2 8.8
DP-20 ---- 8.5

DP-21 ---- 9.5

DP-22 --- _ __--- _ 8.9

DP-23 ---- 13.7

DP-24 -- 11.5
DP-25 12.4
DP-26 ---- 13.8

DP-27 ---- 7.3

DP-28 DPC-28 2.3 10.1
DP-29 --- 11.7
DP-30 ---- 11.1

DP-31 -- 7.3

DP-32 ---__ __ _ _ _ __ _ _ _ 4.1

=DP-33 ---_____ 2.3

bgs = Below ground surface
--= Not applicable

TUBA CITY LANDFILL WASTE CHARACTERIZATION
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Table 3. Waste Characterization Borings
Tuba City Landfill

Page 2 of 3

Cover Waste Depth
Boring Core Thickness (to sand/bedrock)

Number Number (feet) I (feet bgs)
DP-34 ---- 3.3

DP-35 DPC-35 0.0 9.2
DP-36 --- 7.3
DP-37 ---- 6.4

DP-38 ---- 2.2

DP-39 DPC-39 0.4 3.9
DP-40 ---__ __ _ ---__ __ _ 2.7

DP-41 ---- 7.6

DP-427.5
DP-43 --- 7.7
DP-44 DPC-44 0.0 7.3
DP-45 ---- 4.6

DP-46 ---- 3.3
DP-47 ---- 6.0

DP-48 ---- 9.4

DP-49 DPC-49 0.0 .9.9
DP-50 DPC-50 0.0 2.7
DP-51 -- - 9.0
DP-52 DPC-52 0.8 1.8
DP-53 DPC-53 0.0 6.7
DP-54 ---- 12.7

(saturated)
DP-55 DPC-55 0.0 5.0

___________ ___________(saturated at 5.6)

DP-56 ________ 8.6

DP-57 DPC-57 1.3 12.0
DP-58 ---- 12.5

(saturated)
DP-59 DPC-59 0.0 4.9
DP-60 ---- 11.0

DP-61 DPC-61 0.0 2.7
DP-62 --- 9.0
DP-63 DPC-63 1.2 10.8
DP-64 I_ ---_I_---__ 15.8

bgs = Below ground surface
--= Not applicable

TUBA CITY LANDFILL WASTE CHARACTERIZATION
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Table 3. Waste Characterization Borings
Tuba City Landfill

Page 3 of 3

Cover Waste Depth
Boring -Core Thickness (to sand/bedrock)Number_____ Number (feet) (feet bgs)

DP-65 DPC-65 0.6 4.3
DP-66 DPC-66 0.0 9.0

D67DPC-67 2.7 9.2
DP-68 ---- 12.7

DP-69 DPC-69 4.3 12.3
DP-70 DPC-70 1.6 11.8'
DP-71 ---__ __ _ ---__ __ _ 7.1

DP-72 ---- 9.1

DP-73 ---- 15.3

DP-74 ---- 10.0

DP-75 ---- 7.4

DP- 76 DPC-76 0.0 9.0
(saturated at 11 .4)

DP-77 DPC-77 0.0 0.8
jDP-78 --- 4.0
DP-79 -- 13.0

bgs = Below ground surface
-- = Not applicable

TUBA CITY LANDFILL WASTE CHARACTERIZATION
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Table 4. Comparison of Water Levels in Monitor Wells, 1999 to 2007
Tuba City Landfill

Depth to Water (feet btoc) Change in Depth to Water

WellID Agust9, 207 Ifrom 1999 to 2007
Wel DAu ut ,20 7 February 22, 1999 (feet)

MW-01 21.68 21.10 -0.58
MW-02 21.66 21.09 -0.57
MW-03 16.99 16.24 -0.75
MW-04 13.67 12.98 -0.69
MW-05 21.23 21.37 0.14

MW-06 17.08 16.15 -0.93
MW-07 16.84 15.16 -1.68
MW-08 1 14.18 11.30 -2.88

__________ Average for wells MW-01 through MW-08 -0.99

MW-09D 20.77 19.92 -0.85
MW-10D 28.03 28.20 0.171
MW-li1D 27.23 26.55 -0.68
MW-12D 15.06 12.84 -2.22
MW-i13D 10.17 7.70 -2.47

btoc = Below top of casing

TUBA CITY LANDFILL WASTE CHARACTERIZATION
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Table 5a. Waste Core and N-Aquifer Analytical Data for Metals
Tuba City Landfill

Depth Concentration (mg/kg-dry)
Core [(feet bgs) [Arsenic_ Copper Selenium Strontium uranium Vanadium.

Waste Samples__________

DPC-49 5.1 7.2 26.8 <0.5 106 0.7 33.8

DPC-50 2.7 5.9 21.7 <0.5 61.2 <0.5 5.6

DPC-52 2 5.9 43.9 0.7 40.8 0.7 6.4

DPC-61 3.2 1.2 4.7 <0.5 125 0.7 7.1
DPC-63 9.8 2.0 55.5 <0.5 136 <0.5 13.9
DPC-63 10.3 <0.5 1 <0.5 44.0 <0.5 2.0

DPC-65 2.1 2.1 46.2 <0.5 68.5 <0.5 6.9
DPC-69 2.6 0.8 1.8 <0.5 29.9 <0.5 6.4

DPC-69 4.7 2.9 23.2 <0.5 87.4 <0.5 7.1
DPC-70 4.4 4.3 39.2 <0.5 96.0 0.5 14.3

Navajo Sandstone __________

SB-i (near MW-27) 28.5 <0.5 ~1.5 <0.5 11.0 2.8 5.3
SB-2 (near MW-7) 14-17 <0.5 2.2 <0.5 20.3 0.7 3.2
SB-3 (near MW-7) 15-18 <0.5 3.1 <0.5 25.0 j 0.8 5.0

bgs = Below ground surface
mglkg-dry = Milligrams per kilogram dry weight
DPC = Direct push core
SB = Soil boring

TUBA CITY LANDFILL WASTE CHARACTERIZATION
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Table 5b. Waste Core and N-Aquifer Analytical Data for Radiochemnistry
Tuba City Landfill

Depth Activity (pCi/g-dry)
Core [(feet bgs) j~Gross Alpha Gross Beta Radium-226 Radium-228 Thorium-228 Thorium-230 FThorium-232

Waste Samples _______________________

DPC-49 5.1 3.6 ± 0.6 12.7 ±0.6 0.2 ±0.1 <0. 1 <0. 1 <0. 1 0.1 ± 0.07

DPC-50 2.7 2.0 ±0.5 11.7 ±0.6 <0. 1 <0. 1 <0. 1 <0.1 <0. 1

DPC-52 2.0 4.1 ± 0.6 10.8 ± 0.6 0.3 ± 0.1 <0. 1 <0. 1 0.2 ± 0.09 <0. 1

DPC-61 3.2 1.2 ±0.5 10.9 ±0.6 <0. 1 <0. 1 0.2 ±0.08 <0. 1 <0. 1

DPC-63 9.8 <1.0 7.6 ± 0.6 0.1 ± 0.08 <0. 1 <0. 1 <0. 1 <0. 1

DPC-63 10.3 <1.0 4.9 ±0.6 <0. 1 <0. 1 <0. 1 0.3±0.1 <0. 1

DPC-65 2.1 <1.0 10.6 ±0.6 0.3±0.1 2.6 ±0.4 0.1 ± 0.06 0.1 ±0.07 <0. 1

DPC-69 2.6 6.0 ±0.6 16.3 ±0.6 0.1 ±0.08 <0. 1 <0.1 <0. 11 0.1 ± 0.07

DPC-69 4.7 2.8 ± 0.5 12.2 ± 0.6 <0. 1 <0. 1 <0. 1 <0. 1 <0. 1

DPC-70 4.4 <1.0 9.5±0.6 0.2 ±0.1 <0. 1 <0. 1 0.2±0.08 <0. 1
Navajo Sandstone ____________ _____

SB-i (near MW-27) 28.5 3.2 ±0.5 14.8±0.6 0.5 ±0.1 2.4 ±0.4 <0. 1 J0.3±0.1 <0. 1

SB-2 (near MW-7) j 14-17 1.2 ±0.5 11.5±0.6 j0.2 ±0.1 1.3 ±0.5 <0. 1 j <0. 1 <0. 1
SB-3 (near MW-7) j 15-18 1.2 ±0.5 13.5±0.6 0.2 ±0.1 <0. 1 <0. 1 j <010.

bgs = Below ground surface
pCi/g-dry = Picocuries per gram dry weight
DPC = Direct push core
SB = Soil boring

TUBA CITY LANDFILL WASTE CHARACTERIZATION
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Table 5c. Analytical Results for Composite Waste Sample
August 2007

Analyte a Concentration/Activity

Total Petroleum Hydrocarbons (mg/kg)
TPH 140
Chlorinated Herbicides (mg/kg)
Pentachlorophenol 0.146
Pesticides (mg/kg)
Dieldrin T0.0034
Polycyclic Aromatic Hydrocarbons (mg/kg)
Benz(a)anthracene 0.05
Benzo(k)fluoranthene 0.025
Benzo(a)pyrene 0.065
Benzo(g,h,i)perylene 0.072
Radiochemnistry (pCi/g)
Gross alpha 3.9
Gross beta 11.4
Radium-226 (total) 0.3
Radium-228 (total) <0.1
Thorium 230 0.2
U ranium-234 <0. 1
U rani um-235 <0. 1
Uranium-238 0.8

aOnly analytes with reported detections are included. Numerous additional analytes
were not detected at concentrations above laboratory reporting limits. Complete
results are provided in Appendix F.

mgkg = Milligrams per kilogram
pCi/g = Picocuries per gram

TUBA CITY LANDFILL WASTE CHARACTERIZATION
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Table 6. Water Level Measurements, August 9, 2007
Tuba City Landfill

I Water Level
Elevation Depth to Water

Well j (feet msl) (feet btoc)
MW-al 4,892.27 21.68
MW-02 4,883.04 21.66

-MW-03 4,882.84 16.99
MW-04 4,880.80 13.67

MW-O5 4,867.68 21.23

MW-06 4,855.32 17.08

MW-07 4,842.69 16.84

MW-08 4,846.00 14.18

MW-09D 4,879.15 20.77

MW-10D 4,873.83 28.03

MW-11D 4,849.89 27.23

MW-12D 4,845.14 15.06

MW-13D 4,852.14 10.17

MW-14 4,831.75 19.31

MW-15 4,782.57 22.16

MW-16 4,798.01 15.08

MW-17 4,836.22 30.37
MW-18 4,846.39 17.61
MW-19 4,888.48 29.82

MW-20 4,876.80 22.64

MW-21 4,815.22 18.48

MW-22 4,814.67 11.92

MW-23 4,824.44 16.44

MW-24 4,869.00 20.25

MW-25 4,886.57 20.26

MW-26 4,874.47 19.99
MW-27 4,891.34 33.24

MW-28 4,854.69 20.62

MW-29 4,775.88 23.57

MW-30 4,759.65 27.65

MW-32 4,738.50 32.29

mnsl = Above mean sea level
btoc = Below top of casing

TUBA CITY LANDFILL WASTE CHARACTERIZATION
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Table 7. Hopi Monitor Well Coordinates
Tuba City Landfill

F 1I Elevation (feet ins!)

Well Northing (UTMV 27) Easting (UTMV 27) Ground T Casing

MW-01 3997204.830 482422.037 4911.66 4913.95

MW-02 3997154.095 482248.360 4902.26 4904.70

MW-03 3997090.561 4821 79.536 4897.53 4899.83

MW-04 3997037.304 482101.091 4892.07 4894.47

MW-05 3997220.253 482002.121 4886.68 4888.91

MW-06 3997307.850 481 868.546 4870.13 4872.40

MW-07 3997305.871 481 764.793 4857.32 4859.53
MW-08 3997373.773 481796.268 4857.84 4860.18

MWV-09D 3997360.257 482256.654 4897.76 4899.92

MW-i10D 3996977.260 482174.261 4899.64 4901.86
MW-li1D 3997140.673 481874.749 4874.32 4877.12

MW-12D 3997372.234 481793.19 4858.08 4860.20

MW-13D 3997252.530 481763.036 4859.85 4862.31

MW-1 4 3996984.327 481 544.687 4848.31 4851.06

MW-i5 3996973.667 481 250.694 4802.84 4804.73

MW-i16 3997099.560 481336.936 4810.55 4813.09
MW-17 3997187.885 481641.527 4863.70 4866.59

MW-i18 3997196.967 481773.786 4861.22 4864.00

MW-19 3996922.194 482354.313 4915.59 4918.30

MW-20 3996936.776 481 988.101 4896.96 4899.44

MW-21 3997256.680 481478.637 4831.01 4833.70

MW-22 3997381 .389 481312.507 4823.82 4826.59

MW-23 3997382.513 481573.437 4837.50 4840.88

MW-24 3997284.298 482037.546 4886.16 4889.25

MW-25 3996970.417 482217.798 4904.14 4906.83

MW-26 3997196.176 482115.892 4891.81 4894.46

MW-27 3997035.665 482516.662 4921.88 4924.58

MW-28 3997083.415 481 833.317 4872.63 4875.31

MW-29 3996808.985 481153.237 4796.74 4799.45

MW-30 3996444.916 480828.505 4784.50 4787.30

MW-31 3996222.426 480483.134 4768.70 4771.46

MW-32 39.96220.185 480480.337 4768.56 4770.79

Note: UTM NAD27 Zone 12N projection
UTM = Universal transverse mercator
mnsl = Above mean sea level

TUBA CITY LANDFILL WASTE CHARACTERIZATION
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Table 8. Preliminary Cost Estimate, Tuba City Landfill Closure: Clean Closure with Off-Site Disposal

FýY 08 ý(Oct 07 - Sep 08): Final Closure Plan J FY 09 (Oct 08 - Sep 09): Closure Construction Start IFY 10 (Oct 09 - Sep 10): Closure Construction Finish

Item Cost $) Item cost ($) jItem [ Cost $

Closure Plan Waste Excavation _______Waste Excavation/Site Restoration
Prepare written Closure plan 30,000 Excavation and loading 919,000 Excavation and loading 919,000
BIA and Tribal review/concurrence 20,000 Temporary leachate pond construction 468,000 Earthwork/regrading 145,000

Engineering Design Hauling and Tipping Fees Seeding/revegetation 85,000
Design analysis, calculations 50,000 Waste hauling 5,388,000 Decommission leachate pond 503,000

Design drawings 40,000 Waste disposal tipping fees 5,181,000 Hauling and Tipping Fees
Plans and specifications 25,000 Engineering Services _______ Waste hauling .5,388,000

Bid documents 8,000 Bid assistance 20,000 Waste disposal tipping fees 5,181,000
CERCLA Plarnn Ing ______ Construction administration 72,000 Engineering Services

RI/FS and/or EE/CA 200,000 Inspection 60,000 Construction administration 60,000
Gro undwater Monitoring Waste screening 200,000 Inspection 60,000

Semiannual monitoring 60,000 QAIQC, monitoring, survey 166,000 Waste screening 100,000
Public Outreach Groundwater Remediation System OA/QC, monitoring, survey 71,000

Community meetings 30,000 Installation capital 927,000 Project close-out 31,000
Stake holder Meetings ______ Engineering design 164,000 Groundwater Remediation System

Meetings/communications 40,000 Start-up and O&M 257,000 O&M 257,000
Project Support ______Groundwater Monitoring ______Groundwater Monitoring

Hopi Tribe fiscal agent costs 100,000 Semiannual monitoring 78,000 Semiannual monitoring 78,000
Technical contractor 30,000 Public Outreach _______Public Outreach_______

Regulatory Compliance - Community meetings 30,000 Community meetings 30,000
EPA, NRC, and Arizona review 50,000 Stakeholder Meetings ______Stake holder Meetings ______

________________________Meetings/communications 40,000 Meetings/communications 40,000

Project Support Project Support _______

________________________Hopi Tribe fiscal agent costs 100,000 Hopi Tribe fiscal agent costs 100,000
________________________________ Technical contractor 30,000 Technical contractor 30,000
_____________________ _______Regulatory Compliance ______Regulatory Compliance_______

_________________________________ EPA, NRC, and Arizona review 50,000 EPA, NRC, and Arizona review 5,0

Annual Subtotal 683,000 14,150,000 13,128,000
Annual Inflation (4% from FY06) 28,413 612,186 590,689

Contingency (15%) 106,712 2,214,328 1,969,200
Annual Total J818,125 16,976,513 15,687,889

Total Project Budget* 33,482,527

Notes: Cost projections do not extend beyond FY 10 for longer-term groundwater remediation system operation.
Costs for waste hauling and tipping fees are based on an in situ waste density of 100 pounds per cubic loot or 2,700 pounds per cubic yard; equivalent to uncompacted sandy soil.
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Drilling Logs



Waste Core Logs



Sample Sample
Interval

(feet bgs)

70.0-4.0

I uscs Comments and Lithology

3.2 SW Sand with 10% calihe ndues light brow (7.57R 674); at 2.4 feet
encounter 90% sand with 5% metal (rusted), 3% plastic, 2% glass, sand, ver
fine- to medium-grained, poorly sorted, rounded grains, unconsolidated, dry.

1.9 1 4.0-9.0 60% sand with 25% ash, 5% plastic,
grayish brown (lOYR 4/2), very fine
d ry.

10% charcoal, 2% paper, 2% glass, dc
sand to 1 -inch plastic, poorly sorted,

1.0 19.0-12.4 50% sand with 25% ash, 15% glass, 8% charcoal, 2% wood, 1% paper, very
fine-grained sand to 3/4-inch glass, poorly sorted, dry, very dark gray
(lOYR 3/1).

T. D. = 12.4'

15-

Geologist: C. Pigman
Driller: ESN
Date completed: 8-07-07

Drilling method: Direct Push
Bit diameter: 3 1/4"

HOPI TUBA CITY LANDFILL
Well Log: DPC-13

Daniel B. Stephens & Associates, Inc.
11-28-07 JN WRO6.0093
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uScs
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7
5-

30-61)

30-80

25-4Z

26-41

Core
Barrel

0.0-4.0

4.0-8.9

SW

SW/
Waste

5.2

Sand, reddish yellow (5YR 6/6), fine- to medium-grained, well sorted,
rounded grains, unconsolidated, dry; at 1.2 feet encounter 80% sand with
15% ash, 8% glass, 1% rusty metal, 1% plastic, 3% charcoal, brown (7.5YR
4/3), very fine-grained sand to 3/4-inch metal, poorly sorted, moist.

65% sand with 10% concrete, 3% metal, 5% glass, 2% fabric, 8% ash, 2%
plastic, 5% charcoal, strong brown (7.5YR 4/6), fine sand to 2',4-inch
concrete, poorly sorted, moist.

Core
Barrel

2.9

5.2

0 20

0I

20

10-

15-

20-

Geologist: C. Pigman Drilling method: Direct Push
Driller: ESN Bit diameter: 3 1/4"

Date completed: 8-07-07-8~Daniel B. Stephens & Associates, Inc.-11-28-07 JN WRO6.0093

HOPI TUBA CITY LANDFILL
Well Log: DPC-19
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T.D. = 10.0'
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SW"
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PID
Readinc
(ppm)

Radiation
Ludlumn
Giegor
(cpm)

Radiation
Exploranium

Spectrometer
(cps)

Sampling
Device

Sample
Recovery
'f, -t bgs)

Sample
Interval

(feet bgs)

USCS
Symbol

¶ - 'I - - I - 9~ I - f-~ q-- y

Comments and Lithology

30-851 25-40

5-

1jý

0.7

1.8

0.7

30-70 29-40

Core
Barrel

Core
Barrel

Core
Barrel

3.I 0.0-4.0

3.0

0.8

SW

4.0-9.0

9.0-10.0

SW/
Waste

SW'
Waste

Sand with 15% caliche nodules and 1% plastic, light reddish brown (SYR
6/4), very fine- to medium-grained, poorly sorted, subrounded grains,
unconsolidated, dry; at 2.3 feet encounter ash stained sand, 75% sand, 10%
ash, 3% plastic, 2% fabric, 2% metal, 5% concrete, 1% glass, strong brown
(7.5YR 5/6), very fine sand up to 2-inch-diameter concrete, poorly sorted,
moist.

80% sand with 10% charcoal, 5% glass, 3% paper, 2% plastic, light yellowish
brown, very fine sand to 114-inch sandstone clasts, poorly sorted, dry to
moist.

60% sand with 15% glass, 15% ash, 8% fabric, 2% paper, dark grayish
brown (lOYR 4/2), very fine sand to 114-inch ball fabric and 114-inch
glass, poorly sorted, dry to moist; at 9.6 feet encounter light brown sand.

40-901I 27-41

15-

20-

Geologist: C. Pigman Drilling method: Direct Push
Driller: ESN Bit diameter: 3 1/4"

Date completed: 8-07-07-4~Daniel B. Stephens & Associates, Inc.-11-28-07 .JN WRO6.0093

HOPI TUBA CITY LANDFILL
Well Log: DPC-28
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Exploranium

Spectrometer
(cps)
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Sample
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Sample
Interval

(feet bgs)
USCS

Symbol

0-

Comments and Lithology

- A - - 4 4-.-----1
,30-951 29-47

5-

10-

0.7

30-70 29-47

Core
Barrel

Core
Barrel

Core
Barrel

3.3 0.0-4.0

4.0-9.02.4 Sand with same as above.

No recovery.

SW/ 90% sand with 3% glass, 5% ash, 2% plastic, 2% fabric, brown (7.5YIR 5/4),
Waste very fine sand to 3/4-inch plastic, poorly sorted, dry.

r

0

U!

None 1 9.0-9.8

101j T.D. = 9.8'

15-

20-

15-

20-

________ ________ J i

Geologist: C. Pigman Drilling method: Direct Push
Driller: ESN Bit diameter: 3 1 /4"

Date completed: 8-07-07-4Daniel B. Stephens & Associates, Inc.11-28-07 .JN WRO6.0093

HOPI TUBA CITY LANDFILL
Well Log: DPC-35
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U-t I
30-85 31-48 Core

Barrel
0.0-3.6 SW/

Waste
Sand, reddish yellow (5YR 6/6), very fine- to medium-grained, poorly
sorted, rounded grains, unconsolidated, dry; at 0.4 foot encounter sand with
trash, 75% sand, 5% ash, 5% metal, 10% concrete, 3% gypsum (wallboard),
2% glass.

5-

10-

15-

20J

Geologist: C. Pigman Drilling method: Direct Push
Driller: ESN Bit diameter: 3 1/4"
Date completed: 5-09-07

ýDaniel B. Stephens & Associates, Inc.-
11-28-07 JN WRO6.0093

HOPI TUBA CITY LANDFILL
Well Log: DPC-39



S:\Projects\WRO6.0093-Hopi-Tuba-CtyLandflll\VR-Drowinqs\WR06-0093..0f7B-boreloqs.dwq
Y - - ! - - ,I. - ~ - q - q - I

Graphic
Log

SW'
Waste

PID
Reading
(ppm)
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Explorarium

Spectrometer
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Sample
Interval

(feet bgs)
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Symbol Comments and Lithology

0- - -- - *I- - - - -

30-801 38-47

1.3

0.5

Core
Barrel

Core
Barrel

1.6

2.0

0.0-4.0

4.0-6.1

SW/
Waste

Sand with ash, reddish brown (SYR 5/3),
charcoal, 1% plastic, 1% fabric, very fine
unconsolidated, dry.

75% sand, 15% ash, 5% glass, 3%
sand up to 3/4-inch glass,

30-80 34-47 SW/ Sand with waste, yellowish red (5YR 5/6), 80% sand, 5% ash, 10% fabric.
Waste 15% metal, moist.

T.D. = 6.1'

10-

e -
U
V

U,

*0c
0
'- 10-
C.,

0

La.

15-

20-

15-

20-

Geologist: C. Pigmon Drilling method: Direct Push
Driller: ESN Bit diameter: 3 1/4"

Date completed: 8-09-07-8~Daniel B. Stephens & Associates, Inc.-11-28-07 ,JN WIRO6.0093

HOPI TUBA CITY LANDFILL
Well Log: DPC-44
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10-

20

-B
0

.D. = 10.2'

Surface

lentonite

Graphic
Log

SW/
Waste:

PlO
Reading
(ppm)

Radiation
Ludlumn
Gleger
(CPm)

Radiation
Exploranium

Spectromete
(cps)

Sampling
Device

Sample4ecovery
(fast bgs)

Sample
Interval

(feet bqs)

uSsc
Symbol

t~t - - - -U -1.

5-

10 j

0.3

0.6

0.4

30-70

30-80

30-70

42-52

49-63

37-55 Core
Barrel

Core
Barrel

Core
Barrel

2.7

2.5 4.0-9.0 SW/
I I Waste

0.0-4.0 SW/
Waste

Comments and Lithology

Sand with minor waste, reddish yellow (SYR 6/6), 80% sand, 8% glass, 8%
ash, 3% plastic, 1% concrete, 1% metal, very fine sand up to 3/4-inch
glass, poorly sorted, dry to damp.

Sand with waste, reddish yellow (7.5YR 6/6), 85% sand, 3% glass, 5%
plastic, 2% concrete, 5% ash, 1% asphalt, rust staining at 5.8 feet below
ground surface, very fine sand up to 2-inch asphalt shingle core.

Sand with waste, 50% sand, 40% concrete, 8% charcoal, 2% plastic, 2%
glass, very fine sand to 1%~-inch concrete; at 9.5 feet encounter sand,
reddish yellow (5YR 6/6), very fine- to medium-grained, poorly sorted,
rounded groins, few caliche nodules, unconsolidated, moist to wet.

0.9 19.0-10.2 SW/
Waste

T

15-

20-

J ____ 1 _____ .1. ________ 1 _____ L _____ C I I

Geologist: C. Pigman Drilling method: Direct Push
Driller: ESN Bit diameter: 3 1/4"
Date completed: 8-09-07

28Daniel B. Stephens & Associates, Inc.-11-28-07 A-JN WRO6.0093

HOPI TUBA CITY LANDFILL

Well Log: DPC-49



Comments and Lithology

ISW!

Waste
Sand with ash and trash, reddish yellow (SYR 6/6), 85% sand, 8% ash, 5%
glass, 2% plastic; at 1.2 feet encounter sand with no trash, very fine- to
fine-grained, poorly sorted, rounded grains, dry to damp; at 2.7 feet rust
stained, higher counts.

SP ISand, reddish yellow (5YR 6/6), very fine to fine-grained, well sorted,
rounded grains, unconsolidated, moist, no trash.

O.O'-1 1.1

SP ISand, same as above; at 9.9 feet encounter lighter colored sand, reddish
yellow (5YR 7/6), moist to wet.

T.D. = 11.1'
V
I

20-

Geologist: C. Pig man
Driller: ESN
Date completed: 8-09-07

Drilling method: Direci
Bit diameter: 3 1/4"

tPush

HOPI TUBA CITY' LANDFILL
Well Log: DPC-50

Daniel B. Stephens & Associates, Inc.
11-28-07 JN WRO6.0093
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Comments and Lithology

Sand with ash, brown (7.5YR 4/4), very fine- to medium-grained, poorly
sorted, rounded grains, unconsolidated, dry; at 0.8 foot have trash in sand,
50% sand, 25% ash, 5% gypsum (wallboard), 5% glass, 10% charcoal, 2%
plastic; at 1.8 feet encounter sand, yellowish red (5YR 5/6), very fine- to
medium-grained, poorly sorted, rounded grains, unconsolidated, moist.

Sand, yellowish red (5YR 5/6), very fine- to medium-grained, poorly sorted,
rounded grains, unconsolidated, moist; at 5.0 feet encounter pink sand
(7.5YR 7/3), fine- to medium-grained, well sorted, rounded grains,
unconsolidated, moist.

T.D. = 5.8' I

10-

15-

20-

______ A .1. 1 _______ .1. L

Geologist: C. Pigman
Driller: ESN
Date completed: 8-09-07

Drilling method: Direct Push
Bit diameter: 3 1/4"

HOPI TUBA CITY LANDFILL
Well Log: DPC-52

Daniel B. Stephens & Associates, Inc.
11-28-07 JN WR06.0093
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0.7

1.8

30-60

30-70

35-52 Core
Barrel

Core
Barrel

2.2 0.0-4.0

4.0-9.1

Waste

SIP

Sand with ash, brown (7.5YR 4/3), 60% sand, 20% ash,
plastic, 3% metal, 3% charcoal, top 0.3 foot mostly blow
at 1.6 feet below ground surface, moist at 1 foot below

10% glass, 3%
sand, rust stained
ground surface.

36-54 3.4 Sand (no trash), yellowish red (SYR 5/6), fine-grained, well sorted, rounded
grains, unconsolidated, moist; at 7.0 feet encounter pink (7.5YR 7/4) sand
that is laminated.5-

W

0

*0-

10-

15-

20-

Geologist: C. Pigman Drilling method: Direct PusI
Driller: ESN Bit diameter: 3 1/4"

Date completed: 8-09-07-4Daniel B. Stephens & Associates, Inc.11-28-07 JN WR06.0093

h1

HOPI TUBA CITY LANDFILL
Well Log: DPC-53
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Sampling
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0.3

0.3

40-70

30-60,

31-46 Care
Barrel

Core
Barrel

2.5 0.0-4.0 SW/
Waste

Sand with ash, light brown (7.5YR 6/4), very fine- to medium-grained,
poorly sorted, rounded grains, unconsolidated, dry, 70% sand with 15% ash,
10% glass, 5% charcoal, 2% fabric; at 2 feet encounter sand, yellowish red
(5YR 5/6), fine- to medium-grained, well sorted, rounded grains, moist.

Sand, yellowish red (SYR 5/6), fine- to medium-grained, well sorted,
rounded grains, unconsolidated, moist; at 4.6 feet encounter sand, light gray
(lOYR 7/2). medium-grained, well sorted, rounded grains, unconsolidated,
moist.

35-46 1.2 4.0-5.3 1 SP

5-
T.D. = 5.3'

W

r

0

15

20-

10-

15-

20-

Geologist: C. Pigman Drilling method: Direct Push
Driller: ESN Bit diameter: 3 1/4"
Dote completed: 8-09-07

Daniel B. StepDhens & Associates, Inc.-
11-28-07 rJN WRO6.0093

HOPI TUBA CITY LANDFILL
Well Log: DPC-55
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Graphic
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SW, ,,

Waste

~ 4-

SP~i~]
...

PID
~eadlng
(ppm)

~adiatior
Ludlum
Gieger
(cam)

Radiation
Exploranium

Spectrometel
(cp8~

Sampling
Device

Sample
Recovery
(foot bqs~

Sample
Interval

(feet bge)
0-

uScS
Symbol
SW'

3u-8ul L~-4~

5-

1.1

1.1

6.6

30-60 41-50

Core
Barrel

Core
Barrel

Core
Barrel

0.0-4.0

1.3 I 4.0-9.0
Waste

sP

SW Sand, reddish yellow (5YR 6/6). very fine- to fine-grained. poorly sorted,
rounded grains, unconsolidated, dry; at 1.3 feet encounter sand with ash,
65% sand, 20% ash, 10% glass. 2% plastic, 2% bone.

Sand with ash, reddish brown (5YR 5/3), 50% sand, 25% ash, 10% glass,
5% plastic. 10% asphalt, very fine sand to 11~-inch plastic and asphalt
shingle.

Sand with ash, reddish brown (5YR 4/3), 75% sand. 10% ash, 3% glass,
15% plastic; at 9.8 feet encounter sand, reddish yellow (5YR 6/6). fine-
to medium-grained, well sorted, rounded grains, unconsoldiated, moist.

Comments and LithologyL ___ ~ _________________________________________________________

0
U
0t
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0
C

0
'- 10-C,

0
0

0
0
L

15-

20-

30-70 I 34-47 1.2 9.0-11.7

10-

15-

20-

Geologist: C. Pigman Drilling method: Direct Push
Driller: ESN Bit diameter: 3 1/4"

Dote completed: 8-05-07-4Daniel B. Stephens & Associates, Inc.11-28-07 JN WRO6.0093

HOPI TUBA CITY LANDFILL
Well Log: DPC-57



S:\Projects\WR06.0093-..Hopi-Tubo.-.City-.Landflll\VR...Drawings\WR06-00a93-.07B-.borelogs.dwg
SW!Y - F - - - F - * - F - * - * - .

Graphic
Log

SW'

'SC

PID
Reading
(ppm)

Radiation
Ludlumn
Gleger
(cpM)

Radiation
Exploranium

Spectrometer
(cps)

Sampling
Device

Sample
Recovery
:fe et bga)

Sample
Interval

(feet 1>98)

uscs
Symbol Comments and Lithology

- -- f--------+-----------I.
40-90

40-90

35-53

37-52

Core
Barrel

Core
Barrel

2.6 0.0-4.0

4.0-6.4

Waste

SIP

Sand with ash, brown (7.5YR 5/4), 80% sand, 10% ash, 5% charcoal, 2%
wood, 2% plastic; at 2.2 feet encounter sand, light brown (7.5YR 6/4),
medium-grained, well sorted, rounded grains, unconsolidated, moist.

Sand, white (5YR 8/1), medium-grained, well sorted, rounded grains,
unconsolidated, moist; at 4.7 feet encounter, clayey sand, very fine-grained
sand with 25% clay, moderate plasticity, moderately consolidated, fissile.

5-

0.8

0.4

2.3

0 20

01

15-

10-

15-

20 1 20-

Geologist: C. Pigman Drilling method: Direct Push
Driller: ESN Bit diameter: 3 1/4"

Date completed: 8-09-07-8~Daniel B. Stephens & Associates, Inc.-11-28-07 CJN WRO6.0093

HOPI TUBA CITY LANDFILL

Well Log: DPC-59
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--uý-----
40-70 311-_= Gore

Barrel

Core
Barrel

0.0-4.0 SW/
Waste

Sand with ash and trash, yellowish red (SYR 5/6), 80% sand, 8% ash, 3%
charcoal, 3% glass, 8% plastic; at 1.8 feet encounter sand, yellowish red
(SYR 5/6), fine- to medium-grained, well sorted, rounded grains,
unconsolidated, moist; at 3.2 feet encounter sand with clay, moderately
consolidated, fissile.

0.4 None 1 4.0-4.5 3W/SCj No recovery.

0

UI

5-

10-

115j

20]

Geologist: C. Pigman Drilling method: Direct Push
Driller: ESN Bit diameter: 3 1/4"
Dote completed: 8-09-07

2 Daniel B. Stephens & Associates, Inc.-
N' 11-28-07 JN WR06,0093

HOPI TUBA CITY LANDFILL
Well Log: DPC-61
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Comments and Lithology

Sand, reddish yellow (5YR 6/5), very fine- to medium-grained, poorly
sorted, rounded grains, unconsolidated, dry; at 1.2 feet encounter sand, as
above, with 10% ash, 5% glass, 2% metal.

Sand with ash, dark reddish gray (5YR 4/2), 55% sand, 25% ash, 5% glass,
3% plastic, 8% charcoal, fine sand to 1 -inch glass.

Sand with ash, dark reddish brown, 40% sand, 30% ash, 15% plastics, 10%
charcoal, 5% glass; at 9.8 feet encounter pink (white) sand (7.SYR 7/4),
fine- to medium-grained, well sorted, rounded grains, unconsolidated, moist.

t

Geologist: C. Pigman Drilling method: Direct Pusi
Driller: ESN Bit diameter: 3 1/4's
Date completed: 8-08-07

Daniel B. Stephens & Associates, Inc.
11-28-07 .JN WRO6.0093

h

HOPI TUBA CITY LANDFILL
Well Log: DPC-63
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Sample
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U-1I I 30-80

30-70

I
3 501Core

Barrel
2.7 0.0-4.0 1 ~l

5-

r

0,00

*01

20

5-

0.8

1.2

0.6

38-51 Core
Barrel

1.2 4.0-5.0

Sand (blow), yellowish red (5YR 5/6), very fine- to fine-grained, poorly
sorted, unconsolidated, dry; at 0.6 foot encounter sand with ash and trash,
70% sand, 8% ash, 10% glass, 2% coal, 10% gypsum (wallboard), 2% plastic,
very fine sand to 1-inch coal; at 2.4 feet encounter sand, reddish brown
.(2.5YR 5/4), very fine- to fine-grained, moist.

Sand, reddish brown (2.5YR 5/4), very fine- to medium-grained, poorly
sorted, rounded grains, slightly consolidated, damp to moist; at 4.2 feet
encounter sand, light gray (1OYR 7.2), fine-grained, well sorted, rounded
groins, slightly consolidated, damp to moist.

SW

10-

157

20j

________ .1 .1. 1 .1

Geologist: C. Pigman Drilling method: Direct Push
Driller: ESN Bit diameter: 3 1/4"

Date completed: 8-09-07-Daniel B. StepDhens & Associates, In c.-
11-28-07 JN WRO6.0093

HOPI TUBA CITY LANDFILL
Well Log: DPC-65
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1 r -r~z---~~1
30-801 37-50

1.9

3.6

5-I

30-70

30-120

36-51

35-50

Core
Barrel

Core
Barrel

CoreBarrel

1I.6 0.0-4.0 SW/
Waste

0.4 1 4.0-9.0 SW/ Sand with ash, dark reddish gray (5YR 4/2), 50% sand, 25% ash, 15%

Wastel glass, 5% plastic, 5% charcoal.

Sand with ash, dark reddish gray (5YR 4/2), 45% sand, 20% ash, 15%
glass, 10% charcoal, 10% concrete, very fine sand to 2-inch tar or melted
plastic.

4.1 9.0-14.2 SW Sand, yellowish red (5YR 5/6), very fine- to fine-grained, poorly sorted,
rounded grains, unconsolidated, moist; at 12 feet encounter sand, pink
(7.5YR 7.3), fine- to medium-grained, well sorted, rounded grains,
unconsolidated, moist.10-

5.0

15-

20-

J1 ________ I. ____________ L .1. _______ ¶. ____________ I _______ I ____________________________________________________________________________________________________

Geologist: C. Pigman Drilling method: Direct Push
Driller: ESN Bit diameter: 3 1/4"

Date completed: 8-08-07-8Daniel B. Stephens & Associates, Inc.
11-28-07 JN WRO6.0093

HOPI TUBA CITY LANDFILL
Well Log: DPC-66



Comments and Lithology

Sand, light brown (7.5YR 6/4), fine- to medium-grained, well sorted,
rounded grains, unconsolidated, dry; at 2.7 feet encounter waste, 60% sand,
40% wood.

35% sand, brown (7.5YR 5/2), 30% ash, 20% concrete, 10% glass, 5%
charcoal, very fine sand to 2-inch concrete, poorly sorted.

Sand, reddish yellow (5YR 6/6), fine- to medium-grained, well sorted,
rounded grains, unconsolidated, moist; at 9.2 feet encounter sand, pale
yellow (2.5Y 8/2), fine-grained, well sorted, rounded grains, unconsolidated,
moist.

T.D. = 10.3'

20-

Geologist: C. Pigman
Driller: ESN
Date completed: 8-08-07

Drilling method: Direct Push
Bit diameter: 3 1/4"

HOPI TUBA CITY LANDFILL
Well Log: DPC-67

Daniel B. Stephens & Associates, Inc.
11-28-07 .JN WR06.0093
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5-

W
'a.r

0
0 .

15

20-

T.D. = 12.2'

_Ground
Surface

3entonite

Graphic
Log

SW'

Waste.

PlO
Reading
(ppm)

Radiation
Ludlum
Gieger
(CpM)

Radiation
Exploranium

Spectrometer
(CPS)

Sampling
Device

Sample
Recovery
If, set bgs)

Sample
Interval

(feet 1>8)

uscs
Symbol Comments and Lithology

t - - 1 - - - - -U M-1

2.0

1.0

'30-1 0C

30-60~

38-52 Core
Barrel

Core
Barrel

3.0 0.0-4.0

37-52 0.7 14.0-9.0

5-

SW

SW

SW/
Waste

Sand, yellowish red (5YR 5/6), fine- to medium-grained, well sorted,
rounded grains, unconsolidated, dry; up to 100 CPM at 2.6 feet below
ground surface.

Sand, same as above; at 4.3 feet encounter sand with ash, reddish brown
(5YR 5/4), 70% sand, 20% ash, 5%. paper, 3% concrete, 3% glass.

Sand with ash, reddish gray (5YR 5/2), 40% ash, 5% charcoal, 2% paper.30-901 38-45 1 CoreI 0.1 19.0-12.2
I I ~Barrel I I

10-

15-

20-

Geologist: C. Pigman Drilling method: Direct Push
Driller: ESN Bit diameter: 3 1/4"

Date completed: 8-08-07-8Daniel B. Stephens & Associates, Inc.
11-28-07 JN WRO6.0093

HOPI TUBA CITY LANDFILL
Well Log: DPC-69



Comments and Lithology

Sand with ash, dark reddish gray (5YR 4/2), 50% sand, 20% concrete, 5%
glass, 15% ash, 10% charcoal, 1% fabric, 3% metal.

U
0

C,)

*0
C

a
C,

Sand with ash, reddish brown (5YR 5/4), 70% sand, 20% ash, 5% plastic,
2% wood, 2% charcoal; at 10.2 feet encounter sand, yellowish red (SYR
4/6), fine- to medium-grained, poorly sorted, rounded grains,
unconsolidated, moist.

0

Sand, light reddish brown (5YR 6/4), fine- to medium-grained, well sorted,
rounded grains, unconsolidated, moist; at 14.9 feet encounter light brown
sand (7.5YR 6/4), fine- to medium-grained, well sorted, rounded grains,
unconsolidated, moist.

20- 20-

Geologist: C. Pigman
Driller: ESN
Date completed: 8-08-07

Drilling method: Direct. Push
Bit diameter: 3 1/4"

HOPI TUBA CITY LANDFILL
Well Log: DPC-70

Daniel B. Stephens & Associates, Inc.
11-28-07 JN WR06.0093
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IGraphic PID
Reading
(ppm)

Radiatior
Ludlum
Vveger
(CPM)

Radiation
Exploranium

(cps)

Sampling
Device

Sample
Recover)
ýf-t.tvi'

Sample
Interval

(feet bgo)

uiscS
SymWol Comments and Lithology

20-70 32-42

6.7

32-4420-60

Core
Barrel

Core
Barrel

Core
Barrel

3.0 0.0-4.1

4.0-9.0

SID

2.9 SID

5-

Sand, yellowish red (5YR 5/6), fine- to medium-grained, well sorted.
rounded grains, unconsolidated, moist.

Sand, same as above.

Sand, same as above; saturated at 11.4 feet below ground surface;
laminated at 12.0 feet, light brown.

e0
a

t

C

0
C.,

3
0
e

ee
L,.

14.2

12.3

25-801 32-49 3.3 1 9.0-13.8 1 SP

10-

15-

20.]

Geologist: C. Pigman Drilling method: Direct Push
Driller: ESN Bit diameter: 3 1/4"

Date completed: 8-07-07-4~Daniel B. Stephens & Associates, Inc.-11-28-07 JN WRO6.0093

HOPI TUBA CITY LANDFILL
Well Log: DPC-76
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Log

SW,

PlO
Readinc
(ppm)

Radiatior
Ludlum
Gleger
(cpm)

Radiation
Exploronium

Spectrometer
(cps)

Sumpling
Device

Sample
Recovery
(feet bus)

Sample
Interval

(feet bgs)
USCS

Symbol Comments and Lithology

(J-,I-+----~4~ 4- & 4 .1 4

5-

3.2

3.8

6.3

30-60

20-50

20-70

32-45

29-43

31-42

Core
Barrel

Core
Barrel

Core
Barrel

3.4 0.0-4.0

4.0-9.03.6

Waste

SP

Sand with 15% ash, 5% rust, 5% charcoal; at 0.8 foot encounter sand with
no trash, yellowish red (5YR 5/6), fine- to medium-grained, well sorted,
rounded grains, unconsolidated, dry.

Sand, yellowish red (5YR 5/6), fine- to medium-grained, well sorted,
rounded grains, unconsolidated, dry.

Sand, same as above, moist; laminated at 11.3 feet below ground surface,
light brown (7.5YR 6/4).

0

3.0 1 9.0-13.0 1 SP

10-

15- 15-

20-20-

Geologist: C. Pigman Drilling method: Direct Push
Driller: ESN Bit diameter: 3 1/4"
Date completed: 8-07-07

24Daniel B. Stephens & Associates, Inc.-11-28-07 JN WRO6.0093

HOPI TUBA CITY LANDFILL
Well Log: DPC-77



Monitor Well Logs



0
Comments and Lithology

No sample.

Sand, pink (7.5YR 7/4), fine-grained, well sorted,
unconsolidated, dry to damp, moist at 12.5 feet.

rounded grains,

Sand, reddish brown (5YR 5/4), fine- to medium-grained,
grains, unconsolidated, moist, saturated at 18.5 feet.

well sorted, rounded

t

C)

0

*0
M

Sand

Sand, same as above.

2 21/2- 0.0.
Ii 0.010 Slot
ri Screen W/[J 10/20 Sand

P repake
T.D. 26.5' wrapped- W/60

Mesh Screen
1 6.3'-26.3'

Sand, same as above.
25-

35.

40-

Geologist: C. Pigman
Driller: ESN
Date completed: 8-01 -07

Drilling method: Direct Push
Bit diameter: 3 1/4"

DTW= Depth to ground water measured
from top of casing.

Daniel B. Stephens & Associates, Inc.
11-28-07 JN WRO6.0093

HOPI TUBA CITY LANDFILL
Well Log: MW-29
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4* Locking Steel 22'&W"
Shroud Concrete Pad
Expansion CaGround

0- Surface

3 1/4" Dia.
- Borehole

5-

Cement Grout
0.0'-14. 0'

10- 1/2' DIa.
Flush Threade
SCH 40 PVC

15-
o -3/8" Bentanit

* ,. . ., Naive Seand

2514.0'-18.05'

10/20Noiv Sand

30-7 18D.903'Prepcke

MehScreenW

1 9.3' -29.3'

35-

40-

d

Graphic
Log

:SW

Plo
Reading
(ppm)

Samp n~a~e
Icot bgs:

Sample
Interval

(feet bgs)

uScs
Symbol

n.A ___ I .L..................J. i ___ L

5-

10-

15-

20-

25-

30-

35.-

40-z

None

None

None

Core
Barrel

Core
Barrel

Core
Barrel

NA

NA

NA

4.9

4.7

4.9

0.0-4.0

4.0-9.0

9.0-14.0

14.0-19.0

19.0-24.0

24.0-29.0

No sample.

No sample.

No sample, pushed down to 14 feet without sampling, softened up at 12 feet.

Comments and Lithology

SW

SW

SW

Sand, light brown (7.5YR 6/4), very
rounded grains, unconsolidated, dry.

fine- to fine-grained, poorly sorted,

rounded grains, unconsolidated, saturated at 21.4 feet.

Sand, same as above,' slightly coarser, very fine- to medium-grained.

0

Geologist: C. Pigman
Driller: ESN
Date completed: 8-01 -07

Drilling method: Direct Push
Bit diameter: 3 1/4"

Danil B.from top of casing.-8 Danel B.Stephens & Associates, Inc.11-28-07 .JN WR06,0093

HOPI TUBA CITY LANDFILL
Well Log: MW-30
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4" Locking Steel 2'x2'x4"
Shroud Concrete Pod
ExpansionCaGon

0 Surface

3 1/4" Dia.
Borehole

5-
Cement Grout
0.0'- 13.0'

10- 1 1/2' Dia.
- Flush Threaded

SCH 40 PVC
Blank Casing

15- 3/8" Bentonite

c . . .Native Sand
20 .. Backfill

25ý 10/20 Sand

Prepacked
~i- Wrapped W/60

20.0'-30.0'

30- DTW-.32.93'

35-

40]

~,- r - ~ - Y - r p

Graphi
Log

SW

Reading Device .0
(ppm) Ifeet bgs,

Sample
Interval

(feet bNa)

uscs
Symbol Comments and Lithology

U 0

5-

10-

15.-

20-

25-

30-

35-

40-

Core
Barrel

Core
Barrel

Core
Barrel

Core
Barrel

Core
Barrel

Core
Barrel

Core
Barrel

3.2

4.5

4.3

4.6

4.3

4.9

2.9

0.0-4.0

4.0-9.0

9.0-14.0

14.0-19.0

19.0-24.0

24.0-29.0

29.0-32.0

SW

SW

SW

SID

SP

SID

SP

Sand, red (2.5YR 5/6), very fine- to fine-grained, poorly sorted, subangular
grains, unconsolidated, dry.

Sand, same as above with some caliche (slightly grayer), reddish brown (2.5YR
5/4).

Sand, light red (2.5YR 6/6), very fine- to fine-grained, well sorted,
subrounded grains, unconsolidated, damp, stringers of white caliche.

Sand, reddish brawn (2.5YR 4/4), fine- to medium-grained, well sorted,
subrounded grains, unconsolidated, moist to wet at 19 feet.

Sand. reddish brown (5YR 4/4), very fine- to fine-grained, well sorted,
rounded grains, unconsolidated, saturated at 22.5 feet.

Sand, brown (7.5YR 5/3), very fine- to fine-grained, poorly sorted, rounded
grains, unconsolidated, saturated, stringers of organics, clayey between 24.4
and 24.9 feet.

Sand, same as above.

Geologist: C. Pigman Drilling method: Direct Push
Driller: ESN Bit diameter: 3 1/4"
Date completed: 8-01 -07

DTW= Depth to ground water measured
from top of casing.-4Daniel B. Stephens & Associates, Inc.11-28-07 JN WR06,0093

HOPI TUBA CITY LANDFILL
Well Log: MW-31



Comments and Lithology

No sample.

No sample.

Moist sand at 19.5 feet below ground surface.

Sand, yellowish red- (5YR 4/6), fine- to medium-grained,
grains, unconsolidated, moist.

well -sorted, rounded

Sand, reddish brown (5YR 4/4), fine- to medium-grained, well sorted, rounded
grains, unconsolidated, wet to saturated, black organics at 28 feet.

Sand, same as above, lots of roots, free water; refusal at 35.4 feet.

Geologist: C. Pigman Drilling method: Direct Push
Driller: ESN Bit diameter: 3 1/4"
Date completed: 8-01-07

DTW= Depth to ground water measured
from top of casing.-8&Daniel B. Stephens & Associates, Inc.

? 11-28-07 JJN WR06.0093

HOPI TUBA CITY LANDFILL
Well Log: MW-32
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Vit

Geo cience Path finders to Success

September 28, 2007

Chris Wolf
Daniel B Stephens & Assoc.
6020 Academy NE
Suite 100
Albuquerque, NM 87109

Re: Vista Project No. 7038.01, Tuba City Landfill, AZ,
Gamma Logs

Dear Chris:

Please find enclosed hardcopy of the processed gamma logs we completed for the Tuba City
Landfill project. These gamma logs were during the field project from August 1-10, 2007.
Included are the gamma logs from all the test holes and the one monitoring well.

Test holes were created using Direct Push Technology. Each hole was pushed and cored to an
estimated bottom of the landfill depth using the DT21 dual-tube coring system. This system
allows coring in a cased hole and setting of a I" well through the probe rod and after the coring
is complete. The rod is them removed leaving the temporary 1" PVC in place. The Slim-Line
gamma logging tool is then lowered through the I" PVC to the bottom of the hole, and the hole
is logged on the way out.

Because gamma rays can travel significant distances in the soil, gamma ray logging is an ideal
way to identify gamma emitting radioactive wastes in soils and landfills. The detector is
exposed to a much greater volume of material in a borehole than it would be holding over a
small diameter core sample. This increases the sensitivity by orders of magnitude. A
description of the equipment used is on the following page.

No significant gamma ray anomalies were seen in any of the test boreholes based on the typical
.background seen in the majority of the test hole logs.

130 Capital Drive, Suite C
Golden, Colorado 80401-5654
Web Site: www.VistaGeo~cience.com

Vista GeoScience PH: 303.277.1694
FAX: 303.278.0104

E-Mail: info@VistaGeoScience.com



Project 7038.01
Gamma Logging at Tuba City Landfill, AZ

Gamma Logging Report September 28, 2007
Page 2

Slim Line Gamma Logging Tool

The natural gamma logger (Figure 1) consists of a 0.75" diameter probe which contains the
sodium iodine crystal and detector, with a 250-foot cable on a hand cranked winch with an
electronic depth counter. It is powered by an MGX data-logger manufactured by Mount Sopris
Instruments and the data is recorded on a laptop. Gamma logs can be viewed in the field an
later reprocessed using filtering and smoothing algorithms to create log plots that are easier to
interpret.

Figure 1. Slime-Line gamma logging system.

The Direct Push rig installs a boring to the maximum depth to be tested, and then runs the
logger either through the steel rod or inside a temporary PVC casing.

Please let us know if you have any questions.

Sincerely,

Gr-egJones -
Geophysicist

130 Capital Drive, Suite C
Golden, Colorado 80401-5654
Web Site: www.VistaGeoScience.com

Vista GeoScience PH: 303.277.1694
FAX: 303.278.0104

E-Mail: info@VistaGeoScience.com
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