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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. 
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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. 
7) 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 ( T5N, R9W, 
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 
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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 . 
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Table 1 

Partial* Summery of Waste Disposed of in Landfill #5 

Number of Size of 
Containers Container Waste Material Identification 

965 55-gal beryllium contaminated material from of aircraft brakes 
10 box mercury wastes 
27 55-gal trichloroethylene 

278 55-gal .trichloroethane 
171 55-gal oils and greases 

6 55-gal methanol 
1 55-gal toluene 

11 55-gal epoxies 
12 55-gal hydraulic fluid 
15 55-gal methylene chloride 
16 55-gal asbestos 
27 55-gal Freon 
21 55-gal chromate paint residue 
79 55-gal unknown paint residue 

477 55-gal paint remover / stripper waste 
32 55-gal alcohol wastes 

376 55-gal organic solvents 
7 each PCB contaminated transformers 

66 55-gal outdated 2,4,5,trichlorophenoxyacetic acid herbicide 
10 55-gal methyl ethyl ketone waste 
38 55-gal lacquer thinner 
21 55-gal penetrant (dirty) 

144 55-gal styrofoam contaminated barrels (mostly empty) 
27 55-gal waste sealer 

7232 tons IWTP sludge 
998 tons cadmium contaminated sand blast media 

1 55-gal tirchloro-trifluoromethane 
291 55-gal Si Sulfa Sol waste 

12 55-gal alkaline paint stripper 
95 55-gal slop paint 
12 55-gal cleaner waste 
4 55-gal dichloromethane ( contaminated) 

12 55-gal chromate wastes 
4 55-gal etchant 
1 each asbestos insulated boiler 

369 yard3 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 (F006) were placed directly into the landfill with out being stored . 
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• 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 Oasis 
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 
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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 lbs to 40,000 lbs 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 D003 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 
12_99: 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.o 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. 

3.2 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 
a-- __ .. they're often referred to as Shallow Brine Aquifers. These aquifers are in Lake 
W 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. 
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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. 

3 .3 Owner/Operator Information 

3.3.1 Stratigraphy and Water Bearing Characteristics 

In their Part B Permit Application and "Demonstration of Low 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 andform 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, wlminor chert) Deseret Limestone (dark gray 
limestone, dolomite, wlabundant chert), Humbug Formation (quartzitic sandstone, 
wlminor 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 
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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 direction 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 . 

19 



-

4.0 Site Geology I 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 surf ace 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 eris-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. A way 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 
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 "J" was 
drilled to a depth of 463 feet. During January and February of 1988, Wells "G", "H", 
and "I" 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 Grundfussdown-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 Bum/ 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 
rnquires 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 unrealistically 
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 l). 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 (CH2MHill 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 Boike 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 

23 



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 Surf ace 

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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Aquifer 
Well Thickness 
No (ft) 

E 8 

F 15 

e G 5 

H 8 

I 10 

J 19 

Table 2 

SUMMARY OF LANDFILL # 5 
AQUIFER CHARACTERISTICS 

Aquifer Description 

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

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. 

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. 

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. 

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

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 Hand 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 Hand 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 historical interpretations have changed, see 
"Current Perspective" below. 

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

physiographic 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, 
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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, arid 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 
l~ft 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 was off by -1.29 feet, 
WellF was off by -0.38 feet, 
WellG was off by -0.42 feet, 
WellH was off 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 . 
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FIGURE? Groundwater Flow-direction Map 1997 
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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 Jl. 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 

WellE 3.02 ft 45.0 ft 
WellF 2.79 ft 47.2 ft 
WellG 6.09 ft 66.0 ft 
WellH 1.22 ft 22.8 ft 
Well I 3.30 ft 45.2 ft 
Well J1 0.59 ft 21.0 ft 

.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 Dare 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 ft2/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 ft2/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 (Ks) values can be estimated from transmissivity 
data using the relationship 

where 

Ks = T/b 

T = aquifer transmissivity (ft2/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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Table 3 

SUMMARY OF PRINCIPAL AQUIFER DATA 
AT THE UTTR LANDFILL # 5 

Transmissivity (ft2/day) 

Jacob 
Slug Constant Semi-log Estimated Saturated 

Well Recovery Pumping Pumping 
No. Data Recovery Data Well Data 

E 12 24 

F 104 

G 35 

H 110 

I 150 78 

J 94 33 

Storativity Estimate Ranges: 

S = about 10 -3 to 10 4 

S = pgbe (assuming compressibility of water is negligible) 
where: 

Ranges: 

pg = Gravity x density of water (62.4 lbs/ft3
) 

b = Aquifer thickness (Table 2) 
e = Aquifer compressibility 

Loose sand 2.5 - 5.0 x 10 -6 ft2/lb 
Dense sand 6.2 x 10-7 

- 1.0 x 10-6 ft2/lb 
(Freeze and Cherry, 1979, p. 55) 
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Hydraulic 
Conductivity 

3 

7 

7 

14 

15 
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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 Hand 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 lbs/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 10-3 to 10 4 . 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. 

4.2 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 JI) 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, Band D) in December of 

----I-984. 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 

5.2.1. 

Construction Details 

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 combirn1tion 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 JI 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 JI 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. 

42 



• 

• 

• 

PROJECT NUMBER BORING NUMBER 

132115.WL J-1 SHEET 1 OF 1 

PROJECT: Monitoring Well J Replacement 

ELEVATION: To of Casin 4605.45 
DRILLING METHOD AND EQUIPMENT USED : Air/Mud Rotary 

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

3--2a---t-

I.,. .,.I 

1.15· I 

2 

WELL COMPLETION DIAGRAM 

LOCATION: UTTR Landfill 5 

DRILLING CONTRACTOR : Foundex Pacific 

START: 9/27/96 END : 9/29/96 LOGGER : M.Cox 

1- Ground elevation at well 4603.0 

2- Top of casing elevation _____ 4_6_05_._45 _________ _ 

3- Wellhead protection cover type Above Ground, 8-inch steel with posts 
a) weep hole? No 
b) concrete p_a_d_d-im_e_n_s-io_n_s ___ 4_F-ee_t_B_y_4_F_e_e_t -------

4- Diameter/type of well casing __ 4_·_in_c_h_, S_ch_e_d_u_le_4_0_P_v_c ____ _ 

5- Type/slot size of screen Machine-Cut, 4-inch, Schedule 40 PVC 
.01 O Slot, 420 to 440 ft bgs 

6- Type screen filter 

a) Quantity used 442:414 feet, 10/20 Silica, 10 bags 

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

7 • Type of seal 

a) Quantity used ______ B_e_n_to_n_it_e_G_r_o_ut _______ _ 

8- Grout 

a) Grout mix used ______ A_q,_u_a_-G_u_a_rd-'''-n_o_ce_m_e_n_t ____ _ 

b) Method of placement Tremie 

c) Quantity of well casing grout Bentonite Grout 403-200 feet 

Bentonite Chips 200-0 feet 

Pump 

a) Pump type 

b) Intake Depth 

Discharge Pipe 

Water Level Probe Pipe 

Grundfos 5S15-27, 230 volt 

425 feet bgs 

3/4-inch type 304 stainless steel 

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 

43 



• 

e 

• 

5.4 Adequacy of Detection Monitoring System 

Potential Problems associated with UTTR's current monitoring include the following: 

5.5 

1) 

2) 

3) 

4) 

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. 
The use of submersible centrifugal pumps could bias volatile organic 
results to lower than actual values due to heat and turbulence. 
New cross-sections or fence diagrams should be drawn to correlate 
stratigraphy between the wells, and improve our understanding of the 
vadose zone. 
An inter-well pump test should be conducted to develop a better 
understanding of the hydrology of the confined aquifer beneath Landfill 
#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 JI at Landfill 
#5. This sampling was done as a follow-up after Freon 113 was detected, at very low 
concentrations, at wells JI 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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4/8/98 1030 

5.5.2 

1940 

Michael Enright (USGS) 
Katina Wilson (USGS) 

Bronson Hawley (DSHW) Clear sky, scattered 
Walter Wilson (Hill AFB) clouds, no wind. 
Michael Enright (USGS) 
Katina Wilson (USGS) 

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. 

5.5.3 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 
t9 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 Hand J-lon 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 Jl) 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 Jl) 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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