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1.  Introduction 

1.1 Summary 
This report presents the results of our subsurface explorations and geotechnical design and 
construction recommendations for conceptual design of the proposed National Synchrotron 
Light Source II (NSLS II), located within Brookhaven National Laboratory, in Upton, New 
York. 
 
The subsurface explorations encountered up to 6 feet of fill overlying a sand deposit that 
extends to more than 100 feet deep.  We recommend that foundations be designed as spread 
footing foundations with slab-on-grade floors.  The existing fill should be removed within the 
building limits. 

1.2 Scope of Work 
GEI performed the following tasks: 
 

1. Engaged subsurface exploration contractors to conduct the test borings and cone 
penetrometer tests. 

2. Provided a full-time field representative to observe the explorations, and classify the 
soil samples in the borings. 

3. Engaged a materials testing laboratory to perform mechanical gradation analyses on 
representatives soil samples from the borings. 

4. Evaluated the subsurface conditions and prepared this report containing our 
geotechnical recommendations for conceptual design. 

1.3 Project Personnel 
The following personnel performed services for this project. 
 

Steven Hawkins Field Engineer 
Nathan Whetten, P.E. Senior Project Manger 
Michael Paster, P.E. Technical Review 
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1.4 Authorization 
The work was completed in accordance with our agreement dated June 26, 2006.   

1.5 Project Vertical Datum 
Elevations in this report are in feet.  The vertical coordinate system is BNL ’94.  We 
understand that BNL ’94 is substantially equivalent to National Geodetic Vertical Datum of 
1929 (NGVD-29).    
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2.  Site and Project Description 

2.1 Site Description 
The approximately 50-acre site is bounded by Brookhaven Avenue to the north, Grove Street 
to the west, Fifth Street to the east, and a former landfill to the southeast.  Seventh Street runs 
through the middle of the site in a north-south direction, and divides the site roughly in half. 
 
The eastern portion of the site is generally a lawn area or is wooded.  The western portion is 
occupied by several buildings, adjacent parking areas, access roads with asphalt, concrete, or 
gravel pavement, concrete loading docks, at-grade concrete pads, two railroad tracks, and 
chain link fences.  Existing site features are shown on Figure 2. 
 
The ground surface slopes gently downward from east to west.  Ground surface elevations 
range from about El. 83 along Fifth Street to about El. 63 along Grove Street. 

2.2 Project Description 
Brookhaven Science Associates is planning to replace the existing National Synchrotron 
Light Source with a new facility, referred to as NSLS II.  The new facility will be located 
within the Brookhaven National Laboratory, south and east of the existing NSLS building 
(Figure 1).  NSLS II will be located south of Brookhaven Avenue and east of Grove Street.   
The proposed facility layout is shown in plan on Figure 2.  The NSLS II will include a Ring 
Building, an Injector Building, an IR Source Building, and a Joint Photon Science Institute 
Building, with a total footprint area of approximately 400,000 square feet.  
 
We understand that the lowest level floors will generally be at existing site grades, and no 
basement levels are planned.  Proposed floor elevations for the various facility components, 
provided by HDR, are indicated in the table below. 

 3 



G E O T E C H N I C A L  R E P O R T  -  C O N C E P T U A L  D E S I G N  P H A S E   
N A T I O N A L  S Y N C H R O T R O N  L I G H T  S O U R C E  I I   
B R O O K H A V E N  N A T I O N A L  L A B O R A T O R Y  
R E V I S E D  N O V E M B E R  9 ,  2 0 0 6  
 
 

 

Structure 
Proposed 
Floor El. Ground Surface Elevation 

Experimental Hall:
   Experimental Floor and Access Corridor 
   Ring Tunnel 
Tunnel Mezzanine 

 
El. 73 
El. 74.33 
El. 86.58 

 
El. 69 (SW) to El. 82 (East) 
 

Lab/Office Building (LOB) El. 73 El. 73 (N LOB) 
El. 76 to 79 (E LOB) 
El. 80 to 82 (SE LOB) 
El. 72 to 75 (S LOB) 
El. 68 to 72 (SW LOB) 

Central Lab/Office Building El. 73 El. 73 to 75 
Service Buildings: 
   Lower Level 
   Ring Tunnel Access 
   Upper Level 

 
El. 71.33 
El. 74 
El. 86.58 

El. 73 (N Svc Bldg) 
El. 77 to 78 (E Svc Bldg) 
El. 81 (SE Svc Bldg) 
El. 75 to 76 (S Svc Bldg) 
El. 71 to 72 (SW Svc Bldg 

Linac/RF Building El. 78 El. 75 
 
Comparing the proposed floor grades with the existing site grades, up to 9 feet of excavation 
and up to 5 feet of fill will be required below floors. 
 
We understand that the floor slab for the experimental hall will be 18 inches thick, and the 
adjacent tunnel ring slab will be 36 inches thick.  These elements will be constructed as a 
monolithic slab.  The design live load for the floor in these areas is 250 pounds per square 
foot (psf). 
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3.  Subsurface Conditions 

3.1 Previous Subsurface Explorations 
1977 Explorations – In 1977, Stone & Webster conducted subsurface explorations for the 
existing NSLS facility.  The explorations included six soil borings and four test pits.  The 
borings were drilled to depths of 100 to 102 feet and the test pits were excavated to a depth 
of about 12 feet.  Approximate exploration locations are shown on Figure 2, and logs of the 
test pits and borings are presented in Appendix A. 
 
2003 Explorations – In 2003, we conducted eleven test borings for the nearby Center for 
Functional Nanomaterials (CFN) building, advanced to depths of up to 62 feet below ground 
surface.  Drilling activities were monitored by a GEI field technician.  Test boring locations 
are shown on Figure 2, and boring logs prepared by the driller are provided in Appendix B. 

3.2 Subsurface Explorations for Conceptual Design 
During the period July 19 to 21, and August 16, 2006, we conducted four test borings, (B101 
through B104) and twelve cone penetrometer soundings (CPT-1 to -6, CPT-8, and CPT-10 to 
-14).  Shear wave velocity measurements were made in CPT-3, -5A, -6, and -12 at 10 foot 
intervals within the sand.  Explorations were monitored by a GEI engineer. 
 
Test borings B101 and B102 were drilled 52 and 62 feet below ground surface, respectively.  
These borings were drilled using 3-inch diameter driven casing, and Standard Penetration 
Tests were conducted at 5-foot intervals.  Borings B101A and B102A were drilled a few feet 
away from borings B101 and B102, respectively, with continuous samples taken to a depth of 
10 feet.  Borings B103 and B104B were drilled to a depth of 32 feet using hollow-stem 
augers, with semi-continuous samples taken within the top 14 feet.  B104 and B104A were 
terminated after encountering shallow refusals.  Logs are presented in Appendix C. 
 
The CPT soundings penetrated to depths typically ranging from 53 to 100 feet, and were 
terminated at refusal or at a maximum depth of 100 feet.  Shallow refusals at depths less than 
10 feet were encountered in CPT-5, -7, -13, and -13A.  A second sounding was completed a 
few feet away from CPT-5 (CPT-5A) to a depth of 83 feet, and we plan to conduct a second 
sounding at CPT-7.  CPT-13 encountered two shallow refusals.  CPT-7A and CPT-9 were 
originally proposed, but later deleted from the conceptual design exploration program.  Logs 
of CPT soundings are presented in Appendix D. 
 

 5 



G E O T E C H N I C A L  R E P O R T  -  C O N C E P T U A L  D E S I G N  P H A S E   
N A T I O N A L  S Y N C H R O T R O N  L I G H T  S O U R C E  I I   
B R O O K H A V E N  N A T I O N A L  L A B O R A T O R Y  
R E V I S E D  N O V E M B E R  9 ,  2 0 0 6  
 
 

3.3 Laboratory Testing 
GeoTesting Express, of Boxborough, Massachusetts, performed sixteen mechanical 
gradation analyses on soil samples recovered from borings B101 and B102.  Results are 
presented in Appendix E. 

3.4 Subsurface Soil Conditions 
Topsoil – Topsoil ranging in thickness from 2 to 12 inches was encountered in B101, B01A, 
B102 and B102A, which were drilled in landscaped areas.  Topsoil was not encountered in 
B103 and B104, which were drilled in developed areas. 
 
Fill – Each of the borings encountered fill typically described as silty sand (SM), and the 
thickness ranged from 3.3 to 7 feet.  SPT N-Values ranged from 8 to 15 blows per foot (bpf), 
indicating the fill is loose to medium dense.  Fill was also detected within the upper 1 to 5 
feet in CPT soundings made near existing buildings and roadways.  Explorations B104, 
B104A, CPT-13, and CPT-13A, located within the southern portion of the ring building, 
encountered refusals on buried objects within the fill. 
 
Sand – A thick layer of stratified sand, sand with silt, and sand with gravel was encountered 
below the fill in all of the explorations.  Subsurface explorations were terminated within the 
sand at maximum depths of about 100 feet.  The sand is light brown to brown.  SPT N-values 
ranged from about 15 bpf (medium dense) to greater than 50 bpf (very dense).  The average 
corrected SPT N-value calculated from the CPTs within the upper 50 feet was about 30 bpf, 
The CPTs detected some localized zones with equivalent N-values between 10 and 20 bpf. 
 
Shear wave velocity measurements made in CPT-3, -5A, -6, and -12 indicate a uniform to 
slightly increasing shear wave velocity with depth.  Velocities varied from 860 feet per 
second (fps) to 1,180 fps.  The average of 34 shear wave velocity tests in the four CPTs was 
975 fps. 
 
A 1999 report on the stratigraphy and hydrogeologic conditions at the lab prepared by the 
United States Geologic Survey1 refers to the sand as the ”Upper Glacial Aquifer,” and the 
thickness at BNL appears to be about 185 feet.  Confining clay units and additional sand and 
gravel aquifers overlie bedrock, which reportedly occurs at a depth of about 1,500 feet. 

3.5 Groundwater Conditions 
Depths to groundwater range from about 28 to 37 feet below ground surface, depending on 
the location at the site.  This is based on the following observations: 
                                                 
1 “Stratigraphy and Hydrogeologic Conditions at the Brookhaven National Laboratory and Vicinity, Suffolk 
County, New York 1994-1997,” prepared by the United States Geologic Survey, dated 1999. 
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 We measured water in boring B102 at a depth of 36.5 feet below ground surface.  

This measurement was made in a temporary PVC well installed in the boring, 
after groundwater was allowed to stabilize overnight.  This level may not 
represent fully stabilized groundwater due to the short stabilization time. 

  
 We measured water in borings B103 and B104 at depths of 28 and 31 feet below 

ground surface, respectively.  These borings were drilled using hollow-stem 
augers, and water levels were measured during drilling. 
 

 CPT soundings detected water at depths ranging from about 28 to 30 feet below 
ground surface.  These measurements were made using an electronic pore 
pressure transducer mounted on the cone. 
 

Groundwater level measurements represent conditions at the times and locations the 
measurements were made.  Significantly different groundwater levels may occur at other 
times and locations. 
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4.  Preliminary Foundation Recommendations 

4.1 Foundation Design 
We recommend that the proposed buildings be supported on spread footings bearing directly 
on the sand deposit, or on compacted structural fill placed after removal of existing fill.  We 
recommend that footings be designed for a maximum allowable bearing pressure of 2.5 tons 
per square foot, and that footings be at least 3 feet wide.   
 
Exterior footings should bear at least 4 feet below the adjacent finished grade for frost 
protection.  Interior footings should be founded at least 18 inches below the bottom of the 
floor slab.  The top of all footings should be at least 6 inches below the bottom of the 
overlying floor slab. 

4.2 Floor Slab Design 
Based on a comparison of proposed floor levels with existing site grades, the lowest level 
floors will range from 9 feet below to 6 feet above existing site grades.  The lowest level 
floor may be designed as a slab-on-grade.  
  
The existing fill is not considered suitable for support of floor slabs due to the low tolerance 
for settlement of the floor slabs.  Therefore, we recommend that all existing fill be removed 
from within the building limits, and replaced as necessary with compacted structural fill.  A 
minimum of 6 inches of compacted structural fill should be placed below all floors. 
  
Floors are above groundwater levels encountered in the explorations.  Underslab drainage 
will not be required. 

4.3 Settlement  
Column and Wall Settlement 
 
We estimate that total settlement of spread footings will be less than 1 inch, and differential 
settlements will be less than 0.75 inch.  Settlement will occur as loads are applied.  We 
understand that this settlement is acceptable for column and wall footings  
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Floor Settlement 
 
We understand that the floor slab within the experimental hall will support highly sensitive 
scientific equipment, and that settlement of the floor slab after the equipment has been 
installed and calibrated must be small.  Based on discussions with HDR, we understand that 
post-construction total and differential settlement may need to be less than about 0.25 inch. 
 
Soils beneath the floor slab will settle in response to dead and live loads.  Based on our 
experience with granular soils similar to those at the site, we anticipate that settlement will be 
complete within about one to two weeks after load application. 
 
Settlement resulting from floor slab dead loads and fill required beneath the floor slab is 
expected to occur during construction, and therefore will not contribute to post-construction 
settlement.  However, the 250 psf live load could cause minor post-construction settlement.  
We calculate the total and differential post-construction settlement from the live load to be 
less than 0.25 inch.  Differential settlement will be less than the total settlement.  For 
particularly sensitive equipment, it may be desirable to allow a two to three week waiting 
period between installation and final calibration. 

4.4 Seismic Design 
The soil beneath the proposed building is classified as a stiff soil profile for earthquake 
design purposes as defined by the New York State Building Code.  The corresponding site 
class is D.  The soil is not considered to be susceptible to liquefaction. 

4.5 Reuse of Existing Fill 
Based on the results of sieve analyses conducted on soil samples recovered from borings 
B101 and B102, we anticipate that the natural sand deposit will be suitable for reuse as 
compacted structural fill below building foundations.  The existing fill encountered in the 
borings is suitable for reuse as common fill outside building limits. 

4.6 Subsurface Explorations for Final Design 
Subsurface explorations conducted for this conceptual design study included a relatively 
small number of widely-spaced test borings and cone penetrometer tests.  Most of these 
explorations penetrated to depths of 50 to 100 feet, to evaluate general subsurface conditions 
in the area of the facility. 
 
We recommend that subsurface explorations for final design include additional test borings 
with continuous SPT sampling, to further evaluate the nature and thickness of fill materials.  
Hollow-stem auger boring techniques are acceptable because of the low groundwater level. 
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Shallow refusals were encountered in B104, B104A, CPT-13 and -13A, within the southern 
portion of the ring building, and may indicate buried foundations or other objects within the 
fill.  We recommend that test pits be excavated in this area to evaluate the nature of these 
materials. 
 
 
 

 10 



G E O T E C H N I C A L  R E P O R T  -  C O N C E P T U A L  D E S I G N  P H A S E   
N A T I O N A L  S Y N C H R O T R O N  L I G H T  S O U R C E  I I   
B R O O K H A V E N  N A T I O N A L  L A B O R A T O R Y  
R E V I S E D  N O V E M B E R  9 ,  2 0 0 6  
 
 

5.  Final Design Services and Limitations 

5.1 Final Design Engineering Services 
We recommend that GEI be engaged during final design to: 
 

 Conduct subsurface explorations, prepare a final geotechnical engineering report, and 
provide geotechnical consultation to the design team. 

 Review plans and specifications to confirm that our recommendations have been 
interpreted and implemented as intended. 

5.2 Limitations 
This report was prepared for the exclusive use of HDR Architecture, Inc., Brookhaven 
Science Associates, and the NSLS II design team.  Our recommendations are based on the 
project information provided to us at the time of this report and may require modification if 
there are any changes in the nature, design, or location of the proposed structure.  We cannot 
accept responsibility for designs based on our recommendations unless we are engaged to 
review the final plans and specifications to determine whether any changes in the project 
affect the validity of our recommendations and whether our recommendations have been 
properly implemented in the design. 
 
The recommendations in this report are based in part on the data obtained from the 
subsurface explorations.  The nature and extent of variations between explorations may not 
become evident until construction.  If variations from the anticipated conditions are 
encountered, it may be necessary to revise the recommendations in this report. 
 
Our professional services for this project have been performed in accordance with generally 
accepted engineering practices.  No warranty, express or implied, is made. 
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Appendix A 

1977 Test Boring and Test Pit Logs 
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Appendix B 

2003 Test Boring Logs 
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Appendix C 

2006 Test Boring Logs 
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Appendix D 

2006 Cone Penetrometer Test (CPT) Logs 
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Appendix E 

Laboratory Test Results 
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