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Niagara Falls Storage Site Niagara Falls Storage Site 
Geophysical Survey ResultsGeophysical Survey Results

Science Applications International Corporation
Center of Geophysical Excellence – Harrisburg, Pennsylvania
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http://www.quality-geophysics.com/
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Niagara Falls Storage SiteNiagara Falls Storage Site 
Lewiston, NYLewiston, NY

NFSS

Modern 
LandfillNorth

Town of 
Lewiston

CWM

1995 Aerial

Presenter
Presentation Notes
Can go further north with this image if you want (you previously indicated to show up to Balmer Rd.)
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Niagara Falls Storage Site Niagara Falls Storage Site 
LLewiston, ewiston, NYNY

Interim Waste Containment Structure

Site Boundary

N
Former 
Tower 
Location

Presenter
Presentation Notes
Michelle Slide
Current Status-Nice looking site-open areas, wooded areas
Total 230 acres in size
WCS 28 acres within/near the fence 
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General HydrogeologyGeneral Hydrogeology
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NFSS HydrogeologyNFSS Hydrogeology
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NFSS Groundwater FlowNFSS Groundwater Flow

Fill

Upper Clay Till (Brown Clay)

Glaciolacustrine Clay (Gray Clay)

Middle Silt Till

Glaciolacustrine Clay (Gray Clay)

Sand and Gravel

Basal Red Till

Weathered Queenston Shale Bedrock

Queenston Shale Bedrock

Up
pe

r

Be
dr

oc
k

Lo
we

r

Up
pe

r
Lo

we
r

Be
dr

oc
k

SE NW



N
F
S
S

R
A
B

M
E
E
T
I
N
G

7

Former IWCS AreaFormer IWCS Area 
1944 Oblique1944 Oblique

Former 
Freshwater 
Intake Pond

Bldg 401

Bldg 
409

Bldg 411 
(K-65 Storage)

Former 
Bldg 403

North

Current 
IWCS 

Bounds
Demolished 
Tank 415

Current 
R-10 Pile

Tank 
414 Tank 413

(K-65 Storage)

Bldg 
410

Presenter
Presentation Notes
Will be updated from Word file
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DQOs for NFSS IWCSDQOs for NFSS IWCS
Assess the Integrity of the 

IWCS


 

Investigate Nonintrusively 


 

Delineate Landfill 
Contents



 

Locate Potential 
Contaminant Plumes



 

Examine Clay Cutoff Wall 


 

Identify Fractures/Faults/ 
Seismic Pressure Points



 

Identify Areas of 
Increased Water 
Saturation

Current Radioactive Landfill 
Boundary

IWCS Photo: Bechtel, 1985

Radioactive Storage

N

Former Building 411

R-10

Presenter
Presentation Notes
Michelle Slide
Pay attention to North, in the future it will be up, not to left.  



Former Bldg 411 foundation prior to waste placement
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Plan View of NFSS IWCS Cross Section Locations
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East West Cross Sectional View of NFSS IWCS
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Plan View of NFSS IWCS Cross Section Locations
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Why Use Geophysics at NFSS?Why Use Geophysics at NFSS?

Nonintrusive
Cost-Effective
Efficient 
Dense Data Coverage
 Increased Spatial Resolution
Comprehensive

Presenter
Presentation Notes
Michelle Slide
230 Acres of the entire NFSS is a large area….
Geophysics provides …
IWCS and buffer areas close by cover approximately 28 acres 
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Magnetometer
(Mag)

Seismic
Refraction

Seismic
Reflection

Electromagnetics 
(EM)

Shear Wave

Magnetotellurics
(MT)

Electrical Imaging 
(EI)

Geophysical ApplicationsGeophysical Applications

Multi-Technology 
Geophysical

Surveys at NFSS

Ground Penetrating 
Radar (GPR)

Presenter
Presentation Notes
Michelle Slide
SAIC applied 8 complementary techniques to NFSS
Relied on fewer for information on IWCS

Spend time talking about EM, MAG, EI

Touch on MT, Seismic Reflection, 
Touch on Seismic Refraction and Shear waves

Following slides to examine some of the results and interpretations 
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Electromagnetics (EMElectromagnetics (EM--31)31)
Conductivity


 

Water Saturation


 
Voids/Sinkholes


 

Metallic Signature


 
Changes in Soil 
Properties


 

Contaminant Plumes

Magnetic Susceptibility


 
Metallic SignatureEM-31 with Data Logger and GPS

SAIC, May 2001EM-31

Presenter
Presentation Notes
Michelle Slide
EM31 1-man instrument
All data collected digitally, with GPS Positioning information

There are 2 data components
* 1 Component Measures Conductivity-Objectives are to …..

* 1 component is magnetic susceptibility with the objective to examine presence of subsurface metals
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EM Results of the NFSS IWCSEM Results of the NFSS IWCS
Q

ua
dr

at
ur

e 
Ph

as
e

In
ph

as
e

Conductivity (mM/m) Magnetic Susceptibility (ppt)

Fence
Fence

Buildings
Buildings

Utilities Utilities

Drain 
Pipes

Drain 
Pipes

Manhole Manhole

Organic 
Burial Area

Bulldozer Bulldozer

Bldg 411Bldg 411

Drums Drums

Organic 
Burial Area

Bldgs 
410/413/414

Bldg 409

Presenter
Presentation Notes
Data in mM/M and ppt
Introduce some of the Interpreted features apparent in the data…..
* Fence around Landfill
Buildings 
Known Utilities
Drain Pipes along west edge
Lagoon Residual?
Manhole-size indicates potential leakage
Bulldozer area
Former building area
Metallic Waste areas
Drums
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MagnetometerMagnetometer

Ferrous 
Metallic 
Signature

Magnetic Gradiometer with GPS and Data 
Logger

SAIC, May 2001

Presenter
Presentation Notes
Magnetometer 1-man instrument
All data collected digitally, with GPS Positioning information

There are 2 Sensors-Magnetic Gradient

Sensitive only to Ferrous Metals (i.e.. Iron)  EM61 all metals (i.e.. aluminum)



N
F
S
S

R
A
B

M
E
E
T
I
N
G

19

Magnetometer Results of IWCSMagnetometer Results of IWCS

Fence
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Buildings

Utilities

Buried Buildings

Magnetic 
Gradient 
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411

410

Berm Toe

Drain 
pipes

Bull
Dozer

Former 
Drainage Ditch 

with metals

Buried 
Metals

409

Presenter
Presentation Notes
Data presented in Map form-units nT/m
Similar to EM maps-Introduce some of the features interpreted in data
Toe of IWCS Berm
Fence
Existing Buildings
Ferrous metal Utilities
Drain Pipes
Buried buildings- RE-ENFORCING STEEL
Buried metals
Bulldozer-estimated at 25-feet bgs
Drainage Ditch with scrap metals
Unknown features
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Electrical Imaging (EI)Electrical Imaging (EI)

Water Saturation
Voids/Sinkholes
Fractures
Stratigraphy
Soil/Bedrock Interface
Contaminant Plumes
Metallic Signature

Electrical Imaging Setup

SAIC 
May 2001

Measures Electrical Resistivity

Presenter
Presentation Notes
Electrodes in ground, cables connect, digital data storage
GPS End points, periodically along line of electrodes
Multiple person team to set electrodes, Make sure good ground contact for measurements
* Purpose of EI was to…..
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Electrical Imaging Results IWCSElectrical Imaging Results IWCS
Apparent Resistivity (ohm-meter)

Top of Rock

High Resistivity
Low Resistivity Cutoff Wall

West East

Presenter
Presentation Notes
EI Cross Section
* Top of Rock from Well Tie
* Cutoff Wall Location-Increased resistivity of well compacted (dryer) clay
* High resistivity material-Dry Fill
* Low Resistivity-Conductive material-increased metallic content
* Similar low resistivity outside IWCS-Likely very dry clay material or well drained gravels (Dry)



N
F
S
S

R
A
B

M
E
E
T
I
N
G

22

Magnetotelluric (MT)Magnetotelluric (MT)


 

Measures DEEP 
electrical properties 
of the bedrock

Presenter
Presentation Notes
Magnetotelluric-Known as MT, or CSMT measures electrical properties of the earth.  
Not much to photograph
     Tent poles without tent
     Wires with a few batteries….
2 person team-1 person with transmitter-Stationary 1 person with receiver.  Receiver moves around….. GPS Receiver locations


* Objective is to measure relatively deep properties of the earth
   Track electrical and magnetic phases of multiple frequency electromagnetic field induced into the ground



N
F
S
S

R
A
B

M
E
E
T
I
N
G

23

Magnetotelluric Results IWCSMagnetotelluric Results IWCS


 
Seismic Pressure Points



 
Geologic 
Discontinuities



 
Deep Faults/Fractures

D
ep
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 (f

ee
t)

Top of Queenston 
Bedrock

Precambrian Basement

Presenter
Presentation Notes
MT used to look at DEEP Features-2000 feet at IWCS

* Identified Top of Queenston Bedrock Formation about 200-feet below grade

* Identified Precambrian Basement about 1100 feet below grade
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Seismic ReflectionSeismic Reflection


 
Measure 
DEEP 
bedrock 
features

SAIC, June 2001

Elastic Wave Generator and 
Geophone String Seismograph

Presenter
Presentation Notes
Seismic measures travel time from seismic source (EWG) to sensors (Geophones)
Multi person crew-1 person with seismic source, 
1 person with receiver monitor (seismograph)

Changes in velocity or density create reflection coefficient-hence the reflection

* OBJECTIVE - Used to measure DEEP bedrock features
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Seismic Reflection Results IWCSSeismic Reflection Results IWCS



 
Seismic Pressure Points



 
Geologic Discontinuities



 
Deep Faults/Fractures

Queenston BedrockQueenston Bedrock

MidMid--Queenston Queenston 
ReflectorReflector

NOISE !NOISE !D
ep

th
 (m

ill
is

ec
on

ds
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Presenter
Presentation Notes
Used Seismic Reflection where EM noise expected (Power Lines)

Used to look at DEEP features
 Vertical time is milliseconds-Depends on travel velocities, which change based on geology

*Based on refraction velocities and reflector Top of Queenston

*Queenston Discontinuity – Change in Velocity or Density

Lots of apparently coherent noise-NOT REFLECTORS…..
No Faults or Seismic Pressure points identified.   In geometry or velocities measured
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Seismic Reflection and MT ConclusionsSeismic Reflection and MT Conclusions

Soil/Bedrock Interface Identified
Geologic Discontinuities Identified
No Deep Faults/Fractures Identified
No Seismic Pressure Points Identified
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IWCSIWCS--SPECIFIC CONCERNSSPECIFIC CONCERNS-- 
Voids or CavernsVoids or Caverns
Key Technologies EM and EI:

– Voids have an infinitely high resistivity.
– Voids have “0” conductivity (EM).

No “Extreme” values were measured.
Conclusion: No Voids or Caverns. 

Presenter
Presentation Notes
Specific Concerns-Voids or Caverns
Key Technologies are EM & EI
Voids have infinitely high resistivity
Voids have an 0 conductivity
Extremes were not observed
Conclusion-no voids or cavern
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IWCSIWCS--SPECIFIC CONCERNSSPECIFIC CONCERNS-- 
Cutoff Wall AssessmentCutoff Wall Assessment

Key Technology 
EI
– Traverses every 

10 meters
– Generally north 

of the buried 
building area

Berm 
Toe

Presenter
Presentation Notes
Cutoff Wall Assessment
Key technology-EI
Traverses spaced 10-meters apart
Traverses generally north of buried buildings
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IWCSIWCS--SPECIFIC CONCERNSSPECIFIC CONCERNS-- 
Cutoff Wall AssessmentCutoff Wall Assessment



 
Cutoff wall represented by increased resistivity



 
Conclusion: No significant discontinuities (breaches) 
observed in data; however….



 
Variations in resistivities observed
– attributed to adjacent material (interferences) and 
– variations in composition (clay type/compaction) 

Cutoff Wall Cutoff Wall

Presenter
Presentation Notes
Cutoff Wall Clays will be more compact, hence drier than surrounding clays-This means
Cutoff wall will have higher resistivity
Assessment-requires assessment-are there discontinuities to represent breaches?
Observed some Variations in absolute resistivity
Variations Attributed to adjacent materials (interferences)
Variations Attributed to compositional variations (type, compaction)
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IWCSIWCS--SPECIFIC CONCERNSSPECIFIC CONCERNS-- 
Water Saturation Water Saturation inin the WCSthe WCS
Key Technology Shear Wave Seismic 

Refraction
– Shear waves do not refract at water surface
– Compressional waves refract at water 

surface
Performed Assessment in “Quiet” Area

Presenter
Presentation Notes
Water Saturation was a concern
Key technology is seismic shear wave properties
Shear does not refract at water surface
Compressional waves do refract at water surface
Survey done in “Quiet” area 
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Seismic ComparisonSeismic Comparison
Shear Wave Data Compressional Wave Data

Water Table

Top of 
Queenston

Water Below Landfill is 3 feet below 
the foundation of Building 411

Ground Surface

Top of Queenston Velocities 
suggest weathering/fracturing

Presenter
Presentation Notes
Data from seismic refraction traverse
*Same Data from Shear Wave Data
*Refractor at 30’ on compressional wave data
*Absent on Shear wave data
*Must be water table…..
CONSISTENT WITH HISTORICAL WATER TABLE ELEVATION OUTSIDE THE IWCS
*Deep Refractor correlates with Top of Queeenston
IMPLICATION FOR LANDFILL----------------------------
*Water Table below the ground surface outside the landfill
THEREFORE …….
*Water Table Below Landfill is below ground surface outside landfill
*Top Queenston Velocity is lower than expected
*Weathered Top Queenston
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EM Results of the NFSS IWCSEM Results of the NFSS IWCS
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Fence

Buildings

Utilities

Drain 
Pipes

Manhole

Lagoon

Bulldozer

Fmr.Bl 
dg

Wastes

Drums

Conclusion: 

No Contaminant 
Plumes Interpreted 
Present

Presenter
Presentation Notes
Look at previous maps discussed earlier
Features of interest in data discussed earlier
Areas of variation that were of Plume/geologic concern
Conclusion drawn was no contaminant plumes observed-mostly geologic variations

SO WHAT DID WE GET OUT OF ALL OF THIS WORK ? 
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Geophysical ConclusionsGeophysical Conclusions
Electromagnetics (EM-31, EM-61) and 

Magnetometer



 
Delineated lateral extent of landfill contents and metallic 
debris (buildings, bulldozer, etc.)



 
Geospatially located Building Foundations within IWCS



 
Identified metallic debris in Bays B and C of Building 411



 
Identified metallic debris outside building footprints



 
Confirmed rebar-reinforced walls and floor in Building 411



 
Confirmed lateral extent of 1991 drum addition to IWCS



 
Confirmed no voids or areas of increased water saturation 
within IWCS

Presenter
Presentation Notes
A number of conclusions can be drawn from the geophysical investigation
EM survey met its objectives, with some specific items of note.  DO NOT SPEND TIME ON THESE-REFER AUDIENCE TO HAND-OUTS
Punch in EM Conclusions
Punch in EM61/Mag Conclusions-Complement to EM31
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Geophysical Conclusions Geophysical Conclusions (cont(cont’’d)d)
Electrical Imaging (EI)


 

Determined that the clay dike appears competent


 

Identified most likely vulnerable areas of surrounding clay dike


 

Delineated vertical and lateral extent of landfill contents 


 

Delineated vertical and lateral extent of metallic debris


 

Confirmed no voids or areas of increased saturation within 
IWCS



 

Identified areas of potential increased water saturation outside 
IWCS



 

Delineated heterogeneity in landfill bottom

Magnetotellurics (MT) 


 

Confirmed no deep faults, fractures, or seismic pressure points 
near IWCS



 

Delineated variations in weathered and un-weathered bedrock     
elevations

Presenter
Presentation Notes
* Click in EI Conclusions
* Click in MT Conclusions
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Geophysical Conclusions Geophysical Conclusions (cont(cont’’d)d)

Seismic 


 

No significant lateral geologic discontinuities


 

No faults/fractures/seismic pressure points near IWCS


 

Confirmed stagnant water table beneath IWCS (3 feet 
below Building 411) 



 

Confirmed no areas of increased saturation within IWCS


 

Delineated weathered and un-weathered bedrock 
topography



 

Identified a bedrock “sag” outside IWCS boundaries

Presenter
Presentation Notes
The Seismic Conclusions

WHICH BRINGS US TO THIS GATHERING-WHAT ARE THE IMPLICATIONS ?
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IWCSIWCS--Baseline IntegrityBaseline Integrity

– No voids interpreted in data - Implies no 
significant deterioration of the landfill

– No interpreted contaminant plumes - Still 
stable and intact

– No “unusual” conditions interpreted - Other 
than it is a reasonably well organized 
landfill.  

Conclusion-No immediate, obvious 
concerns for IWCS integrity.  
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Presenter
Presentation Notes
No one person can collect, process, interpret and integrate all of the data presented.  
While I am the presenter, the Geophysical Investigation at this site was truly a team effort
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