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Introduction

The Oklahoma Department of Transportation contracted the installation of two
cathodic protection (CP) systems as part of the Federal Highway
Administration’s Demonstration Project No. 34 - “Cathodic Protection for
Reinforced Concrete Bridge Decks”. Both systems were of the impressed
current type using A.C. from the local utility company. The first system known
as a “slotted” or non-overlay system consists of anodes which are installed in
slots that have been sawed in the bridge deck; this system was installed on the
Bird Creek bridge located on SH 266 in Tulsa County, Oklahoma. The second
system is an “overlay” system in which the anodes are installed on top of the
deck and then a 2 inch high density concrete overlay is placed; this system was
installed on the Bird Creeck Overflow bridge located on SH 266 in Rogers
County, Oklahoma.

In June, 1985, the installation of the cathodic protection systems was completed.
A video tape and supplemental report was submitted detailing the construction
phase of the project.

In August, 1986, the first annual report was submitted. This report included the
results of the annual half-cell, chain drag, and visual surveys. The monthly

operating data collected up through July 1986 were included.

This is the second annual report of these systems.

Introduction 1



Update

Monthly operating data for each cathodic protection system has been collected
since July, 1985. Data through December 16, 1985 were submitted in the
construction report. Data from January, 1986 through July, 1986 were

submitted in the first annual report. Data obtained since July, 1986, arc

included in Appendix A.

At the end of the first year evaluation, both systems were inoperable, and the
manufacturecr was notified of the problems. The following is a summation of

the events that occurred since that time.

On September 8, 1986, representatives from the Harco Corporation and
Good-All Electric, Inc. visited the site to investigate the problems with the
controlling units. Prior to any work, static reference cell potentials were

obtained.

The investigation of the Bird Creek bridge cathodic protection system yielded no
immediate explanation for the cause of the malfunction. The silicon control
rectifiers (SCR) for each zone were tested for shorts. No shorts were found.
Repairs were made to the cards that were previously removed, and they were
installed along with a new meter. When the unit was turned on, everything

operated normally.

The investigation of the Bird Creek Overflow bridge cathodic protection system
found additional components damaged. The SCR for Zone 12 had a short, nine
of the control cards were determined to need repair, and a potentiometer located
ncar the meter was burned out. The SCR and the control cards were removed
to be repaired. The malfunction of the system was attributed to a power surge.

It was speculated that the cause was a lightning strike. However, the point of
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entry was not determined, and the damage was confined to the internal

components of the controller.

On October 13, 1986, the cathodic protection system on the Bird Creek bridge
was found to be inoperable. Investigation into the problem revealed that
someone tripped the circuit breaker at the pole (the cover was partially opened).

The power was restored and the system activated.

On March 3, 1987, operating data was obtained and yearly testing was
performed. The cathodic protection system on the Bird Creek bridge was turned

off and allowed to depolarize.

On March 19, 1987, yearly testing continued on the Bird Creek Bridge and the
static readings of the reference cells and rebar probes were obtained prior to

re-energizing. Immediately after re-energizing, the operating data were collected

again.

On April 27, 1987, personnel from the Harco Corporation installed added
lightning protection for both systems (see Appendix C.).

On May 21, 1987, personnel from the Harco Corporation repaired the
components on the Overflow CP system. A new potentiometer, the repaired

meter and the repaired control cards were installed. Four control cards were in

need of more repairs.

On June 30, 1987, personnel from the Harco Corporation installed the four
control cards that had been repaired. The repaired cards operated correctly.
However, four of the cards that were previously repaired were inoperable. They

were removed and sent for repairs.

On August 10, 1987, the four repaired control cards were installed. All control
cards for the Overflow system were operating properly. However, Zone 9 was

not discharging current.

Update 3



On September 18, 1987, the control card for Zone 6 on the Overflow system was

inoperable.

On September 29, 1987, representatives from Goodall and the Harco
Corporation investigated the problem with Zone 9 of the Overflow CP system.
The lightning protection fuse for the anode was blown. The control card for

Zone 6 had a blown capacitor. The problems were corrected.

On November 25, 1987, the Overflow CP system was found to be inoperable.
No damage could be detected. It appears that the system was not receiving

A.C. power.

Update : ' 4



- Monthly Data

The systems have been inspected on a monthly basis since June 19, 1985. The
amperage and voltage discharging to each zone were recorded along with the set
potential, the potential of each reference cell and the voltage across each rebar
probe. In cases where a system was found to be inoperable, recording of the

data may have been omitted.

All potential readings are reported as they were obtained. Hence, the potential
readings having a positive value were -actually negative and the potential
readings with a negative value were actually positive. This is the manner in
which both the LCD meter and the Beckman hand held meter displays the

values.

Analysis

For a given cathodic protection system, the current discharged to each zone is
regulated by a controller. There are three modes of operation that a cathodic
protection controller may assume - constant current, constant voltage, or

constant potential.

A controller operating under “constant current” discharges power at a given
amperage level, and allows the voltage level and the potentials of the steel to
flucuate with changes in the environment. As shown in the first annual report,

this can cause “over protection” of the steel.

A controller operating under “constant voltage” discharges power at a given

voltage level, and allows the amperage level and the potentials of the steel to

flucuate with changes in the environment.

Monthly Data 5



A controller operating under “constant potential” discharges power by adjusting
the amperage to maintain a given potential at one location, with respect to

changes in the voltage level and changes in the environment.

Both of the CP systems being evaluated operate in the constant potential mode,
also known as potential control. This mode of operation was chosen, since it is
the only mode that facilitates changes in the environment. As the conditions of
the deck, such as temperature and moisture content, change with time, the
required amount of power to maintain a given potential also changes. Potential
control reduces the chance of over protecting the steel when the deck is wet and
requires little power. [t also ensures that enough power is supplied when the

deck is very dry and requires a large amount of power to protect the steel.

In order to have a potential control system, there must be a method of
monitoring the potential of the steel in the deck. In each zone two reference
cells were installed, a Silver/Silver-Chloride (Ag/AgCl) reference cell and a
Molybdenum/Molybdenum-Oxide (Mo/Mo0O3) reference cell. The Ag/AgCl
reference cells have been the controlling reference cells for the systems. The
potentials of the steel throughout the deck for the various current levels were
obtained through E-logl testing, and were correlated to the potentials of the
reference cells, i.e. the reference cells were calibrated to determine the needed
potential or “set potential” at the location of the reference cell to adequately

protect the entire zone.

- Once the set potentials are entered into the controller, the controller measures
the potential of the steel at the location of the reference cell and adjusts the

amperage accordingly.

If the reference cell reading is higher than the set potential, no power is

supplied, i.e. the amperage level is zero.

If the reference cell reading is less than the set potential, power is supplied by
increasing the amperage. A maximum amperage level is set to prevent over

protection in case of a malfunction of the system.
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When the reference cell reading approaches the set potential from a lesser value

the controller reduces the amperage to maintain the same level as the set

potential.

In reviewing the monthly data, the first step is to compare the set potential, the

reference potential, and the amperage level to determine the status of each zone.
The status is classified as one of the following:

Under Polarization If the reference potential is 20 millivolts less than the set
potential and the current is on.

Over Polarization If the reference potential is 20 millivolts more than the
set potential and the current is off.

OK : If the reference potential is within 20 millivolts of the set
potential regardless of -current output.

Malfunctioning If the reference potential is 20 millivolts less than the set
potential and the current is off.

Malfunctioning If the reference potential is 20 millivolts more than the
set potential and the current is on.

The analysis for this report will focus upon the operating status, as determined
by the monthly operating data, of the two cathodic protection systems. Since
the two systems have been inoperable at different periods of time, each system

will be addressed separately.

Monthly Data 7



Bird Creek Bridge

The Bird Creek cathodic brotection system was set into operation in June of
1985. During the first six months of operation, the Ag/Agcl reference cells in
Zones 1, 2, 3, & 7 were registering abnormally high readings, thereby, causing
no current to be discharged and resulting in a status of operation as being
"OVER” protected. The cause of the abnormal readings was attributed to the

circuitry of the control cards and the problem was corrected in January of 1986.

The Bird Creek cathodic protection system was found to be inoperable in April
of 1986. The cause of the malfunction was attributed to a power surge. The
system was repaired in September of 1986, and has since, been in continuous

operation.

[t has been two and one half years (30 months) since the system was installed
and put into operation. Six of those months the system was inoperable, and
monthly data was not obtained. Figure 1. shows a summary of the status of
operation for each zone while the system was in operation. The data

represented in figure 1. is included in Appendix B.
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Zone 1 has been classified as being "OVER” protected, "UNDER” protected,
and “OK”. The “OVER” protection was due to the problems with the reference
cell. Since that was fixed it has been classified as either “OK” or "UNDER”

protected and the current has been continuously discharging.

Zone 2 had the same as Zone 1 except it has two readings that were classified as
"MALFUNCTIONING”, which were a result of the reference cell’s reading
being higher than the meter could register. Therefore, no reading could be
obtained. However, since the problem of the reference cells was fixed, Zone 2
has still been "OVER” protected. This is a result of Zone 1 constantly
discharging current and the fact that these two zones interact on the same span,

i.e. Zone 2 is receiving extra current from Zone 1.

" Zone 3 has had a mixed status of either “"OK” or “"OVER” protected. This
implies that sufficient current has been applied. Most of the zones that exhibit
"OVER” protection are receiving current from an adjacent zone within the span.
In this case Zone 3 is receiving extra current from Zone 4 which has been
classified as being mostly “UNDER” protected, and like Zonc 1, has

continuously discharged current.

Zone 4, as previously mentioned, has consistently discharged current and has
always been either “OK” or "UNDER” protected. The amount of "UNDER”

protection, has not been significant.

Zone 5 has had a continuous status of “"UNDER” protection throughout its
entire operation. Although this is not inherently bad, it does mean that the

system is not raising the reference cell reading to the desired level.

Zone 6 has had a mixed status of “"OK”, "OVER” protection, and "UNDER”
protection. However, the potential of the reference cell has never deviated more
than 78 millivolts from the set potential, and the current output has flucuated

on and off accordingly. Therefore, this zone has been performing satisfactorily.
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Zone 7, like Zone 1 & 2, had a problem with the reference cell. Since the
problem was corrected Zone 7 has been operating satisfactorily; one exception

existed where the current from Zone 8 seemed to have influenced Zone 7.

Zone 8 has mainly been classified as being “"UNDER” protected. However,'the
last reading that was obtained showed it to be "OVER” protected. - Again, the
location of Zone 7 & 8 on the same span allows these zones to interact with

each other.

Zone 9 is the only zone that has had a continuous status of “OK” throughout its
entire operation. Incidently, this is the only zone that is not directly adjacent to

another operating zone, i.e. it is in a span by itself.

In summary, all zones in the Bird Creek cathodic protection system have been
operating satisfactorily since the power surge damage was repaired. The zones
exhibiting “"OVER” protection have potentials higher than the desired potential,
but the potentials are well below that which would create hydrogen evolution.
In the same manner, the zones exhibiting “UNDER” protection have potentials
below the desired potential, but the potentials are significantly higher (at lcast
100 millivolts) than the static potentials, thereby protecting the steel
cathodically. Finally, the ability of the controller to maintain the set potential
within a zone has been hampered by the interaction of adjacent zones on a given

span.

Monthly Data 11



Overflow Bridge

The Overflow cathodic protection system was set into operation in June of 1985.
In April of 1986, this system was also found to be inoperable, due to a power
surge. As of December 1987, steps to repair the system to full operation are in

progress.

The system was in operation for over 38 .weeks. Figure 2. shows a summary of
the status of operation for each zone while the system was in operation. The

data represented in figure 2. is included in Appendix B.

Zone 1, 2,3,5,6,10, 11, & 12 all performed ideally up to the time of the power

surge.

Zone 4 has performed satisfactorily except in one instance in which there was a

blown fuse resulting in a "MALFUNCTION".

Zone 7 & 8 were either "UNDER” protected or “OVER” protected. This was

due to the reference cells being crossed wired in these two zones. This problem

has been corrected.
Zone 9 has malfunctioned several times due to a reccurring blown fuse.

In summary, the Overflow cathodic protection system has operated ideally with
the exception of Zone 9 repeatedly blowing fuses. Zones 7 & 8 have not yielded
enough informatibn to determine the results since rewiring, and Zone 4 has not
blown another fuse. The stability of the zones on the Overflow cathodic

protection system can be attributed to the fact that there was one zone per span.

Monthly Data : ] 12
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Testing

In March 1987, testing was done to evaluate the performance of the cathodic
protection systems. The testing included half-cell and chain drag surveys. The
decks were visually inspected and operating data during testing was collected.

The evaluation is based on results from current surveys, past surveys, and data

collected.

Half-cell Surveys

Half-cell surveys for these decks have been performed on a yearly basis since
1983. Between 1983 and 1984 the surveys showed a small increase in potential
throughout the deck. This can be expected, since no corrective action was taken
during this time. . Therefore, for analysis purposes, the data from the survey
performed in 1984 will be considered as the- pre-construction data. In May
1985, after all repairs were made and the cathodic protection system hardware
was installed, a half-cell survey was performed prior to energizing the cathodic
protection system. The data from this survey will be considered as the

post-construction data.

In March 1986, two half-cell surveys were performed on each deck. The first
survey was taken with the cathodic protection systems operating (“power on”).
The systems were then turned off and allowed to depolarize for ten days. The
seccond survey was then taken with the cathodic protection systems not

‘operating (“power off”).

In March 1987, half-cell surveys were performed on each deck. A “power on”
survey was obtained on the Bird Creek bridge, but was not possible for the
Overflow CP system since this system had been inoperable for several months.

Therefore, a “power off” survey was performed on the Overflow bridge. The

Testing 14



Bird Creek system was then turned off and allowed to depolarize for 15 days,

and a “power off” survey was performed on the Bird Creck bridge.

The results from the pre-construction, post-construction, power on, and power
off surveys for the Bird Creck bridge (slotted system) and the Bird Creek
Overflow bridge (overlay system) are listed in Figures 3 & 4, respectively. There
is a considerable reduction in the potential readings due to construction alone.
This illustrates the reduction of corrosion activity associated with the sand
blasting and repair -of distressed arcas. As the cathodic protection current is
applied, the potentials increase dramatically throughout the deck. After
depolarization, the half-cell data indicates that virtually no corrosion is

occurring.

In each case, the potentials after construction are lower than the potentials
before construction, and the potentials after 9 months of protection (86 power

off) are lower yet.

In 1986, less than 0.01 percent of cither deck had a potential greater than 350
millivolts. However, the 1987 “power off” surveys show a minute increase in the
deck arca that has a potential reading of higher than 350 millivolts. The Bird
Creck bridge had 0.1 percent, and the Overflow bridge had 3.0 percent of the
deck with potentials higher than 350 millivolts. Although there was an increase
in potentials, the amount of increase is virtually insignificant, and was expected

due to the time that the systems were inoperable.

Testing 15



| AREA FOR EACH MILLIVOLT LEVEL

Testing

BIRD CREEK IUNDER | 200- | 300- | 350- | 400- | 500- | 600- | 700- | 800- | 900
BRIDGE | 200 1300 1350 | 400 | 500 | 600 | 700 | 800 | 900 | OVER
|-====- 4 to————- 4 4 $o————— $m————— 4 4o 4o
| SQFT | SQFT | SQFT | SQFT | SQFT | SQFT | SQFT | SQFT | SQFT | SQFT
————————————————— it et DL L Ll S L Dt e L R R e e e L e A el S b Sl et L e et L L T e et
TEST | | | | | | | | | | |
________ e | | | | | | | | | |
84 PRE- |AREA | | | = | | | | | |
CONST | | 175381 27741 316l 204l 159]| 8l 1l ol ol 0
———————— L e e et e e e e e e e e
85 POST-|AREA | | | | | | | | | |
CONST | | 169191 4041| 291 111 ol ol ol ol ol 0
———————— e L e et e L e e e s S e et EE L T
86 POWERI|AREA | | | | | | | | | |
ON | | 1871 382| 408| 4151 24551 66891 4594 2588| 1419| 1863
-------- L L T el e e L e e e e e
86 POWERI|AREA | | | | | | | | | |
OFF | | 20446| 546l 8l ol ol ol ol ol ol 0
-------- e e et e et e L e e
87 POWER|AREA | | | | | | | | | |
ON | 1e8l 371 23| 981 24221 74371 4351 2542| 16881 2234
-------- L L D e ettt e L e e e e
87 POWERI|AREA | | | | | | | | | |
OFF | | 12534| 83661 81| 171 2| ol ol ol ol 0
Figure 3. Bird Creek Half-Cell Data (1984-1987)
| AREA FOR EACH MILLIVOLT LEVEL
| _____________________________________________________________________
OVERFLOW BRIDGE |UNDER | 200- | 300- | 350- | 400- | 500- | 600- | 700- | 800- | 900
| 200 1300 | 350 | 400 | 500 | 600 | 700 | 800 | 900 | OVER
| ettt 4o $mm———- t-————- t-————- $o————— 4 4 4o
| SQFT | SQFT | SQFT | SQFT | SQFT | SQFT | SQFT | SQFT | SQFT | SQFT
----------------- B e e e e et B e ey e ey S Lt
TEST | | | | | | | | | | |
-------- R it | | | | | | | | | |
84 PRE- |AREA | | | | | | | | | |
CONST | | 839 8844l 57631 4743 7023 786l 21 ol ol 0
-------- L L e e e L e e et L L L et Tt et
85 POST-|AREA | | | | | | | | | |
CONST | | 23701 122721 9017| 3855| 486 | ol ol ol ol 0
-------- L L e it e e L e e L L et E et LT
86 POMWERIAREA | | | | | | | | | |
ON -l | 11241 35191 258l 2571 2011| 42261 4421| Ge664| 2749 4771
-------- e e e e e e e e e e
86 POWERI|AREA | | | | | | | | | |
OFF | 81991 19148| 649 4| ol ol ol ol ol 0
-------- L e e e e e e T e e e T e e L
87 POWER|AREA | | | | | | | | | |
OFF | | 36331 208691 2640l 7551 103 ol ol ol ol 0
Figure 4. Overflow Half-Cell Data (1984-1987)
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Chain Drag Survey

The results of the chain dfag survey found- that the areas of delamination on the
Bird Creek bridge had little change from 1986 to 1987. The areas of
delamination along the gutter, as reported in 1986, were not delaminations in
the deck. They were a result of a thin veneer of plaster on the deck. The

plaster was used to refinish the parapet walls and was extended onto the deck.

A total of 34.5 sq. ft. was determine to be delaminated. The areas of
delamination were basically small and most were contained between secondary

anodes. Only 0.16 percent of the deck was delaminated.

The Bird Creek Overflow bridge exhibited only one area of delamination. It’s

area was 1 sq. ft.

- Visual Survey

The polymer backfilled slots on the Bird Creek bridge are performing well. The
surface crack reported in 1986, which translated transversely through the

polymer is still tight and the bonds along the sides are still intact.

The deck of the Bird Creek Overflow bridge has developed some localized
scaling in Zone 6. There are several small arcas for a total of 30 sq. ft. of

scaling.

Testing 17



Discussion

As reported in the first year evaluation, both systems were inoperable. The
cause of the malfunction was attributed to a power surge. It was speculated
that the power surge was a result of a lightning strike. Since a maintenance
budget has not been established for the upkeep of the systems, securing funds
caused a considerable delay in making the repairs. The components that were
damaged have been replaced and additional lightning protection components

were installed. A report outlining these activities is included in Appendix C.

The Bird Creek cathodic protection system is in full operation and is performing
satisfactorily. = The installation of the “slotted” system required that the
secondary anodes be placed across two adjacent zones in a single span. This has
caused an interaction of zones which hampers the stability of potential control.
The system will be modified in 1988 to opecrate each span as one zone rather
than two. The Overflow cathodic protection system is still inoperable. The
components have been repaired and were in operation. However, at this time,
the system is not receiving a.c. power for operation. This is a small problem
and should be corrected shortly. Since the system was inoperable for 11 months
prior to annual testing, there has been a slight increase in corrosion activity as

measured by the half-cell survey.

The cost of the electricity to operate the systems has been $ 20.00 - S 30.00 per
month for the Bird Creek system and § 25.00 - $§ 40.00 per month for the
Overflow system when they are in operation. These amounts include a S 15.00

per month basic charge.

The polymer backfill in the “slotted” system has performed well, and the

“overlay” system has no signs of distress.

Discussion : 18
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Appendix A. Monthly Data

Appendix A. Monthly Data

A-l



CATHODIC PROTECTION PERFORMANCE UPDATE

Bridge: BIRD CREEK Recorder: Senkowski Date: 90886
Meter: BECKMAN Status: OFF Week: 59 Time:
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/Mo0O3 | Probes | Protection |
frevses P i Jabewsi ferroins §-rsiin e it } iy it o |
| za] | | | 307 | 85 | -5.00 | Ag/AgCl |
| 24 | | | 259 2o 46 | -3.00 | Ag/AgCl |
| 3] | | | 1627 | -69 | -0.01 | Ag/AgCl |
| (A | | | 176 | -134 | -0.01 | Ag/AgCl
[ 5 | | B Lo TS P e et |
e | | L a0 ebs S8 ) alhetT - |
T ] } B el e e el
i | | [ 225 |- 89} ~0.0L 3 hgheCt |
| Ce T [ | | 100 | -17 | -4.00 | Ag/AgCl |
RO EEEEE | --mme e L e TR RN EE e
| Total | | |
| | l I
Bridge: OVERFLOW
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set. | Ag/AgCl | Mo/Mo0O3 | Probes | Protection |
el RS | <-mmme e | <-mmee- | <--me e R | <-mmne-- | <-mmenomee |
| g [ER | | | 229 i =301 | -3.00 | Ag/AgCl |
R T | | |5 152 - Yoot X N 05 b Ankialt |
| Sl | | | 273 | -323 | -3.00 | Ag/AgCl |
W [ | | 156 | =817 4400 | Mslaghl |
| e | | | 131 | 40 | =2.00 | Ag/AgCl
| ree sl | | | 267 | 18 | -0.10 | Ag/AgCl |
BEs | ] R e T L s s |
| Bir] | | | 179 | -7 | -0.10 | Ag/AgCl |
| 9izzed | | | 95 | -93 | -2.00 | Ag/AgCl |
oel0E | | | 75 | -442 | -2.00 | Ag/AgCl |
aEtes | | | 384 e300 F 4280 AesNgll |
W T | | Tl e 15 | -5.00 | Ag/AgCl |
|<nmmefemennnees R D R PRI PR
| Total | | |

I | |

Appendix A. Monthly Data A-2



CATHODIC PROTECTION PERFORMANCE UPDATE

Bridge: -BIRD CREEK Recorder: Senkowski Date: 91086
Meter: LCD Status: ON Week: 59 Time:
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps- | Volts | set | Ag/AgCl | Mo/Mo0O3 | Probes | Protection |
| -eee [<mmemmees | -mmmmees |-mmeee | -eenoees |<mmemmees | -noeenes | -omnmenne |
b1 a8 a0 F A S o 168 A et |
| 2o 878 AR b 308l Ak e T |
bR iy 9t e g o b peainl Diaigg g e ok o S B mean] |
TR RSO MR e T T A e 72 | =0.01 § Ag/ikeCl
B e o e e R e
B SO TR TS T L e T R R TR L T s |
B N T SR R e SRR e e |
B R N e L e R e ey T |
L R R e R T T e e e
|--e |-mmmmees |-mmneees LR IR MR
(Mot il =i . 255 <)
| I | I
Bridge: OVERFLOW
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts .| set | Ag/AgCl | Mo/Mo0O3 | Probes | Protection |
S = [t bty foRiagmia e gty fediascimn frembnimng v |
| | 0.0 | 022 4768 5 242 . =205 | | Ag/AgCl
| 265 | 0.0 | 0.1 S 150 | ~77 | | Ag/AgCl
Fuiae | I | I I | Ag/AgCl |
o] | I I I I | Ag/AgCl I
gheih I I l I I | Ag/AgCl I
e I I | I | | Ag/AgCl I
SR I | | | I | Ag/AgCl I
S . | . I el A O | Ag/AgCl |
| Cle 1553 | 3.0 i G995 502 | 219 | | Ag/AgCl
{16 I I I I I | Ag/AgCl I
-l g | I I I | | Ag/AgCl I
§ g | | | | I | Ag/AgCl |
Spetoidie praetmosay Prgie ol | 255 S mdes duonp et it s A N R
| Total | | |

I I |
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CATHODIC PROTECTION PERFORMANCE UPDATE

Bridge: BIRD CREEK Recorder: Senkowski Date: 101786
Meter: LCD Status: ON Week: 64 Time:
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/Mo0O3 | Probes | Protection |
e ERE | <-mmeeeee | <----e- | <= om e | <-mmmeee- | =-=mm e | <-mmmnmnee |
B L A e R R s TR e |
EE A s R T PR RS L e T S 97 | -1.70 | Ag/AgCl |
ot s tr2ip o982 oy b g6 0 L oksikar |
bl S A e e Lk e e 95 | 0.00 | Ag/AgCl |
P S B e U e e e e T |
e ol g T o 2.0 b 88y s s S L o |
foo P e el b ks A s G e ) St ot e ] |
B el T R et T R T e e |
SR e T S e T e N e T e e |
| =mme [ eone | <-mmme e e
iRagel § a2 5 h2ta )
I I I I
Bridge: OVERFLOW
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/MoO3 | Probes | Protection |
| Eoathas v ey perememnne S [Pommasisy fons Rl anan e s s I
S B I | I I I | Ag/AgCl |
e | I | I | | Ag/AgCl I
el T I I I I I | Ag/AgCl |
L s I I I I I | Ag/AgCl I
$ iy | I I | I | Ag/AgCl I
R I | I I | | Ag/AgCl |
R | l I I I | Ag/AgCl |
a2 I I I I | | Ag/AgCl |
S o I | I | I | Ag/AgCl I
yo 2] I I | I I | Ag/AgCl I
§ il I I | I I | Ag/AgCl I
Bl VAR I I | I I | Ag/AgCl I
| ==amae PPy § S | e ot i B e o 5 A A SR e o
|Total | | |

I I |

Appendix A. Monthly Data A-4



CATHODIC PROTECTION PERFORMANCE UPDATE

Bridge: BIRD CREEK Recorder: Senkowski Date: 112486
Meter: LCD Status: ON Week: 70 Time:
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/Mo03 | Probes | Protection |
| <--eee | -mmmmeee | omemeeee | mo e | -nmoe e | -mmemees | --nnees | oeemenmees |
BT e R R T R B e e T e e T |
Vo2 @0 ] 8.2 500 7L S RE0 ot 212 | a s iaar |
b caid aie o 2:6 - 354 Swee s b 2 38 Pt St |
R A e R T R R e T DR R T e R T |
B e N e R e e e e e |
R R e VI B R T e e R T e e |
[ 05 A Bl | 480 R kil el i) |
B N N R TR e T S T s e E e e |
B e e Ce T T e T e T o e e |
| <----- |-=mme e | <mmmeee D
Tetal § - B0 - § 291
I I I |
Bridge: OVERFLOW
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/Mo0O3 | Probes | Protection |
| ------ | --mm e R | --- | <= | <-mm e | <-- e [ |
}dad I | I I I | Ag/AgCl |
Foo2 I I I I | | Ag/AgCl I
Fooodeny I | I I I | Ag/AgCl I
bk g | | | I I | Ag/AgCl I
koo | | I I I | Ag/AgCl I
b I | I I I | Ag/AgCl I
L | I I I I | Ag/AgCl I
Lol ) I I I I I | Ag/AgCl I
e S | | I I I | Ag/AgCl I
oA I I I | I | Ag/AgCl |
Bl S I I I I I | Ag/AgCl I
f 1% ) | | I I I | Ag/AgCl I
jrerene S b fEr et s b ol g e i e et i i ek
| Total | | |

| | I

Appendix A. Monthly Data : A-5



CATHODIC PROTECTION PERFORMANCE UPDATE

Bridge: BIRD CREEK Recorder: Senkowski Date: 10587
Meter: LCD Status: ON Week: 76 Time:
| Zone | Current | Voltage |--==- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/MoO3 | Probes | Protection |
e P | <emmmnee | <=en-o < ommmee e | -eeemme | <nonennene |
B T R I R s e L |
L 2n ke g SEE e o e b e |
R e T e e e e R e e e R s e e |
ey R T e T T e R e T |
B o s e T T U L e T S e L e e e T ) |
b g b 1.9 . 4 a8 k- A8 | 280 | S0 00| ke rkss) |
2 et s o Al e g e ke
bRt - A s s e b 0 50 6 eisent |
R e e S s L T S T e e T Ve e
| --m-e- [-nmnenee |<nomnees e
| Total | 555 =189 |
| l | |
Bridge: OVERFLOW
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps - | Volts | set |-Ag/AgCl | Mo/MoO3 | Probes | Protection |
e s |-mmme e | --mmee |-mmmenee | --mmeenee | -mmmeee | <nmmenmeee |
| e ] | | | 162 |5 =272 | -0.40 | Ag/AgCl [
ol | | SRR TR T U B e R
R o | | |- 185 - -s0h i f <0.70 | AsfksCl |
ook o | | 1869 | =286 p =160 | Ap/Ashl |
I 5+ | | | 114 | -40 | -0.20 | Ag/AgCl |
| 6=} | | | 199 | -6 | 0.00 | Ag/AgCl
ey [ | i 89} -268 . 1 0.00 | diha] |
g : | . | B L i L s s T |
e ST I B T S e e e e e e |
[Ee0=s] | | | 74 | - -336 | -0.30 | Ag/AgCl |
fi St | | } 1%k Serares o osee - Fhalkell |
[SEaosis] | | | 101 | 10 | -4.20 | Ag/AgCl |
P R [<mmmnee L ISR SRR
| Total | | |

l | |

Appendix A. Monthly Data : A-6



CATHODIC PROTECTION PERFORMANCE UPDATE

Bridge: BIRD CREEK Recorder: Senkowski Date: 22387
Meter: LCD Status: ON Week: 83 Time:
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/MoO3 | Probes | Protection |
[emmns Sl v S s it pooi & St et foeip ety o et |
| s 2.9 | S nul - aks. | 441 | 2551 | -1.00 | Ag/AgCl |
| 2l 0.0 | 2.4 25035 513 | 72 | -2.30 | Ag/AgCl |
| Sy 0L50 | 200 SERESEE 424 | 300 | 0.40 | Ag/AgCl |
[ ] 1001 | 2.5 SRS 455 | 192 I 390 | Ag/AgCl |
| Sl 153 | 2.4 § 5250 4] 362 | 188 | 0.60 | Ag/Agcl |
| 6 0.0 | 155 S oRa 378 | 2119 | -1.00 | Ag/AgCl |
| o] 0.0 | 257 e 535 | 263 | -2.20 | Ag/AgCl |
| 85} 2.0 | 3.6 5260 443 | 320 | 0.80 | Ag/AgCl |
| 9524 ()58 | 1558 RS 348 | 260 | -1.40 | Ag/AgCl |
s fom sy e e b S ol A e o b e
| Total | 756 2255 |
l l | |
Bridge: OVERFLOW
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of [
| | Amps | Volts | set | Ag/AgCl | Mo/Mo0O3 | Probes | Protection |
e EERE |-nmmeemee | <-m--e- | <-m=soe e EEsees | <-mmesnones |
e e | | e L TR B R VR |
| 2Fea] | | | 137 | -81 | 0.00 | Ag/AgCl |
| ST | | | 219 | -306 | -1.40 | Ag/AgCl |
St ] | |27 81 ) 282} <1.80. | AefheC] |
| SEeesl | | | 118 | -37 | -0.50 | Ag/AgCl [
| 64 | | | 177 | -41 | 0.00 | Ag/AgCl [
| Tty | | | 121 [Ea2577 | 0.00 | Ag/AgCl |
[ S ; | | | 148 | -33 | 0.00 | Ag/AgCl |
e e M g | b0 ) o8 b 210 ) RpiaEt] |
s o | | | 77 | -440 | -0.80 | Ag/AgCl |
ity l | ootes. P a6 4 A0 60 bofsikan] |
for ey | | S 26 | -1.90 | Ag/AgCl |
=== |=mmemnees | mmemmees s SRR R
|Total | i |

| | |

Appendix A. Monthly Data : AT



CATHODIC PROTECTION PERFORMANCE UPDATE

Bridge: BIRD CREEK Recorder: Senkowski Date: 30387
Meter: LCD "~ Status: ON Week: 84 Time:
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/Mo0O3 | Probes | Protection |
e L | <nmmmeee | <---=e- R | <-mme e | --mmnee- | <=mmemmmee |
T T R AR e T R e e e e T e T |
F o2 s S b S R o e B AR |
S R R T e T R e e |
| AT ) | 2T | 456 | 441 | 160 | 6.30 | Ag/AgCl |
e N T e O e T e |
B e T BT e R T Re s e T R e |
| 7= 0.0 | 289 A 447 | 218 [+ =220 ) Ag /Al |
W R e e e T e e e T PR T e
R e SR B L T e S R e |
P R | <-mmneee | -m e
iesak-f o akE o et )
I I I I
Bridge: OVERFLOW
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/MoO3 | Probes | Protection |
e | <-mmmeee | <--eee- | <-ome e | <emmee e e | <-mmmeomone |
bt I I I I I | Ag/AgCl I
fo g | I I I I | Ag/AgCl I
Lol I I I I | | Ag/AgCl I
| ke o | I I I | | Ag/AgCl I
e e | I I I | | Ag/AgCl I
B S I I I I I | Ag/AgCl I
f oty I I I I t | Ag/AgCl I
bl | | I I I | Ag/AgCl |
ool I I I I I | Ag/AgCl I
P10 I I I I I | Ag/AgCl I
et I I I I I | Ag/AgCl I
b B2 I I I I I | Ag/AgCl I
S ol Ll prmr i Fopabotcalaniie slas o b et st e i i
| Total | | |

I I I

Appendix A. Monthly Data A-8



CATHODIC PROTECTION PERFORMANCE UPDATE

Bridge: BIRD CREEK Recorder: Senkowski Date: 31987
Meter: LCD Status: OFF Week: 86 Time:
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/MoO3 | Probes | Protection |
el RS | <-mmmeee | --mnee- | <= om e e | -mmnnee R |
| iy | | T 80 | -4.30 | Ag/AgCl |
§ it i | | ST P SR VS R e o |
N | | | a5 28 | 000 | AgfkeCl |
T e | | P82 ) =188 1 040 ) AgiAscl |
iy | | b 148 ey oo 00 L ke et |
| Geil | | | 130 | 3 | -1.90 | Ag/AgCl |
| 7oas] | | | 155 | -26 | -3.60 | Ag/AgCl |
| 8t | | | 85 | -134 | 0.00 | Ag/AgCl |
§ g I | e AT R ERE Y e |
| -oee | --meneees [-meenee | = el
{Total .- | |
I I I I
Bridge: OVERFLOW
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps - | Volts | set | Ag/AgCl | Mo/Mo0O3 | Probes | Protection |
| ---=-- | -mmmee e EEEe | --- - EE | --mm oo | --mm e | <-mmmmmee e |
R S I I | I I | Ag/AgCl I
R I | I I I | Ag/AgCl I
RS- I I I I I | Ag/AgCl |
{2 e I I | I I | Ag/AgCl I
ey I I I I I | Ag/AgCl I
| o] I | I I I | Ag/AgCl I
b ) I | I I I | Ag/AgCl I
| o8] I I I I I | Ag/AgCl I
b I I I I I | Ag/AgCl I
b 3 I I I I I | Ag/AgCl I
j. 43 I I I I I | Ag/AgCl |
|- ag ) I I I I I | Ag/AgCl I
e foiranilirs jratesatios jresnsrmptd i ss ekl ansemism sy d ol Cand bem da
|Total | | |

I I |

Appendix A. Monthly Data A-9



CATHODIC PROTECTION PERFORMANCE UPDATE

Bridge: BIRD CREEK Recorder: Senkowski Date: 31987
Meter: LCD Status: ON Week: 86 Time:
| Zone | Current | Voltage |==---- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/MoO3 | Probes | Protection |
|- | --memeee | --mmmme e | --e oo e | <mmmmmee |- -mmeee | -mommeee |
B s e T OO BN S e S TR I e e e o |
W SR e SRR S i e e e e 19 |- 140 } halkeCl |
T B L R O R e D e e o R |
T R S e O s T O B e e e e T |
S e T S S T s T T el T R T e e R |
AT R S e T T e e e g SR T |
e T SR T Sl o R ST R D U G R R e |
B e R e T e T e T T |
B e S R TS TR e e e e e
|=--=- | o= mee | <-memee s GLTSE RN SRS
fRotatid de. 2 e T
I I I I
Bridge: OVERFLOW
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/MoO3 | Probes. | Protection |
| ----- | --mee e | -=--mm e | === |- - = |- m- e | --- - |- mm oo |
[k I I Pooe i tqnor g I | Ag/AgCl I
S e I I I I I | Ag/AgCl I
30 I I I I I | Ag/AgCl I
R S I I | I I | Ag/AgCl I
for et I I I I I | Ag/AgCl I
s T I I I I I | Ag/AgCl I
SEEae I I I | I | Ag/AgCl I
o8 I I I I I | Ag/AgCl I
e I I I I I | Ag/AgCl I
§ 20 I I I I I | Ag/AgCl I
ooy I I I I I | Ag/AgCl I
B ot I | I I I | Ag/AgCl I
- iraims S jrna g R S ottt e s e el 2 e b T
|Total | | |

I I I

Appendix A. Monthly Data A-10



CATHODIC PROTECTION PERFORMANCE UPDATE

Bridge: BIRD CREEK Recorder: Senkowski Date: 42787
Meter: LCD Status< ON Week: 92 Time:
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/Mo0O3 | Probes | Protection |
R R R | -nmneee | -mmmeeeee | -mmmeenee | <nmmnees | <nmmmnnene |
B S N e B T S e e T e i T o) |
L TR T e T e 75 -} #5.40 | AglkeCl
s s o 1 ) asee | iasE - el o e ekt ] |
| (orely 1687 | 2l {62 373 | 79 | 0.50 | Ag/AgCl |
| S 1452 | 23 =52 660 37 | 74 | 1.00 | Ag/Agcl |
| bzl 4,32 | 2.4 |- 350 345 | 178 | -2.50 | Ag/AgCl |
| Tl 2540 | STy donG o 441 | 206 |- =3.50-: | Ag/AgCl |
| et]] 2.0 | B0 [ e5 2000 352 | 104 | 0.30 | Ag/AgCl |
| 9it+ ] 1.:0 | 2.4 S 347 | 226 | -2.70 | Ag/AgCl |
freries [ dives s e faesrsnn it s pilommm il i S RS
|Total | 14.8 JEeiDie |
I | I |
Bridge: OVERFLOW
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/Mo0O3 | Probes | Protection |
Pl RS | <onmmeee |- mmme | -nmmeeees | <nnmoeees | <emnmee | <nmmm oo |
boar [ | 268 1.-306 %558 | hglhsc) |
£ | | b orss ) o 000 -t ke kel |
| Spias) | | | 305 § =35 | -5.00 | Ag/AgCl |
e | | 195 | o-335 | <808 f deltksl) |
Segree | | L s B R e e |
e | | e e T |
| T | 5 | 69 | -259 | 0.00 | Ag/AgCl |
Pl i | | T BT e R |
| s 0.0 | | | 505 | -116 | 4.20 | Ag/AgCl |
e | | o n T L akeg o Sauml f ok kar) |
o adigo) | | | 9% =273 0} <260 | Saltharl |
e T | | boas b ek st Badiett
e R | -mmmeee R E RIS ERTREERPPERE SRR
|Total | | |

| | I

Appendix A. Monthly Data : A-11



CATHODIC PROTECTION PERFORMANCE UPDATE

Bridge: BIRD CREEK Recorder: Senkowski Pate: 63087
Meter: LCD Status: ON Week: 101 Time:
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/Mo0O3 | Probes | Protection |
e [ <ommmnee [ -nmnnee | <nmmmeees | -nmoneees | -emmnees | <nmnennene |
W e N e S P T A e T e e e |
[ iiog g ol isek e Y 90 | -2.00 | Ag/AgCl |
B e e D o R ClRe R e T e |
bl Sy e e O RS e 97 | L 05307 | heiAeCl |
T e e e e e e e T |
o) 06 ) 22 bk [ 350 236 F 03k | dilhaat |
7T 1.6 e b L AR T v Ne L ettt |
S g e g T e iepe s b agEe b ey e gl F e |
B e R T T e |
eI EERIe [<momeenee | =
dTotal § - 895} 264 )
| I I I
Bridge: OVERFLOW
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/MoO3 | Probes | Protection |
e EECREE | <-mme e | --- - |- | <-mmme e | --mm o | -=mmmmmme e |
S e | | | S I | Ag/AgCl |
o e | I | | | | Ag/AgCl |
fesn | | I I | | Ag/AgCl I
SR G | | | | I | Ag/AgCl |
[F= 7 Ay | I I I I | Ag/AgCl I
=5 I | I | I | Ag/AgCl I
ol | | | | | | Ag/AgCl I
Lty | I | | I | Ag/AgCl |
o8 | | | | | | Ag/AgCl I
R I | I | | I | Ag/AgCl |
[ A I | I I I | Ag/AgCl I
& e | I I | I | Ag/AgCl |
i e s Spes fars s omary [t S i o i S e A e S S RS A s e
| Total | | |

| I |

Appendix A. Monthly Data A-12



CATHODIC PROTECTION PERFORMANCE UPDATE

Bridge: BIRD CREEK Recorder: Senkowski Date: 81087
Meter: LCD " Status: ON Week: 107 Time:
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/MoO3 | Probes | Protection |
|~ jrmpt s anien e S S il A dackaio g l
| 150 2218 | 2D | 443 | 272 | 77 | -3.20 | Ag/AgCl |
| 2ssr] 0.0 | 1.-8 |- 508: 71049 | =37 | -3.80 | Ag/AgCl |
| 3 1552 | 203 fo o3 350 | 185 | 1.00 | Ag/AgCl |
| L) 1:2 BT | 463 | 358 | 9 | 0.00 | Ag/AgCl |
| S il | 2473 Fi526 5 301 | 308 | 0.60 | Ag/Agcl |
| 6l 1572 | %53 B ] 335 | 155 | -0.80 | Ag/AgCl |
| Ped] 2750 | 358 | 440 | 374 | 150 | -2.10 | Ag/AgCl |
| Bt 20 | 3.8 {520 %] 340 | 82 |05 105 f A /fAgCl |
| 9= 1l | 2.4 SRSV 346 | 220 | 0.20 | Ag/AgCl |
S aiia S [sasn s o st dne b st na ek sl S iR e e
ITotalids =120 = 22306 |
| I | l
Bridge: OVERFLOW
| Zone | Cutrent | Voltage: |=--==< Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/Mo0O3 | Probes | Protection |
| --ee [<nmmenee | -mmenees | -mo e |--oenee | omnoees | moene | <=mmmmemee |
| Ll S0 A A TR SO ATE b g e - Se bkl |
T s o R R e T L S O e e ST R B T e |
| 35 0.0 | 0.1 7204 304 | -176 | -4.50 | Ag/AgCl |
BN S R e R L e e e e |
e R S B o e T ey e e e |
R R T R B e T S T T e T e |
B s T e e i DT R e T e e e i S v e |
T a Rt R e S TR e e e |
e e e e T R e T e e e SRR e |
ST R S W e N e R e e |
BT N S e T e e e e U T e e |
e A e RN b o T Y Tt TR e T e |
[ B | -mmmieee R
Lk e et A e SR O SR

l | |
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CATHODIC PROTECTION PERFORMANCE UPDATE

Bridge: BIRD CREEK Recorder: Ooten Date: 91887
Meter: LCD Status: ON Week: 112 Time:
| Zone. | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/Mo0O3 | Probes | Protection |
| ---eee | --emmc e | --memm e | -mome e [-mmmnee | -emeee | -ommme e |
PR S T R e SR B ST S T S e T Gk ) e TR |
Bt s = Tl e e S o T T e T e 62 | -0.70 | Ag/AgCl |
B e R e S T e S T T e TR T s |
TR L e SR O S Ga T T e 39 | 0.10 | Ag/AgCl |
BT S (O e SR B R R o R e R T e ST R |
| 65+ ] 0.2 | 22 {348 | 352 | 235 | -0.60 | Ag/AgCl |
B T NS s T ST e T e e e e e |
sl 7 el B B B R T T T e e L s Y e |
e B R R R T R e VY e e e R T R i e e
| <---=- | --mmmee | <-mmeme s SCe eI E IR
Potal 4o 8.5 & 2860
I | | |
Bridge: OVERFLOW
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/MoO3 | Probes | Protection |
e EEe | ----=-- | <-=mm e | <-mm oo | <--= - | <-mmm e |
R A S B e O B L L R e e e e |
T S SR e W N S G kT g R S e i e S T |
SR e T B T R T e A B R Ty o e |
B i B e e e O R BT T
B R e B e R T e e P e T e e |
e (e e R e o U S e 86 | 0.00 | Ag/AgCl |
B e T e s 89 | w10 § - 0,20 | NeglheGl |
B A R R e e Tt e e S e S TR ey o e
Tl S ey IR T T e 7571 =294 -} =0.60: | Ag/hetl |
ERE T SeN ST ERS SELE S R e 7w e RS 5} 14804 fpthet] |
T e SR D e BT T O SRS s e e e TR |
TR e T S TR B e R o R T R BT e S T e S |
P | -nmmmeee- | omm e
Ty ek T BRI HEC T e

I | |
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CATHODIC PROTECTION PERFORMANCE UPDATE

Bridge: BIRD CREEK Recorder: Senkowski Date: 112587
Meter: LCD Status: ON Week: 122 Time:
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/Mo0O3 | Probes | Protection |
| --me e | ommnoeee | <neemees | --ene e R | ommcee |- mommmoee |
R S SO e U e e G e e R
TR e T R e e T Rl SR e e e |
B e T e e S T e |
boids b b S0 e e 8 s ke |
foUs - F o RN s S s Y ¥ gah ok WO e |
e R S K T R W S e o e |
| Te=) 355 | 10 |[Eaessas] 451 | 145 | 1.10 | Ag/AgCl
B O S e R R R TR T O e e e e |
T Ta e T RV R T R S e e T e e
| <--=-- | <mmmemee | <-mm oo S CRR L REEEE LT R PR
lopal |- &®s i} 4571 |
| | | |
Bridge: OVERFLOW
| Zone | Current | Voltage |----- Potentials (mV) ----- | Rebar | Mode of |
| | Amps | Volts | set | Ag/AgCl | Mo/MoO3 | Probes | Protection |
| ---nv | <mmemnees | -emme e | --nee [ -eme e | --mmeee | ommeee N -
o | | | I I | Agihgll -
ST | | | | | | Ag/AgCl |
[ A | l l I | | Ag/AgCl I
27 l | | | | | Ag/AgCl I
i S | | | I | | Ag/AgCl |
T et | | | #, l | Ag/AgCl l
S | | | I I | Ag/AgCl |
[}, il ] | | | | I | Ag/AgCl I
e S | | | l | | Ag/AgCl |
e | | | I | | Ag/AgCl |
R R | | | l | | Ag/AgCl l
| k2 ] | I | I | | Ag/AgCl |
fege Kl o G i e B et st Ao o e e b s o i
|Total | | |

| | I
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Appendix B. Analysis Data

Appéndix B. Analysis Data

B-1



DATE WEEK SET AGCL CURRENT DIF STATUS
71985 4 445 770 OFF 325 OVER
81485 8 446 1257 OFF 811 OVER
91385 12 447 1660 OFF 1213 OVER

102185 18 445 1299 OFF 854 OVER
111585 21 445 1527 OFF 1082 OVER
121685 26 447 1113 OFE 666 OVER
20686 33 450 454 ON 4 OK
31286 38 449 453 ON 4 OK
101786 64 450 418 ON =372 UNDER
112486 70 450 434 ‘ON =16 OK

10587 76 450 451 ON i OK
30387 84 448 449 ON 1 OK
42787 92 445 349 ON -96 UNDER
63087 101 445 307 ON -138 UNDER
81087 107 443 272 ON Sabyay UNDER
91887 1:12 445 359 ON -86 UNDER

112587 122 446 405 ON -41 UNDER

----------------------- BRIDGE=BIRD CREEK ZONE=2 -=---=-=-=-=-===--=----

DATE WEEK SET AGCL CURRENT DIF STATUS
71985 4 460 1365 OFF 905 OVER
81485 8 465 2950 OFF 2485 OVER
91385 12 D2, 4750 OFF 4223 OVER

102185 18 500 . OFF : MALFUNCT
111585 241 502 : OFF : MALFUNCT
121685 26 497 1040 OFF 543 OVER
20686 33 517 573 OEF 56 OVER
31286 38 521 521 ON 0 OK
101786 64 503 416 ON =8/, UNDER
112486 70 500 980 OFF 480 OVER

10587 76 500 871 OFF 371 OVER
30387 84 505 471 ON -34 UNDER
42787 92 506 364 _ ON -142 UNDER
63087 101 504 772 OFF 268 OVER
81087 107 508 1049 OFF 541 OVER
91887 112 504 942 OFF 438 OVER

112587 122 503 919 OFF 416 OVER
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DATE WEEK

71985
81485
91385
102185
111585
121685
20686
31286
101786
112486
10587
30387
42787
63087
81087
91887
112587

101
107
112
122

DATE WEEK

71985
81485
91385
102185
111585
121685
20686
31286
101786
112486
10587
30387
42787
63087
81087
91887
112587

Appendix B. Analysis Data

101
107
112
122

. SET

346
347
348
346
346
349
349
348
3512
354
354
353
350
348
347
3512
353

SET

454
452
450
450
446
442
449
452
459
451
450
456
462
459
463
456
449

AGCL

575
1142
876
889
934
986
581
444
407
460
436
450
355
3012
350
387
483

AGCL

341
343
359
367
418
443
408
3196
400
452
451
441
373
357
358
400
450

CURRENT

OFF
OFF
OFF
OFF
OFF
OFF
OFF
OEF
OFF
OFF
OFF
OFF
ON

OFF
ON

OFF
OFF -

- CURRENT

ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON

DIF

227
795
528
543
588
637
=)

96

55
106

STATUS

OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OVER
OK

OK

OK

OVER
OVER

DIF

o o
-109
=91
-83
=28

-41
=516
=59

-15
=89
-88
=105
=56

STATUS

UNDER
UNDER
UNDER
UNDER
UNDER
OK

UNDER
UNDER
UNDER
OK

OK

OK

UNDER
UNDER
UNDER
UNDER
OK



DATE WEEK

71985 4
81485 8
91385 12
102185 18
111585 21
121685 26
20686 33
31286 38
101786 64
112486 70
10587 76
30387 84
42787 92
63087 101
81087 107
91887 1:0:2
112587 1:22
DATE - WEEK
71985 4
81485 8
91385 12
102185 18
111585 21
121685 26
20686 33
31286 38
101786 64
112486 70
10587 76
30387 84
42787 92
63087 101
81087 107
91887 112
112587 1522

Appendix B. Analysis Data

=SED

526
526
526
526
525
526
5125
525
526
525
524
525
526
525
526
525
523

BRIDGE=BIRD CREEK ZONE=6

SEL

350
349
349
351
349
350
349
350
353
350
350
350
350
349
3150
348
347

AGCL

398
419
429
416
420
463
437
437
825
328
448
357
37,
313
301
308
370

AGCL

309
326
352
354
353
412
352
353
356
420
423
384
345
352
335
352
425

CURRENT

ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON

CURRENT

ON
ON
ON
ON
OFF
OFF
ON
ON
ON
OFF
OFF
OFF
ON
ON
ON
ON
OFF

DIF

-128
-107

=97
-110
=165

=63

-88

-88
-201
-197

-76
-208
-209
-212
-225
=241E7,
=153

STATUS

UNDER
UNDER
UNDER
UNDER
UNDER
UNDER
UNDER
UNDER
UNDER
UNDER
UNDER
UNDER
UNDER
UNDER
UNDER
UNDER
UNDER

DIF

STATUS

UNDER
UNDER
OK

OK

OK
OVER
OK

OK

OK
OVER
OVER
OVER
OK

OK

OK

OK
OVER



DATE WEEK SET AGCL CURRENT DIF STATUS
71985 4 447 457 ON 10 OK
81485 8 448 Si28) OFF 75 OVER
91385 12 450 849 OFF 399 OVER

102185 18 450 1444 OFE 994 OVER
111585 2L 4515 531829 OFF 1378 OVER
121685 26 455 1569 OFF 1114 OVER
20686 33 448 536 OFF 88 OVER
31286 38 446 491 OFF 45 OVER
101786 64 445 - 445 ON 0 OK

112486 70 450 451 ON 1 OK

10587 76 450 636 (OBE 186 OVER
30387 84 447 447 OFF 0 OK
42787 92 441 441 ON 0 OK
63087 101 441 441 ON 0 OK
81087 107 440 374 ON -66 UNDER
91887 16172 444 444 ON 0 OK

112587 1928 S ey 5 451 ON el OK

DATE WEEK SET AGCL CURRENT DIF STATUS
71985 4 522 420 ON -102 UNDER
81485 8 524 425 ON =199 UNDER
91385 112 526 439 ON -87 UNDER

102185 18 520 431 ON =89 UNDER
111585 2:1; 51241 458 .= ON -63 UNDER
121685 26 525 526 ON 1 OK

20686 33 524 479 ON -45 UNDER
31286 38 523 490 ON =33 UNDER
101786 64 525 383 ON -142 UNDER
112486 70 528 366 ON =162 UNDER

10587 76 528 440 ON -88 UNDER
30387 84 925 375 ON -150 UNDER
42787 92 521 352 ON =1:69 UNDER
63087 101 5122 375 ON -147 UNDER
81087 107 520 340 ON -180 UNDER
91887 112 524 394 ON =180 UNDER

112587 122 526 724 OFF 198 OVER
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DATE WEEK
71985 4
81485 8
91385 12

102185 18
111585 2
121685 26
20686 33
31286 38
101786 64
112486 70

10587 76
30387 84
42787 92
63087 101
81087 107
91887 1512

112587 122

Appendix B. Analysis Data

SET

348
348
350
350
350
354
349
348
347
347
347
347
346
344
344
344
345

AGCL

338
352
354
3583
354
357
353
354k
349
349
348
349
347
346
346
345
347

CURRENT

ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
ON

DIF

]
—
NEFEPNNMNENMMNEDNMNMNNOWPOPPLOWSPO

STATUS

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK



DATE WEEK SET AGCL CURRENT DIF STATUS

71985 4 473 474 ON il OK
81485 8 474 475 ON i OK
91385 12 474 477 ON 3 OK
102185 18 475 476 ON 1 OK
111585 21 476 478 ON 2 OK
121685 26 479 480 ON i) OK
20686 33 478 480 ON 2 OK
31286 38 476 478 ON 2 OK

------------------------ BRIDGE=OVERFLOW ZONE=2 -=-=-===-=-==-==---=----

DATE WEEK SET AGCL CURRENT DIF STATUS

71985 4 424 426 ON 2 OK
81485 8 - 423 424 ON it OK
91385 12 422 423 ON 1 OK
102185 18 426 427 ON 1 OK
L AT1585 21 425 427 ON 2 OK
121685 26 426 427 ON 1 OK
20686 33 426 428 ON 2 OK
31286 38 426 428 ON 2 OK

------------------------ BRIDGE=OVERFLOW ZONE=3 ===========c---occooom-

DATE WEEK SET AGCL CURRENT DIF STATUS

71985 4 117 120 ON S OK
81485 8 116 119 ON 5] OK
91385 12 116 1RIEY) ON ) OK
102185 18 126 129 ON 3 OK
111585 21 127 130 ON 3 OK
121685 26 130 134 ON 4 OK
20686 33 128 132 ON 4 OK
31286 38 126 148 OFF 22 OVER
------------------------ BRIDGE=OVERFLOW ZONE=4 =-----------cccc-c-w----

DATE WEEK SET AGCL CURRENT DIF STATUS
71985 4 348 348 ON 0 OK

81485 8 347 348 ON 1 OK

91385 122 347 348 ON 1 OK

102185 18 350 1:7:9 OFF =172 MALFUNCT

111585 2] 350 350 ON 0 OK

121685 26 352 85,2 ON 0 OK

20686 33 350 350 ON 0 OK

31286 38 349 350 ON 1 OK
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DATE WEEK | SET AGCL CURRENT DIF STATUS

71985 4 355 355 ON 0 OK
81485 8 353 353 ON 0 OK
9i:385 12 351 351 ON 0 OK
102185 18 3152 352 ON 0 OK
111585 2l 348 348 ON 0 OK
121685 26 345 345 ON 0 OK
20686 33 350 349 ON =1 OK
31286 38 353 352 ON =1 OK

———————————————————————— BRIDGE=OVERFLOW ZONE=6 -=-=-==--=-====-=-===----

DATE WEEK SET AGCL CURRENT DIF STATUS

71985 4 450 452 ON 2 OK

81485 8 k50 RS ON 2 OK

91385 12 449 451 ON 2 OK

102185 18 IBd: 5 ON 2 OK

111585 21 450° 451 ON . 1 0K

121685 26 450 . 452 ON 2 OK

20686 33 451 - AS ON 1 OK

31286 38 &50 a2 ON 1 0K
———————————————————————— BRIDGE=OVERFLOW ZONE=7 ===---=========--=-----

DATE ~ WEEK  SET  AGCL  CURRENT DIF  STATUS

71985 4 298 444 OFF 146  OVER

81485 8 29% - A% OFF 175  OVER

91385 12 297 494 OFF 197  OVER

102185 18 300 518 OFF 218  OVER

111585 21 300 550 OFF 250  OVER

121685 26 302 611 OFF 309  OVER

20686 33 699 210 ON -489  UNDER

31286 38 698 179 ~ ON -519  UNDER
------------------- ----- BRIDGE=OVERFLOW ZONE=8 -----========-=-~------

DATE  WEEK  SET  AGCL  CURRENT DIF  STATUS

71985 4 328 . %S ON -87  UNDER

81485 8 3 T - | ON -101  UNDER

91385 12 322 88 ON -234  UNDER

102185 18 326 167 ON - -159  UNDER

111585 21 326 160 ON -166  UNDER

121685 26 328 165 ON =163 UNDER

20686 33 326, 383 OFF 37  OVER

31286 38 325 . 368 OFF 40  OVER
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DATE WEEK SET AGCL CURRENT DIF STATUS
719185 4 501 206 R =295 MALFUNCT
81485 8 500 157:3 OFF =327 MALFUNCT
91385 12 499 145 OFF -354 MALFUNCT

102185 18 502 475 ON i) UNDER
111585 20 500 304 ON -196 UNDER
121685 26 499 103 OFF -396 MALFUNCT
20686 33 500 433 ON -67 UNDER
31286 38 502 216 ON -286 UNDER

DATE WEEK SET AGCL CURRENT DIF STATUS

71985 4 817, 371 ON 0 OK
81485 8 372 372 ON 0 OK
91385 12 374 375 ON 1 OK
102185 18 371 372 ON 1 OK
111585 231 375 380 ON 5 OK
121685 26 379 362 ON =17 OK
20686 38 375 375 ON 0 OK
31286 38 S 372 ON 1 OK

----------------------- BRIDGE=OVERFLOW ZONE=11 ==-========-=-=--------

DATE WEEK SET AGCL CURRENT DIF STATUS

71985 4 398 401 ON 3 OK
81485 8 398 401 ON 3 OK
91385 12 897! 400 ON 3 OK
102185 18 400 404 ON 4 OK
111585 21 ~ 400 402 ON 2 OK
121685 26 401 404 ON 3 OK
20686 33 400 402 ON 2 OK
31286 38 398 401 ON g OK

DATE WEEK SET AGCL - CURRENT DIF STATUS

71985 4 373 373 ON 2 OK
81485 8 371 374 ON 3 OK
9385 12 82 895 ON 3 OK
102185 18 374 ST ON 3 OK
111585 21 376 378 ON 2 OK
121685 26 379 381 ON 2 OK
20686 33 377 379 ON 2 OK
31286 38 W5 378 ON & OK
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Appendix C. Lightning Protection

Demonstration Project No. 34
“Cathodic Protection for Concrete Bridge Decks”
State Study No. 83-08-1, Item 2417

The Oklahoma Department of Transportation contracted the installation of two
cathodic protection (CP) systems as part of the Federal Highway
Administration’s Demonstration Project No. 34 - “Cathodic Protection for
Reinforced Concrete Bridge Decks”. Both systems were of the impressed current
type using AC power from the local utility company. The first system known as -
a “slotted” or non-overlay system was installed on the Bird Creck bridge located
on SH 266 in Tulsa County, Oklahoma. The second system known as an
overlay system was installed on the Bird Creek Overflow bridge located on SH

266 in Rogers County, Oklahoma. Installation was completed on June 19, 1985.

On April 25, 1986 the CP system on the Bird Creek bridge was found to be
inoperable. The isolation transformer fuse had blown. When the fuse was
replaced the circuitry was malfunctioning which caused the potential readings

from the reference cells to be greater than 10 volts. The system was turned off.

On July 1, 1986 representatives from the Harco Corporation investigated the
problem. At that time the LCD meter was inoperable. The cards that were
malfunctioning and the meter were removed to be repaired. When investigating
the CP system on the Bird Creek Overflow structure, it ‘was found to be
inoperable. The main transformer fuse and the current output fuse for Zone 12
were fried (mctalized on the inside). The lightning protection fuse for the anode
in Zone 12 had disintegrated into powder, and the card for Zone 12 had burn
marks and a burned out resistor. The LCD was totally inoperable and when

removed had burn marks on the connection tabs.
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On September 8, 1986 representatives from the Harco Corporation and
Good-All Electric investigated the CP systems. The investigation of the Bird
Creek CP system yielded no immediate explanation for the cause of the
malfunction. The repaired cards were replaced along with a new meter. When

the unit was turned on, everything operated normally.

The investigation on the Bird Creek Overflow CP system found additional
components damaged. The silicon control rectifier for Zone 12 had a short, nine
of the control cards were determined to need repair, and a potentiometer located

near the meter was burned out. The components were removed to be repaired.

An analysis of the damage by Good-All Electric revealed that the damage was
caused by an electrical surge. The cause of the electrical surge was attributed to
a lightning strike. Good-All Electric suggested that the following mecasures for

added lightning protection be taken:

1. Establish a solid earth ground to subsoil moisture as close as possible to the
: rectifier with a resistance to remote ground of 1 ohm or less. Connect the
rectifier cabinet to this ground by a NO. 6 AWG copper cable.

2. Place an arc-gap lightning arrester with rating of no more than 125 volts
between the negative output lug and case ground. (McGraw Edison AS1B2).

The Harco Corporation was contracted to install the above lightning protection

to both systems, and to do the following for the Overflow CP system:
® repair 10 rectifier control cards

e repair | rectifier stack

¢ replace rectifier meter (0000303)

e replace 100 ohm potentiometer, Bourns 3299, W(7744280)

¢ install repaired components and make final adjustments.

The design of the cathodic protection systems already included measures for
lightning protection. The A.C. lightning protection consisted of grounding rods
located near the utility meter, and a lightning arrester immediately before the

main circuit breaker in the controller. The D.C. lightning protection consisted
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of a lightning arrester for the anodes of each zone. The rectifier cabinet and the

steel were tied to the grounding rods for protection.

Since none of the lightning arresters were activated, it was assumed that the
path of the lightning surge came from the steel and into the system through the
negative lead wire. Therefore, to-protect this path a lightning arrester was
placed between the negative lead and a new ground that was established. Any
surge flowing through the necgative lead will trigger the arrester and will be

channeled directly to the new ground.

On April 27, 1987, personnel from the Harco Corporation installed an
additional ground and the:lightning arrester for each system. The additional
grounding system for the Bird Creck CP system consisted of driving 4 - 10 foot
copper grounding rods into the ground along the southwest abutment wall. A
bare No. 6 AWG solid copper grounding wire was attached to all 4 rods with
clamps. The wire was buried 4” decp along the wall. At the corner, the wire
was brought above the ground and attached to existing conduit back to the
rectifier cabinet with plastic straps. A lightning arrester was installed on the
panel. One side of the lightning arrester was connected to the system’s negative

output lug and the other side was connected to the new ground wire and the

cabinet ground.

The additional grounding system for the Overflow CP system consisted of a No.
6 AWG stranded copper wire that was cadwelded to the steel H-pile of the first
pier. The wire was layed along the inside of the outermost I-beam back to the
rectifier cabinet and was secured with metal brackets. A lightning arrester was
installed on the panel. One side of the lightning arrester was connected to the

system’s negative output lug and the other side was connected to the new

ground wire and the cabinet ground.

The resistance to earth of the rectifier grounding systems were measured using
the three pin method and a Nilsson Model 400 resistance meter. The new
grounding systems measured 3.2 Ohms and 2.4 Ohms for the Bird Creek and
the Overflow CP systems, respectively. Although this did not achieve the
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specified 1 Ohm, it should provide additional protection against damage caused

by lightning.

On May 21, 1987, personnel from the Harco Corporation repaired the
components on the Overflow system. A new potentiometer, the repaired meter

and the repaired control cards were installed. Four control cards were in need

of more repairs.

On June 30, 1987, Personnel from the Harco Corporation installed the four
control cards that had been repaired. The repaired cards operated correctly.
However, four of the cards that were previously repaired were inoperable. They

were removed and sent for repairs.

On August 10, 1987, the four repaired control cards. were installed. All control
cards for the Overflow system were operating properly. However, Zonc 9 was

not discharging current.

On September 18, 1987, the control card for Zone 6 on the Overflow system was

inoperable.

On September 29, 1987, representatives from Goodall and the Harco
Corporation investigated the problem with Zone 9 of the Overflow system. The
lightning protection fuse was blown. The control card for Zone 6 had a bad

capacitor. The problems were corrected, and the system was in full operation.

On November 25, 1987, the Overflow system was found to be inoperable. No
damage could be detected. It appears that the system is not receiving A.C.

power.

In summary, added lightning protection was installed on both systems, and the
repairs were made to the Overflow CP system. No further complications have
resulted on the Bird Creek CP system. The Overflow CP system was in full
operation, but is currently inoperable. It appears that the A.C. is not getting

into the system.
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