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FOREWORD

This memorandum discusses our geotechnical engineering evaluation of the proposed seawalls
and shoreline reconstruction at Southpoint Open Space Park (SOSP) on Roosevelt Island, New
York. The purpose of the study was to interpret subsurface conditions from historic subsurface
explorations and provide geotechnical design parameters for the seawalls and shoreline
construction program.

Assuming your concurrence, the geotechnical-related conclusions and recommendations of this
report will be developed further, in combination with our other survey, engineering and design
studies, and will form the basis of our ongoing design of the proposed seawalls and shoreline
reconstruction.
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INTRODUCTION

This report presents the results of a geotechnical engineering evaluation of the proposed
seawalls and shoreline reconstruction at Southpoint Open Space Park (SOSP) on Roosevelt
Island. The purpose of the study was to interpret subsurface conditions from historic
subsurface explorations and provide geotechnical design parameters for the construction
program. The following sections include a description of the site, proposed construction, site
history, subsurface investigation, subsurface conditions encountered, and an evaluation of

those conditions with respect to the geotechnical-related aspects of the project.
REPORT DATUM

The elevations and dimensions given in this report are approximate and are based on the
historic boring and survey plans. Unless noted otherwise, the elevations given in this report are
referenced to the datum set forth in the above-referenced drawings, which refer to Belmont

Island Datum.

SITE DESCRIPTION

Roosevelt Island is located along the East River between Manhattan and Queens. The island is
approximately 2 miles long by 800 feet wide and has an approximately 4-miles-long shoreline.
SOSP is located at the south end of the island (see Figure 1) and encompasses an area of
approximately 8.5 acres and includes 1,800 feet of shoreline. As shown in Figure 1, along the
shoreline there are 1,600 linear feet of stone or concrete retaining walls (seawalls), which have

deteriorated over time.

The existing grades at the project waterfront vary from elevation (el) 8 to more than el 15 as per
topographic surveys performed by Langan in 2007 and in 2013. The higher elevations are more
noticeable along the east shore and are the result of excess fill placement consisting of soil,

rock-fill, crushed rock, and demolition debiris.

Off the eastern shore of the island there are remnants of timber piles, which once supported a

pier. The pier formerly extended approximately 20 feet into the river and almost 200 feet along
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the shoreline. The deck of the pier no longer exists, and the timber piles that had supported the

deck are badly rotted and remain standing in the river.

The remnants of the Strecker Laboratory and Smallpox Hospital (a.k.a. “Renwick Ruin”)
buildings are situated within the project site. These buildings are City Landmarks and are to
remain. Besides these buildings, there were several other buildings which were demolished
and their foundations are believed to have been buried by the stockpiles of soil and/or

demolition debris in the area north of the Smallpox Hospital.

The b3rd Street subway tunnel runs underground through the area between the City
Landmarks and is approximately 70 feet below grade within the gneiss bedrock. The
emergency exit and air vents for the subway tunnel are situated in the area between the

Strecker Laboratory and the Smallpox Hospital.

Existing Seawalls

There are approximately 1,600 feet long stone or concrete retaining walls along the 1,800 feet
long SOSP shoreline. Most of these walls were constructed more than 100 years ago, have
deteriorated over time and are in very poor condition. The walls extend vertically from
approximately el 0 and el 1 (mean low water) to el 11. In some areas due to loss of coping
stone over the years, the top of walls are approximately at el 9 or lower. The backfill behind the
walls were originally at el 10 to el 11 but in the 1970s through the 1990s excess fill materials
were placed along the shoreline (especially the east shoreline) and created current grades
several feet higher. In the southern part of each shoreline (in the vicinity of the Renwick Ruin),
there is no seawall and the southernmost 100 feet long sections of each shoreline are currently

protected by high and stable rip-rap slopes.

Voids, missing stone and displaced sections can be seen in different parts of the existing walls.
The rip-rap protection in front of the seawalls is approximately at low water elevations. An
engineering study done by Gibbs and Hill in 1981 indicates that these walls are not stable and

need to be rebuilt.
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On the west shore, there appear to have been several failures over the years, and the seawall
consists of a succession of different masonry construction types, ranging from cut granite to
large concrete blocks interspersed with eroded gaps. Over the years, the damaged sections
were replaced with either concrete walls or gabion walls. Due to existing rip-rap at the base of
the walls and water, it is not clear on what materials these walls bear. However, a small section

of the historic wall appears to be supported on a rock outcrop.

The wall on the east shore is in somewhat in better condition and consists largely of rough-
stone masonry; however, there have been localized failures on this shore also. One of the
failed sections at the north end was replaced with a concrete wall. The walls are also
threatened by loss of individual stones due to wave forces and by foundation erosion, all of
which are ongoing in various places. The excess fill placed along the walls also overstress the

walls.

Public access to the shorelines, for the purposes of recreation, is not practical until structural
integrity is restored. Furthermore, loss of park area is beginning to occur as erosion penetrates

beyond the wall breaches.

SITE HISTORY

A review of the old aerial photos of the island indicates that the southern end of the island was
filled between the 1960s and the early 1970s. The aerial photograph taken in 1951 indicates
that the southern tip of the island originally extended only approximately 50 feet south of
Smallpox Hospital. The 1976 aerial photo shows that the southern end of the island had
expanded to the current limit. During the 1960s and the early 1970s, when the island subway
station was built, the southern end of the island was filled with excavated rock spoil from the
subway tunnel. This portion of the island has since become the FDR Four Freedoms Park (FFP).
Also, soil, rocky fill and demolition debris were stockpiled on the SOSP site and in particular

along the eastern waterfront.
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PROPOSED CONSTRUCTION
Approximately 1,800 lineal feet SOSP shoreline is currently protected by 1,600 lineal feet of
stone and concrete seawalls, and 200 lineal feet of rip-rap slopes. The existing historic seawalls

are in very poor conditions and need to be rebuilt or repaired.

We understand that the existing rip-rap slopes (on both shores either side of the Renwick Ruin)
will be preserved as rip-rap protected slopes. The existing rip-rap slopes will need to be

replenished.

The existing stone seawalls and gabion walls along the west shoreline are in poor condition and
will be replaced with concrete walls. The existing stone seawalls along the east shoreline will
either be replaced with concrete walls, or where allowed and practical, will be preserved in
kind.. Based upon the needs of the SOSP site, it was determined that the top of wall
elevations will range from el 10.5 to el 11.5 where the walls will be continuous with the
existing concrete seawalls on either side of the Goldwater Hospital (future Cornell/Technion

campus) site.

SUBSURFACE EXPLORATIONS
Two subsurface explorations were performed in 1993 and 2013 at the project site. These
explorations included borings, test pits and environmental sampling. Environmental exploration

details are not part of this memorandum and are discussed under a separate report.
2013 Subsurface Exploration

A field exploration consisting of 7 test pit excavations was conducted on 11 March 2013. The
locations these test pits are shown in Fig-2 and their logs are provided in Appendix A. The test
pits were excavated by Mike's Exterior Contracting Corporation using a Deere rubber track
backhoe. The depth of the test pits ranges from 3.5 feet to 11.0 feet below grade. The
excavation operations were performed under our full-time engineering observation.
Environmental samples were taken in 3 of the test pits by our field engineer and transported to

the laboratory for further analysis.
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1993 Subsurface Exploration

A subsurface exploration was performed at the site in 1993 under full-time observation of
Langan. The exploration consisted of drilling 22 land borings (B-1 through B-22), drilling 6
marine borings (MB-1 through MB-6) , excavating 16 geotechnical test pits (TP-1 through TP-

16, and excavating 20 environmental test pits throughout SOSP and south tip of the island.

The results of the 1993 subsurface exploration was compiled and evaluated in a Langan report
entitled " Geotechnical & Seawall Conceptual Studies” (dated 7 April 1993), which was
prepared for what was then called the “South Tip"” project (13-acre site) on behalf of the RIOC.
The report also contains historic aerial photos, location plan, logs of borings and test pits and

subsurface profiles.

Land borings B-1 through B-5 and B-22, marine borings MB-4 through MB-6 and test pits TP-1
through TP-3 were performed along the west shoreline of SOSP. Land borings B-14 through
B-18, marine borings MB-1 through MB-3 and test pits TP-15 and TP-16 were performed along
the east shoreline of SOSP.

The locations of relevant borings and test pits are shown in Fig-2. The logs of available and
relevant land borings, marine borings and test pits are provided in Appendices B, C and D,

respectively.

Land Borings

The land borings were drilled using truck-mounted drill rigs by Warren George, Inc of Jersey
City, New Jersey. The depths of the borings ranged from 18 feet to 51 feet. Soil samples were
taken continuously from the existing ground surface to 7 feet below grade, and at 5 feet
intervals thereafter. Standard Penetration Tests (SPT) were conducted at the depths where the
soil samples were taken. Typically, 8 feet of rock cores were taken for verification where
bedrock was believed to have been encountered. Soil and rock samples were classified and
logged in the field by our engineer, and then transported to our laboratory for further

identification.
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Marine Borings

The 6 marine borings were drilled by Warren George, Inc along the shorelines for the study of
restoration/rebuilding of the existing pier and final design of water edge treatment. The marine
borings are not discussed herein, and are discussed in detail in the above-referenced report.
The logs are included in an Appendix to this report as they may be useful in proving data-points

for depth to mud-line and depth to bedrock at some distance outboard of the seawalls.

Test Pits

The test pits were excavated using a CAT EL240 track-mounted backhoe by Venosa
Construction of Staten Island, New York. Generally, test pits were excavated 18 feet to 20 feet
below existing grade or to the top of bedrock. Representative soil/rock fill samples were taken
at each test pit location. These samples were classified in the field by our engineer and

transported to our laboratory for further identification.

Environmental Test Pits

A separate field investigation was also performed in 1993 and consisted of test pits excavations
to evaluate the stockpiles of on-site fill. Limited environmental sampling and testing was also
performed in the course of our 2013 test pit excavations. The results and implications of these

environmental test pits will be discussed in a separate memorandum.

SUBSURFACE CONDITIONS
Two subsurface profiles W-W and E-E were developed based on the relevant borings and test
pits. The profiles W-W and E-E depict the general conditions along the west shoreline and the

east shoreline, respectively and are provided in Fig-3.

The site contains several stockpiles, which are described separately below. Subsurface
explorations indicate that subsurface materials consist of a 7 feet to 30 feet thick fill layer
underlain by natural soils (river mud and sand) overlying bedrock, which is encountered

between el 6 and el -30 (generally dipping downward from the north towards the south).
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Natural soils are absent in some areas where fill overlies directly the bedrock. A generalized

description of each subsurface stratum is given below:
Fill

A layer of miscellaneous fill was encountered in all borings and test pits and its thickness and
contents varied across the site. In the area north of the Smallpox Hospital, the fill typically
consists of dark brown silty sand with rock fragments, shot rock, pieces of concrete, brick
fragments and wood. Presence of shot rock fill created difficulties during drilling. The thickness
of the fill is up to 25 feet along the perimeter of the island. The Standard Penetration
Resistance (N-values) values of the fill materials varied 3 blows/ft to split-spoon refusal,
indicative of heterogeneous materials. The fill materials are classified as Building Code Class 7

(uncontrolled fill).
River Mud

A layer of organic soils (former river mud) was encountered beneath the fill layer in some
borings, typically drilled very close to the shore. These soft soils are described typically as black
to dark gray, organic silt or organic silty sand with organic/petroleum odor. A peat layer was also
encountered in boring B-4, where the organic layer was approximately 10-foot-thick. These soft
soils are believed to be the old river bed (river mud) and are highly compressible and are
expected to be present beneath the areas reclaimed from the river along the shore. The soft,

compressible organic soils are classified as Building Code Class 6 material.
Sand

In some borings, approximately 3 feet to 5 feet thick sandy soils were encountered beneath the

fill or beneath the river mud. These sandy soils are classified as Building Code Class 3 material.
Rock

Rock was encountered in most of the borings and was cored for confirmation. It was difficult
to distinguish rock fill from the upper fractured rock zone in some boings. For borings along the

shoreline, REC (rock core recovery) values range from 33%to 100% and RQD (Rock Quality

LANGAN



Seawalls Reconstruction Geotechnical Engineering Memorandum
Southpoint Open Space Park 22 May 2013
Roosevelt Island, New York Page 8 of 23
Langan Project No. 100332701

Designation) values range from 0% to 98%. The rock strata are classified as Building Code

Class 1c and 1b materials.

The top of the rock is generally higher in the center of the island and slopes down very quickly
along the perimeter of the island. Based on the borings along the shoreline (which were drilled
inland), the top of rock varies approximately from el 2 to el -20 (or 10 feet to 30 feet below
surface). The top of rock is expected to be deeper along the shores. It should be noted that
there is no boring drilled along the proposed seawall alignment. Thus, significant variations in

top rock contours should be expected.
Existing Stockpiles

As discussed earlier, excess soil and rock with crushed rock and demolition debris exist along
the east waterfront, and in isolated areas along the west waterfront. This fill was placed during
the demolition of the previously existing buildings over the years. In the east shore area, the
fill consist of soil and rock fragments with 1 foot by 2 feet concrete slab and pieces of bricks.
As the fill is stockpiled to approximately el 15 and is in close proximity to the seawall, it should

be removed off-site as part of the construction program.
DISCUSSION

We researched available construction data of the seawalls that were built on the island. We
have also reviewed design and construction drawings for the seawalls that were recently
constructed north of the project site. In addition, we have reviewed our files for previous
seawall work on the Island (FFP, Octagon Park, Lighthouse Park). We also met with the
contractor, Civetta Cousin Construction Company, who has performed seawall construction

work at Roosevelt Island.

Several types of walls (i.e. geogrid reinforced concrete panel, sheetpile, gabion and concrete
walls) were evaluated as replacement walls. From a durability and practicality point of view,
cast-in-place concrete walls appear to be generally the preferred solution where replacement
walls are needed. Our evaluations indicate the following conceptual design alternatives can be

used for the proposed shoreline restoration:
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1. Replacement walls (concrete)

2. Adaptive preservation of stone wall (design alternate for east-side only)

3. Rip-rap slope protection (southerly limits only)

The adaptive preservation alternative listed above is subject to subject to certain regulatory
conditions, as explained below, for which approval is beyond the control of RIOC and Langan.

Therefore it is considered for the east shoreline stone walls as a design alternate only.

Completely demolition and rebuilding the existing stone seawalls would be labor- intensive with
considerable tide-dependent and weather-dependent construction, and the construction cost
could be as much as twice the cost of building a new concrete seawall. We exclude this option

as being not economically feasible.

Design Alternate - Preservation of the East-Shore Stone Seawalls

Subject to regulatory approval and a significant design effort to address deterioration, breaches
and protection, it might be possible to economically preserve the east-shore stone seawalls. In
the course of previous repair and grant funding discussions with RIOC, Langan had previously
determined that the only feasible way to achieve their preservation would be the construction
of a substantial rip-rap revetment rising to within a few feet of the wall top surface and

extending laterally to “fill” the riverbed.

Such a measure would be highly unusual and would require special approval of state and
federal marine permitting agencies. Therefore, while it may be technically feasible to preserve
the east-shore stone seawalls, this design alternate can only proceed if the regulatory agencies
concur and also if RIOC so directs.

Environmental Issues

The historic stockpiling conditions on the east shoreline of the site may be key issues in the
implementation timeframe and cost of this project. The elevations of the stockpiles are in
places retaining by the rusting seawall railings where these railings exist, and in other places

rise as much as 5 feet higher than the top of seawall. The proposed construction (excavation,
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earthwork etc) needs to be properly coordinated with RIOC's environmental engineer and with
any available environmental remediation/disposal grant funding due to the nature of this historic
fill.  Environmental issues pertaining to work conditions will be discussed under a separate

memorandum.

Other

The SOSP seawalls are in a more exposed part of the Island and will experience the extremes
of wind, wave and ice of the East River's harsh environment. The walls are furthermore
vulnerable washout of fill from foundation levels and related settlement due to wave action. It
should also be anticipated that a walkway, with either impervious (concrete/asphalt) or pervious
(gravel) paving, will eventually run adjacent to the wall railing, and key to pavement durability

will be a stable subgrade.

A critical cost issue will be dewatering, as the foundation construction zone will be at or just
below the low end of the normal tide range. Permitting efforts may therefore explore
temporary measures which would facilitate isolated coffer dams for economic dewatering

methods.
RECOMMENDATIONS

The east and west shorelines are each approximately 900 feet in length. On both shores,
approximately 100 feet long southernmost shoreline sections (either side of the Renwick Ruin)
are rip-rap protected slopes without vertical seawalls. As previously agreed with RIOC, it would
be more economical to preserve these short shoreline strips as rip-rap protected slopes up to
the SOSP elevations with a continuous concrete curb-supported railing in lieu of walls at the top

of the rip-rap revetments.

The remaining approximately 1,600 feet long existing seawalls on both shores, will require
reconstruction (including possible partial preservation). The attached Figure 1 shows the zones

where vertical seawall and rip-rap slope protection are appropriate.
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Along the 800-feet-long east shoreline, we believe that preservation of the existing stone
seawalls is feasible and beneficial as a design alternate, provided that the regulatory agencies
allow placement of a high rip-rap revetment along the shore. However, the excess fill
surcharging the seawalls should be removed to return the stress conditions to the original

levels.

Along the 800 feet long west shoreline, the existing seawalls are in poor condition and need to

be replaced. Each remediation approach is discussed separately below.

West Shoreline

Preservation of the existing highly deteriorated seawalls is not practical. Thus, these walls
need to be replaced with new walls. Per our evaluation, cast-in-place (CIP) concrete walls were

selected to generally replace the existing walls.

Cast-in-Place Concrete Wall

This is the simple but robust type of seawall that has been the traditional standard on the
Island. The wall is wide at the base, and therefore dewatering for both the foundation

preparation and formwork is the principle challenge.

The proposed concrete wall is a cast-in-place wall, which may be a gravity-type unreinforced
concrete wall as shown on Fig-4. This type of concrete wall has been used in other parts of the
island. The wall retains the soil behind it by its own weight. A similar alternative, which we will
evaluate further in our design, is an L-shaped reinforced concrete retaining wall. Both wall

types will have wide footings for stability and to reduce wash-out potential.

Properly placed rip-rap is necessary along the toe of the wall for scour protection. Granular
backfill should be provided to minimize the unbalance of hydrostatic pressure. The anticipated

construction procedures are as follows:

1. Excavate existing grades including on-site soil/rock stockpiles to el 11 within a width of

at least 20 feet behind the existing seawall.
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2.

Excavate and demolish the existing stone wall as necessary for the construction of the
new wall and its foundation. Provide safe slopes for the excavation sides not steeper
than TH:1V. Excavate at least 3 feet below the adjacent rip-rap slope or 1 foot below

mean sea level, whichever occurs first.

Implement adequate subgrade improvement measures as needed. The practical and
suitable improvement procedures will be determined later upon further discussion with
contractors and the design team as discussed in the “Foundation of Proposed

Seawalls"” section below.

Construct the foundation of the proposed concrete wall over the properly improved

subgrade and construct the proposed concrete wall.

Place the backfill materials as shown on Figure 4. Provide at least 1-ft-wide crushed
stone drainage layer immediately behind the wall and place select granular fill as backfill
in the remaining areas. Place the backfill materials in layers not exceeding 12 inches and

compact to 95% of its maximum dry density.

The top of the backfill behind the wall within the influence zone (1H:1V theoretical line
drawn upward from the base of the wall) should not exceed the top elevation of the

wall.

Reshape existing rip-rap and place additional rip-rap in front of the new wall as

necessary. The rip-rap should extend upwards to cover the normal tidal range,

Prepare subgrade for the future waterfront walkway.

East Shoreline

At this time, based upon RIOC input received to date and the uncomplicated nature of

regulatory permitting, the preferred primary design method under consideration on the east-

side is for a CIP concrete seawall, similar for the west shore-line.
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However, if the marine permit regulatory agencies (NYS DEC and USACE) so require for
historic/cultural reasons, it appears that the only worthwhile method of preserving the stone
wall on the east shoreline is to construct a substantial rip-rap revetment rising to stabilize and to
shield the wall. Note also that where the wall has been breached or is noticeably leaning or
otherwise severely deteriorated, the stone masonry will have to be rebuilt. On a net basis, our
preliminary thinking is that east-side stone wall preservation and partial re-construction could
yield considerable cost savings over a gravity wall, especially if partially FEMA funded.
However, as the rip-rap placement also displaces the aquatic environment of the river shore,
whether regulatory marine permitting could be successfully processed is not clear.
Furthermore, at the time of this study, the requested pre-application meeting with the DEC and
USACE had yet to be scheduled.

It should be noted that the evaluation of the structural integrity of the existing stone walls is not
part of this report, but is addressed by Langan under a separate report. Under the
“preservation” alternate, where breached, the walls will be repaired in-kind. If preservation is
not practical or not allowed, the remediation approach (construction of new concrete seawalls),

as described above for the west shoreline, will be implemented for the east shoreline.
Coastal Storm Forces Analysis

It should be noted that the park walks are currently at or slightly below the mapped 100-year
‘base flood" for the East River coastal storms (nor'easter or hurricanes), and a few feet below
the new FEMA advisory levels which were issued following the Hurricane Sandy storm. Coastal
storm analyses, intended to predict storm loading on the walls, posts and railings such that
these elements are designed to prevent damage by waves, are being performed by Langan

under a separate report.
Rip-Rap Revetment

This alternative involves re-shaping the rip-rap protection along the water edge as shown in

Fig-1 and Fig-5. The anticipated construction procedures are as follows:

1. Excavate existing grade including on-site soil/rock stockpiles to elevations consistent
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with surface drainage of the existing SOSP asphalt pathway.

2. Reshape existing rip-rap to a slope of minimum 1.6 horizontal to 1.0 vertical incline,

removing any concrete debris/chunks, and place additional rip-rap as necessary.

3. Construct a continuous reinforced concrete beam (flush-curb) along the alignment of the

future promenade and extending to meet the FFP walls.

Foundations of Proposed Seawalls

Based on the borings and test pits performed on the landside of the shoreling, the site is
underlain by uncontrolled fill materials and river mud overlying bedrock. However, the actual
conditions, and variations on conditions, directly beneath the existing seawall locations are not
fully determinate due to the restrictions imposed by the existence of the stone walls
themselves. It is not clear what material the existing seawalls are supported on, but it is
expected that these walls could have been supported on fill materials (soil fill or rock fill) placed
over either river mud or rock. In some areas, some wall sections could have been supported

directly on rock as evidenced by visual observation of a section of the east shoreline wall.

Anticipated Bearing Materials

The proposed seawalls are expected to bear either on the existing fill materials (soil fill or rock
fill) or on the existing stone wall footings supported on existing fill materials. River mud or rock

might be present beneath the fill materials.

The existing fill materials and soft river mud, in their present conditions, are not considered
suitable for foundation bearing as per the NYC Building Code. However, NYC Building Code
allows foundations of light buildings bear on uncontrolled fill free of deleterious materials
(wood, garbage, metals etc) provided that extensive explorations (test pits at each column and
1 boring for each 2,500 sg-ft footprint) are performed. NYC Building Code does also allow
foundations to bearing on uncontrolled fill, which are artificially treated (compacted, cemented
or pre-consolidated). It should be noted that the NYC Building Code does not specifically

address the requirements or restrictions for seawalls or other types of retaining structures.
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We understand that the proposed construction will not raise the existing surface elevations,
which have been in place at least since 1980s. Additionally, the excess fill placed along the
shorelines, will be removed and the grades will be brought down to approximately el 11.
Therefore, the proposed construction (proposed seawalls or repair) would not have significant
effect on the river mud, if present, since the effective stresses would not be increased. The
additional rip-rap revetment to be placed on the river side could cause settlement but would not
affect the performance of the rip-rap revetment. Therefore, the only concern remaining is the
miscellaneous nature of the uncontrolled fill, which contains demolition debris, shot rock and

voids associated with nesting.

The excess fill materials were placed along the shore at least 20 to 30 years ago and the
existing seawalls were constructed even earlier than that. The proposed seawalls would not be
tall (greater than 12 ft in height), would apply less than 1 tsf pressure on subgrade and would
not be heavier than the existing seawalls. Considering the age of the existing seawalls, the
historic fill and re-grading of the surface, we believe that the subgrade for the proposed
seawalls can be surficially improved to reduce the risk for settlement and washouts and to

allow construction of the proposed seawalls.

Subgrade Improvement for Proposed Wall Foundations

Adequate and practical subgrade improvement measures should be to reduce risk of
settlements and to prevent migration of fines and washouts. Subgrades consisting of bedrock
do not require any improvement and proposed concrete seawalls can be supported directly on
bedrock.

The improvement measures for soil/fill and rock fill subgrades would depend on the nature of
the actual subgrade material (soil, fill or rock fill) and the actual detailing of the walls. These
measures could include filling voids with low slump concrete, placement of sealer concrete,
construction of cut-off walls, placement of crushed stone layer wrapped in geogrids and
geofabric, lowering the foundations, etc. The actual cost-effective and practical improvement
methods would be determined and detailed upon further discussion with the experienced

contractors and the design team.
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Lateral Pressures

Earth retaining seawalls exposed to wave action are proposed along the shorelines. We
considered various types of walls and have generally recommended that traditional concrete
seawalls be constructed. Adequate drainage should be provided to drain any surface water

perching behind the walls.

Therefore, all walls should be backfilled with compacted free-draining granular soils. Drainage
layers, weepholes and select granular backfill should be provided for walls retaining soils. All
backfill placements behind the walls should comply with the “Backfilling and Compaction”

section requirements outlined below.

The walls will be partially below tidal level and therefore should be designed to resist lateral
earth pressures, unbalanced water pressures, seismic loads, surcharge loads, including those
from the future promenade. The design lateral earth pressures can be calculated using the

parameters in the following table:

Parameters Value
unit weight of water | 62.4 pcf
unit weight of backfill | 120 pcf
internal friction angle of the backfill | 30 degrees
active earth pressure coefficient | 0.33
active equivalent fluid unit weight | 40 pcf
at-rest earth pressure coefficient | 0.50
at-rest equivalent fluid unit weight | 60 pcf
passive earth pressure coefficient | 3.0

passive equivalent fluid unit weight

360 pcf (apply a safety a safety factor of
2 for passive resistance)

base friction coefficient

0.35 for concrete soil/fill
0.50 for concrete on rock or rock fill

Hardscape Promenade and Landscape Areas

The proposed ferry landing pad area will consist of hardscape promenade and landscaping area,
which are underlain by thick fill materials containing shot rock fill overlying thin natural soils over

rock. The proposed landing pad will require significant cuts of the existing soils to reach design
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grades and this would result reduction of the existing overburden pressure. The hardscape
promenade and landscape areas at and adjacent to the landing pad will be subject to minimal
traffic consisting of maintenance and very occasional emergency or event vehicles. Therefore,

there will be very little vehicle live load in this area.

Subgrade Preparation for Slabs and Pavements

The proposed design elevations will require excavations of the materials covering the site. The
proposed surficial materials (slabs, pavements, tiles etc) will be within the existing fill materials
and can be supported on the existing on-site soils provided that the subgrades are properly

improved and prepared as described herein.

Large pieces such as shot rock fill and construction rubbles at the subgrade level should be
removed during design excavations. Subgrades should be proofrolled using a heavy roller after
completion of the design excavations. Proofrolling should be performed in accordance with
“Proofrolling” section below prior to placement of the bedding materials. Upon completion of
proofrolling, a geotextile or geogrid layer should be installed over the proofrolled surface prior to
placement of bedding materials. A minimum 9-inch thick layer of 3-inch clean crushed stone
should be placed over the properly improved subgrade to serve as a bedding and capillary break

layer under the proposed surface cover materials (slabs, pavement or tiles).

Landscape

For landscape areas, topsoil may need to be imported. The on-site fill consist significant rock
pieces and debris, and can be used as drainage layer underneath the top soil layer. A bedding
layer consisting of 9-inch thick, 34 inch crushed stone and a layer of biaxial geogrid should be
installed over the on-site soils to reduce migration of the surface soils into the voids within the
existing fill with large pieces. Geogrids such as Tensar Biaxial SS or Tensar TriAx or equivalent

can be considered.
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Utilities (if any)

The subgrade for proposed utilities bearing on soil and fill materials should be improved by
surface compaction using a vibratory compactor having a static weight not less than 0.5 tons.
Surface compaction should be performed after excavation of the utility trenches. Appropriate

bedding materials should be placed over the subgrades of utilities and pavement.

At a minimum, a 6-inch-thick crushed stone bedding layer should be placed immediately below
the utility pipes. Specific requirements of the individual utility companies should also be
addressed. Requirements for fill and compaction are discussed in the "Backfilling and

Compaction” section below.
Proofrolling

Proofrolling of the soil subgrades, where required, should be performed after completion of the
design cuts, removal of the existing foundations, slabs and pavements. Proofrolling can be
achieved by a minimum of 6 overlapping passes of a heavy vibratory drum compactor having a
static drum weight of at least 5 tons. Any areas exhibiting evidence of poor subgrade, such as
rutting or weaving beneath the compactor, or contain deleterious materials, should be removed
to competent material and replaced with compacted structural fill. Requirements for compacted
fill and its placement should be in accordance with the “Backfilling and Compaction” section
below. Proofrolling should not be performed near the existing below-grade structures (e.g.

below-grade walls, utilities, utility tunnel etc).
Backfilling and Compaction

Structural fill should be used in areas to receive slabs and pavements, and above the utilities.
Non-structural fill can be used in landscape areas. Fill material and placement and compaction

details are discussed below.
Fill Materials

All fill materials (structural or non-structural) to be used within the site should be free of organic,

frozen, hazardous items and other deleterious materials. All structural fill materials should
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consist of clean, well-graded granular soils having no more than 15% by weight passing the
No. 200 sieve and a maximum particle size no greater than 4 inches. Non-structural fill should
have no pieces larger than the lift thickness or 9 inches, whichever is smaller. Non-deleterious

and non-hazardous on-site materials can be re-used if they meet the above criteria.

Reuse of Existing On-site Fill

The proposed excavations will also generate some amount of excavated materials. Most of the
on-site fill and existing stockpiles consist of sandy soils, rock fill, rock fragments, crushed stone
and construction debris, which are non-deleterious and compactable, although not ideal for
compaction. Clean granular site soils such as rock fragments and sandy soils can also be used

as backfill for grading or behind the retaining walls.

Some of the excavated materials are expected to meet the material criteria for structural fill
given above. However, some on-site soils are expected to have a higher percentage of fine soil
particles and/or larger pieces and will not meet the gradation criteria outlined above for
structural fill. In that case, the fines content criteria for structural fill can be increased up to 30%
and the maximum particle size can be increased to 8 inches. It should be noted that an
increase in the amount of fine soil particles will result in increased sensitivity to moisture and

weather and will require more intensive and controlled compaction efforts.

On-site soils can be reused as structural fill if appropriate measures are taken to maintain the
gradation within reasonable limits. These measures include, but not limited to, screening,
removal of large pieces and deleterious materials, aeration, covering or mixing with granular

soils. Segregated on-site rock and soil fill may be reused for backfilling behind seawalls.

Based upon casual site inspection, it appears reasonable that surplus excavated soils could be
spread out to raise grades modestly in adjacent areas. However, care should be taken that no

additional surcharge is imposed on the field-stone seawalls, which are in poor condition.

Crushed stone can be used as a drainage layer behind the seawall. Rock and soil fill can be

selectively used for backfilling different areas of the seawall after large pieces of construction
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rubble have been removed. For the wall design discussed in the next section, some imported

granular material fill may be required to supplement the on-site segregated reusable material.

Compaction

All fill should be placed in loose lifts not exceeding 12 inches in thickness and each lift should
be compacted to a minimum of 95% of its maximum dry density as determined by the
Modified Proctor Test in accordance with ASTM D1557. The compaction criteria can be
reduced to 90% of its maximum dry density as determined by ASTM D1557 for non-structural

fill placed in landscape areas.

The water content of the fill should be maintained within a few percentages of the optimum
water content to achieve the desired compaction. Compaction of all fills should be verified by
means of field density tests. If its use is allowed, crushed and screened recycled concrete fill
should be compacted with a minimum 6 passes of a 1-ton static weight vibratory roller until

firm and unyielding.

Seismicity

The bearing strata underlying the proposed walls consist of fill materials over thin natural soils
underlain by rock. The recommended seismic design parameters (seismic site class, mapped
spectral accelerations and site coefficients) are provided below in accordance with the Building

Code.

Seismic Parameters Value a_t Value at .
short period 1-second period

Mapped Spectral Response Acceleration 3 3

(in terms of gravitational acceleration, g) S¢= 0.3659 $;=0.0719

Seismic Site Class Class D (stiff soil)

Seismic Site Coefficients F.=1.51 F=2.4
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Liguefaction Potential

Subsurface materials below the foundations consist of materials that are not susceptible to
liquefaction. Thus, liquefaction potential is not a concern and does not need to be taken into

account in the design.
CONSTRUCTION DOCUMENTS AND QUALITY ASSURANCE

Technical specifications and design drawings should incorporate Langan’s recommendations.
When authorized, Langan will assist the design team in preparing specification sections related
to geotechnical issues such as earthwork, ground improvement, foundations (shallow or deep),
backfill and excavation support. Langan should also, when authorized, review construction shop
drawings and submittals prepared by the contractor relating to materials and construction

procedures for geotechnical work.

A professional engineer must verify that the soils, rock and groundwater conditions
encountered at the site during construction are consistent with those described in this report
since all recommendations presented are dependent on this consistency. Failure to verify these

conditions could cause the recommendations provided to no longer be valid.

Langan has explored and interpreted the site subsurface conditions and developed the
foundation design recommendations contained herein, and is, therefore, best suited to perform
quality assurance observation and testing of geotechnical-related work during construction.
This work requiring quality assurance confirmation includes, but is not limited to, earthwork,
backfill, ground improvement, foundations, and excavation support. Recognizing that
construction is essentially the completion of design, Langan’s quality assurance observation
and testing during construction is necessary to maintain our continuity of responsibility on this

project.
RIOC AND CONTRACTOR OBLIGATIONS

The Contractor is responsible for construction quality control, which includes satisfactorily

constructing the foundation system and any associated temporary works to achieve the design
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intent while not adversely impacting or causing loss of support to neighboring structures.
Construction activities that can alter the existing ground conditions such as excavation, fill
placement, foundation construction, ground improvement, pile driving/drilling, dewatering, etc.
can also potentially induce stresses, vibrations, and movements in nearby structures and
utilities, and disturb occupants of nearby structures. Contractors working at the site must
ensure that their activities will not adversely affect the performance of the structures and
utilities, and will not disturb occupants of nearby structures. Contractors must also take all

necessary measures to protect the existing structures during construction.

The preparation and use of this report is based on the condition that the project construction
contract between RIOC and their Contractor(s) will include: 1) Langan being added to the
Project Wrap and/or Contractor’'s General Liability insurance as an additional insured, and 2)
language specifically stating the Foundation Contractor will defend, indemnify, and hold
harmless RIOC and Langan against all claims related to disturbance or damage to adjacent

structures or properties.
LIMITATIONS

The conclusions and recommendations provided in this report are based on subsurface
conditions inferred from a limited number of borings and test pits. Recommendations provided
are dependent upon one another and no recommendation should be followed independent of

the others.

Any proposed changes in structures or their locations should be brought to Langan’s attention
as soon as possible so that we can determine whether such changes affect our
recommendations. Information on subsurface strata and groundwater levels shown on the logs
represent conditions encountered only at the locations indicated and at the time of
investigation. If different conditions are encountered during construction, they should
immediately be brought to Langan’'s attention for evaluation, as they may affect our

recommendations.

Environmental issues (such as potentially contaminated soil and groundwater) are outside the

scope of this study and should be addressed in a separate study by qualified professionals.
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This report has been prepared to assist RIOC and Langan in the design process and is only
applicable to the design of the specific project identified. The information in this report cannot
be utilized or depended on by engineers or contractors who are involved in evaluations or
designs of facilities (including underpinning, grouting, stabilization, etc.) on adjacent properties

which are beyond the limits of that which is the specific subject of this report.

\Vangan.com\data\par\data7\100332701\Office Data\Reports\Geotechnica\SOSPSealWalls DRAFT GeoMemoZ22May13.docx
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FIGURES

Fig-1 Plan of Reconstruction Program

Fig-2 Boring and Test Pit Location Plan

Fig-3 Sub-Surface Profile W-W’ and E-E’

Fig-4 Typical Concrete Seawall Section

Fig-5 Design Alternate — Typical Stone Seawall Preservation Section
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23 |y | 5 SARNELES REMARKS
i R DESCRIPTION 3 gl 2 E5e {DRILLING FLUID, DEPTH OF CASING,
Y- —-u [l = g
f 3,— >2_h> s‘ﬂ g E g éga CAS'NGBILO\N.S,FLUIDLOSS.ETC.)
| [ =] Y ELEAMD OV 0 IS ET. WITH 2 1507 |
' L - TRIOVE PILLEL
avay - brown F-C Saud s 1 |58 From 1S ETL- IS BT T s
. trace Silk) pieces of sehicet, E 1 | S| ™| isofyf *DRILLING 3 1wCH CASING To 1S FrT i
- ficces ofvel Sovick(FiLL] 6] “Driude with 250 Tricong
- i : = g RoLLer From s §r. 7 o V7 et
=) — = PRILLING gLCOMES NoTiCa gLy Slowgd
.:—" L p— 7 - AT [L.S FT-
L i = = *Dratie g 3 G CAING To \7 FT-
H = - ’ S/ o 4
= — - DetLLvg /n, Teweowl T 19 Fr-
(B —] *Drmitting 3 ey CAS\NC To |9 ET.
= = cDran - 1
= = Dritbive oty z_ﬂ:/f,a 'Trucwt T
rE— 20 FT.
i = L _
= - AT |4 gv. DRILLING BECons
= - EXTREMELY EASY (z F_T/m»)
:3¥ey-byown Fony spup - | 8 |*SS From 2023 6y,
i Some iy - — - 6
| raud S N
: L a4 =
’ e — L 1783 3
t p— — —
[ pl 2.
l/‘ i e 2‘ < n .
N - - S Driewe WwiTh 247 thoug
j \10: = = To 25 FT.
C = -

*SE fhon 25 €T, To 26 pr. 5/
SVRILLIVG 3 apth o256 To 25 gr,
Ting FYisH (_Fotk D;\‘()A: 2:40 pH.
7: 35 an (1-2443) 1R £V work
q:00 Nor1t 3 dcH CASWC rD
RoD ROk el FHOA APy AOXIMALLY
20-25 1. A S FT. Secmiod
OF cASINC A~D LoD WAS LIST
HoLe, o
q:30 Al 2 USABLE CaSING
READWED FLom HoLE.
[0:00 A.n. 3 FIMASH
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LOG OF BORING -2 SHEET 1.0OF - 3

lJ_I-l|Ill!l-fflllI]|lIFI|!III].'T!I‘IIIl[lIll[_ll!Il!lH|l1l_lll|l!lll{l-llll!_

PROVECT . 2ovelk . ‘5 tO.Y\d ’ PRO_JECTNO" W4+
LOCATION ) ”e\:r \:;\.a V\A/ ) N y ELEVATION ANDIDA-TUM O %
CRUMGASEYEY “Woren Geovqe PNESTARTED 2/10 /A3 |7 215793 |
DRALNGEGUIEHENT D‘e’dﬁch D-—BO | | COMPLETION DEPTH _Am AOCK DEPTH 32
SIZE AND TYPE OF BIT 2 Polley bk : NO.SAMPLES | DIST. £ |UNDIST. ~ |CORE @ T |
CASING %' oleat Dise Coking WATERLEVEL |FRsT - |compL. — |24HA. o
CASING HAMMEMR [ WEIGHT 30(;; lOROP Zz4 . FOREMAN A'Tm OY\A 2
SAMPLER 2" pp 53 Samper . NX core B?f-tw_ei- INSPECTGR ' L
SAMPLER HAMMER fweewr  14p [oror 2 _ Javon Yang
E N N T REMARKS
- B3 ARor N DEP o E[ge RE| S
A i SAMPLE DESCRIPTION : glz|522 ING FLUID, DEPTH
> b SCALE| 3| |5/ 2ae  (CASiiG BLOWS, FLuID LSS, ETCY
- - OFlling shrried @ Boo
} = ) - 2/n/2%
| = 3 deil casing to 5T
== 2 Dr}\\iT Rarc)
= gy
e
1 Z
— 4 —
W = o
3 - = |
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JOBNO._ (1F2% LOG OF BORING NO. B-3
DATE _ SHEET _2 _OF 3
3 li% DEPTH| 3T |6 [ REMARKS
SAMPLE DESCRIPTION - AR EE SRS

S | - |sone| §|¥|5 |68 onsparue oo morcene

g . Bleckz sily SAND, - 2 AMNE

P e 'm.}d. - -1 0|

i -4 ‘ | YA - 2 dvill Cemine +> zo FT

= (. e =

= - n Alling smosth

4V 1o

=1 —_yo

e E 9

- L—‘,’_ i = = ~

= N | o e —| Sample @ 20FT

- - LiRleele SWT. om ~roots [CFEMLLY |E . z

- | C 5, "0 gl 4
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- — il 73 Ar"i\'_casi,gg do 23 FT
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DATE

- JOB NO.

427

LOG OF BORING NO. pg-%

SHEET 3. OF -3

SAMPLE DESCRIPTION

SAMPLES

DEPTH
SCALE

REMARKS
{DRILLING FLUID, DEPTH OF CASING,
CASING BLOWS, FLUID LOSS, ETC.)

P
V.
PENETR.
RESIST
BUS I

>

>
]

265

G NEISS

RERREN
w
U

BRARE

—%6—

W AN
(v -3
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o]

Pec. = 32 in
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Ny Core
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LOG OF BORING

B4

SHEET 1 OF 3

PROJECT SOUTH TlP PROJEC‘I-'NO. / 1427,9[
LOCRTION. ROOSE\/EL’T ‘SL{\}\)D ELEVATIONANDDATUMEL lZ —EEL"‘DIJT ’SLA}J.D
. DATE FINISHED
DR_I'LLINGA(?ENCY WAKRE‘\J G EOK GE DATESTARTED 2_l| —q3 2_'2-?3
DRILLING EQUIPMENT (: ME _ SS .COMPLE'HON DEI:’T,-H 34 FT, ROCK DEPTH 28 F—r.
SIZE AND TYPE OF BIT 33251 " TpiconE ROLLEK NO. SAMPLES bist. "/ UNDIST. — |CORE 7
CASING 4” _[)fAﬂETER STEEL WATER LEVEL FIRST = — COMPL. — 24HA. —
CASING HAMMER |w5.|cu_t .300 [Ls. Tomp 24«: FOREMAN FToOUN ““\PBKATO
SAMPLER 2 INCH [SINEE TIAMETER SPLIT SPoon INSPECTOR
SAMPLER HAMMER [weshr (40 (bs. [ oroP 3077 KoN BoYER
5 5 L PAMELES REMARKS
(VA . o 3 ol F
v g’ U::’ SAMPLE DESCRIPTION 'é-%‘h ggi{g el g A (DRILLING FLUID, DEPTH OF CASING,
;‘i = 2}32 : . 6 :__& g fad g ﬁ&'% CASING BLOWS, FLUID LOSS, ETC.)
-1 - = -] ' TIME STAKT: 7:55 A.M.
- 1 F 43 DEILLING 3% "rrcoNE From 0-5
5 PROBAGLE PIECE OF SHOTRoCK| £ = BIT RATTLING FROM =5 FT.
. X - — ot ol o BUT ACCOMPANIED EY GRInD
- —J \\Q T :
— .~J. L 3
= o= =4
= 1 Z
= Gra\f—bvowh- F-M.SAND, Some. =9, 7 8:12 . SS FROM. S-T7 FT.
- ravel,trace red brick, ! — i 3
= tvate Cin éeu;’*‘vac e ;-j'nH_-J 6 —— lF 4
| ka ‘{"Y&j\uf_'ﬂ"l_s CF*LL} i _ “ 6 P S
- S .- = = it 7 ] -DRILLING 3% "TpiconE FroM
= " = 7 7-10 FT. SmooTH Byt Stow
q ;PROF;ABLE PIECE OF SHotrotk S DRILLING. )
= 3
:“—-G;r‘ - — — — — — — 7T F 3 *BROKE -THROUGH POSSIBLE .
—_ e e e e — s = 'SHOTROCK AT 8.5 FT (A‘rg“ﬂ) '
J_ ] [ROSASLE BECCoF SHoTRock) B BT 15 RATTLING AT 9 FT.
— EGrm\i-\pruun F-M SAWD,sowme 10— 7L |"SS FrOM (0-12 FT.
- Igravel, Tvace red brick Avace: | o 10 :
] cinders, Trace silt, vock _—11—-| N %;
:: " \/\ ‘Fyajk!{,‘ﬁf [FU—LJ : : V) E 52
3 1% M SAND, some =12 Z/ 9:1 - 55 From 12-]4 FT.
] N GMT*L‘JWW“ F-1 SAND) Some = E 50 " ¢ FRoM
H ‘“‘arwa\,hau ved brick, - - |23 b(llLLIg(,hﬂ CASING -
e N : ace Silts . 13 dm| 3 C el L e
5 A .ertt C“"J"-VSJ:Y“{ Y = = :{/? S 17 DEHLING 4" CAsHC To 4 1)
e yock 'Fmﬁw‘th £ [FILLLJ - - 3 ,
= ! : 14— «SS FROM |4-16 FT.
- [ E S S| ]S

FT
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JOB NO. 1470\

LOG OF BORING NO. R4

patE __ 2-11-93 . SHEET,_ 2 _OF_7%
=2 |% ' Eloep| ool ETes REMARKS
T8 | < ' =SCF g Hl g |w|E|gss
\"3 il SAMPLE DESCRIPTION %% SCALE Z% 5 §§S %ﬁ%&%&g gLES'BHngsmEsT»g
I tn 2 e O &a z 'é a T o
- Davk vay Sl\\*, SAND/ - ] N
= N \\3 or_o)omj«c Oon . IO — 15 :f—)b‘ S 9l ¢
E |~ 38 E 3 "
= DarK gray F-M SAND, some :_ 1 i”%'?%‘ﬁﬂl'flS_  HAMMER. 4% cAsiNG To 19 FT.
& S«H’ ovganic odov 4 -] . s .
] o ‘7_2 *DRILLING 3 4 “rRICONE
e - . TO 20 FT.- SMOOTH AND
2] 28 |- 9 J Easy DRILLING
E : 1E J] S WASHWATER GRAY
- L - 3
=] [ e =
= PHE - 207 . SS FroH 20-22 FT.
- Dar K. vy | F-11 SAND, Some | [£ - 2
= .suH' OYDaMlC oéor :—Z\—:\D : 4
- | - 7158 4
= 5 R 2
e —21 DRILLING 34 T-RICONE
- - = =rate s 3 1= 0 25 F17 usive DRILE MUD .
- 25— T MoD TURWS LMHTEAAnb
- : F 3 ' 1S PEAT
== —F — _—— — —E —‘_—_—24'—_ =+ M\JD T}JKHS LIUHT GRAY
= _ == .
5 vaay F-M SAN}'!‘YMe - 3 >
B -\lH' ovaanic O . 1] %
E A KT B = ) G
— ! ; |— -
= N S 22 i:ss
. - 3 'D@uuﬂG\BA TRICONE
] : ZB_E FRoM 27-29 FT.
C 1 KT 28 FT. BIT STARTS
B R P79 L RATTLING. P FT
y o I = 1 - oy ’ G RON
4. | GREWD B - Rock: corint
il Ao " : — - = Z} 7
. \‘Q; P =l : Ky | s Core procks Uf’ AT 20 FT.
J [ FE T 918 o] pume eroke
Jeng|™ LSz |5]e] S| ctop fer DAY~ 2:00 FM1.
x PO B AR|T 8| comme aste-T mfeT.
s = 4 |? |- RESUME 8:[S 2-(2-92
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joNo._ 1270 LOG OF BORING NO. 44 -

DATE _ 2 -1_2 -93 . SHEET i OF‘3__ |

L4
)
S-S

COMPLETIoN DEFTH= 34 FT.

2% s bl e REMARKS

NS & > o IDEPTHI ¢ | Bl — '

IE Y Y SAMPLE DESCRIPTION 32 |gcALE § o E EQB {DRILLING FLUID, DEPTH OF CASING,
L I [RE : <9 s|lZ|8|a85 CASING BLOWS, FLUID LOSS, ETC)
Ty |22 S - -3 Wlo*@ .
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. [y .
LOG:OF BORING BS SHEET 1 OF _ 2
PRQECT 5001_{_\ T\F PROJECT NO. , |4 270‘
LOCATION ROOS EVELT ’ . AIJD ELEVATION AND D'ATUMll gE ;\rr lS(_A D
L7 Jai : - LMot . NU
DRAILLING AGENCY . : DATE STARTED DATE FINISHED
~ WARREN GEOKGE 2-10-93 ~2-)1-93
DRILLING EQUIPMENT COMPLETION DEPTH ROCK DEPTH 7
MOMLE BGlI 39.5 FT. {7 FT. 2
SIZEANDTYPEOFBIT 4,5 " 33[1 TricoWE RoLLE;L , NO.sAMPLES |DisT. 4 |unpist. — |core 2
casina. 4" Dianeree STEEL WATERLEVEL |FRsT — |compL— | 24mm —
CASING HAMMER [ weiehr -~ 3o0.fbs. [oror 24" FOREMAN
- - . g { H
SAMPLER  Z jncl INNER DIAMETER SPUIT SpooN PP EP\N'E e
SAMPLER HAMMER [weieht 4o [bs. [oroe 307 Row BoYER
2 o gl SAMPLES
< O =y M - - . i
g2 |3 SAMPLE DESCRIPTION 2 S[DEPTHI 6 1| &1 252 REMARKS .
X 2 23|SCALE| G| E|8|g8s| - CensitwRinicesers
q-. - E 7 ~ [TIME START: [¢272
s w0 - ’ - Dttt ING 474" TelconE TO S FT.
. _ :_ _: 61T aﬁ‘r—ruﬁc S WASHWATER IS
:+ 1 ] —_— i 7 Browt AT |.S FT— LouD
—— | P¥ PROQ\_GLE_PIEC_E}F SHOTKOCk S P ‘GRINDING | piG gouNeiNg UnvTIL
2 E 3 2 FT. ’
A - 3 = BIT RATTLES FROn 2 -5 FT.
- Y] - PROBADLE. SHOT poCK BETWEEN
§ 2 4 i 3AND 4 FT - HIGH CASING
a4 - . E . BLows
= 4E 3 |
_: :J Bvown F-p S}\!“b Some, Y i : ] 29 - <SS FpoM S-7 FT-
1= |4 | Sl vock J;\wujmmf]'; SZ . 37 | < ProgAgLE PIECE oF SHOTROCK
— W |o D:\LL] —F 6 5| B I CoNE
il [} | _ A |
EEE B 1 10 |
= i 7 » 4" CASING PUSHED To 3 £T.
:__* 48 ] 4” CASING  HANMERED To 4 FrT.
= — 8 - DetiNG 3% o 9 1
. A S BAT 1S RATTLING
i — 9 — 4" cAsC HAnmceeDd To 9 FT-
-] = o -STog For- DAY - 2:S0 £ M.
M ~ 10 - RESUME 7:4S 21-13
u BY°"’" F-H SN\’D Trace - B2 |-4"caswe |5 nOT PLUMB —REMOYET
. "' Yock ﬁa‘amcv{t{ — 7 <138 [ EEDLLLMING TO 9 1. wiITH
= E O ]| g0 | 3747 THOVE
4y = 9 117 [oprittive A7 casiiG 0 9 BT
e sl 22 3 . OFTIL 020 An
= , |Bvown F-nsand, +V«c€_§\l+ = IR 52 DRILLINC 341 ™ |o £T, .
= ’\ +,,a(_g .—vav(,l Voc[( —qu)men-{—; - . |G ,00/3 s §¢ Fp_sof‘l {0—\2_ Ft.
q -, 13 »SS From (2= 14 FT.
-] DrituinG 3%” gron 21"
= ! = To [b ET. (onTiL 11:34]
. = < rOCK FRAGHENTS 1IN VMHVAT‘?K
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[14770|

LOG OF BORING NO. j35

vl el se el bie b Db b peed s e Leveedaivabove Leena Lo b vg e Ly er

JOB NO.
paTE___ 2-1(-93 SHEET_2 OF Z
$s |3 = o e REMARKS
32 (L% SAMPLE DESCRIPTION |2 3 | o TH] ¢ | [Ef ey (DAILLING FLUID, DEPTH OF CASING,
I3 R 2 2 S| SCALE| S| | 5| 283 CASING BLOWS. FLUIDL0SS, E1C)
| PRoBABLE PIECE OF S
SHOT RO CK — 15— |
—_ -t = = — —  — — —| - 3 T Pr6ABLE SHoTRotK EnDS AT
. (/)i Dvown F-M SAND, some mica, E ) <= \S.5 FT. - o
J]vitvace sil¥ (Jcc_.omrosd vock) I 4 o2 V5 | -5S FroMm 16-(8 ¥T.
~ : e o o 2|°v| 45
l\: _..__‘7...__. L7 ,poﬁ_” ] . 3/ 1
- =™ P DRILLING 3% ricone
A CHElSS — | = Jo 2\ FT.
i = 8 = . \JASHWATE R 1S Brown
e 4 LBIT 15 RATTLING StICHTV
san | -WEATHERED =g
N aa ‘ :_20:'
AL L - = _
: L 2 | —] 12:10  Stper potk COFING
A l™ E E Fron Z| FT. —ro ZS,S FTr.
VA P 223
Aot R T P T B .
s B L Ed |2 || rATEOF cormG= S “"N-/ FT.
St b R st I £Y O N :
:1'\1“ : E Eé < e
t p— - Oln lJ
A GUESS e F
AN P E 55{ w<| <& g
N .' — 2.5 — E:
A A ; = .  CorE GoT TANNED Up
An r - Ny AETER 4.5 FT. |2:50
I P — 7.(—]
’\’\ 4 \I-Dg | = - \ ! /
N —— : ‘€ oF CopiNG = {MIN/E
AN ek | RATE OF CORING
: - ] <
A A = 28 St ux,z, "
e S E{ T A
Y - . =1l
) C 21230
ANA = A<= )
A% A - q |
N —33 12T )
AAA E =] _
( = oy
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e b Levia e bo i by b B Db Lo beven Frea L

LoG OF BORING - B9 SHEET 1 OF _2
PROJECT SOUTH T[P \ PROJECT NO. !]4270 I
TN ROOSEVELT [SLAND FEVATONANDOATE L 10 BELMONT [SLAND
DRILLING AGENCY WAKKE‘J C—D(:';P"— DATE STARTED " C’; DATEF'N'SH'ED‘S q}

4 N§ S LKoo - - Z-15
DRILLINGEQUIP.MENT MoBl LE BG ) l COMP_I.ET-ION DEPTH 18 FT, ROCKDEF’TH.é FT ” 17}
SIZE AND TYPE OF BIT 4/:. 4 3’/4"' TRicoNE ROLLE £ NO.samPLEs | oist. | UNDIST. — |CORE 2.
casing 4" 3" DlaneTER STEEL WATERLEVEL |FIRsT — |compL — | 24mA. —
CASING HAMMER WEIGHT ' l DROP ' FOREMAN .

RN "HOMAS
SAMPLER Z |NCH |NNER DIAMETER SPLIT Spoon \NSPECTOR E‘RN E T
SAMPLER HAMMER [wesnr 140 fbs,  Jomor 307 ' KoN RoYER
z . [ 2 E| B SAMPLES X '
M o S| A =P’ ; = REMARKS
I SAMPLE DESCRIPTION  [Z 5 |2E §|w|E|gnz
Ex s 33 |scae| 51 ¥| 5582 GaLmRrUD Demior s,
' CONCRETE ROAD 6 THiCK. 2 | TIME START: Q.00 A.M.
i E_ 1 _E -DriLING 4.5 /rricoNE
* T 3 ROLLER To 5 FT
= o 2 -WASHWATER {5 g Rown
- FRom 6 To S FT,
— 3
L -
Y — 4 —
Rl - 3
- -
= = . [E- g o2 B . Q - 3
i_'%mblh F-M Sf\TfD, = = . 37 % 27 +55 FROM. ST FT.
i Some silt = 3 34
— =]
: | [ & 34
' T ] ft
— : -, 10ofs . DRILLUNG 47 cAsING To
* : = : HSFT. -
AN 5. DRIUNG 3¥* fpicoNE To
A . (G NELSS = CLL—,AIJ ouT HOLE T B FT.
A Al — 9 — - AT [0:00, WATER YUY’ EREAKS

AN - STop WORKING 12:00
4 B { 10 i’)\’-gzs\mg 8:1S 2-15-93

A ! [~ N - -

NS = |yl [ D DriiNg 27 CASING T GFT.
A AR - = ’ ' -
A" ol =hhs By Sl ’é '8:44- gock corING FROM

R C o dLBlE x| 813 e = o) PESGREES
A4 T2 2= with otd RITS . .
..-A" i [ 4 =t 4:44 - potK coeNC Fror g-nt
Al { - B Fr. WitH New Q17 )

4 PP [0:s4 CORING ﬂA’TE:fZ.HM/FT
A A A . _

: A A -
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JosNo.__| 142701 LOG OF BORING NO. 39

DATE___ 2-15-13 SHEET 2. OF 2

I, | ¥ £ SAMPLES REMARKS
2 S LS SAMPLE DESCRIPTION é‘i'\ 257\{2 gy & g2z (DRILLING FLUID. DEPTH OF CASING.
g s 58 A Sle|F g ﬁgg CASING BLOWS, FLUID LOSS, ETC))
A A : ' )
A, PERY RATE OF CORING= |3 MIN/FT.
oA ] 3,‘ N
(PN K
A A 0 H IC __— o ~ =l &
A ] - 1 _Ef S )I-
Y by N £
k Jzlgl |2
A A (7= o
o 1 B [
A o
e 13

CoMPLETIOD DEPTH= 18 FT° [2:00 s T\HE STOP

NN 5
__C—Q
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doa b b bepre e b b Lo byroe b Lo e o Ly e Lo

LOG OF BORING __ B 14 SHEET 1 OF _3

PROJECT SOUTH Tl P PROJECT NO. ‘,l427o l

LOCATION : i ELEVATION AK .

ROOSEVELT (SLAND TT™MEC 12 - tetmouT L seaw

‘| DRILLING AGENCY WA KFE\\l G EO KCE DATESTAR%EEl _ qg DATE F"%SBED—?J

DRILLING EQUIPMENT 1 NoglLE _ QG | COMPLETION DEPT‘:H?7. FT' ROCK DEPTH zq FT.
siIZEANDTYPEOFBIT (" 3747 2"/6" Tritont poLler g7 NO.sAMPLES |oisT. S |unoist. — [core 3

casng 4 97 5 paETen STl 2 ° | waTERLEVEL |FRsT _  |compL — |2emR. —
{ cAsING HAMMER IWE'GH.T. 3b§ lbs,  |oror | 247 FOREMAR W E THOMAS

SAMPLER 7. )nCH INNEZ DIAMETER SPUT Spoop e

SAMPLER HAMMER [weenr  [4o [he, Joror 20 RoN BeYER

$3|2 ' b oepTH ST e REMARKS

= 4 ! : . " 2 2 ; = .

E’ TR SAMPLE DESCRIPTION % 2 | SCALE 8| g ng (DRILLING FLUID, DEPTH OF CASING,
s Szal _ <a o|F g i CASING BLOWS, FLUID LOSS, ETC.)

s Browm F-M sAWD E 7

" +race sild, tvace C:;C\V-‘é-‘ ~ = (2

N “ San J *vace ™Mica, vecl — 1 — |5 N R ) -2 FT.

R voots [FiL]: - 1< |5 12 |5 Fromt O

3 fs, e 13

i (NI E . dolals |8
-T2 — 3 J© | ]%~ -lq
- - . ’°0/1' " '
T T -, *DRILL & rgicovg ROLLER

P X | ¢ |prosreLE PIECE OF Stotroc | 3 TO SET.

A é | — — -

: = e | -
GFO\\I—b‘rown F-t SARD = = 14 | -SS EROM G-7 FT.
frace silt - - <76

— 6 — m| L
- 1< (2 84
:_ 7 : ‘13 ”n
, - . -DriLL 3’4 Tricone ROLLER
- =, 5 To 9 FT.

_ - 80 -DrILL 4” CAsWIC To O £,

D = o ~ ,

= | = »DrILL 33/4‘ “TeicoNE TO OFT.

w | — T

~o | = -
- v - )
= {Gray-bvoun F-11 SAeD =103 [Z | *SS Fron {0-|2 FT.
trace silt SRR
b ] — v_ A~
SRR DY 7] N1 b2 3
i ] 36
) [ 12 " "
- i e DelllinG 47 CASINC
! — = ___13_: TO \S FT--
) . i =
. 5 =14=
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Engineering and Environmental Services, Inc.

JoBNo, 114270l ' LOG OF BORING NO, B |4
paTe _ 2-1-13 - SHEET_2 OF_3

2| 4 & DEPTH| S T T REMARKS

> B SAMPLE DESCRIPTION |2 % SEKLE HRE Eaz T e A e

¥ o ka2 vE-d htatdmad -0 K= g 63 CASING BLOWS, FLUID LOSS, ETC)
- E - Deitt 3% ] “TriconE RoLLEE -
= .~ To |S FT.
. N -_-_IS = ‘ROCK CORE fron \S-20 FT.
5 L] sHsTRoCK, = 103 RATE = | FT [ MINUTES
anmdf \D Fre = : "
= 7 S I il B
-‘ = iy i Lol P [
= 2 B Ao |x e\
1" . o <1 Y] ST
= - 825|751 core peoke THIoLGH
7 v F Jex|z| [~ | AT IB FT.
— — 9
. E - ] 3/ ] .
—] 7.0~ DRILLING 374 TRICONE FRen
=z E 3 IS —19 FT.
= e
— i — 2.7 ; S DRILLINC 27 CASING T 1S ET0|
] C g |9 [T stor fer DAY 2T 2:35 pin.
] ! :_23_2 e |1 *°°/S’ RESUNC 7:So .L\ n. 2-3- ‘13
- : o — .DrLlu.lr'C 3/ CASWG Feom 19.5- '2_05&1'.
= ! - = . | - & "\"“T‘—)S
—_t ] - — — — — = = 74 7] 20-21 #7. (S SECOPDS
- = z = *SS Ffor 2229 Fr. MY
=% % 25— ' « Draeur ¢ Y N] 2s
. :' : JO\ACV\ "bvot..m -t Sf\h\b ! — _ : 24 - (3_3 ”CA‘“ 6 To ET.
o \l;) Seme silt, trace cof\VSl — = N s 33 -DritL 2247 1o 25 €T
] “ l Sa.y\é -\—w&ce jvowﬂ-‘ _—Z(‘": v | - | T 30 | SS FR°‘|‘1 2’§ - 26 tT. 8
i R = oo /24
] - 977 o DRILL 37 CcasC To 29 £T.
] -+ -] REFUSAL AT 29 FT.
. E 95 3 JDRiet 2% T 30 FT
] =29 Y
. WEATHERED GREIS o | - -
7 U a2 B — 70 o[ == - RoCK Core: From 30-32 ET,
- NG - 15128 | = (CoRE GoT TAWnED \§7.)
! | [~ ] s| o | . . .
- N 3 2| %[ N | RATE oF coRE Is | FTfS mavTds
= . -4~ & T
Gl = o o
- s 57 i B A
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JoBNo. | l4270 | | LOG OF BORING NO. B |4

DATE__ 2-3-93 | SHEET 3 OF 3

cn e be bee D s b b b b oo e b e b b L

5. o9 . SAMPLES HEMARKS
e . . - P 5 [l I
§§‘ o e SAMPLE DESCRIPTION [S)EAIE' 8ly & E'gi (DRILLING FLUID, DEPTH OF CASING,
T 3 ;/2_ gF g ég:'; CASING BLOWS, FLUID LOSS, ETC.)
A A E E
EISS = =
A n GN ?BZ =i » POCK CoORE
A4 = = FReM 32-37 FT.
A =377 :
e R 8 — 33 =1
0 = el
] - ]
LY o -
Aty I __34__ ~ :2 ~
AN — 4310 ~7
A [ e 2 ) . -4
A 35 7] | X|o @
A 27 2| 2ks|
A I 4 D g_’. o
A Ay : : : q G
N - 3. > o
RN s O
A = —
Ao |—= 3'7 —
CompLETiond DEPTH = 37 FT., C
29
3 ]
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N
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Engineering and Environmental Services, Inc.

LOGOFBORING __ B IS SHEET 1 OF 2
PROJECT SO UTH Tl p . PROJECT NO. \l4’ 270[
LOCATIO B ‘ ELEVATIO| :
ATION ROOGSEVELT |SLAND - NAN?ﬂmTz-guﬁoﬂT {SLASD
DRILLING AGENCY E L — DATE STARTED DATE FINISHED
WARREN GEORGE 2-1-93 2-3-93
DRILLING EQUIPMENT ) ' COMPLETION DEPTH ROCK DEPTH
CHE - 55 . 28 FT - 20 €1
SIZEANDTYPE OF BIT b ") TRiGoPL -RoLL E NO.saMPLES |oisT. S |unoist. core .2
CAsING  AY D YAnpTEL STEEL WATERLEVEL |FIRST — |compL — | 24HA.
CASING HAMMER I weiGHT  J00 [b,. |onop 247 FOREMAN
, - 0 , A
SAMPLER  Z- |OCU \PEL DpaCT e SP.LIT SPood o — JoHH IMPARATO
SAMPLER HAMMER [wehr |46 [Ls.  [oror 30" TASoN YARG
;3: = | L ‘ , oL SEFTH SAMPLES
@ 28] 2 - q . ]
22 b3 saweepescrieTion |3 3|gonn] €| g5 sz e N
=2 EZ S 2 g|F g ) CASING BLOWS, FLUID LOSS, ETC.)
=fs Davk brown sandy SvLt - m |} 4 |rTmESTART 2015 p.p.
. R = 3 3 |+SS FroM O-Z FT:
= | SR ] =1 P
1: . ’ 3-43
- i 3 i 1> START 7:45 2-3-
b LS \‘0 Dark Yprown SO“_V‘f-\‘j- ST — ] 34 §-00 —‘1:/00
:j = : R - . 7 N Joofs*|  gucounTERED OBSTRUCTIORN
gt (R SRR P ] &
. w - o oo+ s DRILL WITH 6 81T To 3.5 FT-
— _ [~ 4 o
A= ¢- i T . -y
q -- i 32 ] <
= D : - B - I : 5 —}-=12 ..IS.___.Lose: WASHWATER
-1 Dar ik browy F-C SAND 13 E - '
1 - : .- . ) 3 e j P} y F .
1: - Some Silt, Some rw(’-‘) ~ n - £2 DL, € aS1pC w0 6 P
— |y VR : —1— 6 ||t
= j ~o 4vace brvick (:FILL) 24 = qde ||| 27
— = [} ) 2 L= -
—_ = o= - Z
_.._ . L-L- 7 - 7
= h g Z s DRIVE CASING To 8 FT.
= B S
- 441 4
= — 9
I 40~ O _
— Dark qvay F-C SanD — 10 — | PFVE CASINCTo 14 ¢
= .. ‘" SOM.E, .jraw‘t:l} '\‘Yé\te SlH’ {8 — . o
-y .'. A : [F_\LL-) T b o N S
d 5~ - 1|57 2
-1 - - 22 - .
4 =L £ 3 3
¥ . _ - -]
ar | 3E 3
= I = =13 = LWASHWATEL BECONES [ lowyd
g SEGIYTS VS 23 .
il .. 9 . 1 o s
= o ohol' N 1‘4—_
= [ : o -1
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sono,_ | 14270l LOG OF BORING NO. 5 |5

| SR
DATE . 2-3-93 | SHEET _2 OF_2
22| 2 o E] o epr |- SAMPLES
3 F lus SAMPLE DESCRIPTION |2 5 | an $|wlE|Ess . REMARKS
$% 28 3 Z|SomE| 3|5 (5| 2ds TR RS LEsE
1 : o
.52 |, |Brewn F-M SAND, Some s AR .
= grave | and sily = g (Sl bast B / ~QEFUSAL AT IS.S FT.
= I {6 =
= I I =X
— o ) = -
= IR -
= 18— “WASH BECOMES LIGHT BroWH
. B
L E
= DN : 1 — 20— ENCOUNTERED OgsTru CTjoN
- . GNEISS A = R
— T Y .
- = . )
qaA ~ B ™~
— s A —22— o |3 L |
- - 4 %3k ™
= A I - ol
I Y L = 1= W |
= A 23 212 1~ |
b RPN Y A i R )
] ™ E ' 8 ¢ -
= 24
1 1 -
= Y -
g — 25—
- ] H _ ] W
= I = 5] ‘: =
I N 7 2 -
= i 1=
— e 4 212>
— A* b= oz | O
. " i '_'2-7_ X—V
g . [~ 4 |=
: A A A l : :
- — 29
E COMPLETI00 DE\’T_H_; 28 FT. ' - q TIME STOpP: 13:30
= - 294
- == !
T — 30—
= _ =
=] B2
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Engineering and Environmental Services, Inc.

LOG OF BORING

B16 SHEET 1 OF _ 2

[ PROJECT NO. ]
PROECT SouTHERN T1P "> 1142701
LOCATION . ELEVATION AND DATUM . )
RODSEVELT |SLAND EL {3 - BEUouT LSLAND
DAILLING AGENCY DATE STARTED DATE FINISHE .
WARKEN G EORGE 2-4-93 7 -93
J COMPLETION DE| ¢ PTH .
PUNSEQURMENT e _ S5 25 FT. PO G FT. 5
SIZEANDTYPEOFBIT 2 4" rpicon potp , 2 e “rricomr gotten| NO.sampLes  [oist. & [unoist. = [core Z2_

casiNg 4 3" piameTensTEEL

WATERLEVEL |FRsT — |[compL — | 2amR.

b b v ber b Lo b Lo beean oo byoaad pen o Loaaa Loy

CASING HAMMER [ weenr 200 (s,  [oror 2477 ECT _ ;
—— : : - ' HN P o)
SAMPLER 2 |NCH |NHNER DIAAETER SPUT S poon | e [MPAEAT
SAMPLER HAMMER [weeny  j40 (L. [omoe 30/ _ . RoN poYek
2| oW W peprio| oS REM
g2 bee . S SIDEPTH| s [ L[ E[2x+ ARKS
Eos D23 SAMPLE DESCRIPTION z32 SCALE §: AN {DRILLING FLUID, DEPTH OF CASING,
2- k3 3 a g = g ﬁﬂ:’% CASING BLOWS, FLUID LOSS;, ETC))
FiLk ) -'Gy’-a\';—blrou\n - IadL, Soe cilt - - St |sS |f 100 /4% . TIME STALT: F:4S A.H,
ST S | PROBAELE SHeT ROCK Op = “ST Fror 0- 47
_|~..¢ \ I -~ ] 1 — .
| = | PEcE of COPCRETE = & 2DRILLING 33/3"(T&(COME,
e e _ — ROLLER To 7 FT.
Brown Fot SAWD, soe S 2 |"AT LS FT. DRILLING
o e silh Hrace vel \"_’Eéﬁﬂ = | 2 | BECOMES NOTICEABLY EASIER
! ' A :_3?{/,(\1 ((,”,f,, S |*SS EROM 2-4 FT.
" [ - 3
= b : - 4
s 1R . . — - : i _ .
o o T ] S N RN EA LY
L_L' Py U o QEF‘L.")- B .5.._jn9_ oz 3
s [~ 19 ||| &
: i 6 = (6
" 7o] iBrown BN SAND and S 20 |35 Fgom -7 FT.
: §wa'c\,Some sif 30 Aol |
i E [FiLe] I . do |lu|—| 24
; D DRILLING TO 4 BT, witH
| 26F . (' TrICoNE ROLLER
’ i 23 — g = “DRILLING 47 cAiNG O 4 FT,
F - g Z *HAFPIMERING 4" cASiNCTO 9 FT.
- 7 o “DRILLING 3% g conE To
ar : HE 7 lo FT.
S ING: : 10 - HARMERING 4" casiv G To |4 Frf
. . : N _ ()
= 1 Gray grevel [FiLL] 2k o
o LL :! 1 | = l
- —t— 11— Ly N
’ SF sl 2
, i 12
E 1 i
J t - P =1-
’ =113
' 144 = =
SR ]
,-—:—14—H
| E 3
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Engineering and Environmental Servoces Inc.

JosNo. 1142701
DATE 2-1-13

LOG OF BORING NO. K /6

SHEET 2= OF 2

T [l & | _SAMPLES e
g I SAMPLE DESCRIPTION |2 7 gg/Té APEHEE e I s
= > k5 : 23 s|=|8|aE3 CASING BLOWS, FLUID LOSS, ETC)
Yy W @0 U = =z & a.
b= , =5 ] "
. & |Brown F-h SAND 15 72|+ SS Frovt IS L ET.S
=1 LI . ‘e = = ok " =l
2 ™| Som¢¥ silt = dolalk | 'S |+ DriLtivé 34" re1conE To
= | —[6—~ V’U’-‘;oo/! |7 FT
g GNENSS = 7o LDebNG 3 cAsinG TO 7 e
q s = <l VCLEAWING OUT WITH 2 /,_
R [ s I o R NE ROLLER.
=i = {8_: . S |- RocK CorE FRoN 7 FT
= I =i ° 52 Y] To 20 FT.
.- C 19 Z|€5| o | -STranED WASHWATER Stiows
= E 3y | ] wemuwt(ro FINE)- |
i - 7045 RATE IS | T[4 miNUTES
A a2
= 5 = g =
e RN SR s Rock CORE FROM 20-25 FT.
= ! nilY e |
3 Aaa [0 — 21 ] RATE IS | FT]S MINRULTES .
—-— a = — u
____ " '__22—: N % =
—A 2 a = - — - - = O.'_ .- %3)
2 [ i [ RV
— A P ] i — 2.3 — 200’“ n
= - ll O |y Q
[P ‘[ = 121 | o
ol ! - - m
i, T L k2
m N e ‘
= i - ¢ I T
E CoMpLETIeN DEPTH=2S FTi | 7 TIME FINUSH: |2¢1S
- e
3 K
7] . S S
b i R X =
b ;295
= S =
— ~_ 30
- R T -
~] e
] =
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Engineering and Envifonmental Servnces Inc.

LOGOFBORING __ D'/ SHEET 1 OF _Z
PROJECT NO.

PROEET SouTrEEN TP {14270
LOCATION v | ELEVATION AND DATUM

RooSEVELT [SLAND L-12 BELHWIT (SLAND
DRILLING AGENCY DATE STARTED . DATE FINISHED

. WAREEN GEorGE [-29-93 . 2—-1-93

DRILLING EQUIPMENT — + | COMPLETION DEPTH ROCK DEPTH .

MOBILE BGI 22 FT, 12 ET-
SIZEANDTYPEOFBIT S 3’.{1”, Sht” Tricont porLit 01 No.sampLes |oist. 4 [unost—  [cone 2
CASING 4”7 4aD 1" Piameren WATERLEVEL |FrrsT — |compL — | 24mn.

CASING HAMMER | weiHt | oRoe FOREMAN
; ; BLANE THOHAS Ut Ji
SAMPLER 7 1cH DIAMLTEA SPUT Spvon ,Nsm,ofﬂ” ~4 LuI i
SAMPLER HAMMER [ weieky (40 (b« IDnOP 30 -INCHES " RoN FovER
2 kS ‘.:-_ SAMPLES .
3 2 by o 1 ~ |DEPTH{ & B @ REMARKS
S R SAMPLE DESCRIPTION {5 soael 8| ¢l=| B2z [DAILLING FLUID, DEPTH OF CASING,
< > 38 23 o|£|8laua CASING BLOWS, FLUID LOSS, ETC.)
I v 2o U =z @ |a T .
broon F-1. 3amD - - 2 | Timg staeTs 1130 At
Sore 5ilt, pieces of vocK, N | 2 |.s5 pe o Er
frace vel bvick rF“-LJ = 1 -3 Gl - Flonmg 0 - g
o e - P A L |
e = . 1o
¥, — 2
- brown F-N SAND, — ha I
- Sorme S;H’ dvace red brvick L ] 5'7_ 55 From 2-4 £71.
O — Tl ls
= |8 L) — 3354 2s
|- - 3 24
y - — 4
byovmn Qné ellow F-mt SAJD [ i 39
Some S;H‘ Yrace MsCt.\) Y.L(ts 0 o 4@ 55 From 4-—‘, FT-
sk = ) - s S glelil
- S8
) Sbrouw F-rt SARD 6 e[S fefen| * S5 Fon { FT. - 6 ET. S mCies
Sornt .r.ll—' Toave "Ca L duv | :
A4 : Sty 2
) ) — 7 STEMIZ LD wnm»—'mtl. CONTAWS £oCK FEALHEIMNT
A, ProeasLL IECE OF SHIT pouk - . ‘Do S -\’a.\(od(_ £OLLEA BITTO STET,
g T epenas 4" CRWC To T FT. 2 rerusaL
q [ = sDEILLING :33’4"1’&\(»»5 rottgL To
? = | 4.5 Fr. (steveh BETWECY T 49D g FT)
q A L 3 —— ePrLLIVG _4"'CASING To 9.5 FT
’ ~ .:_ s pentw € 33" Triconr porter To {2 [T,
A I\ADE Progaste PIECC OF SHOT pocy I__"; — 10— o AT lova‘ RIG STALTS Bounep ¢
1 NS N ! DeanpatiICALLY. -
Maouf T} peseic pe of ST foCkBd F i1 ¢ AT 10 7. S¥ 20D DRops ok |
1 1 - ", 3 - Too HALD To DEWL S5 AT Jo ok
v, . 10 N {2 FT- e
4 I . Y H I i . . :
" ER° W wCATHERLD - . 5 = DRILLING ) ’3"0/\'5!06 Fono-|2F}"
a APD HAS SEAAS T =3 | s | sieewen wrsoaTeL Has Rock pepcrcts .
A ;- 18] e e} s
S sl e £ B DrateiwG 26" TricoN e porLLEl
— - O~
. r . = 1= (3] A ] 1o 12 BT 2 Ve gt Soutd Hege
T : _—_-14—- § > g . ROCK CorING Feorl |2 FT.
= 2 EATE OF CorIng s | Ff/q H)-

el b b e b b Do b b boron Lo Lo e v b
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Langan Engineering

JOB NO,

|\4270 |

LOG OF BORING NO. 817

e Lo bl oo b bro b b v b brvea beswa e brina b e benn g

lIIl]]lltll.lillllllIl]lll[lIIII'IIT1T|IIIII]IIIlIITT IIII[IIIIIi'lIilllllrllll]illlllllll!Hl

N TN N
o~ ] 2

N
-l
o bornr o b b b b Ll

™
o

3

[£8)
Q

paTE _ 1-27-13 SHEET _2 OF _Z
¥ T 038 DESCRIPTION DEPTH| 8| . |5 |Ese {DRILLING FLUID, DEPTH OF CASING,
<> |75 SCALE| sl2|8lza3 CASING BLOWS, FLUID LOSS; ETC)
I W %) " 121 o fco .
= |- AT 14.S FT, Corc BARREL
Aa 3 APPEARED To EXIT A RoCK
A Is -~ .
A ] *S5Tof AT .g:00 /o1t For DpY
A A _ E ReSVrE D00 AN
(:1 A il(o—_“ DrLivwe 250" Tricone golterl
q e To 17 fr. )
. 173 Dot 3" caSINg T |7 Fr,
g BED poCcK — GHESS o PG [EDTRiNELE, FiEon. KT . 7o
A lun e 22 Fr. :
S s 18_: @) RATE of cO#176 IS ! FT./Sn}m.
AL M = B e Lo STRMAED WASBYATCR (on-TaIv]
[4— i © TRAE pOUPTS OF SpuD .
s 5 ?‘\' X f~o .
- H< 25| » ¢ gEDAOCK HAS LoTS OF Sepms.
A y | XD
oY
Aa > & i
a x|z | L
AT 21— |
a A -
2T —
< ~Cort PLETIN DELTH <= 22 FF- - Time FWISH: 9242 Aoh.
- ' (2-1-93)
773 — )
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b b b b b b b o ey iy o

SNENEENANSNRIRERE

'LOG OF BORING B-H A SHEET 1 OF _ %
PROJECT ?-oo».sevd&* lé\&r\A PROJECT NO. \\4??_
LOCATION waue\“ B\QY‘A , N y ELEVATION AND DATUM Ia_) ) O
DRILLING AGENCY WAVR'_V\ é S e DATE STARTED’U/ 15/61'3 f)ATE lel?HED 2/\9/‘1 3
DRILLING EQUIPMENT Mo ,9'2 Driil B e\ COMPLETION DEPTH 19 ROCK DEPTH V1
SIZEANDTYPEOFBIT 25 Roller bik No.sampLes  [ost.  Z  [uwost. ~ [core 8 FT
CASING 3¢ & 4 Cosing WATERLEVEL |FIRST ~— [compL = | 24WA. —
CASING HAMMER = 'LwélGHT 200 = [ oror FOREMAN Viacent
SAMPLER 2" 26 sawmder. WX Coré Parnrel. e
SAMPLER HAMMER | weiewr — "\4p | oroe Jasen Yang
_ ' _ SAMI?L’E ' . )
SAMPLE DESCRIPTION § g E%E (DRILLm}F:‘LEy?EETﬁ%FcAsws.
. g S E,hl:la . CASING BLOWS, FLUID LOSS, ETC.)
2 | ui Drive cosing to ] ET
] - F 1z Prilling Rt
£2 -
1% -
i == 3'=
A |esfF S
J — 4 —
O i E
______ ol . >
2 |t &z .
S F BE - |
0 = 65 :
o (2o~ i f
N ; s =] ~7~ et
9 sm. grawel | +r. sl E d a5l 25
" —t g —}1|R|Q
] i -4\ W~ 6
#3 - 15
M9 Somple@ qF7
Bra. c-F SAND gl “;
. . : - - . ) :
L7 i~ G
{ . |
\ : ; & =
n 1 GNEG125 - . =
‘i | 12 2 E:
] i = A=l ol
W T b ‘:J lg N
R | —— HE e i AV T
Qe T S R R
: = = \Y4
1 I PR
i L .




= Langan

I - . - » -
' Engineering and Environmental Services, Inc.

JOBNO.__ | 1472% LOG OF BORING NO. ®-1A

DATE____2/\5/9T SHEET _Z OF _Z

SAMPLES

|DEPTH REMARKS

SAMPLE DESCRIPTION - Slu|s|ERE
SCALE| 3| | 2| 283 RS BLOWS. P 068 BT

O

ne GNE%S

-

-
i‘lli.ll"llil

T

=

REC= 30
E&p= 544

N¥ core

5
Puw No. 2,

<

Bocirey Complated @D =19 2 -vaﬂ\t*;- olopped @ J40D,

-

vl reaa b aivra e g iarila e bieeibivag boggaboaaaleopabeesabo gl e bagpad eoardana el
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Lot b beana by bern i

'II|'!~|Ill!IIIIIi|HlllrHilHlIl}IlI[.lTlI]

LOG OF BORING BI8 SHEET 1 OF _2Z
PROJECT ' PROJECT NO.
SoUTHELN TIP [|4270!
LOCATION . ELEVATION AND DATUM , .
ROOSEVELT [SLAPD EL (2 BELMoNT [SLAND
DAILLNG AGENCY . DATE STARTED DATE FINISHED
- WARREY GEORGE 1-29-93 1-29-93
DRILLING EQUIPMENT ! COMPLETION DEPTH AOCK DEPTH
CME- S§ . IBFT. FT-
SIZE AND TYPE OF BIT ‘5%" TRICONE oLl NO:SAMPLES |pist. 4 UNDIST. — |CoRe 3
CASING 4" pianeTEL STEEL WATERLEVEL |FiRsT — [compL — | 24mR. —
CASING HAMMER | weewt 300 [br. |omor 24 iwcyes | Fomeman
G V) |
SAMPLER 2 e DIARETER SALIT fpPood G_KEC HA&MEY} DAN IMYAKATD
; ; _ INSPECTOR
SAMPLER HAMMER |weinr 4o [b. [oror 30 jcHES RoN BoYEg
22| 2 - & 3 P REMARKS
'3?_..,_,: SAMPLE DESCRIPTION =3 gg:-ll.—'[-il iéf wl & E%% (DRILLING FLUID, DEPTH OF CASING,
E‘“ :3.—% . : < 3 g bl g g CASING BLOWS, FLUID LOSS, ETC.)
51 8 |brown F-1 5A9D, - . S | TIME START: |1:00AM. 2.3
{4 EQ' some i l¥ D:H_Lj \7 - - 4 LOCATION: 127"
3y -brown £-M 5AD, i b gy
Some S'H', frace _ro\\l&.l : [~ ] i m
' gravel [ei) IS E = 4 |-ss peon o-2 e, & sst BB
Y= 8 1. 5c gronm i
2_2_ = ] 2‘1 S 2-4 FT. CoOdCRETC-FILLE
i IV I N METAL FECE PosT.
g c = m O bl el
L. —|brevn o sAND 1es = -
L AND, some silY 3 =1 (o for A-6 ET
| 4vac S A A i *Sf F 4 FT.
) ¢ of ved brick [FILL:) 19 — <. S
F a . _2' i = iz (o (‘:’) 1,3. (-i
S E = '
= B
gray-brovn F-n SAwD, : ' = A | 13 ]SS ¥Romn (-7 FT-
race ved brick, preces o_‘f schist :’oo/_ ] 3)_ & :l‘
" g . i . o . il 18
with mjca, [-_F“—L) L — 7 Y :
: = - * HMAER 4 CASG From O] FT,
A | WEATHERED GPEIST S S DRILLIAG ITH 34 TriconE RoueR
T A - e gy B\T T {0 FT. _
Y : & 0 MATERIAL (5 Too HARD T S§ Sansiq
é = i AT 1o FT. .
/\\ i - -
' — 9 —
A ; I -

Hu e 5
APS i 107 »RoCK (okE Flon 1o PT. To \4 FT.
A ™ - k< AT 14 7. Cor® GOoT TA4nLD,

' AT —=_ | A"D WATEL pusr GoT STRPPED UP
ta B 1 |u ~ So Cok€ 5 ONYY 4 g1, gud.
a, = 2 B (= o .comgc 1§ ATA RATE OF

12 Al [ = | 1 ET[ s nmeTer.
A | 43X "
= — \6) m
Aa N ___.13._: - “L:F &
— | X (neg
LA ‘ iz . 2™
e | splge » RoCK CORC FROA 14 FT.
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Langan Engineering

.|DATE

JOB NO.

(142701

1-29-13

LOG OF BORINGNO. R 18

SHEET __ 2 OF _2

=2 |98 SARPLES REMARKS
S & Rad DESCRIPTION DEPTH| &1, 2z Ehe (DRILLING FLUID, DEPTH OF CASING,
xa I3 SCALE| s 8 5$§ CASING BLOWS, FLUID LOSS, ETC)
N 3 z Wla a .
A A 4 53 | T[4 s T, eonl Sersur AGKRT
A J3| S| 2
- sEIEE e
A - - . — N
“ - s POCK CORE FROM |{S5-1% €T.
Ya Y v | CorwC is §T A paTL OF | FTf7 1|
a7 Jdslg]| [ v
42| w (B
71— = |8 W
A A o =1 I ‘-t-,“’ =
A =X s¢ - g
A — S
A F%_'- 13

CoMpLETION DEFTH= |D FT.
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~ Langan
Engineering and Environmental Services, Inc.

LOG OF BORING B-2! _ SHEET 1 OF __2
PROJECT Zoose \le“- \b\&n C{ PROJECT NO. w23
LOCATION _2 uui ‘. \Q\a'\d , N \/ ELEVATIO” AvND DATUM ‘3' 2
DRILUNG AGENCY W&‘Mr\ au ) DATE ST'A.RTED /L/IS/qa‘ D.ATE..F'le'-".--E_D 2/'9 /43 .
ORILLING EQUIPMENT MoUe DY‘?“ Bél C?MPI;ETI(?N ?EPTH ‘ 8 ROCK DEPTH . - lo .
SIZEANDTYPEOFBIT. 3" Rollor B4 NO.SAMPLES |DisT. | [unpist. = |core B FT
CASING D Z AY caning WATERLEVEL |FRST . [compL — |24WRI
CASINGHAMMER | weantr 200 | oror Z4 FOREMAN ,
: - < : - - ; Vf&(e\«\\—.
| SAMPLER 2" 2% Sowger. NXcore ' — .
SAMPLER HAMMER | weieht 140 | oror 20 S aaw Vaa
: ) SAMPLES |’ -
SAMPLE DESCRIPTION ggi{g glw|E|Euz ORI e cAShS
SEE Eﬁg CASING BLOWS, FLUID LOSS, ETC,)’
32 u - Sterd drt W@ ‘Boo
v 1 S 'Dr':w.c_“9i-“g 'fb 9(“’
|52 e drillig Rard
o : 2 —
o 43 b |

O"C ' 3 —

v 128 -

) — 4

i, 5 | | 25 3 P

'_)J_ :EIS Bra - M- £ SAND  sm grauvel. 5-—} _ - i b“d»ﬂp’fﬂ:@ -5

W= 4. bace Prqmast [Fwld 120 51

p v b b D b Do e Do beiee b Lo e by i L g

= 4-lal= |
-1 S 1 0%;
) (24 ‘*‘2- } 200 Rammear
Q — 7 = | Z
: e Prive ceasive Yo 10FT.
- s E 3 =
(\ P t‘rilliw—-\ favd
| =9
Al o
: 10 : C&é?nc_‘-eI\COn-l-e.r dbﬁ»&'mtih
A/ﬂ‘ @ME\‘;Q = - @ ofT, Poswible rbck-_
’ — 11— Core D 10 FT
| " ;
L e 4 1
: i — 1 10 -i . N
X el I ~
\) \P | | 3 -~
S In - — ‘loV .
8_ 13~ |3 5
- 38 §
.1 =B gy = o
R ey, S— l¢ —
A R -l
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JOB NO.
DATE

w4z

2/15/14%

LOG OF BORING NO. B-2Z\

SHEET Z OF 2

SAMPLE DESCRIPTION

wn
>
<
n")

LES

DEPTH
SCALE

NO.LOC.

REMARKS
(DRILLING FLUID, DEPTH OF CASING,
CASING BLOWS, ALUID LOSS, ETC.)

TYPE
"RESIST
BL/8 .

‘PENETR.

2 6%

GiNELSS

Iilillllll

~ .
-

Rund No.2

Nx ¢oeg
BEL = 27 wch:  [recOv.FT.

E&D="—

o b b borra v booon beinacbora begoa Lo Levn b P Lo Lo Lo Lo b

Boriiq Corpleled @
D=\aFT.
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Engineering and Environmental Services, Inc.

LOG OFBORING 82‘2’ SHEET 1 OF 2L
PROJECT SOUTH Tlp PROJECT NO. {,4270 {
LOCATION ROOSEVELT {E.;Lf\ t\,D ELEVATION AND DATUM EL II -‘ BELHD}JT ‘S(_A'JD
DRAILLING AGENCY WAKKEN GEOKSE DATESTABTZEZ ( S'_ q3 .DATEFlNlSZD_'lE_D S"-ﬁj
DRILLING'EQUIP_MENT CME - SS 5 | COMPLETION DEPTHZO F’—r. HOCKI)IEPT:‘II_FT. 8 I(
SIZEAND TYPE OF BIT 33[,} T TRICONE RolLLER NO.SAMPLES |oisT. 2 |unoisT. — |core. 2
CASING . WATERLEVEL |[FIRST — |compL | 24HR. —
CASING HAMMER | weiskr | oror FOREMAN e A OR @ A
SAMPLER 2 {NCH (NNERZ DIAnETEE SPuIT Spooc] — JoHn [MPARATOD
SAMPLEA HAMMER Jweeny (40 -ibs.  |omor Zo Ros BOYER
S ] O T,k SAMPLE
< 2 > =
< 2 ) | DEPTH| & T REMARKS
é '\% RY¥; SAMPLE DESCRIPTION :L'; e scaLel 818 % G%E {DRILLING FLUID, DEPTH OF CASING,
£ 2 <3| S|F g e IGASING BLOWS, FLUID LOSS, ETC))
= GONCRETE 4" THICK — - TIME START: 10710 AM,
= -y DRILLING 3% " tricoNe
- — J ROLLER TT° S FT. -S$MO0TH
2 2
= - \WASHWATER (S BROUN
= 3
- - 4
— — —
. =y o
- | L s - - - S , < -poO -7 - FT,
= Brown F-C SAND and - 7 - S SS FrROM § 7 ET,
=i GRAVE_I? +vace silt, Trace I~ ] |4
T_— i icihclcvg-'@lml yed brick :”_ 6 _:u\7 ((;), ;r 5
-1 . A -'pv_o\jmcn'h‘ [ FiLL] — . ' 6 , 7 T o
] O — 7 .DRILLING 374 TRICONE
3 [ -] 0 10 FT. = FAIRLY EASY
— =i — 8 —| -
z i = . \WASHWATER |S STl
- =fP= et
T 3| |Brown FiC SAND trace 10— rar | SS FROM jo-i2 FT.
: — 11
=t \UD‘ . s - )
- . ~ Brown F-M SAND, some silt = :_g"’J S %\ ‘fnoz,,
_: a A CNEISS — 12 —] : . <TOP AFTER SAMPLING .
=1 A : . : w = . y . - -8 .
q M0 | E 4 [g [xa| T FDETRE (110011 35)
o D A —13 5|9 g -ROCK CORING FROM
DA - =[N 2 | 12-17 FT
= AL - _—]z“"'f’@ START 'Cokm(;=”:45
i — 14 Six
A A = = &<
A - i bt
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Engineering and Environmental Services, Inc.

~ | yono. 114270 LOG OF BORING NO. 27
20 u e __SAMPLES : ' REMARKS
= O o R ol PR »
fe = J\_:'g SAMPLE DESCRIPTION 3? ggi{g 8|y & B2s {DAILLING FLUID, DEPTH OF CASING,
o > EA 33 ol|E g &3 CASING BLOWS, FLUID LOSS, ETC.)
E =3 = z o
= e S IR 0RING @ATE = | FT/6 r)
=] A - a COKIN L@ ATE = M.
A ':_15_: 2 | RA
q an £1$S S N R
= '\' A GI\] = _ % L {;; 7
e — 16— 718" &
q ~ — JEF .
= s A2 | &=
q4A 2 — i 8 =<
dan \ \,9 — =
- V) — 8] - ] I I _ o
-7 = ol OLIN TE= | FT/6 Mind-
q A A E S| | coFiNG RA | ¥1/
i - q X~ w '
= —17] 2|87 =
A - 15 | e
A - 3] | &
A A ~ 207 _
T CompLETIoN DEPTH= 20 FT, - TIME STOP: |2:3S
3 212
= . —22] | | .
= -2
A C 24
_: 2SS
= iyl B
—] BES Ay e
o -
= .28
= —29-
s —— 30— .
o — 7] —




Seawalls Reconstruction Draft - Geotechnical Engineering Memorandum
Southpoint Open Space Park 22 May 2013
Roosevelt Island, New York

Langan Project No. 100332701

APPENDIX C

Logs of 1993 Marine Borings
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LOG OF BORING

MB-i

. SHEET 1 OF 3

PROJECT SO WH —T‘P

PROJECT NO. I 4 2701

- ELEVATION AND DATUM

NN ROOSEVELT  ISLAND :

DRILLING AGENCY WA R RE N G EOKG E DATE START:ED\? _30 _qs DATE FINISHE[)3 . 30 -qg
DRILLING EQUIPMENT B _ 6 I MOB ‘ L.E COMPLETION DEPTH 46 FT. ROCK D;PTH 26 FT. 01 7
SIZEANDTYPEOFBIT Z ' /6" D | AMETER TRICONE ROLLER | nNo.sampes [ost. (  |uwoist. — |core 2,
casing  A” DIpanETER STEEL ‘WATERLEVEL |FRST — [compL — |24HA. -
CASING HAMMER [weonr 200 Ibc.  [onor 24" FOREMAN REC MARNE. -
SAMPLER 2 wcH  IMNER DIMMETER STLIT §poon ——— G : G " JE Y

SAMPLER HAMMER [weent 140 kg oroP 36/ Ko BoYY-E R

= 2 . t_.:.JE SAMPLES | L Fr Ee

3 <l S o o o

w o oel SAMPLE DESCRIPTION {53 .ggi{g gyl S| Eas (DRILLING FLUID; DEPTH OF CASING,

< >~ P45 3 3‘3 o | F|8|aua CASING BLOWS, FLUID LOSS, ETC.)

Z v |[Z=Y ta =z ol

vels e b b b by bewnr bnva b b By s bevaa Bon o fra g

-

N

w

I

[$,]

[}

~

. WATER

o—h
Qo ©

—
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N

—
w

-
F-9
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Langan Engineering

JOB NO._114270]

LOG OF BORING NO. MR- |

DATE._2-30-13 SHEET __ 2 OF_3

- : i _SAMPLES o

¢ o DESCRIPTI 4 gl |5 lepe e

BE o SRIPTION i 3 DEPTH| g| ., L {DRILLING FLUID, DEPTH OF CASING,

£ TR < é SCALE|g|& g §§3 CASING BLOWS, FLUID LOSS, ETC)
= ' Busg )

] WATER N = = PUSH 47 cASG
. - Ele= To 18 FT.

- i E
4 B3

. - F183 WOR|+SS Frow 1B-20 Pr

I BlacKK silky F-m SAND il - O FT.

:'?u-_& ] and GRAVE 597 Sl\ﬁ\'\‘\’ | & 19 :'S\ «|> WoR
—:; o3 ? ?°+Y°\euvw vov- :_-_" —: i b \o|wog

= e & = Y - WOR

= Il -Gmil o SAND and E 3 el SS FRomM 20-22 FT.
s RS GRAVEL ,tvace sibth iyt SIS N

oy o-‘c" o — - ‘

s =t 29 = Z _
= I (/) : 4 'SS FROM 22-24 &1

- o DavK Y‘O\Y {3 mSAND, F 3 A ‘ M Z2-24 T,
— * Ayvace ~silt 72 T|SS|A ‘

= e =
= ° — 74— \ PUSH 4" caSING To 25 FT]
—:*;ﬁ' o G . 75— 27]' S From 25-27 FT.
. ray T-c GRNEL, E Jelsl| 2 [o:57 Am-starrvanime
= o_'o_‘}} "\'Y'D\.Ce, SA,V\A :"ZQ": 73 5/](, TRICONE RULLEK'
Eo_‘%"f_,'. t E E ) WASHWATEFZ {3 GAA\!
%0 — 27— DRILLING 1S SrIDO'rH
{os| E 3 To 25 FT.

e S WASHWATER CLEagS

m L 4o I SLIGHTLY AT 23.5 FT.
— .- ——2%— * PUSH 4" cASING T 29 HT,
sl ‘O-f . 2‘ = = . N X ) . .
s IER ClE o » RAMNER 4%CASING To 30 -
B 20 : : " iSs " ) :
4,7 |Light bmwnq@mgﬂnb,* e 12 'Mlt}: 2% o %ﬁ FT. |
. . - = N RN . S L/
4. N '-i"mce qrave) Al SHE SN wl\ gu\;rER “TURNS. B o
55;} TJE . 2 b vss Fron 30-22 FT.
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JOB NO. 114270

LOG OF BORING NO. Mg-|

COMPLE'T\OYJ_DEYTH: 44 FT.

g -
o~

=l

SENIRERTARETNI EE NI NNEY!

III}IIIII;'IIII IIIIIIH[II]H]IHI

lll.l%

- WASHWATER. |5 yVCHANG ED|
13: 46 3 STOP CoriG AT 4éfy
RATE OF CoRING = 4 r\lrj/f"'j

wl

DATE __3-30 -3 SHEET __2 OF_2_
= -
33 - O\ : REMARKS
‘E’ z ;J_gg DESCRIPTION "_’2_"‘3“'- DEPTH| &1 ., 's:' E5s {DRILLING FLUID, DEPTH OF CASING,
E > B ;U } :6 2 SCALE g ‘E § éﬁg CASING BLOWS, FLUID LOSS, ETC)
= E-32
- 12 E -
el i " 29 ‘ .
= 5 P 3 - HAMMER CASING T 3S £T.
= . . 1 1
= R K 343 “W:4s prit 255 st
> A £E .z TO 25 FT.-VERY Sno0TH
= . 1 t — = : 00K [.S MWVTLEY |
] g £-r SAND e S Fron 32-35) .
= Brown £-m SAND, WE: = e | TWASHWATER s cliae
3% “some sift L ozp delssfn] | AT 33 B
= | é/?’*:z = [+SS From 35 -37 FT:
- 4o/ 5 T .
= 37 212:00 - Rock FRAGMENTS
1 A = & ¥ TIP of CoNE ol
Ja | = 20 7 -HAMMER 4" cASING To 369
A o — AP-17 - T 1Sz "
=N E 3 12:42- Deitl 2'34 " TeicodE
= ; - 29 = TO 38 FT. (BIT IS EATTLING
= - P! opt i 2 vxcns e CFROM 37 FT .
= P A = ’x\ggm\'l\lfj& 1S CLEAR Uyl
.0 i E ae S Rock e
A . = 40 - FRAGMENTS AND
= 1 - GNEISS o F A 1wz MCA Feom 27 FT.To 38 PT,
= . : [~ Jol«|™ 12:18 -svop DeiLryp 2%
-] i - —Z| 3| u| ¢ I
= K ! _._%l_: Ol AT 328 FT.
:' . /‘\ ! i - :‘% >z< gﬂJ {2: 46 - START - RoC K COR.hJﬁ
e i | F42 g« From 3B FT. _ '
A P ; * WASHWATELZ 1S SLIGHTL
= P el . GRAY/ & rowin \\' |
= A o 43 * WASHWATER. IS LOST AT
- A'A | 400 FT. BUT RETURRNS AT
., : M3 G1N ‘: 3'5 FT. cLEARER (STILL
37 2141, " ? SﬁOCk FRAGH ENTS
= Z <, | 110 -STOP CoriNG AT
e E B4 bt 3FT.
= i 45 gL Z & RATE Of Copip( = 5".1,”_}“_
= : 13-:32  sTarT Corivg . From 43 ¢r
4
=
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Engineering and Environmental Services, Inc.

LOG OF BORING

MB-2

SHEET 1 OF .2

PROJECT :OUTH —”P

PRQJECT NO. l 14279 t

LOCATION ROO < EVELT : 'SLANb

ELEVATION AND DATUM

prruneaseney \WJARREN GEORGE

DATE STARTED

DATE FINISHED

3-31-93 ["TRY-43

DRILLING EQUIPMENT ¥ \ COMPLETION DEPTH ROCK DEPTH —
B-6} MoBILE S I 23Fr 8"

SIZEANDTYPEOFBIT 2 '5’/_1{," TRICONE Roli€R  BIT | NO-SAMPLES _ | oisT. 4- _|unossr. core |

casing 4" ZWiAneTER STEEL WATERLEVEL | FIRsT coMPL. 2mA_

CASING HAMMER

| weswr 200 s, [oror 247

’

SAMPLER 2 1dCh INNER DIAPETER. SPUIT Spoonl

FOREMAN

- GREG

MARMEY

SAMPLER HAMMER | weeir {40 Jbe. [oror  2¢”

INSPECTOR
- N. OR QON

BoMER

MATER]
SYMBo

!

S
=)
9 o

>0
z

SAMPLE DESCRIPTION

gLowsfer.

[DEPTH
SCALE

SAMPLES

‘NO.LOC.

tw
a

=

RECOV. FT
PENETR
RESIST
BLIG In.

REMARKS
(DRILLING FLUID, DEPTH OF CASING,

CASING BLOWS, FLUID LOSS, ETC.)

.| CASING

WATER

-
o

-—h
-—h

g
N

fory
w
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Engineering and Environmental Services, Inc.

JOB NO. |_l4z70l - LOG OF BORING NO. MB-2

DATE  3-31-92 SHEET 2. OF _Z

=3 Hpepm PAMELE REMARKS

E 2 oW '\C ::} 3 | w l'—: 'ﬁkﬁ )

£ |ogg|  swmeomonenon [%ilsoue) J\EIGIHE)  mMmARMEN
- WATER - - s pustl 4" caside To 4.5 FT
k= P Dar K black +-m SAND, - 15 wWoR|" SS Frot 4.5 FT. T 165 FL.
40 | 1 | somt silt heavy pevesieam | Hstisss hop
-7~ | gder : & n " > or
—| S Y o -—_— , i
- f_ oy ™~ - . \NOK .SS Frow 16.5 FT. To 18.5 FT.
5 LA : . =175 POR pusH CASING To 18 FT:
. ' GY‘T\_ _S' H7 ?‘c—_\"\ SA“YDI . :52 SS;WDK ' :
- Pe*r"’l‘""‘"‘ odor ;—[8—: |, [wo N
- : - = WOoR| ,
od : 2 = R .00 A-N-0 S§ FROM
—H. ~ ; . - - = : 18.5 10 20.5 FT.
= }G'”;';“f ?'H‘j £:n SARD, %= > lwor e o 2
J | 41 petrolewm odov - S ss| e |
R igi v :__20_: N wog .?\)S.H CAS|NG To 22 FT.
= L ™~ ; - i WOP\.HAnHEK caswG To 23 A
] i =2} & Spu
- | - 2l ‘9u14 DRILL 2L TRIONE
= N W =, = +o 23 FT.- FAIRLY SmooTH
= T,ﬂ’l Eh : _ - e DWASHWATER TYRNS BRowN
e o BVE ] AT 22 T
B I e 23 3 ' Qo ; - =T,
m PP R \gy s | ‘OV S FRop 213 ?.? =T
1292 % £ GrNEL ; _J!Z . - 4,, .54 HAD Mo Soj L MATRAYL
= R o : 74 Stsel) | Sespire TRAP Iy CONE
= NN i E. 3 *3:40 - Pratl 2'4" TRicNE
" » l 75— FROM 23 £T.- BT \S GriadigG
q~ 2 | . - SLIGHTLY
a4 MNa : B ., = . WASHWATER CLEAR BVT -
—, 2 i — 26— ConTAINS ROLK FRAGAESTS
3 2 | S i VAT 25 PT- WASHWATER IS
= - — 27 |¥s LoST APD RIG IS Bovmcing)
R L/)i C’)NE\JS - 1— 8%_3‘: oy -SL\GHTLY.
il P IRY - 95 sl 717 5 j0:2) - STo P DitbIad AT 26 F)-
4 | I S B b E; 10:30 - START ROCK CORINC
5 ;‘1 1 m.i : Z_C’ i d ch i F}’.Oﬂ Jl!” F“-
=17 4 —29— 2| ..|o| L] . e
- )\a - . BC :;: g f; RolK Coetd( RATE =SS Mw/f';:
= . 10— SEPrs7 sTop Rotk CAug
=R ) E =3 19 AT 3 ET. -
- A i |— - i .
A" A : ~ .,
] : R
= CoMpuTon DEpTH =31 FT. lf - 3
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Engineering and Environmental Services, Inc.

MB-3

SHEET 1 OF _2

LOG OF BORING
PAOJECT S OU.T H .T \‘? PROJECT NO. \ \ 42——70 \
LOCATION ROO S E \l E LT ;' N L A‘\l D ELEVATION AND DATUM
DRILLING AGENGY NARRE}J E_,q. .E()K{;E' DATE STARTED 2 _ 3 , . q% IDATE FINISHED 3 N %l o 33
DRILLING EQUIPMENT - B _ él MDB' L E .COMPLETION DEPTHZ' F,‘?. ﬂé?K DEPTHAI c‘ {F‘r‘ 8 ” V
sZEANDTYPEOFBIT 2 ¢ TRICOME RoLLE NO.SAMPLES |oist. 2. |unoist, corE 2
caswe 4 10CH DIABETER STEEL WATERLEVEL | FIRST compL. 24HR.

CASING HAMMER weioht 300 Ibs. [oror 24 " FOREMAN ‘ , A
SAMPLER 2 JNC}" [NBIEK D’AMFTFK San— SPQQl\‘ — GQEC MARNE\(
SAMPLER HAMMER [weewr {40 |Ls. [oror 3¢ RoN 60\156{
3 9 [, | | e |_SAMPLES
e - o DEPTH| o o REMARK
g g Zn::g» SAMPLE DESCRIPTION é?o SgitE 9 E Baz (onyumeﬂu'lo;QEPTH%FCAsmG.
= z’- B 32 g 8 F1E CASING BLOWS, FLUID LOSS, ETC)
. = - 1 . :
: o2 = TIME STAKT: 12:05
oy ]
=1 T
[~ o ] : B
WATER IR *PuUSH 47 casing
T C 3] LS FT
=
| P
=L
- Z
=
: E 7 $S oM 7.5 FT- 9.5 FT
¢ et ' \ = = ENT,
N [ G - Black £-w SARD and = g Wok
e o GRAVEL, Sewe silt, -
e o Pe.hc.\uu odor N o
L B c £ 7 woR . - . '
= g +Y‘0~CE’, SlH’ +Y&C€ l"n(‘,o\ '.'-S—s____—'10—_ ’ P\)SH 4 CASING To °| FT.-
e, N [_de,com?ose,cl yock] \ 4,: - D »|°°/S’ «HAMMER 4" CASING FROM
A Al - I PP N A FT T2 10 FT-8" (15 puows fge
AA A P ROCK PRMGPERTS 40 BLowS fp!
A /\’.‘.. I - i Ti? of CoNE
A | e 12:3 pppe 2'%" TRICONE
A = N ot
A l,) : lrr‘ ~ 7] ROLLER T |3 FT =
. ,\' \‘9 GTJE 33 . J . giT s “RU"’B‘QG SLIGHTLY
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