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Nashville was settled in 1779 and permanently became state capital in 1843. The 

city has a population of nearly 570,000. The Metropolitan Statistical Area 

encompasses eight counties and has a population of 1.23 million.  

 





VANDERBILT'S HOMETOWN of 

Nashville is a vibrant, engaging 

city known proudly as "Music 

City, U.S.A." Located just 1.5 km 

from downtown, the university’s 

students, faculty, staff and 

visitors frequently cite Nashville 

as one of the perks of Vanderbilt. 





http://engineering.vanderbilt.edu/Home.aspx 



http://engineering.vanderbilt.edu/cee/GraduateStudy/ConstructionManagement/index.php 



INFRASTRUCTURE 
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Drinking Water:  D  D-  D-   

Waste Water:  D  D-  D-   



Out of sight, 

10 

Out of mind, 

Out of order! 



• 54,000 Drinking Water Systems 

Serving … 

• 300 Million+ People in the 

U.S., Via … 

• 2 Million Miles of Water 

Distribution and Transmission Pipe  

  

America’s Drinking Water Infrastructure 



U.S. Buried Water Pipe Inventory 

1991 Approximate Inventory of Buried Pipe in Drinking Water Systems 

in U.S., American Water Works Association (AWWA)
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• 700  Water Main Breaks / Day  

 

• 250,000 Water Main Breaks 
/ Year 

 

• 2.2 Trillion   Gallons of 
Water Lost Annually 

 

• $2.98  Billion Lost in Revenue 
to Utilities / Year 

 

• 29 %  Of Utilities do not 
Generate Enough Revenue to 
Cover Full Cost of Service 

 
  
  

Systems in Peril: Water Main Breaks 
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http://www.cnn.com/video/#/video/us/2011/03/14/dnt.wi.sinkhole.wisn?hpt=T2 



郑州某处主给水管道突然爆裂，2010 



时隔5天，郑州另一处主给水管道又突然爆裂，2010 



• 16,000 Waste Water Systems Serving 

…… 

• 250 Million+ People in the U.S., 

Via … 

• 740,000 Miles of Gravity Sewers 

• 60,000 Miles of Force Mains 

• 500,000 Miles of Private Lateral 

Sewers 

 

 

  

U.S. Waste Water Infrastructure 
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Many systems have reached the end of their useful design 

lives.  

 

Older systems are plagued by chronic overflows during 

major rainstorms and heavy snowmelt and are bringing 

about the discharge of raw sewage into U.S. surface waters.  

 

The EPA estimated that the volume of combined sewer 

overflows discharged nationwide is 850 billion gallons 

per year.  

 

Sanitary sewer overflows, caused by blocked or broken 

pipes, result in the release of as much as 10 billion gallons 

of raw sewage yearly, according to the EPA.  
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On average, human waste spills into the San Francisco Bay more than 

five times a day, fouling the waters and shorelines of this environmental 

jewel and recreational treasure. 









 Nashville Combined Sewer System 





Dry Creek Service Area 

Metro 

Water 

Services 

(MWS) 

Sewer 

Service 

Area  



Combined Sewer Systems 

32 CSO Discharge Sites 
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What is a Consent Decree? 
 

A consent decree is a final, 

binding judicial decree or 

judgment memorializing a 

voluntary agreement 

between parties to a suit, in 

return for an end to a civil 

litigation or withdrawal of a 

criminal charges.  

http://en.wikipedia.org/wiki/Judiciary
http://en.wikipedia.org/wiki/Decree
http://en.wikipedia.org/wiki/Legal_judgment
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1960s – 2010s 



  

Infiltration and 
Defects Identified by 
Televised Inspection 

 

 

 

 



Defects Identified in 
MWS Sewers 

 

 

 

 



Sources of 
Inflow and 
Infiltration 
(I / I) 

 

 

 

 



Let the work begin……… 
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New Technologies 

• The disruption of traffic flow, the need to 

restore roadway surfaces, difficulty with 

gaining access to right-of-ways, and the 

need to deal with inconvenienced users, 

all add to the already high cost of the 

traditional open-cut construction.  

 

• Consequently, the traditional practice of 

open-cutting roadways and streets is 

sometimes impractical or even impossible. 



Trenchless Technologies 

• Non-invasive or Minimally Invasive 

• Minimum Disruption - traffic, users, 

business 

• Environmentally Friendly 

• Lower Social Cost 

• Lower Life-cycle Cost 

• Very Often Lower Initial Cost 

 



Trenchless Technology (TT) 

 Methods, equipment & materials utilized 
to install new or renew/repair existing 
underground utility/ communication 
systems that minimize the disruption & 
destruction to society and/or our 
environment by minimizing excavation. 



TT Categories 

Condition

Assessment

Technology

New

Installation

Technology

Pipeline

Renewal/Rehab

Technology

Manhole

Renewal

Technology

Trenchless Technology





• Infiltration and Inflow in sewers causes two 
main problems.  

 

• The first and probably most apparent cause 
is unnecessary pumping and treatment 
costs.  

 

• The second, and the less obvious is the risk 
of structural collapse of a sewer line.  



Condition Assessment Technologies 

 Outside the Pipe 

• GPR-Ground Penetrating Radar 

• Electromagnetics 

• Resonant Sonics 

• Acoustical 

• Pulse indication 



Multisensory Ground Penetration Radar (GPR) Utilized in Locating 

Underground Pipe  

Condition Assessment – Outside 



Condition Assessment Technologies 

Inside the Pipe 

• Smoke testing/Dye testing/Flow meter 

• CCTV 

•Hydroscope 

• Smart Pigs 

• Sonar 



Condition Assessment – Inside 

Flow Monitoring Device, Dye Testing, and Smoke Testing  in Sewers 

(clockwise from top left) 



INSPECTION EQUIPMENT 



INSPECTION EQUIPMENT 



CCTV Data Analysis 

The sewer scanning system allows the entire surface of the pipe wall,  
from manhole to manhole, to be viewed on one screen! 
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During video inspection of sewers, it is not uncommon to 

find situations of partial collapse (esp. for the older brick 

sewers as in this case in Newark, NJ) 



Active Leaks are not difficult to Identify 



The Challenge of Locating Infiltration! 





54 
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Pipes 
Clog Over Time 



http://www.puretechltd.com/ 



MANHOLE INSPECTION 



Manhole Cameras 



LATERAL INSPECTION 



https://www.mwwssb.com/engineering/private

-lateral-programs/#what 



TT Categories 

Condition

Assessment

Technology

New

Installation

Technology

Pipeline

Renewal/Rehab

Technology

Manhole

Renewal

Technology

Trenchless Technology



Renewal/Rehab. Techniques 

• Sliplining 
– Continuous / Segmental 

• Cured-in-place pipe (CIPP) 
• Deformed & reshaped (mod. cross-section) 

– Fold & Formed (PVC & modified PVC) 
– Deformed & reformed (HDPE) 

• Lining w/ segmental liners 
– Strips / Panels 

• Point source repairs 
– Robotic 
– Mechanical bands 
– Grouting 





ROOT CONTROL 
- Physical Control - lining, grouting, sealing, remove the tree(!), etc. 

- Mechanical Control – reaming, jetting, flailing, etc. 

- Chemical Control - herbicides 



ROOT CONTROL 

Roots not 

only 

restrict 

flow but 

can 

separate 

and crack 

the pipe. 



CHEMICAL GROUTING 
LEAK CONTROL 



CHEMICAL GROUTING 

Typical setup 

Truck positioned over 
manhole 

Packer (bladder) positioned 
at leaking joint/defect 

CTV camera monitors the 
positioning and process. 





CHEMICAL GROUTING 

Bladder pulled into position 



SLIPLINING 



SLIPLINING 

 Manhole to Manhole 
Rehabilitation 

 Pipe Type - New 
 Pipe Size – Smaller than host pipe 
 Structural Support -Partial or full 
 Liner Material –HDPE,PVC,CSP, 

Steel 
 Pipe Life - 50+ years 
 Site Preparation – Access pits 

required 
 Replacement/Rehab - Cost 

Medium 



SLIPLINING - CONTINUOUS 



SLIPLINING- SEGMENTAL 
 Typically accomplished using short lengths of PVC, 

Composite or GRP (Typically 20 feet).  Profile wall PVC is 
applicable to round pipe restorations while the GRP 

systems can accommodate round, egg, arch and elliptical 
shaped host piping.  Bends and transitions can also be 

accommodated by the GRP systems. 
 

 



2012 Cost Data (Trenchless Technology, McGraw-Hill, Najafi & Gokhale) 



THERMOSET LINING  
TECHNOLOGIES (CIPP)  



CIPP – WET OUT 





CIPP – INSTALLATION 

CIPP is a thermoset resin system (polyester, vinyl ester, 
or epoxy) that is delivered via a felt tube of the 
thickness specified. The resin saturated tube is 
installed either by directly inverting the tube into 
position using water; or by pulling the resin saturated 
tube into place and inflating the tube with a 
calibration hose.  Once in place and properly inflated 
the resin system is cured.  



CURING WITH HOT WATER  

Boiler Truck 

Circulation 

Pump 

 Once in place and properly inflated, with cold water,     
   the liner is cured by heating the water. Cure  
   temperatures are monitored at access points and at    
   each end of the installation 
    
    



Once in place and properly inflated with air the resin system is 
cured using steam heat. Typically the components must be an 
integrated system specially designed for steam curing 
  
 

 CURING WITH STEAM     







2012 Cost Data (Trenchless Technology, McGraw-Hill, Najafi & Gokhale) 



UV LIGHT CURED   

  A fiberglass liner is usually pulled 
into the host pipe. A light train & 
CCTV is inserted in one end and 
pulled to the opposite end 
recording the pre-cure condition 
of the liner. The light train is then 
pulled back through curing the 
liner, at a regulated speed, with 
the CCTV camera recording the 
actual curing of the liner.   

 



OPEN LATERALS FROM INSIDE WITH 
ROBOTIC CUTTERS 



THERMOSET LINING 

Cured in Place Pipe (CIPP) 
 
Pipe Type -  Lining 
Pipe Size -  Same  
Pipe Life - 50+ years  
Site Preparation - Typically 
Non-Disruptive 
Replacement/Rehab Cost - 
Low 
Social Impact - Minimum 
 



Utilization of TT Rehab Techniques 



http://www.ucononline.com/fingers-crossed-15th-annual-municipal-survey?page=4 

 

15th Annual Municipal Survey: Underground Construction 

By Robert Carpenter, Editor | February 2012, Vol. 67 No. 2 

http://www.ucononline.com/fingers-crossed-15th-annual-municipal-survey?page=4
http://www.ucononline.com/fingers-crossed-15th-annual-municipal-survey?page=4
http://www.ucononline.com/fingers-crossed-15th-annual-municipal-survey?page=4
http://www.ucononline.com/fingers-crossed-15th-annual-municipal-survey?page=4
http://www.ucononline.com/fingers-crossed-15th-annual-municipal-survey?page=4
http://www.ucononline.com/fingers-crossed-15th-annual-municipal-survey?page=4
http://www.ucononline.com/fingers-crossed-15th-annual-municipal-survey?page=4
http://www.ucononline.com/fingers-crossed-15th-annual-municipal-survey?page=4
http://www.ucononline.com/fingers-crossed-15th-annual-municipal-survey?page=4
http://www.ucononline.com/fingers-crossed-15th-annual-municipal-survey?page=4
http://www.ucononline.com/fingers-crossed-15th-annual-municipal-survey?page=4
http://www.ucononline.com/february-2012-vol-67-no-2


TT Categories 

Condition

Assessment

Technology

New

Installation

Technology

Pipeline

Renewal/Rehab

Technology

Manhole

Renewal

Technology

Trenchless Technology



New Installation Techniques 

 Non-personnel entry techniques 
• Auger boring (AB) 
• Pipe ramming (PR) 
• Compaction methods (CM) 
• Microtunneling (MT) 
• Horizontal Directional Drilling (HDD) 
• Pipebursting (PB) 

 
 Personnel entry techniques 
• Pipe jacking (PJ) 
• Utility tunneling (UT) 



Horizontal Directional Drilling (HDD) 

Horizontal Directional Drilling (HDD) is defined as:   

“steerable system for the installation of pipes, 

conduits, and cables in a shallow arc using a surface 

launched drilling rig”.  

HDD technology originated from the oil fields in the 

1970s and evolved by merging technologies used in 

utilities and water well industries.  

 In most cases, HDD is a three stage process.  

1. The first stage consists of directionally drilling a small 

diameter pilot hole along a designed directional path.  

2. The second stage involves enlarging this pilot hole to a 

diameter suitable for installation of the pipeline.  

3. The third stage consists of pulling the pipeline back into 

the enlarged hole. 









Drilling fluids perform several important functions. They 

cool and lubricate the drill bit, stem and other down 

hole tools.  

 

The fluid also assists in sealing the sides of the bore, 

therefore stabilizing the borehole.  

 

Finally, drilling fluids are designed to carry the cuttings 

out of the hole.  

 

A good drilling fluid should provide all of these 

functions. The most widely used drilling fluids for HDD 

applications are based on bentonite. 





2012 Cost Data (Trenchless Technology, McGraw-Hill, Najafi & Gokhale) 



Micro Tunneling (MT) 
MT is defined as “a remotely controlled and guided pipe 

jacking technique that provides continuous support to 

the excavation face and does not require personnel 

entry into the tunnel .”  

The MTBM is operated from a control panel, normally 

located on the surface.  

The system simultaneously installs pipe as soil is 

excavated and removed.  

Personal entry is not required for routine operation.  

The guidance system uses a laser beam projected onto 

a target in the MTBM, capable of installing gravity 

sewers or other types of pipelines to within  25 mm of 

line and grade.  



Typical slurry type MTBM (Herrenknecht Inc.) 
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Pipe Ramming (PR) 

Pipe ramming (PR) involves using the dynamic 

force and energy transmitted by a percussion 

hammer attached to the end of the pipe.  

The basic procedure consists of ramming a steel 

pipe through the soil by using a device, generally 

air powered, attached to the end of the pipe.  

Pipe ramming permits the installation of larger 

casings in a wide range of soil conditions.  

 It provides continuous casing support during the 

drive with no over excavation. 



Open Faced Pipe Ramming 







Pipe Bursting (PB) 

Pipe bursting was first developed in the United 

Kingdom in late 1970’s  

PB is a pipe replacement method for the 

deteriorated and undersized gas, water or sewer 

pipelines.  

The existing pipes are replaced size-for-size or up-

sized with a new pipe in the same location 

The bursting head, one of the major components of 

pipe bursting operation, bursts or splits the existing 

pipelines and pushes broken fragments into 

surrounding soil while simultaneously pulling a new 

pipeline.  



PIPE BURSTING 

 Pipe Type – New 
 Pipe Size - Same or 

larger 
 Pipe Life - 100+ years 
 Site Preparation - 

Moderately Disruptive 
 Replacement/Rehab – 

Cost Medium 
 Social Impact - 

Moderate 
 



PIPE BURSTING 

Existing pipeline is fractured and 
expanded internally of the 
replacement pipeline.  

 
Existing pipe upsizing of up to 25% is 

routine, upsizing between 25% and 
50% can be challenging and 
moderately difficult. 



Mainline 

Pneumatic Systems 

Static Systems 

Hydraulic Systems 

 

Lateral 

Small portable systems  

TYPES OF BURSTING SYSTEMS 



Pneumatic Head 

Hydraulic Head 



PNEUMATIC PIPE BURSTING 

 
 

The primary principal in pneumatic pipe 

bursting systems is percussion. Force is 

applied by a reciprocating hammer 

action which is activated by compressed 

air delivered by a hose that passes 

through the new pipe being pulled in. 

This system is ideal for heavily 

consolidated soils but is less efficient in 

running sands.  



STATIC PIPE BURSTING  



LATERAL BURSTING SYSTEMS 



PIPE SPLITTING 



http://undergroundconstructionmagazine.com/exclusive-underground-

construction%E2%80%99s-12th-annual-municipal-survey-year-hope-and-caution?page=5 



CONCLUSIONS 

“Trenchless” pipeline rehabilitation 
technologies are not magic pills, merely 
tools in the arsenal of designers and 
operators, when used properly can 
provide effective solutions. 

Projects must be evaluated, good 
engineering practice applied and 
the ”correct” technology selected 
to achieve desired results. 
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