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PART 1 - GENERAL DESCRIPTION 

1 PURPOSE The purpose of the project was to develop a design for the Interim 
Response Actions (IRA) at the Lime and M-l Settling Basins at Rocky Mountain 
Arsenal (RMA), Commerce City, Colorado. The purpose of the IRA at the Lime and 
M-l Settling Basins is to mitigate the threat of release from the Basins on an 
interim basis, pending determination of the final remedy in the Onpost Record 
of Decision (ROD). The IRA for the M-l Basins also includes treatment of the 
waste materials in the basins with in-situ vitrification (ISV), which is being 
designed by contract with Woodward-Clyde Consultants. 

2. AUTHORIZATION. 

2.1 AUTHORITY. This project was authorized by DD Form 448 from Program 
Manager for Rocky Mountain Arsenal. 

2.2 DECISION DOCUMENTS. Based on RMA's evaluation of the proposed 
alternatives, the Decision Documents were determined as shown in appendix C. 
The IRA for the Lime Settling Basins consists of relocation of sludge material, 
which has been deposited around the Lime Settling Basins, to the Lime Settling 
Basins area; construction of a 360-degree subsurface barrier around the basins; 
construction of a soil and vegetative cover over the material; and installation 
of a ground-water extraction system. The IRA for the M-l Settling Basins 
consists of construction of a temporary 360-degree subsurface barrier such as 
a slurry wall or sheet pilings around the M-l Settling Basins area, and the 
treatment of the waste materials in the basins with in-situ vitrification. 

3. CRITERIA. Criteria used in the remedial design are referenced in Part 2 of 
this report, and are based on applicable local, state, and federal regulations. 

4. PROJECT DESCRIPTION. The following is the project description as quoted from 
applicable portions of the Decision Documents for the Lime Settling Basins and 
M-l Settling Basins at Rocky Mountain Arsenal. 

4.1.   SITE NAME, LOCATION AND DESCRIPTION. 

4.1.1. LIME SETTLING BASINS. The Lime Settling Basins are located 
north of the South Plants area, just north of December 7th Avenue along the 
southern edge of the southwest quarter of section 36. The Lime Settling Basins 
occupy about 5 acres. For the purpose of the alternatives assessment, it was 
estimated that approximately 80,000 cubic yards of sludge within the basins, plus 
approximately 26,000 cubic yards of sludge that had been placed adjacent to the 
basins for drying, would be addressed by the IRA. 

4.1.2. M-l SETTLING BASINS. The M-l Settling Basins are located in 
the South Plants area, just south of December 7th Avenue along the northern edge 
of the northwest quarter of Section 1. The basins and the berms surrounding 
them, all of which are now buried and partially built upon, occupy an area of 
approximately 34,500 square feet. For the purpose of the alternatives assessment 
it was estimated that approximately 6,400 cubic yards of sludge plus 2,600 cubic 
yards of overburden would be addressed by the IRA. 
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4.2.  SITE HISTORY. 

4.2.1. LIME SETTLING BASINS. 

4.2.1.1. During the 1940's and 1950's, wastewater from the 
production of Army agents was routinely treated prior to discharge to unlined 
evaporation ponds. This treatment involved the addition of lime to the 
wastewater to precipitate metals and reduce the arsenic concentration. 
Wastewaters produced in the South Plants were channeled through the Lime Settling 
Basins prior to gravity discharge to Basin A, just to the north. The 
precipitation process produced a lime sludge that contained elevated levels of 
heavy metals, arsenic, and mercury. Subsequent discharges of pesticide 
production wastewater resulted in the addition of pesticide to the Lime Settling 
Basins sludge.  The Lime Settling Basins were taken out of service in 1957. 

4.2.1.2. A number of studies have been completed to characterize 
the nature and extent of contamination in the soil, sludge, and ground-water in 
the vicinity of the Lime Settling Basins. These studies are referenced in the 
Decision Document and the results are consistent with the site history. The soil 
and sludge contain elevated levels of organochlorine pesticides, organosulfur 
compounds, arsenic, mercury, and ICP metals (cadmium, chromium, copper, lead, 
and zinc). 

4.2.2. M-l SETTLING BASINS. 

4.2.2.1. The M-l Settling Basins were constructed to treat 
fluids form the lewisite facility. Two basins were constructed in 1942, and a 
third was constructed in 1943 "when the original two filled with solids. All 
three were unlined, and each measured approximately 90 feet wide, 115 feet long, 
and 7 feet deep. In addition to the waste fluids from the lewisite disposal 
facility, the basins may have contained lesser amounts of waste materials from 
alleged spills within the acetylene generation building, the thionyl chloride 
plant, and the arsenic trichloride plant, which may have been routed through 
floor drains and the connecting piping to the basins. The basins also received 
a considerable amount of mercury chloride catalyst, possibly from a spill. 

4.2.2.2. The liquids discharged into the basins first passed 
through a set of reactor towers where calcium carbonate was added, then through 
a wood trough into the M-l Settling Basins where the arsenic precipitated out 
of solution. The liquid from the settling basins was decanted through an 18 inch 
diameter pipe to the Lime Settling Basins where final treatment occurred, before 
being routed to Basin A. The M-l Settling Basins were backfilled, probably in 
1947, and are now covered with soil. Portions of the basins are covered with 
structures. These structures will be relocated as part of this IRA before 
implementation of the ISV treatment. 

4.2.2.3. Based on several investigations, the contaminants in 
the waste material in the M-l Settling Basins are primarily arsenic (about 8 
percent) and mercury (about 0.5 percent), with the bulk of the material being 
oxides or carbonated of calcium. Organochlorine pesticides and other organics 
have also been found in the near-surface soils. The bottoms of the basins appear 
to be about 7 feet below ground surface, based on as-built drawings and field 
investigations. 
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PART 2 - DESIGN REQUIREMENTS AND PROVISIONS 

1.  GEOLOGY. 

1.1 GENERAL GEOLOGY. 

1.1.1 Physiography. The Rocky Mountain Arsenal (RMA) lies within 
the Colorado Piedmont section of the Great Plains physiographic province. This 
area is characterized by surface deposits of wind-blown and alluvial materials. 
The Arsenal lies near the eastern edge of the valley along the South Platte 
River. The topography of the Rocky Mountain Arsenal area consists of gently 
rolling hills with occasional prominent hills which contain bedrock outcrops. 

1.1.2 Description of Overburden. Overburden in the Rocky Mountain 
Arsenal area consists of both alluvial and eolian deposits of silts, clays, 
sands, gravels and a few cobbles. 

1.1.2.1 There are several distinct deposits that make up the 
overburden that have been identified in the Rocky Mountain Arsenal area. The 
Quaternary units, from oldest to youngest, include the Verdos, Slocum, Louviers, 
Broadway, unnamed loess, unnamed eolian, Piney Creek, and Post Piney Creek. 
The older alluvium is primarily coarse-grained sands and gravels whereas the 
younger alluvium and the eolian deposits are primarily finer grained materials. 
The alluvial materials were deposited in irregular, braided channel environments 
creating typical lenticular deposits. The eolian materials are generally silts 
and fine sands. The thickness of these deposits in the vicinity of the Rocky 
Mountain Arsenal varies from 130 feet thick to less than 20 feet. These 
materials are generally unconsolidated and lie unconformably on the 
Cretaceous-Tertiary Denver Formation. 

1.1.3 Bedrock Stratigraphy. The bedrock unit lying directly below 
the Quaternary alluvium is the Denver Formation. Immediately underlying the 
Denver Formation is the Arapahoe Formation. The thickness of the Denver 
Formation in the vicinity of the Rocky Mountain Arsenal varies from 200 to 500 
feet. The Denver Formation was derived from the erosion of basaltic and 
aesthetic material and was deposited by fluvial processes. The Denver Formation 
consists of units of interbedded siltstones, claystones, sandstones and lignite. 
A low permeability volcaniclastic layer is present in the upper portion of the 
Denver Formation. This volcaniclastic layer contains lithic fragments and 
minerals in a bentonitic clay matrix which probably is the product of a weathered 
volcanic ash deposit. Sandstone layers of the Denver Formation are usually 
discontinuous, lense-shaped and generally grade laterally and vertically into 
shales and siltstones. The lignite layers are more continuous than the 
sandstone layers and are usually fractured. 

1.1.4 Bedrock Structure. The Rocky Mountain Arsenal facility lies 
in the northwestern portion of the Denver Basin. The Denver Basin is an 
extensive, oval-shaped, structural depression extending from eastern Colorado 
and eastern Wyoming into western Kansas and western Nebraska. The sedimentary 
rocks that fill the Denver Basin are predominantly shales, sandstones, 
conglomerates and occasionally some limestones.  The gently dipping slope of 
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shallow bedrock formations of the Denver Basin is one degree or less in the 
vicinity of the Rocky Mountain Arsenal and is predominantly to the southeast. 

1.2  INVESTIGATIONS SUMMARY. 

1.2.1 General. Pre-design investigations consisted of review of 
IR and IRA reports and field investigations of both the Lime and M-l Basin areas. 
The field investigations included topographic surveys , drilling, sampling, and 
permeability testing for geotechnical and chemical testing. Corps personnel 
visited the Arsenal to observe, photograph, and quality check the Contractor. 

1.2.2 Topographic Surveys. In order to develop existing site 
conditions, a topographical survey was conducted to establish horizontal and 
vertical control. Subsequent mapping was prepared. The mapping, which contains 
all topographic features, was drawn at 1"=50' for the Lime Basins Area, and at 
1"=20' for the M-l area. A 1 foot contour interval was used. The survey was 
also used to determine the field locations of the Lime Settling and M-l Basins. 
Since the M-l Basins are buried, stakes were placed at the boundaries. The 
locations were determined from as-built drawings and reviewing aerial 
photography. 

1.2.3 Exploration Drilling for Lime Settling Basins. 

1.2.3.1 Equipment and Personnel. 

1.2.3.2 Boring Locations and Purpose. 

1.2.3.3 Slug Tests. 

1.2.3.4 Backfilling Holes. 

1.2.4 Exploration Drilling for M-l Basins. 

1.2.4.1 Equipment and Personnel. 

1.2.4.2 Boring Locations and Purpose. 

1.2.4.3 Backfilling Holes. 

1.3  SITE GEOLOGY. 

1.3.1    Lime Settling Basins. 

1.3.1.1 Bedrock. Bedrock beneath the Lime Settling Basins 
area is the Cretaceous-Tertiary Denver Formation. The unconformable contact 
between the bedrock and the overlying surficial deposits is irregular due to 
erosion of the surface of the bedrock prior to the deposition of the surficial 
material. The uppermost portions of the Denver Formation are weathered and often 
fractured. 

1.3.1.1.1 Lithology.  The Denver Formation in the vicinity 
of the Lime Settling Basins consists of claystone and sandstone.  The claystone 

2-2 



CUTOFF WALLS AND CAP FOR LIME AND Ml SETTLING BASINS 
ROCKY MOUNTAIN ARSENAL, COLORADO 

Changes for the 90% Design Analysis, dated October 1990: See page 2-2, delete 
paragraph 1.2 in its entirety and substitute the following. 

1.2    INVESTIGATIONS SUMMARY. 

1.2.1 General.  Pre-design investigations consisted of review 
of IR and IRA reports and field investigations of both the Lime Settling 
Basins and M-l Basin areas. The field investigations included topographic 
surveys, drilling, and sampling, for geotechnical and chemical testing and in- 
situ permeability testing.  Topographic surveys were conducted by Government 
personnel.  Drilling, sampling and permeability testing was accomplished under 
contract with Woodward Clyde Consultants (WCC).  Omaha District personnel 
visited the work site to oversee the work of the contractor.  The discussion 
of the drilling, sampling, and permeability testing is a summary of the work 
done by WCC.  A complete discussion of the field investigations performed by 
WCC is included in their report "Field Investigation, Lime and M-l Settling 
Basins Slurry Walls, Rocky Mountain Arsenal, Commerce City, Colorado" dated 
September, 1990, Volumes I and II. 

1.2.2 Topographic Surveys. In order to develop existing site 
conditions, a topographical survey was conducted to establish horizontal and 
vertical control.  Subsequent mapping was prepared.  The mapping, which 
contains all topographic features, was drawn at 1"=50' for the Lime Basins 
Area, and at 1"=20' for the M-l area.  A 1 foot contour interval was used. 
The survey was also used to determine the field locations of the Lime 
Settling and M-l Basins.  Since the M-l Basins are buried, stakes were placed 
at the boundaries.  The locations were determined from as-built drawings and 
reviewing aerial photography. 

1.2.3 Exploration Drilling for Lime Settling Basins.  Field 
investigations for the Lime Settling Basins were conducted by WCC during June 
and July 1990.  Field investigations consisted of electro-magnetic surveys for 
locating buried metallic objects, exploratory drilling, slug tests for 
hydraulic conductivity analysis, ground-water sampling, soil sampling and 
analyses, and bulk sampling for compatibility testing and borrow area 
analysis.  All drilling except the borrow investigations was conducted in 
level B protection. 

1.2.3.1   Equipment and Personnel.  Drilling was 
accomplished by Layne-Western Co. under contract to WCC.  Drilling and 
sampling was accomplished by drilling with 6 1/4-inch OD hollow stem augers 
using a CME 75 or CME 750 drilling rig.  The majority of samples were obtained 
by a 3-inch OD, stainless steel split spoon driven by a 140-pound hammer. 
Continuous auger cores were taken of bedrock in polybutyrate tubes.  Logging 
and sampling of borings were done by WCC personnel. 
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1.2.3.2 Boring Locations and Purpose.  A total of 30 
borings were drilled for the investigation of the Lime Settling Basins 
Project.  Nineteen borings were drilled along the alignment of the slurry- 
trench to identify the subsurface materials and to determine the consistency^ 
density and moisture content of the overburden, and the nature and 
characteristics of bedrock including degree of weathering, fracturing, and 
cementation, and relative hardness.  Eight borings were drilled outside the 
slurry trench area to determine the extent of waste material that hand been 
removed from the Lime Settling Basins.  Three wells were installed inside the 
slurry trench area for slug tests to determine the hydraulic conductivity of 
the overburden aquifer.  Samples were taken from all borings for geotechnical 
analyses; compatibility testing; and chemical analyses. 

1.2.3.3 Slug Tests.  Slug tests were conducted in 
wells installed in borings LSB-15, LSB-34, and LSB-35 on 24 and 25 July 1990. 
These slug tests were conducted to ascertain the hydraulic conductivity of the 
overburden aquifer within the isolation cell, particularly for the design of 
the ground-water extraction system.  The wells were constructed of 4-inch ID 
PVC riser pipe and 10 feet of slotted PVC casing used for the well screen. 
The bottom of the screens were placed at the top of bedrock.  The screens were 
sand packed to the top of the aquifer then sealed with hydrated bentonite 
pellets and bentonite grout to the ground surface.  The wells were developed 
with a 3-inch diameter steel surge block.  After development the wells were 
allowed to recover two weeks before initiation of the slug tests.  Slug tests 
were conducted using an automated data logger, 10-psi range pressure 
transducer probe, and a 5-foot long slug constructed of PCV pipe filled with 
sand and capped at each end.  A falling head slug test and a rising head slug 
test were conducted in each well.  The tests were continued until 90 percent 
of the induced head change was dissipated.  Data and analysis of the slug 
tests are included in appendix A. 

1.2.3.4 Backfilling Holes.  All holes were backfilled 
with grout after completion. 

1.2.4   Exploration Drilling for M-l Basins.  Field 
investigations were also conducted in July 1990.  With the exception of slug 
tests, field investigations were identical to those conducted at the Lime 
Settling Basins. 

1.2.4.1 Equipment and Personnel.  Equipment and 
personnel involved in field investigations for the M-l Basins were essentially 
the same as those at the Lime Settling Basins. 

1.2.4.2 Boring Locations and Purpose.  A total of 29 
borings were drilled for the investigation of the M-l Basins.  Of these 12 
were drilled for the design of the sheet pile wall, 2 were drilled for 
background geological information, and 15 were drilled within the basins to 
obtain data for the design of the in-situ soil vitrification project, 
primarily to characterize the waste sludge.  As for the Lime Settling basins 
borings, borings drilled along the alignment of the sheet pile wall were 
drilled to determine the nature and character of the overburden and bedrock 
materials. 

1.2.4.3 Backfilling Holes.  All exploratory borings 
were backfilled with grout after completion. 
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is generally soft to moderately hard, brown, and blocky and is occasionally 
silty. Sandstone lenses are also frequently encountered. The sandstone units 
are fine-grained and vary from soft to hard, depending upon the degree of 
cementation and weathering, and fine grained. These sandstones also contain 
silt, thus making them less pervious. A thick, up to 15 feet, fine-grained 
sandstone lense occurs in the northern section of the isolation cell. 

1.3.1.1.2 Bedrock Topography and Structure. The Denver 
Formation bedrock lies at depths of 13.5 to 27.5 feet below the surface in the 
Lime Settling Basins area. The local slope of the surface of the bedrock is very 
gentle, about two degrees, to the north-northeast. It also displays paleochannel 
valleys and benches. This type of paleotopography is due to stream erosion. 
The dip of the Denver Formation has not been determined, but it is probably the 
same as the regional dip, about one degree or less to the southeast. A bedrock 
contour map is included in Appendix A. 

1.3.1.2 Overburden. The overburden in the Lime Settling Basins 
area is of Quaternary age and is the result of deposition by the ancient Platte 
River drainage network and eolian processes. 

1.3.1.2.1 Lithology. The thickness of the overburden ranges 
between 13.5 and 27.5 feet in the Lime Settling Basins area. The soils consist 
mostly of poorly graded, silty, fine-grained sand with moderate amounts of sandy, 
silty clay and minor amounts of clayey sand, sandy clay, silty clay, and clay. 
The sand ranges from loose to dense and the clay ranges from soft to very stiff. 
The overburden soil ranges from dry to saturated with moisture content increasing 

with depth. 

1.3.1.2.2 Alluvial Aquifer Material. The aquifer material 
is generally unconsolidated, fine-grained sand or silty, fine-grained sand, and 
clayey fine-grained sand overlying the top of bedrock. The saturated thickness 
ranges from 9.5 to 21.0 feet. 

1.3.2    M-l Basins. 

1.3.2.1 Bedrock. The bedrock beneath the M-l Settling Basins 
area is the Cretaceous-Tertiary Denver Formation. The unconformable contact 
between the bedrock and the overlying surficial deposits is irregular due to 
erosion of bedrock prior to the deposition of the surficial material. The 
uppermost portions of bedrock are weathered and often fractured. 

1.3.2.1.1 Lithology. The upper portion of the bedrock is 
weathered, soft to moderately hard, dark brown claystone occasionally interbedded 
with moderately hard to hard, fine-grained sandstone and sandy siltstone. 

1.3.2.1.2 Bedrock Topography and Structure. The Denver 
Formation bedrock is located at depths of 9.0 to 14.5 feet below the surface in 
the M-l Settling Basins area. The slope of the surface of the bedrock is very 
gentle, less than one degree to the north. The bedrock surface was shaped by 
stream'erosion. As at the Lime Settling Basins, the dip of the Denver Formation 
probably coincides with the regional dip of one degree or less to the southeast. 
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1.3.2.2 Overburden. The overburden material in the M-l Settling 
Basins area is of Quaternary age and is the result of deposition by the ancient 
Platte River drainage network and eolian processes. • 

1.3.2.2.1 Lithology. The overburden in the M-l Basins area 
is 9.0 to 14.5 feet in thick. The material consists mostly of unconsolidated, 
fine-grained, yellowish to grayish brown sand and silty sand with silt and clay 
of alluvial or eolian origin; surficial fill material; and chemical waste sludge. 
The fill extends from the ground surface downward, ranges from 2 to 11 feet thick 
and consists mostly of a mixture of clay, sand, and gravel occasionally mixed 
with sandstone and claystone. The chemical waste sludge ranges from 3.0 to 6.5 
feet thick. Overburden ranges from dry to saturated with moisture content 
increasing with depth. 

1.3.2.2.2 Aquifer Material. The aquifer material in the M-l 
Basins consists of alluvial and eolian materials which are unconsolidated, poorly 
graded, fine grained sand and occasional silt. Saturated thickness ranges from 
3.0 to 4.5 feet. 

1.4  HYDROLOGY. 

1.4.1 Regional Hydrology. The Rocky Mountain Arsenal lies within 
the drainage basin of the South Platte River. The South Platte River is 
approximately 3 miles west and northwest of the Arsenal. Ground-water flow in 
the Arsenal area is from southeast to northwest eventually discharging into the 
South Platte River. Ground water in the overburden is generally unconfined 
while ground-water in the bedrock units is confined. Ground water is unconfined. 
where permeable bedrock units are exposed at the surface or in contact with the 
overburden. The aquifer units of greatest concern in the Rocky Mountain Arsenal 
vicinity are in the surficial Quaternary overburden deposits and permeable 
sandstones of the underlying Denver Formation. The bottom portion of the Denver 
Formation is a "buffer zone" of shale. This buffer zone is approximately 75 to 
200 feet thick and acts as an aquitard between the Denver Formation and the 
lower bedrock formations of Arapahoe, Laramie Formation, Fox Hills Sandstone 
and the Pierre Shale. 

1.4.1.1 Bedrock. Confined aquifers in the Denver Formation 
exist in the more permeable sandstones and lignite beds. These beds are 
separated from the overlying alluvial aquifer by shale or claystone. The 
Arapahoe Formation underlies the Arsenal area at a depth of 200 to 500 feet 
below the ground surface. Due to high-volume ground water withdrawals from the 
Arapahoe Formation over the past 100 years, the vertical gradient between the 
Denver and Arapahoe Formations in the vicinity of the Rocky Mountain Arsenal 
has changed from upward to downward. Recharge of the bedrock aquifers occurs 
from vertical leakage from the alluvial aquifers. 

1.4.1.2 Overburden. Unconfined ground-water occurs in 
unconsolidated surficial alluvium or eolian deposits of sand. Ground-water flow 
in the alluvium is most rapid through coarse materials found in paleochannels, 
however, flow does occur throughout the saturated thickness of the overburden 
deposits. Thick, saturated alluvial deposits are capable of yielding large 
volumes of water. 
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1.4.2    Site Hydrology. 

1.4.2.1  Lime Settling Basins. 

1.4.2.1.1 Bedrock. The Denver Formation is saturated below 
the Lime Settling Basins and contains some confined aquifers. The most 
conductive units are generally subhorizontal layers of sandstones and siltstones 
confined by less permeable claystones. The ground-water flow in the bedrock 
aquifers is believed to be due north. 

1.4.2.1.1.1 Hydraulic Analysis. Hydraulic conductivities 
for the Denver Formation aquifers vary both vertically and horizontally based 
on lithology and the degree of weathering and fracturing. Shales and claystones 
have a reported hydraulic conductivity ranging from 3.53 x 10" to 3.53 x 10 
cm/sec. Unfractured claystones may be as low as 3.53 x 10" cm/sec (Stollar and 
Assoc. 1989). A conservative value of 1.0 x 10"8 cm/sec for the vertical 
hydraulic conductivity for the claystone was used in calculations for this 
project The hydraulic conductivities of the various sandstones have been 
reported to range from 1.06 x 10"5 to 1.41 x 10"3 cm/sec (Stollar and Assoc. 1989). 

1.4.2.1.2 Overburden. The Lime Settling Basins are situated 
in a local topographic low area. The Lime Settling Basins are hydrogeologically 
downgradient from the M-l Settling Basins and the South Plants area. The 
ground-water flow direction is about due north with a gradient of 0.023 ft/ft. 
There is ponded water inside the lime settling basins and it has been determined 
that the ponded water reflects the water table. 

1.4.2.1.2.1 Hydraulic Analysis. Slug tests were 
conducted to determine the hydraulic conductivity for the fine-grained materials 
in the overburden at the Lime Settling Basins. Three slug tests were conducted, 
with one test conducted near the center of the isolation cell and the other two 
conducted 100 feet south of the north wall of the isolation cell. The hydraulic 
conductivity near the center of the isolation cell was determined to be 2.0 x 
10"3 cm/sec. The two tests 100 feet south of the north wall indicated hydraulic 
conductivities of 1.0 x 104 cm/sec and 2.0 x 10"4 cm/sec. In order to perform 
conservative analyses for the design of the project the lowest hydraulic 
conductivity was used in all calculations. Review of boring logs and mechanical 
analyses of samples obtained during the exploration program support the use of 
the smallest value obtained from the slug tests. Data and analysis of the slug 
test are included in Appendix A. 

1.4.2.2  M-l Basins. 

1.4.2.2.1 Bedrock. The Denver Formation is saturated below 
the M-l Basins and may contain some confined aquifers. Subhorizontal layers of 
sandstones and siltstones, confined by less permeable claystones, are generally 
the most permeable units of the Denver Formation. Ground-water flow within 
these aquifer units is generally due north. 
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1.4.2.2.1.1 Hydraulic Analysis . The aquifers within 
the Denver Formation have hydraulic conductivities that vary both vertically and 
horizontally based on lithology. The claystones and shales have reported 
hydraulic conductivities ranging from 3.53 x 10"6 to 3.53 x 10"8 cm/sec. The 
sandstones have a reported hydraulic conductivity ranging from 1.06 x 10" to 1.41 
x 10"3 cm/sec. The uppermost unit of the Denver Formation below the M-l Basins 
is claystone. 

1.4.2.2.2 Overburden. Paleotopographic influences and 
localized mounding of ground-water direct the flow of ground-water in the M-l 
Basins area due north to slightly northwest. The ground-water gradient ranges 
from 0.008 to 0.011 ft/ft. The water table varies seasonally between 5 and 10 
feet below ground.surface. Current water levels range from 7.8 to 10.0 feet 
below ground surface. The thickness of the saturated zone ranges from about 3.0 
to 4.5 feet. 

1.4.2.2.2.1 Hydraulic Analysis. The hydraulic 
conductivities for the overburden aquifer has been reported as ranging from 6.0 
x 10"3 cm/sec to 2.4 x 10"3 cm/sec. 

1.5  CONTAMINATION. 

1.5.1    Lime Settling Basins. 

1.5.1.1 Soils. Soil contamination at the Lime Settling Basins 
has been investigated previously. Contaminants detected have included raw 
materials, such as mustard agent-related compounds, manufacturing by-products, 
such as volatile aromatic solvents, and degradation products from the synthesis 
of insecticides. Previous borings indicate detectable concentrations of 
organochlorine pesticides (OCP's). The following OCP's were detected: dieldrin, 
with concentrations from 0.6 to 70 Mg/g> aldrin, with concentrations up to 600 
/Xg/g, endrin, with concentrations up to 200 Mg/g> anc* isodrin, with 
concentrations up to 300 Mg/g- Other contaminants found were organosulphur 
compounds of chlorophenylmethyl sulfide, chlorophenylmethyl sulfoxide, and 
chlorophenylmethyl sulf one with concentrations up to 50 jUg/g. DDT was also found 
in an isolated area with a concentration of 7 ßg/g. Volatile organic compounds 
(VOC's) were detected in some of the previous deeper borings. Chloroform was 
detected at concentrations ranging from 2 to 7 Mg/g- Benzene was detected at 
concentrations ranging from 5 to 6 /Xg/g and chlorobenzene was detected at a 
concentration of 2 Mg/g- The most prevalent metals were arsenic and mercury. 
Arsenic concentrations were detected as high as 370 Mg/g- Mercury was detected 
at concentrations of 0.159 Mg/g- Elevated concentrations of copper, lead, zinc, 
cadmium, and chromium were also detected. Tetrachloroethene was also detected 
at a concentration of 0.25 Mg/g- 

1.5.1.2 Ground Water. Ground-water contaminants in the alluvial 
aquifer have been detected at the Lime Settling Basins site during previous 
investigations. These contaminants include VOC's (volatile organic compounds), 
aromatics, metals, and OCP's (organochlorine pesticides). High concentrations 
of various VOC's were detected. Arsenic, mercury, chromium, and copper were 
metals that were detected from previous monitoring well samples. 
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1.5.2    M-l Basins. 

1.5.2.1 Soils.  High concentrations of arsenic and mercury were 
found in and around the M-l Basins from depths of 0.5 to 7.0 feet.  The 
concentrations within the basins ranged from 0.01% to 11%. These concentrations 
generally decreased below the 7-foot depth. Dieldrin, DCPP and BCHPD have also, 
been reported in significant concentrations. 

1.5.2.2 Ground water. Previous investigations indicate high 
concentrations of arsenic and mercury are present in the ground water 
downgradient of the M-l Settling Basins. 

2.  SLURRY TRENCH CUTOFF WALL (LIME SETTLING BASINS). 

2.1 Criteria. The Decision Document for the Lime Settling Basins requires 
the containment system consist of a 360 degree subsurface barrier, vegative 
cover, ground-water removal system to maintain a negative head in the isolation 
cell, evaluation of ground-water diversion, and evaluation of potential 
contamination of bedrock aquifers. 

2.2 References. The following references were used during the design 
process: 

EPA-540/2-84-001, Slurry Trench Construction for Pollution Migration 

Control. 
EPA 600/2-87-063, Investigation of Slurry Wall Design and Construction 

Methods for Containment of Hazardous Waste. 
Millet and Perez, "Current USA Practice: Slurry Wall Specifications", 

ASCE Journal of Geotechnical Engineering, August 1981. 
D'Appolonia, "Soil-Bentonite Slurry Trench Cutoffs", ASCE Journal of 

Geotechnical Engineering, April 1980. 
ASTM STP 874, Hydraulic Barriers in Soil and Rock,  1985. 
Xanthakos, Slurry Walls, 1979. 
Zappi, Shafer, and Adrian, "Compatibility of Soil- Bentonite Slurry 

Wall Backfill Mixtures With Contaminated Ground-water" , Proceedings of Superfund 
'89 Conference, HMCRI,  November 27-29, 1989. 

Schulze, Barvenik, and Ayres, "Design of Soil-Bentonite Backfill Mix 
for the First Environmental Protection Agency Superfund Cutoff Wall". 

API RP 13B-1, API Recommended Practice: Standard Procedure for 
Testing Drilling Fluids. 

API Spec. 13A, API Specification for Oil Well Drilling   Fluid 
Materials. 

Plans and Specifications, Helen Kramer Landfill Superfund Site, Mantua 
Township, New Jersey, prepared by the Kansas City District 

Plans and Specifications, Kane and Lombard Superfund Site, East 
Baltimore, Maryland, prepared by EA Engineering Science and Technology Inc. 

2.3 Compatibility Study. The presence of chemical contaminants in soil 
and/or ground-water may significantly alter the rate of water movement through 
a soil medium. The purpose of compatibility testing is to find the mixture of 
backfill soil, bentonite, and tap water which will produce the lowest 
permeability of contaminated ground water over time. The Missouri River Division 
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(MRD) Laboratory in Omaha will perform the compatibility studies. The lab test 
request is included in Appendix A. The original request is dated 23 August 
1990. On 1 October 1990, MRD lab personnel proposed changes in the testing 
procedure based on preliminary results of a similar compatibility study presently 
being conducted for the Forest Waste Superfund Site. The updated test request 
(dated 10 October) reflects the changes. The updated procedure is described 
here. After selection of a bentonite source using the free swell and filter cake 
compatibility tests, optimization testing (one or two-day fixed wall 
permeability tests) determines the most economical combination of bentonite, 
backfill soil, and water which yields a permeability of 1 x 10'7 cm/sec or less. 
That combination is used in permeameter tests utilizing both contaminated 
ground-water and tap water. 

2.3.1 Bentonite Sources. Several drillers supply companies in 
Colorado and two out-of-state companies were contacted to identify potential 
bentonite suppliers and to obtain samples for conducting compatibility studies. 
Samples from the following companies were sent to the MRD Laboratory: 

Golden Drilling Fluids and Supplies Inc. 
Golden, CO 
Regular 

Dean Bennett Supply Company 
Denver, CO 
Mudgel 

H & H Bentonite and Mud Inc. 
Grand Junction, CO 
BH-Natural and AS 85 

Black Hills Bentonite Company 
Palatane, IL 
S-5 Natural 

Wyo-Ben Inc. 
Billings, MT 
Hydrogel 

The free swell test (EPA Report Number PB 87-229688) and filter cake 
compatibility test will be used to select the bentonite for this project. Two 
free swell tests will be performed for each bentonite sample; one using 
contaminated ground-water and one using RMA tap water (see following paragraph) . 
The bentonite which exhibits the least amount of variation between the tap water 
and contaminated ground-water test will be selected for the backfill mixtures. 

2.3.1.1 Natural vs. Treated Bentonite. The Corps slurry trench 
guide spec (several years old) specifies natural bentonite only. However, many 
slurry trench references (EPA-540/2-84-001, Millet and Perez, D'Appolonia, 
Xanthakos) say that practically all commercially available bentonite contains 
chemical additives; it is more a matter of how much is added. A memo from Geo- 
Con Inc., the Kane and Lombard contractor (included in Appendix A) states that 
most slurry trench specifications allow treated bentonites which conform to API 
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Spec 13A Section 4 to be used. On the Kane and Lombard project only natural 
bentonite which conforms to API Spec 13A Section 5 (a new section) was allowed. 
Geo-Con experienced some problems during construction that they attribute to the 
natural bentonite. He recommends not using API 13A Section 5 natural bentonites 
for slurry trenches. Due to time constraints in both this project and the Forest 
Waste project it was decided to stick with the Corps spec and use only natural 
bentonites. In the future when time becomes available the MRD lab may do some 
comparisons between natural and treated bentonites to address this question. 
Of the bentonites sent to the MRD lab, only 2 (H & H Bentonite's BH-Natural and 
Black Hill's S-5 Natural are API 13A Section 5 natural and only those two will 
be used for testing. 

2.3.2 Water Samples. To simulate field conditions at the Arsenal 
site, samples of tap water and contaminated ground water were collected during 
the pre-design field investigations. Tap water will be used to mix the slurry 
and backfill materials and ground water will be used as a permanent. 

2.3.3 Backfill Soil Samples. Two backfill soils will be tested; the 
soil to be excavated from the trench and soil from an uncontaminated borrow area 
on the arsenal. Soil from the trench alignment has been collected as part of 
the pre-design field investigations. After screening for Army agents, samples 
from the borings located on the northern half of the slurry trench cell were 
composited and tested for grain size distribution, Atterberg limits, and water 
content at the Arsenal. This soil was sent to the MRD Lab for compatibility 
studies. Prior to the pre-design field investigations it was decided to use 
soil from the northern boundaries of the trench for compatability studies. This 
is because the groundwater flow in the area is toward the north and the highest 
levels of contamination found in the previous studies is to the north of the Lime 
Basins; therefore that soil should provide the "worst case" testing condition. 
The boring logs along the trench alignment are very consistent: fill or sludge 
overlying SM (USCS classification), overlying CL-CH, overlying claystone. The 
mechanical analyses of the composited samples are also very similar, containing 
between 17 and 40 percent fines. Due to the overall consistency and the desire 
to use mostly soil from the northern boundaries while also assuring 
representative samples, it was decided to thoroughly mix samples from the 
following borings into one composite: 9, 10, 17, 22, 23, 24, 25 and 26. This 
represent all borings along the northwest, north, and northeast boundaries of 
the isolation cell. 

2.3.3.1 Borrow Materials. Corps personnel decided to use a clay 
borrow area used in the remediation of Basin F. Four test pits were excavated 
in this area. Approximately 150 pounds of soil was collected and sent to the 
MRD Lab. As there is a limited amount of this material available, this soil will 
be used as a possible source of fines only and not the primary borrow material. 
This material classifies as CL, with a liquid limit of 34.6, plastic limit of 
13.5, plasticity index of 21.1, and 69.9% finer than the No. 200 sieve. 
(Laboratory classification data received to date are in Appendix A) . Stockpiles 
of soil excavated from the spillway construction at the Lower Derby Dam on the 
Arsenal will be used as the primary alternate borrow. Samples of this material 
were brought to the MRD lab on August 31, 1990 and will be tested for grain size 
distribution, Atterberg limits and moisture content prior to optimization 
testing. 
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2.3.3.2 Chemical Screening of Borrow. Prior to compatibility 
studies, both borrow soils will be tested for TCLP (Toxicity Characteristics 
Leaching Procedure), TOC (Total Organic Carbon), sodium, calcium, magnesium, 
potassium, pH, and cation exchange capacity. 

2.3.4 Sample Preparation. The backfill soil samples will be 
oven-dried at 65 degrees Celsius for 2 to 4 days. The soils will then be broken 
up, thoroughly mixed, and passed through a U.S. Standard Sieve No. 4. The RMA 
tap water shall be added to the dried and mixed samples until the original field 
water content is reached. These reconditioned composite samples shall then be 
stored for 3 to 6 days in sealed containers at room temperature. During this 
storage period the samples will be mixed daily. 

2.3.4.1 The bentonite slurry shall be prepared by mixing the RMA 
tap water with the previously selected bentonite source. The slurry shall be 
mixed with enough water to pass through a Marsh funnel in 40 to 50 seconds. The 
slurry shall be tested for density, water content, pH, viscosity, and fluid 
loss. 

2.3.5 Optimization Testing.   Short-term (1 or 2 days) permeability 
tests will be performed to determine the most economical combination of 
bentonite, water, fines and coarse grained soil with a permeability of 1 x 10" 
cm/sec or less.  Since tap water and backfill soil are available on the Arsenal, 
it is anticipated bentonite will be the highest cost item. 

2.3.5.1 Three samples (two specimens each) of the insitu slurry 
trench soil will be prepared containing 0, 2, and 4 percent dry bentonite by 
weight. Bentonite slurry with a viscosity of 40 seconds (Marsh funnel) will be 
added to each sample to obtain an approximate 5 inch slump. Fixed wall 
permeability tests will be run on the 6 specimens. "Total Percent Bentonite vs. 
Permeability" will be plotted. If permeability values are not less than or 
equal to 1 x 10EE-7 cm/sec, the above procedure will be repeated with the 
addition of enough clay borrow soil to make the fines content approximately 10 
percent higher than the original insitu composite. If those permeability values 
are not less than or equal to 1 x 10EE-7 cm/sec, the procedure will be repeated 
with the addition of clay borrow soil to make the fines content approximately 
20 percent higher than the original insitu composite. If permeability values 
are still too high, the procedure will be repeated with the addition of clay 
borrow to make the fines content approximately 30 percent higher than the 
original insitu composite. 

2.3.5.2 The optimization testing procedure will also be performed 
using the random fill borrow soil in place of the insitu soil. Due to the 
presence of contaminants in the insitu soil there is a possibility that none of 
the mixtures of insitu soil, fines and bentonite will produce a permeability on 
the order of magnitude of 10EE-7 cm/sec. If this happens and a mixture of random 
fill, fines, and bentonite produces an acceptable permeability then only random 
fill borrow will be used for construction, and long-term permeability tests will 
be performed using only random fill borrow as the principal soil constituent. 
If the desired permeability is obtained by mixtures including both insitu soil 
and random fill borrow then long-term permeability tests will be performed using 
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both principal soil constituents, and the decision of which soil to use for 
construction will be made based on the results of those tests. 

2.3.6 Permeameter Sample Preparation. Samples for long-term 
permeability tests will be prepared according to subparagraph 2.3.4, Sample 
Preparation. The backfill mixtures shall be stored in sealed containers at room 
temperature until loading into the permeameters for permeability testing. 
Atterberg limits, fines content, porosity, density, water content, specific 
gravity, cation exchange capacity, and pH of the backfill mixtures will be 
determined. Before the backfill materials are loaded into the permeameters, 
comments on the general appearance, i.e. color and texture of the material before 
permeameter testing shall be recorded. The backfill materials and bentonite 
slurry shall be photographed. 

2.3.7 Permeameter Testing. Permeameter testing will be conducted in 
accordance with the Army Corps of Engineers Manual EM 1110-2-1906 using back 
pressure saturation and downflow conditions. Flexible wall permeameters shall 
be loaded with each of the backfill mixtures and leached with RMA tap water 
until one porewater volume has passed through the backfill mixtures. A total 
of three permeameter tests shall be run on each backfill mixture. One of the 
three tests for each backfill mixture will serve as a control test. Control 
cells will be leached with only RMA tap water throughout the duration of the 
test, and will consist of the selected mix with the percent bentonite which 
produced a permeability near 1 x 10EE-7 cm/sec during optimization testing. The 
remaining two permeameters for each backfill mixture shall be leached with the 
contaminated ground-water, after one pore volume of RMA tap water has passed. 
At least two pore volumes of contaminated ground-water will be leached through 
the backfill mixtures. One of these permeameters will contain the same mix and 
percent bentonite as the control cell. The other permeameter will contain the 
same mix as the control cell with a higher bentonite content that produced a 
permeability close to 1 x 10EE-8 cm/sec during optimization testing. The samples 
will be compressed into the cell manually in order to reduce the amount of 
entrapped air. 

2.3.7.1 Elevated hydraulic gradients shall be used in order to 
complete permeameter testing within a reasonable period of time (minimum two 
months). A pressurized nitrogen source will be used to achieve the required 
hydraulic gradients. The hydraulic gradient to be applied is 28. The confining 
pressure to be applied is 5 psi. 

2.3.7.2 The permeameter influent will be tested for TOC, specific 
conductivity, bromide, pH, alkalinity, sodium, calcium, chloride, VOA (Volatile 
Organics), and BNA (Base Neutral Acid Extractible Organics) immediately prior 
to permeameter testing. Effluent from the permeameters will be collected and 
tested for the same chemical constituents after each porewater volume has passed 
through the sample. This data will be used to estimate the amount of contaminant 
adsorption/desorption taking place. 

2.3.7.3 As the permeameters are opened after completion of the 
tests, a visual examination of the samples will be performed. The purpose of 
the visual examination is to determine whether months of testing has altered 
the general appearance of the sample.   Observations similar to those made in 
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the pre-test examination (color, texture) will be recorded and the samples will 
be photographed. 

2.3.8 Selection of Backfill Mixture. Results of the compatibility 
study will be used to select the backfill mixture (constituents and proportions) 
to be used during construction.  Selection will be based on: 

Permeability (lowest) 
Backfill soil alteration (lowest) 
Difference in permeability between tap water and contaminated 
ground-water (lowest) 

Field constructibility and quality control (greatest) 
Cost (lowest) 

The MRD Lab will issue a report on the compatibility study, including all data 
sheets and calculations. The Final Design Analysis will reference this report 
and contain a discussion of the results, including the mixture selection. 

2.4 Field Vs. Laboratory Permeability. For groundwater modelling purposes, 
a permeability of 1 x 10EE-7 cm/sec was assumed for the in situ slurry wall 
backfill. Using that permeability, a wall thickness of 3 feet, and a head 
differential of 3 feet across the wall, the calculated time for water to flow 
through the wall is 20.5 years (see calculation sheets, Appendix A). However, 
Darcy's Law takes into account advection of water only, while diffusion and 
dispersion of contaminants generally causes them migrate faster than water. At 
very low permeabilities, some studies have shown diffusion and dispersion 
predominate over advection as a means of contaminant transport. Research has 
been done to quantify diffusion and dispersion for individual contaminants, but 
the effects of multiple contaminants is largely unknown. During the life of the 
wall, water levels inside and outside the cell will be monitored to assure a 
negative head into the wall. An extraction trench near the north boundary will 
be used as necessary to maintain a negative head. The designers have decided 
not to specify a laboratory permeability an order of magnitude lower than the 
anticipated field permeability. With proper specification and field quality 
control (i.e., mix design, frequency of QA/QC testing, full mixing) the field 
permeability should not be severely compromised. If unexpected water flows into 
the cell, the extraction system will be utilized to remove it. 

2.5 Control of Negative Head within Isolation Cell. Removal of ground 
water trapped within the isolation cell will be required in order to maintain 
a lower ground-water level within the cell than that outside the cell. This 
lower level within the cell will assure that no contaminated ground water will 
migrate out of the isolation cell. Additionally, ground-water recharge into the 
cell through the cutoff walls and floor of the cell must be considered. The 
ground-water level drop across the cell is 13 feet, from elevation 5250 at the 
south to elevation 5237 at the north. Once the cutoff walls are completed, 
ground water that is trapped within the cell will begin to seek equilibrium. 
If an equalized horizontal ground-water level were allowed to occur, this level 
would be at elevation 5244. The equalization process will automatically effect 
a negative head (a ground-water level within the cell below that outside the 
cell) from the south cutoff wall northward for a distance of about 250 feet. 
Since the soil within the cell (and without) has a low hydraulic conductivity, 
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ground-water flow toward the north cutoff wall will be very slow. Estimated time 
to reach equilibrium at elevation 5244 without ground-water withdrawal is 16.3 
years (the finite difference ground-water model predicts 16 years). The 
graphical flow net (see discussion section 2.7, Elevation of Ground-Water Flow 
Diversion) indicates a slight rise in the ground-water level at the south cutoff 
wall, from elevation 5250 to about 5255, and a slight drop at the north cutoff 
wall from elevation 5237 to about 5236. Again, as in the equalization process 
within the cell, the rise and drop of ground-water levels will occur over many 
years. Because of this, calculations made for the control of the negative head 
within the isolation cell are based on an initial ground-water elevation of 5250 
at the south cutoff wall and elevation 5237 at the north cutoff wall. Initial 
design ground-water elevations for the negative head are 5243 near the center 
of the cell and 5234 at the north cutoff wall. Final designed ground-water level 
is 5234 across the entire cell. Ground-water extraction is normally accomplished 
by wells. In this case, however, production wells are impractical. Low 
hydraulic conductivity, impermeable boundary effects, and well interference 
conditions are factors that make well extraction impractical. Analyses were 
made for ground-water removal by wells. The results indicate that maximum 
production from each well would be considerably less than 1.0 gallons per minute 
(gpm), about 0.08 gpm. Ground-water removal can be accomplished by a single, 
horizontal drain located 100 feet south of the north cutoff wall. This location 
of the drain is dictated by the necessity of lowering the ground-water level in 
the northern one-half of the isolation cell (the southern one-half will 
automatically adjust to a negative head). The drain is located slightly closer 
to the north cutoff wall to provide drawdown to elevation 5234 (about 3 feet) 
whereas the drawdown near the center of the cell must be at elevation 5243 (about 
1 foot). Soil conditions at this location favor the emplacement of the drain 
at elevation 5227. Ground-water flow to the drain was calculated by quantitative 
methods outlined by Freeze and Cherry (1979). This method involves prediction 
of ground-water inflow to a vertical excavated face. The model is partially 
bounded by impermeable boundaries. The equations for this model are time 
dependent. The drain does not exactly conform to the model, i.e. vertical open 
face vs enclosed buried drain and impermeable boundaries at the ends of the 
drain. Given these conditions, estimated maximum ground-water production during 
the first 230 days of operation is about 19 gpm. This would result in an average 
drawdown of about 3.5 feet within the isolation cell. Only a minimal volume of 
ground-water withdrawal is required to maintain a negative head within the cell. 
The volume of trapped ground water within the cell above elevation 5234 (the 
designed ground-water level at the north cutoff wall) is 1,111,600 cubic feet. 
A withdrawal rate of 5 gpm for 230 days and 2.2 gpm for 396 days will lower the 
ground-water level to the designed elevation of 5234 at the north wall only in 
about 1.7 years. Since it will require about 11 years to reach elevation 5236.5 
outside the cell, lowering the ground-water level in 1.7 years results in a 
safety factor of 6.4. Ground-water flow into the isolation cell through the 
cutoff walls and the floor of the cell will be negligible. The rate of flow is 
calculated to be about 40 cubic feet per day, about 0.2 gpm. The volume of 
ground water occurring between elevations 5234 and 5235 is 82,225 cubic feet. 
The time required to raise the ground-water level from elevation 5234 to 
elevation 5235 due to recharge through the cutoff walls and floor will be about 
5 1/2 years. 
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2.6 Drain Construction. A 6-inch diameter slotted pipe drain shall be 
installed in a 3-foot wide trench excavated from ground surface to elevation 5228 
at the east end of the drain and to elevation 5226 at the west end of the drain. 
The pipe drain will lead to a lift station located on the west end of the trench. 
Centralizers will be placed on the drain pipe to assure centering of the pipe 
within the trench. Fine aggregate for concrete will be used for filter sand. 
One foot of filter sand shall be placed in the bottom of the trench for bedding 
for the drain pipe. The filter sand shall be placed around and above the drain 
pipe to the elevation of the water table, 5239, in 3-foot lifts. Gradation of 
the filter sand is in accordance with EM 1110-2-1901, Seepage Analysis and 
Control for Drains. Random backfill shall be placed from the water table to the 
ground surface. A biodegradable slurry shall be used for the full depth of 
excavated trench to prevent sloughing of the sidewalls. The biodegradable slurry 
shall be clean (desanded or new) prior to the placement of the perforated drain 
pipe. Slurry and biodegraded slurry removed from the trench shall be considered 
contaminated and shall not be allowed to leave the isolation cell area and will 
be spread out over the surface. Design of the filter sand is included in 
Appendix A. 

2.7 Evaluation of Ground-water Flow Diversion.  Graphical representations 
of flow through porous media are called flow nets.  Flow nets are an invaluable 
aid in the solution of various ground-water flow problems.  Flow nets are a 
collection or set of flow lines intersecting a set of equipotential lines.  An 
unlimited number of flow lines and equipotential lines may be drawn, but only 
a few may be selected to accurately illustrate the general flow condition for 
the immediate problem.  The construction of flow nets involves many intuitive 
deductions and may be considered an art rather than a science. However, if fixed 
conditions are the rule at all points of a boundary of a saturated soil mass, 
a flow net is uniquely determined.  That is to say, one and only one solution 
exists.  If, however, there is a change in boundary conditions, a new unique 
solution will then exist, but it may take a long interval of time to achieve 
steady state conditions.  One flow new and one ground-water flow diagram were 
constructed to determine the possibility of diversion of contaminated ground 
water into non-contaminated or less contaminated areas. The flow net and ground- 
water flow diagram are included in Appendix A.  The only information a priori 
for the flow net were ground-water levels measured in 1989. A pre-construction 
flow diagram was constructed for comparison with a post-construction flow net. 
Although a uniform saturated thickness was assumed for the construction of the 
flow net, the error introduced will only have minimal effect on the study.  The 
resultant upgradient and downgradient potentials from the post-construction flow 
net were estimated based on the configuration of a priori equipotential contours. 
The study indicates that there will be a rise in ground-water level at the south 
wall of the slurry trench (upgradient) of about five to six feet (elev. 5255 to 
5256) .  Conversely there will be a drop in ground-water level at the north wall 
of the slurry trench (downgradient) of about one foot (elev. 5236).  The finite 
difference ground-water flow model predicts a rise only to elevation 5252.5 south 
of the isolation cell, and a drop to elevation 5237 north of the cell.  Flow 
lines of the net indicate that ground-water flow will be diverted about equally 
east and west of the containment cell.  The ground-water flow will parallel the 
sides of the containment cell and then will converge north of the containment 
cell, again nearly following the flow path that the ground-water regime had prior 
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to the construction of the containment cell.  It is concluded that there will 
be no significant diversion of the ground-water flow regime. 

2.7.1 Ground-water Flow Model. A finite difference ground water 
flow model was used to simulate ground water flow in the alluvial aquifer of the 
lime settling basin area at Rocky Mountain Arsenal. Software used to develop 
the model is part of the Well Field Simulation Package developed by Hall 
Groundwater Consultants. The model is based on a finite difference computer 
model developed by Prickett and Lonnquist (1971) which has been modified by Hall 
Groundwater to run on IBM PC compatible computers. 

2.7.1.1 The data base used to develop the model was drawn from 
a bedrock elevation map and a groundwater elevation map prepared by Woodward and 
Clyde Consultants. Data required for the finite difference grid nodes were 
extrapolated from these two maps. Permeability of 2.12 gallons/day/foot (1x10" 
4 cm/sec) was used for the model. This value was confirmed by a series of slug 
tests recently conducted by Woodward and Clyde Consultants. The storativity used 
for the model was 0.2. Modeling was conducted in three phases. Two finite 
difference grids were used. The first two phases of modeling were based on a 
symmetrical, 29x29 grid. Grid spacing varied between 200 feet, at the outer 
margins, to 50 feet within the area of the lime settling basin. The third phase 
of modeling used a 29x26 grid with a constant node spacing of 25 feet. Model 
configurations are included in appendix A. 

2.7.1.2 Initial modeling used only data input from the 
groundwater elevation and bedrock elevation maps in order to calibrate the model. 
Boundary conditions were varied during this phase of modeling to most closely 
approach the current groundwater conditions at the Lime Settling Basin. The 
closest approximation to actual conditions at the Lime Settling Basin Site was 
achieved by setting up all of the boundaries as constant head boundaries. In 
the Hall Groundwater Model a constant head boundary is modeled by using an 
extremely high storativity value in the nodes which define the boundary. A value 
of 2xl012 was used for this modeling. 

2.7.1.3 The model was calibrated by simulating existing head 
conditions in the unconfined aquifer. Results of the calibrations are included 
in appendix A. After the model was calibrated, the slurry wall was input into 
the model by reducing the permeability at the nodes which define the position 
of the wall by three orders of magnitude relative to background. A value of 
.00212 gallons/day/foot2 (lxlO"7 cm/sec) was used for the slurry wall 
permeability. Boundary conditions were the same as in the first phase of model 
runs. These model runs were used to determine the effects of the slurry wall 
on the local groundwater flow system and to compare the computer generated flow 
system with a flow net which was generated, based on hand calculations, prior 
to the start of computer modeling. The match between the computer generated flow 
system and the flow net matched over most of the model. There were slight 
differences between the two flow systems near the northern boundary of the slurry 
wall because of a minor difference in extrapolated groundwater head contours used 
in developing the two models. The results of the modeling of the flow overall 
flow regime within and surrounding the isolation cell are included in appendix 
A. The computer simulation indicates a slight rise in ground-water level 
upgradient of the isolation cell (about 2.5) feet, and a slight drop downgradient 
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(about 2 feet). The ground-water is shown as equalizing within the isolation 
cell at about elevation 5245. Total time to attain stabilized ground-water flow 
after construction of the isolation cell is about 11 1/4 years. 

2.7.1.4 The third phase of modeling was concerned only with flow 
within the confines of the slurry wall. Model boundaries were determined by the 
position of the slurry wall over much of the model, where the boundary was set 
as a no flow boundary. In the northern part of the model boundaries were set 
up as constant head boundaries. While a constant head boundary in this location 
is not realistic, the relative impermeability of the slurry wall makes the 
effects of a constant head boundary negligible, considering it was only with the 
interior of the slurry wall area that this phase of modeling was concerned. 
Results of the modeling indicate that the groundwater will stabilize within the 
isolation cell at about elevation 5243 in about 19 1/2 years. This model 
simulation does not consider any ground-water removal from the isolation cell. 
Results of the modeling are included in appendix A. 

2.7.1.5 A row of pumping wells was input within the slurry wall 
area 100 feet south of the north slurry wall to try to simulate the effects of 
a drain. Ten wells were simulated and at all pumping rates ground-water 
withdrawal was so rapid the wells were considered to be pumped dry by the model. 
The model run of a pumping rate of 0.10 gpm resulted in a drawdown to about 
elevation 5235.5 at the north wall of the isolation cell. The pumping dry of 
the well is a result of a combination of boundary effects and the low 
permeability of the material that makes up the aquifer. The results of the 
computer modeling of ground-water withdrawal are included in appendix A. 

2.8 Evaluation of Bedrock Aquifer Contamination. A piezometer cluster is 
located 50 feet east of the east wall of the isolation cell at coordinates N 
2,185,002; E 181,126. This cluster has separate piezometers installed in the 
alluvium and the Denver "A" sandstone unit which is 34.5 feet below the top of 
bedrock. Ground-water elevation in alluvium was measured at elevation 5248 and 
ground-water elevation in the Denver "A" sandstone unit was measured at elevation 
5254. These measurements were made in April 1990. The measurements indicate 
there is a downward hydraulic gradient into the Denver formation of 0.032 ft/ft. 
The designed elevation of ground-water within the isolation cell to maintain 
negative head is 5234. This will result in an upward gradient from the Denver 
"A" sandstone unit into the isolation cell of 0.26 ft/ft. Since the gradient 
is upward into the cell, there will be no contamination of the Denver Formation 
from the isolation cell. Ground-water flow from the Denver Formation into the 
isolation cell is calculated to be about 25 cubic feet per day. Calculations 
concerning bedrock contaminations are included in appendix A. 

2.9 Alignment of Slurry Wall. It was observed during site visits and 
reviews of current aerial photography and 1940's topographic maps, that the 
extent of sludges deposited outside the Lime Settling Basins could be possibly 
up to 10 feet in depth. Information from the investigative borings confirm that 
sludges deposited north of the Lime Settling Basins are approximately 7 to 9.5 
feet in depth, approximately 1 to 2 feet in depth on the area west of the basins, 
and 1 to 2 feet in depth on the south side area of the basins. The option to 
place the slurry wall around the existing Lime Settling Basins only, did not 
provide enough storage capacity to contain all the excavated contaminated sludges 
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outside the Lime Settling Basins. It was felt that the deposited sludges 
outside the existing Lime Settling Basins should also be contained within the 
slurry wall isolation cell, as they could be considered a contaminant source. 
The alignment of the Slurry wall around the Lime Basins was extended to the 
north in order to contain more contaminated in-situ sludge material, and provide 
for more storage capacity of excavated contaminated soils. The area contained 
by the slurry wall isolation cell is directly adjacent to Basin A, and therefore 
the slurry wall will be constructed through contaminated soils. The slurry wall 
will not completely surround the contaminated area, but it will contain the 
contaminated source area of the Lime Settling Basins. 

2.10 Slurry Trench Width and Depth. The width of the slurry trench will 
be 3 feet. The depth of the slurry trench was estimated to have a maximum depth 
of 35 feet from the ground surface and an average depth of 28 feet. The trench 
will be keyed into the Denver Formation claystone 2 feet. Establishment and 
maintenance of a negative head within the isolation cell will only require that 
the bottom of the trench be excavated through the overburden material. 
Emplacement of the slurry wall through the overburden will eliminate excessive 
recharge into the isolation cell. Only slight leakage, if any will occur through 
the claystone and into the cell when the slurry wall is keyed two feet below the 
top of bedrock, whenever uncemented, loose fine-grained sandstone is encountered 
at the top of bedrock, it will be excavated to the depth of cemented, hard fine- 
grained sandstone or claystone whichever is encountered first. The cemented 
sandstone has a low permeability,, 1.0 x 10'5 cm/sec or less, and will not 
appreciably affect the recharge into the isolation cell. Average depth of 
excavation into the Denver Formation is anticipated to be just slightly greater 
than two feet. 

2.11 Construction. 

2.11.1 Work Zones. The exclusion, contaminant reduction, support, 
and staging zones are shown in the drawings. The support zone is located west 
of the Lime Basins, north of the RMA Fire Station. The staging and contaminant 
reduction areas are located just east of the support zone. Arsenal personnel 
do not want heavy dump trucks loaded with off-site borrow soil to access the site 
via December 7 Avenue because the trucks might damage the pavement. Therefore 
a gravel access road will be built accessing the site from the east. To keep 
that road clean, empty trucks will exit the site via the southwest. 

2.11.2 Grading. Minor grading will be necessary to provide a 
construction platform for the slurry wall installation. .The work platform will 
be 40 feet wide and have a maximum slope of 1% along the slurry wall centerline. 
Since the existing surface soils are contaminated, the work platform will be 
covered with 12" of clean borrow material in order to provide a clean area on 
which to work. 

2.11.3 Excavation. Excavation of the trench will be made with a 
large track mounted extended-reach backhoe or by a crane-mounted slurry-trench 
clamshell. The trench is kept from collapsing by the bentonite slurry. Water 
for slurry mixing operations is available from the water truck filling facility 
at the RMA Fire Station. Excavated materials will be placed in the isolation 
cell, if it is determined during compatibility testing that the material is 
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unsuitable for backfill. The Contractor will have the option of performing the 
overexcavation of contaminated materials on the south, north, and west of the 
Lime Basins either before or after construction of the slurry trench. 

2.11.4 Sequential Construction Evaluation. An evaluation of 
sequential construction of the slurry trench has been made to determine if a 
significant lowering of the ground-water table will occur during the construction 
of the isolation cell. Once the south cutoff wall has been constructed, ground- 
water lowering will occur on the north side (eventually in the trapped portion 
of ground water within the cell). The greatest lowering (or escape out of the 
cell) of ground water as a result of sequential will occur if excavation is 
started at the north end of the east cutoff wall. The excavation must then 
proceed southward for excavation of the east wall thence continuing around the 
isolation cell until completion of the cell is made by connecting to the north 
end of the east wall. It is calculated that 5,310 cubic feet of ground water 
will escape the isolation cell because of this sequential construction. This 
amount is insignificant when compared to the amount that must be removed (about 
1,111,600 cubic feet) for maintenance of a negative head. Since sequential 
construction will place a restriction on the contractor's operations, which is 
not cost justified, sequential construction of the slurry wall will not be 
specified. Calculations concerning sequential construction are included in 
appendix A. 

2.11.5 Slurry Preparation. The Contractor will choose the method 
of mixing slurry. It is anticipated slurry will be mixed by a bulldozer on a 
concrete pad or by a high velocity mixer. The method, design, and rationale for 
the slurry mixing operation will be a Category I submittal. 

2.11.6 Stability. The stability of a 28-feet deep (average) slurry 
trench is not anticipated to be a major concern, since trenches over 100 feet 
deep have been successfully completed by others. 

2.11.7 Backfilling. Backfill material will be blended and trucked 
to the trench where it will be moved into the trench with a bulldozer. Blending 
operations are typically done with a pug mill operation or by mixing with a 
bulldozer on a concrete mixing pad. The Contractor will select the method of 
blending the backfill material. Blending operations will be done in the 
Contractor's staging area. The method, design, and rationale for the chosen 
mixing method will be a Category I submittal. 

2.11.7.1 Backfill Rate. The Corps guide spec states the toe of 
the slope of the trench excavation shall not precede the toe of the backfill 
slope by less than 50 feet or more than 105 feet (although those values may be 
changed). Xanthakos states there is no real reason for specifying somewhat 
arbitrary distances, and says that the minimum distance would be the distance 
the Contractor would need to properly clean the bottom of the trench, which he 
states is approximately 30 feet. EPA-540/2-84-001 recommends the distance be 
minimized for stability reasons, but states it may be up to 200 feet. 
D'Appolonia recommends having slurry in the trench for at least 24 hours prior 
to placing backfill to allow for proper filter cake formation. None of the 
references checked listed any method or reason for specifying a maximum distance 
between the toe of the excavation slope and the toe of the backfill slope. 
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Therefore the specification states that the distance will be kept to the minimum 
value which will allow both cleaning of the trench bottom and a minimum 24 hours 
between slurry placement and soil-bentonite backfill placement. Because a formal 
stability, study was not undertaken, it will also be specified that the distance 
shall not be greater than 105 feet without the approval of the Contracting 
Officer. 

2.11.8 Bends in Alignment. The slurry trench will be overexcavated 
at corners to assure the full depth of the trench for at least 2 feet outside 
the isolation cell. 

2.11.9 Compacted Clay Trench Cover. To prevent the soil-bentonite 
backfill mixture from desicating, the top one foot (cut out of the work platform) 
will be covered with compacted clay obtained from the previously mentioned clay 
borrow area used during Basin F remediation. The cover will be 8 feet wide and 
will be placed between 2 and 4 days after backfilling. At this time it may only 
be compacted with a backhoe bucket or small hand-operated smooth drum roller 
because the soil-bentonite backfill may still be somewhat soft. Two weeks after 
backfilling, the cover will be recompacted with standard compaction equipment 
and any areas of settlement will be filled in with more clay material and 
compacted. At this time the Contractor will excavate two areas of the trench 
to be used as heavy equipment crossings during subsequent construction. The 
crossings consist.of 2 18-inch and one 12-inch layer of compacted clay separated 
by geotextiles as shown on the plans. The crossing design is similar to that 
used on the Kane and Lombard Superfund Site. During construction of the 
vegetative cover, the compacted clay wall cover and the work platform will be 
covered by random fill, topsoiled, and vegetated. 

2.11.10 Quality Assurance/Quality Control. The Quality Control 
program for this project is similar to that of the Helen Kramer Landfill site. 
QA/QC testing of materials is given in Tables 1 and 2 of specification section 
02214, Soil-Bentonite Slurry Trench Cutoff. These tables are given in Appendix 
A. In addition, soundings to determine the top of bedrock, trench bottom, and 
backfill slope will be made at horizontal intervals of 20 feet. Undisturbed 
samples of the completed trench for permeability testing will be taken every 400 
lineal feet. 

2.11.11 Abandonment of Existing Wells and Piezometers. Wells and 
piezometers 36055A, 36055B, 36058, 36059, 36076, 36167, and 36194 in the Lime 
Settling Basins area and 01503 and 01504 in the M-l Basins area will be 
abandoned. The abandonment is required because the wells and piezometers are 
located in the construction area. The abandonments will be accomplished prior 
to other construction activities. Abandonment will be in accordance with RMA 
policy. Concrete pads will be broken and removed; surface protective, steel 
casings will be pulled and removed; and the remaining PVC casings and screens 
will be overdrilled with a hollow stem auger. A cement-bentonite grout mixture 
of 94 pounds of Type II Portland cement, 3 pounds of powdered bentonite and a 
maximum 8 gallons of water. The grout will be placed in the overdrilled hole 
by tremie pipe beginning at the bottom and continuing to the ground surface while 
the auger sections are removed. A complete record of original well installation 
data and well abandonment procedures and data will be made for each abandoned 
well and piezometer. 
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2.12 LONG TERM MONITORING. Long term monitoring for ground-water quality 
and piezometric levels will be required to assure the isolation cell is 
performing as designed. This will be made possible by installation of monitoring 
wells and piezometers. Monitoring wells will be placed upgradient, and 
downgradient of the isolation cell and crossgradient on each side of the 
isolation cell. These wells will be placed near the center of the alignment of 
the east, south, west, and north walls of the isolation cell. One monitor well 
will also be placed inside the isolation cell near the center of the north wall. 
Piezometers will also be placed near the centers of the alignments of the walls 
and will be located very close to the walls. The piezometers will be inside and 
outside (mirror imaged) the isolation cell to closely monitor for the maintenance 
of the negative head within the cell. The locations of monitor wells and 
piezometers are shown in the Contract drawings. 

2.12.1 Construction and Installation of Monitor Wells and 
Piezometers. Construction and installation of monitoring wells and piezometers 
will follow procedures outlined in MRD Policy Letter #90-001. The construction 
will consist of installation of 4-inch ID (for monitor wells) and 2-inch ID (for 
piezometers) PVC, threaded casings and continuous wire wound type screens; end 
caps; no grease of oils (other than vegetable oils) will be allowed. Designed 
sand filter packs, bentonite seals and cement-bentonite grout will be required. 
Well and piezometer development will be required and turbidity of the water will 
be measured after development has been completed. Design of the filter sand is 
included in appendix A. Diagrams of the monitor wells and piezometers are shown 
in the Contract drawings. 

3.  VEGETATIVE COVER (LIME SETTLING BASINS). 

3.1 Design. The cover to be constructed is intended to be a vegetative 
cover over the Lime Settling Basins. This cover will minimize infiltration and 
promote drainage away from the Lime Settling Basins. The substantive standards 
contained in 40 CFR 264.310, specifically those requirements contained in 
subsections a(2)-(4), andb(l) and (4), describe the necessary standards relevant 
to this cover. The cover will consist of 12" of compacted fill material and 
topped with 6" of topsoil. The cover will have a minimum slope of 2 percent 
to promote drainage. The cover will be seeded with an appropriate seed mixture 
to minimize erosion to less than 2 tons/acre/year. The Hydrologie Evaluation 
of Landfill Performance (HELP) Model has been used to determine rainfall 
infiltration rates through the vegetative cover. Infiltration rates are 
currently estimated to be less than 0.012 inches/year. A summary of the HELP 
Model Analysis is located in Appendix A. 

3.2 Pond Dewatering and Filling. The Lime Settling Basins will have 
approximately 2 acre-feet of water removed prior to fill material placement. 
Pending the results of the water quality testing, the water will be drained into 
the drainage located to the northeast of the Lime Settling Basins, which 
eventually flows into Basin A. Impacts of the additional water to Basin A will 
be evaluated. Other options include the construction of a lined evaporative pond 
which could be used to store the water until evaporated. The evaporative pond 
would be lined with a geomembrane to prevent infiltration into the ground. Once 
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drained, the Lime Settling Basins will be filled with clean fill material up to 
the existing ground water elevation of approximately 5248. 

3.3 Contaminated Excavations. Contaminated soils outside the slurry wall 
containment cell, located to the south, west and north, will be excavated and 
placed inside the containment cell. Newly placed contaminated soils will be 
placed above ground-water level. Dust control will be critical during all 
excavations. 

4.  SHEET PILE CUTOFF WALL (M-l SETTLING BASINS) 

4.1 Criteria. The Decision Document requires the containment system 
consist of a 360 degree subsurface barrier around the M-l Settling Basins, 
vitrification of soil/sludge by introducing an electric current through an array 
of electrodes, an offgas treatment system for capture of organics, air monitoring 
during implementation, and ground-water monitoring to evaluate the continued 
effectiveness of this ISV alternative. Steel sheet piling was determined to be 
the preferred barrier to be installed. Sheet piling will allow quick, easy 
installation, and provide temporary containment of the ground-water during the 
ISV process.  The sheet piles will be removed after vitrification. 

4.2 Location and Alignment. Information supplied by Geosafe Corporation, 
the ISV vendor (Application and Evaluation Considerations for In Situ 
Vitrification Technology: A Treatment Process for Destruction and/or Permanent 
Immobilization of Hazardous Materials, April 1989), a very steep thermal 
gradient, approximately 150-200 degrees C per inch, precedes the advancing melt 
surfaces. Typically, the 100 degrees C isotherm is less than 1 foot away from 
the molten mass. It was decided to locate the sheet pile 10 feet away from the 
design limits of vitrification in order to provide adequate room for ISV 
operations. 

4.3 Key Depth. The sheet piles will be driven one foot into the bedrock 
surface, or until refusal. The boring logs along the sheetpile alignment show 
bedrock at a depth of 9 to 14.5 feet, generally 9 feet on the south boundary 
increasing to 14.5 feet on the north boundary. 

4.4 Compatibility With Contaminated Groundwater. The sheet piling is a 
temporary measure to reduce the flow of groundwater into the area prior to and 
during vitrification primarily to save electricity (and therefore money) by 
reducing the amount of water that is evaporated during vitrification. The Rocky 
Mountain Arsenal Project Manager (PMRMA) has indicated the time between sheet 
pile placement and vitrification will be on the order of a few months. For this 
reason, compatibility of the steel with the contaminated groundwater is not 
considered to be a problem and no compatibility testing will be done. 

4.5 Pile Sizing. The pressures against the pile and bending moment of the 
pile are not anticipated to be major concerns, since no excavation will take 
place inside the cell. The vitrification process does result in a volume 
decrease and therefore subsidence of the ground surface, but experience at other 
vitrification projects has shown this to be only a few feet. Since the vitrified 
mass will be several feet from the sheet piling, the full amount of subsidence 
will not take place against the sheetpiling but several feet away from it. After 

2-21 



vitrification the subsided area will be filled in with clean soil to avoid 
leaving a depression in the area. Therefore the major consideration in pile 
sizing is to survive the driving process. Piles used for the cutoff wall will 
be PZ22 steel sheetpile. 

4.6  Construction. 

4.6.1 Sheet Pile Installation. 

4.6.1.1 Work Zones. The work zones for construction are shown 
on the drawings. The Exclusion Zone extends 10 feet outside the sheet pile wall 
centerline. The Contractor will store his equipment and perform all operations 
from the inside the area to be surrounded by the sheet pile. The Arsenal does 
not want workers straying outside the exclusion zone since that area is also 
contaminated. A note has been placed on the drawings stating that workers are 
not to go outside of the work zones. 

4.6.1.2 Vibrations. There is concern vibrations produced during 
pile driving may damage adjacent structures. Of major concern to the Arsenal 
is an underground rigid asbestos water line located just south of December 7 
Avenue (about 50 feet north of the northern pile boundary). Research and 
experience in the field of soil dynamics has shown that peak particle velocity 
is the parameter most closely related to vibratory damage of structures. As long 
as peak particle velocity is less than 1 or 2 inches per second damage will not 
occur. One inch per second is about the lowest vibration most people can 
perceive. Vibratory hammers produce much less vibration than impact hammers, 
and this job will be specified as vibratory hammer only. Figure 7 of 
"Construction Vibrations: State-of-the-Art" (ASCE Journal of the Geotechnical 
Engineering Division, February 1981) shows that at a distance of 50 feet, the 
peak particle velocity produced by a vibratory hammer will be approximately 0.3 
inches per second. The project plan calls for demolition of above ground 
structures inside the sheet piling and up to 10 feet outside the sheet piling. 
According to Figure 7, at a distance of 10 feet a vibratory hammer will produce 
a peak particle velocity of about 2 inches per second. It is possible structures 
between 10 and 25 feet away from the driving might receive some damage. However, 
these structures are not in use now and most probably never will be used again. 
Any damage that might occur would be minor concrete cracking, as the peak 
particle velocities are not high enough to cause adjacent structures to collapse. 
Therefore, it is not anticipated vibrations will be a problem beyond 10 feet. 
As a precaution, four settlement monuments will be installed in the area prior 
to driving. Two will be located near the previously mentioned water line about 
50 feet north of the north side of the sheetpile, one will be located near the 
overhead pipe just north of tank T 66, and one will be located just north of the 
concrete structure 561. The latter two monuments will be approximately 15 feet 
from the east and south boundaries of the sheetpile respectively. These 
monuments shall be monitored daily for the first several days of driving and when 
driving is occurring close to the monuments. If settlement is observed, the 
Contractor may have to adjust his operations. After the sheet piles are driven 
and in place, the piles will be cut off to be flush with the existing ground. 

4.6.2 Sheet Pile Removal.  The sheet piles will not be removed under 
this contract, but will be removed by others in the future. 
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4.6.3 Abandonment of Existing Wells and Piezometers. Abandonment 
of existing wells and piezometers in the construction area will be in accordance 
with RMA Standard Operating Procedures and/or MRD Policy Letter #90-001. 

4.7 LONG TERM MONITORING.  Long term monitoring of the M-l Basins will be 
done by others and is not required in this contract. 

5.  CIVIL: GRADING, PAVING, AND DRAINAGE. (LIME SETTLING BASINS) 

5.1 DESIGN REFERENCES.  The following references were used in preparing 
the grading, paving, and drainage design: 

5.1.1 Department of the Army and Air Force Technical Manuals. 

TM 5-820-1        Surface Drainage Facilities for 
88-5, Chap 1       Airfields and Heliports (Aug 87) 

TM 5-820-4 Drainage for Areas Other Than 
88-5, Chap 4        Airfields (Oct 83) 

TM 5-822-2        General Provisions and Geometric 
88-7, Chap 5       Design for Roads, Streets, Walks, 

and Open Storage Areas (July 87) 

TM 5-822-5        Flexible Pavements for Roads, 
88-7, Chap 3        Streets, Walks, and Open Storage 

Areas (Oct 80) 

5.1.2 Department of the Army Technical Manuals (TM). 

5-820-3 Drainage and Erosion Control, 
Structures for Airfields and 
Heliports (Jan 78) 

5.1.3 Engineer Manuals (EM). 

1110-2-2902        Conduits, Culverts and Pipes 
(Mar 69) 

5.1.4 NEENAH Foundry Company Publication. 

Inlet Grate Capacities for Ponded 
Water 

5.1.5 Engineering Technical Letter (ETL) 

1110-1-140        Pavement Design for Roads, Streets, and Open 
Storage Areas (July 88) 
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5.2 GRADING.  The following criteria was used to develop site grading. 

5.2.1 Crown grade of 2 percent. 

5.2.2 Maximum desirable ramp grade of 7 percent. Absolute maximum 
ramp grade of 10 percent for short distances only. 

5.2.3 Minimum grade of 1 percent for overlot grading for 
cohesionless sandy soils and 2 percent for cohesive soils or 
turfed areas. 

5.2.4 Minimum ditch grade of 0.3 percent. 

5.2.5 Maximum foreslopes of IV on 4H and backslopes of IV on 3H. 

5.3 FLEXIBLE PAVEMENT. The temporary construction access road was designed 
for a drivable surface for construction equipment and for dust control. 

5.3.1 Traffic consists of the following vehicles: 

1) various construction equipment including dump trucks and 
earth moving equipment. 

5.3.2 Strength Method. (Non-Frost Design) 

Class = E 
Category = IV 
Design Index = 4 
CBR = 7 
Design Thickness = 12 inches 

5.3.3 Recommended Pavement Section. 

6-inches Crushed Rock Surface Course 
6-inches Crushed Aggregate Base Course 
6-inches Compacted Subgrade (95% maximum density) 

5.4 DRAINAGE. Drainage was designed in accordance with AFM 88-5, chapter 
1 , TM 5-820-3, and TM 5-820-4. The existing storm drainage system was extended 
and routed around the lime settling basin. The 30-inch diameter Reinforced 
Concrete Pipe (RCP) was partially removed, to clear the slurry trench, capped, 
and abandoned in place. This 30-inch RCP was previously abandoned and capped 
upstream and carried no storm discharge. The 24-inch RCP was removed to the last 
down stream manhole and extended from this location. Due to the small drainage 
area added to this drain line no increase in pipe size was required. 

5.4.1    Storm Drain Pipe.  Storm drains were designed to withstand 
earth dead loads as well as H-20 or HS-20 highway live loads. 

5.4.1.1  Pipe Materials.  Reinforced Concrete Pipe (RCP) was 
chosen to match the existing storm drainage system. 
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5.4.1.2 Pipe Joints. Watertight pipe joints were required to 
prevent infiltration of soils through the joints due to the presence of ground 
water at or above the pipelines and the use of erodible backfill materials. 

5.4.2    Inlet Capacity. 

5.4.2.1 Area Inlets. The capacity of area inlets in a sump 
condition was determined using the nomograph in the NEENAH Foundry Company 
publication entitled "Inlet Grate Capacities for Ponded Water" for a NEENAH type 
R-6118 catch basin frame and grate. 

6.   WATER SUPPLY AND WASTEWATER COLLECTION. (LIME SETTLING BASINS) 

6.1 DESIGN REFERENCES. The following references were used in preparing the 
water supply and wastewater disposal design: 

6.1.1 Department of the Army Technical Manuals (TM) . 

TM 5-814-1 Sanitary and Industrial Wastewater 
Collection-Gravity Sewers and 
Appurtenances (Mar 85) 

TM 5-814-2 Sanitary and Industrial Wastewater 
Collection-Pumping Stations and 
Force Mains (Mar 85) 

6.1.2 National Standard Plumbing Code (1983). 

6.1.3 Recommended Standards for Sewage Works by the Great 
Lakes-Upper Mississippi River 
Board of State Sanitary 
Engineers (1978 Edition). 

6.2 GENERAL. The work under this project consists of containing and pumping 
contaminated water from within the perimeter of the slurry wall at the Lime 
Settling Basins. It was determined that the ground-water should be artificially 
depressed within the confines of the slurry wall in order to prevent the 
migration of contaminated ground-water away from the project boundary. 

6.2.1 The Containment and Pumping system consists of a 36-inch diameter 
lift station, 1 HP sump pump and 660 feet of 2-inch forcemain. The system is 
designed to contain the estimated flow rate of 5 gpm from the perforated 
groundwater collection drain and pump it to the CERCLA Water Treatment Plant. 
The volume to be pumped is considered a finite amount, necessary to provide a 
negative head/gradient within the settling basins. 

6.2.2. Constructibility was the most significant consideration in the 
design. The collection drain is to be placed approximately 25 deep in heavily 
contaminated, water saturated, sandy clays which are not stable enough for normal 
trench excavation. Therefore, the piping will installed by a slurry method. 
A standard concrete type lift station would be very difficult to construct in 
the material at the depths required. Therefore, a 36-inch diameter polyethylene 
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pipe will be used for the pump chamber because it can be attached to the 
collection piping above ground and easily lowered into the trench through the 
slurry. 

6.2.3. The 36-inch diameter pump chamber is 33 feet deep and is 
designed to provide 5 feet of storage volume between the invert of the collection 
drain and the bottom of the pump chamber. The 5 feet of depth amounts to 265 
gallons of storage. At a inflow rate of 5 gpm, the storage volume will take 
approximately 50 minutes to fill allowing the pump adequate time to cool. The 
design requires a 1 HP sump pump to operate at 22 gpm at 52 feet of head. With 
the storage volume available the pump will operate for approximately 12 minutes 
during each pump cycle. The pump is controlled by three float switches suspended 
in the lift station. The lowest float switch is the pump "off" control, the 
second float switch located at the elevation of the collection pipe invert is 
the pump "on" control and the highest float switch located 1 foot above the 
invert of the collection pipe is the "alarm" switch. These switches will 
automatically control the pump operation. However, a manual lift station switch 
will be provided at the CERCLA Water Treatment Plant to shutdown or turn on the 
lift station controls. In addition, any alarms at the lift station will be 
monitored at the CERCLA Water Treatment Plant. The manual control and alarm 
monitoring will be part of the CERCLA Water Treatment Plant project, however, 
provisions have been made in this design to accommodate this work. 

6.2.4. Approximately 1000 feet of 2-inch forcemain is needed to convey 
the contaminated water from the lift station to the CERCLA Water Treatment Plant. 
However, only 660 feet of 2-inch forcemain will be provided under this project 
because not enough survey is available for entire length of the pipe and the 
exact location for the CERCLA Plant has not been finalized. The remainder of 
the piping to the CERCLA Plant will be provided as part of the CERCLA Plant 
project. The route of the forcemain will be easily identified by new overhead 
power lines, required tj power the lift station, running immediately parallel 
to the forcemain and the end of the forcemain will be identified with a marking 
post. 

6.2.5. The lift station is designed to facilitate all maintenance 
without entering the pump chamber. Discharge piping is connected directly to 
the pump and runs directly up to a union at the top of the manhole which can be 
disconnected to raise pump and piping from the pump chamber during maintenance 
activities. 

6.3 M-l BASIN DESIGN. Also incorporated within this design package is the 
relocation of a fire hydrant and capping of various utilities near the M-l Basins 
on the south side of December 7th Avenue to facilitate operability of the ISV 
process (to be designed/constructed in FY 90 thru 93). 

7. CHEMISTRY.  No chemical analysis is required by the Contractor other than 
outlined in the Site Safety and Health Plan (SSHP). 

8. ELECTRICAL (LIME SETTLING BASINS) 

8.1   General.  The electrical design is based on the following codes, 
standards, publications, etc: 
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8.1.1 National Electrical Code (NEC)    NFPA No. 70-1990 

8.1.2 Life Safety Code        NFPA No. 101-1990 

8.1.3 National Electrical Safety Code (NESC) ANSI C2-1990 

8.1.4 Architect Engineer Instruction Manual  AEIM 14(Rev.  July 
1990) 

8.2 Scope.    This design will provide electrical power for the ground 
water waste pump located at the lime settling basins. 

8.2.1 The new basin M-l cutoff sheet pile walls will be located 
near existing 13800V 3-phase lines on both the north and west side of the cutoff 
wall. These lines will be either removed or relocated by the Rocky Mountain 
Arsenal's electrical distribution contractor. 

8.2.2 A new aerial extension of the existing 13800V 1-phase line 
will be installed from the existing line west of "D" Street and routed to the 
west edge of the lime settling basins" cap. 

8.2.3 A single phase pole mounted transformer would be provided at 
the end of the new aerial extension. The transformer will have fused cutoff 
switch and surge arresters. The transformer secondary will be 240/120V and will 
be routed above the cap in plastic conduit with an equipment ground. The 
conductor will be sized for load and distance from transformer to load (voltage 
drop considerations). A combination circuit breaker type motor starter with 
weather proof enclosure will be locate near the pump. 

8.2.4 A ground fault circuit interrupter 120V, 20 ampere receptacle 
will be located on or near the combination motor starter. 

8.3 Specifications. The following guide specifications will be edited for 
this project: (See Attachments) 

Note that section CEGS-16415-OD would be retitled Electrical Work. In addition, 
section CEGS-16401-OD will be provided. 

9. Health and Safety. The specifications for the remedial action will present 
requirements to ensure that the Contractor performs the work in compliance with 
applicable regulations, especially 29 CFR 1910.120, "Hazardous Waste Operations 
and Emergency Response". The specifications will require the Contractor to 
maintain a Safety and Health Program and to prepare a Site Safety and Health Plan 
(SSHP) covering all work to be performed under the construction contract. The 
paragraphs below describe background information and decision logic involved in 
determining specific requirements that will be included in the specifications. 

9.1 Site description and contamination characterization. 

9.1.1 Site description. (General) RMA occupies more than 17,000 
acres (approximately 27 square miles) in Adams County, directly northeast of 
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metropolitan Denver, Colorado. The property was purchased by the US government 
in 1942 for use in World War II to manufacture and assemble chemical warfare 
materials, such as mustard and lewisite, and incendiary munitions. Starting in 
the 1950s, RMA. produced the nerve agent GB (isopropyl methylphosphonofluoridate) 
until late 1969. A significant amount of chemical warfare materials destruction 
took place during the 1950s and 1960. From 1970 to the early 1980's, RMA has 
primarily been involved with the destruction of chemical warfare materials. In 
addition to these military activities, major portions of the plant facilities 
were leased to private industries, including Shell Oil Company, between 1947 and 
1982, for the manufacture of various insecticides and herbicides. 

9.1.1.1 M-l Settling Basins Description: The M-l Settling Basins 
are located in the South Plants area, just south of December 7th Avenue along 
the northern edge of the northwest quarter of Section 1. The basins and the 
berms surrounding them, all of which are now buried and partially built upon, 
occupy an area of approximately 34,500 square feet. 

9.1.1.1.1 The M-l Settling Basins were constructed to treat 
waste fluids from the lewisite facility. Two basins were constructed in 1942, 
and a third basin was constructed in 1943 when the original two filled with 
solids. All three were unlined, and each measured approximately 90 feet wide, 
115 feet long, and 7 feet deep. In addition to the waste fluids from the 
lewisite disposal facility, the basins may have contained lesser amounts of waste 
materials from alleged spills within the acetylene generation building, the 
thionylchloride plant, and the arsenic trichloride plant, which may have been 
routed through floor drains and the connecting piping to the basins. The basins 
also received a considerable amount of mercuric chloride catalyst, possibly from 
a spill. 

9.1.1.1.2 The liquids discharged into the basins first passed 
through a set of reactor towers where calcium carbonate was added, then through 
a wood trough into the M-l settling basins where the arsenic precipitated out 
of solution. The elutrate was decanted through an 18-inch diameter pipe to the 
Lime Settling basins in Section 36 where final treatment occurred, prior to 
being routed to Basin A. 

9.1.1.1.3 The M-l Settling basins were backfilled, probably 
in 1947, and are now covered with soil. Portions of the basins are covered with 
structures. The facilities that surround the M-l Settling Basins area were used 
in the manufacture of bicycloheptadiene until 1974. 

9.1.1.2 Lime Settling Basins Description: The Lime Settling 
Basins, located in Site 36-4, are in the southwestern portion of Section 36 at 
RMA and consist of three unlined basins, each approximately 1 acre. The 
boundaries of the Lime Settling Basins include berms that surround the basins 
as well as associated materials that separated the basins. The total area of 
investigation is approximately 210,000 square feet and has an average surface 
elevation of 5,255 feet above mean sea level (MSL). 

9.1.1.2.1 The Lime Settling basins were constructed in the 
early 1940's to remove arsenic from South Plants wastewater by precipitation. 
Wastewater was treated with lime at the site to precipitate metals and reduce 
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arsenic concentrations generated by the manufacture, and later the 
demilitarization, of lewisite. The basins were also constructed to receive 
wastewater from the industrial activities at the South Plants until the chemical 
sewer was constructed in the early 1950s. All wastewater originating from the 
South Plants area was channeled through the Lime Settling Basins prior to 
entering Basin A. This water flowed through an underground sewer and into a 
ditch along the south side of the basins. From the ditch, flow into the basins 
was controlled. Materials possibly contained within the basins include a reported 
spill of 500 gallons of mercury catalyst and the disposal of approximately 150 
drums of mustard in the basins between 1959 and 1960. Reports also note that 
the mustard may have been neutralized, and that the term "drum" refers to a 
volume and not that the material was disposed of in drums. 

9.1.2 Contamination characterization. Previous field sampling has 
shown contamination to be present in soil, ground-water and surface water at the 
Lime and M-l Settling Basins. Classes of chemicals detected include 
organochlorine pesticides, organosulfur compounds, volatile organic compounds, 
metals, and agent degradation products. Additional field work is currently 
underway to further characterize the contamination at these sites. Soil and 
water samples are being collected and analyzed for volatiles, semi-volatiles 
with DBCP, organochlorine pesticides, thiodiglycol, ICP metals, arsenic and 
mercury. A detailed list of chemical names, concentration ranges and media in 
which found will be included after the latest analytical results are received. 

9.2 Hazard Assessment and Risk Analysis. The remedial action for the Lime 
and M-l Settling Basins will involve a number of tasks/operations. The following 
is a preliminary list of general tasks/operations. A more detailed description 
will be available later in the design process. 

Mobilization and Site preparation 
Demolition of structures 
Abandonment, installation of monitoring wells 
Construction of slurry walls 
Installation of drain/trench system 
Excavation of sludge from outside wall 
Construction of clay "cap" (cover). 
Construction of sheet pile cutoff wall 
Seeding 
Demobilization and site closeout 

The following is a list of general hazards that may be encountered. As the tasks 
are further defined, detailed hazard analyses will be conducted for each task. 
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Physical Hazards 
Normal outdoor work hazards:  slips, trips, falls, etc. 
Normal construction hazards: 

Moving equipment 
Use of power tools 
trenching hazards 
falling objects 

Noise 
Heat/cold stress (depending on the time of year) 

Biological Hazards 
Poisonous and/or thorny vegetation 
Insect bites, stings 
Snakes 
Diseases carried and transmitted by rodents 

Chemical Hazards 
volatile halogenated solvents 
volatile aromatic solvents 
mustard agent-related organic compounds 
herbicide-related organosulfur compounds 
GB agent-related organic compounds 
organochlorine pesticides and pesticide-related compounds 
metals 

9.3 Accident Prevention. The contractor will be required to follow accident 
prevention procedures outlined in the USACE Safety Requirements Manual (EM 385- 
1-1). Some of these requirements (i.e. training, hazard analysis, ...) are 
addressed in other sections of this Design Analysis. The SSHP prepared by the 
Construction Contractor will serve as the Accident Prevention Plan (APP) and 
Activity Hazard Analyses (phase plans) described in EM 385-1-1, thus a separate 
APP will not be required. Accident reporting requirements will also be 
addressed. 

9.4 Staff organization, qualification, and responsibilities . The contractor 
will be required to develop an organizational structure that sets forth lines 
of authority, responsibility, and communication. Part of this organization will 
be personnel responsible for oversight and implementation of the health and 
safety aspects of this program. Since this site remedial action is being 
undertaken pursuant to CERCLA, the requirements of 29 CFR 1910.120 apply. 
Therefore, to ensure a "qualified" person is responsible for health and safety, 
the contractor will be required to utilize the services of an Industrial 
Hygienist certified in Comprehensive Practice by the American Board of Industrial 
Hygiene.  The CIH will be required to: 

- posses a minimum of 3 years experience in developing and implementing 
health and safety programs at hazardous waste sites or in the chemical industry, 

- have demonstrable experience in supervising professional and technician 
level personnel, and 

- have demonstrable experience in developing worker exposure assessment 
programs and ambient air monitoring programs. 
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The CIH will have the primary responsibility for implementation, oversight, and 
enforcement of the health and safety aspects of this remedial action. It will 
not be necessary for the CIH to be on-site for the entire duration of field work. 
A fully trained and experienced Site Safety and health Officer (SSHO), 
responsible to the Contractor and the CIH, may be delegated to implement and 
continually enforce the safety and health program and site-specific plan elements 
on-site.  The SSHO will be required to posses: 

- a minimum of 1 year experience in developing and implementing health 
and safety programs at hazardous waste sites or in the chemical industry, 

demonstrated experience  in construction safety techniques and 
procedures, 

- a working knowledge of Federal and state health and safety regulations, 
and 

- specific training in personal and respiratory protective equipment 
program implementation and in the proper use of air monitoring instruments, air 
sampling methods, and procedures. 
Each crew actively working in the contaminated areas will be required to include 
a fully trained and experienced Safety and Health Technician to perform 
monitoring and ensure compliance with the approved SSHP. 
The Contractor will be required to have at least one person certified in first 
air/CPR by the Red Cross, or equivalent agency, on-site during all site 
operations. 

9.5 Training. All employees working on-site with the potential for 
exposure to hazardous substances, health hazards, or safety hazards shall meet 
the minimum training requirements as specified in 29 CFR 1910.120. These 
employees will have completed the 40 hour hazardous waste training requirements 
and have three days of field experience in hazardous waste work. All supervisory 
personnel will have an additional 8 hours of training as specified for management 
of personnel and activities associated with hazardous waste site activities. 
Documentation of this training will be required for all personnel; in addition 
documentation pertinent to annual refresher courses as required in 29 CFR 
1910.120 will also be required. All employees will be required to attend site- 
specific training covering site hazards, procedures, and all contents of the 
approved SSHP prior to entering the site. 

9.6 Personal protective equipment (PPE). Because of the nature of this 
work, it is likely that engineering controls and work practices will not provide 
sufficient control of the hazards, therefore, the contractor will be required 
to provide personal protective equipment to all affected employees. This PPE 
shall provide dermal and respiratory protection specific to the site hazards. 
Selection of appropriate PPE will be based on air monitoring results (for 
respiratory protection) and an evaluation of the potential for dermal exposure 
during each task (for dermal protection). The Contractor will be required to 
establish a written personal protective equipment program in compliance with 29 
CFR 1910.120(g)(5). Basic levels of protection will be similar to those listed 
below. Historical information and past field activities in the Lime and M-l 
Settling Basins have indicated the possible presence of chemical agents and their 
breakdown products. Therefore, the level of PPE required during intrusive 
activities shall be Level B. 
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plus:) 

9.6.1 Level D Protection: 
Hard hat 
Safety glasses with side shields or safety goggles. 
Work clothing as prescribed by weather. 
Steel toe work boots. 
Hearing protection (if needed) 

9.6.2 Modified Level D Protection (all elements of Level D above 

disposable outer coveralls (tyvek or equivalent) 
disposable boot covers. 
Surgical inner gloves. 
Chemically protective outer gloves (as per PPE program). 

9.6.3 Level C Protection: 
Hard hat 
Work clothing as prescribed by weather. 
Disposable  outer  coveralls  (saranex  coated  tyvek or 

equivalent) 
Disposable boot covers 
Steel toe work boots. 
Hearing protection (if needed) 
Surgical inner gloves. 
Chemically protective outer gloves (as per PPE program). 
Air purifying respirator (APR) with appropriate cartridges 

(selected as per respiratory protection program). 

9.6.4 Level B Protection: 
all elements of Level C except air supplied respirators will be 

substituted for air purifying respirators. 

9.7 Medical Surveillance. The contractor will be required to institute a 
medical surveillance program meeting the minimum requirements established by 29 
CFR 1910.120. In order to ensure adequate medical surveillance for the hazards 
at this site, the contractor will be required utilize the services of a licensed 
physician who is certified in Occupational Medicine by the American Board of 
Preventative Medicine, or who, by necessary training and experience, is Board- 
eligible. The Contractor will be required to provide the physician with a copy 
of the employees' job descriptions, the SSHP, 29 CFR 1910.120, and Section 5.0 
of NIOSH publication 85-115. 

9.8 Exposure monitoring/air sampling program (personal and environmental). 
Because of the potential for airborne contamination, the contractor will be 
required to conduct air monitoring/sampling in order to establish proper levels 
of respiratory protection. Background conditions will be established prior to 
the start of work. As a minimum, real-time air monitoring for organic vapors 
and dust will be necessary within all work areas of an intrusive nature. 
Monitoring for chemical agents and arsine may also be required. This monitoring 
will continue throughout the duration of the activity. 

9.8.1  In addition to the real-time monitoring, the contractor will be 
responsible for ensuring compliance with all requirements of 29 CFR 1910.120(h). 
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9.9 Standard operating safety procedures, engineering controls and work 
practices. All pertinent procedures will be addressed and implemented as 
described in the Contractor's SSHP. 

9.10 Site control measures. Because contamination exists at this site, the 
Contractor will be required to establish work zones and site control measures 
to prevent the spread of contamination. 

9.11 Personal hygiene and decontamination. Whenever employees are 
potentially exposed to contamination, they will be required to undergo 
decontamination procedures. The contractor will be required to set forth 
appropriate decon procedures for each level of protective clothing worn on- 
site. A personnel decon facility with shower facilities will be required. 
Details about the disposal of trash, contaminated disposable PPE and decon water 
will be included in the specifications. 

9.12 Equipment decontamination facilities and procedures. The Contractor 
will be required to decontaminate all equipment that has come into contact with 
contamination. The Contractor will be required to establish an equipment decon 
pad in the CRZ. 

9.13 Emergency equipment and first aid requirements. The Contractor will 
be required to have the following items immediately available for on-site use: 

9.13.1   First aid equipment and supplies approved by the consulting 
physician. 

358.1 
9.13.2 Emergency eyewashes/showers meeting the standards of ANSI Z- 

9.13.3 Emergency respirators (worst-case appropriate). 

9.13.4 Spill control materials and equipment. 

9.13.5 Fire extinguishers. 

9.14 Emergency response plan and contingency procedures (on-site and off- 
site). The Contractor will be required to prepare an Emergency Response Plan 
in compliance with 29 CFR 1910.120(1), which addresses the following elements, 
as a minimum: 

9.14.1 Pre-emergency planning and procedures for reporting incidents 
to appropriate government agencies for potential chemical exposures, personal 
injuries, firs/explosions, environmental spills and releases. 

9.14.2 Personnel roles, lines of authority, communications. 

9.14.3 Posted instructions and a list of emergency contacts 
(physician, nearby medical facility, fire and police departments, ambulance 
service, federal/state/local environmental agencies, CIH, Contracting Officer) . 
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9.14.4 Emergency recognition and prevention. 

9.14.5 Site topography, layout, and prevailing weather conditions. 

9.14.6 Criteria and procedures for site evacuation (emergency 
alerting procedures/employee alarm system, emergency PPE and equipment, safe 
distances, places of refuge, evacuation routes, site security and control). 

9.14.7 Specific procedures for decontamination and medical treatment 
of injured personnel. 

9.14.8 Route maps to nearest pre-notified medical facility. 

9.14.9 Criteria for initiating community alert program, contacts, 
and responsibilities. 

9.14.10 Procedures for critique of emergency responses and follow- 
up. The Contractor will also be required to ensure all emergency response 
procedures set forth by RMA are followed. 

9.15 Heat/cold stress monitoring. Ambient weather conditions will dictate 
when heat and cold stress monitoring requirements are appropriate. Ambient 
temperature readings and the type of clothing worn will affect the type and 
extent of monitoring required. The contractor will be required to provide and 
implement protocols for heat and/or cold stress monitoring. 

9.16 Sanitation. The Contractor will be required to provide, in the Support 
Zone, potable water and washing facilities consisting of hot and cold running 
water, towels and soap for men and women as necessary. (See also paragraph 6.11: 
Personal hygiene and decontamination.) At least 1 toilet, and if there are more 
than 20 employees, at least 1 toilet seat and 1 urinal per 40 workers will be 
required. A sanitary break and lunch area will be required in the Support Zone. 

9.17 Logs, reports, and recordkeeping. Proper documentation will be an 
important part of the remedial action. The contractor will be required to keep 
the following records: 

9.17.1 OSHA Records. Required OSHA records are listed in Table 6- 
1. 

9.17.2 Daily log and safety inspection reports. The daily log and 
safety inspection report shall include practices and events that affect safety 
and health, safety and health discrepancies encountered and safety and health 
issues brought to the supervisor's attention.  Each entry shall include: 

9.17.2.1 Date 

9.17.2.2 Work area 

9.17.2.3 Employees present in work area 

9.17.2.4 PPE and work equipment being used in each area. 

2-34 



9.17.2.5 Special health and safety issues and notes 

9.17.2.6 Signature of preparer. 
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GEOTECHNICAL 
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Woodward-Clyde Consultants 

wvrrcsTP.v ANALYSIS 

Hvorslev Equation: 

K"       2LT0 

where: K = Hydraulic Conductivity 
R = Radius of Well Casing and Screen 
L = Length of Well Screen    /  / 
T0 = Basic Time Lag at Head\Ratio =0.37 

LSB-15:  Hvorslev Analysis x\ \, 

R=    0.17 ft i    ^""^—^, 
L =    5 ft \ \^"~^ ^^j 

Falling Head Test: T0 = 9.5 minutes/ 

jC.  (0.17 ft)ate-(5ft/PT17 ft) Q      10-3 ft/min 
2  (5 ft)   <9.5min) 

x 

Rising Head Test: , T9 = 24 minutes 

K m   0.1Tft)>to(S ft/0.11 ft)   m x 10_4 ft/min 

2 {5 ft)   (24 minutes) 

RMA/89MC114A.ANL08-14-90/WCFS1 ANALYSIS - 1 
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LSB-34:  Hvnrslev Analysis 

R=    0.17 ft 
L=    10 ft 

Falling Head Test: T0 = 25 minutes 

0.17 ft)2 to (10 ft/0.11 ft)   . 2.4 xl0-« ft/min 
2(10 ft)   (25 min) 

Rising Head Test: T0 =11.75 minutes 

. (O.I? ft)2 to do ft/o:i7 ftv. 50 x 10.« ft/min 
2  (10 ft)   (11.75 min) 

LSB-35:  Hvnrslev Analysis / 

R=    0.17 ft --—- 
L =    10 ft '~\ 

Falling Head Test: %    T0 - 16.5minutes 

K -    (0-17 ft)* to  (10 ft/0.17 ft)   _ 3 10.« ft/min 
2(10 ft)   (16.5 min) 

Rising Head Test: T0 = 39 minutes 

K -    (0.17 ft)2 to (10 ft/0.17 ft) 10.« ft/min 

2 (10 ft)   (39 min) 

RMA/89MC114AANL08-14-90AVCFS1 ANALYSIS - 2 
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BOUWER AND RICE ANALYSIS 

Bouwer and Rice Equation: 

2 KL t to s0 - to st - 
x\ to(re/r„> 

where: -x     ■,. 

s0 =   initial drawdown in well due to instantaneous removal of water from well 

Sj =    drawdown in well at time t     / /       \ 
v.      -    / 

L=    length of well screen 

rc =    radius of well casing   _ 

tTI(TJTW) =    empirical "shape factor" determined from tables provided in Bouwer and Rice 
(1976) \ \ / /*^'-' 

\ V / 
re =    equivalent radius-over which liead loss occurs 

/'s~s \ \  > 
rw =   radius of well (including gravel pack) 

H =   static height of water in well" 
'v. v. 

b =    saturated thickness of aquifer 

LSB-15: Bouwer and Rice Analysis 

L = 
rc = 

5ft 
0.17 ft 

i I 
/ I 

/ / 

rw = 0.42 ft 
H = 14 ft 
b - 14 ft 

RMA/89MC114A.ANL08-14-90/WCFS1 ANALYSIS - 3 
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Falling Head Test: s0 = 1.59 ft 

K = 6.4 x 10** ft/min 

Rising Head Test: s0 = 1.64 

K = 3.7 x 104 ft/min 

LSB-34: Bonwcr and Rice Analysis 

L= 10 ft 
rc= 0.17 ft 
rw = 0.42 ft 
H = 13.25 ft 
b = 13.25 ft 

Falling Head Test: s0 = 1.76 ft 

K = 9.6 x 105 ft/min .--•-- 

Rising Head Test: s0 = 0.75 ft 

K = 5.2 x 10** ft/min 

LSB-35:  Bower and Rice Analysis   

L= 10 ft       . 
re = 0.17 ft 
rw = 0.42 ft 
H= 19.65 ft 
b = 19.65 ft 

Falling Head Test: s0 = 1.70 ft 

K = 3.0 x 10-* ft/min 

Rising Head Test: s0 = 1.58 ft 

K = 1.2 x 10-* ft/min 

\ 

RMA/89MCI 14A.ANL 08-14-90/WCFS1 ANALYSIS - 4 
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Woodward-Clyde Consultants 

Location RMA 

Borehole No. LSB-15 

Test Date 7/23/90 

Measuring Point toe 

Type of Test f?llmg^Risinp head  

Transductor Probe Serial No. 02813 

Datalogger Test Run No. X. 
(include time and date for 
identification purposes) 

SLUG TEST DATA FORM 

SF 
off" 

• 10.12 
0.002 

step 0 Falling head 
step 1 Rising head 

Name Andre Fiedler 

Groundwater Elevation Before Test 11.1 btoc 

Total Casing Depth ?V ft ra.7S btoc) 

Borehole Diameter 10 in  

Casing Diameter 4 in 

Screened Interval 18.2 - 23.2 

Sand Pack Tntp.rval 13 - 23.2 

Lithology Tested clav. sandv 

transducer depth = 23.11 btoc 
transducer = 12.01 below swl 

Slug depth (bottom) = 163 ft btoc 
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TABLE 5 
SLUC TEST DATA LSB-15 

LSB-15                                    LSB-15 
Falling Head Test                      Rising Head Test 

Time(mtn) Head Chanoe(ft) Head Ratfo    Tlme(min)  Head Chanoe(ft) Head Ratio    ^^ 

0 -0.07                      0        1.61 » 
0.0033 -0.09                      0.0033          0.14 
0.0066 -0.06                      0.0066          0.15 ^^^ 
0.0099 -0.04                      0.0099          1.37 
0.0133 -0.05                      0.0133          1.34 
0.0166 -0.04                     0.0166          1.96 

0.02 -0.06                       0.02           1.7 
0.0233 -0.23                     0.0233          1.79 
0.0266 -0.38                     0.0266          1.74 

0.03 -0.46                        0.03          1.74 
0.0333 -0.76                      0.0333           1.7  - 

0.05 -1.86                        0.05           1-7 
0.0666 -1.54                      0.0666          1.69 
0.0833 -1 83                      0.0833          1.71 

0.1 -1.5                         0.1          1.71 
0.1166 -1.62                      0.1166          1.69 
0.1333 -1.59                      0.1333          1.65 

0.15 -1.58                        0.15       •-, 1.66 
0.1666 -1 58                      0.1666          1.66 
0.1833 -1.57                      0.1833      -■,.  1.61 

0.2 -1.59         1.000          0.2          1.62 
0.2166 -1.58         0.994        0.2166          1.64 1.000 
0.2333 -1 58         0.994        0.2333          1.63 0.994 

0.25 -1.55        0.975         0.25         1.63 0.994 
0.2666 -1 56         0.981        0.2666          1-62 0.988 
0.2833 -1.57         0.987        0.2833          1.62 0.988 

0.3 -1.54         0.969           0.3          1.64 1.000 
0.3166 -1.54         0.969        0.3166          1.63 0.994 
0.3333 -1.55         0.975        0.3333          1.62 0.988 
0.4167 -1.52         0.956        0.4167           1.6 0.976 

0.5 -1.5         0.943           0.5           1.6 0.976 
0.5833 -1 48         0.931        -0.5833           1.6 0.976 
0.6667 -1 47         0.925        0.6667          1.58 0.963 

0.75 -1.44         0.906          0.75          1.58 0.963 
0.8333 -1 45         0.912  _     0.8333          1.55 0.945 

" 0.9167 -1.41         0.887        0.9167          1.58 0.963   ^^ 
<r  $ 1 -1.38         0.868  ~ ~       - 1          155 0.945 Mm 

1.0833 -1.39         0.874       -1.0833          1.54 0.939   ■ W 
1.1667 -1.37         0.862        1.1667          1.55 0.945   ^Kr 

1.25 -1.37         0.862          1.25          1.54 0.939 
1.3333 -1 33         0.836        1.3333          1.53 0.933 
1.4166 -1.32     -   0.830        1.4166          1.57 0.957 

1.5 -1.31         0.824           1.5          1.58 0.963 
1.5833 -1.31         0.824        1.5833          1.56 0.951 
1.6667 -1 29         0.811        1.6667          1.55 0.945 

1.75 -1.3         0.818          1.75          1-57 0.957 
1.8333 -1.25         0.786  "     1.8333          1.58 0.963 
1.9167 -1.26        "0.792..       1.9167          1.57 0.957 

2 -1.24         0.780             2          1.53 0.933 
2.5 -1.21         0.761           2.5           1.5 0.915 

3 -1.13         0.711             3          1.49 0.909 
3.5 -1.06       • 0.667           3.5          1-45 0.884 

4 -1.06         0.667             4          1.41 0.860 
4.5 -0.94         0.591           4.5          1.37 0.835 

5 -0.88         0.553             5          1.36 0.829 
5.5 -0.81         0.509           5.5           1.3 0.793 

6 -0.78         0.491             6          1-24 0.756 
6.5 -0.77         0.484           6.5          1.21 0.738 

7 -0.75         0.472             7          1.17 0.713 
7.5 -0.75         0.472           7.5          1.14 0.695 

8 -0.69         0.434             8          1.13 0.689 
8.5 -0.64         0.403           8.5          1.12 0.683 

9 -0.6         0.377             9          1.09 0.665 
9.5 -0.62         0.390           9.5         .1.06 0.646 
10 -0.61         0.384            10          1.04 0.634 
12 -0.51         0.321            12          0.92 0.561 
14 -0.4         0.252            14          0.86 0.524 
16 -0.33         0.208            16           0.8 0.488 
18 -0.24         0.151            18          0.73 0.445 
20 -0.25         0.157            20           0.7 0.427 
22 -0.21         0.132            22          0.54 0.329 
24 -0.14         0.088            24          0.52 0.317   ^^ 
26 -0.1         0.063            26          0.54 
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TABLE 5 (cont.) 
SLUC TEST DATA LSB-15 

LSB-15 
Falling Head Test 

Tlme(mln)      Head Cf iange(ft 

28 -0.1 
30 -0.09 
32 -0.09 
34 -0.04 
36 -0.01 
38 -0.02 
40 -0.01 
42 0.03 
44 0.05 
46 -0.02 
48 -0.02 

0.063 
0.057 

057 
025 
006 
013 
006 
019 
031 
013 

0.013 

LSB-15 
Rising Head Test 

Head Ratio    Time(mln)  Head Change(ft) Head Ratio 

28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 
62 
64 
66 
68 
70 

0. 
0. 
0. 
0. 
0. 

0.5 
0.44 
0.44 

.43 

.36 

.35 

.34 

.28 
0.3 

0.29 
0.26 
0.26 
0.25 
0.2 

0.18 
0.2 

0.17 
0.15 
0.18 
0.15 
0.14 
0.18 

0.305 
0.268 
0.268 
0.262 
0.220 
0.213 
0.207 
0.171 
0.183 
0.177 
0.159 
0.159 
0.152 
0.122 
0.110 
0.122 
0.104 
0.091 
0.110 
0.091 
0.085 
0.110 
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Woodward-Clyde Consultants 

Location RMA 

Borehole No. LSB-34 

Test Date 7/24/90 

Measuring Point toe 

Type of Test Falling /Rising head 

Transducer Probe Serial No. 02813 

Datalogger Test Run No. 2_ 
(include time and date for 
identification purposes) 

SLUG TEST DATA FORM 

SF = 10.12 
off - 0.002 

step 0 Falling head 
step 1 Rising head 

Name Andre Fiedler 

Groundwater Elevation Before Test 14.75btoc 

Total Casing Depth 28.3 ft btoc  

Borehole Diameter 10 in  

Casing Diameter 4 in 

Screened Interval 18 - 28 ft 

Sand Pack Interval 15.4-28.4 ft 

Lithology Tested sand, siltv to clav and 
sand 

transducer depth - 26 ft btoc 
AS. = 12.01 below swl 

Slug depth (bottom) = 20 ft btoc 

,    N-   /    ■ 

\   v   / 
\ 
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TABLE 6 
SLUC TEST DATA LSB-34 

LSB-34 
Fa 11ing Head Test 

LSB-34 
Rising Head Test 

Time(min) 
Head Chanoe(ft)    Head Ratio TimeOnin)      Head Change(ft)    Head Rat.o 

o 
0.0033 
0.0066 
0.0099 
0.0133 
0.0166 

0.02 
0.0233 
0.0266 

0.03 
0.0333 

0.05 
0.0666 
0.0833 

0.1 
0.1166 
0.1333 

0.15 
0.1666 
0.1833 

0.2 
0.2166 
0.2333 

0.25 
0.2666 
0.2833 

0.3 
0.3166 
0.3333 
0.4167 

0.5 
0.5833 
0.6667 

0.75 
0.8333 
0.9167 

1 
1.0833 
1.1667 

1.25 
1.3333 
1.4166 

1.5 
1.5833 
1.6667 

1.75 
1.8333 
1.9167 

2 
2.5 

3 
3.5 

4 
4.5 

5 
5.5 

6 
6.5 

7 
7.5 

8 
8.5 

9 
9.5 
10 
12 
14 
16 
18 
20 
22 
24 
26 

0 
0 
0 

-0.3 
-0.3 

-0.53 
-0.91 
-0.38 
-1.01 

-1 
-1.75 
-1.73 
-1.54 
-1.4 

-1.73 
-1.77 
-1.74 
-1.71 
-1.76 
-1.75 
-1.74 
-1.74 
-1.73 
-1.73 
-1.72 
-1.72 
-1.72 
-1.71 
-1.71 
-1.7 

-1.68 
-1.65 
-1.63 
-1.62 
-1.6 

-1.73 
-1.85 
-1.6 

-1.64 
-1.63 
-1.65 
-1.76 
-1.69 
-1.72 
-1.72 
-1.7 

-1.69 
-1.68 
-1.67 
-1.6 

-1.54 
-1.48 
-1.44 
-1.4 

-1.36 
-1.33 
-1.3 

-1.27 
-1.23 
-1.2 

-1.17 
-1.16 
-1.14 
-1.12 
-1.1 

-1.01 
-0.95 
-0.9 

-0.85 
-0.82 
-0.77 
-0.73 
-0.72 

1.000 
0.994 
0.989 
0.989 
0.983 
0.983 
0.977 
0.977 
0.977 
0.972 
0.972 
0.966 
0.955 
0.938 
0.926 
0.920 
0.909 
0.983 
1.051 
0.909 
0.932 
0.926 
0.938 
1.000 
0.960 
0.977 
0.977 
0.966 

.0.960 
0.955 
0.949 
0.909 
0.875 
0.841 
0.818 
0.795 
0.773 
0.756 
0.739 
0.722 
0.699 
0.682 
0.665 
0.659 
0.648 
0.636 
0.625 

.574 

.540 

.511 
..483 
0.466 
0.438 
0.415 
0.409 

0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 

0. 
0. 

0. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0. 

0. 
0, 

0 
0 
0 

0 
0 

0 
0 

1 
1 

1 
1 

1 
1 

1 
1 

0 
0033 
0066 
0099 
0133 
0166 
0.02 
0233 
0266 
0.03 
0333 
0.05 
.0666 
.0833 
0.1 

.1166 

.1333 
0.15 
.1666 
.1833 
0.2 

.2166 

.2333 
0.25 
.2666 
,2833 

• -0.3 
.3166 
.3333 
.4167 
0.5 

. 5833 

.«667 . 
0.75 
.8333 
,S167 

1 
.0833 
.1667 
1.25 
.3333 
.4166 

1.5 
.5833 
.6667 
1.75 

.8333 

.9167 
2 

2.5 
3 

3.5 
4 

4.5 
5 

5.5 
6 

6.5 
7 

7.5 
8 

8.5 
9 

9.5 
10 
12 
14 
16 
18 
20 
22 
24 
26 

-1.06 
-1.06 
-1.06 
-1.15 
2.44 

-0.28 
-1.79 
-0.02 
-0.64 

1.76 
0.47 
0.92 
0.72 
0.75 
0.75 
0.74 
0.73 
0.73 
0.73 
0.72 
0.72 
0.72 
0.72 
0.71 
0.71 
0.71 
0.71 
0.71 
0.7 

0.69 
0.69 
0.69 
0.68 
0.68 
0.68 
0.67 
0.67 
0.67 
0.67 
0.67 
0.66 
0.66 
0.66 
0.65 
0.65 
0.65 
0.64 
0.64 
0.63 
0.61 
0.59 
0.57 
0.54 
0 
0 
0 
0 
0 
0 
0 

52 
51 
49 
48 
46 
44 
41 

0.4 
0.38 
0.34 
0.3 

0.29 
0.25 
0.2 

0.15 
0.11 
0.04 

0 
-0.06 
-0.09 

1.000 
1.000 
0.987 
0.973 
0.973 
0.973 
0.960 
0.960 
0.960 
0.960 
0.947 
0.947 
0.947 
0.947 
0.947 
0.933 
0.920 
0.920 
0.920 
0.907 
0.907 
0.907 
0.893 
0.893 
0.893 
0.893 
0.893 
0.880 
0.880 
0.880 
0.867 
0.867 
0.867 
0.853 
0.853 
0.840 
0.813 
0.787 
0.760 
0.720 
0.693 

.680 

.653 

.640 

.613 

.587 

.547 

.533 

.507 
..453 
0.400 
0.387 
0.333 
0.267 
0.200 
0.147 
0.053 
0.000 

-0.080 
-0.120 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
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TABLE 6 (COnt.) 
SLUC TEST DATA LSB-34 

LSB-34 
Fa 11ing Head Test 

Time(min)  Head Change(ft) Head Ratio 

LSB-34 
Rising Head Test 

Time(min)  Head Change(U) Head Ratio 

28 -0.7 0.398 
30 -0.65 0.369 
32 -0.63 0.358 
34 -0.63 0.358 
36 -0.61 0.347 
38 -0.58 0.330 
40 -0.57 0.324 
42 -0.57 0.324 
44 -0.53 0.301 
46 -0.53 0.301 
48 -0.53 0.301 
50 -0.52 0.295 
52 -0.51 0.290 
54 -0.51 0.290 
56 -0.5 0.284 
58 -0.49 0.278 
60 -0.48 0.273 
62 -0.47 0.267 
64 -0.46 0.261 
66 -0.46 0.261 
68 -0.46 0.261 
70 -0.45 0.256 
72 -0.47 0.267 
74 -0.44 0.250 
76 -0.46 0.261 
78 -0.45 0.256 
80 -0.46 0.261 
82 -0.44 0.250 / 
84 -0.44 0.250 .■„  % 

86 -0.38 0.216  X. 
88 -0.39 0.222 
90 -0.41 0.233 
92 -0.43 0.244 
94 -0.39 0.222 
96 -0.42 0.239 . 
98 -0.44 ;o.25o ~-~ 
100 -0.4 0.227- _ 
no -0.38 0.216   / 

.,—- ~~„,   \ \ 

/ 

28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 

-0.15 
-0.18 
-0.22 
-0.25 
-0.3 
-0.31 
-0.34 
-0.39 
-0.42 
-0.43 
-0.47 
-0.49 

-0.200 
-0.240 
-0.293 
-0.333 
-0.400 
-0.413 
-0.453 
-0.520 
-0.560 
-0.573 
-0.627 
-0.653 
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Woodward-Clyde Consultants 

SLUG TEST DATA FORM 

Location RMA Name Andre Fiedler 

Borehole No. LSB-35 

Test Date 7/23/90 

Measuring Point Iß£_ 

Groundwater Elevation Before Test 1025btoc 

Total Casing Depth 30.2 ft btoc  

Borehole Diameter 10 in      

Type of Test Falling/Risinf head 

Transductor Probe Serial No. 02813 

Casing Diameter 4 in 

Datalogger Test Run No. 0_ 

Screened Interval 19.9 - 29.9 ft 

Sand Pack Interval 14-31 ft 

(include time and date for 
identification purposes) 

SF - 10.12 
off - 0.002 

step 0 Falling head 
step 1 Rising head 

Lithology Tested clav. verrv sandv to clav 
silty sandy 

transducer depth = 25 ft btoc 
AS„ = 13.85 below swl 

Slug depth (bottom) = 165 ft btoc 
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* TABLE 7 
SLUC TEST DATA LSB-35 

LSB-35 LSB-35 
Fal1ing Head Test Rising Head Test 

Time(min) Head Chanoe(ft) Head Ratio Time(min) Head Change(ft) 

0 -2.32 0 1.04 
0.0033 -1.8 0.0033 0.98 
0.0066 -1.04 0.0066 -0.48 
0.0099 -1.7 0.0099 0.34 
0.0133 -2.59 0.0133 2.66 
0.0166 -1.23 0.0166 1.94 

0.02 -0.1 0.02 0.84 
0.0233 -2.05 0.0233 1.67 
0.0266 -2.99 0.0266 2.16 

0.03 -1.71 0.03 1.37 
0.0333 -1.76 0.0333 /■%    1.31 

0.05 -1.11 0.05 1.77 
0.0666 -1.4 0.0666 1.52 
0.0833 -1.61 0.0833 1.63 

0.1 -1.7 1.000 0.1 1.58 
0.1166 -1.7 1.000 0.1166 1.6 
0.1333 -1.7 1.000 0.1333 1.58 

0.15 -1.69 0.994 0.15 X  X 1.58 
0.1666 -1.66 0.976 0.1666 X  1-58 
0.1833 -1.67 0.982 0.1833 v, 1.58 

0.2 -1.67 0.982 v  0.2 Nj.57 
0.2166 -1.67 0.982 0.2166 1.S7 
0.2333 -1.66 0.976 .  0.2333 1.57 

0.25 -1.66 0.976 0.25 1.57 
0.2666 -1.65 0.971 0.2666 1.56 
0.2833 -1.65 0.971 / 0.2833 1.56 

0.3 -1.65 0.971 / /    •■■' 0.3 1.56 
0.3166 -1.64 0.965 "-,  0.3166 1.56 
0.3333 -1.64 0.965 X.    0.3333 1.55 
0.4167 -1.62 0.953 .  0.4167 1.55 

0.5 -1.61 0.947 0.5 1.54 
0.5833 -1.6 0.941 0.5833 1.53 
0.6667 -1.58 0.929 0.6667 ;                                   1.53 

0.75 -1.57 0.924.. 0.75 1.52 
0.8333 -1.55 0.912 "-~-"-~^ 0.8333 1.51 
0.9167 -1.54 O.906 -_     0.9167 1.5 

1 -1.53 0.900 ?  -~   -' 1 1.5 
1.0833 -1.51 0.888 / 1-0833 1.49 
1.1667 -1.5 0.882 1.1667 1.48 

1.25 -1.49 0.876 1.25 1.48 
1.3333 -1.47 _~    0.865 1.3333 1.47 
1.4166 -1.47 "-  0.865 . \    1.4166 1.47 

1.5 -1.46 0.859 \ \     1.5 
\ /  1.5833 

1.46 
1.5833 -1.45 '0.853 1.45 
1.6667 -1.44 .'0.847 1.6667 1.45 

1.75 -1,42 0:"835- _..       1.75 1.44 
1.8333 -1.41 .—0.829 /     1.8333 1.44 
1.9167 -1.4 / /  0.824—"'      1.9167 1.43 

2 -1.39 0.818 2 1.43 
2.5 -1.33 v    0.782 2.5 1.4 

3 -1.28 "-,      0.753 3 1.38 
3.5 ,--   -1.23 \  \0.724 3.5 1.36 

4 -1.18 0.694 4 1.34 
4.5 -1.14 0.671 4.5 1.32 

5 -1.1 0.647 5 1.31 
5.5 -1.06 0.624 5.5 1.29 

6 -1.03 0.606 6 1.27 
6.5 -1 0.588 6.5 1.25 

7 V  -0.97 0.571 7 1.24 
7.5 -0.94 0.553 7.5 1.22 

8 -0.92 0.541 8 1.2 
8.5 -0.89 0.524 8.5 1.19 

9 -0.87 0.512 9 1.18 
9.5 -0.85 0.500 9.5 .1.16 
10 -0.82 0.482 10 1.15 
12 -0.75 0.441 12 1.09 
14 -0.69 0.406 14 1.04 
16 -0.62 0.365 16 0.99 
18 -0.57 0.335 18 0.94 
20 -0.52 0.306 20 0.89 
22 -0.48 0.282 22 0.86 
24 -0.45 0.265 24 0.83 
26 -0.41 0.241 26 0.78 

1.000 
1.000 
1.000 
1.000 
0.994 
0.994 
0.994 
0.994 
0.987 
0.987 
0.987 
0.987 
0.981 
0.981 
0.975 
0.968 
0.968 
0.962 
0.956 
0.949 
0.949 
0.943 
0.937 
0.937 
0.930 
0.930 
0.924 
0.918 
0.918 
0.911 
0.911 
0.905 
0.905 
0.886 
0.873 
0.861 
0.848 
0.835 
0.829 
0.816 
0.804 
0.791 
0.785 
0.772 
0.759 
0.753 
0.747 
0.734 
0.728 
0.690 
0.658 
0.627 
0.595 
0.563 
0.544 
0.525 
0.494 
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TABLE 7 (COnt.) 
SLUC TEST DATA LSB-35 

LSB-35 
Fa 11ino Head Test 

LSB-35 
Rising Head Test 

Time(min)  Head Chanoeift 

28 -0.38 
30 -0.36 
32 -0.35 
34 -0.31 
36 -0.3 
38 -0.29 
40 -0.27 
42 -0.25 
44 -0.24 
46 -0.23 
48 -0.23 
50 -0.22 
52 -0.22 
54 -0.21 
56 -0.19 
58 -0.19 
60 -0.18 
62 -0.17 
64 -0.16 

Head Ratio 

0.224 
0.212 
0.206 
0.182 
0.176 
0.171 
0.159 
0.147 
0.141 
0.135 
0.135 
0.129 
0.129 
0.124 
0.112 
0.112 
0.106 
0.100 
0.094 

Tlme(min)  Head Chanoe(ft) Head Ratio 

28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
56 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
.80 
82 

' 84 
86 
88 
90 
92 
^4 
96 
98 

TOO 

0.75 
0.72 

69 
66 

0.62 
0.61 
0.58 
0.55 
0.54 
0.52 
0.5 

0.48 
0.45 
0.43 
0.41 
0.4 

0.38 
0.37 
0.36 
0.34 
.0.33 
0. 
0. 
.32 
.31 
0.3 

0.29 
0.29 
0.28 
0.27 
0.26 
0.25 
0.23 
0.25 
0.23 
0.23 
0.22 
0.2 
0.2 

0.475 
0.456 
0.437 
0.418 
0.392 
0.386 
0.367 
0.348 
0.342 
0.329 
0.316 
0.304 
0.285 
0.272 
0.259 
0.253 
0.241 
0.234 
0.228 
0.215 
0.209 
0.203 
0.196 
.190 
184 
.184 
.177 
.171 
.165 

0.158 
0.146 
0.158 
0.146 
0.146 
0.139 
0.127 
0.127 

0. 
0. 
0. 
0. 
0. 
0. 

V 

*\ 
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FIGURE 2 - WELL CONSTRUCTION FORM k/e,//   3 6 il£ 
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Bolton/gc/4169 

CEMRO-ED-GF 23 August 1990 

MEMORANDUM FOR Director, Missouri River Division Laboratory 

SUBJECT:  Request for Laboratory Services - Serial No. M-1045(Mil), Lime 
Settling Basins Slurry Wall, Rocky Mountain Arsenal, Denver, Colorado 

1.  The purpose of this request for services is to determine the permeability 
of a proposed slurry wall at the Lime Settling Basins Site when exposed to 
contaminants in the groundwater at the site. 

2/ Funds were sent to the MRD Laboratory on MIPR number ENE 0544, dated 25 
April 1990.  The cost code to be used is RJ0027052780099. 

3.  It is requested that the tests designated on the enclosed Laboratory Test 
Request be performed and that one copy of the testing report be sent to this 
office Attention:  (CEMRO-ED-GF).  In addition, a copy of all soil 
classification results should be sent to CEMRO-ED-GC. 

FOR THE COMMANDER: 

Encl JOHN W. MONZINGO, P.E. . MOSES/CEMRO-ED-GF 
Chief, Geotechnical Branch 
Engineering Division MONZINGO/CEMR0-ED-G 

CF (wo/encl): 
CEMRO-ED-MA 
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TEST REQUEST 
ROCKY MOUNTAIN ARSENAL 

TREATABILITY BTIinv 

1-   Introduction.  The following is an outline of the test 

he 

♦ p*H„n  »A'!', 6<?0fc*cnn* ca! Test Methods»  Where applicable, geotechnical 

Hanua;9EHht!lo-2-l^:Cted '" aCC°rdan" ^^ ^ A"y C°rpS °< E"^n"r5 

2\ Determination °* Bentonite SourrP.  Potential bentonite sources 
must be premium-grade, ultrafine, natural sodium cation-based montmori 1 lonite 

nronap, ,2"1: .Bentonite Slurry Preparation.  The bentonite slurry shall be 

sou c    Thpmi;ing tHf f!"^ ml>: NatBr Wlth the Previously selected ben on te 
funnel'in 5n I    "7   B,,alJ bB 'nixed With *"ou^   "*«■ to pass through a Marsh 
one t  o   ^d

5!-5f?COn 5'  ThB SlUrry ShaI1 be test*d 'or densit , moisture content, pH, and viscosity. 

verify it f.'f r^'n)"1 f"*1^'  ^ ^'^   matf?riaI must be f*t.d to verity it is free of contamination as determined by TCLP, TOC (Total Oraani, 
Carbon), sodium, calcium, magnesium, potassium, pH" and cation exchang^  ' 
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4« In Situ Slurry Mall Soil. Samples from the 
Settling Basins borings «hall be thoroughly mixed to form on 
Hi 24, 9, 10, 26, and IB. This large sample shall be divid 
composite samples. Grain size analysis (sieve and hydromete 
Atterberg limits, and moisture content shall be run on each 
Due to the consistency of the boring logs and field sieve an 
area, results of these two composite samples are expected to 
One composite sample shall be used for optimization testing, 
will be used during permeameter, testing (see paragraph 6). 

5- Optimization Testing. Optimization tests will 
determine the most economical combination of materials for t 
mixture. The percentage of fines, bentonite, coarse grained 
water will be varied to produce the most economical backfill 
meets the 1 x 10"' cm/sec permeability criteria. 

foilowi ng Li me 
e large sample: 
ed into two 
r methods), 
composite sample, 
alyses of the 
be very similar. 
Both samples 

be performed to 
he backfill 
material, and 
mixture which 

• 

The optimization test procedure shall consist of the following steps: 
- Add sufficient oven dried (65 degrees Centigrade) borrow material to the 
selected oven dried composite sample so that the sample contains 20 7. fines. 
- Add sufficient oven dried borrow material to produce 4 additional samples 
which contain 30, 40, 50, and 60 7. fines respectively. 

-Place each sample in a constant volume mold and determine the respective dry 
densities.  Plot percent fines vs. dry density. 
-Slurry mix water shall be added to each composite sample until the 
anticipated field water content is reached. 

- Run fixed wall permeability tests on each of these samples.  The 
permeability tests shall be run at a differential head of 2 psi.  Each 
permeability specimen shall be sluiced with tap water to obtain a 3 to 6 inch 
lump prior to being placed in the fixed wall permeameter.  The length of test 
hould be 8 to 24 hours. 

=- Based on the permeability test results, the District shall select a single 
mix which will most economically provide a permeability of 1 x 10 "7 cm/sec or 
less after the addition of bentonite. 

- The selected mix shall then be split into 3 samples.  Two, 4, and 6 percent 
bentonite by dry weight shall be added to each of the 3 moist samples 
respectively. Each sample shall be sluiced with bentonite slurry to obtain a 3 
to 6 inch slump.  Each sample shall then be split into 2 specimens and fixed 
wall permeability tests run on each using the same test procedures outlined 
previously in this section.  The length of test should be 24 to 48 hours. 
From this data, a plot of permeability vs. total percent bentonite will be 
made. 

- A mixture which most economically meets or exceeds the permeability 
requirements will then be selected by the District for further evaluation as 
the backfill mixture. 

5'1,  Borrow Soil Optimization Testing.  Optimization tests shall 
also be performed on the borrow material only.  In this situation only the 
amounts of bentonite and water shall be varied.  The last two steps of the 
above procedure shall also be carried out on the borrow material. 

6*  Preparation of Backfill Mixture For Compatibility Testing.  One 
composite sample shall be permeameter tested at two percent higher bentonite 
-ontent than selected during the optimization testing phase.  The other 

mposite sample will be permeameter tested at twice that percent bentonite. 
sets of compatibility tests (opt i mum + 27. and twice [pptimum + 2?| bentonite) 
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lilt I   ii.5l P*V"i?"   W   thB bOrr0W SDil 0nly>  Enou9h ■»•ntonit. slurry 
ranee of 3 f  .   K  

reCDndifci°ned ■«»"! mixture to achieve a slump in the 
range of 3 to 6 inches according to ASTM Test Method C 143-71 for determining 
concrete slump.  The backfill mixture shall be stored in sea ed  ontaine s a 
room temperature until loading into the permeameters for permlabilit  Ustin . 

ehaM .   7'!'  Initial Permeability TP^C.  One fixed wall permeability test 

InlLrl   Per'°:me? °n BaCh 0f   the <inal ""HUI -stures (borrow soil on y and borrow cni 1 nine in =.*•.. _i  ...11   ... um y 
, r, J    u  .. .       ---■•■•«»     m» A iuiesiuurruW50110n.lv 

slurrv mi"   "I  PlU5^n 5itU SU,rry Wal1 50il, at °pti.u-2Z bentonite us n 
nlrl V

K? 
X/aU: a5 thP P«"--«"t to provide an initial estimate of the 

permeability.  The length of this test shall be 24 to 48 hours. 

-  2B for thl rü1!0H!n9 hy?raU?iCgradients shall be applied to the specimens: 

ConH„!„°fl
r Jr:5"rT=

0l
5
5
p

a;?:e "^ "" ^   ^ ^ "'l" " thB >»»«*> 
28 for one of the samples using ground water 

pressure = 5 psi. 
56 for the other sample using groundwater 

pressure = 5 psi. 

as the permeant.  Confining 

as the permeant.  Confining 

redurp fh. a  
5p*c * men V^1 ' be   P^ced into the cells manually in order to 

wfth olL! '"un* ?*/nt"PP- *"•     P°rous stones (25 to 50 mi cron openi ng, , 

t e s ones If  I  " S'T (Wh*tman type 2) ' Pla"d °n th* »»Pi« »id. 0 
n   °e%   J 2?r "" .1!tUrbBd n°W °< the P-"«nt through th  backfill 

samples.  Effluent from the permeameters will be tested for 

n„r„   * *9" P-re~test   and Post-test Sample Examinations anri Photo 
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fis the permeameters are opened after completion of the tests, a 
visual examination of the samples shall be performed.  The purpose of the 
visual examination is.to determine whether months of testing has altered the 
general appearance of the sample.  Similar comments to those mentioned above 
in the pre-test examination shall be recorded upon visual examination of the 
ost-test backfill materials.  Photographs of the backfill materials after 

testing shall be taken. 

10.  Reporting of Test Results.  The results of the compatibility 
testing shall be presented to the Omaha District.  The reported results should 
include the following: <   .' 
-Evaluation of bentonite sources. 
-Summary of bentonite slurry preparation. 
-Chemical and physical test results of borrow sources. 
-Summary of optimization testing performed and results of optimization 
testing. 

-Summary of backfill preparation procedures and results from tests performed 
on backfill mixture. 

-Results of all permeability tests performed on backfill mixtures including 
chemical analyses of the effluent.  Permeabilities should be computed for each 
pore volume of fluid passing through each specimen. 
-Test results of permeability tests performed on the aquitard soil. 
-Pre-test and post-test sample examinations. 
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UPDATED TEST REQUEST 
ROCKY MOUNTAIN ARSENAL 

TREATABILITY STUDY 

OCTOBER 10, 1990 

1.   Introduction.  The following is an outline of the test 
procedures to be used for the Rocky Mountain Arsenal Lime Settling Basins 
Compatibility Study.  Borrow material, slurry mix water, contaminated 
leachate, soil from the slurry wall borings and bentonite are already at the 
Lab.  A schematic of the compatibility testing program is attached. 

1.1.  Geotechnical Test Methods.  Where applicable, geotechnical 
testing shall be conducted in accordance with the Army Corps of Engineers 

Manual EM 1110-2-1906. 
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2.1. Bentonite Slurry Preparation.  The bentonite slurry shall be 
prepared by mixing the slurry mix water with the previously selected bentonite 
source.  The slurry shall be mixed with enough water to pass through a Marsh 
funnel in 40 to 50 seconds.  The slurry shall be tested for density, moisture 
content, pH, and viscosity. 

3.  Borrow Sources.  The borrow samples shall be stored in separate 
containers. All potential borrow material shall be tested for natural moisture 
content, Atterberg limits, grain size analysis (sieve and hydrometer methods), 
and specific gravity.  No deleterious material will be allowed in any borrow 

material. 

3.1  Chemical Analysis.  The borrow material must be tested to 
verify it is free of contamination as determined by TCLP, T0C (Total Organic 
Carbon), sodium, calcium, magnesium, potassium, pH, and cation exchange 

capacity. 

3.2. Preparation of Borrow Materials.  Enough borrow (clay and 
random fill) for optimization testing will be oven-dried at 65 degrees Celsius 
for 2 to 4 days.  The clays shall then be broken up, thoroughly mixed, and 
passed through a U.S. Standard Sieve No. 4.  The anticipated slurry mix tap 
water shall be added to the dried and mixed materials until the original field 
water content is reached.  The reconditioned borrow shall then be stored for 3 
to 6 days in sealed containers at room temperature.  During this storage 
period the samples should be mixed daily. 

1 
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4. In Situ Slurry Mall Soil.  Samples from the -following Lime 
Settling Basins borings shall be thoroughly mixed to -form one composite 
sample:  11, 24, 9, 10, 26, and 18.  Grain size analysis (sieve and hydrometer 
methods), Atterberg limits, and moisture content shall be run on this 

composite sample. 

5. Optimization Testing.  Optimization tests will be performed to 
determine the most economical combination of materials -for the back-fill 
mixture.  The percentage o-f fines, bentonite, coarse grained material, and 
water will be varied to produce the most economical back-fill mixture which 
meets the 1 x 10"7 cm/sec permeability criteria. 

The optimization test procedure shall consist of the following steps: 
a. Prepare 3 samples (2 specimens each) using the composite insitu 

material.  If additional water is necessary to simulate field moisture 
content, RMA tap water will be added at this time.  Dry bentonite will be 
added to the samples to obtain 0, 2, and 4"/! bentonite by weight. 

b. Add bentonite slurry with a viscosity of 40 seconds (Marsh funnel) 
to each sample (from step a) to obtain an approximate 5 inch slump. 

c. Run fixed wall permeability tests on the 3 soi1-bentonite mixtures 
(6 tests total).  Test length will be 24 to 48 hours. 

d. Plot "Total Percent Bentonite vs. Permeability".  If the 
permeability values are not less than or equal to 1 x 10"7 cm/sec, proceed 
with step e.  Otherwise go on to paragraph 5.1. 

e. Repeat steps a through c using the composite insitu material plus 
the clay borrow material to obtain a new composite with approximately 107. more 
fines than the original insitu composite.  Adjust moisture contents as 
necessary to simulate field moisture conditions. 

f. Plot "Total Percent Bentonite vs. Permeability".  If permeability 
values are not less than or equal to 1 x 10"7 cm/sec proceed with step g. 
Otherwise go on to paragraph 5.1. 

g. Repeat.steps a through c using the composite insitu material plus 
the clay borrow material to obtain a new composite with approximately 20"/. more 
fines than the original insitu composite.  Adjust moisture contents as 
necessary to simulate field moisture conditions. 

h.  Plot "Total Percent Bentonite vs. Permeability".  If permeability 
values are not less than or equal to 1 x 10~7 cm/sec proceed with step i. 
Otherwise go on to paragraph 5.1. 

i.  Repeat steps a through c using the composite insitu material plus 
the clay borrow material to obtain a new composite with approximately 30"/. more 
fines than the original insitu composite.  Adjust moisture contents as 
necessary to simulate field moisture conditions. 

j.  Plot "Total Percent Bentonite vs. Permeability".  If permeability 
values are not less than or equal to 1 x 10~7 cm/sec notify MR0-BF. 

5.1. Borrow Soil Optimization Testing.  Optimization tests shall 
also be performed using the random fill borrow material in place of the insitu 

soil. 

5.2. If none of the insitu soi1-fines-bentonite mixtures results 
in a permeability on the order of magnitude of 10~7 cm/sec while mixture(s) of 
random fill borrow-fines-bentonite do, then long-term permeability tests will 
be performed using only random fill borrow as the principal soil constituent. 
If the desired permeability is obtained by mixtures including insitu soil and 

2 
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random fill borrow, long-term permeability tests will be performed using both 

principal soil constituents. 

6.  Preparation of Backfill Mixture For Compatibi1itv Testing. 
Boils to be used for lonq-term permeability tests shall be prepared as 
specified in paragraph 3.2, Preparation of Borrow Materials.  Prepared 
backfill mixtures shall be stored in sealed containers at room temperature 
until loading into the permeameters for permeability testing. 

7.  Testing of Backfill Mixture.  Atterberg limits, grain size 
analysis (mechanical analysis and hydrometer), moisture content, and specific 
gravity shall be run on the selected backfill mixtures. 

B.  Evaluate Permeant Effects.  Three flexible wall permeameters 
shall be loaded with the backfill mixture, backpressure saturated, and leached 
with slurry mix water until one pore volume has passed through. Then two of 
the the backfill mixtures shall be leached with the contaminated qroundwater 
samples until at least two pore volumes have passed through. The third 
specimen shall serve as a control test.  It will be leached with only slurry 
mix water throughout the duration of the test.  The time taken for each pore 
volume of fluid to move through the specimens shall be noted.  The hydraulic 
gradient will be 28 with a confining pressure of 5 psi.  The mixtures shall be 

as follows: 
a. Control (tap water only) - the selected mix with the percent 

bentonite which produced a permeability near 1 x 10"  cm/sec during 

optimization testing. 
b. Same mix and percent bentonite as control with contaminated 

groundwater as permeant after the first pore volume. 
c. Same mix as control with a higher bentonite content that produces a 

permeability close to 1 x 10"8 cm/sec, with contaminated qroundwater as 

permeant after the first pore volume. 

The specimens shall be placed into the cells manually in order to 
reduce the amount of entrapped air.  Porous stones (25 to 50 micron opening), 
with qlass fiber filter paper (Whatman type 2), placed on the sample side of 
the stones will allow undisturbed flow of the permeant through the backfill 
samples.  Effluent from the permeameters will be tested for chemical 
constituents after each pore water volume has passed through each specimen. 
The following chemical constituents will be tested for:  TOC, specific 
conductivity, bromide, pH, alkalinity, sodium, calcium,  chloride, VOA 
(Volatile Organics), and BMA (Base Neutral Acid Extractible Organics).  The 
latter two methods should check for chemicals on the Priority Pollutant list. 
These same tests should also be performed on the groundwater prior to 
permeameter testing.  This data will be used to estimate the amount of 
contaminant adsorption/desorption taking place. 

9.  Pre-test and Post-test Sample Examinations and Photo 
Documentation.  Before the backfill mixtures are loaded into the permeameters, 
comments on the general appearance, i.e. color and texture, of the material 
shall be recorded.  The backfill mixture, before loading into the 
permeameters, shall be photographed.  Photographs of the bentonite slurry 

shall also be taken. 

As the permeameters are opened after completion of the tests, a 
visual examination of the samples shall be performed.  The purpose of the 
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visual examination is to determine whether months of testing has altered the 
general appearance of the sample.  Similar comments to those mentioned above 
in the pre-test examination shall be recorded upon visual examination of the 
post-test backfill materials.  Photographs of the backfill materials after 
testing shall be taken. 

10.  Reporting of Test Results.  The results of the compatibility 
testing shall be presented to the Omaha District.  The reported results should 

include the following: 
-Evaluation of bentonite sources. 
-Summary of bentonite slurry preparation. 
-Chemical and physical test results of borrow sources. 
-Summary of optimization testing performed and results of optimization 
testing. 
-Summary of backfill preparation procedures and results from tests performed 

on backfill mixture. 
-Results of all permeability tests performed on backfill mixtures including 
chemical analyses of the effluent.  Permeabilities should be computed for each 
pore volume of fluid passing through each specimen. 
-Pre-test and post-test sample examinations. 
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EA ENGINEERING. 
SCIENCE. AND 
TECHNOLOGY. INC. 

15 Loveton Circle 
Sparks. MD 21152 
(301) 771-4950 

iLmnnia ©IF raÄMidDWÄii 

Atlanta • Baltimora • Chicago • Oalla» • Lincoln 

ngalat • Naw Janay • Naw York • San Francisco 9 .0    usarF 
MRD Laboratories 
A?f)  Snnrh IRrh Street 

Omaha, NE 68102-2586 

DATE 
7h  August 1990 

JOB NO. 
10424.03 

ATTENTION 
Mr. Dave Jaros 

RE: 
Kane & Lombard Superfund 

WE ARESENDING YOU 

D Shop drawings 

D Copy of letter 

O Attached      □ Under separate cover via 

D Prints O Plans 

D Change order O  

O Samples 

.the following items: 

G Specifications 

COPIES DATE NO. DESCRIPTION 

1 Memo from Geo Con 

^ 

w 
I.. 

THESE ARE TRANSMITTED as checked below: 

O For approval D 

D For your use O 

D As requested D 

D For review and comment O 

O      FOR BIDS DUE  

Approved as submitted 

Approved as noted 

Returned for corrections 

G     Resubmit 

C     Submit — 

D     Return _ 

__copies for approval 

. copies for distribution 

corrected prints 

-19. a  PRINTS RETURNED AFTER LOAN TO US 

RFMARK-S Dave. 

I received a copy of this .memo from Geo Con concerning bentonite specified 

for use at K&L.  This may be of interest to you in considering revisions to 

USAGE guide specs for hazardous waste slurry wall construction.  

COPY TO  Eile SIGNED 

EA 0110 4/11/88 

Greafo 
If enclosures ere not es noted, kindly notify us et oncETOf] e 

,k,  CHMM 



6EOCONINC. 
GEOTECHNICAL   CONTRACTING 

S9-H029 Letter No. 045 August 8, 1990 X 

Department of the Amy 
Baltimore District, Corps of Engineers 
P. 0. Box 242 
Fort George G. Meade, MD   20755-0242 

Attn:   Mr. Bob Craig 

Bentonite Play 
API 13A Section S 

Slurry Wall 
Kane and tfr^rri Super-fund Site 

Contract DRCW45-B9-O-0507 
Baltimore,   Ma-rylarH 

Dear Mr. Craig: 

As you know a new bentonite product was specified for use in the slurry wall on 
the above referenced project, This new product is tentatively specified bv the 
American Petroleum Institute (API) under Specification 13A, Section 5:   Nontreated 
???^SS (T?n?tive! *' ^ usual P"**1** ^ premium grade, 90 bbl/ton yield, API 
13A Section 4 bentonite clay.    This letter presents our evaluation of tSs^prcduct 
based on our experience at the Kane and Icmbard project. p 

At the Kane and Lombard project we mixed the bentonite slurry to a 40 MFV in our 5 
cy colloidal mixer.    This mixer fully hydrates the slurry during the retenäcaT 
time of the plant.    Cur excavations encountered two different areas; 1) a 15 ft 
a^epexcavation through primarily clay, and 2) a 30 ft. deep excavation ^hrougt 
primarily refuse.    Typically, we would expect a usage factor of 4-5 poundVof 
^S^USUL Sq^tJ°at *? *?* Clay ovation and 10-15 pounds per^Srl fcot 
a^Jf ^Si««.?1 ***}■ £°jeCi ** ^ *" W-« ***** Per square fOotin both 
2^^5it£Cn# to ** TetüSe "* fntrate loss in the trench occasionally 
exceeded 40 cc, however, our trench was stable and we had no cave-ins     ill 
permeability tests were acceptable and a high quality Surr? SKi?nowln place. 

Sw^^™*" 0t*oonoern **** *** Performance of this new bentonite product 
^Li"^ area of Troraal sluriy trenching, the usage was excess^rand 

unexpected.    Second, in the refuse area the usage eSdZt^SSTadSuXflv te 

avoided by our extra efforts.    Considering the premium price of this Sw !»L+ 
the results described above were very disappointing? of this new product, 

claTiTtrl^ S^SJF**?0!^^ prwide sama of ** answers.   This 
SJU^H     £S ^th a deflccculant (sodium hexametaphosphate) prior to testSa 
?? ?}el3;«aSlls tec^nic^e results in erroneous and misleading res^tTanfii^ 
^rL^lSTßSSp^^th^A2 tmt'    Ä ~ °P^iS;^IerSSSnTProduct 
i^SSva^SLS.       ^ 13A Pr0dUCt n0nnally *»* ^ «» foundrY Pastry (yieS 

R°  BOX  ^»•0-PIIHburoh.  PA  1 5235- Te. (4 12)656-7 700. FAX (4 12)373-3357 

A5-Z 



JEO-CONING 

August 8, 1990 
Page 2 

Wa would not recommend this product for slurrv fcrpjv*MTvr     T* «-V~ mi     ^ ^, 
specification is a better product, thfsS^cSSfS'faned^ i? °f ^ "" 
bentonite/leachate compatibility is a concern   it is rS™fiÄ Ä

lf, 
^^i^^Vf^^^ 0? ^^'bStoni^SucS PÄO"^ 

with exc^i^iy^eTSa^   hSS^SSiS "? ^^ recammer* bentonite 
sane lifted treatment caTS^ne?S^' ^S^J^L ??r a11' only soil and 

SSSSSÜ? *■f ield - Ä&. 2^tSÄ<££-slurTy 

^sÜryT £ aTh^S^sh'lo^S^0^ S**06?8 «** » »*«• * 
^Sctind specific^ion^so^t^fl^«?^5MatlB£tetlon ^ «3T»» 
Äprcpriate rnSLres In toTfuSre.     ^      Engineers and API can take 

Sincerely, 

SPD/DAS/lmw 

oc: American Petroleum Institute 
Production Department 
2531 One Muir Place 
Dallas, TX   75202-3904 
Attn:   HÜce IaudermiDc 

J. Kbhli 

/enn. Day 
Slurry Wall 
Group Manager 

fe*0&5^_ 
David A. Sandstran 
Liner Division 
Group Manager 
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( ZERO ACCIDENTS 

SECTION 02214 

SOIL-BENTONITE SLURRY CUTOFF WALL 

INDEX 

1. SCOPE. 8. NOT USED. 
2. APPLICABLE PUBLICATIONS. 9. MATERIALS. 
3. GEOTECHNICAL SITE CONDITIONS. 10. EQUIPMENT. 
4. DEFINITIONS. 11. SLURRY TRENCH CONSTRUCTION. 
5. SUBMITTALS. 12. QUALITY CONTROL. 
6. QUALIFICATIONS FOR SLURRY TRENCH 13. QUALITY ASSURANCE. 

CONSTRUCTION. 14. MEASUREMENT. 
7. SUBSURFACE INVESTIGATIONS. 15. PAYMENT. 

k 

1. SCOPE. The work covered by this section of the Specifications consists of 
furnishing all parts, labor, equipment, and materials and of performing all 
operations in connection vith constructing the soil-bentonite slurry cutoff 
vail, hereinafter referred to as the slurry trench, in accordance with these 
specifications and contract drawings. 

2. APPLICABLE PUBLICATIONS. The following publications of the issues listed 
below, but referred to thereafter by basic designation only, form a part of 
this specification to the extent indicated by the reference thereto. 

2.1. AMERICAN PETROLEUM INSTITUTE (API) STANDARD SPECIFICATIONS. 
Code RP13B       Recommended Practice Standard Procedures for 
12th Ed. Sept 1988 Testing Drilling Fluids; and Supplements 
Spec. 13A       Specification for Oil-Veil Drilling Fluid 
Sections 3,5,6,    Materials 
7, and 8 
12th Ed. Sept 1988 

2.2. AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) STANDARDS. 
D 1140-57        Materials Finer than 75 um (No. 200) Sieve in 

Mineral Aggregates by Washing 
C 136-83        Sieve Analysis of Fine and Coarse Aggregates 
D 2217-66        Wet Preparation Method 
C 143-78 Slump of Portland Cement Concrete 
D 698-78        Test for Moisture-Density Relations of Soils and 

Soil-Aggregate Mixture, Using 5.5-pound Hammer 
and 12-inch Drop 

D 422-63        Particle-Size Analysis of Soils 
D 1586-67        Standard Penetration Test 
D 1587-83        Thin Wailed Tube Sampling of Soils 
D 4318-84       Liquid Limit, Plastic Limit, and Plasticity 

Index of Soils 
2.3. CORPS OF ENGINEERS MANUALS. 

EM 1110-2-1906 Laboratory Soils Testing 
Appendix VI 
(Dated 20 August with Change 2) 
EM 1110-2-3506 Grouting Technology 

02214-1 
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7.6.  DISPOSAL OF DRILL CUTTINGS. All drill cuttings will be handled and 
disposed in accordance with SECTION:  HANDLING AND DISPOSAL OF CONTAMINATED 
MATERIALS. 

8. NOT USED. 

9. MATERIALS. The requirements for the materials to be utilized in the 
slurry trench construction are as follows. 

9.1. BENTONITE. The bentonite shall be sodium cation base 
montmorillonite powder (Premium Grade Wyoming-type bentonite) that conforms to 
the standards set forth in API Specification 13A, Section 3, 5, 6, 7, and 8 as 
last revised. No chemically treated bentonite will be allowed. The Contractor 
shall furnish to the Contracting Officer a certificate of compliance and a copy 
of the test reports from the bentonite manufacturer for each lot of bentonite 
shipped to the site stating that the bentonite complies with all applicable 
standards. No bentonite from the bentonite manufacturer shall be used prior to 
acceptance by the Contracting Officer. All bentonite will be subject to 
inspection, sampling, and verification of quality of testing by or under the 
supervision of the Government. Bentonite not meeting specifications shall be 
promptly removed from the site of the work and replaced with bentonite 
conforming to specifications requirements at the Contractor's expense. 
Bentonite shall be protected from moisture during transit and storage. 

9.2. WATER. The Contractor shall supply all water required for mixing 
with bentonite to produce slurry. The water shall be clean, fresh, and comply 
with the standards specified below. 

a. A pH equal to 7.0+1.0. 
b. Total dissolved solids not greater than 500 parts per 

million. 
c. Oil, organics, acids, alkali, or other deleterious 

substances not greater than SO ppm each. 
d. Hardness less than or equal to 50 ppm. 
e. Ground water from the site is specifically excluded 

from use. 
The Contractor shall furnish water quality test results for water used for 

mixing the bentonite slurry to assure conformance with the above limits. 
9.3. BENTONITE SLURRY. The bentonite slurry for supporting the sides of 

the trench and that mixed with the backfill shall consist of a stable colloidal 
suspension of powdered, premium-grade natural bentonite in water. It is the 
responsibility of the Contractor that the slurry meets the necessary 
properties. The properties of the slurry used in all construction sequences 
shall be in accordance with the testing procedures described in API Code RP13B 
and shall conform to the following requirements: 

9.3.1. Initial Bentonite Slurry Mixture. At the time of 
introducing bentonite slurry into the trench excavation, the slurry mixture 
shall have a minimum apparent viscosity of 40 seconds as measured by the Marsh 
funnel. The slurry density shall be a minimum of 65 pounds per cubic foot. 
The water loss shall not be greater than 30 cubic centimeters in 30 minutes as 
measured by a filter press at 100 psi. The pH shall not be less than 8.0. 
Mixture adjustment shall conform to the requirements in subparagraph: 
Additional Bentonite. 

9.3.2. Trench Bentonite Slurry Mixture. The minimum apparent 
viscosity of the bentonite slurry mixture in the trench at any time shall be 40 
seconds as measured by the Marsh funnel and the maximum shall be low enough to • 
flow through the Marsh funnel. The density of the slurry mixture at the time 
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LIQUID AND PLASTIC LIMIT TESTS 

For uieof thii form, tec EM 111041906. 

PROJECT        J\OCKu       A^OUfJ7A'<)        /IrtS^/JAL 
DATE q-ZQ-CfQ 

M 
BORING NO. SAMPLE NO. Compo^rtK. 

LIQUID LIMIT 

RUN NO. 

TARE NO. 

TARE PLUS WET SOIL 

TARE PLUS DRY SOIL 

WATER Tw— 

TARE 

DRY SOIL E 
WATER CONTENT. * 

NUMBER OF BLOWS 

', zzzrs 5_rn± 

T^FT 
S 

u s TJ^i 
5£T 

zss: 
S3 

1^     I  3-S      1 

* 
s 
H* 
Z 
ui 
I- 
Z 
o u 
a. 
LU 

< 
S 

RUN NO. 

TARE NO. 

UI (3 

TARE PLUS WET SOIL 

TARE PLUS DRY SOIL 

WATER 

TARE 

LL 

PL 

PI 

133 
p7.y 
17.1 

Symbol from 
platticity eh«rt 

j¥LL 

10 20 30 40 

NUMBER OF BLOWS 

PLASTIC LIMIT 

Tw— 1    w 

1 

f!m 
<P ."79^ 

I ^a 

STT7 I i> 

E^f 

NATURAL 
WATER 

CONTENT 

DRY SOIL 

WATER CONTENT.» 

PLASTIC LIMIT 

REMARKS 

TECHNICIAN. 

ENG,J2S«3838 

E 
cj». / ifi. sn-v 

COMPUTED BY_ CHECKED BY. 
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GRAIN SIZE ANALYSIS 
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^-■•/•^^ *#t."***V *^' 

Project No.:  

Project;. T?Q<*Ky A7^/U7/WAJ   A/?^AjAt 
Location Of  Simo!»»      (ZöJTASA    OQ2*r 

Sample D»*CM»tlQni   M077A*»   y,^r^rfl\.}   f    ,C 

uses:.  AASHTO:____7~^ J 
Plastic  Index:. Liquid Limit: 

R*nnrk 

13 Mechanical analysis 
LI Hydrometer analysis 

Dry Simple and Tare- 
Tare- 

Ory Sample Heijpht- 
Calculated -280-   

Data Sheet 1 

Initial Sample 
Mechanical 

After Mash 

/?rY 

Tare For Cumulative Height Retained»,. 

MECHANICAL ANALYSIS 

'•S. STANDARD SIEVE 
IZE(MM) 

76.2 
38.1 
19.1 
9.52 
4.76 

\N 
TOTAL 
iCTOR 
>.10 
. 20 
. 40 
. 80 
.200 
PAN 

er: 
ue: 105.8 

SIEVE NO. 

3 INCH 
1 1/2 INCH 
3/4 INCH 
3/8 INCH 
NO. 4 

2.00 
0.84 
0.42 

0.177 
0.074 

SAMPLE WT.% COARSER 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.9452 
5.1 
8.7 

13.8 
35.5 
69.7 

105.8 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

4.8 
8.2 

13.0 
33.6 
65.9 

100.0 

% FINER 
100.0 
100.0 
100.0 
100.0 
100.0 

95.2 
91.8 
87.0 
66.4 
34.1 
0.0 

T r\r* ;  „«»p.,,«; 

FN: o 

e 

p 

Font: Standard 
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LIQUID AND PLASTIC LIMIT TESTS 
For UM of «hi« (orm, tee EM 1110-21906. 

ORING NO.     CtCe 1 £ fi tfpfüÄ —  

DATE , 4-^d>-^"g" 
PROJECT 

SAMPLE NO.. Compos, tr£ 

RUN NO. 

TARE NO. 

TARE PLUS WET SOIL 

TARE PLUS DRY SOIL 

WATER 

TARE 

DRY SOIL 

WATER CONTENT, % 

NUMBER OF BLOWS 

1« 

i 
Z 
iu 
»- 
z 
o u 
tr 
iu 
I- < 
S 

RUN NO. 

TARE NO. 

51 
UJ o 

TARE PLUS WET SOIL 

TARE PLUS DRY SOIL 

WATER 

TARE 

DRY SOIL 

WATER CONTENT.* 

PLASTIC LIMIT 

REMARKS 

TECHNICIAN. 

ENG/JUN«3838 

LIQUID LIMIT 

i... ft 

E 

I 'A W. ^m^ 
5£L 

ZEU 
2 

m 
7>(33 
TTW 

ääj 

*=-—M  
- ——t— ■+■  

" "^: ill--------------■ 
Z~^~ ZZZZZZ'l'.Zl'-'.'.'.Z'.'.'. 

LL 

PL 

PI 

33, n 
hLJ- 

l Z.3 

Symbol from 
pliiticitH chart 

10 20 30 40 

NUMBER OF BLOWS 

PLASTIC LIMIT 

iw 

IW 

1 

i-WL, 

mz 

M wm 
ism 
M£ 

NATURAL 
WATER 

CONTENT 

COMPUTED 8Y_ CHECKED BY. 
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GRAIN SIZE ANALYSIS 

D*W» <n~2-ta-t0 
(D 

Project Ho.:, 

Locition of fiampi»!   C0££S& 0QZ& 

8*mpl« Dttcriptionl—ßüÄiiJjJ ____  
uses:—  

"CJ 
£ 

0'WPbS>(7g 

Liquid Limit: 
Rem&rks:  

AASHTO:.  

Plastic Index:. 

Mechanical analysis 

LJ Hydrometer analysis 

Dry Sample and Tar«" 

Tare- 

Dry Sample Meisht" 
Calculated -280« 

"3.O. 

U.S. STANDARD SIEVE 
SIZE(MM) * 

76.2 
38.1 
19.1 
9.52 
4.76 

PAN 
TOTAL 

7ACT0R 
JO. 10 
'0.   20 
0.   40 
0.   80 
O.200 

PAN 

Tter: 
ilue:   113 
>rksheet:   mech2 

MECHANICAL ANALYSIS 

SIEVE  NO. 

3 INCH 
1 1/2 INCH 
3/4 INCH 
3/8 INCH 
NO. 4 

2.00 
0.84 
0.42 

0.177 
0.074 

SAMPLE WT.% COARSER 
n n 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.8850 
0.0 
1.4 

11.0 
43.2 
79.9 

113.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
1.2 
9.7 

38.2 
70.7 

100.0 

1 * »T»*r^T^ Loc: r28r.R A6-6 

Data Sheet 1 - Mechanical 

Initial SampU After Hush 

Tiri For Cumulativt Weight Retained» _, __  

"*' e4~- luoioht I Tare 

* FINER 
100.0 
100.0 
100.0 
100.0 
100.0 

100.0 
98.8 
90.3 
61.8 
29.3 
0.0 

I cu«. I ä  I 
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M'fr    -\lf LIQUID AND PLASTIC LIMIT TESTS 
For uta of this lorm, tee EM 111&21906. m 

PROJECT ^RocXU    MntJK)7A)k)   A/?S£A)A) 
DATE . 

[BORING NO.        CO£d-&/R    /0/0 2-   X t 
<f-?-O'90 

SAMPLE NO C.örnPö&irs 

LIQUID LIMIT 

RUN NO. 

"ZT TARE NO. 

7T5gf 1 g 7J7# TARE PLUS WET SOIL 

SEI 
utO 

TARE PLUS DRY SOIL 

I    it 

5. s>t/e 
WATER 

TsIZ JZM. TARE 

DRY SOIL IW 

an. I &i >y WATER CONTENT. % 

#3 NUMBER OF BLOWS 

c ^ ^_ ./^< ^o •^ *s 

* 

Z 
UJ 
r- 
z 
o 
u 
cc 
UJ 
r- < 

a-«YJ 

LL 

PL 

PI 

33.0 
/c. y 
/2.y 

Symbol from 
plasticity, chart •SE 

10 20 30 40 

NUMBER OF BLOWS 

RUN NO. 

PLASTIC LIMIT 

1 

22 

NATURAL 
WATER 

CONTENT 
TARE NO. 

TARE PLUS WET SOIL ± 77 

TARE PLUS DRY SOIL 3_33^L 
WATER 

TARE 

W 

T^SS- T^TTF 
DRY SOIL W 

13 3£S WATER CONTENT.» 

PLASTIC LIMIT 

REMARKS 

TECHNICIAN. COMPUTED BY_ CHECKED BY. 

ENG FORM 
1 JUN65 3838 A6-7 •       PLATE Uli 
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BRAIN SIZE ANALYSIS 

Project No«^ 

Pro 
Locution of Sww>U« 

8*npt« »•»crlption* 

uses: 
LUuld Limits 

Rcm*rk»t 

AASHTO: 
Plastic Ind«xS Lc Intf«X5-- ;   ,   ,     / 

•J      \^)   —'   —*"      '       ' 

(3 M.ch*nic*l *n*lv*i» 

D Hgdromet«r *n*lw*i» 

DTM Zwirn  *n«l T*r«- 

Tar«- 
Dry Swap!« Meisht- 

CilcuWt*' -2e©^ 

Initial S»mpl» 

M*ch*nic*l 

U.S. STANDARD SIEVE 
5IZE(MM) SIEVE NO. 

76.2 : 3 INCH 
38.1 : 1 1/2 INCH 
19.1 i 3/4 INCH 
9.52 3/8 INCH 
4.76 NO. 4 

PAN 
TOTAL 
\CTOR 
).10 2.00 

. 20 0.84 

. 40 0.42 

. 80 0.177 

.200 0.074 
PAN 

SAMPLE WT.% COARSER %  FINER 
0.0 0.0 100.0 
0.0 0.0 100.0 
0.0 0.0 100.0 
0.0 0.0 100.0 
0.0 0.0 100.0 
0.0 0.0 
0.0 

0.9597 
0.0 0.0 100.0 
1.0 1.0 99.0 
4.7 4.5 95.5 
16.7 16.0 84.0 
42.3 40.6 59.4 
104.2 100.0 0.0 

er: 
ue: 104.2 
ksheet: mech2     Loc: r28c5 FN: 0 
TER - enter a formula, a value or text intg the current cell 

Font: Standard 
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19-0 
LIQUID AND PLASTIC LIMIT TESTS 

For uwof »hit form, »ee EM 111021906. 4,A*OU>* L    (%T 
PROJECT       

BORING NO.       -3 J*r RAJ?£ on 7       r-C  

DATE <j-Zo-?Q 

SAMPLE NO. 

LIQUID LIMIT 

RUN NO. 

TARE NO. T 

uiO 

TARE PLUS WET SOIL 

TARE PLUS DRY SOIL 

WATER |W~ M& 
TARE 

DRY SOIL E 
TT^T 7TT7" 

WATER CONTENT. % ?Y.7 
NUMBER OF BLOWS 

C^ 
cS?B 

3^,6» 

AVS 
3*2 WzO 

yfi 
Jo. 

SO/L- 7 

* 

z 
HI 
y- 
z 
o 
u 
rx 
ui 
r- 
< 
s 

■ IMIIIIIU— - -—   I   ■ -I  
-*■■-■   "4-1  

i ■ 1  

RUN NO. 

TARE NO. 

TARE PLUS WET SOIL 

TARE PLUS DRY SOIL 

WATER 

TARE 

DRY SOIL 

WATER CONTENT. % 

PLASTIC LIMIT 

REMARKS 

TECHNICIAN. 

I   ENG ^E, 3838 

LL 

PL 

PI 

3V-6 
/a.S 
Zl,1 

Symbol from 
plcstlcitv chart citv chirt 

10 20 30 40 

NUMBER OF BLOWS 

PLASTIC LIMIT 

IW 

E 

1 

333 
3uR£ APS 
(»szu 

M 

It 

S.5~t3 

7F?f 

NATURAL 
WATER 

CONTENT 

COMPUTED BY_ CHECKED BY. 

PLATE MM 
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GRAIN SIZE ANALYSIS 

ßDfifiOu) * L 

Pr oject NcuJ  

f- -let. Locution of Simp] 

Simple Description:. 
ÜSCS8.  

Liquid Liwi 

Remirksl 

35 Ö0/1*  0Q7 
£>AOa)tJ 

AASHTO:. 

r-<,' 

It'  .Pl**Ue  Index! . 
r.?/i/g   /£/?/ .^/>r-y 

(3 Hechmicii inilysis 

LJ Hydrometer milysis 

i 
\    Dry Simple und Tire« 

I,   Tar- 
|    Dry Simple Height» 

Calculated -200« 

Bit* Sheet  1 - Mechmicil 

Initial Simple After Mish 

Ü 

|**Tire For Cumulitive Weight Retained*^ 
£7 •   I   -.,.   -I 

ME'CHANICA!! %^k9i9ht I T—  I Cum.    I 

U.S.   STANDARD  SIEVE 
SIZE(MM) 

76.2 
38.1 
19.1 
9.52 
4.76 

PAN 
TOTAL 

FACTOR 
NO. 10 
NO.   20 
NO.   40 
NO.   80 
NO.200 

PAN 

Snter: 
/alue:   1 
Worksheet:   mech2 

SIEVE NO. 

3 INCH 
1 1/2 INCH 
3/4 INCH 
3/8 INCH 
NO. 4 

2.00 
0.84 
0.42 

0.177 
0.074 

SAMPLE  WT.%  COARSER       % 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.8780 
1.0 
6.2 

15.3 
23.4 
34.3 

113.9 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.9 
5.4 

13.4 
20.5 
30.1 

100.0 

FINER 
100.0 
100.0 
100.0 
100.0 
100.0 

99.1 
94.6 
86.6 
79.5 
69.9 
0.0 

*'—     .   -    hoc:   r23c5 p«. n 

^^^w**^**«*wa»~.^ Tnt° the current cell 

y. 

Standard 

) 

* 

.* 

ft. 

4 
ii 

V 
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OMAHA DISTRII W CÖMPUTATION  SHEET    !    ;| "^'^ CORPS OF ENGINEERS 

PROJECTOR^Pr^g^^SE^rtl^^6ksiMS' J 

1# 
■;,4»J^S».. 

:« 

.Ä 

-JjiA W 

"f 
...T 

;l"XT%  '■'-'    ■■■'    .-.• ; '  ;■   »fY- - -i'        v,;-  'r^tiy 

flfrOj^gLi 
M    -A 

-,;^Q;i,-^.:i-J}.iC.l, 

„ ., -  t- „.   .,, -.;i V :|W-vMf* H 

-1."      1 iV.jit-.'-''V|-'»''|'.«''t'|}'> 

f;m er v/jE^nh £^:M /IT^T 
' i|-" " • - "j niiiiijiii.'i   ifniii>i%i'M jU.U»- i 

■s.:i'-sf-~(;.f^T../'1i4sä'.;   ;..; ,-"v:ii,vv jäSiL-i.;.'f 

-#•■«•;■ ;i;.r ip^-: ■,fej-t.'J -„f^ 

SHEET NO.   r |^*M   OF    &I-! 

BY^rmß^ 
CHKD.  BY 

DATE  °llqhQ 

DATE 

■Mi -T '-"tr^f^l 
$t ;*:■■!• ■..-.!;" 

OP; VAJ^"£-^ 

{4-&L-T £     /9-KÖ 

jSfeJ-S---     -!•— 4--»-< 

fnnJ^Ä ilit-^i7^ 

^ C HMiC ftL     B.t^drtü &&KIU<s- 

■ *—*'i"i?% 

J". 

ka\jn 

-■   O* 3^ 

■J31.J- ■t-' 

<t£ 
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OMAHA DISTRICT                                 COMPUTATION   SHEET                           CORPS OF ENGINEERS 

PROJECT f?M/r    LIMB SerrLIA/G   B&S/*/S SHEET NO.     /            OF      2^ 

AeVa*-  $ Po*-<& uJfirTd-rt'.VOLUMES- 

BY  T/4Z- DATE   S/J&/90 

CHKD.   BY DATE 

kl lTi+tA)      / £ 0 L<*r~rtO*>      CELf- 

J?Z- 

/  \* >        \ 

/           '                                           ^\ 

/               V                                                                     \ 
ß/ 

\ 
0 

* 

• 

70Of                    sc+^e-      /'LicSo' 

AriC^A-   ~TZAp+-2-OtD         -          &)+Bl~     x     U 
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Figure 10.18  Prediction of groundwater inflows into an excavation (after 
Ibrahim and Brutsaert, 1965). 

Figure 10.18(b) shows the transient response of the water table, plotted as 
dimensionless drawdown, h/H, versus dimensionless distance, x/L. The parameter 
T is a dimensionless time given by v 

(10.19) 

where Hand£ are defined by Figure 10.18(a), /Tand S, are the hydraulic conduc- 
tivity and specific yield of the aquifer, and t is time. In Figure 10.18(c), the dimen- 
sionless discharge y, defined by 

(10.20) 

is plotted against T. The outflow q = q(t) is the rate of flow (with dimensions I?IT) 
into the excavation from the seepage face, per unit length of excavated face per- 
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TABLE 1 
SOIL-BENTONITE SLURRY TRENCH QUALITY CONTROL TESTING 

Subject 

Bentonite Powder 
Standard 
API STD-13A 

Test 
Specific Test 
a. YP/PV Ratio 
b. Plastic Viscosity 
c. Filtrate 
d. Record: 
dl. Wet Screen 

Analysis 
d2. Moisture Content 

Frequency 
1 per truck 

shipment 
(100 bags) 

Chemical Analysis 
of Water 

API RP 13B-1 

ASTM D152 

a. pH 
b. Hardness 
c. Total Dissolved 

Solids 
d. Oil, Organics etc. 
Chloride 

Initially 
and monthly 
thereafter 

1 per water 
supply 
source or 
if changes 
occur 

Initial Soil 
Bentonite Slurry 
Properties 

In-Trench Soil 
Bentonite Slurry 
Properties 

Backfill Material 

Soil-Bentonite 
Backfill Material 

Compacted Clay 

API RP 13B-1 

API RP 13B-1 

ASTM D 422 
ASTM D 4318 

ASTM C 143 
API RP 13B-1 

ASTM D 422 

ASTM D 2216 
EM 1110-2-1906 

ASTM D 422 

ASTM D 2922 
ASTM D 3017 

a. Viscosity 
b. Density 
c. pH 

a. Viscosity 
b. Density 
c. Sand Content 

Grain Size 
Atterberg limits 

Slump Cone 
Density 

Grain Size 

i 
Moisture 
Permeability 

Grain Size 

Density (Nuclear) 
Moisture (Nuclear) 

3 per shift 
(see 
Note 1) 

3 per shift 
(see 
Note 1) 

1 per 500 
cubic yds 

3 per shift 
(see Note 
1) 

1 per 2000 
cubic yds 

1 per 100 
ft. length 
or per new 
batch 
(see Note 
2) 

1 per 2000 
cubic yds 

5 per lift 
5 per lift 

02214-21 
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Notes:     1) If more than one (1) batching plant is being used, these 
frequencies shall apply to each batching plant separately. 

2) Permeability test may be performed using fixed wall permeameter 
except that for every five such tests, there shall be 
performed one test using flexible wall permeameter. 

3) Requirements of permeability on completed soil-bentonite cutoff 
wall are specified in Subparagraph:  Slurry Trench. 

02214-22 
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TABLE 2 
SOIL-BENTONITE SLURRY TRENCH QUALITY ASSURANCE TESTING 

Subject 

Initial Soil 
Bentonite Slurry 
Properties 

In-Trench Soil 
Bentonite Slurry 
Properties 

Backfill Material 

Soil-Bentonite 
Backfill Material 

Standard 
API RP 13B-1 

API RP 13B-1 

ASTM D 422 
ASTM D 4318 

ASTM C 143 
API RP 13B-1 

ASTM D 422 

ASTM D 2216 
EM 1110-2-1906 

Test 
Specific Test 
a. Viscosity 
b. Density 
c. pH 

a. Viscosity 
b. Density 
c. Sand Content 

Grain Size 
Atterberg limits 

Slump Cone 
Density 

Grain Size 

Moisture 
Permeability 

Frequency 
1 per 3 

shifts 
(Note 1) 

1 per 3 
shifts 
(Note 1) 

1 per 5000 
cubic yds 

1 per 3 
shifts 
(Note 1) 

1 per 10000 
cubic yds 

1 per 500 
ft. length 
or per new 
batch 
(Note 2) 

Notes:     1) If more than one (1) batching plant is being used, these 
frequencies shall apply to each batching plant separately. 

2) Permeability test may be performed using fixed wall permeameter 
except that for every five such tests, there shall be 
performed one test using flexible wall permeameter. 

3) Requirements of permeability on completed soil-bentonite cutoff 
wall are specified in Subparagraph:  Slurry Trench. 
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a^^^k* 5****************************************************************** 

VEGETATIVE COVER FOR LIME SETTLING BASINS 
ROCKY MOUNTAIN ARSENAL, COLORADO 
OCTOBER 12, 1990 

*********************************************************************** 
*********************************************************************** 

POOR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
THICKNESS 

.OSITY 
LD CAPACITY 

LTING POINT 
xNITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

mi 

L 

6.00 INCHES 
0.4370 VOL/VOL 
0.1053 VOL/VOL 
0.0466 VOL/VOL 
0.0815 VOL/VOL 
0.003060000017 CM/SEC 

LAYER 2 

VERTICAL PERCOLATION LAYER 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

12.00 INCHES 
0.3394 VOL/VOL 
0.0906 VOL/VOL 
0.0466 VOL/VOL 
0.0771 VOL/VOL 
0.000085000000 CM/SEC 

^TCS 

GENERAL SIMULATION DATA 

S RUNOFF CURVE NUMBER 
OTAL AREA OF COVER 

EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 

SOIL WATER CONTENT 

73.68 
= 385000. SQ FT 
=     14.00 INCHES 

5.3372 INCHES 
0.9741 INCHES 

INITIALIZED BY PROGRAM. 



CLIMATOLOGICAL DATA 

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR     DENVER COLORADO 

MAXIMUM LEAF AREA INDEX =1.00 
START OF GROWING SEASON (JULIAN DATE)  =  128 
END OF GROWING SEASON (JULIAN DATE)   = 284 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

JAN/JUL    FEB/AUG    MAR/SEP    APR/OCT    MAY/NOV    JUN/DEC 

29.50      33.60      38.00      47.40      57.20      67.00 
73.30      71.40      62.60      51.90      38.70      32.60 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS  74 THROUGH  76 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 

0.48 
2.48 

0.47 
0.26 

0.58 
1.55 

0.23 
1.23 

1.28 
1.03 

0.08 
0.82 

1.56 
0.97 

0.62 
0.69 

1.40 
1.09 

1.37 
0.78 

TOTALS 

STD. DEVIATIONS 

1.58 
0.31 

0.83 
0.16 

RUNOFF 

TOTALS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 

0.589 0.561 1.116 1.512 1.378 TOTALS 1.971 
2.442 1.788 0.850 0.931 0.863 0.353 

STD. DEVIATIONS 0.431 0.316 0.231 0.503 0.811 0.967 
0.161 1.131 0.584 0.720 0.478 0.142 

PERCOLATION FROM LAYER 2 

TOTALS 0.0009 0.0008 0.0008 0.0008 0.0008 0.0009 
0.0012 0.0012 0.0011 0.0011 0.0010 0.0010 

STD. DEVIATIONS   0.0005 0.0005 0.0005 0.0005 0.0005 0.0003 
0.0004 0.0004 0.0004 0.0003 0.0003 0.0003 



*********************************************************************** 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS  74 THROUGH  76 

CIPITATION 

.NOFF 

EVAPOTRANSPIRATION 

PERCOLATION FROM LAYER 2 

CHANGE IN WATER STORAGE 

*********************************************************************** 

(INCHES) (CU. FT.) PERCENT 

14.32 ( 1.079) 459327. 100.00 

0.000 ( 0.000) 0. 0.00 

14.353 ( 0.604) 460508. 100.26 

0.0115 ( 0.0018) 369. 0.08 

-0.048 ' ( 0.550) -1551. -0.34 

*********************************************************************** 

PEAK DAILY VALUES FOR YEARS  74 THROUGH 76 

(INCHES) (CU. FT.) 

1.79 57429.2 

0.000 0.0 

0.0001 1.7 

0.47 15079.2 

PRECIPITATION 

RUNOFF 

PERCOLATION FROM LAYER 2 

SNOW WATER 

MAXIMUM VEG.   SOIL WATER   (VOL/VOL) 0.1686 

MINIMUM VEG.   SOIL WATER   (VOL/VOL) 0.0463 

*********************************************************************** 

*********************************************************************** 

FINAL WATER STORAGE AT END OF YEAR       76 

LAYER (INCHES) 

0.42 

(VOL/VOL) 

1 0.0695 

2 0.85 0.0710 

SNOW WATER 0.00 

**-^******************************************************************* 
*      ******************************************************************* 

fl20-a 



CONVERSATION RECORD 
TIME 

[0:O0  c^YY) 
DATE 

6 FE e.   i^°i° 

"* D visu 

Location of Visit/Conferenct: 

□ CONFERENCE 0 TELEPHONE 
0 INCOMING 
□ OUTGOING 

NAME OF PERSON«) CONTACTED OR IN CONTACT 
WITH YOU 

\A(\(LK       Z A PPI  

ORGANIZATION   (Offic«. d«pt.. bureau, 
•tc.) 

CE\M£5-£f ' S 

TELEPHONE NC 

(toi) (,3*4 ~azs£, 
SUBJECT^ _- 

bi-ungfiv^      IAMM-    CamPHT IRit-iTV      iBs-rituG-, 

ftockm>        hflUUTttlH      HfiSZhJfrL 

ROUTING 

NAME/SYMBOL INT 

SUMMARY 
OUR    fifrsic   PL^M    FOR    siuflKY    vAJftLi    comp/maiLiTV 

HF      (JECQ^me^E^       U^IPO      r*OSTLV FLß^fßLE: Wj^LL  

PERmp.HmeTS^   BUT   * PE-^     ftgpucrtrp    SnmPLES    >KJ   EtgiDw/rO. 

StMCE      FLEJfcläl£     \Pfi-LUS      DOU'T     StfOVu     SftmPLE S^I^K/l^E.  

M&      AUSn       .S^ESTED      fi^MlUfr      BRCH    SHmPLB      'V     J^lPUCfiTS. 

f^ftRK-    5H-ID     ftuM    ftT      LEinST      O NJ g       <°o*£      VfQ^u^g     Of   T^ P  

\s)ftT£R      TttgOOfrM    -THE.      gf^mPI-ES       F^lLowED ßja! A^T    L-E^ST    3 

CHLCIUm   lU   THE      SO^-S   ^iffifi   Sg-TTL.^g   ßrtSlMs)   cot;U> e^ctt/^^g 

uitTH-    SgDlUm     IIP    ßEKJToSJ iT-g    TO     iPCl£frSg     PB Ryne.n&ii'fTW    Ft^>D  

SUfl. rrE ST-fi-n     If£££w     Sobivm     /T"D     CftUlum    lUTO     *1>D     OUT   OF   TUB 

S-iSTEm.     HE    5ufrr,£6T£D     UfiiMfr       \AJ £-5 Iflg   TO     KW   THE  

-TfeSrS     IP    Ml?D    t-ftft     CPL>/-£>       MOT     PC     re^Tf/Jg-.  'M^g^^'P TgVlMS- 
' E5rs—«-=—'     VI;'  oWZr         — <> PK*£ric*<.oJtr(4    peft»r»fe/»A?}er^W» 

CO WT»J WlMnWI <«  . . _^ 

TO   D£T6ftmiMa A BRe.n-£-THfiou&U   TimE    ig   A  G-QOD     IbE*     fi UT    KJOTJ  
ACTION REQUIRED Qflouc-      üu»Fö « "> fiTto Aj 

OP»»TZ   Scope  OFS^MIC«   iPcoRWflT.M»    ««oue   <^ 

LOOK       PWttER      IMTO     W(MG      W£-S       i-ft fl      FO ft    r£ST)U6.  

NAME OF PERSON DOCUMENTING CONVERSATION 

•X/q UE    W,   B°L-TQ M 

SIGNATURE 

j^v^ 7?1.   Berths 

DATE 

6   FßÄ   1*1 

ACTION TAKEN t   n   _ ,.i^<-        v, .   , /        O ^ Scope    UPO»TE.D.    KRß   c-*ß, MOT  uias    w.^   oo 

SIGNATURE 

5027V ̂  
(k^g-   7T>.    Rrs-t*^^ 

TITLE DATE 

«U.S.   GPOs   1117- 1f1-M7/100SJ ^ CONVERSATION RECORD 
A ^ i -   I 

OPTIONAL FORM 271 (12-76) 
DEPARTMENT OF DEFENSE 



CONVERSATION RECORD 
TIME DATE 

TYPE 
□ VISIT 

Location of Visit/Conference: 

□ CONFERENCE [5} TELEPHONE 
g] INCOMING 
□ OUTGOING 

NAME OF PERSON(S) CONTACTED OR IN CONTACT 
WITH YOU 

DR. UJftWUE Cn-ftieLi£    P. £, \iou>Rnoo  STATE  LAMD- 

ORGANIZATION   (OHict, d«pt., bureau, 
•tc.) 

TELEPHONE NO: 

SUBJECT 

S ÜE.&T       P<cfc     pgsi&M 

ROUTING 

NAME/SYMBOL 

* 

SUMMARY 

Dp.    Ci+ftRL.ia:     \xffts     iuPo/?^gp   THAT"    VJUE     VL/&f?£    .Dgs j&AJtAjg-    fl      ;. 

SH£-£-T-    Pite    IAJWL-L     AT      RMF\     TO    PgguEMr    miG/g^T-foKJ    op   G-Housjownre^ 

ikJTQ   THS.   A*Ert    TT-> Q_£ uitieiPigDj    rt-fJJ. yJJE M&&P£:P l^PQft ^ frT'° t<J  

AflQUr    m M^-T    T^PE-     OF    S^eET      f>IL-£     TO      SPBclFV       BAS££>      OK>      6Lo\Jd    COUNTS 

DuliK/Cr      EArPt-O^mrofty    nuiLLiiUf,.     r) g      <?rtiD    THERE   IS     lUFO.    i KJ    TH-g     UAUV 

PE.SIONJ     Mftio^fti      *7. a     Efti^T-H    I   En&TH   Re-TF> tump-   SiTfiv^TU/ze^s.   n£   A^IS-Q 

Ufts softur    IM Fo.   T-^/^-X    ne   WIUL    F/q-Ac   me.    HE    S/^in    rn-&   i3t-om  COWTS   . 
*v6^f^9-e-tMS=—sr" UTH-m. 

ii * 
USlfc/Gr       j Dl fr rrxfry  E  A       SPt-iT"     5fOOMSTliWouui)       gg        1-41 frU E K    TH&Kr   WITH 

SPT        3-"       SPMT     SPOQMS.      X     /^LSO E.xlfp^gSse.a        CoMCE/?M-5      &BOUT 

U l8tfH-TtON/S      CffU5i*J&     PkOßL.E >7->>S      VuiXM      flDTflC-EMT     S r K ucT i> £ &-S      L-S-^T    IK) 

P<-nc£      (> ao    FT.   /»ujaY,).     HF    5Aip     frM   rr5 C C   ft(?ric.Lg     ftflour   con>sr/e^cr;0)lJ 

^Ift^riOMS      P/»5££D     m;T      I ks     UI-5      „C O I L    D V M *»m IO-S      ci^ss      U;OULO      H-^ug 

\KJ RQj    Bor    TttHT    Pfloe^ecY    if   PBG-K   \nßfj*e)7-ioKj<s    pfiffe     BG.UQ\M    / oyg 

3      IN/CHES  /-SEC.      Thfi^r^ u;o,,,    ^       A gl Q/^.        14 E      flt-5g      ft £ Co m n? g m/> g,, 

D.ciMfr       /^      Uiß/^ftTOfeV       UrtmiHEIg        1M-STE/=>J>    of     /3       pfliUi^S       tf & \ryy n> £ R      ftk/Q 
ACTION REQUIRED 

LOCATE    REFE££-'Jc-es     *-N*-D    us£     »NJ   DSSIöW. 

NAME OF PERSON DOCUMENTING CONVERSATION 

*JftN£ 8 O L,T~<=>>->  

SIGNATURE 

j)-C^vvA>      Bc>-&toY^ 

DATE 

7/W <?o 
ACTION TAKEN 

fur   ikj    Pi-tt^s    g   Specs.   Suf^6   OF   p/tf   giugM   T<3   CPM£Q-£D-DF 
SIGNATURE 

.fewvil*   ßcr^jte ■y\ 

TITLE 

CauiL     BM<5-)>->£&£ 

DATE 

50271-101 ftU.S.  OPOi   Itl7—i«i-247/«oasa CONVERSATION RECORD OPTIONAL FORM 271 (12-76) 
DEPARTMENT OF DEFENSE 

<A7J 'Z 



CONVERSATION RECORD 
TIME DATE 

m D VISIT 

Location of Visit/Conferenct:  

NAME OF PERSON(S) CONTACTED OR IN CONTACT 
WITH YOU 

□ CONFERENCE □ TELEPHONE 
□ INCOMING 
□ OUTGOING 

ORGANIZATION   (Offict. ctept, bureau, 
•tc.) 

TELEPHONE NO". 

SUBJECT 

ROUTING 

NAME/SYMBOL     INT 

SUMMARY 
CnKJT. 

mo/aiTO/^^6      T-t4£m ooCg ß_ P/^ V äJZ  c; TP-UC-TDR £.s       ^MC 

THF       ß£&l*>u,A>G       OF      DJUVMAJ&      TO      5£S       ( P     THEgg     * ft E £_W± 

PfJoQ t-£rr>5,  —  

~3ü7Tc    £w<w<j£E/ei«e 

c;P£ci^u^lU(r       IKJ      SOIL     D^ifq^ic^        /9-M-O fauun&T j o n-s 

He    uu^-s     1^ v    G-a&Dun-T-e     PROG-IL frm ftpu ISOR.—)  

ACTION REQUIRED 

NAME OF PERSON DOCUMENTING CONVERSATION 

ACTION TAKEN 

SIGNATURE 

SIGNATURE DATE 

50271-101 aus. epos iM7-ui-M7/ioosa CONVERSATION RECORD 
JO. 

OPTIONAL FORM 271 (12-76) 
DEPARTMENT OF DEFENSE 



CONVERSATION RECORD 
TIME 

9"- äö   Prt\ 
DATE 

/ö/a. / HO 

TYPE 
□ VISIT □ CONFERENCE ßä TELEPHONE 

□ INCOMING 
g OUTGOING 

ROUTING 

NAME/SYMBOL INX. 

Location of Visit/Conference: 1 
NAME OF PERSON(S) CONTACTED OR IN CONTAC 
WITH YOU 

T ORGANIZATION    (Offlc*. ttept.. bureau, 
•tc.) 

TELEPHONE NC. 

Mii^e   SK>E\DE.R 
SUBJECT 

,v5er - up "   Tin)B 
• 

SUMMARY 

 h^-   SmEineift      UAS    \ u PoR.m £ JO>      Of"     m V       Q u ££ r/ojus  

ß-KJD       QO|UC££l>5       fthOUT      THE      jU Um B E R      OF     D ft j S      POIL.PULI(*JG. 

Sl-UftftV        uj^%L.L        ß FK^KFILL      l <u S T R-LL nTlO M BEFORE:       ti&fi^V 

EOmPmPMT     C/3-M      cRog-s   Tri£    KP&UU      \X> ITHOUT     Dftmn-6-S. 

Mf?      S^)iJ>      OM       £<rtM£      /6-/WD     Low &&-#.!>      TH-F       SGIL- e&lUTOKJ LT£ 

BftCHPlLL-      £) I D      &      L-oT     CDF     t4A9ygi)£A7/MG      VUITH-IM      <2 ~3     P/9-V^ 

^PrgR       IUSTf?LL/9TtOM. Kg        ^gCO >^/Hg M Dg>/)      f>Lß<^i^&      THE. 
fißouT 

IA L-AV      CoUEfA   c3-3       P/9Y3      GFTER       6^C-^-FO-L.\K) &-.      \AJn-Ef^ 

Ph5tca€>     Bßowr    HE/^uy    EouipmefJT    r/gg's^s/Auo   rrtE    o^nc 

HE      R E^om m£-^ag£>       /9T      LE/9S.T       3        O P    cd wi°^^r£/) 

• 

ACTION REQUIRED 

NAME OF PERSON  DOCUMENTING CONVERSATION 

<J # N» f=       )B O ^-7~0 KJ 

SIGNATURE 

Jfcx^wfl- $e-<J^y\ 

DATE 

IOIZIRO 

ACTION TAKEN 

SIGNATURE 

/in. 

B^Xto^ 

TITLE 

CIVIL,    £ fO<5-lK)£- £ R 

DATE 

IO hi °iO 
50271-101 AU.S.   OPOi   tM7- 1II-247/100S1 CONVERSATION RECORD OPTIONAL FORM 271 (12-76) 

DEPARTMENT OF DEFENSE 

A~-Ü 



ß««3 

Vltoodwnrti.avaoCongulUmte ® PROJECT MUZ—ß^A  CJ>£     _H0LE- W&£BrQO) 
ÜÖHING   LOCATION      ,SC£ 3£ 
W.U.IHC «ctN«    ^vA>g. h/g^-ern   \0MX*''K. £ra£S 

w«xmc Mf,.uU    ^J;j,J Auger I 
riduc » J  ftö 

UM ILL   HIT 

SIZE   ANO   TYPE OF  CASING 

TYPE  OF   P£IIFO«ATI0N 
m 
N 

SIZE  AMO   TYPE   OF   PACK N_ I 
TYPE OF  SEAL 

Oi. 

2 

3i 

y 
5*3 

6-roiri C? 

ELEVATION AN» OATUU 

T-f-fO 

OCSCRIPTON 

Pillj fvndjjray&h \*/hii& 
chunks and crysfik,-rief**; 
c{pp<>.qrs fo be. /imZjbrvwnj 

hp/rtqmyj dark j?rv»/h    ' 

\o-- 

//-ii- 

•A 
■\ 

Say\e\j ve.ry hnois~t to ^^y 

loosej lijh-t' bfoy&hjny* 

I0YRZ/2.   (J0   ')   ' 
S'tliy 

OATE STAniEO 
OA1E FW«HtO 

'COMPLETION . OCPTII ^ "g,   I**"        " 77T^/Ty 
JUNOIST. •;• / 

jCOUPL. 124 IMS. 

CHECKED   OY 

jh&rrrft- 
PIP PPtA 

(Drill RaM,niU l0M,04«r,«Kj 

PROJECT NO. g<7 NlCUHA 

0?FN\ 

SHEET_L_OF, /   ex 3 

hi: 



*•"" ^«i>gs 

Woodwnrd-CIyd« Consultant« WF PROJECT NAME ft/Via ">£ .HOLE NO. LS8-00I 

DnnmoM 

„C">'<_J <*>»■! 

:i'- S^nd, very siltyj jnyis}) 
jyll browftj wetj rye a/um dense, 

:: fre n oxide sfaininj C-^M) 
ßz: )0HR<S/Z    . 

11" 

2/:: 

CWAPtllC  U>C 

u»«»w MMMIa 

Y. 

IV-* 

x> 

::    cl°y, -frei ce^sand <*»J siHJ 

2-2«.    \^/^tj bro\*/r)j rf/ffjv 
::.   very s-ii-f-P   CCL-)% .-,   r,^ 

I0YR5/3 
23 

30 

31 

32^ 

V 

\ 

/ /•" 

\ 

'"V V 

/ 
V 

pnn.irr.T NO. MN[C UHPi 

/ 

IS 

SAUPLC3 

:5" 

7 
0 

7 

6 

30 

(Drill Mt, FtaU tou,-04w,«lc) 

'if/* 

; / 

SHEET _2^OF2_ 

A22-2 



Woodward-Clyd« Consultants Vflflf PROJECT NAME RM   COB .HOLE NO.. 
L£&-oo\ 

vMfitom$\ 

PROJECT Mn     fl^/l/jO  //f A 

A22-3 



«•"""'■^ssiSÄr 

IteodwnirtaydoCOTBuItimt* @PROJECT NAME      r^mft  ^£. 
■ Int — "•" "»"■" 

.HOLE" \xL:L£ß-VQZ. 

UOHINO   LOCATION 

OftlLLINC  ACENCY OHtU.ES 

DHILUNG EQUIPMENT CJ\\£    ~J£ 

R. McKay 

UHU.INC  UEIIIOO 

SIZE  AMO   TYPE OF CAS.HC       y^,     ^ 

OHILL UlT 

OATE   STAHIEO       -7^tf~~.QD    . ■   :   •••'■. 
OME  FINISHED        / ft" ■ 
coMi-uETWN oEPrii 32^ |s*t"'t*»y; "Terry 

no. OF     JOIST. 
SAMPLES       i 

JONOUT. 

4- 
T~/ 

WATCH      jFinsT ^    jcoupu 124 IMS. 

LOCCEO or 

77 Terry 

IH- 

**ndy lii+le'-silfj v*ry 
mois-bj i^e&j hcszj dark 
jrc\yish  bro\>sn) C^P) 

d&nse, -to dens£j ye-tt°wl*h 

PROJECT NO. MMCUH A  

CHECKEO sr 

r'   ■ '«EUAflKS.   * 

(0(111 RaM, FtaM tow, Odw, «Itl 

'NP 

no 

■ NP 

SHEET_Z_OF_Z- 

A22-4 



Woodward-Clyd« Conuufüint* m**Jm   M4    OP? 

ob. 

oescnmioN 

Yjl' ; " 
W ClcKy Lb/ettherdl  Ckysivn*) 

jgl 1 ve ry sfi-ffj p*le bro^Hj 

VL ID1R6/3,  lOiRS/f 

28-- 

3o'-- 

3\'- 

3z:i 

h«r4 -te> wry titrJ, y&kowh 
bro^hj iron oxide stowinjj 
(cH) jioYRB/? 

pnn.trr.r NO. QMCllHA 

(Odd (U*#. FWU lMi,«*r,*fc) 

37.1 

SS.t 

'•I 

1.7 
SHEET .2L OF 

A22-5 



^•^•Ä-Sä 

Wfoodwar^CfyttoConatrftants m? PROJECT NAME #>e b.d.-t- .HOLE NO. LSß-ö 

PRILLING AGENCY Uty/Jif ^Ofe-.W02ÄJ |0H'"-e^. tQ/?UKQC 
OHILUNC EQUIPMENT ^fr,^.;^   ^y    b-Tfef "   f/$^~ 

QUILLING uumofo/fa  J^_ t^tMt*/S IUUILL   BIT 

SIZE  ANO   TYPE OF  CASINC 

TYPE  OF   PERFORATION 

SIZE  ANO   TYPE   OF   PACK 

TYPE OF  SEAL 

1  
Qfi**r~ 

ELEVATION ANO DATUM 

DATE   STARTEO 
PMC   FINISHED 
COUIU1ION OCPIH-J? yISAMPLEM^«^ SfilrhSjPJtd 

NO. OF 
SAMPLES 

WATER 
ELEV. 

7!uNOIST.      / 
__4 L—L  
jTX     icoupu fg- p»4.iM»3, 

LOCCEO or 

FROM o    ™2P.~r" 

OCSCRIPTON 

S h^^-armr 
GRAPHIC LOG 

Llnwtonr 

/   • - Ifo £«+73 b~~* -fo «ft*^ b*>~*       T 

3 ir 

7 + iec«~o /O/üC/«/ h^^^Jo^ 

MWIolton 

1?^ 

D-:- 

/3 

'V 

PROJECT NO. fffW//V# 

SAMPLES 

SS 

CIIECKEO  8Y 

REMARKS. 

(Mit RoH, FkiH ton, Odor, tltl 

SS? 

ft 

•Vbf* «I 

I 

:55 ft 

1 

pro *PJD 

fcD-i.oe?* v^ 

:ss 

5 
5> 

FO 

s 
s 

f>3?0 =^b 

:HEET_ loF^ 

A22-6 



Vlfoodwmrf-CIyttoComuUnnl« JfiflflP PROJECT NAME 
Ö°e hb. X .HOLE NO. 

LS&-3 

at 

oeSCRNTIOM 

/ft 

A 

P£- 

CNAPIIIC  COG 

uthtutr fUtumtUt -£■ 
kwMMlai i»j 

"X. 

•/ 

coo *< hdn^>yf} tgS: 

.c/4y/t*ne'--/ / 
x- y 

A-^i*. s-//(2& 

KS 
s«un.ts 

::SS fc 

I*- 

17 
/P- 

' «EIURKS 

(«VW M*. FM4 lMi,iMM>*lcl 

/ 

-55 ft 

// 

px&«MS7p»* 

4/Z 
17 

SHEET .^roFgar- 

A22-7 



>      <#***>■ 

Woodwnrd-CIydo Conoullante vJilflF PROJECT NAME 
fa? p,h. l: .HOLE NO. 

6S/S-3 

JE" V« ocscntrnoN 

I       + »few .*;£<_ tiS^^ij e+slex* 

Clay^A& 

'Ajfay 

CH4MIIIC   LOC 

LfttotoOT 

•    / 

lMt*ltatlor 

/ 

/ 

wiv \ 
V 

/ / \ \ 

// 

/ 

\) 

"V 

nnr\ irv*r   wn fflhCf/W. 

SAUK.ES 

o 

i: 

(sis 
' «EIMIIKS 

(Orin M«, FhM lut,1MM,*ld 

£f3^ 

SIIEET_-i.Or T^n 

A22-8 



'vm 

VtfbodwwfcCtytto Consultants W PROJECT NAME 
d,<f £>*.£•' .HOLE NO. U^ 

OOHING   LOCATION ^}jvtg"   SCTT^^^   ß/IS)^S 

DRILLING tQMUtHIQ^g 7 ft) Lj/fc --ffr* " OQ     //J/tf 

OATE STAIUED 
OAIE pwisiieo 

(WILLING   UETIIOÜ /yk//o<o J7gt^ <o*yt/> 
UHILL  SIT 

SIZE  ANO   TYPE OF  CASIHC   

TYPE  OF  PEHFOflATION 

SIZE  ANO   TYPE   OF   PACK 

TYPE  OF   SEAL 4fi***r 10 
#>.* 

OJJ, 

-5 

/ 

:-^&vd£.{0vty $*•>&, N*5S+J /«7»j/5     f— 

■li^v^ssrsffi 
II \yr»"** 

AA 

ocscRipraN 

to.'jLlW* 

Vyiio^TS^- 

ELEVATION AMO  OAtUU 

COMPLETION   OEP"«^^      |SAUPLEW^flp jp^C^., 

 NÖTÖF      JOIST.  -7        jonoisi.       f      . 
SAUPL£S_| I I 
XTXTES JFIHST-7  £>     JCOUPL. J/\   I« «HS.. 

FIFV. if* f ' 

LOGGED   OY 

^£ fa&üssenz 

CI1AI1IIC toe 

LltMogv PUtwMl«r   .. c 
htwkjlton  *ß 

PROJECT  NO. yq*c/f<fo 

•SJ 

:S3 

S»"PLES 

S5 

:S5fg 

"l^ 

i, 

/ 

(. 

'* V 

CHECKED   6Y 

REMARKS.    ' 

(Drttt RoM, FiiM Ion, Odor, «lej 

Jbfit!l 

pxD='»^j> 

(JrO=fJl> 

rTTO 

pxO~r±b 

c^Wi 

prD^rJO- v*-» 

SHEET,   I     OF -£ 

A22-9 



&     "&MW 

WoocItAmit!-CIyd«Con«uIlnnl« 3flfiF PROJECT NAME A*r A» -^ ■ .HOLE NO. 
LSt>^ 

/*;; 

DESCRIPTION 

u£c# 
|oy*Lfc»/3 

(ilMPIIIC  LOG 

ut>*i*ay 

/       i 

p&. 

3/ 

3>- 
nnn irvr   un s^Mcwrt 

Pbtamttr 

\/ 

81 

SAUK.ES 

. -S5 fe 

^E2 
15«. 

::ss 

// 
/3 

A77 i^l'utM 

■ «EUAnire 

(Orftt ItaU, FhW tan,iM«,«lc)l 

n 
I/o 

::S5 « 

::£ 

P^ 
pj^O=*^ 

U+~VUL> 

SHEET .S^OF Ac * 

A22-10 



Woodw»d.CtydoConCuItonhs@PROJECTNAME     C^    ^ °' HOI F NO ■ 

SIZE »NO   TYPE   OF   PACK 

BORING   LOCATION   (Jivi*^"    SGTTL-t^ 5     ßAS7/^ S  

M.LUNC ACENCY t^^jg     ^eSTüP+± |P"'"-eRfH.^/»<-»^)C 
 -■ ' -c—TT;—<■/„• t /\s\ JiA *-^r—«-      — ■        I i ji 

UWIU.INC EQUIPMENT ft^yg- -y$t>   U>/  (o-St*        00   "&* 

SIZE  ANO   TYPE OF  CASING     _ 

OH ILL  BIT 

YYPE   OF   PERFORATION __ 

IFIIOU 

TYPE OF   SEAL t-yfhUCT 

FROM FT. 

FT. 

FROU Q    103b.^T 

T 

ELEVATION ANO OATUM 

OAT'E   STAIITEO *7 —Y- Vk . 
OA1E  «mwnFn / OME   FWISHfO ' , 
COUPLETION   OEPTII^g JSAMPLEWJ "0Q yftfy^ 

—«öTöF—JOIST.   <7      JÜNÖSTT       /  . 
«.m»i g<     ! O        i ; 

WATER JFINSTtf   5       ICOUHL.    ^jM.IRS 

LOCCEO   BY 

^ lyvofi&ssemZ 

on, 
OEScniPTON 

7 -~\ jLsA r^^i W^T? 

3" 

/3J:- 

■ \ 

&^^^±^^,J/"B 

7 4- ^°^'iL -w 

h 

lrs<*"* 

CIIAI1IIC LOG 

Uttiotogr 

L- 

<. 

fi '• A 
/ 

PUnmtUf   o 
tolrftolio« *6  :°     fc 

/ 
/' 

r:   t 

PROJECT NO. XQiMCrf^A 

'■'& 

SAMPLES 

<& 

id % 

:ss 

:55/t 

4 i-e- 

')' 

•    NEUANKS. 

% (Drill flat«, Fluid ISM, Odor, «icj 

¥ 

<f 

3 

CHECKED ar 

PrO = rO£> 

p-ro = »-}£> 

pare -Ab 

SHEET_L_OF, /or 3 

A22-11 



tf^""""?^^ 

Woodumrtf-CIydo Consullanls siflflF PROJECT NAME 
&€•£.*. ± .HOLE NO.. 

LSß-S' 

DESCAtPTlOM 

GMAPHtC   LOG 

Liihoioflr 

,  —■» II-       -^ —       --   ,    ,      ^  •c "I ""•'' 

"* '~i    «   , ,-^^>* — i   i     i "l P      —      "^     i ln ^* °'"<3' 

' I,, 

Mttmwbr 
IMtolMlai 

Jl 

he 

nnn irvr   ur> IFhZcTTW 

sauries 

. :ss 16 

155- 

7, 
'* 

:S5 16 

• «EIMRKS 

(Orllt IM«, FkM l*M,'iM»r,«fc) 

7 

-SS ft. 
12 

3PJ 

S5 £ 
£7 

SHEET *zLoF_X 

A22-12 



Ufoodwnrcl-CIydo Consultants «ßflüF PROJECT NAME —  
Ut>-S 

1WI.F NO.      . *^ 

• 

1. 

oescnrPTto«                         * 

VHAPHIC   LOG 

kutettollon 
-- !•■ jg hi 

4k 

SAMit.ES 

■ neuARKs 

(OHM Mt, FWM Uli,<Mor,«lc) 

3* 

3> 

3^ 

3^ 

37^ 

:r S3**-? (C# »"jU'li<u^ "'"^ 

I"'             m*i!>^ lo/^/j UO^MJ   ^ro^v 

::C 

* 
• 

  

'- 

3^ -                                                  / 
- - 

« 

#-; . 
-'    - - — 

+\ ' 
*"''-. - —* 

/ ; 

?j4^mw!>. 

- 

- •                   '             ' •"'•   "'""~"~--^. •" — 

..• 

^ 
—                                             \ 

• •. . 
/ 

y> - 

# • 

tf= ""'••,.      \                 -..^ >' 
- 

*fc 
_                                                  i     ; 

/     1 

- 

^ / 

9T -• 

Yfl - 
-- ' 

• 

5b: 
-' 

-■■- 

ScGtto.c/(<//i- SHEET _2_ or _2. 

A22-13 



Vtoodward-CfycteCongulUmtg PROJECT  NAME . Ae-^.X .HOLE NO. tSß^ 
uoKiwc LOCATION     k'<**£" Sg"7TTu:Pg    -gAJlAS  

UHILLINC tumPutHt^^gr  g^   ^j-,.^- <0-*"/fr'oQ      M-Sß 
UHIU.INC   UCTIIOU 

SIZe   ANÜ   TYPE OF   CASING 

Mh*>  *H>*» fr~*Pri I OH ILL   Uli 

TYPE   Or   PEHfOHATlOM 

o 

f 

•3 

SIZE  ANO   IYC£   OF   PACK     _ 

1YPE  OF   SEAL <9£o"T 

ELEVATION ANO OATUM 

g&sssfg b-**-*!* / (,-?-/-<?* 
COUI-LCTION   Otl*lll<i.-7^g-|»AUPL£BJ 0  c£    £^ 

NO. OF        ioiSL 
SAMPLES 

WATEA 
ELEV. 

to r ,  
FIRSTV^      JCOUPL. -M- 12* IMS.. 

^«^Sä8fi?SSi 

0> 

7 

% 

°\ 

/I 

I* 

13 

cyw) 

OESCmPTM« 

:!P*£UMä-- 
•^S»M4)K. 3-H^A »w>r-f,'*7:fc» ■5OT-*3 

Jly^U. A&*<&* i ii ^^ L_i 

PROJECT NO. yq wen 4A- 

A22-14 



Woodwnrd-ClydaConsuilnnl* gflfiP PROJECT NAME 
ßa pr b,o, 1_- IWLE NO. /J73-7 

•   w 

«& 
oRcno'tiON 

n 
it 

n 

9-1 

92 

, JLW  S**»-S C'LJ tsf- 

\ \ 
\ 
\ \ 

'^mmms^^^^ 
■    r    '   -"^tv-   N 

"> 

X 

/      f 

X x /   / 

pfwirrT wn XflvtoU/y'/t- 

CUAt*H*C   tOG 

Ltttotooy 

-<:&■ 

."■ 

32t 

0W 

MMWMU/ HS 

::s5 

SAMit.ta 

:# /s 

LS* 

*5 

/f 1 

-/. 

if 

5bj 3 

aeuARKs 
(OrlH IM«, niM l*n,iMor,*ld 

f.3:.» s^3> 

AIU • «V-* 

p-X2>-*& 

SlinET_2i_0F« 

A22-15 



Woodwnrcf-Clyd* Consultants «IflflP PROJECT N^MG &(T   &.O.3. .MOLE NO.. L'S£-f 

33 

3* 

37 

' .** 

3? 

ft 

HI 

9 

a." ocscnin>OH 

r**i 

CIIAPIIIC  toe 

Llltoloor 

K 

* 

•; ^ f/g c^y? ^'/f"V p^s. 

tA. 

Hamnukr 
NwtolMtan 

XI L 
=E?P 

t-> 

/ / 

PnOJECT. NO. 
$fWM/l 

sv 

if o 

SAUK.ES 

|25- 
KEUARKS 

IMH ft*. n«M kti.-Odw.dd 

/J//uA//WU, 

f>3=6=f^£> 

:s* 7 

j^euov'rv^t 

CiVt-rv^i* J- 

J 
.nr:eT_3_0F;2_ 

A22-16 



Woodwnrd«ClvctoCoimdtonte W PROJECT NAME 
&>e~ .ß.r>:4- .HOLE NO. 

LSQ-IO 

UOHINC  LOCATION   (_ }(/t^r S eT7t.t'*■**)    BflS***-* 

UWIU.IWC EUUH-MCHT Cttf^- £X~ ijfV*»   b-*/r" t>Q   ffcA 

»'«".eHjl^^fi&cep- 

UHH.LIHC   MtlHOU   #,#»*> -&e~-     A^ff-vS 
OHILL   OIT 

SIZE  ANO   TYPE OF CASINO  ■  

TYPE  OF   PEHFOHAIION __ 

SIZE  ANO   TYPE   OF   PACK 

i&SS 

o 

/ 

.3 

Y 
r 

7 

/3 

1VPE OF  SEAL ___ GjjZ^XA'T 

HIOM 

>'«OU   . __        10    __    **■ 

FNOU D- "Vr.^ 

ELEVATION ANO  OATUU 

OATE STAIIIEO     A -JL^-^ö  /    fe-pO.-?, 
DA1E   FINISHED        P '     '        I °     *^—L 
COMPLETION oEpni^g-   |s>M',t-t"3"aoy>;4iiy>aH 
—NöTöF     JöTsT    3     'UNOIST.    £_ 

SAMPLES        j / \ —T- iAMPLE5 I ' 1 i 
WATE« {FiHST yp/S- jcoMr-t-^s.f h~ iy^ 

" »«Si«'-**-'*? **"*) »°y<rA 

•• fci^^ i:«>(^^^ &<■ft^-);v*-<■<_<>*:• 

(stl 

OEScniPTOH 

Fill 
loo 4-* V—*-O^iM^t^pluiJ-iC, 

Fill 

,\SrK W/tV/l- rf^v^w^ 3C4*»t^_ ,yn» 
- ov 5AA-4U. s\mr / 

I    / 

X/ / / 

'X/ 

PROJECT  NO.. 
IfifrCltW 

X 

SHEET. _Zop3_ 

A22-17 



Woodwnrd-Clydo Consultant* JfiflJÜF PROJECT NAME 
^OGT   Ö.Q.JL »OLE NO. CJ£-A 

It 

M 

\t 

OESCRtPTlOK 

L 

» I 

:i- t*0*-*J /ey/s;V 

*^S»^ 
>3 

--   5} IK 5*N>D 

lt>    J1 

-7 

3/ 

PL 

/ .A 

(SYmhi J+u-Sfl/JD« o«^-<=:,i**-*v*J-Ä-^ 

- /oy^-W/3 

onn.irrr  Mn Wnv^aiHfi- III;ET^2^0F_3. 

A22-18 



Wbodwnrel-CIyde Consultants d$ PROJECT NAME 
Oö(=r   D.b X .HOLE NO.. 

LS6-I* 

3? 

3* 

37 

•jf^il 

ClUflllC  LOG 

■ s ■•■—. 

x- 

*4 -1 

f-^  ».c  im 
PbnMhr -,;•£   KS 
Mttotlatk» fcfi  _;° 

a. 

sAMttes 

f&- 

:^i 

• «eutflKs 
(Mil IM«, FViM lwi,«4tf,«tc) 

jQe*—»*" ^ 

ft)K<- "«*-v ^/ 

SHEET _3_0F_i 

A22-19 



"**!$$»£ 

UtoodwartUdydo Concultonte Vfflff PROJECT  NAME 
([QS b.al      u.,,^ 

uoHiHc uocAiION Ljfti£- SETTUlJt)   "BASi^S 
OttlLUNC _ 

OHU.UNC   ÜtllWU 

SIZE   AND   TYPE 01"  CASIHG      *_ 

UoLlfiW S7TAH AM>&LS 
UIIILL   UlT 

TYPE  OF  PEHFO«ATK)N __ 

SIZE   AND   TYPE   OF   PACK      _ 

TYPE  OF   SEAL .  

T 

on. 

^/wr ',fHOU—C> w2<?.o' 

ELEVATION  «NU  DATUM 

OATE   STAIHEO i„ — 3-X-'£}o 
ttMf   FINISHED <tf      &°        '" 

COMPLETION 

MO. OF 
SAMPLES 

WAT Ell 
ELEV. 

iVHBT/^        !cOM,.U/7     K^IH^ 

LOCGEO irr 

I 4- 

3- 

OCSCniPTOW 

JVM., |0y«2-G/b kv'uwttUjffit^O 

CIMPIIIC toe 

Lllhnlcgy 

U> •4kS«v**- I •/«-*//  vo^krv^^ 

fc 

>3J 

PUNMIIT 

:t 
/ 

/ 

/ 

/ 

/ 

u 

/ 

) 

*» t 

/ 

) 

1 
PROJECT  NO.. ggvuez/ifA 

I 
H 

SAMPLES 

CHECKED BY 

■   REU AH«. 

(Orttl Hal», FhM IOM, Odor,*tcJ 

:55 

S5 

:S5 i< 

:s> /t 

^eJ;*~-$/vw^silf 

px/>=/°£ 

[3 

± 

piö=^i> 

f>Xß=tJ£> 

AT.D 

iirrr   /ofrX 

A22-20 



-^^fcK*)< 

Woodwmrd-Clydo Consullnnls $& PROJECT NAME. 
Cor h.&.£ „HOLE NO. LSI-If 

ocscninrioM 

^]p ffJUE,.*"•&'<<**•-JAte, 

17:: 

//^ 

/fir 

CHAflllC  LOG 

Lllhatooy 

2» 

^0 

<Jt*VL tf/Je. A»«""**» 

3^ 

- fj^Jt, ioytL?ll <LV-1 ^^r st*~ 

V 

/ / 

// 

.j-fw-e^ 

pf7n.irr:T NO. 
K^wc/ztST 

Mammtar 
knWIMIari 

"\ 

at * 

SAUtt.ES 

"S5 tf 

55 

' «tu»«« 

(Ma «•••. FhM teM,iMw,«ld 

7 

I* 

;c 
•f 
// 
/3 

A|flM>iKM- 

pXDt>jJ> 

i^ /(to. 

P'X-fÜJlopfVM 

G 
to 

:s$ is 

31 

Z\A~ 

if» 

cdt1 tf.$f&r    6 

SHEET .^L or JL 

A22-21 



*>•'   "^»jfe8>J 

Wdodward-CIydo Consultant« W PROJECT NAME SA 
OORING   LOCATION 

OR1LLINC  ACENCY 
-S«c 3£_ 
Layne   h/Bstern IORILLER 

DRILLING EQUIPMENT    (_J\A £_ ~J_ß 

Z.MrK«y 

DRILLING   U£TI100 

SIZE   ANO   TYf>£ OF  CASINO 
H»lto*r*i*M 

OHILL   OIT 

? th PYC 
TYPE  Of   PERFORATION IQ   S lo't. 

SIZE ANO   TYPE   OF   PACK     jß  ^Q   ^^ 

TYPE OF SEAL 

o& 

Be-nforit-tP^ 
FROM 

£_£££. ___HOLE- mrlrSß& 
ELEVATION ANO OATUU 

DATE  STAniEO C /-2^< /^D 
umc   rwuiicw ._.TT_-£ r^__L—i-Jfc^—^M^MM 

COUPLETION   OEPTII   30      ISAMPUN-^--   fiftV 

NO. OF     JOIST. 
SAMPLES      1 

agg- r'^/gfti1 
jUNOIST. 

JCOUPL. 124 HAS.. 

OESCRIPTON 

I-': 

7 

9f 

10 

li- 

lt- 

6-rave.lj scindyj dry^ dens&). 

t hrovsty, lO YR 5/3  ( G-P\ 

£>ar\dj   dry -to slightly nwis-tj 
loote fo medium <\er\se-j wed/urn 
i-ohnt. sync!, brownish y^llo^ 
\o YR 5/3 to JO YR H/f 

SJJMfy  *l«yey, $*M, rrecltuy 

y-ello^ (sc) löyßji/tf 
s,liy   / 

Ve-ry motS~L   -to \AScfc. 

(.H-e-x-k   P>aye) 

CHECKED or 

,-PiP PPM 
■   REMARKS.       • 

(Drill Ron, no* tow. Otor, *«ej 

NP 

fiD 

ND 

HP 

Be/rfo/i/fe 

PROJECT MO    Tt&V BlMCriH/) SHEET. i_op3. 

A22-22 



Ufoodwsutl-Cfyd« Consultants PROJECT NAME fl/HA-   <^?£ 

5* 
DESCRIPTION 

1H-7 

16-;- 

ri: 

22-- 

C-/oiy j Sandy, ««<//<(») to -fine 

Ohre,   to liah-t oltwchrewr\j 

iron&kidc *+aininp layered 

cU yey 

26 

21- 

30- 

31- 

32- 

to dryj  Color Retries -frowv — 
ire r-y pa /eJ?reust? ~t~o da. rk frrau/h 

.HOLE wn   LSß   l£ 

(OriM IM«, FluM lMi,1Mara*id 

'■~~ ^ea+herec{  Cjaysfanej *Trff ft?      ~^ 
verys+iffj mo is* i» dry, 

yrayj blacky', ^rumbty j  LCrj) 

ZYf/3 , ZYH/2- 
PPn.,rrT *n      *&*&    g <\ MC ) / f J\ 

G 
\3 
/z 

■np 

3,0 

HD 

HD 

SHEET. -OF: 

A22-23 



- Woodwartf-Clyd« Consultants sjflfiF PROJECT NAME KM A    C#£ 

m." oescmwio« 

P^-T 

33 

So 

SAun.cs 

tits 

..c 

13 

16 

(Dritt IM«, FhiM ton,1MM,«tcl 

" 

73 

78 

PROJECT  »n -^^ g«iMC//«//l SHEET _=£_ OF 5_0F^_ 

A22-24 



Woodwnrxi-Cfydo Consuätonto käy PROJECT  NAME doe 2>.o:J. 
-HOLE NO. LSM7 

uo....«; LOCM.ON L]mE serrUtJtt BAS^S 

w,tu.NC «ctHCt U$ytfe-\«/€S7Wl2<4 \wwu-*'%.A&rlttth 
iwin.uN6 tu»....*«, QftgfZ u*f(e>-*UL" 7M 
UillLL.NC   utIIKJU lh>UcyJ S7F/ti fiU(,&iS 
SIZE   ANO   TYI'C 0<r   CAMIIC 

iri't"   Of   P£«KO«»IIOM 

tLtVAHON   «N|>   IMIUU 

0»I£   SU.IICU 
uAie fmumi) 
cuu.n.ci.UN  OEI'MI 

7-3-9Q /7>s->9>. 

WAT 
£LEV 

3f.5-|^""»3*s^,-f.yb<^ 
MO. Of        Ju.Sl.     "1 jUNUISI.     / 
»MPL£S       j / i I 

rcii\e\wa^t 2j    JCOUPL. .»/^ I2* ,,H*. 

SIZE   Ml)    TVf£   OF    PACK       __ 

irp£  OF   SEAL —.      <=)P°vr- 

/ - 

ocscniPTo« 

ci- 

^  jv*8^ JL&se, &>'*■(-? iofe/3 

I Fill 

3~. 

m 
--    \}<^r /•«s<2_ 

^ .   /«^n OH Hits) S« f-K S/lwÖ «'■' >IIII_II J    __       j 

+       a wjLfi- ves*  fooSCj tO€^j /«•/i4-, 

7 

-|-v   "V KAJWA-J na3U«^ &«s&5 wtlgf-5 

/ 

y^-fc/^   /i<M U~K.S^<pr~}-- 

y   / 
/   / 

c.ccwio or 

REUARKS. 

(Drill Halt, Fluid Ion, Odor, «cj 

fill <*7~ 

?xo=-r*f> 

f>Xß-=^£> 

'naJECT NO.. gyrv£//<//1 SI IF FT    I    or .  2- 

A22-25 



Woodvunrd-ClycUt Consultnnl* (§Qy rnoJGCT NAME . Cc€-   b.&. 1 .HOLE NO. usb-n 

OCSCntCTlOH 

tlrouM 

J1 
Ml 

•P-      -A-^-'J <4:-&4» Li* >.'ff.üC^-L 

:: We*-^^ /qy Sfene* r 

#■ 

'-\be£c**t<o*Us> ^tJ^leMtCLj- 

£ Uys+ene. 

10JCCT MO.   P/iMO//W 

•eutRics 
(twin ««It, FWM Uli,-<Mar,«lc) 

/4//«40««K, 

f>XC>=:fJD 

"£}ewe*r fv. 

. I 

2_~- 2. 

A22-26 



Woodwnrd*Cfytfo Consultants vay PROJECT NAME doe b.o:i 
.HOLE NO., ise-if 

UO-IIXG    LOCAI.ON  L}fii€   SFT7-UfJ{;      &/)S,^S 

OHIU.IMC   AGENCY LA ytf€-*/es7ir<2^        I"""-1-6" Q. fi tl»-;Ho* 
UH.LL.«CtU.,-wt„.^|vtg7Sb    p,/^.g/y"   JJfy 

UHU.LINC   UtlllUU //ogcn/ S7F/M AU49HS 
SIZE «NO  TYI'C or CASINO 

TYI'E   OF   PCMFOMATIUII 

SIZE   »MO    TYI'E    OF    HACK        _ 

TYPE  OF   SEAL 
-•    Qrro U± 

ELEVATION   AMO   UAlUW 

OAl'f  STAIIILO     -7_7   Oa    /-7-?_9a 

COM,n.ct,QW  ue-nig^       [^""""S^J^/.-V-s^wr 
NO. OF        luiSI.      {>         JUHOISI. O 

SAMPLES       j X I  „      ,      " 
WATCH      !«i«j Ä   Jcoui'L.^2 _|2< mis. 

Locct'o or 

S. Yr\*&&\sseffV 

OESCfllPTOM 

ET 

/ 

3 

Pill 

7- 
|6«L 

o7^   lo^c/^^ll—'-^-^r'     y    L- 

?"i" 
N. 

y-- 

3- 

</J 

// 

70JECT   NO.. gCffilC//<//! 

CHECKED   BY 

REMARKS. 

(Drtll Rot«, FViM ton. Odor, tic) 

r»i/ 

fOTtO-r-lC» 

'p-X:ö-^£> 

•/Qllnoru^ 

po:D»»J£> 

/''/ 

surrr TIP 

A22-27 



Woodwnrd-CIyd« Consultants «JtflP PROJECT NAME 
^eriXö..£ HOLE NO. 

ts&-/? 

DCScnnmoN 

79T 

/<• 

A» 

li- 

lt 

;: y^i^t'-Y . AU,. 
:L(W.) sttrr, "--y^Jl**     %^ 

^««SSifiSijHj; 

^   ."/Vc *>SC) Sfl^ s' fy ^f^» ^7 

P4 

3/:: ' 

J* 
PROJECT NO. g^MCf/t/d SHEET _<zLoF_^- 

A22-28 



Woodwnitf-CfyckCoriftulinnts *MP PROJECT NAME 
£QG   *&.Q.X .IIOLE NO. ISB-ti 

DCSO»«*noN 

3<^ 

GM*fHIC   U)0 

3^ 

37- 

3?- 

"" /£d } **H c(tui ****&} ***£. htfib , 

CAoyrtone 

MiNMdr 

te-Mji.y^« ^ri-^rv- 

Y/JL-' 

#^ 
:: 

</4 

</7- 

\ \ 

/ 

X 
X     •        / 

\ X. 
\ / 

\, V 

,< 
\ 

i    I 

"\/    / 

PROJECT NO. 
&?v* c//</// 

/ 

SAUH.ES 

..CC 

«tu»«« 
(Mit M«, FtaU toM,iMM,«td 

Cove. irM-^-rfiL 

e-3^.6 fleer; 

SI1F.ET. -OF. 

A22-29 



ft*'^-'<8*s;<j*i)s?>j 

VfoodwaitlCfydo Consultant* PROJECT  NAME. Coe b.o.l 

RECEIVED 

.HOLE NO. LS0-/7 
oowiNc t««noKL;wg StMU**L -&t*;*7 
DRILLING  AGENCY! — U>J(tS+««^_ 
DRILLING EQUIPMENT,  ^cKe7^> t^/fc-^^O   //.# 

ciTc   lun    Tvnc   /\c   ncii»: •* 

"""•'"IM. tOjket^ 

size ANO TYPE OF CASING      __ 

TYPE   OF   PERFORATION 

SIZE  ANO   TYPE   OF   PACK — 

TYPE  OF   SEAL 4/&>uT 

ELEVATION AHO  OATUU 

OATE   STARTEO 
OATE  FWISHEO 
COUPLETION   OEPTII &U+Sfoo* 

OESCntPTOM 

ltAA_ 

~" dt^sc. t^i^j <©yrtS/3 t^»u»n^ 

3± 

r :/5/v\ ^ f'"»•'7 wJliljW4&^ö^cj      ^>' 
^ ~.        /Mo'«s4^ loyf-Sjl Lro~>* ~~~"~~7'-'-' 

• ;(5>*i) si/^v tftfOp -ft**- yt^U^ f<x>vff 

/ü. JL^) 

/3- 

-^-V-^--«-q-«^/^>-^^ 

L 
PROJECT  NO._J^i^JL 

£; A.»' «^ «•* 

JHEET_ .OF. 

A22-30 



Woodwnrd-CIycU» Consultants Sjiflf PROJECT NAME 
^£gr   &O.J- .HOLG NO.. LS&-/9 

siK^äjljjjsiÄja 

/7 

19-- 

7^/^yr 
• «•T"^ 

CIMIMIIC  tOC 

LIIMIofly 

/ ■ 

m 

MnaiMtor _ _ 
IMMWIer *fi 

Hi- 

LJU. 
Z3 

3/4 

3^- 

A^; u<wij **«,. J+, \of<uJfz.'-' -<- 

1ZZ4Ä 
T*^ 

s; v 

\ 

// 

/ 

\/ 

PROJECT NO. fflMC//VA 

/ 

n 
SAUIH.CS 

■ ssa 

I» 

\    i 

s 
?  '.' 

ss 

:ss it 

v.o 

7 

I* 

'  ReiMRKS 

(Oria Pä», n»U kM.-Otto.ltd 

/in 1U"UK 

pro -1 fit* 

n 

%3 

4 «•»■»- 

(Jv.^; ~i K «/•«-** *7-<I.-F■» 

SHEET .C_ OF j2l 

A22-31 



^SjiiiSit$$s 

Woodwnrti-Clirdo Consultants © PROJECT NAME -BM &    C^P '   wni F-un. 
HONING    LOCATION S&C,_36' 
QM.LL.HG  AOENCY ^V ,? g,     h/fer/fr/* M If*****!*    CjWS 

OKILUNG EQUIPMENT      £ Art SJC 

D1IIU.IH0   ÜEliwÜ Ho i ew 
SIZE   «NO   TYPE OF  CASIIIC 

TYPE   OF   PEHFORATION 
MA 

Auger |UHILL   UIT 

NA 
SIZE AHO   TYPE   OF   PACK 

llYPE  OF   SEAL 
MA 

X— 

«b 

Crrout. 

FHOM 

!Fnou 

IFIIOU 

LSB-O^O 
ELEVATION AHO   OATOM 

0ATE   STAMEO        ~?       s>  *, <ff) 
out rwisiieo       /      f?        ' L/ 

COMPLETION   OCPTII 

NO. OF      JOIST. 
SAMPLES     j 

[SAMPLE«   Tj;   7^777 
• lIUflKf. -   • • 

DESCRIPTION 

/ - 

3 

f 

5- 

6- 

7 

Cle\yf very scmdy, ^))tyj flhc 

s«n<\j moist j £ti~f~ffo 
y<e ry stiff,   ye Ho uish br&ivft 

ioYKS/Hi' Leu) 

::     Sar\4j jil-fy j C-le\ye.yjtneiJiüjjj 

ß--   t° -f/ne.  sanc^ .ye ry meiste. 
to vy/estj  fy\ cdiu/y\ dense to  

CjJiL    de.nsej  ye-I/o us is}) l>re^n 
~   to bfowt\. lOYRS/f-;  ., 

IOYR5/3' (-tPj'SM) ■   -V 
10 

11 

\ • \ 

;UNOIST. 

-1 JCOUPL. 124 tins. 

CHECKED  or 

PID   PPM  . 11    ■  • REMARKS.        ( 

(Oflit RoU.nuU ki»t.O<l»f,«lcJ 

PROJECT NO. ^MC|f^/| 

12<6 

-31. if 

0,1 

37*1 

SHEET_.L_OF.Z_ 

A22-32 



Ufoodwnrd>Clyd« Consultants «iiJSF PROJECT NAME ffflfl    COB. MCH*    ISB-ÖZO 

Wir 

)S 

I6i 

ocscnntiON 

i^;: ^VV/ ^ery finely^ stfffy 

'.'. very mot$4.  fo'*se£.j very 

iflJl dark yayish brovsf\j 
:: /0YR3/Z   (CL.) • 

20 zr 

21-.': 

CHAHHIC   t06 

uiiutooy 

\ \ 

We.c\~tt\e.re.dl   Claysrone,j sindv, ^ , 
ji_   moist:y stiff fo verysf'rft,      / 

23p ■ I0YR6/3 ' (c-H)       v \ 

2£ 

\ 
\ 

NIWMI« 
IMMMI» *Q 

/ 

/      ^ / r\ \ 
\ 

Clc\ys+on£j HnoprtJ f,rW, 
•    pale. J?rown      >.     C 

274- / * YR 6& —1^;\ >> 

pnnjrcr NO. gqMc/ft/j 

/ x. 

\ 

I 

"> 

SiUKLES 

125- 

6 

3 

•EUARK3 

(MM M«, ntM kn,1Mw,*ld 

27 

9 

20 

3Z0- 

*i7.f 

51.6 

6.1 

SHEET _i=_ OF. 

A22-33 



^"^SSäS*! 

Woodward-CtyctoCooatdtoirts PROJECT  NAME. 
ßcG Aö.1 „HOLE NO. 

•LSB-il 
BOH ine LOCATION ^ft**g   SeTTLi/^C)   ßfi-5>^S 
0BILL1NC  AGENCY 

SIZE' AND   TYPE OF   CASING 

UHILUNG EOUII'MtNt^^-JT _ 

OH ILL   UIT 

TYPE   OF   PEMFOHATIO« 

SIZE   «NO   TYPE   OF   PACK __ 

TYPE  OF   SEAL 

ELEVATION AMO OATUM 

DATE   STAHIED 
OA1C   FWISIICO 
COUPUCTION. OCI 

HO. OF 
SAUPL 

OF     JOIST.    //      JUNOIST.    / 
■«~-i.es    t /'      j 1_______ 
wATE«        j FIRST  gtf   jCOUPt-y/      {«^ff^f 

DESCRIPTON 

r 
j— ^*Yi^   """^l ■ '^ ■ _■ ^~^> -   ~ 

A 

/3- 

PROJECT 

Scindy ■&'/"!   x 

(5vnJ i Arn ^«ä>« -/7u* -^^-^-j, f^ß^f 

N0 #?W/A^ SHEET. 

A22-34 



Woodwnrd-Clytlo Conoulümls JfijflF PROJECT NAME 
fcü.0^ .IIOLE NO. ZJB-^f 

DCSC1IPTIOH 

Hz: 

Hi 

M 

23- 

7f- 

CIMIMHC   1.06 

Ltlholoay 

•t 

fr}. 

71-.: 
> 

3/: 

32-- 

PfotttMtor 
iMtaltaltan 

|(Vuol S2- 

z 

V-fvw 

23 

^ 

pnrunrr MD. X9*b//(/A- 

SAUFtfS 

IS 

5S 

^ 7- 

SS* 

'  REIUnKS 

(OrlU IM«. FWM lOM.-Ofer.dc] 

pXß=^b 

:ss 

7 p;nb=r^.b 

ft 

S3 

I 

/?//*-' a<*. 

fur-b-^ 

h 
UP . 
31 

fo&^oev  ft*-, 

faltig f"'1/ 
/•^ 

SHEET ^OF_L 

A22-35 



<*   "»s^ass*-' 

VUbodwnrd-Clydo Coneullants d$ PROJECT NAME 
1 

the £>.o.£ -HOLE NO. LSB'J-l 

ES ocscfticnoN 

OIIAHMICCOO 

LMNoleor 
(■««•Hatten 

%-.7 

i in 
if:: 

tmw.» 

C - 

35 

/N 

X      X/    / 

X -••u- 

X 

- 

«euAnxs   ' 
(Orllt ft«U. FtaU tati,D<W,«lcJ 

X, 

•a- 

9- 

\ 'x,     X 

V 

/ -* • • 

S5 f 

PI70JECT NO. Zfac/'ty 

s>/4 

::ss 

pj:0-^t> 

li 
1* 

€<-fr fT. 

SHEET Jl_ OF 

A22-36 



iÄ<8S 

WfoodwnreJ-CIyd« Consultants KbäP PROJECT NAME 
ÄfAö.i .HOLE NO. (JB-M 

«ü 

OCSCniPTlOM 

S(. 

55:1' 

P7: 

r> 

QMAt*IIIC   LOG 

uthötooy Pt«NfMftr 
h»t«< lotto 

R2- 

I&fc7r77c72r 

SAUVLtS 

•"55 * 

X*1 

& 

aeiuRKs 
(IklH Rah, FtaM Uu.-04tf.4lc) 

SHEET 3^3" 

A22-37 



-;f"' '**!$•$$$ 

WKXfwan*Cfydo Consultants © PROJECT NAME    RM   C<?£ __HOLE HO.iuSß~^-Z 
DÖRING   LOCATION jec    ?6 
O«.U.IN6 AGENCY    ^y/le   bestem lORKXER 

DRILLING EQUIPMENT £,/V\   f£    "7 K 
/?f >te/fcy 

'DMILL.NG   «CIHOO ^o//gM/     /}-M9er I [DRILL   Oil 

SIZE  ANO   TYPE OF  CASINO 

TYPE  OF   PERFORATION 
NA 
Nh 

SIZE ANO   TYPE   OF  PACK 

TYPE  OF   SEAL 
M_ 

■   G-r&wt 

TO 

ELEVATION ANO OATUU 

DATE   STAHIEO 
OATE   FWISHtO 
COUPLETION   OCPTII 

d>y/£?3/yg" 
[SAMPLER 

HO. OF        iulST. 
SAMPLES       |  

WATER .       iFIRST 
ELEV. i 

JUNOtST. 
f Terry 

iCOMPL. 124 IMS. 

FT.    LOGGED   OY 

FT. 

FROM 10 

X" 

hl U DCSCRIPTOM 

;;     Scir,^, fii/iyj  dry tt> *V*t,. 
.  ••    m<zclinrr\ -to -fine <*4nclj m<Jturrj 
""   <^e^e /o dense, j J/gH y^lh^h 

bro\n/r\  -to bre\*sr\ 

w 
f, Terry 

GRAPHIC LOG 

Llltotogr 

3-ir 

/ 

6-.7 

7-:- 

ci-- 

10-7 

HZT 

IZ-.T 

13-: 

■10 YR f/f 
10 YR 6/3 

Pl«fOfMf«f 
knMtoffon 

PROJECT  NO. 

\ 

'"••N| 
V 

v: 

K>. • V \ 
,\ 

•■•:\ 

v. 

:-'N 
V 

SAMPLES 

H  s 

CHECKED   BY 

1/ 

7 
7 
7 

6 
G 
7 

7 
IS 
IB 

■   REMARKS.   - 

(Offll Rait, RuM Ion, Oow, «lej 

£1M£MA SHFFT I   OF 3 

A22-38 



«j^fcfclm 

Woodward-Clyd« Consultants USfiF PROJECT NAME. RMA- coB- .HOLE NO. ■ U>B -2Z 

Ifzr 

15± 

16 • 

I? 

0- 

a?- 

2/'- 

22- 

2?- 

2f 

20-ir 

30:: 

3Z- 

OEsaiipnoM 

s. 

si-iffy \se cy j>a /e b rovsn, (CL) 

JC?YR7/i 

sandj had -to \sery h*Mj 
yalbus^b   brown   [£A\) 

PROJECT  NO. mN\cm& 

CHAPHIC LOG 

Uttoiaay 

\ . N 

kMtollctlw 

»- c 
SAM«*tCS 

115' 

B 

II 

H 
6 
1 

i 
7 
7 

33" 

(OHM IM«. FIMM tau.tMar.ttcl 

U7 

10,1 

SHEET _±^ OF ^OF3 

A22-39 



Woodward-Clyd« Consultants IMP PROJECT NAME RMfr  <^O£- HOLE NO.. LSB--ZZ 

*'      ^ÄiüS 

ot 

5Z-r 

36-;- 

DESCRIPTION 

37 

PROJECT Mn    yciMa/tfÄ 

A22-40 



>>'■ »R* 

Woodwrexi-Clydo Consuitonts © PROJECT NAME    Cot    S>-    :  
UOHINC   LOCATION    L-j^ug    S€TTLrl^Cf      "hPtSlh±5 

.HOLE NO. iS&-?3 

WILLING AGENCY U^y/ef- UXcSTg^r-* |""'"-E" g, ßfJk.JW 

umi.LiHccowpKMi^^g-5^^ u>w^ (o-s/y" /■/frf- 

Ü.IB.UNO   MEJII00   ^(Xcx^, ,$Tg»~«-  /lUOey-5 

SIZE   ANO   TYPE OF   CASING     

OHILL   Uli 

TYPE   OF   PERFORATION       __ 

SIZE AMO   TYPE   OF   PACK 

TYPE  OF   SEAL 

a. MI 
w u 

—•     (rreirt 

FHOU 10 FT. 

'FII0M FT. 

IFHOU —o™w 

ELEVATION ANO  DATUM 

OAT£   STAUIÜO 
n»ir rmisiico n»ir rmisiico «6*    *^ . 
couitcTWN uti-iii A^f.O 5*U,'L£H SPCCTbfix>& 

JOIST,   -7 
jFIIIST  iw. 

NO. OF 
SAMPLES 

WATCH 
ELCV. 

JUNOIST. 

-1 iCOur 

LOCCEU   UY 

S, WorV-a^^ 

OESCniPTON 

7- 
r- 

eliu«->i 

/D- 

13-; 

,T4 

(otfCür^tO    mo<i"^* 

PROJECT NO. 
S^wcjiifa  

r.iiAPnic toe 

LilholvaV PUtodMUr 
mwiolton *C 

SAMPLES 

SS 

-S3 

/i 

yi 

s* IS 

"55 * 

tiji— 
?-» — 
--is" 

7 
7 

3 

7 

PU^ . | Z* IIH3. 

CHECKED   OY 

■    RCUARKS. 

(Drill Dolt, FkiU km. CKJof, «tej 

fejki^&ysw 

pjrO S^S> 

pXÖ ~ NJ k 

7 

'i 

piö=i°^ 

„OATÖ2- CUTOfiS <£ 
/i/.O ft-ET AT£> 

SHEET. LoF^l 

A22-41 



■f        ti$iü»>? 

Woodwaitf-Clyd« Conaultanls ViiP' PROJECT NAME 
&e JD-Q. J- .»IOLE NO.. LSß-2.3 

ofc 

DESCRIPTION 

1^- 

CUAHIIIC   1.QC 

Lllbolofl» 
mialMkm 

P^- 

•: 

V}VO^*A 

3/4 

3^ 

(CL 

*: **- 3D .5 reef- • 
^{'.tfVvi 

PROJECT NO.. fflmaMfl 

* 5 
RS 

S*MPLCS 

:SSi« 

*5J 
o" 

/2 
1*1 

'  «CUARKS 

((VIM IM«, FWW Uli.tMx-,«! 

• 

pi:b = i^t> 

"55 tf 
7 

j 
p^siofc 

"S5>/ 4. 1 

• 

Di?<1UC^ pM. 

-■; 

cc 

•55 

if 

7?c 

SHEET _sL OF J? 

A22-42 



fcl*>!8!> 

/»TA &>e O.o.J.   ■  
Woodwmrd-CIydo Conoullants VJSßV PROJECT NAME    

i I       r.UAVtiir  iflf,      I        I«; SAMPLES 

-HOLE NO. LSB-73 

a" 

3*:: 

OESCRIITJON 

33^r- 

pi 

3^L 

5 

Llit>oi«fly PUnrMtar •£ — 
iMlellatk» *£ 

.   / 

■K 

■TV' 

<tl- 

S6: 

Clays ten z,      :. 

PROJECT ■*»   f&nciM 

SS . r=*~ —• 
5  ?«5«   {Drill IM«, FViM k>i,D4w,«<c] 
« *" *  

."£ 

REIURKS 

£)^*v*v n*» 

a^? ^^ ^cJL 

D#v*Oe</-   f^V 

SHEET JL OF ;Z- 

A22-43 



^***8.3*S!Ji 

Vfoodwaft^CfydoConguKcnts yjffi PROJECT NAME Co? b.o.J- .HOLE' NO. LSb-A<f 
UOHING LOCAT.0H   LiM€ SerrVLA/f, "&AS>'->$ 
OHIU-INC   ACEHCf CAytfe TÄsesT&ÄfJ oiiiu.e«^w,\ CiroSJ 

PHILLIMC EQUIPMENT ^^g g-^   u^    fc-T/y" «t> fP4 

UMILLIHC   UETIWO 

SUE   ANO   TYPE  OI:   CASING 

Iht/ttS   $J*,«tlM*fA,S OHILL   OIT 

TYPE   OF   PEHFOHATION 

SIZE  ANO   TYPE   OF   PACK 

TYPE  OF   SEAL  . tz&o^T 

TX. 

ELEVATION ANO OATUM 

OA1E   STAltICO   4-^\--f(,    /  6- 2 fc- 9a. 

COMPLETION   OEPTH^jff-g'[SAMPLER w^ jyVW JfrfaPU 

NO. OF 
SAMPLES 

WATER 
ELEV. 

OIST.     -T>        JUNOIST.     / 

Fliiswa       'cOMPL.^     |M HH3. 

LOCCEU   UY 

TO 

FROM D    "Z1.f 

OESCWPTON 

S. ^otzfi:s5<rrv^ 

CIUI'IIIC LOG 

Llllulogy 

3- 

8- 
beu>-^ei w~oI^"t~ 

Pteromltr 
tnWIotia« 

^» 

PROJECT NO. Zl^c/rfA 

ST « 

SAMPLES 

<T5 

CHECKED   BY 

•    REMARKS. 

(Drill RoM, FkiM tot«, Odor,«lcJ 

SiUT" 

4 % 

::s5 fl" 

pro-■**£> 

55 

55 

^XZ) = «A^ 

jo 

ft 

i 

-7 

1 

pxö-r^b 

SHEET. / .OF. 

A22-44 



*jj: 

Woodwmrtf-CIyde Consultants 1&F PROJECT NAME 
TJ>€ s.&.i- .»KX.E NO.. 

L56 -*</ 

2~ 

j(sfcal 

DESCRIPTION 

/j2:: SA**G"V ^:/-fysa^-f:^-^~^ 

<?3- 

0 

GH ACH IC   LOG 

LIlKolofl» 

7* 

#^- 

2? 

^4 

tf« 

3o- 

3/-'- 

3^* 

me^H&fiyi kfr\\ 

PUtonwttr 
kiXollotk» 

PROJECT  NO. 
£<jl^C/tWA 

* c 

it ° 

SAUPt.ES 

::S> 

^5 

7 

REUARKS 

(OrlH Mt, n«U Uti,tMw,*tcl 

ß/lau'."-*** 

IS Plö -7-.Off" 

"& 

cc 
4 

'1 

19 

(o 
19- 
17 

'ßcttb»* /iarM 

A*1.S 

SIIECT. .or 

A22-45 



Woodwnrd-aydo Constdtanta «SEy PROJECT NAME Cos 2>.o.i -HOLE  NO. U&-9& 
UOHIW    LOCATION   (_;„£■   s£Tr-UfJ(f      -QASb^S 

m,LuuG «cccT usyt/e-wesT&s/^ "'^Y.^.'^ 
UH.LUMC euo..>Mt.ii(%rjer'?5t> tj6-yr"oo töfl 
UHU.LIH<: METHOD fivL.Lo*/ S7F/vi flUdefl-S 

LLEVATIOH AMU  DATUM 

OAI£   STAIIIEO 
OA1C   FWtSHCU -7-^-% 
COMPUT.OH  ow*»c{,3.">  \'"""'Lt'3" a/> SflfJ-Sfar* 

M»     l\r 'iiicl I    — !UMUIST.        -7 HO.  OF [utsTI rt        JUMOISI.      7 
;AUPL CS     ! It-3    i ^~ 

SIZE   ANO    TYPE OF  CASING 

TYPE   OF   PEHFOHATION 

SIZE   AMO    TYPE    OF    PACK        _ 

TYPE  OF   SEAL 4A>^T~ 
FROU o 10 y>5-F 

WATCH 
ELEV. 

jFIHST. =7.» iCOMl'l I 24 HNS. 

Loccco ur 

S. /nößßrsst^rrr 

ojs 
OESCniPTON 

I 

a. 

3 

</4- 

-7        |w;s+; toy*-*/} \ov*»^y*fpa* 0/s- 

Fill 

74-r 

o7 

'o. 

p- 

?OJ!ICT  NO. ßcftMC //Y/l 

&i. 

CHECKED   8Y 

•55 

;L 
:S3 

3 

flCUARKS. 

(Oftlt Rat«, Fkikf leu, 0<l«, «lc.1 

n h 

IS 

fr\ 

55 

ss 

0 

** 
?. 

(5 
•/ 

£ 

f 

}i.XO =-r-i£> 

f\TO 

p3ZO = *>£> 

SI IF FT / ("IF 

A22-46 



. Woodwnrd-dydoConkullnnls (§^P mOJECT NAMC      £*&€"    JJ.C». JL -HOLE NO. LSß,~2? 

ocscflimnoH 

CHAHIIIC    IJOO 

'.'. U*-w^*u>'<s1~) {oyte-iffl &*AA-y+>i wtlC 

5- 

Kttun«   ' 
(MM Ad«, FbU Wit,'0«u-,afc) 

c-lctysfwe. 

J>/< 

siirr T /^-fir -? 

.'/t-: 

A22-47 



. Woodwnrd-Clycto Coniailtnnl* (qia? Pfiojccr NAME &e b.e>.l 
.HOLE WO. (M-d£ 

1 C= OCSCHWTIO« 

CNACIHC   LOG 

Ulhöl^y M«MfMl« 

37~ 

Jays-far) e 
3?T iLd     co"bo*oX.eo*Al   . 

0--- (p £C<yi^Li>  loyt^pl^wn toW^V^ 

7- 

>-hoH 
JCCT   NO.    ÜCtMC/fM 

*5 

SAu«n.rs 

:** «/7/>" 

RCIUAKS 

(O.III (Mt. FbU U»,X>dMt«tc) 

L 
'-.2Ll uz *k pzro '■=;■ ^/T* 

-I j_. ..i I _l_i 

SUCHT .-^. nr -? 

• 

livv* 

A22-48 



Woodword-Cfydo Consultants v&y PROJECT NAME £oE b.o:l -HOLE NO. tsb-v* 
OONWC LOCMioN^-^g- SSTT-ÜIJ4   BASi^S 

wnimc Acewcv Uiyrfgr-ir/ersTF/Z^ 
O...LUHC tuu..-Mt«, <:^vt<;- ^ ^.^ (,-<r/y" //s/t- 

»""■t-t:"/g. P<\fi#GO- 

UHH.I.INC   UElltUO tfvUcW S7F/V1 /1U4QZS 
SIZE   «NO   Trf>£ OF   CASING 

liri'C   OF   CEKKOHAtlO'l 

SIZE   *«0   TW£   OF   HACK      _ 

TYPE   OF   SEAL Grrowi- •FIIOU 

ELEVATION  AIIO  DATUM 

«■M.WON   DCtlMJI^      l^gfS^/H-yaot. 
HO.   OF 'ni<-.I. ^       lUNOISI.      T MO.  OF JuiSI. ^       5" 

SAMrtCS      I    O       i 

MATED 
ELEV. 

jHIMST lo JCOUI'L. 7.5" i | 24  IIHS. 

LOtCCU   ur 

<?10 3T 
S. yncitzKssefr? 

ojj. 

i**S> 

zr 

/ 

3- 

£"4 

OCSCniPTOM 

AK) 5«' 14* SÄ*>4, f\*M.-ff<St~&..faur)y 

::p;i 

CIICCKEO   BY 

7 

f ■ 

(pO s"'lh ccfi/j '^ "^ 'JV,*^M'k*~ 7 

;k;4^ K'^o,$+- 

gy^JLiL) KHö^KA*^ JücJ&e« f«VM   ' 
I &r-^ 

"    J3<?C<rr>^5  «"->« 

^-Jr 

/3- 

,/J-_ 

/ /    / 

REUARKS 

(Drill Rol«, FVild ton. Odor, ticj 

-?:> 

frl 

0«,    4,-27-}«». 

f3=0 -4'fCf"* 

ATxO   ^ofr) 

f>;PO iKib 

^OJCCT NO. ßqwCirf-A fiMFFT   I    Or    * 

A22-49 



Woodwnrd-Clyrf« ConnuKiints «cflöP rnoJecr NAME CcG   b.O.l 

ZI OCSCHIPTIOM 

\w 
^fMorjuL) sil-U SAUD 4v sa*-JU. Stcn, 

-f< y 

yc,* 

n- 
1$          

l; (4>nL fp £l) j/it»>jr^*.igu flirr tc, 
- •. ' s: /K cc/>v^ rvort -pLsfjc 4° f«^ * 

9»"- 

>/- 

><-.«*>•» 
rv,aX*tcu. J«s4-;<L0 s4:-fif4o .i/e^ 

2$"JJL        Sf'-^pe-f   ioyes/3 fei--'- 

b- 

3/ 

pk>f.c. Me^uth /i^"^.o«v^ jw^^fj 
|oyiW/f rf**"^ 3«"*i- lo'-f^ £on~c- «VtfH 

•OJCCT  NO. pJ<-(mcj/+7[ 

A22-50 



\W/%rtH«mrri.riy^J»r*riri«fi»nnfit (|^C PnniPrT MAi.tr        C&€~     JJ.O.J-                       mi r un     ^-^P' ■Afe 

itfnflnfcW 

••"                                   •          OCSCOIPTIOM 

a«; 

CHAflllC   LOG              _    5 SiuHC5 

M.UlUjtk*  je 0    ~ 
it 

-'J   i'   *" rf_l 

J?  if*"" 

_                  REUARKS 
C 

Z   (O.III IM.. Flat« fcl.,-04«,.) d 

if            .w < 4w s<fv~*- '• **~ <*; A*. sA-tu; *>^_ 

I    39.-S+» 3«te-f*«*- 

:££ii 

£>ßMOC*- J"TM. 

i 
1 

1 

j ^_  < 

B»4k>l^   tff few/«*« 

% ■ • -- " 

rt ?:: 

31 £7 . / 

3? 
• ■ 

/J 
- 

>JL ,'■[. 
— 

/ 

^^ 

\ > 

: 

1           . 
• 

/                             Si 
;     i 

•    \   x         / / 
\          X      /       / :     .                 x - / 

X    / 

•- i 

Vrt****"* 
■- 

•• 
. 1 

1 

I' ' 

i 
1 

1 1    1 
1      ;      1 i    1               1 

^F   mjrcTNO.   fi^imC/HA «-.IIPPT    O   nc ■< 

A22-51 



**i*^#8p$$K 

Woodward^Clydo Concuttsnt» 
UORING   L0CA1KM*      g& ^       3£ 

PROJECT NAME. RMA   CfiE witr- wj~ LSB-VZ7 

ORILLIHC ACERCY      i^yne h/ejtem 
DRILLING EQUIPMENTC~f\Al£   ~75 
UNILLIN« uenioo 

M 

DRILLER /?, McKay 

SIZE   AND   TYPE OF  CASINO 
Ht?lls>K/ Aufer 

UHILL   UlT 

TYPE  OF   PERFORATION 
M 

SIZE AHO   TYPE   OF   PACK 
ML m. 

JTYPE OF  SEAL 

T 
• G-ro u~k 

FROM FT. 

:FROU TO FT. 

'FROM 

ELEVATION ANO OATUM 

OATE   STARIEO -7^ /T   ,^<?/0 
QA1E  FINISHED / P ' ^' owe  ^«ISIIttl ' y      M ^^ 
COUPLETIQW   OEPTII    *^3    |S*MI'Lt'<'77   /e/Zy 

NO. OF   joTsü        JüNööT:        . y 
SAMPLES       i 1 ,  

WATER 
«LEV. 

|FIIIST 

LOCOEO   UV 

fTtrr 

i£L 
jCOUPL. 124 IIRS. 

Q  "3*"\ 7 
CHECKED  OY 

Oft 

DESCRIPTOR 

;; Sanclj med ium to Hne, 3Qnd; 

i -I trace sil-ty -trace, oiqyj 

•• hose, fo M^mryj d^nsz-j 
2-'- dry to   vse-t; ye-l/pb/is}} 

.   :; • brown '-to hrowf\} LJrP) 
3-j- )oYR5/6jlc>YRS/3S^ 

H-ir 

G-- 

1 

B:.r 

11 

12-. 

(3-. 

/V-i- 

PPOJECT MO    GIMCIIH-A 

CRAI'IIIC LOO 

Lllholegr 

X    « 

•    i»   * 
i 

PklOIMk* 
inWI«Ueii *0 

\ 

'AJ 

SAMPLES 

:*2 

1 
3 
5 

3 

1 

pip   FPft   . 
'      •    REMARKS. 

(Orlil Rau, FluM Ion, Oitr, «tcj 

OiX 

az 

i7.i 

<iHFFT    /   OF -3 
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^^Mm 

Woodward-Clyd« Cotwultants PROJECT NAME. AM <^B- .HOLE NO. LSB-QZ7 

.   Is»? «   

i    clay, s/ifht/ysifidy/ 
. '■'■      wed/urn, st/rfj *•«"£, 

:•_   MR5/i 
17 

te- 

il- 

zo- 

2J 

2Z 

23' 

Zf 

25 

Z7f 
2S>\ 

21 

Wea-therecl  oUy^-fon^j h/ecky, 

-Frnctur&ijmoi&J ve-ry sfift 
■fe MarJij lijht brownish jr*/;.... 
jra-yish brow j dark grayish ^ 

bro*/i}  (£H) 

10YR6/Z, I0YR4/Z 

lOYRf/Z 

30- 

'I 
:     yery Aa^f-K grayish brov^tl) 

•"   gr&yfch bro^r)   CcH) 

-T  NO.. e^/viciitA 
SHEET _^L OF 3- 
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3---   -<»!$8$>? 

Woodward-Clyde Consultants «SlflF PROJECT NAME 
RAAA   CQ£_ .HOLE NO. LS0-OZ7 

PfJOJCCT  NO. M MC II HA 
SHEET _3_OF JL 
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VUtoodwai^gydoConsuitont« w PROJECT NAME RMtf c&£-   ■■ 
CORING   LOCATION     ^e£-      3^> 

__HOLE MH  'L£ß-28 

PROJECT  NO, 
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^"'H«^?^ 

Woodwanf-Clyd« Consultants $& PROJECT NAME RMA-cnE .HOLE NO. Lse-ze 

at. 
DEScnicnoN 

ISr. 

\ß 

Hi 

C-Uyjtandfj very siiff, \}gkt 
y&Hew\s\) browftj moist, fo 

CHAPIIIC   tOC 

Lllhstogy 

w 

22." 

rUtcmttf 
kMlalMlai *.1 

b/eq+here] cUyztone-j "er/ 

jray, bjockyjfracfur&lj 

23+ 

1? 

23- 

3Z- 

/ 

f 

k 
PROJECT  NO. _mMUlhA 

61 

B 
9 
II 

18 

15 

37 
31 

15 
zo 
to 

(OrlU U«, FhM krtt,<Mof,»(c) 

n~i 

32,6 

SHEET _^. OF J 
• 
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:'^^f>)» 

Woodwnrd-ayd« Consultants «IflflF PROJECT NAME RM  c&£ .HOLE NO. isß-ze 

ofc 

OCSCHIPTION 

::   harJ[j meiJrkj darkyrayish   . 
33'"■"   brown,   iron oxide ^tammy, 

lOYRf/z. 

3P- 

3£-: 

;; 

ia 
SAMPLES 

|5Ü 
«EU*«« 

(OrIM Mai«, FtaM tou.tMar.dd 

PROJECT NO. _E3MCdlM SHEET J_OF^_ 

A22-57 



»^^^S^fi«^ 

Wbodwanf-Cfydo Consultants © PROJECT NAME    R^n   COE.  H0LE Na LSß-Z^ 
OORING   LOCATION 

MILLING AGENCY 
5*^ 36 

DRILLING EQUIPMENT 
Uny/ie Western     I0"1"-" K, CnsS 

WILLING MEIIIOO 
OM£ 75" 

SIZE  AND   TVP£ OF  CASING 
Hiolio^ A«<re.r 

NA 
TYPE  OF   PERFORATION Nf\ 

ISIZE  ANO   TYPE   OF   PACK NA- 
TYPE OF  SEAL 

"b 

O-rowt 

TO 

ELEVATION ANO DATUM 

OATE   STARTED 
0M£   FINISHED 7-5-90    . 
COMPLETION   OCPTII 

NO. OF     JOIST. 
SAMPLES        ' 

IS rupLt"777^7 
WATER ■       JFIHST 
ELEV. J 

JUNOIST. 

4 
JCOMPL. 124 IMS. 

FT.   LOWED  BY 

TO 

FflOU O   10 2£% 

-f.^ßrry 

DESCRIPTION 

1'.7 

3'-- 

CIIECKEO  OY 

Clc\y, very £<*/fc/j// verf w/stj 
finz sand,  dark ye-llcw&h'bnw 
stiff to very stiff C^L) 

WYRH/H 

--    Sandj si)+yj ^"^j tnastlyftje 
g 11   sqnäj Medina de-rise- tc     ~ 

-'•     de-HsCj dark gray/■shh)V*s/1/ 

IO YR V/Z J W YR 6/i, lOYHZfe 

n 
ei 
1 

H 
II 

a 
1? 

v 

it*- 

P.tgJS!*. 
(Drill RaM, FMM Ion, Odor, «tcj 

PROJECT  H0._ß3MCLUiA. 

3,8 

6i.3 

SHEET LOFA. • 
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WoodwaixJ-Clyd« Consultants PROJECT NAME. am Q2£ .HOLE NO. L^B-TH 

If 

17- 

IS- 

IV 

2h 

22- 

jandy, stiff-j dry to typist; 

I     IÖW 6/3 

DESCRIPTION 

set ndj moist y hardy p* /<£ brwn 

ioYFit/G 
10 Y/? H/6 

CHAPHIC  LOO 

Ltthatogy Ptramtw 
MMWhi 

26- 

PROJECT  NO. fWMdl'tft 

SAMPLES 

6 

IG 
ze 
36 

«EMARKS 

(OriH IWt, FtuM tou,tMw,«tc) 

lit 

72, H 

SHEET. .OF. 
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<*****>$?*$*!?>: 

Wbodwm^CIyttoConsultants (^PROJECT NAME. 

jooniHG LOCATION (^'(h^  S^TTLt^ <>   tifiSfAS 

&>e h^.l -HOLE' NO. ■LS&>\ 

pawn WCHCY t jn/j±(z-i^sn=H.A        \uH*-"Hw. i^AUtige- 
  _.„/.—- :■—^r?—*-J„it ',><"/? " UIIIU.INC COUII'WEN 

MILLING   UeilWU 

SIZE ANO   TYPE OF CASING 

■ &**e -7SO u>7 G- vr" t^A 
UIIILL   Uli 

irre  OF  PEMFOHAIION 

SUE  AMO   TYPE   OF   PACK IFIIOM 

TYPE  OF   SEAL 

o& 

AA^or 

FHUU   __ 

FIIOU 

ELEVATION AMD OATUM 

DATE   STAHIEO 
QAir.   FWI5HC0 -7-7/ -*» 
COUItttW«   OEI'III 

MO. OF 
SAMPLES 

"»"ass r^gyy^^i 
WAT, 
CLEV. 

Xn        jFIKST^Q    ICOMPL.     //   I 
EV.       ;    ■      I,yj   t "   i 

• 11113. 
■M> 

LOCGCO   UY 

_2 <r fyu,f&<&?rre 

OESCntPTON 

3- 

7- 

1r. 

// 

/>4 

CHECKED   OY 

tycoons hy'<-*/'/ »C-L* iH^«-! 

• 'REUAMCS. 

(Ddll ROM, Fluid Ion, CMof, «tcj 

•p XÖ ~'r**£> 

p^lj^^b 

i*A<to9cn*jriy 

^J-Q„ **«» Art* 

pjzö- C=fPv 

PROJECT NO. 
$<JIMCIHM SHPFT     / OF'A 

A22-60 



*! 

WoodwOTXf-Clydo ConouJlanls %$ PROJECT NAME 

&GT h.O.^. 
.HOLE NO. 

css -?> 

OCSCRIPTIOM 

S£ ;  

fe- 

il- 

'fafr±?to'o*k***■'%tvJLj wfc 

srr<«^ - Öroo« -ft. hyM/f li(yL+- 

CIMPUIC   IOC 

LllhOtOOT    "«WOMUr  % 

ri- 

tt- 

7-f: 

3/: 

3X 
PUOJCCT NO.. 

j?g_ftt c //<//? 

IP 
SAMTES 

<4      C 
2 
-      f. 

:SS 

*"5s»   (OfUI IM«. ^M Un,-0<«of,«lel 

(2- 

V 

-  seiURKS 

pT.C = 1f?*~ 

SI1ÜET _<£.or£L ü... i 

A22-61 



^---"«üjsjjssift 

WbodwnnfrOydoCwcultonte w PROJECT NAME HMA    coE .HOLE HO.J=£l3/. 
DÖRING   LOCATION S&c,   3G 
DRILLING ASENCY      L-gynz   Weift ff\ 

ORILUNG EQUIPMENT      C,/YI Ej   "J£ 

DRILLED R,M^K*y 

ORILLINC  UEIIBO 

SIZE  ANO   TYPE OF  CASINC 

fto/loisAwä lORILL  OIT 

TYPE  OF   PERFORATION 
M. 
Nf) {FROM 

SIZE  ANO   TYPE   OF   PACK M !FROM 

ITYPE OF  SEAL 

Ob 

&ro^ 
jFflOM 

ELEVATION ANO OATUM 

OATE   STARIEO   -—,      ,~_0/*) 
OME FWISHEO      /•".=>       71/ 
COMPLETION OEPTH 20  |S*UPLEB *ft 'Jerry 

,NO. OF 
SAMPLES 

JOIST. SUNOIST. 

WATER 
ECEV. 

'FIRST JCOUPL. 124 HR3. 

L006EO   OY 

T>T*frf 

DESCRIPTOR 

CHECKED  OY 

pip yp/A 
?:»„ (Orttl Ran, FtuUhiM, Odor, «leJ 

2 

.3 

6- 

7- 

£?■ 

7- 

<,ortj yellowish bro^/lj 

)0Yf{5/i £&t$(SM) 

Si fry SiM"'+h °**y 

Clayj sqndy.   v^c~t ,i~o. x/ery 
moiH: j s-firf- darkbrviv'q 
-to dctrK yello^&h brov^ri~ 

PROJECT NO, eiMcimA SH! EET_/_OF_Z_ 

A22-62 



^$2l§tty#3;$ 

WfoodwattJ-Ctyde Consultants WP PROJECT NAME RMA    Q9E .HOLE Mn   LBß-3f 

0CSCKIT1ON 

\5 

16- 

IT- 

16- 

/?■{-' 

2üz: 

Z3+ 

2f 

& 

26 

27jr 

2Q-T 

30 

"•'    \^e.*lhereJ(   Cl*y*rfane-) dry 
:: . little  to-tracesand, very 

stiff, Jar Khn?v*m to 

10YR3/3;£Y6/3   . 

GRAPHIC   U>C 

LIIMcor 

V 

Clay stone.; dry to moist, 
trace. £ar\<Ä, c/ra.yisk hrvt^Hj 
ye-ry stiff U^) 
Z.SY5/Z /   - 

kwialMlor »5 

PROJECT NO. ja^//^ 

SAUPIE3 

'0 

<7 

/5 

9 

2/ 

(Drin <M4. F1«W lM«,<Mwt«tc) 

30,*/ 

<?/,</ 

T7.V 

SHEET __£=. OF 2;0F2- 
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^"^^gjJj^ihR 

WbodwnitfcayttoConsultants m?PROJECT NAME. 

OOHINC LOCATION LCVU^- 3g"7TL</^()    (üA-SPA^-T 

Ä^Ao.l .HOLE NO. LS&3X 

QHIU.IWC  ^tWCY^^^QgJngg^ °",LLEVn.u>/)U^^ 
OHIIXINC COUIPU£HT^£-7J£,   ^f  (c^S/f" OSfl 

QHU.LING   ««E»'OU|{|^//oua ^/et^. g^-J/vt 

SIZE   ANO   TYPE OF   CASING      .  

TYPE  OF   PERFORATION _— 

SIZE  ANO   TYPE   OF   PACK        

TYPE  Of   SEAL 6)ßt>ur- &      ,0JP.o 

04 

OESCniPTON 

3 

£- 

L,£CtfW.S   vor*   ("oSC 

ELEVATION ANO  DATUM ■'..<: 

OATE   STAHfEO 
QME   FWISHEO 
COMPLETION   OCPTII- 

NO. OF      JOIST.     -^ 
lAWPLcs   ; / 

?»/-f.r"PLtB3^^^o^ 

WATEH 
ELEV. 

r3.5" ! 
JUNOIST. 

4 / 
iCOUPL. m! I 24 IIR3. 

LOGGEO   OY 

^# ^ut»z<c5je*7Te 

CnAI>IIIC LOG 

Lllhologr  |Pl«o~«l«r 
mtatlslton 

./' 

£> ^C(jvw&.5   5; /-r-i *V '•"• ^<»VU^5 

3 jiOvä^j^V^c) 5"*wflkf,tr3 ***-?!***''• 

!   - 

£ 
;fr A 

*e 

PROJECT NO. 
^Hc//^ 

SAMPLES 

::ss^ 

CHECKED   SY 

■    REMARKS. 

(Drill Rot«, FkikJ Ion, Odor, «lej 

"S3 %> 

(geckos' e^°^^ 
ArO 

f>xD=r^ti 

:53 n 

:&'k 

7 

porD-rOlb 

r 
/* 

pjED^rAb 

sun: ITT _„ _/_OF_3^ 
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'^kp 

Woodwnrd-Clyd« Consultants «lüflF PROJECT NAME 
/»£■&*. 2- .wax. NO. LSß-3* 

*♦- 

0-1- 

OESC*»IPTlOM 

PCI 

n- 

V-. 

32- 

CHAPIIIC  toe 

LIlMoflT 

(&rf) srlKclM aw«5 H^ä^Puß- 

PROJECT NO. ^HC//^' 

PttronwUr 
iMtoItctkr ff ^ 

:S5 

SAUPIES 

f7 

:£5 

|f5- 

r 
7 

33 

:ss is 

o 
±12- 

REMARKS 

(Drill Rob, FluU Ut«,-0<W,«ld 

pxb = 3* ff »* 

/f 

^30 f&sr- 

J 
SHEET _JZ:IOF_ö~^ 
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Woodwnrd-ClydoContraltantg Qa$ PROJECT NAME      L>(st   S-O.J- -HOLE NO. LSf^-^r 
UQ...NC toc/moN L; „e sz-n-tju^ BAS;^ s 
UHILLIMC   ACCMCY LAytfe-wesTF?^       \»»***£. mu;ti«* 
U...LL.MC tUu.,-Mt:.,i C[/U/€  ISV^fb-W,/)   gift 
(MILLING    UttltOU 

SIZE   «NO    TYI'C OF   CASH«!      »_ 
/JoUeyS S7T/H fiU^&LS 

ILIVAIION   AMU   OATUU 

HAK srAiiico 
OMC    FOIISMCO ^T^S 

■CON   OL.M.y/.g-  |^»'^'y^0y/fya<t 

^~ÖF        JUISJ.        X jfNUIST. 0 MO. 
SAMPLES       j" 

irre of PCMFOHATION 

SIZE  AHO    TYPE   OF   HACK      __ 

TYPE OF  SEAL 6A^r 

FHOM 

WAfCII ! FIRST-7  _,      JCOUI'L.124 IIII3. 

10 Ft. j LOGS to ur 

r- 
I- »- 

OV, 

77 

;FHOM ,—       ») fi] 

ÜIIAI'IHC   LOG b SAtU'ltS 

OESCaiPTOM 

CIIECKEO   BY 

REMARKS. 

(Orltl Roll, TVM lot«, Oder, «IcJ 

■£7-; — _- 

'4- •  ,     '   tt   -w««a.-ä«w4e.      0      , 

fceJ\fi~Sc-~JL/s>l-f- 

7 

■■nojccT NO. G'fmc//*/■/} si IF FT 
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Woodwnrd-CIycto ConimJlnnis «ÜflflF nnoJECT NAJ. 
„g      &F   j),6,j .HOLE HO. ##• 

?M 
OCSCmPTWI 

74,4- 

CM1IMHC   1.00 

WxUIUIIor 

K.^gl^j.l "*}3l: .y 

?r- 

#4 

Ja-; 

.-/■ 

lOJfTCT  NO. ^f'^ci//i7f 

li-: 

SAun.cs 
•> 

5^,5 

^5- 

55 a 

7 
7 

ncuAtiKs 
((VIII R«li. FWW Ui.,CMo<-,.(c) 

/ | /,*c»T «*M 

^XD=NJi> 

All |U»UU< 

5 (Oxö-tOi^ 

S5 

/4-/Z KOI Ul*1 

S3 \B 

I L.V_L 

'^ 
3Ü 

Cote. +**4-l 

"-.IfFFT A> Of   ? 
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Woodwnrd-Clydo CormuJlnnls Qjtfjy PROJECT NAJ. ,r      Ce   b.O.l -HOLE HO. 

nCUARKS 

((kill not., FluM l««,'Odar,tlc) 

^^ 

«3£- 

?3 

3^-- 

3^ 

4 <ps*~Ly h<<jk>,ytJt«lheviJr 

3f: (c/fj ^ ^ fthue^* U; 

^!t*j?* w» - 

/ 

iff 

5b- 

Ü' 

:r 

-o 

W.rccT wn.   tfctWC/Wl 

-I- 
I !_! I 1. 

Cov<- ^'^l', ^*«*- 

ib ̂ t»A->ei^ A*. 

ri 

OIPPT ->   r\c J 
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«sfrjMjteöö 

Woodw^Oydo Consultant» ©PROJECT NAME    f\MA   C(?ß. 
DOSING   LOCATION   5<££       3^ 

_HOLE Mn'-'Lf/?3¥ 

MILLING A6ENCY La-yne   Wei-fem 
omujwc EQUIPMENT     ^/yj g    *7^" 

OOUXINC   METIIOO 

DRILLE" fl.dk/6y 

Mnllnu/   S+an I ORILL  OIT 

SIZE  AND   TYPE OF   CASINO />       . D V O- 

TYPE  OF   PERFORATION I /J    SIc't 

SIZE  AND   TYPE   OF   PACK 

TYPE  OF   SEAL 
W-7JQ 

ob 

I 

1 

3-i 

G 

ße-n't&nt'te. 

FROM 

IFROM 

\S,1"ZS,T 

FROM 

V*.Ywg,7 FT. 

ELEVATION ANO OATOU 

OATE   STARTED 
QATt  FINISHED \fh*b/>   6/237W 

OEPTIl   U£ SAMPLE«     -T- -£,,. COMPLETION   OEPTIl   ^    ^SAMPLE«  ,-y-* "far f y 

NO. OF 
SAMPLES 

loiST. •UNOIST. 

WATER 
ELEV. 

IFIRST iCOMPL. TZTHRST 

LOCCEO   BY 

77 7~* fry 

DESCRIPTOR 

■£<md, slightly  &l&y<cy-j media) 

mois-tj dark ye-lloh/ßh Jjw^i\ 

-WTY 

JL   Sancf 

7- 

6- 

/<7« 

//4 
IZ 

/4 

meqwrr) fc-f. me sat 
5>H~V j loose to mecj/urr) deipCj 
sightly mois-t j ye/famish 1?JVIS/) 

mtt\ 
slightly wistj jjejj^tfk 

(s?%  toXRH/3 
/ 

PROJECT  Mn      ZU?±&   &9MCI/W 

CHECKEO   BY 

REMARKS. ' 

(Orill Rate, FuM Ion, Odor, «lej 

3 
3 

7 
6 
6" 

HP 

HP 

NP 

HD 

SHEET_J_OFj3_ 
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Woodwarcf-Ctyde Consultants <12flF PROJECT NAME -HOLE NO.. LM^i 

17:_: 

OESCMIPTION 

•«>>'    vSi>:fijJjf<>Jf 

22+ 

23- 

5a AW, <r//Y~y■ j wert d&nse 
iV very  dense-j grayish 
brovsrn,   ICPYRS/Z-  (*P) 

zH- 

«■ 

26- 

27- 

2S. 

10 YK  £/?     (CL.) 

GRAPHIC   IDC 

Lllhology 
iMMMk» 

\  N 

'*',-»« 

3D 

32 

to/&4fherej   Sands fsne.j 
clayey, s/i'-/y/.medium fo 
i^/^e   ^ctndj   layered; hard 
•ft? very hard)  +hw m-f^rheMc^ 
sil+sivnes z I /"<^, g^y^h 
brown j  10YR6/Z  f$C) 

Denver  Pe>rmail^r) 

-£v. 

PROJECT  NO. wacuta & 

IS 
SAMPLES 

|sls 

6 

8- 

II 
IH 

3 
7 
7 

5^ 

(Drill IM«, FKM tM*,(Mor,*<c) 

NP 

HP 

NP 

NP 

1,6 
SHEET ^OF.3 

A22-70 



Woodward-Clyde Consultant« WF PROJECT NAME HOLE NO. . l-#-3f 

*?' fl»<! 

•32- r 

371- 

38 

HO 

'It' 

fz- 

OCSCKK'nON 

t-lays-tone-j sanely, s>I^Yj 
sl'ijnty rv\e>is~tj J lightly hlccky, 

harclj //iferJzeddect silfstofizj 
a M ßands-toneSj dark 
yr<\y/s/) Iro^Hj lOYRV/Tr 
C4LU-<LH) ;.    m " /—:— 
p^nver Formatier) 

PROJECT NO.    eiMC//4A 
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Woodwan^gydoConsultant» ® PROJECT NAME -£\MQ COfc-- 

OWING   LOCATION       <eC      ~2> 6 

__HOLE- m:'-^B-3£ 

DRUXINQ AOENCY     ^yMg ^af/ie/'rt 

0RHUN6 COUtPMENT     JA*  C     "7_5 

DRILLER R McKa? 

■»*»«« ■"'"»   Hnlln*/ Z+*rr\      \ OHILL  OIT 

SIZE  ANO   TYPE OF  CASINO      JL£ /MPJ/6- 

TV«  OF  PERFORATION       J/?    ^ /    .£ 

SIZE ANO   TYPE   OF   PACK      /fl^fl   £dngf 

TYPE OF  SEAL 

T 
Beh ton ijc 

IFROU 
i 7,1,0 27,7 FX 

ll^T0.?r:;: 
1 A     TO •    . u. FT 

oh 

I*. "   /T 

OESCRIPTON 

V._ mo]s±j brownj fiiff) \sc) 

ELEVATION ANO OATUU 

I-.IT lUNOIST. .   . ' 

COUPLETION 

NO. OF     JOIST. 
SAMPLES     1 

{UNOIST. 

4- 
"AVS-   !F,H5T<y.i i60"^/?^! 

24 IIRS. 

LOGCEO  OY 

T Terry 

GRAPHIC LOO 

LIIMW 

»i^^*««*^^; 

* 

l»l«io«Ml«r 
IrttMIOllO« 

isT 

J    Sand, eillyj ol*yey, """S^J 
£±_    medium denSG-j t?™*'"' 1*°*^ 

-_\     (*p)}   IOiRH/3j ^e-t; ., 
£.11      ye Howl]   bro^n    jO^RS/H 

(SM) i\Y 

7i ..^s 
9Z7 

■■'■'■   V 

JO 

vi- 
iz 

<% 

*0 

I 
2& 

SAMPLES 

^v 

:-Nl 

* 

«.   • •If»*-» 

jA Ti^ct   Pafe.) 

if 

3 
5 
S 

3 

3 

Z 

PROJECT  ™       eiMC//V/4 

CHECKED BY 

■  'REMARKS. 

(Drill RaM, FWd IOM, Oder, «lej 

HP 

NP 

GJ 

V 

SHEET. .OF: v3 
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Woodward-Clyd« Consultants HilflF PROJECT NAME 
RAA.PI   COE .HOLE NO. LSB-35 

o& 

w& 

IV — 

Z6-: 

id-.': 

20:s 

-&X 

V 

23-T 

21 ± 

20 

3/± 

3Z- 

ocscovnoN 

C/ay,  ^e^y sandy, rery 
S-t'irf-j \/n/e-tJ jrc\y/s/7 brown 
we.±JLCL)J   sind *°nejj 
IOYRB/Z/ f>aU  bro^r\ 

10 YK 6/3 

Cl ay, SQndy, sIjiypP'e.ry 

I   brown' (ct-Y //oYRt/f—" 
<.    \   /   / 

X 
V 

\. s. 

s-ti-tf-j   moist, dark redd*/) 
brown   Cc-H) 

PROJECT NO. ftMCilfA 

CH«rmc tjOO 

UUMtooy 

2^ 

kniolMtai 

X.. 

\ 

I* II 
sAMPtes 

7 
13 

\13- 

ftf3 

rz. 
17 
IH- 

7 
// 

12- 

1 
13 
1Z 

(Ort« IM«, fkM tM*,tMw,*lc) 

A/P 

NP 

A/p 

NP 

SHEET _^OFJL 
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Woodward-Clyd« Consultants © PROJECT NAME. (KN\U   OOE .HOLE NO. LSB-3S 

2~ OESCKimON 

':':  IOYR6/1   L$P) 

37$- 

*/■ 

Hz- 

GWAPHIC too 

LHMagy FUnmtor 
IMMWIW 

mo ist j hardy IO-fR5/H (CL) 

f SI 

/   / 

PROJECT  NO.    fftf/lfl*- IIHn 

SAUPLE3 

if»- 

% 

(Odd IM«, FhaM WM,04«,«IC) 

37 

27 

SHEET _=£_ OF 30F3 
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WoodwaixLClydo Conoultants Vgy PROJECT NAME CbGT D.*:4- -HOLE" NO, ; CSß-3L 

oonmc IOCAUOH u^£ sern,;^ <j BAS^S 

QUILLING  A6ENCY (J^y^ff  6J^3Tg»-M |t""LLEI'A» ■ tO^t/^g^ 

UHH.UNO EUUIPMENT (^4^- 7-ft)   Co/   lo-f/f"   jfS/t~ 

UHU.LINO   ULTIMO 

SIZE   AND   TYPE Or   CASING 

OH ILL   011 

TYPE   OF   FCIIFOUATION 

SIZE  ANO   TYPE   OF   PACK 

TYPE  OF   SEAL 

ELEVATION AMO  DATUM 

OAIE   STAIIICO 
OAtF   FWISIICO -7-IL-9i> 
COMPLETION   OCPJII 

HO.  OF 
SAMPLES 

/y.r |5>M"LCH3^^ sfirhy*^ 
JOIST.    J, JOMOIST.     

jFIHST   p.        iCOMI'L.   ///) I Z4 IlltS. . 

x~ 
0. w 

'     ..    r . ^~\    -I     ..,„   «,:/-rx VLin4i>^i>Jlw 

3- 

14 
5'- 

7- 

f 

/>*>*.. W+; Spll '"f+ 

fell)   s^S/»^^^*^ /'«^ 

/A 

- ijZCu^jL^ /o 

PROJECT MO     fff*C/Ajf» HEET_Z.0F.AL 
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r-H<a$s$8# 

..,       _.         ._» *■»•_   i./» ..lfnnl«  fflflCnnnirrr UAur Cb(F   0.Ö ,a~ .«,» tiß-^ 
WtfOUVWUU-UyU« w»ii>u.u»«»   «wiif  ..«.- — - - 

n 
]                                 •         OEScn,PT.o«                                              IMUo»   "£ f |  § 

-■    i'   c -"-c _              •  RCUARKS 

i   (0>I0 ItaU. FluM Un,-(Mw,«ld 

ill     '-«V     (-T                                             1- 

■r. 

„ 1 

-     fill    (1) 

„ 
M^ttCKA'ti1--»«»«''*»**» 

• • 

f*°-.r 

11 • - 
7- 

(t "" 

(?■ *•" ■ • 

'h- » - if . 

9i. . — 

v 

•- 

9^ 
'■'' 

i 

?-}'- '_■'•' 

■ 

- 1 
pfi ^■- - - 

- 

tf- 
■                                           ~-~ —_ ._ 

' 1 

g£. -                                          ' -     ■'        ' 

- 

n'i;. - - ~ 

&: 
..           ..         .                  •'   ■ ) 

-■ 

&~: 
X.      /    / -- 

3o-;- -- 

3K: -- 

y^'- 
pnojcc r M„   &*cim SIICFr.2i.0F_2> • 
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«&1 im 

Woodward»avtioConguHnnt» w PROJECT NAME 
^DA£ 

OQRIHC LOCATION   £,//*»£" Se"TTL(*±()   ßAS'i^S 

DRILLING ACEHCY (Jly^g- QgS^yVM 

DRILLING EQUIPMENT 

DHILLING 
III _   / _ ' . _ ItlMII t 

SAUPLE 

SIZE   ANO 

"£,"°0 M>/A»^ ^S^ G^^S 
TYPE OF   CASINO ~ ü 

UNOIST. 

F,HST/z'.5' jcoa,,t" 

TYPE  OF  PERFORATION 

SIZE  AND   TYPE   OF   PACK 

TYPE  OF   SEAL 

T 

oi 

DESCRIPTION 

-HOLE NO. 
■Lst-y? 

"3" OQ Jflrhjflx» 

124 uns. 

CIICCKEO   OY 

■    REUADK5. 

(Drill Hon, FkiM toi«, Oder, «tcj 

/ ~i>H&«rr  fill ' r 

r-":   ,**&f*M &*«£>*•*«*> f^nl * * 

3i:       Fr// 
n 
£-- 

7 

V 
/a 

PROJECT  NO. 
%1t*ic//<fA 

fill filoty 

pxö-^ö 

p-3=0=/^£> 

/)|^; it»*- 

SHEET. jLotxzL. 
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^->*^-sWJj«Jj«3f 

Woodwtwd-Clyde Consultants QjjflP PROJECT NAME ObeS).*-2- .HOLE NO. LSfi-V 

DESCRIPTION 

,t~c - 
rJkS-, 

7T-. 

3 

# 

&'- 

CIUCIIIC  toe 

Llthofeoy 

rnrurcT MO. WhxCt/l//f 

Pforonwkr 
Intonation 

a c * ° 

SAUPtES 

•S5 re 

&5« 

«EUARKS 

(<XIH IM«, FWW Um,tM«,«ld 

• 

ofrfS-.-s fr**3 

'■:■ 

-•.urn <?~nr <5~-or_^ 
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Mfoodwxtrd'CIydo Concultanto W PROJECT NAME ■fi/ftfl  r.ö£      ■ muL-No-M-Pl. 

PROJECT MO       01M^    iMk 
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sSSMfejSi'ift 

UfoodwattJ-Cfycto Consultants Wr PROJECT NAME KM A cö£ 

a- 

77? 

DESCRIPTION 

/7:r 

/?■:: 

22 

OHAPHIC  LOO 

LHKology 

zands-tene, h^rJ/ dry, 
layeredj hrouy/l^re&n 

Nttomtar 
kutaltallor 

^ 

23-f 

25- 

iL 

PHOJECT NO, 

y 

TZMKHLM 

SAMPLES 

<f-e~ 

/«E 

c 
b 

6 

6" 

.?iP Will 
(Orllt IM«. FluM l««>,'04ar,«lc) 

36 

761 

3i 

0.1 

SHEET _rL OF _E: 
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Wfoodvra«I.CIydo Conwiltants ® PROJECT NAME.  ' ft MA   ^P ß       ' -HOLE" tiO.JLLz 

7 

/<?-£ 

// 

/Z 

If 

Sqndy^ilty^race day, moist, 
very dense-, yellow'is.h hroivrj 

h/eq+herej Clay£^oney very stiff, 
moistj bloc-ky  -fractured/^ 
calcareous, dark yellowish' 
brv^n, ohlsn gray, c>l<*e hwn, 

PROJECT m^SlMSdJJtA 

A22-81 



Woodward-Clyd« Consultant* «IflflV PROJECT NAME RMA £°£ 

$&$^i>i&8tt> 

Sfc 

HOLE ™    DM-02. 

DESCRIPTION 

'"If" 

'Hi 
20-± 

2Z- 

^: 

XI-- 

C /ay * "ton Cj Jiarc/y r*\ pis~t 

■■   -olive. bro\*/Y\j bro^ri 

30- 

PROJECT Mn      $1H\C-\lH/\ 

A22-82 



•>!$?$»i.-!'?i?>£flj!i> 

Wbodwxtftl'Clydo Contmitonts ® PROJECT NAME J1MA- ^E        ' -.HOLE- mrAlz?? 
UOHING   LOCATION      5C£     Q)   I 

OHIU.IHC AGENCY / «v^.   Jester?       r^R./fl^Mn gff ^1=   J"^-.9£ 
umu-wc touieucwt       'Q/^[ jg fSO 
UUIU.IHC UEIIIOU 

SIZE  ANO   TYPE OF  CASING !ASIHG A / /I        ^ 

OHILl   UIT 

TYPE OF  PEHFOHATION 
NA 
NW 

SIZE ANO   TYPE   OF   PACK NA 
TYPE  OF   SEAL G-rowt 

FIIOU 

IFIIOU 

FIIOU 

ELEVATION ANO OAtUU 

ISAUPtjEU 7:7s 
NO. OF 

SAUPLES 
Joist JUNOIST. 

erry 

WATCH .       JFIIIST    C1         JCOUPL. 
ELEV. !     • g I  

124 IW3. 

2- 

3-; 

$ 

DEscniPTON 

CW sandy, Hue sand, moist, 
meet 1 urn stiff, dark grayish 

7- 

5c//7c*/; ^///"/y medtunj-tofiite 
sandy mo'is-tj loose., dark 

IOYA5/3 

9 

10 

7/4 

Clay, zanäyj  moist/ jrer/_ 
f    stiff y dirk y^l/o^/sh..__J_ 

ir«?^ browftj oh^e.y trace 
sandyc-^l^fj0^ (Cl~) 

13-. 

lA/eat/iered ^«V' stone.; very stiff 
•fohctrj, moist) frc\ce scify 
blacky, fmcj'ured; oltve.  • 
dark bro^rij layered CCH) 

5YV/3       ' ' 

CHECKED  OY 

PROJECT NO. g<? M C /M 

'      •    REMARKS. 

(Drill RaH.FkiU bM, Otfftf, «Id 

Pt£> Pfti 

Z-2 

22 

70<? 

V50 

>HEET_ .OF_Z_ 
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Woodwarcl-Clyd« Consultants «iilflJ' PROJECT NAME R/AA  oo£ .HOLE NO. ^ Nil-03 

ofc 

DESCRIPTION 

If- 

I5'}- 

/£" 

IT 

19 

II i 

2-/:: 

CHAPHIC   U)C 

UUtttooy 

"5)iafrtly +raci~HreJ/ -trace sanj; 

dark hro*/flj laye.recj (Ct-\) 
5Vf/3j IPYH3/3 

Z 

22- 

23-f; • 

Zf- 

MtMMtar 
iMlsl lallor 

PROJECT NO. _£3MCMM- 

2 e s» 
SAMPLES 

1: 

2-0 

36 
59^ 

REMARKS 

(Dritt IM«, FkiU la».(Mftr,«lc] 

P/PPP\ 

38 

2-5 

HV 

l°l 

SHEET _±rOF 2.nP 2. 

A22-84 
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Woodwnrd-CIydo Concultents & PROJECT NAME    n/n/f   CJ) H 
■■•'•'••■• ^'■■.-.■/vi./1-^i/ 
.HOLE" NQ/^^W^ 

UOKINC   LOCATION gcc    <?/ 
MILLING AGENCY 

uHtLUNfi «Mnrwc«i^ i/j £T    "7^ 
Uyw&   h/esft?™     r^K.McKaV 

UAU.LING  ucniou 

SIZE  ANO   TYPE OF  CASING 
Ho (fa*/ Auy 

Nr} 
TYPE OF  PEHFOHATHM 

SIZE AND   TYPE   OF   PACK W£ 
j± 

TYPE  OF   SEAL (rrptf£ 

ELEVATION AND OAlUM 

.SÄSg   * 7-/2-7(7•      7^/g^? OATE   STAHIEU 
OA1E 

Ob 

OEScmrww 

2 

6 

7f 

/L>7 

II i 

/3- 

/ft- 

Clayj sotndy, d ry to meist; 

S-fi-pf'j bro^n  it> darkbrowti 
(CL)    /OYA3/3, ioYXH/3 

dryj s-rif-f to very firff) 

brown j   e-oliQH jCL 
IOSR5/3   . 

J    C lays-fane, Htffe   +p trace  jr    > 
5ay\(/ j hard.; i^\&is-t -to very ^ 

very dark grayish byowfl, ^ 
also ye-er\j blue., olive, dusky. 

PROJECT NO.. g? MCI 14 A SHEET. _l_OFJZ 
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Woodwnrd-dyd« Consultants UflflF PROJECT NAME .   KM£ .HOLE NO. , Mi-ot 

i>mm^mss<: 

pnojccr Mn     o^MC/ZV-/} 

A22-86 



WbodvwrtClydo Constant« ©PROJECT NAME —ßMB    CO ß    _H0LE- NO. J&tP$ 
UOHING   LOCATION     %0Q Q   I 

(WILLING AGENCY 

uniLUHC EQUIPMENT   C, FJ\ £  ISO 

'  Tidy*/ /T«ygZ 

Uxvhe.   U/esfrr/1  r,u-EHM,Walter 

0MIU.IN6   UtllKJO 

SIZE  ANO   TYPE OF CASING 

UHIUL  UIT 

TYPE  OF  PERFOHATION 
ML 

SIZE ANO   TYPE   OF   PACK 
NA 

TYPE OF   SEAL 

_  

M 
Crrtr>\rt- 

FNOU Ft 

FIJOU TO FT. 

FNOM TO 25 

ELEVATION ANO OATUU 

OATE   STAKIED        *"7_ / 7^    ^2/5 
OM£ FINISHED      /    / r ' 
CQUI1ETIOH   OEPTII   ^,jpJSAUPLEH   «y-* 'J^ffy/^ 

NO. OF 
SAMPLES 

WATER 
ELEV. 

,'UIST. 
I 
jFIIIST 

JUNOIST. 

JCOUPL. "IzTÜBsT 
LOGGED ur 

T.Terry 

Oü 

OESCniPTON 

outline LOG 

Lllhelegy 

/   - 

2-" 

3-1 

9-- 

ScnJj cUyty, sjl+y, dry. 
■fo v^ertj me.diu/r\ tfetfie 

fo very de.n$e.jbrc>\»/ftj 

'\j^.Ilov%/'is^ broh/n  (SF) 

/OYft£/f 

i 

PUtO*Ml«f 
httlrflflUOfl 

// 

It" 

SAMPLES 

We.c\ihere.q  dltxys-fpW3.   */ii~h 
in-herhe-ddeq -sil+fttfti-eS and 
sancisriano-Sj vary/sfy'-ff; 
ir)€>\3-k   -fa very tnetJrtj /iah~t 
olii/e-jrcKVy li'yh-ir jr*yjs)i brpits/i 

v.'\ 

A 
PROJECT  MO S^MOUHA 

CIIECKEO   OY 

II 

v- 
T- 
6 

G 
e 
is 

13 

16 

'      •    HEUABtCS. 

(OrUI RaM,Fkikl to». Odor, «tcj I Ran, Fkikf toll. 0. 

P/P   ^ 

ro PPtf\ 

J&PPW 

133 PPM 

SHEET. __L0F_2^ 
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Woodwnrd-C!yd« Consultants WP PROJECT NAME RMA   COE .HOLE NO. MI-0* 

Wir 

l$< 

/7i: 

■Hi 

22 

23- 

2* 

2S 

oEScmmiOM 

CWOPIIIC   LOG 

LUMö^y Mam* 
iMtOlMlM 

C\<\ytrtonejv'th +h'in 
inte.rbe4de4 sandsfoyies uncj 
si Itstone-S'j hardj mip/s-t, 
jrckyi'sh brown   C^Hj 

2,6 YS/z. 

PTOJECT G9.hAC/m 

SAMPLES 

115- 

2X 

■  REMARKS 

(Ort« IM«, FfeM lMI,'(MM',««d 

70" 

J5 

G77.PPA\ 

30 PPty 

31 PPM 

SHEET J^L OF 2=. 
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Woodward-Ciydo Conoultnnto IQSF PROJECT NAME CDG b.o.l .HOLE NO. m-)H4>^ 
BORING   LOCATION 

DRILLING AGENCY 

W-{   fc*>oJ 
Uty^C -^&T&^ 

OHH.L.NG   Mt.HOU ^//JU>   j^e^/iwi 

0",U-ER/f./?/itr.-^>K 

UM ILL   OIT 

SIZE  ANO   TYPE OF  CASING   

TYPE   OF   PERFORATION 

SIZE  ANO   TYPE   OF   PACK 

TYPE  OF   SEAL 4/feuT- 

FHÜU     _ 10 

10 

ELEVATION  ANO   OATUM 

OATE   STAIUCO 
QAIt   FWISIIEO 

COUPLETION   OCPTII 

NO. OF 
SAMPLES 

WATER 
ELEV. 

01 ST. 

^0  [SAMPLE»^   v/,.^ 

•   7 
FIIIST 1« 

JUNOIST, 

4 L icouPL. jjp TzTiiiisT 

LOGGEO   UY 

10 

w w 
OH 

DESCIJIPTON 

'pe.* 
Srutß&sseftz' 

CIMI1IIC  LOG 

LHholcgy 

3 1 

3- 

rr .äU -(oWiiwn 

j 2 £ 

7 

r 
?■ 

y/- 

/3- 

hiMlotlon 

^ 

fee  «-Ct^   tlMy«,WfO»rii*-i|j!/^. 7T 

L^£ 

^ 

SAMPLES 

CHECKED   OY 

'REMARKS. 

(Drill RoM, Fluid loll, toor, «tcj 

:SS'S 

St 

SS* 

IS 

% 

FiKcO 

g 

'« 

pXO = rJb 

:ssis 

f, 7 

pXO-rOb 

l*i*«-i 

pTD-HÖ-h Ifp 

PROJECT  NO %9l*Cf/(/4 SHEET. -/-<*. 
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i^öSTSSfiSSs}* 

Woodvmrd-Clydo Consultant« 
/Z(c- D.D. £ mM-l#&(o 

fe 
St 

7F-- 

ocswinnoN 

n:;: 

Wz: 

in 
fr 

Mi 

73-- 

?<£ 

*■ 

bi 

3°-} 

3)^ 

PROJECT NO. fflf>tc//y# 
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*iH* ■--i?iij<3ift>>'! 

WxKhwnMXJ-CtydoConsuitonts W PROJECT NAME /«„er ho.J- .'L'miH-r*#7 
BoniNC  LOCATION    t/y] — /     /fandS 

UIIILUNC 

DHILLING 

  |p",u-EB/g./?/U-fA» 
lowoHßfwr-JSO U>/ fc-Vfr'  HSfl-' 
- :n™" f   u       ' '    .   J" Jt llltllt I     f 

TYPE OF   CASING  ! * SIZE   ANO   TYPE OF   CASING   

OHILL   UIT 

TYPE   OF   PEnFONATION 

SIZE   AMD   TYPE   OF   PACK 

TYPE  OF   SEAL 

I — 
O. HI 

OS, 

't-ifco^T 

FIIOM FT. 

FIIOM FT. 

FIIOU 

OESCniPTON 

!& 

ELEVATION AND  DATUM 

DATE   STAIUCO              "r7_»/3—^«? 
QA1C   FlMIIIieO < . 
COMPLETION   OCPIH ÄÜE^l§^Si 

NO. OF        Julsi       Co      iÜNÖisT 7 
»MPLGSl *-^      I      ' SAMPL 

WATE» 
ELEV. 

iCOUPU 

LOCCEO   UY 

5. }MoMs<mz 

CIIAl'HIC  LOG 

lllhology 

ft 

3 

*4 

i 'fill 

r 
k + 

: t,<c*Uj icy**/* »n Jb^L-^f J*- 

*" \jV-t>uJ»» 

7 

7- 

?- 

;/ • 

4- 

PUto<*Ml«r 
HiWIotJon 

llfctfsl'.fU') Sa-SL sJ^ <X*ft »VA 
1^ 

ft 

#v* 
PROJECT NO.. 

ffftuc;/y& 

is 
SAMPLES 

S-c- 

vP. 
HU. 

H-KUUST" 

CHECKED   or 

■    REMARKS 

(Drill ROM, Fluid ton, Odor, «tcj 

S5 S 

-S5 £ 

SS 

:SS'« 

0 
9 
6 

^ 

4 

ä 

£ 

Pit 

pJTD = /OO 

7 

f,-(l 

px O =- O -^Pfv 

SHEET. _/_0F_j2i 
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Vlfoodwnrd-CIydo Conoullnnts %$ PROJECT NAME 
äxrb.o-3-     „r. M-/W7 

~pjfcrSAi»ir: Cf** p"«s>»ui fy-) 

DESCRIPTION 

CWHMIC tOC 

Ulhetocr ManiMfcr 
IxtotUllor 

■iiüS^iji-ißiiJji!-, 

*«5 

PROJECT NO. ffl(toC/t</4 

SAUPI.ES 

-SS* 

'  «CUARKS 

(Ocin nah, FinM tMi,t>dw,*ic} 

V 

:ss 

/wlt">.-( 

PJzO-Q.Xffv 

r> 

o 

70 

«■■iirrT <^ or 

A22-92 



Wbodward.CIydo Consultanto © PROJECT NAME—SM-^   rt?F '   urvvah-m/ 
  —-^——————^———^——■——      i   . _  

UOIIIHC   LOCATION       £^ ^        Q I 

UHIU.INC AGENCY L*yn*  Western 
UHILUMC eouii-Mtwt      'CZA/i £.1^0 

SIZE   AMI)   TYPE  OF   CASING        A/jQ■* 

TYPE  OF   PEHIOHATION 

SIZE AHO   TYPE   OF   TACK 
M 

TYPE  OF   SEAL 
MA 

T 

OÜ 

6-ro UT^ 

OESCniPTWH 

/■i 

3- 

:  /7//y day ,sc\ndstone?. 
<^lo,yi ton e y bltpok y, nixed, 
W>ert,  oUVe.jray,jr*y)sh 

bre^Aj ZYH/ZjlOYf{5/2 

6- 

7 

<?- 

/0 

// 

,Z~i 

13-. 

C-lc\ystone,   witf]   thin WferkJM 
&an<4*ton£ Uw^j hardy totpizt, 
grayish bre^r), jre-en, reddish 

PROJECT NO 91 tic IMA SHEET__/_OF_^_ 
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Woodwartf-Ctyd« Consultants dfl$ PROJECT NAME: Rm coB HOLE NO. M'l-00 

i*fi^Sfe$i?ft,> 

16 

Hi 

10 z: 

%>• 

- 

■ir 

oescitmioN 

/ 
.**"•"—-.T-^.^ 

, —^..^ vx. \ 

.^™—«... \ 
■*•■-. * ., 

y 

, (' 

/ 

"--.^ 

- 

PMJCCT uo._&2A£MA <;ilFPT    2.   OF   2. 

A22-94 



Wfoodvrard'Clydo Consultants wPROJECT NAME fi/lAA   CO£      •  mPm.UMr^ 
UÜIIIMC   LOCATION 

UIIIU.INC AGENCY 
Se-c.    Of 

OHILUUG CQUIPUCN 

Las***. U/estefA       |»'"^"/>?, Ua IKer 

1XI1U.1NC ut woo 
Q(\ß.l$0 

SIZE  ANO   TYPE OF  CASING 
HQUDvs AU&ER UHILL uir 

TYPE OF PEIIFOIIATION 
M 

SIZE ANO   TYPE   OF   PACK 
MJL • FMOU 

1YPE  OF   SEAL 
N-A_ r"uu- 

ELEVAIIOM ANO OAIUU 

OAT£ 
OA1E 
COUI1CTI0H   OEI'fH 

04 
OEScmrrioH 

/ -; 

II i 

I2-. 

13- 

n- 

C-layj I'rti/c -to seme, sdh^ 
rr\oistj st/'tf iv very stiff, 

■dark  ye/U"/*h   bWlj 

Jifht   ye.Uo\*/ifh bfO^H/ 

WYH3/Hj t0^6Mj 

very stiff to hard, Jr*y'sh 
brownj layered   Cc^) 

PROJECT MO 99 MC- UV A 

■ssres -7/1 -/no - i netto 
TTiilu   ori'fH '   ISAUI'LEH  ■^T'-Tl , 

;UNOIST. 

7T7ir/-y 

jCOk'PL. 124 IIMS. 

CHECKED   OY 

'      • ■flEUAHI«. 

(Orlll flail, FkiU (on. Odor, tlcj 

PIP      PPM 

1533 

..ZL0 7. 

y>*+i& it* 

Ue-Msisife 

SHEET L0F_2. . >;rw.v 

A22-95 



*&»*Sfi**K.i $ 

Woodward-Ciydc Connullnnls 'Wr PROJECT NAME ßMA   ao£ ■ 1I0LENO. lAtM 

DCSCRIPTIOH 

-   Claystoney mo/s't/harc( fo    ■   *     ^ 
ft..-- ye ry ha My $ r*y ish l>rv H/HJ     J& 

::    layered    (CH) j^ 

CHAPIHC   LOG 

Lllhology 

16 

17-.': 

Wi- 

ll- 

20- 

L 

■2.SYRS/2. 

Mttonwfer 
iMlOtlclfan 

PROJECT wri     v^^i^-Uf/r 

SAUPLES 

"o 

if» 

2-7 
37 

'   RCUARKS 

(Oria IMt, FfciM ton,CMof,«lc] 

7 3OO0 

3 If 

SHEET _E. OF ^ 

A22-96 



<*#*SiSft8ii8>i 

• 

Wtoodwaftt-ClydoConstdlantc VagF PROJECT NAME RMA.<ze£ -HOLE NO. ML=/# 
DÖRING   LOCATION Sac    I 
PRILLING AGENCY   ^y„e     We£-ferV\ 
ORILLING EQUIPMENT 

UHIILING   UETIOO 

£-hA£ 75 

SIZE   AND   TYPE OF   CASING TAKING A I  f\ * NA 
TYPE  OF   PERFORATION 

SIZE  AND   TYPE   OF   PACK 

MA 
ME 

TYPE  OF   SEAL 

7  
Cr-r&a.'t- 

04 

7 

3| 

7 

in   10-H, Sample.j tnoirt 

DESCRIPTION 

"to ve.ry  t*\ois~ty yeryc/ark 

grayfc>  darkbrowl)j 
lpY%3/iy  IOiR3/2.jlOfR3l2 

ir 
0 

?• 

V 

IH 

li- 

ft 

C-}cKy£-fot\e- j iY)OIS~t  i~o 

Very moisilj   firm -to hqn) 
i*/e.ct-f-h*red./fl -fop I fvo~t 

PROJECT NO.__BM^MA. sHrrr  /   OF -2- 

A22-97 



W6odward*ayda Consultants PROJECT NAME RMA CJ?F. .HM W.MH2. 

«^^}y«'K?j$i;; 

PROJECT  Mn     8<t flAdliyA 

A22-98 



Wbodward'CtydoCQnsuitnnts PROJECT  NAME R/ftfl   ^OE HOLEm.ML// 
00« INS    LOCATION 

ORILLING   AGENCY 

UHILLING   EQUIPMENT ^{ M   F. 75" 

UKU.LINC   UEIIIOU 

size AND TYPE OF CASING 

TYPE  OF   PEHFOHATION 

SIZE   AND    TYPE    OF    PACK 

TYPE  OF   SEAL 

2^" 

6iL 

7 

I0-.7 

If': 

If- 

f-Ulj cUyt sqnJy moisrt 
"t& v&ry yv\ois-t; \re.ry 
dark ar*<yish brown i~o 
dc\rk gray 

J0Yft3/Z;/0YR3/i 

Clc\y) sandy j ^alcarcomSj 
dry fo tv\e>is't,-*"//7~r fo.„, __ 
Very ff'rff, yel)ou//shhroh/n 

H7YR5/9; Z,5YJ/fl 

-trace. +o f/ii-J% s<mAj 
■firm -to very hcird 
dqrk&live,   arayjbIue.i^Pi 
ZY3/Z- 

PROJECT MO  QqipaitiA 

A22-99 



Woodwnrd-dyd« Consultnnl« «IfiflP PROJECT NAME RMA      CO£ .HOLE NO. Af/-// 

•'8SfrÄ*:1)S>y;%l5: 

PROJECT  NO.     B9MZ/WA 

A22-100 



Ufoodwmtl'CIytto Coiwdtonts W PROJECT NAME •flflß c-oB     ■ HOLE- mMz. ')£ 
U0HIN6   LOCATION 5^c     J 
UHILLINC  A6CNCY 

UHILUNC  tUUICUt« 
L^VKP.   Western 

i '- A* |C -7cr 

OUK.LINC  tiCIIKJU 
VTAA£7£ 

SlZC   ANU    TVI'£ Of   CASIMÖ CASIlJc » I A     P m. 
IYI'£  OK   t-eiaOMATUIN AM 
SIZE   ANO    IVPE    OK    PACK NA 
irpt Of SEAL 6-rt>tt~Li 

2-1 

otscniPTO« 

3-. 

ID- 

)\i 

:;   ^(c\y  $anoiyjtn&is't/ stiff; 

-to   ve-ry s"f(ffj brovi/ri^   ' 

dark cjr<\yish bra^hj . 

hvRH/H, I0YR5/H 

If' 

^y^^thered   Cl*yji-fc?r\e ; very 
sfiffj tv\ois~t -ho dry, yelfcwJ) 

PROJECT WO. mmcdlHA. 

A22-101 



7^WlJi$tj;f*B(»>.>}>*; 

Wöodwnrd-Clyda Comufümts PROJECT NAME RMA    CO£ HOLE NO. . /H/-/2- 

DESCTOTION 

^~r   CAcKysfßn&j h*nl iv *e?y ban}, 
\c 11 ■ dry -fo mcis-t /alii/e. brewn 

16- 

18^ 

21 y 

22- 

»'.:  

20-- 

^7 

2^'- 

pnn.irr.T ND BWt-IIM 

A22-102 



ff^ä^^m 

WbodwarelCIydo Consultants w PROJECT NAME ■R.ftft     CO-B      •   umr^M-/'"** 
CLCVAIIÜM AHO 0*1 UM 

UCTION   OCI-ril 5AUI't£« «j-    J-rr~J 

Pnn.lFCT   ND 99MC(/tA ;HEET__Z_OF L or^ 

A22-103 



%&&«;i®Stt!« 

Wöodwnrd-Clydo Consultants TOOJECT NAME. RN\f\     COE .IIOLE Klf)    m I "13 

l-f-7 

ccscitimoN 

16-T 

161 

n- 
20 r 

<^kyj;'tone./}1ardi moist, bwn, 
Uyerel   löYRH/3 

Shcar^ in Tube 

-- 

UEUARK5 

tori« •»•!«. Fluid U»,,04at,,tc) 
PIP   PPM 

2Z| 

Tqdi'tq-t/Ot) 

36,% 

C^>re Samples 

GrT~ Gre.crte.c\\ 

C -  Ch*m;IC<i) 

onn irry   Mr» 01MCIW4 SHEET _r±_ OF 2or2 

A22-104 



WoodwnrtI.CIydoConBu!tants ® PROJECT NAME.  ^Mf}   co&- 
_ * ' -  DATL 

UÜHINC   LOCAllON     g^f* J 

jm* wLiMLr/* 

UKIU.IHC  ACSMCT 

UHIU.IMC touieu«;«!    £_f\/\£   ~7£Q 

OIIIU.CN lM.UAlKet 

IXIIU-IMO  UCIIIOO 

SUE   AND    lYI't  OK   CA51MÜ 

Con-t.    d?re Uli ILL   Ulf 

r*rt OF ftniüiiAiiüM 
AM 

/V/q 
SIZE  AMU    TYPE   OH   I'ACK AM 
ITft  Of   SEAL 

T~l  
&-rou*t 

HIOU 

2- 

3- 

OCSCnirTO« 

• F//j, Grave,\j c-\<\y, fr\oi£~t; 

: bn?fc/tf j  /OYÄt/3 

sWje, ")*/>£, 5^ ^% 
n 

i  
c\z-   l/jht brownish'g">y> ^CL) 

lo- 

ll-. 

12- 

0- 

v/<2*-fi]erecl C-fay^-fvn^ moist 
to dry, cc\\careousj bloc-ky, 
fra cfvrcJ,' C <^H); 10 YR3/3 ' 

£LtVAllOM Al«) OAlUli 

JUUOli 
'^"T. Terry 
istl • ■. . 

jCOui-i 124 «111. 

CII£CKEO   OY 

'    ■ 'ncuAnics. 

(OfIII Rato.mU len,Od*rt«teJ 

nr>/> irrr   Ktr\ eiMdlfA 

2.727 ^M 

Le-iwiiei.'. ■ 

30 pp/y\ 
Le. \*/\S ff€. 

SHEET. 1_0F_Z 

A22-105 



Woodwnrd-CIyd« Consultant* 'WP rnojccr NAME fl/flfl   £<?£ .HOLE MO    A/[ I '/j 

!fH>"   *«Sii}« 

eqMc-iwfi 

A22-106 



*^>8wijj«>ji>;i}) 

vifoodwmxI.C!ydoConffuJtanto #PROJECT NAME.. Rfftft  <&£. 

UOHING   LOCA1I0N      S'^r.     1 

__HOLE' NO/ 'M M£ 

DRILLING  ACEMCY 

Ü       J y AA C -rt:S) unigiwo touifMcwi       C.M £ "7SO 

OMIU.IMG  UtllWU 

SIZE   *«0   TYI'E OF  CASIMG       ^yyj 

(MULL   HIT 

™J ■»£££     7-/ *-0? /• -7-23^ 
couiUTKiN ocrm ^Q    JSAUI-LEII .^- /ef*ry 

■ZÖ7ÖT ftZZ JUNOIST. 7    ./ 

rrrt OF FEHI-OMATIOM /V/9 <F«OU 

SIZE »•">   TYPE   OF   I'ACK        ft/A 

imoF««t 5-^^-J: 

IFIIOU 

FIIOU 

£L£V*TWH *«0 0*TUU 

CIIECKEO  OY 

OÜ 

OCSCmnTOM 

/- 

2- 

3 

f 

7-r 

/2- 

13 

£"///,  ^rai/«i clayey, Jark 
yellow/5h bfOWn.moi^t 

sujye.y .vse±; grnytM^kj 
vhrfe., red 

Olayj usertjto v*\v.if~ttbrv\*/fl 

/   / 

to y^ois-ti brown, hifMy  . 

®?M^UHr\ 

■jCOUI'L. I« »««.. 

• 'REUMKS.   ' 

(Dtltl RaM.FkiU IOM, Oder, «lcj 

11,5 PPtA. 

173 6 PP/A 

ciirrT /   nr-2. 

A22-107 



!?£i&S<i*i'i»>'*; 

Woodwnref-ClydoConsultants (§$ PROJECT NAME .   H^n—^-0 ^~~ .HOLE HQ.JLLJS 
CHAPMIC    I.OC 

oESCBiPnoH utiMtooy 

IS— 

16" 

Mttonwtor 
iMtoltotlon 

Z 

/7 

/$-: 

/?■ 

1  J/; ^r^crfurc^/ I. .4«P 

z 

2tf- 

:: 

e^Mci/HB- 

* ° HS 

•A 

£ 

■o« 

e 
o 

IT 

" 

-   ftEUARKS 

(frill R«l«, FVJU iOM,0<t>r,4t<J 

~L05~2- 

^\°i 

Core £*r*pkj 

Army   — A 

G-ecsxfe. ~~ <*~ 

C.he.rr\icc\\   ~ C 

*ef -Z 

A22-108 



ijp* 

«faodumr^ClvdoCongultonte # PROJECT NAME    RM/\   C^f- '   HOLE' HO.-ML \ l& 
* ' "' « • 

OOIIIHC   LOCA1I0N Sec I 
umixiwc ACtwcr    /^y^g     tv&s/g/Vl 

UWOINC CQUIPUCNI     C-M/£   ~7SO 

UllKXtH <fA.LAIK*r 

£L£VAIK>I1 AMO IMtUU 

"*l>_g»«Mllfl> f , 
couiuiioH oe<*(M 

°"'°      f II—1 . 
Kl«  ütHiiö       |^uft£w 77  7gyyy 

F       JUISU juilOISr. ~^ 

I 'i-iiisr JCOUI-L. pt-« «MS- 

ciiecKCo nr 

'      • 'RCIUnKS. 

(Ortll H«U,naM to«, Oder, «id 

as /v%t.;;' 

Gil PPM 

r*r*r\ irr-T    Kir\ ZIMCf/W 3MEET. i_or_l 

A22-109 



!);K>"*-iili«>!*)5W 

lVbodwnrtI.C!ydoConffüItents # PROJECT NAME... ^4   <^Q£L 
'   ' ULCVAIIOM AMU  IMll 

jiO[jE:ti0.zMLr/7 

UÜH1HC    LOCAllOH 

UIUU.IWC Actwrr   L-^yflZ   Western lONHXCII VH.^/^r 

ÜUIU.IMU   U£lllUU Con-t.    C-ore. 
|unILL <iir 

Slit AHU   in-e of  CASIHC Aj A 

\*n.   Of   «"tlll-OUATIOM NA 
IHIOU 

'Slit  AMU   TV«:   O*   «-ACK Ay»^ •HlOU 

• HIÜU 

TJÄtr^TÄiTiiTü      *7 -7 /£ ~-Cj/) 

COUI-LtllOM   oei'iii 

on, 

ocscntPTOM 

/I 
2 

3-; 

$-; 

7-. 
* 

9- 

'0 

rr\* ist/Very d^rkg^yishbrvu//) 

10 YA3/2 

S-luAge./g™y, whiteLjbrcu/n 

y^-ry mo{<rt 

C/cyy m o i-rtf '3i~iff,(CJ-)~ 
dark y&lU^svhrbro^n 

/    ,/ 

on irrr   MO ewcim 

,51 ;uuuisr. 

JCOUI'L. 12* IMI3.. 

ciiECKCO or 

'    • 'ncuAnKs. 

(Dritt naU.nuU IOM,'<M«T,«ICJ 

<?3 ^H? 

Inclicqfior) 

SHEET. .or_/_ 

A22-110 



"¥ 

LSfoodwm^ClydoCongtiltonts ®PROJECT NAME.. ^MA   6g£ 
[OOHINC   LOCAHON     g&c_        j 

.HOLE- m:iMlr)8 

;„.„u..Mc Actncr    i_<*vrie.    astern        \°"'^-tu^\7\.A.)K&r 

SlZt  AMU   TYI'S Of   CASINO 
Ccn-t,     C-ore- 

1)11 III.   mr 

JVA. 
TYI*£ <yf rent'ooATiUM /V/l 
size «to  xmi of I'ACK /V/J 
IYP£  OF   SEAL 

■n  
G-rpu-t 

IHIUU 

CUVAllOU AHO  ÜAlUM 

OAl 

couixc' 

t srAHiuu     -7^.-7£.^-40 
-—f—.             -   -.lUUM 

MO. 
5«MCLtS 

<>i 

OCSCniPTOM 

2-; 

7- 

'0- 

C-lc^y^d ry -to mo ktj stiff} 
Jc\rk yd/o \ASISh bro^ri, 

-to very moi^t, I?™*"! - 
■loYRS/3, toj.   ■ " \ 

'MHIUI' * «"■■w - i    ■ i       ■  ■ ■ — 

riTuT/'oei<" if)    \**»*"« 77 Terry 
TOP       JuiSI. iuUOISl. ^T^ 

JCOUCL. 12"« •MIS-. 

cutctio or 

'      • 'ItEMARKS. 

(ixai flat«, rviU ton,Odor.ileJ 

77 PPM]''; 

3.flPPM 

■on irrT   nn e? ^//y /f ;HEET. OF 

A22-111 



■>&>i»i*>>$)yi(™:r. 

Wbodward'Ctydo Consultontc 
Sac    I 

PROJECT n-nr    AM/)   ^ ^      '  "^ Na-MZz/7. 

r>r->/"\ tr~r»*r    f,fr\ &1M^lM 

A22-112 



Woodwxird-Clydo Consultant* (2$ nnoJGCT NAME 
fiMA   CoF     • * M/-/1 

v — 

)1" 

ocscntmON 

CHAPMIC  IOC 

Ulhetogy 
iMtalUtfcr 

1ÄS^SS*f^gS3?i 

s*uK.es 

|I5 
'  «EUARtCS 

((Kl« IM«, ntM tetit-04w.«lc] 

60s ppm. 

eiM^utA SHEET _£_ OF. 

A22-113 



*<^aj*3!t%M» 

IVbocIwnrxI.CIydo Con.rulton.to # PROJECT NAME    * "14   ™ ^        '   »™ g" ™VM 7f ^ 
UCWIMG   LÜCAJION    £f,r I 

UHILLIWC  ACtHCY       ^fty/)g       H/fes/<g f/l 

UIIII.UMC COUIPUCHI      ^/Vl/g    ~7SD 

UHlLLt" 'M.u/»IKtr 

LHIIU.IMC   UtlllOU 

SIZC  AMO    ItCt OK   CASIMG ^/  A 

II« ILL   Uli 

T«l'£   OF   PLMIUHAllUM /V/) • HIÜM IO 

OAlt sfAintu -7-rJ 7 .— ^f) 
nAlf   FUJISIICI)  L ■*- ' iü. 
CÖurct 1 IO«" oei'lll    IQ       [SAUI-LCII  rj-' 7g/7~V 

MO.  OF          Juiil 
lAUPLtS |   

WATCH 
ti.ev. 

]i--iiisr 

JUMUISI. 

-1 jcOUI'L. |2< IU1S-; 

LOCCL'U   <IY 

Isize ••"»  **'•* of ,'AC" /V/» 
IVI't  OK   StAL Crrou't 

VHUU IO 

IFIIOU 10 /0" 
77 Terry 

to* W 

2-; 

oCSCnirriOM 

1 Si': 

61- 

7+ 

10- 

C-lc\yj SQndyy si'frf tnots-t 

CII£CM:O or 

81 AH^-UfA 

'      ■ 'KEUARKS.    ' 

(orra nou.nuU ioM.<Mor,'«tcJ 

H7PPAJ::'/ 

itiiPfM 

nirrr /    or-/ 

A22-114 



<•• I   ■>• 

WbodvmtfcCJydo Consultants #PROJECT NAME.  Ktyf}   CO
&- 

I f. ....,.,... ...» lutm 

-HOLE" NO, i-LMir^ 
UOIIIHG   LOCAIION ^c     / 
uniLLiwc Actwcr   i_<*yne.   Western 
UIIIU.INC tOUll-MtWI      ^/\^yg    7!5^ 

UHIU.CH '/l.t^Sr/K'gr 

UMHXiMC  U£IIWU 

SIZE   AMÜ    lYI't Of   CASIM« 
Con-t.   (-ere. 

»MILL   Oil 

NA 
irre Of  PCNMIHATIOM NA 

• F«ou 

üAie srAHiüu 
tIAtf 

srAiiicu ~7 — ~7 ~7 Q/) 
fwisiifo /       **> / •   (V 

COUI-LCJWH oeriii 

■ill. Ill 
lAUfM-f.S 

WATCH. 
ELEV. 

tin uerm IQ   \SAU,'ULn T. 7erry 
f    c^ JUIIOISI. 
s   ; _) ._ ^_ 

^1'insr jcOlil'L. |2-l IMI3.. 

LOCÜCU or 

size *•«•   **»•*  of I'ACK NA V'WIU 

lVI-e  W   SeAL G-rc?^ 
•f-'IIUU 

77 Terry 

o£. 

DCSCmnTO« 

- •   #pe»W bcLS^j g ra seJjsainAy e-/«y «ft 

i^     fiv. ■  
L Fiw^^Y' ^Hey>47.: 

.-to tvxoi^-tj hro^n Co-p) 
lOYf{H/3 

Clay, ve.tys'tiff'f dfy/4a*"l\ 
brovsn,. CCL)   10YR3/3 

CIICCKCO ur 

'    • 'neuAiiKS. 

COrltl nata, FViU ton, <Mor, «IcJ 

-*r>/%   if-nT      Mft SHM^ilHh 

so PPM ■■'; 

3l'p'plA 

Cr- -G-e-ost-fe. 

ft - fin^V   ■ 

CHIZET. .OF.: 

A22-115 



*i'*sSiii>#iJi.')i: 

Wbodumrd'Clydo ConguHants (ay PROJECT NAME RM/\    <LO£ •   HOLE" NO/ M/-2-2 
UO»('(C   LOCATION ^C        / 
UUILLING AGENCY Z-^v/>g    Western DIIIU.EK xfA.UA)Ke.r 
IWIUWC EOU11-M£«T       <~f\A(Z    ~7SO 

i»nu.i«c ueniou 

SUE  AHO   TYI-E OK  CASWC 
Ccn-t.    C-ore, Oil ILL  01 f 

TYJ'E  OK  KEHFOMATION 
A//) 

NA 
SIZE  AHO   TYI'E   OK   PACK m 
1YPE  OK   SEAL G-rou't 

KIIOM Kl 

KI 

ELEVATION AHO OATUU 

DATE srAiuco 7_27-?rt       ■     .•' 
OAlf,   FMIISH£0 < ( I       "     '     ' 
COUI-LCIION om-Hi i0   |S»UI-UH T. Terry 

Ml).  I>< JÖTSÜ JUHOIST.■;.    . III}. IM-' 
SAUIM.CS 

Jutiuisr. 
       ; _—|  
WATCH       Kiiisru ir   ,coui-u 
ELEV. i li-s  

12 4 Hill. 

LOCCEO or 

KHOu 
. _.     ,77 Terry 

( ob 

1-1 

2- 

orscniPTioM 

■3- 

Fillj   Sarvl, c/ean, tog wily, 
-to  clayey, loos&j meist 

i     ^° ^^t brovsn, fried'«"} 
1    +0 f-ihe- JtWclj /Poorly grajej 

' • (j>p)   '/#YKH/3 

Ve.ry loose 

SAMIH.ES 

^J1 

&-- 

y 

&3£jft-09M<ijl?4 

CIIECKEO or 

'nEUAItKS. 
:•■**£ 
S r " „ (Drill flat«. Full IOM, CM«-, «IcJ 

/ W P.Ptfi'; 

■ I oi PPM 

Cr - G-eosorTt, 
F\~t\rmy 

T.HFFT /     OF-/ 

A22-116 



i-J^iiff^rlo^ 

«foodw«uxl.CIydoCoottu!tant» & PROJECT NAME ~£MA   ^OB    —HOLE" MOZ-MlTr^ 
UOIIING   LOCA1ION     g^^- 

UH.U.IHC   ACtWCY        ^^yflg        tyfer/gr/l 

uwcuMC cauii-Mtwi    g/y^   7^ 

""■^IHU"""""     Con-t,   C-ore. 
SUE  *«U   TYI-£ OK CAS1HÜ 

TYI'E OF  fCN^UHATlON 

SUE AMU   TYPE   OF   I'AC* 

IVPfc W   S£AL O-rojrt 

Oi 

/■i 

ocscniPTOii 

pvG-rave.},   clayeyt imoist,  ^'f/lt 

C6-C)     ■ 

2--   Fill, t-fay/ moistjitmdyjhr^ 

" -'CYRH/j   (CL) 
3-.r 

it 

67 

7" 

9-7 

10- 

Sludje-j gray tblac-kühlte., 
*-   b)oc-Ky) mcjs~t} scr'rt 

<^/«y, dark brov^n, hnoisil 

:      toY%S/3    (CLj 

e^Mc- (MA 

A22-117 



^SiJÄi»*^**^ 

Woodwnid.CIsrdoConsultants @ PROJECT NAME    'RM/\   CöE        ■   HOLE'MO, ■j&lr'z-l 
UU'IIKC   LOCAllOH £e.c     I 
„,„u..wc ActMcr    l_exv^e    Western loillLLt« M.u/nlKzr 

CLCVAIIOM AHO OAVUU 

OAIt'   srAIIIliU 
»MC  f misiifo y-zt-fo 

UHILUMC   tUUlCUt«!       £./U\£     ~7SO 

UMIU.IUO   U£IIKJU 

siit Auu rvrt ü»-' CASH«; 

Corrk.   C-ere. 
IXIILt.   Uli 

^/) 
JYI'i   OF   l-£IIK>NATIUN /V4 
SlZC   AMU    TYPt    O»-'    <*ACK /V/1 
irrt Of" S£AL G~rou*t 

COUIT-tllÜM    Otl •'" IQ 
Uli.  IIP 

SAUIM.CS 
WATCH. 
fl.EV. 

IUISI. 
i 

"Jriusi 

JUMUISI. 
T.Terry 

jcoui-u |24 IUI3. 

LOCCCU   UY 

77 T&rry 

Oi 

ocscniPTOM 

M 

3-. 

r. 

7i 

; Fill, Grr4ve\Jc-la.y1,rY)0t4:tj 
' dark brown}iöSR3/3 

4*5% -to dry, £&P± 

ciiecKCu or 

8- 

10- 

CUy, sandy/ mois-tj filrffr. 

y*-llowsh bro\ASKi,(£.!-) 

10YRZ/6 — , x  ■ 

nr>r> if-/**r    Mr» 8"! Mc-II Hü 

■ 'REUAflKS. 

(Drtll ftata.FViU ton, <M«r, «lej 

o PP/A  •/' 

\30 PPM 

Cpf{£. Sanyo/ej 

/) - Artny 

SHEET. -OF_L 
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»5!«jfeflj»j[g!$$ 

Woodwnrd.ClvdoConguItontc#PROJECT NAME   '^M/j   co&        '   HOLE" NO,ML  , 
UO'UHC   LOCA1ION ^C       / 
UH.U.IHC *ct«cY    L^yne    Wesj~em UIIIIXC« 'M.UAIKAT 
uniLUHC tüuicot«!     C.f\A£-    ~7£0 

1XIU.UMU   U£IIIOU 

SIXC   AMU    IVI't   OK   CASIMO 
Con-t.   C-cre. IHIILU   Ulf 

_^4L 
irrt; OK reui-ouATio« /V/l 
SIZE  *•">    TYPS    OK   I'ACK AW •rnuu 

lYI't OK   S£AL G-rou-t 

tUVAUOM A»«  OAl'UU 

OAT£ srAHitu      -7 ^? M~ 90 

COUI-LOWH    OtIMII 

MIL nr      Juiil. 
SAUl-ltS 
"WATCH      jinisr 

£l.£V. ! 

\*™*** T: Terry 
;uuuur. 

-Irrrr: rrrT^r:  JCOUI'L 124 IWS. 

KIIOU 

OCSCniMIO« 

oi 

-   flWj G-roi/eljclayzy^cmdVj 

2- 

j-: 

7± 
8:. 

10- 

: . 57 J^ jfAy/krciA/nswbiic 

Jry -to m€>isi 

Clay liHIfL -to irace 

-   sandj moistj c/arkgrAVj 

/OYRH/l 

nnn trrT   nn eiMcimA 

ciiecnto or 

• "«EU ARKS. 

(OrlU llaH.fWU b«i,04«,«fcj 

i<7 2. /V/ty,, 

ft - fjri*\y 

Q.nrrT  /   OF 
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Wbod«mrti.CIydoConsultants #PROJECT NAME„jg/M4   ^nF='        -^^ ndiMt"?* 
(JOKING    LOCA1ION      <_,- I 

UHILLIHC   ACtNCY Lt*vr)e.    bestem 
UMCU.IMC touicutm      Cf\A{=.     "750 

UlltU-E» M.UsMKtr 

DUIU.IMÜ   UCIlKJU 

iut AHü Tret OK CASH«; 

Con-t.   C-are- 
1)11 ILL   UK 

A//) 
lyrt ut-' »•tmOMAlio« /V/l 
iiit  »«0   rrci   «•••   l-ACK /V/4 

tx. 

»1. 

CLtVAtlOU AUO  OAlUU 

üÄTTsTÄiireö 
«Ait rutisMto 
couruf 

7-2-6-7.0 

Mil 
SAMPLES 

7ÖF JlllSI. joMOISr. ■;.   . 

WATCH 
£L£V. 

J -1 "Jcouii. |2« ims. 

LOCCtu ur 

IV PI  <M=   S£AL &-roirt 
10 

■g| 77 7e/-/y 

cntCKEu or 

OCSCniPTO»» 

H 
2- 

y- 

7: 

/-/// grave]j sand, a}a.yj bft>k//i 

~    10YR6/3 

9'~ 

-     (OYR5/3 

JO-'- 

'      ■  *REUAnKS. 

(Drill nali, n&l loat, <M*r, «tcj 

o PpN\ 

7.6 7 PPM 
L.&K'/sii'e. 

eiAA^/tf/j *.nrrr   /   or /  or J_ 
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s'S<«a<j2gi;i*jfi; 

MfoodwnrrtCIydo Consultants wPROJECT NAME RAh/\   C^Qfi        •   HOLE-NO; "■Mi-^7 
UO'IWC   LÜCA1ION 

umu-iNC ACtNcr 

UHIU.IWC £UUIC«t«l       ^/V^yg     7^V9 
L&y/ie.   wesrern 1 m- win i— -jös?üriTo7rki-ii. /A   SA««««« : 

IXIH.LI"<i   UtlHUU 

SIZE  AMU   lYI'C O»-'   CASIKü 

»HILL   Uli 

TYI'E  OF   «HIWIATIOM 

SIZE  AMI»    TVI*£   OF   I'ACK 

0-/W 

/V/) 
•fHOU 

NA •fUOU 

<FM)U 

CLEVAHOH AMO 0*«UU 

OCSCniPTIOH 

/-. 
I0YAH/-3 

2 

3-' 

'I 

o- 

'- .Sludge.-; y ray , softy moist 

C-fcxyj v^ry stiff moistj 
oliis*. broi^/1 joltuCj Cc-H) 

2-lSYH/HJ.£Yli/3^ 

JUHOIit. 
77 Terry' 

Jcoueu 124 IUI1. . 

ciitCKCo or 

'    • 'ncuAiiKS. 

(Mil nok, FUW ton. Odor, «lej 

x£ f>Ffi\';'j 

\03PPV\ 

eHM^ilHS) r.urrr   I  OF.;./. 
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VUbodwnttl.Clydo Congtiltontc vm» PROJECT NAME A/M4   £fl£-    ^_HOLE-NO:-^M/"'^g 

VOHIN6   LOCA1ION Sea I 
OOIU.INC  AGENCY L&yne.   Western 
uniLUNC tüoicut« t     S~f\A£    ~7£(~) 

»M.UAlKzr 

ounx.uic utniou Corrt.    C-cre. 
Slit   ANO   TYf£ OK   CASIM« 'M. 
ivrE OF rcurOKAriON NA 
SIZE  AMU    TYPE   Of   PACK NA 

10 

ELEVATION AMU  OAlUU 

OAIE   STAU I £11 
OAK    FOUSIIt' 
COUItETIOM   OCI'lll 

%   7-2g^?g- 
/Ö 

MO. OF 
SAMPLE'S 

Jill SI. 

WATCH . 
ELEV. 

'Fiiisr 

juuui^r. 
T.'Terry 

jcOUI'L. 124 I III 3. 

LOtiCfU   UY 

JYPE  Of   SEAL 

/-: 

2- 

3-, 

y-i 

7-J 

G-rou-J: 
iniüu 

Ij 77 Terry 

ocscnirriOM 

F/7/, gmrd, <^foy;moist,, 

zqndy) h'yht; y^lh^ish 

Clay,  sqndytZQUqredUS) 
\r\olS~ts c/arfcfrxyjkr)  . 

CHECKED at 

• 'AEUAIIKS. 

(OfHI IWiti.fMd lott. Odor, «icj 

O pPNI 

Core Samples 

non irrrT   MH tiW^lWA «-.I-IFFT     /   OF •/ 
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Wbodwmi.C!ydoConsultant* @ PROJECT NAME.   ^4   ^gjj _JjOL£Na^Z. ' Z^ 
 _    ' ' ' " "l i    11 in   inn  nnYiltl « • 

UÜUINC   LOCAKQN ^fi.C / 
UHUXIMC ActwCY    i_p,vne    Western 
U..U.UMC twwn     C.tV\£    ~7SO 

OHILCtll 
[
/H.^/K^ 

UUH.LIMU   U£II1UU 

size A«O IYC£ of CASH«; 

Cen-t-   C-ore- IIMILL   Uli 

N/\ 
trrt of r£in:o«AJiow /V/} 
size AWO   TY»-»;   <>»■■  I-ACK /V/l 't-'iiou 

«re «. SCAU £-r^ 

»a 

£LtVAllOM AMD  ÜA1UI1 

COMin-tTiOM   oci'iii 

Mil.  OF 

WAIT« 
£l.CV. 

?■      Jmsi. juiioisr. .■ . 
i.ii-   i .' "      ' ""Ifjl.'.i.i 1   *>J      III!« 

ii'msr JCOUI'U 12* Ulli. 

Lüuccu tir 

niou 
 - 77 Terry 

Oi 

flCSCdlfTOM 

7   moi^-t  ~fo x^ert H 
2- 

7: 

8L. 

..::    7,s'YH/z. 

^TW; i?^^7 ioym/z 

'e~k, i/e.r\ 

JO- 

^Ay, sandy   ^etj yery 

CHCCWiO   OY 

'    • 'BEUAn«. 

(Drtll Bata, FViU «on, <M«r, «IcJ 

B^ttciNA 

0,6 PPM 

\i{. PPM 
Core. 

Sciwples 

G- - O-e-csccfe. 

P) ~ A rm 7 

si tun". I or A 

A22-123 



iyi'^sgijijytri 

Wfoodwmtl.C!ydoConttu«nnte # PROJECT NAME    ' RMfr cO£       '  m\JE:m:2£ä2K£cx>t 
UOKII4G LOCAU0£>c2-5 
UHI1XINC   ACt'NCV 

umuiKC touirot« 
\WM-™(K.M^KaV 

tUVATIOH ANO OAtUU 

 7-10- -10 ■•■■■ OAT£   STAIIICU 
OAlt   FWISMCO 

pnn.irrT  MO 
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Wbodwnitl'Clydo Concultonts W PROJECT NAME (\MA   c^>£ .HOLE' m.-'ZSBOKBOOy 

UOHINC   LOCAllON ^^t^f€Hn^^^-M— • Se-*- 2£ 
umixmc ACEWCY      UAyne-   We2~feri\ 
UHICUWC tUWfMtm (■   AA p        ~7 £. 

r^tw /?, HLfay 

1HIIU.INC   Ut HHJÜ 

SUE AMJ   TYl'E OF  CASIH« 
Holioh/ Awer 
k*iu<; nil   ' 

ÜH1LL   OlT 

A/1 
Tree   OF   PEMFOMATIOM iva. 
size  «NO   TYIt   OF   HACK 

\vtrt OF  SEAL 

OÄ 

3'. 

&-roU~t 

ELEVAtlOU ANO  DATUM 

OATE   STAIUEU ~7^l/) — <J/~) 
PA1E   FKIISnf 0 /       / '-''        I v>" 
ccwiuiKiN  oerm 

«10. OF 
SAUIH.CS 

WAT en. 
ELEV. 

JUNOIST. 

-1; 

XT Terry 

JCOUI'L. 

7^ 
124 uns.. 

LOCCEO   UY 

'T.'le.rry 

0C5Cnif»TOM 

(S^ay. mo ist.   "to very ivneg-t, 

"-   brown,C^H)    lO^R^/3 

CHECKED  OY 

• 'REMARKS. 

(Drill Rata, Fluid l«t<<M«r,«leJ 

pnn.irrr NO. SHEET    /    OF_i_ 
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-.. ***>*«;»^< jiffi} j; 

Woodwnrd'Clydo Concultttntc PROJECT  NAME..    /Mr4      Cffis.- -HOLE- m/2£BOP£CX£ 

UO'IIMC    LOCATION 

UHILUMC  AGtHCV l~ayne    ^esi^rn 
OHIU.EH £W/?. ife/Cy 

£L£VAII0M AW> DATUM 

DATE   STANICU        -7— J/"°> —'QG. 
QMC   ««««ft» / f f, / '  ^ 

-_        ^.. I1A11IM fU 

PnO.JfTCT  NO. 
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*?>?««a9j*>5?W 

;^^*.™«a«a »«Mar wig  W\ *&£■      - Hourwi^S^g"' 
DOMING    LOCA1ION £" <ec_ -2^. 

tLtvAiiüM AHO u*ruu    -y- —jjpr. 

OHIU.INC ActMCY     Lxxyne.  ^e^-terr) 
UHIUJHC cuuieu£Mi 

WIUXiMC   UtlllOO 

SIZE A«O TYPE OF CASH«; 

Holloa Auazr 

O.„U.EH^  fa fay 

UIHLC   UlT 

A//f 
TYPE  OF   PEItKIHATMM 

SIZE   AND    TV«    OF    HACK 
N*\ 
NA 

irrt OF SEAL G~r&n-t 

OCSCniPTOM 

?Z7 

6- 

^ 

•7-/0--7* 
SAUI'LtH 

JUHOISt. 
77 '7?/-r y 

iCOUPU U« IIH3., 

CHECKED or 

• '«EUAIIKS. 

(OrUt naH.fhU laM,Oder,«tcJ 

pnrnnrr MD. 
3HEET. .OF 
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LIST OF PROSPECTIVE GUIDE SPECS 

TABLE OF CONTENTS 

DIVISION 1   GENERAL REQUIREMENTS 

01100 Special Clauses 
01200 Warranty of Construction 
01300 Environment Protection 
01400 Special Safety Requirements 

DIVISION 2   SITE WORK 

02050 Demolition 
02060 Well Abandonment 
02100 Clearing and Grubbing 
02150 Hazardous Material Excavation and Handling 
02210 Grading 
02214 Soil- Bentonite Slurry Trench Cutoffs 
02215 Geotextile Filter 
02221 Excavation, Trenching, and Backfilling for Utilities Systems 
02243 Crushed Rock Surfacing 
02244 Low Permeability Cap (Compacted Clay) 
02420 Extraction Trench 
02480 Seeding 
02710 Sewers; Sanitary, Gravity 
02713 Water Lines 
02724 Force Mains & Extraction Well Piping 
02730 Extraction Wells 
02910 Monitoring Wells 

DIVISIONS 3 & 4 NOT USED. 

DIVISION 5   METALS 

05120   Structural Steel 
05500   Miscellaneous Metal 

DIVISIONS 6 THRU 10 NOT USED. 

DIVISION 11  EQUIPMENT 

11303   Guide-Mounted Sewage Lift Stations 

DIVISIONS 12 THRU 15 NOT USED. 

DIVISION 16  ELECTRICAL 

16401   Electrical Distribution System, Aerial 
16415   Electrical Work, Interior 
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