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SUMMARY 

Fort Lewis has been in operation since 1917, when the citizens of Pierce 
County donated 77,320 acres of land to the Federal government for the estab­
lishment of a permanent military base. During the period of its operation, 
the Fort has provided facilities for troop induction, training, embarkation, 
and debarkation. The normal operation of this facility has included the dis­
posal of generated waste into landfill sites and disposal pits. 

The information presented in this report was collected during limited 
site investigation activities conducted in the vicinity of landfills 1 and 4 
at Fort Lewis between April and December 1988. The purpose of this work was 
to provide a means of detecting and evaluating the impacts of these inactive 
landfills on ground-water quality and adjacent lands. This effort included 
the design and construction of ground-water monitoring systems for compliance 
with applicable Federal and State regulations governing Resource Conservation 
and Recovery Act (RCRA)-type landfills. 

Landfill I operated as a trench cut-and-fill operation for the disposal 
of sanitary solid waste until at least late !951. The landfill was then used 
for surface dumping of construction rubble. Waste materials exposed at the 
surface include broken concrete, broken asphalt, and various types of wood. 
Aerial photographs taken in 1951 appear to indicate that additional areas 
were used for open-pit dumping (waste materials unknown), burning, and stor­
age. Unauthorized surface dumping of trash wood and paper, old asphalt 
shingles, various automobile parts, and Christmas trees has also occurred. 

landfill 4 also operated as a trench cut-and-fill operation for the 
disposal of sanitary solid waste until at least 1967. Four separate trench 
areas were interpreted from aerial photographs of the site. Waste materials 
exposed at the surface consisted of household waste, automobile parts, con­
struction rubble, tires, and various large metal objects. Surface dumping 

of tree stumps and some unauthorized dumping have also occurred at this site. 
This site has also been used for training of heavy equipment and military 
vehicle operators. 
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Three principal activities were conducted during this limited site 
investigation. The first activity involved 1) field reconnaissance of each 
landfill, 2) visual inspection of monitoring wells and collection of water 
levels from the existing monitoring wells, and 3) personal interviews with 
Fort Lewis Directorate of Engineering and Housing (DEH) employees concerning 
the operational history and waste inventory of the landfills and with the 
U.S. Army Corps of Engineers concerning aerial photographs and the hydrogeol­
ogy of the area. The second activity, conducted in July 1988, involved sur­
face geophysical surveys to determine the physical boundaries of Landfill 4. 
A ground-penetrating radar unit, ground conductivity surveys, and metal 

detector surveys were used to delineate the waste boundaries. The third 
activity, conducted between August and October 1988, involved installing 10 
new monitoring wells, remediating 8 existing wells installed in 1981 and 
1984, and abandoning I existing (1981) well. 

Boreholes for the 10 new wells were drilled using either cable-tool or 
hollow-stem auger methods. Sediment samples were collected and classified in 
the field throughout the drilling effort. Generally, the sediment from the 
different boreholes consisted of sandy gravel to muddy sandy gravel with 
minor layers of sand and clay. On completion of the drilling, eight of the 
boreholes were logged using a gamma-ray (natural-gamma) geophysical probe. 
Water-level data from Landfill I indicate that ground-water flow is toward 
the northeast. Water-level data from Landfill 4 suggest that ground-water 
flow is to the north away from Sequalitchew Lake. 

Ground-water samples were collected from both existing {1981 and 1984) 
wells and the newly installed (1988) wells. Five field sampling events were 
conducted commencing in late August 1988 and ending in mid-December 1988. 
The analytical results from the water samples indicate that the ground water 
in and around Landfill 1 contains limited contamination. Contaminants may 
include volatile organic compounds and nitrate. The primary concern in the 

area around Landfill 1 was the determination that ground water from two wells 
may contain cis-1,2-dichloroethylene and 1,1,1-trichloroethylene above drink­
ing water standards. Nitrate levels in the downgradient wells were greater 

than those in upgradient wells and exceeded drinking water standards in some 
of the less-representative samples. Analyses of ground-water samples from 
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wells in and around Landfill 4 indicate several contaminants may be present. 
These include volatile organic compounds (principally cis-1,2-dichloroethylene 
and 1,1,1-trichloroethylene), coliform, oil and grease, and perhaps some 
metals (iron and magnesium). The primary concern in the area around Land­
fill 4 was the determination that ground water from five wells contained 
cis-1,2-dichloroethylene and 1,1,1-trichloroethylene above drinking water 
standards. The source of contaminants beneath either landfill cannot yet be 
identified. Insufficient data exist to disprove or confirm either landfill 
as possible contributors. 
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1.0 INTRODUCTION 

The 86,000-acre Fort Lewis Facility (the Fort) is located approximately 
12 miles southwest of Tacoma, Washington, and 18 miles northeast of Olympia, 
Washington (Figure 1.1) . The Fort has been an army facility since 1917 with 
onsite industrial operations including maintenance of aircraft and vehicles 
and repairs and refurbishing of weapons. 

During the Fort's more than 70 years of operation, several landfill 
sites were used for the disposal of large quantities of solid waste material . 
These waste materials slowly degrade and/or mobilize in the subsurface and 
can result in the release of contaminants through the vadose zone and into 
shallow underlying aquifer systems. 

Information presented in this report was collected by the Pacific North­
west Laboratory (PNL)(a) at the request of the U.S. Army . Work was performed 
under a related services agreement with the U.S. Department of Energy (Con­
tract DE-AC06-76RLO 1830 Interagency Agreement 118328). This information was 
collected during site investigations conducted at Landfills 1 and 4 located 
on the Fort. The goal of the site investigations was to provide a means for 
detecting and evaluating the impacts of inactive Landfills 1 and 4 on the 
ground water and adjacent lands . This goal was to be achieved through the 
design and construction of ground-water monitoring systems at the landfills 
that would comply with applicable federal and state regulations. 

Three principal activities were conducted at the landfills. The first 
activity involved 1) field reconnaissance of both landfills to determine the 
types of materials present and the areal extent of each landfill, 2) visual 
inspection of existing monitoring wells to determine their usefulness and for 
the collection of water-level data , and 3) interviewing Fort Lewis Director­
ate of Engineering and Housing (DEH) employees concerning the operation, use, 
and waste inventories of the landfills and the U.S. Army Corps of Engineers 
personnel concerning available aerial photographs and existing hydrogeologic 

(a) The Pacific Northwest Laboratory is operated by Battelle Memorial 
Institute for the U.S. Department of Energy under Contract DE-AC06-76RLO 
1830. 
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information. The second activity was to perform surface geophysical surveys 
over Landfill 4 to determine its physical boundaries. Ground-penetrating 
radar, ground conductivity surveys, and metal detector surveys were conducted 
in July 1988. The third activity, performed in August through October 1988, 
consisted of drilling and installing 10 new wells, remediating 8 existing 
wells installed in 1981 and 1984, and abandoning 1 of the 1981 wells. Sedi­
ment samples were collected at 5-ft intervals throughout the drilling effort . 
These sediments were generally classified by using the percentages of gravel, 
sand, and mud (silt plus clay} found in the sample. Five ground-water sam­
pling events were performed, each involving all or portions of the 10 new 
(1988} wells and 8 existing (1981 and 1984} wells . 

This report contains background information on the Fort and its environ­
mental setting . The report also discusses the investigative methods used in 
the study, the specific hydrogeologic characteristics of the landfills, and 
the possible impacts of these landfills on the ground-water quality. 
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2.0 SITE BACKGROUND 

This chapter describes the location and physical layout of the Fort and 
Landfills 1 and 4, the history of the Fort, the photographs and sketches 
available for these landfills, the operational history of the landfills, and 
the permit and regulatory history of the landfills. 

2.1 SITE LOCATION AND LAYOUT 

The Fort is located along Interstate 5, approximately 12 miles southwest 
of Tacoma, Washington, and 18 miles northeast of Olympia, Washington {see 
Figures 1.1 and 2.1). The Fort encompasses approximately 86,000 acres and is 
configured in a general hourglass shape, with its long axis oriented north­
east to southwest. The Nisqually River crosses the Fort at its narrowest 
point, dividing the Fort into northeastern and southwestern sectors. The 
northeastern sector is the largest and contains the two landfills of interest 
{Landfills 1 and 4). These two landfills are located on opposite sides of 
the west-southwest to east-northeast-oriented Interstate 5, which cuts 
through this portion of the Fort (Figure 2.1). Landfill 1 is located south 
of Interstate 5, approximately 0.5 mile southwest of Gray Army Airfield. 
Landfill 4 is located north of Interstate 5, immediately north of 
Sequalitchew Lake. 

2.2 GENERAL HISTORY 

The Fort is an active facility that has been owned and operated by the 
U.S. Army since 1917. McMaster (1982) indicated that this facility serves as 
the focal point for induction, training, embarkation, and debarkation of 
troops in the northwest. Activities at this installation include the oper­
ational use, handling, storage, and disposal of various hazardous materials . 
A summary of these activities, taken from McMaster (1982), is provided below. 

Industrial operations at the Fort include vehicle and aircraft mainten­
ance, weapons repair and refinishing, and limited furniture refinishing . 
Vehicle and aircraft maintenance activities currently use 1,1,1-
trichloroethane {TCA) in degreaser baths and caustic sodium hydroxide for 
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for paint stripping. Trichloroethylene (TCE) was used at Fort Lewis until 
the mid-1970s, when its use was discontinued. Small-armament maintenance 
activities involve sand blasting, degreasing, acid rinsing, and oil dipping. 
Furniture refinishing involves the use of commercial paint strippers, paint, 
and varnish. 

Hazardous materials have been and are currently handled and/or stored at 
numerous locations throughout the Fort. These materials include 1) pesti­
cides (insecticides, herbicides, fungicides, and rodenticides), 2) polychlo­
rinated biphenyls (PCBs), 3) industrial and laboratory chemicals, 
4) radiological materials, and 5) petroleum, oils, and lubricants. 

Waste disposal and treatment operations have been and are currently 
being performed at the Fort. These operations involve 1) offsite and onsite 
industrial waste treatment and disposal, 2) onsite waste water treatment, 
3) solid waste landfill disposal, 4) explosive ordnance demolition, and 
5) demilitarization activities. 

2.3 AERIAL PHOTOGRAPHY AND SITE MAPS 

Two sets of aerial photographs of Landfill 1 and three sets of Land­
fill 4 were available for review (Table 2.1). No drawing could be found of 
these landfills, other than some general site maps. These aerial photographs 
and site maps can be obtained from the Engineering Division, Survey Branch, 
Seattle District, U.S. Army Corps of Engineers, Seattle, Washington. 

TABLE 2.1. Aerial Photographs Available for Landfills 1 and 4 

Landfill 
1 

4 

Aerial PbQtQgraQh Set 
2 113, 114 and 115 
KP-70 7-12-13 and -14 

7-13-18 
1 172 through 176 
KP-70 7-11-18 and -19 

7-12-19 
NW-C-76 15A-24 and -25 

2.3 

Date 
7-21-51 
5-24-70 

7-21-51 
5-24-70 

7-15-76 



2.4 HISTORY OF LANDFILLS 1 AND 4 

Landfills 1 and 4 are two of 14 reported solid waste landfills/disposal 
sites that have been used at the Fort (McMaster 1982). McMaster reported 
that both these landfills were used for the disposal of "sanitary" wastes . 
Landfill 1 was reportedly used between 1946 and 1951, and Landfill 4 was 
reportedly used between 1951 and 1967 (McMaster 1982). No records or first­
hand personal accounts could be obtained to estimate the waste constituents 
or inventories of these landfills. Those staff interviewed from the DEH 
believed that Landfill 1 was used primarily for surface dumping of construc­
tion debris and that Landfill 4 was used primarily for disposal of domesti c 
garbage. Additional interpretations of the disposal history and waste 
inventory are based on available aerial photographs and visual observations 
of the landfills. 

2.4.1 Landfill 1 

Aerial photographs taken in July 1951 indicate that a portion of Land­
fill 1 was still in operation at that time. However, this trench cut­
and-fill operation may have been discontinued in late 1951, as reported by 
McMaster (1982). Several isolated disposal pits and/or burn pits near this 
trench/fill area can also be observed in these photographs. Aerial photo­
graphs taken in May 1970 suggest that the landfill may have been extended 
farther to the southwest, possibly by overbank dumping along the western 
escarpment created by the later stages of the trenching operation. Some 
surface storage was also indicated near the southern tip of the landfill. 

Field inspections made during May through July 1988 found evidence of 
more recent (post-1970) surface dumping of (primarily) construction rubble . 
Waste materials observed at the surface included sand and gravel, broken 
cement, broken asphalt, old concrete structures, and various types of wood 
debris. Unauthorized surface dumping of trash wood and paper, old asphalt 
shingles, various automobile parts, and Christmas trees was also apparent . 

2.4.2 Landfill 4 

Aerial photographs taken in May 1970 show that operations at Landfill 4 
had apparently ceased. Other aerial photographs taken in July 1976 show no 
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change in the landfill configuration since the 1970 photographs. Thus, it is 
believed that the landfill was used before 1970 and perhaps closed in 1967 as 
reported by McMaster (1982). The photographs suggest at least four trench 
cut-and-fill areas~ 

Visual inspection and surface geophysical surveys made during May 
through July 1988 suggest numerous isolated open-pit dumps surrounding these 
trench areas. Waste materials observed on the landfill surface included 
domestic garbage, automobile parts, industrial debris (steel cables, rein­
forced concrete), tires, and asphalt. More recent surface dumping of tree 
stumps and some unauthorized surface dumping of trash wood and paper, auto­
mobile parts, old lumber, trees, barbed wire, etc., were also observed . This 
site has also been used for heavy equipment and military vehicle operator 
training . 

2.5 PERMIT AND REGULATORY HISTORY 

McMaster (1982) indicated that the Fort has filed a Notification of 
Hazardous Waste Activity under the Resource Conservation and Recovery Act 
(RCRA) (40 CFR 265) and has received U.S. Environmental Protection Agency 
(EPA) identification number WA 9214053465 for generation, storage, and treat­
ment of hazardous waste. The wastes listeQ on the notification include sol­
vents, battery acid waste, pesticides, and explosive waste . The Fort has 
applied for a RCRA permit to cover a hazardous waste storage facility located 
on the Fort Lewis Logistics Center. 

No operating permits are known to be in place for Landfills 1 and 4. As 
part of the Installation Restoration Program and to monitor past disposal 
sites, four monitoring wells were installed around Landfill 1 in 1984, and 
five wells were installed around Landfill 4 in 1981 . 
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3.0 ENVIRONMENTAL SETTING 

To thoroughly investigate the landfills, the environmental setting was 
characterized including physiography, climate, regional geology and hydrol­
ogy, water use, and critical habitats. 

3.1 PHYSIOGRAPHY 

The two landfills of interest are located within the Tacoma Upland sub­
area (Figure 3.1) of the central Puget Sound Lowland as defined by the U.S. 
Geological Survey (USGS 1962). The Puget Sound Lowland is a broad plain that 
extends from the Cascade Range on the east to the Olympic Mountains and 
Willapa Hills on the west, and into the Willamette Valley to the south. The 
Tacoma Upland is located on a poorly drained drift plain that ranges from sea 
level to approximately 600ft above mean sea level (msl). 

The topography of the Tacoma Upland is a product of processes from the 
most recent (Vashon) Pleistocene glaciation and subsequent Recent glacio­
fluvial deposition and erosion; it is characterized by rolling hills 
(moraines and drumlins) and depressions (kettles) that are scattered across 
the plain. Numerous lakes and swamps exist in the depressions. 

Two major rivers edge the Tacoma Upland. The Puyallup River forms the 
northeastern and eastern boundaries of the Tacoma Upland, and the Nisqually 
River forms the southwestern boundary. A number of small creeks and streams 
drain the interior of the Tacoma Upland. Figure 3.2 shows locations of 
streams, lakes, and cultural features within the Tacoma Upland and adjacent 
areas. Landfill 1 lies within the Murray Creek subbasin, and Landfill 4 is 
in the Sequalitchew Creek/Lake subbasin. 

3.2 CLIMATE 

The climate of the study area is moderate/humid, with winter tempera­
tures generally above freezing and summer temperatures generally below ao•F . 
Mean annual precipitation in the lowland is approximately 40 in. j yr, with 
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FIGURE 3.2. Location of Streams, Lakes, and Cultural Features Within the 
Tacoma Upland and Adjacent Areas (from USGS 1962) 
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most of the rain falling during the spring and winter months. Puget Sound, 
the Pacific Ocean, and the mountain ranges to the west provide moderating 
influences on the climate of the Tacoma Upland. 

3.3 REGIONAL GEOLOGY 

The Tacoma Upland lies near the center of the Tacoma low, a deep struc­
tural basin. Data on the geology of the Tacoma Upland were compiled from 
publications on this area (Brown and Caldwell 1983; USGS 1962; Walters and 
Kimmel 1968). Bedrock underlying this area is assumed to be the same or 
similar to the Tertiary and pre-Tertiary volcanic, metamorphic, and consoli­
dated sedimentary rocks exposed at the periphery of the Puget Sound Lowland. 
However, these rock units have no surface exposure near the landfills, and 
they do not occur in the deepest wells (>2000 ft) drilled in the area. Over­
lying the bedrock in the Tacoma Upland are more than 2000 ft of semi­
consolidated and unconsolidated clay, silt, sand, gravel, and glacial till. 
These sediments were deposited by glaciers and streams during late Tertiary 
(Pliocene), Pleistocene, and Recent times. The Pliocene/Pleistocene deposits 
consist largely of glacial drift and interglacial sediments laid down from 
advance and retreat of continental ice sheets that occupied the area from 
approximately 2.5 million years to 11,000 years ago. Final shaping of the 
land surface by stream incision of valleys and subsequent deposition of 
alluvial deposits occurred during Recent times (11,000 years ago to the 
present) . 

The Pleistocene glacial and interglacial intervals are of most interest 
in the present study because the resulting sediments deposited by these 
events make up the majority of the subsurface geologic materials, and these 
sediments provide the framework for the ground-water regime in the Tacoma 
Upland. Four Pleistocene glaciation intervals have been recognized in the 
Tacoma Upland. These are, from oldest to youngest (Crandall et al. 1958) 
1) Orting, 2) Stuck, 3) Salmon Springs (and upper Salmon Springs), and 
4) Vashon [possibly a stade within the broader "Fraser" glaciation described 
by Armstrong et al. (1965)]. Interglacial episodes, where the area was free 
from ice for an extended time, follow each glaciation. Table 3.1 (modified 
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TABLE 3.1 . Climatic and Stratigraphic Units in the Tacoma Upland 
(all Pleistocene Epoch){aJ 

Climatic Unit 

Vashon Glaciation 

Olympia Interglaciation 

Upper Salmon Springs Glaciation 

Unnamed Interglaciation 

Salmon Springs Glaciation 

Puyallup Interglaciation 

Stuck Glaciation 

Alderton Interglaciation 

Orting Glaciation 

Stratigraphic Unit 

Vashon Drift 
Steilacoom Gravels 
Vashon Recessional Outwash 
Vashon Till 
Vashon Advance Outwash 
Colvos (Esperance) Sand 

None identified 

None identified 

Kitsap Formation 

Salmon Springs Drift 

Puyallup Formation 

Stuck Drift 

Alderton Formation 

Orting Drift 

(a) Modified from Brown and Caldwell (1983) . 

from Brown and Caldwell 1983) shows the relationships and names of the 
climatic units and resultant geologic (stratigraphic) units in the Tacoma 
Upland. 

The glacial drift units generally consist of three depositional facies: 
1) outwash deposited by advancing glaciers, 2) till deposited by stagnant 
glaciers, and 3) outwash deposited by receding glaciers . The outwash 
deposits (advance and recessional) typically consist of well-sorted gravel or 
stratified sand and gravel. The tills generally consist of semiconsolidated, 
poorly sorted gravel in a silty/clayey matrix. 

The interglacial units generally consist of fluvial and lacustrine 
deposits . Sands, silts, and clays deposited in lakes or over broad alluvial 
plains are most common , although gravels occur locally in mainstream 
channels . 
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The upper two units, the Kitsap Formation and the Vashon Drift, · are the 
most significant to this study, because they are believed to control the 
uppermost aquifer beneath the Fort . Figure 3.3 illustrates a generalized 
geologic column of these two formations . 

3.3.1 Kitsap Formation 

The Kitsap Formation, overlying the Salmon Springs Drift , is widespread . 
It is of nonglacial origin (lacustrine and fluvial) and consists of clay, 
silt, and fine sand. The Kitsap Formation is typically 50 to 150 ft thick 
in the Tacoma Upland. 

3.3.2 Vashon Drift 

The Vashon Drift is the youngest glacial deposit in the area and is 
exposed at the surface. Several subunits have been described within the 
Vashon Drift. These are in ascending order (oldest to youngest) Colvos 
(Esperance) Sand, Vashon Advance Outwash, Vashon Till, Vashon Recessional 
Outwash, and Steilacoom Gravels . 

The Colvos (Esperance) Sand overlying the Kitsap Formation, although 
considered an advance outwash deposit , is mapped and defined independently 
because of its easily identified characteristics of a loose , well-sorted sand 
with occasional gravel occurrences (and a basal clay section in some areas) . 
The Colvos Sand is up to 150 ft thick in the Upland area. 

Overlying the Colvos Sand is the Vashon Advance Outwash. The advance 
outwash is a stratified, well-sorted pebble- to cobble -sized gravel that is 
present under most of the Tacoma Upland in thicknesses of 25 to 50 ft . 

The Vashon Till overlies the Vashon Advance Outwash in much of the 
Tacoma Upland. The till may be present as a semiconsolidated matrix of s ilt 
and clay with intercalated sand and gravel, or it may take the form of 
unconsolidated, unstratified gravel, sand, and silt. Although the till may 
be as much as 100 ft thick in places , it more typically is from 5 to 30 ft 
thick . 
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In the Tacoma Upland, Vashon Recessional Outwash deposits consisting of 
coarse sand and gravel range from a few feet to more than 200 ft in thick­
ness , but are typically on the order of 20 ft or so thick. 

The Steilacoom Gravels unit of the Vashon Drift covers the ground 
surface within the Tacoma Upland and varies from zero to a few tens of feet 
in thickness throughout the area . This unit is locally a special type of 
recessional outwash deposit consisting of coarse gravel with some inter­
stitial sand . 

3.4 REGIONAL HYDROLOGY 

The regional hydrology (surface water and ground water) is controlled 
largely by the geology of the area. 

3.4.1 Surface Water 

Numerous surface-water features exist in the Tacoma Upland (Figure 3.2). 
The Puyallup River, which bounds the Tacoma Upl and on the northeast and east , 
originates at the Mowich, Puyallup, and Tahoma Glaciers on the western slopes 
of Mount Rainier. It flows 46 miles northwestward to discharge into Com­
mencement Bay at Tacoma. The Puyallup is a medium-sized stream, with an 
average flow of approximately 3300 cfs measured at the Puyallup gauging 
station. The second major stream in the Tacoma Upland, the Nisqually River, 
bounds the area on the southwestern corner. The Nisqually River originates 
at glaciers on the southerly slopes of Mount Rainier and winds westerly to 
northwesterly to discharge into Puget Sound south of DuPont. The Nisqually 
also is a medium-sized stream, with an average flow of 1370 cfs. 

A number of small creeks traverse the Tacoma Upland. Most of these 
streams are small (average flows of <100 cfs) and drain local subbasins. 
The creeks are hydraulically connected to the upper ground-water aquifers in 
the area, in some places gaining water from and in other locations contribut­
ing water to the aquifers. 

Murray Creek is a small, ungauged creek that originates in Kinsey Marsh 
located on the Fort east of Madigan General Hospi tal and the Logistics Center 
(Mount Rainier Ordnance Depot). Murray Creek r uns westerly for approximately 
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4 miles and discharges into American Lake. Sequalitchew Creek is a small 
ungauged stream that serves as the outlet of Sequalitchew Lake and runs 
westerly for a distance of approximately 2.5 miles to discharge into Puget 
Sound near the Nisqually tidal flat . 

Numerous springs exist throughout the Tacoma Upland . The springs are 
located along the Puget Sound Bluffs, along the creek and river channels, 
and along the edges of the deeper kettle depressions. The springs deliver a 
significant amount of ground water to the surface stream, lake, and swamp 
environments. Springs in the Tacoma Upland discharge an estimated 
100,000 acre-ft/yr (Walters and Kimmel 1968) . Many springs discharge at 
rates greater than 1 cfs. 

Lakes are the most prominent hydrologic features in the western part 
of the Tacoma Upland. Major lakes (>100 acres in area) are American, 
Steilacoom, Spanaway, Gravelly, and Sequalitchew. These lakes are the 
surface expressions of the shallow ground-water system and occur in the 
deepest topographic depressions (kettles). The bottoms of the major lakes 
are in the coarse Steilacoom Gravels, allowing interchange of the surface and 
ground waters. 

3.4.2 Ground Water 

The thick sequence of unconsolidated glacial, fluvial, and lacustrine 
sediments underlying the Tacoma Upland provides the framework for ground­
water systems with extremely productive aquifers (water-bearing geologic 
media). Ground-water recharge from precipitation in the Tacoma Upland is 
estimated at approximately 400,000 acre-ft/yr (USGS 1962). Ground-water 
discharge occurs through springs and seeps, which eventually discharge into 
the Puyallup and Nisqually rivers or directly into Puget Sound along the 
boundaries of the Tacoma Upland . 

The coarse sands and gravels of the Vashon Recessional Outwash are the 
most productive aquifers in the Tacoma Upland. This outwash often lies in 
the vadose zone (above the zone of saturation and above the water table) and, 
thus, does not produce ground water. However, where the outwash is below the 
water table, it is highly productive. The Vashon Recessional Outwash aquifer 
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is highly susceptible to contamination from surface sources because of its 
high permeability and near-surface location . 

The Vashon Till, which lies beneath most of the Tacoma Upland, is not a 
particularly productive aquifer. Where it lies below the zone of saturation 
and consists of mostly sand and gravel at least 20 ft thick, it will yield 
sufficient water to wells for single or small group domestic supply of a few 
to a few tens of gallons per minute . In most places, however, the Vashon 
Till consists mostly of silt and clay and can be considered an aquiclude (or 
aquitard) that protects the underlying water-bearing zones from surface or 
near-surface sources of contamination . 

The Vashon Advance Outwash is generally below the water table; thus , it 
provides a productive and important aquifer in the Tacoma Upland. It exhib­
its extremely high transmissivities (up to and exceeding 2 million gpd/ft) . 
Wells completed in the Vashon Advance Outwash can deliver water in amounts up 
to several thousand gallons per minute. The Vashon Advance Outwash aquifer 
is moderately isolated from surface contamination where it is overlain by 
low-permeability materials of the Vashon Till. 

The contact between the Vashon glacial deposits and the underlying pre­
Vashon unconsolidated sediments is unconformable throughout most of the 
Tacoma Upland; thus, the contact ranges from 700 ft above msl to more than 
300ft below msl. The sand and gravel aquifers of the pre-Vashon unconsol i ­
dated deposits (undefined as to formation) have considerably lower transmi s­
sivities than the Vashon Advance Outwash aquifers. Transmissivity appears to 
range from approximately 10,000 to 30,000 gpd/ft (USGS 1962), and wells con­
structed in the pre-Vashon deposits can be adequate for moderately large 
water supplies. Wells yielding up to 1000 gpm have been completed in these 
deposits, but yields of a few hundred gallons per minute from wells completed 
in the pre-Vashon deposits are more common. 

Figure 3.4 (after USGS 1962) shows the potentiometric surface (contour 
lines of water-table elevation above msl) of the upper, unconfined aquifer 
located primarily in the Vashon Drift of the Tacoma Upland . Also shown on 
the figure are general directions of ground-water flow near the study areas . 
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Ground-water flow is generally westerly and northwesterly . Ground water in 
this area ultimately discharges into Puget Sound or the Nisqually River . 

The availability of ground water in the pre-Tertiary and Tertiary 
formations underlying the Tacoma Upland is unknown (but probably small), 
because no wells penetrate to these zones in the area . 

3. 5 WATER USE 

Until the early 1900s, ground water was the sole source for most water 
supplies in the Tacoma Upland. With exception of the City of Tacoma, which 
started importing large amounts of water from the Green River in 1913, the 
area still relies on ground water to meet most of the various demands and 
needs for water . Major users of ground water adjacent to the landfills of 
interest are the military installations [Camp Murray, Fort Lewis, McChord Air 
Force Base, Madigan General Hospital, Logistics Center (Mount Rainier 
Ordnance Depot) , etc . ], and the communities of DuPont, Tillicum, and 
Lakewood . 

The Lakewood Water District, which supplies municipal and domestic water 
for much of the American Lake area (including Tillicum), uses an average of 
approximately 12 million gpd of ground water (Ecology and Environment, Inc. 
1986). McChord Air Force Base uses an average of 1.8 million gpd of ground 
water . 

In 1982, six wells and Sequalitchew Spring provided the principal water 
supply for Fort Lewis. Other smaller wells are used that are not connected 
to the main supply system. The amount of water used per day for the main 
supply system varies from 5 to 23 million gpd (an average of approximately 
7.8 million gpd) (McMaster 1982). Of this amount, Sequalitchew Spring may 
supply from 5.5 to 9 million gpd . Although the spring technically may be 
considered "ground water," the water derived from this source is actually 
subflow from adjacent American Lake. 

Shallow wells completed in the Vashon Drift may be subject to contamina­
tion from surface and near-surface sources . Some of the older municipal 
water- supply wells and most of the well s used for domestic water supply in 
the Tacoma Upland are relatively shallow and do derive ground water from the 

3.12 



Vashon Drift aquifers. Wells completed below the Vashon Drift and that 
produce water from the lower aquifers in the area are generally isolated and 
protected from sources of surface and near-surface contamination. 

Most of the wells adjacent to Landfills 1 and 4 are believed to be 
completed far below the Vashon Drift, and, thus, should not be affected by 
past waste disposal activities. Sequalitchew Spring is an exception, as this 
water source could be affected by surface contamination and also may be 
affected by changes in adjacent lake-water quality. 

3.6 CRITICAL HABITATS 

No known threatened or endangered species of plants or animals exist 
within the vicinity of Landfills 1 and 4. Additions are made to both the 
Federal and State lists when new species are approved for addition, and these 
lists should be checked periodically. There are also no wildlife refuges or 
game preserves within this area. At present, there are no known critical 
habitats. Two active bald eagle nests are present, although both are outside 
the landfill areas: one near Camp Murray and one near the Veteran's 
Hospital. One inactive nest is known, which is also outside the study areas. 

Coho salmon and rainbow trout are reared in pens within Sequalitchew 
Lake under an ongoing cooperative agreement with the State of Washington. 

Migratory waterfowl, primarily ducks and geese, are found at American 
and Sequalitchew lakes during the migration season. A certain number of 
ducks, geese, and coots winter at these lakes. Wright Lake is also used by 
waterfowl, but goes dry in some years. 

A number of sites of former cultural activity are known, particularly 
around the lake shores. Any major construction or modification activities 
would require more detailed reconnaissances, but the scope of activities 
under this study should not affect any of these sites. 
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4.0 SITE INVESTIGATION METHODS 

Investigations at the two landfills included activities aimed at locat­
ing the landfill boundaries, installing new ground-water monitoring wells, 
remediating existing monitoring wells, sampling the ground-water, and ana­
lyzing samples. The methods used in these investigations are described 
below, along with quality assurance and control activities. 

4.1 LOCATING LANDFILL BOUNDARIES 

To locate landfill boundaries, numerous aerial photographs of the two 
landfills were examined, and the physical features of the landfills were 
plotted on base maps. Two sets of aerial photographs were available for 
Landfill 1. These were taken in July 1951 and May 1970. Three sets of 
aerial photographs were available for Landfill 4. These were taken in July 
1951, May 1970, and July 1976 {see Table 2.1). 

Because aerial photographs did not provide sufficient information to 
determine the boundaries of Landfill 4, surface geophysical surveys were 
conducted on July 18 and 19 and July 27 and 28, 1988. Geophysical data were 
collected along 30 traverse lines located in one area where the boundary was 
fairly well known and three areas where the boundaries were poorly known . 
These lines varied in length from 200 to 1200 ft and were marked with wooden 
stakes at 100-ft intervals along their lengths. The locations of the stakes 
were established using a Brunton Compass and pacing. Geophysical-sensing 
instruments used in this survey were 1) a ground-penetrating radar unit, 
2) a ground-conductivity meter, and 3) a metal detector. Each of these 
instruments is discussed below. An informal report on the results of this 
survey is presented in Appendix A. 

4.1.1 Ground-Penetrating Radar 

The ground-penetrating radar unit used in this survey was a Geophysical 
Survey Systems, Inc. {GSSI), Model SIR 7 with a 120-MHz (nominal) antenna 
{GSSI Model 3110) that transmits and receives radar signals in a frequency 
band of approximately 50 to 250 MHz. The antenna, mounted on a fiber-glass 
sled, was pulled along the survey lines by a small all-terrain vehicle (ATV). 
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Radar signals reflected from subsurface objects or interfaces were detected 
by the antenna and were transmitted by cable to control and recording modules 
mounted on the ATV . There, the signals were amplified, digitized, and 
recorded on digital tape cartridges for later playback and processing . This 
instrument exhibits good spatial resolution and can produce quasi-pictorial 
images of both metallic and nonmetallic objects or materials in the ground . 

4.1.2 Ground-Conductivity Meter 

The ground-conductivity meter used in the survey was a Geonics EM31 
electromagnetic induction sensor . This hand-carried device operates by 
transmitting an oscillatory magnetic field into the ground, then detecting 
the secondary magnetic field produced by the electric currents that are 
induced in the ground. The device exhibits relatively poor spatial resolu­
tion , but can respond to both metallic and nonmetallic waste deposits. The 
data produced by this instrument were digitized and recorded by a small data 
recorder carried by the operator . The data were subsequently transferred to 
a computer for scaling and display. 

4.1.3 Metal Detector 

The metal detector used in the survey was a Fisher M-Scope, Model TW-6. 
This instrument was originally marketed as a pipe and cable detector, but has 
proven to be effective in detecting buried metallic waste materials at depths 
of a few feet. The metal detector was carried by hand along the survey l ines 
until a response was obtained. The location of the response was then 
recorded in a field notebook. 

4.2 INSTALLING MONITORING WELLS 

Ten ground-water monitoring wells were installed from August through 
October 1988 as part of this study (six in the vicinity of Landfill 4 and 
four near Landfill 1) . These wells were designated by the corresponding 
landfill number, the designation "PNL," and the consecutive number at the 
time they were drilled (e.g . , LF1-PNL2 corresponds to the second well drilled 
during the PNL study at Landfill 1). The new wells were installed by Onwego 
Drilling Co., Kennewick, Washington. Specifications for these wells are 
provided in Appendix B and are consistent with the requirements of 
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WAC 173-160. This section describes the methods used for drilling, sediment 
sampling, construction, geophysical logging, development, and surveying of 
the new wells . 

4.2.1 Drilling Methods 

Boreholes, for installation of the monitoring wells, were drilled with 
continuous flight, hollow-stem auger and cable-tool methods. The auger­
drilled boreholes were drilled using 8-in.-OD, 4-in.-ID (outside and inside 
diameter) hollow-stem auger flights . The boreholes drilled with a cable-tool 
rig used either hard-tool or drive-barrel methods. Hard-tool drilling con­
sisted of driving a solid metal bit into the sediments, breaking them up, 
and mixing them with added water (obtained from a nearby fire hydrant) to 
form a slurry, which was then bailed out of the borehole. After reaching the 
desired sampling depth, the borehole was bailed clean so that sediment sam­
ples could be collected. When using the drive-barrel method, a drive barrel 
(a short length of heavy-walled pipe) was driven into the sediments and with­
drawn, and the sediments were removed from the drive barrel . 

4.2.2 Geologic Sampling and Sediment Characterization Methods 

Sediment samples were collected at 5-ft intervals or at major lithologic 
changes encountered during drilling . The samples were collected using a 
2-in. split-spoon sampler when auger drilling, a 4-in . split-spoon sampler 
when hard-tool drilling, and directly from the drive barrel when drive-barrel 
drilling. The procedure used for collecting split-spoon samples is provided 
in Appendix C. These samples were photographed, and subsamples were col ­
lected in glass, pint jars . The samples have been placed in storage for a 
permanent record of the sediments encountered during drilling . 

Once the sample was photographed, it was physically described by a well­
site geologist, and the information was recorded on daily drill logs . The 
sediments were characterized based on estimated particle-size distribution , 
sorting, gross mineralogy, clast roundness, general color of the fines, reac­
tion to 10% hydrochloric acid (HCl), consolidation of the formation , changes 
from the previous sample, and any unusual findings . These samples were col ­
lected and documented in accordance with the procedure provided in Appendix 0 

and the guidance found in Last and Liikala (1987). The as -built diagrams 
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found in Appendix E show the geologic sediment classification names given to 
the sediments at each sample interval at each well. The criteria used by the 
well-site geologist to classify the sediments are based on the ternary 
diagram shown in Figure 4.1. 

In addition to sampling the sediment for physical characterization, 
sediment moisture samples were collected for information on the moisture 
profile of the unsaturated zone . These samples were collected immediately 
after the sampler was pulled from the borehole. The samples were placed in 
airtight tin containers, sealed with Teflon tape, labeled, and enclosed in 
plastic bags to prevent moisture loss. The samples were kept shaded and 
transferred at the end of the week to a refrigerator at PNL's Richland, 
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Washington, location. Within a few days after their arrival, the samples 
were removed from the plastic bags, weighed, oven-dried at 105oc for 24 hr, 
and, finally, reweighed. This routine is in accordance with ASTM procedure D 
2216 (ASTM 1986). These data are presented in Appendix F. 

Water-level measurements were taken by a well-site geologist using an 
electrical tape (E-tape) during drilling. These measurements provided 
information on the static water level that was then used to determine the 
placement depth of the screened interval. These measurements can be found on 
the drilling logs in Appendix E. 

4.2 .3 Monitoring Well Construction 

The monitoring wells were constructed as shown in Figure 4.2. These 
wells were constructed with polyvinyl chloride (PVC) casing (schedule 40, 
ASTM 1785) and 15ft of slotted PVC screen (20 slot, 0.02-in. opening). The 
screen was placed with 5 ft extending above and 10 ft below the static water 
level. This design was selected to compensate for fluctuations in the water 
level. Only 10ft of screen were installed in well LF4-PNL4 because of a 
thin saturated zone encountered above a clay/silt layer. In the auger bore­
holes, wells were constructed with 2-in.-dia PVC casing and screen (because 
of the small inside diameter of the auger flights), while those constructed 
in cable-tool boreholes were constructed with 4-in.-dia PVC. After instal­
ling the PVC casing and screen, silica sand was installed in the annulus to 
approximately 3 to 5 ft above the top of the PVC screen. Three to 5 ft of 
0.25-in. bentonite pellets were then placed on top of the sandpack. The 
remaining annulus, to approximately 1 to 3 ft below land surface, was sealed 
using medium-sized bentonite chunks. Note that the annular seal materials 
were added while the auger flights or temporary casing (depending on drilling 
method) were extracted from the ground. The field geologist and driller 
carefully monitored the annular seal placement during completion, so that the 
natural formation would not cave around the PVC and thus jeopardize the 
integrity of the annular seal. Once the casing or auger flights were com­
pletely removed, a 1- to 3-ft-deep void around the PVC remained. A 
5-ft-long, 6-in.-dia protective steel surface casing was installed around the 
PVC, and a 4-ft by 4-ft concrete surface pad and surface seal were poured in 
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the remaining void. Pre-mix concrete or Portland cement mixed with local 
sand and gravel was used for the concrete pad and surface seal. 

A brass marker provided by the U.S. Army Corps of Engineers was placed 
in each pad and embossed with the well identification number on completion of 
the surveying effort (see Subsection 4.2 .7) . Four protective posts were 
placed in concrete around each well . Finally, the four protective posts and 
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the surface protective casing were painted safety yellow, and an aluminum 
cap and lock were attached to the top of the surface protective casing. 

A field geologist documented the construction of each well on daily 
drill logs, well completion inspection forms, and as-built diagrams. The 
procedure used to collect and document drilling data is provided in Appen­
dix D. The well completion inspection forms, as-built diagrams, and daily 
logs for each new (1988) well are presented in Appendix E. 

4.2.4 Gamma-Ray Borehole Geophysical Logging 

Gamma-ray borehole geophysical logging was conducted when the borehole 
reached maximum depth and before the well was completed. There were two 
exceptions to this: well LF4-PNLI was logged after well completion, and well 

LF4-PNL3 was not logged. 

The boreholes were logged using a gross-gamma probe. This probe is 
designed to measure the naturally occurring gamma radiation found in the 
sediments in the borehole. This probe is most useful in identifying clay or 
clay-rich zones that characteristically contain elevated concentrations of 
natural gamma-emitting radioactive isotopes, such as potassium-40. Sand and 
gravel, on the other hand, can be identified by a low natural-gamma response. 
Results of the natural-gamma logging are useful in confirming the lithologic 
divisions identified by the well-site geologist and in identifying the loca­
tion of low-permeability (clay-rich) zones. The results of the natural­
gamma logging are presented with the as-built diagrams in Appendix E. 

4.2.5 Water-Level Measurement 

Periodic water-level measurements were taken on all newly completed 
(1988) and existing (1981 and 1984) wells on the same day. These measure­
ments were made in duplicate using either a steel tape or an electrical tape, 
according to the PNL procedure (provided in Appendix G). These measurements 
can be found in the discussions on ground-water flow in the evaluation of 
each landfill. 
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4.2.6 Well Development Methods 

The new 2-in.-dia wells were developed using a 1-in.-dia dart bailer, 

air-lifting, and/or a HydroStar positive displacement pump (product of 

Instrumentation Northwest, Incorporated, Redmond, Washington). The HydroStar 

pump (discharging at a rate of 3 to 5 gpm) proved to be the most effective in 
developing these small-diameter wells. 

The new 4-in.-dia wells and existing Landfill 4 (1981) wells were devel­

oped using a dart bailer and a 1/3-h.p. submersible pump (discharging at a 

rate of 10 to 12 gpm). A HydroStar pump was also used in well LF1-PNL3; 

however, the low permeability sediments encountered by this well yielded too 

little water to enable adequate development. The existing wells at Landfill 

1 (1984) were not re-developed as part of this study because no subsurface 
remediation was performed on these wells. 

All new wells except LF1-PNL3 were developed until the turbidity of the 

discharge water was visibly low or absent. This was determined by visually 

examining water discharged into a clean white 5-gal bucket. Tables 4.1 and 

4.2 provide a summary of the well development activities associated with each 

well. These tables include information on the date the wells were structur­
ally complete, the date well development started, the date it was completed, 

the total number of saturated zone well volumes extracted during development, 

and the final water quality description. Further discussion of well devel­
opment activities is provided in Section 4.4. 

4.2.7 Surveying 

Existing wells near Landfills 1 (1984 wells) and 4 (1981 wells) were 

initially surveyed in 1988 and 1982, respectively. These surveys were con­
ducted by the Seattle District, U.S. Army Corps of Engineers, using the 

Washington State coordinate system for horizontal control and the National 

Geodetic Vertical Datum 1927 (NGVD 1927) for vertical control. Elevations 

for the 1981 wells were surveyed to the top of the casing. Those for the 

1984 wells were surveyed to a 2- by 2-ft wooden hub installed 2 ft from the 

well. All horizontal locations were surveyed to the center of each casing. 
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TABLE 4.1. Development Information for Wells at Landfill 1 

WELL DEVELOPMENT HISTORY 

Well Date Date Date 
Well Number Diameter Well Development Development 

(in.) Completed Started Completed 

84-CD-LF-1* 4 11-05-84 NA NA 

84-CD-LF-2* 4 10-31-84 NA NA 

84-CD-LF-3* 4 11-09-84 NA NA 

84-CD-LF -4* 4 11-15-84 NA NA 

LF1-PNL 1 2 08-19-88 08-25-88 12-13-80 

LF1-PNL2 2 08-19-88 08-17-88 09-08-88 

LF1-PNL3 4 08-25-88 08-24-88 ND 

LF1-PNL4 4 09-01-88 08-31-88 09-08-88 

• These wells were not re-developed as part of this study. 
NA: Not Applicable. 
ND: Not Adequately Developed. 

Develpment Total Well 
Methods Volumes 

Used Removed 

NA NA 

NA NA 

NA NA 

NA NA 

Bailer 341 
Hydrostar 

lstr. NW pump 287 
Bailer 

Hydrostar 

Submersible 7 
Bailer (distilled water 

Hydrostar added) 

Bailer 48 
Submersible 

Final Water Quality 

NA 

NA 

NA 

NA 

Slightly Turbid 

Slightly Turbid 

Very Turbid 

Clean 



TABLE 4.2. Devel - -~- .. -. - - - - ,- nt Inf t' for Wells at Landfill 4 

WELL DEVELOPMENT HISTORY 
Well Date 

Diameter Date Date Develpment Total Well 
Welt Number Completed 

On.) Development Development Methods Volumes Final Water Quality Description 
Started Completed Used Removed 

LF4-1* 4 04-28-81 10-30-88 10-30-88 Bailer 80 Clear 
Submersible 

LF4-2' 4 04-29-81 10-30-88 10-30-88 Bailer 40 Clear 
Submersible 

LF4-4* 4 05-01-81 10-30-88 10-30-88 Bailer 110 Clear 
Submersible 

~ LF4-11* 4 05-12·81 10-30-88 10-30-88 Bailer 61 Clear 

- Submersible 
0 

LF4-PNL1 4 08-09-88 08-08-88 09-01-88 Bailer 218 Clear 
Submersible 

LF4-PNL2 2 08-09-88 08-23-88 09-07-88 Bailer 30 Clear 
Hydrostar 

LF4-PNL3 2 08-09-88 08-08-88 12-14-88 Air Lift 187 Clear 
Bailed 

Hydrostar 

LF4-PNL4 4 10-05-88 10-06-88 10-06-88 Submersible 57.5 Clear 

LF4-PNL5 4 10-07-88 10-07-88 10-H-88 Bailer 151 Clear 
Submersible 

LF4-PNL6 4 10-12-88 10-12-88 10-14-88 Bailer 70 Clear 
Submersible 

-- - -- ---

* These wells were re-developed as part of this studiy. 



All new (1988} and' existing (1981 and 1984} wells were surveyed in the 
spring of 1989 by Horton Dennis and Associates, Inc .• using the Washington 
State coordinate system for horizontal control and NGVD 1929 for vertical 
control. Horizontal and vertical values were established for the center of 
the brass marker installed in each well pad. Vertical values were also 
established for the north rim of the PVC well casing located inside each 
carbon-steel protective casing. An error was observed in the horizontal 
location of well LF4-PNLS. It was also noted that the identification of 
wells LF4-l and LF4-2 were backwards. These errors were later corrected via 
personal communication with Ms. Joan Shafer (U.S. Army Corps of Engineers -

Seattle district). These data are provided in Appendix H. 

4.3 REMEDIATING AND ABANDONING WELLS 

In addition to the drilling and installation of the new monitoring 
wells, remediation was performed on the existing wells near Landfills 1 and 
4. The existing wells were geophysically logged (by the methods noted above} 
before remediation. 

The existing wells near Landfill I were drilled in 1984 by Richardson 
Drilling. The wells were drilled using a cable-tool rig and were completed 
with 4-in.-dia PVC casing and 20-slot PVC screen. The original drilling logs 
for the drilling and completion of these wells are found in Appendix I. 
These wells (identified as 84-CD-LF-1, -LF-2, -LF-3, and -LF-4) were in good 
physical condition, except for the surface completion. All of the wells had 
a carbon steel protective casing and locking well cap; however, none of the 
wells had a concrete surface pad or protective posts, and well 84-CD-LF-1 had 
a very loose protective surface casing. The remedial work performed at each 
of these wells consisted of installing 1} a 4-ft by 4-ft concrete surface 
pad, 2} four protective posts around the pad, 3} a brass marker in the con­
crete pad, and 4} an aluminum cap With lock at the top of the protective sur­
face casing. The protective posts and casing were painted safety yellow. 
The protective surface casing on well 84-CD-LF-1 was reset in concrete before 
placing the surface pad. Drill logs of the remedial work are also presented 
in Appendix I. 
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The existing wells at Landfill 4, identified as Fort Lewis 1, 2, 3, 4, 
and II (referred to in this report as LF4-I, -2, -3, -4 and -11), were 
drilled in 1981 by Tacoma Pump and Drilling Co., Inc., Graham, Washington. 
The wells were drilled with a rotary rig and were completed using 4-in.-dia, 
schedule-40 PVC pipe. The PVC sections were connected by nonthreaded slip­
type couplings, and it appears that glue was used in connecting the male/ 
female ends. The screened intervals were perforated by drilling evenly 
spaced, 0.25-in. holes in the PVC casing. No plug or end cap was installed 
in the bottom of the perforated section. More information on the completion 
of these wells can be found in the original drilling logs in Appendix I. 
Except for the pipe in well LF4-3, the PVC pipe in these wells appeared to be 
in good condition. 

The overall physical condition of these wells was fair to very poor, and 
remedial work was necessary both above and below ground. Well LF4-3 had 
30 ft of 8-in.-dia carbon steel casing in the ground, and the PVC was broken 
apart approximately 21 ft below land surface. There were approximately 13 ft 
of bentonite annular seal extending from the top of the perforated PVC pipe 
to 29 ft below ground. The water bailed from inside the PVC pipe was very 
stagnant smelling and contained pieces of wood and decayed animal and insect 
remains. This well was abandoned in accordance with WAC-173-160-915 as fol­
lows: 1} the PVC casing and screen were speared and removed from the hole, 
2} medium-sized bentonite chunks were emplaced in the borehole as the 8-in. 
carbon steel casing was removed, 3} a cement grout with 5% bentonite was set 
in the upper 6.5 ft of the borehole to provide a rigid surface seal, and 4} a 
2-ft by 2-ft concrete pad with a 6-in. surface casing (2.5-ft stickup) was 
emplaced to permanently mark the abandoned well. 

The remaining 1981 wells at Landfill 4 were in fai~ physical condition. 
These wells required removal of the 8-in. carbon steel casing and installa­
tion of the bentonite annular seal as the steel casing was removed and the 
4-in. PVC casing was left in place. Bentonite slurry was required in two of 
the wells, because the dry bentonite tended to form a bridge at the bottom of 
the casing. Finally, a 1- to 2-ft cement surface seal was poured, and the 
surface completion work {pad, posts, brass marker, cap, and painting} was 
performed. 
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The only complication encountered during the remediation effort was at 
well LF4-II. At this well, the PVC casing was pulled back approximately 8ft 
in an attempt to remove a bentonite plug that had formed inside the PVC. The 
benonite was successfully washed out of the PVC casing by jetting with clean 
drilling water. Pulling back the PVC casing should not pose any problems, 
however, because the top of the perforated PVC casing is still below the ben­
tonite seal. Drill logs kept during the remediation work are included in 
Appendix I. 

The four existing (1981) wells at Landfill 4 were redeveioped using a 
dart bailer and 1/3-h.p. submersible pump. None of the existing (1984) wells 
at Landfill 1 were redeveloped because of time constraints. 

4.4 GROUND-WATER SAMPLING 

Ground-water samples were collected from the new (1988) and existing 
(1981 and 1984) wells around Landfills I and 4. Two sets of samples were 
collected from each new (1988} well, and one set of samples was collected 
from the existing (1984) wells around Landfill I. Three sets of samples were 
collected from all new (1988) and existing (1984) wells around Landfill 4 
except well LF4-PNL6, which was sampled only twice. All samples were col­
lected during five separate sampling events: I} August, 2} September, 
3) early October, 4) late October, and 5) December 1988. The August, Septem­
ber, and early October sampling events were conducted only to indicate what 
chemical constituents might be present in each well and to assist in identi­
fying the need and location of additional wells. The late October and 
December sampling events were conducted to evaluate the concentrations and 
distribution of potential contaminants beneath the landfills. The ground­
water sampling procedures followed during each sampling event are presented 
in Appendix J. 

A description of each sampling event is provided below. Tables 4.3 and 
4.4 summarize the sampling history for each landfill. These tables provide 
the sampling dates, indicate if the well had been developed before sampling, 
the sampling methods used, the number of saturated well volumes purged before 

sampling, and a qualitative estimate of the sample's representativeness. A 
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TABLE 4.3. Landfill I Ground-Water Sampling History 

Sample Well 
Sampling Development Collection Volumes 

Well Number Date Complete? Method Purged 

84-CD-LF-1 12-13-88 NR Bailer 0.4 

84-CD-LF-2 12-14-88 NR Bailer 0.4 

84-CD-LF-3 12-14-88 NR Bailer 0.4 

84-CD-LF-4 12-14-88 NR Bailer 0.4 

LF1-PNL1 08-24-88 No Bailer 1.7 
12-13-88 Yes Hydrostar 341 

LF1-PNL2 09-08-88 Yes Hydrostar 198 
12-14-88 Yes Bailer 1.7 

LF1-PNL3 09-09-88 No Hydrostar 4 
12-14-88 No Bailer 0.4 

LF1-PNL4 09-08-88 Yes Hydrostar 12 
12-13-88 Yes Bailer 0.4 

NR: No Record. These wells were not developed as part of this study. 

Sample 
Represntativeness 

Fair 

Fair 

Fair 

Fair 

Poor 
Good (water turbid) 

Good (water turbid) 
Good 

Poor 
Poor 

Very Good 
Good 



. . -TABLE 4 4 Landfill 4 Ground Water Sampling History 

Sample Well 
Sampling Development Collection Volumes Sample 

Well Number Date Complete? Method Purged Represntativeness 

LF4-1 10-06-88 No Bailer 0.4 Poor 
10-30-88 Yes Submersible 15 Very Good 
12-15-88 Yes Bailer 0.4 Good 

LF4-2 10-06-89 No Bailer 0.4 Poor 
10-30-88 Yes Submersible 80 Very Good 
12-14-88 Yes Bailer 0.4 Good 

LF4-4 10-06-88 No Bailer 0.4 Poor 
10-30-88 Yes Submersible 77 Very Good 
12-15-88 Yes Bailer 0.4 Good 

LF4-11 10-06-88 No Bailer 0.4 Poor 
10-30-88 Yes Submersible 21 Very Good 
12-15-88 Yes Bailer 0.4 Good 

LF4-PNL1 08-24-88 No Bailer 0.4 Poor 
10-06-88 Yes Bailer 0.4 Good 
12-15-88 Yes Bailer 0.4 Good 

LF4-PNL2 09-08-88 Yes Hydrostar 28 Very Good 
10-06-88 Yes Bailer 1.7 Good 
12-15-88 Yes Bailer 1.7 Good 

LF4-PNL3 08-24-88 No Bailer 1.7 Poor 
10-06-88 No Bailer 1.7 Poor 
12-14-88 Yes Hydrostar 184 Very Good 

LF4-PNL4 10-06-88 Yes Bailer 56 Very Good 
10-30-88 Yes Submersible 15 Very Good 
12-15-88 Yes Bailer 0.4 Good 

LF4-PNL5 10-07-88 No Steel Bailer 21 Good (water turbid) 
10-30-88 Yes Submersible 20 Very Good 
12-15-88 Yes Bailer 0.4 Good 

LF4-PNL6 10-30-88 Yes Submersible 27 Very Good 
12-15-88 Yes Bailer 0.4 Good 

NR: No Record 4. 15 



sample was considered very good if the well had been developed and at least 
three well volumes purged before sample collection. A sample was still con· 
sidered good if the well was developed but had not been purged before sample 
collection. All other samples are considered poor. 

4.4.1 August Sampling 

The purpose of the August sampling event was simply to obtain an initial 
indication of the chemical constituents in the ground-water beneath various 
portions of Landfill 4. This information would then be used in selecting the 
location of additional wells. The objective was to collect ground-water sam­
ples from the first three new (1988) wells installed around Landfill 4. 
However, one of these wells (LF4·PNL2) produced very turbid water, and a lot 
of mud was recovered during the sampling attempt. Sampling of this well was 
delayed. A newly completed well from Landfill I (LFI-PNLI) was sampled just 
to use the sample bottles and to make the sampling trip more worthwhile. 

Ground-water samples were collected from wells LF4-PNLI, LF4·PNL3, and 
LFI·PNLI on August 24, 1988, shortly after construction and bailing, but 
before the wells were fully developed. The samples were collected using 
dedicated Teflon bailers, which were filled with well water and emptied three 
times before taking samples. This comprised the only purging performed 
before sample collection; the purging amounted to approximately 1.7 well vol­
umes for the 2-in.-dia wells and 0.4 well volumes for the 4-in.-dia wells. 
Single temperature and pH measurements were recorded on the field record 
sheet for each well sampled. A duplicate sample was collected at 
well LFI-PNLI for quality assurance purposes. 

4.4.2 September Sampling 

The September sampling event was conducted to obtain an indication of 
the chemical constituents present beneath various portions of Landfill 1 to 
assist in identifying the need and location for additional wells. The 
objective was to collect an initial set of ground-water samples from the 
first four new (1988) wells installed around Landfill I. However, one of 
these new wells (LFI·PNLI) had been sampled in late August, and the one new 
Landfill 4 well (LF4·PNL2), not sampled in August as originally scheduled, 
was sampled instead. 
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Four wells (LF1-PNL2, LF1-PNL3, LF1-PNL4, and LF4-PNL2) were sampled 
September 8 and 9, 1988, using a different HydroStar sampling pump at each 
well. These newly completed wells were still undergoing deyelopment. Well 
LF1-PNL4 had been fully developed using a 1/3-h.p. submersible pump. Approx­
imately 80 gal of water (12 well volumes) were purged from this well using 
the HydroStar pump before sampling. Wells LF1-PNL2 and LF4-PNL2 were fully 
developed using the HydroStar pump immediately before sampling. Approxi­
mately 325 gal (198 well volumes) and 46 gal (28 well volumes), respec­
tively, were pumped from these wells. Although several attempts were made to 
develop well LF1-PNL3 via bailing and the HydroStar pump immediately before 
sampling, the low yield of the well prevented its full development (refer to 
Subsection 4.2.6 for further information). This well was nearly completely 
evacuated and allowed to recover three times over the 2-day period just 
before sampling. Ground-water samples were collected at the end of the 
final recovery. 

A series of field pH, temperature, and conductivity measurements·were 
recorded during the purging/development of all four wells. A duplicate 
sample was collected at well LF1-PNL4. 

4.4.3 Early October Sampling 

The early October sampling event was conducted to indicate the areal 
extent of volatile organic constituents in the ground-water beneath Land­
fill 4 and to address the need for and location of any additional wells. 
The objective was to collect a spatially complete set of samples from wells 
around Landfill 4, using all six new (1988) and four existing (1981) wells. 

The early October sampling event was conducted on October 6 and 7, 1988. 
Eight wells (LF4-PNL1, LF4-PNL2, LF4-PNL3, LF4-PNL4, LF4-1, LF4-2, LF4-4, 
and LF4-11) were sampled using a Teflon bailer, and one well (LF4-PNL5) was 
sampled using the 2.5-in.-dia carbon steel dart bailer being used for initial 
well development. Many of these wells still had not been completely devel­
oped before initiating this sampling. Three wells (LF4-PNL1, LF4-PNL2, and 
LF4·PNL4) had been fully developed. Before sampling each well, the bailer 
was filled and emptied with well water three times, providing a limited 
purging of the well. The degree of this purging is estimated at 
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approximately 1.7 well volumes for each 2-in.-dia well and 0.4 well volumes 
for each 4-in.-dia well. Two wells, LF4-PNL4 and LF4-PNL5, had been exten­
sively purged by well development activities within 24 hr of sample collec­
tion. Following collection of the samples at each well, the used bailer was 
rinsed three times with distilled water. Field pH, temperature, and specific 
conductivity measurements were not deemed pertinent to the objectives of this 
sampling event and were not collected. A field blank sample was collected at 
well LF4-PNL2. 

4.4.4 Late October Sampling 

The late October sampling event was conducted to complete the hydrochem­
ical analyses around Landfill 4 to assist the determination of the concen­
trations and distribution of selected chemical constituents, primarily anions 
and cations. The objective was to collect samples from these wells for which 
these analyses did not already exist. 

On October 30, 1988, seven wells from Landfill 4 (LF4-PNL4, LF4-PNL5, 
LF4-PNL6, LF4-l, LF4-2, LF4-4, and LF4-lli were sampled using a 1/3-h.p. 
submersible pump. The submersible pump was used to also completely develop 
and/or purge the wells before sampling. Volumes of water pumped before sam­
pling range from approximately 100 gal (15 well volumes) at wells LF4-l and 
LF4-PNL4 to approximately 520 gal (80 well volumes) at well LF4-2. The sub­
mersible pump was steam cleaned between wells. Field pH, temperature, and 
specific conductivity measurements were mistakenly omitted. Duplicate sam­
ples were taken at wells LF4-PNLI and LF4-PNL4. 

4.4.5 December Sampling 

The December sampling event was conducted to provide spatially complete, 
time-equivalent sets of representative samples from each landfill to compare 
selected chemical constituents. In addition, chemical data.from Sequalitchew 

Lake were collected to evaluate the potential impact on ground-water quality 
near Landfill 4. 

All 18 existing (1981 and 1984) and new (1988) wells from Landfills I 
and 4, as well as Sequalitchew Lake, were sampled December 13 through 15, 
1988. The samples were collected using dedicated and/or decontaminated 
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Teflon bailers similar to the early October sampling event. Those samples at 
wells LF1-PNL1 and LF4-PNL3 were collected with HydroStar pumps. Approx­
imately 556 gal (341 well volumes) and 300 gal (184 well volumes) of water 
were pumped from wells LF1-PNL1 and LF4-PNL3, respectively, before sampling. 
A sample was taken from Sequalitchew Lake using a Teflon bailer. The sample 
was taken from a barge -300 yd from the east shore (Spring Station). 

Three quality control samples including a duplicate sample at 
well LF1-PNL1, a field blank sample, and a sample containing standard 
solutions were taken during this sampling event. 

4.5 ANALYZING GROUND-WATER SAMPLES 

The procedures used to analyze for ground-water quality parameters are 
listed in Table 4.5 and provided in Appendix J. In addition to the listed 
procedures, the analysis of the volatile organic samples at PNL was conducted 
according to the method provided in Appendix J. In brief, water samples were 
analyzed with a Hewlett-Packard Model 5880A gas chromatograph (GC). The GC 
was equipped with two identical J&W DB-624 30-m x 0.53-mm fused-silica cap­
illary columns. The DB-624 columns were coated with a cross-linked and 
bonded stationary phase comprising cyanopropyl, phenyl, and dimethylsiloxane. 
The two columns were teed together at the inlet and routed to separate elec­
tron capture and flame ionization detectors. Sample introduction was via a 
Tekmar Model LSC-3 purge and trap unit. The LSC-3 contained a Tenax sorption 
trap. Samples were thermally desorbed from the Tenax trap and transferred to 
the columns through a heated transfer line. The Hewlett-Packard Model 5880A 
GC was equipped with two separate integrators to simultaneously integrate 
data from both detectors. 

Nearly all sample analyses were performed by Am Test, Inc., Redmond, 
Washington, during the first four field sampling events. Am Test results are 
presented in their entirety in Appendix K. Only volatile organic analyses 
(VOA) on the October 6, 1988, samples from Landfill 4 were performed by PNL. 
Samples from the December sampling were sent to both Am Test and PNL. Semi­
volatile organic constituents, coliform, and oil and grease analyses were 
conducted by Am Test. PNL analyzed for pH, specific conductivity, volatile 
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TABLE 4.5. List of Analytical Methods Used on the Fort Lewis 
Ground-Water Study 

Parameter 
Field pH 
Field Conductivity 
Laboratory pH 
Laboratory Conductivity 
Pesticides, Herbicides 
PCBs 
Coliform 
Oil and Grease 
Total Organic Halogens 
Volatile Organic Analysis 
Total Dissolved Solids 
Total Organic Carbon 
!CAP Metals 
Cyanide 
Anions (F-, Cl-, N03-, S04=) 
Phenol 

Analytical Method Reference(•) 
PNL Procedures 
PNL Procedures 
EPA Method !50.! 
EPA Method 120.1 
EPA Method 608 
EPA Method 608 
Standard Methods 909 
EPA Method 413.2 
EPA Method 450.1 
EPA Method 601 
EPA Method 160.1 
EPA Method 415.2 
EPA Method 200.7 
EPA Method 335.3 
EPA Method 300.1 
EPA Method 420.1 

(a) Detection limits reported in results tables and/or 
actual analytical reports (Appendix K). 

organic constituents, alkalinity, anions, total dissolved solids, and 
filtered and unfiltered metals analyzed by the inductively coupled argon 
plasma method (!CAP metals). These results are presented in the text of the 
report. 

4.6 QUALITY ASSURANCE 

The primary PNL Quality Assurance (QA) Program is based on ANSI/ASME 
NQA-1, Quality Assurance Program Requirements for Nuclear Facilities, as 1t 
is applicable to the technical services and research and development per­
formed by PNL. Under the PNL QA Program, each project is classified into 
one of three impact levels (1, II, or III); Impact Level I possesses the 
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greatest potential impact in the event of failure, based on such areas as 
safety, data defensability, programmatic, and regulatory concerns. Written 
QA plans are developed for projects classified as Impact Level I or II, 
specifically identifying applicable elements of the PNL QA Program. Projects 
classified as Impact level III are performed in accordance with the minimum 
standards for all work at PNL specified in the PNL Good Practices Standard 
and do not require a project-specific QA Plan. The work performed in this 
investigation was classified as Impact level II. 

Because of its relevance in the acquisition of environmental data, a QA 
Project Plan was developed for this investigation, in accordance with the 
criteria in EPA QAMS-005/80, Guidelines and Specifications for Preparing 
Quality Assurance Project Plans, with elements of the PNl QA Program incor­
porated to supplement areas not adequately addressed by the EPA program. 

Written technical procedures used by PNl's Environmental Monitoring 
Program (PNL I989) were employed to collect and characterize drilling data 
and collect water-samples. 

Only qualified, professional geologists were used in the oversight of 
well-installation activities, and the logging and characterization of soils 
encountered during well construction as required by the EPA/RCRA Ground-Water 
Monitoring Technical Enforcement Guidance Document, OSWER-9950.I (EPA 1986). 
All PNL staff performing work at the sites received a minimum of 40-hr prior 
training in hazardous material handling as required by 29 CFR 1910. 

Applicable QA requirements were passed on to subtier organizations. 
Procurement controls were implemented to verify that suppliers and subcon­
tractors were capable of providing quality services. This control included a 
pre-award evaluation of the analytical laboratory performing analyses of 
ground-water samples by the PNL Quality Control Section to verify the 
laboratory's ability to meet the QA requirements passed on. 

The PNL QA Department audited both drilling and sampling to verify 
conformance with drilling specification and sampling procedure requirements. 
The data quality and traceability of the results package were also audited. 
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Deficiencies encountered were documented, along with an assessment of their 
root cause, impact on results, and corrective actions designed to preclude 
recurrenceo 

4.7 QUALITY CONTROL 

In contrast to inspecting hardware items to verify they met the dimen­
sional requirements of a specification, data cannot be inspected as they are 
generated. To inspect data, indirect techniques must be used, such as the 
preparation and analysis of quality control samples. Analyzing these samples 

along with the unknown samples gives an indication of the quality of data 
being generated by a given analytical process in terms of accuracy and 
precision. 

analysis of 
Quality control measures implemented included the 
duplicate, blank, and standard solution samples. 

collection and 

During the August 24 sampling event, a set of blanks was prepared for 
all the laboratory parameters analyzed by Am Test, Inc. No contamination was 
observed in the blank samples. A blind duplicate sample was also prepared 
from one of the wells (LFl-PNLl) chosen at random and submitted to the anal­
ytical laboratory. The results from this analysis can be seen in the data 
tables contained in Chapter 5.0 of this report. In general, the comparison 
is acceptable, but could be better. The coliform, total dissolved solids, 
sulfate, iron, barium, manganese, calcium, and sodium did not compare well. 
The discrepancies in the iron, barium, manganese, calcium, and sodium results 
are probably caused by the high solids {mud) content in the water sample. 
This well had not been adequately developed before sampling (refer to Subsec­
tion 4.4). If the well were less turbid, the results may have been more 
comparable. The reason for the discrepancy in the coliform, total dissolved 
solids, and sulfate results is unknown, but could also be related to the high 
turbidity of the water samples. A blind USGS ground-water standard was also 

submitted for analysis. The results of the analysis can be seen in 
Table 4.6. In general, the Am Test results compare well with the USGS value. 
However, the Am Test iron and chromium values deviated significantly from the 
actual value. This discrepancy cannot be explained by the results, except 
that the concentrations in the sample are approaching the detection limit of 

the analytical method. 
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TABLE 4.6. Comparison of U.S. Geological Survey Standard 
Concentration with Am Test, Inc., Results (ppm) 

AM Test Result USGS Value 
Iron <0.01 0.042 ± 0.0!0 
Barium 0.044 0.040 ± 0.002 
Cadmium <0.002 <0.002 
Manganese 0.009 0.008 ± 0.001 
Calcium 55 54.8 ± 2.2 
Silver <0.01 <0.01 
Sodium 110 107 .o ± 3.0 
Chromium 0.022 0.008 ± 0.002 
Palladium <0.02 <0.02 
Arsenic <0.002 0.003 ± 0.001 

During the September 8 and 9 sampling event, a duplicate sample from 
well LF1-PNL4 was submitted to the laboratory for analysis. The results of 
this analysis can be seen in the data tables contained in Chapter 5.0 of this 
report. In general, the results of this analysis were considerably better 
than the August sample results. Most parameters were in good agreement with 
each other. Because of an oversight, no blank or standards were submitted 
with the samples during this sampling episode. 

During the October 6 sampling event, only samples for VOA were collected 
from the wells in the Landfill 4 area. These samples were analyzed at PNL. 
A blind blank was submitted for analysis with the samples. No contamination 
was observed in the blank sample. 

During the October 30 sampling event, three wells were sampled in the 
Landfill 4 area. These ground-water samples were analyzed by Am Test. A 
duplicate sample was collected from well LF4-PNL4. The results of the 
duplicate analysis are reported in Chapter 6.0 with the analytical results 
from Landfill 4. 

During the December 13 through !5 sampling event, wells at both the 
landfills were sampled. These samples were analyzed by Am Test, Inc., for 
semivolatile organic constituents, coliform, and oil and grease. Samples 
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were analyzed by PNL for volatile organic compounds, total organic carbon, 
pH, conductivity, and filtered and unfiltered !CAP metals. A duplicate sam­
ple was collected from well LF1-PNL1. A comparison of the results from the 
duplicate analysis is reported in Chapter 5.0 with the analytical results 
from Landfill 1. The results from the duplicate analysis agreed very well. 
A blank sample was generated in the field and sent to each laboratory for the 
respective analyses. The analytical results from the blank indicate a prob­
lem with the oil and grease analysis. Am Test reported 8.3 ppm of oil and 
grease in the blank sample. The lowest concentration reported for that suite 
of samples was 8.2 ppm. These results indicate either a blank or laboratory 
contamination problem. No other problems were observed with the analytical 
results from the blank analysis. A USGS sample was submitted to the PNL lab­
oratory conducting inorganic analysis. Table 4.7 compares the analytical 
results with the certified USGS value. The results of the analysis compare 
very well with the USGS reported results. 

TABLE 4.7. Comparison of the U.S. Geological Survey Standard 
Concentration With PNL Results 

PNL Results USGS Value 

pH 8.21 8.2 ± 0.1 
Conductivity 2410 pmho/cm 2451 ± 150 pmho/cm 

Chloride (Cl-) 79 ppm 79.6 ± 3.5 ppm 

Sulfate (S04=) 1130 ppm 1170 ± 33.5 ppm 
Alkalinity (CaC03) 132.5 ppm 132.5 ± 4.0 ppm 
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5.0 EVALUATION OF LANDFILL 1 

Using the information gained from examining aerial photographs, charac­
terizing the environmental setting, and drilling and sampling, the boundaries 
of Landfill 1 were located and the geologic framework, ground-water flow 
characteristics, ground-water quality, and monitoring well network were 
evaluated. 

5.1 LOCATION OF LANDFILL 1 BOUNDARIES 

The boundaries of Landfill 1 were defined by visual interpretation of 
available aerial photographs and by field reconnaissance . Aerial photographs 
taken in July 1951 show a portion of Landfill 1 as still active and also show 
that the landfill was originally operated as a trench cut-and-fill-type 
operation. The aerial photographs also show two open-pit dumps, of isolated 
extent, and one suspected burn area located to the west of the trenching 
operation. These landfill features were located on a map, based on their 
correlation to cultural features (i .e., roads and buildings; Figure 5.1). 
Aerial photographs taken in May 1970 show that Landfill 1 was extended to the 
southwest, possibly by overbank dumping along the western escarpment created 
during the trenching operation (see Figure 5.1). An area of surface dump­
ing/storage to the south was also indicated in these photographs. The inter­
preted boundaries indicate that the trenching area extended under the road 
(South 22nd Street) and parking lot of the tank repair shop to the north . 
The area where isolated pit dumping and burning were observed in historical 
photographs appears to be located under the tank repair shop and other main ­
tenance yards to the west. 

Field reconnaissance found areas of subsidence in the northern portion 
of Landfill 1 and along South 22nd Street that runs through this portion of 
the landfill. These areas of subsidence are thought to be associated with 
the decay and compaction of waste materials in the trenches, thus confirming 
that the landfill extended under at least a portion of South 22nd Street. 
Surface dumping of construction rubble was also apparent; this dumping must 
have occurred after the May 1970 photographs were taken. Also, the topog­
raphy of the site suggests that overbank dumping may also have occurred after 
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May 1970, extending the embankment farther to the west. Figure 5.1 
illustrates the current interpretation of Landfill 1 and of the suspected 
area of isolated pit dumping and burning . 

5.2 GEOLOGIC FRAMEWORK 

The stratigraphy beneath Landfill 1 has been interpreted primarily from 
field analysis of split-spoon and core-barrel samples collected during the 
installation of four new (1988) ground-water monitoring wells. These wells 
ranged in depth from 33 to 48 ft below land surface. The actual field rec­
ords are presented in Appendix E. Additional geologic information was gath­
ered from drilling logs compiled during earlier (1984) drilling operations 
(Appendix I). The location of the new and existing wells is shown in Fig­
ure 5.2, and the well completion data are summarized in Table 5.1. Subsur­
face data collected from each new (1988) borehole are summarized in 
Figures 5.3 through 5.6. A generalized geologic cross section through the 
site is provided in Figure 5.7. 

The sediments encountered in the new (1988) boreholes generally consist 
of poorly sorted, muddy sandy gravel with minor layers of gravel and sandy 
gravel. The general classification name (i.e., muddy sandy gravel) follows 
the ternary classification system of Folk (1974) (see Figure 4.1) and is 
based on a field estimate of the grain-size distribution comprising each 
sediment sample. These sediments are believed to be part of the Vashon Drift 
Formation of Walters and Kimmel (1968) and equivalent to hydrostratigraphic 
layer A of Brown and Caldwell (1983). Ground-water lies within this unit at 
depths between 20 and 40 ft below land surface. 

Based on information gathered from an existing production well drilled 
in this area, it appears that a clay/silt layer, interpreted to be the top of 
the Kitsap Formation, is located approximately 70 ft below land surface. 
This is considered to be the contact between hydrostratigraphic layers A and 
B of Brown and Cadwell (1983). Assuming this layer is continuous, it most 
likely represents a hydrologic boundary and would, therefore, represent the 
bottom of the uppermost aquifer. 
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TABLE 5. 1. Well Completion Data for Landfill 1 

Washington State PVC Casing 
Drilled 
Depth 

Well Number Coordinates Elevation (ft below 
North,East (ft-MSL) (a) land)( b) 

84-CD-LF-1 640126, 1479595 303.64 61 .0 

84-CD-LF-2 639271 , 1479573 303.48 61 .0 

84-CD-LF-3 638243, 1479727 297.69 61.0 

84-CD-LF-4 639159, 1480091 312.59 61 .0 

LF1-PNL1 640371, 1480403 308.66 48.0 

LF1-PNL2 638285, 1479185 298.37 33.0 

LF1-PNL3 638634, 1478888 307.74 40.5 

LF1-PNL4 640612, 1480157 305.00 44.0 

(a) All elevations are to the north rim of the PVC casing. 
(b) Measurements are to the nearest 0.5 ft . 
(c) Measurements are rounded down to the nearest foot. 

Depth to Well 
Water 

(ft below 
Diameter 

(in.) 
land)(b) 

28 4 

23 4 

21 4 

39 4 

38 2 

21 .5 2 

28.5 4 

34.0 4 

Screened 
Interval Date 

(ft below Completed 
land)( c) 

20-60 11-05-84 

20-60 10-31-84 

20-60 11-09-84 

20-60 11-15-84 

33-48 08-19-88 

17-32 08-19-88 

24-39 08-25-88 

29-44 09-01-88 
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5.3 GROUND-WATER FLOW 

Ground-water flow in the vicinity of Landfill 1 is dominated by a local 
ground-water mound superimposed on a general, easterly sloping ground-water 
surface. Figures 5.8 and 5.9 illustrate the configuration of the water table 
as interpreted from water-level measurements collected on October 25 and 
December 14, 1988, respectively. The ground-water gradient across the land­
fill ranges from approximately 2 to 7 ft/500 ft or 0.004 to 0.14 ft/ft. 

The localized ground-water mound near the center of the landfill results 
from artificial recharge from an unlined holding pond located immediately 
southwest of well 84-CD-LF-2. It is believed that this pond receives precip­
itation runoff from the parking areas to the north and west. Thus, recharge 
is expected to be intermittent. This pond may also be a potential source of 
contaminants upgradient of the Landfill 1 trenching area (see Figures 5.8 and 
5.9). 

The general easterly ground-water flow direction is opposite from the 
regional westerly gradient depicted in Figure 3.4. However, this easterly 
flow is interpreted to relect natural recharge from surface runoff and pre­
cipitation along the nearby steep-sided hills (interpreted to be drumlins) 
just west of the landfill. As ground water moves east away from the hills, 
it will likely turn to the north and west, eventually aligning with the 
westerly regional gradient depicted in Figure 3.4. 

Figure 5.10 illustrates the generalized ground-water flow directions and 
locations of upgradient and downgradient monitoring wells surrounding Land­
fill 1. Three monitoring wells (LF1-PNL2, LF1-PNL3, and 84-CO-LF-1} are 
interpreted to be hydraulically upgradient of Landfill 1 and the associated 
open-pit dumping areas. The five remaining wells are interpreted to be 
either directly or indirectly downgradient of these waste sites. Variations 
in water levels, particularly those caused by changes in the local ground­
water mound, influence the downgradient status of these wells. Wells LF1-
PNL1 and 84-CD-LF-2 are the most directly downgradient and are the most 
likely to have been affected by waste-disposal activities in and around 
Landfill 1. 
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Over the 8-month time frame of this study (Spring to Winter of 1988), 
water levels fluctuated approximately 1.5 to 2.5 ft. Table 5.2 provides a 
summary of the water-level measurements collected between April and December 
1988 . 

5.4 GROUND-WATER QUALITY 

Ground-water samples were collected from each of the four existing 
(1981) wells and the four newly installed (1988) wells surrounding 
Landfill 1. At least one sample was collected from each well. The repre­
sentativeness of these samples varies according to the well development and 
purging history of each well before sample collection. Wells LF1-PNL1, LF1-
PNL2, and LF1-PNL4 produced good to very good samples after development. 
Wells 84-CD-LF-1, -2, -3, and -4 were not developed nor extensively purged 
during this study and produced only fair samples. Well LF1-PNL3 is completed 
in a low-yielding portion of the aquifer and produced only poor samples. 
Refer to Subsection 4.2.6 and Section 4.4 for further details. 

Analytical results for the complete set of ground-water samples col­
lected from the vicinity of Landfill 1 are summarized in Tables 5.3 and 5.4. 
The analytical reports received from AM Test are provided in Appendix K. As 
stated above, the representativeness of the ground-water samples varies. 
Some of the analytical results may be an artifact of the drilling, well con­
struction, poor well development, and/or lack of adequate purging before sam­
pling; these results may not accurately represent the ground-water quality . 
Thus, these results should be considered preliminary. Results from the good 
and very good ground-water samples (Tables 5.3 and 5.4) are considered the 
most representative of ground-water quality beneath Landfill 1. These 
results indicate the presence of several constituents [some of which exceed 
either primary or secondary drinking water standards (DWS) or maximum contam­
inant levels (MCL)] that may be of some concern. A discussion of these 
results is presented below. 

Two wells (LF1-PNL2 and LF1-PNL4) produced ground-water samples that 
contained fecal coliform in excess of the DWS . However, both these samples 
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TABLE 5.2. Water-Level Measurements from Landfill 1 

6-in. Casing Depth to Head 
Elevation{ p Measurement Water, Type of Elevation, 

Well Number above msl a Date ft Measurement ft above msl 
84-CD-LF-1 304.41(b) 04/20/88 30.49 sT(c) 273 .92 

304.41(b) 08/12/88 32.29 ST 272 . 12 
305.62 10/25/88 33.97 ~+(d) 271.65 
305.62 10/31/88 34 . 16 271.46 
305 .62 12/13/88 32 .45 ST 273 . 17 
305.62 12/14/88 32.48 ST 273.14 

84-CD-LF-2 304.53(b) 04/20/88 26 . 29 ST 278 . 24 
304 .53(b) 08/12/88 27 . 26 ST 277 . 27 
304.47 10/25/88 26 .96 ST 277 . 51 
304.47 10/31/88 27.10 ET 277.37 
304.47 12/14/88 26 . 65 ST 277.82 

84-CD-LF-3 299.17~~~ 04/20/88 24 . 13 ST 275 . 04 
299.17 08/12/88 25 . 62 ST 273.55 
299.13 10/25/88 25.11 ST 274 . 02 
299 . 13 10/31/88 25.36 ET 273 . 77 
299.13 12/14/88 24 . 00 ST 275.13 

84-CD-LF-4 313.66~~~ 04/20/88 41.29 ST 272.37 
313.66 08/12/88 42.40 ST 271.26 
313.67 10/25/88 42.87 ST 270.8 
313.67 10/31/88 42.95 ET 270.72 
313.67 12/14/88 42.39 ST 271.28 

LFl-PNLl 309.36 10/25/88 41.55 ST 267.81 
309.36 10/31/88 41.69 ET 267.67 
309.36 12/13/88 40.30 ST 269.06 
309.36 12/14/88 40 .32 ST 269 .04 

LF1-PNL2 299.22 10/25/88 23.27 ST 275 .95 
299 . 22 10/31/88 23.46 ET 275 . 76 
299.22 12/14/88 21.87 ST 277.35 

LF1-PNL3 308.48 10/25/88 30 . 14 ST 278.34 
308.48 10/31/88 30.43 ET 278.05 
308.48 12/14/88 28 .00 ST 280.48 

LF1-PNL4 305.72 10/25/88 37.90 ST 267.82 
305.72 10/31/88 38.05 ET 267.67 
305.72 12/13/88 36.67 ST 269.05 
305.72 12/14/88 36.69 ST 269.03 

(a) Calculated from the 1989 survey of the brass cap installed in each well 
pad and the measured casing stickup. Variations in the casing elevation 
can be attributed to remedial actions performed on the 1984 wells as 
well as variations in the surveying and/or measurement of the casing 
stickup. 

(b) Calculated from the 1988 survey of a 2- by 2-ft wooden survey plug 
installed 2 ft from each well and the measured casing stickup. 

(c) ST = Steel tape. 
(d) ET = Electric tape . 
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TABLE 5.3. Analytical Results of All Ground-Water Samples Collected Near Landfill 1 

S~le Conduc:- Gross Gross 
Date Represent a- tivity, Coli fo:1' Grease and TOX, Beta, Radh111, Alpha, TDS, 

\/ell S8111)led tiveness ....m.._ l!l!i!os/an MPN/100mL il) Oil. mg/l jlg/l as Cl ~ ..1&iL.L ~ !!!9L! 

LF1-PNL1 24-Aug-88 Poor 6.35 310 220 <1.4 <10 <2 <1 <1 418 
D~licate 24-Aug-88 Poor 6.64 310 140 <2.9(b) <10 <2 <1 <1 298 
LF1·PNL1 13-Dec-88 Good 6.46 246 <1.8 7.7(b) NA(c) NA NA NA 112 
D~llcate 13-Dec-88 Good 6.68 245 <1.8 11.8 NA NA NA NA 152 
LF1·PNL2 08-Sep-88 Good 7.17 245 <2.5 <1.2(b) <10 <2 <1 <1 151 
LF1·PNL2 14-Dec-88 Good 6.16 89 13 9.2 NA NA NA NA 47 
LF1·PNL3 09·Sep·88 Poor 7.26 120 20 <1.1(b) <10 <2 1.3 <1 124 
LF1·PNL3 14-Dec-88 Poor 7.06 124 21 8.2 NA NA NA NA 76 
LF1·PNL4 08·Sep·88 Very Good 6.36 267 <2.5 <1.2 <10 <2 <1 <1 1n 
Duplicate 08-Sep-88 Very Good 6.32 270 <2.5 <1.2(b) <10 <1 <1 <1 183 
LF1·PNL4 13-Dec-88 Good 7.01 258 22 8.2(b) NA NA NA NA 165 
LF #1 13·Dec·88 Fair 6.36 191 4.5 7.6 b NA NA NA NA 122 
LF #2 14-Dec-88 Fair 7.10 322 <1.8 9.4~b~ NA NA NA NA 204 
LF #3 14·Dec;88 Fair 6.45 179 <1.8 11.5(b) NA NA NA NA 87 
LF #4 14-Dec-88 Fair 6.53 488 <1.8 8.5 NA NA NA NA 312 

Acid 
U'l Date TOC, Cl" I Phenol, Nitrate, F-, Sulfate, CN", Aranatlc Pesticides Base/Neutral -......... \/ell Sanpled !!!9L1 !!!9L! .2!9LL mg/L !!BlL mg/L ~ COITIXIU"'ds Herbicides and PCBS Organics 

LF1·PNL1 24·Aug·88 3.33 4.89 <0.008 2.62 <0.10 61.6 <0.006 NO NO NO NA 
D~l lcate 24-Aug-88 3.45 4.95 <0.016 2.84 <0.10 27.2 <0.006 NO NO NO NA 
LF1·PNL1 13-Dec-88 0.60 4.2 NA 4.3 <0.02 19.8 NA NA NA NA NO 
D~l icate 13-Dec-88 0.86 4.1 NA 4.8 <0.02 20.2 NA NA NA NA NO 
LF1·PNL2 08·Sep·88 0.76 2.74 <0.008 0.23 o.n 3.5 <0.006 NO NO NO NA 
LF1·PNL2 14-Dec-88 0.80 2.8 NA 0.7 <0.02 7.3 NA NA NA NA NO 
LF1-PNL3 09·Sep·88 0.73 4.60 <0.008 <0.01 <0.01 12.5 <0.006 NO tl) NO NA 
LF1·PNL3 14-0ec-88 0.59 4.1 NA 0.9 <0.02 12.7 NA NA NA NA NO 
LF1·PNL4 08-Sep-88 2.12 3.65 <0.008 1.83 <0.01 23.6 <0.006 NO tl) NO NA 
D~l lcate 08·Sep·88 2.52 3.35 <0.008 1.94 <0.01 23.9 <0 .006 NO NO NO NA 
LF1-PNL4 13-Dec-88 1.48 3.6 NA 3.0 <0.02 23.4 NA NA NA NA NO 
LF 11 13-0ec-88 2.62 2.9 NA 10.9 <0.02 10.9 NA NA NA NA NO 
LF 12 14-0ec-88 0.78 2.5 NA 16.2 <0.02 8.7 NA NA NA NA NO 
LF #13 14-oec-88 0.96 1.4 NA 5.0 <0.02 5.6 NA NA NA NA NO 
LF fl4 14-0ec-88 1.88 3.8 NA 23.9 <0.02 39.4 NA NA NA NA NO 

(a) MPN • most probable number. 
(b) Result Is suspect, because the sample blank contained 8.2 mg/L oil and grease. 
(c) NA • not analyzed. 



TABLE 5.3. (contd) 

Date 
Well Sai!Pled _ ~ ~ ~ ~ !1n....E2!! ~ ~ ~ £r......EQlJ ~ ~ ~ 

LF1-PNL1 24-Aug-88 600.0 4.00 <0.002 0.004 20.000 210.0 0.029 24.0 0.680 <0.02 <0.002 0.0028 
01.4>licate 24-Aug-88 480.0 2.25 <0.002 0.005 12.800 114.0 0.024 16.5 0.510 <0.02 <0.002 0.0031 
LF1-PNL1 13-Dec-88 0.7 <0.01 <0.012 <0.0006 0.71 21.9 NA 9.9 <0.01 <0.006 <0.012 <0.0008 
Filtered 0.2 <0.01 NA <0.0005 0.93 28.4 NA 7.8 <0 . 01 <0.005 <0.010 NA 
01.4>l i cate 13-0ec-88 0.5 0.01 <0.012 <0 .0006 0.77 21.6 NA 6.5 <0.01 <0.006 <0.012 <0.0008 
Fit tered 0.2 <0.01 NA <0.0005 0.89 29.6 NA 8.0 <0 . 01 <0.005 <0.010 NA 
LF1-PNL2 08-Sep-88 1.5 0.012 <0.002 <0.002 0.080 23.0 <0.010 5.3 0.073 <0.02 <0.002 <0.0002 
Filtered <0.1 <0.01 NA <0.01 <0.01 24.5 <0.01 8.7 <0.01 <0.1 NA NA 
LF1-PNL2 14-Dec-88 66.5 0.34 <0.012 <0.0006 1.4 19.9 NA 10.2 0.08 0.025 0.023 0.004 
Filtered <0 .2 <0.01 NA <0.0005 <0.01 10.5 NA 12.8 <0.01 <0.005 NA NA 
LF1-PNL3 09-Sep-88 11.0 0.078 <0.002 <0.002 0.368 13.0 <0.010 3.3 0.100 <0.02 0.004 <0.0002 
LF1-PNL3 14-0ec-88 1.4 0.02 <0.012 <0.0006 0.25 9.0 NA 8.8 <0.01 <0.006 <0.012 <0.0008 
Filtered <0.1 <0 .01 NA <0.0005 0.33 13.3 NA 19.0 <0 .01 <0.005 NA NA 
LF1-PNL4 08-Sep-88 2.7 0.026 <0.002 <0 .002 1.070 30.0 <0 .010 5.3 0. 110 <0.02 <0.002 <0.0002 
Oupl icate 08-Sep-88 3.4 0.033 <0.002 <0.002 1.000 29.0 <0.010 4.6 0.100 <0.02 <0.002 <0.0002 

Filtered 0.6 <0.01 NA <0.01 <0.01 32.7 <0.01 7.7 <0.01 <0.1 NA NA 
LF1-PNL4 13-0ec-88 2.3 0.02 <0.012 <0.0006 <0.01 23.6 NA 7.9 <0.01 <0.006 <0.012 <0.0008 
Filtered 1.0 0.02 NA <0.0005 1.41 33.9 NA 8.8 <0 . 01 <0.005 <0.010 NA 

(.T1 LF #1 13-0ec-88 17.9 0.10 <0.012 <0.0006 0.20 19.9 NA 7.3 <0 . 01 0.011 <0.012 <0.0008 

...... Filtered <0.1 <0.01 NA <0.0005 0.03 20.4 NA 6.0 <0.01 <0.005 <0.010 NA 
co LF #2 14-0ec-88 4. 1 0.04 <0.012 0.0007 0.60 29.2 NA 8.2 <0.01 0.014 <0.012 <0.0008 

Filtered <0.1 <0.01 NA <0.0005 <0.01 37.4 NA 9.8 <0.01 <0.005 <0.010 NA 
LF #3 14-0ec-lla 8.1 0.05 <0.012 <0.0006 0.50 16.3 NA 6.4 <0.01 0.014 <0.012 <0.0008 
Filtered <0.1 <0.01 NA <0.0005 0.02 19.4 NA 6.8 <0.01 <0.005 <0.010 NA 
LF #4 14-Dec-88 2.6 0.03 <0.012 0.0011 0.70 45.6 NA 24.5 <0.01 0.008 <0.012 <0.0008 
Filtered <0.1 <0. 01 NA <0.0005 0.63 60.2 NA 13.5 <0.01 <0.005 <0.010 NA 



TABLE 5.4. Volatile Organic Compound Concentrations in 
All Ground-Water Samples from Landfill 1 

S1111ple 
Represent- Date Trans-1,2 Cis-1,2 TCE, Benzene, Carbon Tetra-

\Jell ativeness S!!mled Labore too: OCE, ~ OCE, ~ ...em_ ~ chloride, ~ 

LF1-PNL1 Poor 24-Aug-88 AM Test <0.6 NA(a) <0.6 NA <0.6 
D~l icate Poor 24·Aug·88 AM Test <0.6 NA <0.6 NA <0.6 
LF1-PNL1 Good 13-0ec-88 PNL <0.5 <0.2 0.06 <0.5 <0.01 
O~l icate Good 13-Dec-88 PNL <0.5 <0.2 0.07 <0.5 <0.01 
LF1·PNL2 Good 08·Sep·88 AM Test <2 NA <2 NA <0.6 
LF1·PNL2 Good 14-0ec-88 PNL <0.5 <0.2 0.16 <0.5 0.01 
LF1·PNL3 Poor 09-Sep-88 AM Test <2 NA <2 NA <0.6 
LF1·PNL3 Poor 14-0ec-88 PNL <0.5 <0.2 <0.03 <0.5 <0.01 
LF1·PNL4 Very Good 08·Sep·88 AM Test <2 NA <2 NA <0.6 
D~l icate Very Good 08·Sep·88 AM Test <2 NA <2 NA <0.6 
LF1·PNL4 Good 13-Dec-88 PNL <0.5 <0.2 0.74 <0.5 <0.01 
LF #1 Fair 13-Dec-88 PNL <0.5 <0.2 <0.03 <0.5 <0.01 
LF #2 Fair 14-0ec-88 PNL <0.5 <0.2 0.25 <0.5 <0.01 
LF 113 Fair 14-0ec-88 PNL <0.5 12.0 16.0 <0.5 0.05 
LF #4 Fair 14-0ec-08 PNL <0.5 17.0 7.1 <0.5 0.02 

(a) NA = not analyzed. 

were collected using a Teflon bailer after only a limited amount of purging. 
Previous samples collected from these wells soon after well development, or 
extensive purging, yielded no measurable coliform. Although less­
representative samples from other wells (Table 5.3) also indicate the pres­
ence of coliform, it is not believed that coliform is a constituent of 
concern. 

Chromium exceeded the DWS (0.05 ppm) in unfiltered samples from wells 
LF1-PNL2 and LF1-PNL4. However, filtered samples from the same wells con­
tained no detectable levels of chromium. This difference suggests that the 
chromium is associated with particulates suspended in the water samples. 
Slight turbidity was noted during the collection of samples from well LF1-
PNL2. Turbidity was also evidenced by high iron content in the December 1988 
sample. Thus, the unfiltered samples from this well are not considered rep­
resentative. The unfiltered chromium values in the December 13, 1988, sam­
ples from well LF1-PNL4 fell below the 0.01 detection limit. Although 
chromium results from other less-representative samples have also indicated 
the presence of chromium in unfiltered samples, chromium has not been 
observed in any filtered sample. Thus, chromium is not believed to be a 
constituent of concern. 
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Mercury exceeded the· ows (0.002 ppm) in the December 13, 1988, unfil­
tered sample from well LF1-PNL2; however, the unfiltered samples from this 
well are not considered representative as stated above. Although mercury was 
also observed in the initial (poorly representative) unfiltered sample from 
well LF1-PNL1, it has not been observed in any other unfiltered samples and 
is not believed to be a constituent of concern. 

The December 1988 samples indicated the presence of oil and grease 
ranging in concentrations from 7.6 to 11.8 ppm (Table 5.3). However, these 
values are suspect because the blank sample submitted to the laboratory at 
this same time was reported to contain 8.2 ppm. Furthermore, oil and grease 
were not detected in any other sample. Thus, oil and grease are not consid­
ered to be constituents of concern. 

The presence of TCE was observed in several wells. However, concentra­
tions exceed the MCL only in two less-representative samples from wells 
84-CD-LF-3 and -LF-4 (Table 5.4). Other volatile organic compounds [cis-1,2-
dichloroethylene (DCE) and tetrachloromethane (carbon tetrachloride)] were 
also observed in these less-representative samples. Although these results 
must be considered tentative, it does appear that volatile organic constit­
uents (principally TCE and DCE) may be present at least at very low concen­
trations within the aquifer, and thus TCE and DCE may be constituents of 
concern. Further investigation is needed to verify these results. 

No phenols, cyanide, aromatic compounds, herbicides, pesticides, or PCBs 
have been detected. 

Examination of the inorganic constituent results from the upgradient 
samples (principally from well LF1-PNL2) versus those from the downgradient 
wells (principally from LF1-PNL1 and -PNL4) indicates slight differences in 
ground-water chemistry. Specifically, downgradient samples have slightly 
lower pH and higher total organic carbon (TOC), sulfate, and nitrate than the 
upgradient samples. This contrast suggests that Landfill 1 may have some 
influence on the ground-water chemistry. 

Nitrate concentrations exceeded the DWS (10 ppm) only in less­
representative ground-water samples from wells 84-CD-LF-1, -LF-2, and -LF-4 
(Table 5.3); thus, these results should only be considered tentative. 
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However, comparison of the nitrate concentrations in the more-representative 
samples from wells LF1-PNL1, -PNL2, and -PNL4 indicates a higher concentra­
tion of nitrate downgradient of the landfill than upgradient . This suggests 
that nitrate may be originating from the landfill and is therefore a constit­
uent of concern. 

5.5 EVALUATION OF THE MONITORING NETWORK 

Eight monitoring wells (four 1984 wells and four 1988 wells) are located 
in the vicinity of Landfill 1. Water-level data suggest that three of these 
wells (LF1-PNL2, LF1-PNL3, and 84-CD-LF-1) are located hydraulically upgrad­
ient of the landfill and associated open-pit dumping areas. The five remain­
ing wel ls are interpreted to be either directly or indirectly downgradient of 
these waste sites. Fluctuations in the local ground-water mound near well 
84-CD-LF-2 can influence the downgradient status of these wells. Wells LF1-
PNL1 and 84-CD-LF-4 appear to be directly downgradient of the landfill and 
therefore would be most likely to indicate any ground-water quality impacts 
from Landfill 1. 

Ground-water samples collected from each well varied in representative­
ness according to the well development and purging history of the well before 
sample collection . Wells LF1-PNL1, LF1-PNL2, and LF1-PNL4 were extensively 
developed and produced good to very good samples. Wells 84-CD-LF-1, -2, -3, 
and -4 were not developed or extensively purged during this study. Samples 
from these wells were considered only fair. However, these wells should 
produce very good samples after an extensive purging is performed at each 
well. Well LF1-PNL3 is completed in a low-yielding portion of the aquifer, 
which prevented adequate development. This well produced only poor (unrepre­
sentative) samples and should be used only for water-level measurements . 

The limited analytical results from these ground-water monitoring wells 
suggest that some volatile organic compounds (principally TCE and DCE) and 
nitrate are the two chemical constituents of primary concern . In addition, 
a slight inorganic chemistry difference apparently exists in the upgradient 
and downgradient wells, suggesting that the landfill (or some other nearby 
source such as the runoff holding pond) may have some influence on the 
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ground-water chemistry . Further investigation is needed to determine the 
impacts (if any} that Landfill 1 has had on the local ground -water system. 
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6.0 EVALUATION OF lANDFill 4 

Using the information gained from examining aerial photographs, charac­
terizing the environmental setting, and drilling and sampling, the boundaries 
of Landfill 4 were located and the geologic framework, ground-water flow 
characteristics, ground-water quality, and monitoring well network were 
evaluated . 

6.1 LOCATION OF LANDFILL 4 BOUNDARIES 

The boundaries of Landfill 4 were determined based on 1) aerial photo­
graph interpretation, 2) field reconnaissance, and 3) surface geophysical 
surveys. Aerial photographs taken in May 1970 and July 1976 show four dis ­
tinct areas of trench-type landfill operations . Field reconnaissance allowed 
mapping of portions of the landfill boundaries based on visual inspection of 
surface debris and by the topographic expressions of the landfill. Evidence 
was also found to suggest several areas of localized open-pit dumping and 
some surface dumping of tree stumps and trash. These field observations were 
recorded on a 7.5-min quadrangle map of the area. Surface geophysical sur­
veys were conducted over four areas where the landfill boundaries were poorly 
located. These surveys included the use of 1) a ground-penetrating radar 
unit, 2) a ground-conductivity meter, and 3) a metal detector. The results 
of the surveys were summarized on a map of the area (Figure 6.1). The actual 
data are reported in Appendix A. All aerial photograph, field recon­
naissance, and surface geophysical observations were transferred to a common 
base map to illustrate the current interpretation of landfill 4 boundaries 
(Figure 6.2). 

6.2 GEOLOGIC FRAMEWORK 

The stratigraphy beneath landfill 4 has been interpreted primarily from 
field analysis of split-spoon and core-barrel samples collected during the 
installation of six (1988) ground-water monitoring wells. These wells ranged 
in depth from 32 to 46.5 ft below land surface. The actual field records are 
provided in Appendix E. Additional geologic information was gathered from 
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drilling logs compiled during earlier (1981) drilling operations (Appen-
dix 1) . The location of the new (1988) and existing (1981) wells is shown in 
Figure 6.3, and the well completion data are summarized in Table 6.1 . The 
subsurface data generated from drilling each new borehole are summarized in 
Figures 6.4 through 6.9. 

The sediments encountered in the vicinity of Landfill 4 consist pri­
marily of muddy sandy gravel with minor lenses of sand and gravel. These 
sediments are considered part of the Vashon Drift Formation . A 3- to 4-ft­
thick layer of clay/silt was encountered at approximately 31 ft below land 
surface at well LF4-PNL4. This unit was not encountered in any of the other 
new wells; however, it is evident in the drill logs for existing (1981) wells 
LF4-3 and -4 . This layer appears to represent the top of the Kitsap Forma­
tion and is , therefore, the boundary between hydrostratigraphic units A and B 
of Brown and Caldwell (1983). The clay layer at well LF4-PNL4 overlies a 
water-bearing dark-gray to black-colored, fine-grained, silty/sand sequence. 
A generalized geologic cross section is illustrated in Figure 6.10 . 

6.3 GROUND-WATER FLOW 

Ground-water flow in the uppermost aquifer beneath Landfill 4 is gener­
ally to the north-northwest . This general north-northwesterly ground-water 
flow direction is consistent with the regional ground-water gradient depicted 
by others (see Figure 3.4) and supports the concept that the uppermost 
ground-water system discharges to Puget Sound. Figures 6.11 and 6. 12 illus­
trate the configuration of the water table as interpreted from water-level 
measurements recorded on October 31 and December 15, 1988, respectively . The 
ground-water gradient across the landfill site ranges from very small to 
nearly 3 ft/1000 ft or 0.003 ft/ft. 

Two ground-water features appear to have the greatest effect on local 
flow directions: a gentle ground-water divide located along the far eastern 
side of the landfill and a ground-water depression located just north of t he 
landfi ll . The ground-water divide, centered around well LF4-4, cannot be 
readily explained at this time . However, as with other major lakes in the 
area , Sequalitchew Lake and nearby American Lake are believed to be 

6.4 



N654000 

0 500 
I I I I I I 4 

-N-
FHt ~ 

I Elev•tlon Contour .., 
/ (lnterv•l = 10ft) 

• 1981 Well 

[] Ab•ndoned 1981 Well 

e 1988 Well 

A-A 1 
Cross-Section 

FIGURE 6.3. Location of Monitoring Well s Around Landfill 4 

6.5 



0'\ . 
0'\ 

TABLE 6.1 . Well Compl etion Data for Landfill 4 

Coordinates Casing Drilled 
North, East Elevation, ft Depth, ft 

Well (State Plane) above MSL(a) below land(b) 

LF4-1 656276, 1476795 225.37 38.0 

LF4-2 656697, 1475243 218.27 36.0 

LF4-3(d) 657932, 1476792 238.79 60.0 

LF4-4 658202, 1478294 235.41 98.0 

LF4-11 657397, 1476814 234.05 44.0 

LF4-PNL1 657439, 1476136 237.82 41 .0 

LF4-PNL2 658639, 1477139 240.48 40.0 

LF4-PNL3 656576, 1477955 246.59 46.5 

LF4-PNL4 658162, 1476174 235.72 39.0 

LF4-PNL5 657661,1475355 237.46 36.0 

LF4-PNL6 656714, 1478619 232.19 30.0 
- ------

(a) All elevations on the PVC casing are to the north rim. 
(b) Measurements are to the nearest 0.5 ft. 

Depth to 
Water, 1t 

below land(b) 

10 

5 

26 

27 

19 

26.5 

29 

34.5 

26.5 

26.5 

20 

(c) Measurements are rounded down to the nearest foot or 0.5 foot. 

Well 
Diameter, 

in. 

4 

4 

4 

4 

4 

4 

2 

2 

4 

4 

4 

(d) This well is abandoned. This information pertains to the well prior to abandonment. 

Screened 
Interval, 1t Date 

below land(c) Completed 

22-38 04/28/81 

20-36 04/29/81 

42 - 58 04/30/81 

39-55 05/01 /81 

30-46 05/12/81 

22-37 08/09/88 

23-38 08/09/88 

28 - 43 08/09/88 

23.5 - 33.5 10/05/88 

20.5 - 35.5 10/07/88 

15-30 10/12/88 
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hydraulically connected with the shallow ground-water system beneath land­
fill 4, allowing the interchange of surface and ground-water. At times the 
lake may recharge the local ground-water system, while at other times it may 
act as a discharge area for local ground water, reversing the local ground­
water gradient and creating a temporary ground-water divide, perhaps like 
that observed in the eastern portion of the landfill area (Figures 6. 11 and 
6.12) . The lower ground-water level at well lF4-PNl4 may not only reflect 
the natural northerly dipping ground-water surface, but may also reflect the 
operation of a water supply well located approximately 400 ft to the east 
(Figures 6.11 and 6.12). The operational history of this water supply well 
during the time frame of this study has not been investigated. 

Figure 6.13 illustrates the generalized ground-water flow directions and 
location of upgradient and downgradient wells, based on the October 31 and 
December 15, 1988, water-level measurements. Only one monitoring well, 
lF4-4, is interpreted to be hydraulically upgradient of landfill 4. Wells 
LF4-1 and LF4-2 (located adjacent to Sequalitchew Lake) may be either upgra­
dient or downgradient of the landfill depending on the relationship between 
the lake, the shallow aquifer, and the water-table configuration at the time . 
However, these two wells are expected to reflect the hydrochemistry of the 
lake more so than that of the aquifer directly underlying the landfill. The 
same generalizations also apply to wells LF4-PNL3 and LF4-PNL6, which are 
located over 600 ft southeast (just opposite of the general northwestern 
ground-water gradient) of the landfill boundary. Although these wells are 
shown to be downgradient of the landfill at the time of this study, it is 
expected that their hydrochemistry may be more indicative of the regional 
aquifer than of the ground water immediately beneath the landfill. The 
remaining monitoring wells (LF4-PNL1, LF4-PNL2, LF4-PNL4, LF4-PNLS, and 
LF4-11) are considered to be truly downgradient of the landfill and are 
expected to most accurately reflect the ground-water quality beneath 
Landfill 4. 

Variations in ground-water levels, particularly those caused by surface 
water/ground-water interactions or by the operat ion of nearby water supply 
wells, could greatly affect the upgradient/downgradient status of monitoring 
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wells around Landfill 4. Over the 8-month time frame of this study (Spring 
to Winter of 1988) , water levels have fluctuated over 2.5 ft in some well s. 
Table 6.2 summarizes the water-l evel measurements collected between April and 
December 1988. 

6.4 GROUND-WATER QUALITY 

Ground-water samples were collected from four existing (1981) and the 
six newly installed (1988) wells surrounding Landfill 4. At least two sam­
pling events were conducted at each well. The representativeness of these 
samples varies according to the well development and purging history of each 
well before sample collection. Refer to Section 4.4 for further details 
concerning the objectives of each sampling event and the representativeness 
of each sample . 

At least one representative (good to very good) sample was collected 
from each monitoring well around Landfill 4. However, a complete time equi v­
alent set of analyses for these ground-water samples is not available. Thus, 
evaluation of the ground-water quality beneath Landfill 4 is based on a 
composite of analytical results acquired primarily in October and December 
1988. These analytical results are summarized in Tables 6.3 and 6.4. The 
analytical reports received from the AM Test laboratory are provided in 
Appendix K. As indicated earlier , some of these analytical results may be an 
artifact of drilling, well construction, poor well development, and/or a l ack 
of adequate purging before sampling , and may not accurately represent the 
ground-water quality . A discussion of the results i s presented below. 

Fecal coliform was detected in ground-water samples from at least two 
wells, LF4-PNL5 and LF4-PNL6, and from Sequalitchew Lake. One of the dupl i­
cate samples from well LF4-PNL4 also indicated the presence of coliform, 
while the other did not. Less-representative (and therefore suspect) samples 
from wells LF4-PNL1, LF4-PNL3, and LF4-2 also suggest the presence of coli­
form. Thus, coliform is believed to be a constituent of concern. 

An unfiltered sample contained chromium in excess of the DWS (0.05 ppm) 
only in well LF4-PNL2 on one occasion . However, the filtered sample from 
this same well contained no detectable levels of chromium. This sample had 

6. 18 



TABLE 6.2. Water- Leve 1 Summary for Wells Near Landfill 4 
' 

6-in. Casing Depth to Head 
Elevation,< > Measurement Water, Type of Elevation, 

Well ft above msl a Date ft Measure ft above msl 

Fort Lewis #1 (b) 04/20/88 12.95 sr<c> 211.74 224.69(b) 
224.69 08/12!88 15.50 ST 209.19 
226.70 10/31/88 17.42 er<d> 209.28 
226.70 12!15/88 16.43 ST 210.27 

Fort Lewis #2 219.19(b) 04/20/88 7.57 ST 211.62 
219.19(b) 08/12/88 9.97 ST 209.22 
219.63 10/31/88 10.38 ET 209.25 
219.63 12/15/88 9.39 ST 210.24 

Fort Lewis #3 (b) 04!20/88 27.78 ST 211.01 238.79(b) 
238.79 08/12/88 30.29 ST 208.50 

Fort Lewis #4 235.93(b) 04/20/88 23.12 ST 212.81 
235.93(b) 08/12!88 25.71 ST 210.22 
236.78 10/31/88 27.08 ET 209.70 
236.78 11/23/88 26.50 ST 210.28 
236.78 12/15/88 26.10 ST 210.68 

Fort Lewis #11 (b) 04/20/88 23.08 ST 211.71 234.79(b) 
234.79 08/12/88 25.58 ST 209.21 
235.21 10/31/88 25.92 ET 209.29 
235.21 12!15/88 24.94 ST 210.27 

LF4·PNL 1 238.72 08/12!88 29.45 ST 209.27 
238.72 10/31/88 29.48 ET 209.24 
238.72 12/15/88 28.49 ST 210.23 

LF4·PNL2 240.85 08/12!88 32.08 ST 208.n 
240.85 10/31/88 33.42 ET 207.43 
240.85 12/15/88 31.97 ST 208.88 

LF4·PNL3 247.18 08/12!88 38.24 ST 208.94 
247.18 10/31/88 38.12 ET 209.06 
247.18 12/14/88 37.12 ST 210.06 
247.18 12!15/88 37.13 ST 210.05 

LF4-PNL4 236.68 10/31/88 29.74 ET 206.94 
236.68 12!15/88 28.25 ST 208.43 

LF4·PNL5 238.30 10/31/88 29.11 ET 209.19 
238.30 12/15/88 28.08 ST 210.22 

LF4·PNL6 232.56 10/31/88 23.75 ET 208.81 
232.56 11/23/88 23.07 ST 209.49 
232.56 12!15/88 22.n ST 209.79 

(a) Calculated from the 1989 survey of the brass cap installed in each well pad and the measured casing 
stickup. Variations in the casing elevation can be attributed to remedial actions performed on the 

(b) 
1981 wells as well as variations in the surveying/measurement of casing stickup. 
From the 1982 survey. 

(C) ST = steel tape. 
(d) ET = electrical tape. 
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TABLE 6.3. Analytical Results from Fort Lewis Ground-Water Wells at Landfill 4 

Date Sample Conductivity, Coliform Grease and TOX, Gross Beta, Radh..m, Gross Alpha, TDS, 
\Jell Samoled Representativeness _Q[_ 1£rrilos/cm MPN/100ml(a) Oil. ms/L 1£9/L as Cl pCi/L ..EillL pCi/l !l9Lh 

lf4·PNl1 08/24/88 Poor 6.25 390 1600 <1 .0 18 <2 <1 <1 295 
lf4·PNl2 09{08{88 Very good 6.58 440 <2.5 <1.2 <10 <1 <1 <1 296 
lf4-PNl3 08/24/88 Poor 6. 20 138 17 8.4 (b) 44 <2 <1 <1 524 
lF4-PNl3 12!14/88 Very good 6.60 131 <1.8 8.6 NA(c) NA NA NA 53 
lf4·PNl4 10/30/~ Very good 6.29 260 <1.8 <1 94 <2 <2 <1 239 
Oupl icate 10/30/88 Very good 6.35 270 4.5 5.4 <10 <2 <2 <1 288 
lF4·PNl5 10/30/88 Very good 6.67 92 23 3.2 102 <2 <2 <1 150 
lf4·PNl6 10/07/88 Very good 6.88 124 49 4.2 202 <2 <2 <1 275 
lF4·1 10/30/88 Very good 6.53 NA NA NA NA NA NA NA 86 
Oupl icate 10/30/88 Very good 6.35 NA NA NA NA NA NA NA 67 
lf4·2 10/30/88 Very good 6.59 NA NA NA NA NA NA NA 181 
lF4-2 12/14/88 Good 6.89 186 13 21.6(b) NA NA NA NA 135 
lf4·4 10/30/88 Very good 6.74 NA NA NA NA NA NA NA 62 
lf4·11 10/30/88 Very good 6.21 NA NA NA NA NA NA NA 101 
Sequalitchew 12/15/88 NA 7.30 122 17 11.8(b) NA NA NA NA 53 

0'1 lake . 
f"\,) Date TOC, c1·, Phenol, _:k_ f-, s~,= eN·, Aranatic Pesticides Acid-Base-C> 

lolell $8ITI)led !!!ILL !!!ILL ..!!!9LJ:_ !!!9LL l .J!RLL COIIDOUncfS Herbicides and PCBS Neutral£0rQanics 

lf4-PNl1 08/24/88 3.01 15.60 <0 .008 <0.10 <0.10 11 .2 <0.006 ND(d) NO NO NA 
lF4-PNl2 09/08/88 2.28 4.14 <0 .008 <0.01 <0. 01 26.4 <0.006 NO NO NO NA 
lf4-PNl3 08/24/88 1.14 4.10 <0.016 0.76 <0.10 10.9 <0.006 NO NO NO NA 
lf4-PNl3 12/14/88 0.44 3 .50 NA 3.7 <0.20 10.6 NA NA NA NA NO 
lF4-PNl4 10/30/88 1.23 3.59 <0.008 1.34 <0.01 20.5 <0.006 NA NO NO NA 
Duplicate 10/30/88 1.26 2.32 <0.008 1.38 <0.01 20.9 <0.006 NA NO NO NA 
lf4-PNl5 10/30/88 0.72 1.41 <0.008 0.416 <0.01 7.2 <0.006 NA NO NO NA 
lF4-PNl6 10/07/88 0.69 2.92 <0.008 0.377 <0.01 6.9 <0.006 NA NO NO NA 
lF4-1 10/30/88 NA 3.8 NA 0.2 <0.02 9.3 NA NA NA NA NA 
Dupl fcate 10/30/88 NA 3.8 NA 0.1 <0.02 9.8 NA NA NA NA NA 
lf4-2 10/30/88 NA 4.8 NA <0.1 <0.02 16.4 NA NA NA NA NA 
lf4-2 12/14/88 1.28 4.4 NA 2.0 <0.02 14.4 NA NA NA NA NO 
lf4-4 10/30/88 NA 3.3 NA 1.6 <0.02 8.7 NA NA NA NA NA 
lF4-11 10/30/88 NA 3.6 NA <0.1 <0.02 19.8 NA NA NA NA NA 
Sequalftchew lake 12/15/88 4.07 4.3 NA 1.7 <0.02 6.7 NA NA NA NA NO 



TABLE 6.3. (contd) 

Date Fe, Ba, se, Cd, Hn, Ca, Ag, Na, Cr, Pb, As, Hg, 
\lell SIII'Cled ..J2Q!L ....9!!!.._ ....9!!!.._ _.Ill;!!!_ ....9!!!.._ .Ill!!!_ _.Ill;!!!_ .I2.2!L ....9!!!.._ ....9!!!.._ ....9!!!.._ _.Ill;!!!_ 

LF4-PNL1 08/24/88 16.0 0.130 <0.002 <0.002 3.600 41.0 <0.01 11.0 0.026 <0. 02 <0.002 <0.0002 
LF4·PNL2 09!08!88 15.0 0.106 <0.002 <0.002 4.300 54.0 <0.010 10.4 0.20 <0.02 <0.002 <0.0002 
Ffl tered 0.8 <0.01 NA <0.01 <0.01 43.4 <0.01 10.5 <0.01 <0.1 NA NA 
LF4-PNL3 08!24/88 29.0 0.360 <0.002 <0.002 1.290 16.0 <0.01 6.4 0.037 <0.02 <0.002 <0.0002 
LF4·PNL3 12/14/88 0.09 <0.01 <0.012 <0.0006 0.02 9.7 NA 13.7 <0.01 <0.006 <0.012 <0.0008 
Filtered <0. 1 <0.01 NA <0.0005 0.02 12.8 NA 7.5 <0.01 <0.005 <0.010 NA 
LF4-PNL4 10/30/88 0.22 0.011 <0.002 <0.0005 0.027 32.0 0.0008 8.1 0.013 <0.001 <0.002 <0.0002 
01.4)l i cate 10/30/88 0.073 0.010 <0.002 <0.0005 0.020 32.0 0.0016 8.1 0.012 <0.001 <0.002 <0.0002 
LF4·PNL5 10/30/88 7.1 0.098 <0.002 0.001 0.333 10.5 0.0014 3.9 0.012 0.004 0.006 <0.0002 

0'\ LF4·PNL6 10/07/88 0.17 0.006 <0.002 <0.0005 0.007 6.0 0.0016 6.0 <0.006 <0.001 <0.002 <0.0002 . 
LF4·1 10/30/88 0.032 0.002 <0.005 0.0003 0.005 10.3 NA 4.9 <0.02 <0.005 <0.010 <0.0003 r-> ...... 01.4)l i cate 10/30/88 <0.005 0.019 <0.005 <0.0001 0.002 10.1 NA 5.0 <0.02 <0.005 <0.010 <0.0003 
LF4·2 10/30/88 1.69 0.008 <0.005 <0.0001 2.88 29.0 NA 9.0 <0.02 <0.005 <0.010 <0.0003 
LF4-2 12/14/88 1.72 <0.01 <0.012 <0.0006 1.1 14.7 NA 6.5 <0.01 0.059 <0.012 <0.0008 
Filtered <0.1 <0.01 NA <0.0005 0.45 19.8 NA 6.8 <0.01 <0.005 <0.010 NA 
LF4·4 10/30/88 0.006 0.002 <0.005 <0.0001 <0.002 10.9 NA 5.4 <0.02 <0.005 <0.010 <0.0003 
LF4-11 10/30/88 2.54 0.011 <0.005 <0.0001 1.34 20.1 NA 6.2 <0.02 <0.005 <0.010 <0.0003 
Sequalitchew Lake 12/15/88 <0.1 <0.01 <0 .012 <0.0006 0.02 7.1 NA 6.0 <0.01 <0.006 <0.012 <0.0008 
Filtered <0.1 <0.01 NA <0.0005 0.02 9.8 NA 8.3 <0.01 <0.005 <0.010 NA 

--
(a) MPN = most probable number. 
(b) Analytical result is suspect . Blank sample contained 8.2 mg/L oil and grease. 
(C) NA = not analyzed. 
(d) NO = not detected. 



TABLE 6.4 . Analytical Results for Volatile Organic Compounds at Landfi 11 4 

Cis-1 ,2 Carbon 
S~le Date Trans-1,2 OCE, TCE, Benzene, Tetrachloride, 

Well R~resentativeness S!!!!)2led Laborator~ OCE, !:!!!:! __E_ ~ !:!!!:! cob 

LF4-PNL 1 poor 08/24/88 AM Test 0.9 NA(a) 13.9 <1-0 <0.6 
LF4-PNL 1 good 10/06/88 PNL 1.0 9.0 17.00 1-0 0.31 
LF4-PNL 1 good 12/12/88 PNL 2.4 11.0 20.0 0.9 <0. 01 
LF4·PNL2 very good 09/08/88 AM Test <2 NA 5.7 <1 .0 <0.6 
LF4-PNL2 good 10/06/88 PNL <0.5 <1 .0 0. 02 <0.5 <0.01 
LF4-PNL2 good 12/15/88 PNL <0.5 <0.2 0. 25 <0.9 <0. 01 
LF4-PNL3 poor 08/24/88 AM Test <0.6 NA 13.0 <1 .0 <0.6 
LF4·PNL3 poor 10/06/88 PNL <0.5 <1.0 22.0 <0.5 <0.01 
LF4·PNL3 very good 12/14/88 PNL <0. 5 2.7 32.0 <0.5 <0 .01 
LF4-PNL4 very good 10/06/88 PNL <0.5 <1 . 0 19.0 <0.5 <0.01 
LF4-PNL4(b) very good 10/30/88 AM Test 0.8 NA 22. 0 NA <0 .7 
Duplicate very good 10/30/88 AM Test 0.8 NA 19.0 NA <0 .7 
LF4-PNL4 good 12/15/88 PNL 1.5 5.3 21 .0 <0.5 0.04 
LF4·PNL5 good 10/06/88 PNL <0.5 <1.0 0.02 <0.5 <0. 01 
LF4·PNL5 very good 10/30/88 AM Test <0.7 NA <0.7 NA <0.7 
LF4-PNL5 good 12/15/88 PNL <0.5 <0.2 <0.03 <0 .5 0. 41 
LF4-PNL6 very good 10/30/88 AM Test <0.7 NA <0.7 NA <0.7 
LF4-PNL6 good 12/15/88 PNL <0.5 <0.2 <0.03 <0 .5 <0. 01 
LF4· 1 poor 10/06/88 PNL <0.5 <1.0 1.8 <0.5 <0.01 
LF4-1 good 12!15/88 PNL <0.5 <0.2 2.4 <0.5 <0.01 
LF4-2 poor 10/06/88 PNL <0.5 <1.0 0.56 <0.5 <0. 01 
LF4·2 good 12/14/88 PNL <0.5 0.9 0.32 <0.5 <0.01 
LF4·4 poor 10/06/88 PNL <0.5 <1 .0 <0.02 <0.5 <0 .01 
LF4-4 good 12/15/88 PNL <0.5 <0.2 <0.03 <0.5 <0.01 
LF4·11 poor 10/06/88 PNL <0.5 <1.0 5.0 <0 .5 <0.01 
LF4-11 good 12/15/88 PNL 1.4 6.8 19.0 0. 1 0.03 
Sequal itchew NA 12/15/88 PNL <0.5 <1. 0 <0.03 <0.5 <0.01 

Lake 

(a) NA = not analyzed. 
(b) This S&ll'ple also contained 26 ppb of methylene chloride (bel ieved to be a laboratory contaninant) . 

been collected immediately after well development and probably contained a 
slight amount of suspended particulates. Thus, chromium is not believed to 
be a constituent of concern . 

Lead [in concentrations exceeding the DWS (0.05 ppm)] was detected in 
the unfiltered portion of a less-representative sample (unpurged) from 
well LF4-2. However, the f i ltered sample from the same well contained no 
detectable level of lead. Lead is not believed to be a constituent of 
concern. 

Iron and manganese concentrations exceeded secondary DWS (0 .3 and 
0.05 ppm, respectively) in ground-water samples from four wells {LF4-2 , 
LF4-ll, LF4-PNL2, and LF4-PNL5) . In all but two cases (iron in well LF4-PNL2 
and manganese in well LF4-2), the concentrations decreased below the 
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secondary DWS when the samples were filtered. Because of the lack of data 
to the contrary, iron and manganese are assumed to be constituents of concern 
at Landfill 4. However, iron and manganese are secondary drinking water 
parameters. 

Oil and grease were detected in samples from at least two wells 
(LF4-PNL5 and LF4-PNL6). One of the duplicate samples from well LF4-PNL4 
also indicated the presence of oil and grease, while the other did not. 
Other samples have also indicated the presence of oil and grease; however, 
the values from the December sampling event are suspect because all samples 
submitted to the laboratory were found to contain oil and grease, including 
the blank sample submitted to the laboratory at the same time. These results 
indicate that oil and grease may be present in the aquifer beneath Landfill 4 
and thus are constituents of concern. 

Cis-1,2-dichloroethylene and/or TCE were identified in concentrations 
above MCLs (5 ppb) in ground-water samples from wells LF4-PNL1, -PNL2, -PNL3, 
-PNL4, and LF4-11 (Table 6.4). The results from wells LF4-PNL1 and LF4-11 
are considered less representative because the wells were not purged before 
sampling. Other less-representative samples from wells LF4-1 and LF4-2 also 
suggest the presence of these two constituents. Figure 6.14 illustrates the 
distribution of TCE concentration ranges for the good to very good ground­
water samples collected between September and December 1988. Analytical 
results from wells LF4-PNL1, LF4-PNL4, and LF4-11 also indicate the presence 
of trans-1,1-dichloroethylene, carbon tetrachloride, and benzene (except well 
LF4-PNL4). Volatile organic compounds are considered the principal constit­
uents of concern. 

No phenols, cyanide, aromatic compounds, herbicides, pesticides, or PCBs 
were detected. 

6.5 EVALUATION OF THE MONITORING NETWORK 

Ten ground-water monitoring wells (four 1981 wells and six 1988 wells) 
are located in the vicinity of Landfill 4. Water-level data from these wells 
suggest that at least one of these wells (LF4-4) is located hydraulically 
upgradient of the landfill. Five wells (LF4-11, LF4-PNL1, LF4-PNL2, 
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LF4-PNL4, and LF4-PNL5) are interpreted to be either directly or indirectly 
downgradient of the landfill . The four remaining wells (LF4-1, LF4-2, 
LF4-PNL3, and LF4-PNL6) are considered to be located in areas that at times 
could be either upgradient or downgradient of the landfill, depending on the 
hydraulic relationship between Sequalitchew Lake, the shallow aquifer, and 
the water-table configuration. Variations in the ground-water levels, 
particularly those influenced by surface water/ground-water interactions and 
the operation of water supply wells, could greatly affect the upgradient/ 
downgradient status of these monitoring wells. 

Ground-water samples collected from each of these wells varied in repre­
sentativeness according to the well development and purging history of each 
well before sample collection. Although it appears that the existing 1981 
wells were constructed of glued PVC sections, no analytical results have sug ­
gested the presence of organic compounds (Tetrahydrofuran, Methyl Ethyl 
Ketone, and Cyclohexanone) typically used in this type of glue. All 10 mon ­
itoring wells are now considered fully developed and capable of producing 
representative samples . 

The limited analytical results collected to date suggest that coliform, 
oil and grease, volatile organic compounds (principally TCE and cis-1,2-DCE) , 
and perhaps some metals (iron and manganese) are the chemical constituents of 
primary interest. A comparison of the upgradient and downgradient wells sug ­
gests that the landfill (or perhaps some other nearby source) may have 
affected the hydrochemistry of the uppermost aquifer. Further investigation 
is needed to determine the sources and extent of the impact that Landfill 4 
may have had on the local ground-water system. 
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7.0 CONCLUSIONS 

Several conclusions were drawn from the results of this study, and each 
of these is discussed below. 

7.1 OVERALL SITE INVESTIGATION 

• No records are available on the landfill histories and waste inven­
tories, and no employees in the DEH at the Fort had any first-hand 
knowledge nor could they identify anyone with first-hand knowledge 
of the landfill operations. 

• Aerial photograph interpretation and field reconnaissance proved 
useful in locating the general boundaries of the landfills. 

• Surface-based geophysical-sensing methods of the type used in this. 
investigation proved useful in locating the boundaries of the land­
fills where aerial photograph interpretation and field reconnais­
sance results were uncertain. These methods were successful in 
locating both large trench-type landfill operations and some 
localized open-pit dumps. 

• The drive-barrel method of cable-tool drilling proved to be more 
efficient than either hollow-stem auger drilling or the hard-tool 
method of cable-tool drilling. 

• The 4-in. PVC-cased wells proved to be superior to the 2-in. wells, 
primarily because of their ease of development. 

• The ground-water monitoring systems installed at each landfill meet 
the requirements of 40 CFR 265, Subpart F; WAC 173-303; and WAC 
173-160. Both of these monitoring systems are considered accept­
able for detecting and evaluating the impacts of the inactive land­
fills on the ground water and adjacent lands. Thus, the goal of 
this investigation was achieved. 
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7.2 STATUS OF LANDFILL I 

• The landfill operation included trench disposal of unknown waste 
(possibly domestic garbage) and surface dumping of construction 
rubble (sand and gravel, broken concrete, broken asphalt, etc.). 

• Isolated open-pit dumps, burn pits, and surface dumping have also 
occurred at or near this landfill. 

• The boundaries of the landfill extend farther to the north than 

previously recorded, and an area of isolated open-pit dumping and 
burning extends to the west of the landfill proper. 

• The uppermost aquifer beneath this landfill occurs in the Vashon 
Drift Formation at a depth of approximately 20 to 40 ft. The 
bottom of the aquifer is considered to be the top of a clay/silt 
layer at a depth of approximately 70ft. Using the limited water­
level data available for this site, ground-water flow appears to be 
to the east and northeast. 

• Four new (1988) monitoring wells and four existing (1984) monitor­
ing wells are located around the site. Three monitoring wells are 
located upgradient of both the open-pit dumping/burning areas and 
the landfill. The remaining five wells are located either directly 
or indirectly downgradient of these waste sites. Variations in the 
water levels, particularly those influenced by the ground-water 
mound near well 84-CD-LF-2, can alter the downgradient status of 
these monitoring wells. 

• The representativeness of ground-water samples collected during 
this study varied according to the development and purging history 
of the well before sample collection. Thus, much of the analytical 

data must be considered preliminary and used only for indication 
purposes. 

• Examination of the inorganic results from the upgradient wells 
versus the downgradient wells suggests that the landfill may have 

influenced the ground-water chemistry downgradient of the site. 
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• Nitrate and volatile organic compounds (principally TCE and DCE) 
appear to be the two chemical constituents of primary interest. 
Nitrate exceeded the DWS in wells 89-CD-LF-1, -2, and -4, while TCE 
exceeded the MCLs in wells 84-CD-LF-3 and -LF-4. 

• Although coliform, chromium, mercury, and oil and grease were 
detected above DWS in some of these ground-water wells, these sam­
ples were not considered to accurately represent the ground-water 
quality. Thus, none of these constituents is believed to be of 
concern. 

• Wells LFJ-PNLJ, -PNL2, and -PNL4 were extensively developed and 
produced representative samples. Well 84-CD-LF-1, -LF-2, -LF-3, 
and -LF·4 were not developed as part of this study but should 
produce representative samples after a good, extensive purging is 
performed on each well. Well LFI-PNL3 produces only poor 
(unrepresentative} samples and should be used only for water-level 
measurements. 

7.3 STATUS OF LANDFILL 4 

• Landfill operations included at least four areas of trench disposal 
and several areas of surface dumping. Waste materials disposed to 
the trenches are believed to be domestic garbage (glass, tin cans, 
rubber goods, paper and wood products, automobile parts, etc.). 
Surface dumping consisted of asphalt and concrete blocks, construc­
tion rubble, tree stumps, at least one truck body, household appli­
ances, etc. 

• Isolated open-pit dumps and surface dumping have also occurred in 
areas surrounding the landfill. Some of these dumps may have 
included petroleum products, as well as trash, automobile parts, 
and yard debris. 

• The boundaries of the landfill area extend farther to the north, 
east, and west than previously recorded, and perhaps not as far 
south as previously reported. 
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• The uppermost aquifer beneath this landfill occurs in the Vashon 
Drift Formation at a depth of approximately 10 to 40 ft. The 
bottom of the aquifer is considered to be the top of the clay/silt 
of the Kitsap Formation, which lies at a depth between 26ft to 
over 45 ft. Ground-water flow is primarily to the north­
northwest, under the influence of a fairly flat gradient. 

• One monitoring well (LF4-4) is interpreted to be upgradient of the 
landfill, and five wells (LF4-ll, LF4-PNLI, LF4-PNL2, LF4-PNL4 and 
LF4-PNL5) are interpreted to be either directly or indirectly down­
gradient of the landfill. Four other wells are located in areas 
that at times may be upgradient while at other times downgradient, 
depending on the hydraulic relationship between Sequalitchew Lake, 
the aquifer, and the water-table configuration. 

• The representativeness of ground-water samples collected during 
this study varied according to the development and purging history 
of the well before sample collection. Therefore, the analytical 
results from some samples must be considered tentative and used for 
indication purposes only. 

, The limited analytical results collected to date suggest that col­
iform, oil and grease, volatile organic compounds {principally TCE 
and cis-1,2-DCE) and perhaps some metals (iron and manganese} are 
the principal chemical constituents of concern at this site. 

, Fecal coliform exceeded the DWS in well LF4-PNL2. 

• Iron and manganese exceeded the secondary DWS in wells LF4-2, 
LF4-11, LF4-PNL2, and LF4-PNL5. 

, Oil and grease were detected in wells LF 4- PNL5 and LF4- PNL6, and 

perhaps LF4-PNL4. 

, Cis-1,2-DCE and TCE exceeded the MCLs in wells LF4-PNL1, -PNL2, 
-PNL3, -PNL4, and LF4-11, and are considered the principal 

constituents of concern. 
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• A comparison of the hydrochemistry found in the downgradient wells 
versus that found in the upgradient well suggests that the landfill 
may have affected the hydrochemistry of the uppermost aquifer. 

• All 10 of the monitoring wells around Landfill 4 can produce repre­
sentative samples of the uppermost aquifer and are suitably located 
to provide adequate monitoring of the landfill. However, addi· 
tional investigations and sampling will be necessary to determine 
the sources and extent of impacts attributed to Landfill 4. 
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8.0 RECOMMENDATIONS 

The following recommendations are made concerning future work at these 
landfills. These are listed in order of highest priority. 

I. Collect and analyze ground-water samples from all wells at both 
landfills on a quarterly basis for a period of 1 year, and perform 
statistical analyses in accordance with 40 CFR 265, Subpart F. 
Examine trends in the various contaminants observed at each site. 
Determine which contaminants remain above DWS or MCLs and 
re-evaluate the impacts of the landfills on the ground water. 

2. Collect periodic and several continuous water-level measurements in 
wells at both landfills and lakes near Landfill 4 for a period of 
I year to assess the effects of water-level fluctuations and lake/ 
aquifer interactions on the ground-water flow directions. Deter­
mine lake-level elevations by surveying. Evaluate and interpret 
these data to determine ground-water flow directions with more 
certainty. 

3. Test the ability for soil-gas sampling to locate and track the TCE 
plume at Landfill 4, and, if successful, locate the source(s) of 
the TCE. 

4. Accurately locate {using aerial photographs, field mapping, and 
surface geophysics), stake, and survey the locations of the land­
fill boundaries. Fence off and/or install signs on the landfills 
to prevent unauthorized dumping. 
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APPENDIX A 

RESULTS OF GEOPHYSICAL SURVEYS AT LANDFILL 4 

This appendix contains an internal Pacific Northwest Laboratory memo 
discussing the results of geophysical surveys conducted at Landfill 4. 
Figures cited in the memo are also provided. 
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()Battelle Project Number 

Pacific Northwest Laboratories Internal Distribution 

File/LB 

Date November 7, 19BB 

To 

From 

George Last ~ 

Jerry SandnessW 

Subject Geophysical Reconnaissance Surveys at Fort Lewis 

This memo describes the objectives, procedures, and results of a set of 
geophysical surveys that Kevin Schwartz, Paul Porath, and I performed with 
your assistance and direction at Fort Lewis, Washington. The work was 
performed during the periods July 18-19 and July 27-28, 1988. 

Objective 

The objective of our geophysical surveys was to determine the boundaries of 
waste deposits associated with Landfill 4. This landfill, located just to 
the north of Lake Sequalitchew, covers an area of at least 60 acres. It is 
roughly bounded by relatively undisturbed forest on its south and west sides. 
It is further bounded by a mechanics training area and a motor pool along its 
northwest edge and by a gravel pit at its east end. The boundary of the waste 
deposit along the south and west sides of the landfill is easy to locate 
because the landfill is distinctly elevated relative to the surrounding ground 
in that area. Elsewhere, however, the topography or appearance of the ground 
surface does not provide an unambiguous indication as to the precise location 
of the waste boundary. Near-surface geophysical exploration methods were 
employed to locate buried waste materials in those areas. 

Procedure 

The approach taken in this study was to collect geophysical data along 30 
traverse lines. These lines varied in length from a minimum of 200 ft to a 
maximum of 1200 ft and were marked by wooden stakes at intervals of 100 ft. 
They were concentrated in four areas where the waste boundaries were most 
obscure and where it seemed important to more accurately define them. These 
four areas can be identified by reference to the site map of Figure 1. This 
map shows the locations of the survey lines, some of the major surface features 
of the site (e.g., the lake, trees, roads, and buildings), and the results of 
the geophysical surveys. 

The first area (lines 1-6 and 22-26) is adjacent to the mechanics training 
facility near the west end of the landfill. A section of flat ground and a 
shallow ditch appear to separate that facility from the landfill although 
some shallow pits have obviously been used for the disposal of small amounts 
of waste (probably oil, grease, rags, etc.) in the area between the ditch and 
the buildings of the training facility. The landfill between the ditch and 
the woods to the south is characterized by many long shallow depressions that 
seem to be caused by the settling of waste materials in trenches. 
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The second survey area (lines 7-17) is adjacent to the motor pool fence at 
the north side of the landfill. The general appearance of the ground and the 
presence of two shallow, partially open trenches shows that some waste burial 
activity has taken place there, apparently in a rather unplanned or random 
fashion. 

The third area is located in the northwest portion of a cleared area that 
includes an active gravel pit at its east end. No waste materials are evident 
in the gravel pit, but we could not determine by visual inspection whether 
waste materials extend into the west end of the cleared area. 

The fourth survey area is a strip of bare ground (fill) between the north 
shore of Lake Sequalitchew and the apparent southwest corner of the landfill. 
The question is whether waste materials were included in the fill material 
that was deposited at this site. 

Three geophysical sensing instruments were used in this study: 1) a ground­
penetrating radar unit, 2) a ground conductivity meter, and 3) a metal 
detector. These are briefly described in the following paragraphs. 

The radar system was a Geophysical Survey Systems, Inc. (GSS1), Model SIR 7 
with a 120-MHz (nominal) antenna (GSSI Model 3110) which transmits and receives 
radar signals in a frequency band of approximately 50-250 MHz. The antenna, 
mounted on a fiberglass sled, was pulled along the survey lines by a small 
all-terrain vehicle (ATV). Radar signals reflected from subsurface objects or 
interfaces were detected by the antenna and were transmitted by cable to 
control and recording modules mounted on the ATV. There the signals were 
amplified, digitized, and recorded on digital tape cartridges for later 
playback and processing in our laboratory. This instrument exhibits good 
spatial resolution and can produce quasi-pictorial images of both metallic 
and nonmetallic objects or materials in the ground. 

The ground conductivity meter was a Geonics EM31 electromagnetic induction 
(EMI) sensor. This hand-carried device operates by transmitting an oscillatory 
magnetic field into the ground, then detecting the secondary magnetic field 
produced by the electric currents that are induced in the ground. It exhibits 
relatively poor spatial resolution, but can respond to both metallic and 
nonmetallic waste deposits. The data produced by this instrument were 
digitized and recorded by a small data recorder carried by the operator. The 
data were subsequently transferred to a computer for scaling and display. 

The metal detector was a Fisher M-Scope, Model TW-6. This instrument was 
originally marketed as a pipe and cable detector, but has proven to be 
effective in detecting buried metallic waste materials at depths of a few 
feet. The metal detector was carried by hand along the survey lines until a 
response was obtained. The location of the response was then recorded in a 
field notebook. 
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Results 

Figures 2-6 show the radar data collected in this survey. Each of the small 
images in these photographs is called a radar profile and represents one survey 
line. The horizontal dimension in a given profile corresponds to the distance 
along the survey line. The vertical dimension corresponds to signal travel 
time or depth. Thus, a radar profile can be regarded as a vertical cross­
sectional view of the ground under the survey line. The maximum penetration 
depth shown in these profiles is approximately 16ft. The depth calibration 
is based on an estimate of the dielectric constant of the ground at this 
location, so may be in error by 10-15%. Excavation of an object detected by 
the radar and measurement of its depth would provide the ground truth needed 
to improve the accuracy of the depth scale. 

Most of the survey lines were traversed twice with the GPR system, once in 
each direction. Thus, in Figures 2-6, two radar profiles are shown for each 
of these lines. A pair of profiles for a given line may not be identical 
because the two traverses were typically made with a lateral offset of a few 
feet to expand the area covered by the survey. 

Our analysis of the radar data was based on a visual interpretation of the 
profiles. A small, isolated, reflective object in the ground can be identified 
by a characteristic hyperbolic reflection pattern like the one pointed out in 
Figure 2. A large deposit of waste material produces a complex reflection 
pattern consisting of many overlapping hyperbolas. A good example of this is 
shown in Figure 6, Line 27, where the south edge of the landfill is overlapped 
by relatively clean fill material. Another type of feature that is displayed 
in many of the profiles is a sedimentary interface. Good examples are shown 
in Figure 3 where strongly reflecting subsurface layers are present over most 
of the 1200-ft length of Line 7. (Note that Line 7 is displayed in two 
overlapping 1000-ft segments because its total length is too long to be 
displayed in a single image.) 

Figure 4 contains two radar profiles that do not correspond to numbered survey 
lines. The first of these, labeled 11 Woods 11

, corresponds to a sinuous path 
through the trees between the north ends of Lines 18 and 19 (see Figure 1). 
Scattered debris is present at several points along this line, and a dense 
landfill-type deposit is present at its west end, from the edge of the trees 
to the north end of Line 18. The profile labeled "Landfill" corresponds to a 
short northward traverse from the road spur near the end of Line 20. Waste 
materials, including blocks of concrete, are present along most of this line. 

The three geophysical survey methods were applied along Line 4 on each of our 
two visits to the site. On the first visit, we surveyed a 200-ft line (the 
north half of the 400-ft line shown in Figure 1). The resulting radar and 
EM! profiles are labeled as Line 4 in Figures 2 and 7, respectively. We 
subsequently decided that the line should be extended to the north by an 
additional 200 ft. The resulting full-length profiles are labeled as Line 
4+4X in Figures 5 and 13. 
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The EM! data are plotted in profile form in Figures 7-14. The scale of the 
vertical axes in these plots is such that the values 2047 and -2048 correspond 
to positive and negative full-scale responses of the EM31 sensor at an 
instrument range setting of 10 mmhos/m. However, we did not convert the 
plotted values to conductivity units because the presence of large amounts of 
metal in the waste deposits makes that conversion inaccurate, and our purpose 
was simply to detect the waste materials. For the same reason, we chose to 
truncate the high-amplitude response peaks in most of the profiles. 

The EMI profiles give strong indications of trenches, pits, or waste boundaries 
on most of the survey lines. Lines 5, 6, 19, 23, and 30 are the only lines 
that do not seem to show compelling evidence of buried waste deposits. (The 
large peak at the east end of line 23 was produced by a small steel building.) 
The EM! profile along Line 7 is different from the others in that it exhibits 
a broad peak that extends over the entire length of the line. The most likely 
explanation for this result is that it reflects the distribution of metal 
boats, trailers, and other machinery inside the fenced motor pool area located 
only 15 ft to the northwest of the survey line. It might also be partly caused 
by an overhead power line that crosses the survey line at approximately the 
point where the profile's amplitude is a maximum. A less likely possibility 
is that the apparent conductivity high is produced by contamination of the 
groundwater which is probably present at a depth of approximately 25 ft in 
this area. This explanation is supported somewhat by the fact that the base 
levels of the profiles for Lines 11 and 12 are slightly elevated relative to 
the base levels of the profiles for other nearby lines. 

The results of the metal detector, EMI, and ground-penetrating radar surveys 
are summarized on the site map of Figure 1. The broad, dark lines superimposed 
on the survey lines show the locations of buried waste materials as determined 
from all three sets of geophysical data. The metal detector and EM! responses 
were generally consistent with the indications of buried materials or ground 
disturbance provided by the radar system. However, the radar detected some 
buried waste materials that did not produce interpretable responses in the 
other instruments. An example of this is on Line 27 where the radar showed 
that the waste materials (landfill deposit) extend approximately 100 ft closer 
to the lake than was indicated by the metal detector and the EM! sensor. 

A visual inspection of the ground surface at several locations at this site 
provided same insight into the nature of some of the waste materials. For 
example, the materials found at the ground surface along Line 4 and Lines 24-
26 are concrete and asphalt blocks containing steel reinforcing rods. We 
also found this type of material near the lake on Lines 28 and 29 and, as 
mentioned above, to the north of Line 20 and to the east of Line 18. Domestic 
garbage is exposed at the edge of the cleared area at the north end of Line 
18, and some industrial debris (e.g., steel cable and other pieces of metal) 
is present along and to the south of Line 21a. 

A.5 



G~orge Last 
November 7, 1988 
Page 5 

Final Comments 

Surface-based geophysical sensing methods of the types used in this 
reconnaissance are not normally able to identify the specific materials 
contained in a buried waste deposit or to determine their toxicity or threat 
to the environment. These types of information must be determined by sampling 
or excavation. In this case, our goal was to help in defining locations where 
groundwater sampling wells could be drilled close to the waste deposits but 
with a minimum risk of directly encountering buried hazardous waste materials. 
This goal was probably achieved even though some areas remain where the 
locations of the waste boundaries remain uncertain. The areas of greatest 
uncertainty appear to be: 1) the northeast edge of the landfill between Lines 
16 and 21; 2) the cleared area to the west of the active gravel pit and to 
the south of Line 21; and 3) a small triangular area bounded by the mechanics 
training area, Line 3, and the highway. 
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APPENDIX B 

WELL SPECIFICATIONS 

These specifications were excerpted from the drilling subcontract. 
References to other appendixes do not refer to the appendixes of this 
report. 
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DRILLING SPECIFICATION 

1.00 General 

1.01 Description: 

A. Work Included: 

The effort and materials required for this work include, but are not 
necessarily limited to: 

1. Drilling, samp 1i ng, and i nsta 11 i ng and deve 1 oping approx"i mate 1 y 23 
temporary test holes (TTH), 4 holes during Phase I, and up to 19 holes 
during Phase 11. 

' 2. Furnishing and placing grout, bentonite crumbles, bentonite pellets, 
and sand pack; 

3. Furnishing and i nsta 11 i ng flush-threaded, Schedule 40 PVC casing, 
caps, protective steel cover with lockable cap and slotted PVC well 
screeni and 

4. All other related items indicated in the figures, specified herein, or 
needed for a complete and proper installation in accordance with the 
intent of the specifications. 

8. Work Lac at ion: 

All the drilling sites are located at Fort Lewis, near.Tacoma, WA. The 
location map is shown in Figure 1. 

C. Site Access and Security: 

The Contractor is responsible for familiarity with access routes for his 
equipment. Drill rigs may be left on the site overnight, but security and 
safety of rigs and equipment rests with the contractor. 

Access to individual drilling sites is varied, ranging from open fields and 
parking lots to wooded areas. 

0. Working Hours: 

Drilling will be carried out during daylight hours, normally extending from 
8:00 a.m. to approximately 5:00 p.m. Pacific Daylight time, although 
extended hours may be necessary to complete critical stages of work that 
are not planned. All work will be completed during the standard five day 
work week. 
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1.02 Qualifications and Compliance with Specifications: 

A. Qualifications of Workmen: 

Use sufficient journeyman drillers and a competent supervisor in the 
execution of this work to ensure proper and adequate installation of items 
throughout. Provide a complete list of workmen involved and enter those 
present in the daily log. 

B. Compliance with Specifications: 

1. Whenever required during progress of the work and after completion of 
construction, the contractor shall immediately furnish proof acceptable 
to Battelle that all items of the TTH 1 S installed equal or exceed all 
requirements specified for this work. 

2. In the event such proof is not available or is not acceptable to 
Battelle, the Contractor may be required to remove the item ar·items and 
replace 1 with material meeting the specified requirements and to repair 
all damage caused in the removal and replacement, all to be accomplished 
at no additional cost to Battelle. 

3. All TTH•s shall be constructed and completed in accordance with the 
intent of Chapter 173-160 WAC, "Minimum Standards for Construction and 
Maintenance of Water Wells'', and the specifications contained herein. 
In the event of a conflict, the techni ca 1 speci fi cati ens contained 
herein shall govern. 

1 .03 Drawi nas: 

A. Intent of Figures: 

The Cant ract figures, (Figures 2 and 3) do not attempt to show exact details 
of all piping and items to be installed. Diagrams are schematic and do not 
attempt to show a 11 fittings, obstructions, flush couplings, or spacing 
required. Work measurements shall be verified from field measurements. 

B. Shop Drawings: 

No shop drawings are required. 

C. As-Built Drawings: 

During progress of the work, the Contractor will maintain an accurate record 
of all changes made, if any, in the specified installation layout and 
materia 1 s specified herein su_ch as PVC casing, protective stee 1 casing, 
we 1 ds, etc. The contractor w11l provide as-built drawings upon camp 1 et; on 
of the contract or provide as-built data to the Battelle Technical 
Administrator. 
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1.04 Material Handling: 

A. Protection: 

The contractor shall use all means n·ecessary to protect well construction 
materials before, during, and after installation. All materials to be 
installed will be kept off the ground on stands, racks, or sawhorses to keep 
them clean. During vehicle transport all materials will be enclosed in the 
containers in which they were shipped to keep them clean and free from 
damage. 

B. Damage and Repairs: 

In the event of damage, the Cant ractor sha 11 immediate 1 y make a 11 repairs 
and replacements necessary to the approval of Battelle at no additional 
cost. 

C. Cutting and Water Disposal: 

' Drill cuttings from the saturated (water bearing) and unsaturated zones 
shall be contained pending determination of their waste status. Containment 
shall consist of 7 mil plastic sheeting under and above the cuttings. 
Cuttings will be retained pending ana lyt i ca 1 resu 1 ts. It is not necessary 
to contain water for analysis. 

D. Decontamination: 

It is the contractor's responsibility to set up and use a decontamination 
station for cleaning the drill rig(s) and potentially contaminated 
equipment. All equipment in contact with earthen materials or borehole 
fluids shall be steam-cleaned between each borehole. The contractor shall 
supply the equipment necessary for this decontamination. 

1.05 Site Conditions: 

A. Site Geology: 

The Contractor should anticipate drilling in unconsolidated materials, 
consisting of clay, silt, sand, gravel, cobbles, and boulders. These 
materials were deposited in former stream channels and glacial outwash. The 
distribution of these materials is highly variable. 

2.00 Materials 

A. Genera 1: 

Equipment and materials necessary to complete the TIH's in all cases shall 
include, but are not necessarily limited to: 

1. Drilling and completion equipment; 

2. Protective steel covers, arc welding ·equipment, as needed and 
accessories; 
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3. PVC casing, well screen, top caps and bottom plugs; 

4. Sand pack; 

5. Steam cleaning equipment; 

6. Cement and bentonite grouts; 

7. Bentonite pellets or crumbles (TTH seal); 

8. Approved A:B:C 
excursion caused 

fire extinguisher capable 
by drilling operations; 

of containing 

9. Concrete for TTH pad and steel protective posts; and 

10. All other materials and supplies for completion of the work. 

B. Compliance with Specifications: 

any fire 

When a separate item, which includes the furnishig_g of any material, is 
provided in the proposal schedule, the cost of furnishing, hauling, storing, 
and handling shall be included in the unit price for that item. When a 
separate item is not provided in the schedule for furnishing any material 
required to be furnished by the Contractor, the cost of furnishing, hauling 
storing, and handling shall be included in the unit price for the work for 
which the material is required. Materials furnished by the Contractor shall 
be of the type and quality described in these specifications. The 
Contractor shall make a diligent effort to procure the specified materials 
from any and all sources, but where materials required by the specifications 
become unavailable, substitute materials may be used, provided that no 
substitute materials shall be used without prior written approval of the 
Battelle Technical Administrator. Battelle• s determination as to whether 
substitution shall be permitted, and as to what substitute materials may be 
used, shall be final and conclusive. 

2.01 Drillina and Support Eauipment 

The use of one rig is necessary, such as a hollow-stem auger rig capable of 
drilling to the estimated depth of 40 to 60 feet, but not to exceed 100 feet. 
The hollow-stem auger type rig, if used, shall be capable of drilling through 
earthen _materials {including clay, silt, sand and gravel) at the site to the 
estimated depths. The dri 11 i ng machine ' for the- TTH • s must be capab 1 e of 
drilling to the required depth and allow for the collection of samples during 
drilling. The use of temporary casing will be allowed during the drilling. If 
methods other than hollow-stem auger are used, then the use of temporary casing 
during dri 11 i ng is encouraged. The rig must be capab 1 e of removing any 
temporary casing while the permanent PVC casing is in the bore. Sand packing 
the well screen and sealing and grouting the permanent casing shall be 
accomplished while temporary casing is being removed. No additives may be used 
to facilitate lubrication. The contractor shall soecifv the size and 
caoability of the eouioment prooosed for use. 
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Wherever possible, boreholes shall be drilled using hollow-stem auger flights 
having a minimum 3.75-in. 1.0. and an B-in. 0.0. for installing nominal 2 in. 
diameter PVC. If 4 in. diameter PVC is used a minimum 6.0-in. 1.0. and 10.5-
in. 0.0. flights will be required. The rigs shall be capable of collecting 
continuous core and split-spoon samples.· If a split-spoon is used it shall be 
2 or 2.5 in. diameter and samples should be taken every 5 feet or suspected 
change in lithology (sand to clay etc.). The lead flight of the augers will be 
equipped with an appropriate cutting bit to allow penetration into the type of 
material occurring at the site. Temporary steel casing set in the borehole 
shall have a minimum inside diameter of 8.0 inches. 

2.02 PVC casing 

Casing for the TTH's shall be new, white, 2-inch or 4-inch diameter, Schedule 
40 PVC pipe having no painted surfaces. The 2-inch pipe will be used when 
drilling is done by auger and 4-inch will be used for other methods of 
drilling. Written documentation of the conformance to PS 2170, ASTM 1785 must 
be provided in the shipping manifest. The minimum pipe section length shall be 
2 feet with Viton or Teflon "0" rings used at each flush-threaded connection. 
Dimension of the 2-inch PVC pipe shall be: outside diameter 2.375 inches, 
inside diameter 2.047 inches, and a wall thickness 0.164 inch. Dimensions of 
the 4-inch PVC pipe shall be: outside diameter 4.500 inches, inside diameter 
4.026 inches, a wall thickness of 0.247 inch. The threading shall conform to 
ASTM F480 requirements for flush-threaded, thermoplastic well casing and pipe. 
All casing shall be cleaned and decontaminated after cutting and threading at 
the factory, using a mild detergent, then isopropyl alcohol or an approved 
equivalent cleaning procedure; then air dried and finally, hermetically sealed 
in plastic to minimize potential for contamination prior to installation in the 
borehole. Chlorinated solvents shall not be used for cleaning pipe or screen. 
The well casing shall be manufactured by UOP Johnson, St. Paul MN; Timco Manu­
facturing, Inc., Prairie du Sac, WI; Brainard-Kilman, Tucker, GA; Aardvark 
Corporation, Puyallup, WA; or an equal approved in advance by the Battelle 
Technical Administrator. 

2.03 Screen, Casino Connection, End Caos and Plugs 

A. Screen shall be provided in 5 and 10-ft lengths only and shall be 2-inch or 
4-inch nominal inside diameter, Schedule 40 PVC with flush interior- to 
penni t passage of a 1. 75 inch or 3. 76 inch outside diameter bailer. The 
screen shall be of the continuous wrap or high flow slotted type in order 
to provide maximum inlet area consistent with strength requirements. At a 
minimum, the screen sha11 consist of ,4 row, 100 slots per row, factory 
slotted PVC pipe. The screen shall be manufactured by UOP Johnson, St. 
Paul MN; Timco Manufacturing, Inc., Prairie du Sac, WI; Brainard-Kilman, 
Tucker, GA; Aardvark Corporation, Puyallup, WA; or an equal approved in 
advance by the Battelle Technical Administrator. 

B. PVC casing and screen shall have internal, flush-threaded ends requ1r1ng no 
glue or solvents and providing a smooth; uniform, outside diameter. 
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c. The overall screen length and slot size shall be selected so that the 
average velocity of water entering the screen is 0.1 ft/second. The screen 
shall provide a minimum of 10% open area with No. 0.020 slot openings. 

D. All screens and casings shall be tree of foreign matter (e.g. adhesive 
tape, labels, soil, grease, etc.) and cleaned and sealed 1n the same manner 
as the PVC casing. Screen and casing shall be kept in boxes or on racks 
until immediately prior to insertion in the TTH. 

E. The bottom of the screen shou 1 d be p 1 aced no more than 3 feet above the 
bottom of the TTH. 

F. Schedule 40 PVC flush-threaded end caps or plugs to fit the bottom end of 
the screen and removable Schedule 40 vented, flush-threaded caps for the 
top of the casing shall be provided. All 10-foot screen bottoms shall be 
securely fitted at the factory with a flush-threaded bottom cap of the same 
composition as the screen. Five foot screen sections shall be of flush 
threaded couplings except for the 6 screens that will be placed in the 60 
ft. TTH' s .. These 5-foot screens will have flush-threaded bottom caps 
similar to 'the 10-foot screens. The end cap shall be within 0.5 feet of 
the open portion in the bottom section of the screen. 

G. Silt traps shall not be used. 

H. Joints within and between the casing and screen shall be flush-threaded 
couplings. Heat-welded joints and/or gaskets shall not be used. 

I. The tops of all PVC casings sha 11 be i nsta 11 ed with rna 1 e threads 
upward so that slip caps placed on top can be easily removed by hand. 

2.04 Centering Guides 

Centralizers are required and shall be placed 2.0 feet above the sand pack. 

2.05 Filter (Sand) Pack: 

The Contractor shall provide and install filter pack below and around the 
screens. The filter pack around the screen shall consist of a size sufficient 
to be retained outside of the 0.020 slot screen while passing no more than 1.0% 
through the screen. Filter pack material shall consist of kiln dried, uniform, 
rounded and spherical grains of sand composed of at least 95% quartz. The 
filter pack sand shall have a uniformity coefficient (the quotient of the 60% 
passing, 060 size, divided by the 10% passing, 010 size) between 1.0 and 2.0. 
At least 90% of the particles shall have a Powers roundness of 4 to 6 (i.e., 
subrounded to well rounded). The filter pack material shall have a U.S. sieve 
size of 10 to 20 mesh (effective particle size of 1.0 to 1.2 mm or 0.039 to 
0.047 ~n.) ~ The sand materials shall be packaged in such a way as to prevent 
contam1nat1on and water damage. Each sack must be clearly labeled as to the 
mesh size of the sand contained. Approved supply sources are Colorado Silica 
Sand, Inc., Colorado Springs, Colorado and the Fountain Sand and Gravel 
Company, Pueblo, Colorado. 
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The use of any brand or variety of filter (sand) pack (other than the two 
approved sources noted above) must be approved by the Battelle Technical 
Administrator prior to the arrival on site of the drilling machinery. The 
following data shall be submitted in writing to the Battelle Technical 
Administrator as a part of the approval request: 

1. Brand name(s) 
2. Manufacturer(s) 
3. Manufacturer(s) address(es) and telephone number(s) 
4. Product description(s) from label(s) or brochure(s) 

Allow six (6) working days from the time of receipt and information by Battelle 
for request evaluation and recommendations. 

2.06 Bentonite Seal 

A. Bentonite is the only sealant allowed. No organic additives shall be 
used. The use of any brand or variety of bentonite must be approved by the 
Battelle Technical Administrator prior to the arrival on-site of the 
drilling mB.chinery. This includes bentonite powders, crumbles, pellets, 
etc. , intended for grout, sea 1 s or ho 1 e abandonment. The fa 11 owing data 
shall be submitted in writing to the Battelle Technical Administrator as a 
part of the approval request: 

1. Brand name(s). 
2. Manufacturer(s). 
3. Manufacturer(s) address(es) and telephone number(s). 
4. Product description(s) from label(s) or brochure(s). 

Allow six working days from the time of receipt of information by Battelle 
for request evaluation and recommendation. 

B. Bentonite for sea1s and boring abandonment shall be composed of 
commercially available pellets that 0re 1/4 to 3/8 inch in diameter or 
chunks, crumb1es, or granules. Pellet seals shall be a minimum of 5-ft 
thick as measured immediately after placement, without a11owance for 
swelling. 

C. Bentonite grout, when used in TTH construction shall be a bentonite 
slurry grout or its equivalent. Such bentonite grout shall be mixed to 
approximately 100 pounds per 100 gallons of water, or in accordance with 
the manufacturers recommendations. Neither additives nor borehole cuttings 
shall be mixed with the grout. 
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2.07 Protective Steel Cover 

A. The protective steel cover shall be, black plain-end welded steel pipe 
confonning to ASTM-53 or A~120 or an approved equal. The pipe section 
length shall be 5 feet with a locking· cap. Size and wall thickness of base 
shall be 6-inch minimum inside diameter with a nominal 1/4 inch wall 
thickness. Steel caps shall have at least a 1/8 inch wall thickness. All 
we 1 ding must be perfonned in accordance with app 1 i cab 1 e port i ens of AWS D-
1.1. A minimum 1/4 inch to a maximum 1/2 inch diameter hole located 
approximately 2.5 feet below the top of the steel cap shall serve as a 
drainage port. 

B. Only the outside of the protective casing and covers/caps shall be painted 
safety yellow with a paint brush (not aerosol can) after installation. The 
yellow color for finish coats shall be as defined in ANSI Z53.1, Safety 
Color Code for Marking Physical hazards. Primer and paint mater·ials shall 
confonn to the following Federal Specifications: 

a Primer for metal parts 
' 

TT-P-645 

o Finish enamel TT-E-489F, Class A 

C. The painting of the TTH designation on the outside of the protective 
casing shall be performed using black paint and brush. This identification 
sha 11 be done after the casing is painted as described above. Painting is 
required to be completed and dry prior to TTH development. 

2.08 Surface TTH Protection 

The final TTH shall be protected from damage by the following: 

o A 4-foot by 4-foot by 4-inch thick concrete pad will be installed around 
the TTH's. 

o Four metal posts shall be installed at the corners of the concrete pad. 
These posts shall be 4-inch in diameter schedule 40 carbon steel and shall 
be at least 6-feet in length of which 3.5-feet shall be above the pad. The 
post shall be painted safety yellow in the same manner as the TTH. 

o A brass survey marker shall be placed in the surface of the pad. The 
surface of the survey marker shall be at least 3 in. in diameter to be of 
sufficient size to be stamped with the TIH number. The approved part 
number and material supply source is part number 01602 from Allen Precision 
Equipment, Atlanta, Georgia. Other brass markers may be used, if approved 
by the Battelle Technical Administrator. 

2.09 Other Materials 

All other materials, not specifically described but required for a complete and 
proper installation, shall be new and of first quality of their respective 
kinds, and subject to approval by the Battelle Technical Administrator. 
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2.10 Health and Safety Equipment 

A, All individual protective clothing including coveralls, gloves, hard hats, 
steel-toed and shank boots, and related safety equipment shall be provided 
by the Cant ractor. · 

B. Monitoring of drill cuttings shall be carried out by Battelle. This 
monitoring will be done using an HNU organic vapor analyzer, an LEL 02 
combustible gas indicator or similar devices. In the event that 
significant vapors are detected, work shall be suspended until the nature 
of the vapors is detennined. It is estimated that most delays will be less 
than an hour, and any delays directed by Battelle will be considered 
standby time as documented by an approved Standby Order, Appendix C. 
Recommencement of work may require the use of half-face masks with organic 
vapor cartridges. All personnel must have had appropriate trainjng in the 
use of such equipment prior to arrival on site. 

3.00 Execution 

3.01 Scooe: 

This section covers the complete construction and completion of TTH 1 S. 

A. Inspection: 

The Battelle Technical Administrator shall verify that the TTH's have been 
constructed in strict accordance with all specifications presented herein. 

B. Soil Description: 

The Contractor should anticipate drilling 
material consisting of clay, silt, sand, 
approximately 40 to 60 feet. 

C. Warranty: 

in fine-to-coarse-grained 
grave 1 s and cobb 1 es to 

The information indicated in the techni ca 1 section is to used by the 
contractor to assist him in properly evaluating the amount and character of 
the work that might be required. Such i nfonnat ion is given, however, as 
being the best factual information available, without the assumption of 
responsibility as to its accuracy or for any conclusions that the 
Contractor might draw therefrom. 

D. Notice: 

The Contractor shall promptly, and before such conditions are disturbed, 
notify Battelle in writing of: 1) subsurface or latent physical conditions 
at the site differing materially from those indicated in this contract; or 
2) unknown physical conditions at the site of an unusual nature, differing 
from those ordinarily encountered and from those generally recognized as 
inherent in the work of the character provided for in the contract. The 
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Battelle Technical Administrator shall promptly investigate the conditions 
and if he finds that such conditions do so materially differ and cause an 
increase or decrease in the cost of materials or the time required for the 
perfonnance of this contract, he may recommend to the Battelle Contract 
Representative that an equitable adjustment be made and the contract 
modified accordingly. 

E. Site of Work: 

The Contractor is cautioned to visit the work site and by his own 
investigation satisfy himself as to the existing conditions affecting the 
work to be done under these specifications. If the Contractor chooses not 
to visit the site, he will never-the-less be charged with knowledge of 
conditions which a reasonable inspection would have disclosed. 

3.02 Workmanship 

Equipment used for drilling must be in good condition, of adequate size, with 
competent oper,ators to insure satisfactory well construction withitr the time 
limits specified. 

Drilling of the TTH's may be done by the hollow-stem auger or percussion tool 
method. TIH's shall be straight and a minimum of 8 inches in diameter to 
accommodate the installation of the pennanent PVC casing specified, and allow 
the placement of grout by the tremie method. 

3.03 Construction Record: 

Written daily logs of construction progress shall be kept by the contractor, 
indicating size and length of casing installed; character, depth, and thickness 
of all changes in formation penetrated; water levels during the course of 
drilling; and any reasons for delays. Daily logs shall be made available to 
the Batte 11 e Techn i ca 1 Administrator. A 11 1 og entries sha 11 be traceab 1 e to 
the date, time and workman making the eptry. The Drilling Supervisor shall 
review daily logs and approve them by signature and date at the end of each 
working day. 

3.04 Casing. Screen and Accessories 

The PVC casing diameter, wall thickness, and other requirements are specified 
in Sections 2.02 and 2.03. Screen sections are to be joined to casing and each 
other by flush-threaded joints. Casing and screen shall be set round, plumb 
and true to line. Casings shall extend at least 24 inches above the concrete 
pad. 

The screens will be ordered in writing by the Contractor in lengths specified 
in section 2.03. For each of the seventeen forty (40) foot deep TTH's the 
screen length shall be a total of 15 feet. The 6, 60 foot deep TTH' s around 
landfill #! will have a 5-foot screen installed. at the bottom of each TTH. 
Screens shall be installed by setting them at the depth designated by the 
Battelle Technical Administrator. Use of other methods will not be permitted 
without specific approval, in writing, of the Battelle Technical Administrator. 
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3.05 Sand Pack: 

After setting the screen in place, the sand pack, which meets the requirements 
of Section 2.05, shall be placed without a tremie to surround and extend 5 feet 
above the top of the screen. Where necessary, a loose fitting surge block or 
bailer will be used for 10 minutes to settle the sand pack; then additional 
sand may be added to satisfy the requirements illustrated in Figure 3. 
Temporary well casing or auger ·flights shall be withdrawn as the sand pack is 
being placed. 

3.06 Bentonite Seal: 

Approximately 100 lbs. of bentonite pellets shall be placed without using a 
tremie, immediately above the sand pack. Pellets are to be added slowly to 
prevent bridging in the annu 1 us. Bentonite crumb 1 es, chunks, granu 1 es, or 
grout slurry placed above the pellets may be installed immediately after 
pellets have settled to the bottom of the annulus. If grout is used it shall 
be placed by pumping through a tremie pipe. The tremie pipe shall extend to 
the bottom of the annular space. The tremie pipe is to remain subme~ged during 
the placement of all grout. 

The Contractor shall place the bentonite seal around the TTH's as follows: 

A. During removal of any drill casing, the annulus between the borehole and 
PVC casing shall be filled with bentonite to a point that is always at 
least two (2) feet above the bottom of the temporary casing, or auger 
flights. 

B. Bentonite grout shall be placed through a tremie pipe (or hose) located 
just above the top of the seal. 

C. After 24 hours the contractor shall check the site for grout settlement and 
that day pour the concrete well pad. 

D. The protective steel casing and posts will then be installed while the 
concrete pad is being poured. 

3.07 Protective Steel Cover 

The Contractor shall protect the TTH at all times to prevent tampering or the 
entrance of foreign matter. After the concrete well pad has been placed and is 
reasonably firm, the specified protective steel cover (Section 2.07) shall be 
installed. 

3.08 Well Development 

Development of TTH's by pumping, bailing, and surging will be performed until 
the well water is clear, as determined by the Battelle Technical Administrator. 
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3.09 Cleanino and Decontamination of Equipment and Materials 

Steam cleaning and rinsing of all drilling equipment including: rigs, water 
tanks (inside and out), augers, drill casings, rods, samplers, tools, 
recirculation tanks, etc., shall be done·by the Contractor prior to arrival at 
the site. All equipment used in the borehole shall be cleaned between well 
sites. Prior to use on site, all casings, augers, and water tanks, etc., shall 
be devoid both inside and out of any asphaltic, bituminous, or other encrusting 
or coating materials, grease, grout, soil, etc. Paint, applied by the 
equipment manufacturer, need not be removed from the drilling equipment. All 
equipment or portions of equipment that come in contact with water or soil from 
the borehole must be cleaned between boreholes by brushing and steam cleaning. 
The residue from steam cleaning does not need to be contained for analysis. A 
separate steam c 1 ean i ng site can be estab 1 i shed, if appropriate, for each of 
the two drilling sites. 

3.10 Abandonment of TTH's: 

If, in the judgement of the Battelle Technical Administrator, a TTH ·should be 
abandoned for ~hatever reason, the Contractor will be ordered, in writing on a 
TTH Abandonment Form, see Appendix E, to abandon and fill the ho 1 e. If the TTH 
is to be abandoned, as a result of Contractor error or fault, the Contractor 
shall imnediately make all repairs and work necessary for replacing the 
abandoned structure to the approval of the Battelle Technical Administrator at 
no additional cost. If the TTH is abandoned for reasons beyond the control of 
the Contractor, payment will be made for the actual depth drilled at the rate 
stated in the Payment Schedule, Appendix G. 

The abandonment of any TTH's must be approved by the on-site Battelle Technical 
Administrator prior to any casing removal, sealing, or backfilling. 
Abandonment requests must be submitted in writing, see Appendix E, and include 
the following data: 

A. Designation of TTH in question. 

B. Current status (depth, contents of hole, stratigraphy, water level, etc.). 

C. Reason for abandonment. 

D. Recommendation. 

Decisions on abandonment will be made within 4 hours of the request. 

Once approved, the TTH to be abandoned shall be sealed by placing bentonite 
pellets and/or slurry from the bottom of the TTH to the surface. Grout shall 
be placed via the tremie method until undiluted grout flows from the TTH at the 
surface. 
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After 24 hrs., the Contractor shall check the abandoned site for grout 
settlement. That day, any settlement depression shall be filled with grout and 
rechecked 24 hrs later. This process shall be repeated unt i 1 firm grout 
remains at the ground surface. 

Nanna 11 y an abandoned TTH sha 11 be grouted with the we 11 screen and casing in 
place. However, a lack of data concerning TIH construction or other factors 
may dictate the removal of the TTH materials and a partial or total hole 
redrilling prior to the sealing of the TTH site. 

3.11 Site Cleanup and Restoration: 

A 11 structures, utilities and natura 1 vegetation wi 11 be protected by the 
Contractor during the progress of the work. All debris, equipment and unused 
material will be removed from Fort Lewis by the Contractor. The property will 
be restored as near as possible to its original condition by the Contractor. 

Disposal of any contaminated materials shall be the responsibility of. the U.S. 
Army. 

3.12 Standby (Delay) Time: 

If it is necessary for the Contractor to stop drilling due to waiting for the 
Battelle Technical Administrator to complete other work, the Contractor will be 
placed on standby time, in writing, and removed from standby in writing, using 
the Standby Order form, Appendix C. 

3.13 Special Work 

Conditions at the Fort Lewis site may require special work. This work may 
include special perforating, setting special tools, special testing, minor 
exp 1 oratory dri 11 i ng, unschedu 1 ed rehabilitation, abandonment of pre-existing 
We 11 s, or some unforeseen situation. Batte.ll e may order speci a 1 work using the 
Special Work Task Order (SWTO) form, Appendix D. 
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DFC No. 
DESIGN FIELD CHANGE 

FL-I 

TASK NO. PROJECT TITLE FINAL APPROVAL DATE 
1!832 Ground-Water Investigation of Landfills I 

(Task 8802) and 4, Fort Lewis, Washington (EES-25) 8-9-88 
DOCUMENTS AFFECTED 

Subcontract B-V5209-A-E, Appendix A, 
Sections 2.06 (B) and 3.06 

Drilling Specification, dated June 1988, 

DESCRIPTION OF CHANGE DISTRIBUTION 

I. 2.06 (B): The last sentence should be changed to read, SP Airhart 
"Pellet seals shall be a minimum of 2-ft thick. If PA Eddy 
bentonite slurry will be used above the pellet seal the DR Dahl 
pellet seal shall be a minimum of 5-ft thick as measured GV Last 
immediately after placement, without allowance for Project File 
swelling. 11 

2. 3.06: The first sentence should be changed to read, 
"Approximately 50 lbs. of bentonite pellets shall be 
placed without using a tremie, immediately above the 
sand pack. If bentonite slurry is to be used above the 
pellets, approx. 100 lbs. of pellets shall be used." 

JUSTIFICATION 

The properties of bentonite chunks, crumbles, and granules 
are sufficiently similar to those of bentonite pellets to 
allow a bentonite pellet seal of less than 5-ft to be used. 
However, if a bentonite slurry seal is used above the 
bentonite pellet seal, the bentonite pellet seal must be a 
minimum of 5-ft to prevent penetration by the slurry. 

REMARKS 

None. 

INITIATOdt:UTHORL '~ PHONE ORGANIZATION DATE 
GV Last I vi~ 6-8527 D7D34 ZJ-"7·86 

APPROVALS 

~NAGER 
;;;;::::::fa ~ ..--~-~ 

QAD REPR~;;~NTATIVE 
/.(J?. ,,, • ?h /;ri! 

~ 

' f.e."->' Rev,· e..., C£_· (} 8 -?·8: 
I/ 
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TECHNICAL PROCEDURE 

TITLE: TP-8, COLLECTION AND DOCUMENTATION OF SEDIMENT SAMPLES RECOVERED 
USING HOLLOW STEM AUGER METHODS. 

!.0 APPLICABILITY 

2.0 

3.0 

4.0 

This procedure applies to work performed by well site geologists during 
collection and documentation of sediment samples recovered from 
boreholes drilled by hollow stem auger methods. This includes both the 
periodic and continuous sampling methods. 

DEFINITIONS 

Does not apply. 

RESPONSIBLE STAFF 

3.1 Project Manager 

3.2 QAD Representative (Cognizant QE) 

3.3 Principal Investigator and Cognizant Staff 

3.4 Well Site Geologist 

PROCEDURE 

4.1 The driller shall advance the hollow stem auger flights to just 
above the required sample interval (every 5 ft and/or lithologic 
changes). If the continuous sampling method is being used, skip to 
step 4.4. 

4.2 If a pilot bit is not being used while advancing the auger flights, 
then the driller shall remove any soil or residue that entered the 
flights during their advancement. The driller shall then lower a 
clean split-spoon sampler (also referred to as a split-barrel or 
split-tube sampler) through the hollow stem auger flights to the 
bottom of the clean borehole using solid drill rods. 

Date 
'1 '!:>- '87 

Procedure No. 
TP-8 

Revision No. 
0 

Effective Date 
5/01/87 

Page of 
I 3 
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TECHNICAL PROCEDURE 

4.3 The driller shall then use an appropriate drive weight to hammer 
the sampler into the undisturbed materials (soil) below the 
borehole. The driller shall not drive the sampler a distance 
greater than the length of the sampler. The number of hammer blows 
should be counted and recorded by the well site geologist. 

4.4 The driller shall remove the sampler from the auger flights, being 
careful not to knock the sample out of the sampler. The sampler 
shall then be carefully removed from the drill rod. 

4.5 Carefully remove the drive shoe and the end cap from the sampler. 
Lay it flat and remove one side of the split-tube sampler. 

4.6 With a knife or other suitable object, carefully scrape any smeared 
material (top 1/8 - 3/8 in.) off the top half of the sample. If 
this cannot be done without disturbing the sample, and/or if the 
sample can easily be described without exposing a fresher surface, 
then disregard this step. 

4.7 Examine, physically describe, and photograph (optional) the 
sample. The physical description shall be recorded in the 
geologist's log or field notebook and shall include the borehole 
number, depth of the sampled interval, drill method, wet/dry 
sample, lithologic description, date and time the sample was 
collected, and any suitable comments regarding the 
representativeness of the sample. These descriptions shall be 
thorough, and all entries will be recorded chronologically. The 
geologist's log (or field notebook) shall be signed and dated at 
the end of each day. 

4.8 Carefully remove selected subsamples from the sampler and place 
them in suitable containers (moisture can, canning jars, etc.). If 
more than one layer of material is present, then the subsamples 
shall be collected by partitioning the sample into lithologically 
similar subsamples. Care should be taken to exclude the top 
portion of the sample thought to be slough or not representative of 
the sampled interval. The sample containers shall be labeled with 
the borehole identification number, the depth interval of the 
sample or subsample, the date, and the geologist's initials. 

4.9 The sampler shall then be scraped clean of all foreign matter and 
washed with water or a pre-approved detergent solution. The 
sampler shall then be rinsed clean, and reassembled. 

Procedure No. Revision No. Effective Date Page of 
TP-8 0 5/01/87 2 3 
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TECHNICAL PROCEDURE 

4.10 Samples shall be labeled "Suspect" and/or discarded if the location 
and depth of the sample is lost or unknown, or if the 
representativeness of the sample is in question. 

4.11 If physical analyses are to be performed by PNL's Soils Laboratory 
in the Sigma V building, the samples shall be hand delivered to the 
Soils Laboratory Coordinator or his representative. When the 
samples are received, the Soils Lab. Coordinator or his 
representative will log the samples into a controlled notebook, 
along with the date and time they were received. The samples will 
be logged in and always identified by the borehole number and depth 
as clearly labeled on the sample. 

4.12 If chemical analyses are to be performed, then the appropriate 
sample handling and chain-of-custody procedures shall be followed 
as listed in PNL·MA-580, Environmental Monitoring Procedures. 

Procedure No. Revision No. Effective Date Page of 
TP-8 0 5/01/87 3 3 
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APPENDIX D 

GEOLOGIC SAMPLING AND WELL CONSTRUCTION DOCUMENTATION PROCEDURE 

This appendix contains the procedure for collecting and documenting 
drilling data that was in place during well drilling at the landfills. 
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Procedure for Collection and Oocumentat~on of Or1llinq Data, 
P-6 for RCRA Comp 1 i ance/Hazanlous Materials ~.oni to ring 

1.0 OBJECTIVE 

This procodure provides sundanlized methods for the colle<:tion and 
documentation of sediment samples and we11 ccnstrJct1on data, for we!ls 
drillod by the able tool method. 

Z.O APPLIC.;BILITY 

ihi s procodure app 1 i es to won perfor.:~od by we 11 site gee logi sts during 
well cons~ruction. 

3.0 RESPONSIBILITIES 

3.1 1/lell Site GeOJloaist 

• Collect and doc;nnent drilling data. 

3.Z Senior Tee!'lnic:al Re•tie':'tel"' 

• Re•liew and sign/c!ate Well Completion Re~o:-t/Title I!I Inspection List 

• Review and sign/date As-Built Diagram 

• Revie" and sign/date Drill Logs 

~.0 PROCEDURE 

4.1 Collection of Sediment Samcles 

Sediment samples shall be coTlected at S~foot intertals and c~anges in 
formation by the well site geologist. All drill cuttings to be s~lod 
shall be collected from the driller in a 5 gallon bucket. 

Two pint jar> shall then be filled from t.1e bucket. One jar shall be 
submitt~d for laboratory analysu and the other r~tained for archiving .. 

A label indic.ating well nuii!ber, depth, dat.e, drilling method and initi.:.is 
of the ge~Jlogist co11ect1ng the sample shali be pl~cad on ea~i s~~ie 
jar. Well number, de;tth and date s;,al"l also be 'Hr.tten on the nd of 
each jar. 

' 

Procedure No: Re•tision N-;;-;- . !Date !.ssue'!i: !Pagel of 3 
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Procedure for Collection and Coc:m~entation of Crillinq Cata, P-6 (contioued) 

If the well is being d'Mlled with a drive barrel above tile ·•ater table, 
a a:oisture saJIIllle shall also b~ collected from tile bucket. Each ooisttn;• 
SaJIIllle shall be sealed with wh1te identification tape. The well number, 
depth, date and initials of the geologist collecting tile sample shall be 
recorded on the identification tape with indelible ink. Each ooisturo 
saJIIllle shall t.~en ~e doubly ·•rapped in a plastic bag, and taped shut. 

The reminder of the saJIIlll• in t.~e buclcet shall be used for sediunt sample 
descrf pti on. . 

4 .2 Ooc:umentati on of Sediment S.:mc 1 es a.nd 'lie 11 Constrtlc:ti on Data 

Sediment \sample descriptions and well canstruetion data far e!ch we11 s~all 
be recorded on a Well Completion Re~ort/Title III Inspection List (Atta~~­
ment l), As-Suilt Oiagram (Attachment 2) and Crill Log (Attachment;). 
These data shall be recorded daily by the well site geologist. Nonacoli-
cable items shall be designated N/A. · · 

The well Completion Report/Title III Inspection List provides a c:::mpleta 
swmna.l""J of 'Heli construction and comphtion data .. Ca:ta ncord.!d. on t.1e 
Well Completion Report/Title III Inspection List shall include: generai 
project and well information, drilling •et.~od, completion data, easing 
data, perforations, screen, annula~ seal, geophysical logging, aquifer 
testing and ather applicable items. Casing data, perforations, sere•n, 
annular seal, geephysical logging,. aquifer tasting and other acolieable 
it!l!IS shall be approved by the well site geologist. After ccir.Oietion of 
the well, an overall review of the Well Completion Report/Title II! 
Inspection List shall be perio~ by the Senior Tecimical Re.•tiewer~ 

The As-auilt Oiagram is a graphical representation of t.~e well eonstrJe· 
tion, geologic and hydrologic data. Data re<orded on the As·Suilt Diaar<o 
shall include: well number, geologist, page number, ccnstrJC:ion data· 
depth in fe~t, ge~logic and hydrologic data. After cc~letian of ~~e ' 
well, an overall review of the As-auilt Diagram shall be perforoed bv 
the Senior Te-:hnical Re'lie~er. ~ 

The Drill Log ccntains detailed descriptions of the sediment samoles ar.d 
well construction data. Data recorded on the Drill Log shall 1nCiude: 
geologist name, date, rig, well number, dep~1 at st~rt, depth at finis~ 
compu'ter number, project number, subcorre:ract rrumber, total cuing, de~t; 
drill method, wet/dry saJIIllle, lithologic desc:'iption including maist•c• ' 
sample data, time, drilling comments and r'e!!farlcs. A ne~ Drill Lag shall 
be used eacn day. After completion of the day's activities, the well s1ta 
gec18gist shall sign and ~ate the.DM11 Log. After cmplet1on of the 
well, an overall review or the Dr1ll Logs shall be perfor:~ by t~e 
Senior Technical Re•tie.~er. 

' 

Proc~dure No. Revision No. Date I.ssued: Page z of l I P-6 0 ":.-H,-57 
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P~cedure for Collection and Cocumentation of Crilling Cata, P-6 (continued) 

Oescriotio~ of Sediment Samcles and Well Construct1on 10ata 

Cetailed descriptions of the sediment Sanl!lles and well construction data 
shall be recorded on the Crill Log under "Lithologie Coscription• by tlie 
well site geologist. 

Sediment sample descriptions shall include the following inforoation as 
a ~in1~":: lithologic name, texture, sorting, gross mineralcgy of ~1e 
fril!ll..,.or!c and matrix, roundness of the f,..,_ri< and matrix, wet/dr-J 
color, reaction in hydrochloric acid (HCl), consolidation and ~1anges in 
lithology. 

'.lell co~'struction data shall include the following infor::~ation as appli­
cable: drill method, drill depth, completion depth, drill rate, casing 
(type, siz•, depth and lengths}, perforations (type, depth and schedule} 
sc~en (type, length, slot size and depth), annular seal (type, interval' 
and volume), packer (type, size and dept.1), well de•telopme.•t and deeth to 
water. · . 

4.4 Data Manaaement 

After completion of the project, the original Well Completion Report/i!tle 
!II lnsoeetion Lis-e, As-Built Ciagram and Crill Logs for ea~i well shall . 
be retained by V. L. McGhan of th' PNL G~cie.•ces Cepartnent. A cooy of· 
each completed for:ll shall be'i'etained by the PNL ReQrds Retontion Cente~. 

' 
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APPENDIX E 

WELL COMPLETION REPORT. AS BUILT DIAGRAM. NATURAL­
GAMMA LOGS, AND DRILL LOGS OF THE NEW WELLS 

This appendix contains field documentation compiled while drilling wells 
near Landfills I and 4. The wells described include 

• for Landfill I 

LFI-PNLI 
LFl-PNL2 
LFl-PNL3 
LFL-PNL4 

• for Landfill 4 

LF4-PNLI 
LF4-PNL2 
LF4-PNL3 
LF4-PNL4 
LF4-PNLS 
LF4-PNL6 

Note: no natural-gamma log is available for well LF4-PNL3 because no 
geophysical survey was conducted at that well. 
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WELL LF4-PNLI 





Csaneue Well Completion Report/Title Ill Inspection List 
'K•Itc' Non,._t"W \.lborUOttei 

Project _ _.:\!.!1!.27>'-2"3~2..=--------------- Well Number ----------------i 
Location f!o~Z"~" ~v-~•s Temporary Well Number 

Driller '-li.""'"-l '< ev~.-,_~,.._, ~ Coordinates -----------------1 
Drilling Co. oN"'-'Q-~o c~''-'--'~ c.o. • tl'lr,. Casing Elevation ---------------1 
Geologist :. . e> ~~ e.>-4 ;...rz;r Ground Elevation ---------------1 

DRIWNG METHOD COMPLETION DATA 
~ ... 

Rotary Air Mud Drilled Depth _ _;;~-------------i 
~.4' Cable Tool D H Completion Depth •o 

Dnlling Fluid Date Started 9-9-&S 

Other e· HCU cw :IT~"" 1>-.Jt..i:g + ~,--SPelON Tt:l 4f( Static Water Level/ Date 

CASING DATA 

Typ& S1ze 

-~PV~~~<~~~s~~~~~\~~~eo~)~------ -~~~·-· ~~~~~~~-~l~~~~~~~· ~4~o~)~ __ t0 __ ;~~~-~•-'--

------------------ ---------------to----------
-------------------------------to-----------

Approved By 4t>.A......l_i Date s - ao-68 

SCREEN 

Type Type 1,:' PIA.. !>I..O't~~.CI PVC:. Type Interval 
Depth Schedule Length 15· :.' 10· w 5o1WC. 1.!.9'· AS' 

Slot Size ~ ~· Pf:y&~ '1.~ .3 '-1.&.9' 1- 4-l=r ~ 

Depths '3~· I , • A&·'+ ' 6pJ1: c .. ...,..cs \ & ' · p .;s' S .% ~J 

c.o,..Jc..a.&-rt. o ' · •· t>' ""-5+1-s 

App. By --- Date ---- App. By ~,\;,.lj Date g -to-Bij?> App. By ~P ~Date ~~:J:;:S:~ 

GEOPHYSICAL LOGGING AQUIFER TESTING 

Interval 
'1.-3 ' . "'~ · ~ ' 

Sondes Date TypeofTest --~~--------------1 
e. - •o-~S Length of Test 

------- Volume Pumped 

Drawdown ----------------~ 

Approved By s±;P. A 1 l Date ~-lo-3=8 Approved By 

~ Steam Cleaning 
e-~ Storage of Const. Material 
e.g Tool Lubricants 

~ Concrete Pad 
Approved By ~0 LL t 

OTHER APPLICABLE ITEMS 

~ Protective Steel Posts 
~~~·Safety Paint 

~ Straightness Test 
elz.s Well Development 

Date tl-S-sa 

~-Date 11- 'J'-8'0 
E.3 

------------ Date ------------l 

~Downhole TV Inspection 

!::!::- Well Abandonment 
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D · Orov~ H~rr~l II · liard r '"'I 

p~ \ ~f. 

By Aog Well Numt.er Compullr Number Projtc1 or Work Order No. 

/>...11::11-IIAYLI S.O-' IO:.AI'A"A ~\ - f' NI.-\ \\~:!>"2-

Dale > t..Y. Dtplh N,.._ Subconuacl No. 

8 ·.9-Z:S'Z. 
, 

To s' IVA. 
t..J,..._•~\!(_0 0 
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;)Battelle Well Completion Report/Title Ill Inspection Ust 
'K•hc NOt1hwwnllJboriiOtiet 

Pro1ect _....l...! .1..\ ~e.~;,~z...__ ____________ Well Number ----------------i 
Locatton ~oiZ..-. lh"""' ~5 Temporary Well Number u=t-PNl-2-

Driller t..!:ONN'f" r:.v ..... ~ ~"'A 
Drilling Co. o~E-<-~ t:uz..u .. 4-.r"-'?' <::o. ,r....,<:... 
Geologist s · po. AtiZ...H.A. '?=1 

Coordinates ----------------i 
Casing Elevation 

Ground Elevation --------------i 

DRILLING METHOD COMPLETION DATA 

------- Mud ------- Drilled Depth __ ..,:"3~3~-------------1 
D ------ H ----- Completion Depth ........;301->z....._.s&-' ----------i 
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osanene Well Completion Report/Title Ill Inspection Ust 
,..,,11< --lobor-... 

Project \1~'3'Z- Well Number 

Location ~C P-"T" !,c!?AII ~ Temporary Well Number \,..c; l - ?Nl-'3 

Driller !.~,..,,..,'I"" SV\...~IS..N~ Coordinates 

Drilling Co. ON\N ~C..() t>e.J!:::!.! ,..;t~ S:a. I I"-~~- Casing Elevation 

Geologist s.p ~~ CLH A.Q..-:- Ground Elevation / 

DRILliNG METHOD COMPLETION DATA 

Rotary Air Mud Drilled Depth ~-~ · 

Cable Tool D H ~"- ~·'"'-' Completion Depth ~~-"",. 

Dnlling Fluid Date Started ~-,,-ee Completed B-?.S -Sf'l 

Other :IXl~ wl ~" ~~i:2. T'o ,.., ,_ 
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v ""S.v~£~!.~1- ~ ~~ Mvc...l-4 41ZA~t 
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to 

to 

Approved By ~.P . .l~ ~ Date a-'L~-AA 

PERFORATIONS SCREEN ANNULAR SEAL 

Type IVA. Type 4l 11 QIA. £WO)T'r~O 1::::::~ Type Interval Volume 
Depth Schedule Length li'·~, 1~2.2~ ~~-$'·~' :::!·• ++' 

. Slot Size ~ ;4"Nu.•~ \:i~'-I~S' HcH~ 

k;~-0 
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'!. .... - •. ~GMU......S 'l-' -IS'·~' ~· zl:H\ . Depths . 
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App. By ""$-P-&LOfbate i-))4-eA 
~t:!SiEf o '- ].' ..., .~.. ~t~ 

App. By Date App. By ~..LW Date .A-~---. 
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GEOPHYSICAL LOGGING AQUIFER TESTING 

Sondes Interval Date Type of Test ~A. 

N~. c,.AMMA. o· . ~e.:.: e-u+-~ Length of Test 
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. Drawdown 
. 
. 
. 
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Approved By ~~~J .:1 - Date er-2..o4-&~ Approved By Date 

OTHER APPUCABLE ITEMS 

~~7 Steam Cleanmg &-Z!>protectcve Steel Posts ~ Downhole TV lnspectcon 
6::!1. Storage of Canst. Material '•/L~afety Paint J/A. Well Abandonment 
d ·t7 Tool Lubricants ~ Straightness Test '!.1!11 Complete As-Built Diagram, 
~tr Concrete Pad . ~~ Well Development Driller's and Geologist's Logs 
Approved By .g t:> ~ L A Date l\-5.-3S . 
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Reviewed By 7k( Uk.jfj( Date 11-'i'-rr 
A· IIIQO.II7 131171 
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OBattelle AS- BUILT DIAGRAM 
'aofic Non- UbofMGfOft 
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DRill LOG 

Toto~l Depth Dtoll 
Casong Method 
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\ . . .. 
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~'S 
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. ss 

10- ,., , 

REMARKS. 

D - Olive fldrrel H ·Hard Tool 

(~oR"T L~.....,,~-._~ ... 1)~''-'-~ t) 
P..,~, ' .r ~ 

Bv Rig Well Number ~omputer Number Project or Work Order No. 

1\lr?.Hb.f<.\ '5'£.H ~A. IV\~ L.f' I - P"-'L 3 l \8 32-
Date ·n,,<-J Depth NA Subcontract No. 

oa- ,...,_ r..a o-.a,.....o:.~o- ' To I a-t I tvA l t!N,....'r &ut..TV,.IA 0 

Wet /Orv LITHOLOGIC DESCRIPTION Tune Dnthng Commenu Sampl~ " Each Grain Sue, Color, Roundntu, Co~hche, Etc. 
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DRill LOG 

Total Oapll• 
Dull 

c"""~' Method 

• 
-

- . --

REMARKS' 

0 - D11ve B~Hel H. ll~rd Tool 

p "0'- ~ . I ;. 

,, Rig Wall Number ompt,.." Number Proje~t Ot Work Order No. 

"'t c 1.-1 I>.. f."'( 
5£Ho:l.A......_......_ ~;::, .... p,.. .. h .... ~ II~'\ "l-

O~te ~" o~pch ~ .. Subconuact No. 

6~11·88 lo<C..t.l--'r' 0<.-~ ... H' To "' ;vA 

Wat/Qry LITHOLOGIC OESCRII'TION 
Time Drilling Comment• 

Sample %Each Grllill Sote, Color, Aoundn~u. Caliche, Etc. 
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DRILL LOG 
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Cd•mg Meohod 
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REMARKS; 
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D · Dnve Barrel H · Hard Tool 

r '-1.'- .-t 4 
' "~ ,_ ' - ........,._,t> .. " .__ ' ,, Rill Well Numbll• ompu1er Number Project or Work O<der No. 
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.,.,..,..to..c.v 

L--FI- \"~>.JL3 /18'SZ.. 
Date f5o...v(llV(O. E:~· £ Oepd• _,.. Subcoutracl No. 

U>' To I~' ~~ B-19-86 ........... -;;. ..... ~-:"'"' Ito.', 

Wtoi/Ory LITHOLOGIC DESCRIPTION Ttme Drilling Commenn 
SaiTlf>IB % Each G<•in Sin, Color, Roundolil, C~liche, E1c. 

D~ . .I- . 
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Casmg M<thod 

• ; ----

• .. 

---

W-?o,; 5S 

REMARI<:S, 

0 - Ouve B .. rrel H - H~rd Tool 
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,, A ill Well Number ompul&r Number Project ot Work Order No. 

A I<!HARI i!>u'-"\"'"'~ £0\'(. LFI- PNL- 3 \ 1\ e 32-
DdtG .. ~ Depth ~A Sub<:nntrect No. 

B- 18· 66 L.-13 .... 11--~V\C.... I "' ' 
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Wot/D•r LITHOLOGIC DESCRIPTION Time Drilling Commanu 
S••T~>Ie %Each Gr~io Sue, Color, Roundnu,, Caliche, Etc. 
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DRILl LOG 

T<>til 
Doptll Drill 

Ca>mg Method 
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REMARKS: 

0 - DrOve Barr~l H tlard Tool 

f>""t'- ~ 0 (- '-I 
,, Aig Wall Number omputer Number Pro~~~ or Work Order No. 

A11ZHART 6- B.. 2-Z.W LFt- PNL "3 11832 
Dale Oep1h NA Subc:onuact No. 

e-19- es t....- B~l·h- ..,.,. '2-b' To <2.9' Nl>-

Wet/Dry LITHOLOGIC DESCRIPTION 

"""' Drillinu Comments 
S.mple " EliCh Grain Sue. Color, AourHineu, Calich&. fie. 
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Time Drilling Commenn 

Sample %Each Grain Sua, Color, Aoulldlle>s, Caliche, Ere. 
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Wet/Dry LITHOLOGIC DESCRIPTION Tome Drilling Commann 
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REMARKS· 

0- Duve B•rrel 1-1 · HJ<d Tool 
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REMARKS. 

D Dflve B"rtel H- H~rd Tool 
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Oate Oepth "'" Subi:OtltlaCI No. 

B-~'1-00 l- Svl ~t'"t... C..C.v~ P L.C "'fl 0 1-..1 To ~A 

W .. liO•y LITHOLOGIC DESCRIPTION T1m11 Grilling Commenu Sample %Each Grsin Scze, Color, ROt.ondoen. Cehcht, Ere. 
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DRILL 

Tcnal 
De1>1h 

C<>iony 
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REMARKS. 

0 - Dr~ve Bauel 

,, Rill o ..... ...-'-t.<' Well Number Compuutr Number Projac:t 01 Work Order No. 

LOG f:\le_Ht..R-1 J.f. "2.-2.-v-.1 LF I - f'tJ l-'3 _ _llt;-;z__ 
Dow Depth ~A Subconuact No. 

e.-l-!i·t3B l-- B-th~.:.. oruf tt>fl;vll "-',.. To ~A 

Droll Wet/Orv LITHOLOGIC DESCRIPTION 
Ttme Drilliny Commenll 

Method Sample %Each Grain Sue, Color, Aoundne51, Calithe, Etc. 
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H. Hard Tool L . l~r!JII M Medtum S ·Small VC - Vbry Coar.., C- Coa<se f -fine Vf -Very Fme __ St~ndiny Water 
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c:;sanene Well Completion Report/Title Ill Inspection List 
'K•hc North..,ftt l~botatOf~ 

Project I I s -s Z- Well Number ----------------1 
Location F"o 12..\ I-E -.N'"" Temporary Well Number 
Driller L.£ ...... "'-~v ev,_~-;. ...... o. 

Drilling Co. ONv..JE;r.,q J>s.~>e-'N'' 1"0 ,, \ "-l(,• 
Coordinates ----------------1 
Casing Elevation 

Geologist _ ... s!.:·..:t>;.......t:.P...:::.':..:B::.'-'.:..;;· ..::o..:::...:-a. ....... • -------- Ground Elevation ---------------i 
DRILLING METHOD COMPLETION DATA 

Rotary Air -n:.•I'Op 'T'O 7 ' 4 Ll
0

A / 

Mud ------- Drilled Depth -~!.,;""T~·;..~oo:. L-------------i 
Cable Tool D ------ H o'- -+"+·7-' Completion Depth --..:::.::~4::....u.6a.'----------l 
Drilling Fluid Date Started 8-'24-ee Completed ~- 1 =08 

Other ------------------ Static Water Level/Date "34' / @>=!.o- S~ 

CASING DATA 

Type Size 
It "\ ""GJ I 

_..:;P..::V.~~~------------- -~~R~•~A~(~~~~-~~~~._ ___ to-~~~~~---

-----------------------------tO-------
---------------------------~--to _____ __ 

Approved By ::t:f?M JDate 8-!D-M 

PERFORATIONS SCREEN 

Type __ w~A~-------- Type 4:' t>r A . ~K'!7'1?0 py~ 

Depth Schedule Length ---'-' -=;;:......~owl'-0"'-" ----­

-------- ------- Slot Size 

----·--- ------- Depths 

-----·---
---- App. By :;4P. fJ tate ~-3o·S App. By ---- Date 

GEOPHYSICAL LOGGING 

Sondes Interval Date Type of Te_st 
t:!ls!-('1~~~ 2.' • !i'Z-·1..' e-~o-sa Length of Test 

- Volume Pumped 

- Drawdown 

-
-
-

Approved By 4~P 
-
~ Date 6-.50-ii!S Approved By 

OTHER APPLICABLE ITEMS 

8-Z3 Steam Cleaning «tl Protective Steel Posts 
s-Z-3 Storage of Const. Materi,al ·~cfSafety Paint 

6-~ Tool Lubricants JJA. Straightness Test 

~ Concrete Pad ~ ~ Well Development 
Approved By -~=...;p__;.~....;..;::;;,..&:.., ____ Date 1\- 5-gg 

Reviewed By -M-:t:l1-tc... ~- Date tl-8 -8'? 

E. 53 

ANNULAR SEAL 

Type Interval 
10~ S.rv.JC) u..s 1- '4"+ I 

Yt "Hd ers ;zo'-n..s, I .• ~ # 3 

'!iWr-R'~.to~ILS IS'·W' c2 .~9 .f-1-J. 

c.o~~re. o'- t-S"' ""·,. ~3 
,App. By~l>~ L ! Date 8·3\ -& 

AQUIFER TESTING 
IVA.. 

Date 

'IJA Downhole lV Inspection 

~ Well Abandonment 
t!j:2 Complete As-Built Diagram, 

Driller's and Geologist's Logs 

A-1110().117131171 

i 



•)Battelle AS-BUILT DIAGRAM 
, ...... --~-

Well Number _ ... L..:.~-\----.:.~...:N~L-.'4..:....-·--- Geologist _:;;.-=·~~..:.· ....:;;A.:..:'.;;;S.:a.\-I~A.=-.;'3.:::::...-r ___ _ Page .....::l __ of __!_ 

Reviewed by --~~:l:&..•hloQ,;..·h~t..:';:;...JLZ-"'~'~..---=------- Date I L-? -"a"?' 

Construction Data 

Description Diagram 

Depth 
in 

Feet 

E. 54 

Diagram 
Litho. 

Geologic/Hydrologic Data 

Lithologic Description 

I ,. 
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(..7'1 
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DRILL LOG 

Total Depth Drill 
Casing Method 

' 

' . 

REMARKS: 

D · Drive Bartel H · Hard Tool 

\""~ • t ']_.. 
·- ... -

By Rig Well Number Computer Number Project or Work Order No. 

P..\IZHI>o..fZ...\ 
o.- ..... ~£(,..0 

U::\- PN~L\- \\ s ~z_. ~-"'AM.. 
Date ...... Depth ~..-.... Subcontract No . 

13-"2-3-es &LEUX' O~,.J o' To o' ,.__.~ 

Wet/Dry LITHOLOGIC DESCRIPTION 
Time Drilling Comments Sample % Each Grein Size, Color, Roundness, Caliche, Etc. 

£ \-u;.....,. cl (( .. <A I vo..(. v-or~ ~ «v:o - e.-,oo 1- <:1800 
\ ' • 

' 
1'-b-tt..t v~·~ 0.... p "'«-!>!> v;' e. '11-J~~ I- d .... L"'-A : U.. I 

~~cA-w 
' ' w~~lt d "Go. ... ' "-",. ~ o.. \ c\ ,.._ clu. v t.c.~ i...u2 ~ 

\l --;J" 

~--·~ "-'"- .,...., l"' .L (""";C.&-\ . 

M /).vhl-k.c. -tv a...- : ~ ..... !.,.., G;l<.c...!:v•c... t-'\l=c.. Co. .._. 

c..L..~ c..o.c.,o Iu; ... o•\ l-.ob48 

P..-ocl ""'~ t-Jc.. ..... <.. • Pt"t.'5>~vi"-L Wc-~\....tY Cl., <. \A.-1 i c.. c.. \ f-...)c:>. 5 ...... I '3 'Z-

0£-SC..Vtph.:...., # A NUll'\- f(c. .....,..,.c;. bl< \., ; ocl <.c,.., c..A eo..\. \c. "'-....J 

l) . .:,. t>. A. C....f>opY'o..J'( c-\ c:\ (.. \-<. .... e, t."' +. ~ .... citCAvt • ......._ ""'~" vw . 
I a.cc......._vrc..J.,,... c -~ O,.oi(C.<;.~ c;. ..,J o; I . Ac..c.c.p~...:J f.,., .. 

\}'!>( : lA ~ibl.io1s .food 1>-Y~<:.t"'~S::;""-< «..st .... .- ~ ......, ( - 1 ~.1-£ 
l 

Co...-.t.(. .... h,.. ('-'""'Pi ol)C s.J,~-- Pl-. • ?P 1..~ l t-~ Mhlt~ 

~ .. ;\J ..... ~ o-.""J !.v,.-h:,ck.~h • 

- .:n vJ&-~ o. ~ •cl l., o.)~J ~: .. P,.•Avt.+ "'~ lo .... c 
J 

"~ ~.,;t DWI-{ ... 4 VJAS !'i...,>cd w/ YloV'\- d<.~.( ... c.<. ... .f 
I) 

wc,t-~.- u-·H~~~ c..lf vt'\~"'14 
'-..} 

Mov t ,l (";•'\ h. lwtt. lt", t'#O 

~lhV\" v -:> r:q ( : · ~ l-. H• .., "-" --rtA 1\iy- tlo{, .. . ._, \t':(..-.,( l···' \ II · OCJ- r·z.: ?o 
I 

st.P.~ 

a:'2-~·f>6 
----------------

L. LarQe M . Medium S ·Small VC • Verv Co11rs11 C ·Coarse F • Finot VF • VPrv Finf' - su.nrfinn W111f'r 
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m 
~ 
CD 

.----- -

DRill LOG 

T01"l Deplll Dnll 
Cd.,ng Melllod 

-j,o lo .. 

. 

I \0- 11
1 ss 

REMARKS: 

0 f)nve Barrel li Ha<d Tool 

y.:.-'1:;' 0 c l 
'- . ~ -~ . ~·-~·..>· .._-~D-1......._.., I . 

-,, "'' a~ ...... .-......_u Well Numloer ~Comooooo Uom~• Proje(l or Work Or<lct No. 

A. I (<' H 1). Ql e,J.:..-YI"l'-'S. (o{J..If:. Li==-1- PNL ... J I\6~Z. 
Date z_-z_~ Deplll >JA Subcooua(l No. 

5' ' fVZ-S-00 ._. B...,.._,-.:;,...1>.. '" , ~~ 

Wei/Dty LITI-IOLOGIC DESCRIPTION 
T1me Drilling Cc.mmenu S.mple % Eoch G<ain Slle. Colo<. Roundness. Cahche, EIC. 

"S~ t.&v.ro C-1-f.(;. "'t d cc;..\:. It \vo \ vis G. ...... c.\ '1" "· 
Mo vt.cl -·~ h. \... 0 \ (_ o.~J ,d '-:"E 1~·-•o 

1 ~-- ""3 0 51-~-~.d \':::Ov.l\,.:_ 

J 
It" k ,, d~.-u._,, l"' 

~ "'' ~I <'o·lc.v, 

,, >''-> o- Se>l.\ """-~<>O .... 

.vJ MIII>D'I' SAN!>'{ r,<>AVcL • {,s "/. 3 ""''"''"' • zp·.::: .. :0,£-"'d t'>"!.. !'t~H-- T .... tc.. u.l:.J ... :.:::.P "'"' ..... 
' 

-e:.iU : 5"1. c.p IS"' I~ Mp 2o·1d 1-""f>, "L'5''·"'F"' «>"l.vc..s 5 ., .. c..s, bi<NJ~/b": ~tt.,,So "'""' 

1"1, NI.S ~"'I. F S.- VF-S. 's. ., cl~ .. " ' V« poco-.'\. loco< IT"YtJ.tL "'' 
~o .. \- .A. f ~ vt--1\ l'o·SR. d"""' .- .............. ~I """"f''- ' 

,_ Rt.uovual U--16 ... 

I Is ""' . _,.,, o\ o.....-1 • 

. 
.... ~t--Ic.. f~-~- ' wt.l -- -- -----------------

t.OlQ£ : al1~ -te..'t S'f~.i1 ' ""' " "' . ,, I o'h ""'' 
6ul,...;u_,f i& """""",__.~,',j vtof CVlt$-D I.e-It-~ c:..d -
4.--"-vl...l :."'PFP" ~.(.."1 •• Sk Vld /-v>wd """" " ... 1"" .- )'. • \S"~~o Dvu "'"-- C C...~ ·, .......... ------' <-f f 

' 
--r~., l. ~ :so:..A. 5"-v-' I' lt.-. ,I 2- .~.., ,, ,-, "' 12. -? <, L.•A··-1< .. d cl v ,·II ,· .,_, 

-' 
~0 ~~: \.I- •. I' • cL,__ ... ot-<- - .......... "'" ( 

\.-. ............... . "'-- , .. bo3o 

""· \o, ~- ' " _17 .. '-n.' 

ll CJ{) p ..... \- .. ~ S.p );t -":opo• 

~ P. A.~ I..__._); 
z;---z.._;; -'C.3 -

l · LB<ge M- Ma<ium S- Small VC · Very Coane C- CoarSII F Fine VF ·Very Fine __ Standtng Water A 6000 021 45-851 



m 
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<0 
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DRill LOG 

Total 
Depth o .. u 

Cailf>g Method 

' ' 

II<;: I~' ss 

REMARKS: 

0 . Drive llalfel H. Hard Tool 

P'-'t- 2- .f z_ 

,, Rig Well Numller omputer Number Project 01 Work Order No. 

1'\\[2.1-11\IZ..T 13-E. '2.-1.-vV LF I· Pt-JL ..J 1\63-?-
Date Depth "-'A Subcontract No. 

s-;_s-e,e L-- e. .. n-~ .... c.._ 16' 00 n' "'"' Wet/Dry LITHOLOGIC DESCRIPTION 
S..mpte % E~~<:h Grain Size, Color. Rou,dnsss, C~liche, Etc. Ttml Drilling Commenu 

\1 ~ \D 1 .. l<_. ;~poco........._ 

I ' 1 " ~0. (.,O 

I.._ ""t~, <l" 

d"' vL \t. '' 

r vLYuJ lb'' 

w '5b.NDY c,.et,A.VEL. ~ Jo .. l .. c:.,.,.""v<--1 'J..o~l~ >a.......J. 1 I,,,., 
\ Q ~ /. "Y'W\.V tl - 2.. -1 .. ~ { \e.>'C.~~.&-:: ~''';b..-ok._._...., r>t.t.-~(_.,) 

I,.,.""'" ,. ,., W"/. M f", IS"/,. FP '.2..1 ·;~ " t= p '5"/.~ 

I?·. c~ \0'/• All~ CO'.< cs,. v~s. I o~/ • .A.t.-el ', V~V'-( 

pcooyl s.o~J-<-J ' (c,<•v~l\ I,.._,.,_. H Vl .-:>.V~VtO 

s•~•IL- A.~ - .....,.,+J, SA. ac.c...~ do...,....,' ....._o,,... .f-L ' ' 
PO• PI_ v ; M·•u< (.!o"-vtd) A-sl\ '?\...-.:.··~ 

V"<i!d " ' 
e_o""-'1170!> '-h.Uvo · ! Wl..\ C.Q \D ... : olt~-{__c;,r..;,_, 

5'( 5/1. ·. No r)...,, vvJ w~; .. HC-1 ' ..... • • "- .,_ ~ ,J 

l<.oMolc' "'"'d ')_ t>l..o ~'' ( ~ }1;-J..~...,ooo..., dr .., ... n.sk~J 

......_~k) I 
n ~ ~.:> 15Lv+- jJ .. ......-v\ 

'2:>tP- .h..-U 
e-2.s-e~ 

l · Large M . Medium S. Small VC - Very Com"' C • Coa•SII F · fllle VF. Very Fine __ Standing Water A 6000 021 15 85) 



m 

"' 0 

DRILL LOG 

Total Depoh Droll 
Cal>ng Method 

, 

' 

'l.D' ss 

7.o'"1'' _. 

?:f;'l/,_'' 

REMARKS. 

D - Drive 8"""' H- Hard Tool 

P"io' •. f ~ 

I"<.>YL""i"" l.-t-~~,," L•\.~JOf'lu .. ) ' ' ., Ai{l Well Number Computer Number Proj~ct or Work D•der No_ 

A. I 1Z. l-1 A. 1Z.-I ""'"'-' ~ l.>.o LF=--1- F'NL-4- \18 ~£....... 
Date 

t.U!>,'(<!_.v~ (- •!.IL 
Depth Subcontract No. ~w ~A 

6- '2..-t .. - St. 1-f,_,,_.y ~ff r•A, 17' •• ?0' ~A 

Wet/Dry liTHOLOGIC DESCRIPTION 
T1mt Dnlhng Commenu Sample II. E""h Guin Si•e. Color, Aoundlle ... Caliche, Etc. 

G>"10(.) "::.}o..-\~ "" . II ' .:__, 

o ~.oo -s .... k\,'""-< op b, f . 
o~ou 14t.~· .... ,.,..,4'A ,d ... "·~ 
o£> .... 0 f>._, t+• ·- '"'''''"""' 

w ""'-"' 00'( S .,.,...., 0 'r" l 1'2.-""'-'C'-; (, ~ 'l- ~"" ~·· 1 2o"/. r-.-J I c '! o~<,;.o ~0 blo~:;. / 7" 

.... ~I. - =-
,, 

"· ....... ' « ·' , .. -~1-.-- ... \- b.-o .... t_ 
., .. 

~"''' L.-vll,..,.. r~ .... ""' \<;"'- 7o' ·~~ .... -<-..\ "'' 
,,, 

Q(._tUVL.t"(..d ~.,d L 

; . ~"" ......... ' 
,_ 1-\l ..... l .. ._,-(, '"""'1"':.~· 1--.:--... ., '"' .__ " - c..o..-lh~ -d.,, II•,. 

2 'S"-~('1~~ . 
~· " "'"""''"'"' J..-.l[~ v 1....,J;c..._l H.l Il-l """' ~·' \., ••. 1 

. 
\.:; ... (..._ <;v,:.v< h """'• ' '~· '('"'~ .. (_ ~-1 :::. ' ...... <.- (, _spl• ~-~p00"' ~.:. .. r .... .._ \-o:;....k_, ..... 

J:el ~o( V-'C· ., I \. d..-:v# -r,.,.k_ I "" ~"'- ..... ' t~ Sp\; ~ ·Sp<>u ... 

~-J pt...l-.-" .. .::. 11 L :.+ ~f' I ; f -~ . .,..,.._._. 

' 
••• c..( .ff 2.'/._'' • ..r e:· <"' ~- .. _ 

' 
'LD'to"'- :!.'!,____"' • 2f>'l''~-· 

\0 I o 1\.,ld-' ~·s" .. 1 " ~ ··" ~ " r 
tziJ'<'"-' '<::l's'·._ ~/-'' ''~" 

~· ·!.,0' ()-.~ """'""' 
1\"'-IS"" Rt~..-.M(J [)..,,,:-\ 

-slJ'.A.-Ld 
8-u. -fsf!' 

t.- Large M- Medium S- Small VC - VflV Coa01e C · Coarse f -fine VF -Very fine __ Standing Water A-6000 0?1 15-851 



P'-1,~ ~ ·I 'i 
-,, Rig Welt Number omputcr Number Projoct or Work Order No 

DRILL LOG Ar~~IAil.-1 6.£. 2!-vJ Lr 1- PNL-'-1 \ l8 "3. z,/ 
Dare 

l,.. €:-'1\.-t .... .,.. Der>th ~" SubcOillfi~D 
5-Z..c..-86 w' To ;:;o" >-'A 

Total 
Deprh Dflll WetiD•y liTHOLOGIC DESCRIPTION 

Time Drilling Comments . 
c~srng Method Sample %Each Grein Silt, Color, Round11uo, C~liche, Ell:. 

' 13·-25 T~· ;.., splil-s•=~ 

loo \..l .. v-~t. lb'' 

~,-?,; ., w MVDO'( .,.._,_, y . (,5"/ ...... ._.,(.-1 2.<>·/., 'So< ~ I,.-· ; I' · \'!:.: 30 eo bl--, /4, .. 

'2.."/. V(..P ~~/,. <._p, \ 5·;. f'VIP 2.e>'/. FP z_'E,";,uFi" lo ~- "VS So b lo,_,~ / r 1~- ,, 

6'/.t;.So, $ ., .. ...., s. 2_·1. YS• V£<;., !':)~/,.!.;It ' vu~ P<;>o,.-\::1 s.,..-l-.. cJ· D...-.,v ..___ 13'/L..'' 

( "'""") />..- SR Ad......,, ~I. -- 0~ 
- r2.~C-<=''-'<' .. v<J 13h..." ~lc..~h ' ' 

'-""'-""") "'- 5-\ C...o/C.t \.4 . .....,,J.(._ 
"'' 0'~ <.-1 .~ I·~~ •. 

~ 

"' "'-JL-\-.- olo.,.. ' """..:.~ q, .. .:.. s...-slz. - >-'0 ~ ~, !o'l,. - ._. _ _, 
' ~ c..._ C .. J "-· L.:... -

,~, "tr {/.._.o..._J ch---; t I, 

Al..k !. d-ill - ,_. 
. 

op.u.t- <!.3 1--L. (_ .... ,.....ort,. 

' 
h~ " "'"'< L.o3twSo I. 

.., .. ..,a C.\....t.-.:..lucl t-.-t .. _, 

""'' 10-"l I ·' \ ' 
lllo r~~d. -

u 

a'-(·'5.., P~1h- ·- I·~-,.,. ' 

REMARKS: 

"3b P. A..-L.J 
-!'>·ZC·£!8 

- ·-· ----------

o . Onve aarrel H · Hard Tool l . larqrt M. Medium S • SmRII vr; . 11~"' r.n""~ f: . r.n~r«' F ~;"" "F \IP"' j:;M "''"".,;"~ ••r.-~-
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DRILL LOG 

Total DePth 
OdH 

Ca,.ng Method 

' 

~-'31' ss 

I '}!1' ! 111.-

!fo'z:' 
REMAflKS: 

0 - Drive Barml H- Hard Tool 

L-~ l ~I! ' 'I " c.-1_.1, I IO 2- 7 r <>-1rL 1 .. r 't 

" Rig Well Number Computer Number Project or Work Order No. 

A.l!CH A.'(l.l 13 f H-' LFI- PIV L- l-l- I\ a "!>.Z.... 
Date Oeptt. ~A Subcornrect No. 

B-2.b·S'B ' B ... t • ._...,._ .... »o' To 31 1 ~o, 

Wet/Dry LITHOLOGIC DESCRIPTION Trme Drilling Comments Sample % E~teh Grain S11e, Color, Roundness. Calrch&, ftc. . 
/"-/ :'!>_'!._ t-J,of--.t_. ,...., ... ~j;t_cJ 

d-ill Yt.- ~~ -
{4).~1- G' ' 

- 1-(..- ..... c-.t. 

l'):oO IT .. l.,- ~ l.l- :!> 00-

lbl"--' /c" - z.g ~ ... { 

'tJ Mvop...- !!.P...._. D\-" <.,~"""-'EL -;; t..O'~/. ,........,""1 ~o'/. ,......_._.A I~"' 
(.o \..lu~'- r •. " - . 

\0~ 
, -

,;,\ - .NI<> .... (.. ~~"'J I '30-~- 31, , .... ~c._ ..... "' I -\-l..t. .... ,_ {)..-0 ... , IS' '· 

~-3o-s' ,.., ~ <.Vv.e.. \ - ,.,. e-P \) ., • .-,A. p z.o;;; '/,~P. le>·..:. ... cp (J..u.,vLV<J n· 

IS' 'l. v~5o s~,. Ch '1 ~, • ..... s ~·1 .. VFS /D~/~ 5.; II- ' l.lf-""'-1 R;>o.-C.... 

~ ... ~,J ( c...-c...ud l A-SI!. Mo~lf 5A s~ - ~<>"'-' 

,_,,.- <s.-J I A:5~_~VTA~~ - ~<--~- t.ol .. ..- oJ;..,-(. 

a"'' SY 5/~ ,__., '(,<A. ,, 10'/. 1-1 L I - ., .. t,.ft, 

li -~"· a .. il' u: -- lo~ <7V"'P"-~t ..._.,t -\--\..., "'' . ""...., '· 
""'""' ~" ._,. rJ I {S§. .\',..,_. tL. .. Oo/tV. ~ _/ 

1':1-;'lo <.,I .. t:-f- I'' 5'' <"t 

'30"fa." • I 
., '2."'1'1, 'f-&_" ' 

AJdtJ 10' 2 K. ,. ~J b .. r.o.t 

z."'''n·t ... " t 1o'2.'//' - 4o1
?" 

~ r A__~ 
g-Zk-[!S ., -

L . Larllf! M- Medrum S . Sm•ll IIC - ll~r>l f;o~«P r; · f:na<'IP F . Fin~ IIF V~•" Fi~~ ~1M-linn I"'M~r 
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To1al 
Depth 

ca .. ng 

• 
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REMAAKS; 

D · Dnve 8aHel 

LOG 

On II 
Mer hod 

H- flard Tool 

,, Rig Well NumtJer 

A./f?..-J./ A £L.I 6·£. ]2.vJ '-"' PNL-LI 
Date O..plh 

,;--u.- 00 '- s ... ll-.t: .. ll. 
~·' '• :31 ' 

Wot!Ory LITHOLOGIC DESCRIPTION 
Sample % Eacl> Grain Sole, Color, Aoundnus. Caliche, Elc. 

' 

L L••<l" M. Medium S · Sm~ll vr. . v.,,., r:n~ .. ~ r. . r.nar"' F • l';n., 

r'IJ'- <j OJ; 4 

Computer Number Projecl or Work Order No. 

\la3-z.. 

N" Subcoruract No. 

NA 

Time Drilling Commenu • 

IS.4'i' a..,:,.~ ' 
c~.-sr ~ 

lb'Oo ......... ~ D.,...--

J ~p.A..-LJ 
-&-lk-ll8 

"F - \/p'" Fin" S!~r>tl;nn WMPf 
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DRILL LOG 

Total 
D•pth 

Drill 
c~•mg Merhod 

' 

~<;:.!,,<; ' 
~· 

• 
-
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REMARKS. 

n <'···--· , ____ , Olot•OT-

r.,... -' " ' ............. ~.-- ·-· ~ --- ·~~ . ...- .. . ,, Rig <>•~~JF&" Well Number Computer Number Project or Wm• Onlcr No. 

AIR~II\e:T B'-'<-y~v~ f, 'i"; (.___ \._F\- f'"-lL-'-\ \ \e~z.._ 

Date vw Depth ~" Subcorl!racl No_ 

B- 30-ea L-t.,,,. KvH<'1'"'- -s\ , To -,7' N~ 

Wei/Dry LITHOLOGIC DESCRIPTION Trme Drilling Commenn 
Sample %Each Grain Sile, Colm, Roundness, Calictlo, Etc. 

c.o7~T 6\-- .. \- .. ,\ b ... ;\\' ------

\DV' P.~t-\r ·- sel!~. -~ • 
lo 'lc:S T .... \<..- 1,\-·!>po .. ...._ 

b\o ...... !>/b" o 50 '-t?. '+S 

vJ Mvpoy S.~N t;,'<' C:..C..b..-.16 ,, -; bo'/, ., ..... ,...(, "3o"/• ~..,_-J to !>o d-~~ 1'6" 

\0~/- ............ J ' o•t. "'c_~ o~' . .-_p. 1<> .. 1'~ ........ ('" ,.;·;. Cp, 1!>'/, >JF'P l£t-lOVLV<'-("/ 

5'/ . ..,<:.-'5. !!;. • '· {.~ lo 'I M< ,,..,, ~'"' -'-'f"' tO'/. ""''"'cl ' 
'Vf_v, P'"''' s.d ,\ ' ,_,Lo-.1 ~ ~VL A-se.. 

,, o..·" '"'" ,..._·SA - Mto"''' J.,ff-( ... (._'""-1 V\1\t-~l)o.......,. 

'""" ··~"'-'· < .. • .I ~ ·' oco \or 

I, ...,t • "''"'"" .-JO "" ~· 
'...,.,_. \--1l_j -

d,..;Lj,. I.., • .J - C..tl'~<~.'s.ol, _J,_f t \ /') - lool 7. , I. 

6c;o......,..plj~ ·~J ':t ol.,.i.- ( ~,..1,1-s w• ... l IJ->C.!>(....J 

S"'-'-"''PI<) "'O su! --,.\ ...... r ~ oJ.rt e_vlJt .,.}. o:4<;. ~)...; """' "'-\ r ,. 
I I · <> ., f-t ~ .._ .......... I I ' . ~ • ' 1 I, ....._ 

-' 
r AI. _, I ""'"' ~~ o' D/ ... ~ 34' bd .. vJ •~" I'L · 2:2.... 

-

-s p. A.---U 
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DRILL LOG 

Total Deptll D•ill 
c.,,ll Method 
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40·41' ss 
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4o··~· 

Lts''// .. 1 ~-
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REMARKS: 

D D•ive Barrel H . HaHI Tool 

r~ "'- .-r '-/ 
,, Aio Well Numbe• _t( Computer Number Project or Work Order No. 

A112Hp.,2.-r @..£. uw LF-1- PNL- 1 \a:s:z .... 
Do• o~pth ~" Subcontract No. 

8~ 3o;e8 ....... e.~·~ .............. 
.,;.?' ... 44' NA 

Wet/Dry LITHOLOGIC DESCRIPTION Time Dt~llin11 Comments . 
Sample %Each Grain Sole, Colo<, Roundfle ... Caliche, Etc. 

I'!.: l'i P~l\-, . ,\; \--<;poo 

. I\Lo"" -r ,;~<_, :.. s .. l.\-· <>O . 

bl·~· lb". ~·us.~s 

"' 'S.,cr.,,.J~'1' o!:., Q..-.o. ...... '& k: SO'/~ 4"' ........ "'"' ""'/• ~· 
f;, .,_ s .. 1-l 1~·-.;o "\:).,.1".,.,..(_. '"'" 

? ·;, .,, ~·/,.'-'C...P J ·t. < O'/ Ml> 'I. ~p t'Z.-"!.v~f> <1.. VLYt~, lb" 
' 

6 '(, "C."" s•t. c..:. "Lo~l, ......,.'> 
~s ,.,., ,.,f ,, 

\'i"~l. ~'>- vF -p.·.,.,,"4 

"""~ - c.-1<-!.h A· se. ">.:.. ...... ,.J C.. r ·~ "' ·SA 

>.N; .,{ .fO.V>. ~ .( \.t\...o\~·:~ \ . ~<.1- L-Diot" 

·' . • SY '\b. - 1' ··"- 'l. ..J s 1<. -
?_ ·'- ,';. (,, 1;\.,ooa- ' ..... '-~\.......t..J ~ ... ""-Y:'l'"--' . 

12·. -o "-•' .. H 1'1' .I"' •• • . 
4o't". 11. ", ~o'Y' 

' 
\"!. .. 1...0 I"'Jd~d S' of 6'' .. ~: 
I ·~ • , ' I •' t.lo "" f S ~ 45 'z... 

. -
'l~zs i\. ....... • 
B~~s {!, ~ -' . .z .._.......,_-c_ C':::. r-; II. 

t'1·so 161. -t_d "h.r;d. 
. " 

d 

6t-P~ 
_8·:!.0-Sg 

L · tar<lf! M. Me<lium s. srn~n vr. . "'"" r'""" (! • f'nAr<~ F o:;.,~ \IJ' \In•" J';nn c;,,~.-l;n" w .. n. 
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DRILL LOG 

Tooal Del'lh Droll 
c ... ..,g Method 
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AEMAAKS: 

0 . f)uvo Bauol H · Hdld T<>ol 

\~ t,v "' .. ~- . - "l.'-'1 ,---, ' "-~.o•-' ._,.._~ ~/ <.-< -1 <; ... ,. \c>.<><> ,.r' J.~ ...-....... f"'i,• 3 '·'· 'I 
,, Aig Well Number ompuler Number Projecl 0< Work Order No_ 

~-~ t.t 1-1 A Q..l s..t. '1.-2-W ~!.U · P>Jl-<1 \\8 3-z-
Dale Oep1h 

"'" 
Subconuacl No. 

B·W·U L·B~n(.>-tC. CONI (.It "F I I fJ,.J To vA 
We1/Drv UTI-IOLOGIC OESCAif'TION Tome Drolhnu Commenu 
Sampl" %Each Grain s .. e. Color. Aoundne51. Cahche, Eoc. 

bf'£~<!-7..' I, d.~ 
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L-t...(.j_ \u \ \...., \ ( ~I HJ..JlJ (.(0.-, ~. 1\.3 pvo\.c..~ ') ....--!~or 

No t'"t-s PPv'l r..t.. 

·--

A..d(_l ut H .. .._ s;-o\ .,......__., !\,{_( ~ o .... .I <F' ,,,~-- h ... ~() 
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.J'Yc.: 
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o< "-1.~ I .- S' ,,_ 
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lO-Oo • """'' 
I -r;, ~ I <>vc. ' 'tS- <,.7', 

A,lcl I • ?<'' ( PVL. ~M.-"'-< (6-31-88\ .• ~ +.:...\ we=- ~b.'t2 

Bol-\..,__._.. ·' S(...r<-<...., lvl l-1~-~7' b~_, .. --J t ...... c\ 
. 1. .t ~(._ ... " ...... >) 2<- 77' 
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>:>ho•J , 35' l,:.t.\., ...... I&~~J 11 :os 

-s,pLU 
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DRILL LOG 

To1al 
Deplh Drill 

Casing Method 

• 

flEMAAKS: 

D - Drive Burel H · Ha1d Tool 

r"<,f- .,_ _, " 

,, Rig Will Number ompu1er Number Projtcl or Work Order No. 

fl.lt21--IAI2..-.,- B< LLw L~l- PNL-"-f llf'.'3Z.. 
Date Oeplh ,., ... Subcoruract No. 

B-'3:.t~t.e 
L· e,._..U· .t...VL"'-

Ce>"-'tf.>L.f'".,-I(I,.J To ~A 

Wst/Drv LITHOLOGIC OESCAIPTION Time Drilling Commenn 
Sanrple %Each Grain Size, Color, Roundness, Caliche, E1c. 

p ... ,t~ ... C--"' ,......, h. 'L~- !o' ~t..-1 0 J~._J li'oe 

t>l ~ II c.J-.l • '2o' t, -'·~ l " "'-J (-L •• I o<ll,> \l ·. IO 

J, o-1-1., l 

A~ A ,J '2 so 1\. 1,.~' .t £--'"·P'~ M<d bt"'' . ,._,) 
f>/ ~-~~ ' 1'-l . S" ' l.d.~ I • ---.1 II • I"") 

p.,.,,.._} f>~ .:::c.~: l ,. ' 1:. t.-1 ...... '· _,J II~Z.l 

"'"'""'I • " S' lo I'"- .... I I I. 't,R. 

A~.in' b ""' c.v;,,,d,., """' l-o -,_( bl.low ~Govfl II:4L 

P-11 ~~ ll" C--. Sr 1-v' ll..S' b ·I. I ~ -,) 1-: ,.; 

9/" -'I ' ,_ 5' bt\o .... \v-J I z z_o 

' P .. n ,a 8" <•.' __, ~ Ia' \,.. i \ .. \.._._1 lt-:Z..f,. 

AJd<J 3. b~ !o. -'£..,.,jll'pp lu._, lo-v.-1 t. ->'bel. I 11.;~~ 

' 
Pvll<d B'' oo, L 5' I. do 1.,_} ,_,,-) 

J>/~~.1- ' '2' lotio.-. 1<-•J lz.· . .;& 
' I 

I A.<A.J I ~ ~MiO IvA (., .I l. 
t '' ' """"' 

i<MJ '-"" ,J ' ' P-11« "~~· ;~~ P/' n,,._ •v~ ,( I n 1 1 13' l-0 

oh 
~ 

lc. vJ ' ( -r. "'~I bu·d. dwll\ ,j ' 1-<' bt low lu :zo 
51-.:;;.._,-t,~,l b?..lt.:.. ~I 3'' d.(.o. ~ I L;.~:t"...- •1 . 2.(, I'Jt~ 
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e.-••-as 
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"'' Well Number rom'"'" Nome" Project or Work Order No. ,, 
DRILL LOG AIRI-IAIZT .,..,~ LFI- PNI.-Ll HB32--

Date ~Noo..P......toVt,.. Depth Subcontract No 

9-&· && TOLVC..k. ~"""P~Nl., '" ""' ~-. 

Tot•l Depth Droll Wet/Drv liTHOLOGIC DESCRIPTION Drilhng Commenn c .. s•ng Method Sample %Each G•am Si•a. Color, Roundnen, Caliche, Etc, 
Time 

' P/'N· ?b.So' bcJow kp .{ b" I !-.' - C"-~ f>""a<c.. ..,, CC.'h1 . hotel.) I\:. .' I "-

lt>lvJ ' ~f..- fiJo" • .. ,, ,. ,. " \!.: \, 

tl/>» "1b1 .9'1z.-'' •· • ' - " '. • II.,·. t '3 

' 
:;;.£.!- l-1 'i"O ll-.=>l'>f".o.s;t: G) ~ .. · bd.- \.p .f (...." .,_ :...._ \Lo:60 --

Jl?u.«.~ Wv~:~ I '-'•U' uJ'-'1 ~, • ~lvu~. 

J ,.,,. 
..J.c J~ot.lt~.:l'u-1 . ' ~!,;~""""I .... ,.; b I ., .......... .,. .- ooOL ill 

I \v<l ' <II H ~- ~IL .. I <I ,....,,......!.. .-.... bS .J. \ 

'Pv~ptd tPdl Q ~ 2·4 qr~ .{;, 1-0 .......-~..·,. n'i-5 

IT="- "\. ' r~ .... c...L <-""".· .. ._I o_....,..._, I. •'.1 ~L.. ''-' 17 't'S' 

,.,;u \,. cH. . ...-1--t.. ,.._.t-el b.. AM TGST 

I Tool A dv.,l<u.l, ..__J <>-f $A....-t.P1<l.S'. 7>f 

r;,.·,. .. ,., - -~IYPo:p•7-""-. - te-;<oo 
' 

11900 oNu..} 
~...,......___ 

p.._loAitd n .L \kl<l-~ o·f toln- tolz_.l 

-:>ol-D 1-- \ I ,,,, , .. g 

REMARKS: - a~;~>.LU 
'7ls+ee 

0 - Onve Haorel fl Hard Tool L . Large M · Medium S . Small VC • Very Coarse C · Coa"e F • fine VF -Very Fine __ Stan<ftn!J Water A rM•A "~' '" ~"' 
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o:; Battelle Well Completion Report/Title Ill Inspection List 
, Ktffc NofthWft( l.lbof afOftft 

Project Uf!2:Z.. Well Number 

locat1on ~o~ t-,f;wi~ TemJ)orary Well Number J.-~4-PNC...I 

Driller '-1'0-..Jt::J."r" e.u'-"f"ri...JA Coordinates 

Drilling Co. ON\N~Q J2 CZ.I L..4,..l IVI.a. c..LJ, I IN'- Casing Elevation 

Geologist ~.P. .ZO...I\2 t-4 c-.IZ'T Ground Elevation 

DRILLING METHOD COMPLETION DATA 

Rotary Air Mud Drilled Depth 't\ I 

Cable Tool D H Q'• !±I I Completion Depth ~~ '-{...' 

Drilling Fluid Date Started i -1:."1· BS Completed e-9-~e 

Other lc:>O~t-. ~e!d -r-~P~ S••·~"•'i:~!dLS />..T" :2 ; Static Water Level/Date tz.L.L I I ,.2.~·1!8 

11'-J-..-cz.JA(...S 

CASING DATA 
\ 

Type Size 

'PVC- ~ E!;:~TN\ \,£252 ~" t>IA.. £ ~C:..H · 40) to 1;1 - 6, 

to 

to 

Approved By ~A. ( ~Date "7-Z.q-~ 

PERFORATIONS SCREEN ANNULAR SEAL 

Type l::J.A. Type ± • 121 e.. :2 1..0'1't"£D PVC. Type Interval Volume 
Depth Schedule length 1 '5 . ~' )0-lQ~ 11-~'- A.4o' ~.t..~ +\ ~ 

- Slot Size 2.Q 14 • PEu...e.f~ lj;- IJ-~ 1 ~ . Zo!::l £• !. 

. Depths 2:1-6' . 17•4 I BiNT: CI-IVM:S 7..8'· 1'-1' c:.ot H., 

- . ~2~-Mill o'- 7.-&' -,sfp 
App. By Date App. By 52 ;J....:i Date i·Z'.):ffl App. BySpA' I ~ Date B-9 -M 

' 

GEOPHYSICAL LOGGING AQUIFER TESTING 

Sondes Interval Date Type of Test vA 
bl~:! (;DAt::::!~!l o' - "tO' e-1::-es: length of Test 

. Volume Pumped 

- Drawdown 

-
-
-
. 

Approved By ~~ A:-~ ~ Date a-z.-Ba Approved By Date 

OTHER APPLICABLE ITEMS 

:J::k1 Steam Cleaning B-2.5 Protective Steel Posts tle! Downhole TV Inspection 
1:1.1. Storage of Const. Material ~~ Safety Paint /JA. Well Abandonment 
i·Z.i Tool Lubricants llA Straightness Test I£L1Complete As-Built Diagram, 
~ Concrete Pad 

~P4 \ ~ 
9.:L Well Development Driller's and Geologist's Logs ~ 
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?~b 11-Pt'?,., 

REMARKS: 

' 

r-~ --f :z. 

By Rig Well Number Computer Number Project or Work Order No. 

Aa~HA e-r g.Jc.'fRv• - e Fl• £. L~4- PNl- I \-oRo \..€.""''~ 
Date '2.~"' Depth IVA Subcontract No. 

f' 1.1 • ~9 0 ,.J '-J £.,(.,., 0 o" To leo" f-'A 
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,, Rig Well Number Computer Number Project or Work Order No. 
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·~-
~ _o(_J ..... .,... t"ot:. (" .fr<-< < ,._,, ' t~d\ .J;_, 

'6<5/< fdoo) ltc.l...+ O..r&.. S'T"7/z. . No "'"" ~I lo'/. He-!. 

Uv1£.-t' ... ,,t.·A .. 1--t.cl ' No Std- sl-..-vc.fvY-t pY ~t.VoJ<..d • tJO 

......... , ,.\-....... -L ~ .............. .:-1-t. J...k<..~. 1--JUf'E •. (!..oc.. ...... (._ .... ' .... 

p__vo'dt. ..... l "' ~..-.cl oJ s ........... , l.o~. 1 '-""f-L..-vc...\ tu.'). 08'?-o 'P ... I-l-.~ ....... c,p) .- 1---::;p"""'"" 

... "0 !-,-_,, 
0 ~---pic_ 

1 ~, .. ......._.e. I .. 

" bl .......... ,._ /b" 

" ~~ ......... ~) ..... 
.. }..j ............ I b" 

' 
- 2-f" !!-t:·_, .... pJ..c..-

' :;::. r - '3-Z. <' 

~ \'-...----.: ~<>v G.~~--.~.:'- l 7o'/_. ........... ..J '2.'b~l- ~.,. ...... .,!, 'E;."t'.~;\t · • oo,.,-o 

,.,. vc..~ (So._ __ \ 3 .. /.. .::.p_ <;'I, """-f" 21o ._.. ~F !S r. veP o·~ vc.s 

11'1. es '5'1, MS Z.'t'. rs I'/. V"F'5. ~i".s:H ' VL>ry ~"'"' ..-- 1..,.. 

~..-- ~'-<..,~ ' C v~v-d) A-Sit. ~.·,. . ~-. ... , Y.o'l. ' _,_ "' ~Lf.. . 
Pl>'p\.. ' \0'1. ,f, ,kf 10 '(. /, .,.., L f t-:."-.....0~ A- '6A. 

.,, p "'-L..J; 
-J- z.~. e8 --- ·--

l- I MnP M. M~";.,., 
!': ""''" 

•rr "~· .. "~'"" r r-~'"·~ 
.. ,.. __ .. ~ . ,, ,.. 

~-··-



,., 
"' '" 

-----------------

r>o-;r ~ .t- 8 

,, Rig Well Number Compllter Number Project or Work Order No. 

DRILL LOG 41RHA-RT' Jl. e:- -u->JJ L/'4- PNL-1 Foo;t:r L£W'!. 
Date Depth 

"'" 
Subcontract No. 

1~ zg~st3 
OWWEC.O »I ' To -;,s' NA 

Tarat 
Depth Droll Wet/Dry LITHOLOGIC DESCRIPTION Time Drilling Comments 

Cas•"g Method S;lmple !I; Each Grain Sin, Color, Aou.-.dnen. Calid>e, Ere. 

~'to''" "' ~- v-.:1-< ' q,f>, 3o'/, te,(YIU>VS ~ ....... t.-~ 6"1. },..,.'J.._I~ • 

lo.,... Lv.J(...f) ~1.~ ST"S{"{. '-" ' I, "-r q-. 'IS)"" -,.h . 

('lo nn . w! to·;. t.tct · Uv'-~YlMI.dll ~l,( • No su-I. 

.J-,...vc-fv...- tv.-do,., · No VII1Drsh .n 5G< V'VI r:- lt. 
.,,_,, .. I- ~~· '' o.:S!..:> Mdc_r} 1017" ,f &" u,<., .. 

-.J -
~t'lo" >-!O'lr:. '+L's'' 

. 
0-'"b ~ ew: 11. ., 
to:z.o "' ""' • ""t;;-, ... ~ 

'!'~"-
. 

·~ 
,, 

"- l..t. ~' I • 

" \, \o ,/ b' . 
52. k '· •h" 

' - \R'' S.~ '(,. 

- 35'- 3(... -5""~-

<Ovli \ -c,, ,., "Jovkl ,{ ,....j,..;,t_ D-'<'5 ~ ~a·: z.o. <r ·~ 
kt..s _ o,_ s'"d plo [ .c -~ L\ 'L • l ... 

. 
n.ol>~~l d. I. wc.sl..v- · "' 1,. '-"' \No...Ju !'.» ~..! vtA c~ ''.,.. 

I r:>f.J I = "-"'. ""-I • '"~J CJ'-I·~p< .. A\0>·04) ~ ·- t.S" 
REMARKS: 

s. l>. j.__LJ 
1.-1..9-88 -. - -- - -

0 - Drive Barrel H. Hard Tool L - Large M · Medium S ·Small VC · Very Co8rsa C. Coarse F . Fine VF • Very Fine __ Standing Water A.-6000-"- __ __...:.--
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"' (X) 
~ 

\S11 '' \:,o~ .. cc..- f' ,.,\ !<-"'~ ,, 
1 \1 I >/l' 

,, ,, '!.-~ 1 
,, ,.,·h·'.vo 

p~ s .f 8 
\<'f -t-l. \V' 

~ > ,, Rig Well Number Compu!er Number Project or Work Order No. 

DRILL LOG Alt?J..IARI 
·-~ '-'-"" L~4-PNt-l foRT LE'-WtS 

Date Oepttl t-1/'c Subcontract No. 

-,. 29-Sfl DNI.Vf;.6.0 ' ' 3«-
,, 40 NA 

Tooal Depot> Drill Wet/Dry LITHOLOGIC DESCRIPTION Drilling Comments Ca11ng Meot>od Sample % Each Grain Size. Color. Roundnen. Caliche. Etc. Time 

' 1'-l. b\~""'r.. II ,. 
' 

- I< Yo~• 1 V' .. 
II bl.~ /(,'" 

"' 1.1--~ I 6" 

- ? u_ll <..::.vv.._ • l"'"-

"'"' -_41-' 

41' 
S.Pl.lj 
""' 'N I ~i\$Y SANDY GRAVEL: kS'/. """"''"' t..l M·l~ '$<: ...,d s~ sil~ ·. n-ss 

s·t..,e..P (b'"""'' ..,.,_~-1 s"I.Q· ao·.-. MP 1..o 'l. F P "L S ·.-. vc 

I.!·'· \/C.'S. 2'1 .. C!J t2 'l. '-'\.'!> B•"/, ~!i:> s•.-;.11,:.s 5''· ; II ' o,Jvy p"'...-~ 

... ~f-<J ' t'"" .... \ A-~R. !>~.,... .. vs ••• " • 3,o;; '/. 1M(.. 

'..,., h • 11 lso .d) A ·>A .. ,_ ,). 
·" 'h 3c:o":r~ ' . ' .. L 

·' .W "- In V, bt. ~· ... ll c.olo...- ~ . 
St- •I• (wd-) ol.-< ~ 

' ( cl ,) wt..-.:1--L -z....~i!.lz.. N9 f" '""- .,..., ,,.. ·~ 

u-~ .. .ol:d4.. J.,J: ,.._;.,. ~ 1- ,._ J-v < ('_v."d "- .l-

·t"t--·..oo Shppcd D..-."{1' 

Dft3~ -1.._0
1 bc..-lo l.oJ _f~ vtcl (s 1-t"-c:.l h-p<._l_ 

I D/-JJ ~ 2.b' 7 Yt.-'1 bdow l,~d l £-+c..p(_ i:\ A tso- o+) ·,-z,~ 

I REMARKS: 

~ s.P . 
.,:- z.~ -e:8 --

0 - Drive Barrel H · Hurd Tool L - Lorge M- Medium S ·Small VC • Very Coarse C ·Coarse F • Fine VF • Verv Finf' __ St~ndinq WAif'r 



NOTE.·. LtD .:. -r.,}.,_! .d-t..i>q~ dv:tl-t..-:1 ~' 1.~.c-vcll-,,..,\ P"$- b f( I! 

" 4"l-' 
~- - loh;..l ...... -~ 

+\.. ~.:..""''.pol ...... d V-...1( ,;..pl; ~ spa<=->"' ,, Aig Well Number Computer Number Project or Work Order No. 

DRILL LOG 
/loliZHO.IZT B·L -z..z..N L-~ 4- PNt.-\ 

Oate Depth Subcontract No. 

1- 2.9-BB o...Jv.JE:C..o 4o' To 57' 
Total Depth Droll Wet/Dry LITHOLOGIC DESCRIPTION Time Drilling Comment~ CaSing Method Sample % Each G<sm Sill!, Color, Aoundnen, Caliche, Etc. 

' A,J,li"" '\" PVC. c..c..'!.t~C., \ sc..v~C..Vl lw-slot) IVS"o 

~~'(.. Ill ,, boH-oW\ (.C...D :: \'0''1'' 
" 

·C--G\.i. I 1'\ &, - 10' .,_,_~, 

' 
( c t.\1'.\-v I ; l,. t. '(' d' V'<.. ..-J-1 c...l~ov SC>" _\ 

-
!-lAs.t.not, ~ Z.l' I '/•" ~'(..('...-he"" 

.,.,, I c..c.. s 1 ""-e, "' d ~.V'I(.\11 < 4b' B YL-'1 

w.~\ +, 5(. ~ bo t\o~ o-r S,(_{"C..t..V'I @ ~7'-

m AclJ;~" \0- 20 ............ '\( .. ~ "" s.i\1'L(,.. S.cl.v.d (pvl\,..;_ ._, 
'l.co. ..... d "'clcld.) v 0~ f>V<. "'' ·~ 

g: 

-__ A,id. A ~ \00 16 boo 10-"?..n "'V\.'\<<. L. C.. I s;\ tee.. So 1-:>,: [0 

I hi· I ' "4' b!. low .\c. ....,d (.· ·~/ of Sa..v'ld a .... .bo-t\~ "'- • z/ "c ov< h,-<1,~ _,~ s<-JU "' C."t off ' Y, '' F P• " -ro+ .... l I<<'.~ t-" = 39
1
"' 

-7 z. l- ' (I 1/C.. • --
' 

(t\\1, -v.",.,., foe 2.'6. "' 
,.+,;_Lop\ " . 

~vikd e·• ceo~ .. ~ !., 3• .. ' bt...l.,......., t~~cl ! 

!)/'""" ' 35 5' 'bt.. lovJ lo~J 

_/!,_,Jd,J I \00 t(. b 10-7.D "-' •• ,~· 

p .... dt.cl e" ~~ . .2., l-v 53'10'' b(.l<:>vJ r ........ J 

/lclc\~,,...1 I \UO lc b .... \0-Zf) ~...........J. +.. '2.!'> I 'b(..\<1..,.. 1.-..~J t--1'15 
REMARKS: J>.,___LJ. c;,.p 

• ·-~'~f<~ 
- -- ---

0 · DrivP BarrPI H .. H~•oi Tnnl '""" 
.... ,,.,,,._ ' 



r-d' 7 -' ,., 

,, Rig Well Number Computer Number Project or Work Order No. 

DRILL LOG ALRI-l fl.e,T e .. f" - z:~ .. w L~4- PNI.--1 FbRl L-FvJLS 
Date Oepttl (VA Subcontract No. 

7- 2'3-B'B ONWf:(..,o C<:>>'VIPl.£'1' ifi,..J To "" Total 
Depth 

Dtdl Wet/Dry LITHOLOGIC DESCRIPTION 
T•me Drrlling Commenu ca .. ng MethOd Sample % Each Grain Slle. Color, Roundness. Caliche, Etc. 

' - I. - P .. " ~t..d 0 •' e. 
' 

31' 

l>/s•...J • 2-9' ~vi·- I. _.D 
' 

Ao!ct<d I IDo !l:. ~ lo·l.o .,;c, .... .-1 lo 
_,__., \..._I.,._. \c.. ... ) 

p..,.\ <-d a" - \. :Lg' It" \.Lie ..... 1~--d =•· 
D/.!)&......,j - z.s' b(...-t ......... lc...~A 

A·4kd 2 ooo lb ~,...._. lo-w ~o .... d !-. rs.s' l:?da ..... /, lq- ,., 

P .. 11.._.,:~. ... ' •• t..;'s" I,L-1<. ...... k-J 0 l ""-S.. 

~ . 
00 

b ,,.~,! " 
._, / 

I,.,__ \o......, I. J 
"' A. ,J, I I IOO ,, I,..., ro·to 'So. ._ol. \-.. 17' t.. .. !o ...... I ~·' 

' 
p ... ,.!J s" ~t...,, 1-. 2-L 'lo'' c. - 11 .. 1 ""' I. ' 

.D/$e.. ..... cJ - ',. ' 
c.o-(.. '-'!"") 

P~ tl._ ~' ... 
CC.l' i. t_o'<f" 

.. 

DJ• -d ' u· 

I•JJ, I I 100 II, \.. )0'2_() "!.Co .... d 4o lb' \.d 1·-· \t;,oo 

P,i\,d 8" C<«~ ~ 17'" .. \.-t. I"' ....... \ ........ t:l 

D J,._J = 17. <' kl<>'-" \ ... ......._d 6· \0 

S\-,._.. ~td '='":", ~/ 3" cl·-~ l:,o..;\( .. \, sdfl< s~_..., .J ~~-, ·~ 

bl<.""'' "·' .. l>L-t .......... ( .:. ... d d;d ")-1.:.1-- ... dllt ,.,~. :,o 
REMARKS: 

kL--J llof!C: D•J ~.f r-u·-fo.-....., ~.f--r "'', :}!,... t ·,...,(_~ ~ ·h.~+. s.P. 
"l-.2.," - 88' 

0 -Drive Barrel H - Hard Tool L . Large M. Medium S- Small VC - v~rv CoBnP c . Co~rse F · FinP VF · Vprv FinP StMnrlm<! W•tPr 
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"' ~ 

DRILL 

Total Deptll 
Ca$•"9 

' 

REMARKS: 

0 · Orive Barrel 

LOG 

Drill 
Metllod 

H. Hard Tool 

p~ \ .. -f 

" "'" weu Number Computer Number Project or Work Order No. 

E:1 :!"f.J$EN w. E. z.:z_.W L~<-\- '?NL\ Roc._-;"" Lf""'-'' '> 

Date Depth NA Subcontract No . 

S-1--e~ 
• .._.....,~ t..,O 

£..l>""'f>L£_ "'{'"I 0 "-.\ To ~A 

Wet/Drv LITHOLOGIC DESCRIPTION 
Time Drilling Comments 

Sample % Eacll Grain Size, Color. Roundnen. Caliche, Etc. 

G.~pl.~,;wJI" \o" ,d ~ol(. V!S',~ Nc.+u~...._l 

be:.. ............ "'- ,, 

. 
' 

' 

<St.\>.~ 
e-'2..-BB --

L . Large M. Medium S ·Small VC • Verv Coorse C. Coan~~ F ·Fine VF . Very Fine ___ Stllnding W11ter 
~ ~""" n·H r~ '"'" 
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"" 
"' ... 

DRILL 

Total Depth Casing 

' ' 

REMARKS: 

D - Drive Barret 

LOG 

Drill 
Method 

--

H · Hard Tool 

,, Rig 

/I.I[ZrlA.Q.I 8""--Y"""' 1;0.-.<..-

Date ~,~ 

6-\6-6'0 ,..,....,..-c,o 
We !lOry 

""'-'"' \ 
.__,.- ,.._,,_ ~.-...,., ........ .._ .... 

Well Number 

L~'-1- P'NLI 
Depth 

orovr t-OP'M f.' NT To 

LITHOLOGIC DESCRIPTION 

Computer Number 

wA 

,>~ . . .< 

Project or Work Order No. 

\\F:~"2-
Subcontract No. 

wA 

Sample % Each G<ein Size, Color, Roundness, Caliche, Etc. Time Drilling Commenu 

. 
:'.\- ... ~ .__._.( b ... : \' ·- ,_. £. II ~ 

,. d·~- ce.:1..o .::>~,~~ 

d"- .. ~ \,;..,.; l {_ ..-. "'""J~-ll C< ...... ~1 + ................. ..{...,:_ 
. 

Q"(.ovLI\. o•< GC"·"" ; -~ u - t,._" ' 
1\ ~'S n.~1 h .. +\o--. ·- ""' c..~~ 

.ff (') . "'" ....... ,. ic\t l"V(.· 3S 't.," l.,.t,..\<>-....J 

lo- ......... 1 A , .. I ' ' .I"; I/ 
. ,_ \,...-#- .. ..-. 

' 

~"D~ 
8·tl3·6B . 

·-

L- Large M- Medium S- Small VC - Verv Coarse C ·Coarse F · FinR VF - Verv Finl' _ S•~n(!in., w~'"' 



.., 
"' "' 

I 

DRILL 

Total Oeprh ca .. ng 

' 

• • 

REMARKS; 

D - Drive Barrel 

LOG 

Drill 
Method 

. 

H · Hard Tool 

P~ I.+ I 

,, Rig Well Number ompucer Number Project or Work Order No. 

A 1 JZI-1 A.rL -r 
~- "-'" 

.__.::y- f:>,.._)L-\ \\tt:.!.'Z.. 
Date Depch ~ ,._ Subcontract No. 

I!· .2....1\- se: bE:'-€..'-<> P ......... E, .. rr To ~A 

Wet/Dry LITHOLOGIC DESCRIPTION Tome Drilling Commenn 
Sample % Each Grain Slle, Color, Roundness, Caliche, Etc, 

Kt.. ... ;., Cl,.o- ~ 
""'" < 

b,...._t.....l _(P...,.t.) ~~ok- """"-t-c...r 
~ 

~.,._.......,.p\ L'fo .j;., ~L< ' I . 
&_......_C'-t •• 

. 
' 

-:§ct P~ ~ 
e.-*._\- e.e. 

~ -~ 

L. Largo M- Medium S- Small VC - Very Coar'le C · Coarse F- Fine VF -Very Fine __ Standing Water • r""~ n'>< ·~ ~r• 



'" 
"' "' 

DRill LOG 

Total Depth Drill 
Ca5<ng Method 

' 

REMARKS: 

D · Ori~e Barrel H. Hard Tool 

?~ \ .. .J;,.-
Lt-01(:;\ ~\.VI~~ ~--P.l-1<-... II ,, Rig Well Number Computer Number Project or Work Order No. 

"'" 1-l "'= "'"' "-'" l,F<l- P"''-' \\55Z.. 
Date Depth "'" Subcoruract No. 

e.-z.s~ss L<>NI.Pt..E--rto....J To "'" 
Wet/Dry LITHOLOGIC DESCRIPTION Tome Drilling Comments Sample % Each Grain Size, Color, Round-tell, Caliche, Etc. 

M\llu:i ~~- _ j:>,,.AI ~ A C<." ~ ._J qvo-Vt.J + 
,,A 4 "1::> ..... 0 +<-c..-h'u( p.o_sfc,. t::<.. vo .......... d. ~-..J...-k_"-L -
~-

' 

< 

-- I 
L - Large M. Medium S ·Small VC · Very Coarse C ·Coarse F • Fine VF ·Very Fine __ Standing Water 

A""...., 0?1 I".R"I 



y. • t 

' 
' 

0 
z 

• E
 

' 
E

 

' 
0 

~ ~ 
u 

~4' 
• 

~rfl 
@

 

' 
] 

;§ 

' "' 
~ 

-
-

0 

-~ .. 
0 

• , 
• 

• 

• 
.! 

E
 

" 
E

 
<

( 
, z 

2 
• ; • E 0 
u 

• w • < " 
1 z'ii 

-
o

u
 

2 
2 

i= .. -
•• 

. -· 
;;_ 

~ 
• 

0 

u
~
 

. , 
D

 
w

 
0 

u 
~
 

0
<

 
;. 

2 i 
iu

. 
o

· 

• 
o

8
 

=
 J ,l 

0 0.; 
• 

::I:.~ 
e
•
 

-
0 

...J-ii 

" <
 

.$
 

' w
 

~
 

• 
' 

• 
J 

" ~ 
" .. • 

>~ 
• 

>
 • 

. '" 
C

c. 
~· 

• 
•• 

• 
0 

" 
=

 0 
;:-£ 

" 
o; 

0 -' 
• 

-' 
• • 

-' 
0 

0
: 

0 
-. ~.= 0 

• 

"
~
 

--' 1 
i 
~-

"' 
J 

.... 
~ -

i 
-~ 

1, " 
.,. 

' 
7 

' 
I 

p.. 
J 

.. ' 
. 

# 
J 

>
 

.J 
! 

J 
;f 

1 
.. 

' 
' 

• 
j 

~
 

' .. 
l 

"' 
-

' 
q 

Vl 
J 

3 
;j J 

~ 
• 

,; 
_so 

.., j. 
M

 
~ 

,J
 

u 
' 

,, 
' 

l 
1! .... 

~ 
.. 

.. 
' 

-o 
' .. 

r -
; 

... 
J 

~
 

~ 
• 

• 
~
 

1 

.. 

' 9 ~
 

-~ ·' 
,l 
-

4 

' 
' 

l 
-

) 

"" -
0 

..>! 
.. 

_. 
) 

.. • 
l 

.J 

l 
;> 

1 
~
 

• 
\, 

J 
d 

-
., 

j 
' 

~ 
.J 

,;. "" 
' 

' 
l 

. 
' 

:-'. 
... " 

I ' 
... 

v 
.. 

·. 
-

J 

"' 
J 

• 
"u 

-' 
~
 

' 
>

 
.s 

• 
~ 

' 
-~ 

i 
' 

<
 

--
• 

E
.97 

~ 
-;! 

~ 

~ 
, ~ 

' 3 ' -
-

"' 
~ 

, 
.3 

r ~
 

-
' 

_, 
.. 

.. -
'"" 

~ 
~
 

' 
~
 

.; " 
-s 
~
 

' ' 
• .. 
.J 

l 
' ~ ~
 

" ~ ';) 1 
~
 

-
., -• " 

,_ 
...., 

• 
-• 

.. _, ' ' ; r-

~ ' ~ 
-.£ u 
-' 

j~i ' -
4 

• <1\ 

i}6 

" < " < >
 w
 

" 

' ' ' ' ' ' ' <
 

<
 

" ' ; <
 • ' u ' ' ! ] ' • r ' ' • ' 8 



m 

"' "' 

DRILL LOG 
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Project Well Number 

Location ET, 1...4uJ•::. Temporary Well Number J~~- ~L-:Z.. 

Driller lL!J·1~ :E~~~ Coordinates 

Drilling Co. 0~\/J;?~D Casing Elevation 

Geologist ~ V LA~+ Ground Elevation 

DRILLING METHOD COMPLETION DATA 

Rotary A1r Mud Drilled Depth 4o' 
Cable Tool D H Completion Depth ~· 
Drilling Fluid Date Started S-7.-~?- Completed ~~ -~~ 
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4 I I 

CASING DATA 
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-
-
-

Approved By jJJ/.j;J 
-

Date ~- 5' -et2 Approved By Date 
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tt/.k- S;eam Cleaning ehs Protective Steel Posts ~~~ Downhole TV Inspection 
fl/p Storage of Const. Material IO!Jdi Safety Paint tJA Well Abandonment 
If 

fl;l Straightness Test tol~complete As-Built Diagram, ~ .. ~ Tool Lubricants 

~ Concrete Pad U 9 ~ Well Development Driller's and Geologist's Logs 
Approved By s-~A-J Date \o-vt-SS . 
Reviewed By "7 ~.)Au _tfl ;._ - Date u-f -?r .4-1100-117131171 
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c;sanelle AS-BUILT DIAGRAM 
'ldfic Nonhwftt llbotJ~t«ift 
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DRILL LOG 

Total Depth Droll 
Casing Method 
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REMARKS: 

D • Drive Barrel H • Herd Tool 

r''-'tf'- 1 " { I 

Bvr.; _ Rig Well Number Compuler Number Project or Work Order No. 

~ _) e"'.s t '"' _s .d\1\A fr"'M L~4- PNL2-

D~/z_jgfS ~oh>Dr•'ll Dep1h Subcontract No. 

a' To s' 
Wet/Drv LITHOLOGIC DESCRIPTION Time Drilling Comments Sample % Eech Grain Size, Color, Roundness, Caliche, Etc . 
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DRILL LOG 
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CaSing Method 
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16 1 s-s 
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0 .. Drive aarrel H- Hard Tool 
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GV Lo:-... -t oti\N1C.<:,.o L~4- PNL'Z-
Do• Se"1ZA\O"\"' O..pth 

' SUI>cOfltrect No. 

S->- sa 5 To I<,' 
Wet/Ory LITHOLOGIC DESCRIPTION Time Otilling Comments Sample %Each Gra101 Size. Color, Roundnen. Caliche. Etc. 

:;.v rf T\...:Se ...... .._ ~ •-n< 141 !b n. 07;2.7 19 ,_,+ 5o+ {&. w 
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DRILL LOG 

Dale $e..l..lV n.rnrn Depth Subcontract No. 

'il-?>-?>il I 5"' '" o.o' 
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Dflll Wet/Dry LITHOLOGIC DESCRIPTION 
Tome Drilling Commenn Casong Method Sample %Each Gram S.ze, Color, Roufldness, Caloche, Etc. 
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,, Rig Well Number Computer Number Project or Work Order No. 

G.v t .. .t O"NW"E'GI> LF- 4- PNL-"2... DRILL LOG 
Date ?.;...... ......... - Depth Subcontract No. 

$-?.-~!l "!-<>. To 4n' 
Total Depth Dnll Wet/Dry LITHOLOGIC DESCRIPTION 

Time Drilling Comment! Casing Method Sample % Each Grain Size. Color. Roundnes•. Cahche. Etc. 
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Depth Subcontract No_ 
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Total 

Depth Ddll Wet/Dry LITHOLOGIC DESCRIPTION Tome Drilling Comments ca,.ng Method Sample % Each Grain Sou, Color, Aoundneu, Caliche, Etc. 
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, .. 
. ·I 

I ., 
I 

"I 

' I 

I 
I ' 
i I 

I 

Depth 
in 

Feet 

E. l22 

Diagram 
Litho. 

Geologic/Hydrologic Data 

Lithologic Description 

/lo.-1100-111 (3/11) 
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N ... 

Total 
Casing 

DRILL LOG 

Dep~h 

By Rig 

t><t ONWEa6 
,;,J..---

0- 5- l3i3 Ti,f 

!Computer Number Well Number 

LFl'-"- PHL3 
Dep~h , 

1 \b.~ To '31 

Tim6 Drill I Wet!Drv 
Method Sample 

LITHOLOGIC DESCRIPTION 
% E""h Grein Size. Color. Roundne<S. Caliche. Etc. 

' l ~-Z(,~I f'7 1</.t I q,.:;~TLt 1\tl(\'1>~ G~J/EL: r,sz, iff- rtt P,~l,. (,..,JL r, • ._-,.."<""')lls.oo 
J 

31>1, s~11 ... J.;UM- veJ, c •• ,_,_).,.)_ 57.. .,_.,l_ l',rhO.l ;< 
' I ,.., .• dl" ~,_,.\-,..-;.~,{-~,r. luMf t.M0-4 /v..o~ .. 1).1' \ r.·l/ • .t.-....1vo-,_.,_J.e,.l. 

' ' j J ' - I 

t;f).uJ~-.~ .. -l",,_.!.~..uu\a.u i'»<J...J_ ,.,_,y;-{['"'- {t{-l.:,t.! ..Cu.-tA'n'dt.J-..,. Mn ..-;_4f,,..._,l.;~}.J 
-'- ; ~ I ..) 

_-t,..,.__cll>:I'M nker ..... d-. L'fl-lf...e>t•~ .-4-l.J~:d;t.t_{ -,~ Cl>tH4t'N l:dtv~t!-
J 

l111 -1l1.~.1 

forl"-. Oi~v-r~~ 1'\.._;,rt.._.•,..__... -t.--.,la ~ '].. -,tlf "5.-1-4'\c.4. Vr 

lrolm ,~ flo'"'' lz.51 1/zl. tl, ,.,,d,,., 1. 161, HI'-/ 
Z5·2o,S'i 5S I We:t I $USII1L~ muwr ~ll!J\l'( 6C/l;B..; 7''?- nt-vd'dbJ,.. lw..-e. IY\-1" lio'2<:. 

lr~•.~W. -l!....~ \><I • ..._~,_\· ·zs~. ~/.,\{u ifc,-M\: """ ,.,,,J. 
< ., 

IGr..uek tu'- .c •. bm..M<-<l eou<>f Iii- !.<obi.!.; M-,,._.1,_ trt(.,t..,;,., 

,..LJ~Io\AI QtJ('f;~ho -~ .ltt-.-~-~4.-.11'>-t.M.·,}~ J ~~1-l--. -.-PDl-_ ~~Of!""~ 
l H' . .,) 

-,.r,-\.v~ ~l:>"'ol.ol~ .j_ j ).._.,-- -c~ ....... l~ 

2<> :_jr{ I A. I 1<\J,,J,,/ "'"''..., "" "'.t~. .J't•~i.t, ', ..,Jtu ~"·"' """""· I I'? 4~ 
l1o-1t' I H 

' J I Wed- L~L<tLifd 1>\>t\W >A~P~ ~<i>J<fL: 7oq, Vl'-1'1\ ?eblkl~o.AI. f'-Vf: /1~2-0 
' -

12??. ~ •• .l.Jru/2\Jl.J!C-[1\} S?o ,..J,, ~r,.od< l>ltl <Olb<ti<MAn -
' l .. ~•-)b_.r __ M).JL1 h-:lkt_/M,11t,, <,_.,), '•$ UMuL..-ob .:ub,m,l,r J . ' ' 
,..t\k },./\;,,, .(;,.mA,J>. No .-,.), iJ,,,,!,,,,.,, f,l ,.,{,dO: .-.,:,,Jw,. 

) J •• . I 

,1~ t,~ ~L~>P . . fl.wl, I 'tll.r ~11w"JI"' 

1"-y- 1- .. -f <f-

Protect or Work Order No. 

1183"-
Subcontract No. 

Drilling Commenu 

/b-Zb-2~ {"E._(...6w 

!~t"-'-.1 

I'Bt.pu_) ~~ll.ll[$ !t." 
12, :::Jo {. "-33', V\,...,,J_ ... _ 

~\(7~1_ t~·l b.cl- """.,;"''*'lJ 

lA.(,, t'l.1!' ,R r.> 
j 

lfl, rMffi'n "'11£{11 {oo:U 

lg""" l&'' ~ qt; 4.9t. 

lv..Je- I: ~d b.'?' ,, '·''"L 

REMARKS:~trfl.t-•Jil/~~f-,!!11:, t/.!.ll0 U"'M:riU (Jii ,5;/]!lt---1~ 1.-' f£-H,~ l•)l:.;:t.-, 

•I ; .... J;~_ "•t=•l. J!Yu ?3:::r@ 
D. Drive Batrel H- Hard Tool l.- Large M. Medium S ·Small VC- Very Coane C ·Coarse F · Fine VF · V~rv Fin~ !':••~<1i~" '"I••M 



'"" 
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"' "' 

DRill LOG 

To!al 
Dep!h Drill 

Ca""9 Me1hod 

' 35-31.5 s~. 

qb-11 i ss 

REMARKS: 

- -

p-y. 3 .. { '* 
,, Rig Well Number Compu1er Number Projec! or Work Order No. 

GV LA .. -t 6N'NBS.O LF 4- PNL-"3 IIB32 
Dom 'So:!.. .................. Dep!h Sub<oouacl No. 

8-S·BG! 31' 4/.S ' ,., ... To 

We1/Dry LITHOLOGIC DESCRIPTION Time Orilli'lg Comme'l!S 
Sample 'II. Each Grai" Size. Color. Round'less. Caliche, E!c. . 

tj:;_~ Sltr.~ili D1J.tllil~ "'""" ~VWEL. 7·- 1... Jiv '·"· I 'I""-> B•~•il.': 25 IS~ZS. 

-LI "' l. " . .II .L .I df. -k r-!.L ~,.,_..J< al- """""- .,_."~.<-- IS ' 

I~.~+. 
r.,. f-'t" 

'£ h~~L h.,..U...J\<.JI ""rl-d wl>L A.'";, .,., ool..r. 11..- w,J 1.1' ,t u .. 

lc. ~.. . M ~n:Vf ~··;:. / . ..dl 1&1"" ZS' s~-~. { .. ,..!(. Jilt . ...J. "' vi' 
c-•• \ . ...L :>'- "- ~- .1. /U,O~ '"l .. I & .).. ',.,J_ 
I 1111.J. / ' .. l. +.<wl>. .l.J 

"'" 
' 1--R.,, .c.. 

s ~ ... J.J ;_ 
'. -~ ~-

' '. 
M-<:. !tl 1~ '-..AI . . ' ll'.,.l. <•A .. J W ..._ '"- ~s-,' "'- ·"' .A - z . 

J 

~.L T- ".1· •" _;, ""' Ji. ,} rA< .L/:,, 

'"'"' f)/-P; • Lfh' RL$ . 

• ;V/w• 34.51 1!~$ . 
'<f.,( ~- no. l 3MOI 

tiM qo-l/D.~· b .tt.. ,1>4,.,. ...;_.J.. 1540 lg~.,,,J;.' ~ 4. r'>. z 1 

'10.3·41>.,; UOumA . .f;o;N fnlo'<l'- ~0 fl;_,, l.. .. I . • D-«1 '"'"" Jh ... '< ~- II'S': 
j 1 ;rt1. J __ ,_, 

"'"~- b~..l- "'...L ,J. ·'·' ' """'' 
l4u-qu' t/,..M .f,: • .ILr. .: ;-<..I. 11\i. t.,;.L . ..,;ll«trl•)-' .~1., 

.. ./. .J~J . . h Vl JL .J.' r ,_//, ,J • ·-~~\.\. } 

.fu-d~.~· ' ' J ~ • 

--- - . 
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N 
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DRILL LOG 

Total Depth Droll 
Cas•ng Method 

,: 
' qD-41 . .; [/'llt.":IT>t)V 

i 

' • 
ti~' . ll 

. · . 

46'4L.? ~i 

REMARKS: 

T"~ <\, ~-\ '* 

" Rig Well Number Computer Number Project or Work Order No. 

G, v l,._.-t- OH.lN~ U:4- PNL-"3 1183-z. 
Date -:$~....-.- Depth Subcontract No. 

~-s-"~ Tht 41.S To £fl. .'7 I 
Wet/Drv LITHOLOGIC DESCRIPTION Time Drilling Comment! Sample %Each Grain Size, Color. Roondneu. Caliche, Etc. 

b\ 'f'ot>l< ?>c-f~·~'" '2 ' r I ,{! ~o. ~ .A. /4-o.-os-'lo.(.'\ . . . 

I .£ ,t.. ( I.U .f.. ,t.J~\ .. il. ' ,..; .,,A l4o s -_ '1-1.5 

l1~'1o 'r~fg, 45' YV. 

v/0~ 2,4;;' -g<> 

"?"~L --A?e:.____r!& L "3lloO I 

""""' 
45·4h ' 4, ..... _.~;., CM. I~' ... \ J I "5o l?U> .. , .. ;/t,."- \Q '-z_.,_f.z...J.s 

' 
%-llt..s' -.,_,;, .,,, .j, P.~~- /' ,, 

S<\M•c.o<. 24 '~ -., 
• 

<Do._ -v.e dle 2. • • I -" r~-<Mlc, 1. ('/S.-'f55'\ )luo..u:L "SA\'-'; 1i. <...•' '~ "St..u.W. 

~~ Ao .l /4t.-4ts'\. [t~e.o,vAfA,L lfl" JC- e>FL. 
I 

l'f. L'' .- ,.,- ,, <-

. 
• 

.ditl:t,.J tJ-<;- 11~ 
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"' -"' "' 

DRILL LOG 

Tout 
Depth 

o,u 
Casong Method 

• 

REMARKS: 

.... n, .. a <>o.,al U .,,. .. T~~1 

p- "-- .4 3 

,, Rig Wsll Number Computer Number Project or Work Order No. 

AIR.\--IP<-R....- ON v-.J e:- (;>, 0 Lf=" '-t- Pf-.JI.--"3. 

"'" 
l\6-s.z.. 

Date 

"""""'"""'""" Depth Subcontract No. 

B-6·88 -r<,.4- ~ ....... r"~I?,J To ~"" 
Wet/Dty LITHOLOGIC DESCRIPTION 

Time Drilling Comments Sample %Each Grain Sin, Color, Roundness, Caliche, Etc. 

+ ·~· 
- ...._, ...-I c.. \, A- •c.~ • L 

'M•-kv<" (, ' J,.. \.... (.... 'bo-\\u o-\ +I--< o..v· t_:r - ' 

-""~'-" 
"-cld,,-J y~ ~>~, to~2..D Goo\. s;h~ :>c.-•--.. d \-o "37

1
1.-.l..s. ""' ,..., 

Adc\cd 2... 'lz_. be...:.. '5o 10-20 (' 0 \. sl\i(..G.. 

' 
sc.,"",\ \-o "lb':z. ~ 0 •. "Z..D 

b- I. s- ~~.I.e """''·~ a.'-'4t.....r -FI '~ '-' ~' . _, 

-<~~66W_ \-. .. \ C- ·' '{z.._- :....._._L_ -~ ' > o·.z.. D•3D ' -
I'/ 

- ·- - s- ~\,\-, I -\', - \0 ..__,""'-. 

t:>/sa.~ " 2-6' 61- to·.s.s: 

A.<d~ '/--1 ... \0-"l.... - \. $~\\ ~~-ol 

"'- I <::>/~~~,)-- ' '2..5'5" b.~\ . .; to:'+<:;. 

p.ol,Ll I '1-< 
'3 ··' ~ 1·.<_1--< o-f ~VI VIVO I~ \/4-'' II OS' 

'lid< - ~"•~• I ;, ,.,.-_[\ .Is ~ ~3'4" kL<. 
" 

Add<d 5Yz. '5o it. '--·· of M~;'-'""-" (" "'" lv"e.~nlv"'' II 5<;' 

h .L :>. rrv~\,\,. f-,~, \ l>lr.<uwbl" = :7' H-5 
' 

lOt> nf ~o It 0.-.\I{_J_ l>u- r-4ov.J"\ 'L' _\;,,- ::'>LIVJ'c-..0! ,, J){) 

sud. 

~t>f,__LJ 
8-B-!36 -

I o·- M "~"'""' ~ "~-" ,,. "- ,.. -
f' "~"''" ' r. -~ ''•" '" ·--



,., 
~ 

N 

"' 

' 

DRILL 

Total 
Depth Cas•ng 

' • 

REMARKS: 

__ , --

[) • ProvP RRrrP.I 

LOG 

Droll 
Method 

--

1-1 • 1-t~rrl Tnnl 

,......,._ , .-'i ., 

,, Rig Well Numbar Computer Number Project or Work Order No. 

A1~1-l"'R.' dN~""-o<>.,o L~- PNL-"'? \\:e-32... 

Date ~~"""""' Depth '"" Subcontract No. 

a-a-ea. -r~4- (....-......._~l\o"-l To ~" 
Wet/Dry LITHOLOGIC QI:SCAIPTION Drilling Comments Sample % Each Grain Size. Color, Roundness, Catoche, Etc. Time 

AJA,J • 3o'' (!.-4-}t.vt~iOl'l 
"' lo pv~ CG<-!Ii"'" ;~ ('.>-rcf<L,;' t~:OO 

-6 P,...ovicJt ?o' ,;.1-rvi<"P f',,.. I~.,J ~ ......... -Ji;..u 
' 

' 

"(,; ul b1ow;..v. we-. b .. " ,,,I n.f wt-U w/ (,~c:,l., f?V'l-7.5</~L 

' r • ..- dcvdu.,~c-1. u,,vu,.t-,.t>f'v I. Gt'lr 

.,-... .,. ...__ de. ............ ..,-;:<:,. ~~J """'"''.J<..A .H ka\.._ '" ·~ 

' 

' 

"""' p ' A.-l._;( 
-- -- -· 

_ibl·Bl!__ _ 
L. l&IQII M. Medium s. Small VC - Verv Coarse C. Coarse F • Fene VF -Very Fine ___ Standing Water A 6000 021 15-851 



~ -w 
0 

DRILL 

Total Depth 
Cas•ng 

' 

REMARKS: 

0 . Drive Barrel 

LOG 

On II 
Method 

H · Hard Tool 

r--J> • r 

,, Rig Well Number Computer Number Project or Work Order No. 

AIPHP. R-"'T Lt='"<-/- PNL'3 118"3-2.. 
Date Depth ~A Subcontract No, 

6-9-BS c__oM ~£-1 tON To ""' 
Wet/Dry LITHOLOGIC DESCRIPTION Time Drilling Comments 
Sample %Each Grain Sill, Color, RoundlleSl, Caliche, Etc. 

M;~~ol CIY.:< ..,t.-1 -fvo...,v1 O,v'uv....._a.-1 ~(._11-,;l-t..- ~I 

C-., I,........__ I!>;....._ •-u_~ ~ -l' T C.( ........ ~-'\.~ - v, <-d 

\?e.(.~ C<-...... <-""- L Sd ,, 
!I .(..L,...h """' 

s~~ 6' $(._(.1-:,....,., • f t.• dt~ . ~ "'-• ~ ,__ ~t i'<...l 

GO-i. ·~ . 

{JtJ...,.,....c..o! C....t._....,c.-..4 -
~- r: ,, "-..._ -' ' • 

C...,_, VIII$ ~~A t,.ll JC.._ 4, »uA. 

-

' 

. s-t- P J>...-U 
"~ ... -""' 

L. Lar!JII M- Medium S ·Small VC - VP.rv CMr«' C . Cn~rse F - Fio .. \IF \/Pru F;o~ "'~""'"" W••~r 
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DRILL LOG 

Total Depth Or ill 
Casing Method 

' ' 

• 

REMARKS: 

D · Drove B;~rrel H - Hard Tool 

\"'"l{- I ,.(_ I 
u--ou- • L.t "V-J\::0 .._...,. ...._. D .,... ' '-'- '-t 

•• Rig Well Number Computer Number Project or Work Order No. 

AIIL A.IZ-T \...-~ <-\- P.N L "l. 1\ 03(.... 
Date t>Jd OZ...! I.., Depth Nl\ Subcontracl No. 

13- t-<> -BS co ·~c .nv To "'" Wet/Dry LITHOLOGIC DESCRIPTION Time Drilling Comments Sample % Each Grain Size. Color. Roundneu. Calio::h1, E1c. 

tv\ o.'ul If~ \.,,, Po•H«w! <U.o.«..A ._,/ t'l.V&o.VL I 

I -In .. ,A 4 
I . 

oo_,J.s " 
, "" ~ < c..-1-, "' ()<... v 0 ..... "'--J 

,;v•k~< " ~~ 

. 
' 

~-P L.L_j 
-

~-h-s-11!8 
L - Large M- Medium S ·SmAll \If;. \l~r" rM"" r . r"""" F "'"~ ""' """" ..,, ... , ... _.,,_ .. '" 
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w ... 

DRILL LOG 

Tout Depth Drill 
Caiing Method 

' ' 

REMARKS. 

- -·-- ----

0 - Drive Barrel H- Hard Tool 

.-t \ 

,, Rig Well Number Computer Number Proj<:tct or Work Order No. 

AIQ>i/>.1!:' t-.JO Ct\~ L-F<-\·P"-'1.- 3. \\. ~,z... 
Date Depth WA. Subcontract No. 

To ,_, ... 
Wet/Dry LITHOLOGIC DESCRIPTION Time Drilling Commenu 
Sample % Each Grain Size, Color, Roundnen, Caliche, Etc. 

v,.,,.,._l ul ,..,,h. d~ •. ~ uJ«. k_ or \Oh7-lo\z...l 

-

' 

! 

I 
:&t.D ,.__u J ---

II I~_ISB 
--- --- ---- ---

L - Large M · Med•um s ·Small VC - Very Coar.e C - Coar.., F • Fine VF ·Very Fine ___ Standing Water 
A-1\000 1121 1!1-R'\\ 



WELL LF4-PNL4 



Osanene Well Completion Report/Title Ill Inspection list 
,oe>foc: No<l~ hbafUOflft 

ProJeCt 11&~1.. Well Number 

location ~c~-r \..~'NIS Temporary Well Number LR -.P.-..Jt-"\ 

Driller t>.0..12'CZ§;:!.. l..u2:!1"-~ Coordinates 

Drilling Co QN~F-~ ~ l !.lid t-J ,1:11 l-0. I I~· Casing Elevation 

Geologist :t.~. .... ,~14A.fe."\ Ground Elevation 

DRILLING METHOD COMPLETION DATA 

Rotary Air Mud Drilled Depth '3"3' 

Cable Tool D H o"'-M' Completion Depth 1!~.7' 

Drilling Fluid Date Started 2-2.~-e~ Completed 1o-s-se 
Other :I!!D~ 6P\,,f'T'-!!!o~...J SAMPLe: Sa ~ s' Static Water level/Date zc,.e."' / 10-:;-~~ 

INTE ll:V-"1-'S 

' 
CASING DATA 

\ 
Type Size 

PV'- (.~~o...z--rM. 11 f>!!S) ~, pl ..... (~.Are) to 2..'3 .Z . .'' 

to 

to 

Approved By ~A. I ~ Date 10-~-es 

PERFORATIONS SCREEN ANNULAR SEAL 

Type ~ .... Type ~~~ E!••· ~'-O"TTE~ "'"'- Type Interval Volume 
Depth Schedule length !Q-S:' IO•ZD.:5oVoJ!> 11.7

1

· ~·7 ' "-9~f+ ~ 

Slot Size t.Q' \Ct" ~"('> »-7·3'9', t.er. ft~ - '::1·1.- 1!1·7 •• Ill. i ~ \ 

- Depths .. ~ . z." - i~-'7, S!NT·O\~S, I'· l'f·'Z.' s .r.s-H-" 
c-J,..JZ..5. T ~ o'· I 

. ...,.~.,.. -H~ . 
App. By-SeA. U ~ate App. By Date 1o-~-1a App. By~~~ ~Date ...... ~-~ 

GEOPHYSICAL LOGGING AQUIFER TESTING 

Sondes Interval Date Type ofT est NA.. 

.., .... "1': IJ.M.~ 2, .1 I . ,,,\I lo\~ l ~~ length of Test 

- Volume Pumped 

- Drawdown 

-
. 
-

Approved By ~P.....:.U Date u:.-~se. Approved By Date 

OTHER APPLICABLE ITEMS 

ruzs Steam Cleanmg ~{Protective Steel Posts t-JA. Downhole TV Inspection 
~ Storage of Const. Material I$4Safety Paint ~Well Abandonment 
~ Toollubncants t-J)l... Straightness Test •«ll_:ukomplete As-Built Diagram, 
~ Concrete Pad LU 1~ Well Development Driller's and Geologist's logs 
Approved By :Sl:> Date )o-z.j- SS . 

_A 

Reviewed By~-~ (.2J.,f ... Date 11-'1-t'! 
A·1800-18113187) 

E.l35 



Osattelle AS-BUILT DIAGRAM 
,aafic -.-Ubcw-... 

Well Number --=L;...;.I="_'-t....:......·....;P....;N_L._L..\..;._ ___ Geologist _..;;s;;.-;..:P""".:.....::;;;A;:.:'~~::..;t-t~A...;::.R"~I=---- Page _\.;..__of _L 

Reviewed by _'1lc.!.I·....!X:l...h::II.:L!::!~~o.ae::.:::..-=:....------ Date --'-""---~.::...-'-=?;....·.L-,y _______ --1 

Construction Data 

Description Diagram 

Depth 
in 

Feet 

s 

to 

· 1s 

z.o 

z.s 

3o 

.---

4o 

E.l36 

Geologic/Hydrologic Data 

Diagram 
Litho. 

. · o· .-o~ · ·o -- . ~ 
0 ;;, ?· 

·;;,-: 4·. ~ . ·2:., . 
. o . . . 
·a· · ..... . 

• :·- t> __ o 
·.c;). ~ .. . :0 

.· • . 0 
0 . ,.<==> 

0 .• 
0 Q • 0 
-- Q •• . - . 
" - 0 

0 • 0 

0 ·; ·.:o ·• o - . 
• - 0 
-0 . . 

u - ---- - · ---

Lithologic Description 

A·1110C).I 8e 1311171 

I 
I 
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I'T'I . ...... 
w 
co 

DRILL LOG 

Total Depth Drill 
Casong Method 

' . 

IO'"l.YZ: e.'' ~c.£ 1......-.. 

REMARKS. 

n n ... : .. ..., O~rr~"l u 1.4.-.,,.. Tnf'\1 

P---v- \ .{ 3 

Bv Rig Well Number Computer Number Project or Work Order No. 

A.tt~~A~T a""''~"'~ £ri .. t...r4- PNL-'t \\6'3'L 
Date z.zw Depth Nl:>... Subcontract No. 

~- 2'1' as 0--.J v.J£.1-.0 
, 

To D I 0 rvA.. 

Wet/Drv LITHOLOGIC DESCRIPTION Time Drilling Commenu Sample % Elich Grain Size. Color, Roundneu, Caliche, Etc. 

. 
S \-u,.W1 c.l 'l. ~ l4 ' V'-f -r;~ ~o\~ c.....J. cc-~·~ 0 100- o'=)oo 

I J 

l C\ U) I OC,. ; s. ~ V\0~ p ~ ~!>~""-\ '\ .. -
oqoo M<Jvd \-o &i ~-(.... 

Tool L .. b...-;c..c:... .... 4 ~ C..\..o.c..vv..>~ 'i>oh r-M c,..,~~ \000 ~L+ '-'P -r;c., 

~-\-... - \. .... J. d .... : I\,~ - ~ ... \ to' "l- • . .( ~ .. 
~ ... ·~ \o ce..o \2:. ~A o. "" cl,..; lit ""'"1 

I 

J 

vv/ s. l.,o.L - A-id -<-cl ~ ~ ~~~ \-t'Lo. 

b,;\\,~ ~ \ 0"-.> - l..._ ...... .._ .c_ ...._"' c.. "' L I 1 - \..... ..... \ c.. c.\ c\ -c rl \1- :"!.o 
I 

~ \0 """-0" < ""\_t- \~ . ~'D. .... 

- csf ~'" t: \ -~1>00>-\ bo-vv<...\ ~ .... \-\-..:..... • "" <.c:.\;\ .,~CX> t::>;~,,.......... l~!OO 
\ 

To-\-c..l \::..c.-.w-L\ ; \<..-.\-bL ~ .. e.\... 0"(._ s '11- .. 
13~Zc> &...:\<.6 kol-<-. .. ~ 

I 

··r., .. k.,~ ~~l;~ ~poo"' l.t:> .._ t.f ,. . 
~\o..,..~/b ~. 'l ~. '1..S. '2-~ 

Dvovc.. \B~ 

~ (LOVtJ£.d w'' 

-6(-.fl. LU 
-=, I ~<=j r &8 

I -I,.,,.., M. u .. ttium S. Sm11ll vr. • v .. rv CoarSI! C ·Coarse F. Fine VF • Verv Fine __ Stendong Water A-6000.021 (5-851 



m -w 

"' 

I 

DRILL LOG 

Total Depth Droll 
Casrng Method 

' 5-b-S' ~;l.-/1' 

'""'"' 
.. 

REMARKS: 

,...,.,.,n <>o,,pl H H>crl Tnnl 

" Rig Well Number Computer Number 

AIQ~I6.PT B-E. zz..w La::-4- PNL'-1 
Date Depth ~"-

9-2 'l- BB ONV'-'[_ .:..,0 " ' To b-S' 

Weo/Ory LITHOLOGIC DESCRIPTION Time Sample " Each Grtlln Sou, Color, Aoundneu, Caliche, Etc. 

Vv' MVt>r>'{ SAN t>Y 6 fl._,b..-.,j F- L : f5 "/. q,.,...,HJ 1'5"/~ ~"' ....... ol ,a.,o 

\ o"l. I , I < ; I I : S "I. vc.~ 2.£1"/. c..P 2.5"/oN\P. I a·;. r:-P, 

--
15 •;. vF P '). "/. VC5, S% cs, 7 "/- IV'1$, .!>"I' • .=s - v Fs , I D 'Yo 

c--l"-'1 Is-ill- (,· ... ll . .r~.J.,'-h'.:...l cl~~ I>; II ib~f ...... -t-<...-<.--.-

d·~J->.) . (/~v"{ pPc;ol'j SOr"~l.t/ ; ( llt w; .. vt-1) . 
SA- R c.lc..s.h d.,....., :......__{.)...._-1-l, -'?•- k ..--;ht.._\~--

-L "'"""' Vvf-L-l---,:..1-M o.~cl "1M {...4 -~-u::l i ""'u.-t..k vv 

-('""'d) A-~A l1v"'·~ -w,·c/-c v\-1 I )l f v ,..-.(, .r 
J; ~ l.o I o<; ,-.,_. •, IN <--1- (n In or ' ol•:.~ ..::;,_,-=- S'r5/2. -

No f'>l..VI . II 1.)~1'., "'- ...._c ......... i.o\~dc...l,_J • ..... 
.,;.,.c\ :sl..-vt.-i-uv.t l!vidt.••·J· ~ SP\.l·, o•-
s.u{ ..... ~ ~{._~~ ............ ~ SA-.Jo, @ (.,. s. ' (_~ ~ \'--4: sa 

' .r s t;\ < ~~I 

~ PJ\..L_J. 
'3\J.-"l les 

P' '-Y- 1.- <> f ... 

Project or Work Order No. 

l I 8 3.2-
Subcontract No, 

>JA 

Drilling Commenn 

T.:oo[.__ '2.- pL•~~ ,,.:..p' 

i : ol ' 1;~-,,oo"' 

\ .( \,JJC.I,.\.. u--1 ~,!, H• 

CL d. .J_ l. ,_L ~ 

0J.; u,_.,\ ~ .. ~) _, 
\0.1 \ I\.'!. >-1'-'V 1~-

$1;~,_\.J -t'"'-5P"'"~ (\-3 

~ 

< <._ 

,_, ' ,-1; 
' 

1-' I' '· 
~ ... , b •• ~. \"-""""-!:)~ ( ........ ' {' 

' 
c....p l"'w<.. .... ~- ·~ 1\.1 l.o,. I" <r .. 

l'o«•U t.ll!' \., e>-.U~ -t -t (Q--. 

f"\"J - \.>.> ; l \ c..\..'(__ d-e_ 
0- ~ ~ '"' Q._·\ {--t..( ....,......o('(-

\-,.; I I, 

L · Lftr"" M. Medium S. Small VC - Very Coane C ·Coarse F . Fine VF ·Very Fine __ Standing Water A-6000-021 !6·85) 
----------~--------



~ -_,. 
0 

p"'!r 5. o\3 
,, Rig !Computer Number 

DRILL LOG 
P. u:u-t A .z_ -r s r 1.-z..vJ 

Wall Number 

L~<-t- p,._,u-1 
Project or Work Order No. 

lt..B3'L 
Date Depth ~"-

9-2')-00 
c> .......... c (_.()_ 

6 5 ' To \"2...5 ' 
SubCOmraciNo. 
~A 

Total 
Ca$<ng 

Depth Drill I Wet/Dty 
Method Sample 

' l.llL':L'/~·· ·-

, ,, :wa-11 
\0-11 S L2.FOON 

, " • a" L , :zo 6 •r rc._~· 

REMARKS: 

D . Drive Barrel H. Hard Tool 

M 

1---- Larf!e 

Time Drilling Comment5 LITHOLOGIC DESCRIPTION 
% Each Grain Size, Color, Aoundnetl, Caliche, Etc. 

b- to' ~~1.-\. """'"""<! .. ~...._J -.Jv,\\: -,-
ec..~,· e-1"" 

M~Y Sb.t-..~DY 62......,..._,EL ~ 65 ·1~ c.,.r \ '2.- g~, ... :;,.c.. ..... d ~5:6o j.-_,t:>\._ s.t:-l;\:--.:;,'e:_oo......_ 

___:1~; It lc I c.' 5';1P VC-P._\12_~,.{, c..P '2-S"/.MP, ~_§""!,; F~l· ) blow~) 1.. " __ ... 2._9, 3S. 21:. 

\O•I~ VFP '3 ~I .. Vc.~, 15 •;, c~. IS •; .. M.~, 5 "/ .. t=~-vF'S., 7"/, Dv"''-' .(... \ t!." 

.::>.; \.\.!..:...~, :. ~od~ ~o.-h4_: <..~re.Vc.\) SA-- R - ;<_ <--.:.-;-v-<_ ....._ ~ l '? ' ' 

A, ~~ ~- lpo...-J>b-'•:hL t c,.p\,.,c,_._.....;h,·._)_ lt<":oo I GL.-tt:-lt..td. 1-to IL ..,.., l!~b..\l 

f.2_c,.--cl) A--:;,A - ~d-(._ .,_,..._,..;Lb_ .,.....,..__k_ ..f~. HtJU ·-- 5li~~} .,..{'iPt>"'5ot 

"' J '"'"'lei bvcr\.A.o'V'I _;__~ +La...~ pv..(.Q·~ <;.eo.""""' p )-< _ I fJ., a{•u:•!? \.... .f V"W' cJ ..-il I 

sv.......h..t.-t of c-'t.o>h " vs L.t,-\-l. J. "-LJ I"''"' h.lt!c. ... ,.t 
(vv,L,) ~ r-lt> t""--""" ..... , 10'4 t-1-t...l ..-~<.-~I:.J.L.~=a/1 I I . . 

1,00 Ac\.J') lo'z_;{._." uf '&~ <tl) 

lo'L'/.__" • •o'z.·/.._""' ~·£. h 

\'"'1~0 (".(...!l.u .....,-LJ J,.; ll 
'-'> 

A_c.I..-\-{J. ...., "30 · S<.J .,._,..,I 1-1. () +o"\ ...... \...,.: { .. \855 .sL-1 Do-
,..\ .. ; II ; '-"'-{ 

" 

~~. h.-LJ 
'312. <JU'B 

M · Medium S. Small VC - Very Coarie C- Coarse F - Fine VF -Very Fine __ Standing Water A-6000-021 15-85! 



c~c-- \ <• r 
Dc-.."t~l L ... ·cH-1<-t 

" Rig well Number Compuu~r Number Project or Work Order No. 

DRILL LOG AIFZ~ART 5V£-'f \I"V~ j. 0 "- L-~4- PNLLJ lf'-:~7-
Date -z.__z_,,,J Oepth ~A Subcontr,ct No. 

'1-1>0-BB DM'-'J)""(~D ~ 2-.S , To 1/....S. ~.A 

T<n~l Oepth Orill Wet/Drv LITHOLOGIC DESCRIPTION Time Drilling Comment$ Ca$ong Method Sample % Each Grain Soze. Color. Roundnen, Cilliche, Etc. , 
- t~ I :>o '1'"(~.-~ ........ r.O ,-! , . I I , ·~ 1 

' Hr...---e-1 d.; II."-; . ""'''·~ " d ............. \.---1. F''P~ 

-\\....[t..-. . ,..t ..... ill,........_ "" 1 ,..I~' - o ...... l'-1 ('~ L L-1 

4 .. cl" ; v ' (" ("..-. '> < v-1 ··- ?_' -
' 

\000 L-t..~ .__L..___A \...o It (p lh ') 

.... , 11·"7 c..\J f>•<>b.~ \.IN' 

No·\-1.._,:,._. IJ,.J,<[~,I 

,., \Oc.:>S p ... t+,---1 ....... ~pl.\. 'P"" 
:S ..... , 'T 

1.5- 't.':) w 
:10 """-..) f'.'\UDt>Y 5ANb"Y G.RA.'-Jf'_L: 78'/, • 

'" I 
IL.\ ., .. !.~ ... A [010 r .... IL.,.:....., ~pi· l·s.~....._ -... -

B 'I. ,_; \\ I r_ I t• . e~/o VcP (I"- "\ ~~o.o-......-) nM/_ Cl="' 6],_,/1"• "' "., 

?_C::•J.!"-1 "'"- '2 •J.r:P i<• vr-P Z '/- VLC., :!>~/~c.'> h.,., A> D..-.. ..., I-- li~·· 

3_'1 ·s.v~s . !','I, "'' il_~c ] ... . f>t>o.r I • 1 "'o.?.r~ .ul: (,~.;-.;.vll\ 'R~o" '"-..-._.,I ta·· 
. 

r. I<-.!>\--A.- SR' ~0 ......... ~1\ L.'---""'~h •. '· ('0-_eL·. d 
. 

• ·-. 
1.~'"1+) ""Vv1 <-l---c.. J. __ ..,... .d-t.- s.tA:"' Teo\_ 1.. .I- •• pi t•-'\1. ~-r\AA ~ 2 ' 

(;<..,d \ A'~ 

. 
,.v,;-(~1 ('o......, po~ ~ --\---r....,____ ·' 1 :\---s~">"'"'-/'...SJ>.. . . - I , 

wJ- ("'I Dv' ol "', ~'f'S/3 ' ·~o r' ·~ ~· 
10~/~ ~ICI I, I ,f ...ur-~ L..__~l 

''"''""'"n\,,.\<.\tr) ~~~" ,, 
REMARKS: 

s-cP A.~LJ 
. . 

<=) L'?'J\RS 

f' r-..;,., "'"""' " "---<T~.o ' "'"- .. ··-··· ' " ,.. ~· 



m -... 
N 

DRILL LOG 

Dr HI To1al Dep1h Mel hOd Casmg 

~pq.--.-

' )!::>-',!_I •; =· r.--, .,_, 

,, 
~I!<."HA.k'T 

Rig Well N"mber IComp,.ler N"mber 

-e.~. 1-2v-J t-•"'•-1" p,·~L•I 

Date D~pth ~A 

'l/3o I fir) .... ,..__, .... ~ ,- (. '' 
II'"'. s' To Z-(o .s ~ 

Wet/Dry 
Sample 

"' 

LITHOLOGIC DESCRIPTION 
% Each Graoo S1ze, Color, Ro,.ndneu, Caliche, Etc. 

,..,_vPDY :">A"'-'-Dr' <:::,R~-vc-t-=--.J.!! '~c..,~.:..-<!\ 2.0 ,< ,.-_..,_) /O···· ,I;{ 

c\c.-r 5~/y SC- ( ...._..luo..,__ \.;. ~ .... ~ '-l) 3.'!. \1(. P, "l{)' I~ C.P 

15 "!. , •.. q, '- ~- FP I -z._ "/ • .J F P' 7 'f. VC-S. 3"1. L.S., 8·t, MS., 

'L-'1. F!>· \JFS. ,o·t~ s: I+ /d -~f'Q .. l, S.<>,~<-"'-

(o...,..&o.u.(..l) ,.. ' (.. "' \- ~ ~-· - ........... \:, t \ ~"- "'"'~-1 ...... ; • . I 

"I b,..._.<--lt-- 1 ~-'-.:.rh-i ~(, oo.-p-l,.....,..-;4"\-L ~ 

l...!>_c.- .... (1) "·'f:oA. N \><.4---vlt_ o·f .,.- 0 r_1L -f..-......,;.> -

.J .. w ""-.b . ._. i- l ~ -I '.(_ ( "'-. Cl...t- ......... ~ -\,..,.. ........ _QV<--Y. 

,;.~~ r- It t " (_ --( , I f.> \ C::· ·- \ ~ ... o. ,. ,.,_,_}<- I~) -

,..._,-.(_+ c.olo..- - olo...:...C, 5Y 6/;s ; No ..-,._...., ,..I •o·J~ 

Time 

·~ ... ,_, 

\-"~-' 7 ,.-( 3 

Project or Work Order No, 

I I<;':$ 3-Z, 

S"bCOO!r&CI No. 
~A 

Drilling Comment• 

T'="~l·- ',p\,-{- ~pc.r>-

bl,, ........ jt."·-- 25.52.52 

d....-..... <..__ t b .. 

.,-i'L<-~<_...,._~1 \~'' 

I aool'- .,__ \...\-,., 

\ ..,-( ~~; \---'>p~":'" 

l _.[ ,_......e-~L .. J '-'·"~.1~ 

::.tn.·· -t ~·-.: ... !._,_ HLI ......... ,~!..c>l,~l'- t--<t~ L>...,IA~A e.'r· .. \ t!>"c.___......___.i_ 

sJu-r· 
Z.,'2~l!.!5 I.::.YJJI·I 

REMARKS: 

D . Drive Barrel H · Hard Tool 

to's" ~ s·, .. "' m·t.~ 

I D.-. II'< +~i"IL· W1, 1U-L ~.I- r;•c. t { Y' tj ~w >R_,~ .... ~ ,\ .... I i, 

MUDDY .s.A.ovp'r 6~-...._..__.FI 1·...-..-cY !:J""''..::_u< j·lb:5sjt ... k ~ .sf. I;\ ·-.,p~ ...... ~ 
lodl-<v ~o.-t '(_d ~-L,. f,JV~V- <;.c:;.L._..I':»l(_ (:> ~~ ~· "'-~··-' 

' 
2D'l, !0--e. ... ,-, In'/. ;o;.;!ljclr_,1 ·. 15"/.cP, 30 ',MP', {5%FP, 

L - Large 

o•t. "'~ P. :3 •1, IlL"'- . I ''/, C $. 5 • J, MS. II •t. j::,S • V F S. 1 I 0 • I, ~, H { ,__1 ... 1 ; 

DDO"- 'Vvl~ 

M • Medo"m 

5()tltd .. <_.:,'~'.-,.!~') A-IZ ~ ·~'"';1~-~1'1 >12. 

S ·Small VC - VMv C::o•ne C · Co~rse 

'Sf p A_j_J 
0 I so /e-B 

F • FIM VF - IIPrll Fin~ 

117 o{l 

I.Rlo ........ ~ /L,"~ 'f5.3,,S-3, 

I h.-ov<.. \B" 

LfL~_~ov<---r(~ \6! -· 

('..-L,, r ~-~J \.,0 [ t <N \ 

\\.3 \o-...,....p II NV 

...,..,{t.._; .... '\ cL:.I(.I<d 

- StM<linn w~tPr 



m 
~ _,. 
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DRILL LOG 

Total Depth Dnll 
Ca1rng Method 

' . -

-

REMARKS. 

" n.; ..• ""'"' ..., u"'"' T~,.,r 

yo- ----y.- 3 ~ f s 
,, Aig Wall Number Computer Number Project or Work Order No. 

1>. liZ >-1 ti-r B.f". 2Z.'N L I=' "'t - p~ •..J L <-( I I "5-""3-L 

o.q lo,o l BB OJo.J"'-J t.£.:,0 
Depth ~A Subcontract No. 

2&.5' To ... - ~A 

Wet/Drv LITHOLOGIC DESCRIPTION Tima Drilling Commenu Sirmpla % Each Grain Size. Color, Roundness, C~licha, Etc. 

1.<.."..1- r~v-... ,d.,..,-.....' ................. ll • "'to~~ !,. , ...... vt............- ,...,..,)._ 1- L .. .J- .. ~ 

..... .,~ l. c,vc.v~~ -1-t.,~ P'-"t..u • ( ··~·> .(:",....._:;__ I ,{ svLt-,~ ' 

i~"~ p~.(V• 0...._,"\ A.. SR. c-.o ·•~ ~; ... ;(..\_ <to~l • ...._..o-f.,_·._ l .f ~c..~\.T_fl H•'-' lr)t. 

~<~ c ... l ""'.r 6Yf>f3 a/:ve. - ND ''"' ~ 0 '/D 

_t-ILL v~~vf;d~\-~ 

C{..Lt.,..!'-t..d. Dl•v 101 24'~·· b-t.-low lc..~J -do I ''"o 
'"\1\0 -\-· +l.;~ lc -1-l- :5 '(I.DV'-1 S!.l-1-1-5 +vv<.. _sle-+:t... 

l1 '-t 0 ,Z,__,v_U d.-;ll, 
' 

~~ ?o r.Jv; \- h. ;[ /< 
' 

13- ..... ,'l<....d 

C.L.t ,_~ci !>/w @ "l..S 'r/' !, tl Oc.) ! .... J- ... ~;II 

c.l..<...l.t ~ 1\A""' cL~ l~ s~.l. •r- H .. <. " 
. .J.,.- .... , sl~ 1- ;, T cl-," 'I lat...! •u~ -,I ' - ,, 

\9 ·oo S Lv't- bo~ 

AM-<J ~ 1-/)·10 "'.l, 1-1 0 1-o ~.-,,~, 1-v.Lu. 
I 

s+ P ).,_J_j 
') ho \Bf'. -- -- -

'"'~ M. Mnrli"m S ·<:moll vr v~"· rn""~ r. • r.nMSP F Fin" VF VP'v FinP _ S!An<iinq WMer • ~,.,,.,,., n·" ·~ Q~• 
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~ -... 
"' 

DRill lOG 

Total Depth Droll 
Ca••<>g Method , . 

REMARKS: -
0 - Drive Barrel H. Hard Tool 

'' .\ 

,, Rig Well Number Computer Number Project or Work Order No. 

AIRI-l ART \::" .. L . :' _•v.J L-1-L\-PNI '-1 I\ R ~s:z. 
Dale Depth NA Subcontrlct No. 

\0- "Z,- p,p, 1::-"-' "-' r v'-.n 31 s' '• ,, ' NA 
Wei/Or~ LITHOLOGIC DESCRIPTION Tim& Drilling Comments Sample %Each Grain Soze, Color, Roundneu, Calictle, Etc. 

D,d I .J h 3Z-' ~I 
'L ,, f C>P~-....._ \.,.. 0 1-.L . 

WcJ<v '"' s\.w\· olf . C..oVL{_<_...- ..... ~ ~L.JL., 

j.l,., e.-\"- I,, I+ Cdt5-Lvt L.ul " V<-U- ~-c- ..... r-1 ) 

,, 
"'"' {lq u; ~-"-vd - ;{ so - d 0 ~.I •~Jr ..... t 

j., i ' . 
CDvt"li.1V{ rlv, /I, "'----•, o•C -r-•'s \L ' 

i ~.~~l- {_ v (_ 0 V\-'1. 1-1-1 "'vt ,· ( t-t_,.t, ~'""""' b.tJwL!-....., S.-<.__ f" LV- ~- ·<..._ 

OAu;.f, vS. I"' sl-v",Jul J.....-111-{_...--::, i~ {. k<... 
' 

-spl;..j- SPooV'l ,,, .. ,.. -r; b ,;,_, s"Lt· >nco, 

lbO b\o~ / E>" 

"<Y'/ {..; ~ k-1- \ 

A p f>,_,._VtA""' V( of :<"~t:> I. J, -.c..pc>Ovt S'l.· ~3- 1 

spi,~-~DOOL4 

SO.II'It>\J 
' ' -::. '• 1: e )<, -:f>o ~r .. ....., I' I'A~o<.\-vi·t 

' 
~ ,. \ '~ 1'\vtl.I.Jl Is. - '\.11.1"'''';,. " PVIIMI>,....L \'"{ .S.; 1-1 

,, :;,.p\,011{ c.l., I'··~~). 
~ 

c..\. LL iu.-J Pi"> Q "2-l.. 'D'/l_. !;;> .. _ /<' "'-' ". _,;l~l; '· \""'.: t;o 

1'-< ~-w.,ul. T ,<-1,~.-lc.-1 J..-:11 ~ ·5 /, -- ......... L,;, ~( 
):r! [ i ,·__. __ # 

C..L..c. IA.Ji. A ('>\Ji"' ~" I " ~ .. _, y I , t l'-1 n~ 
J -

sJ,. .() ;,___ u 
.. Oo·\3 ieo:l' 

L - Large M ·Medium S ·Small VC . Vary Coarse C. Coarse F . Fine VF -Very fine __ Standing Water 
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DRILL LOG 

Total Oeptt. Dnll 
Casong Metl\od 

' • 

. 

REMARKS: -
0. Drwe Barrel H. Hard Toot 

\"-~-·(\ -:_ .. i 5 

" Rig Well Number Computer Number Proiect or Work Order No. 

/1- \l? H 1\ lT'\' 5-F-77.\JJ 1 c ll- F't--.1/_ tl \ \ P~ -~ .. .-t ... 
Data ""'" / ..J ·"' 

Subcontract No. 

I D-3- BB 0/'---'\J.-)~ (,fJ 
:-.>' To 35' ~ ..J ,...__ 

Wet/Dry LITHOLOGIC DESCRIPTION Time Drilling Commenli 
Sample %Each Grain Soze, Color, Aoundnus, Calict.e. Etc. 

1'1 0 s R,~,) ,L II.;_ 

No\ t\v;\1,~ ,,\.,.A ,{ t ;:,< ' 
\).{_v' /f(A~.i J, <4"o 

' c\v;li<t ""''1'-1 lo c\vtvt C Cl'. S. I V'J\ --
o- l, <-~~ .,_,~,_' c-h -,, ,_,L, ~ t \, I '; hu .'.__ 

(!10,-lAJI._ -
'-;' 

vJ\.., I' Jviv,.;__, CV''<VV\ - M·hu~ L 1, (" (.... t.. t.A.-<: '--

(iJ ~ oA' ' r\, v~ l \-< ..- l>/_1 o(Vt\ v-.> ' C..tl - . 

ov1 0(: f-o...-wtP.-l. ~ 0 ...,. <j I 
.':"> • 

Ho3b 12 .t-.~ .............. {_ J ,Jv;\lov~ 
J , 

D...-: II, v .... ~L _f" ltV 

?vtlul \,; 1 "'j rl L,. I ' , d.vk. hlvt/~v04 \5'-05 S.l-~l>~'l c\v;/1;--c 

r I"'-' ·~ 
b;l I : s,..-1<-0 +~•ck 1,\vl /~v(<, 

vel. c 1--t I( J,o ,I t.,;,, w/ II. 7 p .... "' hL.- ~r 

HNU-V"Io rt c,._c/, ~.--u., -

'"'''"- p...,.j,, ·- I, J . <:Qoo, 

, 

15·-~o -r ..... k..~ ,. I ; t -"- ., ... 

I Rio~-' h'-. 1'2.,18,-?o 

- ~P.LU 
,. I" \w 

, . . '"""- . ··~~-- ... --~---- -- -- ---------

L . L•roe M . M•rli"m <; • <;m~n \f(' \fMo• """'" 
,.. r""nc.-~ I' r·o--
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r~~ ~ ~-r s 

,, Rig Well Number Computer Number Project or Work Order No. 

LOG AL~I--lb.l2_-r 6v'j"'""' ~V-•i.- L~L-\- f"NLL4- \ H~_3.2-. 
DRILL 

Date Hw Depth Subcontract No. Nl-. 

1o·~ e:.e ,;q' To 3~ ' "'" <> ........... (, '·' 

Total Depth Dr~LL Wet/Drv LITHOLOGIC DESCRIPTION Time Orillir>g Commer>ts 
Ca•mg Method Sample % Each Grain Size. Color, Roundr>eu. Caliche, Etc. 

' . [1:,o ,_,_; \<.<\ L•' 3 -L-.,. 

C.\..-...crk..-J "''"' Q ~/)I:; •• l,do..._. I~ _J 1140 

P,!.,, < 37' 'at-l 0 ....... 1~---J 

n&o T .::.17_ ' 
'ol ,L ' '" ., 

..., """·"- It, .. .,_ 2. -~ . 2. ~ "' .SPt_l-r-

~w-~~ 6-P<>.:CU w SAo-.Jb ~ \00"/. \J~.S.- ¥S ' ... .,_._ ..... ~ .. v <-v"1 v-'t..ll .$&..- 1-..-.-1 \SOO 

- <"-<->'--""P"'""-"1 
_, 

t.O~/~ f, ~ <t.h-v.-.:.l ~ lo -_~. ..,_.o-r~·· ~·-· .:..--. 
m 5 • ..J ,, -~-',' Ul c.~,.. .. <-< • .- +L.-. ,__ f' ... (_...,,~ .... , 
~ 

cl; s-l~/clv ~c.~r-'· - Dpf?£""-~i I. l~ -=.c..____""--

LH ... lu,'1 (,l •. l "-"'~'"' . - h- L t,_, l, '"'·· \ ,-( . 
LV~,_.,_('-"•~ ·•I ,J •• 0 tL l="""v~.- ..... h..-- e-r-r-L"'-·~ '· I 

b• v.; ... ~ ... fl' t.~ ,;. "', ....... - I 
' ' 

' ' 

REMARKS: 

~ .p A-W 
\QI'-i l~>e 

---- ·-- - ------ ----- - --

n n.;,h .,,.,.1 l--1 ... , •• , ...-~~· '""' 
.. ,.,,., ___ _ "' ~--·-" ... ·-



l -· ·: ' . 
' , ..• .,I 1: lc ·-·." --,, Rig Well Number Computer Number Project or Work Order No. 

DRILL LOG Aii:;,/l~R( Bu~-r~'"',; r .. ._ u:: '-I . F't----IL~ t \._;',:-;:· 

Date ']"}_....) Depth "' SubcOiltraet No. 

ltl-~·<'/f? o-''-''1 (.-• >9 To "'~ 
t ,, 

Total Depth On II Wet/Dry LITHOLOGIC DESCRIPTION Time Drilling Commeou 
Ca11ng Method Sample " E01eh Grarn Slle, Color, Roundness, Cahcha, Etc. , 

IDA 2.G 'LJ· :!:/ • L·l""" \c. ~--1 (F-~<=-f•< \ ' ~-" ~-r .... c ~-
,, 

··~ I<> 

N.:r ~< 4-L...s ,, ~ s ·~;' ,_. ~ ~ ._ <-- ~ '\~-'·v-1.- .. -'\ 

i•''""~-~~c( - t ,_ I . ,_ ( 2-i.o'<)'/ .. ") --rk<"< .-. ~ p<>o.<~·t-.L .. 

~-~~~~~ ... ~· ......... .., L- • -~; r L .•.. , • .,; l ,, \ ' .. 

L Yn~.t-.-.:-1...._ ' ~"' \c, ,,_ • ' ·v·.t'-'1·' ,__.,~ v.·• ..- 1 ~ ,,_ ,. '<> 

' < 

I, <.I. C- ,.,.._ ~ I. ~- I I • '-"'1 '· - __.. "-- \ ~- .... <. ; 

_,,,I r. .... _,.(,~, ..... ,\ 
m 

L. ..... ~~. . - - ('<'~ r. .... ...._.--1 ,..~ u• L._ "- l__ -... 
"' ;, po>,.;hlo ~--

,_ 
d._.., lo ,~. '"' - s•l' 

-,. f'-) ........... ,.1 ...... ~ t-- ... ~ LLI, n".t.-c .... a..~<.r~--\ 

,._ J.f(~•<•-Cl 

L:>--;1\-<-~"> ,.,.__....,._ -t 1... A.a..-.~~ ... -\..._ ~ ·~. '· ·~ 
p._.._.,_._.,r. __ '('· 0~"$.0 11'--1-S . 

.\v P•~'-. oO 
' 

l.' ....... ~ ._,.,___, '·-~ -< -o.-t.llth ~ '-I; J,_.._. .._ ()-~:._.__..~ 

M.lr..,._ ... .-.t-1'4 D(B '-· ~ ,,..,\ ~ t "" .. L., I ( 0 =H. c;, t ·< l.'. ,.,J 1.-.•. I \1<:-U 

I r:,<• -' : -" \,,.._ ' .J l. ..:> l--c ~I Nd. )< "" r_.., I '?>-1.0 (~·- ~/) 

REMARKS: 

k ... U-'5',9 
. . ' q__i "'I I .;F; 

0 . Drive Barrel H · HArd Tnol L · Lar<lP M. Merlium S. Sm•ll vr.. ""'" r. ..... ~ r. . CM"P F . Fin" IIF . \lp"' FiM <;r~nrlin., 1'>~••• 
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DRill 

Tot~l Depth 
c~smg 

' . 

' 

REMARKS: 

/)- /)rov~ A•"PI 

LOG 

Droll 
Method 

H · 1-1~•-1 T· 

, .. , 
t· ~-.--d 

·.• " . " . 
" Rio Well Number Computer Number Project or Work Order No. 

A1 Rr!.C...""--1 n .s. n~ l c ~t - p >-.JL'~ \\e,~.z_ 

Date Depth I J f- • Subcontract No_ 

\0----t-88 0•-'•.-1.:.: (. ,, ~r·~ PI~ ·, ,,,.J To u"-
Wet/Dry LITHOLOGIC DESCRIPTION Tome Onllong Commenn Sample %Each Grain Size. Color. Roundness, Caliche, Etc. 

!I.A.\.~ 1\ ... ( .-." ........ : . -., , L.ft . ...._ \ .{ q· .,..\: ...... PvL. to;.·_ ... o 

' 

r~<--L 4 0) r.:- "- •- <!- '-l.l' ~-~~~ .. ---- . 

\0' ,I ~\~"t-\,c\ [>VL ~ L-" .. .____ l!o .. t •• { \ 

1£J. ,.,~_. .. .. I Pvc. c .. ~. - .,:....t--1 ,..._L .. \. 1-. .::..c-1--.-, .. J :".,....-

r.Rb. tOo c_.., ... p ?.~II"' I Q (,~- ~ <.. r..n. rl 1-1 -::r 2 'l.o z.(,-- 7 I ) 

\ ,., "" ~ <. t s' 0 1.--. ~ ~' 1o I' ,-\ ~~,~-~'----

5' , I r v:.: .::..:.. ' '' 

T .. \: .. 1 •\ .. p-vc • 35 'I,.;/., .• 

f\. ·I ·ll rl I \<'"'0 '" j,_ .{ 
'" ? (l 

{ o\. ~ .. \ . ._·..._ ._._._.l ~~- ~''). IS: 'i5" 

-?_..t[.___,l •• <"<--""'", L ~'1 'II,, 
. 

o}, - cl ' l"l 'g .. h t-1 .......... l.:... ...... cl t. ·.tO 

' 
Actcl{_cl I 100 l!. ""' "' { 10·20 ~---d 1o "Z.!.. '1_, ., /1.,. ·. I?,..-

p.,,,_,} . 
L , .. 

(' 0. .... 7 ••(." 'i'. ·> ... L.._\.,_ l ... ........._~( 

t:>/~c. .... ,J ' z.r,'z·· t,. .___ \ ....... ~ '" ._) 
\L:z.o 

AJJ,A ' '/}__ L '-· .\ \0" 2.c1 ~ ...... cJ \n w' t~'' 

Pv l! "l J ~" 1, zs' :'> " h~ lu '--' I", I c (. .... " t. . .._, n 

D /,,._. .. o\ . ,. S.~: ! .......... I c.-.~.,9 I ki"·S'-' 

?>'(,_ I;>. 'I" tO·~D 7"'- ..... j ~-P. A'-L+ 
~-- t ... l4 !SZ, 
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DRILl lOG 

Total 
Depd• Drill 

Casong Me1hod 

' . 

REMARKS: 

D • D""" Barrel H • HM<I Toni 

" Rig Well Number Computer Number 

A1~Ht:>..R"1 ,. .f 7_ l- ,,.,_~ ~....-~~t. 1"'1'--·L-·1 
Oa1e Depth 

":>-S-5!3 i>..J ._, (__ { '" 

__ ,,..., 
r.··--' ,., ~ --roO•> To 

Wet/Dry LITHOLOGIC DESCRIPTION Time Sample % Each Grain Soze, Color, Aoundnau. Calict.e. E1c. 

P.,lt-u! f .• {c.<. ' 
. 

1. 15 ':-;. .. L... I~ .... t .._..__t 0 "'7 "!>c) 

r>J~~_j- c l ;; . r-. /,, .. (,(_ (., ..... [o _,.9 q,-1 . ,.{.,.J\.·) o "1 <:;.o 

G ... ,'""- k 1.:_, ~t z·· '-·' \.- 1. ~· Ill~ ·.c<:..- -·) ,-,757 

~<'- .Ji • L-1 ~· l •. '\ I . 

o~";.·> 

A.l .I. .I 'I, 1."' I" I . I f: -- ~.,,.! 'j., '1. ••• l. I , , ., ' I • ~ 1 Of$'-/ C.., 

oj p<i(,j, - 17'" L. I·· •. I< • ) 

~· :i' </ -, 

P"'tt<-~ g'' 
C"'~••--t +· 1'7 . L. ·' \,~_/u~~ [. --d 

P(;•f 11~ 4 r... ::- 11'~ ,. l.t fo·- I <-- ,,.._Jj 

Arlcld ·(, "'··< kt t 17.: - ... ~[ '/·/ ,. Hff•ll 

1--\rlA {,1 ·r, [.., {,, i. (-',,.' .,, ./ J. ? r I ~ /13 p• 1~ I 

' 
P/ "" /d·. • I I,' t- '' 
. ' •' k,.J ~vlftd " " (, I L ' 1. \., 1..,,_, ()<l ('l() " ; (· ~· ...._. 

D/pt/1, j., "- lt-;.'5' hd.~ t..J 
AJA,) '{, L~,.l. i F.<-~-"..! -~f./ ,.!l,j; I 1'>.'4'' '" 
1\.'d,A I ~;,,,(ird 13 ~. "'} •(,,·1 ""• (/i ,.( ~ 1 .. I'!. I I • r~os 

P .. ,tul fi" .·~ ~' "''', I' t "I ' ., ·' \~, I~ .... _) \o.J "" 10 

3 \,oJt-k"-h 'f.t'' pdl.d--s 

L · IM"" M · ~~~<llnm .::; . <:...,.u \If"" """' ,.~'"" ,.. ,..""'" ' 

r,___..L 
' 

.> t 2--

Project or Work Order No. 

! I & ':';."2.. 

Subcontract No. 
,A 

Drilling Commenu 

- ~.e,,, 

..,l. 1~1 .:::.. ull•- '. _,) 
! 

[>~, • ...-. ... , .I ,_I L .. , 
I 

51, -I'> h..i....J 
\'?'\S\8~ 
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DRILl LOG 

Totil Depth Drill 
Caoong Metllod , 

' 

-

REMARKS. 

0. Dri~e Barrel H. Hard Tool 

' . \»~ l .. 

,, Rill Well Number Computer Number Project or Work Order No. 

AI R.HA.R--r NO rt l L"' LF '-(- p!VL-"f 1\g~z.. 

o •• Depth 
~--

Subcontract No. 

\O- b-SB P f"VF \.-fl P' ov "•·.IT To ~~ 

WetiDrv LITHOLOGIC DESCRIPTION 
Sample %Each Grain Slle, Color, Roundness, Caliche, Etc. Time Drilling Comments 

-
"d '/, L. ~-- d -- s~b..............,v.s.;~l< ~ .... .........rp 

o11l-- p .... ,.._._r- ·-
b..-f- \. (,.... "' t::>Jw .. 'Z-t:.' t.. '/,_ .. l,.._j ......... DI'Z.o 

·~ . ......._' ...._. 

\.:....,..cl i'c- ,....~\ {. < tZ.S qp.......__ 

.o...f 1--h' "' .. --; ........ 
. 

DJ~r ~·~·JJ,; 
,. 

t~J .......... V-)...._~-LV Ll...:.:....-\B ~·- 01~0 

\ ............ ~1 ( ~- cL~-•· \ ?'- ....... ., ....... ~ ( .. 12-S. C...p""-. 

Aft..._.,...- ov-o·~ " D/w ' 7 b·~·t~. 
.. 

L~ 1 .. ...._. vJ--.1-...._....- .c.... I<-"'-....__ 
~-- 07'-1"1.... 

I ... ......._t1 (~u c Lc .. \ - 0"'1-lL. p.,......_,::::. .H 

J., 
. . 

t>/v>" A{l,.""'ul V!..t ·.,v.._r' 2-o ""''.h--· z._~,o'SVL'' oe,oz. 

' 
b~ 1 ........ \. -J 

p ........... p-td ;7S "' .... l I "........._._ \-\co 

. 

~* -"'· k ..l_j 
,_ L~ \ eg 

L. Large M. Medoum S ·Smell VC • Very Coarse C ·Coarse F- Fine VF . Very Fine __ Standing Waler A-1\nft.n O,:>J f!'i-FI!'il 
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WELL LF4-PNL5 



osanene Well Completion Report/Title Ill Inspection Ust 
'.ac•hc NorthwftC L~bot•IOI"It1 

ProJect __ ILJI~6~2:.1Z..::::... ____________ Well Number ----------------l 
Location F'c?RT t..€wt4 Temporary Well Number L..r-4 ... PNt.-c;, 

Driller l>Ac:212 et- 1..-V 1?"1"\C.€. Coordinates ----------------l 
Dnlltng Co. OtJWc:r_,o DI2.1HdN<:.., • c.a '· '"-.//< . Casing Elevation 

Geologist ~ .P. t-.r.t2H~'2i Ground Elevation ----------------1 

DRILLING METHOD COMPLETION DATA 

Rotary Air ------- Mud ------- Drilled Depth __ -::;o:zii!.."--...,.---------~ 
Cable Tool D o/- ';35 / H ;3:S / -31:::/ Completion Depth -..111!. ~~~S·:._t:.._/ _________ _, 

Dnlling Fluid --------:--------- Date Started \0- S-Al Completed \0·1~ ·96 
Other------------------ Static Water Level/Date %.W • 4 I lo-<.-66 

CASING DATA 

Type' Size 
--~PV~~~~'~k?~~~~~~'~i~e~~~) _________ -~~~"~b~·~~~·:.__ __________ to ___ ~ ___ ,_~_, __ 

-----------------------------------------------to _______ __ 

--------------------------------------~--~to ______ _ 

Approved By ~~ A. C k Date ta-l, -M 

PERFORATIONS SCREEN ANNULAR SEAL 

Type _"-c..lu1 b.ll..---------- Type 4 " ~lA · <St.o1'~i1) PVt.. Type Interval ., Volume 
Length \~.)' \O·?b ~0 \lr.\ -~'5-7 w.<J(., ~3 Depth Schedule 

----·----- Slot Size Z..O ~'apn:f'SL.'r;IIA·t~.r' \·Bb H' 
----·---- Depths "l... 2./ . . 3S • 7 ' · \36..1r. 0{~ 1 '-11.4 1 S.&.,S -t~ s 

------.,....---- CQIOJUl~'t"G:. o'· I' - .c,.(, ·H!. 
App. By ~.,mDate \O-b-~ App. By .sP~Date to-7-eB 

----·----
App. By---- Date 

GEOPHYSICAL LOGGING AQUIFER TESTING 

Sondes Interval 
I'-1A.T. 4A.IM~I>r.._ __ l_' _ . ,3.£:,/ 

Date Type of Test ---'r-J~A....;:.._ ______________ --1 

I e;,- !cz ·a B Length of Test --------------------l 
-------- ------·---- --------- Volume Pumped 

-------- ----·---- --------- Drawdown --------------------~ 
--------- -----~--------- ______ . :._..,.. __ _ 
--------- ---------
Approved By :E&L ( . k Date __ ..J.:\o~-='-:..;:-...lMOZ!i.Z_ Approved By 

OTHER APPLICABLE ITEMS 

\o{S Steam Cleanmg ~UProtective Steel Posts * Storage of Const. Matenal tqfl.J Safety Paint 
~ Tool Lubricants t-1~ Straightness Test 

'.2.Jz,J Concrete Pad 1 } !' I~ Well Development 
Approved By ......;:€P""""''-~;....::!:"""-'--l.,__ ______ Date \t)-Z..I -Be 

Revtewed By "1)~ Vu' AI~ Date 11-8'-'lt 

E. I 57 

--------Date------~ 

W/1... Downhole TV Inspection 

!!A Well Abandonment 
rol~ Complete As-Built Diagram. 
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Project 11so2. Well Number 

Locat1on 82Q.T ~~'!:! Temporary Well Number U:"-t-t::>Nt..b 
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Cable Tool D o ' ' 1.o , H ~"- ~g' Completion Depth '!:.a •• ,. 

Drilling Fluid Date Started ~g-1\- e~ Completed to- Z4 -8A' 

Other Static Water Level/ Date w.o "/ I0'\7_-es 

CASING DATA 

Type, Size 
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A·11100· 1117 43187) 

E.l75 



0Battelle AS-BUILT DIAGRAM 
, .. ,fie Nonhwftl Ubor ........ 

Well Number L~4- PN L..b Geologist S-~ - b..\ 1:&! \-\A'<T Page \ of _L_ 

Reviewed by _))~. 'e===.:. . ..L.YwJa..:.~~~.:~.~~==------ Date____,_!..:...!_-...~~.-?-....~· 5?~"5"'----------1 
Construction Data 

Description D1agram 

Depth 
in 

Feet 

35 

E.l76 

Diagram 
Ltho. 

Geologic/Hydrologic Data 

lithologic Description 

A· 1800-188f3t 87l 



-.. :. 
-

' 
. 

' 
.; 

. :. : i : : .. : 
. t 

• • ·
-

•1-··-
' 

•1
-

o~ 
I 

i
-
-

. 1 

. 
~
 

-
-·-

--
.... 

-
r--:----, -·----;-· ---------

. 
•. 

I 
. --,l ~

 
t.~::·-·-

.. 
~~~~ 

. .4.1 -
r
-
-
-

-~ -
-
-

-·--· I -
. 

" f 
k -,e ... " 

" ·-r-.-·· · ··--'--
-

-
-
1

 
-
-
· .... 

I 
'r

 
... 

-
c . 

-
-

.., 
. 
~
 

-. -
·-

-· t 
~ t-

! . -. ' 

i 
. 

i-
..... '. 

I: 
.. 
·t. 
f I 

.... ! 
. 

Cl 
• 

-·
-

....
. 

1 
. i'--

ll~
~
.
 

-r·--... , . _.. 
. _ . 

!: 
.ti 

.>
----';.. . 

t. 
1-
~

: .. 
-

.
• 

r --·
-

' 
• . 

• . -
I 

• 

-•
~
 -..!.!!-

-~
 

1
./l--. ='-

:_~r------·.. 
. ... · . .--.. ·,·.-

,I 
-
:
.
 

-~ -
' .. 

-o
r .. • 

-~-
~
 . . .. 

-
! 

. . .. 
.. 

'-

• .
.
.
.
.
.
.
.
.
 

t 
I 

. --
-
·
 ., 

-
.
.
.
.
.
.
.
 ..,. 

. 
. . ·-

~
~ 

·_:g ~~ 
~.-: l' ,-:~:.-tf--~ -~t:t :. 

:.~=:r.~ ·=~:--
~--~-.; 

;f
. ~ 

----
x

-·1. 
Oir 

o
. 

-
-
-
-
·-

-
·1

-
·

A
·-

·
·---
~

: 
-
·-

·-
-
·-

-
-
· 

:
·
 

·
·

· 
-;:::; 

u
·.i•

-
O

t•--
·-

--u
--

1)(·-.. ----f-*
-----

....... : 
~I 

.. ---
--

~ 

-<1 
L

r 
-II-! --;.... 

. -
.. 

.. .. 
-

.~
L
 

-
-
-
-

.. -
-

r'. 
II 

-· 
•

. 
=--7.1 :5--I~-I!--7

f-+---:P--
. -

ill 
-
-
· I --

. 
-

t 
I

. 

. ~ 
l

!-
j~=-i'l--). _:~ .::Ql.= .-

:: :...:--:-= 
t

f\-~,,___._i -----~~~"""----j~...._~_
-..,.1_' 

·-i' ~t-:.u:.=-:..~
1--~ -~~ ---T=i

-' ·== ----_ . . ~ NV .. ,. 
:l
~
~
 : 

.:. o.l '!i-=-&:t:·:j ::.. . i .. --~
~
 ~--

-
-
f
-
· -

-
.

. ~.. 
; 

I. 
:: ..I_JfJJ_ ! : 

--~
 

:(;--~'1-
-
; 

"
C

I 
'

&
t

. -~
 

•·
-

-
~
-

,. 
., 

.
.
 T

 
-4 

..... -P
-
--

I 
-

. 
c 

.. I -
-
·
 

.
. -

I 
-

u, 
.... , .. ... 

-:l
r -a 

e 
. , --· . --

'j 
y 

>:..· 
-

.V
. I 

.
,
.
 

~
 

-
-

fi ... -
. . 

. . -
I 

-
:
1

 -~
-
1
 ...:~

I . ~ 
. ~ :-·j ~

-
: -

-
I .... -

I 
~
 ~
-

-
. 

,
a
; 

. -
71! 

·
-

... -
1

-
-
-

. 
· · --,-...-

-...-·
-

S
 

-;t 
eft 

-c 
• 

l 
· ! 

· 
I 

-
-
;
-
-
-
-
,
-
-
-
-
;
~
~
~
·
~
-
-
,_-_-__ ~

·-·_-
-
;
_-_
 

.. _··-
1
-
-
-
-
~
-
-
~
-
-
-
-
~
-
-
-
-
-
-
-
~
-
-
~
-
-
-
~
 

! 
. 

j 
i 

·
-

....... . 

:~~ .:.:::::...::-_.:_ .. __ · ......... i -~-::_ =· 
--

---·1
---

----· .. 1
------· 

-
·-. ·_---:_:_: ·.:-· ...... 

1..:.=
-
=
~
 

:.._:·_'f---:
t
 .. ...:. 

_.:_.:Jt-----
-

f.----
-
-

-
-!-----

---. 
.. -

.. . 
·-

-
·-

-
-

l -
-

-· ... -
-
l
 -
-
-
f
-
-
·
-

. ----1
-

· . t -
• 

I . . 
r .

• -
-

-
---! ·-

-
-
,

-
--

. ·-
. . 

-·-
-
·
 

. 
-~

· 
•
•
 

. 
,

. 
. 

• 
I 

• 
. 

•
· 

_ 
• 

• 
• 

• 
• 

• 
I 

t . -
' l .

. '
. 

-
.
 

l
-
-
-

I
.
·
-
-

-
-·

-
-
-
·
-

·
-
-
-
-

9 
-
-
-
·
 

-
·
 
•
•
 

I 
-
-

· 
·
-
-

.. 

t·-
-
---· 

! ·---· 
..•

 

i ··--
--· 

r.-==. -
f 

'
-·--

v
. 

, ___ 
. 

1·-" .J. 
i I 

• 
I 

. . i 

. 
I 

.. ··-
-1

 
• ---

t 
• 

-----. : . : : ! 
. 

... . 
I 

. 
. 

... 
. 

I 
.

... 
, 

. 
. 

. 
~ 

. 
i 

... , ' 
E.l77 

I I ! . 

. i 

.. :1: 
I 

; 
-

t I 

!. .
. ·I . I I 

-~
 

,-: ., ' 



f'T'1 

....... ....., 
co 

DRILL LOG 

Total Depth Drill 
Casing Method , 

. 
5/ t:> 

REMARKS: 

0 - O rivP. RMrel H • HMrl T n n l 

DA~~<",-'- \..VOT~<.f 

By Rig Well Number Computer Number 

,AIR._/ t:>-RI Sv<- 't"'vs.. t::' .,.. ~ .<._ L~ t-1 - p,_JL,. b 
Date ·z .. .-z-""'"' Depth t-J" 

U#J"""'-'':: C,.u 
, I 

IO-II-€>f> 0 To 7 
Wet/Dry LITHOLOGIC DESCRIPTION Time Sample % Each Grain Size. Color, Roundness. Caliche, Etc. 

S\-" c. ......... .:...\ ... c.."' ._J A~ . I I "' ~c.. t~.....,\("to\11'1-t.-t • 'P'f:>( 
() 

l C.< o\nt;;!>\ ... 0~ P" -<-!.~ .~:\ \ . u~·~ C.~-<--'""~ -p.,\ 

fM ,, ~oor.\ C\vc..J~ C,vt,.t.~-( \ .. , \ ~ L.,: c .... - · \ • 

M &~~viS L : 9<::> '/. "\. ........... ..\ s~/. s ... -J • .... ,.... ,.; \\· - I ~~oo 

'~ 
\0·1'. '\IC-P I \S'I.<:A> I 'i:, 'l. M.P. '!;o ~ • .;:; P '2-o'./.vrcP !. ~...,."e.-c.. \~:OS 

\'1. c..s. I •I. lAS· V~5. s. .,, & ; 1\- ( ... ._~~ c.. lc...&. ~~ ~. ~·-J 

"'"'" . ..:.. \ - Mocl. ... .. l .... ~ ( (, l> .AVt L..\ -=-.-....- '!!:.'C. ~~ ... "\-J. . 
do--.J,_.,__ \- \.., 01\A&.. .( ' ~ - ... : c.\_ '"'"""' (. u .. \. { s ........ cl\ A- S.bo... 

w 

- c;o·'· -. ... ~·.._ 
. 

"\"'C...'""""~ ..... so-/~ e. k. . .. ~u<..... ~ ...,.o,~\- L-•\ Q.,. 
' 

ol•~-c... SY4\3 I>Jo ., .. "'"" ._, 
... -/. t-1(.1 v-r~~o,,o(-.. (,J 

, 

l-lo \ • \c.~ (I>~ cc: ,;,:~ G,) ...... t.' - e..dJ.~ .-c...~•""-f ~ 1~:\c; 

~ \ I 

'""\<..,. .... +,~ ~ -r-..... _c\ C.i"<! \.~I. <. \ ' , ..-L ....... l .. { r ~' ...... \ I~\ l.u 

@ ..... ~· \r,J . L ...... I "- '"'-Cl 

tJ.., t q~ tJ ,:..., """" cL. \o.,l'-\t. - 1': "' uc. '.,. Cc ~"'(. l~IU \ ( J("') <-</ - IY ~IS 

f, t.v...,ovul "'" () , . ;\)t~ - w;ll 'S.d tO'' ~~- \-~c. c.,,,"v-.r 
' ' 

.. 

- -- ----------------- -----------------------

I . t ~,. ,....... . ., .... .._ .... ;, . ....., C' ~ ... ~ .. 

\"'~ I .f 3 

Project or Work Order No. 

I\ e,.->"2:.-
Subcontract No. 

tvA 

Drilling Comments 

B.,.,..._._....._ dvd\:-T 
. 1 

,..Jo \ .._ •. s-t.J,"""' <-•.-J 

dvy o'- ~·- 1,. c:;.v-.< 

VV'Io,'s\ @. 
_, 
> . 

l""oo"-. V~.A•• ~~,~ 

!.."'"""''"'~ ' 

J>...del~ <J'~" of &''cc...;...., 

lo.JI .slo~ . 

--

~p ~~ 
to I\ t · I 6'; . -..... 

-
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DRILL LOG 

Total Depth Doll 
Cao.ng Method 

' to' "'-

15'"-1'' f e" 

IS D 

REMARKS: 

0 . On~e Barrel H. Hard Tool 

\'" --v- " .< 
,, Rill Well Number Computer Number Project or Work Order No. 

Atr:!.~J;>.RT B.E- Z..Z.v.J L-'rt.-1-P""L.b 1\~';.l-

Date Depth ,_, .... Subcontract No. 

lo-11-88 <> ............. £.Lo<.> 7' To I,; ' ~" 
Wet/Drv LITHOLOGIC DESCRIPTION Time Drilling Comments 
Sample ':11. Eac;h Grain Size, Color, Roundneu, Caliche, Etc. 

"' 61ii:.O."E'-'- ~ A o ~ r~l \ ~ ...... ·---' &. ~ ..... s.;\~ ~ ·~·<; ,.J.._.,,,.,\ .. .., 

~"/. S'-.. <"~l~l """ I "Lo ......_......, \ lo ~"~ VLpo. \~'1, C.P ~s .,, MP' ·~,.>.._ \,\, 

?~'/. ~p n-'/.v~P s·"·"C'-. s•1. c~ s ~, ..... s L.,'lo t;:_s..v'F'~, 

5 ¥ • .. ; \\- ' ( l"'"'"'"l o;.,.t--r.A) {_6.R.e>-VIi'.-L-\ 

L-Lqh. M~ Sl2..- 11:._ ' '"""" '--41 .,. ......... """"-!...+.,:,_ •., IL-(._ ...................... \. 

(._~ ... -....b.) - - ;o'"· 41\-:, ... ,·e-L ~o1, ......,.. ..._.{~ .. b.· ~IZ .J ............... 

o..Abl"i. .(.. ...... \ .. ., ol,,:;.., &-r 413 o-30 .. ..._.... _, 'o· . .-. 

'"~' ·- o I; ol--\:- .._J 

lb<>O A.Jdul ~· .. ' l L' t'' .:f 

e" 0-""'~ ' I S'4 '' 

11::>10 ll...t .s. ..... - ~j 'D~: II......,.. 

L-"'-"'"1.~ "'HI• (i.S-30c.w..- d.~~~--·1 (f) ~ 1'2.· I~ I II.. ~>o 

' 
c.~k..J \...\ L ~I \0." • 11.1 ,,_, t>- ... >3\..4-s- t-\/JV ll.o't5 ' 
•o l"l~[>......._~L - =o..p p .r Ci'\1- c\ < p-\L I -,_ ' 

I 

' D -=sl~o-"f'T" ~A ..... c:,.y G.R.~'-'~ \..... t:.O'/., "1,.-...._.«-- I, "'ad'"/. _J n;zv ('A.,,.J,-\-........ ~ 

lo "/. :-.,; tt . 
5'/.c..P ·IS'/.. 1"\p '1.5 '/. r-P 15'1~ VI='P t .,. -.IC-~ S.O....-pl---'1 {._\, -

1'/. t:.S 3•1. MS \o'l. r> \S'/.VF~ tO'/,. :-.a I ~l. ..t ... j 

~f> /J_-1 
10 \--t_o \ 2:.8' 

-- ----

L . Large M ·Medium S. Small VC - Verv Coarse C • Coarse F · Fine VF • Verv Fine ___ Standinq Water • rf\nn fl'>< ·~ nr> 
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DRILL LOG 

Tot~l Qeprh Drill 
Casing Mathod 

, 
3o't~" .1 e,' 

' 

'Z.S" 
SPL! 1 

!,.l>r.· N 

I ¥4'c/', ... 

REMARKS: 

~-

0 . Drive Barrel H. Hard Tool 

l?-~L L J2 g 

" Rig Well Number Computer Number Project or Work Order No, 

AtR~IA'g_J B. E.. -z_z..,N I <'" <1 PNLb t \ e .. 3-Z-
Do• o~"-J v.J E { ,<J Depth ~A Subcontract No. 

lo-rz..-5'13 '~0' To ~s' ~lA 

Wet/Drv LITHOLOGIC DESCRIPTION Time Drilling Commenll Simple " Each Gr•in Size. Color, Aoundnen, Coaliche, Etc. 

0., :;.d kid,;,. '6 ., .• .,.f 8 • ~ 
' I 

Z.'-1'11 " ' ,, ' . 
~ 

-4-Sl::~ob· 

0'9'-t~ c.-~c.. ,~, 

0<) .... 1, !2." .. ~ .. --•. .J ~t-: n.c. 
• J 

tOtS ~ .. tf, ~ -~ '"" \ ~, .... - ~ . 
-N 5£>-NI:>""'f 6ft. 6---V~ L " b&'/., .......... _ut_..l' "52"!. -;,.~ _.{ ~ .,. ... : I.J. ' 10..., T.lu S-,\:\ ·<,r.ooo..-...... 

c; "/, vc..F" IS •1. <:..7 15 ··/. M<P · ~· '/.: o:<P"• V~P 1'0•/, V'-{, 13\ ......... ,.__ ·• .... k) " "2.,:;> 

Lo'/. l.$, S'/, M ~' z ., F<!.· vfS, "3 '/, ; I~ ' r,., •• l, <.,~J .. J \ T::> ........... _ If':. 

(r.l%.1%."'ft'l O,A ~ p '-'•·'- -' 0\.A.. ... -L. .... I ,.__J) 
-~· 

g I I " "L-_,,, ..•• ·<· {0 ... 0 -+C.'-' 

!')o't, b .• i._l So'/, ...... f.·r _,i c .. I ..... ,'} (, v".._ s.,.. 'f I J. """""'- ,\ :::,~I.e.. -1<• 

V"'-~Soi~J~..l.<....cl · - ,._,()T r; ·• c,.: 1\<{ ... : ...... J.:c..c.l ..... ~ ool .( st.,.,_. 

·\A 'S ( { "" ... ,,., \no'!. o{ • ~\ .... b._. I) • .,,.( ......... <. ~ I.\ .r 
~"'"~-il - JAM .f. .( c.r.l.~ I ,· ..... ~"'"r 4 :e, ............ ,.,.(_ J._.,Pf•f ,/ •• j 

f ' (, 1- ... f"><>U'-
. 

~ 1. r ·'' t .. --l·h~ ' '• . .. ·- .... - ..... 

tO: o4 0 f<.-t:.~-..(J .,_ .. 'I.-'< 

[()'. ss. I>.JJ,. a• .f 8".:. ... 1.• 

'SD'I.. .. \--4-1"" '34- ''"'" 

~l,>. ~ 
tt:>1-l?.. t i; e-

L. Lar"" M ·Medium s. !;mRil \/~ "~·" ,..,.,,..p r r""'~ F "'~" 
.... .,_ .. , .... 
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DRILL LOG 

Total Oeptl'l o .. u 
Cas.ng Method 

, 

REMARKS. 

0 . Oriv~ A~rrel H · HMrl T""l 

f";l' y • ( 8 

,, Rig Well Number Computer Number Project or Work Order No. 

f>-.\ R\-1 ~e_T ~c n..o I.-I="'-( - PN L b tt85Z... 
Date 

0"-'LU£(,<-> 
Depth ~A Subcoouact No. 

\o~tl-!BS 30' To ' 2o NA 

Wet/Dry LITHOLOGIC DESCRIPTION 
Time Drilling Commenu Sample % Ea.c:h Grain Size, Color, ROtJndnen, Caliche, Etc. 

Md. J .~-.. .\... 1\o~• -;.{.h~ .[ ~r' .,.\ .... ~,_L. ~o 

""L ( -fi...,.,L. .:~' fL.-'",\, A\ . 
A-oJ ~&;.I I s.c_~·w ....._ 

~.,4 .. ......-..- co. . b .. ;.: " 7 ''-t 

\0' ~{ <--~-. ,_......_ ~~v~l.,~ (!o .,\ .. 1\ !'-(>'·~·---

5''/-+'' '5LCt. ....,_ .. ~ ,., ~~ ·• -~ I " d-1\ '!l.(VJ' ._ 

z_o'I/.Jrll rl).j, 
-J 

~-· • H 2. 'I- .. • f 
~·· 

"t.o. \--I .j .. pvc- ' 
~--"3 1 I 'f.," (-~" cd .f{ \.I.-) 

= ~2'9'1>-!'1 T .. ·h:~.l N<-

A.f~<" •• 14' """- ,_ \.... .. ! ... t-J,.~<J {L-1 \.,.o 1\<> 

' • r L. .. I..: L.._-~. ....... u::i vp ~· 1· 2..'1''- ,, - (,'--~I .. ,., ~ 

C>.l£.-'.::.1 ~L:" ....! .... I L. SL. ~ ,.\ ,l .. •,LI- 1,'"'"' e" 

' ovl ol L. ... l .. C&<~r . pv.::_ (,-:.\..VI_,....:, Cp ~I { ,, ' ., 
\.tr:, .. -..-< • I r 1-, ·- s" r.:.,,~' 

e, .......... <-J eve..- -\..-,,........,_ L._"' t ! r::" "·"" .... 
t . II , 

( ~ ·"·' ' '..._., 1'-l·.co 

S-~1~ 
.._~\11-\ Bf.J 

IHr"" '~ "9rlin<n ~ """'"" "" ""' ""- ,.. ,.._ • 0~ c 



DRILL LOG 

Total Depth Droll 
ca,ng Method , . 

30 
. H 

~ 

~ 

00 

"' 

REMARKS. 

D . Drive Barrel H- Hard Tool 

f" ....._~ ·' 
c . 

> 

,, Rig Wsll Number Computer Number Project or Work Order No. 

P...tt-:1.1-IA r;.':O ~~-C "2 "LLJ Lr~t- c-o."'JL.l... ! I :;. -'">Z 
Date CIV..._,I(.o Depth 

, __ , ,_, 
Subcontract No. 

lo- 1""2-- 0'6 3-o'., '" ~0' I -I A 

WotiOry LITHOLOGIC DESCRIPTION Time Drilling Comments Sample % Each Grain Sou, Color. Roundneu. Calichs, Etc. 

/D{sn'>p.\-,~ .4 ~· sc. ....... \"" 1 ...... l-c.l,_ < '-- @ \1.:55 

"" "(..R.l:>. -v~L-l.'"("" "'~~ 
. . -:!..'!"/, """'-'I I ""to"/~ 5-...._._cf \"f~:.:t\-

·t ·;, MP b '1, f=f> "Z.. 2.-- "I. V<OP {.o'/, VL'f. L,"l • .--s... ~0 "'· ....._s, 

ro·t, rs- v._:-s. '•/. s:u w.o,-\ - I"" . p-,..,, I ~c.- I'( J. 

{6et..v"£LI ~ IJ~"'"- 1>--- s.A .-I .. ~~ ~"~ \V'. .. f: ... '" 

NO A i.jL ls.<-~..-1\ A.-~A ...... i" "' cl (, \ l, -

v<-~y c t.,. c:. ... L ... -A 1 .. ..-l-.;,·1-,~\ ... ;ll r ,, J,,' . 
v.-.co....,~olic\.__~_.{1 ( L i "'-.N: ~~ 

No'T( TL. ~"" ,..._._,-,. I~ ~0' ~·1 1,., Y<.f>"'t!.r~~•~'-1 

.I 0.• • t -< • ~~ .. I .. c:. i ._... r ( . I ,,.__I c. '> \-c.~~- \ .... ~ 
~.A VJL ~" L L.,J L-. .. c. '" rl ""' W' rc. ' • .~ 

. 

<>I. ><~ ,\.;1\, '-' :. t1 .,. ,I .... . . .. '-D'' " l'-1·-so . 
~"- ' ' 

D/fS' 2'1' c;'J, ,. L~ !,.___, I c.. .....__d 

R,, I n.c (<J L 1)' ro·· Lt 1, .. , I. __ ) Is: Z-3 

~P/0.__J 
\.,._J, !.--I 3~ 

L- Large M · Med•um S ·Small VC - Verv Coarse C ·Coarse F ·Fine VF - Verv Fine ___ Standinq Water • rn"" "~' "'<>~I 
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,, ,,, Well Number Computer Number Project or Work Order No. 

DRILL LOG 

Total 
Ca•mg 

' 

REMARKS: 

Depth 

I ~~t'ut Yo~-. 

Droll 
Method 

pcud, 

~••:>H ,._,_ r,r !::).'. ?~-'"' L. r..· • I r··- .l L.t.-
D•te 

\ tl - I ·1 ' ,, " ' 
od·-'-c:,o Oepth . ,,, .. To 

-~ ,.., ' ' '.•. 

Wet/Dry 
Sample 

LITHOLOGIC DESCRIPTION 
%Each Gram SJZe, Color, Roundne.s. Cahche, Etc. 

P- 1\zcl ~ ,, '-"- ~' 1-. s' L.. L,r .. ~ \.~.J 

D/ Pdl~ Jl. F" ' . . I I I i -, :s ..• "~ ... --.W 

J\J.e! ~ ;I ' b-~t-'L.L~ '{y" F-k~:-t l, _1 -.! I (,J._ ~·J -· p"' •.I...._J £1'' :.::: . ........ ' ''.:.•' t~ I., .... I -.. ~ 0 ' ) 

'P/ .. ~ l\. ~· I . " 
0 ' 

\.. .• 1 ... ., \.__~,\ (I;_ •.\ "-' I "' ,_ 

fo-..-_\,f.,_c\ \ so 11... t,.f>.-\ _-,-r ~ ........ ...-.. r,/~"'1 o. ..... -l lj__,,j 

rl__,_ .__.. 1, ., 

?-II...__.( ' <:; • ") • ' ' I I t' ~ ! ' , . ....., ~. -' ' .. ..__ , __ i .... 
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APPENDIX F 

MOISTURE CONTENT OF SEDIMENT SAMPLES 

The information below shows moisture content data for selected wells at 
Landfills I and 4. 

Well Number 
LFI-PNLI 

LFI-PNL2 

LFI-PNL3 

LF4-PNL2 

LF4-PNL3 

LF4-PNL5 

LF4-PNL6 

Depth, feet Below 
Land Surface 

6.0 
10.0 
15.0 
25.0 
30.0 
33.5 

10.5 
15.0 
20.8 

5.0 
10.5 

6.0 
II. 5 
15.0 
21.0 
25.0 

11.0 
16.5 
21.5 
26.5 
31.0 

5.0 
10.0 
15.0 
20.0 
25.0 
30.0 

5.0 
10.0 
15.0 
20.0 

F. I 

Moisture Content, 
wt.% 

2.42 
5.93 
4.63 
6.98 
5.69 
7.87 

4.58 
5.73 
8. 75 

8.24 
5.68 

2.22 
3.37 
6.44 
8.40 
6.88 

5.00 
5.57 
5.35 
5.43 
4.01 

3.87 
3.25 
3.27 
4.79 

13.27 
12.75 

3.61 
2.58 
3.00 
4. 77 
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APPENDIX G 

WATER-LEVEL MEASUREMENT PROCEDURE 

This appendix contains the procedure used to measure water levels at the 
new wells near Landfills I and 4. 

G.J 



Introduction 

Equipment 

Graduated Steel 
Tape Method 

OATEISSUEO: 7-86 

13.1 WATER-LEVEL MEASUREMENT PROCEDURE 

Water-level measurements are taken each time a well is 
sampled. before it is purged. These measurements are taken 
as depth-to-water from the top of the well casing. They 
must be subtracted from the surveyed elevation of the 
casing given in Hanford Wells to obtain the elevation of 
the water table. The water-table elevations obtained for 
all wells in the sampling network during a particular 
sampling ·episode can be used to produce a contour map 
showing the ground-water surface at the time that the 
measurements were made. These contour maps can be used to 
help characterize the ground-water flow system and to 
ens4re that the sampling network is adequate. 

Graduated steel measuring tapes are more accurate than 
electrical tapes and so should be used for official 
measurements. However, an electrical tape can be used to 
determine the approximate depth to water. 

The following equjpment will be needed: 

• steel measuring tape with attached weight 
• blue carpenter•s chalk 
• a copy of Hanford Wells (PNL-5397) 
• electrical tape 
• engineer 1 S measuring tape 
• field record forms. 

Chalk the 1-ft section of steel. tape below the zero 
reading point. 

Find the elevation of the measuring point an: •e estimated 
water level in Hanford Wells, or use an electn .. tape to 
find the approximate depth to water. 

Lower the steel tape from the well•s measuring point 
(marked with paint on the top of the casing) to the 
estimated water level. Note the amount of tape that 
the well by reading the tape at the measuring point. 
value is referred to as the uhold point.u 

is in 
This 

Remove the steel tape and chetk the wetted portion below 
the zero reading point. · 

NOTE: If the cha 1 ked portion is not wet, repeat the 
procedure, but allow more of the tape to go down the 
well (i.e., use a greater hold point). 

Add the unwetted length of the chalked portion of the tape 
/ to the hold point value to obtain the depth-to-water 

measurement. 

G.2 

SUPERSEDES PNL·MA· 580 SECTION 13.! 
ISSUE DATED: NEW 
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• Electric Tape 
Method 

If the chalked portion is not wet, repeat until the water 
level is marked on the chalked portion of the tape. 

Repeat the procedure until two steel tape measurements agree 
within ±0.05 ft. 

Record the depth-to-water measurements, time of measure­
ments, measuring device, and the name of the person taking 
the measurements on the field record form . 

.. 
Lower the electric tape from the measuring point into the 
borehole until the buzzer and the light indicate contact 
with the water. 

Mark the electric tape at the measuring point and identify 
the nearest graduation on the electric tape. 

If the water level is deeper than the nearest graduation 
marked on the tape, add the difference to the depth identi­
fied to obtain the true depth to water. 

If the water level is shallower than the nearest graduation 
marked on the tape, subtract the difference from the depth 
identified to obtain the true depth to water. 

Record the depth-to-water measurements, time of measure­
ments, measuring device, and the name of the person taking 
the measurements on the field record form. 

NOTE: This measurement should be used only as an 
approximate depth to water, because the electric 
tape is less reliable than the steel tape. 

DATE ISSUED: 7-86 SUPERSEDES PNL-MA- 580 SECTION 13.1 
ISSUE DATED: NEW 

PAGE 2 Of 2 
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APPENDIX H 

WELL LOCATION AND ELEVATION SURVEY DATA 

This appendix includes 

• results of the 1988 and 1982 surveys of the existing (1981 and 
1984) monitoring wells at Landfills I and 4 

• results of the 1989 survey of both the new (1988) and the existing 
(1981 and 1984) monitoring wells at Landfills I and 4. 

H.l 



DEPARTMENT OF THE ARMY 
SEATTLE DISTRICT. CORPS OF ENGINEERS 

P.o. aox C·37ss 
SEATTLE, WASHINGTON 9812.4-ZZSS 

~··L. Y TO 
ATH~TOO~ 0~ 

Geotechnical Branch 

March 7, 1988 

,. 

SUBJECT: Ft. Lewis, Washington Landfills 1 and 4, Horizontal and Vertical 
Control for Existing Borings 

Mr. Paul Eddy 
Battelle Pacific Northwest Labs 
Battelle Blvd. 
Richland, Washington 99352 

Dear Mr. Eddy: 

Seattle District has completed the survey of existing ground water monitoring 
wells located at landfills 1 & 4, Ft. Lewis, Washington. The survey 
information is provided herein. 

In reviewing existing information, our survey personnel disclosed a 1982 
survey of the wells located at landfill 4. Information from the earlier 
survey is being provided here; the wells were not resurveyed. Landfill 1 
required a new survey, that information is also attached. The well casings 
associated with landfill 1 are in very poor condition, consequently all 
elevations are on 2x2 hubs placed approximately 2-feet from the casings. It 
was also discovered that wells 1 & 2 at landfill 4 were incorrectly identified 
(numbers reversed) on the map provided to you in our meeting of February 11. 

If you any questions, or if we can be of further assistance, please contact 
Mr. Mike Bowlus/NPS-EG-H, telephone (206) 764-6744. 

Enclosure 

Copies furnished: 

Randy Hanna/DEB AFZHEHQ 
Fort Lewis, Washington 

c.r.s,~ 
E. T. Bailey 
Chief, Hazardous Waste Mgmnt. Sect. 

H.2 



LANDFILLS l & 4 

FT. LEiHS, WASHINGTON 

WELL SURVEY 

LANDFILL l 
(19S8 survey, elevations are top of 2x2 hub, coordinates are casLng center) 

WELL # ELEV. !) LATITUDE LONGITUDE NORTHING EASTING 2/ 

LF-1 302.46 47.4.11.24535 122.35.18.85152 640125.080 1479594.900 
LF-2 302.14 47.4.02.80571 122.35.18.83797 639270.330 1479573.200 
LF-3 296.77 47.3.52.69644 122.35.16.21592 638241.710 1479727.540 
LF-4 311.46 47 .• 4.01.82937 122.35.11.32028 639157.680 1480090.810 

LANDFILL 4 
(1982 survey, elevations are top of casing, coordinates are casLng center) 

WELL # ELEV. LATITUDE LONGITUDE NORTHING EASTING 

1 224.69 47.6.49.98508 122.36.05.55298 656287.351 1476791.728 
2 219.19 47.6.53.18160 122.36.28.23885 656652.944 1475231.875 
3 238.79 47.7.06.21637 122.36.06.17757 657932.344 1476792.355 
4 235.93 47.7.09.37644 122.35.44.09606 658211.757 1478327.455 

11 234.79 47.7.00.66870 122.36.04.44537 657367.306 1476897.139 

1/ NGVD 27 
11 STATE PLANE COORDINATES ZONE 2 

H.3 



Date 
ROUTING AND TRANSMITTAL SLIP 

TO: (Name, omce symbol, room number, Initials Date 

1. 
bulldln

0
~ 

2. 

3. 

4. 

5. 
Action File NotEI and Return 

Approval For Clearance Per Conversation 

As Requested For Correction Prepare Reply 

Circulate For Your Information See Me 

Comment Investigate Signature 

Coordination Justify 

REMARKS 

·concurrences, disposals. 

Room No.-Bidg. 

U.S. GPO: 191&-4!U·247j40002 

H.4 



Fort Lewis, WA 
well Location survey 

Landfills No. 1 & No. 4 
Seattle District Corps of Engineers 

For: The Department of Army 
Seattle District Corps of Engineers 
Contract DACA67-89-D-0003 
Work Order No. 2 

Horton Dennis and Associates, Inc. 
May 22, 1989 
HDA Job No. 8371.02 

H.5 



FORT LEWIS WELL LOCATION SURVEY 

Horizontal Control: Washington coordinate system, south zone. Established from 
United States Army Corps of Engineers published control for 1987 aerial mapping 
project. 

Vertical Control: National Geodetic Vertical Datum 1929 (NGVD 1929). Also 
established from USA COE 1987 published mapping control. 

Explanation: Horizontal and vertical values were established for the center of 
existing brass caps at well locations. Vertical values were established for the North 
Rim of the existing PVC well pipe inside well casing. 

H.6 



SEATTlE DISTRICT CORPS OF EN61NEERS 
PAGE 1 OF 2 May 22, 1989 

RMA 
WORK ORDER NO. 2 CONTRACT DACA67-89-D-0003 
HOA JOB NO. 8371.02 

FORT LEWIS, WASHINGTON 
WELL LOCATIONS lANDFILl 1 II. 4 

WELl NO 
PNL-1 

Lfl-4 

LFI-3 

PHL-2 

PHL-3 

LFI-2 

Lfl-1 

PNL-4 

lANDfill NO. 

COMPUTER NO 
136 

139 

142 

143 

144 

146 

148 

150 

ELEVATION 
306.47 

308.66 

311.45 

312.59 

296.90 
297.69 

296.82 
298.37 

306.30 
307.74 

30~.11 

303.48 

302.63 
303.64 

303.19 
305.00 

NORTHING EASTING REMARKS 
640370.6733 1480403.3561 BRASS CAP 

TOP PVC 

63915B.6144 1480090 .B904 BRASS CAP 

TOP PVC 

638242.6336 1479727.4028 BRASS CAP 
TOP PVC 

638284.9083 1479184.65BO BRASS CAP 

TOP PVC 

638634.4298 1478867.8439 BRASS CAP 
TOP PVC 

639271.38S7 1479S73 .S343 BRASS CAP 
TOP· PVC 

640126.0797 1479594.9728 BRASS CAP 
TOP PVC 

640611.7SI4 1480157.4493 BRASSCAP 

TOP PVC 

NOTE; BRASS CAP IS A PRESET MONUMENT AT THE WELL SITE. All ELEVA­
TIONS ON PVCS ARE TO THE NORTH RIM. 

H.7 



LANDFill NO. 4 PAGE 2 Of 2 

WELL NO. CUMPUTER NO ELEVATION NORTHING EASTING REMARKS 
LF4-PHL-4 233.86 658162.3213 1476174.4060 BRASS CAP 

235.72 TOP PVC 

LF4-PLH-I 103 236.22 657439.0119 1476136.1599 BRASS CAP 
237,82 TOP PVC 

LF4-11 105 232.06 657397.1543 1476813.5658 BRASS CAP 
234.05 TOP PVC 

LF4-PNL-2 107 238.22 658639.2226 1477139.2425 BRASS CAP 
240.48 TOP PVC 

lf4-4 110 233.96 65820 1 .8046 1478294.0279 BRASS CAP 
235.41 TOP PVC 

LF4-PHL-6 114 229.55 656714.1107 1478619.1314 BRASS CAP 
232.19 TOP PVC 

,57"1>1. :2.~ 1475354.90 
lf4-PHL5 120 235.12 .e••••u•n 14756B1.e2~5 BRASS CAP 

237.46 TOP PVC 

:4 
lf4-,Y 124 217.32 656696.7966 1475242.6166 BRASS CAP 

218.27 TOP PVC 

I 
LF4.,z" 129 223.31 656276.4394 1476795.1897 BRASS CAP 

225.37 TOP PVC 

lf4-PNL-3 132 244.37 656576.2639 14779S4.7651 BRASS CAP 
246.59 TOP PVC 

NPie: C.o:tz:\2:e;C .. "T"to~'So fl'lf).OE" 'PaR IJ't.9.~ ~0'\v..NtCALit>~ £,o.l,I-L);- -=lOAN 

S~~CAFa, U.:$. -t """-~ ""a<&•....,.,._S, :l'u>'E: 1~1 \989. 
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APPENDIX I 

DRILL LOGS OF EXISTING WELLS AT LANDFILL SITES I AND 4 

This appendix contains drilling information for older wells at 
Landfills 1 and 4, including 

• for Landfill I 

• for 

well 84-CD-LF I 
well 84-CD-LF-2 
well 84-CD-LF-3 
well 84-CD-LF-4 

Landfill 4 

well Fort Lewis 
well Fort Lewis 
well Fort Lewis 
well Fort Lewis 
well Fort Lewis 

#I 
#2 
#3 
#4 
#II. 

I.! 
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WELL 84-CD-Lf I 
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,._ ''-"~'''"" '""' o• ....... 
•• •ouo. COOl< ••cow<&• """ ooooo•<> NA 

0 O<N•N OOO<u<O 1&10 &oc• rlA. 
' ....... Ot"'" •• ..ou 60 FT 

.... ¥ • ., .. DO~TM . • 
0 

-, 

~ 
~ 

"--= : 

~ 

......... . co.•n.,teo""" o• "'''""'"' .._ ..... _ 
• 

(Loose to very dense), damp 
to saturated, sandy to very 
>6ndv GRAVEL, locally 
slightly silty. Color of 
fines is yellowish brown 
( 10 YR 3/2 to 5/4) above 
water table (30 feet) and 
ol>ve ~ray (SY 5/2 to 6/3) 
below. 

1.5 

UYOOK$ , ...... _ ·- -- .. _ -· .. _ ................ ..... 
• 

S-4fZ 

S-7J>< 

...... , ··-

' 



-

,,,1'"'"""'" '"""' ""'' H<>l"; :~. .JftiUING LOG (Coni Sh•• 

-•o !"'""'""'""" 'I-" -, 
~ z,..,., 

Y. COOl •o• oo ........ 
""""'!CAliON 01 ...... ou.u ltCOY· ....... ( , ..... ~. -·- ·-· ......... " 

OICOIA"0H ••• LI<>IICI ·--· ... •o --· ~ ... •I .. ~-~ . • ' • ' ' • -

" (Loose to very dense), damp S-8 12; lEI 
-

to sawrateo:l, sandy to very 

- s~ndy GRAVEL, lot;ally I~ I 1::-
slightly silty. Color of -
fines is yellowish brown lEI F-- (lOVRJ/2 to S/4) above I= I .oater table (30 feet) and 

~ I~ olive gray ( SY 5/Z to 6/3) S-9 E-- below. I~ I 
_: I~ I 1-

l~i'"' ..... 
>0- ~ 

-
S-10 If= 

-' IE 1 F-
IFI -

-' ~I -

Hiedium dense to dense), ·S-ll ~ lSI 
-: saturated. slightly silty, I,____, I b 

sanely to very sandy GRAVEL ,,,,,, -: 
!nterstratified beds of -s i 1 ty SANO and s"ndy GRAVEL 
at 55 feet. Color of fin!$ 

60- j i~~1es from brown (7.5 YR 

~ b I~ . to yellow-brown (2.5 Y 
S-12 '" --

-: Bottom of Casing at 60.0 Ft. E-Sampled to 61.0 Ft. 
Completed 5 November 84. 

I - Note: I'-6-inch 0 steel casing was 
advanced during drilling to 

I 
-: 

a total depth of 60.0 feet. E-Water levels are for date I 
specifieQ with casing at I --

~ 
depth indicated. Upon 

I 
I'-completion of hole and after 

installation of PVC screen, --
"-= 

casing was pulled leaving -
5-foot length 1n place -
below ground surface. --

- ----
-' ------
-: -

-
- ----

so-: ----
-' --

--
-: -----
-: -

--
EN~ '!"":RM 1 1)6-A II'R /110 1•1101/ ·~· ............. - ~-~ 

1.6 



WELL 84-CO-LF-2 



o;:!l.LIUG LOG !'"•'·'"" ; 
'~uocCt 

(;,-,,v rirld 1.111dfill • Jl3~5-05 

" •AoourACTU~·~·· DUl<OUToOOO o• OOULC 

• """'-'~" •c•~c• ~~~A~• 7obS~b I el .J.~~-f~'"rn -~~~•l•·u~uo l'ldl<lt'd50il Drill in~ 
o ~oc<iOo •a·---••-""'' .... ou ••-LU """": : 

""""-"' 84-CD-LF-2 

' ........ ••cc<• 10 TOTOL "u-c• CD•£ 000£0 

Lao·rv Gustin 
' O••OC """ QO •0LO .... ~ .. ~ 
OD•u"~''- o•~OLI~CO ..... ·-·--·- '19 Oct 84 

IT. OLI"ATIOOO tOO' 00 OOOL£ 

' >oocuus co o~uou•oc• 

' O<~" ""'LL<C IOOTC •oc;c " 
to. •ouc """" ucovo•• •o• '"~'"" ' 

• fOTOL OO~T~ 00 "OL£ 6C FT 
.... v ....... "'"'" ... cuo ceo.'"'"""""" or .. u .. tAU 

, .. __ _ . """" .... "" UCQ". OOOOf'LI 
........ , .......... __ ....... -.... . • 

0 : 

~ 

--: 

-: 
-:: . 

10-:: 

' ~ 
~ 

• 

j I 

~ 

"] 
j 

_j 

I ~ I 

_j 

!>Oi 
1-:: 

--: 

. • 
\Loose to very dense), wet 
to saturdted, sandy GRAVEL 
to very gravelly SAND. 
Locally ~li9htly silty or 
slightly cooOly. Color of 
fines changes from darK 
grayish brown (2.5Y 4/2) 
shallower than 5 feet depth 
to oale ollve (SV 613) 
below five feet. 

,.,, ., ... --~· ~ .... 
1.7 

... ""· . . 

S-3 ~ 

S-4 ~ 

s-s ~ 

S-6 z 

S·7 ~ 

_ ............... ..... 
• 

·16·oo~• l•nQin 
Como nil 
S.n1onote 
Sun~eo S•al 

lO·IOo! long!~ 
cl •·one~ "' 
Blink A1 .. 1 
PVC ~IDI 

5·1oo! leftQ1~ 

ol 6·tncn "' 

s•••' c .. '"" 



Ot':llliNG LOG (Coni Shool)l'"'.,.,. '"' 00 
""" n .. :~ ~·-- t:'_l!c:"11-1 r:- .. ) - - -· 

-•o 1_., ..... - """ < 
·- 00 2 """"' 

Q. ...... OC.OI!()HCif-11~ "COOl oo• o• ....... ~ 
nt•Al!()H ·- "~~ 

•leo• ~ ....... ro..u~, -· ""'" '·"- ..,,. of ...... _, 
"' •o .......... _.k., .... -., 

• " < • • ' • <0 (Loose to ve.-y Gensel, wet S-8 ~ 1§1 -
to saturated, sandy GRAVEL -

..: to ve.-y gravelly SAAO. I~ I 
-

Locally slightly silty o.-

..: 
sl1ghtly cobbly. 

I~ I :_ 

(Soft), wet to saturated, 

~ I~ I ..: 
slightly cobbly SILT g.-ading S-9 downward to (soft to rr~dium -
stiff) interbedde(l PEAT, I~ I -= 
SILT and very silty, fine 
SAND. Color of peat is I =:::::: I -
reddish bro~ (5YR 2.5/Z) 

00-= 
and color of fines is very 

~ 
I E,tC•••O Holo 

dark gray (N 31) -
S-lQ 

IIi ..: :_ 

I I 
-= 1~1 -

Interbedded (loose), satur- ~-ll ~. 
, I 

E-- ated, slightly silty, 1§: gravelly SAND and (mediU(Il 

~ stiff) SILT gradtng down- I 1 F-
ward to interbedded clean, 

~ .. , ... '" 
fine to mediU(Il SAAO and 

60-
sandy GRAVEL. Color of 

~I 
f,-

fines varies from greenish 
~ray ( 5 BG Sill to dark J S-IZ 

..: \g.-eenisl1 gray (5 G Sill..: F-
Bottom of Casing at 60.0 Fee 

~ 
Sampled to 51.0 Feet 
Completed 31 October 84 1: ~lote: 

6-inch rtJ steel casing was ~ 

,0) 

advanced during dri 11 ing to 
a total depth of 60.0 feet. 
Water levels a.-e for date 
specified with casinq at ' b-
deeth indi~ated. Upon -
completion of hole and ~fte 
installation of PVC screen, F-
casing was pulled lea~inq 

..: 
S-foot length in place 
below ground surface. ' -

..: --

-= I 
---
--

-= '-
--

80-= -----
- -

--
~ -

-
-- --

I 

" ... ·- "' ...... .. .. 0~<1 -· 0 

LB 
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WELL 84-CD-LF-3 



, •~<>o<CT ................ "' "" 
1;,-,,y ri<'ld L.wJfil\ Jl3~~-05 " 5lfu.,T '"' <~(Y~h;;; ,,.;,.;.-(!<"',.,:; .o.j 

1 ~u<•"o~ ,.;..;..,~.;;.o.-.·i,.,;;;., 

~ 0~"~'"" AGUC> 

R 1 cll.lrdson Dri 111 n 
• •o••"o ••·---•-""'' 
"'"'"·- 84-CO-LF- 3 

•· "'"' o• "~••••~ 
Larrv Gustin 

·- ...... c .. ,., g; -~· 

[J!•n••••~ O'"'''"U 
1 ••-~u•o 

!6NovR4 9 llov 1'.4 
IT. O~hATKI" TC>~ 0~ ....... 

0 ov• .. ""'<•£o '"'" •oc~ NA 
o. TOTo< Ot~h "' ""'' 

oo TOTo• cou oocovl•• '"" oo•'"" 

.............. ... ~ ... . • 
0 

l 
-: 
-

-: 

.......... c<•u•••c,.,o., o• nu••••• 
(D-~-. • 

(Medwm dense to very dense) 
mo1st to saturated s.;ndy 
GRI\V[L to very gravelly 
SAtlO w1th scatt~red cobbles. 
Color of fines is olive (5Y 
513). 

('lery Hiff), >aturdted, 
\l''dv!!lly SILT (oJrk gray 1~4/ 
yrodin9 downw~~d to, ond 
probably 1ntentratif1ed wit! 
(Uen~e), "et, sl i~Mt\y 
<Jrdvelly, f1ne SANO. s1lty 
SAI~O. ~nd slightly silty, 
gravelly SAitO. Color ~f fine 
1s green1sh gray (5 G 5/l). 

( ~ery uens~), sHurated, 
sllgl1tly silty, gravelly to 
very •Jr.welly 5MHJ and sligll • 
1y silty, ~ery s~ndy GRA.VEL. 

l.ll 

S-3 ~ 

S-4 ~ 

S-5 ~ 

s-6 2$: 

S-7 ~ 

UMA .. I 

'"·~·~··- ... _ ..... -~ ... _ ............... _. 
• 
~-<ool ••"'~'" 
or G·•r>cn"' 
S!ul Cu•ng 

' 



or.JUING LOG !Coni ShootJ("''"'..., ""' 01 
'""' Hole "1~'--0IJ-CD-lf'·- ' 

~- 1:""' -•o r ........... 
.,. 2 """' 

cu.> .. IC.>'ION a> -Tfn&U ... COOl I lUI 01 
........ 

lllv•IION ••• ··- , ....... _, IICOV- S•""l ID.Jt-• -•· ••"' '-• • .,.. of 
IIY NO 

....... ._ .... ., .......... , . • < • . ' • 
•o {Very dense), ~aturated, S·B z;;: ~~I slightly Sllty, gravelly to 

. 

-: very gr~velly SMD and I I - I 
. 
-

sliqhtly silty. very sandy 
GRAVEL. Sand is fine to If-f I _: medium in 45-50 ft interval -
and fine to aoarse elsewhere. 

S-9 ':z Ill Color of fines grades from 
-: olive (SY 5/3) with yellowish I i F-

brown (10 YR 5/8) mottling 
at toP of interval to light : I E--: olive brown (2.5Y 5/6) to 
strong brown (7.5YR 4/6) at 

:1r· bottom of interval. 
r<ole 

50-: 
S-to :z -

-: F-
I ' 

-: ! 1·___,, -

~ li=l 
_: '5-ll =-1§! 
-: li=i' =-

60-: S-12 ~ ~"'' '"' ,., -
. 

-: Bottom of Casinq dt 60.0 Feet 
Sampled to 61.0 Feet -
Completed 9 November 84 

-: tlote: 1--
6-inch ~steel casing was 

-: advanced during drilling to E-a total depth of ~0.0 feet. 
flater levels are for date . 
specified with casing -: -
at depth indicated. Upon I 

-
completion of hole and after . . 

70 _: 
installation of PVC screen. . 
casing was pulled leaving -
~-foot length in place --
below ground surface. 

-= -

-: -
. . . -: -
. 

_: -. . . 
eo-' 

. 
-. . 
-

..: . -. 
-. 

-: --. 
..: . 

-
-. . 

£NG FORM 1836-4 o£11 HIO r-JOOI -~ ......... - .... "' ~-

1.12 
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-----------------oo--<e;-------------------,,,.,.,.---------------''''"''c·_c_ ---,.-.......... ...,. ....... u.. ! 
Di!ILLI!:G LOG I 

·~"''-"' oO >UC OMD Ho•r 00 ~·· 

~ ~~~.; .~·: ~.~l:~~L ;_; L-...;;':JIC3t'C't-;Uf5'-----------·--

I 0"1'-'-'"G AGUC> 

1Roch~ flr1llin 
r.:-;;oco MO (AO ----- '"'•I 

• OIMOCTOOM 00 -U 

IIJOU"U'- O••c._.,,.o 

, •••e~oouo o• o., ... .,,.o•• 
• ()OMTM ""00.0.00 OMTO •OCo 

, 
TOTAL OTMTM o< -·· ......... _ o•••• ........ o . • . ·o 

~ 
--~ 

..: 

...: 

..: 

•o...: 

...: 

~ 
...: 

l,o..: 
I _i 

: 
___: 

he-= 

" TOTO~ """D~" ~OitO DO•U 

,._ ...... u ............... o .... . 
lco-••••o 

ou .... _ ...... •12Nov~4 · 15 :lev ~~~ 

"· OLO.,ATOOM TOO'O• MOO.£ 

•• ,.,_.._ eou uco••"• •- .o•••o 

" >0 
CLAUIOOCUIOM OF .... U .. IoO.I ·-..... -• 

(Hed1u"' dense to ~ense), 
moist to saturate~:!, very 
sandy GRAVEL dOd very 
gravelly SAND, locally 
cobbly and/or slightly silty 
Color of flnes is very darK 
grayish brown ( IOYR 3/2) 
near surface grading to 
olive (5 Y 513) at lS feet 
depth. Olive from lS to 36 
feet ..-here a slJ<Jhtly n:!dder 
hue (4Y S/3) is perceptable 
and continues to 58 feet. 

' ....... 
ltHOV• .. , . 

S-1 

1·1 

l·l 

$.{, 

S-5 ~ 

1-6 

.. ..... . .......... ·-_ ....... -· .. --............... -

-

• 

r' rs:•ool longlh 
ol 6··n~h e 
:;, .. , Cu•no 

t 
~ 18·1ool longlh 
V Comon11 

Bonlon•l• 
Surlou Sui 

zo•toot longln 
ol •·incn e 
Blank Riser 
PVC P1111 

•o·•oot longth 
.' 01 •·•nch • 

I'VC Scrun 
(0.020 Sto1 
S•nl 

' 

E-

=-
E 
1::-

~ 
E 

E 
E-

j E E-
1-7 

___: 

•o 

I. 13 



•40 (Medium dense to dense), 5·8 IX 
: moist to saturated, very -
~ sandy GRAVEL and very 

gravelly SAND, locally 
cobblY and/or slightly silty 
Color of fines is very dark. 

...: 

•o...: 

_;: 

...: 

...: 

eo-

...: 

...: 

-

grayish brown (lOVR 3/2) 
near surface grading to 
olive (5 Y 5/3) at 15 feet 
depth. 01 he fn:xn IS to 36 
feet where a slightly redder 
llue (4Y 5/3) is perceptable 
and continues to 58 feet. 

(t\edium dense), saturated:.~, 
slightly silty, sandy GRAVEL 
Sond is fine to rnedi~,~~n. 
Color of fines is brown {7.5 
YR 5/4) with mottling of 

s-91z 

S-10~ 

S-11~ 

reddiSh brown (2.5 YR 4/4). ~ 

f-:::=:--c,-;-:-:-;-:-,.,.-;:-:;-:c-:i S-12 .C, 
Bottom of Casing at 60.0 Fee 
Sampled to 61.0 Feet. 
C~;~mpleted 15 NovP.mher 84 

Tlote: 
6-inch 0 steel cuing "as 
advanced during dr1lling 
to a tOtdl def)th of 60.0 
feet. Water levels are for 
date specified with casing 
at depth lndicateC. 'lpon 
completion of hole and 
after installation of PVC 
screen, r.asinq was pulled 
leav1ng 5-foot length in 
place below ground surface . 

EN~~~~~~ 1$36-A "'~''' 0 '·JUU ......... _,.,_,,. 

!.14 

-
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W!ELl LOG 
BY 

Tacoma Pump and Drilling Co., Inc. 
30316 MOUNTAIN HIGHWAY 

GRAHAM, WASHINGTON 98338 

~-
Orilled for ~r<;.l- )..._FW\ .;;;?. __ _.).1_:.-'--'----

Add"•~UT.Jd. Sii£ t..At-.!DEI L.~f~e_ 
---~ S\V ·A I 19-1 1141Y,.EZI;;:_ 

I ' 

Oth1r Information: 

" 

Dm smm A,H'21L 2'5, 61 
DATE COMPCETED An21 L 2'6. 51 

Depth ?B' Ground Level 

?" Sin of C.uln9 ....!,::.;: ____ ::-

RIG • CABLED ROTARY_t( 
. I 

STATIC LEVEt.l..C:iPUMPING LEVEL=-

GPM 150 ........ _;: __ 
. · .. : SCREEN 4 ,, P\IC PE€'E· ....... -·· 

PERFORATIONS 

I 

PIIU Eb t() 16' Ef,i 

1.15 



Contractor fill in Blocks I, 3, 4a, 
work is proceedi 

Sb, 7, 8, 9, and 10 dai 
Fill in 4b and 6d 

-:t.-+' .,.,, ~,.,"""=~,"'"l'e.v..~_~;.~"l'C !!.0', ~"""~c...~...,.~~.~.... • o'. 

1 css than once 
Th''"''' and more often 

~"'' \..V t;:l-.it:.. ""1-o ~~'" .... ~ ~u...a-,.., ~""o,!;t.. ""'C) to',~~;,:, t.o.:O:·"' ~~~t6-. 

,-·-·--·-- ··-.----

installed in accordance with contract 
pla!'ned and future coordination ~~th us_!ng 

1.16 

agency required. 
~---

. ~-
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WELL FORT LEWIS #2 



WIEll LOG 
BY 

Tacoma Pump and Drilling Co., Inc. 
30316 MOUNTAIN HIGHWAY 

GRAHAM, WASH lNG TON 98338 

PHON£ 847-6087 

.,.J. 
Orillod. '"-~~~ .1.,-SUJI S. __ _ . ;&;..~~~---

, ' 
Addres., ___ _:-::.:,-_-::~:::_-:_.:..:::_.:___:_____:__:___e;_; ·--__:__"--,---'-' -"'· .:_;_____ 

'"' srmED A,'K21 L Z=j , 51 
DATE COMPLETED /lA2J L 29 I "f) j 

I 
Oeptll ..% Ground Le...el 

"":" 
Sizr of Casing _jL:J_~L-----

RIG - CA8LE[J ROTARYli( 

' 
STATIC LEVEL 5:._ PUMPING LEVEL..::::::. 

GPf'l \ QQ + DRAWDowN -

SCREEN 4'' pvc, Pbt2F. 
PERFORATIONS 

CASUG USED sun STOP 

0 

··--

Other Information: 3B' OF 

L21 



---------·-llAiLY CtiifrRAU tNSfiEtT!ON-q£Pbiif--------------- -

NOTE; Contr<.i.£!2.!:. fil1 in Blocks 1. 3, 4a, Sb, 7, f!, 9, and 10 d~ily 
each week when no work is proceeding. Fill in 4b and 6d each 
when aO~rooriate. The Government will fill in the balance of 

or not lC!SS th<:~n once 
Thursday and more often 
the blanks. 

uescr1pt1on or \JjOI"k l:lelng Done lnCIUQing Locat1on o war~. 

~'!:;,~'"'-o...J 0~ ...... aA}.:tt;,i:-1,1:}(..., I,J~ 1":•~~ .t:?., ~'- L..&,....)t~,. -""-l~l.... ~~~\'ol.~~~ •. 

.-..o....l tt-A..J-.~ 
·I Workmen on Job :Z... Name of Contractor's Rep_resentative on Job G.u..•,. C'...£,~·, ...... 

1 2. Government Kepresentative s 1nstruct1ons to \..ontractor: 
U'Lil...l....loe\;)'"'TC ~~. ~~-.:,""b:r-....::o~llo..~ e:,'(;.._$e ~c::.i.!". IA.._~i:_), ::lt.: ·tJ,.,t""-"-l.\.'~.:_ 1 

-p~~·;:. "'T'' ~~ro', .._._'"e"\1!.. ~.>) .... ~\..e.:~~.._ ~--~- . 

V~J...~W~~"'Tc:::.""!:!..:.', ~~c:..""'"'<o.\;)C....~ l():~e~ ~~~~~V"'"e.. -

-- ---.--__ - __ :·=-=====-=---
_.;_. --- ···-- ·--· 

1 J. ~ontractor s Remar~s: _l~~~-~a~ a1 lCU!tles encounter~Q, delays, desc•1pt1pn o 
installed in accordance with contract requirements and corrective action being 
planned and future coordina~ion with using agency requ1~ed. ----

~- .. 

. 
<-

work not 
taken or 

a. : ercent or:~o1ete 

Weather 

Temperature: 
1 ~a. 1_nspector s ;;.1gnatur.e 

____.-1-L-c-3 1.0'-t:-~ 
Checked by Contract Administrator (Date) 

j 6a. ~ate of 'lot1ce oo. uilte startea 
to Proc2ed 

-z. 'L oh'( E..11... 1'\ '<':.\ Z-1:- ~.\ Ql- \ "U-=. .\ 

. Abbrevuted Contract Name 
(..i..c::!.........:i"VW~~ ...._t.~~""'<e1;;.._;..;,{.._ 1.-::0-=.._.._·:, 

p: ~oontract _o. !Reference NO. \lt app 

t:>l\"-'C= ~'1-B\-~-e"".J'b I 
.

1

10. Above report is for DATE: 

:z...ct ii.:~U... \1\&1 -

HFL FORI~ 1ZJ5-FEE 
l Dec 74 

I. 22 

Rev~d by Engineer 

(lnitial)od",.c;.p - ·• (Date)3'~~ 
!·; L ' '1 

''· ROR SY COfHRAC rOR l6d. ESTH-1AT[f: 

\..~ntractor • 
.....,..,_c..._,...__~ ~ ~~ :\ Qi-1-I..L>..U(~ 

Report Seria 

Spec1flcat1on o. 
~ 14 <\-

"'· 2.. 
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DRILL LOG 

Totel Oeplh OrUI 
c. .. n, Method 

REMARKSc 

0 . Orl,. Barrel H · Herd Tool 

'~ 
.. t I 

By Rig Well Number ornputer Number Project or Work Order No. 

A\IZH ll-~ 8 -E . 1--a....J w~" ..., • • "1- 1\R-,z., 
o ... o .. , ... c.., Depth .... ,..., Subcontract No 

\O · l-, - fJt 'Z..c.,:, \... " •. J ... ...:-. To ....,,. 
Wet/Dry LITHOLOGIC DESCRIPTION Time Orilllnt Comm<tnll Semple " bch Greon Si•e. Color, Roundnell, Celicl>e, Etc 

p.,, l(.cl ~C.."\"V' £,,.(. l,:~,.J c.--\.\(.. - \-. .. \ ,. ..... up ·~ · -..~ 

~ ""'(..l\ - ~t.l "P 

t:>/ o\J bu.-\.. ..... ~t.. ov-h i'd< PvL • 4' \...t.l..w 1 ... -.J 
f>/'J!. .... .~. ·cl~ 1''11(.. .. 
l> 1-N . '?. C)' \.c.\.,......, \c.. ...... J 
~\-c.. ... ~u 

. . 
- o\J l.-t.. .... ~,~~ ~ .... \\,_ ~·"""1. \S ·. oo 

-.J T 

~ .... : .... ...>\... h ''"''\·- . 
.-\\ y _Jl =-

\.. .•.... J .......... ~-c. .A €..- ............ l ... c. -.)j ~o..tt..'f" 
r 

~ ..\.. ... -. .... 4-t,; t. \t.. ~ t ... ~Yv ( DC.. ·\.-'1( .. ~ ' 
l...or'Y\' is ~CoM u. \ \oh .~ u-l. '\'d. ... o.. ~~ 

~ 

PH c..~ 
' 

\ <+l- I...., sl ...... ,....., - p.,v.,-J $>I v..-.,..'~ ..... o.., .... ,) ... .,. 
. 

41LJ g· ~ ........ ""'""' p--1\~~ L,,_J_ . l>vll <.J . . 
rc...~'""'~ 

, .. 
r~o.-. ~ ... ! o.J: \.... ... \c.. 

I 

J>/~(.,,.,v ' ... ""'""""'d :Sv.,~ • 
v 

Dvt.,. d 0"'-1"" I I O.."O""'-...,J... c.-.l,.:......, c.,. t..{V\.oO(..••J ... 
su.l. - sc....~ ~·· p .. oluk~ ~ ,...;_, 

\. ...... ol.~"' , ; t,. "'lN!ovJ .-r-P k..lt .. t< .. •;o 
'-" 

~A.-l_j 
I'>I'L-'1 lA f 

- -

L • Ler.. M • Med<um S ·Smell \IC • Very c.,.,. c. c ...... F • Fine VF ·Very Fine __ Stondlng Wotor 
A~000021 IS ·tsl 



WELL FORT LEWIS #3 



W!Ell LOG 
BY 

Tacoma Pump and Drilling Co., Inc. 
30316 MOUNTAIN HIGHWAY 

GRAHAM, WASHINGTON 98338 

PHONE 84 7 - 608 7 

. ""'''" ,,.~....EQ~Ir:;S?....*I-_..;5=-----'---
Addren .. ·-~------,...:------,.----

·-·u·· -bJ5 1A,~•A- 1 §;C. IS1tl"' 1 !2z.~ 

Other Information: .. 

DATE STARTED AR21L ::::0 flj 
' 

DATE COMPLETED .AfXJ L .:39 1£1' 
' 

Deoth kJ Ground Level 

rs" Site of Cuing,-.!--'-------

RIG - CABL.ECl ROTARY~ 

ST~TIC LEVEL~ PUMPING LEVEL~ 
GI'M 'k>-t- DRAWDOWHo ----

+00~ '"''~.' SCREEN ~ ,.--v,_. 

PERFORATIONS 

' 

P\!ilfD 6" CA.or&gr = go•' ttL. 

-ri+Ft"'c@'''-'~ ±i!i26 -c.'"""£ GAbP LE<.!"'Et tO 

I. 25 



---------·-dAILY tokrRi\CT ir·rSi>RndN REPOi<r- ------

wi contract 
future coordination with using agency required. ----

'" ... 

to Proceed 

·z._ Z..-~""" ~1,1.._ ~c... e.\ 

1.26 
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WELL FORT LEWIS #4 



WIELL LOG 
BY 

Tacoma Pump and Drilling Co., Inc. 
30316 MOUNTAIN HIGHWAY 

GRAHAM, WASMINGTON 98338 

P"O"E 847- 6087 

o,;n,d ••·~-""'-~~IS:e_~ _ _.:_.4~-------
Address•-,-,-,------.,------------

.::=.~- .. =w Y4:1 ~~ }4., S'f:l". ,q I ng f·J2.Z.E;_ 

DATE STARTED AFt21 L .3:::\ 8 r 
DATE COMPLETED UAY r 191 

' 
!lepth 98 Ground level 

$?;;" 
Size of Cuing' _ _j_:::.;'-------

RIG - CABLECJ ROTARYJg( 

' 
STATIC LEVEL2Z..P\JHPING LEVEL~ 

GPM .. 'J 0 + DRAWDOWN' .::-=--­
SCREEN 4 ·~ PE3ZF PJC­
PERFORATIONS 

MTERIAL$ PEJot£TUTE!I CUING USED $TART 

----
L 

- . -. 
Oth•r lnformatiofl: 

55' OF 4-'. l?JC I I:.JSI"!'!L!..ED 
A H thj '25" CA.Si\..JCf Tb I'Q

1 ~. L. 

WA-•,-cR Ff Ql lJ ~g:~.;, 

1.33 



I I ' I 1-.' :'\. ~I tf>;- I,.H.-''"'i!:.'L,~ (,...c:.J<"l'\.> ;:......:.<....) "f'c ±~ . .s2 - '77r.~O wO.:t<-.q_ \..-'1:.-(...i:..e."f~;.~... ... "c) 

781-'l~' ~..:~ ... ~ ~~ ve-.:~ .... -=~~-~>:>c:~ ~ -.. ....... .._.._~~"-·'tO ·::..::."'t'J' ....,.,~ ~ 
w ~- 'fo('.....si.. WXI'-.., t...:~~~~ ""t:!t c~ (.A..M-~.\=-~ ~ v..~~~~"'"" ~=-~..~~. . . 

---"-'-· -----·- ~-· ----
- --- ---------:---. 

·.: --~---

installed in accordance contract requirements and 
planned and future coon:lination with using agency required. 

'-- -----

!.34 
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Ol 

DRILL LOG 

Total Depth Or ill 
Cos.ng Method 

REMARKS: 

0 • Orivt Borrtl H · Hard Tool 

~.,.~ I ,,f 

By Rrg Well Number lc0f"111)Uter Number Prottet Ot Work Order No 

A.•n~ 6.12-i_ &tt:- ~:t...w v-..1-c..ll ...,.,._ ~ 
"~~"'-

Dele o ... ,-<-1 Depth ........ A, Subc:on troc:t No 

IO • "l...,- ~~ ~f;\"Tof"LA'"TIO--..J To >-J A 

W.t/Ory LITHOLOGIC DESCRIPTION Tlmt Orollont C.,..,... II 
Sornplt " Eeeh Groin Sue. CoiOt. Roundntu. Caloehe. Etc . 

'"'"'\... L. p \...o l..., 0~ "IN<.. I\ ,, ... s-

P/B •uh. · d~ Pvc... L.6o> • v-r l J ......... " .... - .... \dt\t. IIS1> 

~(.~~-. h $~..._\) : IC.. .B • \:.._ }o--.> \ .... -....J !>"""'t..'t. 

l>(& :...~,"J c Pv{.. 'H ... 
, 

I,<. 1 .. "" 1 .... --J \.~rt..-... C-= 

pJvJ : 1.~ . ~..' ~t.l .. .w l~......J s .. ,. hc..t. 

P~, I l -t..d Bvc..'f"'"'- I=: ... :~ l..:l..v...J ._., .. h. t.. .. lt- 1 8~0 
.J 

$(. ~.;........ vP • 

~.p~u 
10,..,_, Ia..-

l· Large M . Medium s. Small VC • Very Coarte C • Coor• F • Font VF ·Very Fine __ Stoncllnt Wlltr A-$000 021 15 151 



..... . 
w 
....... 

f><-y- - ~ '--
8y Rit Well Numher omputer Numher Pro .. et or Work Order No. 

DRILL LOG A t~41l-R.I ~I!. 2.-'1-"'-' W<..t \ No. " " ~'' o ... 
p~ .... ,.~ \ 

Depth ~~ Subcontract No 

1o- 1..a,-eq R,6C, Tvll~to--) To .... ,_ 
Toto! Depth OriN Wet/Dry LI THOLOGIC DESCR.,TION n,. OrolkntComnwnlt C."" I Mllhocl Semple "bc:h G<•n Sue, Color, Aoundneu , Celoche, Etc:. 

wt..tclul o- p v \ \ (..11' - \.. -c_._J 0"'1 ).0 

$ +.:.- ~ .u.l p ~ \\ : "'"'"' & '' t-4o lt~ . p .,. , . ..... ~ 0&~ 

c..c.~ ........ "'I> -v \ I . t>/s . Ill 1 \.(..lo-.a 1-. .. J . 
~J. Ju\ '11.4 r;-o h, . 1,. ~ 0. ~~VIofODiV\ 0 11. '1.0 . 

~H.d b {~h. .... : l \.o l:J-S'' \..-<. \ ......... \ &o. ,_J 

Ad.J~ J ·~ ~ ll •. ~Lq ... .,r ~ ... ... ; ..... p\ v o,. M· A. 

~~ ..... !{ ". ~ 7'0 h . . 1;.4"}'> ·"' b""oo'(.>p} I\ 

t-J • . e> \. t...._h ... ; h . ~c...~ -o ...... \., 
I' 

I' - lo..-.-. ..L ... 
, 

Vo •' c-\ lt&' L.d. "-> lo. -..1) 

t..JJt.J ., l.,.'"b ll l._ .._u .rt _g'" .... ·• J 
~ ... .l L ~u-~~·._b l.. l< p , __ \ h II I L.d • ....., 
1" ,_J . 

P .. l\ -ul ~ ' ' L t.4 ; ___, L 12.' b ,, ~(. lo ...., [,._ ...._J - I ~1::>0 
I 

D/ \.,~ L ': 1!. , \.. <.. lo"" I~....J 

A,.,\~ '-~ I ~(> l~ . ~ c.. .. leo\ • t> \ ... , h \0, t>lo 

\.do .... \.._.J - P • o -(. P v l It ~ Lc.. • .,\ . 
A.J.J ~c! 4 """" ..... ~ ~ ~<....( <. t..k "'1~,., {.. ll#'lO 

ll\rav .... ~~ >t. r~L' v...\...: \ ( 
. 

: 

0 " t \ ' "" 
REMARKS: ' I 

${-;P-LU 
l v \ l.-"1 \!rf 

0 · Drive B•rel H. H .. d Tool L. L•.. M · Medium S ·Smell VC • Very Coer• C • Co•• F · Fone VF ·Very Fine __ S tendint W• te• A eooo 02t 111 as1 



..... 
w 
co 

DRILL LOG 

Totol Depth Drill 
Co""l Method 

REMARKS: 

----

0- Driw Berro! H ·Herd Tool 

r-;~- l. .. t: L 

ev Ri1 W.ll Number omputor Number Project or Work Order No. 

A lc:tH.A.IZ..T tH. 1.-'l-I.V 
w~t\ ....,., . 4 \\e.'l-z... 

o ... Oopth NA. Subcontroct No. 

lo -l.P!-~~ t> ...... ., ..... tZ."·'>f.,rtl'\-f•o ....e To ....... ..0. 

Wot/Ory LITHOLOGIC DESCRIPTION Tomo 011lhn1 Comments Somplo "Eoch Groin Si ro. Color, Roundnos1. Colict>o, Etc. 

b.. ad ~J \.S' """0 ,.~ l----.~ Lc.l-t. pl .... \ - p-..d.._J 1""700 
. 

-r~""' ................. t'' £. .. >,.........., 6\i~ .,f \.... \~ -
J I 

t>/ \..(. "'\. ':... 
\ c- __ J ~vrh.c....c.. 

Sd· &:." p ~o 4 -c..c..t..t ~~ L.C. "t_"'1. /A..,.OI..'-"' PVL - \il.b , 
cJ .... ~ ,.1 bv-.....,. L '' lA. ""t1v -.... d C:0"'<' t~- d..,"~ 
(.tt ~ l......., s;, .... L<7'-'t L"' ~~ .. . 

• 

' 

i 

s\:;J:? LU ! 

toh ... -. \~c 
l·l••lll M · Medium S ·Smell VC · Vory Coo•• C·Cooo• f . Fino VF · Very Fino __ Stendint Wotor A-41000 0~ I Ill 8111 



WELL FORT LEWIS #11 



WIELL LOG DATE STARTED MAY r 2,61 
MA'-1 rz,sr BY 

Tacoma Pump and Drilling Co., Inc. 
DATE COMPLETED --I,;::..U:~'--...;.,.;:~ . .-.... 

Depth 44 /Ground Ltve I 

i 

303UI MOUNTAIN HIGHWAY 
GRAHAM, WASH lNG TON 98338 

PHONE 847-6087 ~ 

Drilled for.-~~-L ... f?.W.:..!:S::.. __ ..... -· ..:..11~.-____ _ 

Add~•L-------------------------------------
- -'I ...... 

B'' She of Cu1n9--~-----

R 1 G • CABLE CJ ROTARY Ji 
/ 

STATIC l.EV(l.I:I..: PUMPING LEVEl.=-

GPM \ CQ -r DRAWOoWN -

SCREEN 4" P6?2E PVC 
I • • 

. PERFORATIONS 

~TERIALS ,ENETRATED CASING USED START STOP 

l_ It" ~IL . , 0 " 
c _.( / ..AVe.L- C.I.A. \f 5 IZ -

H8!2DDAJV ... .. : . ...... IZ .~"5: 
, 

_ 1-J ~..; JL..;;JJ. >II.J fC::,CrJ.~~ '} .... _ 
~""') _.:;;l,C) 

.._ '.LH 1.1 ~ ( "'1"£! AI) F.L _WATI-¥ -~ I 4Cf+ 

.. - . 

' - - -

- -

- . 
; 

. -
Other lnf-ation: Aid ~F" 4n PVC. . Bo-ro:t"/fb, ,_ 

1\JSTN-La"J . ; I l~F 
• . , 

J?(n I Fi5 0 " (};0.61 GCf it5 \"7 G . L . 

• 

1.39 



.•. ··----·4- UAtLY cuii'tR'Act ti~sfiUttbf~ R£li0Rr-··------·-···-···. ·-·-

NOTE. Blocks 1, 3, 4~. Sh, 7, 8, 9, ~nd 10 daily or not less than once 
work is proceeding. Fill in 4b and 6d each Thursday and more often 

the blanks. 

:L'->~W..~~..w .t>~ ~....,""<:<q_~ w~ ....... ~~-- \\, IT.LE..wo..--..- WE.'-'-\::E:~ -+~ 1 . 
"tu~ .. ~~..l (<:.o'"'~'-e""<HJ) o~ ""'\\.o.J,~q_v.lc.. v)~u_ . '!:.• ~,. ..{, ~. l..li:. .... H·-..- . S,.:)' ' 

""'~ -c~\'"l>\ ~ . . 

~...,~ .. ,~ 
I Workmen on Job '2.. Name of Contractor's ~epresentative on Job u....-. ~:..c..~ 
2. Government Representative s Instructtons to Contractor· 

lt11 kz . .s.' lh't' \oJ~~<Z-."'1::>~\U..IOi..~""t"t -+~'. ~""'"~.:. <o..)t.~Ui.-..lcc'- ,q,', ·-
~"'' ~ \>'-1<:..~ a..\-4 1 t\,J.u ... e.-~ c::,.p..~\>Dc.,-e 11' ~&o.~.....:~~ • ........,~\~. 

~~/ . I . I I I . 

"r' :311 ~.~ WA~ -tl'i•~">~q,gl' fi4U...II:~ ~L~I.o.)o,"l'.. .. <..L.~ "'~• ~-,....;~~ 
~- ~A~L~-12.4 1 -----·"' --- •-·-- .. -·· . - .... - ·-· - . 

f..A--.r \....l N<:..~ ~ P"'"~ <:!.:~""''"""~ tt'J', ~c..e-o ....,,~~~~~ ---
. . .. ~.3·' .. 

J. Contractors Remarks: Include difftculttes encountered, delays, descrtptton of worK not 
installed in accordance with contract requirements and corrective action being taken or 
planned and future coordination with ~sing agency required. -·--

,, ~-

4a. HOURS: 10800 1C:UL L:lUL 1~. ~ercent ~o~olete 

Weather 

Temperature:·- - ... 
Sa. Inspector s Stgnature 

_.j:-{:..,._~. ~~-.t:. 
Checked by Contract Administrator (Date) 

oa. oate of ;lottce ob. Date ::,tarted ~o:tPLEf !0'1 DATE (I 

to Proceed 

1Z... ~·~11...\'\!-> ... ( 2.':',t..\t.\\_\~~ ... \ 

6c. ROR B'f COilTRACfOR 16d. EST!I·~ATE~ 

7. ADbrev1ated Contract Name 8. Co~tractor . 
~·~cr. :l · D~\..._ .... ,~~ •• .-

9. contract No. I[Reterence No. llf appLtcaDie ) 

\:lei.'L..-..-.~I-5\ -'\>-0~~ · 

::,pectttcatton llo. 

~S1-i4 . 

1

10. Above report is for DATE: Report Sen a 1 

t2. ~~ .. ,~at .. 

HFL FO~~ 1235-FEE 
1 Dec 74 
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DRILL LOG 

Total Depth Drill 
Casong Method 

REMARKS: 

0 . Drive Sorrel H · Hard Tool 

r-c-- ' n-{ t 
By Rot Well Number ICornpoltr Number Project or Wor~ Order No , 

-:5 -l'. bo..1R:~A"l.T 8"'-'t~ ... ~" ~ Wc..l\ NO. \\ l\B~Z... 
Date u_..N Depth t-J~ Subcontract No. 
,o, z..~- ag t>-"~-L I t-...1 '-\v... eu.~~ .... ~~ To ....,,., 

Wet/Dry LITHOLOGIC DESCRIPTION Timt Orilhng Commen ts 
Sen-4llt %Each Grein Si ... Color. Roundnus. Caliche, Etc. 
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~~~ 
- IO· z_S- B€S . 

L • Large M · Moriium S • Small VC • Very Coer• C · Cotr• F · Fine VF . Vtry Fine __ Standing Water A -41 000 0,1 I& 8111 
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DRILL LOG 

Totti O.ptl\ Otoll 
c ... n. Method 

REMARKS: 

0 • Drove 811rol H- Hord Tool 

p~ J • ( } 

8y Rot Well Number 1'-omputer Number Protect "'Wor~ Order No 
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GROUND-WATER SAMPLE ANALYSES PROCEDURES 



APPENDIX J 

GROUND-WATER SAMPLE ANALYSES PROCEDURES 

This appendix lists procedures used to analyze ground-water samples from 
landfill wells for various constituents and the procedure used in obtaining 
ground-water samples from wells near Landfills 1 and 4. The notation PNL-580 
in the procedure refers to Environmental Monitoring Procedures (PNL 1990) . 
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am test inc. 
14603 N.E. 87th St. • REDMOND. WASHINGTON 98052 • 206/885·1664 

ANALYSIS REPORT 

CLIENT: Battelle 

REPORT TO: Paul Eddy 
P.O. Box 999 
Richland, WA 99352 

PARAMETER 

pH 
\ 

\ 

Pesticides + Herbicides & PCB's 

Conductivity 

Coliform 

Oil & Grease 

Total organic Halides 

Volatile Organic Aromatics 

Total Dissolved Solids 

Total Organic Carbon 

Metals 

Cyanide 

Chloride, Fluoride, Nitrate, Sulfate 

Phenol 

JTD/pb 

I 
I 

J.2 

DATE REPORTED: 11/4/88 

EPA/STANDARD METHODS 
·--

EPA 150.1 

EPA 608 

EPA 120.1 

Standard Method 909 

EPA 413.2 

EPA 450.1 

EPA 601 

EPA 160 . 1 

EPA 415 . 2 

EPA 200 . 7 

EPA 335.3 

EPA 300.1 

EPA 420 . 1 

I 



Sample Collection 
Using the 
Hydrostar Pump 

Upon arrival at the well head, immediately determine 
depth-to-water using the appropriate tapes, and record 
the determined values on the field record form. 

Wear gloves when taking samples and when handling 
containers, especially those with added preservative. 

Attaching the Pneumatic Cylinder Assembly 

1. Insert the support for the pneumatic cylinder into 
the column support on the well head assembly* (Figure 
1). 

2. Pull the cylinder rod down until it is fully extended 
and has stopped. 

3. Align the eyelet on the top portion of the turnbolt 
with the clevis pin hole on the lower portion of the 
cylinder rod. 

4. Align the hole on the cylinder support with the 
column support on the well head so that the turnbolt 
eyelet and clevis pin hole on the cylinder rod are 
aligned when the piston is fully extended. 

5. Insert the clevis pin through one of the intersecting 
pairs of holes on the column support and clip a hitch 
pin into the holes in the small end of the clevis 
pin. 

6. Check the alignment on the turnbolt eyelet with the 
hole on the cylinder rod. The alignment must be 
nearly perfect, neither too high nor too low. 

7. Adjust by rotating the turnbolt clockwise or 
counterclockwise. 

* When inserting the cylinder support into the column 
support on the pump assembly, at least two holes on 
the cylinder support must overlap with two holes on 
the column support. If less than two holes overlap 
use the extension supplied with the __ Hydrostar 
pneumatic cylinder. Align the pumping system in the 
same manner as described above. 

Operating the Pneumatic Cylinder 

1. Attach either the purging hose (large diameter) or 
the teflon sampling hose to the outlet on the 
discharge tee of the sampling pump. 

J.3 
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2. Attach the quick-connect on the supply -hose to the 
unattached end of the control valve on the pneumatic 
cylinder. The input air pressure should not exceed 
120 psi. 

3. Turn air supply on to the control valve . 

4. Turn on the control valve on the pneumatic cylinder. 
The piston will begin to operate. 

5. Adjust stroke rate to no more than 60 per minute* . 
The stroke speed of the pneumatic cylinder can be 
adjusted with the control valve located on the top of 
the pneumatic cylinder. A stroke is defined as one 
downward and one upward extension. 

* If the pneumatic cylinder assembly is not operating 
correctly, and the problems are not due to the well 
or the pump in the well, the well may be hand pumped 
as described in "Manua 1 OperatJ on." 

Sampling With Pneumatic Piston Assembly 

1. Slow down the pumping rate until the piston operates 
smoothly. This rate will be less than 10 strokes a 
minute. 

2. Attach the Teflon sampling hose and purge at this 
rate for a minimum of two ·minutes . 

3. Proceed with sampling all unfiltered samples 
according to PNL-580. 

4. Attach the filter assembly and purge the filter 
according to directions listed in PNL-580. If too 
much pressure is exerted across the filter the 
membrane will rupture, usually resulting in a popping 
noise. If this happens, replace the filter and 
restart the filtering procedure. 

5. Dismantle the pneumatic pumping assembly as described 
below. 

Removing the Pneumatic Pumping Assembly 

1. Disconnect the air supply at the pneumatic cylinder. 

2. Disassemble pneumatic cylinder in reverse order of 
steps 1 through 7 in the section "Attaching Pneumatic 
Cylinder Assembly. • . · 

3. Replace well cap over top of well head. 
J . 5 
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Manual Operations 

1. Insert the handle support into the column support on 
the pump head assembly so that at least two holes on 
the handle support overlap with two holes on the 
column support (Figure 2). 

2. Slide the clevis pin through one of the intersecting 
pairs of holes on the column support . 

3. Clip the hitch pin into the hole in the small end of 
the clevis pin. 

4. Remove the turnbolt on the top of the rod at the well 
head . 

5. Attach the turnbolt on the end of the wire rope 
attached to the handle assembly onto the threaded rod 
at the top of the well head . 

6. Lift the handle so that the flat edge of the cam 
nearest the shackle is approximately parallel with 
the ground. 

7. Pull all the slack out of the wire rope. 

8. Using either an adjustable or 9/16" open end wrench, 
tighten both nuts on the shackle until the sheath on 
the wire rope is compressed. Remembering to keep all 

-the slack out of the wire rope. 

Manual Well Sampling 

1. Attach either the purging hose (large diameter) or 
the Teflon sampling hose (small diameter) to the 
outlet on the discharge tee of the sampling pump . 

2. Begin pumping the operating handle with smooth, even 
strokes. For best performance, use 20 to 45 strokes 
per minute for purging the well. Use less than 10 
strokes per minute during sampling •.. When the filter 
assembly is attached, special attention is required 
to prevent rapid build up of pressure across the 
filter. If too much pressure is exerted across .the 
filter the membrane will rupture, usually resulting 
in a popping noise. If this happens, replace the 
filter and begin sampling for the filtered sample 
according to the written procedure . 

3. When sampling is completed follow the direction below 
to disassemble the handle assembly from the well 
head •. 
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REFERENCE 

Removing the Handle Assembly 

Disassemble the handle assembly in reverse order of steps 
1 through 8 in the section "Manual Operation . " 

PNL (Pacific Northwest Laboratory) . 1990. Environmental Monitoring 
Procedures . PNL-580, Pacific Northwest Laboratory, Richland, Washington . 
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APPENDIX K 

GROUND-WATER SAMPLE ANALYSES RESULTS 

This appendix contains the results of ground-water sample analyses for 
wells at Landfills I and 4. 

K.l 



Fort Lewis Quality Control Samples Identifiers 

Late August Sampling Event 

LFA-PNLA-----------------------------------Duplicate of LFl-PNLl 
LFA-PNLB-----------------------------------Blank Sample 
LFA-PNLC-----------------------------------USGS T103 Trace Element Std 

Early September Sampling Event 

LFI-PNL4-----------------------------------Duplicate Sample Taken 

Early October Sampling Event 

No QC Samples Taken 

Late October Sampling Event 

LF4-PNL4-----------------------------------Duplicate Sample Taken 

Middle December Sampling 

LF1-PNL5-----------------------------------Duplicate of LFl-PNLl 
LF1-PNL6-----------------------------------Blank Sample 
LF4-PNL7-----------------------------------USGS MlOO Std 

K.2 



~rl am test inc . 
............... ,.4~6~03~N~.E~.~.7~t·h~S•t.••~R~E~D~M~O~N~D·.W~A~S-.H .. IN .. G~T~O~N~9~~~5~2·•~2~M~I~8~8~~1~6~~ 

ANALYSIS REPORT 

CLIENT: Battelle 

REPORT TO: Paul Eddy 

PARAMETER 

P.O. Box 999 
Richland, WA 99352 

DATE REPORTED: 11/4/88 

EPA/STANDARD METHODs--

-----------------·-- ----- -------
pH EPA 150,1 

Pesticides + Herbicides & PCB's EPA 608 

Conductivity EPA 120.1 

Coliform Standard Method 909 

Oil • Grease EPA 413.2 

Total Organic Halides EPA 450.1 

Volatile organic Aromatics EPA 601 

Total Dissolved Solids EPA 160.1 

Total Organic Carbon EPA 415.2 

Metals EPA 200.7 

Cyanide EPA 335.3 

Chloride, Fluoride, Nitrate, Sulfate EPA 300.1 

Phenol EPA 420.1 

REPORTED 
JTDjpb 

K.3 





AM Test Analytical Results From Late 
August, 1988 Sampling Event 



All am test inc. 
14603 N.E. 87th St. • REDMOND, WASHINGTON 98052 • 2061885-1664 

ANALYSIS REPORT 

CLIENT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul Eddy 
P.O. Box 999 
Richland, WA 99352 

Laboratory sample Nos. 

Client Identification 

pH 

Specific Conductance (umbos/em @ 25°c) 

Total Coliform (MPN/100 ml) 

Oil & Grease (mgjl) 

Total organic Halides (ugjl as el-l 

Gross Beta (pCI/L) 

Radium (pCI/L) 

Gross Alpha (pCI/1) 

Total Dissolved solids (mgjl) 

Total organic Carbon (mgjl) 

Chloride (m9"/l) 

Phenol (mgjl) 

Nitrate - Nitrogen (mg/1) 

Fluoride (mg/1) 

K. 5 

DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO.: V5228 AD 

816809 816810 816811 

LFl-PNLl LF4-PNL1 LF4-PNL3 

6.35 6.25 6.20 

310. 390. 138. 

220. 1,600. 17. 

<1.4 <1.3 8.4 

<10. 18.0 44.0 

<2. <2. <2. 

<1. <1. <1. 

<1. <1. <1. 

418. 295. 524. 

3.33 3.27 
2.75) 

1.14 

4.89 15.6 4.20 
3. 99 J 

<0.008 <0.008 <0.16 

2. 62 <0.01 0.771 
0,7511 

<0.10 <0.10 <0.10 
<0.10] 



A1' 
-2-

CLIENT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul Eddy 

Laboratory Sample Nos. 

Client Identification 

sulfate (mg/1) 

Cyanide (mg/1) 

K.6 

DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO.: V5228 AD 

816809 816810 816811 

LFl-PNLl LF4-PNL1 LF4-PNL3 

61.6 11.2 11.4 
10.4} 

<0.006 <0.006 <0.006 
<0.006] 



A7 
-3-

CLIENT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul Eddy 

Laboratory Sample Nos. 

Client Identification 

pH 

Specific Conductance (umhosjcm @ 25°C) 

Total Coliform (MPN/100 ml) 

Oil & Grease (mgjl) 

Total Organic Halides (ugjl as Cl-) 

Gross Beta (pCI/L) 

Radium (pCI/L) 

Gross Alpha (pCI/1) 

Total Dissolved solids (mg/1) 

Total Organic Carbon (mgjl) 

Chloride (mgjl) 

Phenol (mg/1) 

Nitrate - Nitrogen (mg/1) 

Fluoride (mgjl} 

Sulfate (mgjl) 

Cyanide (mgjl) 

*Results to follow. 

K. 7 

DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO.: VS228 AD 

816812 816813 

LFA PNLA LFA PNLB 

6.64 6.61 

310. 81.0 

140. <1.8 

<2.9 <2.8 

<10. <10. 
<10. J 

<2. <2. 

<1. <1. 

<1. <1. 

298. 52. 

3.45 1.43 

4.95 1. 70 

<0.016 <0.016 

2.84 0.343 

<0.10 <0.10 

27.2 10.3 

<0.006 <0.006 



A1' 
-4-

CLIENT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul Eddy 

DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO.: V5228 AD 

SPIKE RECOVERIES 

Parameter 

Total Organic carbon 

Chloride 

Nitrate - Nitrogen 

Fluoride 

Sulfate 

cyanide 

Sample 
Number 

816810 

816811 

816311 

816811 

816811 

816810 

K.S 

Spike 
Cone. 
(mgjl) 

B. 0 

1.0 

1.0 

0.5 

1.0 

0. 025 

Recovery 
(%) 

98.0 

77.0 

100. 

107. 

109. 

101. 



AI 
-5-

CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 

REPORT TO: Paul Eddy P.o. NO.: V5228 AD 

Laboratory Sample Nos. 816808 816809 816810 

Client Identification LFA-PNLC LFl-PNLl LF4-PNL1 

Iron <0.01 600. 16. 

Barium 0. 044 4 .o 0.13 

Selenium <0. 002 <0.002 <0. 002 

Cadmium <0. 002 0.004 <0.002 

Manganese 0.009 20. 3. 6 

Calcium 55. 210. 41. 

Silver <0,01 0.029 <0.01 

Sodium 110. 24. 11. 

Chromium 0.022 0.68 0.026 

Lead <0,02 <0.02 <0.02 

Arsenic <0.002 <0. 002 <0.002 

Mercury <0.0002 0.0027 <0.0002 
0.0030] 

All values are reported in mgjl. 

K.9 



AI 
-6-

CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 

REPORT TO: Paul Eddy P.O. NO.: V5228 AD 

Laboratory Sample Nos. 816811 816812 816813 

Client Identification LF4-PNL3 LFA-PNLA LFA-PNLB 

Iron 29. 460. 0.17 
500. J 

Barium 0.36 2.2 <0. 003 
2. 3 J 

Selenium <0.002 <0.002 <0.002 
<0.0021 

Cadmium <0.002 0.006 <0. 002 
0.004] 

!-~anganese l. 29 12.6 0.005 
u. ol 

Calcium 16. 118. 0.23 
110.] 

silver <0.01 0. 018 <0.01 
Q, OJQ] 

Sodium 6.4 17. 2.7 
16. J 

Chromium 0.037 0.53 <0.006 
0.491 

Lead <0.02 <0.02 <0.02 
<O.o2l 

Arsenic <0.002 <0.002 <0.002 
<0.0021 

Mercury <0.0002 0.0031 <0. 0002 

All values are reported in mgjl. 

K.lO 



AI 
-7-

CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO.: V5228 AD REPORT TO: Paul Eddy 

Element 

Iron 

Barium 

Selenium 

Cadmium 

Manganese 

Calcium 

Silver 

Sodium 

Chromium 

Lead 

Arsenic 

SPIKE RECOVERIES 

sample 
Number 

816813 

816813 

816813 

816813 

816813 

816813 

816813 

816813 

816813 

816813 

816813 

K.ll 

Spike 
Concentration 

(mg/1) 

1.0 

1.0 

0.5 

0.5 

1.0 

5.0 

0.050 

2.5 

1.0 

1.0 

0.5 

Recovery 
I%) 

97.0 

97.0 

86.0 

94.0 

95.5 

93.4 

sa.o 

112. 

98.0 

93.0 

96.0 



AI 
-a-

CLIENT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul Eddy 

DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO.: V5228 AD 

GC ANALYSIS OF PURGEABLE HALOCARBONS BY EPA HETHOD 601 

Laboratory Sample Nos. 816809 816810 DETECTION 
LIMIT 

Client Identification LFl-PNLl LF4-PNL1 (ug/1) 

Chloromethane ND ND 2. 
Vinyl Chloride ND ND 2. 
Bromomethane ND ND 2. 
Chloroethane ND ND 2. 
Dichlorodifluoromethane ND ND 2. 
Trichlorofluoromethane ND ND 2. 
1,1-Dichloroethylene ND ND 2. 
Methylene Chloride ND ND 10. 
Trans-1,2-Dichlorothylene ND 0.9 0.6 
1,1-Dichloroethane ND ND 0.6 
Chloroform 1.4 ND 0.6 
1,1,1-Trichloroethane ND ND 0.6 
Carbon Tetrachloride ND ND 0.6 
1,2-Dichloroethane ND ND 0.6 
Trichloroethylene ND 13.9 0.6 
1,2-Dichloropropane ND ND 0.6 
Dichlorobromomethane ND ND 0.6 
Trans-1,3-Dichloropropene ND ND 0.6 
Cis-1,3-Dichloropropene ND ND 0.6 
1,1,2-Trichloroethane ND ND 0.6 
Tetrachloroethylene ND ND o. 6 
Dibromochloromethane ND ND 0.6 
Bromoform ND ND 0.6 
1,1,2,2-Tetrachloroethane ND ND 0.6 

ND = Not Detected. 
All results reported in ugjl. 

K.l2 
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CLIENT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul EddY 

DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO.: V5228 AD 

GC ANALYSIS OF PURGEABLE HALOCARBONS BY EPA METHOD 601 

Laboratory Sample Nos. 816811 816812 DETECTION 
LIMIT 

Client Identification LF4-PNL3 LFA-PNLA (ug/1) 

Chloromethane NO NO 2. 
Vinyl Chloride NO NO 2. 
Bromomethane NO NO 2. 
Chloroethane NO NO 2. 
Dichlorodifluoromethane NO NO 2. 
Trichlorofluoromethane NO 2.5 2. 
1,1-Dichloroethylene NO NO 2. 
Methylene Chloride NO NO 10. 
Trans-1,2-Dichlorothylene NO NO 0.6 
1,1-Dichloroethane NO NO 0.6 
Chloroform 0.6 1.4 0.6 
1,1,1-Trichloroethane NO NO 0.6 
Carbon Tetrachloride NO NO 0.6 
1,2-Dichloroethane NO NO 0.6 
Trichloroethylene 13. NO 0.6 
1,2-Dichloropropane NO NO 0.6 
Dichlorobrornomethane NO NO o. 6 
Trans-1,3-Dichloropropene NO NO 0.6 
Cis-1,3-Dichloropropene NO NO 0.6 
l,l,2-Trichloroethane NO NO 0.6 
Tetrachloroethylene NO NO 0.6 
Dibromochloromethane NO NO 0.6 
Bromoform NO NO o. 6 
1,1,2,2-Tetrachloroethane NO NO 0.6 

ND = Not Detected. 
All results reported in ug/1. 

K.l3 
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CLIENT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul Eddy 

DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO.: V5228 AD 

GC ANALYSIS OF PURGEABLE HALOCARBONS BY EPA METHOD 601 

Laboratory Sample Nos. 816813 816813 DETECTION 
DUPLICATE LIMIT 

Client Identification LFA-PNLB LFA-PNLB (ug/11 

Chloromethane ND ND 2. 
Vinyl Chloride ND ND 2. 
Bromomethane ND ND 2. 
Chloroethane ND ND 2. 
Dichlorodifluoromethane ND ND 2. 
Trichlarofluoromethane ND ND 2. 
1,1-Dichloroethylene ND ND 2. 
Methylene Chloride ND ND 10. 
Trans-1,2-Dichlorothylene ND ND o. 6 
1,1-Dichloroethane ND ND 0.6 
Chloroform 0.8 0.9 0.6 
1,1,1-Trichloroethane ND ND 0.6 
Carbon Tetrachloride ND ND 0.6 
1,2-Dichloroethane ND ND 0.6 
Trichloroethylene ND ND 0.6 
1,2-Dichloropropane ND ND 0.6 
Dichlorobromomethane ND ND 0.6 
Trans-1,3-Dichloropropene ND ND 0.6 
Cis-1,3-Dichloropropene ND ND 0.6 
1,1,2-Trichloroethane ND ND 0.6 
Tetrachloroethylene ND ND 0.6 
Dibromochloromethane ND ND 0.6 
Bromoform ND ND 0.6 
1,1,2,2-Tetrachloroethane ND ND 0.6 

ND = Not Detected. 
All results reported in ug/1. 

K.!4 
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CLIENT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul Eddy 

HERBICIDES IN WATER BY EPA 

Laboratory Client 2,4-D 
Sample Nos. Identification 

816809 LFl-PNLl ND 

816810 LF4-PNL1 ND 

816811 LF4-PNLJ ND 

816812 LFA-PNLA ND 

816813 LFA-PNLB ND 

DETECTION LIMIT 1.0 

ND 2 Not Detected 

All values are reported in ugjl. 

K.l5 

DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO,: V5228 AD 

METHOD 8150 

Silvex 2,4,5-~ 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

0.1 0.1 
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CLIENT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul Eddy 

DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO.: V5228 AD 

PCB'S & PESTICIDES IN WAATER BY EPA METHOD 608 

Laboratory Sample Nos. 

Client Identification 

PESTICIDES 

Aldrin 
Dieldrin 
p,p'-DDT 
p,p 1 -DDE 
p,p'-DDD 
Endosulfan I 
Endosulfan II 
Endosulfan Sulfate 
Endrin 
Endrin Aldehyde 
Hepcachlor 
Heptachlor Epoxide 
a-BHC 
b-BHC 
g-BHC 
d-BHC 
Toxaphene 
Chlordane 
Methoxychlor 

PCB'S 

A-1016 
A-1221 
A-1232 
A-1242 
A-1248 
A-1254 
A-1260 

ND = Not Detected 

816809 

LFl-PNLl 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
ND 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

All values are reported in ugjl. 

K.l6 

816810 

LF4-PNL1 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 

DETECTION 
LIMIT 
(ug/1) 

0.04 
0.02 
0.12 
0. 04 
0.11 
0.14 
0.04 
0.66 
0.06 
0.23 
0.03 
0.83 
0.03 
0.06 
0.04 
0.09 
2.4 
0.14 
1.76 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
l.O 
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CLIENT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul Eddy 

DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO.: V522B AD 

PCB'S & PESTICIDES IN WAATER BY EPA METHOD 608 

Laboratory Sample Nos. 

Client Identification 

PESTICIDES 

Aldrin 
Dieldrin 
p,p'-DDT 
p,p'-DDE 
p,p'-DDD 
Endosulfan I 
Endosulfan II 
Endosulfan Sulfate 
Endrin 
Endrin Aldehyde 
Heptachlor 
Heptachlor Epoxide 
a-BHC 
b-BHC 
g-BHC 
d-BHC 
Toxaphene 
Chlordane 
Methoxychlor 

PCB'S 

A-1016 
A-1221 
A-1232 
A-1242 
A-1248 
A-1254 
A-1260 

ND = Not Detected 
All values are reported in 

816811 

LF4-PNL3 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

ugjl. 

K.l7 

816812 

LFA-PNLA 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

DETECTION 
LIMIT 
(ugjl) 

0.04 
o. 02 
0.12 
0.04 
0.11 
0.14 
0.04 
0.66 
0.06 
0,23 
0.03 
0.83 
0.03 
0.06 
0.04 
0.09 
2.4 
0.14 
1. 76 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
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CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO.: V5228 AD REPORT TO: Paul Eddy 

PCB'S & PESTICIDES IN WAATER BY EPA METHOD 608 

Laboratory Sample Nos. 

Client Identification 

PESTICIDES 

Aldrin 
Dieldrin 
p,p'-DDT 
p,p'-DDE 
p,p'-DDD 
Endosulfan I 
Endosulfan II 
Endosulfan Sulfate 
Endrin 
Endrin Aldehyde 
Heptachlor 
Heptachlor Epoxide 
a-BHC 
b-BHC 
g-BHC 
d-BHC 
Toxaphene 
Chlordane 
Methoxychlor 

PCB'S 

A-1016 
A-1221 
A-1232 
A-1242 
A-1248 
A-1254 
A-1260 

ND s Not Detected 

816813 

LFA-PNLB 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

All values are reported in ugjl. 

(l { /). ·,; 
REPaRTEe sY --<J;tm T.Cu-ei( ( f'J 

/ .. JTD/pb 

K.l8 

DETECTION 
LIMIT 
(Ug/1) 

0.04 
0.02 
0.12 
0.04 
0 .ll 
0.14 
0.04 
0.66 
0.06 
0.23 
0.03 
0.83 
0.03 
0.06 
0.04 
0.09 
2.4 
0.14 
1. 76 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 



Am Test Analytical Results From Early 
September, 1988 Sampling Event 



k@ll am test inc. 
14603 N.E. 87th St. • REDMOND. WASHINGTON 98052 • 2061885-1664 

ANALYSIS REPORT 

CLIENT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul Eddy 
P.O. Box 999 
Richland, WA 99352 

Laboratory Sample Nos. 

Client Identification 

pH 

Specific Conductance (umhos;cm @ 25°C) 

Total Coliform (MPN/100 ml) 

Oil & Grease (rng/1) 

Total Organic Halides (ugjl as Cl-) 

Gross Beta (pCI/L) 

Radium (pCI/L) 

Gross Alpha (pCI/1) 

Total Dissolved Solids (mg/1) 

Total Organic Carbon {mgjl) 

Chloride (mgjl) 

Phenol (mg/1) 

Nitrate - Nitrogen (mg/1) 

Fluoride (mgjl) 

Sulfate (mgjl) 

Cyanide (mgjl) 

K.l9 

DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO.: V5228 AD 

817883 817884 817885 

LF1-PNL2 LF1-PNL3 LF1-PNL4 

7.17 7.26 6.39 
6.341 

245. 120. 270. 
265.] 

<2.5 20. <2.5 

<1.2 <1.1 <1.2 

<10. <10. <10. 

<2. <2. <2. 

<1. 1.3 <l. 

<l. <l. <l. 

151. 124. 177. 

0.757 0.677 2.12 
0.790] 

2.74 4.60 3. 65 

<0.008 <0. 008 <0.008 

0.23 <0.01 1.83 

0.72 <0.01 <0.01 

3.51 12.5 23.6 

<0.006 <0.006 <0.006 
<0.0061 
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CLIEUT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul Eddy 

Laboratory Sample Nos. 

Client Identification 

pH 

Specific Conductance (umhosjcm @ 25°C) 

Total Coliform (MPN/100 ml) 

Oil & Grease (mgjl) 

Total Organic Halides (ugjl as cl-) 

Gross Beta (pCI/L) 

Radium (pCI/L} 

Gross Alpha (pCI/1) 

Total Dissolved Solids (mg/1) 

Total Organic carbon (mgjl) 

Chloride (Ihg/1) 

Phenol (mg/1) 

Nitrate - Nitrogen (mg(l) 

Fluoride (mg/1) 

sulfate (mg/1) 

Cyanide (tng/1) 

K.20 

DATE 
DATE 
P.O. 

817886 

LF4-PNL2 

6.58 

440. 

<2.5 

<1.2 

<10. 

<1. 

<1. 

<1. 

293. 
3 03. J 

2.28 

4.14 

<0. 008 

<0.01 

<0.01 

26.4 

<0.006 

REPORTED: 9/26/88 
REVISED: 10/27/88 
NO.: V5228 AD 

817887 
DUP. 

LF1-PNL4 

6.32 

270. 

<2.5 

<1.2 

<10. 

<1. 

<1. 

<1. 

183. 

2. 52 

3.30 
3.4ol 

<0.008 

1. 96 
1. 92] 

<0.01 
<O.Ql] 

23.7 
24. ol 

<0,006 
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CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO,: 'V5228 AD REPORT TO: Paul Eddy 

Parameter 

Total Organic Halides 

Total Organic carbon 

Chloride 

Nitrate - Nitrogen 

Fluoride 

Sulfate 

Cyanide 

*Reported in ugjl as Cl-. 

SPIKE RECOVERIES 

Sample 
Number 

817883 

817884 

817887 

817887 

817887 

817887 

817884 

K.2l 

Spike 
Cone. 
(mg/1) 

250. 

a.o 

1· 0 

1.0 

o.s 

LO 

0. 025 

Recovery 
(%I 

93.1 

107.2 

90.2 

96.2 

86.4 

100. 

95.0 



A1' 
_,_ 

CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 

REPORT TO: Paul Eddy P.o. NO.: V5228 AD 

Laboratory Sample Nos. 817883 817884 817885 

Client Identification LF1-PNL2 LF1-PNL3 LF1-PNL4 

Iron 1.5 11. 2.7 

Barium o. 012 0.078 0,026 

selenium <0.002 <0.002 <0.002 

Cadmium <0.002 <0,002 <0.002 

Manganese 0.080 o. 368 l. 07 

calcium 23. 13. 30. 

Silver <0.010 <0.010 <0.010 

Sodium 5.3 3.3 5.3 

Chromium 0.073 0.10 0.11 

Lead <0.02 <0.02 <0.02 

Arsenic <0.002 0.004 <0.002 
<0.0021 

Mercury <0.0002 <0.0002 <0.0002 

All values are reported in mgjl. 

K. 22 
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CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 

REPORT TO: Paul Eddy P.o. NO.: V5228 AD 

Laboratory Sample Nos. 817886 817887 
DUP. 

Client Identification LF4-PNL2 LF1-PNL4 

Iron 15. 3.4 

Barium 0.106 0.033 

Selenium <0.002 <0.002 

Cadmium <0.002 <0.002 

Manganese 4.3 1.0 

Calcium 54. 29. 

Silver <0.010 <0.010 

Sodium 10.4 4.6 

Chromium 0.20 0.10 

Lead <0. 02 <0.02 

Arsenic 0.003 <0,002 
o.oogJ 

Mercury <0.0002 <0. 0002 

All values are reported in mg/1. 

K.23 
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CLIENT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul Eddy 

DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO.: V5228 AD 

GC ANALYSIS OF PURGEABLE HALOCARBONS BY EPA METHOD 601 

Laboratory sample Nos. 817883 817884 DETECTION 
LIMIT 

Client Identification LF1-PNL2 LF1-PNL3 (ugjl) 

Chloromethane ND ND 3 0 

Vinyl Chloride ND ND 3 0 

Bromomethane ND ND 3 0 

Chloroethane ND ND 3 0 

Dichlorodifluoromethane ND ND 3 0 

Trichlorofluoromethane ND ND 3 0 

1,1-Dichloroethylene ND ND 3 0 

Methylene Chloride ND ND lSo 
Trans-1,2-Dichlorothylene ND ND 2 0 

1,1-Dichloroethane ND ND 2 0 

Chloroform ND ND 2 0 

1,1,1-Trichloroethane ND ND 2 0 

Carbon Tetrachloride ND ND 2 0 

1,2-Dichloroethane ND ND 2o 
Trichloroethylene ND ND 2o 
1,2-Dichloropropane ND ND 2 0 

Dichlorobromomethane ND ND 2 0 

Trans-1,3-Dichloropropene ND ND 2 0 

cis-1,3-Dichloropropene ND ND 2 0 

1,1,2-Trichloroethane ND ND 2o 
Tetrachloroethylene ND ND 2 0 

Dibromochloromethane ND ND 2 0 

Bromoform ND ND 2 0 

1,1,2,2-Tetrachloroethane ND ND 2 0 

ND = Not Detected. 
All results reported in ug/1. 

K.24 
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CLIENT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul Eddy 

DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO.: V5228 AD 

GC ANALYSIS OF FORGEABLE HALOCARBONS BY EPA METHOD 601 

Laboratory Sample Nos. 817885 817886 DETECTION 
LIMIT 

Client Identification LF1-PNL4 LF4-PNL2 (Ug/1) 

Chloromethane NO NO 3. 
Vinyl Chloride NO NO 3. 
Bromomethane NO NO 3. 
Chloroethane NO NO 3. 
Dichlorodifluoromethane NO NO 3. 
Trichlorofluoromethane NO NO 3. 
1,1-Dichloroethylene NO NO 3. 
Methylene Chloride NO NO 15. 
Trans-1,2-Dichlorothylene NO NO '. 1,1-Dichloroethane NO NO '. Chloroform NO NO '. 1,1,1-Trichloroethane NO NO '. Carbon Tetrachloride NO NO 2. 
1,2-Dichloroethane NO NO 2. 
Trichloroethylene NO 5.7 2. 
1,2-Dichloropropane NO NO 2. 
Dichlorobromomethane NO NO 2. 
Trans-1,3-0ichloropropene NO NO 2. 
Cis-1,3-0ichloropropene NO NO 2. 
1,1,2-Trichloroethane NO NO 2. 
Tetrachloroethylene NO NO 2. 
Dibromochloromethane NO NO 2. 
Bromoform NO NO 2. 
1,1,2,2-Tetrachloroethane NO NO 2. 

ND = Not Detected. 
All results reported in ugfl. 

K.25 
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CLIENT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul Eddy 

DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO.: V5228 AD 

GC ANALYSIS OF PURGEABLE HALOCARBONS BY EPA METHOD 601 

Laboratory Sample Nos. 

Client Identification 

Chloromethane 
vinyl Chloride 
Bromomethane 
Chloroethane 
Dichlorodifluoromethane 
Trichlorofluoromethane 
1,1-Dichloroethylene 
Methylene Chloride 
Trans-1,2-Dichlorothylene 
1 1 1-Dichloroethane 
Chloroform 
1,1,1-Trichloroethane 
Carbon Tetrachloride 
1,2-Dichloroethane 
Trichloroethylene 
1,2-Dichloropropane 
Dichlorobromomethane 
Trans-1,3-Dichloropropene 
Cis-1,3-Dichloropropene 
1,1,2-Trichloroethane 
Tetrachloroethylene 
Dibromochloromethane 
Bromoform 
1,1,2,2-Tetrach1oroethane 

ND = Not Detected. 

817887 
DUP. 

LF1-PNL4 
(Ug/1) 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 

K.26 

817887 DETECTION 
SPIKE LIMIT 

RECOVERY (ug/1) 
(%I 

3. 
3. 
3. 
3. 
3. 
3. 
3. 

15. 
93. 2. 
82. 2. 
80. 2. 

105. 2. 
114. 2. 
75. 2. 
66. 2. 
76. 2. 
78. 2. 

115. 2. 
72. 2. 
63. 2. 
81. 2. 
71. 2. 

2. 
2. 
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CLIENT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul Eddy 

DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO.: V5228 AD 

PCB'S & PESTICIDES IN WATER BY EPA METHOD 608 

Laboratory Sample Nos. 

Client Identification 

PESTICIDES 

Aldrin 
Dieldrin 
p,p'-DDT 
p,p'-DDE 
p,p'-DDD 
Endosulfan I 
Endosulfan II 
Endosulfan Sulfate 
Endrin 
Endrin Aldehyde 
Heptachlor 
Heptachlor Epoxide 
a-BHC 
b-BHC 
g-BHC 
d-BHC 
Toxaphene 
Chlordane 
Methoxychlor 

PCB'S 

A-1016 
A-1221 
A-1232 
A-1242 
A-1248 
A-1254 
A-1260 

ND • Not Detected 

817883 

LF1-PNL2 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

All values are reported in ug;l. 

K.27 

817884 

LF1-PNL3 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

DETECTION 
LIMIT 
(ugjl) 

0.04 
0.02 
0.12 
0,04 
0.11 
0.14 
0. 04 
0,66 
0.06 
0.23 
0.03 
0.83 
0.03 
0.06 
o. 04 
0.09 
2.4 
0.14 
1. 76 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
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CLIENT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul Eddy 

DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO.: V5228 AD 

PCB'S & PESTICIDES IN WATER BY EPA METHOD 608 

Laboratory sample Nos. 

Client Identification 

PESTICIDES 

Aldrin 
Oieldrin 
p,p'-DDT 
p,p'-DDE 
p,p'-DDD 
Endosulfan I 
Endosulfan II 
Endosulfan Sulfate 
Endrin 
Endrin Aldehyde 
Heptachlor 
Heptachlor Epoxide 
a-BHC 
b-BHC 
g-BHC 
d-BHC 
Toxaphene 
Chlordane 
Methoxychlor 

PCB'S 

A-1016 
A-1221 
A-1232 
A-1242 
A-1248 
A-1254 
A-1260 

ND = Not Detected 

817885 

LF1-PNL4 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
NO 

All values are reported in ug/1. 

K.28 

817886 

LF4-PNL1 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

DETECTION 
LIMIT 
(ug/1) 

0.04 
0.02 
0.12 
0.04 
0.11 
0.14 
0.04 
0.66 
0.06 
0.23 
0.03 
0.83 
0.03 
0.06 
0.04 
0.09 
2.4 
0.14 
1. 76 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
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CLIENT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul Eddy 

DATE REPORTED: 9/26/88 
DATE REVISED: 10/27/88 
P.O. NO.: V5228 AD 

PCB 1 S & PESTICIDES IN WATER BY EPA METHOD 608 

Laboratory sample Nos. 

Client Identification 

PESTICIDES 

Aldrin 
Dieldrin 
p,p'-DDT 
p,p'-DDE 
p,p'-DDD 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin Aldehyde 
Heptachlor 
Heptachlor Epoxide 
a-BHC 
b-BHC 
g-BHC 
d-BHC 
Toxaphene 
Chlordane 
Methoxychlor 

PCB'S 

A-1016 
A-1221 
A-1232 
A-1242 
A-1248 
A-1254 
A-1260 

ND • Not Detected 
All values are reported in 

817887 
DUP. 

LF1-PNL4 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

Ug/1. 

K.29 

DETECTION 
LIMIT 
(ug/1) 

0.04 
o. 02 
0.12 
0.04 
0.11 
0.14 
0.04 
0.66 
0.06 
0.23 
0.03 
0.83 
0.03 
0.06 
0.04 
0.09 
2.4 
0.14 
1. 76 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 



AI 
-12-

CLIENT: Battelle - Pacific Northwest Labs 

REPORT TO: Paul Eddy 

DATE REPORTED: 9(26/88 
DATE REVISED: 10/27/88 
P.O. NO.: V5228 AD 

Laboratory 
Sample Nos. 

817883 

817884 

817885 

817886 

817887 

HERBICIDES IN WATER BY EPA METHOD 8150 

Client 
Identification 

LFl-PNL-2 

LFl-PNL-3 

LFl-PNL-4 

LF4-PNL-7 

LFl-PNL-4 
Duplicate 

2,4-D 

ND 

ND 

ND 

ND 

ND 

Silvex 

ND 

ND 

ND 

ND 

ND 

DETECTION LIMIT 1.0 0.1 

ND = Not Detected 

All values are reported in ug;l. 

JTD/pb 

' ' . ' ? '71 REPORTED BY -~· """.-"{=+-=~:""· 1./,(.L;/,;_'ft·----­
JohhY.DaiW 

K.30 

2,4,5-T 

ND 

ND 

ND 

ND 

ND 

0. 1 



Am Test Analytical Results From late 
October, 1988 Sampling Event 



~~~ :am test inc. 
14603 N.E. 87th St. • REDMOND, WASHINGTON 98052 • 206/885-1664 

ANALYSIS REPORT 

CLIENT: Battelle - Pacific 
Northwest Labs 

REPORT TO: Paul Eddy 
P.O. Box 999 
Richland, WA 99352 

822066 

Date Received: 10/31/88 
DATE REPORTED: 12/6/88 
DATE REVISED: 1/4/88 
P.O. NO.: V5228 AD 

822067 
Duplicate 

Laboratory Sample Nos. 

Client Identification LF4-PNL4 LF4-PNL4 

pH 

Specific Conductance 
(UmhOS/Cln @ 25°) 

Total Coliform (CFU/100 ml) 

Oil & Grease (mg/1) 

Total Organic Halide 
{ug/1 as cl-) 

Gross Beta (pCI/L) 

Radium (pCI/L) 

Gross Alpha (pCI/L) 

Total Dissolved Solids 
(rng/1} 

Total organic carbon 
(mg/1) 

Chloride (rngjl) 

K.3! 

6.29 

260. 

<1.8 

<1. 

93.6 

<2.0 

<2.0 

<1.0 

239. 

1. 23 

3.59 

6.35 

270. 

4.5 

5.4 

<10. 

<2.0 

<2.0 

<1.0 

288. 

l. 26 

2.32 



AI 

CLIENT: Battelle - Pacific 
Northwest Labs 

REPORT TO: Paul Eddy 

Laboratory Sample Nos. 

Client Identification 

Phenol (mg/1) 

Nitrate - Nitrogen (mgjl) 

Fluoride (mg/1) 

Sulfate (mg/1) 

cyanide (mg/1) 

K.32 

-2-

DATE REPORTED: 12/6/88 
DATE REVISED: 1/4/88 
P.O. NO.: V5228 AD 

822066 822067 
Duplicate 

LF4-PNL4 LF4-PNL4 

<0.008 <0.008 

1. 34 1. 38 

<0.010 <0.010 

20.5 20.9 

<0.006 <0.006 



AI 

CLIENT: Battelle - Pacific 
Northwest Labs 

REPORT TO: Paul Eddy 

Laboratory Sample Nos. 

Client Identification 

pH 

Specific Conductance 
(umhosjcm @ 250) 

Total Coliform (CFU/100 ml) 

Oil & Grease (mgjl) 

Total organic Halide 
(ugjl as cl-) 

Gross Beta (pCijL) 

Radium (pCI/L) 

Gross Alpha (pCI/L) 

Total Dissolved Solids 
(mgjl) 

Total organic Carbon 
(mgjl) 

Chloride (mg/1} 

K.33 

_,_ 

DATE REPORTED: 12/6/88 
DATE REVISED: 1/4/88 
P.O. NO.: VS228 AD 

822068 

LF4-PNL5 

6.67 

92. 

23. 

3. 2 

102. 

<2.0 

<2.0 

<1.0 

150. 

0.678 
0.752] 

1.41 

822069 

LF4-PNL6A 

6.88 

124. 

49. 

4. 2 

202. 

<2.0 

<2.0 

<1.0 

275. 

0.693 

2.94 
2.90] 



Al' 

CLIENT: Battelle - Pacific 
Northwest Labs 

REPORT TO: Paul Eddy 

Laboratory Sample Nos, 

Client Identification 

Phenol (mg/1) 

Nitrate - Nitrogen (mg/1) 

Fluoride (mg/1) 

Sulfate (mg/1) 

Cyanide (mg/11 

K.34 

-·-
DATE REPORTED: 12/6/88 
DATE REVISED: 1/4/88 
P.O. NO.: V5228 AD 

822068 822069 

LF4-PNL5 LF4-PNL6A 

<0.008 <0.008 

0.416 0.388 
0.366] 

<0.010 <0.010 

7.20 6.97 
6. 72 J 

<0.006 <0.006 
<O.ooeJ 



CLIENT: Battelle - Pacific 
Northwest Labs 

REPORT TO: Paul Eddy 

-5-

DATE REPORTED: 12/6/88 
DATE REVISED: 1/4/88 
P.O. NO.: V5228 AD 

SPIKE RECOVERIES 

Parameter 

Total Organic Carbon 

Phenol 

Nitrate - Nitrogen 

Fluoride 

Sulfate 

cyanide 

*Reported in ug. 

K.35 

sample 
Number 

822069 

822069 

822069 

822069 

822069 

822069 

Spike 
Cone. 
(mgjl) 

8.0 

10.* 

o. 25 

0.25 

0.5 

0.025 

Recovery 
(%) 

100.3 

98.1 

97.7 

109.7 

107.6 

93.5 



AI 

CLIENT: Battelle - Pacific 
Northwest Labs 

REPORT TO: Paul Eddy 

Laboratory Sample Nos. 

Client Identification 

Iron (mg/1) 

Barium (mg/1) 

Selenium (mg/1) 

Cadmium (mg/1) 

Manganese (mg/1) 

Calcium (mg/1) 

Silver (mg/1) 

Sodium (mg/1) 

Chromium (mg/1) 

Lead (mg/1) 

Arsenic (mg/1) 

Mercury (mgjl) 

K.36 

_,_ 

DATE REPORTED: 12/6/88 
DATE REVISED: 1/4/88 
P.O. NO.: V5228 AD 

822066 822067 
Duplicate 

LF4-PNL4 LF4-PNL4 

0.22 0.073 

0.011 0.010 

<0.002 <0.002 

<0.0005 <0.0005 

0.027 0.020 

32. 32. 

0.0008 0.0016 

8.1 8.1 

0.013 0.012 

<0.001 <0.001 

<0.002 <0.002 

<0.0002 <0.0002 
<0.0002] 



A1' 
CLIENT: Battelle - Pacific 

Northwest Labs 

REPORT TO: Paul Eddy 

Laboratory Sample Nos. 

Client Identification 

Iron (mgjl) 

Barium (mgjl) 

Selenium (mg/1) 

Cadmium (mgjl) 

Manganese (mg/1) 

Calcium (mg/1} 

Silver (mgjl) 

Sodium (mg/1) 

ChromiW!l (mgjl) 

Lead (mgjl) 

Arsenic {mgjl) 

Mercury (mgjl) 

K.37 

-7-

DATE REPORTED: 12/6/88 
DATE REVISED: 1/4/88 
P.O. NO.: V5228 AD 

822068 

LF4-PNL5 

6.6 
7.sl 

0.092 
0.1041 

<0.002 
<0.0021 

<0.0005 
0.00101 

0.333 

10. 
11. J 

0.0018 
o.ooogl 

3.4 
4 .4l 

0.012 
o.onl 

0.004 
0.0041 

0.005 
o.ooel 

<0.0002 

822069 

LF4-PNL6A 

0.17 

0.006 

<0.002 

<0.0005 

0.007 

6.0 

0.0016 

6.0 

<0.006 

<0.001 

<0.002 

<0.0002 



Al' 

CLIENT: Battelle - Pacific 
Northwest Labs 

REPORT TO: Paul Eddy 

-·-
DATE REPORTED: 12/6/88 
DATE REVISED: 1/4/88 
P.O. NO.: V5228 AD 

SPIKE RECOVERIES 

Parameter 

Iron 

Barium 

Selenium 

Cad:m.ium 

Manganese 

Calciwn 

Silver 

Sodium 

Chromium 

Lead 

Arsenic 

Mercury 

Sample 
Number 

822069 

822069 

822069 

822069 

822069 

822069 

822069 

822069 

822069 

822069 

822069 

822067 

K.38 

Spike 
Cone. 
(mg/1) 

1.0 

1.0 

0.25 

0.5 

1.0 

10' 

0.040 

5.0 

1.0 

1.0 

0.5 

0.0050 

Recovery 
(%) 

85. 

104. 

106. 

96. 

102. 

100. 

93.2 

92, 

100. 

93. 

96. 

100. 



AI 
CLIENT: Battelle - Pacific 

Northwest Labs 

REPORT TO: Paul Eddy 

-9-

DATE REPORTED: 12/6/88 
DATE REVISED: 1/4/88 
P.O. NO.: V5228 AD 

GC ANALYSIS OF PURGEABLE HALOCARBONS BY EPA METHOD 601 

Laboratory Sample Nos. 

Client Identification 

Chloromethane 
Vinyl Chloride 
Bromomethane 
Chloroethane 
Dichlorodifluoromethane 
Trichlorofluoromethane 
1,1-Dichloroethylene 
Methylene Chloride 
Trans-1,2-Dichloroethylene 
1,1-Dichloroethane 
Chloroform 
1,1,1-Trichloroethane 
Carbon Tetrachloride 
1,2-Dichloroethane 
Trichloroethylene 
1,2-Dichloropropane 
Dichlorobromomethane 
Trans-1,3-Dichloropropene 
Cis-1,3-Dichloropropene 
1,1,2-Trichloroethane 
Tetrachloroethylene 
Dibromochloromethane 
Bromoform. 
1,1,2,2-Tetrachloroethane 

BLANK 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

8.0 
ND 
ND 
1.0 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

All results are reported in ugjl. 
NO • Not Detected. 

K.39 

DETECTION 
LIMIT 
(ug/1) 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.5 
0.7 
0.7 
o. 7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 



A"T 
CLIENT: Battelle - Pacific 

Northwest Labs 

REPORT TO: Paul Eddy 

-10-

DATE REPORTED: 12/6/88 
DATE REVISED: 1/4/88 
P.O. NO,: V5228 AD 

GC ANALYSIS OF PURGEABLE HALOCARBONS BY EPA METHOD 601 

Laboratory Sample Nos. 

Client Identification 

Chloromethane 
Vinyl Chloride 
Bromomethane 
Chloroethane 
Dichlorodifluoromethane 
Trichlorofluoromethane 
1,1-Dichloroethylene 
Methylene Chloride 
Trans-1,2-Dichloroethylene 
1,1-Dichloroethane 
Chloroform 
1,1,1-Trichloroethane 
Carbon Tetrachloride 
1,2-Dichloroethane 
Trichloroethylene 
1,2-Dichloropropane 
Dichlorobromomethane 
Trans-1,3-Dichloropropene 
Cis-1,3-Dichloropropene 
l,l,2-Trich1oroethane 
Tetrachloroethylene 
Dibromochloromethane 
Bromoform 
1,1,2,2-Tetrachloroethane 

822066 

LF4-PNL4 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
26. 

0.8 
ND 
ND 
ND 
ND 
ND 
22. 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

All results are reported in ug;l. 
ND = Not Detected. 

K.40 

822067 
Duplicate 

LF4-PNL4 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

2.0 
0.8 

ND 
ND 
ND 
ND 
ND 
19. 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

DETECTION 
LIMIT 
(ugjl) 

2.0 
2.0 
2.0 
2 .o 
2.0 
2.0 
2.0 
1.5 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 



Al" 

CLIENT: Battelle - Pacific 
Northwest Labs 

REPORT TO: Paul Eddy 

-11-

DATE REPORTED: 12/6/88 
DATE REVISED: 1/4/88 
P.O. NO.: V5228 AD 

GC ANALYSIS OF PURGEAELE HALOCARBONS BY EPA METHOD 601 

Laboratory Sample Nos. 822068 822069 DETECTION 
LIMIT 

Client Identification LF4-PNLS LF4-PNL6A (Ug/1) 

Chloromethane ND ND 2.0 
Vinyl Chloride ND ND 2.0 
Bromomethane ND ND 2. 0 
Chloroethane ND ND 2.0 
Dichlorodifluoromethane ND ND 2.0 
Trichlorofluoromethane ND ND 2.0 
1,1-Dichloroethylene ND ND 2.0 
Methylene Chloride 1.5 2.5 1.5 
Trans-1,2-Dichloroethylene ND ND 0.7 
1,1-Dichloroethane ND ND 0.7 
Chloroform ND 0.7 0.7 
1,1,1-Trichloroethane ND ND 0.7 
Carbon Tetrachloride ND ND 0.7 
1,2-Dichloroethane ND ND 0.7 
Trichloroethylene ND ND 0.7 
1,2-Dichloropropane ND ND 0.7 
Dichlorobromomethane ND ND 0.7 
Trans-1,3-Dichloropropene ND ND 0.7 
Cis-1,3-Dichloropropene ND ND 0.7 
1,1,2-Trichloroethane ND ND 0.7 
Tetrachloroethylene ND ND 0.7 
Dibromochloromethane ND ND 0.7 
Bromoform ND ND 0.7 
l,l,~,~-Tetrachloroethane ND ND 0.7 

All results are reported in ug;l. 
NO • Not Detected. 

K.41 



Al' 

CLIENT: Battelle - Pacific 
Northwest Labs 

REPORT TO: Paul Eddy 

Laboratory Sample Nos. 

Client Identification 

PCB's* 

Endrin 

Lindane 

Methoxychlor 

Toxaphene 

-12-

822066 

LF4-PNL4 

NO 

NO 

NO 

NO 

NO 

DATE REPORTED: 12/6/88 
DATE REVISED: 1/4/88 
P.O. NO.: V5228 AD 

822067 DETECTION 
Duplicate LIMIT 

LF4-PNL4 (Ug/1) 

NO 0.5 

NO 0.06 

NO 0.04 

NO 0.5 

NO 5.0 

*PCB's analyzed for Arochlor 1016, 1221, 1232, 1242, 1248, 1254, 
1260, & 1262. 

ND = Not Detected. 

All values are reported in ugjl. 

K.42 



Al' 

CLIENT: Battelle - Pacific 
Northwest Labs 

REPORT TO: PaUl Eddy 

Laboratory Sample Nos. 

Client Identification 

PCB's• 

Endrin 

Lindane 

Methoxychlor 

Toxaphene 

-13-

822068 

LF4-PNLS 

ND 

ND 

ND 

ND 

ND 

DATE REPORTED: 12/6/88 
DATE REVISED: 1/4/88 
P.O. NO.: V522S AD 

822069 DETECTION 
LIMIT 

LF4-PNL6A (ug/1) 

ND 0.5 

ND 0.06 

ND 0.04 

ND 0.5 

ND 5.0 

*PCB's analyzed for Arochlor 1016, 1221, 1232, 1242, 1248, 1254, 
1260, & 1262. 

ND = Not Detected. 

All values are reported in ugjl. 

K.43 



A1' 

CLIENT: Battelle - Pacific 
Northwest Labs 

REPORT TO: Paul Eddy 

-14-

DATE REPORTED: 12/6/88 
DATE REVISED: 1/4/88 
P.O. NO.: V5228 AD 

HERBICIDES IN WATER BY EPA METHOD 8150 

Laboratory Client 2,4-D Silvex 2,4,5-T 
Sample Nos. Identification (ugj1) (Ug/1) (ug/11 

822066 LF4-PNL4 ND ND ND 

822067 LF4-PNL4 ND ND ND 
Duplicate 

822068 LF4-PNLS ND ND ND 

822069 LF4-PNL6A ND ND ND 

DETECTION LIMIT 1.0 0,1 0.1 

ND = Not Detected. 

REPORTED BY 
JTD/pb John T. 'Dailey 

K.44 



Am Test Analytical Results From Middle 
December, 1988 Sampling Event 



am test inc. 
14603 N.E. 87th St. • REDMOND, WASHINGTON 98052 • 2061885-1664 

ANALYSIS REPORT 

CLIENT: Battelle Northwest Laboratories 

REPORT TO: George Last 

Laboratory 
Sample Nos. 

825627 

825628 

825629 

825630 

825631 

825632 

825633 

825634 

825635 

825636 

825637 

825638 

825639 

P.O. Box 999 
Richland, WA 99352 

Client 
Identification 

LFl-PNL-1 

LFl-PNL-5 

Fort Lewis LF-4 

LFl-PNL-6 

Fort Lewis LF-2 

Fort Lewis Well 

LF4-PNL-3 

12 

Segualitchew Lake 

Fort Lewis LF-3 

LFl-PNL-2 

Fort Lewis LF-1 

LFl-PNL-3 

LFl-PNL-4 

DATE RECEIVED: 
DATE REPORTED: 
PROJECT: Fort 

12/16/88 
12/31/88 

Lewis 

Total Oil & Total Coliform 
Grease (mg/1) (MPN) * 

7.7 <1.8 

11.8 <1. 8 

8.5 <1.8 

8.3 <1.8 

9.4 <1.8 

21.6 l3. 

8.6 <1.8 

11.8 17. 

11.5 <1.8 

9.2 13. 

7.6 4.5 

8.2 21. 

8.2 ". 
*NOTE: Samples received at Lab over 30 hours old - analyzed at Clients 

request. 

MPN = Most probable number. 

K.45 



A1' 
-2-

CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 
DATE REPORTED: 

REPORT TO: George Last PROJECT: Fort 

GC/MS SEMIVOLATILES BY EPA METHOD 625 

Laboratory Sample Nos. 

Client Identification 

Aniline 
2-Chlorophenol 
sis (2-Chloroethyl} Ether 
Phenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Benzyl Alcohol 
Bis (2-Chloroisopropyl) Ether 
2-Methylphenol 
Hexachloroethane 
N-Nitrosodipropylamine 
Nitrobenzene 
4-Methylphenol 
Isopherone 
2-Nitrophenol 
2,4-Dimethylphenol 
Bis (2-chloroethoxy) Methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
Benzoic Acid 
4 -Chloroanil ine 
Hexachlorobutadiene 
2-Methylnaphthalene 
4-Chloro-3-Methylphenol 
Hexachlorocyclopentadiene 
2,4 1 6-Trichlorophenol 
2,4,5-Trichlorophenol 

ND = Not Detected. 
All values are reported in ugjl. 

K.46 

BNA 
Method 
Blank 
12/19/88 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

BNA 825627 
Method 
Blank LFl-PNL l 
12/21/88 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

12/16/88 
12/31/88 

Lewis 

DETECTION 
LIMIT 
(ugjl) 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
l.O 
1.0 
5.0 
l.O 
1.0 
1.0 
1.0 
2.0 
2.0 
2.0 



A1' 
-3-

CLIENT: Battelle Northwest Laboratories 

REPORT TO: George Last 

DATE RECEIVED: 
DATE REPORTED: 
PROJECT: Fort 

12/16/88 
12/31/88 

Lewis 

GC/MS SEMIVOLATILES BY EPA METHOD 625 

Laboratory sample Nos. 

Client Identification 

2-Chloronaphthalene 
2-Nitroaniline 
Acenaphthylene 
Dimethyl Phthalate 
2,6-Dinitrotoluene 
Acenaphthene 
3-Nitroaniline 
2,4-Dinitrophenol 
Dibenzofuran 
2 1 4-Dinitrotoluene 
4-Nitrophenol 
Fluorene 
4-Chlorophenyl Phenyl Ether 
Diethyl Phthalate 
4-Nitroaniline 
2-Methyl-4,6-Dinitrophenol 
N-Nitrosodiphenylamine 
Azobenzene 
4-Bromophenyl Phenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-N-Butyl Phthalate 
Fluoranthene 
Pyrene 
Benzidine 
Benzy Butyl Phthalate 
Benzo I a) Anthracene 

ND = Not Detected. 
All values are reported in ug/1. 

K.47 

BNA 
Method 
Blank 
12/19/88 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

BNA 
Method 
Blank 
12/21/88 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

825627 DETECTION 
LIMIT 

LFl-PNL-1 (ugjl) 

ND 1.0 
ND 1.0 
ND 1.0 
ND 1.0 
ND 2.0 
ND 1.0 
ND 2.0 
ND 5.0 
ND 1.0 
ND 2.0 
ND 4.0 
ND 1.0 
ND 1.0 
ND 1.0 
ND 3.0 
ND 5.0 
ND 1.0 
ND 1.0 
ND 2.0 
ND 2.0 
ND 5.0 
ND 1.0 
ND 1.0 
ND 1.0 
ND 1.0 
ND 1.0 
ND 3. 0 
ND 1.0 
ND 1.0 



AI 
-4-

CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 
DATE REPORTED: 

REPORT TO: George Last PROJECT: Fort 

GC/MS SEMIVOLATILES BY EPA METHOD 625 

Laboratory Sample Nos. 

client Identification 

compounds 

Chrysene 
3,3-Dichlorobenzidine 
Bis (2-Ethylhexyl) Phthalate 
Di-N-Cetyl Phthalate 
senzo (b) Fluoranthene 
Benz a (k) Fluoranthene 
Benz a (a) Pyrene 
Indeno (1,2,3-cd) Pyrene 
Dibenzo {a,h) Anthracene 
Benz a (g,h, i) Perylene 

surrogate compounds 

2-Fluorophenol 
D6-Phenol 
05-Nitrobenzene 
2-Fluorobiphenyl 
2,4,6-Tribromophenol 
024-Terphenyl 

ND = Not Detected. 

K.48 

BNA 
Method 
Blank 
12/19/88 

BNA 
Method 
Blank 
12/21/88 

825627 

LFl-PNL ·1 

Concentration Cug/ll 

ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 

Recovery (%} 

37. 46. 42. 
26. 32. 26. 
48. 73. 72. 
46. 74. 78. 
45. 82. 80. 
91. 100. 95. 

12/16/88 
12/31/88 

Lewis 

DETECTION 
LIMIT 
(ugjl) 

1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

AMOUNT 
SPIKED 
(ugjl) 

50. 
50. 
25. 
25. 
50. 
25. 



AI 
-s-

CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 
DATE REPORTED: 

REPORT TO: George Last PROJECT: Fort 

GC/MS SEMIVOLATILES BY EPA METHOD 625 

Laboratory Sample Nos. 

Client Identification 

Aniline 
2-Chlorophenol 
Bis (2-Chloroethyl) Ether 
Phenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Benzyl Alcohol 
Bis (2-Chloroisopropyl) Ether 
2-Methylphenol 
Hexachloroethane 
N-Nitrosodipropylamine 
Nitrobenzene 
4-Methylphenol 
Isopherone 
2-Nitrophenol 
2,4-Dimethylphenol 
Bis (2-chloroethoxy) Methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
Benzoic Acid 
4-Chloroaniline 
Hexachlorobutadiene 
2-Methylnaphthalene 
4-Chloro-3-Methylphenol 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 

NO = Not Detected. 
All values are reported in ugjl. 

K.49 

825627 
Dup. 

LFl-PNL-1 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
ND 
NO 
ND 
ND 
ND 
ND 
NO 
ND 

825628 825629 

LFl-PNL-5 Ft. Lewis 
LF-4 

NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
ND NO 
ND ND 
NO ND 
ND ND 
NO ND 
NO ND 
ND ND 
ND ND 
ND ND 

12/16/88 
12/31/88 

Lewis 

DETECTION 
LIMIT 
(ug/11 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
s.o 
1.0 
1.0 
1.0 
1.0 
2.0 
2.0 
2.0 



A7 
-6-

CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 
DATE REPORTED: 

REPORT TO: George Last PROJECT: Fort 

GC/MS SEMIVOLATILES BY EPA METHOD 625 

Laboratory Sample Nos. 

Client Identification 

2-Chloronaphthalene 
2-Nitroaniline 
Acenaphthylene 
Dimethyl Phthalate 
2,6-Dinitrotoluene 
Acenaphthene 
3-Nitroaniline 
2,4-Dinitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
4-Nitrophenol 
Fluorene 
4-Chlorophenyl Phenyl Ether 
Diethyl Phthalate 
4-Nitroaniline 
2-Methyl-4,6-Dinitrophenol 
N-Nitrosodiphenylamine 
Azobenzene 
4-Bromophenyl Phenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-N-Butyl Phthalate 
Fluoranthene 
Pyrene 
Benzidine 
Benzy Butyl Phthalate 
Benzo I •l Anthracene 

ND = Not Detected. 
All values are reported in ugjl. 

K.SO 

825627 825628 825629 
Dup. 

LFl-PNL-1 LFl-PNL-5 Ft. Lewis 
LF-4 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
ND NO ND 
NO ND ND 
NO NO ND 
NO NO NO 
NO NO NO 
NO NO NO 
ND ND ND 
NO NO NO 
NO NO NO 
NO NO NO 
ND NO NO 
NO NO NO 
NO ND NO 
NO NO NO 
NO ND NO 
NO NO NO 
NO NO NO 
ND NO NO 

12/16/88 
12/31/88 

Lewis 

DETECTION 
LIMIT 
(ugjl) 

LO 
LO 
LO 
LO 
2.0 
1.0 
2.0 
5.0 
LO 
2.0 
4.0 
LO 
LO 
LO 
3.0 
5.0 
LO 
LO 
2. 0 
2.0 
5.0 
l.O 
l.O 
l.O 
l.O 
l.O 
3.0 
LO 
l.O 



AI 
-7-

CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 
DATE REPORTED: 

REPORT TO: George Last PROJECT: Fort 

GC/MS SEMIVOLATILES BY EPA METHOD 625 

Laboratory Sample Nos. 

Client Identification 

Compounds 

Chrysene 
3,3-Dichlorobenzidine 
Bis (2-Ethylhexyl) Phthalate 
Di-N-Cetyl Phthalate 
Benz a (b) Fluoranthene 
Benz a (k) Fluoranthene 
Benz a ( •I Pyrene 
Indeno (1,2,3-cd) Pyrene 
Dibenzo (a, h) Anthracene 
Benzo (g,h, i) Perylene 

Surrogate Compounds 

2-Flucrophenol 
06-Phenol 
DS-Nitrobenzene 
2-Fluorobiphenyl 
2,4,6-Tribromophenol 
024-Terphenyl 

ND : Not Detected. 

K. 51 

825627 825628 825629 
Dup. 

LFl-PNL-1 LFl-PNL-5 Ft. Lewis 
LF-4 

Concentration Cug/1) 

ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 

Recovery (% l 

46. 45. 3S. 
31. 30. 25. 
so. 76. 73. 
77. 7S. so. 
S4. 79. ss. 
92. 100. 95. 

12/16/88 
12/31/88 

Lewis 

DETECTION 
LIMIT 
(ug/1) 

1.0 
3. 0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

AMOUNT 
SPIKED 
(ug/1) 

50. 
50. 
25. 
25. 
50. 
25. 



-s-

CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 
DATE REPORTED: 

REPORT TO: George Last PROJECT: Fort 

GCjMS SEMIVOLATILES BY EPA METHOD 625 

Laboratory sample Nos. 

Client Identification 

Aniline 
2-Chlorophenol 
Bis (2-Chloroethyl) Ether 
Phenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Benzyl Alcohol 
Bis (2-Chloroisopropyl) Ether 
2-Methylphenol 
Hexachloroethane 
N-Nitrosodipropylamine 
Nitrobenzene 
4-Methylphenol 
Isopherone 
2-Nitrophenol 
2,4-Dimethylphenol 
Bis (2-chloroethoxy) Methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
Benzoic Acid 
4-Chloroaniline 
Hexachlorobutadiene 
2-Methylnaphthalene 
4-Chloro-3-Methylphenol 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 

NO = Not Detected. 
All values are reported in ug;l. 

K.52 

825630 

LFl-PNL-6 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

825631 825632 

Ft. Lewis Ft. Lewis 
LF-2 Well #2 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

12/16/88 
12/31/88 

Lewis 

DETECTION 
LIMIT 
(Ug/1) 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
5.0 
1.0 
1.0 
1.0 
1.0 

'. 0 
'. 0 
'. 0 



Al' 
-9-

CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 
DATE REPORTED: 

REPORT TO: George Last PROJECT: Fort 

GC/MS SEMIVOLATILES BY EPA METHOD 625 

Laboratory Sample Nos. 

Client Identification 

2-Chloronaphthalene 
2 -N i troanil ine 
Acenaphthylene 
Dimethyl Phthalate 
2,6-Dinitrotoluene 
Acenaphthene 
3-Nitroaniline 
2,4-Dinitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
4-Nitrophenol 
Fluorene 
4-Chlorophenyl Phenyl Ether 
Diethyl Phthalate 
4-Nitroaniline 
2-Methyl-4,6-Dinitrophenol 
N-Nitrosodiphenylamine 
Azobenzene 
4-Bromophenyl Phenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-N-Butyl Phthalate 
Fluoranthene 
Pyrene 
Benzidine 
Benzy autyl Phthalate 
aenzo (a) Anthracene 

ND z Not Detected. 
All values are reported in ugjl. 

K.53 

825630 

LFl-PNL-6 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

825631 

Ft. Lewis 
LF-2 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

825632 

Ft. Lewis 
Well #2 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
ND 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
ND 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

12/16/88 
12/31/88 

Lewis 

DETECTION 
LIMIT 
(ug/11 

1.0 
1.0 
1.0 
1.0 
2.0 
1.0 
2.0 
5.0 
1.0 
2.0 
4.0 
1.0 
1.0 
1.0 
3.0 
5.0 
1.0 
1.0 
2.0 
2.0 
5.0 
1.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 



AI 
-10-

CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 
DATE REPORTED: 

REPORT TO: George Last PROJECT: Fort 

GCjMS SEMIVOLATILES BY EPA METHOD 625 

Laboratory Sample Nos. 

Client Identification 

Compounds 

Chrysene 
3,3-Dichlorobenzidine 
Bis (2-Ethylhexyl) Phthalate 
Di-N-Octyl Phthalate 
Benzo (b) Fluoranthene 
Benz a (k) Fluoranthene 
Benzo I a) Pyrene 
Indeno (1,2,3-cd) Pyrene 
Dibenzo (a,h) Anthracene 
Benz a (g,h, i) Perylene 

Surrogate Compounds 

2-Fluorophenol 
06-Phenol 
OS-Nitrobenzene 
2-Fluorobiphenyl 
2,4,6-Tribromophenol 
024-Terphenyl 

NO = Nat Detected. 

K.54 

825630 

LFl-PNL-6 

825631 

Ft. Lewis 
LF-2 

825632 

Ft. Lewis 
Well #2 

Concentration (ug/ll 

ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 

Recovery Ctl 

45. 45. 34. 
33. 29. 22. 
80. 81. 76. 
82. 83. 80. 
70. 84. 77. 
96. 100. 114. 

12/16/88 
12/31/88 

Lewis 

DETECTION 
LIMIT 
(ug/1) 

1.0 
3. 0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

AMOt'NT 
SPIKED 
(Ug/1) 

50. 
50. 
25. 
25. 
50. 
25. 



Al' 
-11-

CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 
DATE REPORTED: 

REPORT TO: George Last PROJECT: Fort 

GC/MS SEMIVOLATILES BY EPA METHOD 625 

Laboratory Sample Nos. 

Client Identification 

Aniline 
2-Chlorophenol 
Bis (2-Chloroethyl) Ether 
Phenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Benzyl Alcohol 
Bis (2-Chloroisopropyl) Ether 
2-Methylphenol 
Hexachloroethane 
N-Nitrosodipropylamine 
Nitrobenzene 
4-Methylphenol 
Isopherone 
2-Nitrophenol 
2,4-Dimethylphenol 
Bis (2-chloroethoxy) Methane 
2,4-Dichlorophenol 
1~2,4-Trichlorobenzene 
Naphthalene 
Benzoic Acid 
4-Chloroaniline 
Hexachlorobutadiene 
2-Methylnaphthalene 
4-Chloro-3-Methylphenol 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 

ND c Not Detected. 
All values are reported in ug;l. 
*Seq. = Sequalitchew 

K.SS 

825633 

LF4-PNL-3 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

825634 825635 

Seq.* Ft. Lewis 
Lake LF-3 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

12/16/88 
12/31/88 

Lewis 

DETECTION 
LIMIT 
(Ug/1) 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
5.0 
1.0 
1.0 
1.0 
1.0 
2. 0 
2. 0 
2.0 



Al' 
-12-

CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 
DATE REPORTED: 

REPORT TO: George Last PROJECT: Fort 

GC/MS SEMIVOLATILES BY EPA METHOD 625 

Laboratory Sample Nos. 

Client Identification 

2-Chloronaphthalene 
2-Nitroaniline 
Acenaphthylene 
Dimethyl Phthalate 
2,6-Dinitrotoluene 
Acenaphthene 
3-Nitroaniline 
2,4-Dinitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
4-Nitrophenol 
Fluorene 
4-Chlorophenyl Phenyl Ether 
Diethyl Phthalate 
4-Nitroaniline 
2-Methyl-4,6-Dinitrophenol 
N-Nitrosodiphenylamine 
Azobenzene 
4-Bromophenyl Phenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-N-Butyl Phthalate 
Fluoranthene 
Pyrene 
Benzidine 
Benzy Butyl Phthalate 
Benzo (a) Anthracene 

ND = Not Detected. 
All values are reported in 
*Seq. ,.. Sequalitchew 

ugjl. 

K. 56 

825633 825634 

LF4-PNL-3 Seq.* 
Lake 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

825635 

Ft. Lewis 
LF-3 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

12/16/88 
12/31/88 

Lewis 

DETECTION 
LIMIT 
(ug/11 

1.0 
1.0 
1.0 
1.0 
2.0 
1.0 
2.0 
5.0 
1.0 
2.0 
4.0 
1.0 
1.0 
1.0 
3.0 
5.0 
1.0 
1.0 
2.0 
2.0 
5.0 
1.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 



AI 
-13-

CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 
DATE REPORTED: 

REPORT TO: George Last PROJECT: Fort 

GC/MS SEMIVOLATILES BY EPA METHOD 625 

Laboratory sample Nos. 

Client Identification 

Compounds 

Chrysene 
3,3-Dichlorobenzidine 
Bis (2-Ethylhexyl) Phthalate 
Di-N-Cetyl Phthalate 
Benzo (b) Fluoranthene 
Benzo (k) Fluoranthene 
Benzo (a) Pyrene 
Indeno (1,2,3-cd) Pyrene 
Dibenzo (a,h) Anthracene 
Benzo (g,h,i) Perylene 

Surrogate Compounds 

2-Fluorophenol 
06-Phenol 
DS-Nitrobenzene 
2-Fluorobiphenyl 
2,4,6-Tribromophenol 
024-Terphenyl 

*Seq. = Sequalitchew 
ND = Not Detected, 

K.57 

825633 825634 

LF4-PNL-3 Seq.* 
Lake 

825635 

Ft. Lewis 
LF-3 

Concentration Cug/ll 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

51. 
34. 
76. 
79. 
90. 

llS. 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Recovery (% l 

42. 
30. 
79. 
60. 
90. 
98. 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

29. 
19. 
54. 
59. 
60. 
63, 

12/16/88 
12/31/88 

Lewis 

DETECTION 
LIMIT 
(ug/1) 

1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

AMOUNT 
SPIKED 
(Ug/1) 

50. 
50. 
25. 
25. 
50. 
25. 



-14-

CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 
DATE REPORTED: 

REPORT TO: George Last PROJECT: Fort 

GC/MS SEMIVOLATILES BY EPA METHOD 625 

Laboratory Sample Nos. 

Client Identification 

Aniline 
2-Chlorophenol 
Bis (2-Chloroethyl) Ether 
Phenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Benzyl Alcohol 
Bis (2-Chloroisopropyl) Ether 
2-Methylphenol 
Hexachloroethane 
N-Nitrosodipropylamine 
Nitrobenzene 
4-Methylphenol 
Isopherone 
2-Nitrophenol 
2,4-Dimethylphenol 
Bis (2-chloroethoxy) Methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
Benzoic Acid 
4-Chloroaniline 
Hexachlorobutadiene 
2-Methylnaphthalene 
4-Chloro-3-Methylphenol 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 

ND = Not Detected. 
All values are reported in ugjl. 

K.58 

82563'S 

LFl-PHL-2 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

825636 825637 
Dup. 

LFl-PNL-2 Ft. Lewis 
LF-1 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

12/16/88 
12/31/88 

Lewis 

DETECTION 
LIMIT 
(ug/1) 

1.0 
1.0 
l.O 
l.O 
1.0 
1.0 
l.O 
1.0 
1.0 
l.O 
l.O 
l.O 
l.O 
LO 
l.O 
1.0 
1.0 
1.0 
1.0 
1.0 
LO 
5.0 
LO 
1.0 
1.0 
1.0 
2.0 
2.0 
2.0 



-15-

CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 
DATE REPORTED: 

REPORT TO: George Last PROJECT: Fort 

GCJMS SEMIVOLATILES BY EPA METHOD 625 

Laboratory Sample Nos. 

Client Identification 

2-Chloronaphthalene 
2-Nitroaniline 
Acenaphthylene 
Dimethyl Phthalate 
2,6-Dinitrotoluene 
Acenaphthene 
3-Nitroaniline 
2,4-Dinitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
4-Nitrophenol 
Fluorene 
4-Chlorophenyl Phenyl Ether 
Diethyl Phthalate 
4-Nitroaniline 
2-Methyl-4,6-Dinitrophenol 
N-Nitrosodiphenylamine 
Azobenzene 
4-Bromophenyl Phenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-N-Butyl Phthalate 
Fluoranthene 
Pyrena 
Benzidine 
Benzy Butyl Phthalate 
Benzo (a) Anthracene 

ND = Not Detected. 
All values are reported in ugjl. 

K.59 

825636 

LFl-PNL-2 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

825636 825637 
Dup. 

LFl-PNL-2 Ft. Lewis 
LF-1 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

12/16/88 
12/31/88 

Lewis 

DETECTION 
LIMIT 
(ug/1) 

1.0 
1.0 
1.0 
1.0 
2.0 
1.0 
2.0 
5.0 
1.0 
2.0 
4.0 
1.0 
1.0 
1.0 
3.0 
5.0 
1.0 
1.0 
2.0 
2.0 
5.0 
1.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 



Al' 

-16-

CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 
DATE REPORTED: 

REPORT TO: George Last PROJECT: Fort 

GC/MS SEMIVOLATILES BY EPA METHOD 625 

_Laboratory Sample Nos. 

Client Identification 

Compounds 

Chrysene 
3,3-Dichlorobenzidine 
Bis (2-Ethylhexyl) Phthalate 
Di-N-Cetyl Phthalate 
Benzo (b) Fluoranthene 
Benzo (k) Fluoranthene 
Benzo (a) Pyrene 
Indeno (1,2,3-cd) Pyrene 
Dibenzo (a,h) Anthracene 
Benzo (g,h,i) Perylene 

Surrogate Compounds 

2-Fluorophenol 
06-Phenol 
DS-Nitrobenzene 
2-Fluorobiphenyl 
2,4,6-Tribromophenol 
024-Terphenyl 

ND = Not Detected. 

K.60 

825636 825636 825637 
Dup. 

LFl-PNL-2 LFl-PNL-2 Ft. Lewis 
LF-1 

Concentration <ug/ll 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

51. 
35. 
77. 
76. 
95. 

109. 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

Recove;:y 

47. 
30. 
76. 
78. 
89. 

102. 

(%l 

NO 
NO 

2.7 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

40. 
27. 
66. 
68. 
87. 
99. 

12/16/88 
12/31/88 

Lewis 

DETECTION 
LIMIT 
(ugjl) 

1.0 
3.0 
1.0 
1.0 
LO 
1.0 
1.0 
1.0 
1.0 
LO 

AMOUNT 
SPIKED 
(ugjl) 

so. 
so. 
25. 
25. 
so. 
25. 



Al' 
-17-

CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 
DATE REPORTED: 

REPORT TO: George Last PROJECT: Fort 

GC/MS SEMIVOLATILES BY EPA METHOD 625 

Laboratory sample Nos. 

Client Identification 

Aniline 
2-Chlorophenol 
Bis (2-Chloroethyl) Ether 
Phenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Benzyl Alcohol 
Bis (2-Chloroisopropyl) Ether 
2-Methylphenol 
Hexachloroethane 
N-Nitrosodipropylamine 
Nitrobenzene 
4-Methylphenol 
Isopherone 
2-Nitrophenol 
2,4-Dimethylphenol 
Bis (2-chloroethoxy) Methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
Benzoic Acid 
4-Chloroaniline 
Hexachlorobutadiene 
2-Methylnaphthalene 
4-Chloro-3-Methylphenol 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 

ND a Not Detected. 
All values are reported in ugjl. 

K.61 

825638 825639 

LFl-PNL-3 LFl-PNL-4 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
ND 
NO 
NO 
NO 
NO 
NO 
NO 

12/16/88 
12/31/88 

Lewis 

DETECTION 
LIMIT 
(Ug/1) 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
5.0 
1.0 
1.0 
1.0 
1.0 
2.0 
2.0 
2.0 



Ai 
-18-

CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 
DATE REPORTED: 

REPORT TO: George Last PROJECT: Fort 

GCjMS SEMIVOLATILES BY EPA METHOD 625 

Laboratory Sample Nos. 

Client Identification 

2-Chloronaphthalene 
2 -N i troanil ine 
Acenaphthylene 
Dimethyl Phthalate 
2,6-Dinitrotoluene 
Acenaphthene 
3-Nitroaniline 
2,4-Dinitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
4-Nitrophenol 
Fluorene 
4-Chlorophenyl Phenyl Ether 
Diethyl Phthalate 
4-Nitroaniline 
2-Methyl-4,6-Dinitrophenol 
N-Nitrosodiphenylamine 
Azobenzene 
4-Bromophenyl Phenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-N-Butyl Phthalate 
Fluoranthene 
Pyrene 
Benzidine 
Benzy Butyl Phthalate 
Benzo (a) Anthracene 

ND = Not Detected. 
All values are reported in ugjl. 

K.62 

825638 825639 

LFl-PNL-3 LF1-PNL-4 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

12/16/88 
12/31/88 

Lewis 

DETECTION 
LIMIT 
(ug/11 

1.0 
1.0 
1.0 
1.0 
2.0 
1.0 
2.0 
5.0 
1.0 
2.0 
4.0 
1.0 
1.0 
1.0 
3.0 
5.0 
1.0 
1.0 
2. 0 
2.0 
5.0 
l.O 
l.O 
1.0 
1.0 
1.0 
3.0 
l.O 
1.0 
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CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 
DATE REPORTED: 

REPORT TO: George Last PROJECT: Fort 

GC/MS SEMIVOLATILES BY EPA METHOD 625 

Laboratory Sample Nos. 

Client Identification 

Compounds 

Chrysene 
3,3-Dichlorobenzidine 
Bis (2-Ethylhexyl) Phthalate 
Di-N-Cetyl Phthalate 
Benzo (b) Fluoranthene 
Benzo (k) Fluoranthene 
Benzo (a) Pyrene 
Indeno (1,2,3-cd) Pyrene 
Dibenzo (a,h) Anthracene 
Benzo (g,h,i) Perylene 

Surrogate Compounds 

2-Fluorophenol 
06-Phenol 
DS-Nitrobenzene 
2-Fluorobiphenyl 
2,4,6-Tribromophenol 
024-Terphenyl 

ND = Not Detected. 

K.63 

825638 825639 

LFl-PNL-3 LFl-PNL-4 

Concentration (ug/ll 

NO 
NO 

2.3 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

47. 
33. 
70. 
73. 
85. 
96. 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

Recovery 

37. 
25. 
60. 
61. 
75. 
87. 

( %) 

12/16/88 
12/31/88 

Lewis 

DETECTION 
LIMIT 
(ug/1) 

1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

AMOUNT 
SPIKED 
(ug/1) 

50. 
50. 
25. 
25. 
50. 
25. 



Al' 
-20-

CLIENT: Battelle Northwest Laboratories . DATE RECEIVED: 

REPORT TO: George Last 

Laboratory Sample No. 

Client Identification 

Matrix Spike Compounds 

2-Chlorophenol 
Phenol 
1,4-Dichlorobenzene 
N-Nitrosodipropylamine 
1,2,4-Trichlorobenzene 
4-Chloro-3-Methylphenol 
Acenaphthene 
2,4-Dinitrotoluene 
4-Nitrophenol 
Pentachlorophenol 
Di-N-Butylphthalate 
Pyrene 

Surrogate Compounds 

2-Fluorophenol 
06-Phenol 
05-Nitrobenzene 
2-Fluorobiphenyl 
2,4,6-Tribromophenol 
014-Terphenyl 

ND = Not Detected. 

JAHjpb 
REPORTED BY 

DATE REPORTED: 
PROJECT: Fort 

SPIKE DATA 

825635 Matrix Spike 

Ft. Lewis LF-3 

Recovery 
(%} 

54. 
24. 
45. 
61. 
46. 
57. 
66. 
47. 
25. 
64. 
57. 
7 6. 

Recovery 
(%} 

35. 
25. 
62. 
62. 
71. 
75. 

·. ~ 

Amount 
Residue 

(ug/1} 

27.2 
11.9 
11.2 
15.3 
11.5 
28.5 
16.6 
11.8 
12.4 
32.2 
14.3 
18.9 

Amount 
Spiked 
(ug/1} 

so. 
50. 
25. 
25. 
so. 
25. 

/~ . ' . " ~ ----·· 

John A. Hicks 

K.64 

12/16/88 
12/31/88 

Lewis 

Amount 
Expected 

(ug/1} 

so. 
so. 
25. 
25. 
25. 
so. 
25. 
25. 
so. 
so. 
25. 
25. 

Amount 
Found 
(ug/1} 

17.3 
12.3 
15.5 
15.6 
35.4 
18.8 
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