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1.0 Introduction

A Comprehensive Groundwater Monitoring Evaluation (CME) Inspection was
conducted at Landfill #5, a closed hazardous waste landfill located at the Utah Test and
Training Range (UTTR), Utah during 1998 and 1999.

The Utah Test and Training Range is located on the west side of the Great Salt
Lake, approximately 70 miles west of Salt Lake City, Utah. Landfill #5, the focus of this
CME, is located 5.5 miles north of the Oasis Complex (the headquarters of the UTTR).
The landfill is on the west side of the county road that connects Lakeside, Utah to
interstate highway I-80. Figure 1 shows the regional setting of the UTTR and Landfill
#5.

The purpose of this CME is to determine whether the groundwater monitoring
system at Landfill #5 is:

1) adequately designed,

2) correctly installed,

3) being properly operated, and

4) being satisfactorily maintained.

Each of these components of the groundwater monitoring system will be evaluated to
determine if the existing system can detect releases of hazardous waste or hazardous
constituents from the closed landfill.

To accomplish the goal of release detection, the system must be capable of
yielding water samples that accurately represent the water quality in the uppermost
aquifer. In addition to detecting releases, the system must be capable of defining the rate
and extent of contaminant migration from the unit, if there has been a release.

This report is based on three main data sources: 1) The first is an evaluation of
the existing reports on the groundwater in the area around Landfill #5. These reports fall
into two categories. There are articles in scientific publications describing the regional
groundwater in northwestern Utah. In addition, there are reports generated by the Air
Force and their consultants, which provide a more detailed description of the
groundwater in the immediate vicinity of the landfill. 2) The second is a field inspection
of the existing wells and an evaluation of the operation of the system. This includes the
actual collection of groundwater samples and the analytical results generated by the
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laboratory for those samples. 3) The third is a review of the semi-annual groundwater
reports that have been submitted to the Division of Solid and Hazardous Waste
(Division) by the Air Force since the groundwater monitoring system was installed in
1989. This portion of the data review will focus on the quality of the analytical results
and the statistical methods used to assist in interpreting the semi-annual analytical results.

The aquifer being monitored by the six groundwater monitoring wells (installed
in accordance with the Post-Closure Permit issued in 1988) is approximately 400 feet
below ground surface. Consequently, any release of hazardous waste or hazardous
constituents would need to travel through 400 feet of unsaturated soil before coming in
contact with the groundwater. There is presently no vadose zone monitoring system in
place to determine if any hazardous constituents have been released to the vadose zone
from the unlined landfill cells.




2.0 Facility Description

Utah Test and Training Range (UTTR) is a remote military reservation managed
by Hill Air Force Base (Hill AFB). It is located approximately 70 miles west of Salt Lake
City and covers 348,767 acres. The UTTR is geographically located directly west of the
Great Salt Lake, in Northwestern Utah. The facility straddles the border between Box
Elder and Tooele Counties (Figure 1). Operations at the range started in the 1940’s when
the facility was a site for research and development of guided missiles, pilotless aircraft,
and remotely controlled bombs. Present day operations at the facility include:

1) Practice bombing and gunnery range for military aircraft.
. 2) Propagation testing of military ordinance.
3) Missile motor test firing.
4) Missile motor cutting facility.
5) Missile motor storage.
6) Small arms and machine-gun firing ranges.
T Open-burn/open-detonation treatment of hazardous waste explosives and
military propellants (missile motor propellant).
8) Maintenance of vehicles and preparation of junk vehicles that are used
as targets on the bombing ranges.

The UTTR has its own fire department at the Oasis Complex. The fire
department has a 1,000-gal “structural/crash” truck with a 1,250 gallon-per-minute
pump, a 600-gal “pumper” truck with a 1,000 gallon-per-minute pump, two 600-gal
“brush-fire” trucks with 100 gallon-per-minute pumps, a 250-gal “mini-pumper” truck
with a 500 gallon-per-minute pump and, a 400-gal “water buffalo” trailer. Each truck is
equipped with a UHF radio and a cellular telephone for emergency response
coordination.

There is a medical clinic located at the Oasis Complex staffed by two medical
technicians. The clinic has an ambulance on site to transport patients to a local hospital
if needed. The ambulance is equipped with a UHF radio and a cellular telephone for
emergency response coordination. In addition, Air-Med and LifeFlight helicopters from
University of Utah Medical Center and LDS Hospital, respectively, can be summoned if
more rapid transport is required or, if multiple patients need to be transported
simultaneously.

Security at the UTTR is under the control of the on-site Oasis Security Police
Department. The Range police are on duty 24 hours a day. They are responsible for
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maintaining security and control all personnel access and traffic to the Oasis Complex. In
conjunction with Hill Range Control, they regulate all personnel access to all parts of the
UTTR, including Landfill #5.

The RCRA regulated units at the UTTR and applicable permits or rules include:

1) Hazardous Waste Landfill (Landfill # 5)
Post-Closure Permit and Closure Plan July 15, 1988

2) Thermal Treatment Unit (TTU)
[Open Burn/Open Detonation (OB/OD) Facility]
Regulated Under Interim Status ( R315-7)

3) Motor Treatment Area (MTA)
[Open Detonation Facility for missile motors]
PROPOSED - Regulated Under Interim Status ( R315-7 )

The hazardous waste landfill, is located in Box Elder County, Utah ( TSN, ROW,
Section 30; see Figure 2) toward the extreme northern end of Sink Valley, on the western
slope of the Lakeside Mountains. It is on the western side of the county road between
Interstate 80 and Lakeside, Utah, approximately 5.5 miles north of the Oasis Complex
(headquarters for the UTTR).

2.1 Operations Processes, Products

Due to the vast physical size of the UTTR, 348,767 acres, this report will only
address the operations processes, products and most specifically the groundwater in the
immediate vicinity of Landfill #5. The hazardous waste that was disposed of in Landfill
#5 primarily came from Hill AFB; the waste was not derived from operations processes
or products at the UTTR.

The only operations at Landfill #5 were the construction of the landfill cells,
placement of waste in the cells, and backfilling over the top of the waste after placement.
Landfill # 5 was operated under interim status guidelines in compliance with Chapter 7
of the UHWMR. It consists of six cells (see Figure 3) in which a variety of hazardous
wastes were deposited between 1976 and 1983. The landfill cells, which are 90 feet
wide by 150 feet long by 15 feet deep (see Figure 4), were dug in soil that is a light-gray
alkaline silty-clay loam. The location of the landfill was chosen because of the low soil
permeability, low annual precipitation, high evapotranspiration and remoteness of the
site. Active use of the landfill was discontinued in 1983 and under conditions specified

5
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in the Post-Closure Permit and Closure Plan issued in July 1988, the landfill was
permanently closed with a low permeability cap in 1989. During closure, six
groundwater monitoring wells were installed according to the specifications listed in the
Post-Closure Permit.

2.2 Waste Management Practices

Landfill cells were excavated and used as needed. Containerized wastes (mostly
in 5 and 55-gallon drums) were loaded into the cells in an upright position and then
covered with a layer of backfill. Each cell consisted of two layers, each was the height of
a 55-gallon drum. Total depth to the bottom of each cell is approximately 15 feet. A
typical plan view and cross sections of the cells can be found in Figure 4. Sludge from
the Hill AFB Industrial Wastewater Treatment Plant IWTP) was deposited directly into
the cells upon arrival (no container).

Backfill consisting of native soil was placed around the waste in each layer and
in between the two layers. Then a layer of backfill, at least 3 feet thick, was placed over
the top of the second layer to isolate it from surface contact. A permanent low
permeability cap was placed over the landfill in 1989 in accordance with the Post-
Closure Permit issued in 1988.

The permanent cap consists of a Claymax synthetic liner covered with three
individually compacted eight inch lifts of native soil. The three lifts of native soil were
placed to protect the Claymax liner and provide a base for vegetation. Although the
cover has been seeded with a native grass seed mix, permanent vegetation has not
successfully been established. The compacted high clay content soil used in the
protective cover forms a very hard dry base for plants to grow. This combined with the
local desert environment makes it unlikely that permanent vegetation will ever be
established on the cover. For this reason erosion of the cover is a permanent concern; the
cover is inspected monthly to insure that erosion does not degrade the cover.

2.2.1 Nature and Volume of Waste

The wide variety of wastes deposited in Landfill No. 5 were generated at Hill Air
Force Base. A summary of the most common items found in the landfill is given in
Table 1. This table was generated from the operating record that was kept during the
period of active use of the landfill. The table indicates many different types of hazardous
wastes, including chlorinated and non-chlorinated solvents, heavy metals, PCBs, paints
and paint strippers, IWTP sludge, cadmium contaminated blast media, mercury, and
asbestos, plus many others.




Number of
Containers

965
10
27
278
171
6
1
11
12
15
16
27
21
79
477
32
376
7
66
10
38
21
144
27
7232
998
1
291
12
95
12
4
12
4

1

369

Table 1

Partial* Summery of Waste Disposed of in Landfill #5

Size of

Container

55-gal
box
55-gal
55-gal
55-gal
55-gal
55-gal
55-gal
55-gal
55-gal
55-gal
55-gal
55-gal
55-gal
55-gal
55-gal
55-gal
each
55-gal
55-gal
55-gal
55-gal
55-gal
55-gal
tons
tons
55-gal
55-gal
55-gal
55-gal
55-gal
55-gal
55-gal
55-gal
each
yard®

Waste Material Identification

beryllium contaminated material from of aircraft brakes
mercury wastes
trichloroethylene

trichloroethane

oils and greases

methanol

toluene

epoxies

hydraulic fluid

methylene chloride

asbestos

Freon

chromate paint residue
unknown paint residue

paint remover / stripper waste
alcohol wastes

organic solvents

PCB contaminated transformers
outdated 2,4,5,trichlorophenoxyacetic acid herbicide
methyl ethyl ketone waste
lacquer thinner

penetrant (dirty)

styrofoam contaminated barrels (mostly empty)
waste sealer

IWTP sludge

cadmium contaminated sand blast media
tirchloro-trifluoromethane

Si Sulfa Sol waste

alkaline paint stripper

slop paint

cleaner waste

dichloromethane (contaminated)
chromate wastes

etchant

asbestos insulated boiler

JP-4 impregnated foam

* this summary is not a complete list of all items in the landfill; it should be fairly complete for the most common
items found in the landfill. It was compiled from the operating record.
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The landfill was operated prior to land disposal restrictions (LDR) which now
prohibits the disposal of liquid hazardous waste in landfills. Consequently, the unlined
landfill contains over 2,000 55-gallon drums of liquid hazardous waste. Due to the
highly caustic nature of the local alkaline soil the metal 55-gallon drums have likely
rusted through. Many of the drums disposed of in the landfill were contaminated
empties. This poses the possibility of collapse of the drums when they rust through and
subsequent settling of the cap.

A complete list of the waste materials that were disposed of in the Landfill #5
cells is provided in Appendix A. The lists in Appendix A are very detailed. They show a
plan view of the upper and lower disposal layers of each cell. The lists detail each
container (size, container material, and type of waste) and its exact location in the cell
(cross referenced to the plan-views mentioned above. Due to the fact that all wastes were
generated by the Air Force, transported by the Air Force, and disposal was done by Air
Force personnel (who also maintained the waste inventory lists), it is presumed that the
waste inventory lists are accurate.

The use of Landfill No. 5 as a disposal site was discontinued in 1983. It was
closed under conditions specified in the Post-Closure Permit and Closure Plan for
Hazardous Waste Landfill/Storage Area, issued by the Executive Secretary of the Utah
Solid and Hazardous Wastes Committee on July 15, 1988.

Since closure: 1) the low permeability RCRA cap, and security fences installed
during closure have been inspected and maintained, and 2) the groundwater beneath the
landfill has been monitored, in accordance with provisions of the Post-Closure Permit.

There is sufficient distance (at least 2 miles) from the actual target range to
ensure that no inadvertent bombing will occur at the Landfill No. 5 site. The area is not
used for livestock grazing, nor is agriculture practiced here. The Landfill No. 5 area will
not be used after closure or during the post-closure period. It will remain fenced for this
entire period. .

2.2.2 Past and Present Treatment, Storage and/or Disposal Practices for
Wastes

Materials disposed of in the hazardous waste landfill were transported from Hill
AFB to the site and stored in an unpaved fenced storage area, (Container Storage Area)
located adjacent to the landfill on the South side, prior to burial in the landfill. The
IWTP sludges (FO06) were placed directly into the landfill with out being stored.
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6 There was never any treatment of wastes done at the site prior to disposal. All
wastes (except the IWTP sludges) were containerized prior to transportation to the site
and the containers were not opened prior to disposal.

No waste has been placed in the landfill after 1983, and the landfill was
permanently closed in 1988.

2.2.3 Description of Regulated Units

Hazardous waste Landfill #5 (Figure 3) consisted of six cells (A-1, A-2, A-3, A-
4, B-1 and B-2) and an associated fenced storage area. The fenced storage area was
located at the southern edge of the landfill. Drums were accumulated in the storage area
prior to being placed in the landfill. The landfill cells were approximately 150 feet long
by 90 feet wide by 15 feet deep (Figure 4). Cells were excavated and used as needed
without any type of liners being installed. A 5-foot-thick layer of native soil was placed
over the entire disposal area and was graded to direct surface run-off away from the site.
The soil was end-dumped and bladed in two 2-1/2-foot-thick layers. Compaction of each
layer with a sheepsfoot compactor followed placement.

‘ There are two other RCRA regulated units at the UTTR. These two units each
have their own groundwater monitoring systems in operation. One is a solid waste
landfill, located 4.5 miles to the south of Landfill #5, on the east side of the Qasis
Complex. This landfill has one up-gradient and two down-gradient groundwater
monitoring wells. This landfill receives municipal waste from the administrative
buildings at the Oasis Complex.

The other RCRA regulated unit is the Thermal Treatment Unit (TTU), which is
an interim status open burn / open detonation (OB/OD) treatment facility. The TTU is
located directly across the county road from Landfill #5, to the east. This OB/OD facility
has one up-gradient and one down-gradient groundwater monitoring well. These two
wells are approximately 1.0 and 1.5 miles northeast of Landfill #5. They are completed in
the same aquifer as the groundwater monitoring wells at Landfill #5 and provide useful
information about the groundwater gradient in the vicinity of Landfill #5. Information
about these wells will be incorporated into this report in the relevant sections that follow.

The TTU is an active interim status OB/OD facility utilized for the treatment
(burning or detonating) of waste explosives and bulk military propellants. The final Part
B Permit is anticipated to be issued by the DEQ during calender year 2000. The TTU is

12




the largest OB/OD facility operated by the Air Force and is possibly the largest one
within all of the DOD. They routinely detonate 30,000 Ibs to 40,000 1bs of explosives at
a time. Detonations or burns occur only once per day, Monday through Thursday, during
the summer season. The TTU does not operate during the winter “atmospheric inversion”
months.

2.3 Description of Other Facility Components That Could Effect Groundwater
Quality

There are only two facilities that have a possibility of impacting groundwater in
the vicinity of Landfill # 5, the TTU, an OB/OD facility and a small abandoned landfill
(TTU Residual Pits) that was used to dispose of ash and scrap metal residue from the
TTU. These two facilities are located approximately one to one-and-a-half miles
northeast and up the groundwater gradient from the landfill (Figure 2). The waste
managed at the TTU is exclusively DOO3 explosive characteristic waste. The bullet
cartridges and bullet tips can contain some Pb, Cr, and Cd. The waste at the Residual
Pits is expected to be only the heavy metal constituents with a possibility of some diesel
range hydrocarbons resulting from the use of diesel based fuels as an initiator for the
open burning of waste small munitions and other small military explosive items. These

__types of waste are largely different from the wastes in Landfill # 5 so, contaminants from

the two different sources should be easily discernable. In addition, it appears that the
groundwater flow from the TTU area is to the east, away from Landfill #5.

Two factors contribute to minimize the possible impact of the TTU on the
groundwater beneath Landfill # 5: 1) the depth to groundwater at the TTU is
approximately 600 feet below the surface, and 2) there is no disposal of waste at the
TTU, it is strictly a treatment facility. The TTU Residual Pits, which are located on
Sedal Pass, are approximately 700 feet above groundwater. Any heavy metal
contamination at the site is probably fairly immobile in the local alkaline soils. As a
result, there is a low likelihood that any release from the TTU area could make it to
groundwater. The TTU Residual Pits and old Burn Trench at the TTU were investigated
as part of the UTTR RFI during the summer of 1998 and 1999.

As described later in this report, it appears that Landfill #5 is located on the crest

of a broad groundwater divide. Therefore, it is unlikely that any other facility
components could effect the groundwater under Landfill #5.
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2.4 Regulatory Status for Landfill #5

The hazardous waste landfill is being monitored under the requirements of the

Post-Closure Permit and Closure Plan for Hazardous Waste Landfill/Storage Area issued
July 15, 1988.

The landfill was closed according to conditions specified in the Post-Closure
Permit. Closure of the landfill included: 1) the construction of a low permeability cap
that covers all landfill cells, 2) the installation of elevation monuments on the cap to
monitor settling of the waste in the cells and subsidence of the overlying cap, 3) the
installation of a security fence with “KEEP OUT” signs, and 4) the installation of six
groundwater monitoring wells.

The landfill is considered to be in detection monitoring under the terms of the
Post-Closure Permit. Some parameters have exceeded their detection limits. However,
resampling of the wells during the next regularly scheduled event has not confirmed the
presence of contamination.

Maintenance of the cap, to fill in some small erosional gullies and rodent
burrows was completed during the summer of 1998. During the spring and summer of

-1999: 1) the perimeter fence and “KEEP OUT” signs were replaced, 2) new elevation

monuments on the cap were installed to replace the original PVC ones, and 3) the cap
was hydro-seeded to try to develop an erosion resistant cover.
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3.0 Regional Geology / Hydrogeology

3.1 Regional Geology

The facility is situated in the Basin and Range Physiographic Province.
Prominent geologic and topographic features in this province are controlled by block
faulting. Mountain ranges are horst blocks, uplifted by late Cenozoic normal faulting.
They generally consist of Paleozoic sedimentary rocks which were folded and deformed
during the Seiver Orogeny. The mountain ranges are composed of thick sequences of
mainly carbonate rock. The bedrock in the Lakeside Mountains is from the Great Blue
Limestone and Humbug formations. The Great Blue Limestone outcrops on the
mountainsides immediately north and south of the TTU. This formation, which
predominates in the North Valley area, is described by Doeling as a thick-bedded to
massive, dark gray limestone containing occasional beds of sandstone, shale, and
fossiliferous limestone (Doeling 1980). ’

The basins are grabens; blocks that have been down-dropped by late Cenozoic
normal faulting. These basins have been, and are being, filled with sediments from the
adjacent ranges. The alluvium which fills the basins generally grades from coarser

sediment at the base of ranges from which the sediment is derived, to fine sediment near

the center of the basin. The valley fill sediments are thick (up to several thousand feet)
sequences of unconsolidated and partially consolidated sediments of Quaternary and
Tertiary age (68 million years old to present). The older Tertiary sediments are thought
to be part of the Salt Lake Group which Everett and Kalliser described as moderate to
poorly consolidated accumulations of sand, gravel, silt, and clay with an abundance of
volcanic ash.

The alluvium is frequently overlain, or interbedded at a shallow depth, by Lake
Bonneville sediments. The Lake Bonneville sediments were deposited in a Pleistocene
lake that covered most of northern and central Utah, approximately 15,000 years ago.
Tertiary volcanic rock is often found near the flanks of the ranges. These extrusives are
likely migrating toward the surface along the fault zones that flank the ranges. The Basin
and Range is classified as an area of high seismic potential.

32 Regional Hydrogeology

The Basin and Range physiographic province is a closed basin for which there is
no external drainage. The three types of aquifers found in the Northern Great Salt Lake
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region of the Basin and Range are alluvial fan aquifers, alluvium aquifers (aka. valley fill
aquifers), and shallow aquifers (which commonly contain brine).

The alluvial fan aquifers, located along the base of the ranges, generally have the
best water quality of the three aquifers and good hydraulic conductivity. The amount of
water procurable, however, is generally small. The productivity of these aquifers is
locally dependent on three main factors; 1) their distance from the adjacent range, 2) the
size of the adjacent range which has a direct impact on the size of the alluvial fan and, 3)
the type and gradation of the sediments contained in the alluvial fan. Many of these
alluvial fans were submerged by Lake Bonneville during the last ice age. In these cases
the alluvial fans contains a lacustrine interbeds (commonly lower permeability than the
surrounding alluvial sediments) that can disrupt the normal flow regime.

Aquifers in the valley alluvial fill sediments are generally confined systems.
Discharge from these systems is primarily through evaporation, transpiration, and upward
leakage, because they lie in the closed basins of the basin and range province. The water
in these aquifers is generally slow moving and of poor quality since residence time is
long. Hydraulic conductivity ranges from very low to very high.

The shallow aquifers are the third type of aquifer. In the Great Salt Lake Desert

_they're often referred to as Shallow Brine Aquifers. These aquifers are in Lake

Bonneville sediments and can be confined or water table systems (Stevens). The
hydraulic conductivity varies from very low to moderate. The effective velocity of the

- groundwater is small because the hydraulic gradient is flat. Discharge from this system

can be through evaporation, transpiration, or pumping. The quality of the water is poor
and usage is limited.

All three aquifer systems exist in the region where UTTR is located. In the
specific area where Landfill #5 is located the shallow brine aquifer is not present at all.
Well log data indicates that the alluvial fan aquifer in this area is either non-existent or
very poorly developed. This is consistent with the fact that topographically the site is
near the upper edge of the alluvial fan coming off the Lakeside Range. Consequently the
only known aquifer beneath Landfill #5 is the valley fill aquifer. This aquifer is
approximately 400 feet below ground surface at this location.

Regionally, groundwater in the alluvium aquifer is confined, of very poor
quality, slow moving, and discharging into the present day Great Salt Lake Basin.
Landfill #5 lies between the Great Salt Lake, to the east, and the Bonneville Salt Flats /
West Desert, to the west. Consequently there are two potential discharge directions for
the alluvium aquifer beneath Landfill #5.




An investigation was conducted by Dames and Moore for the Utah Water
Resources Division (1985) to determine if the ponds in the West Desert created by the
Great Salt Lake Pumping Project would influence the regional flow system. Data from
the study indicated that very little water from the ponds was infiltrating, and that the
water table in the immediate area of the ponds was not being affected.

33 Owner/Operétor Information
33.1 Stratigraphy and Water Bearing Characteristics
In their Part B Permit Application and "Demonstration of I.ow Potential for

Migration" documents, UTTR partially characterized the Geology and Hydrogeology of
the region.

A summary of that characterization follows:
Utah Test and Training Range is located in the northeastern part of the Basin and Range
physiographic province. The province is characterized by isolated, roughly parallel,
north-south treading, partly dissected, fault block mountain ranges separated by desert

‘basins or valleys.

Thick deposits of Paleozoic sedimentary rocks occur in the northern
Lakeside/Grassy Mountains. Considerable amounts of unconsolidated quaternary
alluvial and elluvial deposits cover the slopes of the hills and form geologic features
characteristic of the valley floor.

UTTR is located within the confines of ancient Lake Bonneville. The
geomorphology of the area may be divided into three parts; pre-Lake Bonneville
landforms, landforms created by Lake Bonneville, and post-Lake Bonneville landforms.

Pre-Lake Bonneville landforms include thrust faulting, domal uplift, volcanism,
and Basin and Range faulting. Landforms created by Lake Bonneville are wave cut
terraces (lake levels), sea caves, spits, and barrier bars. Post-Lake Bonneville landforms
include the present drainage patterns, outwash materials from occasional flash flooding,
deposits of windblown silt and sand, and minor amounts of outwash materials from
ravines through normal weathering and runoff.

In the mountains near the landfill most of the rock units present were formed
during the paleozoic era and include the following formations: Madison Limestone
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(massive fossiliferous limestone, dolomite, w/minor chert) Deseret Limestone (dark gray
limestone, dolomite, w/abundant chert), Humbug Formation (quartzitic sandstone,

- w/minor limestone and dolomite), Great Blue Limestone (light to dark gray pure and

cherty limestone), Doughnut Formation (dark grey limestone and shale), Manning
Canyon Shale (black shale w/ minor dark limestone, quartzite, and grit), Oquirrh
Formation (quartzite, limestone, dolomite, sandstone, and shale) and Kirkman
Limestone (dark, thin-bedded, brecciated limestone).

Quaternary deposits, upon which the landfill is located, consist of lake bed
sediments of mostly clay and dust. These sediments are poorly drained, and generally
have a high enough salt content to prohibit agriculture.

3.4 Other Available Information

The following is a summary of information from Hydrologic Reconnaissance of
the Northern Great Salt Lake Desert and Summary Hydrologic Reconnaissance of
Northwestern Utah, Technical publication No. 42, State of Utah, Department of Natural
Resources, 1974. '

There are three aquifers present in most of the northern Great Salt Lake Desert.

'One consists of an aquifer comprised of crystalline salt and jointed lakebed deposits at

and just beneath the land surface. This aquifer averages 25 feet in thickness and yields
brine. An aquifer of unknown thickness and extent is present in surficial and buried
alluvial fans along the mountain flanks and yields fresh to moderately saline water. The
most extensive aquifer underlies the entire area where consolidated rocks are not
exposed and is made up of unconsolidated to partly consolidated valley fill.

Generally water under the desert floor contains 150,000 mg/l or more of
dissolved solids. Locally in the mountains and peripheral alluvial slopes, fresh to
moderately saline groundwater is present.

Shallow Brine Aquifer
As the shallow brine aquifer is not part of the Hydrogeologic Regime at the site,

it will not be discussed.

Alluvial Fan Aquifer
An "Apron" of unconsolidated alluvium borders much of the floor of the

northern Great Salt Lake Desert (Plate 1). These surficial alluvial deposits, together
with underlying unconsolidated to well-cemented older alluvium that was also

18




deposited3 as fans or aprons along the mountain flanks, comprises an aquifer referred to
as the "alluvial-fan aquifer".

Valley-Fill Aquifer
The largest groundwater reservoir in the northern Great Salt Lake Desert is in

unconsolidated to partly consolidated valley fill alluvium (listed as Quaternary older
alluvium and Salt Lake Formation). The total thickness of the valley fill ranges from
zero where older Paleozoic Rocks crop out to 1,385 feet at Lemay and at least 1,644 feet
in the Bonneville Salt Flats area. :

Volcanic rocks underlying the unconsolidated sediment may also constitute a
part of the major groundwater reservoir. If these rocks are included, the total thickness
of the reservoir rocks may be more than 5,000 feet throughout much of the area.

Water moves laterally into the valley-fill aquifer from the alluvial-fan aquifer.
The lack of reliable water-level data throughout most of the northern Great Salt Lake
Desert precludes any precise determination of the dzrectzon of groundwater movement
within the valley-fill aquifer.

3.5 Adequacy of Owner/Operator Information

UTTR has provided as complete a description of the regional geology and
hydrology as can be expected. The northern Great Salt Lake Desert is an isolated, remote
area for which little regional hydrogeologic data exists. Their summary reports include
information from all available published documents.

The information on wastes disposed of in the landfill is very complete, by any
standard. The operating record (Appendix A) contains information on all waste types,

volume of each type of waste, and the exact location of all waste disposed of in each
landfill cell.
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4.0 Site Geology / Hydrogeology

Northern Sink Valley, where the Landfill #5 is located, is bounded on the west
by the bedrock outcrops on Homestead Knoll. To the east lies the Lakeside mountain
range, again, made up of outcropping bedrock. The valley forks about one mile
northeast of Landfill #5, and about one mile further northeast it terminates at two
saddles, one at the end of each of the two forks. The underlying bedrock surface becomes
shallower towards the north fork where the Sink Valley terminates at a saddle between
Homestead Knoll and Death Ridge, which is part of the Lakeside Range (see Figure 2).
The other fork of Sink Valley terminates to the east at Sedal Pass, which lies between
Death Ridge on the north and the main Lakeside Mountain Range on the south. The
valley opens to the south-west, and all surface drainage is in that direction.

The shallow sediments in the upper portion of the Sink Valley are alluvial fan
deposits derived from the erosion of the adjacent bedrock outcrops on the Lakeside
Range and Bug Hill. Alluvial fan sediments, in a setting like this, would be expected to
consist of interbedded sands and gravels that were deposited by braided stream channels.
These channel networks form multiple small distributory stream beds that cris-cross each
other in random patterns. Unlike lacustrian or marine sedimentary sections there is rarely

—well developed bedding in this type of depositional environment. Due to the fact that

Landfill #5 sits near the proximal portion of the alluvial fan it would be expected to
contain more coarsely graded sediments. Thus, gravels and sands rather than silts and
clays should make up most of the sedimentary section.

The typical alluvial fan depositional environment was interrupted during the
Pleistocene epoch, when Lake Bonneville covered the region. The Lake Bonneville
sediments in this area consist of two main types. Near the mountain ranges, in areas that
were above the lake level, there are deltas and spits. These areas typically accumulate
gravels, sands, and silts. Away from the ranges, are found lacustrine deposits consisting
of finer grained silts and clays.

Deep circulation of groundwater through faults and joints in the local bedrock
has not been reported. The limestone bedrock in the area is assumed to have lower
permeability than the valley fill sediments. This fact has lead previous authors to assume
that the upper (northern) end of Sink Valley was closed off to northward groundwater
flow through the colluvial sediments into the bedrock. If the bedrock is highly fractured,
the bedrock could provide sufficient permeability to allow groundwater flow from the
northern Sink Valley toward the Great Salt Lake to the east.
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Groundwater quality in the main valley fill aquifer is considered poor with total
h dissolved solids in the 1,500 to 5,000 mg/L range. This makes the groundwater
unuseable for human consumption without treatment.

4.1 Owner Operator Information
4.1.1 Stratigraphy of Shallow Sediments

Results of a subsurface investigation performed during the drilling of two
observation wells at the landfill in 1983 showed unconsolidated materials extending to a
depth of between 83 and 86 feet. Below this depth the subsurface materials appeared to
be consolidated, consisting of cemented conglomerate or sandstone. This was the
information that was available at the time the post-closure permit application was written.

In October of 1986, Wells “E” and “F” were drilled to depths of 460 feet and
520 feet below ground surface. About a year later, in December of 1987, Well “I”” was
drilled to a depth of 463 feet. During January and February of 1988, Wells “G”, “H”,
and “T” were drilled in preparation for issuance of the Post-Closure Permit, which'
" received final signatures in July of 1988. The original Well “J” had to be re-drilled in
1996, after the Grundfuss down-hole pump and 200 feet of stainless steel pipe was
. dropped 200 feet down the hole while the pump was being removed for replacement.

As a result of these drilling efforts there are now a total of seven RCRA
groundwater monitoring well-logs on file to provide information on the stratigraphy of
the shallow sediments in the vicinity of Landfill #5. There are two additional RCRA
groundwater monitoring wells in the Sedal Pass area. These two wells were drilled in
January 1990 to monitor the RCRA Open Burn / Open Detonation facility that is located
on the west side of Sedal Pass (the same side where Landfill #5 is). The well logs from
the two Sedal Pass wells plus those around Landfill #5 provide a fairly good description
of the shallow sediments in the area. The well logs for each of the wells is included in
Appendix B.

A review of these well logs show that the shallow sediments in the vicinity of
Landfill #5 are primarily interbedded sands and gravels, with some silts and very rarely
clay. There are numerous notations of calcite cementing, particularly in the gravels and
some caliche deposits. The grains are most commonly limestone with some sandstone
grains also found in the gravels. The grain shapes are mostly angular with less frequent’
references to rounded grains. Grain size is usually noted in the 0.2 to 0.4 inch grain size
range. In the lower portions of the wells there are frequent references to calcite cemented
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gravels and some conglomerates. The sand to gravel mix is commonly 60% to 80% sand
and 20% to 40% gravel. The well at Sadel Pass has one marked difference from the
other wells in the area. That well ran into a dark yellowish orange rhyolitic tuff at 400
feet below ground surface (bgs) that continued to the bottom of the well at 700 feet bgs.
Although never stated as such, it is possible that this material is either bedrock or of a
volcanic deposit directly on bedrock.

4.1.2 Contaminant Pathways through Vadose Zone

The Air Force requested a variance from the requirement to perform
groundwater monitor as part of post-closure care. Their justification for this request was
a very limited study of the vadose zone hydrogeologic characteristics. The report, entitled
Time of Travel (TOT) in the Vadose Zone is included in Appendix C. This report
concluded that it would take contaminants approximately 1,300 years to travel through
the vadose zone before reaching the upper most aquifer. There were several poorly
supported assumptions and a very limited number of data points (only three) that made
the request unapprovable.

The greatest problem with the Air Forces approach is that the analytical solution

_requires that the soils at the site are homogeneous. This assumption is only plausible

when: 1) there is evidence that homogeneity actually exists and, 2) the depth to
groundwater is shallow. The greater the depth to groundwater the more difficult it is to
assume homogeneity. At Landfill #5 the well logs (see Appendix B) indicate that the
soils are heterogeneous over the 400 feet to groundwater. The information on the
location of the samples used was inadequate. The write-up only stated that the samples
came from the “upper unconsolidated portion at depths less than 50 feet.” There was no
information at all on the method of sample collection or the handling of the samples prior
to analysis. In addition, there wasn’t even a simple field geologic description of the soil
material used for analysis, only that “all contain mixtures of gravel, sand, and silt.”

The shallow stratigraphy in the area around Landfill #5 (where the soil samples
for the vadose zone modeling were collected) contains Pleistocene epoch lacustrine
deposits consisting of finer grained silts and clays. These Lake Bonneville sediments are
much finer grained than the underlying alluvial fan deposits. Consequently, it is very
likely that the calculations made using these sediment samples represent a. unreahstlcally
long travel time for contaminant migration through the vadose zone.

In addition, there is a growing amount of data that indicates that DNAPLs, of
which there are several types disposed of in Landfill #5 (see Table 1), travel through the
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vadose zone in a “finger” style flow pattern and not as a homogeneous wetting front as
has previously been assumed. This new understanding of vadose zone contaminant
transport appears to render the basic conceptual model for the analytical model
inconsistent with present day theory. This “finger” style of flow can significantly increase
the rate of flow through the vadose zone. This increased flow rate would significantly
shorten the contaminant transport time to the aquifer.

Another complication which has not been investigated, is the interplay between
the expected “finger” style of contaminant flow and the braided channel pattern in the
vadose zone sediments typically found in alluvial fans.

4.1.3 Site Hydrology

The landfill is located in what Price (1970) described as North Sink Valley
Subdistrict. The principal aquifer within this local area is contained in the silty sand and
gravel deposits of the older valley fill. Groundwater in this aquifer occurs under both
unconfined and confined conditions (CH2MHill 1988). Groundwater in this aquifer is
considered poor because of high total dissolved solids (TDS), which range from 1,000 to
5,000 mg/L. The groundwater drawn from this aquifer for use at the Oasis Complex, 5.5
miles to the south-southwest, must be treated by reverse osmosis before it is fit for human

consumption.

CH2MHill found that the groundwater quality decreases towards the center of
the valley (CH2MHIill 1988). Their investigation found that the most potable water in the
North Sink Valley Subdistrict was found closer to the mountains and at shallower depths.
This agrees with Price, (Price 1970) which suggests that the concentration of TDS
generally increases with depth in the Sink Valley basin.

Price and Bolke suggest that groundwater may flow to the northwest, toward the
Salt Flats but don’t rule out flow to the east toward the Great Salt Lake (Price 1970).
CH2MHill indicated that the groundwater beneath Landfill #5 flows to the south and
then west toward the Great Salt Lake Desert (CH2MHill 1988).

Doeling estimates that only one percent of the precipitation that falls in the Sink
Valley contributes to the groundwater system (Doelling 1980). His conclusion was drawn
from: 1) low average precipitation (generally less than 6 inches), 2) expected
evapotranspiration of about 44 inches per year, 3) fine-grained, low-permeability lake
bed deposits (Pleistocene Lake Bonneville) at or near the surface which would inhibit
infiltration. The main aquifer is thought to occur adjacent to the mountains where
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coarser-grained sediments are present. Another recharge mechanism is precipitation on
the surrounding mountains which infiltrates through bedrock fractures then enters the
valley fill aquifer through deep underflow.

4.1.4 Water Bearing Characteristics

The depth to the uppermost aquifer directly beneath the landfill is approximately
400 feet. Table 2 summarizes information that describes the uppermost aquifer at each
well location at the site. The uppermost aquifer beneath the landfill is probably not
contained in a single stratigraphic interval or sedimentary unit as evidenced by the
variations in the aquifer descriptions listed in Table 2. Valley fill materials under the
landfill exhibit steeply dipping beds and lateral facies changes as well as paleo-stream
channeling.

Groundwater in the uppermost water bearing strata is under artisan pressure,
between 20 to 40 feet above the top of the aquifer, in all wells at the site. No single
distinct confining unit has been correlated between wells at the site. It is possible that the
confining layer above the aquifer is formed by a calcite cemented zone that crosscuts
different stratigraphic units but forms a continuous low permeability boundary.

Aquifer thickness varies between each well location (Table 2). Generally, the
uppermost aquifer is not one thick consistent geologic material, but instead is comprised
of interbedded sand and gravel deposits. The total thickness of water bearing strata was
estimated using geophysical logs and varies from 19 feet in Well J to 5 feet in Well G
(Table 2).

4.1.5 Potentiometric Surface
Historical Perspective of Potentiometric Surface

According to the Part B Permit Application for Closure and Post-Closure Care of
Landfill #5, the potentiometric head data indicates highly variable head differences
within short lateral distances. Therefore, the existing data at that time did not clearly
indicate up-gradient and down-gradient directions. The hydraulic head differences were
originally attributed to the fact that the wells at the site were known to be completed in
varying geologic materials. Some wells may penetrate deeper, more confined water-
bearing strata and thus exhibit higher static water levels.' The documentation that was
available indicated that some wells installed prior to 1986 penetrated deeper into water-
bearing strata and are screened adjacent to longer sections of water-bearing strata. The
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Table 2

SUMMARY OF LANDFILL # 5
AQUIFER CHARACTERISTICS

Aquifer
Well Thickness
No (ft) Aquifer Description

E 8 Sand, gravel with clay, sand is fine to coarse, gravels are
<0.4" diameter, consist of limestone, sandstone, and calcite.
Drilling was hard.

F 15 Gravel with sand, gravels <0.5-inch diameter, black and
gray limestones, some tan and orangish sandstone, sand is
fine grained and pale brown. Drilling is hard with soft spots
indicating inter-bedding.

G 5 " Coarse sand and gravel, no fine sand or silt, gravel is
angular, <0.5 inch diameter and consists of gray and black
limestone. Drilling very hard.

H 8 Sand and cemented sands, sand is fine to coarse with no
gravels or silt,
cemented sand is fine to very fine grained and moderately
cemented. Drilling very soft and smooth.

1 10 Sand and gravel, sand is fine to coarse grained, contains
some silt, gravel is fine to medium, black and brown
limestone.

J 19 Sand with minor silt and gravel, sand is fine to medium

grained, single grained, multicolored brown and gray. Silt
is light brown. Gravels are limestone. Drilling moderately
soft.
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wells have static water level elevations in the 4219 to 4220 foot (above mean sea level)
range. Wells installed in 1986 or later by CH2M HILL do not penetrate significantly
different depths into the water-bearing strata. These wells still exhibit water levels that
vary 4 to 5 feet between well locations. Therefore, water levels in the first 40 feet of
water bearing materials may vary locally across the site.

Again, according to the Part B Permit Application it was determined that due to
the complex bedding of strata in the valley fill beneath Landfill #5 the monitoring wells
are known to be completed in geologic materials of varying hydraulic conductivity.
Wells E, F, G, and J are screened adjacent to materials with saturated hydraulic
conductivities of less than 7 ft/day. Wells E, G, and J have static water levels that are 1
to 5 feet lower than other wells surrounding the landfill, particularly Wells H and I.
Wells H and I are screened adjacent to materials having hydraulic conductivities of about
15 ft/day. Well F, although screened adjacent to lower conductivity material, has water
levels similar to Wells H and I. Geologic materials with higher hydraulic conductivities
may act as preferential pathways for water flow and may exhibit higher static water
levels. It should be noted that many of these hlstorlcal interpretations have changed, see
“Current Perspective” below.

The hydraulic gradient in the immediate vicinity of the landfill is not clearly
defined. The suspected groundwater flow path in the vicinity of the site, based on the

physmgraphlc setting of the site, is down valley from north to south. It was this
information that was used to design the groundwater monitoring system that has been in
operation at Landfill #5 for the first ten years of operation.

In January 1990, after completion of all groundwater monitoring wells at
Landfill #5, the Air Force drilled two additional RCRA groundwater monitoring wells at
the TTU. The TTU is located about one and a half miles northeast of Landfill #5. Well
number TTU-1 was drilled at Sedal Pass, on the east side of the TTU, and TTU-2 was
~drilled on the down-slope, west edge of the TTU.

Unfortunately, the groundwater elevations measured in these two new wells
increased the complexity, or confusion, in the understanding of the potentiometric
surface in the Northern Sink Valley. Prior to these wells the data, although not
completely consistent, generally indicated a groundwater flow direction to the southwest,
coincident with the slope of the local physiographic surface. The new TTU wells clearly
indicated a flow direction to the east.

The level of confusion is depicted in a comparison of the groundwater flow maps
that the Air Force submitted to the Division in 1995, 1996 and 1997 ( see Figures 5, 6,

26




and 7). They show the groundwater flow direction going in three different directions in
three successive years. This is particularly true for the 1995 data which shows north,
south, and west groundwater flow directions within less than 1,000 feet of each other, all
at the same time. In 1996 the flow direction was shown to be only to the south, and in
1997 the flow direction was shown to be only to the north.

There are several possible explanations for the confusing and conflicting
groundwater flow directions. One is the groundwater elevations measured in the wells
around Landfill #5 are incorrect. This could be caused by either bad down well
measurement techniques, by incorrectly surveyed well tops, or due to wells that were not
exactly plumb. Alternatively, Landfill #5 could sit at or near a groundwater high or
divide. This setting would produce true groundwater flow away from a local
groundwater high (either dome or ridge) in two or more directions. For this to be true the
site must be a recharge zone. The physiographic setting of Landfill #5 is not that of a
typical groundwater recharge zone.

Current Perspective on Potentiometric Surface

Up until 1996 static water level measurements were obtained by use of dedicated
water sounders. These were non-stretch measuring tapes that were calibrated and then
left down each well. This was done to eliminate the need to lower a single tape down
each well (a distance of about 400 feet), take the measurement, pull it back up the 400
feet, then decontaminate it prior to reuse on the next well. After taking measurements
using the dedicated tapes on March 8, 1996 a second set of measurements were made
using a single non-dedicated measuring tape that was decontaminated between each use.
The differences in measurements represent errors in prior readings of static groundwater.
The errors were all significant.

WellE  wasoff by -1.29 feet,
Well F  wasoff by -0.38 feet,
Well G wasoff by -0.42 feet,
WellH wasoff by -1.40 feet,
Well I was off by  +8.99 feet.

The cause of the errors is likely a combination of incorrect initial calibration and
tape stretch over time. Unfortunately, this means that a single correction factor can not
be used to correct all past measurements, because there is no way of knowing when the
tape stretch occurred.

27




112°53's8*

Base from U.S. Geological Survey digita! Ime graph data, 1979 ¢ 1.320 2.640 FEET
Universal Transverse Mercator projection : . : N ) .
Zone12 : — R EEr— ‘

o 250 '500 METERS

CONTOUR INTERVAL 30 FEET
NATIONAL GEODETIC VERTICAL DATUM OF 1928

EXPLANATION
'MW-H Well—Letters indicate monitoring-well identiﬁdation

V\ Direction of ground-water movement-based on geometnc
relations between adjacen! wells i

FIGURE 5 Groundwater Flow-direction Map 1995




12°5538° nossasa
41%07'30" - M
MW.G
/ .

V‘ I(_

MWH y /

+
g
/
N
41206817 = }—
!
Baee from U.E, Gaological Survey digital line graph data, 1878 a 1,320 2,640 FEET
Uriversal Trac proj ' | |
Zone 12 ' T T
0 50 500 METERS

CONTOUR INTERVAL 20 FEET
NATIONAL GEODETIC VERTICAL DATUM OF 1020

EXPLANATION

-wtgfl—— Direction of ground-water movement detcrmined from
reglonal potentiometric surface and ground-water
quality data.

J
M# Well—Letters indicate monitoring-well identification

Location of Landlill No. 5 and monitoring wells, and direction of ground-water movement in Utah Test and Training -
Range, Box Elder County, Utah. :

FIGURE 6 Groundwater Flow-direction Map 1996



112°55'38° 112°5358°
)

41°07°30°

41°06"1 7"

lg

. [
Base from U.S. Geological Survey digital line graph data, 1979

> sy 0 1,320 2,640 FEET
Universal Transverse Mercator projection ] 1 1
Zone 12
I I |
. 0 250 500 METERS
. CONTOUR INTERVAL 20 FEET
EXPLAN. ATION NATIONAL GEODETIC VERTICAL DATUM OF 1929
« Direction of ground-water movement determined from water levels measured in

October 1997
~———4220— —— Elevation of water level (potentiometric surface). Contour interval 1 foot: Dashed where
approximate. Datum is sea level

Observation well
MW-F Well identification number
4218.46 Water table altitude

FIGURE7 Groundwater Flow-direction Map 1997

30




On February 27, 1998 the top of each well was re-surveyed to insure that no
errors in static water level measurements were being introduced from the reference points
that were used by the down well measuring tapes. This survey confirmed that the
measurement point altitudes of the wells had not changed significantly since the last
survey on March 17, 1995.

On April 2, 1999 the Air Force had an inclination survey conducted on
monitoring wells E, F, G, H, I, and J1. To do this the dedicated down well pumps,
control cables, discharge and water level piping was removed from each well. Century
Geophysical Corp. of Elko, NV performed the inclination survey. Starting at top of
casing (TOC) northing and easting, azimuth, slope angle of inclination, slope angle
bearing, horizontal distance from plumb and true depth were recorded each 0.25 feet.
Several other geophysical parameters were recorded as well. These were gama,
resistivity, and spontaneous potential logs.

The data from this survey indicated that none of the Landfill #5 monitoring
wells were vertically plumb. When a well is not plumb the down hole measurement is
always longer than the true depth to groundwater, because down hole measurements are
along the hypotenuse of a triangle and not down the vertical leg. These errors, which are
rarely measured in RCRA groundwater monitoring wells, are all significant.

Well # Vertical Error - Horizontal Offset
Well E 3.02 ft 45.0 ft
Well F 2.79 ft : 47.2 ft
Well G 6.09 ft 66.0 ft
Well H 1.22 ft 22.8 ft
Well 1 3.30ft 45.2 ft

Well J1 - 059 ft 21.0ft

The inclination measurements were used to correct the static groundwater
elevations, and then to generate a corrected piezometric surface contour map. Figure 8
shows the final corrected groundwater elevations and interpreted piezometric surface.
The gradient slopes to the north, up valley, and then east through Sedal Pass. The wells
at the TTU were not included in the inclination survey, so their groundwater elevations
are not corrected. However, the expected elevation corrections for these wells
(estimating from the average correction found for the Landfill #5 wells) is not sufficient
to change the groundwater flow direction. It should be noted, that the final corrected
data does show a very flat gradient of only 0.00018 feet/foot in the vicinity of Landfill
#5. '
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Before this flow direction is considered for compliance purposes, additional
semiannual monitoring events need to be conducted to verify the first round of truly
accurate measurements.

4.1.6 Uppermost Aquifer Parameters

Aquifer Description

Table 2 summarizes information that describes the uppermost aquifer at each
well location at the site. The well locations are shown in Figure 8. The depth to the
uppermost aquifer directly beneath the landfill is about 400 feet below the surface.

The uppermost aquifer beneath Landfill # 5 does not appear to be contained in a
single stratigraphic interval or sedimentary unit. This is evidenced by the aquifer
descriptions provided in Table 2. The valley fill materials under the landfill exhibit
steeply dipping beds and lateral facies changes. The aquifer materials described for
Wells H, I, and J are significantly different in composition. By contrast, the aquifer
material in Wells E, F, and G is somewhat similar in composition. Gamma logs from
Wells E, F, and G also indicate these wells are completed in similar geologic materials.

_In these wells, the aquifer is within bedded older valley fill deposits of uncemented and

partially cemented gravel and sand deposits. The gravels are comprised primarily of
black and gray microcrystalline limestones, probably derived from the Great Blue
Limestone and the Humbug Formation. The gravels also consist of dolomite, quartzite
and calcite. Colors of the gravels range from black and gray to white, tan, orange, and
red.

Groundwater in the uppermost water bearing strata is under artesian pressures in
all wells at the site. Water level rises in Wells E, F, G, H, I, and J are between 20 and 40
feet above the top of the aquifer. In addition, Wells 1, 2, A, B, and D are also reported to
have penetrated artesian conditions at the time they were drilled.

Effective porosity values for sand and gravel mixes range from 0.10 to 0.35.
Hydraulic conductivity values have been previously determined to range from 3 to 15
ft/day for geologic materials at the site. The hydraulic gradient, however, has not been
determined in the vicinity of the site and the groundwater velocity cannot be estimated.

The aquifer thickness varies between each well location. Generally, the

uppermost aquifer is not one thick consistent geologic material, but instead is comprised
of inter-bedded sand and gravel deposits. The water yielding strata range from 2 to 5 feet
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in thickness. Each well is completed adjacent to several zones which produce water.
The total thickness of water bearing strata was estimated using geophysical logs and
varies from 19 feet in Well J to 5 feet in Well G.

Aquifer Properties

Aquifer pump tests were conducted in Wells E, F, G, H, I, and J to determine the
saturated hydraulic properties of the uppermost aquifer. Two analytical methods were
used to interpret the aquifer pump test data. The standard Theis non-equilibrium solution
for aquifer recovery data was the primary method used to estimate transmissivity for each
well. The Cooper and Jacob semi-log method was also used to interpret the aquifer
drawdown data for Wells I and J. The slug recovery test in Well E was analyzed using
the method described by McWhorter and Sunada (1977). Table 3 summarizes the results
of aquifer pump tests.

Transmissivity estimates range from 12 to 150 ft*/day for the uppermost aquifer
at the site. These values are relatively low and are several orders of magnitude less than
transmissivity estimates from wells farther south in Sink Valley. Transmissivity values
between 10 and 100 ft*/day are considered fair for domestic water supply purposes.

, ~ Results of the Jacob semi-log analysis of Well I show that the drawdown data

follow a straight line solution until time is greater than 10 minutes. After 10 minutes the
drawdown is less than that predicted using the Theis solution. This deviation can be
caused by leakage from underlying aquifers. Results from Well J also show a flattening
out of drawdown at times greater than 15 minutes into the test. This test also indicates
recharge or leakage from adjacent aquifers.

Hydraulic Conductivity

Saturated hydraulic conductivity (K,) values can be estimated from transmissivity
data using the relationship
K, = T/b
where T = aquifer transmissivity (ft*/day)
b = saturated aquifer thickness (ft)

The aquifer transmissivity data came from slug and pump tests. Those data are listed in

Table 3. The saturated aquifer thickness was estimated from geophysical logs for the
wells, and is summarized on Table 2.
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Well
No.

iss|

o

|

Table 3

SUMMARY OF PRINCIPAL AQUIFER DATA
AT THE UTTR LANDFILL #5

Transmissivity (ft/day)

Jacob
Slug Constant Semi-log Estimated Saturated
- Recovery Pumping Pumping Hydraulic
- Data Recovery Data Well Data Conductivity
12 24 3
104 7
35 ' 7
110 14
150 | 78 15
94 33 5

Storativity Estimate Ranges:

Ranges:

about 10 3 to 10
pgbe (assuming compressibility of water is negligible)

pg = Gravity x density of water (62.4 1bs/ft’)
b = Aquifer thickness (Table 2)
e = Aquifer compressibility

Loosesand 2.5-5.0 x 10 5 ft¥1b .
Dense sand 6.2 x 107 - 1.0x 10 ft¥1b
(Freeze and Cherry, 1979, p. 55)
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Saturated hydraulic conductivities range from 3 to 15 ft/day for aquifer materials
at the site (see 3). These values are representative of silty sands to fine sand and gravel
deposits (Freeze and Cherry, 1979). The lower hydraulic conductivities were found in
Wells E, F, G, and J. Wells H and I are characterized by hydraulic conductivities about 2
to 3 times higher than other wells at the site.

Storage Coefficient

Single well aquifer pump and recovery tests do not allow for a reliable
calculation of the aquifer storage coefficient. The aquifer storage coefficient was
therefore, estimated using the relationship. : ‘

S = pgbe

where: :
p density of water (62.4 1bs/ft)
b = aquifer thickness (Table 2)
g = gravitational constant
e = aquifer compressibility

Aquifer compressibilities for a range of geologic materials are listed in Freeze

~and Cherry (1979). Representative values for fine and dense sands were used to estimate

aquifer storage coefficient.

Table 3 shows the range of aquifer storage coefficient to be 10” to 10*. These
values are within the range reported by Todd (1980) and Freeze and Cherry (1979) for
confined aquifer systems and are therefore considered representative.

The aquifer storage coefficient has merit in the characterization of groundwater
systems for water supply development; however, it is not needed in determining
groundwater flow direction and velocity.

4.1.7 Uppermost Aquitard Parameters

Two types of confining units may exist within the valley fill sediments. Both
types consist of calcium carbonate cement. The first type of cementation occurred at the
time of deposition. These confining units are suspected to be localized and
discontinuous consisting of interbedded carbonate muds and cemented sands and gravels.
The second type is aerially extensive and cuts across sedimentary units. These confining
units are related to paleo-water levels in the valley fill sediments.
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The carbonate cementation that immediately overlies the first water bearing zone
at the site is probably a combination of the two types described. The confining unit at the
site is known to cut across geologic units regardless of the aquifer material or the
overlying geologic materials.

4.1.8 Background Water Quality

Chemical analysis of the water from the potable wells at the range complex show
that it is excessively high in iron, manganese, sodium, potassium, magnesium, sulfates,
chlorides, fluorides, and total solids. Total dissolved solids (TDS) range from 1,000
mg/L to 5,000 mg/L. The groundwater is alkaline, with pH ranging from 7.5 to 8.1.
Chloride concentrations in the water from the wells near Oasis Complex exceed the Utah
Secondary Drinking Water Standard MCL of 250 mg/L. All water used for culinary
purposes at the Oasis Complex must be run through a reverse osmosis water treatment
system before it can be used.

40 Other Available Information

Water Quality, From tech pub #42, State of Utah, Dept. of Natural Resources,

1974.

Water from the northern Great Salt Lake Desert ranges from fresh to briny.
Fresh water might be encountered in the subsurface locally in perched water zones in
sand dunes and at shallow depths in the alluvium. Such areas would probably be of
small extent, however, and they would contain relatively small volumes of water.

In general, groundwater under the desert floor contains 150,000 mg/l or more of
dissolved solids, which precludes its use for nearly anything except mineral production
or uses following after desalinization.

4.3 Adequacy of Owner/Operator Information
With the completion of the re-surveying of all groundwater well tops and

determination of the inclination angle of all wells, the data used to elevate the
peziometric surface is as accurate as present day technology can provide. This data is
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better than is normally available for RCRA groundwater monitoring systems.

The data on aquifer parameters is dated and shows wide variations in values (see
Table 3) for the techniques used to obtain the data. More accurate data on aquifer ’
parameters could be obtained by designing and conducting a carefully planned and
executed inter-well pump test.

There is now additional information (geophysical logs from inclination survey
and a new well log for Well J1) on the stratigraphic section that lies between the landfill
and the aquifer. This data has not been put to full use to characterize the vadose zone.
The data could be used to generate a more complete characterization of the contaminant
~ pathway through the vadose zone, between the landfill and the primary aquifer at the site.
It is very likely that the local stratigraphy is quite complicated due to the expected
meandering channels that are typical in the depositional environment that existed when
the sediments were laid down. However, a carefully constructed fence diagram or
similar inter-well plot could provide a valuable outline of, at a minimum, the major
stratigraphic layers in the area and could possibly provide a good degree of detail on the
site stratigraphy.

The site stratigraphy needs to be known in adequate detail so that, with a high
__degree of confidence, the main contaminant pathway is understood. Only after this
information is available can a decision be made as to ability of the groundwater
monitoring system to detect a release of contamination from the regulated unit.

This characterization of the vadose zone stratigraphy is the weakest link in the

present monitoring system that is in place to detect the presence of a release of hazardous
contaminants from Landfill #5.
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5.0 Groundwater Monitoring System Evaluation

The objective of any groundwater monitoring system is to insure that quality
groundwater samples can be obtained on a regular basis from properly constructed wells.
These wells must be located to insure that any release of contamination from the facility
being monitored will be detected. They must also be spatially arranged to insure that an
accurate direction and flow rate for groundwater movement can be determined. The final
criteria for a RCRA groundwater monitoring system is that there be down-gradient wells
that will detect the migration of contamination past the compliance point for a regulated
unit.

5.1 Design

The first set of monitoring wells (1, 2, 3 and 4) were installed at the site in the
summer and fall of 1983. On September 23, 1983, the Bureau of Solid and Hazardous
Waste (now the Division) received analytical results from the first set of groundwater
samples taken at these wells.

A second set of RCRA monitoring wells (A, B, C and D) were installed during
the fall of 1984. Three of these wells were later deepened (A, B and D) in December of
—1984. The casing in well C was broken during emplacement of the gravel pack.
Consequently, it was never sampled.

On May 23, 1985, a Groundwater Compliance Evaluation with EPA oversight
was conducted by the Bureau at the Range. Both the EPA and Bureau Inspection
Reports found the existing monitoring wells at the facility to be inadequate. The
subsequent set of wells (Wells E through J) were located using information gained from
the previous wells. The original two sets of wells (Wells 1 through 4, and Wells A
through D) have all been abandoned. The only wells presently in operation at Landfill #5
are Wells E through J.

The present monitoring system was installed in accordance with conditions
defined in the original Post-Closure Permit, which was written twelve years ago (issued
July 1988). The system consists of three upgradient wells (E, F and G) and three
downgradient, compliance point wells (H, I and J). At the time of permit issuance,
UTTR was unable to definitively determine a peziometric surface for the aquifer.
Consequently, the groundwater flow path was largely based on the physiographic setting
of the site and was assumed to be down valley from the north to the south in the vicinity
of the landfill.
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As has been indicated previously in this report, the data from the most recent
round of sampling indicates that upgradient and downgradient are probably opposite
from what was originally thought to be in 1989. These data are significantly more
accurate than what was available at the time of permit issuance back in 1989. The
validation of these data by additional sampling rounds is necessary before any final
conclusions can be made.

5.2 Construction Details
5.2.1. Drilling Methods

Upgradient wells E and F were drilled in the fall of 1986 using Conventional Air
Rotary with Airfoam and EZ mud according to the boring logs (Appendix B). Wells G
(upgradient), H, I and J (downgradient) were drilled in late 1987 and early 1988 using
Air Rotary with foam and water injection. The wells range in depth from 450 feet (well
H) to 520 feet (well F). ‘

Well J1 was drilled in September 1996 as a replacement for Well J, which was
- damaged during removal of a non-functioning pump. The replacement well was drilled
with a combination of reverse air circulation and mud rotary drilling techniques. The well

~ log for this well is included in Appendix B.

5.2.2. Well Construction Methods

Each of the original wells has an eight-inch steel surface casing that was driven
to a depth of approximately 100 feet in the seven and seven/eighths inch diameter
boreholes. Well J1 had a 9-inch triple wall conductor casing driven to 50 feet bgs.
Below that depth the casing could not be driven further due to cobbles and boulders in
the subsurface.

The original set of six monitoring wells, E, F, G, H, I, and J were constructed of
four-inch-diameter schedule 40 PVC pipe with a twenty-foot 0.010 slot screens and a
size 16 sand pack. The remainder of the borehole was filled with granulated bentonite
and bentonite cement plugs. Figure 9 shows the construction details for a typical
monitoring well at Landfill #5.

After the monitoring wells were completed, Grundfos stainless steel submersible
pumps were installed. The 1-1/2 hp dedicated pumps were originally installed on 1-inch

]
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threaded and coupled schedule 80 PVC discharge pipe. All of these original wells have
since been refitted with stainless steel discharge piping.

The well casing for well J1 consists of flush threaded, 4-inch-diameter,
Schedule 40 PVC pipe with a 20 foot long 0.010-inch slot screen located at 420 to 440
feet bgs. The filter pack consists of 10-20 environmental-grade silica sand. Figure 10
shows the well construction for this well.

5.2.3. Well Development

Development of the original six wells needs to be researched to provide accurate
information on the development techniques used.

Initial well development of Well J1 was performed on October 3, 1996. The well
was surged using a 10-foot-long, 3-inch-diameter stainless steel bailer. The surging
mobilized solid material (formation material, bentonite, and filter sand) that had settled to
the bottom of the well. Approximately 200 gallons of groundwater was removed during
this operation. The solids steadily decreased and the development was discontinued when
the bailed water appeared free from solids, but was still cloudy.

The final well development was performed after the dedicated submersible pump
was installed on October 4, 1996. During this phase of development 410 gallons of
groundwater were removed from the well. A single purge volume is estimated to be
approximately 50 gallons. By the time this phase of development was completed the pH,
conductivity, and temperature had all stabilized and the water was reported as “clearing.”

5.3 Past Performance

Quarterly sampling of wells E, ‘F, G, H, I and J commenced pursuant to Module
V of the Post-Closure Permit and Closure Plan for Hazardous Waste Landfill/Storage
Area in October of 1988.

The sampling protocol contained in the permit requires quarterly sampling for
Class 1 and Class 2 parameters the first year with semi-annual sampling thereafter unless

there is an exceedence of the method detection limit.

To date, the Air Force has submitted Semi-Annual Groundwater Sampling
Reports through 1999.
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PROJECT NUMBER

132115.WL

BORING NUMBER

J-1

SHEET 1 OF 1

WELL COMPLETION DIAGRAM

PROJECT :

Monitoring Well J Replacement

LOCATION : UTTR Landfill 5

ELEVATION : Top of Casing 4605.45

DRILLING CONTRACTOR :

Foundex Pacific

DRILLING METHOD AND EQUIPMENT USED : Air/Mud Rotary

WATER LEVELS : 385.3 below top of casing on 10/4/96

START : 9/27/96

END : 9/29/96

LOGGER : M.Cox

—-—
33—

2a ———

3a—

1.

2-

3-

4-

5-

6-

7-

o]
1

Ground elevation at well

4603.0

Top of casing elevation

4605.45

Wellhead protection cover type

Above Ground, 8-inch steel with posts

a) weep hole?

No

b) concrete pad dimensions

Diameterftype of well casing

4 Feet By 4 Feet

4-inch, Schedule 40 PVC

Type/siot size of screen

Machine-Cut, 4-inch, Schedule 40 PVC

Type screen filter
a) Quantity used

.010 Slot, 420 to 440 ft bgs

442-414 feet, 10/20 Silica, 10 bags

Type of seal
a) Quantity used

414-403 feet, 16/40 Silica, 4 bags

Bentonite Grout

Grout
a) Grout mix used

Aqua-Guard, no cement

b) Method of placement

Tremie

c) Quantity of well casing grout

Pump
a) Pump type

Bentonite Grout 403-200 feet

Bentonite Chips 200-0 feet

Grundfos 5515-27, 230 volt

b) Intake Depth

425 feet bgs

Discharge Pipe

3/4-inch type 304 stainless steel

Water Level Probe Pipe

3/4-inch, flush-threaded, Schedule 80,

PVC pipe

FIGURE 10 Well Completion Diagram, Well J-1

NOTE: All depths in feet below ground surface




54 Adequacy of Detection Monitoring System
Potential Problems associated with UTTR’s current monitoring include the following:
1) The direction of groundwater flow at the site now appears to be to the

north. This means that the down gradient compliance wells are actually
up gradient.

2) The use of submersible centrifugal pumps could bias volatile organic
results to lower than actual values due to heat and turbulence.
3) New cross-sections or fence diagrams should be drawn to correlate

stratigraphy between the wells, and improve our understanding of the
vadose zone.

4) An inter-well pump test should be conducted to develop a better
understanding of the hydrology of the confined aquifer beneath Landfill
#5.

5.5 Groundwater Sampling and Analysis Inspection

- On April 6, 7, and 8, 1998, groundwater samples were collected by both the
DSHW and representatives from the UTTR at monitoring wells G, H, I and J1 at Landfill
#5. This sampling was done as a follow-up after Freon 113 was detected, at very low
concentrations, at wells J1 and H during the previous sampling round. Samples were also
collected for perchlorate analysis by the DSHW. The perchlorate sampling was done to
see if there was any evidence of groundwater contamination from the open-burning /
open-detonation of perchlorate based rocket motors at the TTU.

5.5.1 Participants
Date In_ Out Participants Weather
4/6/98 1030 1940 Bronson Hawley (DSHW) Cold, light rain,
: Walter Wilson (Hill AFB) heavy overcast.
Michael Enright (USGS)
Katina Wilson (USGS)
4/7/98 1030 1940 Bronson Hawley (DSHW) High overcast,

Walter Wilson (Hill AFB) windy and cold.
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Michael Enright (USGS)
Katina Wilson (USGS)

4/8/98 1030 1940 Bronson Hawley (DSHW) Clear sky, scattered
Walter Wilson (Hill AFB) clouds, no wind.
Michael Enright (USGS)
Katina Wilson (USGS)

55.2 Sampling and Analysis Plan

The Sampling and Analysis plan that is currently being used at Landfill #5 is the
one that is included in the Post-Closure Permit. It is included in Appendix D. The
Sampling and Analysis Plan appeared to be adequate. The Sampling and Analysis Team
followed the protocol outlined in the Sampling and Analysis Plan. '

553 Sampling and Analysis

Water level measurements were taken at all wells (E, F, G, H, I, J-1, TTU-1 and,
TTU-2) prior to well evacuation and sampling. All water level measurements were taken
to the one-hundredth foot accuracy. »

Total well depth measurements were not made during this sampling round. The
permit requires that they be made only on a yearly basis (not during each sampling
event). : ,

Well purging and sampling were accomplished by connecting a generator to the
leads of the submersible pumps and evacuating three casing volumes from each well |
prior to sample collection. The gas-powered generator was located down wind from the
sampling area to insure that exhaust from the generator would not contaminate the
samples. The pump at Well E would not work, so no samples were taken from this well.
The problem was reported to Hill AFB environmental management so a repair work
order could be initiated.

Throughout the purge process, field water parameters (pH, temperature and
specific conductivity) were measured. The instruments used to monitor the field -
parameters were calibrated according to manufacture’s specifications prior to taking
measurements at the wells. All wells, except for Well TTU-2, were purged by
continuous pumping until at least three well volumes were removed. Well TTU-2,
located at Sedil Pass, is a slow water producer. Therefore, TTU-2 is purged until dry,
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allowed to refill with the pump off and purged again, until three well volumes are
removed. ‘ \

Water samples were collected from Wells H and J-1on April 6,1998, from I and
TTU-1 on April 7, 1998, and from G, F and TTU-2 on April 8, 1998. As mentioned
earlier, Well E could not be sampled because the pump would not function.

Samples were then collected in the following order:
Volatile Organic Compounds
Nutrients (nitrate and phosphorus)
Dissolved Metals (filtered with in-line filter)
Semi-volatile Organic Compounds
Pesticides & PCBs
Physical properties (pH, temperature, specific-conductivity)

The well purging and well sampling sequence was consistent with the schedule
in the Sampling and Analysis Plan. Purge water was collected in the large tanks

maintained adjacent to each well. Disposal is based on the analytical results.

Samples containers are laboratory prepared. Consequently, the addition of

_ preservatives in the field is not required. Sample containers are maintained on ice after

sample collection is complete. Chain of Custody methodologies consistent with those
found in the Sampling and Analysis Plan were employed. Six QA/QC water samples
were collected, including trip blank, duplicate, ambient blank, equipment blank, matrix
spike, and matrix spike duplicate.

5.5.4 Analytical Results

Analytical results for the samples that were run at the Utah State Health
Laboratory are included in Appendix E of this report. Overall, analytical results from
State of Utah split-samples compare favorably with the facilities’ submitted results.
According to quarterly water quality reports submitted by UTTR, statistical evaluations
provide no significant evidence to indicate contamination exists in any of the facilities’
monitoring wells.
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6.0 Conclusions and Recommendations

Based on observations made by the DSHW inspector during the sampling visit
and a review of information submitted by the facility, the following conclusions and
recommendations are made.

6.1 Subsurface (vadose zone) geology

1) A more thorough evaluation of the vadose zone should be made. There is now
additional information (geophysical logs from the inclination survey and a new well log
for Well J1) on the stratigraphic section that lies between the landfill and the aquifer.
This data has not been put to full use to characterize the vadose zone. The data should be
combined with all previous geophysical logs and well logs to generate a more complete
characterization of the contaminant pathway through the vadose zone. Carefully
constructed fence diagrams or other similar inter-well plots would be a good first step in
more fully utilizing the existing information on the site stratigraphy.

2) There is no vadose zone monitoring system in place at Landfill # 5. With out
such a monitoring system there will be a 400 foot thick section of contaminated soil to
remediate before the first indication of a problem is identified by the present groundwater
monitoring system. '

6.2 Uppermost aquifer characterization

1) An inter-well pump test should be conducted to develop a better understanding
of the hydrology of the confined aquifer beneath Landfill #5. This could be
accomplished fairly easily by utilizing the three closely spaced wells (Well H, I, J-1)
along the southern boundary of the landfill.

2) The new information (geophysical logs from the inclination survey and a new
well log for Well J1) on site stratigraphy, that pertains to the aquifer, should be used in
conjunction with existing and new pump-test data to improve the characterization of the
aquifer.

6.3 Groundwater monitoring system
The direction of groundwater flow at the site now appears to be to the north

northeast. This means that the down gradient “compliance wells” now appear to be up
gradient. Consequently, the present system appears to be unable to detect if a release of
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hazardous contaminants has occurred. If the northerly groundwater flow direction is
‘ confirmed by future rounds of semi-annual groundwater monitoring, a revised approach

to monitoring needs to considered. The revised approach could take the form of new

downgradient groundwater monitoring wells or a vadose zone monitoring system.

2) The twenty (20) foot long screens that are installed in all of the present
monitoring wells are longer than is normally considered appropriate. This may result in
several different problems. The screens may be intersecting different portions of the
aquifer in different wells, resulting in inconsistent aquifer properties being documented
for different wells. The wide screen can result in dilution of higher contaminant-
concentration zones in the aquifer.

6.4 Groundwater sampling program

The use of submersible centrifugal pumps could bias volatile organic results to
lower than actual values due to heat and turbulence produced by the submersible pumps.

6.5 Laboratory analytical program

The laboratory analytical program appears to be adequate and is being conducted
properly. Although still valid, some of the analytical methods listed in the Post-Closure
. Permit or outdated. These methods should be reviewed to determine if there are more
appropriate methods available. '

6.6 Interpretation of analytical results
The interpretation of analytical results is very good. The Air Force and their

contractor (the USGS) are doing a good job of evaluating and interpreting the analytical
results.
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APPENDIX A

Operating Record for Landfill #5
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Un Lnoesn f;/uen s . ' 4 55| 1 |17 Nov B8O _
C Alekal 5,5;//0 L9Y4 T/«//omr//nre bae s 5| 55| 17 Mov 80| - &
Freom L dns/ | 1|55 | Y4 |1 Ak o ’ ”
72/ chlorge Mhane  Uhste 4| 55| ¢ |17 Mov BO
Krsin lop -/om:ha,f/ec/ (/m\ /Jq;h&rs 91551 3 |17 Nww 8O 2
Zint fe due : 3¢ 3 |17 Meuw g0 lf.'f:
Trichlors s/ fucro e thane 1155 | 1 |17 asuwso .
D@"C’}"j Fhaid S0} {17 NouBO e
Cree CroseD - 5},074 188/ —_




APPENDIX B

Monitoring Well Logs




\ / . ZJ\/\F PROJECT NUM‘BVE?{T : » BORING NUMBER ,
] ’g?ﬂLL 8'7376 . Bo WELL E SHEET of
~ . SOIL BORING LOG

ELEVATION ~ 4613 A, above ML DRILLING CONTRACTOR #;dc//(-ﬁeh Drllirc  and R‘m’g Lo.
witt, Arrtam amA~ EZ Med .

DRILLING METHOD AND EQUIPMENT __ Conveurfronal _AC  Retnry

/ -
WATER LEVEL AND DATE START 10[2//B6  cuusn _10/23/84  rocaen Heriisen /S MKel/
SAMPLE | % SOIL DESCRIPTION COMMENTS
P4
o - 2 2| & SULT. NAME. GRADATION OR PLASTICITY, o DEPTH OF CASING, !
2l xx2 125 ¢ PARTICLE SIZE DISTRIBUTION, COLOA. _ 3 ORILLING RATE. :
2| £ox e w2l 0 646" MOSTURE CONTENT, RELATIVEDENSITY ® ORILLING FLUIO LOSS
wr &$25% s a5 o Ny OR CONSISTENCY, SOIL STRUCTURE, xS TESTS AND
D @l ocaxn] z | Ez| & |TME MINERALOGY. USCS GROUP SYMBOL %3 INSTRUMENTATION
. 1:30 g{f‘flfﬁnc{, omd jr«(vc// sand s ] 'D'\'.”":j d’?’("o g""")j
£ od I gravd a / Driving 8¢ sdee] casing
n L] (4
4 ne jm ed, < j y j v rJ R E
- Lo, 5" dra, 5:'/'/‘ and fa_n_r,{ arc ‘Iaum

-

+o —Fanj 5/«\'7!4'("/ mm'S‘f"J calearcous,

7 Sand and {'h‘ with Ttrace ,Ug/jf_ ]

. fine 4o ma(.ﬂm"n(oﬁ 1157 browwon | |

4 'f’ -ﬁM, 5!’&3/( jfu'nej ] ]

@ o - ] -
. Sard and silt with Amec gmee, ]

- £Line o coarsc r"u'rt(d/ 7; ut 1 |

brown +» —Aan ]

Moist /,/47 /aycr@kf !

-

15 - =
. ganal) jfauél cnd 5:/7‘; Flac jmu'no( R
= o coars¢ sand as above. Gravel | - ]
4 1'5 'b/"/’t@mﬂ( j/zy [g/ Some jﬁud_f _fo/ll'a u‘(ry 501%' and i
1 1. Lhow caledy cement fan 4 bVﬁr_ A’ZH‘ ‘

2'0__ 220 | sandstone Giltstone], £ 0.5 dra., SR
- 1245 | Sond and sitt, finc o med. | Abermating _‘;:wb(da’m’_

rained ingte avained, b Gomd A5 Some

| . 3ana{/{ (cjalfd; /le' ] o ayors are ,:;L-
. bm“)h "LD L] | [pn;‘p’: «‘fd. |

AR Sand layer @ 2.5 44,

| ; _ 5and,;r'/1‘j fum('jfm'd/ #«cj’*'“é’( Ls 47: inerease
< . 4 . P m .'/ml ;/:7/{ jrﬂ,keaj /y/n‘/_‘

brown fs Fay gravel o L0.25Y . :
$ome Well rovaded <, L ir

] mon‘@ angy f(ar,

X

REY 11782  FORM D1586




PROJECT NUMBER BORING NUMBER

G?fﬁ : ' Bi1437¢. Bo WELL E sHEET of
 SOIL BORING LOG

erosect _HILL RIR FORLE BASE — WTTR LAMPFILL  \ocaqon __ Lakeside , Udnh

ELEVATION ~ 4613 A, above  MSL DRILLING CONTRACTOR //‘fdc//(&vf?h Dn //lhf and Run’g Lo.
ORILLING METHOD AND EQUIPMENT __Conveurtional ArC t?ab\f/v witth ArrtPam amd EZ Mud . .
WATER LEVEL AND DATE stant (OfZ([B6  ewusu _L0[23/85 ioccer Harécson /' Mikel]

STANDARD PP
SAMPLE PENETRATION SOIL DESCRIPTION com

TEST
RESULTS NAME. GRADATION OR PLASTICITY,

PARTICLE SIZE DISTRIBUTION, COLOR.
67676~ MOLSTURE CONTENT, RELATIVE DENSITY
why OR CONSISTENCY, SOIL STRUCTURE.

MINERALOGY, USCS GROUP SYMBOL

Sond with frace jﬂw{é 7[/‘/\( % |
e Advom raimed fz'nt/(jﬂt/rcc{)
J i
[ight browa 7‘;4 zn, vavels are
Lo,zf'd:q .y Some Ipoéf/), cemcel
| Sw'ld{ﬁ’n(/(l (fstore 7

DEPTH OF CASING,
ORILLING RATE,
ORILLING FLUID LOSS,
TESTS ANO
INSTRUMENTATION

7

DEPTH
s$YMBOLIC

ELEVATION

SURFACE

INTERVAL

TYPE AND

NUMBER

RECOVERY
-] Loa

BELOW

- ’ 5ﬁ.hd/ '7£/\*\C fo mcdf, r"u"lfa(/’ . -

= 51161( 3mjna£ /(7 t brown |

’ ] I /:;h—é,rauu} 7 thercase (h S35 jfavc/ -
' 39

40 = 1323 ' N ‘ ~
1350 6"4'./6{ (.Ot:ylo”‘tcfa-‘?LfJ ]5 13 ] Amr dr{”u‘:\j with i
3« and black, mrcrocr]c‘{'a”c;‘g. Foam
ss ;} ’fﬁh} cn'(ovcauj/ wel Cfmach__

all grave] <0,75"dia, with some| .
1 ' Sang Sift 7 » . "

w41 -

Same aS  apove i

-

[ =
1

1

J Sand and gr-wcl/ fLine o coarse -

guned sand, gray fo black, i
za/"chcl ravel <0, lZf”c{za.J i B
with ala.y-

1

z'“.Sa'wl S(r'f'j(r@ 54
Same as duvcj jrmr(/ (0_5"’_ ]

dia, , 4 -

1420

RKREV 11/82° FORM 01586




PROJECT NUMBER BORING NUMBER

g?—m ~ Bi1937¢. Bo WELL E SHEET oF
SOIL BORING LOG

rosecr  HILL RIR FORLE BASE — UTTR LANPEILL  \gcarion _ Loteside, tdnh
ELEVATION "/4'6,3 ‘/‘7, a.bove M—“/ DRILLING CONTRACTOR /hdd//(uf‘éh D" /Irc ana’ t[ame 40
Coroestional AiC Rotary with Airtoam omd £Z_Med

START /‘9[2/250 — FINISH /0’/7—3'/86 LOGGER Hariison /Mikel]

ORILLING METHOD AND EQUHPMENT

WATER LEVEL AND DATE v
SAMPLE oy ond SOiL DESCRIPTION COMMENTS
5 ]l = 1o x SUL NAME. GRADATION OR PLASTICITY, 2) DEPTH OF CASING,
E ¢ < ZS | @ ‘ PARTICLE SIZE DISTRIBUTION, COLOA. 3 DRILLING RATE,
<| E3%| =z |a=2| 3 ~66=g" MOISTURE CONTENT, RELATIVE DENSITY a DRILLING FLUID LOSS.
wl &% s 1§ o OR CONSISTENCY, SOIL STRUCTURE. gi_g TESTS ANO
gl as3d}| z |z | & TIME MINERALOGY, USCS GROUP SYMBOL 8 INSTRUMENTATION
1455 Sam¢ oS  abovd
65 | i _
| _gaym( and gravtl with some i
St 1"/;{,L Fin¢ fo  coqrsc j‘mmaz
1 Sand ncf fo black brown jm} 7] '67 67 Drilling _fo-tC“
-~ - er &
] L5 é 0.5" dia /
70 = — _
] Sax*d mgf yavel as above B
] Is and “ss 3mvcl 0.5 Fia |
75 = = —
- Savd and qravel as  above i .
_ [s aid s5 j’““d ] -
80 . 1525
4 1553 Gravel and .S'«.nd/ (s anmd 55 _
R ravel <05 :11'&(/ {@ftd X3 £in e i B
i o coarse with come le-/ch/.
. -4 (Conj Iom(r;d'c ) | _
Rl bfzfed 1605 . ‘
i b/z%/“ 715 Geravel and Sand ;{Z‘s .Sq ove . | Dn'//"rg "'ard r'j g
~ : (cohjlomcr—m"c_) Confring Some - bo‘ma’j -
- I’C&{ "["i jr‘lnﬂx f//‘YS’/DNf 7"llaf . -
i 15 nomepreactioe with HCl. ’
90 - ‘ | - )

REV 11782 FORM D1586
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PROJECT NUMBER BORING NUMBER

g-l:l"z{l\_AL _ 8'ﬁ376 . Bo WELL E SHEET Of
SOIL BORING LOG
onasecr  HILL RIR FORLE BASE — UTTR LANBFILL  ocamon _ lakeside , Utas
eLevation __ Y 4613 A1, atove  MSL. pauwiic ConTRAGTOR A‘w/a//(&t%h Drllere ana/ Rurgg Lo.
(N"’Cbr/'/bna/ Adr Kotnry wTh A'/ﬁam M}( EZ M&J{

ORILLING METHOD AND EQUIPMENT .
stant 10[Z/[B6  ewusn _10/23/Bb

LOGGER AQ/NJ:A/M'R’C//

WATER LEVEL AND DATE

SAMPLE enETEATON SOIL DESCRIPTION COMMENTS
5 al] « | o = ns',iﬁs NAME. GRADATION OR PLASTICITY, o DEPTH OF CASING,
£l 239 £ 125 4@ T s | PARTICLE SIZE DISTRIBUTION, COLOR, S DRILLING RATE,
HEXF N w2l 8 MOISTURE CONTENT, RELATIVE DENSITY @ DAILLING FLULO LOSS.
wp ezl « | £51 9 Ny OR CONSISTENCY. SOIL STRUCTURE. 9 TESTS AND
@loeal Z |¥Fz ]| o MINERALOGY. USCS GROUP SYMBOL w3 INSTRUMENTATION
i Gravel and cand same as i N Delline bard
above S
45 - .
| 6(&0—4/ ﬁ/!zf _Sau’ld as a_bou( MD@ q&’q?/pn/// < (_}', -
Sand Than aborve jr-w{{ s 7
i <0.4" dix
0o = 4:35 | | _
/ /O o0 S- IW% Pzt
: w{ wnd grvelyas e 1| Dotig bart 1ot
] Nmars black a~d p '
ray erocr JZ//'LC lsj come 6"t 3 bcﬂl_s
) _ f‘j‘# tzn £, SOMC Ca_/u"rléj Somg 1
] : red d&/&*’vn_c(un reactie fo HLL) 7 B
Ve : — _
R : Sam<c as above ' .
1105
. Sam¢ as above i
| grou/(_l 0.4 6{(&
15 = . -
] : Gravel and  Sand ] )
. i : jrqt/{_/ <o, 75"4&4 most IS i ”é__/!ql 0’7//17 bard
. ﬂmﬂcr e bouniin
casn c'/m'/riy very
] . har -
/20 1045 Enp 87 STELL LD

REV 1182 FORM D1586
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C}-lZM PROJéCT NUMBER BORING NUMSBER
STHILL B14374. Bo WELL E sueer or
SOIL BORING LOG
enosccr _HILL RIR FORLE BASE — UTTR LANPFILL  ocamon _ Lafeside | Utan
ELEVATION ~ 4613 A above MSL DRILLING CONTRACTOR A‘/'t/d//(&{bh Dr 7/’;‘5 and R‘-m’p Lo.
DRILLING METHOD AND EQUIPMENT___Conveertronal Al Rotary wiily Airtdans A EZ Med
7 — -
WATER LEVEL AND DATE start fO[Z//B6  fmisH /0/2{/86 Locaen Hariison /MiKel]
SAMPLE Nakege' gl SOIL DESCRIPTION COMMENTS
3 w| = | o x suLT NAME, GRADATION OR PLASTICITY, ) DEPTH OF CASING,
; 9 X zZ5 | W PARTICLE SIZE DISTRIBUTION, COLOR. 3 DRILLING RATE.
N E3E] & | w2 3 o°c"c" MOISTURE CONTENT. RELATIVE DENSITY a _ . DRILLING FLUID LOSS.
wpeagestl ¥ |2l o | wn OR CONSISTENCY. SOIL STRUCTURE. g TESTS AND
@l asa| z (Ez | & | T/NE MINERALOGY. USCS GROUP SYMBOL =9 INSTRUMENTATION
r/‘/ ; - !
4 1153 Sand  and rmvel, as abovt b /”j sot? 120-722 _
i jﬂLV{( < 0.5" dia ]
[257 — . =
- I:f—L. c N Dp—://lh . fé# w/% _
’{a’w( a d /:.U¢[ W /ky acc lona/ pra fa/
_ j‘rﬂ.vel 0.9 g - 5,00{'5 -
1305 = -
B 5@«0’ am.A \7r»\ye(/ as abovtl B __
1257 ~ =
- B i - , . ]
] COV:j/omcfk#C cemented - 137-138 Dt hard
- /
140 (130 .
- Gravel and _{'a'\dj - Detlling bard 140- (4
_ foxt?lom <rate B J .
145" -
| —gonj /om-crqt{t | :Z‘,‘,Hyr Dn///y bard |
/50 =

REV 11/82 FORM D1586




|50

CH2M
aaHiLL

PROJECT NUMSBER

BORING NUMBER

Bi937¢. Bo WEL!L

E

SHEET T OF

SOIL BORING LOG

eaosect __HILL RIR FoRLE BASE — uTTR LANPFILL cocarion ___lakeside  (tan

eLevation V4613 . above MSL

DRILLING CONTRACTOR /y‘iday(&ﬁyh Drllirs

2xd Bermp Lo

DORILLING METHOD AND EQUHPMENT

(Dr'f{&ﬂ‘/'ana / Adr K9+A’Y W’ﬂ /ql’f‘éam M‘X

CEZ Mud

START /azz/zﬁo FINISH /0’/23’/86

LoGGer Harrison /M-RZ//

WATER LEVEL AND DATE
SAMPLE D SOIL DESCRIPTION COMMENTS
F3 > ETEST NAME, GRADATION OR PLASTICITY o DEPTH OF CASING,
g - ;§ f gg E Rs_f_'“: PARTICLE SIZE DISTRIBUTION, COLOR, _ 2 DRILLING RATE,
Sl E98] 5 |«2] 3 MOtSTURE CONTENT, RELATIVE DENSITY 2, DRILLING FLUID LOSS
Ll &dS] £ |31 ¢ N OR CONSISTENCY, SOIL STRUCTURE. z9 TESTS AND
w] caa z -z « MINERALOGY, USCS GROUP SYMBOL wa INSTRUMENTATION
Sand with s la‘/d‘c7.
. 76mcn-(t&{ (Orjlon(fq’{‘c 4 —é" V(?’ r"-../a’ a’r,'/[;,,j i
155 = |
] ga'md with f‘tV{/j Mox-l'/y Sand, .
T Loarse, /(]/d’ brown +o A/“ng - B
] _S/';:,/c jﬂu;'&’(, yau(/ wry N B
] _{Ma// L 01425 dl‘, i i
l60= 1202 | | i
\S-“U"d ¢fa d trace gravels Delling  sodf+
. J 7/ G aL j i \/ i
i 5/»\/(,15 LO.257 dia, R i
/65 = - _
/W 3 L1 - r
- Sand and Gravel Lon lomxralt, Dﬂ//l:y hard J70-17
4 with some &/'7’ £i2¢ faqrf-ﬂ//kj ] i
- frawc/< 0.4 dia ., Poor/}' A ]
B Cemented. 1
175 5
i Same as a,éach jmvc/ 15 4 R
i éuyv/q/ Wt ccmented sides. | J
. ] | ]
180 5 1crease in téy conterl

REV 11782 FORM D1586




PROJECT NUMBER ) . BOAING MUMBER

g-!!izm_ : 8’737(, Bo - WELL E SHEET of
SOIL BORING LOG

prosect _ HILL RIR PORLE BASE — uTTR LANMRFILL. LOCATION lakeside | ({4ah
erevation _ Y 4613 17, above MSL  saniwc CONTRACTOR tiddfeston  Dollirs _and RMIL Lo
ORILLING METHOD AND EQUIPMENT __Lonveurtional Arr Rotary with Airtoam awmd~ EZ Med

7 .
WATER LEVEL AND DATE start fO[2//B6  cwusu 10 /2.3:/55 LoGGeR Harcisen / Mike/,
ANDARD
SAMPLE PE%ON SOIL DESCRIFTION COMMENTS
5 w]l 2 |0 x SULTS NAME. GRADATION OR PLASTICITY, o OEPTH OF CASING,
2] S| 25| @ T PARTICLE SIZE DISTRIBUTION, COLOR. 3 DRILLING RATE,
3] cow & wa®] B 45" MOISTURE CONTENT. RELATIVE DENSITY P-4 DRILLING FULD LOSS
wlaas] £ |31 ¢ wr OR CONSISTENCY, SOIL STRUCTURE. 3 TESTS AND
180 @l oaa| Z | £z | & TIME MINERALOGY, USCS GROUP SYMBOL & INSTRUMENTATION
1220 —
- Sand “/j"ﬂ"{/ and ka . R Dr:/;/:y 7""""/6’
| ‘ jnw«d £0,25% di&./ Isl {5/ SoAT.
delomite.
(Cos:j lon«(rm"&)
/85= . .

] ‘ Sand  and jraw-c{ as aboue, -
1 7 Hard Jn///;:74’/7cf,:

Frnes tereases (90 755—
i _ 1 200 £ |

N . Joerd Jn//ziy ~ffE

: 5a.n0( qucr' ) Se4 Sfo+ :

1 1300 5an0( and Grnwel conglomeradc] Havrd Jn'//t}y}\(ﬁfy .

1 Cemented . LS 15 domdnant hard 200 =204f.

4 gr&vd +7F6. with do/ £s. i J

|

A - : Same as above u;rh' dﬂy i | ]

- 1 A N N
2105

REY 11782 FORM D158




PROJECT MUMBER . BORING NUMBER ;

:::HILL o Bi14937¢. Bo WELL E suger o |
SOIL BORING LOG

. prosect __ HILL -AIR FORLE BASE — WTTR LANRFILL Locarion - bakeside | (4nh
eevation 4613 . asove  MSL DRILLING CONTRACTOR A‘fdtl;(&/bh Drllirc _ and anf: Lo.
Conveytional Al Rotnry with Airtoam mand  EZ Med

DRILLING METHOD AND EQUHPMENT

WATER LEVEL AND DATE start 10/ 2-/256 Fusu _(0/23/86 | ocgen Hariisen / mikell
SAMPLE FAROD " SOIL DESCRIPTION COMWENTS
é wl 2 1o, r SULTS . NAME, GRADATION OR PLASTICITY, o DEPTH OF CASING,
ol 28| S| 26 PAATICLE SIZE DISTRIBUTION, COLOR, _ 3 ORULLING RATE.
SlEos | = | w2] B i MOISTURE CONTENT, RELATIVEDENSITY o DRILLING FLLHD LOSS.
Glage! @ &2 8 e OR CONSISTENCY, SOIL STRUCTURE. £3 TESTS ANO
20 2] 883 z |z | & TIME MINERALOGY, USCS GROUP SYMBOL wl |, WNSTRUMENTATION
| Sand, tlay, ey gravel. i i
N rancd <0.26% diow
9 4 4
2153 - ]
] i 3Y tard D/l-//l.j |
n j -1 _3 u /ﬁ,‘{ &1///3 N
. . 272 1325 9@&/(9.26—"4@. : Mo ’?9’91’7‘5 Z#’ZML
. -{“-"‘d and jf’tw-d éo»:? /O""C"’f{'l% - J
b lar P o -~ -
&4."‘!%&4/ j avel <025 /far[/ 0/////'::7 4//14.
o dla,l Sk qnjy(q_/ o Su.érou*ldd ~
2257 _ | tfoard Delling N
_ Cemented w—jlomua‘(‘t i 224~ 2»3}/“:1‘
2307 v
- #ﬂ’d D/://l;j
L. = .‘q‘ -4
. 4 Cemented coylomm\‘t . 233-237 i
240 - v 1405 Long lomcormfr - Hard  Drdfing

REV 11782 FORM 01586



CHaM ’ {ProsecT namBER : SORING HUMBER ,
aaHILL ‘ : 8"7376 . Bo WELL E SHEET of
SOIL BORING LOG
. erasect _ HILL RIR FoRLE BASE — urTR LANMPFILL - | ocation lnkeside | ({fah
ELEVATION ~ 4613 A, avove  MSL ORILLING CONTRACTOR Wt{d//(&fbh Dl ';-5 and R‘m?e Lo.
ORILLING METHOO AND Eoutesent__ Convestional A7 Rotary wiih Airtdam anA - EZ Med
7/ . .
WATER LEVEL AND DATE start 10[Z0[B6  ewnsu _{0[23/B5 iocaer Harcisen / Mkell
SAMPLE Boden SOIL DESCRIPTION COMMENTS
5 ]| 2 ]o x REStr TS NAME, GRADATION OR PLASTICITY, ) DEPTH OF CASING. i
AR IR EI R oo | PARTICLE SIZE DISTRIBUTION, COLOR, _ e DRILLING RATE. g
HEHBERPHE: MOISTURE CONTENT, RELATIVE DENSITY e DRILLING FLUID LOSS.
@l epec) ¥ |a3| o wn OR CONSISTENCY. SOIL STRUCTURE. | £ TESTS AND
o 2] 08= ] = rz | & SMINERALOGY, USCS GROUP SYMBOL &3 INSTRUMENTATION
1 Sand vf clay andl st and
. Frace Jowds v _ -
1 T Poscible tn&:fv g blew 0/-;
7] -4 alr, Water M ot -i
246= = develep - —

Sand  amd st Y thin temented ]
Loqjlom{"f“r ;'\'f'ffbcd.f.

-~

-

Df-ﬂ’. h&’ﬁl o 0{3 3
Ypar-zsp60

° | <

) 72503 |

Sand and 5;"4.0(,/ 40-—:7 {omeralc
aK QLOVC- Cow"ou'ns 5‘?"'545'1(/
-f'auq/ Foa/// meféd. 54/1'6/14,

1

Dn?).;.j soft wnd
Smootn 230-2604H

2554 ‘ :
- 5mv4/ < 014” Jfﬂ. ~ -
260 = 1500
= 510 .(%6{/ L/o\)z and thin cwerented | ] ]
= conglo merate  interéeds, ] Ward D’J/’y vz f i
- 5’4""{ Lo dea. IACre&ST th céy/s;/*
] l'h féw -
2655
A R R : Samc As  abok bA o ]
'@ i o ‘7“"/ s malfer <0.25“din ‘ "y
' ' S 7 Hawd Dol v 26"
. - ,;\/-,ZM. 4
270=

REV 11782  FORM 01585
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PROJECT NUMBER BORING NUMBER

SHEET Of

G?fnﬁ : Bi437¢. Bo WELL E

'SOIL BORING LOG

erosect _HILL RIR PRLE BASE — UTTR LAMPFILL | ocamon _ Llofkeside  (i7an

ELEVATION N 4613 A, asove ML DRILLING CONTRACTOR Agdl/(%h Dn.//du;

DRILLING METHOD AND EQUIPMENT ___(onveutional A7 Rotary

aad anf lo.

wielty, Airtdamm awmA EZ Med

START /0/7-’//&5 FINISH /0'/‘237/86

LOGGER Akﬂ:/..fon/MlkC//

WATER LEVEL AND DATE
SAMPLE ,,2,{2{‘::,‘;3,, SOIL DESCRIPTION COMMENTS
z S TEST
_ € E, OEPTH OF CASING.
g cx8] = 2z I PARTICLE SIZE Eg?a%fn%&séggy § DRILLING RATE,
S| E331 = (22| 3 6676 MOISTURE CONTENT, RELATIVE DENSITY & DRILLING FLUIO LOSS,
ul &as) e = Al OR CONSISTENCY, SOIL STRUCTURE, x0 TESTS AND
@l aoaa| z | Fz| & | ymF MINERALOGY., USCS GROUP SYMBOL &3 INSTRUMENTATION
] Strd and L/a/v/f "t witn jﬂ"“[f ] Hacd poT
. ravels < 0.125* ., sand ]
. s coarse, i
Ny ((cmmf—zd cq,‘y(om¢rx1‘=() N
2753 — _
] I;‘#mrﬁ'Cﬂ‘fL b tnch
| 7 Hard -ff"ytff -
260 - -
. _{MJ a«é{(‘jﬂu/C/J ted, 1o - -
4 coarsc ) ord , Sub uguhf/ . g
i §r4vd 15 L odz2s5 " ‘4 black
] and ray m:uocryﬁt—//tkc ls, tan ] ]
S, redn m/a'}tj mlrche. 1 .
285 J : = =]
— gravel <075 die T -
qu | : ‘td Sand A 2 wef tard dl/7//;:7 a4
- golylom-crafc, , i i
245 » <
q . M A;/[/(y and jqu’ i .fmo'o'l‘f' and soft |
i . J /r///ly -
200 (35~

REV 1182 FORM 01586



PROJECT NUMBER BORING NUMBER

9—lilzlll\_AL B1437¢. Bo WELL E- sweer_~ of
SOlL BORING LOG

erosect _HILL RIR FORLE BASE — UTTR LAMPEILL " [.kesde (ifah
ELEVATION ~ 4613 7q above  MSL DRILLING CONTRACTOR #ﬂ{d//(&/vh Drllirc and Rtmlgiéo
DRILLING METHOD AND EQUIPMENT __ Convesrtional _Arc Rotary witt Airtdam awd- EZ Med

7 =
WATER LEVEL AND DATE starT [O[Z//B6  ewusn _L0/23/85  occer Hariison /Mikel/

SAMPLE Ao SOIL DESCRIFTION COMMENTS
5 sl 2|2« E nesmxirrs :Au:_e. GRADATION OR PLASTICITY, g oe’morac:rsmc.
<) z22 g .fg 3 66" &ﬁ%’“@%&% " 4 DRILLING FLUIS LOSS.
wlaas| ¢ |3} 9 o~ OR CONSISTENCY, SOIL STRUCTURE. z9 TESTS AND
@l osa| z [z | & MINERALOGY. USCS GROUP SYMBOL &2 INSTRUMENTATION
] Sand) Liey | amdl Geavel. | |
3055 — _]
] — 7 Hord 5pofr in dﬂ”t;{f
] 4:.. oﬁiimﬁ?d od g 307-3/0 . A
- J ] i
3= T Ve, tad deltg |
. Well femented o /ontcm«l{) B <y i J
. " 3t0-32/2
- gr-wd <0.4" 4z ] .
3153 : =
T 5and Wielay amd cemented - -
y Longlomeratt interbeds - — Haed sprt ~270317 ‘.
4 rowel <O.25"dla. i |
. . . S;:DJ) 'F:: -’b Md‘Jm"dl /;jH i MSF'( AIZ”@ qu ]
gu_ /600 wa '}aﬂ) . .
. Same  as a.bovc) Sand 14.7-6/ ~ .
] 0Ll ] ]
325= : _ :
. : lemented  Samd amd 5/&%/ A D"””\‘] b R
~ ' lomerafr. i : - i
i tbondunt colerte canm/ M{r}v 1 Dty ;_’; 220! -
4 vab/el : | |
30 ’

REV 1782  FORM D1S86




PROJECT NUMSBER

BORING NUMBER

B1937¢. Bo WELL

SHEET Of

SOIL BORING LOG.

prosect _ HILL RIR FORLE BASE — urTR LANRF(LL LOCATION lakeside | ({4ah

~ 4613 4, above

DRILLING CONTRACTOR tiddlestorn, Dollive and R"mf Lo.

ORILLING METHOD AND EQUIPMENT

(on\/cpr{'/bﬂal Air fotary wiely, Arrtoam MX“ EZ Mud

stanr 1OfZ/1B6  ewusu _10[23/Bh oncen bariisen /MikLl]

WATER LEVEL AND DATE
SAMPLE SOH. DESCRIPTION COMMENTS
‘é‘ w!l 2 lao | Z NAME. GRADATION OR PLASTICITY, o DEPTH OF CASING,
2l zx2| 2 | 35| & PARTICLE SIZE DISTRIBUTION, COLOR., _ 2 DRILLING RATE,
| £0« « w@ ] O MOtSTURE CONTENT. RELATIVEDENSITY « ORILLING FLUIO LOSS
“l «usS e {&51] ¢ OR CONSISTENCY. SOIL. STRUCTURE. ES TESTS AND
“loma| Z | +Z | MINERALOGY. USCS GROUP SYMBOL %S WESTRUMENTATION
Sand ard geavel, £ine 40
toars¢ graiacd ;aﬂm(l . brown o
o, gl <olrs“dte mostly
blak amd me [s, Some S5 and -
M/lbhﬁ [(a/cl{ﬁj [émcﬁ‘f/' A,njz/(lc/
Same as qbove Dﬂ///i.j very hard
(¢ovglomernic) 335337 .
01/3 om (ri |
fofzr |

gz3

& above o] fs sod
and ijf ancl 0.5 a.

-

Z P | N
CMJCI U‘V' =z Ndj

Dn //,,y bard 3

D/l.///‘7 h‘d "’3"

Samc as adove n

D,, ///n very hard
7 3497: 355+

Sand ound Jrud cpvlomym‘z. -
jfau/c/ <04 dia -

very fw  retving

few crdtvons

D/;ﬁ;n yer /zx//
J 353’)'/360 17

REV 11782 FORM D1S86
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360

PROJECT NUMBER BORING NUMBER

G?'Azﬂ - B14937¢ . Bo WELL E

SHEET OFf

SOIL BORING LOG

HILL RIR FORLE BASE — UTTR LANPEILL | ocamon  lafeside | (Utah

PROJECT
eevation _ Y 4613 4, abore  MSL  panime contricron _ Hiddlcston _Dollss e _ard Hem 2.
DRILLING METHOD AND EQUIPMENT __Lenveutional ~A:r K’f"(,'f with Arirtoam ~mA EZ Mud
WATER LEVEL AND DATE start 1O[/Z4[B6  epusu _{1O [23/86__oceer Hariison /Mkell
SAMPLE o SOIL DESCRIPTION COMMENTS
5 w|l = |0 x Ts NAME, GRADATION OR PLASTICITY, ) DEPTH OF CASING,
el z22) 3 1 25| ¢ | PARTICLE SIZE DISTRIBUTION, COLOR. 3 DRILLING RATE,
It Eox [ w®] o Aol MOISTURE CONTENT, RELATIVEDENSITY @ DRILLING FLUIO LOSS.
wlgas| € (e3¢ AL L OR CONSISTENCY. SOIL STRUCTURE. zg TESTS ANO
@l as3| z | Fz| & | 7yme MINERALOGY, USCS GROUP SYMBOL &2 INSTRUMENTATION
Dn//lh_o ME’
| /140 i 7 "7 360 1
i iy D/.//:‘7 havel 364-266"7
:.rn{i:rt-nl#&ﬂ’“ bt 4’1/

5@.\0( QnJ r,‘-v(,‘io lomerafc, |

4 e rave! <0.4‘”0/1~, w:ﬁ -
] ;Zy beds [ -inches 4y 24xt

S0t spots — uSwally ]
2% ’;;:%u( 7 J

5m{m/§; hard dn‘ﬂ(;j.

i Tk
370= | i
7 Stum¢ s above | Vc7 o ]
i ' J fVey bed |
7 GCravel ond sand. jr'wdj ] Very bard ]
; <0.5% din. | s gt ]
] 7 Dn//fy cott 378-380 ! 4
260=
i . Sand  and j/a.ud with adedly )
] tement, ik |
335—.: i Drilling hard 7]
7 Dﬂ”l;:j {0#
390

REV 11782 FORM DS8E



390

PROJECT NUMBER BORING NUMBER
SSHILL 8’7376. Bo WEL!L E SHEET of .
SOIL BORING LOG
PROJECT HILL R'R ﬁ’ﬂf BAJE - LLTTIQ LA/VPF/LL LOCATION LA '(2512{4 . CU'M ’
aevarion _ Y4B A, above ML panumc contractor _ Hiddlcstoe Do flire__and ngg Lo.
DRILLING METHOD AND EQUIPMENT __Lonveurtronal Al kﬂ‘ﬂfl y  wilh AirBam anmA EZ Med '
WATER LEVEL AND DATE staar OfZ//B6  ewusn _(0/23/85  \occer Haricon /MKel/
SAMPLE e S04 DESCRIPTION COMMENTS
F3 w«l] o | o x RESULTS NAME. GRADATION OR PLASTICITY. ) DEPTH OF CASING,
= ) < ZEl @ T o PARTIOLE SIZE DISTRIBUTION, COLOR, & ORILLING RATE.
: 3l 2 |3 el 3 67-6"-6" MO(STIMAE CONTENT, RELATIVEDENSITY e DRILLING FLUID LOSS.
wl &aS e a3 | O (Ny OR CONMSISTENCY. SOIL STRUCTURE. 3 TESTS ANO
@}l cooa z -z o« MINERALOGY, USCS GROUP SYMEBOL © 2 WNSTRUMENTATION
- &»16( with Clﬂy mdj ravel. . Df"l/’i‘j bard
- gmw/ <O0. 4" Adin, 4 -
7] . Decrease jn retorks
- - @ 388 i
7] Comvel s sand ~ T ]
. v z Saad, qravel £0,257] i
V_n ¢ : Dpllng hard
. d:,‘/ a bu,td“,rf- calcit canom/‘ i \{/ y A
- fD-F‘/'/ whrtfr. . ]
400 1255 B |
S )/am.d and Eravel cofzjbmcmfé. - J
] ] Daling stows b A-smoett
4085 = : _ Smocttr and ﬁ.ﬁ(‘ |
i Spand amd gnedd wittn clay fof —4o6 7. _
] conteut ‘Zn;/tajgﬁ(- 4 Hard D”’""{] @ 906
Vein caledy, Is , and 55 g rmvel. T i
- : A/ . — Dﬂ’/\l‘y /.4,4 1
- ~ hnfé{ $f°‘{— 1
440 = 1325 Dnlling yery sott
- i g0 41511
45 = _
- P - y) )
Samd e weth ¢ AR D/’”’j hard H6-4191F
i gavd <0.4dia., Samd 15 ] ' -
n -FI'AL 4o coarse, I. brewn fo "‘Qﬂ._ i
i abond ant galcdtc coment.
470 - 1343 4 soF ad 5 modfh

REY 11/82 FORM D185



CHamM
asHILL

BORING NUMBER

WELL E

PROJECT NUMBER

Bt437¢. Bo

- SHEEY of

SOIL BORING LOG

prasecr HILL RIR FORLE BASE — UTTR LANPEILL

LlaKegide , Ufa#

LOCATION
eevation _ N 4613 1, above ML panime CONTRACTOR tiddleston Do Hire _and kaig Lo.
ORILLING METHOD AND EQUIPMENT___Convesrtional Air Rotary it Airtdam i EZ Med :

4 . . R
WATER LEVEL AND DATE staar f0[/Z/[B6  ewusn _L0/23/B5  iocaer Barrisen / MKeli
SAMPLE k) 3,, SOIL DESCRIPTION COMMENTS
F3 w| = | o x SULTS NAME, GRADATION OR PLASTICITY, ) DEPTH OF CASING.
Bl 229 S | 25| 4 f— PARTICLE SIZE DISTRIBUTION, COLOR, 3 DRILLING RATE.
M Eos] & w2 3 MOISTURE CONTENT, RELATIVE DENSITY b ORILLING FLUID LOSS.
“lradsS! £ | 51 € 4y OR CONSISTENCY. SOIL STRUCTURE. z9 TESTS ANO
470 &) 8@% z &z | & | e MINERALOGY. USCS GROUP SYMBOL &3 INSTRUMENTATION
y.r oty can EL ¢
i} 1357 Sand and grawvel, Frne 0 coarse 4 7 cotbec P
i te armined, grawel 15 -1 Dalling smocth 6
4 Samd, "’6 i 49 i £ rctirns
CON25" din
425= : - _
4 Same a5 abovc, with  abondant |
- calcite samd amd sl jn«d -]
| 1 Hard Shairger V7 /4

SQ"J V/jomé Cliy Md 0'1/7 R
frace jnwé'[f- j"u’d‘ ac 40'06” i
dia. -

435 =

Samet a5 abouvt¢ witu

lafjgf '_
jfnvéll L P 25%Ate_ . '

1447

1534

_{a«(,jmud, clas . jnur{/ & ..
£0.4 dé/lk/ {ué’oynd(a{/ /5/ 53, a/aid

'\
-

Blew warr (44810 /504
B lhole predvced [ Hyo
I’A 7P ﬂ(ld‘ﬂ‘ﬁf . f/ -

-~

-

Sand and Gravel as above. i
temented wnjlom_crdc. i

Hord D;//«j A¢¢ 50"

mvcls =

n wtdd
N et




CHaM
aaHILL

PROJECT NUMBER . BOAING NUMBER

8’637é- Bo WELL E SHEET of

SOIL BORING LOG

PROJECT HiLtt RIR poRLE BASF -~ WrTR LANRFILL LOCATION LA‘ZII;/LI Utakr

ELEVATION

ORILLING METHOO AND EQUIPMENT

~ 4613 A, atore ML oewiwc contracron  Hiddlcstre  Dollire  and Remp Lo
CGorvenrtronal Al Rotary with AirBam i EZ Med

start Of; 7—//3!5 FINISH /0‘/23;/86 vocaer Haricson /Mikel]

WATER LEVEL AND DATE
SAMPLE Sednon SOIL DESCRIPTION COMMENTS
z >
o o Esut NAME, GRADATION OR PLASTICITY, o DEPTH OF CASING.
1 Y § f zZo § — PARTICLE SIZE DISTRIBUTION, COLOR. a DRILLING RATE,
Zl k05| £ | w2 S o MOtSTURE CONTENT, RELATIVE DENSITY s ORILLING FLULD LOSS
“l @S = 51 9 OR CONSISTENCY, SOIL STRUCTURE, z9 TESTS ANO
49 wfl ama | 2 Kz | & TIME MINERALOGY., USCS GROUP SYMBOL «l INSTRUMENTATION
4 M So# o
i Graved and Mj gmo‘ £o.4 | D I/:y St
. dia. |
] pﬂ]’a.:«./q L\ﬂ'd —
155 {
- 160 Samd, Llay , g rnvtlconglomerate. |
o s . Drfllc':y v07 beord |
7 L 0. LA f%d . ) _
g / é Driling” i 458458
- Fne B8 coarse, li brown +o 429, | =
. . / ’ Dl dry AA.I?’
. wihn caleite Sod- . ' ot T
. 460 = 1620 ‘ B
B Tota| db{fﬂ' = 460 £ect. | ]

REV 11782  FORM D1586




CH2M
asHILL

PROJECT NUMBER

BORING NUMBER

WELL F

SHEETY Of

B19376. BO

SOIL BORING LOG

paosect | HILL iR FOR(E BASE  WTTR  Landéf/

LOCATION

La/fc_rf/c . %‘TLA‘I

L ETO A above MSL

ELEVATION

DRILUUNG CONTRACTOR

DRILLING METHOD AND EQUIPMENT

Lonventional

#/JJ/CS{D’? Dr/////:q

Air 'Ro/’qu wre'th /{;r*‘pam

LOGGER é; M//(.//

stant _/0[28/86 cwsn 11/5786

WATER LEVEL AND DATE
SAMPLE e Tmomo,‘ SOIL DESCRIPTION COMMENTS
3 wl| = |0 x ESULT. NAME, GRADATION GR PLASTICITY, ) DEPTH OF CASING,
222 S Z2S | Y [T o PARTICLE SIZE DISTRIBUTION. COLOR. 2 DRILLING RATE,
Slroel & | w®] o 665 MOISTURE CONTENT, RELATIVE DENSITY a DRILLING FLUID LOSS,
wlags| £ [ e3) ¢ DAt OR CONSISTENCY, SOIL STRUCTURE. 29 TESTS AND
w| caw z [ 4 TIME MINERALOGY, USCS GROUP SYMBOL © ~ INSTRUMENTATION
1325 ; K R
- Sltand candwto gmuel, gy, doy | [ Dithng st
lq, < jr'n.m ;9™ ve Z-vncl-. J
2 4
Sand and f'/f' fine r‘pun(—( well
] SOf+64° forn -fo 5‘...,{( ra:r-!ﬁl“ .
. with /.( '5'4:75 pd 0 é" diame 4 ]
4 | —
| Sard anrd Sl/+ Eine o med. ‘ramtd"/— Dﬂ//lhn ;o-rg’- and |
well sorted, gan fo grey, Tingle sthoth
- qulncﬂ( tlf ) with [s % £6,27 - E
, bmgter _ _
03 - ~
Sand, -Fincjm:na{ u;f// _rof-fcd%hdry, i
~ R r\ le At brown wi i ]
whi -ﬁc no qr,u/c/
15 4 : —
R Sand anmd s/IF M/Z /s &7;/ fine 1b
med, gralned, ; Bowlder (617"
- Wwhe 1‘-& (4/154(_) ﬂq s arc LO.Z / -
- Limestae bo-_/dcr at 1617 &Cf ‘Dn’lh‘rj Sof+ ]
20 =
Sand amd Si/7 very bone qrandd,
7 well !orf(a/ dr}/ Staglc wa(éf .
1 lght browa o Lvﬁ/ ch. -1 —
n j ] _ D{:/"n ha./J l','1
i spels’ 22 4o 36"
755 .
i Silf and clay, wits 5‘«.4 Fone H _
medsot ra/n 66{, Somye /J 7‘;’ #4/14(0 Y / N
] £0.2 ”d/&mc*fc/ :75 -
7 - -
20 1425

REV 11782 FORM D1586




PROJECT NUMBER BORING NUMBER

g 8/9376, BO WELL F seer  or
SOIL BORING LOG

erosect _HILL AR FOR(E BASE  UTTR Land b/l ocanion _ Lakeside , tta4

>

04670 1£fc above /‘15[- DRILLING CONTRACTOR /f/'gt//CSchn -D"’//"‘1 ﬂvnd, lpumlp 50-

ELEVATION
; . g . ) v
DRILLING METHOD AND EQUIPMENT Conventronal Aic Rotary with Hirtvcm
WATER LEVEL AND DATE stant  [0/28/86 cousu /1/5/86 cocaer L. Mikel/
SAMPLE smﬁ:g“ SOIL DESCRIPTION COMMENTS
TEST :
5 w| « | o x RESULTS NAME, GRADATION OR PLASTICITY, 2] OEPTH OF CASING, !
el ez S (28] Y PARTICLE SIZE DISTRIBUTION. COLOR, a DRILLING RATE, :
g Fou| £ | w2]| O 67676 MOISTURE CONTENT, RELATIVE DENSITY a DRILLING FLUID LOSS,
“l &dsS| £ 251 8 N OR CONSISTENCY, SOIL STRUCTURE. 8 TESTS AND
@l omn| Z |Ez | ¥ MINERALOGY. USCS GROUP SYMBOL 558 | WNSTRUMENTATION
(425~ Swrd and silt v/ Is and <5 (wjf, hard © 20
7 £ine gra frmo// dry/ well !o/%fd/, - .
4 Iy Y brown to  whifessh ] _
i Shnd and s w/ ﬂu/CI, Line o
coarse dra:'nzai dn// S'l'rglé j”'-/"(d Drr'//:'y 55-[1" i
. /
light brown, [s aud s £rags ]
y » arc  mostl, <0.25" diametsr 28— ¢ ;';‘j 4',,,(,:7
- Some /afjff <[.0% frametrr i Very hard i
. . 4
4p = [44z _ _

1§25 Sard and sclF w/jr,u/g(/ £iac 1o

(oarse Gratned, .fr'ryfc mined,

] [ight 60w Mw(jm// ‘/_75 Los A
Y %

E are L£0.2 7 _

' N Ls Bouder —Jr-'//f«_q

| 7 | hard —Sorfree casnd fad

Deillina softer |
o/

N

Sand  amd 5} 1t w/ rAVC’, Similar
4o above bet Luer jmr'nca(.

___47—{6’ oSt sand i
drilling TRrowch
Gl £

. -4 d”f’ [ S ﬂbf , "
Prodvav water, — T

—-é_dow 48 0‘/’////):7

-

5’0 — 1545~ | .
i Sand and gravel, finc to md. ~T
1 _{/';:7& jrq/‘deo(/ light bown ['1" f»rv/] ]
_ 1{.;17$ are roun ldﬁﬂﬂ/(a‘f”c/,w; 1
] 77?(7 art beth [5 ﬁ’u/&cmal‘)(‘(/ N N
. HAnd jhu"%'( ss. ] .
5—5_ .Z%&{/ €ine 1o m:/-‘j"m)v(o(j' | ]
] pery o graveh, Iy b7 browr | -
R (no‘]fa/) 4o ‘7’(07 brown, )
b0 N

RKREY 11782 FORM D1586




PROJECT NUMBER ) BORING NUMBER

2M 4
g?‘“LL B/9376. EO WELL F SHEET oF
SOIL BORING LOG

‘l ‘ PROJECT #/LL A/ﬁ FW?[E &JE : w‘rr/e La "d‘g// LOCATION Lakéffdﬁ L 5(,*4‘]
ELEVATION T 4ETO 4 above MSL  onuiine contracton __Hiddlcston Deilling avd Bmp Lo-
Conventronal Air Rotary with Hur toom” '

DRILLING METHOD AND EQUIPMENT

WATER LEVEL AND DATE START /0[25186 foasn /5786 Loccen L MKl
SAMPLE ANOD. TTond " SOIL DESCRIPTION COMMENTS
S
& wl 2 lo | & ESULTS NAME, GRADATION OR PLASTICITY, ) DEPTH OF CASING,
2l 2% S Sl e PARTICLE SIZE DISTRIBUTION, COLOR. 2 DRILLING RATE.
Sl Fo«| & |w2] O 5% MOISTURE CONTENT. RELATIVE DENSITY M DRILLING FLUID LOSS,
wr SasS| £ | &351 8 40y OR CONSISTENCY, SOIL STRUCTURE. g TESTS AND
o 2} 2%% ZlFkzl = TIME MINERALOGY, USCS GROUP SYMBOL a3 INSTRUMENTATION
i SCmrJJ Line to med. aﬂu'nza// hrace
, ot ﬂwf// /fa’f[{' prown 4o 7 -
] geen brown: = _
65 5 A | i
. jq"‘d, fine o camrse rqlna{/ | Incrcase Loarsc sad
frace of c,if«"c’/ et are Lontent” 7
- i V .
light b(owh/ coarse. sand -1 .
| | 15 and ss Frags wostly black - -
y 7 /5/ Some white, . ]
@ 70 = | .
i Sa_na{/ Eine mca’.jmmed/ tf”*’ Inerease #racs
. brown, silty,
155 ] ]
. 5auwlamd _(//1‘-/ £ine jﬂz/hcﬂl/
/714# brown .
B0 = 1650 , B STP IRILLING FoR MBHT
] 820 Sand and st [f) frag and med, /0 miartes ,‘:Z'w.rz’(
ﬁrai-zcd light broown 4> ceer] fo get < atror of ]
{ 7 - J
: bown 1 foanr 4
F5 =
7 | Same as above, ro 67:'75
‘ . ' ] - R
70 635

REV 11782 FORM D1586



PROJECT NUMBER - BORING NUMBER

:Cﬂlizlﬁ - 5/9376. BO WELL F SHEET of
SOIL BORING LOG

paosect M ILL MR FOR(E BASE  UTTR  Landéf/ ocation __ Lakeside | Utan4h
ELEVATION M4670 # above /"{SL DRILLING CONTRACTOR J/J&//CS%DH Dr///mq Md/ R/Mﬂ ‘0—
DRILLING METHOD AND EQUIPMENT L ohVentronal Air Reobary with  Hfar e

WATER LEVEL AND DATE. START /0[25[36 rousn [/ [57/B6 LoGGER L M/}(c//

SAMPLE T TiION SOIL DESCRIPTION COMMENTS

DEPTH OF CASING,
ORILLING RATE,
DRILLING FLUID LOSS,

ESUL NAME, GRADATION OR PLASTICITY,
— ] PARTICLE SIZE DISTRIBUTION, COLOR.
€676~ MOISTURE CONTENT, RELATIVE DENSITY
“0 OR CONSISTENCY, SOIL STRUCTURE, TESTS AND
TIME MINERALOGY. USCS GROUP SYMBOL INSTRUMENTATION

;;Qtnd/ £ine fo med- fﬁrmw{ <l pﬂ//:y’fw/.40 o 937

brown 12 /y"'HL 6/0«1': /5 ang’] /’:7 J’MIlej <
l 55 ﬁuj.s in retvrns 40 S - ;
7 d/a_rw(,fﬂf Frﬂj show rouvnded ]
grdes, S5 & F,M ratned welf
i cemented. Is s plack mecro- ]

ogstallrac, _ _

Same af above, frags more | i
numcrows  amd lar¥er <10

] c/l'Ahnz.fr.rJ Some caliche

| . S0 % %}djj*ls and s .

-1 -

ELEVATION
DEPTH
BELOW
SURFACE
INTERVAL
TYPE AND
NUMBER
RECOVERY
SYMBOLIC
Loa

(00— 828 ’ R |
Sand and \7’7“"{{ fine 4o Coarse |
5#»%@( bfoufn Some sLeliche
ﬁys arc £0,25*

257 ﬁtjf

105= p4s - _
- [imestone fdvc/ ;omﬂ/ and 5//f B e
grwel @ Q:zju/q/ 40 5—”:{/& n//lvj.f:;/;/no Cj |
black arm(j ¢y, mzcmcry:ﬁd/u( .
£ore j’ﬂm{/ .fmw/ /j/r/’ brown |

849 (CW??’M&A ]
j‘rawc/ and Soand 25 abovc ] ,.:'7 J',,..f/'nj .

- Zf/jm%/ Araqs . -
4 ZJ"/ £int fo med. 56‘”1'({ . -

-

85—4 (Cor;?la'ncrn.—l(_)
j/»u'(/ and Sond as above
- ' g0, 5“}75 20,75 doa

. : ' Somd - fonc Lo med, grasacd] ' i
_ | o s g et _

/20 358 L[Oﬁ?lom(r,('/C)

YDITT

I ]
1

REV 11/82 FORM D1586




{20

PROJECT NUMBER

g—}{‘zﬁ - B/9376. Bo

BORING NUMBER

WELL F

SHEET Of

SOIL BORING LOG

prosect _HILL AR FOR(E BASE UWTTR LandBfl  ooxnon . Lakeside . it

ELEVATION 47O £t above MSL  panima contaacron _Hddleston  Deill

Cah Vgnﬁ'oﬂq/ ﬂl'f /?c fa ry

ny omd Bomp Lo
v 7

W/T% '/{-l'f 1D,

DRILLING METHOD AND EQUIPMENT
WATER LEVEL AND DATE START /0{25[36 enasn 11/57/86 Locaer Lo MK/l
SAMPLE s:%‘ﬁgu SOIL DESCRIPTION COMMENTS
8.8 2 |eg| 8 iy mevemensnaenen s | smmercene
< EXEZ| z | 22| 3 6676 uocsmeooman.nmrow‘é'oensuﬁ 2 DRILLING FLUID LOSS.
af agc | W a2 | o N OR CONSISTENCY, SOIL STRUCTURE, 9 TESTS AND
w| caw z -z o MINERALOGY, USCS GROUP SYMBOL ©a INSTRUMENTATION
400 jraw_/ md sand a5 abovi.
} 5 anmd €5 ’)‘;:.79 art n_:jv/q/ - )
-~ Md <0.75”d1é, - -
N 89% —Qajs _ 4
i 209  sand i |
1255 904 = =
i Same as above
130= 07 s =
_ el and Sand w5 atove
(s and 55 L 0.75% dia 1 ]
B0% ugs ‘ 1
20% Sord = 1§41 brown ﬁ,J,(/“ ]
1 £ Ao med. goained l ‘ ]
/Zj_. g1t . ] Drr/(':zl l/(/éy hard )
,’{ ¥ «’n
T 56040( awc{jrou/{{/ meds 1o = L e
- Loarse Sand, some calithe, {‘jhf_ i
N brown -fp brlu)n‘ 6(4[.1{/ l.j /s L /u J i
wnd 35, 20.5 " d iy jomping -
-7 6O0% sand . 7
H.o — ?/5- 4'0% Fraf)s
J 78 ravel amd 5Mf() (s and S5, | .
- 70% jmre/ £ 0.75" dia. . .
. 30% .5'0"!6(/ finc H Cdaffé/jva ] ]
- _ o oo hed,
145 = 922 - Ry iy
| gravel and sord, a5 atove |
. 8o0% jm,vt/ ] i
- 20% 5a-nd - -
15D 476

REV t11/82 FORM D1s8s



PROJECT NUMBER BORING NUMBER

2M
g_!iilLL B/9376. Bo WELL F SHEET oF
SOIL BORING LOG

L _ erosect _HILL AR FORLE BASE UTTR  Landéfl  ocnmion Lakeside , Utak
U467D + above /"SL DRILLING CONTRACTOR MJ&//CS%DW Dr///mq bnd/ H/Mﬂ Lo.

ELEVATION :
DRILLING METHOD AND EQUIPMENT ____(7# Vcnha««/ Aic Rotary with firtoe g
WATER LEVEL AND DATE /0(25(86 ewnasn  /1/5/86 LocGer L. M Kel]
SAMPLE T O, $SOIL DESCRIPTION COMMENTS
5 w| 2 1o = REsULTS NAME, GRADATION OR PLASTICITY. o DEPTH OF CASING,
220 S | 3G6] @ pupy PARTICLE SIZE DISTRIBUTION, COLOR, 2 DRILLING RATE,
al 822 | & [£3] 8 " OR CONSISTENGY. SO STRUGTURE. o TESTSAND oo
/6o dlasa) z | k2| & © MINERALOGY. USCS GROUP SYMBOL %S INSTRUMENTATION
i 124 Gravel amd sand as aboue
. ' | 0% jmw,l Hard (/57
i 40% Samd ]
/555 730 = =
N éra_V¢/ Md j%&( ‘/5 “’"d i _
B ss jr«w{/ L0/ 75" A,
,5W 5 -'D/n( jrq/rt(p( /Jh’f éroa,ﬁ -
' | and 4 -
o ] 70 ; jmvc / N -
@ | - 435 [0 %o N _
. 738 bravel and sand as akove | §
. 70 % jﬂwd . 1
- 320% Samnd i ]
1655 942 _ _ _
- 6r4vc/ and sand s abou< ] i
N ’ 70% j ravel - -
i 0% sand . -
170 746 i
. Grave! and sand as above i
4 . % gravel
| 0% J=v 1 Nt @172 1
- 207, somd 4 4
/75°= 950 _
e y bravtl wmd camd 45 above i ]
) . 1 , | 70"/0 jrm/-(// C : b
. 30 Vo 5&40( ] ' i
186 - 413

. REY 11/82 FORM D1586




PROJECT NUMBER BORING NUMBER

g:iz{l\_AL : 19376, Bo WELL F SHEET OF
SOIL BORING LOG

enosect _HILL AR FORLE BASE UTTR _Landbll  ooxnon __Lakeside , dtnt
4670 1 above MSL  panrma contracton __Hedd/cston Drf//m», ond Pomp Lo-
Conventional  Air Rotary weth ,5:/417@,.’7 7

sranr _10/28/86 cwasn 15186 occen Lo Mikel]

ELEVATION

ORILLING METHOD AND EQUIPMENT

WATER LEVEL AND DATE
SAMPLE mmm\ ON SOIL DESCRIPTION COMMENTS !
3 wal 2 | o X Est:_‘rs NAME, GRADATION OR PLASTICITY, ) DEPTH OF CASING, |
el £29] S| 35| @ ‘ PARTICLE SIZE DISTRIBUTION, COLOR, 2 ORILLING RATE. ;
Sl rox| & |w2]| O A leandl MOISTURE CONTENT, RELATIVE DENSITY a DRILLING FLU(D LOSS. :
wl Sas| £ 1+s5] 8 ANT OR CONSISTENCY. SOIL STRUCTURE, 9 TESTS AND i
@lacsa| zZ | EZz| & ’r MINERALOGY. USCS GROUP SYMBOL &9 INSTRUMENTATION §
759 Sand ard jra/c/ Coarse
5M0(} brown 10 areay browsn 1
1 with alt. bmu! & L0285 "Aea ]
7 qj—z sand ond .f;/f" - A
] 5% j/a/(/ . 7
= émv{/ and jo"zé{ as akoct | |
4 0% j/o«”—é/ . J
i 309 sond - B
- 12 )
Kig yvmpifg o slowedk
- Sand  and (j/'“‘/ﬁ/ J d;?'//f:\/ofr;?fc 4
- 60% samd 4 -
] £0% j,’,u/c/ ] i
- Grovel and sand ”;vj "[&‘/ | o
. 30/ rq_vé/ — 6/&544 'hmracr/s*'z//u(
_ e and calette temenkd
1 Sandstonc £.0.5 " dvm - .
. 207, :MX -[mCJ"»uh(A/ //’éfﬁfwn _ i
200 = {627 with S'«H‘ and dﬁ.y
B Gravel amd sand and d&){ | i
i ‘ black and L, ety pemented
_(g ca_(u; ¢ ch F{ taleite coated on N
_ 60% jfpu/{,( £ 0.5 "dia
Broke downr gcar ~
205 1033 200 sondy brown fine with 5/,?_ i
J
- 1223 Graved and sand i .
. g5% vel as atovt ’
7 ’ /5‘% .{MX fine jfmn(/ 6"0«/17 1 -1
30 1223 no_cetrms _atterdnllig

REV 11/82 FORM D1586
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PROJECT NUMBER BORING NUMBER

gt | B1937¢6. Bo WELL F

SHEET Of

SOIL BORING LOG

PROJECT . #/LL:A/R’ PR(E BASE

Wrre  Land&// LOCATION Lakeside By Utnh

ELEVATION "/4670 A _above ASL DRILLING CONTRACTOR /f/J&//éSf{Dn Dr////:'/q amd/ Pump Lo.

Conventional Air Fofnn/ wie'th A7 tom

DAILLING METHOD AND EQUIPMENT

start _[O/ Zé[ 86 ewusn 11/5/66

LOGGER L. MIYC//

WATER LEVEL AND DATE
SAMPLE p::g‘:::g" SO{L DESCRIPTION COMMENTS
é wl 2 1o |z aETsEuers NAME, GRADATION OR PLASTICITY, o DEPTH OF CASING,
Slzzd| 2 | 25|35 [ ooe MOKSTURE GONTENT RELATWE DEnaITY 2 DRILLING FLUIG LOSS
- \ .
E &=25] £ §‘§ o N OR CONSISTENCY, SOIL STRUCTURE, So TESTS AND
@l cam| z | &z | & MINERALOGY, USCS GROUP SYMBOL 58 | msTRUMENTATION
1223 | G and sand, sharp Soil chavas
| brmoel L0225 ,’(l" same "710“ o abogc rlj J'mP'.’%'/ lfnfc( k
- fé 4 Y «
1 Sornd and s //— £ine $v coarse, brown |
R 47 jm7 érowh 40 - | |
215 23 - _
- Gravel  and Smc{_, i "ﬁff few refucng |
_ 800/0 jrautll [,M“«&(j’“?’ /.5}\(0'4”« )
tan  eadede & 5‘/ rateite Zam‘/'j.
i ZO% 5"”“0(/ JQ'WC 4o LOUSCJ L/awr) i i
220 1237 ke j/‘V ] B
i 124'/ éfMCI M 5W s alwé i i
- £o% jﬂu&f L0 3 t(ld. j 9 Jw‘f"j Truner
caledte contrings T 7
i 40 % s ’ meAd fp coarse, A/awh ~ )
N 9%, b/ac‘( 1
275 = ) 1241 B a
= ér,;_yc[ a,na( Sa_nd as abou< i i
- 70% éfqu{'[/ é 0' *'(;([.h— 4 N
- 320% Sand ] i
.. 1 [sivmreg
730 1254 '
. 6(‘an and  Smnd as sbove i V,’,y few QJH(Z |
] 7% Gravef, £0-5clia ] rchurns oy Fugs
o Jfl//:y 105~
- 0h sond i |
2355 1200 |
- Sand and Grave| .ﬂ“lff’ sod ﬂn”yc ,
- T0% Samdﬂnd £{H‘ hrcwh-{o Ja/(&owl, i
and or¢7¢
- 207, jmu €025 " dia, -
49 - 1206

REV 11782 FORM D1586
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PROJECT NUMBER BORING NUMBER

sSHILL : Bi9376. BO WELL F 'SHEET oF
- SOIL BORING LOG

erosect._HILL AR PRLE BASE WTTR Land6/l ocanon _ Lakeside , dtak
ELEVATION ’V467D # above /‘15[— ORILLING CONTRACTOR #/Jd/CSfD'I Dr/ //mq Mﬂl Pymp 40.
Conventronal Air Rotary with Hir toem

START /Ozzémé FINISH ///_{/Bé lOGGERL' M/{é//

DRILLING METHOD AND EQUIPMENT

WATER LEVEL AND DATE

SAMPLE Bedlaigoin SOIL DESCRIPTION COMMENTS !
5 wl + o x RESULTS NAME, GRADATION OR PLASTICITY, o DEPTH OF CASING,
1 BT X ZS| e [ ] PARTICLE SIZE DISTRIBUTION, COLOR, 3 DRILLING RATE.
>] Fou = w2] B 67-6"-6" MOISTURE CONTENT, RELATIVE DENSITY a DRILLING FLUID LOSS,
wpegx| ¥ a2 O Ny OfR CONSISTENCY, SOIL STRUCTURE, 9 TESTS AND
@jamem| z | Xz | & MINERALOGY, USCS GROUP SYMBOL =9 INSTRUMENTATION
i 1/206 ‘5&,\,{ a,,p( jfo\l/c{
. 70% SW M 54’,/75 bfﬂwnh da-/( N i
4 browr,
1 309, qravely 15 and calete 55 L0258 ] i
2457 1314 Y 0.125" din _| _
] Sand and ravel ’\i—j JVPs minor |
i ?D/ _;.ww{ med 1P coarse, brown 1‘0 |
] erfyc brown: D’_‘. ”‘."j V(/}/ c a‘t[T'
J | 0% jrm/c( as wbove, £ ’Zs(dfa
250 = 1319 N
| _Sa,,g( bing wysome s, woef/ 5orr'z4 Dedling 502 |
4/mo.r# J/mn /74#' broown P J
)} (7/()/'5#7 6rown . b
- 228 | -
YAL) == =
. Y ' retoms are very Thicfr
. 5an.d C/Ca.n/ 14'16} \(’jh* brown i e, ny |
] o 3=y brown} with galede "”'4— D"t'uhj Sot+t .
4 Is Smﬁ( | i
260 = 331
N 1335 S a.rd Aine 1o crarse, light brows very Lifle retfvens
fu f s lhino  sof#
- {1, foun, with ca and | Drillng i
265 (339
4 5@.40(/ asl above ] //.m difh c'.n’ ]
b ’ . "/' JF 7~ N
~ R Dn”"fj _(074 i
770 1350

REV 11782 FORM 01585
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PROJECT NUMBER - BORING NUMBER

i B/9376. BO WELL F  sesr o
SOIL BORING LOG

prosect _HILL AR FPORCE BASE LITR  Landtf/ LOCATION Lakeside 1 UFxh
"'/4670 # above /‘{SA DRILLING CONTRACTOR #/Jd/CSbﬂ Dr///ﬂ‘ﬂ Md R/mﬂ Lo.

ELEVATION
DRILLING METHOD AND EQUIPMENT LA ventrona| Air Rotary  wieth  Hr toc -
WATER LEVEL AND DATE start _[O/f Zé[ 86 ewasu 11/5/86 Loceer L. M K<l]
SAMPLE sm‘:g“ SOIL DESCRIPTION COMMENTS
Cf) - pu] Q E RErsE(::r‘rs NAME, GRADATION OR PLASTICITY, o DEPTH OF CASING,
229 S | 25| @ " PARTICLE SIZE DISTRIBUTION, COLOR, a DRILLING RATE,
SlEos| £ w2 o 57676 MOISTURE CONTENT, RELATIVE DENSITY a DRILLING FLUID LOSS,
wl &as = e | 9 Ny OR CONSISTENCY. SOIL STRUCTURE, 3 TESTS AND
wl ome z -Z o« MINERALOGY, USCS GROUP SYMBOL ®a L INSTRUMENTATION
] .QVJ 'Yj rave|
0% samd | £Finc 47 coars, brown f>
7 & 6rpwh - -1
I
/0%jr4r:/j 0.7 “Sa, s and ’ i
1257 (aledv SS, erléite eoidings ’ ]
2759 = =
. jang( and jrlu/c/, as abocc | Ceturas are very
Waﬂ"tfy
T 70% sand . .
: - 2% jnwél/ £ 0. 75" die : 7
tost < 0:F o ]
285 /$03 | i
. 1407 54'%( Md jraw-&( B i
- 60% samd . R
i 40% 3/4%// £0.5"da. |
2853 Ll - rig__jumpiia —rmizen
/ ~ T 1o
.. Sanl and gra./c{ as above i i
i 0% sond . .
. @% jfd,l/(f 5 . ’ K
J : | Dl /'2:9 ot
' 1418 — 7
290 =
- Sand and S:H’ fine 4o medk. | |
i 3r¢J/d /Jh-f_ brown fo (7"‘/
Lrown 1o 7 E
1 |goepig e
Py 25 |
4 6 ravel a~d SMJ - 4
. 60% grel, <o. Loldi. ] | -
i 407, sand : i :
00 = /43 Z

REV 11782 FORM 015856
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PROJECT NUMBER

B/49376. BO WELL

BORING NUMBER

F

SHEET OF

SOIL BORING LOG

erosect _ HILL AR PRLE BASE

WITR  Landf/f/

LOCATION

Lakeside | Utah

~ 4670 £ above MSL

ELEVATION

ORILLING CONTRACTOR

ORILLING METHOD AND EQUHPMENT

Lonventioral Aic Rotary

A‘/tdd/éffbfl Dr////)y ond Pumlp Lo.

weth  Hortoom

LOGGER é’ MIYC//

WATER LEVEL AND DATE

START /OZZéZBé _ FINISH /1/5/86

SAMPLE P::g‘“,&":gu SOIL DESCRIPTION COMMENTS
3 wl 2 lo | & ..Jéi’rs NAME, GRADATION OR PLASTICITY, ) DEPTH OF CASING.,
22| 2 | 26| ¢ '6_—‘_"_6__6_ PARTICLE SIZE DISTRIBUTION, COLOR. 3 ORILLING RATE,
g EE| B g5 5 | W | momowemmsvesny (2| omumcrisioss
2| 883 z |E2 | ¥ MINERALOGY. USCS GROUP SYMBOL %8 INSTRUMENTATION
. /440 Gravel and Sand | a5 above i
707 el £ 025 “"da .
7] (] / _
] jlf amd gafeife 55, é/«ﬂgj/:y/a/éﬂéz
200/0 5W/ ,ﬁ};‘{_ 10 wmc/ij// T -
] brown i - -
4 Graved gy M aS abeve i _
] ] Wing B
B i z{f/ /;:7 afd —
3107 - )
7 6/«#&// £0.75 ”ﬂ'm_/ /5/ black ] i
N avd I, mz'croéff_ﬁ‘a/ [rkcj R B
4 !5/ Some brinble some wiell etmented] i}
clloas broam 40 fun, Foac jn/«a’
- . 4 7
anovinr with courded ides 7 1
3/f - /45_/ 7 ] _
4 bravel amd sand, with c/a_7/, = f i
. Bo% gravel <0 7S ey o' mboye | |Plling £ .
i 20% 55”,.0[/ coarse 4o ‘Q"‘/ /'j At |
e jﬂ\y b/Wﬂ/ with dQ7 _ ; .
— /‘ff% s Jfl'//l'hq
320 459 =
~ Gravel e A Sano(, as above
’ 1
o ~
T 6070 @rau/(—l/ £0,25 6{@"/ B .
i , i i ]
- #0% sond vt Some c&'/ 71\7 ]vmrm‘nj , Rard.
3259 os .
4 G rmvel oand .{bnﬂl, As abovl
- 60% gavel, Lo4'da. | |
. 40% Samd - ]
23p 1310 .

AEVY 11782 FORM D1586




PROJECT NUMBER BORING NUMBER

S'::Tizlflv‘L 8/73764 Bo WELL F | SHEET of
SOIL BORING LOG

prosect _HILL AR FPOR(E BASE  WITR Landfll  ceanon . Lakeside . Utk
ELEVATION ~ 46 Jo_# above ”SL DRILLING CONTRACTOR _f/‘/’dd/ésfb'? Dre //’)11 kn]d Pamp Lo.
DRILLING METHOD AND EQUIPMENT ___ (o veatioam( Air Rotary with Hor too " !

WATER LEVEL AND DATE start _[0/ Zé/ 86 enusn 11/57/86 rocaer Lo MKl
STANDARD
SAMPLE ETRATION SOIL DESCRIPTION COMMENTS

z TEST

o - o o x RESULTS NAME, GRADATION OR PLASTICITY, o DEPTH OF CASING,

1Ty b3 2SSl e [ ] PARTICLE SIZE DISTRIBUTION, COLOR, 3 DRILLING RATE.

S| o = w2 | o 67676 MOISTURE CONTENT, RELATIVE DENSITY a ORHLLING FLUID LOSS,

wl Sas% - a3 | Q Ny OR CONSISTENCY. SOIL STRUCTURE. 3 TESTS AND
290 @| cme z z | MINERALOGY, USCS GROUP SYMBOL «3 INSTRUMENTATION

i Gravel | sand, tlay os above, very [feo retums
. - Y fross
Meore L/A/ ﬁ.an Abovl-. '/ \/
335= [£13 = -

l/ay Lw r{fvrhj

J'./S‘f‘ 1475'

Gravel amd Sand
70%, jfat/{// LO25Y v

] | 0% Samﬂ// fine o med, .
' . 340._ 1575 ' _ _
. 1521 émv(,/ ad sand i V6r7 Ftw retvrng
1 707, jmmg Lo.5 g | 2
1 20 sand , Hme fp med. 7
B Gravel and sand as above | very 4{:«; rttumns
] ?0% y’ald/ £ 0.5 jnches Aio |
E . Mju[a.f - ] -
-4 /0% Sma( | )
250 o 529 ) :
4oméd . ria. juerping, hard.
~ Sand, frgigoaired, Lyt wromn 2] TGP A
4 | \7/::}/' B i
3534 /1532 , B N
: Finc to med, grur ]
1. ‘ jmﬂ// (4 Md j"n/n.a( 7,,{[ - -
: -1 . Sam<l a5 a b : . -5 V"’y ws
c . amd SM/ =
360 537 | | | |

REV 11782 FORM D1586



PROJECT NUMBER BORING NUMBER

g?—lzlll\_AL ' 5l4376. Bo WELL F SHEET of
'SOIL BORING LOG

. “erosect _HILL AR FORCE @jg warre Landﬁ// LOCATION La/((_y,/g , Uta®
~4ETO A above MSL  pruiine contracton Y ddleston D,,//,31 ond P Y Lo.

ELEVATION
DRILLING METHOD AND EQUIPMENT Conventional Aic Retary with Hr tvam
WATER LEVEL ANO DATE START IOZZéz 86 ewusn [//57/86 rocaer L. Mik<l/
STANDARD
SAMPLE ETRATION SOIL DESCRIPTION COMMENTS
TEST :
5 w|] = | o x AESULTS NAME, GRADATION OR PLASTICITY, ) DEPTH OF CASING,
=l 29| = ZS | Y [ 1 PARTICLE SIZE DISTRIBUTION, COLOR, a DRILLING RATE,
L] Fow = w2l 3 6676 MOISTURE CONTENT, RELATIVE DENSITY a ORILLING FLUID LOSS.
@l gas| € | 3] 8. ) OR CONSISTENCY. SOIL STRUCTURE. 9 TESTS AND
2 @foma| Z | Fz| <« MINERALOGY. USCS GROUP SYMBOL a2 INSTRUMENTATION
60
B /541_ _{an/ W/‘hﬁc{, o~ f‘”vcf
i Fnc fo  med. jﬁw«a{ /j‘t”L éfw/" :
* g |
2655 /549 | . _
‘SM//O so:if chmy <

Gravel amol sand ]
] T g grave(, £ 0,28 “ plea - i
] _ jpz fmd/ i wdd coarse j”!/ﬁ{f

@ i (55% - | ~

(0] )
57 5/4,:/{/ amd Savz&{ as akovc i B

7 0% Gravel, 13, black A
- ;/uf‘c 55, S, <o ijd/‘" - : .

h 30/ 5“"74{ foe 4o Coarse, b7 -

1

v 16c0 Fon, q/ay bHvwn, N B
T Gra.vc/ amd :amd/ as aboce | i
i : 29 Grnvel . A
- - . 5@79 Md¢ hn Cl/‘cvfrd‘( :75 ad+-
- ’ - of hole wnf1YIEE ]
2807 (694 Eop
- 547 . 5a¢d amd ml/Cl N )
1 Bo7, sovd | fine 4o M(/jmmm’ - -
7 hgbtt é’ah/" H fan i B |
- 20l Jrecl, L0, ’/5/,/,& /5 and | iirnllz':? hard ]
2B5= £57 saleife 5SS
. 7 bravel and sandg o | i = .
- . 0% geasc], <057k ] ket
‘ .5—04)5 au/(/j L0 pry Vgr)/ hed ]

50/5%4’ fine /v”"d /Jd*ﬁ"‘”’ : .
qp.., Bﬂ f/‘}l —hﬂfﬂ'

REV 11782 FOR“ 01586
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PROJECY NUMBER - BORING NUMBER

5/9376. Bo WELL F sHEET - of
SOIL BORING LOG

rrosect _HILL AR PPRCE BASE  WITR L‘"‘{A// LOCATION Lakeside o Ut nty

’\/4670 #45"’6 /‘{S[- DRILLING CONTRACTOR j,dd/ﬁsfvn Drl//f:t/q &n&?l P&/Mﬂ éov

ELEVATION

DRILLING METHOD AND EQuiPMenT___ (ot ventional Air Rotary with _Hr tocm

WATER LEVEL AND DATE START /ozzéz B6 ewasn  /1/5/86 woaeer L. MoK/l
SAMPLE Sk ONI SOIL DESCRIPTION COMMENTS

z

o w] 2 ]o x S~ NAME, GRADATION OR PLASTICITY, o DEPTH OF CASING,

229 S |26 W PARTICLE SIZE DISTRIBUTION. COLOR. a ORILLING RATE,

Sleow| & | w 2] o 55" MOISTURE CONTENT, RELATIVE DENSITY a DRILLING FLUID LOSS,

wr &S| £ 1351 9 A OR CONSISTENCY, SOIL STRUCTURE, 9 TESTS AND

@lamm| Z | 2| « TIME MINERALOGY, USCS GROUP SYMBOL ©a INSTRUMENTATION

Gravel amd  <amd

- 70, Gravel, £0.4" din ] [t
1 20% Jﬁ”ﬂ(/ {:yh“‘"browa, Fine 4o R
§ Mmed. ) ] |

%55 402 1 | i
- éf‘ou/c[ amd Sl 65 abooe | -
1 ©0% jr«yt/ _ -
1 herd
| 40% $ . .’S'Ooch&uﬁ’“cu('y é'lo,g:

400 902 ' i )

e x Sof d ~bber

. 5&*14 and 5 rave ! A %k éa:; r;ﬁ;
] éo% 52’10( s j“lL brown 10 fan . when ﬂ[;’/”??lr:gzit:':
] ne 1 Md him {D. O |
‘ 1% gouct <02t ntea | o, B
= az4 e

405" | _ < )
T Sand  amd 3rou/¢! ] ]
| D% sand = L i
: 0% g=ve, 04" dic. . hard i

4—/‘0 = 930
- Same  as abeoct | W n,/é I/{r‘q_ "{"{‘ ]

41575 936 i
. 5‘1*\1 d—'ld jwd haA .7/5‘,,{:{_ Pty ]
] 60% sand,v. I brown, Hiny 4o mmzj ]
i zavel (_0.25_”&{14«_ i B |
] 410ﬁ gravel, thy _ h”ﬂ,

470 14/

REVY 11/82 FORM D1586




PROJECT NUMBER BORING NUMBER

2M :
: g:ﬂl_l_ . 8/7376, BoO. WELL F SHEET oF
SOIL BORING LOG

{ ‘ PROJECT /f/LA A‘//? ER(E @jé WTR La"dg// LOCATION Lak(ffdﬁ " “*ﬂ"
M467D ﬁ ﬂb"'( ”SL DRILLING CONTRACTOR #/Jd/ﬁ.s*pﬂ Drl///ﬂl Md R/Mﬂ éo‘

ELEVATION
ORILLING METHOD AND EQuipMeNT __(onVentiona( Aic Rotary with fur tocm’
WATER LEVEL AND DATE START /0[26186 cnasn  [1/57/86 oeGer Lo M il
SAMPLE "“""‘33" SOIL DESCRIPTION COMMENTS
z YEST
o wu|l = | o z RESULTS NAME, GRADATION OR PLASTICITY, ) DEPTH OF CASING.
Slzz| (2K 5 | eoe MOISTURE CONTENT RELATIVE DENSITY g DAILLING FLUID LOSS.
ut ezl £ a3 ] o ™ OR CONSISTENCY. SOIL STRUCTURE. 9 TESTS AND
420... caa| z |Fz | & MINERALOGY, USCS GROUP SYMBOL %S INSTRUMENTATION
4 750 Sard and \7"4061 hard
- é‘)d/g amd | Sod4 _
1 40%; jﬂua’/ L0259 125" da, ] -
4255 L e St =
- Sard with ome jnu/‘/ _ R
. £0% fa%( Fre 1o (mff(j/a,fqg,( . h
4 lght bram o fon . 4
] 20% jnu/(/// L 025 din - —
‘ . 4&7—‘ /004' . ] ]
- Sand & prace jﬂwc./.f - -
] 5% samd, Fine, lght brown 1o - 1
] ;04/{_ broan - s
£35= (018 | ' _
. - -
# 1922 Tracd -
- 1077 | Samd and gl | 1BeA o/ only ~ %u,
/mro{ spotfs
] X 8oz Ka'wg 4"»1& /Jﬁf’ brown 4o ] r 7
i whetrSh ok b/bm; i 5
i 20% jmm/, <o, 25"/@- mest
#{_ //05‘ Smaller
L . ’ @ray{/ Mﬁ( Samyg ‘ .
y J - éo7jnwd £ 044 de b/uka»w( _J ‘ .
i jfn7 /514'40\ al&gt .
i $0% sand, fine, v, /:}H"émwn | hard
457 - 112 Very hard

REV 11782 FORM D1s86




S

PROJECT NUMBER

B/9376. Bo

BORING NUMBER

asaHILL WELL F SHEET of
SOIL BORING LOG
erasect  HILL AR POR(E BASE  WTTR Land6// ocation __Lakeside | &(j‘a‘)‘

ELEVATION

"/4670 ~ nbove /‘{SL

DRILLING CoNTRACTOR __H Al ston Dr///lﬂq ond P{/mp Lo.

DRILLING METHOD AND EQUIPMENT

WATER LEVEL AND DATE

Conventronal

Allf Fofn/y WIT(II /{sz?)am
IOGGERL’ M/WC//

START /Ozzéz 86 EINISH ///f/gé

SAMPLE ool SOIL DESCRIPTION COMMENTS
5 w|] 2 | o z REStATS NAME. GRADATION OR PLASTICITY. o DEPTH OF CASING.,
2l 29| S | 25| @ s | PARTICLE SIZE DISTRIBUTION, COLOR. 3 DRILLING RATE,
SEEE| B |iE| g | ca | Sonimeemesy || BEESes
2| 882 £ | &2 | & MINERALOGY, USCS GROUP SYMBOL A INSTRUMENTATION
i Gravel amd soand
- 70%, gravel, £0.5"dra. i . ]
R 30% Sand, Flne to Coarse, brown i V{r/ ho el ~j
4553 lie f gry brown | hard ]
~ Sand and Grasel - hard o/ soft spofS
] 70/(9 50"0( e 4o coarse, /g‘x*‘ N .
. brown +o g re/ bfw"' . n
| | 30% jrzu/{// L0.254p 0.125 dia.
440 HZ/ ' _ _
] /133 Sand and 3f,w¢1 as absve | soll |
. 60% sand _ |
| 30% gravel; £ 05 dia. 1 1
465—._ (137 ] v - .
- Sand  and jfaw‘c( - hard 4
- . ~ sof4 o4
| §07% Ssamd
- , 20% inu’c// L 025" Jioe ~ hrerd .
47p= 144 <ot f
7 .&M&x’ and jfétvcl . -
| 507 Sawmd 7 7
0 " g i i
. SDAjm«og<0.§ dia i i
475 I kach
B 50(/6( 45% fine 4o coarsc 4 R
‘ jnuhaf /6rawn orhﬁ ’ 4 ) ]
1 574 /hdjawd_; £o0.25"diee. 1 1

FORM D1586

REV 11/82
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440

CHaM
ssHILL

PROJECT NUMSBER

B/9376. Bo

BORING NUMBER

WELL F

SHEET OF

SOIL BORING LOG

erosect _HILL AR PoR(E BASE LOTT/? Land&f/ LOGATION
DRILLING CONTRACTOR Hoddleston  Drilling _omd Pwnp Lo.

Lakljré{t i 5(,71‘41‘)

ELEVATION

ORILLING METHOD AND EQUIPMENT

~4bTO H above MSL

Conventional Air Rofa ry

wrf% ﬂq/ f‘p&mu

LOGGER La M/%C//

START /O(ZéZBé cwusn  /1/5/86

WATER LEVEL AND DATE
SAMPLE et SOIL DESCRIPTION COMMENTS
5 wl = ]o x Resrs NAME, GRADATION OR PLASTICITY, ) DEPTH OF CASING,
2l =22 3 1 26| ¥ g PARTICLE SIZE DISTRIBUTION, COLOR, 3 ORILLING RATE.
15| & |az| 3 MOISTURE CONTENT, RELATIVE DENSITY 2 ORILLING FLUID LOSS,
wtgast &€ 1a3] 9 o~y OR CONSISTENCY. SOIL STRUCTURE. X9 TESTS AND
alcaa| z |2 | ¢ MINERALOGY, USCS GROUP SYMBOL &2 | wSTRUMENTATION
[2c0 Sand and a/‘avd Soft W/ occasrora]
- N - hard 5?""5 1
- 80% sand; Ene fomed., brown o -
1 a ‘ro:vn
.. f R i
R 2070‘.7"‘*‘/&// <0I4 Idfa,
485= 125 = =
i Gravel anmd somt sang i ‘p";jif' ¢2’sz f'l-?‘“" |
. D%t G, LOS i, (s 5 bleok] 1
- and 37, S 1S 4an or ofmyah d .
43(//4/
| 169, sand, € wed pale b, 1
P 122/ Y% sand, €ine jﬂun(‘(/r ¢ broesn yery hard i
. érdul and sand, as akove i hawl /5amz cof+ i
0
: W% gravel) < 0.4 din ] °p ]
N (0% Cand - -
4754 1225 _ —
- éra_ué( and !M&{/ as. above V‘tfy hdf':d/ l’i? "“"":
t
Ny éDZ 5faf/ﬂ-/_ 7 ! T
407 sond § X
-] ] _<:leth over fo 7]
o0 = 1230 - FZ m<d
B 60’4([{[ amd {mdlq_g abouvl - \l -
] 6 0 9 rav-e{ ] | 7
4 % j i hard ]
4‘0% 5md
5 1253 : Va;/ harAt
4 Gravel and Sand _ . 4
N 504 javbf . R -
l 0% coarse sand 7 ’
570 1382,

REV 11/82 FOAM D1386




PROJECT NUMBER ’ BORING NUMBER

Gﬁﬂ ' B/9376. BO WELL F et of
SOIL BORING LOG

erosect _HILL AIR FPORCE BASE WTTR Land&// LOCATION La/(CJr/c Utk
4670 A above MSL  oanimc contracton _Hiddlcston _Drilling_svnd Pam]p Lo.

- . - X v
DRILLING METHOD AND EQUIPMENT ____Cohventioaal Air Rotary with Hr tocm

WATER LEVEL AND DATE START /0[25[86 ewmasn 11/5/86 Locaern L. Mk l[

ELEVATION

SAMPLE P:m‘,’}gu SOIL DESCRIPTION COMMENTS
TEST
<f) w - o .| = RESULTS NMAME, GRADATION OR PLASTICITY, ] DEPTH OF CASING,
2l 2% 3 Z5 | ¢ 6_‘6._6—_ PARTICLE SIZE DISTRIBUTION, COLOR. 3 DRILUING RATE,
Sl Fox ] = w2 | O MOISTURE CONTENT, RELATIVE DENSITY a ORILLING FLUID LOSS,
“l SES | € az ] © Ny OR CONSISTENCY. SOt STRUCTURE, £3 TESTS AND
@| cma z -z | x MINERALOGY, USCS GROUP SYMBOL ] INSTRUMENTATION

Gravel arvd sand i |
50% erVC// <0.25"da. i .

. 0% coase sand | broum 4o sofF drilling _
dﬁ/‘( .é/ (4] {
R gy brow ] | -
f—/{ = [30G B : |
7 Gravel amd  sack | ' |
] 70% geavel; LO-4 dion . ' ]
- 300 coarse somd i y .
F203 [3(@ - | very hard |
= Gravel amd Samgl as above | ! |
More SS

REV 11782 FORM D1585




, -
- — - PROJECT NUMBER - - - BORING NUMBER

U‘}‘I_T’xtﬂ - - Bl1937¢.CO Well & sueer | o 5
SOIL BORING LOG

PROJECT (4,7-7—/6 LAAA‘IL;‘// /VO NN LOCATION Lakes 4'J<_ , u_‘?Lan
ELEVATION DRILLING CONTRACTOR Hrddleston and ' 5"", Lhc.
DRILLING METHOD AND EQUIPMENT Air Retary 7—,/8 inch [/ Speed Star

WATER LEVEL AND DATE HS A b cfeel //’1/55/57mr liZ81217 FINISIH /7/’3_/35 LOGGER <. M'.kd/

STANDARD

SAMPLE ENETRATION $0IL DESCRIPTION COMMENTS
TEST
3 w = [ x RESULTS NAME, GRADATION OR PLASTICITY, o DEPTH OF CASING.
= 9 < Z5 | v o PARTICLE SIZE DISTRIBUTION, COLOR, 3 DRILLING RATE,
| £E3% g wd F) 67676 MOISTURE CONTENT, RELATIVE DENSITY ® DRILLING FLUID LOSS,
Wl a8 £ |51, 8 (N) OR CONSISTENCY, SOIL STRUCTURE, £8- TESTS AND
&l oama Z -z < TIME MINERALOGY, USCS GROUP SYMBOL «a INSTRUMENTATION :
1300 . . ' HNuz 0.5 = .
1 Silt, lightt brown, Soft dry, ] HWuz 0.3 = back Mf;ﬁ
P’”d"y— ’ Rad=0.1 J |
/10 - _

L /SA S as abowe with
Puce gravels

18 £t bravel Ylayer, Is gravels, ]
- 1315 [ 7% Wk

. dark g -

Hu= b (O-S) "

4z :
R l4zo G’M,stu\d,af\ds'/‘f-, reue] Ra‘{:g_, .
i is' black oand ; ] i
witi [AJG("*C,QQJ finet> ‘

. Coarse si.:jlc Jm’..gdj st T

- colo rcdl - 4

30 ]

32" diilling hard

i Gravel, sand, silt 23 above. ro bl der.

white Zadiche frags in hidns = «
~ riels ave f-indi dias in ] S
- s, - -

- , [450 - -
40 | 16085 i Hluz=6 ]
] |Red=d

- - -
- - -

-4 - -1

507 Gravel, sand with st a5 7 N

1 above . Drcasional 7
- partially remented sands. | _

- ) - -

-] T Rad = 1
b0 - 1630 R H'/V“'=

REWI1/82 FORM D1586




PROJECT NUMBER - A ' BORING NUMBER

8.7 4376. CO WC—// & SHEE;I' 2 dp 3
SOIL BORING LOG

" . PROJECT u77k LM“"@‘ 174 Ne . LOCATION Lakeside 2 Ut=ab
ELEVATION DRILLING CONTRACTOR H. ddlesteon and Sen ” Lrc.
DRILLING METHOD AND EQUIPMENT Air /?O‘f‘a-rv 12& inch / Speed Star

. WATER LEVEL AND DATE HS o cteel //’1/35/ START L?_—‘[_B_/ﬁ__nmslu ///3/35 Loacer _&r Mikell

STANDARD

SAMPLE PENETRATION $0IL DESCRIPTION COMMENTS
TEST
% w ) o x RESULTS NAME, GRADATION OR PLASTICITY, Q DEPTH OF CASING.
el z28 < zZ5 w N PARTICLE SIZE DISTRIBUTION, COLOR. ] DRILLING RATE.
S} Fow & w® 3 6°6"-6 MOISTURE CONTENT,RELATIVE DENSITY P-4 DRILLING FLUID LOSS.
wl aoe = o2 o tNY OR CONSISTENCY. SOIL STRUCTURE, 8 TESTS AND
| as@ Z Fz | & TIME MINERALOGY, USCS GROUP SYMBOL P INSTRUMENTATION
oV ” "
l [040 | Cravel, sand silt, Purtislly ==ty /
4 PR R
LWM“ZA md.s can be brokew
b)/ ‘\And I mvels are

il . P bla‘?ok ) APPTK /-1 ;
“ dlmcr%/ v /cfu!h-f -
7o — arc coaa‘zl with caaff,

J toarsc 4o \c:,‘c
wh- d%,rf whife ] i}

i caliche . -
’ 7L EF cemented cand beds A -
. less Than 2-inchesthick. - -
f . Bo — {135 | H’Mb\—; -
- 1250 é"""dj Sand silt as above] W;?/ -
/00 | 1325~ ] b Bsttom cteel 98T .:
i I“//o/gg 915 Sand ra.vd with 5,'6’»‘ | HNew= éy(o 7) |

i LY, f‘l“ jrmyi’a“ﬂjsw frhe Ra.d‘ .
) o coanse, multr—colored, ] i
} Ls and 7.1:."{7_11‘( jrax[, - -
A L
. | é rud Md S&‘\A fauds _ H—ND_‘ bj R
. Show  rownded ed Rade 05 i

1 “dto l-inch dlw{-gr SMA

Fine 4 v coarse, rawbb‘ i
- qsp are coated WI:H\ .
/4v—~ | 954 "_ 7]
® | | - _ )

o

- Sand, silt; vel, 607 drilli .
60— /007 30% o) j"‘- % send "y very soft

ra.vt[ n
} REV 11/62 FORM D1586




T I PROJETT NUMBER ~ - -7 | BORING NUMBER'

B19376.CO | Well & sueer 3 of 5
SOIL BORING LOG

PROJECT w77k Landé /M. LOCATION Lakeside . Uta b
ELEVATION DRILLING CONTRACTOR H Jd lestorn and So L Lnrc.
DRILLING METHOD AND EQUIPMENT Arr Rotery 7 /B Inch / Spcd Star

WATER LEVEL AND DATE HEH b steel //’7—/35/ START IZ[ 8 /62 FINISH ///3 /8 & LOGGEF\ c-. MI kd/

STANDARD

SAMPLE o ENETRATION S$OIL DESCRIPTION . COMMENTS
3 wl 2 |o] & mEsULTS NAME. GRADATION OR PLASTICITY, ) DEPTH OF CASING.
el 56| 2 | 28| ¢ e PARTICLE SIZE DISTRIBUTION, COLOR, 3 DRILLING RATE.
<l £5& = w2 | & €"-6"-6 MOISTURE CONTENT,RELATIVE DENSITY @ DRILLING FLUID LOSS.
gl sg=| £ | &3] 8 N OR CONSISTENCY. SOIL STRUCTURE, 29 - TESTS AND
o] 883 z |Fz2 | 2 |T7TME MINERALOGY. USCS GROUP SYMBOL %S INSTRUMENTATION
160 Z .
. fot 54&4)5row-d} silt as abow, |
028
80— / . -
/ 7035 | Sand, gravel ond silf. Seud Hluzby on somplet
i is Fine 4o coarse, Single j
. ’MMJ( Jruds are wlecte | i
1 cwd—cd sil is IJJML brown, | ]
:1 ' Zw B /0 5‘0 " p— o —
1055 SM;{ qra.VJJLSlH’, Mmorc seand /-H/u_:%j
7 Fine sSand, some Pu-(—: a.H/ i
; ocmuﬁco(’ sand 206-210! .
| 1 ©
220 L : - -
i 1115 | Sand, gravel, silt, e ] I—fU‘L_—.éj ]
] meds conted wittn
‘6“{"& aduwrdovt whit 7 1
- coarse’ sand (roken calr du? .
142 :
240 : [142 - ~
- 5o
1215
‘Z.bo— —W — ~743 4o 272- V£7 M
: B 56'-*\6{ 4:_6{ aﬂwc,l, wel| - arcll ,
cementeh) sands lar '
‘ - . 3’av&l e A,’}-Loucj(j
~ . P - .
Some cewented congl ;
. - cofdam.s Bne samel -
260- 35 | sih :

REV 11/82 FORM D1586




- - T i § PROJECT NUMBER - BORING NUMBER

%ﬂi_fi-izl‘tll\_ A o : B1 673 76.CO ) Well & . sueer 4— o 5
SOIL BORING LOG

PROJECT UTTR  Landb l  ANo. LOCATION Lakeside , Utab

ELEVATION DRILLING CONTRACTOR H. c/a//CS‘fv 1 gn d So L Lhc.

DRILLING METHOD AND EQUIPMENT Alr Rotary 7 /B lnch ,/ 514%56{ Star
WATER LEVEL AND DATE HEH 4o steel //’1/55/START _IH_B_'L‘_&__F!NISH /'//3/88 L;)GGER c. Ml‘kd/

STANDARD

SAMPLE PENETRATION $OIL DESCRIPTION COMMENTS
3 wl = 1o z AESLLTS NAME. GRADATION OR PLASTICITY, o DEPTH OF CASING.
el z28] 2 [38| & Py PARTICLE SIZE DISTRIBUTION, COLOR, 3 DRILLING RATE.
Slesg| B [5E| g [ o | SmERTECMER (| oo
o| daa| Z 2| & | TvMmE MINERALOGY, USCS GROUP SYMBOL %S INSTRUMENTATION
i 1322 é"‘_"drﬁ‘_»zkf,._{l_& less hard drlling wrhy_
| Lein +Co( SM/A»L :M Soft Slao':_z
and silt and wbove. - : -
340 ‘ i i
i 1338 Sand and SIH' sand and Softer dn”mj 300
fine sand 3ray amd ’ +> 315
] lig ht brown jmyds :
> 51 sa,.J L ]
70 1350 gravel <iH o _ :
> | 1368 dw%{gd oA o °"‘f,z ~322' - hard jmvdj
(whs ]
i ‘/’j b/aa’c /: 7 ]
] 1 335 hand 4,,11,
2 (428 o# -t‘:& hole .
i 1445 ém,a sand, and sclt, | © e
| is.quye,/..'a }f_wm&k &fm- i i
i b ervan sand
| y432 ] i
3w /446 Loarsc 5«4( auc‘ AN Wy
] {HtHe 5:‘[-15 rmvelds aln i 7
- Oated s ‘Z’R‘j.s é}i"hdn' o)
r:”’
4 dl?m:i’zf sand 1S .,‘,,[,L, 4 v :l::f{ ‘:.;d J
4 Color | . ‘{.,,,i :
280 1505 Y 1:3
| 1515 i B}
N L.Sand and jr.u(d | |
400 /6 /0 - -

REV 11/82 FORM D1586




PRAOJECT NUMBER

BORING NUMBER

SEHILL B19376. CO Well & sueer L o &
SOIL BORING LOG

PROJECT u77rk LMJ"C;// Ao. & LOCATION Lakeside 2 Utatb

ELEVATION DRILLING CONTRACTOR Hrddlestorn gnd Sen " Lhc.

DRILLING METHOD AND EQUIPMENT

Air Rotwry 7/8 Inch /Sptcd Star

WATER LEVEL AND DATE HEH 1o cteel //'7-/35/START /ZZBZ FINISH /[13/B8 | occen L. Mikel/

, SAMPLE RN $SOIL DESCRIPTION COMMENTS
z TEST
2 | = Se £ RESULTS PARTICLE SIot DISTRIBUTION. COLOR. s DRILLING RATE,
< E z 2 z > ] 3 G';GN";G‘ MOISTURE CONTENT, RELATIVE DENSITY 5 o ?R"-}Lsfiﬁ FLUID LOSS.
w -d o O o .
| 882 2 | 22| & a?NECFS\ngESg::{s 2?!%@7&:40;33 c &S INSTRUMENTATION
400 1616 Loarse Sand and g ravel darli hard ad
ro Ané sand or ¥/ H. 7 V&; hard
. Jodo . Bltw Iaolid -no -
20 — 6 _ apparent Water _
4 I/u/‘ae jo4o ufw
- N Blcw hole dry - rno -~
goarse  sand and qud > H,0 at 442 f+.
very (ifHe s H"( A “—"‘nﬁi A
] sands  gravel is cru.gka( ]
4 and bro ZC") .
. <Yy -lnch dt‘—mzc"/ hvun{/ Blew /wlc—-
- ry omd black |s ] To make 3"£ F"" .
460 gy
| 1355 HNa=b j
drf“u:zuhq_rd m\v(
T N {
80 1608 7 dri ”1:; hard 7]
S0 1629 - -
] ToTAL DEPTH=504 £ l

REV 11/62 FORM D1588



CHM - - PROJECT NUMBER BORING NUMBER B ] _
saHILL Ei93 76 L CD Well H sHeer | oF L{
SOIL BORING LOG
PROJECT 5(77/\) La "&/-«[; // /UD -5 LOCATION La Kes /25 5 M:ﬁ—.L\
ELEVATION DRILLING CONTRACTOR Hiddleston and S ou, Tuc.
DRILLING METHOD AND EQUIPMENT Aiy Rotexry 7728 -inch holc /Spccd S—l‘ar-
WATER LEVEL AND DATE 388 £+ to steel //2'6/99/ START M_nmm //ié/BB Loccer & Mikel]
SAMPLE RSN SOIL DESCRIPTION COMMENTS
- N TEST
8| sl g |zg|f (e eowmensosmen |8 | MmEgee
SIE3E| £ (23| 3 | "W e ONSISTENCY. SOIL STRUGTURE. o ST AND D oSS
2| 883 2 |22 | & |TIME MINERALOGY, USCS GROUP SYMBOL %2 INSTRUMENTATION
< PBio _Lt‘ /i l'n"browq </ n1‘—/ 0wz O
”' A’S“f fbwdcfy/ 17 ] %‘ﬁeg 02320‘57“
9 St with qmval [ kf"br:;lun
4 g ZTF lwifty sm =
] w PM’ els
12726 ,
1425 | Sl _amd_day il gt HNu= O fxflo =0 ~
w‘ small d"y MUOI\ Wr\q(. 7 O 5205/0 2‘0‘-—0—
. Scma( qra.w/l with 61/‘7: ﬂorly‘ , -
- sor+¥d 5w« ad st ]| o040 .
_ W J/au'&b énu'df -
B 1445 art /as [~inoh
40 XA diameter, N HM =0 Eyf[
e b 0 ”15-;‘ -
1/131—/53 /6’5— Sa,nd qrﬂ(/l with S‘IH' Breliem hommer
- ogw - /600 )
i Fine 4 w«r:c sand /avvr/);
S0+ S /rf- b/fuvn. 7
E éf«vds m nly limestoae : .
- black 1o frn, 4 7 hard J"//"y i
80— . /632 _ goD
| 1/z3(88 | (005 AVuzC Rad=0O
100 -] 19(© _
] 025 Gravel s ;anJ with 3¢ /f Gr.wc's H s O Rad =0
art adcd wiTh onleife Eemedt,
i Gravel conssSts o 1S ﬁ;}(mw* .
i cemented cands, S R
4 light Mun. Srmif are i -
120- 1048 /’Z"”y Sort i |
REV 11/82  FORM D1586




— SR PROJECT NUMBER \ - | BORING NUMBER '_ . -
g.-%’tﬁ ) _ B19374. cD . well H sweer 2 or H
SOIL BORING LOG

PROJECT UTTE L“ﬂ/ﬁl/ Mo . S LOCATION LakKeside 5 Ut
ELEVATION DRILLING CONTRACTOR Hid J / 2.5Ton and Socu, Twc.

DRILLING METHOD AND EQUIPMENT_Air Rotex~y 7 28 ~inch holc.// Speed ij‘ar- ° :
WATER LEVEL AND DATE S88 A 1o steel //25199/ start 1[2.1 /88  fnisH /Zié /B8 oceen & Mikel/

STANDARD

SAMPLE P ENETRATION! $OIL DESCRIPTION COMMENTS
TEST
3 w 2 o x RESULTS NAME, GRADATION OR PLASTICITY, v DEPTH OF CASING,
= 29 < Z5 | v . PARTICLE SIZE DISTRIBUTION, COLOR, 3 DRILLING RATE,
<| E&&| = | S| 3 67676 MOISTURE CONTENT, RELATIVE DENSITY 4 DRILLING FLUID LOSS.
] E ok e a2 | O Ny OR CONSISTENCY, SOIL STRUCTURE. S TESTS AND
Tl om@ Zz tz | &€ TIME MINERALOGY, USCS GROUP SYMBOL =3 INSTRUMENTATION
! 1055 | Gravel, sard, wiy & |[t. Exsy Brm dn/I/
| as dbove with h«Jh ’7Y, d H ..,’?] Rad
i cﬂd‘oﬂ‘. . i
(30
7 : Grave! anJ < el .
- consists  of [ ’ dolack i
140 - /] 1D 1o gray, Gravels are  fess
1117 77‘\*‘; 0. S “rnch dmdtfib;
7 Nave calett comtri Sa»:d.s' 7

. are  poorf sorted - -
4 AbunApnt 7404::% Jrq/ﬂ.f@mj i
Some cemc'ﬁ‘et(

- - -

4 | 1135~ |
;. 60 2z H'U“';é] Rad =0

- -

- - B
-t - -

/w: [208 ] i
| 246 Gravel and sarnd as above., | Wu’ﬁ E”:/-‘—O-

200 - . [30{ ’ . |
i Sand and qravel, sandicr - i

A Wt 7/:“*11 Some
’ Slf, y ]

1325~ B
1333 Hilwe by EadeD
23 | -

F‘\C Swnol “!.JSI}# /U

. d}’””' 50""‘4 ﬂaa.:mm/
7 230 ﬁa—f N

740 1345 - -

REV 11/82 FORM D1588




————— = R .
l = . - -

. - _ PROJECT NUMBER , | BORING NUMBER N =
‘g—g‘lﬁ : ’ B19376. ¢ - el H SHEET 3 OF 17/ ]
' SOIL BORING LOG

| . erovect __ UTTK Landlrill  No.5 LocaTion __LaKes de 5 At= b
ELEVATION DRILLING CONTRACTOR #I'HJ/C_S"LOH X d Soa " Lec.
DRILLING METHOD AND EQUIPMENT Ay Rotecry T8 -inch helc /[ Speed Star

wnsm.sveu.moonsggs“q'b‘““’-‘/ ’]“/99/ start Jf21 /B8 FlNlSH/ /[ié(&é LOGGER L. Mikel/

STANDARD

SAMPLE PENETRATION] $OIL DESCRIPTION COMMENTS
TEST
3 wil =2 |0 = RESULTS NAME, GRADATION OR PLASTICITY, o DEPTH OF CASING.
El 229 S 125 Y | 650 PARTICLE SIZE DISTRIBUTION, COLOR, 3 DRILLING RATE,
é gos| & |w¥ | 8 6°-67-6 MOISTURE CONTENT, RELATIVE DENSITY & DRILLING FLUID LOSS.
wi &as = e s S Ny OR CONSISTENCY, SOiL STRUCTURE, Z g TESTS AND
@losa| £ |FZ | « TIME MINERALOGY. USCS GROUP SYMBOL &3 INSTRUMENTATION ..
K 1350 , A Drilhing st
UST- .
- &"d andd gravel, poor ly Sortrd ] Dl ’:‘ﬂﬂ{ 1, j i
- somds ard Hfrne waJ¢ 'g :
' ‘ned v T Hhe=0. .
- Rl |
05 Hnoh . diometes |
260 1£
1412
q — -
g D drilling (em bt
Sand_and_armve] as abpve bud 7 z7 5.#:7 n
4 rorels cddrcrif‘ laF wte o i
‘Zq# 4 <.
‘ 1428 colo imestOn ]

4 | 1434 _Sand and qru&[ as above H‘M—‘O Rod=0
no whrteN limesTone

200 1451 248 +o 302 soft

i 456 | and vel, oarse 1o | A L

i e sand with sitt, 12'7/2* . i

brown | St /;{M qre £, &

- . | olored. bimvel less Than - .

i 0.5-mech J:m-vﬁﬂ; muhry i J
220 ' /528 black anol lren

/523 lontrins sotne’ white Is mnd ] A—,U,.,O,s‘(%) B

- ?«mish tinted cemented - - Red =D .

. Mudstone. - -

340_ | _I55D | —

1555
il Sand and grave] «s aboue T
. . . . v

360 /612 i _

REV 11/82 FORM D1586




l CH2M -
saHILL

{ PROJECT NUMBER ~ BORING NUMBER

Bi9376.co well H SHEET 4‘ OF L}
SOIL BORING LOG

PROJECT

UTTR __ Landlill No.5 ooamon _Lakes de , Utah

ELEVATION

DRILLING METHOD AND EQUIPMENT '4"1' !Qo‘ll'a( Y 7 7/8 ’l.nGLl h91€—// Spccd Srf?ar-
WATER LEVEL AND DATE S88 1 1o steel ’/“/99/ start /20 /B8  fiuisn /Zié /88 oacer & Mikel/

DRILLING CONTRACTOR Hiddle ston  and " Sou, Ttrc.

4

STANDARD

SAMPLE ENETRATIO $OIL DESCRIPTION COMMENTS
TEST
-3 wl = 1o z RESULTS NAME. GRADATION OR PLASTICITY, [} DEPTH OF CASING.
£ $Q < zZg | w e PARTICLE SIZE DISTRIBUTION, COLOR, a DRILLING RATE,
<] 3= & we 3 6°-6"-6 MOISTURE CONTENT, RELATIVE DENSITY a8 DRILLING FLUID LOSS.
G| ga¢e u a2 ) Ny OR CONSISTENCY, SOIL STRUCTURE. £3 TESTS AND
o co® Zz -z 4 MINERALOGY, USCS GROUP SYMBOL P} INSTRUMENTATION
[/] s
3% 1616 Send _and 9,5551 /”"d7 dn/l:v hard,
- - -4
Sorttd sanmds Wtf’l
i} jnw/; . . ]
380 1628

1fz4/88| 1120 Sand cemented cand _wth |

zavels, Line +h medium
W Somd [ight bream] ’
el cemented {Smﬁ,;, with ’- R
Small (5'4.-,'»\04)j~w6/ 4 i

Samd_and remented <cond | i’_)’_ “’C’nowa'fcr'_
Sand is fine fo_coarse with VIJ7' ot dnlli
wr@vdé or .c:’H'I C:Zj\«-fur y ]
5(4,:'4 Sptine o ne ’ /')Z/Ubbs (0:5 7
J ] - i Rad = ) .

[ 34

1149
4 Dl o frd
sz | ] s B IS amdl,
420 &, .

-

vy
Gravel and sand cand 7] hard drilling riq -
[Z0% is Of/7 !9r‘f¢d) A))n.c— S “WTw ' J —
(rarse J{wnaf/ 5r»wds art ] , i
mainly YlimestoneV less Fronm
V-iheh  drameter, ’

TD-450 4+ ] |

- -t

REV 11/82 FORM D1586
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C]—le : [FrosecTWUMBER BORING NUMBER ' —
saHILL 817377 (O =z " SHEEY _1_ OF 8
SOIL BORING LOG

'. PROJECT HIL-L AFB __UTTI< LANDEILL A/Q S LOCATION S COJ?NE)Z o LANDEILL

ELEVATION DRILLING CONTRACTOR Hied Ia‘}‘m Taic. Wi, Home Tdaso
DRILLING METHOD AND EQUIPMENT AIR._TRoTrARrRY
WATER LEVEL AND DATE START _ZZLZ&B_ FINISH Loagen (1 FEAS o
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i Poofly .s'odza’ wrﬁn hjn\
St éfomc . ]
360 = 1042 mw,, 358 - hard spet -
i 10 46 /ch' zinchef dw J
aneviar Lw/' w:f"'l roardled T
n 5/ ¢5‘ cean“?L mm/ )-v‘ -1 >
- //m "
i bd' a/;o LA%’Z\JM,‘!. 1
- 111D
350= /{15
400 - [140




ELEVATION

4 (HoM ' - - [PROJECT NUMBER BORING NUMBER B - =
SHILL Bl4376.co well T  swest & or 5
SOIL BORING LOG
PROJECT M;TTR L"“JA/I A/o' 5 I LA/(&S'IA, u"“-‘»

DRILLING CONTRACTOR ﬁ"jj/ﬁ o _and Son, Tnc.

ORILLING METHOD AND EQUIPMENT EY D“’(

Sta- — Air Rtary

7 Zﬁ ek hole

WATER LEVEL AND oare290-8” b #,P steel

staar _(2/2/87 fwasn L2//16/8

ocen L MiEel]

SAMPLE o eTRATIO SO DESCRIPTION COMMENTS
TEST
: IR R ur—u e TRIBUTION, COLOR. ] DRILLIG RATE,
< E°= g | w2 3 6676 MOISTURE CONTENT, RELATIVE DENSITY e DRILLING FLUID LOSS
HEHHEEIER on corsTENCY ol STRUCTURE. |28 | nemmenaTion
“19%° Gravel and égnﬁ with_silt. - Drilling hard
T Limestiae  gravels less Thon R No  usty ur-'.j 1
' Linch disbcker; vy wogelary | ST -
- : 1 [y Dk vl -
] . »-9, »
- - - il v pre s
470 Sand with qravti.ﬁd Sand is &%%%{- B
fint to meke ac% Single =0.
7 (’;fntd, me n’/oralf rown s 5(6\7> “
- amd ony few Jf‘wds, - .
i Some Vs /1L, /:'7"{ brown ] i
4367 = -
pyad A LTay with zandd, greve Drilbng 2ot
| 5#"'(7’ Z . With ] v ]
| Eine' h Zu:a Sand  and
gt B ‘
455 : 455' drlling tierm md:
440 Goavedl and sevd. A‘(r,{.‘j -]

- D=3 - -

REV 11/82 FORM D1586




PROJECT NUMBER BORING NUMBER
132115.WL UTTR Landfill 5 Monitoring Well J-1 SHEET 1 OF 5
PROJECT : - UTTR Landfill 5 Monitor Well J Replacement DRILLING CONTRACTOR : Foundex Pacific
ELEVATION (ft): 4605.45 NORTHING: 289,070.40 EASTING: 1,612,033.40
DRILLING METHOD AND EQUIPMENT USED : Air/Mud Rotary
WATER LEVELS (dateftime):  385.3 feet bgs 10/4/96 START DATE: 9/18/96 = END DATE: 9/26/96 LOGGER: B.JenservM.Cox
DEPTH BELOW SURFACE (FT) SOIL DESCRIPTION COMMENTS
RUN TIME
SAMPLE SOIL NAME, USCS GROUP SYMBOL. COLOR, DRILLING RATE,
TYPE MOISTURE CONTENT, RELATIVE DENSITY. TESTS. AND
OR CONSISTENCY, SOIL STRUCTURE, INSTRUMENTATION.
MINERALOGY.
Silt, (ML), light brown, 7.5YR (6/4), slightly moist, fim Start Using Triple-
s0 Tube Reverse Air
- SO
20 --at 17 feet, 3-foot thick gravelly Sandy Silt layer, cobbles to 3.5 feet
- "~ [Sandy Silt, (ML), ight brown 7.5YR (6/4), dry, firm, fine-grained
- SO .
--at 26 feet, trace gravel
_ SO
Soil too dense for
40 __ Silty Sandy Gravel, (GM), light brown 7.5YR (6/4), dry, very dense downhole sampling
Difficult drilling
- SO -- at 44 feet, cemented, very dense
To 45’ 9/18/96
Conductor Casing set
30 to 50 feet
Switch to Air'Mud
60 Rotary Method
- SO --at 60 feet, numerous gravels
- SO
= I I
Sandy Gravel, (GP), brown 7.5YR (4/4), moist, very dense, numerous boulders
_ SO
- SO
100 __ To 100' 9/19/96

SLC\132115veports\jtBLog




PROJECT NUMBER

132115.WL

BORING NUMBER
UTTR Landfill 5 Monitoring Well J-1

SHEET 2 OF 5

BORING LOG

DEPTH BELOW SURFACE (FT) SOIL DESCRIPTION COMMENTS
RUN TIME
SAMPLE SOIL NAME, USCS GROUP SYMBOL. COLOR, - DRILLING RATE,
TYPE MOISTURE CONTENT, RELATIVE DENSITY, TESTS, AND
OR CONSISTENCY, SOIL STRUCTURE, INSTRUMENTATION.
MINERALOGY.
Sandy Gravel (cont.)
SO
--Becoming cemented, abundant limestone boulders Difficult drilling
Soil too dense for
S0 downhole sampling
120
SO
SO
140
1412
SO
1420
1430
SO
160 1442
1458
SO
1520
1458
SO
180 1625
1640
SO
To 190" 9/20/96
1720
915
SO
200 924

SLC\132115\reponts\StBlog




PROJECT NUMBER BORING NUMBER
132115.WL UTTR Landfill 5 Monitoring Well J-1 SHEET 3 OF 5
DEPTH BELOW SURFACE (FT) SOIL DESCRIPTION COMMENTS
RUN TIME
SAMPLE SOIL NAME, USCS GROUP SYMBOL, COLOR, DRILLING RATE,
TYPE MOISTURE CONTENT, RELATIVE DENSITY, TESTS, AND
OR CONSISTENCY, SOIL STRUCTURE, INSTRUMENTATION.
MINERALOGY. T
0942 Sandy Gravel (cont.)
- SO.
1045
1101
_ SO —-210 to 220 feet, less gravels
220 __} 1110
1125
- so
' Difficult drilling
_| 1138
1316
- SO
240 __} 1359
1423
- SO
.| 1450
1500
- SO
260 __| 1605
1635
_ SO
To 270" 9/21/96
_I 1716
1037 --at 270 feet, 5-foot-thick Silty Sand layer
- SO
280 __| 1121
1145 --Abundant boulders
Very hard drilling
- SO
_| 1210 -- at 285 feet, 2-foot thick Sand layer
1312
- SO
300 ] 1418

SLC\132115vweports\J18Log




PROJECT NUMBER BORING NUMBER
132115.WL UTTR Landfill 5 Monitoring Well J-1 SHEET 4 OF 5
DEPTH BELOW SURFACE (FT) SOIL DESCRIPTION COMMENTS
RUN TIME . .
SAMPLE SOIL NAME, USCS GROUP SYMBOL., COLOR, DRILLING RATE,
TYPE MOISTURE CONTENT, RELATIVE DENSITY, TESTS. AND
OR CONSISTENCY, SOIL STRUCTURE, INSTRUMENTATION.
MINERALOGY. o
1524 Sandy Gravel (cont.)
- SO.
_| 1555
1644
Dinner from 1715-1800
_ SO
" --at 314 to 319 feet, Sand layer
320 __| 1837
- so
Difficult drilling
_ SO
To 340" 9/22/96
340 __
Start at 340°' on
~ SO 9/25/96
- SO
360 __
- SO
- SO
380 __
- SO
902
- SO
400 | 918

SLC\132115\reponts\J1BLog




PROJECT NUMBER BORING NUMBER
132115.WL UTTR Landfill 5 Monitoring Well J-1 SHEET 5 OF 5
DEPTH BELOW SURFACE (FT) SOIL DESCRIPTION COMMENTS
RUN TIME
SAMPLE SOIL NAME, USCS GROUP SYMBOL, COLOR, DRILLING RATE.
TYPE MOISTURE CONTENT, RELATIVE DENSITY, TESTS, AND
OR CONSISTENCY, SOIL STRUCTURE, INSTRUMENTATION.
MINERALOGY. v
0940 Sandy Gravel (cont.) Soil Sample
_ SO.
Difficult drilling
0955 Soil Sample
1009 , Soil too dense for
_ SO —-410 to 420 feet, scattered gravels downhole sampling
420 ) 1028 | b,
1039 Sand, (SP), brown 7.5YR (4/4), wet, very dense, coarse-grained, partially cemented
_ SO
_{ 1100
1134
- SO
440 __| 1208 --at 435 feet, Silty Sand layer, 4 feet thick
- Boring to 442 feet
Monitoring Well Installed
460 __
480 __
500 ___

SLC\132115\reports\J1BLlog




BORING NUMBER
J-1

PROJECT NUMBER

132115.WL

SHEET 1 OF 1

WELL COMPLETION DIAGRAM

LOCATION : UTTR Landfill 5

PROJECT: Monitoring Well J Replacement

ELEVATION : Top of Casing 4605.45

DRILLING CONTRACTOR :

Foundex Pacific

DRILLING METHOD AND EQUIPMENT USED : Air/Mud Rotary

WATER LEVELS : 385.3 below top of casing on 10/4/96

START : 9/27/96 END : 9/29/96

LOGGER : M.Cox

33—
2a

L — 2

3a—

3b

1- Ground elevation at well

4603.0

2- Top of casing elevation

4605.45

3- Wellhead protection cover type

Above Ground, 8-inch steel with posts

a) weep hole?

No

b} concrete pad dimensions

4- Diameter/type of well casing

4 Feet By 4 Feet

4-inch, Schedule 40 PVC

5- Typef/slot size of screen

Machine-Cut, 4-inch, Schedule 40 PVC

6- Type screen filter
a) Quantity used

.010 Slot, 420 to 440 ft bgs

442-414 feet, 10/20 Silica, 10 bags

7- Type of seal
a) Quantity used

414-403 feet, 16/40 Silica, 4 bags

Bentonite Grout

8- Grout
a) Grout mix used

Agua-Guard, no cement

b) Method of piacement

Tremie

c) Quantity of well casing grout

Pump
a) Pump type

Bentonite Grout 403-200 feet

Bentonite Chips 200-0 feet

Grundfos 5515-27, 230 volt

b) intake Depth

425 feet bgs

Discharge Pipe

3/4-inch type 304 stainless steel

Water Level Probe Pipe

3/4-inch, flush-threaded, Scheduie 80,

PVC pipe

Figure 1 - Construction Details for
Monitoring Well J-1

NOTE: All depths in feet below ground surface

P:}132115\Reports\COMPJ1.XLS
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WELL DEVELOPMENT LOG

| Site: LanvdrFrie 5
WMo itemine tee, L LepthremenT ;
va) Tade | |

Installation: /A=R  yrre
Project No.: /272115 L. | ClienVProject:

Contractor: 2 D i () wic Dev. Contractor: ‘¢ D,;u.ulq + 'M./Juc, ST
Dev.. Stant: /0/2/4é (04 :32__m) | Dev. End:w/éf/% ( /5 25 m)| Casing Dia.: 47 f
Developed By: M. Avgugry,D - WellNo.: 7 —/ Dev. Rig ¢7Y N) [

Dev. Method _SA74 1~ Ao Sz o  SronTED dirms A (0 v 32" 5% BreE) T
%M:NWC_{) ERie ey, uva

Bunge Mewe . Eoqce e, 4o Ttew Rerbriveey
/‘(/AOI. Loz Tig. /§ump AdD Disma InToy SN DL LTl TN ) 7. !
Equipment 'y 3" Ss B«Mz,w/. Crumellsls £5)E-27, 2200 Declic fred
Boond .
ﬁ‘re-De\;. sSwWL_3R& 2 Maximum drawdown during pumping L ftat €2 gpm
Range and Average discharge rate __ 2 — £ Ghm & gpm cprm
Total quantity of material bailed 2420 oy WINE
Total quantity of water discharged by pumping _<H o G A Lo~S
Disposition of discharge water_Auampn 7o L/ a, ) b GLavBd  Z phhee AS  per
s 7 7 7 7
,_MC/;/)L, U\){)-"L‘L 1l
Volume Water
Removed Level Clarity/ | Temp.
Time (gal) ftl. BTOC { Turbidity | Color °C pH | Conductivity Remarks
0/2V% ¢
o950 _ Segae Sobyg
220 Cowp leTed Suvac, ~7
1057 2.0 12863 | —  |crovde = - ST TED 1hreimg
/32| S5 — CLovel &y - DenCropdrie rsF mATs
ComTrimesds Fec,lm Cpte T
WITH T7hAde < Anb ’
1200 | ro0 J— _ Crndly | — — —_ WATErL Crehzing
/1235 rso - -— Crovbis -— —_ —_— ATy F,Lﬁmzlua i
/322 | 200 — = |eteveny [ — =TT WATER. CLodnsnt§, 2ag, 1ms |
Cm,ﬂ."f&abl wWiee SE i
P ent 10/uf JS0 pert |
LS T I L Ve, preT
s 6% %53 OO S pr f2g
2 PomO fay, of $gpm
M99 | 35 (3872 | —  |losey |24 |oeg Boo ~
/4417 70 38%.0 — eyl el 7eo
e S 7 Wl B T T O _|Geemring
438 | /75 389 .0 = [Cremaas] b3 L84 Loo T
/S| 260 [3850 T [Cem k2 681 ploo
so5" | 3o 389.© — |Ceems) 1.0 85| 4o .
B2 410|325 0 | — lawm| Ko o8| oo Comiplerr, Loveroppent
Bc'f,u 54.,.,,,01.,,.)5 A
/524




PROJECT No. 2208.0241

(( HORIZONTAL COORDINATES: 294,261.648 N . GROUND SURFACE ELEVATION: 4855.20° w\
1,617,60748 E. WATER LEVEL REFERENCE POINT ELEVATION: 4857.20° 6
. = E
EE GEOPHYSIC:‘OIAL LOGS % o Mo%%ING EE
ww |o GAMMA RAY ° RESISTANCE 0 & =
= | APIUNITS “TH E S LITHOLOGIC LOG COID‘E%E"BON o
sP (MV) HMS °
Sl 10 fat— + O
0 . [ yellowish brown siity fine sand wat ~ 4 4855
SM kil some medium to coarse sand, fine gravel and . ~ ) :
£ 111 occasional cobbles, partially cemented, dry. A ~
LS 1] Pale yellowish brown (10YR6/2), silty fine sand and  [*., o]
GM k]| fine to coarse gravel with occasional cobbles, partially |+ ~
T ted. Granular ports vosed of e & A
25 grains of dark gray limestone. " <1 4830
GR oh o 4
o Y FA 0‘
11/2° PVC sounding wbe——F %
50 17 1* S.S. pump column : ..: - 4805
rc.sw.ueutng——j x
EEFE Cement-bentonite grout n: a:
75+ L » «1 4780
FL 11| Grades ciayey 73-63 feet. - y
& -]
o} ¥ 3 -~
1004 ! . «}- a7ss
o hh h:
125+ : & ~} 4730
& -]
FLUID LEVEL i) N o]
AT 148 FEET ) X o]
150 SR it - - - ~ *4 4705
GM | Pale yellowish brown (10YR6/2), sitty fine and coarsep ~ )
gravel with some fine sand and occasional cobbles, | ~
o4 } p i _Io' ol d NA “‘
grains of dark gray limestone. R Py
175+ ' ~} 4880
Grayish orange (10YR7/4), fine gravei with some n: .:
..... gravel and medium to sand with S ~
GP trace of silt, d. Granular porti wosed |, ]
: of well rounded grains of dark gray fimestone with | * A
P, some light gray volcanics. L~ o]
200 N4 Faio yollowish brown (10VRG/Z), silty and dlayey fine " X hiss
sy’ [§ 1o coarse and with some fine gravel, cemented, moist.f, * N
T % Granular portion as above. R ~
e SPI { Pale yellowish brown (10YR6/2), fine gravely fine to | * :‘
2 s [i] medium sand with some silt and occasional coarse | ~ N
225+ 2 2] gravel ted, moist. Granular portion as above. | ~ 4 4830
% »: .:
250 '~ 4 4605
o3 hb AI
5 :.. :.
& -]
275 g ~4 ass0
A -]
hA “4
A\ ;i [~ 2 )
~ ™)
£ ' ﬁm?
I /
04 ames M. Monigomery N ] Vo MONITORING WELL
. Consuiting Engineers Inc. vy e A e JMM-TTU-1
L% FIGURE 2-1
k PAGE 1OF 3 JJ




PROJECT .NO. 2208.0241

(( HORIZONTAL COORDINATES: 294,261.648 N GROUND SURFACE ELEVATION: 4855.20' ﬂ
b4
1,617,607.48 E. N
=o
EE GEOPHYSICAL LOGS % 8 Mo’#’.lé?-E'NG %E l
wi e GAMMA RAY asol o RESISTANCE 100 @ w
se|y APIUNITS { <9 LITHOLOGIC LOG COMPLETION| &
sp 10 (MV) OHMS (<] DETAIL |
300 s Pl s e 4550
] Pale yellowish brown (10YR6/2), fine gravely fine to |~ K
- medium sand with some silt and occasional coarse S E
gravels, d, moist. Granular portion as above. ['.. :4
GR Pale yellowish brown (10YR8/2), silty fine sand and  |.* x
fine and coarse gravel with occasional cobbles, L~ N
ted, moist. Gi lar portion as above. N 4
325 . a1 4530
hh “‘
hﬁ “
SP ..: 1
350- - ~1 4505
:& :J
h‘ h‘
& -]
375 . “+ 4480
Dark yeliowish brown (10YR4/2), fine to coarse sand| - -]
and fine gravel with trace silt, cemented, moist. b -
Granular portion composed of well rounded grains of ™ ~
dark gray limestone and light gray volcanics. L~ N
400- ; "o :, - 4455
J Tufl, dark yellowish orange (10YR&6), rhyolitic, - x
moderately weathered, soft, moist. Mineral grains of ['» f
angular quartz, bictite, othoclase and plagioclass in " ~ 4
an afinitic groundmass. " 4
o -~
- " -
425"' :A :4 I~ 4430
450- :A :4— 4405
1 1/2° PVC sounding tube : :
1" 8.8, pump column : *:
475 6" G.S. Well casing s R
Cement-bentonite grout—— * N
1 h“ A‘
[+ "
500 [ ~4 4355
hh A‘
hﬁ ﬂ‘
& -]
[~ X
525+ [ ~ T 4330
h‘ ﬁ‘
hﬁ “
550 [~ 1 4305
& -]
hﬁ n‘
hﬁ “4
575- 5.5 ot oua [~ “F 4280
& -]
[ X
h I Severely weathered (clayey) 580-610 feet. ..:' N Yy
4 Y
J04.James M. Monigomery MONITORING WELL
Consulting Engineers inc. JMM-TTU-1
@ FIGURE 2-1
PAGE 20F 3
\: 7,




PROJECT NO, _2208.0241

(( HORIZONTAL COORDINATES: 294,261.648 N GROUND SURFACE ELEVATION: 4855.20" “
1,617,607.048 E. %
. O
aE.E GEOPHYSICAL LOGS MONITORING Sﬁ
B SNme %y PESSTANCE LITHOLOGIC LOG P b
SP (MV) DETAIL
600 s Ve i . — =1~ 4255
Tuff, dark yellowish orange (10YRE/6), rhyolitic, [~ x -
slightly weathered, soft, moist. Mineral grains to » 4
angular quariz, bictite, othoclase and plagioclasein " ~
an afinitic groundmass. " ~4
GR , ~ ~ 4
6" S.S. Well - L
625- se ? b= o} a0
Water lovel at 651.65’ on 3-20-90 :“ :‘
Pai \: 4
A ~ F
650 AL Severely weathered (clayey) 644-664 feet. X -1 4205
N Ca ~4
L a ~4
N a ~4
e 10-20 Shica sand - ¥
675- A 4180
'.r:"':'.-: 6" 8.S. weil screen with
e e 0.02" slots at 680-690"
"r"’""r‘ 2.0 HP. S.S. submersibie
*'c"'c’.'i
s
- Ty Ts O 4155
700 1.0. 706" [
725 1 - 4130
7504 - 4105
7754 ~ 4080
800 - 4055
825+ ~ 4030
850 ~ 4005 |
875 - 3980
N _/
= |
é ™)
JWM_James M. Montgomery MONITORING WELL
. Consuiting Engineers Inc. JMM-TTU-1
% FIGURE 2-1
PAGE3OF 3
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PROJECT NO. _2208.0241

? HORIZONTAL COORDINATES: 293,378.292 N GROUND SURFACE ELEVATION: 4717.07 ﬂ
1,615,235.852 E. WATER LEVEL REFERENCE POINT ELEVATION: 4719.07 5
%: e GEOPHYSICAL LOGS Q ) ’ MONITOR;NG ';' E
w I i [
mw e GAMMA RAY 00l 30 RESISTANCE w] =2 WELL u<=
ok ]y APIUNITS 111 il =S LITHOLOGIC LOG cogE%EITL'ON w
sP (MV) o
0 ] 10 e 4 OHMS 17
ML Moderate ysliowish brown (10YR5/4), fine sandy sit | + X I
with some clay and occasional fine gravel, dry. [ ~ X
FLUID LEVEL X -]
AT 18 FEET o~ -
4 2 Sau T[] Moderate yellowish brown (10YRS/4), sity fine to < 1
25-sp Hem k coarse sand and fine gravel, moist. Granular portion { ~ N 4692
'EErYH composed of rounded grains of dark gray limestone. | x
Hi 3 5
"~ -~
R £, 1 1/2" PVC sounding tube : .:
50+ 5t 1" S.S. pump column : - :.' 4667
| 6" G.S. Well casing ——————p] N
g3k Cement-bentonite grout——a=1{".. ~
- o]
754 bEE N o1 4642
¥ " ~4
g " ]
100- o -1 4617
M. Moderate yellowish brown (10YR5/4), dayey fine to |~ x
-TSC P coarse sand with some sikt and occasional fine gravel,| ~ ~
v wod moist. Granular portion as above. ~ X
125+ i1 Pale yeliowish orange (10YR6/2), fine to medium |~ ~} 4502
] SM | sand with some fine gravel and sik, moist. Granular .+ ]
o] porti posed of well ded grains of dark gray |~ ~
limestone with some brown quartzite. L~ x
% . ]
150 & 1 4567
. & %
1754 : o “p 4542
hh “4
. Pale yellowish orange (10YR1/2), fine to medium *: *: n
200 'SW 1| [ sand and fine gravel with some silt and occasional J »~ 4517
-Hom gravel, ned, moist, Granular portion as b ]
I- 9cH e, n: 4\:
; :" ": ":
225+ % [ 1 4402
[~ X
b ~ 4
- ho “4
250 {iEhd [~ X
I nh .4
EAZK ¥ h“ h‘
My h‘ “J
Wit g ~ L
SC || Moderate yellowish brown (10YR5/4), clayey fineto ' *
2754 g ] coarse sand with some sik and occasional fineand  ["a 4~ 4442
| A +.] coarse gravel, moist. Granular portion as above. P n -~
Sit I Pale yellowish brown (10YR6/2), fine to medium [+ X
GM [} sand and fine gravel, moist. Granular portion as L~ 4
1} above. » "4
Ao PRI p" 1
r N
JWM James M. Montgomery . e B
Consulting Engineers Inc. % P i i N MON'TOMR|NG WELL
U U | JMM-TTU-2
FIGURE 2-2
kL PAGE 1 OF 2 J




Y-
W\

HORIZONTAL COORDINATES:293,378.292 N GROUND SURFACE ELEVATION: 4717.07 \\
1,615,235.852 E. 3 -
=4
EE GEOPHYSICAL LOGS MONITOEING E r
wwloe GAMMA RAY 300{ 30 RESISTANCE WEL —-
gL || APIUNITS 7l LITHOLOGIC LOG COMPLETION | &
D
B VSR e M) OHMS ETAIL aat7
k 300 Pale yeliowish brown (10YR6/2), fine to medium Rt N
sand and fine gravel, moist. Granular portion as [ » N
. 13 ‘. ! : h.\ ihd
SP i " ]
) J GR 13 1 1/2" PVC sounding tube. - :“:
, 325 = +]- 4392
. ; 0 1" S.8 pump = o]
1 6" G.S. Well casing - %
ig Cement-bentoniie grout ——, * “.:
] 350- ihe - [~} 4067
'!E & -
S » -
; 375+ It [~ ] 44
4004 o g 4317
- ™ Moderato yellowish brown (10Y R5/4), ciayey fine 1o |, X
coarse sand with some silt and fine gravel, moist. L~ &
N Granular portion as above. - x
] Grayish orange (10YR7/4), fine to coarse sand with |, ~ &
] some silt and occasional fine gravel, cemented, L~ R
. 4254 2 moist. Granular porti posed of dark gray ~ L~ 4292
555 limestone and brown quartzite, Carbonate.cement " "4
::' 224 rind on some clasts. " |~ 4
ke g L~ 4
R | b 4
_ 3 Aa L“a
450+ o [« "1~ 4267
- A ~ N
5] Grayish orange (10YR7/4), tine graveliy clay/clayey | (]
cL ] fine gravel with some fine sand. a: :a:
} 475 / [ -~} 4242
TSP/ 1] Grayish orange {10YR7/4), fine to coarse sand with {*a o
31 sM [} some silt and occasional fine gravel, cemented, " ¥
sheste %] moist. Granular portion as above. " -1+,
] 500- &%% Waler level at 504.05' on s-zo-so\_; :h: | i217
h ML/| [I Moderate yellowish brown (10YR5/4) to pale . |~
CL yellowish brown (10YR6/2) interbedded silty clay ™. -
and clayey siit with occasional gravelly layers, A [~
3 d, moist. Possibl thered ash falls, X Q
525+ SC7 k] Moderate yellowish brown (10YRS5/a), sitty and = [ 4192
™ SM k] clayey to coarse sand with some fine gravel o -
T 3] cemented, saturated. Granular portion composed of | N
3 N 1 brown sandstone with some dark gray limestone. Ry F o]
- L b 4
2 3 :. .:4
550- 30 . b1 4167
- 3 b‘. A‘
3 N Fine sand seal
e 10-20 Silica sand
- 575 e 6" S.5. weil screen with 4142
R 0.02" siots at 574-584'
LR 20 HP. S.5. submersible
D
- NNCRY Moderate yallowish brown (10YRS/A), clayey fine o
a 600 N SC/} coarse sand and fine gravel, cemented, saturated. a7
g \_ T.D. 608" |& .1 Granular portion as above.
S
N
| 1Y JWM James M. Montgomery ’ \
g Consulting Engineers Inc. MONITORING WELL
w
-
- g PAGE 2 OF 2 FIGURE 2-2
\: Y,




APPENDIX C

Vadose Zone Travel Time Calculation




Attachment 1
TIME OF TRAVEL (TOT) IN THE VADCSE ZONE

An analytical solution was used to calculate travel time for
soil moisture movement through the unsaturated zone at Land-
fill No. 5. The solution used is presented in the U.S.EPA
guidance document entitled "Criteria for Identifying Areas
of Vulnerable Hydrogeology Under the Resource Conservation
and Recovery Act, Appendix C--Technical Methods for Cal-

culating Time of Travel in the Unsaturated Zone."

The basis for choosing this method is that it provides a
relatively simple and cost effective analytical solution for
flow through the vadose zone. The solution assumes that
soils are homogeneous in composition and that soil water
movement is predominantly controlled by gravity such that
the hydraulic gradent = 1. Neither of these assumptions is
perfectly vaiid at the site; however, solutions that account
for heterogeneous soils and water flow under capillary forces
lead to longer estimates of travel time. Thus, the soluticn
that is presented gives a conservative estimate (faster
travel time) for the time required for soil moisture (con-

taminants) to reach the uppermost aquifer.

Computer models were not used to calculate TOT because 1)
detailed soils information for the entire 400 foot thick
vadose zone was not available for input to the model, and 2)
the time and cost of calibrating and simulating the problém
could not be justified based on limited amount of soils

information available.

Soil samples were obtained from the shallow vadose zone
(approximately 500 feet deep) in December 1987. The samples
were analyzed for their saturated and unsaturated hydraulic




properties. Three soil samples were chosen to represent the
type of soil encountered during drilling from the base of
the landfill to the top of the aquifer. Geologic materials
over the 400+ foot vadose zone can vary greatly in composi-
tion, but generally consist of interbeds of gravel and sand
containing variable amounts of silt. The three representa-
tive soil samples used in TOT calculations all contain mix-

tures of gravel, sand, and silt.

All soil samples obtained from the shallow vadose zone borings
at the site were from the upper unconsolidated portion at
depths less than 50 feet. Based on geologic logs from dril-
ling, portions of the lower vadose zone are partially con~
solidated (cemented) and therefcre permeabilities may decrease
somewhat with depth. : Soil samples have not been obtained

from the lower portion of the vadose zone. However, soils
with lower permeabilities would lead to estimates of longer

travel times.

The length of travel used in the TOT calculation is 400 feet.
Travel length is based on the average depth to the top of-

the aquifer in the vicinity of the landfill of 420 feet,

minus the 20 foot depth to the excavated bottom of the land-
£ill cells. The depth to the aquifer is about 30 feet greater
than the depth to water due to the confined nature of the
aquifer. The low permeability of the confining unit was not

considered in calculating TOT.

Additional assumptions used by this solution are that a con-
stant water recharge rate of 1 inch per year is being sup-
plied to the system. and that contaminants move at the same
rate as soil moisture (water) through the system. The
steady recharge rate of 1 inch per year was estimated -using

the HELP model (see Appendix M, Landfill No. 5 Closure/Post-

Closure Plan). Results from the HELP model indicated that




between 2 and 10 percent of the annual precipitation is able
-to infiltrate beneath the evaporative soil zone at the site.
Annual precipitation at the site is estimated to be 10 inches,
therefore, a long term steady recharge rate of 1 inch/year
was assumed .as a worst case. The assunmption of contaminants
moving at the same rate as soil moisture is conservative
since most contaminants are generally retarded (slowed)
relative to water movement. Contaminant movement is gen-
erally retarded by absorption onto soil particles and by

biodegradation.

Calculation sheets are attached showing the method used to
determine the TOT. Table 1 summarizes input data and pre-
dicted travel times. Results of the analyses for the 3 soil
samples indicate TOT estimates of 1,288, 1,298, and 1,422 years.
The three estimates are in very good agreement and indicate

the TOT at the site, under the assumptions used, is on the
order of 1,000 years. In conclusion, the landfill is located
in a arid area where minimal contaminant migration is expected

to occur.

~8LC120/170




Sample
Designation

B1-#7
B1-#8

B4-#1

SLC11%/d.503

Ksat

(cm/sec)

9.3x107°

1.6x107%4

3.7x107°

Table 1
SUMMARY OF PHYSICAL PROPERTIES OF SOILS
CONTAINING SAND AND GRAVEL AND
PREDICTED TRAVEL TIMES
UTTR LANDFILL NO. 5

Predicted
Travel
Time (years)

Saturated
Moisture Content ’ . M
(vol. /vol.) b - m=1/2b+3
0.456 4.7  0.0806
0.419 5.3 0.0735
0.406 7.1 0.0581

1,298
1,288

1,422
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APPENDIX D

Sampling Procedure Manual




SAMPLING PROCEDURES

HAFB will employ sampling procedures designed to collect the most representative
sample possible from the uppermost aquifer under the site. Proper sampling procedures include
the following elements:

0 Sample collection

o Sample preservation and handling
0 Chain-of-custody control

0 Analytical procedures

o Field and laboratory QA/QC

Prior to purging or sampling the well, the elevation of the groundwater will be
determined. The well cap will be unlocked and removed. An electric tape water-level measuring
device will be used to determine the depth to groundwater. Dedicated water level probes will be
used whenever possible. If any change in probes occurs, it will be noted in the sample log book.
Prior to lowering the probe down the well, the end of the probe that will contact the water will be
rinsed with distilled water. Each well will be equipped with an access port on top of the casing
cap. The probe will be lowered through this access port and down a 3/4-inch PVC pipe that
extends down to groundwater. This pipe is designed to prevent the probe from becoming tangled
in the dedicated pumping equipment in the wells. Once the depth to groundwater is determined,
the probe will be removed from the well and the end of the probe will again be rinsed with
distilled water. Groundwater elevations will be measured to the nearest
0.1 foot.

The well elevation relative to mean sea level has been related to a fixed reference point
on the well casing. When the water table map is reevaluated annually, the measured water levels
will be converted to elevations and used in this determination.

The detection monitoring wells will be equipped with dedicated pumps for purging.
Pumps installed will be Grundfos all-stainless-steel submersible pumps, or equivalent. The
pumps will be set in the center of the well screen in each well. Three well volumes will be
evacuated to purge the well prior to obtaining water samples. The volume of the well will be
estimated from the highest water-level measurement on record for that well. The amount of time
necessary to purge three well volumes will be dependent on the maximum well Volume and the
sustainable yield for each well.




Purge water will be stored in 55-gallon drums or other suitable containers. The results
from the sample analysis will be used to determine the appropriate method for disposal of the
purge water.

After well purging, the sample containers used for volatile constituents will be filled first.
These samples will be collected so as to prevent loss of the constituent during the sample
collection process. The pumping rate will be throttled back so a slow, steady, non-aerated stream
of water is available for filling sample containers.

Samples are to be collected semi annually. New wells will be sampled quarterly for the
first year after they are completed. During the first year of quarterly sampling, it will be necessary
to collect replicate water samples at each well to establish background water quality data. The
replicate sample will be collected directly from the pump discharge by filling each bottle
one-fourth of the way full, rotating between bottles until all are filled.

Three parameters, temperature, pH, and specific conductivity will be measured in the
field on the initial pump discharge and each one-half casing volume thereafter. Water for these
determinations will be collected in pre-rinsed one-liter bottles. An aliquot of this water will be
used for each determination. Discarded aliquots will be stored and disposed of in the same
manner as purge water

Normal laboratory procedures will be followed in measuring these parameters. All
meters will be allowed to warm up before being used. The pH meter will be standardized with
pH 7 to 10 buffers. The meter will also be corrected for temperature before the pH is read. The
pH standardization will be determined repeatedly until the reading agrees within 0.1 pH unit.

The conductivity meter will be calibrated with 0.01 N KC1 before use. The temperature
of the sample will be measured as soon as it is collected.

Sample Preservation and Handling.

Sample containers and preservatives required for the sampling event will be provided by
the contract laboratory. All sample bottle preconditioning, such as baking or acid washing, will
be done by the contract laboratory. The type of sample containers and preservation techniques -
used will follow EPA’s RCRA Groundwater QA/QC Compliance Checklist. and applicable
portions of SW-846. Sample bottle, sample holding times preservation techniques and analytical
methods may change as new procedures are developed and approved.

All samples will be preserved in the field. The sampling procedures described above will
be consistent throughout the sampling program. In addition to the well samples, the sampling
will also include the use of field blanks and trip blanks. These are discussed later in the QA/QC
portion of this section.




Chain-of-Custody Control.

The groundwater monitoring program will include chain-of-custody control to ensure
against contamination of samples. HAFB will use chain-of-custody record forms that are
equivalent to the EPA Office of Enforcement chain-of-custody forms and the chain-of-custody
form found in SW-846.

The sequence of events for controlling chain of custody will be as follows. When the
sample bottles are delivered from the laboratory, the sender and receiver both sign and date the
chain-of-custody form and specify on the form what has changed hands. From that point on,
every time the sample bottles, whether empty or full, change hands, both parties sign and date the
transfer. When sample bottles are delivered to the laboratory, a copy of the chain-of-custody
form will be retained for HAFB files.

The following information is included:

Sample number

Signature of sampler

Date of collection (time logged in field log book)
Place and address of collection

Type of sample

Number and type of container

Inclusive dates of possession

Signature of receiver

OO0 0O 0 O o0 OO0

In addition to the chain-of-custody form, other components of chain-of-custody will
include sample labels, sample seals, field log book, sample analysis request sheet, and the
laboratory log book.

1. Sample Label. A sample label will be affixed to each sample bottle to provide the
sample number.

2. Sample Seals. A seal will be affixed to each sample shipping container (not each
bottle). This seal will have a serial number that corresponds to the number on the
chain-of-custody form for that container. The seal will be secured to the locking
mechanism or lid of the shipping container immediately after sampling and will
be broken at the laboratory under chain-of-custody procedures.

3. Field Logbook. A bound field log book will be kept for each sampling event. A
copy of the field log book will be kept at HAFB and will be available for
inspection. The format for the field log book includes:

- Facility name and address

- Name and signature of sample collector




- Purpose of sample and type (for example, required analyses for initial
background data, routine detection monitoring, and resampling)

- Location(s) or source of sampling (such as the monitoring well number)
- Time and date of sampling

- Pertinent well data (such as depth, water surface elevation, pumping
schedule, and method)

- Sampling method (for example, submersible pump, bladder pump)
- Log number of each sample

- Appearance of each sample (such as color, turbidity, sediment, and oil on
surface)

- Field observations / sampling conditions (such as weather)
- Sample temperature upén sampling

- Air temperature upon sampling

- Analyses performed in the field

- pH

- Specific conductance

- ~ Others

- Sample storage, location and conditions ( such as heat and light; and
number of sample seals)

- Name and location of laboratory performing analyses

4. Sample Analysis Request Sheets. Analysis request sheets will be provided to the
laboratory, with a copy kept with the field log book.

5. Laboratory Log Book. Laboratory control records will be attached to the
chain-of-custody form and a copy is retained at the facility.

Once all of the samples are collected, prepared, and the chain-of-custody forms are filled
out, the samples will be prepared for shipment. The sample containers will be packed with
' appropriate cushioning material. The chain-of-custody forms will be packed inside the shipping




containers. Frozen blue ice or similar material will also be placed in the containers to keep the
samples cold. The shuttle lids will then be secured and sealed with a chain-of-custody tag. The
containers will then be shipped to the contract laboratory in a timely manner to insure holding
times are not exceeded.

Upon receipt of the samples the laboratory will check the shipment. Any shuttles that
have broken or missing chain-of-custody tags will be noted and reported to the facility contact.
The following procedures will then be followed:

0 The sample and seal information will be checked to ensure that they match the
chain-of-custody record.

0 The chain-of-custody record will be checked for a signature.

0 The request of analysis will be checked to determine the analyses requested.
o A laboratory sample number will be assigned.

0 The sample will then be stored in a secure area to await analysis.

The analytical procedures for groundwater quality analyses will be identical to procedures
outlined in EPA Document SW-846. Detection limits will equal or exceed (be lower than)
detection limits reported in SW-846.

Quality Assurance / Quality Control

The objective of quality assurance and quality control is to assure that groundwater
analytical results truly represent groundwater chemical and physical composition. Overall
quality assurance will be the responsibility of the HAFB sampling manager. Actual coordination
of QA/QC activities will be through the HAFB contractor for sampling and the analytical
laboratories. '

Components of the QA/QC program are as follows:

0 Laboratory: The analytical laboratory will provide all shipping containers,
‘ sampling containers and preservatives, chain-of-custody forms, labels, and seals.
A full laboratory QA/QC report will accompany each data report and will be kept
on file at HAFB.

o Sample Collection: Sampling personnel under the supervision of the HAFB
facility manager will conduct all QA/QC procedures. A standardized field log
book will be kept for each sampling event following the format described in the
preceding chain-of-custody section. It will include all label and seal numbers and
documentation of all QA/QC procedures related to sample collection. It will be




standard procedure to include field, lab, and trip blanks, andvblind and spiked
samples in each sampling event for appropriate parameters.

- Field Blanks. Field blanks will consist of a separate set of sample
containers, preservatives, and chain-of-custody forms. The containers will
be opened during routine sampling and sealed upon completion of
sampling. The water in the containers (ultra-pure water provided by the
laboratory) will have been exposed to ambient conditions to which the
groundwater samples were subjected. Field blanks will be used to assess
the potential for externally introduced error factors during the sampling
event.

- Trip Blanks. Trip blanks will accompany each sealed sample container.
They will be analyzed for volatiles to assess the level of potential
contamination that may have occurred during sample transport.

- Lab Blanks. Analysis of the water used to prepare the field and trip blank
containers will be completed. This water has never left the laboratory.
Lab blank data are used to establish the baseline quality of water used in
all of the QA/QC blanks.

o  QA/QC of Raw Data: Another important component of the QA/OC program is
the evaluation of the analytical data as reported by the analytical laboratory. The
raw data as reported will be reviewed to make sure that it is correct and accurately
reported.

Trend line graphs will be prepared for all wells for indicator parameters and other
chemical constituents at the discretion of HAFB. The issue of outliers will be
evaluated using trend line graphical procedures.

Additional QA/QC data evaluation procedures will be routinely performed and

documented in the facility files as needed. These activities include review of all
aspects of sampling, analysis, and data reporting.

Statistical Analysis

For Class 1 parameters, positive confirmation of contaminant presence will be confirmed
when three consecutive samples exceed the practical quantitation level (PQL) established for that
method and analyte.

When sufficient data has been collected and evaluated, a statistical method will be
proposed for Class 1 and Class 2 parameters.




Record Keeping and Reporting

The record keeping and reporting requirements as specified by UHWMR 7.3.5 will be
met. In summary, these requirements are:

1. Maintain water chemistry and groundwater elevations data throughout the closure
.post closure period.

2. Semiannually prepare and submit to the Executive Secretary a Groundwater
Sampling Report describing the results of each round of groundwater sampling
required by the Post-Closure Permit. This report will evaluate water chemistry,
water level elevations, and any maintenance required to keep the groundwater
monitoring system fully operational. Maintain this report in the files.

3. Annually prepare and submit a summary report to the Executive Secretary
evaluating direction of groundwater flow in the vicinity of Landfill #5. Maintain
this report in the files.
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‘EPA Method P/T/8260/(GC/MS)

. GC/MS Purgeables
Send Report To: Bronson Hawley Utah Division of
Name or Agency: UDEQ/DSHW Laboratory Services
Address: 288 North 1460 West 46 N. Medical Drive
City, State,Zip: Salt Lake, Utah 84114 Salt Lake City, Utah 84113
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Aliquot Purged: 1 mi F E Vol: Date Analed: 15-Apr
2
Name MDL/Results Name MDL/Results
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UTAH STATE DEPARTMENT OF HEALTH
DIVISION OF LABORATORY SERVICES
Environmental Chemistry Analysis Report

UDEQ - DSHW

ATTN: Bronson W. Hawley

288 N 1460 W

PO BOX 144880

SLC UT 84114-4880 801-538-6170

Lab Number: 9802508 Sample Type: 04 Cost Code: 365

Description: TTU-2

Site ID: Source No: 00 Organic Review:

Sample Date: 04/08/98 Time: 17:05 Inorganic Review: 05/11/98
—————————————————————————————————————————— Radiochemistry Review:

Tot. Cations: 553 mg/1 26.4 me/l Microbiology Review:

Tot. Anions: 871 mg/1l 23.7 me/l

Grand Total: 1424 mg/1l %D = 5.4

TEST RESULTS:

D-Calcium 116 mg/1l D-Magnesum 56.8 mg/1l
‘ D-Potassum 35.4 mg/1 D-Sodium 345.0 mg/1
Chloride 750 mg/1 Sulfate 121.03 mg/1
TDS @ 180C 1786 mg/1 T-Aluminum <30 ug/1
T-Arsenic 7.0 ug/1 T-Barium 0.06 mg/1l
T-Cadmium <1l ug/1l T-Chromium <5.0 ug/1l
T-Copper <12.0 ug/1 T-Iron 0.0551 mg/1
T-Lead <3.0 ug/l T-Mangan <5.0 ug/l
T-Mercury <0.2 ug/l T-Selenium 7.0 ug/1
T-Silver <2.0 ug/1l T-Zinc 75.0 ug/1l
Perchlorat <4 ug/1l )
QUALIFYING COMMENTS (*) on test results: NO COMMENTS

END OF REPORT




UTAE STATE DEPARTMENT OF HEALTH
DIVISION OF LABORATORY SERVICES
Environmental Chemistry Analysis Report

UDEQ - DSHW

ATTN: Bronson W. Hawley
288 N 1460 W

PO BOX 144880

SLC uT 84114-4880 801-538-6170
Lab Number: 9802507 Sample Type: 04 Cost Code: 365

Description: WELL G

Site ID: Source No: 00 Organic Review: 04/28/98
Sample Date: 04/08/98 Time: 10:55 Inorganic Review: 05/11/98
—————————————————————————————————————————— Radiochemistry Review:

Tot. Cations: 423 mg/1l 19.0 me/l Microbiology Review:

Tot. Anions: 595 mg/1 16.3 me/l

Grand Total: 1018 mg/1 %D = 7.6

TEST RESULTS:

D-Calcium 27.4 mg/1l D-Magnesum 16 mg/1l
D-Potassum 11.9 mg/1 D-Sodium 368.0 mg/1
Chloride 535 mg/1 Sulfate 60.46 mg/l
TDS @ 180C 1166 mg/1l T-Aluminum 4350 ug/1l
T-Argenic 15.5 ug/1 T-Barium 0.12 mg/1
T-Cadmium <1 ug/1 T-Chromium 7.0 ug/l
T-Copper 15.5 ug/1 T-Iron 2.56 mg/l
T-Lead 17.0 ug/1 T-Mangan 80.0 ug/1
T-Mercury <0.2 ug/1 T-Selenium 9.5 ug/l
T-Silver <2.0 ug/1 T-Zinc 115.0 ug/1l
Perchlorat <4 ug/1

QUALIFYING COMMENTS (*) on test results: NO COMMENTS

END OF REPORT




UTAH STATE DEPARTMENT OF HEALTH
DIVISION OF LABORATORY SERVICES
Environmental Chemistry Analysis Report

UDEQ - DSHW _

ATTN: (3RO~ son FAWEY

288 N 1460 W

PO BOX 144880 ]

SLC uT 84114-4880 801-538-6170

Lab Number: 9802426 Sample Type: 04 Cost Code: 365
Description: TTU-1

Site ID: Source No: 00 | Organic Review:

Sample Date: 04/07/98 Time: 10:05 | Inorganic Review: 05/14/98

—————————————————————————————————————————— | Radiochemistry Review:

Tot. Cations: 414 mg/1 18.7 me/l | Microbiology Review:

Tot. Anions: 162 mg/1 3.4 me/l |

Grand Total: 576 mg/1l D = 69.2 |

TEST RESULTS:

D-Calcium 59.8 mg/1l D-Magnesum 24.8 mg/l

D-Potassum 35.4 mg/1 D-Sodium 294.0 mg/1
Sulfate 161.7 mg/1 TDS @ 180C 1184 mg/1

ChlorideIC 425.0 mg/1l Perchlorat <4 ug/1

QUALIFYING COMMENTS (*) on test results: NO COMMENTS

END OF REPORT
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EPA Method P/T/8260/(GC/MS)

. GC/MS Purgeables
Send Report To: Bronson Hawley Utah Division of
Name or Agency: UDEQ/DSHW Laboratory Services
Address: 288 North 1460 West 46 N. Medical Drive
City, State,Zip: Sait Lake, Utah 84114 Salt Lake City, Utah 84113
Phone #: (801-584-8400)
Field # Matrix: Water Cost Code: 365
Collected By: BH Date coll'd: 4/6/98 Time col'ed:
Description: Well H
Analyst: JO Dat Rc'd: 7-Apr Date Exted:
Aliquot Purged: 1ml F E Vot Date Analed: 8-Apr
- Dilution Factor: 2 -
Name MDL/Results Name MDL/Results
ug/L ug/L
1,1-Dichloropropene 1 U Vinyl Chloride 1 U

Carbon Tetrachloride

Chloroethane

n-Propylbenzene

ylbenzene

o-Dichlorobenzene 1 U
Tentatively Identified Compounds

trans-1,2-Dichloroethylene 1 u Trimethyl silanol 7:1 J

U-Analyzed for but not detected. - J-An estimated value
B-Found in the blank
' Analysis Certified by: 7 Date: Y713




EPA Method P/T/8260/(GC/MS)
GC/MS Purgeables

Send Report To: Bronson Hawley Utah Division of
Name or Agency: UDEQ/DSHW Laboratory Services
Address: 288 North 1460 West 46 N. Medical Drive
City, State,Zip: Salt Lake, Utah 84114 Salt Lake City, Utah 84113
Phone #: (801-584-8400)
Field # Matrix; Water Cost Code: 365
Collected By: BH Date coll'd: 4/6/98 Time col'ed:
Description: Well J1
Analyst: JO Dat Rc'd: 7-Apr Date Exted:
Aliquot Purged: 1 mi F E Vol: Date Analed: 8-Apr
- Dilution Factor: 2 -
Name - MDL/Results Name MDL/Results
ug/L ug/L

Vinyl Chloride 1 U

1,1,2,2-Tetrachloroethane

Bromobenzene 1,2,3-Trichlorobenzene

Chlorobenzene

Dichlorodifluoromethane

Dibromomethane p-Isopropyltoluene

m-Xylene & p-Xylene

Tentatively Identified Compounds

Freon 113 1 U

Tetrachloroethylene 1 U

-Dichloroethylene

U-Analyzed for but not detected. J-An estimated value
B-Found in the blank
Analysis Certified by: - Date:_ %/t3




Send Report To:
Name or Agency:
Address:

City, State,Zip:
Phone #:

Field #
Collected By:
Description:

Analyst:
Aliquot Purged:

Name

Chlorobenzene

Dibromomethane

m-Xylene & p-Xylene

Tetrachloroethylene

1,1,2,2-Tetrachloroethane

-Dichloroethylene

- EPA Method P/T/8260/(GC/MS)
GC/MS Purgeables

Bronson Hawley

UDEQ/DSHW

288 North 1460 West

Salt Lake, Utah 84114

Utah Division of
Laboratory Services
46 N. Medical Drive
Salt Lake City, Utah 84113
(801-584-8400)

Matrix: Water Cost Code:

BH Date coll'd: 4/7/98 Time col'ed:
Well |

JO Dat Rc'd: 7-Apr Date Exted:

1ml F E Vol: Date Analed:

Dilution Factor: 2
Name MDL/Results
ug/L

Trichloroethylene

p-Isopropyltoluene

inyl Chioride

1,2,3-Trichlorobenzene

1 U

Dichlorodifluoromethane

Tentatively Identified Compounds

365

8-Apr

U-Analyzed for but not detected.

B-Found in the blank

Analysis Certified by:

Freon 113 1 )
44 J
Trimethyl silanol 10 J

J-An estimated value

/- Date:

/13




APPENDIX F

Photographs

























APPENDIX G

CME Evaluation Worksheet




" -w?mn <

9850.2

APPENDIX A

COMPREHENSIVE GROUND-WATER MONITORING
EVALUATION WORKSHEET

The following worksheets have been designed to assist the enforcement officer/ -
technical reviewer in evaluating theground-water monitoring system an owner/operator
uses to collect and analyze samples of ground water. The focus of the worksheets is
technical adequacy as it relates to obtaining and analyzing representative samples of
ground water. The basis of the worksheets is the final RCRA Ground Water Monitoring
Technical Enforcement Guidance Document which describes in detail the aspects of
ground-water monitoring which EPA deems essential to meet the goals of RCRA.
Appendix A is not a regulatory checklist. Specific technical deficiencies in the
monitoring system can, however, be related to the regulations as illustrated in Figure 4.3
taken from the RCRA Ground- Water Monitoring Compliance Order Guide (COG)
(included at the end of the appendlx) The enforcement officer, in developing an
entorcement order, should relate the technical assessment from the worksheets to the
regulatlons using Figure 4.3 from the COG as a guide. - e

Comprehenswe Ground Water Monitoring Evaluation Y/N

I. Office Evaluation Technical Evaluation of the Design of the ™~
Ground-Water Monitoring System

A. Review of Relevant Documents

‘1. What documents were obtained prior to conducting the inspection:

a. RCRA Part A permit application?

b. RCRA Part B permit application?

c. Correspondence between the owner/operator and appropnate agencies or
citizen’s groups?

_ d. Previonsly-conducted facility inspection reports"

srerFacility’s contracior reports? ;

... f=Regional hydsgz23logic, geologic, or soil reports? s

g- The facility’s Sampling and Analysis Plan? I

h Ground-water. Assessmént Program Ouxlme (or Plan, it thefacility 1s in
assessment momtormg)'? .

i. Other (specify) _
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APPENDIX A

COMPREHENSIVE GROUND-WATER MONITORING EVALUATION WORKSHEET

The following worksheets have been designed to assist the enforcement
officer/technical reviewer in evaluating the ground-water monitoring system an
owner /operator uses to collect and analyze samples of ground water. The focus
of the worksheets is technical adequacy as it relates to obtaining and analyzing
representative samples of gramnd water. The basis of the worksheets is the
final RCRA Graund Vater Monitoring Technical Enforcement Guidance Document
which describes in detail the aspects of gromd-water monitoring which EPA
dears essential to meet the goals of RCRA.

Appendix A is not a regulatory checklist. Specific technical deficiencies
in the monitoring system can, however, be related to the requlations as illustrated
in Figure 4.3 taken from the RCRA Ground-Water Monitoring Compliance Order Guide
(CoG) (included at the end of the appendix). The enforcement officer, in
developing an enforcement order, should relate the technical assessment from
the worksheets to the regulations using figure 4.3 fram the COG as a quide.

I. Office Evaluation - Technical Evaluation of the Design of the Ground-
water Monitoring System

A. Review of relevant doaurents:

1. what documents were obtained prior to conducting the inspection:

a. RCRA Part A permit application? (Y/N) \(
b. RCRA Part B permit application? (¥/ny
c. Correspondence between the owner/ocperator and ,
appropriate agencies or citizen's groups? (Y/N) N
d. Previausly conducted facility inspection reports? (Y/N)
e. Facility's contractor reports? (Y/n)
f. Regional hydrogeologic, geologic, or soil reports?  (Y/N)
g. The facility's Sampling and Analysis Plan? (Y/N)
h. Gramd-water Assessment Program Outline (or Plan,
i€ the facility is in assesament monitoring)? am Y

i. Other (specify)

B. Evaluation of the Owner/Operator's Hydrogeologic Assessment:

1. Did the owner/operator use the following direct techniques in the
hydrogeologic assesament:

a. Loge of the soil borings/rock corings (documented
by a professional geologist, soil scientist, or

geotechnical engineer)? (Y/N) _ﬁ
b. Materials tests (e.g., grain size analyses,
standard penetration tests, etc.)? {(Y/N) _L
c. Piezameter installation for water level measure-—
ments at different depths? {Y/N) N
d. Slug tests? (Y/N)
-24-



e. Pump tests? {y/n) i__
f. Geochemical analyses of soil sanples? (Y/N)~__/L
g. Other (specify) (e.g., hydrochemical diagrams

and wash analysis)

Did the owner/operator use the following indirect techniques
to supplement direct techniques data:

a. Gecphysical well loga? (Y/N) Y
b. Tracer studies? {(Y/N)
c. Resistivity and/or electramgnetic conductance? (Y/N)
Ad. Seismic Survey? {Y/N)
e. Hydraulic corductivity measurements of cores? (Y/N)
£. Aerial photography? {Y/N)
g. Graund penetrating radar? (Y/N)

h: Other (specify)

. Did the owner/cperator document and present the raw data fram ,

the site hydrogeologic assessment? (Y/N)
. Did the owner/operator document methods (criteria) .
used to correlate and analyze the information? (y/N) _p__a)'mﬂl/
. Did the owner/cperator prepare the following:
a. Narrative description of geology? (Y/N) YI
b. Geologic cross sections? {(y/N)
c. Geclogic and soil maps? (y/N)
d. Boring/coring logs? (Y/N)
e. Structure contaur maps of the differing water
bearing zones and confining layer? (/™) Y
f. Narrative description and calculation of graund-
water flows? {(¥y/™)
g. Water table/potentiometric map? (Y/N) ¥
h. Bydrologic cross sections? (Y/N) N
Did the owner/operator obtain a regional map of ,
the area and delineate the facility? {Y/N) !

If yes, does this map illustrate:

a. Surficial geology features? {(Y/N} Y
b. Streams, rivers, lakes, or wetlands near the _

facility? (Y/N)
c. Discharging or recharging wells near the facility? (Y/N)

~25~
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7. Did the owner/operatcr cbtain a regional hydro-
geologic map?

1f yes, does this hydrogeologic map indicate:

a. Major areas of recharge/discharge?
b. Regional ground-water flow direction?
c. Potentiometric contours which are consistent

with ocbserved water level elewmtions?

8. Did the owner/cperator prepare a facility site map?

If yes, does the site map show:

b.
Ce

d.

Regulated units of the facility (e.g., landfill
areas, impaundments)?
Any seeps, springs, streams, ponds, or wetlands?
Location of monitoring wells, soil borings, or
test pits?
How mary regulated units does the facility have?
If nore than cne reculated unit then,
¢ Does the waste management area encarpass all
requlated units?
Cr
0 Is a waste mnagement area delineated for each
requlated unit?

C. Characterization of Subsurface Geology of Site

1. Soil poring/test pit program:

Were the soil borings/test pits performed under
the supervision of a qualified professional?
Did the awmer/operator provide documentation
for selecting the spacing for borings?

Were the borings drilled to the depth of the
first confining unit below the uppermcst zne
of saturation or ten feet into bedrock?
Indicate the method(s) of drilling:

o Auger (hollow or solid stem)

o Mx rotary Z
© Raverse rotary

o Cable tool

o Jetting

o Other (specify) _
Were continucus saple corings taken?

-26-
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f. How were the samples obtained (checked method[s]

o Split spoon
o Shelby tube, or similar

© Rodk coring
0 U‘Aé\' g s
pv A

o Ditch sanpling
o Other (exp;ﬂm)

. Were the contimuocus sawple corings logged by a

qualified professional in geoloqy?

Does the field boring log include the following

information:

o Hole name/number?

o Date started and finished?z

Driller's name?

Hole location (i.e., map and elevation)?

Drill rig type and bit/auger size?

Gross petrography (e.g., rodk type) of

each geologi¢ unit?

Gross mineralogy of each geologic unit?

Gross structural interpretation of each

geologic unit and structural features

(e.g.., fractures, gouge material, sclution

channels, buried streams or valleys, J.dentxf:.—

cation of depositional material)?

© Development of soil zones and vertical extent
and description of soil type?

o Depth of water bearing unit(s) and vertical
extent aof each?

o Depth and reason for termination of borehole?

o Depth and lccation of any contaminant encountered

in borehole?

Sarple location/number?

Percent sample recovery?

Narrative descriptions of:

-~ Geologic ohbservations?

- Drilling observations?

Were the following analytical tests performed

on the core sanples:

© Mineralogy (e.g., microscopic tests and x-ray
diffraction)?

o Petrographic analysis:
- degree of crystallinity and cementation of

mtrix?
- degree of sorting, size fraction (i.e.,
sieving), textural variations?

0000

00

00O

27~

(Y/N)

(Y/N) __Z_ (';D“H;ngﬁ

(Y/N)
(Y/N)

r
2

¥

/vy N
/Ny AN

{(Y/N) %

(Y/N)

(¥/N) NA
(Y/N) _—
(y/N) —

(Y/N)
(Y/N)

(Y/N)
(¥/N)



-~ rock type(s)?

soil type?

approximate ulk geocheamistry?

existence of microstructures that may effect
or indicate fluid flow?

Falling head tests?
Static head tests?

O Settling measurements?
o Centrifuge tests?

o (olum drawings?

o]
(o]

Verification of subsurface geological data

1. Has the owner/cperator used indirect gecphysi-al methods

to supplement geological conditions between borehole
locations?

2. Do the mumber of borings and analytical data indicate
that the confining layer displays a low enough
permeability to impede the migration of contaminants to
any stratigraphically lower water-bearing units?

3. Is the confining layer laterally contimious across
the entire site?

4. Did the owner/operator consider the chemical
carpatibility of the site-specific waste types and
the geologic materials of the confining layer?

5. Did the geologic assessment address or provide
means for resolution of any information gaps of
geologic data?

6. Do the laboratory data corroborate the field
data for petrography?

7. Do the laboratory data corrobcrate the field
data for mineralogy and subsurface geochemistry?

Presentation of geologic data

1. Did the owner/cperator present geologic cross
sections of the site?
2. Do cross sections:
a. identify the types ard characteristics of
the geologic materials present?
b. define the contact zones between different
geologic materials? _
C. note the zones of high permeability or
fracture?
d. give detailed borehole information including:
o location of borehole?
© depth of termination?
© location of screen (if appllcable)?
o depth of zone(s) of saturation?
o backfill procedure?

-28~

(Y/N)
(Y/N) :{—
(Y/N)

(N N

(Y/N) A
(y/n) ]
(Y/N)

(y/N) N
(YN) N

¥/ _Y_

(x/m) N
(¥/N) _‘_}'_ke,l\f

(¥/N) }Bﬁkm}ww

) N
(y/n) _NA
(Y/N) _TJ_A

ey N

(Y/N)

(Y/N)

{Y/N)
(Y/N)
(Y/N)
(Y/N)
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3. Did the owner/cperator provide a topographic map
which was constructed by a licensed surveyor?
4. Does the topographic map provide:

a.
b‘

c.
d.
e.
£.
g.
h.

contaurs at a maximum interval of two-feet?
locations and illustrations of man-made
features (e.g., parking lots, factory
buildings, drainage ditches, storm drains,
pipelines, etc.)?

descriptions of nearby water bodies?
descriptions of off-site wells?

site bamndaries?

individial RCRA units?

delineation of the waste management area(s)?
well and boring locations?

5. Did the owner/cperator provide an aerial photo-
graph depicting the site and adjacent off-gite
features?

6. Does the photograph clearly show surface water
bodies, adjacent municipalities, and residences
and are these clearly labelled?

F. Identification of Graumnd-Water Flowpaths

1. Graund-water flow direction

A

b.

Was the well casing height measured by a licensed
surveyor to the nearest 0.01 feet?

Were the well water level measurements taken
within a 24 hour period?

Were the well water level measurements taken

to the nearest 0.01 feet?

Were the well water levels allowed to stabilize
after construction and develcpment for a minimam
of 24 hours prior to measurements?

. Was the water lewel information obtained fram

(check appropriate one):

© multiple piezometers placed in single borehole?

o vertically nested piezameters in closely spaced
separate boreholes?

o monitoring wells

i



. Did the owner/operator provide construction

details for the piezometers?

. How were the static water levels measured

o Electric water saunder
O Wetted tape
o Air line

(check method(s). /
o Other (explain) —

Was the well water level measured in wells with
equivalent screened interwals at an equivalent
depth below the saturated zone?

. Has the awner/operator provided a site water table

(potentiametric} contour map? If yes,

© Do the potentiaretric contours appear logical
and accurate based on topography and presented
data? (Consult water level data)

o Are ground-water flow-lines indicated?

o Are static water lewels shown?

o Can hydraulic gradients be estimated?

. Did the awner/operator develop hydrologic

croses sections of the vertical flow component
acrces the site using measurements from all wells?

. Do the owner/operator's flow nets include:

© piezameter locations?

o depth of screening?

o width of screening?

o measurerents of water levels from all wells
and piezometers?

2, Seascnal and temporal fluctuations in ground-water level

a.

Do fluctuations in static water lewels ocour?

o If yes, are the fluctuations caused by any of
the following:

Off-site well pumping

Tidal processes or cother intermittent natural

variations (e.g., river stage, etc.)

On-site well punping

Off-site, on-site construction or changing

land use patterns

Deep well injection

Seasonal variations

Other (specify)

-30-
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)
(¥/)
(Y/N)
(Y/N)

(Y/N)

(Y/N) NA
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Has the owner/operator docurented saurces and
patterns that contritute to cor affect the ground-

water patterns below the waste management? (Y/N) N
c. Do water level fluctuations alter the general -

graund-water gradients and flow directions? Ny N
d. Based on water level data, dc any head differ- "—

entials occur that may indicate a wertical flow

corponent in the saturated zone? (Y/N) N
e. Did the ocwner/operator implement means for -

gruging long term effects on water movement that

may result from on-site or off-site construction

or changes in land-use patterns? (Y/N) _N__
Rydraulic conductivity
a. How were hydraulic conductivities of the siubsurface

materials determined?

o Single-well tests (slug tests)? (Y/N) \/

© Multiple-well tests (purp tests) (y/N) N

© Other (specify)
b. If single-well tests were conducted, was it done

by

o Adding or removing a knomn wvolume of water, (Y/N) ;r;

or

o Pressurizing well casing (y/vy N
c. If single well tests were conducted in a highly

permeable formation, were pressure transducers

and high-speed recording equipment used to recard AAA

the rapidly changing water levels? {Y/N)
d. Since single well tests only measure hydraulic -

ceondictivity in a limited area, were encugh tests

ran to ensure a representative measure of conduce N

tivity in each hydrogeologic unit? (y/n) 'V
e. Is the owner/cperator’s slug test data (if

applicable) consistent with existing geologic

information {e.g., boring logs)? (Y/N)_li_
£f. Were cother hydraulic conductivity properties \Y

determined? (y/n) 1
g. If yes, provide any of the following data, if

available:

o Transmissivity 12> 150 Q/;

o Storage coefficient o 2 = 3 S/

o Leakage W Knpus A\

© Permeability Kz ﬂg}Qﬁ/dhq//

o Porosity 0o 2>

© Specific capacity wnk v\,

o Other (specify)

-31-
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4. Identification of the uppermost aquifer

a. Has the extent of the uppermosgt saturated zone
(aquifer) in the facility area been defined? If yes, (Y/N) l\/
o Are soil boring/test pit logs included? (Y/N)
© Are geologic cross-sections included? (Y/N)
b. Is there evidence of confining (conpetent,
unfractured, continucus, and low permeability)
layers beneath the site? (/N l_

o If yes, how was contiruity demonstrated?,

c. What is hydraulic conductivity of the confining unit

(if present)? U ___ CM/sec
How was it determined? zﬂ E!ﬂ&‘!?!ﬁ - ’kﬂgqg \[Wu?/‘
d. Does potential for other aulic cammmicaticon t

(e.g., lateral inocontimuity between geoclogic units,

facies changes, fracture zones, cross cutting

structures, or chemical corrceion/alteration of

geoclogic units by leachage? . (Y/N) Y

If yes or no what is the ratiocnale? ‘PM\,@Q (‘,"\(;w\q,;g —
J

G. Office Evaluation of the Facility's Ground-Water Monitoring System

Monitoring Well Design and Construction:
These questions should be answered for each different well design
present at the facility.

1. Drilling Methods

a. what drilling method was used for the well?
o Hollow-stem auger
© Solid-stem auger
o Mud rotary
© Air rotary
© Rewverse rotary
o Cable tool
o Jetting
o Air drill with casing hammer
o Other (specify)

b. Were any cutting fluids (including water) or additives used
during drilling? (Y/N)
If yes, specify
Type of drilling fluid Bz W\lx,&
Scurce of water used
Foam Al Y oo
Polymers
Other

TR

-32-
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¢c. Was the autting fluid, or additive, identified? (Y/N) X_
4. Wwas the drilling equipment steam-cleaned prior to
drilling the well? {(Y/N) X_
Other methods
e. Was cawpressed air used during drilling? {Y/N) Y
o If yes, was the air filtered to remove cil? (Y/N) Gnknops
£. Did the owner/operator doament procedure for -
establishing the potenticmetric surface? ' (¥/N)

o If yes, how was the location established?

g. Formnation samples
o Were formtion samples collected initially during Y

drilling? (y/§) >

o Were any cores taken contiruous? {(y™N) N

If not, at what interval were sanples taken?

o How were the samples obtained? 4 '
- Split spoon /
- Shelby tube
- Core drill
- Other (specify)
o Identify if any physical and/or cheamcal tests were
performed on the formation samples (specify)

Monitoring Well Construction Materials

a. Identify construction materials (by nurber) and diameters

(1D/0D)
Diameter
Material {ID/OD)
{
o Primary Casing P\/C' 7 H /
o Secondary or cutside casing ‘“‘Sfﬁ‘e’l_' 7 - 100’
{double construction) ‘ ; )
o Screen A 4
b. How are the sections of casing and screen connected?
o Pipe sections threaded ]
o Couplings (friction) with adhesive or solvent —
o Couplings (friction) with retainer screws -

o Other (specify)




c. Were the materials steam-cleaned prior to (Y/N) _\_);V}_‘QWGNM

installation?
If no, hovw were the materials cleaned?

Well Intake Design and Well Development

a.

Was a well intake screen installed? (¥/N) _\{_
o What is the leagth of the screen for the well?
O
o Is the screen actured? , (Y/N)
Was a filter pack installed? (Y/N)

o what kind of filter pack was employed?  Np. (b Silica SpaT
o Is the filter pack carpatible with formation

materials? . . (Y/N) _\j/_
o How was the filter pack installed? Tru P
O What are the dimensions of the filter pack? ] V¢ ' 4~ 207
© Has a turbidity measurement of the well water ever i ‘
been made? (Y/N) Y
o Have the filter pack ard screen been designed for T
the in situ materials? (Y/N) _I_
Well develcpment )
Was the well developed? oy Y
o wWhat technique was used for well development?
- Surge block )
- Bailer . Fowudt
- Alr surging .
- Water pumping v W

Other (specify)

Annular Space Seals

a.

b.

What is the annular space in the saturated zone directly above
the filter pack filled with?
-~ Sodium bentonite (specify type and grit) v

- Cement (specify neat or concrete)
- Other (specify)
O Was the seal installed oy?
- Dropping material down the hole and tamping
- Dropping material down the inside of
hollow-stem auger
- Tremie pipe method e
~ Other (specify)
Was a different seal used in the unsaturated zone?
If yes,
© Was this seal made with? N ,
- Sodium bentonite (specify type and grit) \/CLCR.DSC Zone

wm YEN

- Cement (specify neat or concrete) ?j e %f?aé wa”
- Other (specify) !
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H. .

o Was this seal installed by?
- Dropping material down the hole and tamping
- Dropping material down the inside of hollow
stem auger . .
- Other (specify) ~[vewie (ipe
L]

c. Is the upper portion of the borehole sealed with a
concrete cap to prevent infiltration from the surface?

d. Is the well fitted with an above-graund protective
device and burper quards?

e. Has the proctective cover been installed with locks to
prevent tampering

Evaluation of the Facility's Detection Monitaring Program

1.

Placement of Downgradient Detection Monitoring wells

a. Are the graund-water monitoring wells or clusters
located immediately adjacent to the waste management
area?

b. Haow far apart are the detection monitoring wells?

{OC gi_)lw Apary

2

; : iz
Thads /W’\/\M{‘ Adsy A, \3@ e et &

]

c. Does the awmer/operator provide a rationale for the
location of each monitoring well or cluster?

d. Has the owner/operator identified the well screen
lengths of each monitoring well or clusters?

e. Does the owner/operator provide an explanation for
the well screen lengths of each monitoring well or
cluster?

f. Do the actual locations of monitoring wells or
clusters correspond to those identified by the
owner /cperator?

Placement of Upgradient Moniteoring Wells

a. Has the owner/cperator docurmented the location of
each upgradient monitoring well or cluster?
b. Does the owner/cperator provide an explanation for
the location(s) of the upgradient monitoring wells?
c. bWhat length screen has the owner/cperator employed in
the baﬁcgrtmnd monitoring well(s)?
G

(y/N) i

(¥/) _I_

am Y

ty/my) Y

{Y/N) _l{__

(Y/N) _\i’_

(v/n)

am Y

(Y/N)
(y/N) 1

d. Does the owner/cperator provide an explanation for
the screen length(s) chosen?

e. Does the actual location of each background monitoring
well or cluster correspond to that identified by the

owner/operator?

~35-
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Office Evaluation of the Facility's Assessment Monitoring Program

1.

Does the assessment plan specify:
a. The number, location, and depth of wells?
b. The rationale for their placement and identify the

basis that will be used to select subsequent sampling
locations and dept.‘ns in later assessment phaseg?

Does the list of monitoring parameters include all
hazardous waste constituents from the facility?
a. Does the water quality parameter list include other

b.

important indicators not classified as hazardaus
waste constituents?

Does the owner/cperator provide doaurmentation for
the listed wastes which are not included?

Does the owner/cperator's assessment plan specify the
procedures to be used to determine the rate of can-
stituent migration in the graund-water?

Has the awner/operator specified a schedile of imple-
mentation in the assessment plan?

Have the assessment monitoring objectives been clearly
defined in the assessment plan?

a.

d.

Does the plan include analysis and/or re—evaluation
to determine if significant contamination has ocourred
in any of the detection monitoring wells?

. Does the plan provide for a comprehensive program of

investigation to fully characterize the rate and
extent of contaminant migration from the facility?

. Does the plan call for determining the concentrations

of hazardous wastes and hazardous waste constituents
in the graund water?
Does the plan employ a quarterly monitoring program?

Does the assesgment plan 1dent1fy the investigatory
methods that will be used in the assessment phase?

a.

b.

C.

d.

Is the role of each method in the evaluation fully
described?

Does the plan provide sufficient descriptions of the
direct methods to be used?

Does the plan provide sufficient descriptions of the
indirect methods to be used?

Will the method contribute to the further characteri-
zation of the contaminant movement?

Are the investigatory techniques utilized in the agsess-
ment program based on direct methods?
a. Does the assessment approach incorporate indirect

methods to further support direct methods?

b. Will the planned methods called for in the assesament

approach ultimately meet performance standa.rds for
assesament monitoring?

vaz cré Lwn/'&ckuﬂmt{;w»
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Are the procedures well defined?

Does the approach provide for monitoring wells
similar in design and construction as the detection
ronitoring wells?

Does the approach employ taking samples during drill-
ing or collecting core sarples for further analysis?

Are the indirect methods to be used based on reliable
and accepted gecphysical techniques?

Q.

Are they capable of detecting subsurface changes
resulting fram contaminant migration at the site?
Is the measurement at an appropriate lewvel of
gsensitivity to detect graund-water quality changes
at the site?

Is the method appropriate considering the nature
of the subsurface materials?

Does the approach congider the limitations of
these methods?

Will the extent of contaminaticon and constituent
concentration be based on direct methods and saund
engineering judgment? (Using indirect methods to
further substantiate the findings)

Does the assessment approach incorporate any mathe-
matical modeling to predict contaminant movement?

a.

bl
c.
d.

Will site specific measurements be utilized to
accurately portray the subsurface?

Will the derived data be reliable?

Have the assumptions been identified?

Have the physical and chemical properties of the
site-specific wastes and hazardous waste constituents

- been identified?

J. Conclusis

1.

Subsurface geology

a.

Has sufficient data been collected to adequately
define petrography and petrographic variation?
Has the subsurface geochemistry been adequately
defined?

Was the boring/coring program adequate to define
subsurface geologic wariation?

Was the owner/operator's narrative descripticn
complete and accurate in its interpretation

of the data?

Does the geclogic assesament address or provide
means to resolve any information gaps?

-37-
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2.

3.

Graund-water flowpaths

a. Did the aowmer/operator adequately establish the hori-
zontal and vertical components of gramd-water flow?

b. Were apprcpriate methods used to establish ground-
water flowpaths?

c. Did the awner/operator provide acaurate doczmenta-
tion?

d. Are the potentiaretric surface measurements walid?

e. Did the owner/cperator adequately consider the
seasonal and temporal effects on the graund-water?

f. Were sufficient hydraulic conductivity tests
performed to doamment lateral and vertical variation
in hydraulic conductivity in the entire hydrogeclogic
subsurface below the site?

Uppermost aquifer

a. Did the owner/cperator adequately define the upper-
rost aquifer?

Monitoring Well Construction and Design

a. Do the design and construction of the owner/cperator's
graund-water monitoring wells permit depth discrete
ground-water samples to be taken?

b. Are the samples representative of graund-water
quality?

¢. Are the graund-water monitoring wells structurally
stable?

d. Does the ground-water monitoring well's design and
construction permit an accurate assessment of aquifer
characteristica?

Detection Monitoring

a. Downgradient Wells

Do the location, and screen lengths of the ground-water
monitoring wells or clusters in the detection monitaring
systan allowr the immediate detection of a release of
hazardous waste or constituents fram the hazardous waste
management area to the uppermost aquifer?

b. Upgradient Wellas _

Do the location and screen lengths of the upgradient
(backgraund) ground-water monitoring wells ensure the
capability of collecting ground-water samples repre-
sentative of upgradient (background) graund-water
quality including any ambient heterogencus chemical
characteristice?

-38=-
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b.

II.

9950.2

Asgessment Monitoring

Has the owner/operator adequately characterized site
hydrogeclogy to determine contaminant migration?

Is the detection monitoring system adequately designed
and constructed to immediately detect any contaminant
release?

Are the procedures used to make a first determination
of contamination adequate?

. Is the assessment plan adequate to detect, charac-

terize, and track contaminant migration?

Will the assessment monitcring wells, given site
hydrogeologic conditions, define the extent and
concentration of contamination in the horizontal and
vertical planes? .

Are the assessment monitoring wells adequately
designed and constructed? :

Are the sampling and analysis procedures adequate
to provide true measures of contamination?

Do the procedures used for evaluation of assessment
monitoring data result in determinations of the rate
of migration, extent of migration, and hazardaus
constituent composition of the contaminant plume?

. Are the data oollected at sufficient frequency and

duration to adequately determine the rate of
migration?
Is the schedule of implementation adequate?

. Is the owner/cperator's assessment monitoring plan

adequate?

o If the owner/cperator had to implement his
assessment monitoring plan, was it implemented
satisfactorily?

Field Evaluation

A. Ground-water monitoring system:
Are the nurbers, depths, and locations of monitoring
wells in agreament with those reported in the facility's
monitoring plan? (See Section 3.2.3 )

B. Monitoring well construction:
1. Identify construction material

A.

b. Secaondary or

Diameter

pPVE

 Material

y'

Primary Casing

outside casing S'H” f’wﬁ[

g" & oo
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9950.2
2. 1Is the upper portion of the borehole sealed with con-
crete to prevent infiltration fram the surface?

3. Is the well fitted with an above-ground protective
device?

4. Is the protective cover fitted with locks to
prevent tampering?

If a facility utilizes nore than a single well design,
answer the above questions for each well design.

III. Review of Sample Oollection Procedures

A. Measurament of well depths elevation:

1. Are measurements of both depth to standing water, and -

depth to the bottam of the well made?
2. Are measurements taken tc the 0.0l feet?

3. What device is ,used'.:
electr ¢ Wcujizf»/ Sounﬁéz«r

4. Is there a reference point established by a licensed
surveyor?

5. Is the measuring equipment properly cleaned ‘between
well locations to prevent cross contamination?

B. Detection of immiscible layers:

1. Are procedures used which will detect light phase
immiscible layers?

2. Are procedures used which will detect heavy phase
immiscible layers?

C. Sarpling of immiscible layers:
1. Are the immiscible layers sampled separately prior to
well evacuation?

2. Do the procedures used minimize mixing with water
soluble phases?

D. Well evacuation:
1. Are low yielding wells evacuated to dryness?

2. Are high yielding wells evacuated so that at
least three casing volumes are remwed?

-40-
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3.

4.

9950.2
What device is used to evacuate the wells?
Grindfus 1Y &\FQ Steiuless Steel pump
7

If any problems are encountered (é.g., equipment
malfunction) are they noted in a field logbock?

Sample withdrawal:

1.

For low yielding wells, are samples for volatiles, pH,
and oxidation/reduction potential drawn first after
the well recovers?

Are sanples withdrawn with either flurocarbon/resins or
stainless steel (316, 304 or 2205) sanmpling devices?

Are sampling devices either bottom wvalve bailers
or positive gas displacement bladder pumps?

If bailers are used, is fluorocarbon/resin coated wire,
single strand stainless steel wire, or monofilament used
to raise and lower the bailer?

If bladder pumps are used, are they operated in a
continuous menner to prevent aeration of the sanple?

If bailers are used, are they lowered slowly to
prevent degassing of the water?

If bailers are used, are the contents transferred

' to the sanple container in a way that minimizes

10.

11'

agitation and aeration?

. Is care taken to avoid placing clean sampling equip~

ment on the graund or other contaminated surfaces prior
to insertion intc the well?

'If dedicated sarpling equipment is not used, is equip-

ment disassembled and thoroughly cleaned between
samples?

I1f samples are for inorganic analysis, does the clean-
ing procedure include the following sequential steps:
a. Dilute acid rinse (HNO3 or HCl)?

1f samples are for organic analysis, does the cleaning
procedure include the following sequential steps:

a. Nonphosphate detergent wash?
b. Tap water rinse?
A N4
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9950.2

c. Distilled/deionized water rinse?
d. Acetone rinse?
e. Pesticide-~grade hexane rinse?

12. Is sapling equipment thorcughly dry before use?

13. Are equipment blarks taken to ensure that sanple
cross—contamination has not ocourred?

14. If volatile samples are taken with a positive gas
di splacement bladder putp, are pumping rates below
100 ml/min?

F. In=-situ or field analyses:

1. Are the following labile (chemically unstable) para-
meters determined in the field:
a. pH?
b. Temperature?
c. Specific conductivity?
d. Redox potential?
e. Chlorine?
£. Dissolved oxygen?
g. Turbidity?
h. Other (specify)

2. For in-situ determinations, are they made after well
evacuation and sample removal? b@:’?W' Qc &“u}:g/

3. If sanple is withdrawn fram the well, is parameter
measured from a split portion?

4. Is nonitoring equipment calibrated according to
manufacturers’' specifications and consistent with
SW-846?

5. 1Is the date, procedure, and maintenance for equipment
calibration doccumented in the field logbodk?

IV. Review of Sample Preservation and Handling Procedures

A. Sample containers:
1. Are samples transferred fram the sampling device
directly to their compatible containers?

2. Are sample containers for metals (inorganics) analyses
polyethylene with polypropylene caps?

3. Are samle containers for organics analysis glass
bottles with fluorocarbonresin-~lined caps?

=42~
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4. If glass bottles are used for metals samples are '
the caps fluorocarbonresin-lined? {Y/N) '\9\’\\&%\»\‘9“\
5. Are the sample containers for metal analyses cleaned
using these seguential steps?
a. Nomphosphate detergent wash? Cw\-l@\L nev 5 (Y/N) NA
b. 1:1 nitric acid rinse? . N7 (Y/N)
c. Tap water rinse? : Lome £ o (/™)
d. 1:1 hydrochloric acid rinse? R ~ Y/N
e. Tap water rinse? L”\\” ‘ﬁ‘MQ'L( Eyﬁng
f. Distilled/deionized water rinse? kw i‘.b“ (Y/N)
6. Are the sanple containers for organic analyses cleaned
using these sequential stepsa? ;
a. Nonphcsphate detergent/hot water wash? ‘ (Y/N) NA'
b. Tap water rinse? K‘/&W}m.we\fé (Y/my =,
c. Distilled/deicnized water rinse? L ) Luw (Y/N)
d. Acetone rinse? AYOM I 4'72 )
e. Pesticide—grade hexane rinse? (Y/N) 1L
7. Are trip blanks used for each sample container type
to verify cleanliness? {(Y/N) Y
Sample preservation procedures:
1. Are samples for the following analyses cooled to 4°C: ,
a. TOC? (Y/N) \!/
b. TAX? : (Y/N)
c. Chloride? (y/N) =
d. Phenols? (y/N) —
e, Sulfate? (Y/N)
f. Nitrate? {Y/N)
g. Coliform bacteria? (Y/N} — ¢
h. Cyanide? (Y/N) §
i. 2il and grease? (Y/N}
j. Hazardous constituents (§261, Appendix VIII)? (Y/N)
2. Are samples for the following analyses field acidified to
pH <2 with HNOg: : v/ 0
a. Iron? Y/N)
b. Manganese? ‘ . (Y/N)
c. Sodium? /?L( [LWWM (Y/N) :'t
d. Total metals? . (Y/n) 1T
e. Dissolwed metals? Lol W (Y/N) —
£. Fluoride? . ¥ (Y/N)
g. Endrin? WWW T LWL (qu)
h. Lindane? (Y/N)
i. Methoxychlar? T M (Y/N) :
j. Toxaphene? (ymwy 7

-43~



k. 2,4, D?

1. 2:4451 TP Silwvex?
m. Radium?

n. Gross alpha?

©. Gross beta?

Are samples for the following analyses field acidified

to pH <2 with Hy804:
a. Phenols?
b. 0il and grease?

Is the sanple for TOC analyses field acidified to
pH <2 with HC1?

Is the sample for TCAX analysis preserved with
1m of 1.1 M sodium sulfite?

. Is the sanple for cyanide analysis preserved with

NaOH to pH >12?

. Special handling considerations:

1.

2.

Are orqanic samples handled without filtering?

Are samples for wolatile organics transferred to
the apprcpriate vials to eliminate headspace over
the sanple?

. Are samples for metal analysis split into two

portions?

. Is the sample for dissolved metals filtered

through a 0.45 micron filter?

Is the second portion not filtered and analyzed
for total metals?

. Is one equipment blank prepared each day of

grarnd-water sampling?

Review of Chain-of-Custody Prodecures

. Sample labels

l. Are sarple labels used?

2. Do they provide the following information:
a. Sample identification rumber?
b. Name of collector?
c. Date and time of collection?
d. Place of oollection?
e. Parameter(s) requested and preservatives used?

-4~
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3. Do they remain legible even if wet?

B. Sample seals:

l. Are sample seals placed on those containers to

ensure the sanples are not altered?

C. Field logbodk:
1. Is a field logbock maintained?

2. Does it document the following:

a. Purpose of sampling (e.g., detection or

assgeasmrent)?
b. Location of well(s)?
c. Total depth of each well?

d. Static water level depth and measurement

technique?
e. Presence of inmiscible layers and
detection method?

f. Gollection method for immiscible layers

and sample identification rnumbers?
Well evacuation procedures?

Sample withdrawal procedure?

Date and time of collection?

. Well sampling sequence?

Types of sample containers and sample
identification number(s)?

. Preservative(s) used?

Parameters requested?

Field analysis data and method(s)?
Sample distribution and transporter?
Field observations?

2 Unusual well recharge rates?

© Equipment malfunction(s)?

© Possible sample contamination?

o Sampling rate?

Zt'u. (S £1o)

oD AL

D. Chain-of-custody record:

1.

2.

Is a dhain-of-custody record included with

each sarple?

Does it doaument the following:

a. Sanmple mamber?

b. Signature of collector?

c. Date and time of collection?

d. Sanmple type?

e. Station location?

f. Nurber of containers?

g. Parameters requested?

h. Signatures of persons involved in the
chain-of-possession?

i. Inclusive dates of possession?
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E.

Sample analysis request sheet: _
1. Does a sample analysis request sheet accampany
each sample?

2. Does the request sheet document the following:
a. Name of person receiving the sample?
b. Date of sanple receipt?
¢c. lLaboratory sarple number (if different than
field rumber)?
d. Analyses to be performed?

VI. Review of Quality Assurance/Quality Control

A. Is the validity and reliability of the laboratory

B.

7

and field generated data ensured by a QA/QC program?

Does the QA/QC program include:
1. Docurentation of any deviations from approwved
procedures?

2. Docurentation of analytical results for:
a. Blanks?
b. Standards?
c. Duplicates?
d. Spiked sanples?
e. Detectable limits for each parameter
being analyzed?

. Are approved statistical methods used?

Are C camwles used to correct data?

. Are all data critically examined to ensure it

has been preperly calculated and reported?

. Surficial Well Inspection and Field Cbservation

A.

Are the wells adequately mintained?

. Are the monitoring wells protected and secure?

o the wells have surveyed casing elevations?

Are the gromd-water samples turbid?

. Have all physical characteristics of the site been noted

in the inspector’s field notes (i.e., surface waters,
topography, surface features)?

(Y/N) _\_{_
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VIII.

F.

Has a site sketch been prepared by the field inspecter
with a scale, north arrow, location(s) of huildings,
location(s) of regulated units, location of monitoring
wells, and a rough depiction of the site drainage pattern?

Conclusions

Is the facility currently cperating under the correct
monitoring program according to the statistical analyses
performed by the current cperator?

Does the ground-=water monitoring system, as designed and
cperated, allow for detection or assesament of any possible
gramd-water contamination caused by the facility?

Does the sarpling and analysis procedures permit the
owner/cperator to detect and, where possible, assess the
nature and extent of a release of hazardous constituents
to ground water from the monitored hazardous waste
manacement facility?
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