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Brookfield Properties 
Three World Financial Center 
200 Vesey Street, 11th Floor 
New York, NY  10281-1021 
 
Attention: Mr. Henry Caso 
 
  Re: Subsurface Investigation Data Report 
   Manhattan West North East Tower 
   New York, New York  
   MRCE File No. 9560 
 
Gentlemen: 
 
At your request, we have conducted a subsurface investigation for northeast tower of 
the Manhattan West development project, located immediately west of Ninth Avenue 
and north of the Amtrak Rail cut.    
 
This data report summarizes previous and current investigations and describes 
subsurface conditions on site. 
 
EXHIBITS 
 
Plate No. 1  Site Location Plan 
Sheet 2 of 5  Site Survey Plan 
Plate No. 2  Viele Map: 1865 
Plate No. 3  Manhattan Atlas: 1891 
Plate No. 4  Manhattan Atlas: 1899 
Drawing No. B-1 Boring Location Plan 
Drawing No. GS-5 Geologic Section E-E 
Drawing No. GS-6 Geologic Section F-F 
Drawing No. GS-7 Geologic Section G-G 
Drawing No. C-2 Contour Plan – Top of Stratum R at Terra Firma 
Plate No. 5  Plot of RQD vs Elevation 
Drawing No. R-1 Stereonet Reference Drawing 
Drawing No. GS-R Geotechnical Reference Standards 
Drawing No. RC-1 Rock Core Classification Criteria 
 
Appendix A  MRCE Boring Logs 
Appendix B  Boring Logs By Others 
Appendix D  Selected Photographs of Rock Core 
Appendix F  Orientation of Rock Joints 

Foundation Engineering Since 1910 
 



Manhattan West NE Tower 
December 17, 2014 
Page 2 

Appendix G  Variable Head Permeability Test Data 
Appendix H  Televiewer Report 

 

SITE AND PROJECT DESCRIPTION 
 
The northeast tower site is located between the Amtrak rail cut and 33rd street, immediately west of 
9th Avenue and east of  the existing loft building as shown on Plate No. 1.  Site grades and 
boundaries are shown on Sheet 2 of 5, the site survey plan.  The site is bounded by 33rd Street to the 
north, Ninth Avenue to the east, the Amtrak rail cut to the south, and the existing Loft building to the 
west.    
 

The site was formed on an at-grade parking lot at 33rd street.  The at-grade portion of the site 
accessed from 33rd street is east of the “Loft Building”, a 12-story structure, which will remain. The 
site has a total footing area of 50,600 square feet. 
 
The proposed project is a high-rise commercial tower with a surrounding podium structure. The rail 
cut deck overbuild is complete. 
 
All elevations in the text of this report reference the NAVD 88 Datum.  All exhibits in this report 
reference the Borough President of Manhattan (BPM) datum, which is 2.75 ft above Mean Sea Level 
at Sandy Hook, N.J.  To convert BPM elevations to NAV 88 elevations, add approximately 1.7 feet. 
 
Sidewalk grades at 33rd street generally slope up from Elev. +45 at Ninth Avenue to Elev. + 48 at the 
west end of the site (Loft building).  On Ninth Avenue, the sidewalk is generally level at about Elev 
+45.   
 
Adjacent Structures.  A 12-story  structure, known as the “Loft Building” is situated on the 33rd 
Street side of the site as shown on Sheet 2 of 5, the site survey plan. That building has one basement 
and is founded on bedrock, as observed by test pit and excavations made for the railroad overbuild 
deck foundations.  The loft building has a footprint area of approximately 12,600 square feet and is 
set back about 15 feet from the north retaining wall. 
 
Retaining Walls.  The remaining (lower portion) of the existing Amtrak retaining wall running along 
the south side of the site is approximately 25 feet high.  The retaining wall was constructed when the 
rock cut was made around 1908.  The original retaining wall drawings are available for review.  In 
summary, the walls were constructed as thick concrete retaining walls, pinned to the cut rock face by 
rock bolts, spaced approximately every six feet along the retaining wall.  Drainage channels were 
framed on the back side of the wall also approximately every six feet on center.  The vertical line of 
rock bolts are typically positioned mid-way between drainage chases. 
 
Local Geology.  The project area is located on the Manhattan Prong, which is at the southern tip of 
the New England Uplands.  It is composed of ancient, durable, highly folded and metamorphosed 
crystalline rock.  The bedrock at the site was historically known as the Manhattan Schist, but is 
currently mapped as the Hartland Formation.  The Hartland is typically a gneissic schist with layers 
of schistose gneiss, granofels, mica schist and hornblende schist.  The formation has frequent 
intrusions of granite and granitic pegmatite.  
   
The project location has an unusually large amount of hornblende schist.  The hornblende schist is 
concentrated along a band that runs from the northwest corner of the site diagonally to the southeast 
corner of the site.  The overall trend of the hornblende schist is roughly N-S, in a band up to 100 feet 



Manhattan West NE Tower 
December 17, 2014 
Page 3 

wide.  Pegmatite and granite are scattered across the entire site.  Borings usually encountered 
pegmatite thicknesses less than 5 feet.   
 
Prior to early development, the area that is now midtown Manhattan consisted of low hills and 
meadowlands dissected by occasional streams.  These features are shown on the 1865 Viele map on 
Plate No. 2.  That map shows the site to have been predominantly meadow with occasional rock 
outcroppings.  The original bedrock surface has since been altered by construction of buildings and 
for the 1908 rail cut. 
 
SITE HISTORY 
 
We researched the 1891 atlas to identify former structures at the site.  Plate No. 3 shows the site area 
usage as of 1891 and Plate No 4 the site area usage as of 1899.  1899 is the latest dated drawing 
available in our files that precedes the rock cut for the railroad.  
 
The 1891 Atlas indicates that the site was mainly occupied by residential buildings with small 
backyards.  No basements are indicated on the map, however shallow basements likely existed. 
The 1899 Atlas shows that the former site buildings had been demolished by 1899, likely in 
anticipation of the rock cut. 
 
SUBSURFACE INVESTIGATIONS 
 
Investigations by Others.  A subsurface investigation was performed between October 1986 and July 
1988 by Testwell Craig Test Boring Company for Lazard Reality. Locations of the borings (B-1 to B-
11) are shown on Drawing No. B-1.  Logs for those borings are attached in Appendix B.  Permission 
to use those borings to fulfill the New York City building code requirement for number of borings was 
obtained from the department of building (DOB).     
 
Investigations by MRCE.  Between March 13, 2008 and March 14,2008, MRCE performed a 
supplemental investigation consisting of two borings designated GB-202 and GB-203P, drilled by 
Warren George, Inc.  The borings were performed in the former parking lot area with locations shown 
on Drawing No. B-1.  
 
Borings were made using one truck-mounted drill rig using rotary techniques. Representative soil 
samples were obtained with a 2-inch O.D. (1-3/8 inch I.D.) split-spoon sampler driven with a manual 
140-pound hammer free falling 30 inches to obtain the Standard Penetration Test (SPT) resistance, 
also termed N-value, expressed in blows per foot. The SPT N-value is an indication of the density of 
the material sampled.  Where soils were too dense for the sampler to penetrate a full 12 inches, or 
where gravel, cobbles or boulders were encountered, the sampler was driven until 100 blows were 
administrated and the actual penetration of the sampler was measured and recorded.  Recovered split-
spoon soil samples were placed in jars and were delivered along with the rock core to our Soil 
Mechanics laboratory in Manhattan for verification of field classifications. Individual descriptions of 
soil and rock samples are provided on boring logs attached in Appendix B. The terminology used in 
MRCE soil descriptions is provided on Drawing No. GS-R.  Rock core classification terminology 
and criteria used on the boring logs are shown on Drawing No. RC-1.   
 
Descriptions of recovered rock cores, core recoveries and Rock Quality Designations (RQDs) are 
provided on the boring logs. Rock recovery is the length of core recovered divided by the length of the 
core run expressed as a percentage.  RQD is the sum of the length of core fragments recovered four 
inches or greater between natural breaks divided by the length of the core run expressed as a 
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percentage. RQD is a measure of the relative frequency of jointing or natural fracturing of the bedrock. 
Selected samples of rock core from the gneissic schist and hornblende schist formations were sent out 
for strength testing, as described later herein. 
 
Oriented rock coring was performed on Boring Nos. GB-202 and GB-203P. Oriented rock core is 
similar to normal rock coring, except that the core barrel continuously striates the side of the rock core 
with carbide tipped scribe blades as it is cored.  The scribe blades are located at the tip of the inner core 
barrel that contains three blades on one side and a single scribe located directly opposite the center of 
the other three scribes. The striations are established along predetermined compass direction relative 
to the position of the drill rig.  That allows the absolute orientation of the jointing planes to be known, 
allowing strike, dip direction, and dip angle of joints and foliation planes to be determined in the 
laboratory.   
 
One observation well was installed in Boring GB-203P to monitor ground water within the site. The 
well is contained within the PVC casing installed to clear the boring location and may be accessed for 
future readings.  Upon completion, GB-202 was tremie-grouted.  PVC casings surrounding the 
piezometer in GB-203P were left in place and covered with a steel plate to allow access for future 
water level readings. 
 
Three holes were also drilled by airtrack in September 2013 for logging by Televiewer at the request 
of MRCE.  Televiwer logging was performed by Hager-Richter Geoscience, Inc.  The televiwer holes 
were drilled from about the elevation of the bottom of the cap beam to depths ranging from 40 to 51 
feet.  The televiewer holes were drilled fully in bedrock, performed to characterize the quality of 
bedrock to depths below the deepest intended footing foundation.  The Televiewer report is attached 
as Appendix H. 
 
SUBSURFACE CONDITIONS 
 
General site subsurface conditions consist of a granular fill layer typically overlying a natural sand 
layer, underlain by bedrock.  Occasionally a discontinuous layer of decomposed rock was 
encountered above the bedrock.  Our interpretation of the subsurface strata is shown on individual 
boring logs. The subsurface material stratification at the site is illustrated on Geologic Sections E-E 
to G-G presented on Drawings No. GS-5 to GS-7.  Geologic section orientation is shown in plan on 
Drawing B-1. 
 
General descriptions of the materials encountered are summarized below in order of their occurrence 
with depth: 
 
Stratum F1  - Fill  (NYC Class 7)  A granular fill layer that ranges from seven to 15 feet in thickness 
was encountered. Stratum F1 consists of loose to compact black, gray and red fine to coarse sand, some 
to trace silt, clay, mica, gravel rock fragment, trace of brick fragments.  Remnant foundations and slabs 
can be anticipated to be found in this Stratum.  
 
Stratum S-Sand (NYC Class  3b ) Stratum S consists of medium compact to compact, medium to fine 
silty sand, with some coarse to fine red-brown gravel. 
 
Stratum DR - Decomposed Rock (NYC Class 1d)  A thin layer of decomposed rock overlies the 
bedrock in locations. The decomposed rock ranged from 0.2 to 1 foot thick in the borings, but a deeper 
trough was noted during excavation for the deck foundations.  



Manhattan West NE Tower 
December 17, 2014 
Page 5 

 
Stratum R -  Bedrock (NYC Class 1a to 1c)   Gneissic schist and hornblende schist are the two 
dominant rock types at the site.  The gneissic schist is typically a medium hard to hard slightly 
weathered to unweathered gray gneissic schist, trace pegmatite, schistose gneiss, mica schist, jointed 
to moderately jointed, with iron stained and occasionally weathered joints.  The hornblende schist is 
generally a hard to medium hard unweathered to slightly weathered gray to black hornblende schist, 
jointed to moderately jointed, with mineral coated, iron stained and occasionally weathered joints.   
 
In addition to the gneissic and hornblende schist, pegmatite is also found.  Intrusions of granite and 
pegmatite are scattered throughout the rock mass.  
 
Recoveries of all rock types ranged between 84% and 100% averaging about 98%.  Rock quality 
designation (RQD) ranged between 50% and 100%, averaging 90%.  RQD versus elevation is plotted 
on Plate No. 5.  Top of rock elevations range from Elev. +32 to Elev. +38 (Drawing C-2).  Photographs 
of selected rock core are provided in Appendix D.   
 
Oriented rock coring was performed in all of the borings.  The orientation of the rock joints from 
oriented cores are presented as stereographic projections in Appendix F. 
 
Drawing No. R-1 provides an explanation of the stereonet construction.  A plot of joint 
discontinuities in rock core is shown on Plate No. 6.  Across the site the joints in all rock types do not 
follow a distinct preferred trend.  In general, joints in the pegmatite and granite tend to have a 
random orientation with a dip ranging from 0° to 60°.  Virtually all of the joints in the hornblende 
schist cross the foliation with dips ranging from 0° to 40°, with many less than 10o.  Foliation in the 
hornblende schist was fairly steep, with a dip angle typically 50° to 90°.  Joint surfaces were 
frequently mineral-coated, often with pyrite.  Joints in the gneissic schist and schistose gneiss also 
showed no preferred direction.  The rock was often poorly to moderately foliated and joints parallel 
to foliation tended to occur in the well foliated rock.  Orientation of the foliation was variable and 
inconsistent across the site, but the dip angles tended to range from 25° to 60°.  Joints crossing the 
foliation generally had a dip angle that ranged from 0° to 40°.  Individual polar plots of joint 
discontinuities for each boring are provided in Appendix G.   
 
Petrography was not performed on the rock from the site, so the exact minerals and their percentages 
have not been determined.  In general, the gneissic schist consists primarily of quartz, feldspar and 
mica in varying amounts, with trace amounts of garnet.  Where the rock was described as a schistose 
gneiss less mica was present.  The hornblende schist is composed predominantly of hornblende, with 
varying amounts of feldspar and quartz.  The pegmatite and granite contain varying amounts of 
quartz and feldspar, with modest to small amounts of mica. 
 
The Mohs hardness values for these minerals are as follows:  quartz (7), feldspar (6), mica (2 to 3), 
garnet (6.5 to 7.5), and hornblende (5 to 6).  The Mohs scale measures the relative hardness of 
materials on a scale of 1 to 10. For context, on that hardness scale talc has a value of 1, diamond has 
a value of 10, a knife blade equals to 5.5 and a steel file 6.5.  
 
Groundwater.   Groundwater level was observed to be to be at about Elev. -3 in the observation well 
installed in Boring GB-203P.  The measured groundwater level is depressed below high tide, indicating 
nearby pumping (probably by Amtrak in the track base). 
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     Very truly yours, 

 
MUESER RUTLEDGE CONSULTING ENGINEERS 

 
 

By: ____________________________________________ 
       Alexandra E. Patrone 
 
 
 

By: ____________________________________________ 
       David R. Good, Partner 
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 )LJXUH���  Key to bedrock structure categories. 

DescriptionStructure Category
(Symbol Color)

Tadpole

Intermediate Fracture - distinct and continuous
around the borehole with some apparent aperture 

Fracture Rank 3
(Light Green)

Minor Fracture - not distinct and may
not be continuous around the borehole 

Fracture Rank 1
(Light Blue)

Major Fracture - distinct with continuous
apparent aperture around the borehole

Fracture Rank 4
(Red)

Intermediate Fracture - distinct and continuous
around the borehole with little or no apparent aperture

Fracture Rank 2
(Blue)

Planar geologic feature
interpreted as foliation or a vein

Foliation or Vein
(Orange)
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)LJXUH���  Tadpole plot explanation.  The orientation of the bedrock structures is graphically 
displayed by a tadpole consisting of a circle, the head, and a line, the tail.  The position of 
the head, left to right on the tadpole plot, gives the dip angle of the structure.  The left side 
of the track indicates a dip angle of 0 , and the right side of the track indicates a dip angle of 
90  from horizontal.  The orientation of the tail gives the dip azimuth of the structure and can 
be read like a compass.  The tail pointing directly up is 0 ,  north.  
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)LJXUH���� 7HOHYLHZHU�([SODQDWLRQ�)LJXUH�  The image on the left depicts a planar structure in red, such 
as a fracture or bedding plane, intersected by a borehole.  The image on the right depicts the same 
structure unwrapped as it would be displayed in an optical televiewer (OTV) or acoustic televiewer 
(ATV) log.

Figure modified from: Garfield, R.L., Day-Lewis, F.D., Gray, M.B., Johnson, C.D., Williams, J.H. and 
Day-Lewis, A.D.F., 2003, Fractured-Rock Aquifer Characterization within a Regional Geologic Context: 
Results from the Bucknell University Hydrogeophysics Test Site, GSA Northeastern Section, 38th 
Annual Meeting, Paper No. 25-19.
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GEOSCIENCE, INC. DATE LOGGED: August 26, 2013

HAGER-RICHTER FILE: 13RG69

LOGGING GEOPHYSICIST(S): Nick DeCristofaro & Mikko Aarnio BOREHOLE DIAMETER: 3 Inches

CLIENT REP(S) ON-SITE: Michael McMaster

PROJECT: Manhattan West - Borehole Geophysical Logging

HAGER-RICHTER 846 Main Street
Fords, NJ 08863
Phone:  732-661-0555
Fax:  732-661-0123

CLIENT: Mueser Rutledge Consulting Engineers

LOG DATUM: Ground Surface (Surface Elevation = 303 Feet)

ORIENTATION REFERENCE: NYC Grid North (Magnetic Declination = 42° West)

LOGS PROCESSED BY: Robert Garfield

LOCATION: 9th Avenue & 33rd Street, Manhattan, New York
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DH-1 - Borehole Geophysical Logs
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HAGER-RICHTER FILE: 13RG69

DATE LOGGED: August 26, 2013

LOGGING GEOPHYSICIST(S): Nick DeCristofaro & Mikko Aarnio

CLIENT REP(S) ON-SITE: Michael McMaster

BOREHOLE DIAMETER: 3 Inches

PROJECT: Manhattan West - Borehole Geophysical Logging

HAGER-RICHTER 846 Main Street
Fords, NJ 08863
Phone:  732-661-0555
Fax:  732-661-0123

CLIENT: Mueser Rutledge Consulting Engineers

LOGS PROCESSED BY: Robert Garfield

ORIENTATION REFERENCE: NYC Grid North (Magnetic Declination = 42° West)

LOG DATUM: Ground Surface (Surface Elevation = 307 Feet)

LOCATION: 9th Avenue & 33rd Street, Manhattan, New York

 DH-2 - BOREHOLE GEOPHYSICAL LOGS

STRUCTURE LEGEND

Fracture Rank 1 Fracture Rank 2 Fracture Rank 3 Fracture Rank 4 Foliation / Vein
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DH-2 - Borehole Geophysical Logs
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GEOSCIENCE, INC.

HAGER-RICHTER FILE: 13RG69

DATE LOGGED: August 26, 2013

LOGGING GEOPHYSICIST(S): Nick DeCristofaro & Mikko Aarnio

CLIENT REP(S) ON-SITE: Michael McMaster

BOREHOLE DIAMETER: 3 Inches

PROJECT: Manhattan West - Borehole Geophysical Logging

HAGER-RICHTER 846 Main Street
Fords, NJ 08863
Phone:  732-661-0555
Fax:  732-661-0123

CLIENT: Mueser Rutledge Consulting Engineers

LOGS PROCESSED BY: Robert Garfield

ORIENTATION REFERENCE: NYC Grid North (Magnetic Declination = 42° West)

LOG DATUM: Ground Surface (Surface Elevation = 316 Feet)

LOCATION: 9th Avenue & 33rd Street, Manhattan, New York

 DH-3 - BOREHOLE GEOPHYSICAL LOGS

STRUCTURE LEGEND

Fracture Rank 1 Fracture Rank 2 Fracture Rank 3 Fracture Rank 4 Foliation / Vein

DH-3 - Borehole Geophysical Logs
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DH-3 - Borehole Geophysical Logs
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GEOSCIENCE, INC.

PROJECT: Manhattan West - Borehole Geophysical Logging

DATE(S) LOGGED: August 26, 2013

HAGER-RICHTER 846 Main Street
Fords, NJ 08863
Phone:  732-661-0555
Fax:  732-661-0123

H-R FILE: 13RG69CLIENT: Mueser Rutledge Consulting Engineers

ORIENTATION REFERENCE: NYC Grid North (Magnetic Declination = 42° West)

LOGS PROCESSED BY: Robert GarfieldLOCATION: 9th Avenue & 33rd Street, Manhattan, New York

     

 DH-1 - BEDROCK STRUCTURE STATISTICS PLOTS

STRUCTURE LEGEND

Fracture Rank 1 Fracture Rank 2 Fracture Rank 3 Fracture Rank 4 Foliation / Vein
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GEOSCIENCE, INC.

PROJECT: Manhattan West - Borehole Geophysical Logging

DATE(S) LOGGED: August 26, 2013

HAGER-RICHTER 846 Main Street
Fords, NJ 08863
Phone:  732-661-0555
Fax:  732-661-0123

H-R FILE: 13RG69CLIENT: Mueser Rutledge Consulting Engineers

ORIENTATION REFERENCE: NYC Grid North (Magnetic Declination = 42° West)

LOGS PROCESSED BY: Robert GarfieldLOCATION: 9th Avenue & 33rd Street, Manhattan, New York

     

 DH-2 - BEDROCK STRUCTURE STATISTICS PLOTS

STRUCTURE LEGEND

Fracture Rank 1 Fracture Rank 2 Fracture Rank 3 Fracture Rank 4 Foliation / Vein
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GEOSCIENCE, INC.

PROJECT: Manhattan West - Borehole Geophysical Logging

DATE(S) LOGGED: August 26, 2013

HAGER-RICHTER 846 Main Street
Fords, NJ 08863
Phone:  732-661-0555
Fax:  732-661-0123

H-R FILE: 13RG69CLIENT: Mueser Rutledge Consulting Engineers

ORIENTATION REFERENCE: NYC Grid North (Magnetic Declination = 42° West)

LOGS PROCESSED BY: Robert GarfieldLOCATION: 9th Avenue & 33rd Street, Manhattan, New York

     

 DH-3 - BEDROCK STRUCTURE STATISTICS PLOTS

STRUCTURE LEGEND

Fracture Rank 1 Fracture Rank 2 Fracture Rank 3 Fracture Rank 4 Foliation / Vein
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Depth Elevation Dip Azimuth Dip Angle Bedrock Structure
(Feet) (Feet) (Degrees) (Degrees) Category

2.7 300.3 225 21 Foliation / Vein
3.6 299.4 196 40 Foliation / Vein
4.8 298.2 63 44 Fracture Rank 1
5.3 297.7 267 37 Fracture Rank 3
5.6 297.4 266 47 Fracture Rank 3
6.7 296.3 348 41 Fracture Rank 3
7.0 296.0 301 50 Fracture Rank 2
7.2 295.8 290 43 Fracture Rank 1
7.7 295.3 322 10 Fracture Rank 2
8.0 295.0 310 28 Fracture Rank 2
8.8 294.2 255 36 Fracture Rank 1

12.0 291.0 71 9 Fracture Rank 2
12.2 290.8 224 9 Fracture Rank 2
12.6 290.4 254 5 Fracture Rank 2
13.1 289.9 98 17 Fracture Rank 2
14.5 288.5 344 37 Fracture Rank 3
15.1 287.9 254 65 Fracture Rank 3
15.2 287.8 259 59 Fracture Rank 2
15.3 287.7 251 49 Fracture Rank 2
15.4 287.6 270 52 Fracture Rank 2
15.6 287.4 254 46 Foliation / Vein
16.9 286.1 229 65 Fracture Rank 2
17.1 285.9 234 62 Fracture Rank 2
17.2 285.8 240 42 Fracture Rank 3
17.5 285.5 49 69 Fracture Rank 2
17.9 285.1 281 10 Fracture Rank 2
17.9 285.1 275 21 Fracture Rank 2
18.7 284.3 233 75 Fracture Rank 2
19.0 284.0 221 73 Fracture Rank 2
19.6 283.4 223 73 Fracture Rank 2
19.7 283.3 51 65 Fracture Rank 2
20.1 282.9 223 81 Fracture Rank 3
21.7 281.3 124 40 Fracture Rank 1
22.2 280.8 301 23 Fracture Rank 1

HAGER-RICHTER GEOSCIENCE, INC.
DH-1 - TABLE OF BEDROCK STRUCTURES

CLIENT

H-R FILE

Mueser Rutledge Consulting Engineerins
Manhattan West - Borehole Geophysical Logging

13RG69

PROJECT
LOCATION 9th Avenue & 33rd Street, Manhattan, New Yrok

August 26, 2013

NYC Grid North (Magnetic Declination = 42° West)
Measured from Horizontal

GROUND SURFACE ELEV. 303 Feet

DATE(S) LOGGED
Ground Surface

DH-1 - TABLE OF BEDROCK STRUCTURES

DIP ANGLE

LOG DATUM

ORIENTATION REFERENCE

HAGER-RICHTER
GEOSCIENCE, INC.
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Depth Elevation Dip Azimuth Dip Angle Bedrock Structure
(Feet) (Feet) (Degrees) (Degrees) Category

DH-1 - TABLE OF BEDROCK STRUCTURES

22.9 280.1 79 71 Fracture Rank 2
23.1 279.9 294 11 Fracture Rank 2
23.2 279.8 340 13 Fracture Rank 2
26.2 276.8 113 49 Foliation / Vein
26.7 276.3 86 47 Foliation / Vein
27.1 275.9 97 46 Foliation / Vein
27.3 275.7 80 35 Foliation / Vein
27.8 275.2 104 61 Fracture Rank 1
28.6 274.5 294 64 Fracture Rank 1
31.9 271.1 108 83 Fracture Rank 1
32.0 271.0 344 84 Fracture Rank 1
34.2 268.8 286 85 Fracture Rank 1
34.7 268.3 279 83 Fracture Rank 2
34.9 268.1 141 30 Fracture Rank 1
37.0 266.0 150 87 Fracture Rank 1
37.4 265.6 87 77 Fracture Rank 4
37.6 265.4 98 63 Fracture Rank 2
37.9 265.2 289 64 Fracture Rank 3
38.1 264.9 294 71 Fracture Rank 3
38.9 264.1 137 76 Fracture Rank 3
39.5 263.5 153 67 Fracture Rank 3
39.7 263.3 153 71 Fracture Rank 3

HAGER-RICHTER
GEOSCIENCE, INC.
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Depth Elevation Dip Azimuth Dip Angle Bedrock Structure
(Feet) (Feet) (Degrees) (Degrees) Category

5.4 301.6 265 46 Foliation / Vein
6.2 300.8 273 44 Fracture Rank 2
6.3 300.7 246 39 Foliation / Vein
6.6 300.4 231 57 Fracture Rank 2
7.9 299.1 331 54 Fracture Rank 2
8.3 298.7 34 41 Fracture Rank 2

10.1 296.9 194 74 Fracture Rank 2
11.7 295.3 57 40 Foliation / Vein
11.9 295.1 52 40 Fracture Rank 2
12.5 294.5 234 49 Fracture Rank 2
12.7 294.3 237 39 Fracture Rank 2
14.5 292.5 39 37 Fracture Rank 1
15.6 291.4 19 20 Foliation / Vein
15.9 291.1 218 55 Fracture Rank 2
16.7 290.3 244 70 Fracture Rank 2
17.9 289.1 71 13 Fracture Rank 2
18.7 288.4 25 16 Fracture Rank 2
18.8 288.2 37 26 Foliation / Vein
18.9 288.1 44 31 Foliation / Vein
19.0 288.0 40 30 Foliation / Vein
19.6 287.4 250 30 Fracture Rank 2
19.8 287.2 240 28 Fracture Rank 2
20.1 286.9 51 38 Fracture Rank 2
20.2 286.8 48 30 Fracture Rank 2
20.9 286.1 12 35 Fracture Rank 2
21.0 286.0 17 34 Foliation / Vein
21.1 285.9 15 33 Foliation / Vein
21.3 285.7 16 29 Foliation / Vein
21.5 285.6 18 38 Foliation / Vein
21.7 285.3 23 26 Fracture Rank 2
21.9 285.1 32 34 Fracture Rank 3
22.0 285.0 16 13 Fracture Rank 4
22.3 284.7 5 52 Foliation / Vein
22.4 284.6 328 74 Fracture Rank 3

DH-2 - TABLE OF BEDROCK STRUCTURES

DIP ANGLE

LOG DATUM

ORIENTATION REFERENCE

August 26, 2013

NYC Grid North (Magnetic Declination = 42° West)
Measured from Horizontal

GROUND SURFACE ELEV. 307 Feet

DATE(S) LOGGED
Ground Surface

HAGER-RICHTER GEOSCIENCE, INC.
DH-2 - TABLE OF BEDROCK STRUCTURES

CLIENT

H-R FILE

Mueser Rutledge Consulting Engineerins
Manhattan West - Borehole Geophysical Logging

13RG69

PROJECT
LOCATION 9th Avenue & 33rd Street, Manhattan, New Yrok

HAGER-RICHTER
GEOSCIENCE, INC.
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Depth Elevation Dip Azimuth Dip Angle Bedrock Structure
(Feet) (Feet) (Degrees) (Degrees) Category

DH-2 - TABLE OF BEDROCK STRUCTURES

22.7 284.3 3 40 Foliation / Vein
23.1 283.9 320 81 Fracture Rank 3
24.4 282.6 323 79 Fracture Rank 3
24.7 282.3 59 66 Fracture Rank 3
24.8 282.2 54 7 Fracture Rank 3
24.8 282.2 31 30 Fracture Rank 3
25.1 281.9 292 12 Fracture Rank 2
27.4 279.6 20 40 Fracture Rank 2
27.5 279.5 36 46 Fracture Rank 2
29.0 278.0 91 40 Fracture Rank 2
34.7 272.3 39 58 Fracture Rank 2
34.8 272.2 38 50 Foliation / Vein
35.2 271.8 54 55 Foliation / Vein
39.0 268.0 77 51 Foliation / Vein
39.3 267.7 57 46 Fracture Rank 1
40.2 266.8 81 70 Fracture Rank 2
41.7 265.4 94 53 Foliation / Vein
41.8 265.2 97 47 Foliation / Vein
42.4 264.6 99 49 Fracture Rank 2
42.5 264.5 93 47 Fracture Rank 1
42.8 264.3 99 45 Fracture Rank 1
43.1 263.9 78 43 Foliation / Vein
43.4 263.7 73 36 Foliation / Vein
43.5 263.5 73 36 Fracture Rank 2

HAGER-RICHTER
GEOSCIENCE, INC.
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Depth Elevation Dip Azimuth Dip Angle Bedrock Structure
(Feet) (Feet) (Degrees) (Degrees) Category

6.8 309.2 112 48 Fracture Rank 4
7.1 308.9 286 41 Fracture Rank 4
7.3 308.7 286 38 Fracture Rank 3
7.6 308.5 113 45 Fracture Rank 3
8.2 307.8 250 37 Fracture Rank 3
8.4 307.6 265 41 Fracture Rank 3
9.0 307.0 250 43 Fracture Rank 2
9.2 306.8 279 44 Fracture Rank 2
9.5 306.5 235 49 Fracture Rank 2
9.7 306.3 221 59 Foliation / Vein
9.8 306.2 215 57 Foliation / Vein

10.6 305.5 217 50 Foliation / Vein
12.1 303.9 197 62 Fracture Rank 1
16.1 299.9 98 58 Fracture Rank 1
16.2 299.8 353 32 Fracture Rank 2
16.5 299.5 109 84 Fracture Rank 1
20.4 295.7 295 83 Fracture Rank 1
20.6 295.4 103 83 Fracture Rank 2
23.7 292.3 299 88 Fracture Rank 1
24.9 291.1 324 77 Fracture Rank 1
28.8 287.2 30 49 Fracture Rank 2
30.6 285.4 245 52 Fracture Rank 2
30.8 285.2 204 51 Fracture Rank 2
31.4 284.6 242 57 Fracture Rank 2
34.5 281.5 172 84 Fracture Rank 1
34.7 281.3 344 80 Fracture Rank 1
35.3 280.7 207 87 Fracture Rank 1
38.6 277.4 333 64 Fracture Rank 2
39.0 277.0 233 56 Fracture Rank 2
39.6 276.4 222 84 Fracture Rank 4
39.9 276.2 231 81 Fracture Rank 3
40.8 275.2 173 48 Fracture Rank 2
41.2 274.8 226 76 Fracture Rank 2
41.5 274.5 323 88 Fracture Rank 1

DH-3 - TABLE OF BEDROCK STRUCTURES

DIP ANGLE

LOG DATUM

ORIENTATION REFERENCE

August 26, 2013

NYC Grid North (Magnetic Declination = 42° West)
Measured from Horizontal

GROUND SURFACE ELEV. 316 Feet

DATE(S) LOGGED
Ground Surface

HAGER-RICHTER GEOSCIENCE, INC.
DH-3 - TABLE OF BEDROCK STRUCTURES

CLIENT

H-R FILE

Mueser Rutledge Consulting Engineerins
Manhattan West - Borehole Geophysical Logging

13RG69

PROJECT
LOCATION 9th Avenue & 33rd Street, Manhattan, New Yrok

HAGER-RICHTER
GEOSCIENCE, INC.
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Depth Elevation Dip Azimuth Dip Angle Bedrock Structure
(Feet) (Feet) (Degrees) (Degrees) Category

DH-3 - TABLE OF BEDROCK STRUCTURES

41.5 274.5 214 80 Fracture Rank 3
41.9 274.1 214 73 Foliation / Vein
44.3 271.7 19 24 Foliation / Vein
45.1 270.9 11 17 Foliation / Vein
45.4 270.6 244 70 Fracture Rank 1
46.0 270.1 288 18 Fracture Rank 1
46.1 269.9 290 24 Fracture Rank 2
46.2 269.8 312 25 Foliation / Vein
46.4 269.6 299 44 Fracture Rank 2
46.5 269.5 319 38 Fracture Rank 2
46.8 269.2 340 35 Foliation / Vein
47.1 268.9 347 36 Foliation / Vein
47.3 268.7 14 38 Fracture Rank 1
48.8 267.2 281 56 Fracture Rank 2
50.2 265.8 274 35 Fracture Rank 2

HAGER-RICHTER
GEOSCIENCE, INC.
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