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M E M O R A N D U M  

Date:  June 10, 2016 

TO: Dave Bullock, Town Manager 

FROM: Juan Florensa, Public Works Director 

SUBJECT: Subaqueous Wastewater Forcemain Condition Assessment 
 Final Report and Recommendation 
 
At the direction of the Commission, the Town of Longboat Key solicited Greeley and 
Hansen, LLC to perform an in-situ assessment of the 20” Subaqueous Wastewater 
Forcemain to verify its existing condition, and determine a useful existing life expectancy in 
May 2015.  

Aside from being the only wastewater discharge from the Island, approximately two miles 
of the four-mile pipeline runs under the Sarasota Bay before heading to the mainland, 
where it discharges into the Manatee County Southwest Regional Water Reclamation 
Facility. The Town designated this force main as a priority pipeline due to the high 
consequence of failure, and is proactively managing this asset.  
 
The Town of Longboat Key has been concerned about the integrity of their 20-inch ductile 
iron pipe (DIP) forcemain installed in 1973.  Previous inspections were conducted in 1992, 
1996, 2007 and 2011 with ultrasonic and visual methodologies for assessment.  
 
Prior to constructing a redundant pipeline, the Town desired to assess the condition of the 
existing forcemain and through competitive solicitation. The Greeley and Hansen (G&H) 
team was selected, which included Pure Technologies (Pure), Corrosion Control Inc. 
(CCI), and Coastal Engineering Consultants (CEC) as part of the comprehensive condition 
assessment project. 
 
The assessment consisted of three (3) main inspection techniques, an external corrosion 
test (performed by CCI) completed in March, a pipe interior wall integrity test, aka 
SmartBall®, test (performed by PURE) completed in April, and an external wall visual 
assessment and Ultrasonic Testing  for wall thickness (performed by CEC) completed in 
June 2016. 

Greeley and Hansen will present the study findings (report attached) at the June 20, 2016 
Regular Workshop to the Town Commission. 

Preliminary findings from field investigations indicate no leaks have been found on the 
pipeline. Likewise, no major gas pockets were detected. Gas pockets are the principal 
cause of pipeline failures because the corrosive nature of wastewater can create 
degradation inside the pipeline and the resultant thinning of the pipe wall. Pipe exterior 
corrosion of subaqueous and upland pipe sections has been identified in certain areas. 
These specific locations are currently being scrutinized by our consultant.  The attached 
report itemizes their findings.  
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In summary the report states that this pipeline has a remaining useful life of 20-25 years. 
The consultant recommends that a similar evaluation take place again in five years. 

The report is favorable and gives us some longer planning horizons.  There are other 
factors for the Town to consider in its decision as to when to replace this pipeline. The 
imminent development of the lands across Sarasota Bay, and where a new pipeline would 
be sited shouldbe factored into the planning process. 

As has been widely reported in the media and elsewhere Longbar Pointe and Lake Flores 
developments will soon start the construction of infrastructure to support large residential 
and commercial projects. These developments would hinder the Town’s ability to construct 
a new pipeline along the same route as the existing one in the future. Should that happen 
then  the only other viable route would be a land route that would require two Horizontal 
Directional Drill crossings (Longboat Pass & ICW at Cortez Rd), additional permitting, and 
require considerably longer lengths of open cut construction which adds to potential public 
disruption as well as construction time. 

Planning Zoning and Building Director Alaina Ray will be available at the Workshop 
meeting in order to provide an update on the current plans for the development of Longbar 
Pointe and Lake Flores. I have attached an area map depicting the developments in 
question. 

Please let me know if you have any questions or concerns regarding this report. 
 
Attachments: Greeley and Hansen, LLC Final 20” Subaqueous Wastewater Forcemain 

Condition Assessment Report 
                      Longbar/Lake Flores Area Map 
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Executive Summary 
The Town of Longboat Key authorized Greeley and Hansen to perform a condition assessment of the 20-
inch diameter ductile iron force main that carries all of the Town’s wastewater from their master Lift 
Station “D” located on Gulf Bay Road on Longboat Key to the Manatee County Southwest Water 
Reclamation Facility (SWWRF) located on 66th Street West in Bradenton, which is approximately 4 
miles long.  The force main was constructed in 1973, and placed into operation in 1975.  The force main 
is currently transporting, during peak conditions, between 2,500 and 3,000 gpm of wastewater.  The force 
main was inspected several times in the 41 years since it was placed into operation with no findings of 
significant internal or external corrosion. 
 
The purpose of this investigation and report is to provide the Town of Longboat Key with an assessment 
of the condition of the force main, to make recommendations for rehabilitation of the pipeline, if 
necessary and to determine the expected remaining reliable service life of the force main. 
 
This investigation included an electrical potential survey performed by Corrosion Control Inc. (CCI) to 
record the potential measurements over top of the subaqueous force main to determine the location of 
active external corrosion, and a SmartBall® condition assessment was performed by Pure Technologies 
Inc. (Pure) to detect and locate leaks, gas pockets and to measure pipe wall magnetic fields indicative of 
stress anomalies from inside the force main for both the on-shore and the subaqueous force main. 
 
During the electrical potential survey probes were placed in the soil that measured any resistance in the 
soil to gauge external corrosion.  The length of the subaqueous ball and socket ductile iron force main 
surveyed is approximately 2 miles.  The cell-to-cell potential measurements over top of the subaqueous 
force main indicated there are seven (7) locations of active external corrosion on the force main crossing 
Sarasota Bay.  The SmartBall® inspection tool was launched from the Town’s master Lift Station “D” 
and retrieved at the headworks of the Manatee County SWWRF, and the data was analyzed from the point 
of entry to the point where it was retrieved.  No acoustical anomalies indicating leaks or gas pockets were 
detected in the force main.  There were 95 pipe segments that indicated anomalous magnetic signals.  The 
95 pipe wall anomalies were classified based on relative size as small (76), medium (18) and large (1).  
Approximately 38 of the 95 anomalies were located within the force main crossing the Bay, including the 
one (1) large anomaly.  A transient pressure monitor recorded operational plus surge pressures within the 
force main during a wet weather event.  The average operating pressure during this time period measured 
approximately 25 psi with a maximum surge pressure of 39 psi.   
 
A hot tap was performed on the active 20-inch diameter force main near the water treatment facility 
where a coupon from the crown of the force main was extracted.  The coupon was inspected for the 
internal and external condition of its lining and coating, respectively.  The coupon was found to be in 
good condition.  The lining appeared to be Polybond™, which is a type of corrosion protection lining that 
was manufactured by American Ductile Iron Pipe.  The lining was found to be in good condition with no 
sign of internal corrosion to the ductile iron pipe surface.  There is very little or no exterior corrosion, 
only minor surface rust with remnants of the shop-applied asphaltic coating on the pipe surface. 
 
The data from the electrical potential survey identified seven (7) active external corrosion locations, and 
the SmartBall® assessment identified eleven (11) medium and one (1) high anomaly located within the 
subaqueous force main crossing the Bay.  This data was analyzed and used to select ten sites for 
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Ultrasonic Thickness (UT) testing.  The purpose of the UT testing is to determine the remaining pipe wall 
thickness at the ten sites.  This information was then used to determine the recommendations for 
rehabilitation of the pipeline, if necessary and to determine the expected remaining reliable service life of 
the force main. 
 
The UT testing was performed by Coastal Engineering Consultants (CEC) using a Cygnus Dive 
Underwater UT gauge.  The gauge was calibrated using the coupon taken during the hot tap of the 
existing pipeline.   
 
The UT testing performed at the ten sites indicated nine (9) sites with no significant loss of wall 
thickness.  One (1) site indicated minimal pipe wall loss of less than 12%.  The original ball jointed pipe 
was manufactured with a nominal wall thickness of 0.75 inches and includes a manufacturer’s tolerance 
of 0.07 inches.  The UT testing results yield a range of pipe wall thicknesses of between 0.663 inches and 
0.779 inches at the ten selected sites measured.  Based on the original wall thickness and manufacturing 
tolerance, the condition of the pipe at the selected locations is still very good.  In comparison, the thinnest 
currently manufactured ductile iron pipe of this size has a nominal wall thickness of 0.33 inches and is 
rated for 250 psi with a factor of safety of 2:1.  As recorded during a wet weather event, the force main 
has a maximum surge pressure of 39 psi.  Therefore, the existing force main could lose half its current 
wall thickness to corrosion and still maintain a working pressure 6 times higher than its current maximum 
surge pressure. 
 
The data provided from CCI and Pure, could only provide a location range for each anomaly of 10 to 20 
feet, which includes the entire circumference.  For the ten sites selected for additional underwater 
examination we were only able to inspect and test a small portion of the location range.  Due to obvious 
constraints as discussed, the UT testing performed was limited to an approximate 2-foot long section of 
the force main pipe, and only tested between the 10 o’clock and 2 o’clock positions.  Still, the results 
showed a very consistent wall thickness. 
 
The force main generally appears to be in good condition and not in danger of failure.  Since no leaks or 
severe corrosion were found during this investigation, there are no recommendations for any 
rehabilitation. 
 
Our investigations endeavored to locate the most significant areas of corrosion and then checked these for 
pipe wall loss.  The investigations indicated the worst pipe wall losses were less than 12% of the original 
0.75 inch pipe wall.  The thinnest wall found in the subaqueous force main was 0.663 inches with all 
other wall thicknesses measured equal to or greater than 0.721 inches.  The force main operates at low 
internal pressures.  A 0.33 inch wall equates to a 250 psi pressure class that includes a 2:1 safety factor.  
In our opinion this pipe has a remaining reliable service life of at least 20 to 25 years.  This is not to be 
construed as meaning a leak could not develop in the next 20 to 25 years; however, such a leak could be 
repaired.  In light of the failure mode of ductile iron, we are of the opinion that a catastrophic failure 
should not occur in the next 20 to 25 years and therefore, the Town is not in danger of losing their sole 
method of transporting wastewater off the Island. 
 
It is recommended that pipe wall thickness measurements be conducted at the same sites selected under 
this investigation again in five years. 
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Section 1    Introduction and Background 

1.1 Introduction 
The Town of Longboat Key authorized Greeley and Hansen on December 23, 2015, to perform a 
condition assessment of the 20-inch diameter ductile iron force main that carries all of the Town’s 
wastewater from their master Lift Station “D” located on Gulf Bay Road on Longboat Key and the 
Manatee County Southwest Water Reclamation Facility (SWWRF) located on 66th Street West in 
Bradenton.  The entire length of force main is approximately 4 miles, including 2 miles of subaqueous 
pipe crossing of Sarasota Bay, referenced on Figure 1-1. 
 

Figure 1-1 
Location Map 

 
 
The purpose of this investigation and report is to provide the Town of Longboat Key with an assessment 
of the condition of the force main and to make recommendations for rehabilitation of the pipeline, if 
necessary and to determine the expected remaining reliable life of the force main. 
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The force main is a vital element of the Town’s wastewater system and conveys all of the Town’s 
wastewater from master Lift Station “D” to the Manatee County SWWRF.  A force main carrying 
wastewater has the potential problem of internal corrosion due to hydrogen sulfide gas (sulfuric acid), 
including a similar problem with external corrosion of the exterior surface of the pipe due to its exposure 
to the salt water in the Bay or to the adverse soil conditions that may exist on-shore. 

1.2 Background 
The force main was constructed in 1973, and placed into operation in 1975.  The force main is currently 
transporting during peak conditions, between 2,500 and 3,000 gpm of wastewater from Lift Station “D” 
to the Manatee County SWWRF. 
 
The force main was inspected several times in the 41 years since it was placed into operation as follows: 
 

 1992 Inspection - Suboceanic Consultants, Inc., in January 1992, and the “Sarasota Bay Force 
Main Crossing Report” was prepared by Greeley and Hansen and submitted to the Town in 
March, 1992.  The 1992 Inspection only included the subaqueous force main crossing the Bay.  
The intent of the inspection was to check for any exposed pipe, and inspect for damage or 
deterioration.  In addition the depth of cover over top of the pipe was determined at 300 foot 
intervals.  No exposed pipe was found; however, there were a couple of locations that the 
pipeline was found to have only 1.5 feet of cover.  The depth of cover ranged from 1.5 feet to 
over 7 feet. 

 1996 Inspection - Suboceanic Consultants, Inc., in June and July, 1996, and the “Investigation 
of 20-Inch Diameter Sanitary Force Main” was prepared by Greeley and Hansen and submitted 
to the Town in October, 1996.  The 1996 Inspection included the entire force main from master 
Lift Station “D” to the Manatee County SWWRF.  This inspection found that both the 
subaqueous and on-shore pipelines were externally wrapped in an 8-mil thick polyethylene for 
corrosion protection.  In addition it was determined that the subaqueous pipe installed across 
the Bay is flexible ball and socket joint ductile iron pipe with an actual wall thickness range of 
0.70 to 0.71 inches, with an original wall thickness of 0.75 inches, and that the pipe installed 
on-shore has an average wall thickness of 0.428 inches, which corresponds to Class 52 ductile 
iron pipe.  The in-shore pipe wall thickness was determined by a coupon that was extracted 
near master Lift Station “D.”  The exterior surface of the coupon was in good condition with 
some corrosion noted on the interior with minimal metal loss.  No cement mortar lining was 
observed on pipe interior.  There were a number of interior surface “bubbles” varying in size up 
to 1/4 inches thick and 1 inch in diameter, which were thought to be remnants of some type of 
lining. 

 2007 Inspection - Dive-Tech International, Inc. The 2007 Inspection only included the 
subaqueous force main.  This inspection found the pipeline had between 1.5 feet to 9.5 feet of 
cover.  The pipe was exposed and polyethylene wrap was removed at two locations for UT 
measurements, the external surface of the ductile iron pipe appeared in very good condition 
with minor pitting.  The readings from the UT measurements were found to be unreliable. 
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 2011 Inspection - Dive-Tech International, Inc.  The 2011 Inspection only included the 
subaqueous force main.  During this inspection the pipeline was only located 7 out of 34 
location attempts, no exposed pipe was found.  The minimum depth of cover was found to be 
4.5 feet.  Therefore, no UT measurements were performed. 
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Section 2    Scope of Services 
In order to provide a more thorough condition assessment of the force main, four different technologies 
were used to examine the pipeline.  The data is first collected from over top of the subaqueous pipeline, 
which is an external pipe corrosion activity survey, electrical potential survey, for the pipe crossing 
Sarasota Bay.  The next step is to collect information for the entire force main, on-shore and subaqueous 
pipeline segments, using an internal SmartBall® assessment.  The data and information collected from the 
electrical potential survey and SmartBall® assessment is used to determine the locations to excavate and 
perform the underwater UT testing.  A coupon from an on-shore section of force main will be taken to 
calibrate the UT testing.  The scope of engineering services included the following tasks: 
 

 Electrical Potential Survey - Corrosion Control Inc. (CCI) to perform the electrical potential 
survey over the top of the subaqueous force main.  Coastal Engineering Consultants (CEC) to 
provide and operate a boat with a GPS guidance system from which CCI will work.  Prior to 
performing the electrical potential survey, CEC will perform a minimum of 3 spot checks of the 
GPS coordinates from the 2011 force main inspection report.  CEC will verify the force mains 
location at quarter increments across the subaqueous crossing. 

 SmartBall® Assessment - Pure Technologies (Pure) to launch the SmartBall® product from the 
Town’s master Lift Station “D” and retrieve it at the headworks of the Manatee County 
SWWRF.  Pure will analyze the SmartBall® data from the point of entry to the point it is 
retrieved.  The data will identify points of air pockets, leaks and wall stress. 

 Coupon Extraction - A coupon extraction by hot tapping the active 20-inch diameter force main 
will be performed.  The coupon will be used to calibrate the UT gauge. 

 Ultrasonic Thickness Testing - After the data from the electrical potential survey and 
SmartBall® assessment is analyzed, and the UT gauge is calibrated, up to ten locations will 
selected.  CEC will excavate and perform a visual inspection of the polyethylene wrap coating 
and of the pipes exposed surface, including performing UT testing at each location. 

 Report and Recommendations - Greeley and Hansen will compile the results of the various 
tests listed above and present a draft report that includes recommendations for rehabilitation, if 
necessary and to determine the expected remaining reliable service life of the force main.  
Greeley and Hansen will meet with the Town to go over the draft report comments prior to 
finalizing the report, and will present the results and recommendations to the Town’s Board. 
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Section 3    Investigative Results 

3.1 Electrical Potential Survey Investigative Results 
The purpose of the electrical potential survey is to record the potential measurements over top of the 
subaqueous force main to determine the location of active external corrosion. 
 
The electrical potential survey was performed on January 20 and 21, 2016, by laying a thin cable across 
the Bay over the top of the force main.  Probes were placed in the soil that measured any resistance in the 
soil to gauge external corrosion.  The boat used a GPS guidance system to determine the boat’s location 
during and throughout the survey.  In addition, the thin cable was measured and marked for distance, as it 
was being laid across the bottom of the Bay.  Prior to performing the electrical potential survey, the force 
mains exact location was verified at quarter increments across the subaqueous crossing. 
 
The length of the subaqueous ball and socket ductile iron force main surveyed is approximately 10,950 
feet long.  It was determined that no continuity bonds were installed across the ball and socket joints and 
no corrosion monitoring test stations were ever installed as a method to protect the force main from 
corrosion.  To mitigate external corrosion, previous inspections determined that the force main was 
wrapped in 8-mil thick polyethylene. The cell-to-cell potential measurements over top of the subaqueous 
force main were used to determine that there are seven (7) locations of active external corrosion on the 
force main crossing the Bay.  The approximate locations of active external corrosion using the stationing 
from the original contract plans is as follows: 
 

 Station 40+50 
 Station 69+50 
 Station 90+60 
 Station 91+70 
 Station 94+90 
 Station 102+10 
 Station 104+10 

 
Refer to Appendix A for the report on the investigative results and recommendations associated with the 
Corrosion Evaluation Survey performed by CCI. 

3.2 SmartBall® Assessment Investigative Results 
The purpose of the inspection was to detect and locate leaks, gas pockets, and to measure pipe wall 
magnetic fields indicative of stress anomalies from inside the force main for both the on-shore and the 
subaqueous force main. 
 
The SmartBall® inspection tool was launched on February 17, 2016, from the Town’s master Lift Station 
“D” and retrieved at the headworks of the Manatee County SWWRF, and the data was analyzed from the 
point of entry to the point where it was retrieved.   
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The length of the on-shore and subaqueous ductile iron pipe force main inspected is approximately 20,820 
feet long.  No acoustical anomalies indicating leaks or gas pockets were detected in the force main.  There 
were 1,133 pipe segments (joints) that were magnetically identified.  There were 95 pipe segments that 
indicated anomalous magnetic signals not attributed to known features such as valves, magnetic flow 
meters, etc.  The 95 pipe wall anomalies were classified based on relative size as small (76), medium (18) 
and large (1).  The magnetic signals associated with 28 of the 76 small anomalies are likely attributed to 
the manufacturing variance in pipe wall thickness based on acceptable manufacturing tolerances for 
ductile iron pipe force main.  The casting tolerance established for 20-inch diameter ductile iron pipe is 
0.07 inches.  Approximately 38 of the 95 anomalies were located within the force main crossing the Bay, 
including the one (1) large anomaly.  The original ball jointed pipe was manufactured with a nominal wall 
thickness of 0.75 inches and includes a manufacturer’s tolerance of 0.07 inches.  Since the Smartball® 
technology is unable to measure actual wall thicknesses, relative allowable differences in wall thickness 
during manufacture may account for many of the medium anomalies. 
 
A transient pressure monitor recorded operational plus surge pressures within the force main during a wet 
weather event. The average operating pressure during this time period measured approximately 25 psi 
with a maximum surge pressure of 39 psi.   
 
Refer to Appendix B for the report on the investigative results and recommendations associated with the 
SmartBall® PWA Inspection Report performed by Pure. 

3.3 Coupon Extraction Investigate Results 
The Town worked with the Manatee County SWWRF personnel to perform a hot tap on the active 20-
inch diameter force main near the water treatment facility where they extracted a coupon from the crown 
of the force main.  An aerial photo of the hot tap location is referenced below as Figure 3-1. 
 

Figure 3-1  
Hot Tap Location 
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An approximately 12-inch diameter coupon was extracted from the crown of the pipe.  A small piece of 
the coupon was sent to Cygnus Instruments, Inc. to be used to properly calibrate their UT equipment, the 
Cygnus Dive Underwater UT gauge.  In addition, the coupon was inspected for the internal and external 
condition of its lining and coating, respectively.   
 
The force main was excavated and its polyethylene wrap was observed to be completely intact with no 
sign of tearing or deterioration.  The coupon was found to be in good condition.  Based on a closer 
inspection, it is our professional opinion that the lining is Polybond™, which is a type of corrosion 
protective lining that was manufactured by American Ductile Iron Pipe.  The lining was found to be in 
good condition with no sign of internal corrosion to the ductile iron pipe.  There is very little exterior 
corrosion, only minor surface rust with remnants of the shop-applied asphaltic coating on the pipe 
surface.  A photo of the coupon is referenced below as Figure 3-2.  It must be noted that due to access 
issues, the coupon was not extracted from a subaqueous segment of the pipeline and therefore, does not 
represent the ball and socket subaqueous portion of ductile iron pipe force main that is located under the 
Bay. 
 

Figure 3-2 
Force Main Coupon 
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3.4 Ultrasonic Thickness Testing Investigative Results 
The purpose of the UT testing is to determine the remaining pipe wall thickness at the ten sites identified 
by the electrical potential survey and Smartball® assessment.  This information was then used to 
determine the recommendations for rehabilitation of the pipeline, if necessary and to determine the 
expected remaining reliable service life of the force main. 
 
The UT testing was performed on the subaqueous force main between May 26, 2016 and June 13, 2016, 
using a Cygnus Dive Underwater UT gauge.  The gauge was calibrated using the coupon extraction taken 
during the hot tap of the existing pipeline.  The data from the electrical potential survey identified seven 
(7) active external corrosion locations, and the SmartBall® assessment identified eleven (11) medium and 
one (1) high anomaly located within the subaqueous force main crossing the Bay.  Once the data from the 
electrical potential survey and SmartBall® assessment was analyzed, ten (10) sites were selected for UT 
testing.  A list of the sites can be found in Figure 3-3 on the following page. 
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Figure 3-3 
Ultrasonic Thickness Testing Sites 

 
 

Station CCI PURE
UT Testing Sites Mean Pipe 

Thickness (inches)

8+18
Medium 

Anomally

10+60
Medium 

Anomally

22+10
High 

Anomally Site 1 0.757

27+11
Medium 

Anomally Site 2 0.774

34+99
Medium 

Anomally

40+50
Active 

External 
Corrosion Site 3 0.779

44+86
Medium 

Anomally

46+35
Medium 

Anomally

49+85
Medium 

Anomally

52+29
Medium 

Anomally

52+67
Medium 

Anomally

54+82
Medium 

Anomally

68+56
Medium 

Anomally

69+50
Active 

External 
Corrosion Site 4 0.750

82+10
Medium 

Anomally

90+60
Active 

External 
Corrosion Site 5 0.663

91+70
Active 

External 
Corrosion Site 6 0.743

94+90
Active 

External 
Corrosion Site 7 0.721

102+10
Active 

External 
Corrosion Site 8 0.721

104+10
Active 

External 
Corrosion Site 9 0.722

107+30 1996 UT Site (0.70")
Site 10 0.775
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The pipe was uncovered at each of the ten (10) sites and the protective polyethylene wrap was peeled 
back, exposing a 2-foot long section of the pipe.  At three (3) sites, the readings were taken at the crown 
of the pipe or at the 12 o’clock position.  At the other seven (7) sites, the readings were taken at the 10 
o’clock, 12 o’clock and 2 o’clock positions.  The results of the average pipe wall thickness from between 
0.663 inches and 0.779 inches were measured. 
 
At each of these sites, the polyethylene wrap was found to be intact and in good condition.  At all sites, 
except Site 9, the asphaltic coating on the pipe was intact, the pipe surface was found in good condition 
with no visible signs of corrosion.  
 
There were signs of what appeared to be a corrosion scale accretion on the crown of the pipe at Site 9 at 
Sta. 104+10.  The substance was affixed to the protective polyethylene wrap, not to the surface of the 
pipe.  It was determined that the black substance was corrosion scale.  Based on closer observation 
stratification of the natural sediment/shell fragments and the corrosion scale could be seen.  This site was 
later revisited and approximately 10 inches of the 2+ foot long corrosion scale was completely removed 
to expose the surface of the pipe, which indicated no sign of external corrosion.  No pitting or loss of pipe 
thickness was observed at Site 9. 
 
The UT testing performed at the ten sites indicated nine (9) sites with no significant loss of wall 
thickness.  One (1) site indicated minimal pipe wall loss of less than 12%.  The original ball jointed pipe 
was manufactured with a nominal wall thickness of 0.75 inches and includes a manufacturer’s tolerance 
of 0.07 inches.  The UT testing results yield a range of pipe wall thicknesses of between 0.663 inches and 
0.779 inches at the ten selected sites measured.  Based on the original wall thickness and manufacturing 
tolerance, the condition of the pipe at the selected locations is still very good.  In comparison, the thinnest 
currently manufactured ductile iron pipe of this size has a nominal wall thickness of 0.33 inches and is 
rated for 250 psi with a factor of safety of 2:1.  As recorded during a wet weather event, the force main 
has a maximum surge pressure of 39 psi.  Therefore, the existing force main could lose half its current 
wall thickness to corrosion and still maintain a working pressure 6 times higher than its current maximum 
surge pressure. 
 
It should be noted that in the 1973, the minimum wall thickness available for ball and socket ductile iron 
pipe was 0.63 inches and the maximum wall thickness available was 0.75 inches.  There is a possibility 
that during construction that a piece of thinner wall pipe was installed, which could be the reason for the 
0.663 inch wall UT measured at Site 5 at Sta. 90+60.  
 
Refer to Appendix C for the report on the investigative results and recommendations associated with the 
Underwater Investigation performed by CEC. 
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Section 4    Conclusions and Recommendations 

4.1 Conclusions 
The conclusions of the electrical potential survey, Smartball® assessment, coupon extraction and UT 
testing performed on the force main are as follows:   
 

 The electrical potential survey identified seven (7) locations where there is active external 
corrosion on the subaqueous force main crossing the Bay.  This technology is not able to 
reliably classify the degree of corrosion just the relative difference from other areas of the 
pipeline.   

 The Smartball® assessment identified 95 pipe wall anomalies (magnetic fields indicative of 
stress anomalies) inside the force main located on-shore and subaqueous.  The 95 pipe wall 
anomalies were classified based on relative size as small (76), medium (18) and large (1).  No 
acoustical anomalies indicating leaks or gas pockets were detected in the force main during the 
Smartball® assessment. 

 The coupon extracted was observed to be in good condition for a force main being in operation 
for 41 years.  The Polybond™ lining was found to be in good condition with no sign of 
disbanding or internal corrosion to the ductile iron pipe.  There is very little or no exterior 
corrosion, only minor surface rust with remnants of the shop-applied asphaltic coating still 
visible on the pipe surface 

 The UT testing performed at the ten sites indicated nine (9) sites with no significant loss of wall 
thickness.  One (1) site indicated minimal pipe wall loss of less than 12%.  The original ball 
jointed pipe was manufactured with a nominal wall thickness of 0.75 inches and includes a 
manufacturer’s tolerance of 0.07 inches.  The UT testing results yield a range of pipe wall 
thicknesses of between 0.663 inches and 0.779 inches at the ten selected sites measured. 

 The data provided from CCI and Pure, could only provide a location range for each anomaly of 
10 to 20 feet, which includes the entire circumference.  For the ten sites selected for additional 
underwater examination we were only able to inspect and test a small portion of the location 
range.  Due to obvious constraints as discussed, the UT testing performed was limited to an 
approximate 2-foot long section of the force main pipe, and only tested between the 10 o’clock 
and 2 o’clock positions.  Still, the results showed a very consistent wall thickness. 

4.2 Recommendations 
The force main generally appears to be in good condition and not in danger of failure.  Since no leaks or 
severe corrosion were found during this investigation, there are no recommendations for any 
rehabilitation.   
 
Based on the evidence obtained in these investigations, it is difficult to predict the remaining reliable 
service life of the force main due to the subaqueous conditions.  The salt water acts as a perfect electrolyte 
and conditions can be dramatically changed by storms and shifting sands, hydrodynamic forces, damage 
caused by boat anchors, etc.   
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Our investigations endeavored to locate the most significant areas of corrosion and then checked these for 
pipe wall loss.  The investigations indicated the worst pipe wall loss was less than 12% of the original 
0.75 inch pipe wall.  The thinnest wall found in the subaqueous force main was 0.663 inches with all 
other wall thicknesses measured equal to or greater than 0.721 inches.  The force main operates at low 
internal pressures.  A 0.33 inch wall equates to a 250 psi pressure class that includes a 2:1 safety factor.  
In our opinion this pipe has a remaining reliable service life of at least 20 to 25 years.  This is not to be 
construed as meaning a leak could not develop in the next 20 to 25 years; however, such a leak could be 
repaired.  In light of the failure mode of ductile iron, we are of the opinion that a catastrophic failure 
should not occur in the next 20 to 25 years and therefore, the Town is not in danger of losing their sole 
method of transporting wastewater off the Island. 
 
Additionally, we recommend periodic pipe wall thickness measurements at the same sites selected under 
this investigation be performed again in five years. 
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CORROSION EVALUATION SURVEY 
20-INCH DIAMETER 

SUB-AQUEOUS FORCE MAIN 
LONGBOAT KEY, FLORIDA 

 

EXECUTIVE SUMMARY 

Purpose 

1. To record cell-to-cell potential measurements over the 20-inch diameter force main to 
determine the location of active external corrosion with the greatest risk along the 
subaqueous section of the pipeline. 

2. To provide a written report to describe the test procedures, test results, and method of 
selection of active corrosion locations to be evaluated further. 

Conclusions 

1. The section of the 20-inch diameter force main surveyed runs underground from the end 
of the Gulf Bay Road to the east shore of Sarasota Bay.  The length of pipeline surveyed 
is approximately 11,800 feet.  

2. Continuity bonds were not installed across bell and spigot joints when the pipeline was 
constructed, nor were corrosion monitoring test stations installed.   

3. To mitigate corrosion, the pipeline was encased in polyethylene prior to being buried. 

4. To detect areas of active external corrosion, a cell-to-cell potential profile survey was 
conducted over the length of the force main.   

5. There are seven locations where the survey detected active external corrosion on the 
force main.  The approximate stations for the locations are: 

40 + 50 
69 + 50 
90 + 60 
91 + 70 
94 + 90 
102 + 10 
104 + 10 
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6. Data collected during the survey only indicates where corrosion may be active.  A direct 
examination of the pipeline will be necessary to determine the amount of metal loss.   

7. An excavation should be made at the indication locations to make a direct examination of 
the force main.   

Recommendations 

1. Excavate a minimum length of 10 feet to each side of the GPS position around the entire 
circumference of the pipeline at the indication locations.  A detailed excavation scope of 
work is provided in Appendix D.   

2. Conduct a visual examination of the polyethylene encasement and the surface of the pipe.  
Note the location and size of damage to the plastic wrap and metal loss.   

3. Remove corrosion nodules and clean any corroded areas to bare metal. 

4. Measure nominal pipe wall thickness with an ultrasonic thickness gauge.  Measure the 
depth of pitting with a pit depth gauge.  Use calipers or a ruler to determine the length 
and width (or diameter) of corroded areas. 

5. Replace the polyethylene encasement before restoring backfill. 

6. Once the direct examination is completed, analysis of the collected data will determine 
suitability for continued service. 

7. Consider installing aluminum anodes for hot spot corrosion mitigation by cathodic 
protection. 
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INTRODUCTION 

 Corrosion Control Incorporated has been contracted through the engineering firm of 
Greely and Hansen, to provide professional corrosion engineering services on behalf of the 
Village of Longboat Key, Florida.  The Village owns and operates a 20-inch diameter 
subterranean subaqueous force main to transfer untreated sewage from the key to a waste water 
treatment plant located east of Sarasota Bay.  The Village has elected to take a proactive 
approach to monitor the integrity of the force main and has contracted Greely and Hansen to 
implement an integrity evaluation project.  The project includes hydrologic surveys, corrosion 
surveys, and internal stress surveys.   

 The force main was constructed in the early 1970s and was assembled with bell and 
spigot segments of ductile iron pipe.  The pipe class and wall thickness was not available for this 
report.  The pipeline begins at a lift station at the west end of Gulf Bay Road and runs to the east 
beneath the road.  At the east end of the Gulf Bay Road, the pipeline becomes subaqueous and 
crosses Sarasota Bay.  The floor of the bay was excavated, the pipeline was installed in the 
trench, and then covered with 1.5 to 8 feet of sand and soil. 

 Once installed, the force main would be exposed to saline mud and subject to corrosion.  
To mitigate anticipated corrosion, the force main was provided by a barrier wrap in the form of 
polyethylene encasement.  The encasement consists of a 10 mils thick tube of polyethylene that 
is slipped over each joint of the pipe as the force main was assembled.  Each segment of 
polyethylene is sealed with adhesive tape.  The fully assembled encasement forms a barrier to 
isolate the ductile iron pipe from the corrosive soil and water. 

 The focus of this project is the subaqueous portion of the pipeline.  Reference locations 
along the pipeline are: 

0 + 00 Longboat Key Liftstation 
9 + 50 Lagoon at the end of Gulf Bay Road 
12 + 85 West shore of Sarasota Bay 
120 + 00 East shore of Sarasota Bay 

Greely and Hansen contracted CCI to conduct a corrosion activity survey over the 
subaqueous portions of the pipeline.  The survey was conducted from a boat and consisted of 
measuring the voltage gradient between two reference electrodes.  After the survey was 
completed, locations indicating active corrosion are to be excavated for further evaluation.  This 
survey is part of an evaluation of external corrosion only. 
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The survey conducted by CCI on January 20 and 21, 2016.  Pipeline locating and boat 
operation were provided by Coastal Engineering Services.   

 

PROJECT PERSONNEL 

Survey Team 

Corrosion Control Incorporated Ralph Eichlin 
494 Fairplay Street NACE CP Specialist 
Rutledge, GA 30663 ralph@corrosioncontrolinc.com 
(706) 557-9624 
 Levi Fish 
 NACE CP Technologist 
 levi@corrosioncontrolinc.com 

Survey Support and GIS Locating 

Coastal Engineering Services Mike Kincaid 
3106 Horseshoe Drive South mkincaid@cecfl.com 
Naples, FL 34104 
(239) 643-2324 

Project Management 

Greely and Hansen Mike Knowles 
2601 Cattleman Road, Suite 100 mknowles@greely-hansen.com 
Sarasota, FL 34232 
 Linda Maudlin 
 lmaudlin@greely-hansen.com 

Owner 

Town of Longboat Key David Greene 
501 Bay Isles Road dgreene@longboatkey.org 
Longboat Key, FL 34228 
(941) 316-1999 Juan Florensa 
 jflorensa@longboatkey.org 
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ACRONYMS AND ABBREVIATIONS 

CIPS Close Interval Potential Survey 
CP Cathodic Protection 
CSE Copper Sulfate Electrode 
DIP Ductile Iron Pipe 
NACE National Association of Corrosion Engineers International 
SCE Silver Chloride Electrode 
STA Station number, pipeline survey distance 
UT Ultrasonic Thickness 
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TEST PROCEDURES 

Potential measurements between two reference electrodes were recorded every two and 
one-half feet along the route of the subaqueous pipeline.  The test methods were in accordance 
with the standard practice recognized by the National Association of Corrosion Engineers, 
specifically SP0207-2007, Performing Close Interval Potential Surveys and DC Surface 
Potential Gradient Surveys on Buried or Submerged Metallic Pipelines.   

 The testing was conducted using two test procedures, both using two reference 
electrodes.  The first test utilized a stationary reference electrode positioned at the starting point 
of the survey.  A second reference electrode was moved along the pipeline.  The voltage gradient 
between the two reference electrodes was recorded every two and one-half feet along the 
pipeline using a field data recorder.  The data was downloaded to a laptop computer and plotted 
on a graph of voltage versus distance.  A deflection in the graph indicates probable corrosion 
activity. 

 The second test was completed using the same equipment.  For this test, the potential 
measurement was recorded between the two reference electrodes positioned a fixed distance 
apart.  For this project, the positive electrode was positioned at the bow of the boat and the 
negative electrode was positioned at the stern.  A trailing wire was anchored at the starting point 
to measure the distance traveled.  The voltage gradient between the two reference electrodes, and 
the distance traveled, was recorded in the field computer.  This data was also downloaded to a 
laptop computer and graphed.  On this test, a gradual rise in the voltage gradient followed by a 
change in polarity indicates probable active corrosion.   

 Two field computers were used for this evaluation; the American Innovations Allegro 
model Mx and the MC Miller model GX.  The use of the two field computers allowed two sets of 
data to be recorded simultaneously.   
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DISCUSSION OF RESULTS 

 Corrosion is a naturally occurring process defined as the deterioration of a material due to 
a reaction with its environment.  For ferrous materials, the corrosion process involves the release 
of electrical energy as the material reverts to iron oxide.   

 There are four components to any corrosion reaction; the anode, the cathode, the 
electrolyte and the metallic path. 

 
Figure 1 – Corrosion Cell Requirements 

 A battery is a corrosion cell and it can be helpful to visualize a battery when discussing 
how corrosion and corrosion control affects a pipeline. 
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 For the purpose of this project, it is important to know that metal loss occurs at the anode.  
When a metal corrodes the iron molecule is oxidized and electrons are stripped away leaving a 
positively charged iron ion which is no longer part of the metal structure.  The electrons that 
travel through the metal path of the pipe wall are reduced at the cathode.  The metal structure 
must be buried or submerged in an electrolyte in which direct current will flow from the anode to 
the cathode.   

 
Figure 2 – Current Flow in a Corrosion Cell 

 A corrosion cell is analogous to a fire triangle in that corrosion will not occur if any one 
of the four elements of the corrosion cell can be eliminated.  The most common corrosion control 
method is to eliminate the electrolyte by providing a barrier between the metal structure and the 
electrolyte.  This is done by the application of a coating.  Ductile iron pipe is provided with a 
cosmetic bitumen coating which provides improved aesthetics for delivery to a project site, but is 
applied very thin and does not stand up to stresses imparted on buried pipelines. 
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 It was reported that the construction procedures for this pipeline included the installation 
of polyethylene encasement.  The encasement provides an additional barrier to isolate the metal 
pipeline from the corrosive environment.   

 Unfortunately, coatings are rarely perfect and are subject to deterioration.  Barrier 
coatings become damaged during handling for the installation, and can become damaged by 
rocks or debris falling on the pipe during the backfilling process, or due to stresses and 
movements from pipeline operation or geologic phenomenon.  When the coating becomes 
damaged, the metal substrate can react with the environment and a corrosion cell can be created. 

 The DC electric current flow in a corrosion cell creates voltage gradients in the 
electrolyte which can be measured between two electrodes.  A change in the voltage between the 
electrodes indicates current flow.  A change in polarity between two electrodes traveling a fixed 
distance apart indicates an anodic location.  The diagram in Figure 3 illustrates the test apparatus 
used to measure and record the voltage difference.  An illustration of the graph that is produced 
by the voltage measurements versus distance is shown on Figure 4.   

 

Figure 3 – Potential measurements recorded between two reference electrodes to 
detect active corrosion.  Reproduced from NACE SP 0207-2007. 
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Figure 4 – Graph of typical data at a location of active corrosion.  The corroding 
location is where the graph changes from positive to negative polarity. 

 The data collected during the survey is presented graphically and can be reviewed in 
Appendix A.  The black line on the graph shows data recorded between two reference electrodes 
placed at a fixed distance apart while both electrodes move over the pipeline.  The blue line on 
the graph displays the data between one stationary reference electrode and one electrode moving 
over the pipeline.   

 In review of the data, there are seven locations where the potential between two fixed 
position reference cells change polarity to indicate active corrosion.  The location and GPS 
coordinates are: 

No. Station Latitude Longitude 
1 40+50   
2 69+50   
3 90+60   
4 91+70   
5 94+90   
6 102+10   
7 104+10   
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There are two locations on the graph where there is a break in the data and a discontinuity 
in the potential measurement lines.  This is where the separate survey segments were run due to 
shallow water that was inaccessible to the survey boat.  The survey equipment was reassembled 
onto a smaller boat and a new grounding electrode was positioned.  The data was later imported 
to the graphing software in the order of the pipeline stations. 

The data recorded to date indicates only that there is probable active corrosion at the 
locations listed above.  The data cannot detect how much metal loss has resulted from the 
corrosion activity.  A representative number of these locations should be excavated until the 
severity of the corrosion can be established.  It is recommended that the pipe be examined 10 feet 
on each side of the GPS coordinates provided.   

The examination should include a visual inspection of the condition of the polyethylene 
wrap before the wrap is removed.  The wrap must then be carefully removed to examine the pipe 
surface.  Any corrosion modules found will need to be removed and the pipe must be cleaned to 
shiny metal at the corroded location.  A mechanical pit depth gauge must be used to determine 
the depth of metal loss.  Calipers should be used to measure the length and width of corrosion 
pitting.  An ultrasonic thickness gauge should be used to determine the nominal wall thickness at 
four positions around the circumference of the pipeline.  UT gauges should not be used to 
measure pipe thickness within a corroded area.   

After the examination is complete, the pipe should be recoated with bitumen and covered 
with new polyethylene.  The poly should be placed tight against the surface and sealed along the 
ends and the longitudinal seam.   

The findings of the examination will determine what the next phase of the evaluation will 
be.  The repair of the barrier coating is the first step which will need to be completed as part of 
the inspection process.  A finding of minimal corrosion may reduce the number of locations that 
need to be excavated.  Corrosion that threatens the integrity of the pipeline may require the 
excavation of additional indication locations.   

The methods available for retrofitting corrosion protection on this type of pipeline are 
limited.  The repair of the barrier coating is the first step which will need to be completed as part 
of the inspection process.  A hot spot application of corrosion mitigation by cathodic protection 
can be applied to individual pipe joints with indications of corrosion.  This process will involve 
placing an anode on the floor of the bay and welding a connection plate to the pipe.  Each joint 
of pipe having a corrosion indication would need to have an anode.   
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APPENDIX B 

EXCAVATION SCOPE OF WORK 

 



#1066 

 

EXCAVATION/INSPECTION PROCEDURE 
SUBMERGED FORCE MAIN 
LONGBOAT KEY, FLORIDA 

1. Use the GPS coordinates provided by Corrosion Control Incorporated and jet a marker at 
the designated location.  Jet two additional markers 20 feet upstream and 20 feet 
downstream of the mark. 

2. Vacuum excavate over and around the entire circumference of the pipeline, exposing a 
length downstream of the indicated location.  Complete the excavation in stages, if 
necessary, to maintain adequate support beneath the pipeline. 

3. Examine the polyethylene wrap for cuts and tears.  Indicate the position of the cuts and 
tears on a diagram. 

4. Remove the polyethylene wrap to examine the pipe.  Indicate the position of any 
corrosion nodules or pitting observed on the pipeline on a diagram. 

5. Clean the corroded locations with scrapers, power wire brush, or similar tools to remove 
all corrosion product.  Use a pit depth gauge to determine the depth of metal loss with 
respect to the outside pipeline surface. 

6. Use an ultrasonic thickness gauge to determine the nominal thickness of the pipe wall.  
Record the thickness at four locations; 0 degrees, 90 degrees, 180 degrees and 270 
degrees.  The positions should be with respect to the direction of fluid flow. 

7. Use rulers, calipers or similar tools to determine the dimensions of the corroded areas.  
Write the dimension on the diagram.   

8. Wrap new polyethylene around the inspection area.  Apply the wrap in a manner that 
excludes as much water as possible.  Seal the polyethylene to itself and to the existing 
polyethylene  

9. Backfill the excavated area.   
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Greeley and Hansen retained the services of Pure Technologies U.S. Inc. (Pure Technologies) to 
perform a pipeline inspection of a 20-inch diameter ductile iron pipe (DIP), owned and operated 
by the Town of Longboat Key.  The force main conveys wastewater approximately four (4) miles 
from Lift Station D in Longboat Key, across Sarasota Bay to the Manatee County Southwest 
Water Reclamation Facility (SWWRF) in Bradenton (Figure ES.1).  The purpose of the inspection 
was to detect and locate leaks, gas pockets, and stress anomalies within the force main at the 
time of the inspection. The inspection was completed on February 17, 2015 using the SmartBall® 
PWA free swimming inspection tool.  

The SmartBall tool was pumped into the active force main via a bypass connection at Lift Station 
D and retrieved from the grit chamber located at the headworks of the SWWRF. The tool collected 
both acoustic and magnetic data while traversing the pipeline. SmartBall Receivers (SBRs) 
collected tracking data used to locate the tool during the inspection and correlate its recorded 
findings. Figure ES.1 highlights the general alignment of the force main and the corresponding 
inspection limits. The results of the inspection are summarized in Table ES.1. 

 

Figure ES.1: Inspection Extents and General Alignment of the 20-inch Ductile Iron Force Main 
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Table ES.1: Summary of Inspection Results 
Celebration Force Main 

Distance Inspected (feet): 20-inch FM 21,200 

Acoustic Anomalies: 
Leaks 0 

Gas Pockets 0 

Magnetic PWA Anomalies: 

Large 1 

Medium 18 

Small 76 

 
No leaks or gas pockets were detected during the inspection of the force main.   

Ninety-five (95) stress anomalies were identified from the PWA analysis (Figure ES.2). Relative 
size estimations were made based on the comparative size of all detected anomalies. A pipe list 
detailing Pure Technologies’ pipe wall analysis is attached in Appendix A. The alignment of the 
20-inch diameter force main and the PWA results are overlaid in an aerial depiction in Appendix 
B. 

 
Figure ES.2: PWA Results 

 
American Water Works Association (AWWA) C150-14 structural analysis was performed on the 
minimum 20-inch diameter DIP pressure class with a wall thickness measuring 0.33-inch and the 
20-inch diameter flexible joint DIP class with a wall thickness measuring 0.54-inch.  A design 
check confirmed that the pipe classes were sufficient to withstand an average internal pressure 
of 25 psi (average operating pressure - Figure ES.3, with a surge pressure of 100 psi, as per 
AWWA C150) and external loading due to earth and water cover, and any live loading conditions. 
It should be noted that an actual maximum surge pressure of 39 psi was recorded.  The 20-inch 
diameter DIP has a wall thickness which exceeds the calculated wall thickness (0.07-inch) 
required under operational plus surge conditions, given a factor of safety of two (2). This 
calculated wall thickness is the minimum thickness required to prevent yielding of a pipe section. 
A minimum overall wall thickness of approximately 0.2-inch, which is required for the 20-inch 
diameter pipe designs to minimize deflection from earth and water loading to 3 percent, was also 
satisfied throughout.  
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Figure ES.3: Transient Pressure Data – June 7, 2016 to June 10, 2016 
 

Once external verification, including thickness measurements, are recorded from the identified 
areas of interest, it can be determined if wall loss exceeds the AWWA C150 minimum required 
wall thickness in the 20-inch diameter force main.  If significant wall loss is experienced throughout 
the barrel of a pipe section, earth loading and height of water begin to dominate the structural 
capacity of DIP and deflection of the pipe may become a concern. Dependent on the depth of 
cover, the minimum required thickness averages approximately 0.2-inch. AWWA C150 
incorporates several factors of safety in determining the minimum required design. Figure ES.4 
highlights the minimum thickness requirements over the alignment of the 20-inch diameter force 
main. 
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Figure ES.4:  AWWA Design Check – Minimum Required Wall Thickness  
(Station 0+00 to 208+20) 

 
Based on the results of the PWA inspection in February 2016, Pure Technologies presents the 
following conclusions and recommendations: 

Conclusions: 

1. No acoustic anomalies resembling leaks or gas pockets were detected in the force main. 

2. Of the 1,133 magnetically identified pipe segments, 95 (8.4%) showed anomalous 
magnetic signals not attributed to known features or known magnetic stress altering 
locations (i.e., valves, magnetic flow meters, etc.). The 95 pipe wall anomalies were 
classified based on relative size as small (76), medium (18), and large (1).   

3. The magnetic signals associated with 28 of the 76 small anomalies appeared to be similar 
or repeatable.  It may be likely that a manufactured difference in the pipe design (i.e., 
variance in thickness due to manufacturing tolerances, etc.) exists within these 28 pipes 
sections.  

4. The overall distribution of PWA anomalies was uniformly spread throughout the four-mile 
alignment of the force main with approximately 38 of the 95 PWA anomalies existing within 
the boundaries of Sarasota Bay; including the one (1) large anomaly.  Figure ES.5 shows 
the general location of this large anomaly.  A complete view of the distribution of PWA 
anomalies across the alignment is located in Appendix B. 
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Figure ES.4:  Location of Large Anomaly 
 

5. Assuming manufactured wall thicknesses of 0.33- and 0.54-inch, the 20-inch diameter DIP 
designs satisfied the current AWWA C150 Design Standard throughout the alignment of 
the force main.  A 40% and 60% average reduction in wall thickness, respectively, across 
the 0.33- and 0.54-inch pipe classes, is the maximum allowable under the current AWWA 
C150 Design Standard. External verifications and pipe forensics will aid in developing 
specific finite element models of the force main to determine the exact effect produced by 
the identified volumetric wall losses.  It may be likely, given the size of the defect, location, 
and factor of safety, that the force main can experience a greater wall loss. 
 

6. A transient pressure monitor recorded operational plus surge pressures within the force 
main between June 7, 2016 and June 10, 2016 during a wet weather event.  The average 
operating pressure during this time period measured approximately 25 psi with a 
maximum surge pressure of 39 psi. 
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Recommendations:  

 

1. Based on the PWA results, a diversity of test pit locations should be chosen and accessed 
to employ external verification techniques (i.e., high resolution magnetic flux leakage, 
pulsed eddy current, ultrasonic thickness testing, visual inspection, etc.). A sample 
evaluation may include the following locations; 
 

 Large anomalous pipe, Pipe 115 (Approximately 472 feet downstream of SBR #2); 

 Three (3) pipes with medium sized anomalies, and; 

 Two (2) of the “repeatable” pipe sections with small-sized anomalies to investigate 
the origin of the repeating anomalous signal.   

 
2. Collected wall thickness measurements should be statistically analyzed to evaluate the 

probability of pipeline failure.  Using this analysis, pipe management strategies can be 
developed that address the short-term management and long-term renewal strategies for 
the force main. 
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On February 17, 2015, Pure Technologies completed a leak, gas pocket, and PWA inspection of 
the Town of Longboat Key’s 20-inch diameter Force Main. The Force Main, manufactured and 
installed in 1973, is comprised of 20-inch diameter DIP and conveys wastewater from Lift Station 
D in Longboat Key, Florida across Sarasota Bay to the SWWRF in Bradenton, Florida. Figure 1.1 
highlights the general alignment of the pipeline and the extents of the inspection.   

 
 

Figure 1.1: 20-inch Diameter Force Main, General Alignment and Extents of PWA Inspection 

The scope of this project was to perform an inspection and condition assessment of approximately 
21,200 linear feet of 20-inch diameter ductile iron force main. The entire alignment from Lift Station 
D to the SWWRF was inspected for leaks, gas pockets, and stress anomalies. The inspection 
utilized SmartBall leak and gas pocket detection technology with PWA. A detailed inspection plan 
was provided to Greeley and Hansen prior to completion of the inspection on February 17, 2016.  

This report details the results of the SmartBall inspection, includes a structural analysis of the 20-
inch diameter pipe design using the AWWA C150 Design Standard, and provides information to 
assist The Town of Longboat Key in their management of the inspected force main.  To finalize 
the condition assessment, pipe wall verifications are required.  This information will provide visual 
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distress confirmation and pipe wall thickness measurements that will allow for an advanced 
statistical remaining-useful-life analysis, and increase the structural analysis and finite element 
modeling resolution.    

To complete the assessment of the Force Main, Pure Technologies reviewed the following 
documents: 

 Smally, Wellford, and Nalven, Consulting Engineers, Sarasota, Florida – Gulfbay Road, 
Wastewater Collection System: April 1973, Proj. 1217-S, Sheet 7 (LBK Electronic File – 
Att 2 –SWN – Longboat Pass Water Subaqueous Crossing 1973.pdf)  

 Smally, Wellford, and Nalven, Consulting Engineers, Sarasota, Florida – Force Main, 
Longboat Key to Manatee County Mainland: April 1973, Proj. 1217-S, Sheet 107 (LBK 
Electronic File – Att 2 –SWN – Longboat Pass Water Subaqueous Crossing 1973.pdf)  

 Smally, Wellford, and Nalven, Consulting Engineers, Sarasota, Florida – Force Main, 
Manatee County Mainland to Treatment Plant: April 1973, Proj. 1217-S, Sheet 108 (LBK 
Electronic File – Att 2 –SWN – Longboat Pass Water Subaqueous Crossing 1973.pdf)  

 Camp, Dresser, and McKee, Inc. – Southwest Regional Wastewater Treatment Plant 
Expansion: December 1988, Sheet M-1 – M-6 (LBK Electronic File – Headworks Pages 
from SOUTHWEST REGIONAL WASTEWATER TREATMENT PLANT EXPANSION 
1311.000.pdf)  

 Carollo Engineers, Inc. – Manatee County, SWWRF Headworks Rehabilitation: July 2015, 
Sheets M-01 and M-02 (LBK Electronic File – Pages from SWWRF Headworks 
Rehabilitation_RECORD.pdf)  

 DMK Associates, Engineers and Surveyors – Rehabilitation of Lift Station D: April 2012, 
Proj. 08-0309, Sheet 107 (LBK Electronic File – 11x17-FINAL-AS-BUILTS.pdf)  

 

 

 
Commercial introduction of DIP occurred in the mid-1950s and became the material of choice in 
place of cast iron for ferrous pressure pipe by the early 1970s. Ductile iron is produced by adding 
specified amounts of magnesium, cerium, or sodium alloy to the molten iron with low phosphorus 
and low sulfur content. The magnesium alloy changes the microstructure by causing the 
elemental carbon to form spheroidal or nodular graphitic shapes, contrasting with the flake form 
found in spun-cast iron. This consistent microstructure of spheroidal graphite, when combined 
with an annealing process, increases both the strength of the iron and its ductility. Therefore, the 
wall thickness of DIP is significantly less than its predecessor while providing the same structural 
capacity. 
 
The design of ductile iron pressure pipe is controlled by ANSI/AWWA C150/A21.50. The net 
thickness required is determined from three (3) considerations: limiting stress in the pipe wall due 
to internal pressure (working and surge), external load (soil and traffic), and limiting the horizontal 
deflection of the pipe. The latter is primarily intended to prevent cracking of a cement mortar lining. 
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For internal pressure, the hoop tensile stress is limited to 50% of the minimum yield strength (42 
ksi), and for external load the bending stress is limited to either 50% of the design bending stress 
(48 ksi) or 66.7% of the minimum yield strength. 
 
One of the challenges in assessing DIP is determining if the pipe has undergone any loss of wall 
thickness due to internal or external corrosion. The reason for this difficulty relates to the 
manufacturing process and the casting thickness tolerances established in AWWA C151. Table 
1.1 compares the casting thickness tolerance for various diameters. 
 

Table 1.1: DIP Casting Tolerance 

Diameter 
Range, inches 

Casting Tolerance, 
inches 

3-8 0.05 

10-12 0.06 

14-42 0.07 

48 0.08 

54-64 0.09 

 
There is also an allowance for a further thickness variation of 0.02 inches within 12 inches. 
Consequently, for the DIP in the 20-inch Diameter Force Main, the thickness at any one (1) 
location along the barrel of the pipe could be up to 0.09 inches less than the nominal thickness 
given in AWWA C151-76 and still be within specification. 
 
Ductile iron pipe manufacturers do not publish or release information on actual manufacturing 
tolerances. However, Pure Technologies has observed through multiple condition assessment 
projects for DIP that most of the variance is apparent along the length of the barrel rather than 
around the circumference. This occurrence is related to the casting process, in which the molten 
iron is fed into a spinning mold and centrifugal force is employed to distribute the iron around the 
circumference. Measured thicknesses would have to be in excess of this manufacturing tolerance 
to conclusively determine that wall loss has occurred. Therefore, unless significant wall loss is 
observed through initial condition assessment activities, the data should be used as a baseline 
and compared to future inspection results in order to develop a higher confidence in management 
and rehabilitation/replacement strategies. 
 

 
The primary causes of failure of ductile iron pipe are related to external and internal corrosion 
(Figure 1.2). Ductile iron pipe in water service with a cement mortar lining has not generally 
experienced many problems associated with internal corrosion. Only if the lining is damaged 
during handling and installation, or later as a result of third party damage (impact on outer 
surface), would one expect to see any internal corrosion in a water pipe. The external corrosion 
rate is typically several orders of magnitude higher than any internal corrosion rate, even on an 
internally bare pipe, so external corrosion is the primary failure mechanism for ductile iron pipe in 
a water application. This is not the case when ductile iron pipe is used in a force main application.  
Based on a survey conducted as part of a Water Environment Research Foundation’s Inspection 
Guidelines for Wastewater Force Mains, internal corrosion is the primary cause of failure for force 
mains.   
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There can also be contributing factors 
such as manufacturing, design, 
operational impacts, and installation 
defects that could lead to a premature 
failure in ductile iron pipe. It is difficult to 
inspect and assess against many of these 
other “hidden” defects, other than 
monitoring the pressures in the pipeline to 
insure that working pressures and 
occasional surges do not exceed the 
design limits for the pipe class.  

 

Internal corrosion is the primary source of 
failure for ductile iron pipe force mains 
and therefore surveys to identify areas 
with the highest probability for corrosion 
are critical. Gas pockets in force mains 

are of concern as concentrations of hydrogen sulfide gas within wastewater may be released from 
solution into the atmosphere and subsequently converted to sulfuric acid in the slime layer on the 
pipe wall that may cause corrosion and eventual breakdown of the pipe’s exposed surface.  Figure 
1.3 shows the extent of the damage possible due to hydrogen sulfide corrosion of a ductile iron 
pipe.   
 
Identification of internal areas of a force main with 
potential corrosion is more challenging than for gravity 
sewer pipelines.  Traditional gravity pipeline inspection 
techniques are often not applicable to in-service 
pressure pipelines.  One method for assessing gas 
pockets is to locate air release valves or other known 
high points along the alignment and perform pipe wall 
assessment in those areas.  This is a valid methodology 
for locating potential gas pocket locations.  However, 
additional gas pockets may occur due to differential 
settlement, improper installation of the pipeline or non-
functioning air release valves, and many other factors.  Therefore, these desktop surveys may 
not identify and locate many significant gas pockets along a pipeline.  As part of over 380 miles 
of force main condition assessment, Pure Technologies has found that over 70 percent of gas 
pockets as detected by inline acoustic methods are not located at expected high points. 

 
Ductile iron pipe, like most metals, is inclined to revert back to a lower energy state, typically an 
oxide of the metal. This thermodynamic process is called corrosion and, for ductile iron pipe at 
ambient temperatures in an aqueous environment (i.e., the electrolyte), is electrochemical in 
nature.  
 

Figure 1.3: H2S Corrosion 
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Figure 1.2:  Failure Mechanisms of a 
Force Main
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Underground corrosion of unprotected ferrous pipes is often the result of differential corrosion 
cells, where the oxidation and reduction reactions are physically separated, but can occur at the 
same site. For differential corrosion, there must be an anode (oxidation reaction), a cathode 
(reduction reaction), a metallic path electrically connecting the anode and cathode (i.e., the pipe 
itself), and the cells must be immersed in an electrically conductive electrolyte, which is usually 
the moist soil.  
 
Differential corrosion cells can be the result of varying 
degrees of aeration (oxygen concentration) along a 
pipeline (e.g., variation in soil density, chemistry or type 
of soil adjacent to pipe, or partially submerged pipe) or 
where different metals are electrically coupled (galvanic 
corrosion). Ductile iron pipe producers in North America, 
under the Ductile Iron Pipe Research Association’s 
(DIPRA) guidance, promoted the use of 6-millimeter 
thick polyethylene (PE) sleeves that would electrically 
insulate the pipe from the external corrosive 
environment. An AWWA standard was developed that 
created a rating system which, using measured soil 
properties (resistivity, pH, redox potential, sulfate, 
chlorides, etc.), qualitatively estimated a soil’s corrosive (electrolytic) properties. For soil 
environments rated as corrosive or moderately corrosive, DIPRA recommended the use of the 
PE sleeves; otherwise, nothing was reported to be necessary. If the PE sleeves are damaged 
during installation, or later during an excavation, or aren’t properly sealed, allowing soil or 
groundwater to become entrapped behind the polyethylene, a differential corrosion cell is easily 
established with an electrolyte.   
 

 
In addition to internal and external corrosion, another potential failure mechanism for ductile iron 
pipe concerns operating the pipeline at a pressure or depth of cover in excess of its strength limit. 
The design of ductile iron pipe is based on assessing the pipe’s hoop stress under working 
pressure plus surge, the independent circumferential bending stress due to external load, and the 
resulting diametrical deflection.  
 
Hydraulic pressure transients occur in pipelines when the steady-state conditions of the system 
change due to pressure or flow disturbances (e.g. the rapid closure of a valve or pump start-
up/shutdown). The magnitude of a transient is related to several factors, including the flow rate 
within the pipeline, the time in which (how quickly) the change in steady-state condition occurs, 
and pipe hoop rigidity. During the change, the kinetic energy of the flow momentum is converted 
into potential energy with a rise in pressure and strain energy in the pipe walls with the propagation 
of pressure waves. The resultant pressure transient is then superimposed on the existing, steady-
state pressure within the pipeline. Gas pockets combined with pressure transients can also have 
significant impact to the structural integrity of the pipeline as vacuum conditions may be created. 
This may then cause collapse of the vapor cavity at the gas pocket location as the transient 
passes, increasing the stress on the pipe wall and thereby increasing the risk of failure if the 
structural capacity has been compromised. Although operating and transient pressures may not 
exceed the transmission main design capacity, cyclic loading due to the constant pressure 
changes from pump station operation may negatively impact the integrity of the pipeline. While 
cyclic loading due to pressure changes can have adverse effects on the fatigue strength of all 

Figure 1.4: General Corrosion 
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pipe materials, its negative effects on pipelines with low toughness have been well documented 
in literature and design standards. 

 

 
Pipeline leaks are of concern for force mains as they emit illegal discharges to the environment 
and are often found to be a precursor to major failures.  A pipeline failure can begin with 
weakening of the joint and/or barrel that may include a small leak.  As constant use of the force 
main continues and potential pressure surges occur, the leak may grow, eroding the pipe wall 
and further weakening the pipe. 
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Pure Technologies’ SmartBall PWA system is a free-swimming technology that detects acoustic 
activity associated with leaks or gas pockets and magnetic field data related to stress in 
pressurized pipelines. The SmartBall core is water tight and contains the batteries, electronics 
and sensors needed to collect the data. Once the core is initiated for inspection and sealed, it is 
encapsulated by a protective foam shell. The foam outer shell provides a larger surface area by 
which the device is pushed by the flow of the fluid while reducing low frequency ambient noise 
that is typically present in a pipeline. The SmartBall tool is deployed into the flow of a pipeline, 
traverses the pipeline, and is captured and extracted at a point downstream. During the 
inspection, the SmartBall tool’s location is tracked at known points along the pipeline to correlate 
the inspection data with the inspected distance. More details on the technology can be found in 
Appendix C.  

A leak inside a pressurized pipeline produces an acoustic signal. This acoustic signal is created 
when the pressurized product inside the pipeline escapes into the lower pressure atmosphere 
outside the pipe. While the SmartBall device traverses the pipeline it continuously records this 
acoustic data and is evaluated later to identify acoustic activity that may be associated with leaks 
along the pipeline. As the tool is rolling along the bottom of the pipeline, it will always pass within 
one pipe diameter of the leak.  
 
As the SmartBall device approaches a leak the acoustic signal detected by the technology will 
increase. The acoustic signal will peak and reach a crescendo at the point at which the device 
passes the point of the leak and will then diminish as the device continues away from the leak. 
This is clearly evident in Figure 2.1.  

 

  
Figure 2.1: Leak detected in Analysis Software 
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The acoustic properties of potential leaks are further evaluated to estimate the approximate 
magnitude of a leak. Pure Technologies reports leaks in three categories: small, medium and 
large. Small leaks are estimated to be in the range of 0 - 2 gallons per minute (GPM). Medium 
leaks are estimated to be in the range of 2 - 10 GPM and large leaks are estimated to be greater 
than 10 GPM. 

 
Pure Technologies has invested heavily into identifying the characteristics of an acoustic anomaly 
that would be representative of a leak. The characteristics typical of a real leak are: 
 

 The range of frequencies present increases as the ball approaches the leak;  

 The frequencies that appear first, grow in intensity as the SmartBall approaches the leak;  

 The frequencies that appear to indicate a leak are consistent as the SmartBall approaches 
the leak. 

 

Gas trapped in a pipeline has three (3) distinct acoustic signals that are detectable using the 
SmartBall device.   
 

1. Entrained Air: This classification of trapped gas is characterized by small, moving bubbles 
of gas within the pipeline. Entrained air is not typically static in the force main and 
frequently migrates with the flow.  

 
Figure 2.2: Entrained Air  

 
2. Slug or Developing Gas Pockets: This classification can be characterized as small pockets 

of trapped gas that often develop as a result of an amalgamation of bubbles or are 
introduced via Air/Vacuum Release Valves (ARVs). Slugs can be either static or migratory.   

 

 
Figure 2.3: Gas Slugs  

 
3. Fully Developed Gas Pockets: Fully Developed Gas Pockets are usually located at 

localized high points along a force main. These develop as a result of slugs that have 
accumulated at a high point to the point that they extend into the downward slope of the 
pipe.  
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Figure 2.4: Diagram of a fully developed gas pocket  

 

 
Figure 2.5: Gas Pocket detected in Analysis Software 

 

Pure Technologies SmartBall PWA technology is used to evaluate metallic pipelines by detecting 
and measuring the changing levels of the magnetic field related to stress in the pipe wall. The 
PWA data is collected simultaneously with leak and gas pocket data. PWA technology is a 
screening tool that provides an indication of the condition of the pipe. The technology can be used 
to identify areas of the pipe that are potentially distressed and to focus direct external 
assessments and to guide management or rehabilitation. 
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The PWA technology measures the change in the self-generated magnetic field produced by 
ferromagnetic materials in stress. The level of stress and amount of material under that stress is 
proportional to the change in the magnetic field measured by the SmartBall PWA tool.  

Stress in metallic pipe is increased wherever the wall is thinned, where cracks have developed 
even if they are not through the wall, where the pipe has been damaged or pitted externally or 
internally, where the pipe is under severe bending, compressive, tensile, or torsional stress, where 
the original construction of the pipe wall is anomalously thin, or where a pipe is under-designed 
for its current loading conditions. Figure 2.6 shows a visual example of a metallic pipe wall in 
stress change the magnetic field produced. The instrument can detect joints, material changes, 
some appurtenances, and many other features relevant to the operation and mapping of the pipe.  

 

Figure 2.7 is an example of SmartBall PWA data. Distance is represented on the x-axis and 
magnetic field on the y-axis. Joints produce a visible signature in the data as they produce a large 
response in the data. Across the barrel of the nominal pipes, there is minimal change in the signal 
indicating minimal change in the magnetic field and therefore minimal change in the stress present 
in the wall of the pipeline. There is a large response in the PWA data in the pipe section highlighted 
in red. This is indicative of a large PWA anomaly, relating to change in the magnetic field indicating 
this pipe section is likely distressed.  
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Once PWA data is collected and analyzed, it can provide semi-quantitative information regarding 
the condition of each pipe section (joint to joint). Anomalies indicating areas of stress are classified 
as small, medium or large. The size of the anomaly (change in the magnetic field) may not be 
indicative of the size/severity of the source of stress in the pipe wall. Further investigation is 
recommended to understand the conditions of the pipeline that create the stress anomalies found. 
Having this understanding will guide the next steps of assessment or rehabilitation. Anomalies 
are reported based on a distance from a known appurtenance or from the start of the inspection.  

Turbulence in the pipe from open channel flow, bends, gas pockets or pump cycling can introduce 
noise into the PWA data. Advanced filtering and algorithms are used to reduce the effect of the 
noise in the data; however, under some conditions noise levels in the data may mask defects. 
These areas are identified in the results.  

The on-board accelerometer records the rotation of the SmartBall tool whereby this data can be 
translated to a rate of rotation and from there, to a velocity profile of the device as it travels the 
entire length of the pipeline. This data is aligned with the acoustic recordings to give a precise 
location of any recorded anomaly. To correlate the accelerometer data to an absolute position 
and time, a reference point is required. Tracking the position of the SmartBall tool via SBR 
provides a time and position to be stamped on the velocity profile, resulting in a position versus 
time relationship for the entire run of the device that is used to report the location of the leak or 
gas pocket. 

The SBR is a device that is used to track the position of the SmartBall tool as it traverses the 
pipeline. The SBR is comprised of a surface mounted sensor (SMS), GPS receiver, and a 
processing computer. Both the SmartBall tool and the SBR are synchronized to standard GPS 
time. 
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An SMS is mounted to the pipeline at planned locations and is connected to an SBR via a coaxial 
cable. The SBR and SMS combination detect ultrasonic pulses emitted from the SmartBall tool. 
The SBRs determine the time taken for the pulse to travel form the SmartBall tool to the SBR, 
and calculate the location of the SmartBall tool at any given time. 

This locational data is paralleled with the data extracted from the SmartBall tool which is then 
used to identify the locations of leaks and gas pockets. Figure 2.8 shows an SMS, which is 
typically mounted to the pipeline itself or pipeline appurtenance.  

 
Figure 2.8: SMS adhered to flange 
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The SmartBall PWA tool was inserted through a bypass connection at Lift Station D in Longboat 
Key (Figure 3.1). The contents of the wet well at Lift Station D were suctioned and discharged 
manually through a bypass pumping process that propelled the inserted SmartBall into the force 
main alignment. The wet well continued to supply flow that was initially supplemented using a 
nearby hydrant.  The SmartBall traversed the four miles to the treatment plant in approximately 4 
hours, where it was then recovered with a net from a bar screen at the grit chamber. 
 

   

Eleven (11) surface mounted sensors were attached at accessible locations (subaqueous, canal 
crossing, soft dig excavations, etc.) to track the progress of the SmartBall PWA tool during the 
inspection (Figure 3.2). During the inspection the average velocity of the SmartBall PWA tool was 
approximately 1.1 feet per second.  
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Upon arrival, the SmartBall PWA tool was extracted from the grit chamber at the SWWRF using 
retrieval nets (Figure 3.3). 

 

Immediately following the inspection, the data collected was downloaded, verified for quality, and 
sent to Pure Technologies’ analysis team for review. The data collected was internally peer 
reviewed to verify that any acoustic anomalies detected were analyzed and accurately classified.  
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No acoustic anomalies resembling leaks or gas pockets were detected during the inspection. 
Some acoustic observations that were made during the analysis included; pump noise as the ball 
exited Lift Station D, several instances of boat motors as the ball crossed the bay, a mechanical 
sound 90 feet downstream of SBR 5, and noise as the ball enters and exits the grit chamber. 

In total, PWA identified and assessed 1,133 segments of pipe. Overall, 95 of 1,133 (8.4%) 
reported pipe segments contained varying levels of magnetic anomalies.  Figure 3.4 highlights 
the distress categories of the 1,133 inspected pipe sections. Relative size estimations were made 
based on the comparative size of all detected anomalies. A pipe list detailing Pure Technologies’ 
pipe wall analysis is attached in Appendix A. The alignment of the 20-inch diameter force main 
and the PWA results are overlaid in an aerial depiction in Appendix B. Appendix C describes the 
limitations of the PWA technology. 

 

 
The magnetic signals associated with 28 of the 76 small anomalies appeared to be similar or 
“repeatable,” as indicated in Pure Technologies’ Pipe List (Appendix A).  It may be likely that a 
manufactured difference in the pipe design (i.e., variance in thickness due to manufacturing 
tolerances, etc.) exists within these 28 pipes sections.  
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To develop actionable information from data generated during the non-destructive field testing, 
Pure Technologies has developed a condition based pipeline management model based on 
structural evaluation of ductile iron pipe. This model incorporates data from the operation of the 
force main, as-built drawings, depth of cover, and industry design specifications. Prior to the 
implementation of any inspection techniques or technologies, a preliminary structural evaluation 
of the Force Main was conducted. The results of this model are presented in a pipeline condition 
curve that allows for both the localized and systemic condition evaluation of the force main. This 
curve represents the Yield Limit of the ductile iron force main along its length, which identifies the 
specific wall thickness required to remain in the elastic zone.  

The establishment of minimum wall thickness of ductile iron pipe for water and wastewater 
services is typically performed using ANSI/AWWA C150/A21.50, which provides guidance for the 
minimum wall thickness based on several operational factors including operating and surge 
pressure, pipe embedment type, depth of cover, and live load conditions. Prior to 1991, ductile 
iron pipe was classified based on thickness class rather than by today’s standard of pressure 
class. Thickness class designations include Classes 50 through 56 and generally as the thickness 
class increases, so does the minimum wall thickness and associated pressure/loading capacity. 
The provided as-built drawings did not indicate the thickness class of DIP utilized.  From the 
internal diameter utilized and the installation date, it was ascertained that the minimum wall 
thickness and pipe dimensions could be retrieved from the AWWA C150 design standard. 
 
Along with depth of cover, pressure is one of the primary data inputs when conducting a structural 
evaluation of ductile iron pipe. While most force mains operate below the design capacity of a 
particular material, when pipe wall degradation due to various failure modes is combined with 
either the operational pressure or surge pressure, the likelihood of failure can be significantly 
increased.  
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Transient Pressure Data – June 7, 2016 to June 10, 2016 
 
Figure 4.1 shows a maximum operating pressure of approximately 39 psi and a minimum 
pressure of -2 psi during pressure surges.   
 
A preliminary structural model is presented in Figure 4.2 for the 20-inch diameter pipe design.  
The chart depicts the minimum required wall thickness to satisfy certain criteria: operating 
pressure (25 psi), operating plus surge pressure (25 psi plus 100 psi surge as per AWWA C150), 
an AWWA C150 design factor of safety of 2, and, based on earth and water loading (subaqueous 
portions, including buoyancy effects), that required to maintain a minimum deflection in the pipe 
of 3%.   
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According to the AWWA C150 Design Standard, the minimum required thickness to sustain 
internal pressure in the 20-inch diameter pipe is 0.07-inch.  Meaning a ductile iron pipe section 
would be expected to yield under the existing operating plus transient pressure conditions and 
ultimately fail.  However, as depicted by the black lines in Figure 4.1, the minimum required 
thickness will be dominated by other factors, the external earth and water weight loading on the 
force main.  Given a minimum average wall thickness of approximately 0.2 inches, over a 
considerable surface area, a pipe section would experience deflection and permanent 
deformation.  AWWA C150 adds another factor of safety that governs the final design of DIP and 
sets the minimum wall thickness requirements (red line). 
 
Once sufficient actual wall thickness measurements are achieved from direct external 
verifications, those measurements can be compared to the chart in Figure 4.1 to understand the 
significance of the defects found and help to calibrate the PWA data.  A finite element model can 
subject the distressed pipes to internal and external loading to achieve a similar chart that will 
depict the pipe design’s Yield and Ultimate Strength Limits based on pressure, earth/live loading, 
and pipe wall defect depth and dimension.  The Yield Limit identifies the specific wall thickness 
required to maintain an un-deformed state, the elastic zone.  This parameter is used to determine 
the safety of the pipeline.  Any wall thickness measurements less than this limit should be 
considered for rehabilitation or replacement.  The Ultimate Strength Limit signifies where the pipe 
is likely to fail. 
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Based on the results of the 20-inch diameter Force Main leak, gas pocket, and PWA inspection 
in February 2016 and subsequent analysis, Pure Technologies concludes the following: 

1. No acoustic anomalies resembling leaks or gas pockets were detected in the force main. 

2. Of the 1,133 magnetically identified pipe segments, 95 (8.4%) showed anomalous 
magnetic signals not attributed to known features or known magnetic stress altering 
locations (i.e, valves, magnetic flow meters, etc.). The 95 pipe wall anomalies were 
classified based on relative size as small (76), medium (18), and large (1).   

3. The magnetic signals associated with 28 of the 76 small anomalies appeared to be similar 
or repeatable.  It may be likely that a manufactured difference in the pipe design (i.e., 
variance in thickness due to manufacturing tolerances, etc.) exists within these 28 pipes 
sections.  

4. The overall distribution of PWA anomalies was uniformly spread throughout the four-mile 
alignment of the force main with approximately 38 of the 95 PWA anomalies existing within 
the boundaries of Sarasota Bay; including the one (1) large anomaly. A complete view of 
the distribution of PWA anomalies across the alignment is located in Appendix C. 

 
5. Assuming manufactured wall thicknesses of 0.33- and 0.54-inch, the 20-inch diameter DIP 

designs satisfied the current AWWA C150 Design Standard throughout the alignment of 
the force main.  A 40% and 60% average reduction in wall thickness, respectively, across 
the 0.33- and 0.54-inch pipe classes, is the maximum allowable under the current AWWA 
C150 Design Standard. External verifications and pipe forensics will aid in developing 
specific finite element models of the force main to determine the exact effect produced by 
the identified volumetric wall losses.  It may be likely, given the size of the defect, location, 
and factor of safety, that the force main can experience a greater wall loss. 
 

7. A transient pressure monitor recorded operational plus surge pressures within the force 
main between June 7, 2016 and June 10, 2016 during a wet weather event.  The average 
operating pressure during this time period measured approximately 25 psi with a 
maximum surge pressure of 39 psi. 
 

    
1. Based on the PWA results, a diversity of test pit locations should be chosen and accessed 

to employ external verification techniques (i.e., high resolution magnetic flux leakage, 
pulsed eddy current, ultrasonic thickness testing, visual inspection, etc.). A sample 
evaluation may include the following locations; 
 

a. Large anomalous pipe, Pipe 115 (Approximately 472 feet downstream of SBR #2); 
b. Three (3) pipes with medium sized anomalies, and; 
c. Two (2) of the “repeatable” pipe sections with small-sized anomalies to investigate 

the origin of the repeating anomalous signal.   
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2. Collected wall thickness measurements should be statistically analyzed to evaluate the 

probability of pipeline failure.  Using this analysis, pipe management strategies can be 
developed that address the short-term management and long-term renewal strategies for 
the force main.



 

  



FL0064SB
Town of Longboat Key Legend
20" Ductile Iron Low Indicates that the size of PWA deviations are smaller in this region.
Alan Bair Medium Indicates that the size of PWA deviations are mid-sized in this region.
Ryan Kraayvanger High Indicates that the size of PWA deviations are larger in this region.
Joann Ren

Limited Joint Detection - Joints were difficult to identify in the PWA signal; 
some pipe joints may not have been detected in these areas

Pure Section 
Number

Approximate Distance 
from Insertion (ft)

Approximate Section Length 
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Suspected 
Feature

Suspected Pipe 
Material

PWA Anomaly Size 
Classification
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Comments

0 0 132 Unknown X Insertion (Exposed Pipe) - Limited Joint detection for first 132 feet
1 132 17 Ductile Iron
2 149 17  Anomaly Ductile Iron Low  
3 167 17 Ductile Iron
4 184 16 Ductile Iron
5 200 16 Ductile Iron
6 216 16 Ductile Iron
7 232 17 Ductile Iron
8 249 17 Ductile Iron
9 266 17 Ductile Iron
10 283 17 Ductile Iron
11 301 17 Ductile Iron
12 318 18 Ductile Iron
13 336 18 Ductile Iron
14 354 19 Ductile Iron
15 373 9 Short Pipe Ductile Iron
16 383 19 Ductile Iron
17 401 20 Ductile Iron
18 421 20 Ductile Iron
19 440 19  Anomaly Ductile Iron Low Repeatable
20 460 19 Ductile Iron
21 479 19 Ductile Iron
22 498 19 Ductile Iron
23 518 19 Ductile Iron
24 537 19 Ductile Iron
25 556 19 Ductile Iron
26 575 19 Ductile Iron
27 595 19 Ductile Iron
28 614 19 Ductile Iron
29 633 19 Ductile Iron
30 652 17 Ductile Iron
31 669 17  Anomaly Ductile Iron Low  
32 687 16 Ductile Iron
33 703 15 Ductile Iron
34 718 15 Ductile Iron
35 733 15 Ductile Iron
36 748 16 Ductile Iron
37 763 16 Ductile Iron
38 780 15 Ductile Iron
39 795 17  Anomaly Ductile Iron Medium  
40 812 18 Ductile Iron
41 830 18 Ductile Iron
42 847 18 Ductile Iron
43 866 18 Ductile Iron
44 884 18 Ductile Iron
45 902 18 Ductile Iron
46 921 19 Ductile Iron
47 940 19 Ductile Iron

48 958 10 Unknown Ductile Iron Possible start of class change - Possible Feature (Division of Contracts 
- 9+80)

49 969 17 Ductile Iron
50 986 12 Short Pipe Ductile Iron
51 998 21 Ductile Iron
52 1,019 18 Ductile Iron
53 1,037 17  Anomaly Ductile Iron Medium  
54 1,054 13 Short Pipe Ductile Iron
55 1,067 18 Ductile Iron
56 1,085 18 Ductile Iron
57 1,103 18 Ductile Iron
58 1,120 17 Ductile Iron
59 1,138 17 Ductile Iron
60 1,155 18 Ductile Iron
61 1,173 19 Ductile Iron
62 1,191 18 Ductile Iron
63 1,209 18 Ductile Iron
64 1,228 17 Ductile Iron
65 1,244 11 Short Pipe Ductile Iron
66 1,255 12 Short Pipe Ductile Iron
67 1,267 17 Ductile Iron
68 1,285 14 Short Pipe Ductile Iron
69 1,299 18 Ductile Iron
70 1,316 20 Ductile Iron
71 1,336 18 Ductile Iron
72 1,354 19 Ductile Iron
73 1,372 19 Ductile Iron
74 1,391 18 Ductile Iron
75 1,409 17 Ductile Iron
76 1,427 19 Ductile Iron
77 1,446 19 Ductile Iron
78 1,465 19 Ductile Iron
79 1,485 18 Ductile Iron
80 1,503 18 Ductile Iron
81 1,522 19 Ductile Iron
82 1,541 19 Ductile Iron
83 1,560 19 Ductile Iron
84 1,579 19 Ductile Iron
85 1,598 18 Ductile Iron
86 1,615 18 Ductile Iron
87 1,633 18 Ductile Iron
88 1,650 20 Ductile Iron
89 1,670 19 Ductile Iron
90 1,690 19 Ductile Iron SBR 2 - 17+35 (Subaqueous Tracking)
91 1,708 19 Ductile Iron
92 1,727 19 Ductile Iron
93 1,746 19 Ductile Iron

Project Number:
Client:

Longboat Key 20 Inch Force Main
Town of Longboat Key

Summary of Pipe Wall Assessment (PWA) Anomalies

Pipe Material & Diameter:
Project Manager:
Primary Analyst: 
QA/QC Analyst: 

NOTES:
- Pipe sections equal to or less than 14 feet , as measured by SmartBall, are indicated as "Short Pipes"
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94 1,765 20 Ductile Iron
95 1,785 20 Ductile Iron
96 1,805 20 Ductile Iron
97 1,825 20 Ductile Iron
98 1,844 18 Ductile Iron
99 1,863 23  Anomaly Ductile Iron Low  
100 1,886 21 Ductile Iron
101 1,907 15 Ductile Iron
102 1,922 17 Ductile Iron
103 1,939 12 Short Pipe Ductile Iron
104 1,951 17 Ductile Iron
105 1,968 20 Ductile Iron
106 1,988 19 Ductile Iron
107 2,007 25 Ductile Iron
108 2,032 19 Ductile Iron
109 2,052 19 Ductile Iron
110 2,071 21 Ductile Iron
111 2,092 16 Ductile Iron
112 2,108 17 Ductile Iron
113 2,125 17 Ductile Iron
114 2,143 20 Ductile Iron
115 2,162 19  Anomaly Ductile Iron High  
116 2,181 19 Ductile Iron
117 2,199 19 Ductile Iron
118 2,218 19 Ductile Iron
119 2,237 19 Ductile Iron
120 2,257 18 Ductile Iron
121 2,274 18 Ductile Iron
122 2,293 22 Ductile Iron
123 2,315 15 Ductile Iron
124 2,330 17 Ductile Iron
125 2,346 19 Ductile Iron
126 2,365 11 Short Pipe Ductile Iron
127 2,377 12 Short Pipe Ductile Iron
128 2,388 13 Short Pipe Ductile Iron
129 2,401 23 Ductile Iron
130 2,424 15 Ductile Iron
131 2,439 13 Short Pipe Ductile Iron
132 2,452 19 Ductile Iron
133 2,471 13 Short Pipe Ductile Iron
134 2,484 13 Short Pipe Ductile Iron
135 2,497 20 Ductile Iron
136 2,517 20 Ductile Iron
137 2,537 24 Ductile Iron
138 2,561 16 Ductile Iron
139 2,576 18 Ductile Iron
140 2,594 19 Ductile Iron
141 2,613 22 Ductile Iron
142 2,635 15 Ductile Iron
143 2,650 19 Ductile Iron
144 2,669 19 Ductile Iron
145 2,688 21  Anomaly Ductile Iron Medium  
146 2,709 18 Ductile Iron
147 2,727 18 Ductile Iron
148 2,745 22 Ductile Iron
149 2,767 17 Ductile Iron
150 2,784 20 Ductile Iron
151 2,804 17 Ductile Iron
152 2,821 21 Ductile Iron
153 2,841 19 Ductile Iron
154 2,860 19 Ductile Iron
155 2,878 19 Ductile Iron
156 2,897 18 Ductile Iron
157 2,915 18 Ductile Iron
158 2,932 19 Ductile Iron
159 2,951 18 Ductile Iron
160 2,968 19 Ductile Iron
161 2,987 19 Ductile Iron
162 3,007 20 Ductile Iron
163 3,027 17 Ductile Iron
164 3,044 18 Ductile Iron
165 3,062 18 Ductile Iron
166 3,080 18 Ductile Iron
167 3,098 17 Ductile Iron
168 3,115 18 Ductile Iron
169 3,133 19 Ductile Iron
170 3,151 19 Ductile Iron
171 3,171 19 Ductile Iron
172 3,190 19 Ductile Iron
173 3,209 19 Ductile Iron
174 3,228 19 Ductile Iron
175 3,248 19 Ductile Iron
176 3,266 19 Ductile Iron
177 3,285 19 Ductile Iron
178 3,304 19 Ductile Iron
179 3,322 19 Ductile Iron
180 3,342 20 Ductile Iron
181 3,362 20 Ductile Iron
182 3,381 20 Ductile Iron
183 3,401 19 Ductile Iron
184 3,420 17 Ductile Iron
185 3,436 18 Ductile Iron
186 3,454 21 Ductile Iron
187 3,476 21  Anomaly Ductile Iron Medium  
188 3,497 16 Ductile Iron
189 3,512 19 Ductile Iron
190 3,531 21 Ductile Iron
191 3,552 21 Ductile Iron
192 3,572 17 Ductile Iron
193 3,589 19  Anomaly Ductile Iron Low  
194 3,608 23 Ductile Iron
195 3,631 15 Ductile Iron
196 3,646 19 Ductile Iron
197 3,665 19 Ductile Iron
198 3,684 19 Ductile Iron
199 3,703 18 Ductile Iron
200 3,722 17 Ductile Iron
201 3,738 17 Ductile Iron
202 3,755 17 Ductile Iron
203 3,772 16 Ductile Iron
204 3,788 16 Ductile Iron
205 3,805 17 Ductile Iron

2



Pure Section 
Number

Approximate Distance 
from Insertion (ft)

Approximate Section Length 
(ft)

Suspected 
Feature

Suspected Pipe 
Material

PWA Anomaly Size 
Classification

Li
m

it
ed

 J
o

in
t 

D
et

ec
ti

o
n

Comments

206 3,822 19 Ductile Iron
207 3,841 18 Ductile Iron
208 3,858 18 Ductile Iron
209 3,876 16 Ductile Iron
210 3,892 16 Ductile Iron
211 3,908 16 Ductile Iron
212 3,924 16 Ductile Iron SBR 3 - 39+80 (Subaqueous Tracking)
213 3,940 18 Ductile Iron
214 3,958 20 Ductile Iron
215 3,978 20 Ductile Iron
216 3,998 19 Ductile Iron
217 4,017 17 Ductile Iron
218 4,034 19 Ductile Iron
219 4,053 19 Ductile Iron
220 4,072 19 Ductile Iron
221 4,091 19 Ductile Iron
222 4,110 19 Ductile Iron
223 4,129 18 Ductile Iron
224 4,146 19 Ductile Iron
225 4,166 19 Ductile Iron
226 4,185 19 Ductile Iron
227 4,203 17 Ductile Iron
228 4,220 17 Ductile Iron
229 4,237 18 Ductile Iron
230 4,255 18 Ductile Iron
231 4,273 18 Ductile Iron
232 4,291 18 Ductile Iron
233 4,309 21 Ductile Iron
234 4,330 17 Ductile Iron
235 4,347 17 Ductile Iron
236 4,365 21 Ductile Iron
237 4,385 19 Ductile Iron
238 4,405 19 Ductile Iron
239 4,424 19 Ductile Iron
240 4,443 19 Ductile Iron
241 4,463 19  Anomaly Ductile Iron Medium  
242 4,482 18 Ductile Iron
243 4,500 18 Ductile Iron
244 4,518 20  Anomaly Ductile Iron Low  
245 4,537 21 Ductile Iron
246 4,558 20 Ductile Iron
247 4,579 16 Ductile Iron
248 4,594 18  Anomaly Ductile Iron Low  
249 4,612 16  Anomaly Ductile Iron Medium  
250 4,629 17 Ductile Iron
251 4,645 22 Ductile Iron
252 4,667 16 Ductile Iron
253 4,683 21 Ductile Iron
254 4,704 21 Ductile Iron
255 4,725 20 Ductile Iron
256 4,745 19 Ductile Iron
257 4,764 19 Ductile Iron
258 4,784 19  Anomaly Ductile Iron Low  
259 4,802 19 Ductile Iron
260 4,821 22 Ductile Iron
261 4,843 20 Ductile Iron
262 4,863 19 Ductile Iron
263 4,883 19 Ductile Iron
264 4,902 19 Ductile Iron
265 4,921 21 Ductile Iron
266 4,943 19 Ductile Iron
267 4,962 19  Anomaly Ductile Iron Medium  
268 4,981 20 Ductile Iron
269 5,001 21 Ductile Iron
270 5,022 19 Ductile Iron
271 5,041 22 Ductile Iron
272 5,063 20 Ductile Iron
273 5,084 19 Ductile Iron
274 5,103 20 Ductile Iron
275 5,123 20 Ductile Iron
276 5,142 23 Ductile Iron
277 5,165 21 Ductile Iron
278 5,186 20 Ductile Iron
279 5,206 19  Anomaly Ductile Iron Medium  
280 5,225 19 Ductile Iron
281 5,244 18  Anomaly Ductile Iron Medium  
282 5,262 20 Ductile Iron
283 5,282 20 Ductile Iron
284 5,301 18 Ductile Iron
285 5,320 18 Ductile Iron
286 5,338 19 Ductile Iron
287 5,357 20 Ductile Iron
288 5,377 21 Ductile Iron
289 5,398 19 Ductile Iron
290 5,417 20 Ductile Iron
291 5,437 22 Ductile Iron
292 5,459 20  Anomaly Ductile Iron Medium  
293 5,479 19 Ductile Iron
294 5,498 19 Ductile Iron
295 5,518 19 Ductile Iron
296 5,537 18 Ductile Iron
297 5,555 17 Ductile Iron
298 5,573 16 Ductile Iron
299 5,589 18 Ductile Iron
300 5,606 18 Ductile Iron
301 5,624 18 Ductile Iron
302 5,642 18 Ductile Iron
303 5,660 16 Ductile Iron
304 5,676 16 Ductile Iron
305 5,692 18 Ductile Iron
306 5,710 18 Ductile Iron
307 5,728 18 Ductile Iron
308 5,746 18 Ductile Iron
309 5,764 17 Ductile Iron
310 5,780 17 Ductile Iron
311 5,797 21 Ductile Iron
312 5,819 21  Anomaly Ductile Iron Low  
313 5,840 20 Ductile Iron
314 5,860 15 Ductile Iron
315 5,874 15 Ductile Iron
316 5,889 16 Ductile Iron
317 5,905 20 Ductile Iron

3



Pure Section 
Number

Approximate Distance 
from Insertion (ft)

Approximate Section Length 
(ft)

Suspected 
Feature

Suspected Pipe 
Material

PWA Anomaly Size 
Classification

Li
m

it
ed

 J
o

in
t 

D
et

ec
ti

o
n

Comments

318 5,925 19  Anomaly Ductile Iron Low  
319 5,944 18 Ductile Iron
320 5,963 15 Ductile Iron
321 5,978 17 Ductile Iron
322 5,995 18 Ductile Iron
323 6,013 17 Ductile Iron
324 6,029 17 Ductile Iron
325 6,046 17 Ductile Iron
326 6,063 15 Ductile Iron
327 6,078 15 Ductile Iron
328 6,092 16 Ductile Iron
329 6,108 18  Anomaly Ductile Iron Low  
330 6,126 18 Ductile Iron
331 6,145 18 Ductile Iron
332 6,163 18 Ductile Iron
333 6,181 17 Ductile Iron
334 6,198 16 Ductile Iron
335 6,214 17 Ductile Iron
336 6,231 17 Ductile Iron
337 6,248 17 Ductile Iron
338 6,265 17 Ductile Iron SBR 4 - 63+11 (Subaqueous Tracking)
339 6,282 17 Ductile Iron
340 6,299 17 Ductile Iron
341 6,316 20 Ductile Iron
342 6,337 23 Ductile Iron
343 6,360 17  Anomaly Ductile Iron Low  
344 6,377 18 Ductile Iron
345 6,394 18 Ductile Iron
346 6,412 19 Ductile Iron
347 6,431 19 Ductile Iron
348 6,450 22 Ductile Iron
349 6,472 19 Ductile Iron
350 6,492 19 Ductile Iron
351 6,511 20 Ductile Iron
352 6,530 16 Ductile Iron
353 6,547 19 Ductile Iron
354 6,566 19 Ductile Iron
355 6,585 19 Ductile Iron
356 6,604 17 Ductile Iron
357 6,622 18 Ductile Iron
358 6,640 18 Ductile Iron
359 6,658 21 Ductile Iron
360 6,679 19 Ductile Iron
361 6,698 19 Ductile Iron
362 6,718 19 Ductile Iron
363 6,737 19 Ductile Iron
364 6,756 19  Anomaly Ductile Iron Low  
365 6,775 21 Ductile Iron
366 6,796 17 Ductile Iron
367 6,814 19 Ductile Iron
368 6,833 19  Anomaly Ductile Iron Medium  
369 6,852 18 Ductile Iron
370 6,869 20 Ductile Iron
371 6,889 20 Ductile Iron
372 6,909 20 Ductile Iron
373 6,928 16  Anomaly Ductile Iron Low  
374 6,944 18 Ductile Iron
375 6,962 19 Ductile Iron
376 6,980 19 Ductile Iron
377 6,999 19 Ductile Iron
378 7,017 19  Anomaly Ductile Iron Low  
379 7,036 16 Ductile Iron
380 7,052 20 Ductile Iron
381 7,072 20 Ductile Iron
382 7,091 18 Ductile Iron
383 7,109 18 Ductile Iron
384 7,127 18 Ductile Iron
385 7,145 18 Ductile Iron
386 7,162 18 Ductile Iron
387 7,180 18 Ductile Iron
388 7,198 18 Ductile Iron
389 7,216 19 Ductile Iron
390 7,235 18 Ductile Iron
391 7,252 19 Ductile Iron
392 7,271 20 Ductile Iron
393 7,291 21 Ductile Iron
394 7,311 20 Ductile Iron
395 7,331 20  Anomaly Ductile Iron Low  
396 7,351 16 Ductile Iron
397 7,368 23 Ductile Iron
398 7,390 15 Ductile Iron
399 7,405 22 Ductile Iron
400 7,427 20 Ductile Iron
401 7,446 16 Ductile Iron
402 7,462 20 Ductile Iron
403 7,481 18 Ductile Iron
404 7,499 20 Ductile Iron
405 7,519 19 Ductile Iron
406 7,538 19 Ductile Iron
407 7,558 21 Ductile Iron
408 7,578 21  Anomaly Ductile Iron Low  
409 7,599 21  Anomaly Ductile Iron Low  
410 7,619 21 Ductile Iron
411 7,640 19 Ductile Iron
412 7,658 19 Ductile Iron
413 7,678 19  Anomaly Ductile Iron Low  
414 7,697 21 Ductile Iron
415 7,718 21 Ductile Iron
416 7,739 17 Ductile Iron
417 7,756 16 Ductile Iron
418 7,772 18 Ductile Iron
419 7,790 18 Ductile Iron
420 7,808 16 Ductile Iron
421 7,825 17 Ductile Iron
422 7,842 19 Ductile Iron
423 7,861 20 Ductile Iron
424 7,881 22 Ductile Iron
425 7,903 20 Ductile Iron
426 7,923 20 Ductile Iron
427 7,943 13 Short Pipe Ductile Iron
428 7,956 15 Ductile Iron
429 7,971 18 Ductile Iron
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430 7,989 17 Ductile Iron
431 8,007 17 Ductile Iron
432 8,024 17 Unknown Ductile Iron Possible Feature
433 8,042 20 Ductile Iron
434 8,062 20 Ductile Iron
435 8,082 19 Ductile Iron
436 8,101 19  Anomaly Ductile Iron Low  
437 8,120 15 Ductile Iron
438 8,135 18 Ductile Iron
439 8,153 15 Ductile Iron
440 8,168 20 Ductile Iron
441 8,187 20  Anomaly Ductile Iron Medium  
442 8,208 20  Anomaly Ductile Iron Low  
443 8,228 20  Anomaly Ductile Iron Low  
444 8,248 13 Short Pipe Ductile Iron
445 8,261 17 Ductile Iron
446 8,278 19 Ductile Iron
447 8,297 19 Ductile Iron
448 8,315 20 Ductile Iron
449 8,335 18 Ductile Iron
450 8,353 19 Ductile Iron
451 8,373 19 Ductile Iron
452 8,392 19 Ductile Iron
453 8,411 19 Ductile Iron
454 8,430 19 Ductile Iron
455 8,449 17 Ductile Iron
456 8,467 17 Ductile Iron
457 8,484 17  Anomaly Ductile Iron Low  
458 8,501 19 Ductile Iron
459 8,520 20 Ductile Iron
460 8,539 18 Ductile Iron
461 8,557 20 Ductile Iron SBR 5 - 86+16 (Subaqueous Tracking)
462 8,577 26 Ductile Iron
463 8,604 25 Ductile Iron
464 8,629 26 Ductile Iron
465 8,654 20 Ductile Iron Pump noise heard on acoustics
466 8,674 23 Ductile Iron
467 8,698 24 Ductile Iron
468 8,722 23 Ductile Iron
469 8,745 23 Ductile Iron
470 8,768 23 Ductile Iron
471 8,791 23 Ductile Iron
472 8,814 23 Ductile Iron
473 8,837 23 Ductile Iron
474 8,860 23 Ductile Iron
475 8,883 23 Ductile Iron Drain noise heard on acoustics
476 8,906 23 Ductile Iron
477 8,929 24 Ductile Iron
478 8,953 23 Ductile Iron
479 8,976 17 Ductile Iron
480 8,993 21  Anomaly Ductile Iron Low  
481 9,014 21 Ductile Iron
482 9,035 21 Ductile Iron
483 9,057 23 Ductile Iron
484 9,079 22 Ductile Iron
485 9,101 25 Ductile Iron
486 9,126 24 Ductile Iron
487 9,150 25 Ductile Iron
488 9,175 25 Ductile Iron
489 9,199 25 Ductile Iron
490 9,224 11 Short Pipe Ductile Iron
491 9,235 20 Ductile Iron
492 9,255 24 Ductile Iron
493 9,279 22 Ductile Iron
494 9,301 25 Ductile Iron
495 9,326 17 Ductile Iron
496 9,343 23 Ductile Iron
497 9,366 22 Ductile Iron
498 9,388 22 Ductile Iron
499 9,410 23 Ductile Iron
500 9,432 22 Ductile Iron
501 9,455 22  Anomaly Ductile Iron Low  
502 9,477 21 Ductile Iron
503 9,497 14 Short Pipe Ductile Iron
504 9,511 23 Ductile Iron
505 9,534 21 Ductile Iron
506 9,555 19 Ductile Iron
507 9,574 19 Ductile Iron
508 9,594 21 Ductile Iron
509 9,615 21 Ductile Iron
510 9,635 18 Ductile Iron
511 9,653 18 Ductile Iron
512 9,671 20 Ductile Iron
513 9,691 20 Ductile Iron
514 9,712 20  Anomaly Ductile Iron Low  
515 9,732 20 Ductile Iron
516 9,752 12 Short Pipe Ductile Iron
517 9,764 19 Ductile Iron
518 9,783 18 Ductile Iron
519 9,801 17 Ductile Iron
520 9,817 17 Ductile Iron
521 9,834 17 Ductile Iron
522 9,850 15 Ductile Iron
523 9,866 19 Ductile Iron
524 9,885 18 Ductile Iron
525 9,902 18 Ductile Iron
526 9,920 18 Ductile Iron
527 9,938 18 Ductile Iron
528 9,956 18 Ductile Iron
529 9,973 16 Ductile Iron
530 9,990 18 Ductile Iron
531 10,008 16 Ductile Iron
532 10,024 16 Ductile Iron
533 10,040 17 Ductile Iron
534 10,057 17 Ductile Iron
535 10,074 16 Ductile Iron
536 10,090 16 Ductile Iron
537 10,106 18 Ductile Iron
538 10,124 22 Ductile Iron
539 10,146 16 Ductile Iron
540 10,162 20 Ductile Iron
541 10,182 19 Ductile Iron
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542 10,200 15 Ductile Iron
543 10,215 11 Short Pipe Ductile Iron
544 10,227 15 Ductile Iron
545 10,242 16 Ductile Iron
546 10,258 16 Ductile Iron
547 10,273 16 Ductile Iron
548 10,289 17 Ductile Iron
549 10,307 19 Ductile Iron
550 10,326 20 Ductile Iron
551 10,345 10 Short Pipe Ductile Iron
552 10,355 16 Ductile Iron
553 10,371 17 Ductile Iron
554 10,388 19 Ductile Iron
555 10,407 12 Short Pipe Ductile Iron
556 10,419 14 Short Pipe Ductile Iron
557 10,433 18 Ductile Iron
558 10,451 16 Ductile Iron
559 10,467 16 Ductile Iron
560 10,483 17 Ductile Iron
561 10,500 17 Ductile Iron
562 10,517 18  Anomaly Ductile Iron Low  
563 10,534 11 Short Pipe Ductile Iron
564 10,546 17 Ductile Iron
565 10,563 15 Ductile Iron
566 10,578 16 Ductile Iron
567 10,595 18 Ductile Iron
568 10,613 19 Ductile Iron
569 10,632 18 Ductile Iron
570 10,650 12 Short Pipe Ductile Iron
571 10,662 16 Ductile Iron
572 10,678 20 Ductile Iron
573 10,698 12 Short Pipe Ductile Iron
574 10,710 16 Ductile Iron
575 10,726 16 Ductile Iron
576 10,742 19 Ductile Iron
577 10,760 18  Anomaly Ductile Iron Low  
578 10,778 19 Ductile Iron
579 10,797 16 Ductile Iron
580 10,813 16 Ductile Iron
581 10,829 18 Ductile Iron
582 10,847 15 Ductile Iron
583 10,862 11 Short Pipe Ductile Iron
584 10,872 22 Ductile Iron
585 10,895 20 Ductile Iron
586 10,915 13 Short Pipe Ductile Iron
587 10,927 16 Ductile Iron
588 10,943 14 Ductile Iron SBR 6 - 109+89 (Subaqueous Tracking)
589 10,958 20 Ductile Iron
590 10,977 18 Ductile Iron
591 10,996 18 Ductile Iron
592 11,014 22 Ductile Iron
593 11,035 21 Ductile Iron
594 11,057 21 Ductile Iron
595 11,078 19 Ductile Iron
596 11,097 17 Ductile Iron
597 11,113 18  Anomaly Ductile Iron Low  
598 11,132 22 Ductile Iron
599 11,154 20 Ductile Iron
600 11,174 16 Ductile Iron
601 11,190 19 Ductile Iron
602 11,209 17 Ductile Iron
603 11,226 22 Ductile Iron
604 11,248 19 Ductile Iron
605 11,267 20 Ductile Iron
606 11,287 21 Ductile Iron
607 11,308 23 Ductile Iron
608 11,331 24 Ductile Iron
609 11,355 23 Ductile Iron
610 11,378 20 Ductile Iron
611 11,398 20 Ductile Iron
612 11,418 19 Ductile Iron
613 11,438 19 Ductile Iron
614 11,457 19 Ductile Iron
615 11,476 19 Ductile Iron
616 11,496 19 Ductile Iron
617 11,515 18 Ductile Iron
618 11,533 15 Ductile Iron
619 11,549 17 Ductile Iron
620 11,566 18 Ductile Iron
621 11,584 17 Ductile Iron
622 11,601 20 Ductile Iron
623 11,621 21 Ductile Iron
624 11,642 21 Ductile Iron
625 11,663 20 Ductile Iron
626 11,683 18 Ductile Iron
627 11,701 18 Ductile Iron
628 11,719 18 Ductile Iron
629 11,737 22  Anomaly Ductile Iron Low  
630 11,759 22 Ductile Iron
631 11,781 18 Ductile Iron
632 11,800 20 Ductile Iron
633 11,819 19 Ductile Iron
634 11,838 21 Ductile Iron
635 11,859 21 Ductile Iron
636 11,880 21 Ductile Iron
637 11,901 20 Ductile Iron End of class change
638 11,921 13  Elbow Ductile Iron Bend 2 - 119+15.9
639 11,934 15  Anomaly Ductile Iron Low Repeatable
640 11,949 15 Ductile Iron
641 11,964 14 Short Pipe Ductile Iron
642 11,978 14 Short Pipe Ductile Iron
643 11,991 12 Short Pipe Ductile Iron
644 12,003 13 Short Pipe Ductile Iron
645 12,017 17 Ductile Iron
646 12,033 17  Anomaly Ductile Iron Low Repeatable
647 12,051 16  Anomaly Ductile Iron Low Repeatable
648 12,067 15 Ductile Iron
649 12,081 17 Ductile Iron
650 12,099 18 Ductile Iron
651 12,116 14 Short Pipe Ductile Iron
652 12,130 15  Anomaly Ductile Iron Low  
653 12,145 16 Ductile Iron
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654 12,161 20 Ductile Iron
655 12,180 18 Ductile Iron
656 12,198 19  Anomaly Ductile Iron Low Repeatable
657 12,217 18 Ductile Iron
658 12,235 16  Anomaly Ductile Iron Low Repeatable
659 12,251 17 Ductile Iron
660 12,267 17 Ductile Iron
661 12,284 19 Ductile Iron
662 12,303 17 Ductile Iron
663 12,320 20 Ductile Iron
664 12,340 20 Ductile Iron
665 12,360 19 Ductile Iron
666 12,379 19  Anomaly Ductile Iron Low Repeatable
667 12,398 18 Ductile Iron
668 12,416 19  Anomaly Ductile Iron Low  
669 12,435 21 Ductile Iron
670 12,456 19 Ductile Iron
671 12,475 14  Anomaly Ductile Iron Low  
672 12,489 16 Ductile Iron
673 12,506 15  Anomaly Ductile Iron Low  
674 12,521 16 Ductile Iron
675 12,536 19 Ductile Iron
676 12,555 18 Ductile Iron
677 12,574 20 Ductile Iron
678 12,594 18 Ductile Iron
679 12,612 18  Anomaly Ductile Iron Low Repeatable
680 12,630 18 Ductile Iron
681 12,648 20 Ductile Iron
682 12,668 18 Ductile Iron
683 12,686 18 Ductile Iron
684 12,705 20 Ductile Iron
685 12,725 20 Ductile Iron
686 12,745 22 Ductile Iron
687 12,766 20 Ductile Iron
688 12,787 20 Ductile Iron
689 12,807 21 Ductile Iron
690 12,828 18 Ductile Iron
691 12,847 18 Ductile Iron
692 12,865 18 Ductile Iron
693 12,883 18 Ductile Iron
694 12,901 17 Ductile Iron
695 12,918 18 Ductile Iron
696 12,936 17 Ductile Iron
697 12,953 17  Anomaly Ductile Iron Low Repeatable
698 12,969 18 Ductile Iron
699 12,988 19 Ductile Iron
700 13,007 19 Ductile Iron
701 13,026 19 Ductile Iron
702 13,045 16 Ductile Iron
703 13,061 17 Ductile Iron
704 13,078 16 Ductile Iron
705 13,094 16 Ductile Iron
706 13,110 16 Ductile Iron
707 13,127 16  Anomaly Ductile Iron Low  
708 13,142 12 Short Pipe Ductile Iron
709 13,154 9 Unknown Ductile Iron Possible Feature
710 13,163 14 Short Pipe Ductile Iron
711 13,177 17 Ductile Iron
712 13,194 16 Ductile Iron SBR 7 - 130+70 (Soft Dig)
713 13,210 18 Ductile Iron
714 13,227 19 Ductile Iron
715 13,246 16 Ductile Iron
716 13,261 16 Ductile Iron
717 13,278 16  Anomaly Ductile Iron Low Repeatable
718 13,294 16 Ductile Iron
719 13,309 17 Ductile Iron
720 13,326 16  Anomaly Ductile Iron Low Repeatable
721 13,343 18 Ductile Iron
722 13,361 16 Ductile Iron
723 13,376 15 Ductile Iron
724 13,391 16 Ductile Iron
725 13,407 16 Ductile Iron
726 13,423 17 Ductile Iron
727 13,440 17 Ductile Iron
728 13,457 16 Ductile Iron
729 13,473 18 Ductile Iron
730 13,491 17 Ductile Iron
731 13,508 16 Ductile Iron
732 13,523 18 Ductile Iron
733 13,541 17  Anomaly Ductile Iron Low Repeatable
734 13,558 17 Ductile Iron
735 13,575 22 Ductile Iron
736 13,597 19  Anomaly Ductile Iron Low Repeatable
737 13,616 21 Ductile Iron
738 13,637 19 Ductile Iron
739 13,655 21  Anomaly Ductile Iron Low Repeatable
740 13,677 18  Anomaly Ductile Iron Low Repeatable
741 13,695 18  Anomaly Ductile Iron Low Repeatable
742 13,714 17  Anomaly Ductile Iron Low Repeatable
743 13,731 19 Ductile Iron
744 13,750 19 Ductile Iron
745 13,769 17  Anomaly Ductile Iron Low Repeatable
746 13,786 19 Ductile Iron
747 13,805 17 Ductile Iron
748 13,822 20 Ductile Iron
749 13,842 20 Ductile Iron
750 13,862 20 Ductile Iron
751 13,882 20 Ductile Iron
752 13,902 17 Ductile Iron
753 13,919 18 Ductile Iron
754 13,936 20 Ductile Iron
755 13,956 18 Ductile Iron
756 13,974 18 Ductile Iron
757 13,992 16 Ductile Iron
758 14,008 16 Ductile Iron
759 14,023 16 Ductile Iron
760 14,039 19 Ductile Iron
761 14,058 18 Ductile Iron
762 14,076 19 Ductile Iron
763 14,096 16  Anomaly Ductile Iron Low  
764 14,112 20 Ductile Iron
765 14,132 19 Ductile Iron
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766 14,151 17 Ductile Iron
767 14,168 17 Ductile Iron
768 14,185 20 Ductile Iron
769 14,206 21 Ductile Iron
770 14,226 20 Ductile Iron
771 14,247 19 Ductile Iron
772 14,266 22 Ductile Iron
773 14,287 19 Ductile Iron
774 14,306 20 Ductile Iron
775 14,326 17 Ductile Iron
776 14,343 17 Ductile Iron
777 14,361 17 Ductile Iron
778 14,378 18 Ductile Iron
779 14,396 19 Ductile Iron
780 14,415 19 Ductile Iron
781 14,434 18 Ductile Iron
782 14,452 18 Ductile Iron
783 14,469 18  Anomaly Ductile Iron Low Repeatable
784 14,487 20  Anomaly Ductile Iron Medium  
785 14,507 19 Ductile Iron
786 14,525 19 Ductile Iron
787 14,544 18 Ductile Iron
788 14,562 18 Ductile Iron
789 14,579 18 Ductile Iron
790 14,597 20 Ductile Iron SBR 8 - 144+86 (Soft Dig)
791 14,616 17 Ductile Iron
792 14,632 17 Ductile Iron
793 14,650 16 Ductile Iron
794 14,666 18 Ductile Iron
795 14,684 16 Ductile Iron
796 14,700 16 Ductile Iron
797 14,716 16 Ductile Iron
798 14,732 15 Ductile Iron
799 14,748 16 Ductile Iron
800 14,764 18  Anomaly Ductile Iron Medium  
801 14,782 16 Ductile Iron
802 14,798 17 Ductile Iron
803 14,815 17 Ductile Iron
804 14,832 16 Ductile Iron
805 14,848 16 Ductile Iron
806 14,864 17 Ductile Iron
807 14,881 19 Ductile Iron
808 14,900 19 Ductile Iron
809 14,919 16 Ductile Iron
810 14,935 18 Ductile Iron
811 14,953 18 Ductile Iron
812 14,971 18 Ductile Iron
813 14,989 19 Ductile Iron
814 15,008 20 Ductile Iron
815 15,027 20 Ductile Iron
816 15,047 20 Ductile Iron
817 15,067 17 Ductile Iron
818 15,084 19 Ductile Iron
819 15,103 18  Anomaly Ductile Iron Low Repeatable
820 15,121 20 Ductile Iron
821 15,140 20 Ductile Iron
822 15,160 17 Ductile Iron
823 15,177 17 Ductile Iron
824 15,194 7 Short Pipe Ductile Iron
825 15,200 16  Elbow Ductile Iron Bend 3 - 152+59.4
826 15,217 19  Anomaly Ductile Iron Low Repeatable
827 15,235 14 Ductile Iron
828 15,249 13 Short Pipe Ductile Iron
829 15,262 19 Ductile Iron
830 15,281 19 Ductile Iron
831 15,300 18 Ductile Iron
832 15,318 16 Ductile Iron
833 15,334 17 Ductile Iron
834 15,351 18 Ductile Iron
835 15,369 18 Ductile Iron
836 15,387 17  Anomaly Ductile Iron Low  
837 15,404 19 Ductile Iron
838 15,423 20 Ductile Iron
839 15,443 20 Ductile Iron
840 15,463 19 Ductile Iron
841 15,482 22 Ductile Iron
842 15,504 6 Short Pipe Ductile Iron
843 15,510 7 Short Pipe Ductile Iron
844 15,516 6 Short Pipe Ductile Iron
845 15,523 6 Short Pipe Ductile Iron Collection of Short Pipes - Possible Feature in Area
846 15,528 6 Short Pipe Ductile Iron
847 15,535 7 Short Pipe Ductile Iron
848 15,542 6 Short Pipe Ductile Iron
849 15,547 14 Short Pipe Ductile Iron
850 15,561 21 Ductile Iron
851 15,582 19 Ductile Iron
852 15,601 19  Anomaly Ductile Iron Low  
853 15,620 22 Ductile Iron
854 15,643 18 Ductile Iron
855 15,660 18 Ductile Iron
856 15,678 18 Ductile Iron
857 15,696 17 Ductile Iron
858 15,713 11 Short Pipe Ductile Iron
859 15,724 21 Ductile Iron
860 15,745 21 Ductile Iron
861 15,765 23 Ductile Iron
862 15,788 18  Anomaly Ductile Iron Low Repeatable
863 15,806 17 Ductile Iron
864 15,823 20 Ductile Iron
865 15,843 19 Ductile Iron
866 15,862 18  Anomaly Ductile Iron Low Repeatable
867 15,880 14 Ductile Iron
868 15,894 17  Anomaly Ductile Iron Low Repeatable
869 15,911 19  Anomaly Ductile Iron Low Repeatable
870 15,931 23 Ductile Iron
871 15,953 20 Ductile Iron
872 15,973 18 Ductile Iron
873 15,991 18 Elbow Ductile Iron Small (approx. 20 degree)  bend seen in data, not in drawings
874 16,010 19  Anomaly Ductile Iron Low Repeatable
875 16,029 21 Ductile Iron
876 16,049 21 Ductile Iron
877 16,070 21 Ductile Iron
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878 16,091 23 Ductile Iron
879 16,114 20 Ductile Iron
880 16,134 18 Ductile Iron
881 16,153 20 Ductile Iron
882 16,173 19 Ductile Iron
883 16,192 19 Ductile Iron
884 16,211 19 Ductile Iron
885 16,230 17 Ductile Iron
886 16,248 18 Ductile Iron
887 16,266 19 Ductile Iron
888 16,285 19 Ductile Iron
889 16,303 19 Ductile Iron
890 16,322 19 Ductile Iron
891 16,341 19 Ductile Iron
892 16,360 19 Ductile Iron
893 16,378 16 Ductile Iron
894 16,395 17 Ductile Iron
895 16,412 18 Ductile Iron
896 16,429 18 Ductile Iron
897 16,447 20 Ductile Iron
898 16,467 19 Ductile Iron
899 16,486 8  Elbow Ductile Iron Bend 4 - 165+88.4
900 16,495 18 Ductile Iron
901 16,512 19 Ductile Iron
902 16,531 19 Ductile Iron
903 16,550 20 Ductile Iron
904 16,570 22 Ductile Iron
905 16,593 22 Ductile Iron
906 16,615 22 Ductile Iron
907 16,636 18 Ductile Iron SBR 9 - 165+68 (Exposed Pipe)
908 16,655 17 Ductile Iron
909 16,672 19 Ductile Iron
910 16,690 18 Ductile Iron
911 16,708 17 Ductile Iron
912 16,726 18 Ductile Iron
913 16,744 18 Ductile Iron
914 16,762 18 Ductile Iron
915 16,780 18 Ductile Iron
916 16,798 18 Ductile Iron
917 16,816 17 Ductile Iron
918 16,833 18 Ductile Iron
919 16,852 18 Ductile Iron
920 16,870 18 Ductile Iron
921 16,888 19 Ductile Iron
922 16,906 17 Ductile Iron
923 16,923 19 Ductile Iron
924 16,941 19 Ductile Iron
925 16,960 18 Ductile Iron
926 16,978 18 Ductile Iron
927 16,995 18 Ductile Iron
928 17,013 18 Ductile Iron
929 17,030 19 Ductile Iron
930 17,049 18 Ductile Iron
931 17,068 18 Ductile Iron
932 17,085 17 Ductile Iron
933 17,102 18 Ductile Iron
934 17,120 18  Anomaly Ductile Iron Medium  
935 17,138 19 Ductile Iron
936 17,157 19 Ductile Iron
937 17,175 19 Ductile Iron
938 17,194 19  Anomaly Ductile Iron Low  
939 17,213 19 Ductile Iron
940 17,231 18 Ductile Iron
941 17,250 18 Ductile Iron
942 17,268 20 Ductile Iron
943 17,288 20  Anomaly Ductile Iron Low  
944 17,308 20 Ductile Iron
945 17,328 17 Ductile Iron
946 17,344 17 Ductile Iron
947 17,362 18 Ductile Iron
948 17,380 17  Anomaly Ductile Iron Low  
949 17,398 17 Ductile Iron
950 17,415 18 Ductile Iron
951 17,433 18 Ductile Iron
952 17,451 20  Anomaly Ductile Iron Low  
953 17,471 19 Ductile Iron
954 17,490 19 Ductile Iron
955 17,509 20 Ductile Iron
956 17,529 20 Ductile Iron
957 17,548 20 Ductile Iron
958 17,568 20  Anomaly Ductile Iron Low  
959 17,587 20 Ductile Iron
960 17,607 20 Ductile Iron
961 17,627 20 Ductile Iron
962 17,647 19 Ductile Iron
963 17,665 19 Ductile Iron
964 17,685 19 Ductile Iron
965 17,704 19 Ductile Iron
966 17,723 19 Ductile Iron
967 17,742 19 Ductile Iron
968 17,761 19 Ductile Iron
969 17,780 19 Ductile Iron
970 17,799 19  Anomaly Ductile Iron Low Repeatable
971 17,818 19 Ductile Iron
972 17,837 20 Ductile Iron
973 17,857 20 Ductile Iron
974 17,877 20 Ductile Iron
975 17,897 20 Ductile Iron
976 17,916 20  Anomaly Ductile Iron Low  
977 17,936 20 Ductile Iron
978 17,956 19 Ductile Iron
979 17,975 20 Ductile Iron
980 17,995 18 Ductile Iron
981 18,013 18 Ductile Iron
982 18,031 18 Ductile Iron
983 18,049 19 Ductile Iron
984 18,068 19 Ductile Iron
985 18,087 19 Ductile Iron
986 18,106 20 Ductile Iron
987 18,126 20 Ductile Iron
988 18,146 20 Ductile Iron
989 18,166 20 Ductile Iron
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990 18,185 19  Anomaly Ductile Iron Medium  
991 18,204 19 Ductile Iron
992 18,223 19 Ductile Iron
993 18,243 19 Ductile Iron
994 18,261 19 Ductile Iron
995 18,280 19 Ductile Iron
996 18,299 20 Ductile Iron
997 18,318 20  Anomaly Ductile Iron Medium  
998 18,338 19 Ductile Iron
999 18,357 19 Ductile Iron

1,000 18,376 18  Anomaly Ductile Iron Low  
1,001 18,394 17 Ductile Iron
1,002 18,411 18 Ductile Iron
1,003 18,429 19 Ductile Iron
1,004 18,448 18 Ductile Iron
1,005 18,466 17 Ductile Iron
1,006 18,483 18 Ductile Iron
1,007 18,501 20 Ductile Iron
1,008 18,521 17 Ductile Iron
1,009 18,538 20 Ductile Iron
1,010 18,558 17 Ductile Iron
1,011 18,575 19 Ductile Iron
1,012 18,594 19 Ductile Iron
1,013 18,614 18 Ductile Iron
1,014 18,632 19 Ductile Iron
1,015 18,650 17 Ductile Iron
1,016 18,668 22 Ductile Iron SBR 10 - 186+11 (Soft Dig)
1,017 18,689 25 Ductile Iron
1,018 18,715 25 Ductile Iron
1,019 18,740 23 Ductile Iron
1,020 18,764 24  Anomaly Ductile Iron Medium  
1,021 18,788 23 Ductile Iron
1,022 18,811 22  Anomaly Ductile Iron Low  
1,023 18,832 23 Ductile Iron
1,024 18,856 20  Anomaly Ductile Iron Low  
1,025 18,876 23 Ductile Iron
1,026 18,899 21 Ductile Iron
1,027 18,920 23 Ductile Iron
1,028 18,943 24 Ductile Iron
1,029 18,967 23 Ductile Iron
1,030 18,990 23 Ductile Iron
1,031 19,013 23 Ductile Iron
1,032 19,036 22 Ductile Iron
1,033 19,058 22 Ductile Iron
1,034 19,080 23  Anomaly Ductile Iron Low  
1,035 19,103 21 Ductile Iron
1,036 19,124 24 Ductile Iron
1,037 19,148 21 Ductile Iron
1,038 19,169 23 Ductile Iron
1,039 19,192 23 Ductile Iron
1,040 19,215 23 Ductile Iron
1,041 19,239 20 Ductile Iron
1,042 19,258 22 Ductile Iron
1,043 19,281 20 Ductile Iron
1,044 19,301 22  Anomaly Ductile Iron Low Repeatable
1,045 19,323 21 Ductile Iron  
1,046 19,344 17 Ductile Iron
1,047 19,361 19 Ductile Iron
1,048 19,380 18 Ductile Iron
1,049 19,398 18 Ductile Iron
1,050 19,416 19 Ductile Iron
1,051 19,435 19 Ductile Iron
1,052 19,454 18 Ductile Iron
1,053 19,471 15 Ductile Iron
1,054 19,486 17 Ductile Iron
1,055 19,503 18 Ductile Iron
1,056 19,521 19 Ductile Iron
1,057 19,540 20 Ductile Iron
1,058 19,560 17 Ductile Iron
1,059 19,577 18 Ductile Iron
1,060 19,595 20 Ductile Iron
1,061 19,616 21 Ductile Iron
1,062 19,637 21 Ductile Iron
1,063 19,658 21 Ductile Iron
1,064 19,679 20 Ductile Iron
1,065 19,699 19 Ductile Iron
1,066 19,718 20 Ductile Iron
1,067 19,738 20 Ductile Iron
1,068 19,758 20 Ductile Iron
1,069 19,778 19 Ductile Iron
1,070 19,797 19 Ductile Iron
1,071 19,816 19 Ductile Iron
1,072 19,836 19 Ductile Iron
1,073 19,855 17 Ductile Iron
1,074 19,872 16 Ductile Iron
1,075 19,888 18 Ductile Iron
1,076 19,907 20 Ductile Iron
1,077 19,926 16 Ductile Iron
1,078 19,943 17 Ductile Iron
1,079 19,960 18 Ductile Iron
1,080 19,978 18  Anomaly Ductile Iron Low  
1,081 19,996 18 Ductile Iron
1,082 20,014 18 Ductile Iron
1,083 20,032 19 Ductile Iron
1,084 20,052 18 Ductile Iron
1,085 20,069 17 Ductile Iron
1,086 20,086 18 Ductile Iron
1,087 20,104 18 Ductile Iron
1,088 20,121 18 Ductile Iron
1,089 20,139 18 Ductile Iron
1,090 20,157 18 Ductile Iron  
1,091 20,175 18 Ductile Iron
1,092 20,193 18 Ductile Iron
1,093 20,211 18 Ductile Iron
1,094 20,228 9 Short Pipe Ductile Iron
1,095 20,237 11 Short Pipe Ductile Iron
1,096 20,248 17 Ductile Iron
1,097 20,266 17 Ductile Iron
1,098 20,283 18 Ductile Iron
1,099 20,302 18 Ductile Iron
1,100 20,320 18 Ductile Iron
1,101 20,338 18 Ductile Iron
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1,102 20,356 17 Ductile Iron
1,103 20,373 19 Ductile Iron
1,104 20,392 19 Ductile Iron
1,105 20,410 18 Ductile Iron
1,106 20,428 18 Ductile Iron
1,107 20,446 19 Ductile Iron
1,108 20,465 17 Ductile Iron
1,109 20,482 19 Ductile Iron
1,110 20,501 19 Ductile Iron
1,111 20,520 19 Ductile Iron
1,112 20,539 19 Ductile Iron
1,113 20,558 19 Ductile Iron
1,114 20,577 17 Ductile Iron
1,115 20,595 19 Ductile Iron
1,116 20,614 18 Ductile Iron
1,117 20,632 19 Ductile Iron
1,118 20,651 19 Ductile Iron
1,119 20,669 102 Possible PVC X Possible  Material Change to PVC for this section - Bend 5 
1,120 20,771 19 Ductile Iron
1,121 20,790 16 Ductile Iron
1,122 20,806 16 Unknown Ductile Iron Possible Feature
1,123 20,822 17 Ductile Iron
1,124 20,839 17 Ductile Iron
1,125 20,856 19 Ductile Iron
1,126 20,875 14 Ductile Iron
1,127 20,889 17 Ductile Iron
1,128 20,906 19 Ductile Iron
1,129 20,925 19 Ductile Iron
1,130 20,943 11 Short Pipe Ductile Iron
1,131 20,954 16 Ductile Iron
1,132 20,970 17 Ductile Iron
1,133 20,987 11 Short Pipe Ductile Iron Extraction Chamber
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The on-board accelerometer records the rotation of the SmartBall tool, this data can be translated 
to a rate of rotation. From there a velocity profile for the device can be generated as it travels the 
entire length of the pipeline. This data is aligned with the acoustic recordings to give a precise 
location of any recorded anomaly. To correlate the accelerometer data to an absolute position 
and time, a reference point is required. Tracking the position of the SmartBall tool via SmartBall 
Receivers (SBRs) provides a time and position to be stamped on the velocity profile, resulting in 
a position versus time relationship for the entire run of the device that is used to report the location 
of a leak, pocket of trapped gas or PWA stress anomaly. 

The SBR is a device that is used to track the position of the SmartBall tool as it traverses the 
pipeline. The SBR comprises a GPS receiver, and a processing computer. Both the SmartBall 
tool and the SBR are synchronized to standard GPS time.  

Surface mounted sensors (SMS) are mounted to the pipeline at planned locations and are 
connected to an SBR via coaxial cable. The SBR and SMS combination detects ultrasonic pulses 
emitted from the SmartBall tool. The SBR determines the time taken for the pulse to travel from 
the SmartBall tool to the SBR and calculates the location of the SmartBall tool at any given time. 
Figure C.1 shows an SMS, which is typically mounted to the pipeline itself or pipeline 
appurtenance. 

This locational data is paralleled with the data extracted from the SmartBall tool. This combination 
is then used to identify the locations of leaks and pockets of trapped gas.   

The SmartBall technology acquires high quality acoustic data that is evaluated to identify leaks, 
pockets of trapped gas and PWA stress anomalies as well as magnetometer data related to 
varying levels of stress in the pipeline. While other leak detection and condition assessment 
techniques such as noise loggers and correlators may identify anomalies between sensors, they 
cannot accurately locate the limits of an anomaly nor identify multiple anomalies. The SmartBall 
tool travels directly past each pipe section of interest and thus significant advantages are 
recognized. Every technology  



  

 

 

 Length of Survey: SmartBall technology has the ability to record data for over 18 hours. 
Depending on flow rates, the tool can inspect long pipelines during a single deployment. 
The longest single recording within a water pipeline with a single deployment had the 
SmartBall tool recorded data for a length of pipeline exceeding 30 miles. 

 Reported Locations:  Reported locations contained in this report are believed to be 
accurate to within +/- 6 feet. However, there are several factors that would decrease the 
accuracy of locating leaks and gas pockets along with the PWA anomaly locations; 
placement of SBR locations or the drawings or dimensions provided by the client are 
incorrect. All reported location are based off of drawing provided. If distance between 
known locations are incorrect, the error in the location is affect by the same ratio.  

 

 Medium and Large Diameter Pipes: SmartBall technology has successfully inspected and 
detected leaks on a wide range of medium and large diameter pipelines (12 to 96 inches 
in diameter) (300 millimeters to 2400 millimeters in diameter). Many conventional leak 
detection technologies (e.g., correlators) have limitations that preclude their use on 
medium and large diameter pipes. PWA stress anomalies can be detected on pipes up to 
48-inches in diameter.  

 Pipe Material: The SmartBall tool’s leak detection ability is not affected by pipe material, 
however, PWA data is collected only on metallic pipelines. Because the tool passes by 
the point at which the acoustic event is being created, the pipe wall is not relied on to 
transmit the acoustic event through the line to a sensor located far away from the actual 
event of interest. This greatly increases the SmartBall tool’s sensitivity and ability to 
distinguish between separate acoustic events.  

 Sensitivity: The sensitivity of all leak detection technologies is a function of several 
variables and as a result, no resolute thresholds can be established. However, the 
acoustic sensor inside the SmartBall tool always passes within one (1) pipe diameter of 
an acoustic anomaly; therefore, it can be used to identify very small leaks due to the 
proximity of the SmartBall tool to the leak. It should be noted that the SmartBall technology 
cannot differentiate between a true leak, a simulated leak, and the potential noise of a 
pressure reducing valve. As such, acoustic anomalies corresponding to features on a main 
should be investigated further in the field. 

 Minimum Pressure: The acoustic activity associated with a leak is derived from the 
pressure differential across the pipe wall. With little to no pressure differential, the 
SmartBall tool will not detect leakage as there will be no associated acoustic activity. Pure 
Technologies recommends a minimum pressure of 15 pounds per square inch (psi) 1.03 
Bar for leak detection inspections; however, under ideal conditions leaks have been 
detected in pipelines with pressures as low as 5 psi 0.34 Bar. There is no minimum 
pressure recommendation for the detection of areas of trapped gas. 

 Ambient Noise: The SmartBall technology detects and reports anomalies that have 
acoustic characteristics similar to leaks on pressurized pipelines. However, other forms of 
ambient noise may be identified during the data analysis. For medium and large leaks, 
there is very little that can match these acoustic characteristics; therefore, these events 
are reported with a high degree of certainty. For small leaks, there may be other forms of 



  

 

 

ambient noise with similar acoustic signatures, making these signals more difficult to 
evaluate. Pure Technologies has invested significant resources into characterizing 
acoustic anomalies and consequently asserts that leaks described in this report are leaks, 
unless otherwise noted. However, unknown pressure reducing valves, cracked valves in 
close proximity to the subject pipeline, interconnected pipelines that have not been 
completely isolated, and leaks in pipelines immediately adjacent to the subject pipeline 
can contain a similar acoustic signature and could be reported as leaks. Cars, pumps, 
boat traffic, and other forms of common ambient noise should not be reported as leaks as 
they generate different acoustic signatures.  

 

 Pipeline Diameter: PWA stress anomalies can be detected on pipes up to 48-inches in 
diameter. 

 Pipe Material: PWA technology makes use of the Villari effect, where stress on 
ferromagnetic materials alters the self-generate magnetic field. As such, it is only available 
for metallic pipelines; cast iron, ductile iron and steel. Non-ferromagnetic linings or build 
up do not affect the PWA signal.  

 Distressed Pipes: “Distressed Pipes” exhibit a large change in the magnetic field related 
to the stress in the pipe wall and it is likely that these pipes are damaged. Pipes that have 
large PWA anomalies and contain an appurtenances are downgraded to “Pipe of Interest”. 
PWA data is carefully correlated to drawings provided, however, if appurtenances appear 
on the drawings that were not installed or are in a different location, a Distressed Pipe may 
be incorrectly downgraded. A list of downgraded Pipes of Interest with appurtenance are 
listed in Appendix B. “ falsely 

 Pipe of Interest: “Pipe of Interest” show a low to moderate change in stress levels and are 
not expected to have a high probability of failure but may exhibit some level of distress.  

 Turbulence: Excessive turbulence can cause irregular ball motion and create interference 
in the data that may mask stress anomalies present in the pipe. The SmartBall tool 
contains sensitive instrumentation that can detect small changes in the magnetic field 
present in metallic pipes. New sensors allow for algorithms to be applied during analysis 
process to remove most of the interference caused by irregular rolling of the ball, however, 
sometimes noise still exists and interferes with the analysis.  

 Steel Pipe: In around 30% of the cases, PWA data from steel pipelines is found to be noisy 
and unusable. R&D initiatives are investigating the source of this phenomenon. 

 Magnetic Field Disruption: Interference can cause data collected during the inspection to 
be unusable. Electromagnetic, magnetic sources or electrical current may cause localized 
changes in the magnetic field that are not related to the condition of the pipe and cause 
false positive. Every effort is made during the analysis process to locate possible sources 
and identify them in the results.  

 Appurtenance detection: Pipes with stress anomalies that have an appurtenance are 
usually classified as a Pipe of Interest. Appurtenance may or may not produce stress on 
the pipe depending on how they were manufactured or installed. In some cases, if the 
PWA anomaly is disproportionally large or misaligned with the feature, the pipe may still 
be classified as "Distressed Pipe”. 



  

 

 

 Identifying the Source of Stress: Currently the technology is unable to determine the cause 
of the stress. Stress on a pipe can be caused by cracking, pitting, wall loss, overloading, 
point loading, manufacturing detects etc. Some sources of stress are difficult to quantify 
and measure when a pipe has been excavated.  

 
Currently, it is not possible to distinguish the cause of stress, for example between wall loss and 
point loading, as the PWA data dictionary is still being populated. It is important to consider when 
excavating pipes for validation of SmartBall PWA data that if the stress is caused by bending or 
overloading, it may be difficult to confirm or measure the impact of the stress in these locations 
when the earth loads have been removed. With further validations on this pipeline, a better 
understanding can be gained of the correlation between the anomalies identified in the data and 
the actual conditions causing the stress on the pipeline.  
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A CECI GROUP COMPANY 

__________________________________________________________________________ 
 
June 14, 2016   D R A F T  Via email:  mknowles@greeley-hansen.com 

 

Michael Knowles, P.E. 

Greeley and Hansen 

2601 Cattlemen Road, Suite 100 

Sarasota, Florida 34232 

 

Re: Longboat Key Force Main Inspection 

 CEC File No. 15.126 

 

Dear Mr. Knowles: 

 

We are pleased to submit this letter report of our underwater investigations of the 20” diameter 

subaqueous force main crossing Sarasota Bay between Longboat Key and the Manatee County 

mainland. The objective of this investigation was to uncover the pipeline, visually examine the 

physical condition and measure the remaining wall thickness. Locations to be investigated were 

determined by the findings from the potential survey conducted by Corrosion Control and the 

SmartBall survey conducted by Pure Technologies. Greeley and Hansen reviewed the data from 

these two surveys and provided Coastal Engineering Consultants (CEC) with ten locations. 

 

Ten days of fieldwork were budgeted for this work. The inspection team crew consisted of three 

engineer/divers and the work was completed on June 13, 2016.  

 

INVESTIGATION PROCEDURES 

 

The pipe was located using jet probe techniques with a water pump and a 12 foot long, ¾ inch 

diameter pipe. When the pipeline was contacted, the depth of cover was determined by 

measuring the length of probe below the level of the surrounding bay bottom. The elevation of 

the bay bottom was then measured with a Trimble Real Time Kinematic (RTK) Global 

Positioning System with GLONASS capability referenced to a Trimble R8 base receiver. The 

base receiver was installed on a control point that was established through referencing a Manatee 

County published benchmark. The system is capable of delivering RTK positions with 

coordinate accuracy of 10mm+2ppm. 

 

Visual examination of the pipe’s physical condition and measurements of the wall thickness 

were accomplished by uncovering the pipeline with a diver operated venturi dredge system and a 

3-foot square portable trench box.  

 

A Cygnus M2-DIVE underwater ultrasonic thickness gauge was utilized in the investigation. 

This gauge features a direct digital calibration and readouts, with a calibrated accuracy of +0.004 

inch and resolution of 0.002 inch. Prior to performing measurements in the field, the material 

sound velocity control was adjusted for ductile iron and the calibration of the ultrasonic gauge 

was checked. The calibration was performed using a sample from a section of pipe cut from the 

land portion of the force main. This sample was shipped to Cygnus and a factory calibration was 
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performed on the unit prior to shipment. Numerous probes were tested on the sample and found 

the best results with a 2.25MHz 13 mm diameter Model #1677A(S2C). Calipers were used to 

measure the sample and the sound velocity on the gauge was adjusted accordingly. 

 

The ultrasonic thickness gauge was utilized to measure the wall thickness of the pipe. To obtain 

accurate and repeatable measurements, multiple readings were recorded at each inspection site. 

At three of the sites, the readings were taken at the crown of the pipe or the 12:00 position. At 

the other seven sites, readings were taken at the 10:00, 12:00, and 02:00 positions.  

 

After visually inspecting, measuring the pipe thickness, and photographing the exposed pipe 

surfaces, the holes cut in the polyethylene wrap were patched with new polyethylene sheeting. 

The trench box was then removed and the excavated hole was backfilled.  

 

SURVEY RESULTS 

 

The pipeline was uncovered for inspection at ten pre-selected sites. The locations were provided 

by Greeley and Hansen based on the potential and SmartBall surveys. At each of these locations, 

the polyethylene wrap was found to be intact and in good condition. 

  

At Sites 1, 2, 3, 4, 5, 6, 7, 8, and 10, the asphaltic coating on the pipe was intact, the pipe was in 

good condition, and there were no visible signs of corrosion. Photograph 1 depicts representative 

conditions found at these sites. 

 

 

Photograph 1. Crown with Asphaltic Covering Intact 

At Site 2 the excavation of the pipe occurred at a bell joint. Ultrasonic thickness measurements 

were performed on the bell of the pipe for future monitoring and comparison.  
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Site 9 exhibited signs of what appeared to be a corrosion scale accretion on the crown of the 

pipe. This accretion was observed to be on top of the poly wrap. Samples were taken in the field 

and delivered to Greeley and Hansen for further investigation. Photographs 2 through 4 depict 

the corrosion scale on the pipe, deteriorated asphaltic coating, and dried sample.  

 

 
Photograph 2. Site 9: Corrosive Scale on Pipe 

 

Photograph 3. Site 9: Asphaltic Coating, Exposed Ductile Iron Pipe 

 

mailto:engcollier@cecifl.com


Longboat Key Force Main Inspection 

June 14, 2016  DRAFT 

Page 4 of 5 
 

3106 S. Horseshoe Drive, Naples, Florida 34104Phone (239) 643-2324   Fax (239) 643-1143E-mail: 

engcollier@cecifl.com 

SERVING FLORIDA SINCE 1977 

 
Photograph 4. Site 9: Dried Corrosive Scale Sample 

 

Attachment 1 presents all of the Ultrasonic Thickness Measurements. The mean reading at each 

inspection site is reported in the following table. Photograph 5 shows the display of the 

ultrasonic thickness gauge during a reading. 

 

Mean Ultrasonic Thickness Measurements of 20-inch Force Main 

SITE  STATION 
MEAN THICKNESS 

(INCHES) 

1 22+10 0.757 

2 27+11 0.774 

3 40+50 0.779 

4 69+50 0.750 

5 90+60 0.663 

6 91+70 0.743 

7 94+90 0.721 

8 102+10 0.721 

9 104+10 0.722 

10  107+30 0.775 
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Photograph 5. Ultrasonic Reading at Site 9 

 

SUMMARY 

 

CEC completed their underwater investigations of the 20” diameter subaqueous force main 

crossing Sarasota Bay between Longboat Key and the mainland. The alignment of the pipeline 

was located by jet probing and the approximate depth of cover was determined. At ten sites, CEC 

uncovered the pipe and conducted visual inspections and ultrasonic thickness measurements. 

 

At each sites, the polyethylene wrap installed during construction was found to be in intact and 

in good condition. The asphaltic coating on the pipe was intact and in good condition except at 

Site 2 on the bell of the pipe, and at Site 9 at the edge of the corrosion scale.  

 

The average measured wall thickness was 0.740 inch, with a range from 0.663 inches to 0.779 

inches. The measurements recorded are consistent with the 0.710 inch measurement taken by 

Suboceanic Consultants, Inc. during the 1996 inspection. 

 

We appreciate the opportunity to be of service.  If you have any questions, please do not hesitate 

to call me at (239) 643-2324, extension 128. 

 

Sincerely, 

COASTAL ENGINEERING CONSULTANTS, INC. 

 

 

 

Mark Kincaid 

Senior Engineer 
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TOWN OF LONGBOAT KEY SUBAQUEOUS FORCE MAIN - ULTRASONIC THICKNESS MEASUREMENTS

10:00 

POSITION

12:00 

POSITION

02:00 

POSITION

0.758 0.752 0.754

0.762 0.754 0.756

0.762 0.756 0.756

0.764 0.755 0.758

0.786 0.730 0.772

0.768 0.766 0.778

0.784 0.788 0.784

0.782 0.764 0.780

2 BELL 27+10 1.116 1.120

0.772 0.774 0.780

0.774 0.776 0.784

0.776 0.778 0.784

0.776 0.782 0.788

0.728 0.738 0.736

0.754 0.744 0.740

0.760 0.780 0.742

0.780 0.752 0.770

0.722

0.660 0.658 0.660

0.662 0.660 0.676

0.664 0.656 0.668

0.668 0.654 0.672

0.740 0.738 0.744

0.742 0.740 0.744

0.743 0.742 0.746

0.746 0.746 0.748

0.720

0.722

0.728

0.732

0.718

0.700

0.732

0.716

0.720

0.718

0.722

0.720

0.730

0.728

0.726

0.720

0.718

0.718

0.720

0.710

0.706 0.712 0.726

0.704 0.720 0.748

0.714 0.722 0.738

0.710 0.728 0.732

0.798

0.782

0.700

0.772

0.778

0.790

0.776

0.784

0.792

MEAN PIPE 

THICKNESS 

(INCHES)

0.721

0.721

2 27+11 -9.8 -16.0 6.31121583 444712

3 40+50 -9.4 -15.2 5.9

4 0.750

0.775

5 90+60 -6.9

3.0

5.1-12.9-7.869+50

-11.7 4.7

102+10

9 104+10

6

8

-7.9

-11.4

7 94+90

0.743

0.774

4481731124030

0.6631125244

1125311

1125494

-5.8

0.7794458061122358

-6.8

91+70 -11.5

10 107+30 -3.4 -6.44512561126209

1.04509951126024 0.722

4508311125908

-6.6

2.1-6.9-4.8

449895

449987

450245

3.9

STATIONSITE NUMBER

DEPTH OF 

COVER 

(FT)NORTHING EASTING

ULTRASONIC  THICKNESS 

MEASURMENTS (INCHES)PIPELINE 

ELEVATION  

(FT NAVD88)

MUDLINE 

ELEVATION        

(FT NAVD88)

-9.2 2.6

3.6

0.7571 22+10 1121296 444301 -7.5

I:\2015\15126 Town of Longboat Key RFP 15-017 Subaqueous Wastewater\Survey\15126 UTM data.xlsx
June 13, 2016
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