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THE PROBLEM - AGING UTILITIES
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THE PROBLEM - KARST GEOLOGY

A , B | C

Lageerg Adunsm by Collapmen Sank holy Irsiapaant Sk hobe
weuth w0l cley

- . Waathavsng
A T Zone
R s .

i Colluvium pouble e T 7 LT I

P g Joriy

L b S

iF

i
=

C

e ST .-"'lr'_,,.-_"".'

Feature & is a sinkhole with a sagging residuum which
has been exposed by a highway cut. Whéen s small sink or "
updrained depression (& present ab the surface it may col-
lect enough cuncff for a pond or perched water table to be
fommed. Horizontal bedding planes, formed by sedimgnts in-
filling the sinkhale, become inclined with time, This is
primarily because Lhe fesiduun settles with contipoed solu-
thon of materiale at depth. (Bretr, 1540, described a
variety of infilled solution cavities im ancient weathering
profiles which were exposed in gquareies in Tllinois.] The
tlope stabliiey problem developes when a relatively steep
becrock cut encounters the soil Filling the sinkhole and
the wwerly steop slobes cbllanse.

Featieras B, the collapse sinkhole, seldom causes a
stebility problem. Althowgh the collapsed rock may be weaker
then the surroupding rock. the nature of the material is
apparent when the excavation begins. However, the collapsed
detris may become mixed with cloyey resideal soil amd &
lazger slope failure could develop,

Feature © s an incipient sinkhele im which the lower
partion §s filleo with soft elay. This feature is Tikely
to lead to & mpore serious slogpe failure than the others
becaiise the low strength of the sofr clay may. mot be deter-
mlred until the slide develops.
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THE PROBLEM - URBAN LAND

PA Section AWWA 64th Annual Conference — Lancaster, PA



THE PROBLEM - KARST SOILS
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THE PROBLEM - KARST BEDROCK
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PROBLEM BACKGROUND

[0 Migration of surface water from deteriorating
pavements, sidewalks, and curbs into residual
soils can result in slow subsurface erosion of soil
into the underlying bedrock resulting in
subsidence.

PA Section AWWA 64t Annual Conference — Lancaster, PA



PROBLEM BACKGROUND

[0 Subsidence of soil supporting utilities can in turn
result in leaks or even main breaks that can result
in significant subsurface erosion and the
formation of a sinkhole.
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MAJOR UTILITY REPAIR COSTS
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RESULTING PROPERTY DAMAGE
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http://photos.lehighvalleylive.com/express-times/2011/12/allentown_sinkhole_1.html

DECLINE IN PROPERTY VALUES
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WORST CASE - LOSS OF LIFE

0 Failure of underground utilities in sinkhole prone
karst areas can result in major property damage
and even loss of life.
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MAJOR SINKHOLE - MAIN BREAKS

[0 VERA CRUZ RD SINKHOLE - SAUCON VALLEY

=
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MACUNGIE SINKHOLE - MACUNGIE PA

LIBERTY & REFWAL STREET MAIN BREAK-SINKHOLE

CORPORATE PLAZA COLLAPSE & DEMOLITION

PENN STREET MAIN BREAK-SINKHOLE

NORTH 5™ STREET MAIN BREAK - GAS EXPLOSION

LEHIGH VALLEY COLLEGE MAIN BREAK-SINKHOLE
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VERA CRUZ ROAD SINK - 1984
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VERA CRUZ ROAD - SAUCON VALLEY
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MACUNGIE SINKHOLE - 1986
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MACUNGIE SINK - MAIN BREAK
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MACUNGIE SINK - HISTORY
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ALLENTOWN - 1976 TO 1990
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LIBERTY & REFWAL ALLENTOWN
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CORPORATE PLAZA -1994
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NORTH PENN STREET ALLENTOWN
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NORTH 5™ STREET - ALLENTOWN
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NORTH 5™ STREET - ALLENTOWN
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NORTH 5™ STREET - ALLENTOWN

FPOETINAYED MAMWSRENN CAWSE

1. HARDVSOFT PAVEMENT SUBGRADE SUPPORT
RESULTS IN CRACKING OF CONCRETE PAVEMENT

2 SURFACE WATER BEGINS TO MIGRATE OVER TME
INTO CRACKS SOFTENING RESIDUAL 5OILS

1. SLIGHT SUBSIDENCE OCCURS IN SOLUTION IONES

' 4. SUBSIDENCE AT LEAD JOINT AT CURB BOX/CORP

RESULTS IN LEAK/BREAK OF WATER SERVICES OVER
THE PAST 35YEARS WHICH FURTHER DESTABILIIE
SUPPORTING SOILS IN PINNACLED ROCK AREAS

5 WATER SERVICE LEAK OCCURS AT 427 ON L2890
MIGRATING WATER FOLLOWS SIDEWALK/'CURB

6. RELEASED WATER ENTERS BEDROCK SOLUTION ZONE
RESULTING IN SUBSIDENCE OF SUPPORTING

S0ILS FOR 425 & 427 GAS/WATER LATERALS

7. FURTHER LEAKS OCCUR N 423 LATERALS ON 829
RESULTING IN A MAJOR LEAK OF GAS AND WATER

& GAS EXPLOSION OCCURS BREAKING LATERALSMAIN
9. ONCE WATER MAIN BREAKS, SUBSURFACE EROSIOMN
OF SUPPOATING S0ILE OCCURS BY ENTRY OF RELEASED
WATER INTO UNDERLYING S0IL AND ROCK VONDs

10, SANMITARY MAIN SUBSIDES'GAS MAWN 15 BROKEN
11. SUBSURFACE EROSION CONTINUES UNTIL MAN IS
SHUT OFF RESULTING IN MAJOR GROUND LOSS AND
SUESIDENCE
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NORTH 5™ STREET - ALLENTOWN
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UTILITY HAZARD INDICATORS

B Pavement cracking was an early indicator of
subsurface erosion and subsidence

B The increasing number of water service leak-
break frequency was a secondary warning

B The presence of suspected solution weathering
zones identified where a failure could occur
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PAVEMENT CRACKING INDICATORS
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PAVEMENT CRACKING INDICATORS
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SANITARY LIMESTONE BEDROCK PROFILE
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UTILITY-LEAK BREAK INDICATORS
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UTILITY LEAK-BREAK DATA
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UTILITY FAILURE MODEL
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RECOMMENDED REMEDIAL ACTION

B Conduct a GPR Survey to confirm the location
of solution weathered high risk areas

B Replace the water main in the high risk areas
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GROUND PROBING RADAR SURVEY
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GROUND PROBING RADAR SURVEY
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GROUND PROBING RADAR SURVEY
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SUBSURFACE AMOAMLY —_
DEEF ANOMALY - SUSPECTED SOLUTION PIT/VOID

SUSPECTED BURIED OBJECT (PIPE, BOULDER, PINMACLE)

SUMMARY OF SUBSURFACE GPR ANOMALIES
GAS/WATER MAIN BREAK AREA

LE: AZ SHCWMN

DATE: /080

APPRONVED BY:

DFAM BY;

400 BLOCK NORTH S5TH STREET

CITY OF ALLENTOWNM - LEHIGH CO., PA

VFC INC. - ENGINEERING & CONSTRUCTION SERVICES

BE) WOATH 12TH ETREET, ALLEMTOWHN, PA. 18102

FGURE: B
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STABLER CENTER SAUCON VALLEY
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ABS - ALLENTOWN BUSINESS SCHOOL
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ABS - ALLENTOWN BUSINESS SCHOOL
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ABS - ALLENTOWN BUSINESS SCHOOL
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ABS - ALLENTOWN BUSINESS SCHOOL
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ABS - ALLENTOWN BUSINESS SCHOOL
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SUMMARY & CONCLUSIONS

[0 Migration of surface water from deteriorating
pavements, sidewalks, and curbs into residual
soils can result in slow subsurface erosion of soil
into the underlying bedrock resulting in
subsidence

[0 Subsidence of soil supporting utilities can cause
utility leaks or even main breaks that can result in
rapid subsurface erosion, significant ground loss,
and the formation of a sinkhole

[0 Extreme Precipitation Events will greatly increase
sinkhole risk, utility breaks & property damage
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HOW DO WE SOLVE THE PROBLEM

Conduct a Comprehensive Inventory, Condition
Assessment, Useful Life Determination

Evaluate Life Cycle Costs & Replacement Fees

Identify, Prioritize and Determine Costs for
Critical Infrastructure Replacement Projects

Establish a Long-Term Funding Source through
Infrastructure Replacement Fees deposited into a
Dedicated Reserve Account similar to that used by
Condo Associations to Fund Infrastructure Repair,
Reconstruction, and Replacement
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FEDERAL RESERVE LOAN DESK

Infrastructure Reserve Accounts would be used to
obtain “"zero” interest loans from Regional Federal
Reserve Banks similar to the $ 8-Trillion made
available to Wall Street Banks since 2008.

a) By Law the Federal Reserve is responsible for monetary
policy which is to accomplish manageable inflation, full
employment, and steady growth in the economy

b) Investment of $3 to $4 Trillion in the Guarantee of
Infrastructure Replacement Fee Account Loans would
Lead to Increased Employment, Improvement of Local
Economies, Increase in Tax and User Fee Revenues as
well as Replacement of Critical Municipal Infrastructure
that Sustains our Regional Economy and Quality of Life
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http://wiki.fool.com/Inflation
http://wiki.fool.com/Full_employment
http://wiki.fool.com/Full_employment

QUALIFICATION FOR LOANS

Qualification for Reserve Account Loans would
come from the Submittal and Approval of
Infrastructure Replacement Project Funding
Requests by the Regional Municipal Planning (MPO)
or Rural Planning Organization (RPO) which have
been used for Federal Highway Transportation
Infrastructure Funding Planning since 1962.

a. A Municipal Infrastructure Committee would be
established for each MPO and RPO to review and
approve infrastructure project requests and loans

b. A Sustainability & Resilience Review would be
conducted for each Infrastructure Replacement Project
by Regional MPO or RPO Planning Organizations
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PENNSYLVANIA MPO & RPO’'S
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THANK YOU - ANY QUESTIONS ?
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