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Midtown Tunnel Second Parallel Tunnel

Part of the Downtown Tunnel, Midtown Tunnel, and MLK Extension 
Project
New 2-lane tunnel to connect Portsmouth and Norfolk

Project Location

Existing 2-lane tunnel constructed using pre-cast 
concrete tubes in late 1950s Project Location

MIDTOWN TUNNEL AREACut-and-cover technique
Traffic volumes

2010: 38 000 vpd

Public-private 
t hi (P3) ith

NORFOLK
2010: 38,000 vpd
2032: 55,400 vpd

partnership (P3) with 
Elizabeth River 
Crossings

PORTSMOUTH

www.fugro.comSource: http:/driveert.com



2008 Site Investigation Objectives

During presolicitation meeting, design-build teams indicated they 
needed more information than the 1957-1960 borings from original 
tunnel construction
Provide geotechnical data to interested design-build team(s) 
Verify 1957-1960 boringsy g
Document existing site conditions
Identify potential issues for consideration in design and construction 
planningplanning

Water Pipeline(?)

100ft

NorfolkPortsmouth

www.fugro.com

500ft
Existing
Tunnel



2008 Integrated Site Investigation Program

River Bottom Charting
Land Survey
Seismic ReflectionSeismic Reflection
Geotechnical 
Investigations

Marine (Fugro)( g )
Land (VDOT)

42-in HRSD
SEWER LINE

O O30-in NORFOLK
RAW WATER LINE

www.fugro.com



Multibeam Survey
Provide accurate river bottom elevation 
model
Dredge material volume estimates
Id if b i d f (

Existing

Proposed 
Tunnel 

Identify  obstructions and features (e.g. 
scour above tunnel)

Existing 
Tunnel 

Elizabeth River

Scour up to

www.fugro.com

Scour up to 
8ft deep 

over tunnel



Side Scan Sonar Survey

Abandoned pier (field of 
piles) to right of existing 
tunnel alignment are within g
proposed tunnel alignment
Isolated piles

Some extended 6ft aboveSome extended 6ft above 
river bottom

Pile of piles (ST-9)
Tires and misc debrisTires and misc debris
Water pipeline

www.fugro.com



Magnetometer Survey

Locate magnetic anomalies related to ferromagnetic objects at river 
bottom or shallowly buried

Mapped horizontal location of water pipeline

www.fugro.com



Land Survey
PORTSMOUTH Shoreline Land 

Surveys
– Located existing 

Midtown Tunnel 
structures

– Water and Sewer 
pipeline shore 
crossings

– Used to correlate 
to offshore 
t t d h lstructures and help 

identify safe drilling 
locations during 
geotechnical 
investigations

www.fugro.com



Multichannel Seismic Reflection

4.5m

Navigation

Antenna

CRP

12.0 m6.25 m35.9 m

“Boomer” provides seismic energy source every 5 feetEnergy passes through water column and some 
reflects off seafloor and is recorded by hydrophones
Other energy passes reflects off deeper layers and is 
recorded by hydrophones

These “reflections” appear as “reflectors” on the seismic 
data (see next slide) 

24-Channel Hydrophone

Tail Buoy

(1.56 m Group Interval)

Single-Plate Boomer
Tow Depth – 0.3 m

SHORT ARRAY STREAMER

WATER

SOFT CLAY

MEDIUM DENSE SAND

Boomer 
Source

Hydrophone 
Streamer

www.fugro.com



Multichannel Seismic Reflection
Correlate stratigraphy between explorations
Dredge cut slopes from original construction: ~3H:1V
Chirp seismic reflection for upper 20ftChirp seismic reflection for upper 20ft

www.fugro.com



Geotech: Sample Borings and Lab Testing

Marine drilling and sampling 
from jack-up platform

10 borings– 10 borings
– 79 to 127 feet below river 

bottom
Marine wireline sampling and p g
SPTs
Environmental sampling
Laboratory testing onboard 
and onshoreand onshore

NORFOLKPORTSMOUTH

42-in HRSD SEWER LINE 30-in NORFOLK RAW WATER LINE

2008 BORING
2008 CPT

www.fugro.com

FEDERAL
CHANNEL

1957-60 BORING



Geotech: In Situ Testing

40 CPT soundings
4 full-flow penetrometer T-bars
4 h i fil4 vane shear testing profiles
All conducted using a seabed frame 
system

Seabed In Situ Testing

CPT T-bar Vane

www.fugro.com40mm diameter by 250mm length10 cm2



Full-flow Penetrometer T-bar Soundings

Measures push and pull resistance and 
pore pressure
Can conduct cyclic tests for remolded 
strength
Ideal for soft soils

C clic Test

www.fugro.com

Cyclic Test
SBT from Adjacent CPT



Undrained Shear Strength

CPT, T-bar and Ball penetrometers require a bearing factor (Nk)

CPT
Su=qcNet/Nk

10<N <20

T-bar or Ball
Su=qm/Nk

9<N <14

Vane
Su=T/K

10<Nk<20

qcNet =  qt – σv0

t (1 )

9<Nk<14

qm = measured 
penetration resistance

T = Torque
K = constant based 
on vane geometry

Full flow penetrometers more straightforward to derive Su
Don’t correct for pore pressure and overburden pressures

qt = qc + (1-α)u2

Don t correct for pore pressure and overburden pressures
Smaller range of bearing factors (Nk)

Laboratory tests or in situ vane shear tests required to develop site 
specific Nk factors

www.fugro.com
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In Situ Tests

• In situ tests provide good 
Su profile datau p
• Distinct interface between 

fill and native materials
• Especially T-bar datap y
• T-bar data highest quality 

Su tool in soft soils

• Confirm dredge cut g
slope

Intersecting Cuts

www.fugro.com

Existing TunnelNew Tunnel



Subsurface Conditions

Yorktown Fm
Tabb/Norfolk Fm
Alluvium

Area where tunnel
will be pile supported

Tunnel spans soft in-filled
P l h l d t i l ill b

Fugro and VDOT reviewed data and cross sections during operations and planned 
exploration locations based on site features identified during review

Paleochannel and material will be 
excavated and replaced with 

engineered fill

www.fugro.com

exploration locations based on site features identified during review
– Contingency CPTs were targeted at the paleochannel on right in section above to better define it 



Infilled Channel Added CPT to Verify Channel Thalweg

Soft ClayApproximate
Proposed 

Tunnel

2008
Geotech

Data

Soft clay infilled channely

35 to 45 feet deep by 300 
feet wide

Sand to Silty SandStiff Clay

1960
Geotech

Data

www.fugro.com

Channel incised by fluvial processes



Summary (Water Pipeline Location)

Located using
Side scan sonar
MagnetometerMagnetometer
Multibeam
Seismic reflection
ConventionalConventional 
surveying

42-in HRSD
SEWER LINE

O O30-in NORFOLK
RAW WATER LINE

www.fugro.com



Summary

Thorough, comprehensive investigation was effective in 
documenting surface and subsurface conditionsdocumenting surface and subsurface conditions
Integrated approaches provide more value as integrated 
package than individual parts 
Phasing the work is preferred
Near real-time evaluation of data used to target features 
while equipment mobilized in field and optimize datawhile equipment mobilized in field and optimize data 
collection

www.fugro.com



Uncertainty and Risk
Beyond the Historical Routine

Local “Surprises” resulting from limited 
or incomplete survey datap y
Norfolk Light Rail – Broad Creek
– December 2008

www.fugro.com



What is the Value of Site Investigation?

• When to perform site investigation?
• How much investigation required?

Operation & 
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Cursory Investigation

Ti

Thorough Investigation
UncertaintyCursory investigation
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Uncertainty
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Thorough Investigation
Uncertainty

Reduce 
U t i t

Reduce 
Ri k

Reduce Cost 
O

Early Detailed Site 
I ti ti

TimeTimeTime
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Uncertainty Risk OverrunInvestigation



Thank You

Kevin Smith, P.G.,
Associate Engineering Geologist
ksmith@fugro.com

Matt Pollard, P.E.

www.fugro.com

,
Senior Geotechnical Engineer
mpollard@fugro.com


