
LEUCADIA WASTEWATER DISTRICT
ASSET MANAGEMENT MASTER PLAN

IMPLEMENTATION

FORCE MAIN EXTERNAL CORROSION
CONTROL EVALUATION FOR L1, L2, B2, & B3

Presented To:

Leucadia Wastewater District and
Dexter Wilson Engineering, Inc

Prepared by:

MAY 2010



Leucadia Wastewater District – Force Main External Corrosion Evaluation

May 2010
Page 2

TABLE OF CONTENTS

DESCRIPTION PAGE NO

INTRODUCTION ................................................................................................3

OBSERVATIONS AND CONCLUSIONS .............................................................3

RECOMMEDATIONS ..........................................................................................7

DISCUSSION ......................................................................................................10

Corrosion Protection of Buried Metallic Pipe .................................................................10
Polyethylene Encasement of Ductile Iron Pipe ...............................................................10
Cathodic Protection........................................................................................................11

Leucadia Wastewater District Sewer Force Mains .........................................................13
Background Review ........................................................................................................13
Previous Testing .............................................................................................................13
2010 Field Testing ..........................................................................................................14
Force Main Corrosion Test Stations and Survey Results .................................................15
Force Main Continuity Test Results ................................................................................25

APPENDIX A – Force Main Corrosion Protection Diagrams

APPENDIX B – L1 Force Main Data Log Sheets

APPENDIX C – L2 Force Main Data Log Sheets

APPENDIX D – B2 Force Main Data Log Sheets

APPENDIX E – B3 Force Main Data Log Sheets



Leucadia Wastewater District – Force Main External Corrosion Evaluation

May 2010
Page 3

INTRODUCTION

RFYeager Engineering has completed a corrosion analysis of the Leucadia Wastewater District’s

(District) sewer force mains L1, L2, B2 and B3, which was conducted in support of the District’s

Asset Management Plan Implementation Program. The purpose of this assessment was to evaluate

the current level of corrosion protection of the District’s sewer force mains and to provide

recommendations, where warranted, for repair, rehabilitation, and/or replacement.

The four sewer force mains addressed in this corrosion evaluation are L1, L2, B2, and B3. The

evaluation consisted of a review of existing cathodic protection records, historical corrosion

control data, and original as-built construction drawings. Field inspections and testing were also

conducted on each force main. This testing included pipe-to-soil potential measurements,

anode current output measurements, and pipeline continuity assessments.

OBSERVATIONS AND CONCLUSIONS

Based on the results of our evaluation, the following observations and conclusions are offered

below. More detailed information is provided in the Discussion section of this report. It is

noted that the summary items below focus on corrosion-related issues as they pertain to each

force main. A comprehensive and detailed review of each force main, including construction

and maintenance history, operational parameters, stationing, and alignment is provided in the

Force Main Evaluation Plan submitted to the District by Dexter Wilson Engineering in July,

2009.

L1 Force Main

1. The 24-inch diameter L1 force main was installed in 1979 and extends approximately 14,000 ft

from the Leucadia pump station, west along La Costa Avenue to Highway 101. L1 was

originally comprised entirely of ductile iron pipe. In 2001, a 500-ft section of the L1 force main,

from the Leucadia Pump Station to the east edge of El Camino Real was replaced with PVC.

Another 500 to 700 feet of the ductile iron pipe was lined with a pressure rated cured-in-place-

pipe polyester resin from the east edge of El Camino Real south within the south bound lanes

of El Camino Real and then westerly with the La Cost Avenue widening project. The cured-in-

place-pipe (CIPP) in L1 was terminated approximately at the westerly end of the HDPE

segment of the parallel L2 force main.

2. The L1 force main presently has 17 existing corrosion test stations. Most of these test stations

are single wire test stations, which facilitate the measurement of pipe-to-soil potentials typically

performed during corrosion protection surveys. Two (2) of the 17 test stations are not

functional due to severed wires. Based on our review of historical corrosion survey data, 1 test

station has been lost since the main was commissioned.
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3. The original L1 construction relied on polyethylene (PE) encasement as the sole means of soil-

side corrosion protection. Joint bonds consisting of mechanically-connected copper strips were

also installed for pipeline continuity purposes. In 1999, the soil side corrosion protection was

supplemented by installing sacrificial anodes at every other ductile iron pipe joint within an

8,500 ft span of the L1 force main. Sacrificial anodes have also been installed on the short

section of ductile iron main extending west from the Leucadia pump station prior to the

transition to PVC.

4. Field tests conducted during a previous evaluation in 1993 found that the majority of the L1

force main to be electrically discontinuous. Follow-up field tests were conducted by RFYeager

Engineering to determine if the 1999 installation of anodes and bond wires at every other

pipe joint affected the overall electrical continuity of these sections. The results of this

testing indicated that the linear resistance in these areas had actually increased since 1993.

Thus, even with bonds installed at every other joint, this section of the L1 force main has a

higher level of electrical discontinuity compared to 1993. Most likely, one or more of the

original bonds on those joints not addressed in 1999 have failed completely,

5. Due to the poor electrical continuity of the L1 force main, the field surveys conducted by

RFYeager Engineering provided only a limited amount of information in regards to the

effectiveness of the existing L1 anodes in preventing soil-side corrosion. Specifically, pipe-to-

soil potentials taken during this evaluation measured the influence of only those anodes in the

general vicinity of each test station (up to the nearest discontinuous joint). Beyond the nearest

discontinuous joint, the anodes are essentially un-monitorable. The specific number and

location of the discontinuous joints is not known.

6. As expected, the field survey data from the remainder of the L1 force main (i.e. where anodes

have not been installed) were indicative of a ductile iron pipe without cathodic protection.

7. Applying cathodic protection to the segments of L1 force main not presently protected would

require locating and bonding across each discontinuous pipe joint. At several locations, such

as where the force main crosses under I-5, this approach would not be practical.

8. Appendix A contains the L1 Force Main Corrosion Protection Diagram, which is a visual aid

intended to illustrate the pertinent corrosion control information gathered for the L1 force

main as part of this evaluation. Information such as corrosion test stations, test station

condition, pipeline material, pipeline continuity, and current corrosion protection levels are all

shown graphically in the diagram. Per the District’s request, the operational pressure at selected

points along the L1 force main is also identified in the diagram.
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L2 Force Main

9. The 24-inch L2 force main was installed in multiple phases and is comprised mostly of PVC

pipe material with some sections of metallic pipe (both steel and ductile iron). For purposes of

this report, the three main phases of the L2 force main are defined below along with the date of

construction, approximate length, and material.

a. Phase I – I-5 Crossing (1994, approx. 1400 ft, primarily epoxy lined and coated

steel)

b. Phase II – Leucadia Pump Station to I-5 Crossing (1999, approx. 8,400 ft, primarily

PVC with sections of restrained joint ductile iron pipe with sacrificial anode

cathodic protection)

c. Phase III – I-5 Crossing to Hwy 101 (2002, approx 2,700 ft, primarily PVC with

sections of restrained joint ductile iron pipe with sacrificial anode cathodic

protection)

10. All metallic sections of the L2 force main have been provided with some form of cathodic

protection.

11. The L2 force main presently has 34 existing corrosion test stations. Most of these test stations

are two wire test stations with an anode and shunt connection, which allows for pipe-to-soil

potentials and anode current output measurements to be taken. Based on our review of

historical corrosion survey data, 1 test station has been lost since the main was commissioned.

12. Field surveys conducted by RFYeager Engineering indicate that the cathodic protection system

on the L2 force main is providing good to moderate levels of protection from soil side

corrosion on the metallic sections located between the I-5 Bridge and the Leucadia Pump

Station (Phases I and II). Protective levels are low on the sections of metallic main between

Highway 101 and the I-5 Bridge (Phase III). Based on the field data, it is believed that most of

the original sacrificial anodes installed as part of Phase III have reached the end of their useful

service life.

13. Appendix A contains the L2 Force Main Corrosion Protection Diagram which is a visual aid

intended to illustrate the pertinent corrosion control information gathered for the L2 force

main as part of this evaluation. Per the District’s request, the operational pressure at selected

points along the L2 force main is also identified in the diagram.

B2 Force Main

14. The 24-inch B2 force main was installed in 1979. It is comprised of ductile iron pipe and

extends approximately 10,200 ft from the Batiquitos pump station, north along Highway 101 to

the North Lanikai Gravity Interceptor connection. The B2 force main has historically relied
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upon polyethylene (PE) encasement as the sole means of soil-side corrosion protection.

15. B2 presently has 10 existing corrosion test stations. Most of these test stations are one to three

wire test stations, which facilitate the measurement of pipe-to-soil potentials typically

performed during corrosion protection surveys. Based on our review of historical corrosion

survey data, 2 test stations have been lost since the main was initially surveyed in 1993.

16. As expected, the data from the initial field surveys conducted by RFYeager Engineering on the

B2 force main were indicative of a ductile iron pipe without cathodic protection. However,

subsequent to the initial survey, RFYeager Engineering activated some existing sacrificial

cathodic protection anodes at two B2 test stations, which were installed in 2000 as part of the

Highway 101 widening project. These anodes appear to be working properly and have had a

modest, localized cathodic protection influence on the main.

17. Field testing conducted by RFYeager Engineering indicates that the section of B2 force main

between the San Marcos Creek Bridge and the North Lanikai Gravity Interceptor connection

has sufficient electrical continuity such that cathodic protection is a viable option for

supplementing soil-side corrosion protection.

18. Field tests also indicated that the electrical continuity of B2 between the Batiquitos pump

station and the San Marcos Creek bridge is sufficient for cathodic protection. It is noted that

this southern-most section of B2 force main would need to be electrically isolated from the

Batiquitos pump station prior to the application of cathodic protection.

19. During the course of the field testing, it was determined that the test station markers for B2 and

B3 on the south side of the San Marcos Creek bridge are mis-marked. Specifically, the green

carsonite post identifying one of the test stations as “B2 020” is actually connected to the B3

force main. Similarly, the test station marker labeled “B3 911” is actually connected to the B2

force main. It was also realized that the ‘911” CTS ID on this marker post is a typo. It should

read “011”.

20. Several of the continuity bonds on the above ground section of the B2 force main on the San

Marcos Creek Bridge are missing due to vandalism. As a result, this above ground section of

force main is not electrically continuous. However, this lack of electrical continuity through the

bridge does not preclude the application of cathodic protection on the buried portions of the

B2 force main.

21. Appendix A contains the B2 Force Main Corrosion Protection Diagram. Per the District’s

request, the operational pressure at selected points along the force main is also identified in the

diagram.
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B3 Force Main

22. The 24-inch B3 force main was installed in 1988 and is comprised of ductile iron pipe. The B3

force main basically parallels the B2 force main from the Batiquitos pump station, north along

Highway 101, to the North Lanikai Gravity Interceptor connection (approximately 10,200 ft).

Similar to the B2 force main, the B3 force main has historically relied upon polyethylene (PE)

encasement as the sole means of soil-side corrosion protection.

23. B3 presently has 9 existing corrosion test stations. The majority of the B3 test stations are

three wire test stations. Based on our review of historical corrosion survey data, 2 test stations

have been lost since the main was initially surveyed in 1993.

24. As expected, the data from the initial field surveys conducted by RFYeager Engineering on the

B3 force mains were indicative of a ductile iron pipe without cathodic protection. However,

subsequent to the initial survey, RFYeager Engineering activated some existing sacrificial

cathodic protection anodes at three B3 test stations, which were installed in 2000 as part of the

Highway 101 widening project. These anodes appear to be working properly and have had a

modest, localized cathodic protection influence on the main.

25. Field testing conducted by RFYeager Engineering indicates that the sections of B3 force main

between the San Marcos Creek Bridge and the North Lanikai Gravity Interceptor connection

have sufficient electrical continuity such that cathodic protection is a viable option for

supplementing soil-side corrosion protection. However, RFYeager Engineering was unable to

determine the electrical continuity of the section of B3 force main between the Batiquitos

Pump Station and the San Marcos Creek Bridge due to a missing corrosion test station at the

pump station.

26. Several of the continuity bonds on the above ground section of the B3 force main on the San

Marcos Creek Bridge are missing due to vandalism. As a result, the above ground sections of

the B3 force main are not electrically continuous. However, this lack of electrical continuity

through the bridge does not preclude the application of cathodic protection on the buried

portions of the force main.

27. Appendix A contains the B3 Force Main Corrosion Protection Diagrams. Per the District’s

request, the operational pressure at selected points along the each force main is also identified

in the diagram

RECOMMEDATIONS

Based on the results of this evaluation, the following recommendations are provided. Note that a

majority of the recommendation offered for the B2 and B3 force mains are based on the
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assumption that cathodic protection will be applied to these structures at some point in the

future. If cathodic protection is not anticipated for one or both of the mains, then the respective

recommendations are not applicable.

1. Locate or repair the twelve missing and damaged corrosion test stations identified in this

evaluation. Based on the criticality of each test station, RFYeager recommends this work

be prioritized as shown below.

High Priority

a. L2 – Missing CTS @ Sta 110+34

b. B3 – Missing CTS 010 @ Sta 0+88 (Batiquitos PS)

c. B3 – Missing CTS 070 @ Sta 101+40 (N. Lanikai Interceptor Connection)

Medium Priority

d. L1 – Damaged CTS 020 @ Sta 40+50

e. L1 – Damaged CTS 040 @ Sta 40+50

f. L2 – Damaged CTS 185A @ Sta 96+48 (Big Fink-type CTS, PVC post destroyed,

wires still good)

g. B2 – Missing CTS 090 @ Sta 88+00

Low Priority

h. L1 – Missing CTS @ Sta 9+00 (El Camino Real and La Costa Ave)

i. B2 – Missing CTS 090 @ Sta 88+00

j. B3 – Damaged CTS 012 @ Sta 22+75

k. B3 – Damaged CTS 030 @ Sta 50+95

l. B3 – Damaged CTS 040 @ Sta 63+48

2. It is difficult to accurately estimate the probable cost of locating and/or repairing the test

stations listed above due to how much this effort could vary depending upon the specific

test station. However, for purposes of this evaluation, a budgetary cost estimate for

locating and/or replacing each test station is $1,500.

3. Once the missing B3 CTS 010 is located or a new test station is installed, conduct a

follow-up evaluation to determine the continuity characteristics of the B3 force main

between the Batiquitos Pump Station and the San Marcos Bridge. The estimated cost to

complete this continuity testing, including the submittal of a summary letter report is

$1,200.

4. As part of routine maintenance operations, perform minor remedial work necessary to

ensure the location and proper identification of each test station is maintained over time.

This work would include the repair of broken or faded green carsonite marker posts and

the re-painting of test station ID markings on the curbs and road shoulders, as necessary.

Also, the mis-marked test station ID tags on the B2 and B3 test stations at the San
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Marcos Creek Bridge Crossing should be corrected as noted above. This work could be

completed by the LWD personnel.

5. Supplement the existing areas of low cathodic protection on L2 force main by installing

new sacrificial anodes (28 total anodes). Most of these areas are located on Phase III of

the L2 force main, between I-5 and Highway 101. The estimated design and construction

cost for these improvements is $30,000.

6. Consider the application of cathodic protection as a viable option of supplementing the

existing soil-side corrosion protection on the B2 and B3 force mains (with the possible

exception of the southern end of the B3 force main pending the results of the follow-up

testing recommended above). Either sacrificial anode or impressed current type cathodic

protection systems are suitable for this application. The estimated design and

construction cost for a sacrificial anode cathodic protection system (35 anodes total) is

$40,000 per force main.

7. A comprehensive corrosion maintenance program should be implemented by the District

to ensure the continued proper operation of the existing force main cathodic protection

systems and identify any changes in protective levels. This program would be based

primarily on the evaluation of data compiled during routine surveys of known test

stations on each force main. In this regard, RFYeager Engineering has developed

individual Data Log Sheets for every test station on each of the four force mains. Each

Data Log Sheet contains pertinent information for the respective test station, including

photographs, installation history, and historical field data to-date (with graphical

representation). These Data Log Sheets are intended as living and comprehensive

documents to be routinely updated by the District as future surveys are completed

and/or modifications to the existing protection facilities are performed. Hard copies of

the Data Log Sheets are provided in Appendixes B through E. To facilitate future

updates, RFYeager Engineering will provide the District with electronic version of the

Data Log Sheets under separate cover.

It is recommended that LWD perform these the force main surveys on an annual basis

(preferably during the same month each year) (August or September ????) The field

equipment required to conduct these surveys include a high-impedance digital volt meter

and a copper/copper sulfate reference cell. The approximate cost for the survey

equipment is $800 and can be purchased from Farwest Corrosion Control. It is

recommended that RFYeager Engineering accompany the LWD staff during the initial

survey for a day of field training (estimated cost is $800). Additionally, RFYeager

Engineer should review the collected data form each annual survey and provide a short

summary letter report with conclusions and recommendations. The estimated fee is $500

for each review.
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Note - The pipe-to-soil potential readings taken on sections of force mains without

cathodic protection (i.e. polyethylene encasement only) will not provide any information

regarding the existing level of soil-side corrosion protection. However, it is

recommended that these reaches still be included in the corrosion monitoring program as

a means of developing a baseline set of data, which will be important for any future

application of cathodic protection. These data will also be useful in identifying possible

accelerated corrosion activity due to external DC current sources, such as stray current

interference from foreign cathodic protection systems.

8. It is understood that two access manholes have been proposed for the L1 force main in

order to facilitate future internal inspections Per the 2009 Force Main Evaluation Plan, the

location of the first manhole (L1-AM1) will be located at Sta 117+95. The second manhole

(L1-AM2) will be located at either Sta 39+00 or Sta 77+50. RFYeager Engineering was

asked to provide input regarding the most suitable location for the second access manhole.

From a corrosion control perspective, RFYeager Engineering recommends that the second

access manhole be located at Sta 39+00, which would allow for inspection of the force

main exterior in a location where sacrificial anodes were not installed back in 1999. Also,

this area is near CTS 040 which is currently non-functional due to severed wires. The

installation of an access manhole would facilitate the repair/replacement of CTS 040. A

functional CTS 040 would allow for potential measurement on the force main as well as

continuity testing between adjacent upstream and downstream test stations. This testing is

presently not feasible due to the extended lengths between functional test stations.

RFYeager Engineering’s estimated cost to conduct the follow-up potential survey and

continuity testing, including the submittal of a summary letter report, is $1,200.

DISCUSSION

Corrosion Protection of Buried Metallic Pipe

Polyethylene Encasement of Ductile Iron Pipe - The most common form of corrosion

protection provided to buried ductile iron pipe is a polyethylene encasement in accordance with

in AWWA C105. In this application, a loose polyethylene sleeve is installed around ductile iron

pipe sections. The polyethylene sleeve is overlapped at the pipe joints and secured in place with

tape.

Under optimum conditions, polyethylene encasement can be an effective corrosion control

method, which provides long term protection of the ductile iron pipe. The limitation of this

approach is that the level of protection afforded to the pipeline is solely dependent upon the

proper installation and durability of the polyethylene. A damaged or deteriorated polyethylene

cover exposes the ductile iron pipe to the surrounding environment. Where soil conditions are
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aggressive, ductile iron pipe is as susceptible to corrosion as any other buried ferrous metal.

A second limitation is that the level of corrosion protection on polyethylene-encased DIP cannot

be verified through field testing. Reference half-cell potential measurements, like those taken to

evaluate the level of protection on cathodically protected pipelines, will provide no indication of

active corrosion.

Cathodic Protection - Cathodic protection is another common form of corrosion control,

particularly for steel, copper, and ductile iron piping. When properly used, cathodic protection

provides a highly effective and economical means of protecting metal from corrosion damage.

Cathodic protection is accomplished by applying a DC current to a buried or submerged metallic

structure, thereby making it cathodic or more electronegative. Typically, an external anode is

used to supply the current.

The most commons types of cathodic protection systems used for buried or submerged metallic

pipelines are galvanic (sometimes referred to as “sacrificial”) anode systems and impressed

current systems.

Galvanic Anode Cathodic Protection - Galvanic systems utilize an anode material such as magnesium,

zinc, or aluminum, which is at a higher potential energy than the structure to be protected.

When the anode and structure are electrically coupled (typically through a test station), current

will inherently flow off of the anode, through the electrolyte (soil, in the case of buried

pipelines), onto the metallic structure, and back to the anode through the wire connection. The

anode is consumed or sacrificed in the process.

Impressed Current Cathodic Protection – In contrast to galvanic systems, which rely on the natural

potential energy difference between dissimilar metals to produce DC current flow, impressed

current cathodic protection systems use an external source of DC power to force or

“impress” current flow between anode and structure. Rectifiers, which convert AC power to

DC, are the most common type of power sources used for impressed current cathodic

protection systems. The positive lead of the rectifier is connected to the anode and the

negative lead to the structure. Similar to a galvanic anode cathodic protection system,

protective current flows from the rectifier to the anode, through the electrolyte, onto the

structure, and then back to the rectifier through a wire connection. Anode materials for

impressed current cathodic protection systems are made of relatively stable, inert materials,

which can handle higher current densities such as graphite, chill cast iron, mixed metal oxide,

or platinum.

Cathodic Protection Criteria and Requirements – One of the most beneficial aspects of applying

cathodic protection is that the level of corrosion protection (i.e. cathodic protection) on a

structure can be verified in the field. This is typically accomplished by taking potential
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measurements using a copper-copper sulfate reference half cell and a high impedance volt

meter. The National Association of Corrosion Engineers (NACE Int’l) Standard Practice

SP-0169 criterion for complete cathodic protection of buried bare or dielectrically coated

steel is a potential measurement more electronegative than of -0.850 volt versus a copper-

copper sulfate reference half-cell. An alternative criterion of 100 millivolt electronegative

polarized shift from a native (“non-protected”) potential is also acceptable as an indication of

complete cathodic protection. Figure 1 below is a schematic representation of how a typical

pipe-to-soil potential measurement is taken on a buried metallic pipeline.

Figure 1 above shows a basic one-wire test station. Present day test stations typically include
a second wire attached to the pipe and routed to the test station for redundancy purposes and
to facilitate certain types of field testing, such as pipeline continuity testing.

Depending on the purpose test station, a test box may contain more that two wires. For
example, the third wire in a three-wire test station can either be connected to an anode or a
buried permanent reference cell (installed within a few feet of the pipeline). Buried insulating
flange test stations, as well a casing test stations, will typically have four wires routed to the
test box. These types of test stations allow the field tester to confirm that electrical isolation
between the two structures (either across the insulating flange or between the pipeline and
casing)

For the cathodic protection system to operate properly, whether impressed current or
galvanic anode, some basic conditions must exist:

1. The buried metallic structure must be electrically continuous. For buried pipelines,

metallic continuity is achieved across the pipe joints by welding or the installation of

-+
_

TEST BOX

VOLT METER

COPPER-COPPER
SULFATE REFERENCE
CELL

PIPE

Figure 1 – Typical Pipe-to-Soil Potential Measurement



Leucadia Wastewater District – Force Main External Corrosion Evaluation

May 2010
Page 13

bond wires or bond clips. In-line fittings or valves, which are flange connected, must also

be metallically continuous with the pipeline. This is typically accomplished through the

installation of bond wires.

2. Wire leads must be attached to the buried metallic structure such that either the anodes

can be connected or the negative lead of the rectifier can be connected.

3. The buried metallic structure must be electrically isolated from other buried foreign

metallic structures and from electrical grounding systems. This reduces the cathodic

current requirements and ensures that the cathodic protection system is only protecting

the structure for which it was designed. If electrical isolation from foreign structures and

grounding systems is not achieved, then the cathodic protection current requirements

may be so great that full protection of the structure requiring protection cannot be

achieved.

Leucadia Wastewater District Sewer Force Mains

Background Review - In order to better assess the corrosion status of each force main, RFYeager

Engineering conducted a detailed review of all available historical data for each force main. This

review focused primarily on identifying the corrosion protection measures performed to-date such

as test station installations, anode installations, continuity bonding, as well as the results and

conclusions from previous corrosion field tests and surveys. Much of this background

information had been compiled and presented by Dexter Wilson Engineering in the 2009 Force

Main Evaluation Plan.

Previous Testing - There have been a number of previous corrosion field tests and surveys of the

force mains as summarized in Table 1 below. The data and conclusions presented in the previous

tests were used in this evaluation to identify any trends or changes in the protective levels of each

force main. These historical records also provided insight as to which corrosion test stations may

have existed at one time but have been lost over the years.

Table 1 – Previous Force Main Corrosion Testing

Date Type of Field Test(s)
Force Mains

Involved
Company

1993
Pipeline Potential Survey

Continuity Testing
L1, B2, B3 PSG

1999
Pipeline Potential Survey

Continuity Testing
L2, Ph II only

E. Fernandez
(for contractor)

2003
Pipeline Potential Survey

Continuity Testing
L2, Ph III only PBS&J

2007 Pipeline Potential Survey L1, L2, B2, B3 V&A
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It is noted that, in addition to the formal surveys and tests identified above, District personnel also

conducted surveys of the force main which typically involved the collection of pipe-to-soil potential

measures at those known test station locations. However, these internal surveys have occurred

only on an intermittent basis and without a comprehensive evaluation of the data.

2010 Field Testing – RFYeager Engineering surveyed the four sewer force mains to determine the

number and location of the existing test stations as well as to assess the level of protection at those

locations where cathodic protection has been applied. Where no cathodic protection has been

applied, follow-up continuity testing was performed to assess the feasibility of applying cathodic

protection.

The majority of the corrosion test stations were located in the field using the compilation maps

developed by Dexter Wilson Engineering for the 2009 Force Main Evaluation Plan. The CTS

stationing and numbers used to identify each CTS in this evaluation were based on these maps.

Each force main survey consisted of measuring and recording of pipe-to-soil potentials and anode

current outputs (where applicable). RFYeager Engineering also photographed each test station for

documentation purposes and noted any necessary remedial repairs.

Continuity across selected segments of force main was assessed by applying a small DC current

from a temporary anode bed. With the DC current interrupted at specific intervals, the cathodic

influence or “shift” on the main was measured at test stations remote of the temporary anode bed

connection location. At areas where a high degree of cathodic shift was measured in relationship to

the amount of current applied, the pipeline continuity between that area and the temporary anode

bed connection can be considered sufficient for the application of cathodic protection. The benefit

of this method of continuity testing is that it allows for a relatively quick assessment of large

segments of pipeline.

Across selected segments of the L1 force main, the continuity was measured using the more

traditional Linear Resistance Method whereby DC current is passed through the main from one

test station to the adjoining test station and the corresponding voltage drop is measured. Two

wires are run between the test stations for this purpose. From the current and measured voltage

drop, a linear resistance is calculated. Continuity is determined by comparing this resistance value

to the theoretical resistance of the pipe, which is based upon size, diameter, and length of the

force main segment tested as well as the type and number of joint bonds. The general criterion

for acceptance of electrical continuity is when the actual resistance is no greater than 120% of the

theoretical resistance. Typically, this relationship is expressed as the ratio RAct/RTheor ≤ 1.2.

It is noted that buried pipe can exhibit resistances higher than theoretical values but within a

range associated with high resistance bonds across joints or fittings. This somewhat “grey area”

condition is referred to as “partial continuity” and can reduce but not preclude the ability to

cathodically protect a pipeline. The high in-line resistance produces a greater attenuation of
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cathodic protection current and a reduction in current distribution or “current throw” from the

cathodic protection system. For purposes of this assessment, RAct/RTheor values between 1.2 and

2.5 were considered as “partially continuous”.

Force Main Corrosion Test Stations and Survey Results

L1 Force Main – Seventeen (17) corrosion test stations were located on the L1 force main. The

following located test stations were not identified on the compilation drawings.

 CTS X61 & X62 (Sta 72+90) – Connection to Saxony Lift Station.

 CTS 085 (Sta 102+50) – I-5 crossing, south side, just east of NB off ramp

 CTS 105 (Sta 128+98)

Based on a review of historical records, it is believed that one corrosion test station, at the

intersection of La Costa Avenue and El Camino Real, has been lost since the initial survey in

1993.

The majority of the L1 corrosion test stations are located along the north side of La Costa

Avenue and are comprised of a single wire, which allows for a single pipe-to-soil potential

measurement. Two of the L1 test stations, CTS 020 and CTS 040, are not functional due to

damaged or severed wires. Test stations X61 and X62 are connected to buried insulating flanges

at the Saxony Pump Station cross connection. Field data indicate that these buried insulating

flanges are working properly.

The pipe to soil potential measurement varied along the L1 force main. Potentials indicative of

complete cathodic protection were noted at those test stations in the areas where sacrificial

anodes were installed in 1999. However, it is unknown how representative of these data are of

the actual protective levels due to the poor electrical continuity of the force main. The potentials

recorded reflect the influence of only those anodes in the general vicinity of each test station (up to

the nearest discontinuous joint). Beyond the nearest discontinuous joint, the anodes are un-

monitorable. The specific number and location of the discontinuous joints is unknown. As

expected, the field survey data from the remainder of the L1 force main (i.e. where anodes have not

been installed) were indicative of a ductile iron pipe without cathodic protection. (reflected in

Corrosion Protection Diagram??)

A summary of the L1 force main test stations and 2010 potential survey data is provided in Table 2

and presented graphically in Figure 2. Table 2 also includes data from field surveys conducted in

1993 and 2008 for comparison purposes.
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Table 2- LWD L1 Force Main Historical Corrosion Survey Data

CTS ID
Sta #

Field
Marker

Wire #

1993
(PSG)

Potential
(V)

2008
(V&A)

Potential3

(V)

2010
(RFYEng)
Potential

(V)

Comments

L1 005 1+40 None 1 -- --
-1.242
20 mA4

1 Anode Test Station. Unsure if this
CTS is connected to L1

L1 010 1+40 None 1 -- --
-1.135
80 mA4

1 Anode Test Station.
Brass Tag ID: 16 DIP SWR

Missing 8+90 -- 1 -0.504
Could
not

locate

Could not
locate

Orig CTS designation “010” in as-built
dwgs

L1 020 17+00 None 1 -0.518 Bad wire Bad wire

L1 030 25+20 None 1 -0.521 -1.020 -1.037

L1 040 40+50 None 1 -0.533 Bad wire Bad wire

L1 050 55+00 None 1 -0.486 -1.092 -1.078

L1 060 70+00
Carsonite

post
(brkn)

1 -0.509 -0.966 -0.950

L1 X61 72+88 None
1 (FM)
2 (PS)

--
-0.780
-0.061

-0.789
-0.095

Connection to Saxony PS
One bad wire

L1 X62 72+90 None

1 (PS)
2 (PS)
3 (FM)
4 (FM)

--

-1.116
-1.116
-0.799
-0.799

-1.316
-1.316
-0.801
-0.801

Connections to Saxony PS
Test leads to PS are notched
Insulating flanges working properly

L1 070 81+20
Carsonite

post
1 -0.511 -1.120 -1.159

L1 080 91+60
Carsonite

post
1 -0.514 -1.169 -1.215

L1 085 102+50 None 1 -0.500
Could
not

locate
-0.664

Not on compilation map.
CTS relocated during road widening

L1 090 117+00 None 1 -0.496 -0.480 -0.575 Orig CTS designation 100

L1 100 117+94 None
1
2
3

-0.483
-0.483
-0.4891

-0.458
-0.458
-0.3111

-0.478
-0.478
-0.3601

Orig CTS designation 105

L1 105 128+98 None 1 -0.463 -0.436 -0.526
Not on compilation map.
Orig CTS designation 110

L1 120 137+18 None -0.436 -0.363 -0.501 Orig CTS designation 120

L1 110 137+43
Carsonite

post
1
2

-0.360
-1.6942

-0.563
70 mA4

CTS not shown on orig dwgs
2010 survey conducted with loose
anode wire at CTS 110 connected

- New CTS (Not shown on compilation drawings)

- Damaged or missing CTS

1 – Permanent reference cell
2 – Anode lead (unconnected)
3 – Increase in potentials between 1993 and 2008 due to 2003 anode installations
4 – Current output of newly connected anode as measured across 0.01 shunt
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L2 Force Main – Thirty four (34) corrosion test stations were located on the L2 force main.

The following located test stations were not identified on the compilation drawings.

 CTS 085 (Sta 58+77) – Next to the L2 030 BO.

 CTS X61 & X62 (Sta 74+35) – Cased storm drain crossing.

 CTS 185A (Sta 96+48) – DIP section of main installed as part of Phase I, east end.

 CTS 185B (Sta 102+57) – DIP section of main installed as part of Phase I, west end.

Based on our review of historical corrosion survey data, one test station has been lost since the

main was commissioned. The test station, located at Station 110+34, allows for monitoring of

the insulating flange connection between Phase I and Phase III of the main and is considered

critical for the proper evaluation of the force main in this area.

The majority of the L2 test stations are located on either side of short restrained joint metallic

segments of pipe between the larger PVC sections of main. Most of the test stations include

an anode connection. Typical survey data obtained at these test stations are pipe-to-soil

potentials and anode current output measurements for each of the catholically protected

segment of the L2 force main.

The results of the 2010 field survey indicate that the cathodic protection system on Phase II of

the L2 force main, i.e. between the I-5 Bridge and the Leucadia Pump Station is providing an

adequate level of protection from soil side corrosion. The one exception is the section of main

in the vicinity of the cased storm drain crossing where potentials slightly below the -0.850

criteria were recorded. It is suspected that these depressed potentials are due to high-

resistance short to the steel casing, which is diverting some of the protective current from

reaching the main in this area. This condition is typically attributed to water collecting in the

Figure 2 – L1 Force Main 2010 Potential Survey Profile
(Potential values negative with respect to a copper-copper sulfate reference cell)

L1 FORCE MAIN - 2010 POTENTIAL PROFILE
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annular space between the casing and the pipeline.

Protective levels on Phase I of L2 at the I-5 crossing are mixed. The ductile iron portion of

pipe in the Phase I is well protected. Potentials measured on steel sections of main are just

below the protective criteria of -0.850V. It is possible that the zinc ribbon anodes at these

locations are beginning to decline in performance.

The protective levels are low on the L2 Phase III sections of metallic main, i.e. between

Highway 101 and the I-5 Bridge. Based on the field data, it is believed that most of the

original sacrificial anodes installed at these locations have reached the end of their useful

service life. The one exception to this is the short section of DIP at the western-most end of

the main. After RFYeager Engineering re-connected a loose anode wire at CTS 280, potentials

increased to a level above -0.850V.

A summary of the L2 force main test stations and 2010 potential survey data is provided in

Table 3 and presented graphically in Figure 3 on the following pages. Table 3 also includes

data from field surveys conducted in 1999 (Ph I), 2002 (Ph II) and 2008 for comparison

purposes.
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Table 3 - LWD L2 Force Main Corrosion Survey Data

1999
(Ph II Contractor)

2002
(Ph III Contractor)

2008
(V&A)

2010
RFYEng

CTS ID Structure Sta #
Field

Marker

(Initial pot’l) (V)
Activated pot’l (V)
Anode output (mA)

(Initial pot’l) (V)
Activated pot’l (V)
Anode output (mA)

Potential
Anode output (mA)

Potential
Anode output (mA)

Comments

Ph II

L2 010
L2 BO
020

13+96
Carsonite

post

(-0.527)
-1.427

35
-- -1.349

30

L2 020 24” FM 23+47
Carsonite

post

(-0.733)
-1.032
352

-- -1.338
39

-1.001
90

L2 030 24” FM 24+10
Carsonite

post

(-0.729)
-1.017

--
-- -1.256

190??
-0.960

--

L2 040 24” FM 34+10
Carsonite

post

(-0.566)
-1.348

--
-- -- -1.239

--

L2 050 24” FM 35+88 None
(-0.570)
-1.356

21
-- -- -1.261

20

L2 060
L2 AV
030

39+31 None
(-0.515)
-1.210

20
-- -1.260

missing output data
-1.148

10

L2 070 24” FM 44+76 None
(-0.709)
-1.324

59
-- -1.274

20
-1.298

80

L2 080 24” FM 45+50 None
(-0.715)
-1.299

--
-- -1.320

80?
-1.221

--

L2 085
L2 BO
030

58+77 None
(-0.767)
-1.196
126

-- -- -1.316
30

CTS not on drawings

L2 090 24” FM 62+16
Carsonite

post

(-0.757)
-1.077
138

-- -1.275
missing output data

-1.188
79

L2 100 24” FM 63+31
Carsonite

post

(-0.763)
-1.048

--
-- -1.139

--
-1.151

--

--

L2 110 24” FM 65+92
Carsonite

post

(-0.678)
-1.221
110

-- -1.290
52

-1.318
45

L2 120 24” FM 68+45 None
(-0.656)
-1.344

53
-1.265

43
-1.315

39

L2 130 24” FM 72+45
Painted
Curb

(-0.680)
-0.966
184

-- -0.928
2206

-0.928
220

L2 X61
Casing @

SD
74+07 None

(-0.682)
-0.662

--
-- -0.698

--
-0.767

--
CTS not on drawings

L2 X62
24” FM
@ SD

74+34 None
(-0.661)
-1.057

--
-- -0.822

--
-0.818

--
CTS not on drawings

L2 140
24” FM 75+04 None

(-0.703)
-1.102
139

-- -0.925
180

-0.937
210

(TABLE 2 CONTINUED ON NEXT PAGE)
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1999
(Ph II Contractor)

2002
(Ph III Contractor)

2008
(V&A)

2010
(RFY Eng)

CTS ID Structure Sta # Field
Marker

(Initial pot’l) (V)
Activated pot’l (V)
Anode output (mA)

(Initial pot’l) (V)
Activated pot’l (V)
Anode output (mA)

Potential
Anode output (mA)

Potential
Anode output (mA)

Comments

L2 150
L2 AV
050

77+45
Carsonite

post

(-0.573)
-1.300

23
-- -1.370

36
-1.428

10

L2 160 24” FM 79+64
Painted

curb

(-0.565)
-1.430

15
-- -1.419

17
-1.221

5

L2 170 24” FM 81+49
Carsonite

post

(-0.550)
-1.409

--
-- -1.424

--
-1.475

--

L2 180
L2 BO
050

89+65 None
(-0.776)
-1.084
187

-- -- -1.244
50

Ph I

185A
(new)

24” FM 96+48
Big Fink

post
(brkn)

-- -- -- -0.918
East end of I-5 Xing
DIP.

185B
(new)

24” FM 102+57
Big Fink

post
-- -- -0.934 -0.878

Next to post mounted
CTS

L2 190
25 7/8”

FM
102+58

Post-
mounted

-- --
-0.980

10
-0.963

10
Small steel section – E
side of I-5

L2 200
25 7/8”

FM
106+80

Post-
mounted

-- --
-0.782
241

-0.784
230

Steel section – W side
of I-5

L2 205 24” FM 108+95
Post-

mounted
-- --

-0.814
324

-0.810
320

Ph III

Missing 24” FM 110+34 None --
(-0.482)

-.902
44

-- --
Orig CTS ID: #8. East
end of DIP section
and 4W IF

L2 210 24” FM 115+90 None --
(-0.513)
-0.921

18
-0.576

20
Orig CTS ID: #7

L2 220 ?? 124+75
Green

paint on
curb

-- -- --
-0.318
-1.1121

CTS 220 not on orig
Ph III dwgs. Anode
disconn.

L2 230 24” FM 126+64
Green

paint on
curb

--
(-0.596)
-0.954

17

--
-0.581

20
Orig CTS ID: #6

L2 240 24” FM 128+53
Green

paint on
curb

--
(-0.604)
-1.001

37
-0.686

4
-0.526

0
Orig CTS ID: #5

L2 250 24” FM 132+41
Green

paint on
conc. pad

--
(-0.562)
-1.356

44
-0.671

2
-0.333

0
Orig CTS ID: #4

L2 260 18” FM 134+70
Green

paint on
conc. pad

--
(-0.468)
-1.065

62
-0.669

56
-0.295

10

Orig CTS ID: #3
East side of RR
overpass

L2 270 18” FM 136+14
Green

paint on
conc. pad

--
(-0.506)
-1.040

21
-0.723

27
-0.888

10

Orig CTS ID: #2
West side of RR
overpass

L2 280 18” FM 136+69
Green

paint on
conc. pad

--
(-0.553)
-1.097

12
-0.663
-1.2931

-0.936
202

Orig CTS ID: #1
Hwy 101 & La Costa.
Anode re- connected

- New CTS (Not shown on compilation drawings)

- Damaged or missing CTS

1 – Anode lead (unconnected)
2 – Current output of newly connected anode as measured across 0.01 shunt
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B2 Force Main – Ten (10) corrosion test stations have been located on the B2 force main.

Two of the test stations were not identified on the compilation drawings. The first test

station is located on the south side of the San Marcos Creek Bridge at approximately Sta

11+00. The second test station is located in the intersection of Highway 101 and Avenida

Encinas (Sta 28+80). Based on a review of historical records, it is believed that two

corrosion test stations, CTS 070 and CTS 090, have been lost since the initial survey in 1993.

The B2 corrosion test stations include a few single wire type test stations, which allow for

pipe-to-soil potential measurements. Several of the test stations include leads to permanent

reference cells buried near the force main. The intent of the permanent reference cells is to

provide an alternative means of taking potential measurements versus using a portable

reference cell. However, these types of cells tend to deteriorate and drift in accuracy over

time so caution is needed when using the permanent reference cells to evaluate protective

levels.

As expected, the potentials initially measured across the length of the B2 force main were

indicative of ductile iron pipe without cathodic protection. During this survey, RFYeager

Engineering found two test stations on B2 between Leeward Street and Breakwater Road

(CTS 075 and 080), which contained unconnected anode lead wires. A review of as-built

drawings indicated that these are 45-lb standard potential magnesium anodes which were

installed during the 2000 Highway 101 widening project.

As a follow-up to our initial survey, RFYeager Engineering activated the two existing anodes

at CTS 075 and CTS 080 by connecting the loose lead to one of the existing pipe test leads

via a 0.01 ohm shunt. Upon activating the anodes, pipeline potentials, at these two test

stations, increased approximately 0.230 volts (i.e. 230 millivolts). Some time is required to

allow for the pipeline to polarize so the full influence of these two anodes can be assessed.

While it is doubtful that these two single anodes will achieve full cathodic protection of the

L2 Force Main - 2010 Potential Profile
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main in these areas, the relatively large shift in potentials does indicate that installing

sacrificial anodes has an appreciable influence on the force main protective levels.

A summary of the B2 force main test stations and 2010 potential survey data is provided in

Table 4 and presented graphically in Figure 4. Table 4 also includes data from field surveys

conducted in 1993 and 2008 for comparison purposes.

Table 4 - LWD B2 Force Main Corrosion Survey Data

CTS ID Sta #
Field

Marker
Wire #

1993
(PSG)

Potential
(V)

2008
(V&A)

Potential
(V)

2010-A
(RFY Eng)
Potential

(V)

2010-B
(RFY Eng)
Potential

(V)

Comments

B2 010 1+40 None 1 -0.563 -- -0.480 At pump station

B2 020 11+00
Carsonite

Post
1 -0.470 -0.493 -0.452

S. side of creek bridge.
CTS not shown on
compilation dwgs.

B2 030 28+25 None 1 -0.570 -- -0.369
N. Bound – Rt turn lane of
Carlsbad Blvd

B2 035 28+80
Painted

curb
(faded)

1
2
3

-0.532
-0.532
-0.0211

-0.393
-0.393
-0.0681

-0.367
-0.367
-0.1911

Intersection of Highway 101
& Ave. Encinas

B2 040 33+94
Carsonite

Post

1
2
3

-0.533
-0.533

+0.0441

-0.335
-0.335
-0.0851

-0.342
-0.342
-0.0941

B2 050 41+56
Carsonite

Post
1 -0.535 -- -0.339

B2 060 51+70
Green

paint on
asphalt

1 -0.500 -- -0.405

B2 070 55+78 -- -0.532 -- LOST

B2 075 66+00
Green

paint on
conc. pad

1
2
3
4

-0.503
-0.503

--
-0.0351

-0.363
-0.363
-1.1602

--

-0.344
-0.345
-1.1152

-0.0941

-0.585
--

50 mA3

-0.3241

CTS relocated during
Highway 101 widening.
Survey 2010-B conducted
with loose anode wire
connected.

B2 080 75+00
Green

paint on
conc. pad

1
2
3

-0.498
-0.498

--

-0.350
-0.350
-1.1602

-0.329
-0.329
-1.1632

-0.583
--

40 mA3

CTS relocated during
Highway 101 widening.
Survey 2010-B conducted
with loose anode wire
connected.

B2 090 88+00 None ? -0.466 -- LOST

B2 100 101+00
Carsonite

Post
(at fence)

1 -0.427 -- -0.339

- New CTS (Not shown on compilation drawings)

- Damaged or missing CTS

1 – Permanent reference cell
2 – Anode lead (unconnected)
3 – Current output of newly connected anode as measured across 0.01 ohm shunt
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B3 Force Main – Ten (10) corrosion test stations were located on the B3 force main. One of

these test stations is not identified on the compilation drawings. This test station, CTS 011,

is located on the south side of the San Marcos Creek Bridge at approximately Sta 11+00.

Based on a review of historical records, it is believed that two corrosion test stations, CTS

010 (at the Batiquitos PS) and CTS 070 (at the N. Lanikai Interceptor) have been lost since

the initial survey in 1993.

The majority of the B3 test stations are 3 wire test stations. Two wires are connected to the

force main which allow for pipe-to-soil potential measurements. The third wire is a

permanent reference cell.

As expected, the potentials initially measured across the length of the B3 force main were

indicative of ductile iron pipe without cathodic protection. Similar to the B2 force main, this

initial field survey found three test stations (CTS 040, 050, and 060) between Leeward Street

and Breakwater Road, which contained unconnected anode lead wires.

Subsequent activation of the three anodes increased potentials at these test stations by

approximately 0.14 volts (i.e.140 millivolts).

A summary of the B3 force main test stations and 2010 potential survey data is provided in

Table 5 and presented graphically in Figure 5. Table 5 also includes data from field surveys

conducted in 1993 and 2008 for comparison purposes.
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Table 5 - LWD B3 Force Main Corrosion Survey Data

CTS ID Sta #
Field

Marker
Wire #

1993
(PSG)

Potential

2008
(V&A)

Potential

2010-A
(RFY Eng)
Potential

2010-B
(RFY Eng)
Potential

Comments

B3 010 0+88 None
1
2
3

-0.583
--
--

-0.372
-0.372

--
CTS Missing

B3 011 11+40
Carsonite

Post
1 -0.530 -0.499 -0.454

South side of creek bridge. CTS
ID’d as “911” on field marker

B3 012 22+75
Carsonite

Post
1
2

-0.592
--

-0.372
-0.168

-0.392
-0.123

Top dirt slope between No. & So.
bound lanes. Wire #2 bad

B3 015 32+80
Carsonite

Post
1
2

-0.511
--

-0.369
-0.369

-0.392
-0.392

W. side of Highway 101, N. of
Cam. Encinas (CTS location
wrong on DWE map)

B3 017 34+50
Carsonite

Post

1
2
3

-0.576
--

-0.373
-0.373

-0.186 (R)1

-0.365
-0.365

-0.060 (R)1

E. side of Highway 101, behind
guardrail.

B3 020 43+07
Carsonite

Post
1
2

-0.505
--

-0.305
-0.305

-0.394
-0.394

B3 030 50+95
Carsonite

Post
1
2

-0.515
--

-0.404
--

-0.374
-0.374

-0.385
--

Wire #2 Bad

B3 040 63+48
Green

paint on
conc. pad

1
2
3

-0.515
--
--

-0.409
-0.157
-1.1662

-0.401
-0.063
-1.1702

-0.550
--

20 mA3,4

CTS relocated during Highway
101 widening. Wire #2 bad.
Survey 2010-B conducted with
loose anode wire connected.

B3 050 73+04
Green

paint on
conc. pad

1
2
3

-0.209
--
--

-0.393
-0.393
-1.1592

-0.377
-0.377
-1.1612

-0.525
--

40 mA3

CTS relocated during Highway
101 widening. Survey 2010-B
conducted with loose anode wire
connected.

B3 060 86+16
Green

paint on
conc. pd

1
2
3

-0.511
--
--

-0.424
-0.424
-1.1802

-0.397
-0.397
-1.1842

-0.541
--

20 mA3

CTS relocated during Highway
101 widening. Survey 2010-B
conducted with loose anode wire
connected.

B3 070 101+40 -- 1 -0.492 -- CTS Missing

- New CTS (Not shown on compilation drawings)

- Damaged or missing CTS

1 – Permanent reference cell
2 – Anode lead (unconnected)
3 – Current output of newly connected anode as measured across 0.01 shunt
4 – Potential at CTS B3 040 taken off of shunt connection since Wire #2 is bad
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Force Main Continuity Test Results

L1 Force Main Continuity – The continuity of the L1 force main was initially evaluated in 1993

by PSG using the linear resistance method. This testing was performed in sections, from test

station to test station, and across the entire length of the force main. The results of the

1993 tests found that the continuity of the L1 force main varied significantly. Some sections

were deemed continuous. However, the majority of the L1 force main was considered

electrical discontinuous or partially continuous due to high resistance across the pipe joints.

As part of this evaluation, RFYeager Engineering re-tested selected segments of the L1 force

main to determine if the 1999 installation of anodes and bond wires at every other pipe joint

affected the overall electrical continuity of these sections. Due to damaged or lost test

stations, the continuity tests were limited to the following three segments:

1. CTS 050 to CTS 060

2. CTS 060 to CTS 070

3. CTS 070 to CTS 080

The Linear Resistance Method of continuity testing was used for the re-tests so that the

results could be directly compared to the 1993 data. The results of the re-tests, as

summarized Table 6 below, found that the anode installation work in 1999 did not improve

the force main linear resistance. In fact, the RAct/RTheor values more than doubled in each

case, which indicates that the electrical continuity of these three segments had decreased

substantially since 1993.

B3 FORCE MAIN - 2010 POTENTIAL PROFILE
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Figure 5 – B3 Force Main 2010 Potential Survey Profile
(Potential values negative with respect to a copper-copper sulfate reference cell)
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L2 Force Main Continuity – The continuity of the L2 force main was initially evaluated in 1999

and 2003 during the construction of Phases II and III, respectively. These tests found the

metallic sections of force main to be electrically continuous.

No historical continuity data could be located regarding electrical continuity for a few

selected sections of L2 metallic force main. For these sections, RFYeager Engineering

conducted field testing using the temporary anode bed method. Based on results of these

tests, as well as the results of previous testing, the electrical continuity of the metallic

sections of the L2 force main is considered to be sufficient for the application of cathodic

protection.

B2 Force Main Continuity – Testing conducted in 1993 by PSG concluded that the majority of

the B2 force main could not be considered as electrically continuous. Resistance values

varied considerably on the sections of main tested with a maximum value of over 6 times the

theoretical value. Several of the sections were considered partially continuous with

RAct/RTheor values between 1.2 and 2.5.

As part of this evaluation, RFYeager Engineering evaluated the electrical continuity of the

B2 force main using the temporary anode bed method. Initial tests utilized the San Marcos

Creek Bridge abutment as a temporary anode bed. Current was applied separately, in both

north and south directions. Surprisingly, the results of this testing indicated good electrical

continuity across the full length of the B2 force main. Specifically, the application of

approximately 5 amps on both north and southern sections of B2 (relative to the bridge)

produced appreciable cathodic shifts. A summary of the field data and diagram showing the

layout of the pertinent test locations is provided in Table 7 below.

Table 6 – Comparison Of 2010 and 1993 L1 Continuity Data

2010 1993

From
CTS #

To
CTS #

Distance
(ft)

Current
Applied

(A)

Meas.
Voltage
Delta
(mV)

Theor.
Resist.
(ohms)

Calc’d
Resist.
(ohms)

RAct/
RTheor

Calc’d
Resist.
(ohms)

RAct/
RTheor

050 060 1500 1.3 215 0.0348 0.1653 4.75 .0649 1.86

060 070 1120 1.04 268 0.0293 0.2578 8.79 .107 3.66

070 080 1040 1.62 276.7 0.0267 0.1708 6.39 .0268 1.00
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Based on the data, it is reasonable to conclude that the existing continuity of the B2 force

main is sufficient for the application of cathodic protection. The specific reason for the

improvement in electrical continuity compared to the results of the 1993 testing is not

known.

It is noted that the amount of shift on the southern section of the B2 force main is

appreciably less than that seen on the northern section, given the relatively same amount of

applied DC current. This is likely attributable to the B2 force main not being electrically

isolated from the Batiquitos pump station. In this condition, a large portion of the

temporarily applied current flowed on to the pump station electrical ground system rather

than the B2 force main. In this regard, any future application of cathodic protection to this

section of B2 force main will require the electrical isolation between the force main and

pump station via the installation of insulating flange kits.

B3 Force Main Continuity – In contrast to the results found on the B2 force main, the testing

conducted in 1993 concluded that the entire length of the B3 force main was fully electrically

continuous. The resistances measured across each section of main varied slightly but all

were sufficiently low such that the RAct/RTheor values were less than 1.2.

Similar to the tests conducted on B2, RFYeager Engineering evaluated the current electrical

continuity of the B3 force main using the temporary anode bed method. Initial test utilized

the San Marcos Creek Bridge abutment as a temporary anode bed. Unfortunately, a missing

test station at the Batiquitos Pump Station precluded the testing of the southern section of

B3 force main. Only data from the northern section of force main, i.e. from the bridge to

the Lanikai gravity interceptor, was recorded.

The results of this testing was consistent with the 1993 results in that good electrical

continuity was evident across the northern section of the B3 force main. A summary of the

Table 7 - Summary of B2 Force Main Continuity Evaluation Testing

CTS 010
(South End of FM

at Bat PS)

Current applied to
B2 @ San Marcos

Creek Bridge

CTS 060
(roughly mid-span of

northern FM segment)

CTS 100
(North end of FM)

Off: -0.540 V
On: -1.030 V

Shift: 0.490 mV
4.8 Amps

5.3 Amps
Off: -0.493 V
On: -1.715 V
Shift: 1.222 V

Off: -0.424 V
On: -1.122 V
Shift: 0.698 V

BridgeBat. PS

CTS 050

Lanikai
Intercept.

CTS 100CTS 010

960 FT 3770 FT

8700 FT

N
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field data and diagram showing the layout of the pertinent test locations is provided in Table

8 below.

Based on this data, it is reasonable to conclude that the existing continuity of the B2 force

main is sufficient for the application of cathodic protection.

Thank you for this opportunity to provide these corrosion engineering services. Please call

if you have any questions or require additional information.

Randy J. Geving, PE

Registered Professional Engineer – Corrosion No.1060

RGeving@RFyeager.com, 760.715.2358

Richard F. (Rick) Yeager Jr., PE

NACE Int’l – Cathodic Protection Specialist No.6321

RFYeager@RFYeager.com, 619.647.6265

Table 8 - Summary of B3 Force Main Continuity Evaluation Testing

South End of FM
at Bat PS

Current applied to
B2 @ San Marcos

Creek Bridge

CTS 040
(roughly mid-span of

northern FM segment)

CTS 100
(North end of FM)

Missing CTS --

5.3 Amps
Off: -0.465 V
On: -1.035 V
Shift: .570 V

Off: -0.457 V
On: -0.998 V
Shift: 0.540 V

BridgeBat. PS

CTS 040

Lanikai
Intercept.

CTS 100Missing CTS

960 FT 4950 FT

8750 FT

N
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LEGEND

CONTINUITY (SEE REPORT DISCUSSION FOR DETAILS)
- FIELD TESTING INDICATES CONTINUOUS PL SEGMENT
- FIELD TESTING INDICATES PARTIALLY CONTINUOUS PL

SEGMENT
- FIELD TESTING INDICATES DISCONTINUOUS PL SEGMENT
- UNKNOWN (NO DATA)

Note 1 - The continuity color designations between CTS 050 and El Camino
Real based on 1993 data. Damaged test stations precluded retesting of
these reaches during latest evaluation. See report discussion for details.

W

W

PROTECTION (SEE REPORT DISCUSSION FOR DETAILS)
- POTENTIALS MORE ELECTRONEGATIVE THAN -850 MV CRITERIA
- PL REACH W. SAC ANODES INST. EVERY OTHER JOINT (1998) - See Note 2
- POTENTIALS WITHIN 150 MV OF CRITERIA
- POTENTIALS INDICATIVE OF LOW OR NO CATHODIC PROTECTION
- UNKNOWN
- POLYETHYLENE ENCASEMENT ONLY (NO CP APPLIED)

Note 2 - Anodes installed on evary other joint cannot be monitored due to pipeline electrical
discontinuity. See report for details.

CORROSION TEST STATION (CTS)
- EXISTING CTS ID # AND STATIONING AS SHOWN

ON COMPILATION DWGS
- DAMAGED OR MISSING CTS
- RECENTLY LOCATED CTS (NOT ON DWG)
- POTENTIAL READING AT CTS (COLOR BASED ON

PROTECTIVE LEVEL - SEE "PROTECTION" LEGEND)

###

###

###

PIPE MATERIAL
- NON-METALLIC
- DUCTILE IRON PIPE

(DIP)

INTERNAL PRESSURE*
- 50 - 60 PSI
- 40 - 50 PSI
- 30 - 40 PSI
- 20 - 30 PSI
- 10 - 20 PSI
- LESS THAN 10 PSI

* - Based on data provided by DWE

(see Note 1 below)
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LWD L2 FORCE MAIN - CORROSION PROTECTION DIAGRAM

Years Commissioned: Ph I - 1994; Ph II - 1999; Ph III - 2002

Phase II

Phase IIPhase I

Phase III

CORROSION TEST STATION (CTS)
- EXISTING CTS ID # AND STATIONING AS SHOWN

ON COMPILATION DWGS
- DAMAGED OR MISSING CTS
- RECENTLY LOCATED CTS (NOT ON DWG)
- POTENTIAL READING AT CTS (COLOR BASED ON

PROTECTIVE LEVEL - SEE "PROTECTION " LEGEND)

###

###

###

LEGEND

CONTINUITY (SEE REPORT DISCUSSION FOR DETAILS)
- FIELD TESTING INDICATES CONTINUOUS PL SEGMENT
- FIELD TESTING INDICATES PARTIALLY CONTINUOUS PL

SEGMENT
- FIELD TESTING INDICATES DISCONTINUOUS PL SEGMENT
- UNKNOWN (NO DATA)

Phase I
INTERNAL PRESSURE*

- 50 - 60 PSI
- 40 - 50 PSI
- 30 - 40 PSI
- 20 - 30 PSI
- 10 - 20 PSI
- LESS THAN 10 PSI

* - Based on data provided by DWE

LWD Force Main Corrosion Evaluation Appendix A RFYeager Engineering - May 2010
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* - Based on data provided by DWE
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L2 FORCE MAIN
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B3 FORCE MAIN
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