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1.0   INTRODUCTION 
 

This report has been authorized by Mr. David McQuillan, President, Pine Grove Home Owners 
Association.  This report presents the results of our preliminary geotechnical evaluation of the 
site and existing Pine Grove Lake Dam for slope stability and structural rehabilitation.  Results 
of this evaluation will be used in preparation of design documents as required in future phases of 
work. 
 
Geotechnical design recommendations provided in this report are based on review of 
published data, accepted engineering practice, field observations and preliminary 
subsurface explorations.  In accordance with our proposal, Maser Consulting P.A. has 
evaluated the preliminary subsurface conditions at the Pine Grove Lake Dam site, and 
provides an evaluation of the slope stability, groundwater seepage, required earthwork 
operations and soil bearing capacity for the reconstructed spillway structure. 

 
2.0   SITE DESCRIPTION 
 

The existing Pine Grove Lakes Dam is located at the northwest end of Pine Grove Lake 
where Sunset Road crosses the waterway.  Sunset Road between Torne Road and Laurel 
Road is oriented southwest to northeast across the top of the dam.  Water flows from Pine 
Grove Lake, south of the dam structure, to the north.  The site is located in the Village of 
Sloatsburg, Rockland County, New York.  The site is shown on the Regional Location 
Plan. 
 
The roadway elevation along the top of the dam is relatively level at approximately 
elevation 554 feet.  Northwest of Sunset Road the ground surface drops steeply to an 
elevation of approximately 548 feet.  The ground slopes moderately to gently beyond the 
toe of slope.  To the southeast the water level is at approximately 552.5 corresponding to 
the top of the Weir-spillway.  The embankment northwest of the dam is covered with 
vegetation including small to medium sized trees, shrubbery, boulders, and underbrush.  
There is evidence of past seepage through the embankment at several locations along the 
toe.  The downstream embankment slope is variable and has areas which are steeper than 
2H:1V.   
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3.0   SCOPE OF SERVICES 
 

In order to evaluate the preliminary subsurface conditions within the influence of the 
proposed construction, and to subsequently provide geotechnical consultation regarding the 
reconstruction and remediation requirements, we performed the following scope of 
services: 
 
a. Coordinated with a drilling contractor to advance borings and install a monitoring well     

along the existing structure; 
 
b. Provided full-time technical observation of the work of the drilling contractor; 
 
c. Obtained representative soil samples encountered within the soil borings; 
 
d. Evaluated the exploration and prepared boring logs showing the types of soils 

encountered, depth of encountered groundwater, standard penetration test results, and 
observations; 

 
e. Performed seepage and slope stability analyses on the existing dam structure and 

proposed dam reconfiguration; 
 
f. Provided foundation and general soil recommendations for the proposed spillway 

reconstruction; and, 
 
g. Prepared a Preliminary Subsurface Exploration and Site Design Evaluation Report, 

provided herein, presenting the results of our preliminary subsurface exploration, 
engineering evaluation and subsequent recommendations. 

 
4.0   REGIONAL GEOLOGY 

Suffern, New York is located within the Triassic Lowlands physiographic province.  With 
depth, the regional area is underlain with shales, sandstones, and diabase bedrocks from the 
Triassic and Jurassic periods of geologic history.  Near the surface, bedrock outcrops occur 
as well as several surficial geologic deposits.  Most notably are the remains of more recent 
glacial events within the area.  According to the Surficial Geology Map of New York, 
Lower Hudson Sheet; 1989, vast sheets of ice advanced and retreated during the 
Pleistocene Epoch with “each masking or destroying completely the geologic record of the 
previous” near the surface.  Remaining surficial deposits have been age dated during the 
Late Wisconsian (Woodfordian) glaciation.  (Between 28,000 to 21,750 years ago). 
  
The Surficial Geology Map of New York, Lower Hudson Sheet; 1989,maps the regional 
area within the Till (t) formation.  This glacially derived sedimentary deposit is listed as 
having variable texture and is classified as a poorly sorted diamict.  The deposit occurred 
beneath a glacier and can randomly consist of clay, silt clay, and boulder clay clast range.  
This geologic unit is listed as being typically impermeable, but permeability varies with  
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grainsize, and the degree of compaction of the formation.  Thickness of this Till is variable 
from 1 to 50 meters. 
 

5.0    SUBSURFACE EXPLORATION 
 

The preliminary subsurface conditions at the site were explored by Maser Consulting P.A. 
on June 24 and 25, 2003.  The Maser Consulting P.A. exploration program was performed 
to define the longitudinal axis of the dam and provide detailed information through a cross-
section of the dam structure. The test borings were advanced to depths between 1.5 feet and 
27 feet below the existing grade.  An observation well was installed in Test Boring TB-2.  
Test boring logs are provided in Appendix A. 
 
Test borings were advanced by Granese Drilling, Inc. using a truck mounted drill rig and 
hollow stem auger drilling techniques and a portable tripod rig for test borings on the 
downstream slope.  Test boring samples were collected in accordance with ASTM D-1586 
(Standard Method for Penetration Test and Split Barrel Sampling of Soils).  Sampling was 
performed continuously from the surface to various depths in all test borings followed by 
sampling at five foot intervals.  Groundwater levels were estimated from visual soil 
moisture or based on groundwater level measurements taken in the completed boreholes 
and observation wells. 

 
6.0   SUBSURFACE CONDITIONS 
 

The test borings encountered brown and gray medium to fine and coarse to fine sand 
deposits with little to some portions of silt and clayey silt.  Based on Standard Penetration 
Testing (SPT, N-values) the material, in general, is considered to vary from loose to dense 
state of relative density.  Cobbles and boulders were encountered throughout the subsurface 
exploration program.  Test boring logs are presented in Appendix A. 
 

 
7.0 SEEPAGE EVALUATION 
 

Seepage analysis was performed using the Geo-Slope Office Program SEEP/W.  SEEP/W 
is a finite element program used to model the movement and pore water pressure 
distribution within porous material.  The program models both saturated and unsaturated 
flow allowing for more physically realistic results. 

 
A section of the earth dam was selected for analysis based on a need to model both the 
seepage and slope stability of the structure.  Considering maximum flow potential, critical 
embankment slopes and data collected during the preliminary exploration program a 
section near the center of the dam was selected.  Based on evaluation of the test boring and 
well data a generalized subsurface profile was developed and initial soil properties 
estimated.  
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The seepage analysis was initially performed to model existing conditions, measured 
groundwater levels and published soil index properties.  Once realistic seepage conditions 
were modeled material property changes were made to evaluate the effectiveness of the 
conceptual design.  The conceptual changes included reconstruction of the upstream slope 
or construction of a concrete wall with downstream slopes being regraded to a 3H:1V 
slope.  Post construction seepage includes a drainage blanket for isolated seepage control.  
Each conceptual change was modeled as to its impact if constructed alone and its impact 
with other reconstruction options.  Figures representing the results of SEEP/W analysis are 
presented in Appendix B. 

 
TABLE NO. 1 

SUMMARY OF SOIL INDEX PROPERTIES 
PINE GROVE LAKE DAM 

 
 

Description 
Unit Weight 

(pcf) 
Friction 
Angle 

Cohesion  
(psf) 

Permeability  
ft/sec 

New U/S Embankment Fills 135 35 500 4.9 x 10-8

D/S Embankment Shell 135 35 200 2.0  x 10-7

Brown cmf sand w/silt, clay 
and gravel 

120 27 0 1.4 x 10-5

Gray brown cmf sand, and 
clayey silt 

125 32 100 1.4 x 10-5

Deep Deposits 135 37 0 8.2 x 10-7

Drainage Blanket material 127 35 0 3.3 x 10-4

 
7.1 Existing Conditions 
 

The phreatic surface for groundwater flow was approximated from test boring 
observation well water levels and existing water surfaces upstream and downstream of 
the dam.  Table No. 1 summarizes the modeled soil parameters. 
 
Results of the SEEP/W analysis indicated a gradual drop in the groundwater level across 
the dam.  The analysis therefore suggests that the seepage from the toe of the dam, 
witnessed in the field, would be expected.  Field observations indicate that seasonal 
fluctuation due to different thermal properties between the cobbles, boulders and soils 
may result in noticeable seepage occurring in colder times of the year since seepage flow 
was not observed at the time of our site visits. Only evidence of past seepage was 
observed.  The results of existing seepage conditions are presented on Figure No. 1 in 
Appendix B. 
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7.2       Post Construction Evaluation 
 

The seepage analysis provides a methodology by which conceptual changes to the earth 
dam can be evaluated.  The objective of such a design is to reduce the head loss across 
the dam, reducing pore pressures and potential groundwater flow.  In addition, 
establishing water pressure allows more accurate evaluation of the slope stability.  Slope 
stability is discussed in later sections of this report. 
 
Redirection of groundwater flow across the dam is typically an effective solution.  The 
insertion of a barrier increases the flow path for the water and reduces porewater pressure 
across the dam.  To evaluate the effectiveness of the solution fills with reduced 
permeability and/or concrete wall was modeled on the upstream face of the dam. 
 
The SEEP/W analysis illustrated that the concrete wall provided an advantage reducing 
the porewater pressure across the dam by forcing the upstream water to flow vertically 
downward around the concrete wall which produces head losses.  However, the concrete 
wall may be difficult to construct due to existing utilities in the central area of the dam. 
  
Construction of a reduced permeability upstream section was also modeled.  The model 
consisted of an two (2) foot wide low permeability soil.  The modeled section reduced the 
porewater pressure across the dam. This method is considered the preferred method if the 
lake water levels are able to be reduced during construction.  Figures Nos. 2 through 4 in 
Appendix B show the results. 
 
Based on the seepage analysis the most effective solution would include the installation 
of the upstream reduced permeability section with the inclusion of a drainage blanket and 
toe drain to control isolated seepage conditions which may occur seasonally.  The 
installation of a core section was not evaluated due to construction difficulties associated 
with the large quantities of cobbles, boulders and fiber optic utility lines. 

 
8.0 SLOPE STABILITY EVALUATION 
 

Slope stability was performed using the Geo-Slope Office program SLOPE/W linked 
with the SEEP/W program described above.  The SLOPE/W program uses limit 
equilibrium theory to compute the factor of safety for modeled slopes. 
 
Slope stability analysis was performed for the cross-section modeled in the seepage 
analysis.  The analysis was performed for various conditions.  For each set of constraints 
the slip surfaces of the analyses were first required to pass through the toe of the slope 
(toe of slope search).  A second set of analyses were then performed allowing the slip 
surface to range across the depth and width of the cross-section (depth search).  Soil 
parameters are summarized in Table No. 1 as previously described. 
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The evaluation was first performed for the existing conditions with seepage analysis for 
the existing baseline conditions. Additional evaluations were then performed by varying 
the seepage conditions through the addition of reduced permeability soils, concrete wall, 
and blanket drain for the 3H:1V downstream slopes.   

  
To evaluate each search a common grid was used to establish common center radii for the 
slip surfaces.  For each search the minimum factor of safety was recorded as well as the 
factor of safety for one or two common centers.  The minimum factor of safety for many 
of the analysis scenarios included only small portions of the slope.  In most of these cases 
slope failures would be insignificant involving only the sloughing of surface materials.   
 
Safety factors are determined by comparing the driving force for a potential failure 
surface to the resisting force. The driving force is generally provided by the weight of the 
soil and surcharge loads above the toe of the slope and the resisting force is provided by 
the soils internal friction, cohesion (found in clay soils) and the weight of the soil beyond 
the toe of the slope.  Dividing the total resisting forces by the total driving forces 
provides a factor of safety for the slope and a specific slip surface.  Analyzing a slope for 
multiple slip surfaces provides a theoretical minimum factor of safety. 

 
A minimum factor of safety of 1.5 is considered marginally acceptable for slopes 
depending upon the location of the slope with respect to occupied structures, roadways, 
etc. Safety factors are summarized on the Figures.  Figures representing the slope 
stability slip surfaces are provided in Appendix C. 

 
 

8.1       Existing Conditions 
 

The minimum factor of safety for the existing slope was determined as 1.87 for a shallow 
failure.  Deep failure evaluation was greater than 2.0 as anticipated due to the dam’s 
geometry.  However, the 1.87 minimum factor of safety is only at the section analyzed.  
These are areas where downstream slopes are steeper and therefore factors of safety are 
anticipated to reduce to at least 1.5. 
 
Each of the minimum slope stability analyses indicated factors of safety greater than 1.5. 
However, continued erosion and increased pore water pressures due to increased seepage, 
among other factors, can reduce the stability of the slopes.   
 

8.2 Post Construction Evaluation 
 

To evaluate the effects of slope stability resulting from changes in the groundwater 
seepage patterns, and downstream slope regarding, stability analyses were performed in 
conjunction with the SEEP/W analysis variations.  Stability analyses were performed for 
inclusion of upstream modification, blanket drain and slope reconstruction. 
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Review of the minimum safety factors for these conditions show large increases in 
magnitude with factors of safety above 2.5.  As a result, modifications proposed to the 
existing dam should increase the structure’s stability by reducing porewater pressures 
alone.  The stability can be observed through both increases in safety factors and a 
reduction in the extent of the failure. 
  

9.0      SPILLWAY FOUNDATION RECOMMENDATIONS 
 

Based on the soil boring data, soils encountered at foundation bearing grades for the 
spillway structure are suitable for support of the proposed structure.  Primary settlements 
for the structure should occur over relatively short periods of time; however, hydraulic 
loading and potential uplift forces associated with the flowing water as well as static 
water levels may cause differential loading and settlements.  An allowable soil bearing 
pressure of 3,000 pounds per foot can be used. 

 
10.0   GENERAL DISCUSSION AND RECOMMENDATIONS 
 

The following general discussion and recommendations are based upon our preliminary 
engineering evaluation of the test boring exploration, seepage and stability evaluations.  
Specific site recommendations are as follows: 

 
10.1    Site Clearing 
 

Clearing and grubbing of the downstream dam face should be delayed as long as possible 
to inhibit erosion or sloughing of the earth dam surface during construction. All trees and 
surface boulders shall be removed to a point beyond the 3H:1V regarding limits.  The 
stripped material will not be suitable for re-use as fill.  All stripped areas are to be proof 
rolled through three or more passes of a smooth drum vibratory roller with a static weight 
of at least 10 tons.  Areas that “weave” or “pump” under the passing roller should be 
considered unstable.  All unstable materials shall be undercut and stabilized through 
backfilling of the excavated areas with well compacted imported fills.  The proof rolling 
will also densify upper embankment deposits which are to remain.  The existing water 
main located on the downstream slope should be relocated to the crest of the dam. 
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10.2     Fill Placement and Compaction 
 

Granular fill materials placed as backfill as the top of embankment and downstream shell 
shall be environmentally clean, natural material conforming to the following gradation: 
 

Allowable Gradation Envelope 
Shell Fill 

 
 U.S. Standard Sieve Size Percent Fine By Weight 
 
 2” 100 
 1” 80-100 
 3/8” 70-100 
 No. 10 50-100 
 No. 30 30-85 
 No. 60 15-65 
 No. 200 5-15 

 
 

Fill materials placed as backfill around the new spillway structure and upstream reduced 
permeability soils should consist of inorganic fine grained materials (more than 50% 
passing a number 200 sieve) and plotting above the “A” line as defined by the Unified 
Soil Classification System.  The fill materials shall be classified as CL materials with a 
plasticity index less than 30.  Maximum gravel size shall be 1 inch and only 10 to 15 
percent gravel will be permitted. 

 
 Materials to be used in the construction of the drainage blanket shall have the following 
grainsize distribution completely wrapped in a geotextile fabric and geonet material. 
 

Allowable Gradation Envelope 
“Drainage Blanket Fill” 

 
 U.S. Standard Sieve Size Percent Fine By Weight
 
 1” 100 
 1/2” 80-100 
 No. 8  45-100 

                      No. 16 30-90 
                      No. 50 0-20 
                      No. 100 0-3     
 
Fills are to be placed in a controlled manner.  All fills are to be placed in lifts not 
exceeding eight (8) inches in thickness and compacted to no less than ninety-five (95) 
percent of its optimum dry density as determined by ASTM D-1557 for the Modified 
Proctor Test.  Moisture conditions at the time of material placement should be determined 
by the compaction curves with appropriate moisture content ranges established by the site  



 

Page 9 
 

geotechnical engineer.  It is recommended that a smooth drum vibratory compactor with 
a static weight greater than 10 tons be used to achieve the desired compaction. 
 
Compaction of cohesive soils adjacent to the spillway structure should be performed 
using a double drum, walk behind sheepsfoot roller.  Lift thicknesses should not exceed 
twice the height of the sheepsfoot pads.  Compaction should be performed until the pads 
“walk” up out of the lift.  Material densities should be confirmed in the field for each lift.  
Cohesive soils shall be compacted wet of optimum.  Final compaction moisture content 
criteria will be established after proctor density tests are conducted on proposed cohesive 
soil samples submitted by the contractor. 
 

10.3     Erosion Control/Slope Armament 
 

Based upon our design assumptions used in this report, once the downstream 
embankment has been regraded to the 3H:1V slope, armament will not be required after 
grass has been developed.  Soil erosion measures shall be employed until full grass 
growth has been accomplished.  These recommendations are subject to revision if 
spillway redesign indicates an overtopping event will occur.  Overtopping velocities may 
require regrading and armament.  The upstream face of the dam shall be protected with 
rip rap which extends from the top of the embankment to two (2) feet below the normal 
water surface.  If a concrete wall is used instead of earth embankments on the upstream 
face, then the rip rap may not be required. 
 

10.4     Preliminary Cost Estimate 
  
 Based upon our analysis and reconstruction options considered, we have prepared a 

preliminary construction cost estimate for the work.  Figure No. 11 presents a typical 
section of our proposed reconstruction.  The Test Boring Location plan also indicates 
proposed grading based upon our recommendations. 

 
Figure No. 11 

Preliminary Construction Cost Estimate 
 
1.   Cleaning & Grubbing with Tree Removal  $  25,000.00 
2.   Stripping  $    3,000.00 
3.   Boulder Removal  $    8,500.00 
4.   Grading of Slopes  $  15,000.00 
5.   Import Fills including placement  $  80,000.00 
6.   Drainage Fabric  $  18,000.00 
7.   Shell materials including placement & road  $180,000.00 
8.   Toe Drainage Blanket  $    6,000.00 
9.   Rip Rap Upstream Face  $  25,000.00 
10. Hydroseed Downstream Face  $    6,000.00  

 SubTotal $366,500.00 
 15% Contingency $  54,975.00  

         Total $421,475.00   
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11.   CLOSING 
 

Successful construction of the project will require competent field observation of the 
construction operations.  All earthwork, including clearing and grubbing, grading and fill 
placement, backfill operations, structures, pile installation, and corewall construction 
should be observed by a competent individual familiar with the recommendations 
contained herein.  We are available to perform construction observation services if 
required. 
 
The recommendations contained herein are contingent upon the actual field conditions 
being consistent with those encountered during our field exploration. Should any variation 
in the anticipated conditions be encountered, Maser Consulting P.A. should be notified 
immediately to determine what impact the changed conditions may have upon the 
presented recommendations. 

 
12.   LIMITATIONS 
 

Services performed by Maser Consulting P.A. during this project have been conducted in a 
manner consistent with the level of care and skill ordinarily exercised by members of the 
profession currently practicing in the same locality under similar conditions. No other 
representation, expressed or implied, and no warranty or guarantee is included or intended 
in the services provided. 

 
 

Maser Consulting P.A.’s opinion regarding probable construction cost has been based upon 
its experience or knowledge of similar work.  Maser Consulting P.A.’s opinion of probable 
cost rests upon: a number of assumptions about the actual conditions that will be 
encountered on site; the specific decisions of field personnel; safety means, methods, 
sequences, equipment, safety programs, et al., the cost and extent of labor, equipment, and 
materials contractors will employ, contractor’s method for determining prices and market 
conditions and unit material escalations at the time; and a variety of other factors over 
which Maser Consulting P.A. has no control. 
 
Unless specifically indicated to the contrary in this report, the scope of our services was 
limited only to exploration and evaluation of the geotechnical engineering aspects of the 
site conditions, and did not include any consideration of potential site pollution or 
contamination resulting from the presence of chemicals, metals, radioactive elements, etc. 
This report offers no facts or opinions related to potential pollution/contamination of the 
site. 

 
 
\\Admin1\Projects\2002\020418a\Reports\Geotech\2005\0203jjs-rev1.doc 
 
 
 
 
















































	MC Project No. 02-0418A
	TABLE NO. 1  Summary of Soil Index Properties
	FIGURE NO. 1  Regional Location Plan
	DRAWING NO. 1  Regional Location Plan
	DRAWING NO. 2  Test Boring Location Plan
	APPENDIX A  Test Boring Logs
	APPENDIX B  Seepage Evaluation
	APPENDIX C  Slope Stability Evaluation


	Shell Fill


	Figure No. 11
	Preliminary Construction Cost Estimate


	APPENDIX A





