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Introduction 

The Oklahoma Department of Transportation contracted the insta l lation of two 

cathodic protection (CP) systems as part of the Federal  H ighway 

Administration's Demonstration Project No.  34 - "Cathodic P rotection for 

Reinforced Concrete B ridge Decks". Both systems were of  the impressed 

curren t  type using A . C. from the local utility company.  The first system known 

as a "slotted" or non -overlay system consists of anodes which a re instal led in 

slots that h ave been sawed in the bridge deck; this system was instal led on the 

Bird Creek bridge located on SH 266 in Tulsa County, Oklahom a .  The second 

system is an "overlay" system in wh ich the  anodes a re installed on top of the  

deck and then a 2 inch h igh density concrete overlay is  placed; th is system was 

insta l led on the B ird Creek Overflow bridge located on S H  266 in Rogers 

County, Oklahom a .  

I n  J une,  1 98 5 ,  t h e  insta l la tion o f  the cathodic . protection systems was completed . 

A video tape and supplemental report was submitted detai l ing the construction 

ph ase of the project.  

In August, 1 98 6 ,  the first an nua l  report was subm itted . This report included the 

results of the annua l h a lf-cel l ,  chain d rag , and visual surveys . The· m onth ly 

operating data col lected up through July I 986 were included . 

This is the second annual report of these systems.  
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Update 

Mont h ly operating d ata for each cathodic protection system h as been collected 

since July, 1 985 . Data through December 16 , 1 985 were submitted in  the 

construction report. Data from January,  1 98 6  through July, 1 98 6  were 

subm itted in the first ann ual report. Data obtained since July, 198 6,  a re 

included in Append ix A. 

At the end of the first year evaluation, both systems were inoperal)le , and the 

manufacturer was notified of the problems.  The following is a sum m a tion of 

the events that  occurred since that  time. 

On September 8;  198 6,  representatives from the H arco Corporation and 

Good-All  E lectric ·, I nc.  visited the site to investigate the problems with the 

control ling units. Prior to any work, static reference cel l  potentials were 

obtained . 

The investigation of  the Bird Creek · bridge cathodic protection system yielded no 

immed iate explanation for the cause of the m a l function. The sil icon control 

rectifiers (SCR) for each zone were tes.ted for shorts . No shorts were found.  

Repairs were m a d e  to  the cards that  were previously removed , and they were 

insta l led along with a new meter. When the unit  was tu rned on, everything 

operated norm ally. 

The investigation of the B ird Creek Overflow bridge c athodic protection system 

found additional components damaged. The S C R  for Zone 12 had a short,. nine  

of the control card s  were d etermined to  need repair ,  and a potentiometer located 

near the meter was burned out. The S CR and the control cards were removed 

to be repaired . The malfunction of the system was attributed to a power surge. 

It was specul a ted that th e cause was a ligh tn ing strike. H owever, the point of 
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entry was not determined , and the d a m age was confined to the internal 

components of the con trol l�r .  

On October I 3,  198 6 ,  the cathodic protection system o n  the B ird Creek bridge 

was found to be inoperable .  I nvestigation into the problem revealed that  

someone tripped the circuit breaker at  the  pole  ( the  cover was  partial ly  opened) . 

The power was restored and the system activated . 

On March 3 ,  I 987,  operating d ata was obtained and yearly testing was 

performed . The cathodic protection system on the B ird Creek bridge was turned 

off and al lowed to depolarize . 

On M a rch 19 , 198 7 ,  yearly testing continued on the B ird Creek B ridge a n d  the 

static read ings of the reference ce l ls  and rebar probes were obtained prior to  

re-energizing . I m mediately after re-energizing,  the  operating d ata were col lected 

again. 

On April 27, 198 7 ,  personnel from the H arco Corporation ·instal led added 

l ightning protection for both systems (see Append ix C . ) .  

On May 2 1, 198 7 ,  personnel from t h e  H arco Corporation repaired t h e  

com ponents on the Overflow CP system . A new potentiometer,  the repaired 

meter and the repaired control cards were insta l led . Four control cards were in 

need of more repairs. 

On June 30, 198 7, personnel from the Harco Corporation insta l led the four 

control cards that  h ad been repaired . The repaired card s  operated correctly. 

H owever, four of the cards that were previously repaired were inoperable .  They 

were removed and sent for repairs . 

On August 10 , 198 7,  the four repaired control cards were installed . Al l  control 

cards for the Overflow system were operating properly. H owever,  Zone 9 was 

not d isch arging currerit . 
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On September 18 , 198 7 ,  the control card for Zone 6 on the Overflow system was 

inoperable.  

On September 29, 198 7 ,  represen tatives from Goodall  and the H a rco 

Corporation investigated the problem with Zone 9 of the Overflow CP system . 

The ligh tning protection fuse for the a node was blown . The control card for 

Zon e  6 h ad a blown capacitor.  The problems were corrected.  

on· Novem ber 2 5 ,  198 7 ,  the Overflow C P  system was found to be inoperable. 

N o  d amage could be detected.  I t  appears that  the system was not  receiving 

A . C. power.  
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Monthly Data 

The systems h ave been inspected on a monthly basis since June 1 9 , 1 985 . The 

amperage and voltage d isch a rging to each zone were recorded a long with the set 

potentia l,  the potential of each reference cel l  and the voltage across each rebar 

probe. I n  cases where a system was found to be inoperable ,  recording of the 

d ata m ay h ave been omitted . 

Al l  potentia l readings are reported as they were obtained . Hence, the potentia l 

readings h aving a positive value were .actual ly negative and the potentia l  

readings with a negative value were actua l ly positive. This is the manner in 

whic h  both the  LCD m eter and the Beckm an h and held meter displays the 

values. 

Analysis 

For a given cathodic protection syste m ,  _the current discharged to each zone is 

regul ated by a controller.  There are three modes of operation that  a cathodic 

protection controller m ay assume - constant current,  constant voltage , or 

constant potentia l .  

A control ler operating under "constant current" discharges power at  a given 

amperage- leve l ,  and al lows 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 stee l .  

A controller operating under "constant voltage" discharges power a t  a given 

'oltage leve l ,  and al lows the amperage level and the potentials of the  steel to 

fluc u ate with changes in the environment. 
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A controller operating u nder "constant potential" d ischarges power by adju sting 

the amperage to m aintai� a g iven potential  at one locatio n ,  with respect to 

changes in the voltage level and c h anges in the environment .  

Both of the CP systems being eva l u ated operate in  the constant  potent ia l  mode,  

· also known as potentia l  contro l .  This m ode of operation was chose n ,  since i t  i s  

the o n ly mode that  facil itates changes i n  the environment.  As the conditions of  

the deck,  such as temperature and moisture content ,  change with t im e ,  the 
'
requ ired amo u n t  of power to m aintain a g iven potential  a lso ch anges . Potent ia l  

control reduces the ch ance of  over protecting the steel when the deck is  wet  and 

requ ires little power. I t  a lso ensu res that  enough power is  su pplied when the 

deck is very d ry and requires a large a mou nt  of power to protect the stee l .  

I n  order t o  have a potentia l  control system , there m ust be a method o f  

mon itoring t h e  potential  of t h e  steel in  t h e  deck. I n  e a c h  zone two reference 

cells were instal led , a S ilver/Si lver- Ch loride (Ag/AgCl) reference cel l  a n d  a 

Molybdenum/Molybdenum-Oxide (Mo/Mo03) reference cel l .  The Ag/AgCl 

reference cells h ave been the controlling reference cells for the systems.  The 

potentials of the steel throughout the deck for the various curren t  levels were 

obtained through E-logl testing,  and were correlated to the potentia ls of  the 

reference cells,  i . e .  the reference cel ls were cal ibrated to determine the needed 

potential  or "set poten tia l" a t  the location of the reference cell  to adequ a tely 

protect the entire zone.  

Once the set  potentials a re entered into th� controller,  the control ler  measures 

the potential of the steel at  the location of the reference cel l  and adjusts the 

amperage accord ingly. 

If the reference cel l  reading is h igher than the set potentia l ,  n o  power is 

supplietj., i .e. the am perage level is zero . 

I f  the reference cell  reading is less th a n  the set potentia l ,  power is suppl ied by 

increasing the a.mperage .  A maximu m amperage level is set to prevent o ver 

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

th e con troller red uces the amperage to m aintain the same level as  the set 

potential .  

In  reviewing the monthly d ata ,  the first step is to compare the set  potent ial ,  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 

Over Polarization 

OK 

Malfunctioning 

Malfunctioning 

I f  the reference potential  is 20 m ill ivolts less th a n  the set 
potential  and the curren t  is  ori. 

I f  the reference potential  is 20 m illivolts more than the 
set potential  and the curren t  is off. 

I f  the reference potential is with in 20 m illivolts of the set 
potential regardless of ·current output.  

If  .the reference potential  is  20 m illivolts less than the set  
potential and the curren t  is  off. 

I f. the reference potential  is 20 m ill ivolts m ore th a n  the 
set  potential  and the current  is on.  

The analysis for this report wil l  focus upon the operating status ,  as d eterm ined 

by the monthly operating d ata,  of the two cathod ic protection systems.  S ince 

the two systems h a ve been inoperable a t  different periods of t ime,  each system 

will be addressed separately. 
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Bird Creek Bridge 

The B ird Creek cathod ic protection system was set into operation in  J u ne of 

198 5 .  During t h e  first six months of operatio n ,  t h e  Ag/Agel reference cel ls in  

Zones 1, 2 ,  3 ,  & 7 were registering abnorm a lly h igh readings,  thereby, causing 

no c u rrent  to be d isch arged and resu lting i n  a statu s of operation as being 

"OVER "  protected . The cause of the abnorma l  readings was a ttribu ted to the 

c ircuitry of the control cards  and the problem was corrected in  January of 198 6 .  

T h e  Bird Creek cathodic protection system was fo u n d  t o  _be inoperable in  April  

of  198 6 .  The cause of the malfunction was attributed to a power surge. The 

system was repaired in September of 198 6 ,  and has s ince,  been in continuous 

operation . 

It has  been two and one ha lf  yea rs (30 months) s ince the system was instal led 

and put -into operation. S ix of those m onths the system was inoperable,  and 

monthly data was not obtained . Figu re 1. shows a s u m ma ry of the status of 

operation for each zone while the system was in operation. The d ata 

represented in  figure 1 .  is included in  Append ix B.  
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Zone I has been c lassified as being "OVER" protected , "UN D ER" protected , 

and "OK". The "OVER" protection was d u e  to the problems with the reference 

cel l .  S ince that  was fixed i t  h as been c lassified as either "OK" or "UN D ER'' 

protected and the current  h as been continu ously d ischarging.  

Zone 2 had the sam.e as Zone 1 except it  has two readings that were c lassified as 

"MA L FUNCT I O N I NG", which were a resul t  of the reference cell's read ing 

being h igher than the m eter could register. . Therefore , no read ing cou ld be 

obtained . H owever,  since the problem of the reference cells was fixed , Zone 2 

h as sti l l  been "OVER" protecte d .  This is a result  of Zone I constantly 

d isch arging current  and the fact that these two zones interact on the sai:ne spa n ,  

i . e .  Zone 2 i s  receiving extra curren t  from Zone I .  

Zone 3 · h as h ad a m ixed status o f  e ither. "OK'' o r  "OV.ER" protected . This 

implies that sufficient c u rrent h as been a pplied . M ost of the zones that  exhibit  

"OVER" protection are �eceiving c u rrent from a n  adjacent  zone within the span .  

I n  th is case Zone 3 i s  receiving extra curren t  from Zone 4 wh ich has been 

. c lassified as being mostly "UN D ER" protected, and l ike . Zone I, has 

contin uously d ischarged cu rrent .  

Zone 4 ,  as previously m en tioned , h as consistently d ischarged cu rrent and has  

always been either "OK" or "UN D ER "  protected . The amount of ''UN D ER" 

protection , has  not been significant .  

Zone 5 has had a continuous status of  "UNDER" protection throughout i ts 

entire operatio n .  Although this. is not  inherently bad , it does · mean that  the  

system is not raising the reference cel l  reading to the desired level .  

Zone 6 has had a m ixed status of "OK", "OVER" protectio n ,  and "UN D ER" 

protection . However, the potenti a l  of the reference cell  h a s  never deviated more 

th a n  78  mil l ivolts from the set potentia l ,  and the cu rrent  ou tput has  flucu ated 

on and off accord ingly. Therefore , this zone h as been perform ing satisfactorily. 
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Zone 7 ,  l ike Zone 1 & 2 ,  had a problem with the reference cel l .  S ince the 

problem was corrected Zo�e 7 has  been operating satisfactorily; one exception 

existed where the curren t  from Zone 8 seemed to h ave influenced Zone 7.  

Zone 8 h as main ly been c lassified as being "UN D ER" protected . H owever,  the 

last  reading that  was obtained showed it  �o be "OVER" protected. ·. Again , the 

location of Zone 7 & 8 on the same span a l lows these zones to interact with 

each other.  

Zone 9 is the only zone that  h as had a continuous status of "OK" throughout  its  

ent ire operatio n .  I n cidently, th is is the o n ly zone that is not  directly adjacent  to 

a nother operating zone ,  i .e.  i t  is in a span by itself  . 

. I n  summ ary,  a l l  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 h igher than the desired potenti a l ,  

but  the potentials are wel l  below that  which wou ld create hydrogen evolutio n .  

I n  t h e  s a m e  man ner, the zones exhibiting "UN D ER" protection h ave potentials 

below the desired potentia l ,  but  the potentials are significan tly h igher (at least 

I 00 mill ivolts) than the static potentia ls , thereby protecting the steel 

cathodical ly.  Final ly,  the abi l ity of the control ler to m aintain the set potentia l  

within a zone h as been ham pered by the interaction -of adjacent  zones on a given 

span. 
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Overflow Bridge 

The Overflow cath od ic protection system was set into operation in J u ne of 1 98 5 .  

I n  April o f  1 986,  this  system was a lso found t o  b e  inoperable,  due to a power 

su rge. As of Decem ber 1 98 7, steps to repair the system to fu l l  operation are i n  

progress . 

The system was in opera ti on for over 38 .  wee ks .  Figu re 2. shows a s u m ma ry of 

the. status of operation for each zone while the system was in  operatio n .  The 

d ata represented in figu re 2 .  is included i n  Appendix B .  

Zone 1 ,  2,  3 ,  5 ,  6,  1 0, 1 1 , & 1 2  a l l  performed ideal ly u p  t o  t h e  t ime of  t h e  power 

surge. 

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

blown fuse res u l ting in a "MA L FUNCT I O N". 

Zone 7 & 8 were either "UN D E R" protected or "OVER /' protected . This was 

d u e  to the reference cells being crossed· wired in these two zones .  This problem 

has been corrected . 

Zone 9 h as malfu nctioned several times due to a reccu rring blown fuse .  

I n  summ ary, the Overflow cathod ic- protection system has operated ideal ly with 

the exception. of Zone 9 repeatedly blowing fuses.  Zones 7 & 8 have not . yielded 

enough informa tion to determine the results since rewiring, a nd Zone 4 h a s  not 

blown another fuse.  The stabil ity of  the zones on the Overflow cathodic 

protection system can be attributed to the fact that  there was one zone per span. 
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8 100 100 
8 0 100 
8 · o 100 

0 0 0 
7 88 88 
8 13 100 
8 0 100 

1 13 iJ 
8 . 88 100 
8 0 100 
8 0 100 

0 0 0 
8 100 100 
8 0 100 
8 0 100 

0 0 0 
8 100 100 
8 0 100 
8 0 100 

0 0 0 
0 0 0 
6 75 75 
8 25 100 

0 0 0 
0 0 0 
2 25 25 
8 75 100 

4 50 50 
4 0 50 
4 0 50 
8 50 100 

0 0 0 
8 100 100 
8 0 100 
8 0 100 

0 0 0 
8 100 100 
8 0 100 

·a 0 100 

0 0 0 
8 100 100 
8 0 100 
8 0 100 
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Testing 

I n  March 198 7 ,  testing was done to evaluate the performance of the cathodic 

protection systems.  The testing i ncluded h alf-cel l  and chain  d rag .. surveys . The 

d ecks were visu a l ly inspected and operating data d u ring testing was collected . 

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

collected . 

Half-cell Surveys 

H alf-cell  surveys for these decks have been performed on a yearly basis s ince 

198 3 .  Between 198 3  an ·d 1984 the surveys showed a s m a l l  increase in  potential  

throughout the ·deck� This can be expected , s ince no corrective action was taken 

d u ring this ti�e .. Therefore, for a nalysis p urposes; the d ata from the su rvey 

performed in 1984 wi l l  be considered as the· pre-construction d ata . I n  May 

198 5 ,  a fter a l l  repairs were m ade and the cathodic protection system h a rdware 

was instal led , a h a lf-cell  su rvey was performed prior to energizing the cathodic 

protection system . The d ata from th is survey wil l  be considered as the 

post-construction d ata .  

I n  March 198 6 ,  two half-cel l  surveys were performed on each deck.  The first 

su rvey was taken with the cathodic protection systems operating ("power on") .  

The systems were then t urned off a n d  al lowed t o  depolarize for ten d ays . The 

second survey was then taken with the cathodic protection systems not 

· opera t ing ("power off'') . 

I n  March 198 7 ,  h a lf-cel l  su rveys were performed on each deck. A "power on" 

su rvey was obta ined on the B ird 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 
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Bird Creek system was then tu rned off and al lowed to depolarize for 15 d ays , 

and a "power off" survey was performed on the B ird Creek bridge. 

The results from the pre-construction ,  post-construction , power o n ,  and power 

off s urveys for the Bird Creek bridge (slotted system) and the Bird Creek 

Overflow bridge (overlay system) are l isted in  F igures 3 ,& 4, respectively. There 

is a considerable red uction in  the potential  readings d u e  to construction alone.  

This i l lustrates the red uction of corrosion act ivity associated with the sand 

blasting and repair .of d istressed areas. As the cathodic protection curren t  is  

applied , the potentials increase d ram atica l ly throughout the d eck. After 

depolarization , the ha lf-cell  d ata indicates that  virtu al ly no corrosion is 

occu rring. 

In each case , the potentials after construction are lower than the. potentials 

before construction, and the potentia ls after 9 months of  protection (86 power 

off) are lower yet. 

In 1986 , less than 0 .0 1 percent of either deck h ad a potentia l  greater than 350 

mi l l ivolts .  However,  the 198 7  "power off" surveys show a m i n u te increase i n  the 

deck area that  h as a potentia l  read ing of h igher than 3 50 mi l l ivolts. The Bird 

Creek bridge h ad 0 . 1 percent ,  and the Overflow bridge h a d  3.0 percent of  the 

deck with potentials higher than 350 mil l ivolts.  Although there was a n  increase 

in potentials ,  the amount of increase is virtual ly insignificant ,  and was expected 

d u e  to the time that the systems were inoperable. 

Testing 15 



...-.,. 

I AREA FOR EACH MILLIVOLT LEVEL 
1---------------------------------------------------------------------

BIRD CREEK 
BRIDGE 

IUNDER I 200- I 300- I 350- I 400- I 500- I 600- I 100- I 800- I 900 
I 200 I 300 I 350 I 400 I 500 I 600 I 700 I 800 I 900 I OVER 
1------+------+------+------+------+------+------+------+------+------
I SQFT I SQFT I SQFT I SQFT I SQFT I SQFT I SQFT I SQFT I SQFT I SQFT 

-----------------+------+------+------+------+------+------+------+------+------+------
TEST I I I I I I I I I I I --------+--------1 I I I I I I I I I 
84 PRE- IAREA I I I · . I I I I I I I 
CONST I I 175381 27741 3161 2041 1591 81 11 OI OI o 
--------+--------+------+------+------+------+------+------+------+------+------+------
8.5 POST-I AREA I I I I I I I I I I 
CONST I I 169191 40411 291 111 OI OI ol OI OI O --------+--------+------+------+------+------+------+------+------+------+------+------
86 POHERIAREA I I I I I I I I I 
ON I 1871 3821 4081 41.51 24.551 66891 4.5941 25881 14191 1863 
--------+--------+------+------+------+------+------+------+------+------+------+------
86 POHERIAREA I I I I I I I I I I 
OFF I I 204461 5461 81 OI OI OI OI OI OI O --------+--------+------+------+------+------+------+------+------+------+------+------
87 POHERIAREA I I I I I I I I I 
ON I 1681 371 231 981 24221 74371 43.511 25421. 16881 2234 --------+--------+------+------+------+------+------+------+------+------+------+------
87 POHER I AREA I I I I I I I I I I 
OFF I I 125341 83661 811 171 21 OI OI OI OI O 

Figure 3. Bird Creek Half-Cell Data (1984-1987) 

I AREA FOR EACH MILLIVOLT LEVEL 
1---------------------------------------------------------------------

0VERFLOH BRIDGE !UNDER I 200- I 300- I 350- I 400- I 500- I 600- I 700- I 800- I 900 
I 200 I 300 I 350 I 400 I 500 I 600 I 700 I 800 I 900 I OVER 
1-------------+------+------+------+------+------+------+------+------
I SQFT I SQFT I SQFT I SQFT I SQFT I SQFT I SQFT I SQFT I SQFT I SQFT 

---�-------------+------+------+------+------+------+------+------+------+------+------
TEST I I I I I I I I I I I 
------ --+- ------- ! I I I I I I I I I 
84 PRE- IAREA I I I I I I I I I I 
CONST I I 8391 88441 57631 47431 70231 7861 21 01 OI 0 
--------+--------+------+-�----+------+------+------+------+------+------+------+------

· as POST-I AREA I I I I I I I I I 
CONST I 23701 122721 90171 38551 4861 01 01 01 01 0 
--------+--------+------+------+------+------+------+------+------+------+------+------
86 POHERIAREA I I I I I I I I I 
ON I 11241 35191 2581 2571 20111. 42261 44211 46641 27491 4771 
--------+--------+------+------+------+------+------+------+------+------+------+------
86 POHER I AREA I I I I I I I I I 
OFF I 81991 191481 6491 41 OI OI OI OI OI O 
--------+--------+------+------+------+-�----+------+------+------+------+------+------
87 POHER IAREA I I I I I I I I I 
OFF I 36331 208691 26401 7551 1031 OI OI OI OI O 

Figure 4. Overllow Half-Cell Data (1984-1987) 
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Chain Drag Survey 

The resu lts of the chain d rag su rvey found · th at. the areas of delamin a tion on the 

B ird Creek · bddge had l ittle change from 198 6  to 198 7. The a reas of 

delam in ation along the gutter,  as reported in  198 6 ,  were not dela m in a tions in  

the d eck. They were a res u l t  of a thin veneer of p laster o n  the d eck. The 

plaster was used to refin ish the para pet walls and was extended on to the d eck. 

A total of 34.5 sq. ft. was determine to be delamin ated. The a reas of 

de lamination were basica l ly  small  and m ost were contained between second a ry 

anodes.  On ly 0 . 1 6  percent of the deck was delaminated. 

The Bird Creek Overflow bridge exhibited only one area of delamin ation. I t's 

area was 1 sq. ft. 

. Visual Survey 

The polymer backfi l led slots on the B ird Creek bridge are performing wel l .  The 

su rface crack reported in 1 98 6 ,  wh ich translated transversely through the 

polymer is sti l l  tight and the bonds a long the sides are stil l  i n tact. 

The deck of the Bird Creek Overflow bridge h as developed some localized 

sca ling in Zone 6. There are several smal l  areas for a total  of 3 0  sq. ft. of 

sca l ing. 
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Discussion 

As reported i n  the first year evalu atio n ,  both systems were inoperable .  The 

cause of the m a lfu nction was attributed to a power surge .  I t  was speculated 

that the power surge was a result of a lightning strike . Since a m a inten ance 

b udget h as not been established for the u pkeep o( the systems, secu ri ng funds 

caused a considerable delay in  m aking the repairs. The components that were 

d a m aged h ave been replaced and addition.al  lightn ing protection components 

were installed . A report outlin ing these activities is included in  Appe n dix C .  

The Bird Creek cathodic protection system is in full operation a n d  i s  performing 

satisfactorily. The installation of the "slotted". system required that the 

secondary a nodes be placed across two adjacent  zones in a single spa n .  This  has  

caused an interaction of zones wh ich hampers the stability of poten tial control. 

The system will be modified in  1 988  to operate each spa n  as one zone rather 

than two .  The Overflow cathodic protection system is  sti ll inopera ble .  The 

components h ave been repaired and were in  operation . However,  a t  this t ime,  

the system is. not  receiving a .c .  power for operation .  This is  a sm all problem 

and should be corrected shortly. Since the system was inopera ble for 1 1  m o n th s  

prior t o  annual testing, there has  been a sligh t  increase i n  corrosion activity a s  

measu red b y  t h e  h a lf-cell su rvey. 

The cost of the electricity to operate the system s  h as been $ 20 .00 - S 30.00 per 

month for the B ird Creek system and $ 25 .00 - $ 40.00 per· month for the 

Overflow system when they are in  operation . These amoun ts include a £ 1 5 .00 

per month basic charge.  

The polymer backfill i n  the "slotted" system h a s  performed well, and the 

"overlay" system h a s  no sign s  of d istress. 
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CATHOD I C  PROTECT I ON PERFORMANCE UPDATE 

Bridge: B I RD CREEK 
Meter: BECKMAN 

Zone I Current 
Amps 

------

1 
2 
3 
4 
5 
6 
7 
8 
9 

------

Total 

Recorder: Senkowski 
Status: OFF Week: 5 9  

Date: 9 0 8 8 6  
Time: 

Voltage - - - - - Potentials (mV) -----1 Rebar I Mode of I 
Volts set I Ag/AgCl I Mo/Mo03 I Probes I Protection I 

--------- -------1---------1---------1--------1------------1 
I . 3 0 7  I 8 5  I - 5 .  0 0  I Ag/ AgCl I -
I 2 5 9. I 4 6  I -3.0 0 I Ag/AgCl I 
I 1 2  7 I -6 9 I - 0 . 0 1 I Ag/ AgC 1 I 
I 1 7 6  I - 1 34 I - 0.0 1 I Ag/AgCl I 
I . 2 0 5  I - 9 5  I - 0.0 1 I Ag/Agel I 
I 1 4 0  I - 6  I - 3.0 0 I Ag/AgCl I 
I 1 4 9  I - 8  I - 5 . 0 0  I Ag/AgCl I 
I 2 2 5  I - 6 9  I - 0.0 1 I Ag/AgCl I 
I 1 0 0  I - 1 7  I - 4. 0 0  I Ag/AgCl I 

---------1--------------------------------------------------
1 

--- ---- ____ 
1. 

Bridge: OVERFLOW 

Zone Cur rent 
Amps 

Voltage 1 - - - - - Potentials (rnV) -----1 Rebar I Mode of I 
Volts set. I Ag/AgCl I Mo/Mo03 I Probes I Protection I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  I 

------1--------- --------- -------

Total I 
___ 

1 
____ ----

Appendix A. Monthly Data 

-------- -

2 2 9  
1 5 2  
2 7 3  
1.56 
1 3 1  
2 6 7  
- 9 8  
1 79 

9 5  
7 5  

104 
1 1 1  

---------

---- -----
- 3 0 1  

- 64 
- 3 2 3  
- 3 7 7 

4 0  
1 8  

- 3 3 2  
- 7  . 

- 9 3  
- 44 2  

- 3 9  
1 5  

---------

- --- ---- ----------- -
- 3.0 0 Ag/AgCl 
-0. 1 0  Ag/AgCl 
- 3.0 0 Ag/AgCl 
-4. 0 0  Ag/AgCl 
-2.0 0 Ag/AgCl 
- 0. 1 0  Ag/AgCl 
- 0. 1 0  Ag/AgCl 
- 0. 1 0  Ag/AgCl 
- 2.00 Ag/AgCl 
- 2.0 0 Ag/AgCl 
- 2.0 0 Ag/AgCl 
- 5 . 0 0  Ag/AgCl 

-------- ------------

A-2 
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CATHOD I C  PROTECTION PERFORMANCE UPDATE 

B r idge : · B IRD CREEK 
Meter : LCD 

Recorder : Senkowski 
Status : ON Week : 5 9  

Dat e : 9 1086  
Time : . 

Zone I Current I Vo ltage - - - - - Potent i a l s  ( mV )  -----1 Rebar I Mode of I 
I Amps· I Vo l t s  s et I Ag/AgC l I Mo/ Mo03 I Probes I Prot ect ion I 

------1---------1--------- -------1---------1----.-----1-------- ------------1 
1 I 2 . 8 I 3 . 0 449 I 3 8 6  I 1 6 3  I - 2 . 7 0 Ag/AgC l I . 
2 I 3 . 0  I 3 . 3 460  I 3 0 8  I 5 6  I - 2 . 40 Ag/AgC l I 
3 I 1 . 2  I 2 . 4  353  I 35 8 I 2 7 2  I 0 . 50 Ag/AgC l I 
4 I 1 . 2  I 2 . 1 460  I 402  I 12 I - 0 . 0 1 Ag/Age l I 
5 I 1 . 2  I 2 . 4  5 2 6  I 345 I 1 1 2 I o . oo Ag/Age l I 
6 I 1 . 0  I 2 . 3 353  I 45 8 I 2 0 8  I - 0 . 80 Ag/Age l I 
7 I 2 . 0  I 3 . 8 444 I 444 I 2 1 6 I - 1 . 40 Ag/AgC l I 
8 I 2 . 0 I 3 .  7 5 22 I 3 8 0  I 15 1 I 0 . 1 0 Ag/Age l I 
9 I o . 5  I 1 . 9 347  I 348 I 240 I - 0 . 80 Ag/Age l I 

------1---------1--------- ------------------------------------ -------------

Tot a l  I 14 . 9  I 24 . 9  
__ 

1 1 
__ _ 

Br idge· : OVERFLOW 
-------- --------------------------------------------- ---------------- - -------

Zone I Current I Vo ltage 1----- Potent i a l s  ( mV )  -----1 Rebar I Mode o f  I 
I Amps I Vo l t s  s et I Ag/AgC l I Mo/Mo03 I Probes I Protect ion I 

------1---------1--------- --- - --- --------- --------- -------- --------- - --

1 I 0 . 0  I 0 . 2: 4 7 6  242 - 205  Ag/AgC l 
2 I 0 . 0 I 0 . 1 422  150  -7 7 Ag/AgC l 
3 I Ag/AgC l 
4 I Ag/AgC l 
5 I Ag/AgC l 
6 I Ag/AgC l 
7 I Ag/AgC l 
8 I Ag/AgC l 
9 1 .  3 I 3 . 0 4 9 9  5 0 2  2 1 9 Ag/AgC l 

1 0  I Ag/AgC l 
11 I Ag/AgC l 
1 2  I Ag/AgC l 

------ ---------1------�-- ------- --------- --------- -------- ------------

Tot a l  I 
I 

Appendix A. l\1onthly Data A-3 



CATHODI C  PROTECT I ON PERFORMANCE UPDATE 

B ridge : B I RD CREEK 
Mete r : LCD 

Zone I . Current 
I Amps 

-·----- 1 ---------

1 I 2 . 9 
2 t 3 . 1 
3 I o.o 
4 I i. 2 
5 I i. 2 
6 I 0 . 2  
7 I i. 5 
8 I 2 . 0 
9 I o.4 

------1---------
Tot a l  I 12 . 5 

Recorder : Senkowski Date : 1 0 1 7 86 
Time : S t atus : ON Week : 64 

Vo ltage 
Vo lts  

4 . 0 
4 . 4  
2 . 0 
2 . 4  
2 . 4  
2 . 0  
4 . 0 
4 . 2 
2 . 0 

2 7 . 4  

-�--- Potent i a l s  ( mV)  - - - - - 1 Rebar I Mode o f  I 
s et I Ag/AgC l I Mo/Mo03 I Probes I Protect ion I 

- - - - - - - 1 - - - - - - - - - 1 - - - - - - - - - 1 - - - - - - - - 1 - - ----- -- ---1 
45 0 I 4 1 8  I 205  I - 0 . 5 0 I Ag/AgC l I _  
503 I 41 6  I 97  I - 1 . 7 0 I Ag/AgC l I 
3 5 2  I 40 7 1 2 6 3  I 0 . 40 I Ag/AgC l I 
45 9 I 400  I 9 5  I 0 . 00 I Ag/AgC l I 
5 2 6  I 325  I 1 30  I 0 . 20 I Ag/Age l I 
353 I 3 5 6  I 242 I - 0 . 80 I Ag/AgC l I 
445 I 445 I 222  I - 1 . 0 0 I Ag/AgC l I 
5 25 I 3 8 3  I 224  I 0 . 1 0  I Ag/AgC l I 
3 4 7  I 349 I 253  I - 0 . 7 0 I Ag/AgC l I 

��-
1

���- -��� 

Br idge : OVERFLOW 

I Zone 
I 
1 - - - - - -
1 1 
I 2 
I 3 

4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  

Tota l  

Current I Vo ltage 1-----· Potent i a l s  ( mV)  - - - - - 1 
.
Rebar I Mode o f  I 

Amps Vo lts  I s et I Ag/AgC l I Mo/Mo03 I Probes I Prot ect ion I 
--------- --------- -------1--------- --------- --------1------------1 

I I Ag/AgC l I 
I I Ag/AgC l I 
I I Ag/AgC l . I 
1 I Ag/AgC l I 
I I Ag/AgC l I 
I I Ag/AgC l � 
I I Ag/AgC l I 
r 1 Ag/Agc1 1 
I t Ag/AgC l I 
I I Ag/AgC l I 
I . I Ai/AgC l I 
I I Ag/AgC l I 

Appendix A. Monthly Data A-4 
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CATHOD I C  PROTECTION PERFORMANCE UPDATE 

B ridge : 
Met e r : 

- - - - - -

Zone 

-- - - - -

1 
2 
3 
4 
5 
6 
7 
8 
9 

- - - - - -

Tot a l  

B IRD CREEK 
LCD 

- - - - - ----
Current 

Amps 
- - - - - - - - -

3 . 0 
0 . 0 
0 . 0 
1 .  1 
1 .  3 
0 . 0 
0 . 5 
2 . 0 
0 . 2 

- - - - - - - - -
8 . 1 

Recorder : S enkowski 
Status : ON Week : 7 0  

Dat e : 1 12486 
Time : . 

Vo ltage 1 - - - - - Pot ent i a l s  ( mV)  - - - - - 1 Rebar I Mode o f  I 
Vo lts  I s et I Ag/AgC l 1· Mo/Mo03 I Probes I Protect ion I 

- - - - - - - - - 1 - - - - - - - 1 - - - - - - - - - 1 - - - - - - - - - 1 - - - - - - - - 1 - - - - - - - - - - - - 1 
4 . 0 I 45 0 I 434 I 244 I - 0 . 20 I Ag/AgC l I . 
3 . 2 I 5 0 0  I 9 8 0  I 2 1 2  I - 0 . 80 I Ag/AgC l I 
2 . 6 I 354  I 460  I 3 7 0  I 0 . 6 0 I Ag/AgC l I 
3 . 0  I 45 1 I 45 2 I 1 9 2  I 0 . 00 I Ag/AgC l I 
2 . 9 I 5 25 I 328  I 1 7 4  I o . 30 I Ag/Age l I 
2 . 3 I 3 5 0  I 420  I 2 7 8  � o . oo I Ag/Age l I 
4 . 4  I 45 0 I 45 1 I 242 I - 0 . 6 0 - I Ag/AgC l I 
4 . 9 I 5 2 8  I 366  I 2 9 5  · 1 0 . 2 0 I Ag/AgC l I 
1 . 8  1 · 347  I 349 I 28 1 I - 0 . 5 0 I Ag/AgC l I 

---------1-----------�--------------------------------------
29 . 1  I 

��- -��� ���-
1 

B ridge : OVERFLOW 

I Zone Current I Vo ltage 1 - - - - - Pcit ent i a l s  ( mV)  - - - � - I Rebar I Mode o f  I 
I Amps I Vo lts  · I s et I Ag/AgC l I Mo/Mo03 I Probes I Protect ion I 
- - - - - - - - - - - - - - - 1 - - - - - - - - - 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 

1 I I Ag/AgC l I 
2 I I Ag/AgC l 
3 I I Ag/AgC l 
4 I . I Ag/ AgC 1 
5 I I Ag/AgC l 
6 I I Ag/AgC l 
7 I I Ag/AgC l 
8 I I Ag/AgC l 
9 I I Ag/AgC l 

1 0  I I Ag/AgC l 
1 1  I I Ag/AgC l 
1 2  I I Ag/AgC l 

------1---------1---------1------- --------- - - ------- --- - - - - - - - ---- - - --- -

Tot a l  I I I 
__ I I I 

Appendix A. J\1onthly Data A-5 
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CATHOD I C  PROTECTION PERFORMANCE UPDATE 

B r idge : B I RD CREEK Recorder : Senkowski Dat e : 1 05 8 7  
Meter : LCD 

- - - - - - - - - - - - - - - -
Zone I Current 

I Amps 
------ 1 ---- --- - -

1 I 1 .  6 
2 I 0 . 0  
3 I 0 . 0 
4 I 0 . 4 
5 I 1 .  3 
6 I 0 . 0 
7 I 0 . 0 
8 I 2 . 0 
9 I 0 .  2 . 

------1---------
Tot a l  I 5 . 5  

I 

B ridge : OVERFLOW 

I Zone I Current 
I I Amps · 1------ 1 ---------
1 1 I 
I 2 I 
I 3 
I 4 
I 5 
I 6 
I 1 
I 8 
I 9 
I 1 0  
1 1 1  

0 .  0 . 

I 12 I 

Status : ON Week : 7 6  Time : 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Vo ltage - - - - - Potent i a l s  ( mV )  - - - - -1 Rebar I Mode o f  I 
Vo lts  s et I Ag/AgC l I Mo/ Mo03 I Probes I Protect ion I 

- - - - - - - - - -- --- - -1- - - --- - - - 1 - - - - - - - - -1- - - -----1------------ 1 
2 . 2 450 I 45 1 I 2 7 7  I 2 . 60 I Ag/AgC l I . 

· 1 .  8 5 0 0  I 8 7 1 I . 242 I 1 .  2 0  I Ag/AgC l I 
1 .  6 354  I 436  I 2 7 0  I 0 . 30 I Ag/AgC l I 
1 .  6 450  I 45 1 I 3 5 0  I 0 . 1 0  . I Ag/AgC l I 
2 . 4  5 24 I 448 I 3 1 2  I 0 . 30 I Ag/Age l I 
1 .  9 350  I 423  I 2 8 0  I 0 . 00 I Ag/AgC l I 
2 . 5  450  I 6 3 6  I 405 I 0 . 7 0  I Ag/AgC l I 
3 . 3  5 28 I 440 I 340 I 0 . 5 0 I Ag/AgC l I 
1 .  6 347  , . 348 I 2 3 8  I - 0 . 1 0  I Ag/AgC l I 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - -
1 8 . 9  

Vo ltage 1 ----- Pot ent i a l s  ( mV )  -----1 Rebar I Mode o f  I 
Vo l t s  s et I · Ag/AgC l I Mo/Mo03 I Probes I Protect ion I 

-------- - ----- -- - - - - ----- ---- - - - - - -------- 1 ------------1 

1 .  8 5 25 

1 6 2 . - 2 7 2  - 0 . 40 I Ag/AgC l I 
9 9  - 62 0 . 00 I Ag/AgC l I 

18 5  - 304 - 0 . 7 0 I Ag/AgC l I 
1 6 9  - 28 0  - 1 . 00 I Ag/AgC l j 
1 14 -40  - 0 . 2 0  I Ag/AgC l I 
1 9 9  - 6  0 . 00 I Ag/AgC l I 

89  - 26 6  0 . 00 I Ag/AgC l . I 
1 2 9  - 2 2  0 . 00 I Ag/AgC l I 
5 30 2 8 8  1 . 40 I Ag/AgC l I 

7 4  . - 33 6  - 0 . 3 0  I Ag/ AgC l I 
1 14 - 2 2  - 0 . 6 0  I Ag/AgC l I 
1 0 1  10 -4 . 2 0  I Ag/AgC l I 

1 ----- - - ---- - - - -1- - - - - ----
I Tot a l  I 
I I __ _ 
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CATHOD I C  PROTECTION PERFORMANCE UPDATE 

B ridge : B I RD CREEK · Recorder : Senkowski Date : 2 2 3 8 7  
Met e r : LCD Status : ON Week : 8 3  Time : 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I Zone Current Vo ltage 1 - � - - - Pot ent i a l s  ( mV)  _ _ _ _ _  , Rebar I Mode o f  I 
I Amps Vo l t s  I s et I Ag/AgC l I Mo/Mo03 I Probes I Protect ion I 
, _ _ _ _ _ _  

- - - - - - - - - - - - - - - - - - - - - - - - - 1 - - - - - - - - - 1 - - - - - - - - - - - - - - - - - 1 - - - - - - - - - - - - 1 
I 1 2 . 9  3 . 1 448 I 44 1 I 25 1 - 1 .  00  I Ag/AgC l I . 
I 2 0 . 0 2 . 4  5 0 3  I 5 1 3 I 7 2  - 2 . 30 I Ag/AgC l I 
I 3 0 . 0  2 . 1 353  I 424 I 300  0 . 40 I Ag/AgC l I 
I 4 1 .  1 2 . ·5 454 I 455 I 1 9 2  3 . 9 0 I Ag/AgC l I 
I 5 1 .  3 2 . 4  5 25 I 362  I 1 8 8  0 . 60 I Ag/Age l I 
I 6 0 . 0 1 .  9 350  I 3 7 8  I 2 1 9 - 1 .  00  I Ag/AgC l I 
I 7 0 . 0  2 . 7 447  I 5 35 I 2 6 3  - 2 . 2 0  I Ag/AgC l I 
I 8 2 . 0 3 . 6 5 26 I 443 I 3 2 0  0 . 80 I Ag/AgC l I 
I 9 0 . 3 1 .  8 347  I 348 I 260  - 1 . 40 I Ag/AgC l I 
1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
! Tot a l  7 . 6  2 2 . 5  
I 

B ridge : OVERFLOW 

I Zone I Cur rent Vo l t age 1 - - - - - Pot ent i a l s  ( mV)  - - - - - 1 Rebar I Mode o f  I 
I I Amps Vo l t s  s et I Ag/AgC l I Mo/Mo03 I Probes I Protect ion I 
1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

_ _ _ _ _ _ _ _ _  , _ _ _ _ _ _ _ _ _  
- - - - - - - -

_ _ _ _ _ _ _  "."' _ _ _ _  , 
I 1 1 5 7  I - 2 3 8  - 1 .  00  Ag/AgC l I 
I 2 1 3 7  I - 8 1  0 . 00 Ag/AgC l I 
I 3 2 1 9 I - 30 6  - 1 . 40 Ag/AgC l I 
I 4 1 8 1  I - 282  - 1 .  90  Ag/AgC l I 
I 5 1 1 8 I - 3 7  - 0 . 5 0 Ag/AgC l I 
I 6 1 7 7  I - 4 1  o .  o·o Ag/AgC l I 
I 7 1 2 1  I - 25 7  0 . 00 Ag/AgC l I 
I 8 148 I - 33  0 . 00 Ag/AgC l I 
I 9 0 . 0 5 20 I 25 8 2 . 1 0 Ag/AgC l I 
I 1 0  7 7  I - 440 - 0 . 8 0  Ag/AgC l I 
I 1 1  1 0 8  I - 3 6  - 1 .  0 0  Ag/AgC l I 
I 1 2  1 2 3  I 2 6.  - 1 .  9 0  Ag/AgC l I 
, _ _ _ _ _ _ 

- - - - - - - - - 1 - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
! Tot a l  , 

. . 

I I 
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CATHOD I C  PROTECT I ON PERFORMANCE UPDATE 

B ridge : B I RD CREEK 
Met e r : LCD 

Recorder : Senkowski Dat e : 3 0 3 8 7  
Time : Status : ON Week : 84  

- - - - - - - - - - - - - - - - - - - - - - - -

Zone Current Vo ltage 
Amps Vo lts  

- - - - - - - - - - - - - - - - - - - - - - - -

1 2 . 9 4 . 7 
. 2 3 . 0  4 . 9 
3 0 . 0 2 . 2 
4 1 .  2 2 .  7· 
5 1 .  2 2 . 5  
6 0 . 0 2 . 0 
7 0 . 0  2 . 9  
8 2 . 0  3 . 8  
9 0 . 3 1 .  5 

- - - - - - - - - - - - - - - - - - - - - - - -

Tot a l  1 0 . 6 2 7 . 2  

B r idge : OVERFLOW 

Zone Current I Vo ltage 
Amps I Vo lts  

- - - - - - - - - - - - - - - 1 - - - - - - - - -

1 I 
2 I 
3 I 
4 I 
5 I 
6 I 
7 I 
8 I 
9 I 

1 0  I 
1 1  I 
1 2  I 

- - - - - - - - - - - - - - - 1 - - - - - - - - -

Tot a l  I 
��- -���· I ���-

Appendix A. !\ l onthly Data 

- - - - - Potent i a l s  ( mV )  - - - - - 1 Rebar I Mode o f  I 
s et I Ag/AgC l I Mo/Mo03 I Probes I Prot ect ion I 

- - - - - - - 1 - - - - - - - - - 1 - - - - - - - - - 1 - - - - - - - - 1 - - - - - - - - - - - - 1 
448 I 449 I 2 3 7  I - 0 . 5 0 I Ag/AgC l I .  
5 05 · I 4 7 1 I - 2 2  I - 1 . 30 I Ag/AgC l I 
353  I 45 0 . I 3 2 7  I 0 . 50 I Ag/AgC l I 
45 6 I 44 1 I 1 6 0  I 6 . 30 I Ag/AgC l I 
5 25 I · 3 1 7  I 1 3 0  I 0 . 5 0 I Ag/Age l I 
35 a I 384  I 240 I - 0 . 80 I Ag/AgC l I 
447  I 44 7 I 2 1 8 I - 2 . 20 I Ag/AgC l I 
5 25 I 3 7 5 · . I 2 3 6  I 0 . 40 I Ag/AgC l I 
347  I 349  I 2 5 8  I - 1 . 1 0 · I Ag/AgC l I 

- - - - � Pot ent i a l s  ( mV )  - - - - - 1 Rebar I Mode o f  J 
s et I Ag/AgC l I Mo/Mo03 I Probes I Protect ion I 

- - - - - - - - - - - - - - - - - - - - - - - - - 1 - - - - - - - - - - - - - - - - - - - -

1 Ag/AgC l 
I Ag/AgC l 
I Ag/AgC l 
I Ag/AgC l 
I Ag/AgC l 
I Ag/AgC l 
t Ag/AgC l 
I Ag/AgC l 
I Ag/AgC l 
I Ag/AgC l 
I Ag/AgC l 
I Ag/AgC l 
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CATHOD I C  PROTECTI ON PERFORMANCE UPDATE 

B ridge : B IRD CREEK 
Meter : LCD 

Recorder : S enkowski 
Status : OFF Week : 86 

Date : 3 19 8 7  
Time : 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Zone Current Vo ltage 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Amps Vo lts  

- - - - - - 1 - - - - - � - - - - - - - - - - - -
Tot a l  I · 

-------
1

���- -----------

B ridge : OVERFLOW 
- - - - - - - - - - - - - - - - - - - - - - - - - -

Zone I Current I Vo ltage 
I Amps I Vo lts  

- - - - - - - - - - - - - - - - - - - - - - - -

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  

- - - - - - - - - - - - - - - - - - - - - - - -

Tota l  

Appendix A .  Monthly Data 

- - - - - Pot ent i a l s  ( mV)  - - - - - 1 Rebar I Mode o f  I 
s et I Ag/AgC l I Mo/Mo03 I Probes I Prot ect ion I 

- - - - - - - 1 - - - - - - - - - 1 - - - - - - - - - 1 - - - - - - - - 1 - - - - - - - - - - - - 1 
I 248 I 80  I -4 . 30 I Ag/AgC l I .  
I 2 5 9  I - 2 3  I - 2 . 1 0  I Ag/AgC l I 
I 305  I 20  I 0 . 00 1 · Ag/AgC l I 
I 1 3 2  I - 1 3 8  . I 0 . 40 I Ag/AgC l I 
I 145 I - 1 0 7  I · o . o o I Ag/Age l I 
I 1 3 0  I 3 I - 1 . 9 0  I Ag/AgC l I 
I 1 5 5  I - 26  I - 3 . 6 0 I Ag/AgC l I 
I 85  I - 134  I 0 . 00 I Ag/AgC l I 
I 1 0 6  I - 1 2  I - 2 . 7 0 I Ag/AgC l I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - Pot ent i a l s · ( mV)  - - - - - 1 Rebar Mode o f  

s et I Ag/AgC l I Mo/Mo03 I Probes Prot ect ion I 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 

Ag/AgC l I 
Ag/AgC l I 
Ag/AgC l I 
Ag/AgC l I 
Ag/AgC l I 
Ag/AgC l I 
.Ag/AgC l I 
Ag/AgC l I 
Ag/AgC l I 
Ag/AgC l I 
Ag/AgC l I 
Ag/AgC l I 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

A-9 



CATffOD I C  PROTECT I ON PERFORMANCE UPDATE 

B r idge : B I RD CREEK 
Meter : LCD 

Recorder : Senkowski 
S t atus : ON Week : 86 

Dat e : 3 19 8 7  
Time : . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Zone Current I Vo l t age - - - - - Potent ia l s  ( mV)  - - - - - 1 Rebar I Mode of I 
Amps I Vo l t s  s et I Ag/AgC l - 1 Mo/Mo03 I Probes I Prot ect ion I 

- - - - - - - - - - - - - - - 1 - - - - - - - - - - - - - - - - 1 - - - - - - - - - 1 - - - - � - - - - 1 - - - - - - - - 1 - - - - - - - - - - - - 1 
1 3 . 1 I 2 . 5  448 I 3 1 1  I 1 3 9  I 1 . 1 0 I Ag/AgC l I .  
2 3 . 1 I 2 . 8  5 0 4  I 3 14 I 1 9  I 1 . 40 I Ag/AgC l I 
3 1 .  3 I i .  1 35 3 I 364 I 2 3 8  I o·. 9 0  I Ag/ Age l I 
4 1 . 2  I 1 . 5  448 I 3 7 5  I 1 0 8  I 2 . 40 I Ag/AgC l I 
5 1 . 2 I 1 . 7 524  I 240 I 1 15 I 0 . 20 I Ag/Age l I 
6 1 . 2  I 1 . 5  349 I 35 1 I 258  I 1 . 6 0 I Ag/Age l I 
7 . 2 . 0  I 3 . 0  449 I 467  I 225 I 2 .  7 0 1.- Ag/AgC l I 
8 . 2 . 0 I 3 . 3 5 2 7  I 2 8 9  I 2 1 7  I 0 . 30 I Ag/AgC l I 
9 1 . 1 I 1 . 3  347  I 348 I 245 I 1 . 30 I Ag/Age l I 

- - - - - - - - - � - - - - - 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Tot a l  16 . 2  I 1 8 . 7  
��- -��� I ���-

B ridge ; 
- - - - - -

Zone 

- - - - - -

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  

- - - - - -
Tot a l  

OVERFLOW 
- - - - - - - - -
Current 

Amps 
- - - - - - - - -

- - - - - - - - -

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Vo ltage 1 - - - - - Pot ent i a l s  ( mV)  - - - - - 1 Rebar Mode o f  I 

Vo l ts I s et I Ag/AgC l I Mo/Mo03 I Probes .  Prot ect ion I 
- - - - - - - - - 1 - - - - - - - - - - - - - - - - - - - - - - - - - 1 - - - - - - - - - - - - - - - - - - - -

1 I Ag/AgC l 
I . I Ag/AgC l 
I I Ag/AgC l 
I I Ag/AgC l 
I · . I Ag/AgC l 
I I Ag/AgC l 
I I Ag/AgC l 
I I Ag/AgC l 
I I Ag/AgC l 
I I 1 · Ag/AgC l 
I I I Ag/AgC l 
I I .1 Ag/ AgC l 

- - - - - - - - - 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 
��- -��� ���-

1 
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CATHOD I C  PROTECTION PERFORMANCE UPDATE 

B r idge : B IRD CREEK 
Meter : LCD 

Recorder :  Senkowski 
Status� ON Week : 9 2  

Date : 4 2 7 8 7  
Time : 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Zone Current Vo ltage - - - - - Pot ent i a l s  ( mV )  - - - - - 1  Rebar I Mode o f  I 
Amps Vo lts  s et I Ag/AgC l I Mo/Mo03 I Probes I Protect ion I 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 - - - - - - - - - 1 - - - - - - - - - 1 - - - - - - - - 1 - - - - - - - - - - - - 1 
1 2 . 8 3 . 0  445 I 349 I 144 I -4 . 9 0 I Ag/AgC l I .  
2 2 . 9 3 . 2 5 0 6  I 364  I 7 5  I -5 . 1 0  I Ag/AgC l I 
3 0 . 5  1 .  8 350  I 355  I 2 1 2  I 0 . 50 I Ag/AgC l I 
4 1 .  2 2 . 1 462  I 3 7 3  I 7 9  I 0 .  5 0  I Ag/AgC l I 
5 1 .  2 2 . 3 5 26 I 3 1 7  1 · 7 4  I 1 .  00  I Ag/Age l I 
6 1 .  2 2 . 4  3 5 0  I 345 I 1 7 8  I -2 . 5 0 I Ag/AgC l I 
7 2 . 0  3 . 5  44 1 I 44 1 I 2 0 6  I - 3 . 5 0  I Ag/AgC l I 
8 2 . 0  3 . 5  5 2 1  I 35 2 I 1 04 I 0 . 30 I Ag/AgC l I 
9 1 . 0 2 . 4  346 I 347  I 2 2 6  I - 2 . 7 0 I Ag/AgC l I 

- - - - - - 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Tot a l  I 14 . 8 24 . 2  

I 

Bridge : OVERFLOW 

Zone I Current Vo ltage 1 - - - - - Pot ent i a l s  ( mV )  - - - - - 1 Rebar I Mode o f  I 
I Amps Vo lts  s et I Ag/AgC l I Mo/Mo03 I Probes I Protect ion I 

- - - - - - 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ! 
1 I 2 6 8  - 306  - 3 . 5 0  Ag/AgC l I 
2 I 1 5 8  - 1 1 7 0 . 00 Ag/AgC l I 
3 I 305  - 35 1 -5 . 00 Ag/AgC l I 
4 I 1 9 5  - 335  -5 . 00  Ag/AgC l I 
5 I 1 2 8  - 5 0  -4 . 00 Ag/AgC l I 
6 I 2 1 7  - 3 7  0 . 00 Ag/AgC l I 
7 I 6 9  - 2 5 9  0 � 00  Ag/AgC l I 

. 8 I 2 2 3  - 2 1 0 . 00 Ag/AgC l I 
9 I 0 . 0 5 05 - 1 1 6  4 . 20 Ag/AgC l I 

1 0  I . 9 1  -48 7 - 2 . 5 0 Ag/AgC l I 
1 1  I 9 4  - 2 7 1 - 2 . 60  Ag/AgC l I 
1 2  I 1 1 6 2 8  -4 . 60 . Ag/AgC l I 

- - - - - - 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Tot a l  I 

I 
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CATHOD I C  PROTECT I ON PERFORMANCE UPDATE 

B ridge : B I RD CREEK 
Met e r : LCD 

Recorder :  S enkowski 
Status : ON Week : 1 0 1  

Date : 6 3 0 8 7  
Time : 

Zone I Current I Vo ltage - - - - - Pot ent i a l s  ( mV)  - - - - - 1 Rebar I Mode of I 
I Amps I Vo lts  s et I Ag/AgC l I Mo/Mo03 I Probes I Protect ion I 

- - - - - - 1 - - - - - - - - - 1 - - - - - - - - - - - - - - - - 1 - - - - - - - - - 1 - - - - - - - - - 1 - - - - - - - - - - - - - - - - - - - - 1 
1 I 2 . 8 I 3 . 2 445 I 3 0 7  I 1 2 9  I - 1 . 60 Ag/Age l I . 
2 I o . o I 2 . 4 5 0 4  I 7 7 2 I 9 0  I - 2 . 00 Ag/AgC l I 
3 I o . o I 2 . 0 348 I 3 5 2  I 2 7 5  I o . 30  Ag/Age l I 
4 I 1 . 2 I 2 . 4 459  I 3 7 1  I 9 7  I 0 . 1 0  Ag/Age l I 
5 I 1 . 2  I 2 . 4  5 25 I 3 1 3  I 9 5  I o . 5 0 Ag/Age l I 
6 I o . 6  I 2 . 2  349 I 35 2 I 236  I - o . 3o Ag/AgC l I 
7 I 1 . 6  I · 4 . 6 4 4 1  I 44 1 I 240 I - 1 . 30  Ag/Age l I 
8 I 1 . 9 I 4 . 7 5 2 2  I 3 7 5  I 1 s 1  I o . 40 Ag/AgC l I 
9 I o . 6 I 2 . 2 344 I 346 I 255 I - o . 9 o Ag/Age l I - - - - - - 1 - - - - - - - - - 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Tot a l  I 9 .  9 I . 2 6 . 1 
__ 

1 , __ _ 

B r idge : OVERFLOW 

I Zone I Current I Vo ltage 1 - - - - - Potent i a l s  ( mV)  - - - - - 1 Rebar I Mode o f  I 
I I Amps I Vo lts  I s et I Ag/AgC l I Mo/Mo03 I Probes I Protect ion I 1 - - - - - - 1 - - - - - - - - - 1 - - - - - - - - - 1 - - - - - - - 1 - - - - - - - - - 1 - - - - - - - - - - - - - - - - - 1 - - - - - - - - - - - -
I 1 I I I I I 
I 2 I I I I I 
I 3 I I I I I 
I 4 I I I I I 
I s I I I I I 
I 6 I I I I I 
I 7 I I I I I 
I B I I I I I 
I 9 I I I I I 
I 1 0  I I I I I 
I 1 1  I I · I I I 
I 1 2  I I I I I 1 - - - - - - 1 - - - - - - � - - 1 - - - - - - - - - 1 - - - - - - - - - - - - - - - - - - - - - - - - - - -
I Tot a l  I I I 
I I I I 

Appendix A. i\ l onthly Data 

I Ag/AgC l 
I Ag/AgC l 
I Ag/AgC l 
I Ag/AgC l 
I Ag/AgC l 
I Ag/AgC l 
I ·Ag/AgC l 
I Ag/AgC l 
I Ag/AgC l 
I Ag/AgC l 
I Ag/AgC l 
I Ag/AgC l 

A-12 



CATHOD IC  PROTECTION PERFORMANCE UPDATE 

B ridge : B IRD CREEK 
Meter : LCD 

Recorder : S enkowski Date : 8 1 0 8 7  
Time : . Status : ON Week : 1 0 7  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Zone Current Vo l t age - - - - - Potent i a l s  ( mV )  - - - - - 1 Rebar I Mode of  
Amps Vo lts  s et I Ag/AgC l I Mo/Mo03 I Probes I Prot ect ion 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 - - - - - - - - - 1 - - - - - - - - - 1 - - - - - - - - 1 - - - - - - - - - - - -
1 2 . 8 2 . 5  443 I 2 7 2  I '7 7  I - 3 . 20 I Ag/AgC l 
2 0 . 0 1 .  8 5 0 8  I 1049  I - 3 7  I - 3 . 80 I Ag/AgC l 
3 1 .  2 2 . 3 347  I 3 5 0  I 185  I 1 .  0 0  I Ag/AgC l 
4 1 .  2 2 . 4  463  I 358  I 9 I 0 . 00 I Ag/AgC l 
5 . 1 .  2 2 . 3 5 26 I 30 1 I 308  I 0 . 60 I Ag/Age l 
6 1 .  2 2 . 3 350  I 335  I 155  I - 0 . 80 I Ag/AgC l 
7 2 . 0 3 . 8 440 I 3 7 4  I 15 0 I - 2 . 1 0 I Ag/AgC l 
8 2 . 0 3 . 8 5 20 I 340 I . . 82  I 0 . 1 0 I Ag/AgC l 
9 1 .  1 2 . 4  344 I 346 I 2 2 0  I 0 . 20 I Ag/AgC l 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Tot a l  1 2 . 7  2 3 . 6  

B ridge : OVERFLOW 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Zone Current I Vo ltage - - - - - Pot ent i a l s  ( mV)  - - - - - 1 Rebar J Mode of  I 
Amps I Vo lts  s et I Ag/AgC l I Mo/Mo03 I Probes I Prot ect ion I - - - - - - - - - - - - - - - 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 

1 4 . 0 I 3 . 0 4 7 3  4 7 1 - 2 1  0 . 00 Ag/AgC l I 
2 1 .  0 I 1 .  3 42 7 428  130  1 .  80  Ag/AgC l I 
3 0 . 0 I 0 . 1 294  304 . - 1 7 6  -4 . 5 0 Ag/AgC l I 
4 1 .  0 I 0 . 8 349 3 5 0  - 125  2 . 60 Ag/AgC l I 
5 0 . 6 I 1 .  1 345 349 1 7 0  0 . 5 0 Ag/AgC l I 
6 4 . 8 I 2 . 8 45 1 436  285  1 .  90  Ag/AgC l I 
7 3 . 0 I 2 . 7 29 8 - 7 5  - 165  0 . 5 0 Ag/AgC l I 
8 1 .  1 I 1 .  8 3 2 3  3 2 2  1 2 5  0 . 60 Ag/AgC l I 
9 0 . 0 I 0 . 2 7 7 8 9 7  - 2 7 1 - 1 .  9 0  Ag/AgC l I 

1 0  3 . 5  I 3 . 5 3 7 8  3 7 9  - 144 3 . 00 Ag/AgC l I 
1 1  I 2 . 0 I 2 . 8 400 3 7 7  4 1  2 . 1 0 Ag/AgC l I 
1 2  I 4 . 3 . I 3 . 6 3 7 5  2 3 2  5 4  5 . 60 Ag/AgC l I - - - - - - 1 - - - - - - - - - 1 - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Tot a l  I 25 . 3  I 2 3 . 7  
I I 
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CATHOD I C  PROTECTION PERFORMANCE UPDATE 

B r idge : B I RD CREEK 
Meter : LCD 

Recorder :  Oot en Dat e :  9 1 8 8 7  
Time : . Status : ON Week : 1 1 2 

Zone. 

1 
2 
3 
4 
5 
6 
7 

- - - - - --- -

Current 
Amps 

---- - --- -

2 . 8 
0 . 0 
0 . 0 
1 .  2 
1 .  2 
0 . 2 
0 . 6 

- -- - - - - - -

Vo ltage 
Vo lts  

- - - - - - - - -

4 . 1 
3 . 3 
2 . 3  
2 . 8 
2 . 6  
2 . 2  
4 . 3 

8 2 . 0  4 . 9  
9 0 . 5  2 . 1 

------ ---------1---------
Tot a l  8 . 5  I 2 8 . 6  
--- _____ 

1 
___ _ 

B r idge : OVERFLOW 

- - - - - Potent i a l s  ( mV )  - - - - - Rebar I Mode of I 
s et I Ag/AgC l I Mo/Mo03 Probes I Protect ion I 

-------1---------1--------- --------1------------1 
445 I 35 9 I 140 0 .  7 0  I Ag/ AgC l I . 
5 04 I 942 I 6 2  - 0 . 7 0 I Ag/AgC l I 
35 2 I 3 8 7  I 2 5 6  0 . 40 I Ag/AgC l I 
45 6 I 400 I 3 9  0 . 1 0 I Ag/AgC l I 
525  I 308  I 1 05 0 . 30 I Ag/Age l I 
348 I 352  I 235 - 0 . 60 I Ag/AgC l I 
444 I 444 I 208  - 0 . 6 0  I Ag/AgC l I 
5 2-4 I 394  I 1 9 0 0 .  20  I Ag/ AgC l I 
344 I 345 I 2 1 8 - 1 0 . 00 I Ag/AgC l I 

Zone I Current I Vo ltage 1----- Pot ent i a l s  ( mV )  -----1 Rebar I Mode of  I 
I Amps I Vo lts  I s et I Ag/AgC l I Mo/MoO� I Probes I Protect ion I 

------ ---------1--------- - - - - - - - 1 - - - - - - - - - - - - - - - --- --------1------------1 
1 1 .  5 I 3 . 6 45 5 I 45 5 2 0 3 - 2 . 0 0 I Ag/ AgC 1 I 
2 0 . 0  I 0 . 0 427  I 1000  -42  1 . 2 0 I Ag/AgC l I 
3 0 . 0 0 . 5  30 1 I 304 - 3 7  - 1 . 30 I Ag/AgC l I 
4 0 . 3 1 . 2  35 3 I 354 - 5 7 1 . 0 0 I Ag/AgC l I 
5 0 . 4  1 . 2  347  I 350  235  0 . 9 0 I Ag/AgC l I 
6 0 . 0  0 . 2 448 I 1 6 0  8 6  0 . 00 I Ag/AgC l I 
7 2 . 9 . 3 . 8 3 0 1  I 8 9 - - 1 3 1 0 . 2 0 - I Ag/ AgC 1 I 
8 0 .  7 1 . 9  326  I 325 143  0 . 1 0 I Ag/AgC l I 
9 0 . 0 0 . 2 . 7 8 0 I 7 5 - 2 9 4 - 0 . 6 0 I Ag/ AgC 1 I 

1 0  1 . 2  3 . 0 . 3 8 1  I 382  5 1 . 00 I Ag/AgC l I 
1 1  1 . 4  2 . 9 400 I 40 1 2 1 1  2 . 40 1 - · Ag/AgC l I 
1 2  3 . 8  7 . 0  3 7 6  I 3 75 244 0 . 80 I Ag/AgC l I 

Tot a l  1 2 . 2  25 . 5  

Appendix A. Monthly Data A- 1 4  



CATHOD I C  PROTECTION PERFORMANCE UPDATE 

B ridge : B I RD CREEK 
Met er : LCD 

Recorder :  Senkowski 
Status : ON Week : 1 2 2  

Date : 1 1 2 5 8 7  
Time : 

- - - - - -

Zone 

- - - - - -

1 
2 
3 
4 
5 
6 
7 
8 
9 

- - - - - -

Tot a l  

- - - - - - - - -

Current 
Amps 

- - - - - - - - -

3 . 0  
0 . 0  
0 . 0 
0 . 8  
1 .  3 
0 . 0 
3 . 5  
0 . 0 
0 . 2  

- - - - - - - - -

8 . 8  

Vo ltage 1 - - - - - Potent i a l s  ( mV )  - - - - - 1 Rebar I Mode o f  I 
Vo lts  I s et I Ag/AgC l I Mo/Mo03 I Probes I Prot ect ion I 

- - - - - - - - - 1 - - - - - - - 1 - - - - - - - - - 1 - - - - - - - - - 1 - - - - - - - - 1 - - - - - - - - - - - - 1 
7 . 0  I 446 I 405 I i 7 0  I 1 . 40 I Ag/Age l I . 
6 . 2 I 5 0 3  I 9 1 9 I 2 0 7  I 2 . 40 I Ag/AgC l I 
2 .  7 I 35 3 I 483  I 308  I 0 . 30 I Ag/Age l I 
3 . o I 449 I 45 0 I 1 8 0  I 0 . 1 0 I Ag/Age l I 
3 . 3 I 5 2 3  I 3 7 0  I 204 I 0 . 20 I Ag/Age l I 
2 . 8 I 347  I 425 I 264  I 0 . 1 0  I Ag/AgC l I 

1 0  I 45 2 . I 45 1 I 145 I 1 . 1 0 I Ag/AgC l I 
8 . 5  I 5 2 6  I 7 24 I 400  I 0 . 30 I Ag/AgC l I 
1 . 8  I 345 I 347  I 2 2 2  I -0 . 1 0 I Ag/Age l I - - - - - - - - - 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 · 45 . 7 I 
__ ___ I I 

Br idge : OVERFLOW 

I Zone I Current I Vo ltage 1 - - - - - Pot ent i a l s  ( mV )  - - - - - 1 Rebar I Mode o f  I 
I I Amps I · Vo lts  I s et I Ag/AgC l I Mo/Mo03 I Probes I Protect ion I 1 - - - - - - 1 - - - - - - - - - 1 - - - - - - - - - 1 - - - - - - - 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 1 I I I I Ag/AgC l 
I 2 I I I I Ag/AgC l 
I 3 I I I I Ag/AgC l 
I 4 I I I I Ag/Age l 
I 5 I I I I Ag/AgC l 
I 6 I I I I Ag/ AgC 1 
I 7 I I I I Ag/ Age 1 
I 8 I I I I Ag/ AgC 1 
I 9 I I I I Ag/ AgC 1 
I 1 0  I I I I Ag/ Age 1 
I 1 1  I I I I Ag/Age l 
I 1 2  I I I I Ag/ Age 1 
1 - - - - - - 1 - - - - - - - - - 1 - - - - - - - - - 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

! Tot a l  I I I 
I I I I 

Appendix A. l\ l onthly Data A-15 



Appendix B .  Analysis Data 

Appendix B .  Analysis Data B-1 



- - - - - - - - - - - - - - - - - - - - - - - BRIDGE=B I RD CREEK ZONE= l - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK SET AGCL CURRENT DIF  STATUS 

7 1 9 85 4 445 7 7 0 OFF 325 OVER 
8 1485 8 '446 125 7 OFF 8 1 1  OVER 
9 1 385  12  447  1660  OFF 12 1 3  OVER 

1 0 2 185  18  445 1 2 9 9  OFF 854 OVER 
1 1 1585  2 1  445 1 5 2 7  OFF 1082  OVER 
1 2 1 6 85 26  447 1 1 1 3 OFF 666  OVER 

20686  33  450 454 ON 4 OK 
3 1 286  38  449 45 3 ON 4 OK 

1 0 1 7 8 6  64 45 0 4 1 8  ON - 32  UNDER 
1 1 2486  7 0  45 0 434 · oN - 16  OK 

1 05 8 7  7 6  450 45 1 ON 1 OK . 
3038 7 84 448 449 ON 1 OK 
42 7 8 7  9 2  445 349 ON - 9 6  UNDER 
63087  1 0 1  445 3 0 7  ON - 1 38  UNDER 
8 1 0 8 7  1 0 7  443 2 7 2  ON - 1 7 1  UNDER 
9 1 8 8 7  1 1 2 445 359  ON - 86 ' UNDER 

1 1 2 5 8 7  122  446 405 ON -4 1  UNDER 

- - - - - - - - � - - - - - - - - - � - - - - BR IDGE=B I RD CREEK ZONE=2 - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK SET AGCL CURRENT DIF  STATUS 

7 1 985  4 460  1365  OFF 9 05 OVER 
8 1485 8 465 2 9 5 0  OFF 2485 OVER 
9 1 385 12  5 2 7  4 7 5 0  OFF 4223  OVER 

102 185  18  500  OFF MALFUNCT 
1 1 15 85 2 1  5 0 2  OFF MALFUNCT 
1 2 1 685 26  49 7 1 040 OFF 543 OVER 

20686  33 5 1 7 5 7 3  OFF 5 6  OVER 
3 1 286  38 5 2 1  5 2 1  ON 0 OK 

1 0 1 78 6  64 5 0 3  4 1 6  ON - 8 7  UNDER 
1 12486 7 0  5 0 0  9 8 0  OFF 480 OVER 

1 05 8 7  7 6  5 0 0  8 7 1  OFF 3 7 1  OVER 
30387  84  5 05 4 7 1 ON - 34 UNDER 
4 2 7 8 7  9 2  5 0 6  3 6 4  ON - 142 UNDER 
63087  101  5 0 4  7 7 2 OFF 268  OVER 
8 1 0 8 7  1 0 7  5 0 8  1 049 OFF 5 4 1  OVER 
9 1 8 8 7  1 1 2 5 0 4  9 4 2  OFF 438  OVER 

1 1 25 8 7  1 2 2  5 0 3  9 1 9 OFF 4 1 6 OVER 

Appendix B .  Analysis Data B-2 



- - - - - - - - - - - - - - - - - - - - - - - BRIDGE=B I RD CREEK ZONE=3 - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK . SET AGCL CURRENT D I F  STATUS 

7 19 85 4 346 5 7 3  OFF 2 2 7  OVER 
8 1485 8 347  1 142  OFF 7 9 5  OVER 
9 1 385 12  348 8 7 6  OFF 5 2 8  OVER 

102 185  18  • 346 889 OFF .543  OVER 
1 1 15 85 2 1  346 9 34 OFF 5 8 8 OVER 
1 2 1685 2 6  349 9 8 6  OFF 6 3 7  OVER 

20686  33  349 5 8 1  OFF 232  OVER 
3 1 286  3 8  3 4 8  444 OFF 9 6  OVER 

1 0 1 7 8 6  64 35 2 4 0 7  OFF 5 5  OVER 
1 1 2486 70 354  460  OFF 1 0 6  OVER 

105 8 7  7 6  354 436 OFF 8 2  OVER 
30387  84  35 3 45 0 OFF 9 7  OVER 
42 7 8 7  9 2  35 0 355  ON 5 OK 
63087  1 0 1  348 3 5 2  OFF 4 OK 
8 1 0 8 7  1 0 7  3 4 7  3 5 0  ON 3 OK 
9 1 8 8 7  1 12 35 2 3 8 7  OFF 35 OVER 

1 1 25 8 7  1 2 2  35 3 483  OFF · 1 3 0  OVER 

- - - - - - - - - - - - - - - - - - - - - - - BRI DGE=B I RD CREEK ZONE=4 - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK SET AGCL · CURRENT D I F  . STATUS 

7 1 985  4 454 3 4 1  ON - 1 1 3 UNDER 
8 1485 8 45 2 343 ON - 1 0 9  UNDER 
9 1 385 12  45 0 3 5 9  ON - 9 1  UNDER 

102 185  18  450  3 6 7  ON - 8 3  UNDER 
1 1 15 85 2 1  446 4 1 8 ON - 2 8  UNDER 
12 1685  26  442 443 ON 1 OK 

20686  33  449  408  - ON - 4 1  UNDER 
3 1 286 38  45 2 3 9 6  ON -5 6  UNDER 

1 0 1 7 8 6  6 4  45 9 400  ON - 5 9  UNDER 
1 1 2486 70 45 1 452  ON 1 OK 

105 8 7  7 6  450  45 1 ON 1 OK 
30387  84  45 6 44 1 ON - 15  OK 
42 7 8 7  9 2  4 6 2  3 7 3  ON - 8 9  UNDER 
6308 7 1 0 1  45 9 3 7 1 ON - 8 8  UNDER 
8 1 0 8 7  1 0 7  4 6 3  3 5 8  ON - 105  UNDER 
9 1 8 8 7  1 12 45 6 400  ON -5 6  UNDER 

1 1 2 5 8 7  1 2 2  449 45 0 ON 1 OK 

Appendix B .  Analysis Data B -3 



- - - - - - - - - - - - - - - - - - - - - - - BRIDGE=B I RD CREEK ZONE=5 - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK . SET AGCL CURRENT D I F  STATUS 

7 1 9 85 4 5 2 6  3 9 8  ON - 1 2 8  UNDER 
8 1485 8 5 2 6  4 1 9  ON - 1 0 7  UNDER 
9 1 385  1 2  5 26 429  ON - 9 7  UNDER 

1 0 2 185  18  5 2 6  4 1 6  ON - 1 10 UNDER 
1 1 1585  2 1  5 25 420 ON - 105 UNDER 
1 2 1685  2 6  5 26 463  ON - 6 3  UNDER 

20686  3 3  5 25 4 3 7  ON - 8 8  UNDER 
3 1 286  38  5 25 4 3 7  ON - 8 8  UNDER 

1 0 1 7 8 6  6 4  5 26 325  ON - 2 0 1  UNDER 
1 1 2486 70 5 2 5  328  ON - 1 9 7  UNDER 

1 05 8 7  7 6  5 24 · 448 ON - 7 6  UNDER 
30387  84  5 25 3 1 7  ON - 208  UNDER 
4 2 7 8 7  9 2  5 2 6  3 1 7  ON - 209  UNDER 
6 3 0 8 7  1 0 1  5 25 3 1 3  ON - 2 1 2 UNDER 
8 1 0 8 7  1 0 7  5 26 30 1 ON - 2 25 UNDER 
9 1 8 8 7  1 1 2 5 25 308  ON - 2 1 7  UNDER 

1 1 25 8 7  1 2 2  5 2 3  3 7 0  ON - 1 5 3  UNDER 

- - - - - - - - - - - - - - - - - - - - - - - BRI DGE= B IRD CREEK ZONE=6 - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK SET AGCL CURRENT D I F  STATUS 

7 1 9 85 4 350  309  ON - 4 1  UNDER 
8 1485 8 349 326  ON - 2 3  UNDER 
9 1 385 12  349 352  ON 3 OK 

1 0 2 185  18  . 35 1 354 ON 3 OK 
1 1 1 5 85 2 1  349 35 3 OFF 4 OK 
12 1685 2 6  350  4 12 OFF 6 2  OVER 

20686  3 3  349 352  ON 3 OK 
3 1 286  3 8  3 5 0  3 5 3  ON 3 OK 

1 0 1 7 8 6  64 3 5 3  356  ON 3 OK 
1 1 2486 70 350 420 OFF 7 0  OVER 

1 05 8 7  7 6  350  423  OFF 7 3  OVER 
303 8 7  84 350  384  OFF 34 OVER 
4 2 7 8 7  9 2  3 5 0  345 ON -5 OK 
630 8 7  1 0 1  349 352 ON 3 OK 
8 1 0 8 7  1 0 7  3 5 0  3 3 5  ON - 1 5  OK 
9 1 8 8 7  1 1 2 348 3 5 2  ON 4 OK 

1 1 25 8 7  1 2 2  347  425  OFF 7 8  OVER 

Appendix B. Analysis Data B-4 



- - - - - - - - - - - - - - - - - - - - - - - BRI DGE=B I RD CREEK ZONE=7  - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK SET AGCL CURRENT D I F  STATUS 

7 1 9 8 5  4 447 45 7 ON 1 0  OK 
8 1485 8 448 5 23 OFF 7 5  OVER 
9 1 385 12  45 0 849 OFF 3 9 9  OVER 

102 1 85 1 8  450 1444 OFF 9 94 OVER 
1 1 15 85 2 1  45 1 1829  OFF 1 3 7 8  OVER 
1 2 1685  2 6  455 1569  OFF · 1 1 14 · OVER 

20686  3 3  448 5 3 6  OFF 8 8  OVER 
3 1 286  38  446 49 1 OFF 45 . OVER 

1 0 1 7 86 64 445 445 ON 0 OK 
1 12486 70  45 0 45 1 ON 1 OK 

105 8 7  7 6  45 0 636  . ·oFF 1 8 6  OVER 
30 3 8 7  84 447 447  OFF 0 OK 
42 7 8 7  9 2  44 1 44 1 ON 0 OK 
6308 7 1 0 1  44 1 44 1 ON 0 OK 
8 1 0 8 7  1 0 7  440 3 7 4  ON - 6 6  UNDER 
9 1 8 8 7  1 1 2 444 444 ON 0 OK 

1 1 258  7 1 2 2  . 45 2 45 1 ON - 1 OK 

- - - - - - - - - - - - - - - - - - - - - - - BRIDGE=B I RD CREEK ZONE=8 - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK SET AGCL CURRENT D I F  STATUS 

7 1 9 85 4 5 2 2 420 ON - 1 02 UNDER 
8 1485 8 5 24 425 ON - 9 9  UNDER 
9 1 385  1 2 . 5 2 6 439  ON - 8 7  UNDER 

102 1 8 5  /1 8  5 2 0  43 1 ON - 89  UNDER 
1 1 1 585  2 1  5 2 1  458 ON - 6 3  UNDER 
1 2 1685  2 6  5 25 5 2 6  ON 1 OK 

20686  3 3  5 24 4 7 9  ON - 45 UNDER 
3 1 286  38  5 23 490  ON - 3 3  UNDER 

1 0 1 7 8 6  64 525  383  ON - 142 UNDER 
1 1 2486 7 0  5 2 8  366  ON - 1 6 2  UNDER 

1 05 8 7  7 6  5 2 8 440 ON - 8 8  UNDER 
303 8 7  84 5 25 3 7 5  ON - 150  UNDER 
42 7 8 7  9 2  5 2 1  352  ON - 1 6 9  UNDER 
6308 7 1 0 1  5 2 2  3 7 5  ON - 147  UNDER 
8 1 0 8 7  1 0 7  5 2 0  340 ON - 1 8 0  . UNDER 
9 1 8 8 7  1 1 2 524  394  ON - 1 3 0 · UNDER 

1 1 258  7 1 22 5 2 6  7 24 OFF 1 9 8  OVER 

Appendix B. Analysis Data B -5 



- - - - - - - - - - - - - - - - - - - - - - - BRIDGE=B I RD CREEK ZONE=9 - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK SET AGCL CURRENT D I F  STATUS 

7 1 9 85 4 348 338  ON - 1 0  OK 
8 1485 8 348 35 2 ON 4 OK 
9 1 385 12  350 354 ON 4 OK 

-.., 1 02 185  18  350  35 3 ON 3 OK 
1 1 1585 2 1  350  354  ON 4 OK 
12 1 6 85 26  354 35 7 ON 3 OK 

20686  33  349  353  ON 4 OK 
3 1 286  3 8  348 35 1 ON 3 OK 

1 0 1 7 8 6  64 347 349 ON 2 OK 
1 1 2486 70  347  349  ON 2 OK 

1 05 8 7  7 6  3 4 7  348 ON 1 OK 
30387  84  347  349  ON 2 OK 
42 7 8 7  9 2  346 347 ON 1 OK 
6 3 0 8 7  1 0 1  344 346 ON 2 OK 
8 1 0 8 7  1 0 7  344 346 ON 2 OK 
9 1 8 8 7  1 1 2 344 345 ON 1 OK 

1 1 25 8 7  1 22 345 347 ON 2 OK 

Appendix B .  Analysis Data B -6 



- - - - - - - - - - - - - - - - - - - - - - - - BRIDGE=OVERFLOW ZONE= l - - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK . SET AGCL CURRENT D I F  STATUS 

7 1 985  4 4 7 3  4 7 4  ON 1 OK 
8 1485 8 4 7 4  4 7 5  ON 1 OK 
9 1 385 12  4 7 4  4 7 7 ON 3 OK 

102 1 85 18  4 7 5  4 7 6  ON 1 OK 
1 1 15 85 2 1  4 7 6  4 7 8  ON 2 OK 
1 2 1685 26  4 7 9  4 8 0  ON 1 OK 

20686  3 3  4 7 8  480  ON 2 OK 
3 1 286  38  4 7 6  4 7 8  ON 2 OK 

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

DATE WEEK SET AGCL CURRENT D I F  STATUS 

7 19 85 4 424 426  ON 2 OK 
8 1485 8 . 423  424  ON 1 OK 
9 1 385 12  422  423  ON 1 OK 

102 185  18  426 4 2 7  ON 1 OK 
1 1 1585 2 1  425 4 2 7  ON 2 OK 
1 2 1685 2 6  426  427  ON 1 OK 

20686  33  426  428  ON 2 OK 
3 1 286  38  426  428  ON 2 OK 

- - - - - - - - - - - - - - - - - - - - - - - - BRIDGE=OVERFLOW ZONE=3 - - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK SET AGCL CURRENT D I F  STATUS 

7 1 9 85 4 1 1 7  1 2 0  ON 3 OK 
8 1485 8 1 1 6 1 1 9 ON 3 OK 
9 1 385 12  1 1 6 1 1 9 ON 3 OK 

102 1 85 1 8  1 2 6  1 2 9  ON 3 OK 
1 1 1585  2 1  1 2 7  1 3 0  ON 3 OK 
1 2 1685  26  130  1 34 ON 4 OK 

20686  33  128  1 3 2  ON 4 OK 
3 1 286  3 8  1 2 6  1 4 8  OFF 2 2  OVER 

- - - - - - - - - - - - - - - - - - - - - - - - BRIDGE=OVERFLOW ZONE=4 - - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK SET AGCL CURRENT D I F  STATUS 

7 1 9 85 4 348 348 ON 0 OK 
8 1485 8 347  348  ON 1 OK 
9 1 385 12 347 348 ON 1 OK 

102 185  18  35 1 1 7 9  OFF - 1 7 2  MALFUNCT 
/".. 1 1 15 85 2 1  3 5 0  350  ON 0 OK 

12 1 685 26 35 2 3 5 2  ON 0 OK 
2 0 6 8 6  3 3  35 0 35 0 ON · o  OK 
3 1 286  3 8  349 35 0 ON 1 OK 

Appendix B .  Analysis Data B-7 



- - - - - - - - - - - - - - - - - - - - - - - - BRIDGE=OVERFLOW ZONE=5 - - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK SET AGCL CURRENT D I F  STATUS 

7 1 9 85 4 355  355  ON 0 OK 
8 1485 8 3 5 3  3 5 3  ON 0 OK 
9 1 385 12 35 1 35 1 ON 0 OK 

---- 102 185  18  352  35 2 ON 0 OK 
1 1 15 85 2 1  348 348 ON 0 OK 
1 2 1 685 26 345 345 ON 0 OK 

20686  33  350  349  ON - 1 OK 
3 1 28 6  3 8  3 5 3  3 5 2  ON - 1 OK 

- - - - - - - - - - - - - - - - - - - - - - - - BRIDGE�OVERFLOW ZONE=6 - - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK SET AGCL CURRENT D I F  STATUS 

7 1 9 85 4 45 0 452  ON 2 OK 
8 1 485 8 450  45 2 ON 2 OK 
9 1 385 12 449 45 1 ON 2 OK 

102 185 18 45 1 453  ON 2 OK 
1 1 15 85 . 2 1  450  45 1 ON . 1 OK 
1 2 1685  2 6  45 0 452  ON 2 OK 

20686  3 3  45 1 ,45 2 ON 1 OK 
,.....,,_ 3 1 286  38  45 1 452  ON 1 OK 

- - - - - - - - - - - - - - - - - - - - - - - - ' BRIDGE=OVERFLOW ZONE=7 - - - - - - - - - - - - - - - - - - - - - - -

DATE · WEEK SET AGCL CURRENT D I F  STATUS 
...-...,_ 

7 1 9 85 4 2 9 8  444 OFF 146 OVER 
8 1485 8 2 9 7 . 4 7 2  OFF 1 7 5 OVER 
9 1 385 12  2 9 7  494 OFF 1 9 7  OVER 

102 185  18  300  5 1 8  OFF 2 1 8 OVER 
1 1 15 85 2 1  300  550  OFF 2 5 0  OVER 
1 2 1 685 26 302  6 1 1  OFF 309  OVER 

20686  33  6 9 9  2 1 0 ON -489  UNDER 
3 1 286  3 8  69 8 1 7 9  ON -.5 1 9 UNDER 

- - - - - - - - - - - - - - - - - - - - - - - - BRIDGE=OVERFLOW ZONE=8 - - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK SET AGCL CURRENT D I F  STATUS 

7 1 9 85 4 322  2 35 ON - 8 7  UNDER 
8 1485 8 3 2 2  2 2 1  ON - 1 0 1  UNDER 
9 1 385 12  322 88 ON - 2 34 UNDER 

102 185 18 3 2 6  1 6 7  ON - 1 5 9  UNDER 
1 1 1 5 85 2 1  326  1 6 0  ON - 1 6 6  UNDER 
1 2 1 685 26 3 2 8  1 65 ON - 1 6 3  UNDER 
20686  3 3  3 2 6  3 6 3  OFF 3 7  OVER 
3 1 286  3 8  . 325 3 65 OFF 40 OVER 

Appendix B. Analysis Data B-8 



- - - - - - - - - - - - - - - - - - - - - - - - B R I DGE=OVERFLOW ZONE=9 - - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK SET AGCL CURRENT D I F  STATUS 

7 1 9 85 4 5 0 1  2 0 6  OFF - 2 9 5  MALFUNCT 
8 1485 8 5 0 0  1 7 3  OFF - 3 2 7  MALFUNCT 
9 1 3 8 5  1 2  4 9 9 145 OFF - 3 5 4  MALFUNCT 

1 0 2 1 8 5  1 8  5 0 2 4 7 5  ON - 2 7  UNDER 
1 1 15 85 2 1  5 0 0  3 0 4  ON - 1 9 6  UNDER 
1 2 1 6 85 2 6  4 9 9  1 0 3  OFF - 3 9 6  MALFUNGT 

2 0 6 8 6  3 3  5 0 0 4 3 3  ON - 6 7  UNDER 
3 1 2 8 6  3 8  5 0 2 2 1 6  ON - 2 8 6  UNDER 

- - - - - - - - - - - - - - - - - - - - - - - B R I DGE=OVERFLOW ZONE= l O  - - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK SET AGGL CURRENT D I F  STATUS 

7 1 9 85 4 3 7 1  3 7 1  ON 0 OK 
8 1 485 8 3 7 2  3 7 2  ON 0 OK 
9 1 3 8 5  1 2  3 7 4  3 7 5  ON 1 OK 

1 0 2 1 8 5  1 8  3 7 1 3 7 2  ON 1 OK 
1 1 1 5 8 5  2 1  3 7 5  3 8 0  ON 5 OK 
1 2 1 6 8 5  2 6  3 7 9  3 6 2  ON - 1 7 OK 

2 0 6 8 6  3 3  3 7 5  3 7 5  ON 0 OK 
3 1 2 8 6  3 8  3 7 1  3 7 2  ON 1 OK 

- - - - - - - - - - - - - - - - - - - - - - - B R I DGE=OVERFLOW ZONE= l l  - - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK SET AGCL CURRENT D I F  STATUS 

7 1 9 85 4 3 9 8  40 1 ON 3 OK 
8 14 8 5  8 3 9 8  4 0 1 ON 3 OK 
9 1 3 8 5  1 2  3 9 7 4 0 0  ON 3 OK 

1 0 2 1 8 5 1 8  4 0 0  4 0 4  ON 4 OK 
1 1 1 5 8 5  2 1  4 0 0  . 4 0 2  ON 2 OK 
1 2 1 6 85 2 6  4 0 1 4 0 4  ON 3 OK 

2 0 6 8 6  3 3  4 0 0  4 0 2  ON 2 OK 
3 1 2 8 6  3 8  3 9 8  4 0 1 ON 3 OK 

- - - - - - - - - - - - - - - - - - - - - - - BR I DGE=OVERFLOW ZONE= 1 2  - - - - - - - - - - - - - - - - - - - - - - -

DATE WEEK SET AGCL · CURRENT D I F  STATUS 

7 1 9 8 5  4 3 7 1  3 7 3  ON 2 OK 
8 14 8 5  8 3 7 1  3 7 4  ON 3 OK 
9 1 3 8 5  1 2  3 7 2  3 7 5 ON 3 OK 

1 0 2 1 8 5  1 8  3 7 4 3 7 7  ON 3 OK 
1 1 1 5 8 5 2 1  3 7 6  3 7 8  ON 2 OK 
1 2 1 6 8 5  2 6  3 7 9  3 8 1 ON 2 OK 

2 0 6 8 6  3 3  3 7 7  3 7 9  ON 2 OK 
3 1 2 8 6  3 8  3 7 5 3 7 8  ON 3 OK 

Appendix B. Anal)·sis Data B-9 



Appendix C. Lightning Protection 

Demonstration Project No. 34 
"Cathodic Protection for Concrete B ridge Decks" 

State Study No: 8 3-08- 1,  I tem 24 17 

The Oklahoma Department of Transportation contracted the insta l lation of two 

cathodic protection (CP) systems as part of the Federal H ighway 

Admin istratiort 's Demonstrati�n Project No . 34 - //Cathodic Protection for 

Reinforced Concrete Bridge Decks". Both systems were of  the impressed current 

type using AC po\ver from the local u ti l ity company. The first system kn own as 

a "slotted " or non-overlay system was instal led on the B i rd Creek bridge located 

on SH 266 in T u lsa County, Oklahom a. The secon d  system known as an 

overlay system was instal led on the Bird Creek Overflow bridge located on SH 

266 in  Rogers County, Oklahoma. I nstal lation was com pleted on June 19 , 198 5 .  

On April  25 , 1986 the C P  system on the Bird Creek bridge was found to be 

inoperable .  The isolation transform
.
er fuse h a d  blown . When the fuse was 

replaced the · circu itry was m alfu nction ing which caused the potentia l  reading 

from the reference cel ls to be greater th a n  10 vol ts. The system was turned off. 

On J u ly 1, 198 6  represen tatives from the H a rco Corporation .investigated the 

problem. At th at  time the L C D  meter was inoperable. The cards th at were 

malfu n ctioning and the meter were removed to be repaired. When -investigating 

the CP system on the B ird Creek Overflow structu re, it  was found to be 

inopera ble . The main . tra nsformer fuse and the curren t  output  fuse for Zone 12 

were fried (meta lized on the inside) . The lightning protection fuse for the 
_
anode 

in  Zone 1 2  h ad d isintegrated into powder,  and the card for Zone 12 had burn 

m a rk and a bu rned out resistor. The L C D  was total ly  inoperable and when 

removed had b u rn marks on the connection tabs . 
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On September 8 ,  1 98 6  representatives from the H a rco Corporation and 

G ood-All  E lectric investigated the CP system s .  The investigation of the Bird 

Creek CP system yielded no . im mediate explan ation for the cause of the 

m alfu nction . The repaired cards were replaced a long with a new meter. When 

the uni t  was turned on , everything operated n orm al ly .  

The investigation on the B ird Creek Overflow C P  system found add itiona l  

componen.ts. d a m aged . The silicon control rectifier for Zone 1 2  had a short ,  n ine 

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 a n alysis of the damage by Good-All  Electric revealed that  the d a m age was 

caused by a n  e lectrical surge. The cause of the electrica l  surge was a ttributed to 

a l ightn ing strike . Good-All  Electric suggested that  . the fol lowing measures for 

added l ightning protection be taken : 

I .  Establish a solid earth ground to su bsoil  moisture as c lose as possible to the 
rectifier with a resista nce to remote · grou nd of  I ohm or less . Connect the 
rectifier cabinet to this grou nd by a NO.  6 A WG copper cable.  

2 .· P lace an arc-gap ligh tn ing arrester with rating of no more than 1 25 volt  
between the negative output  lug and case grou nd . ( M c G raw Edison AS I B2) .  

T h e  H arco Corporation was contracted t o  insta l l  the above lightning protection 

to both systems,  and to do the fol lowing for the Overflow C P  syste m :  

• repair 1 0  rectifier cori trol cards 

• repair 1 rectifier stack 

• replace rectifier meter (0000303) 

• replace 1 00 ohm potentiometer, Bou rns 3 299, W(7744280) 

• instal l  repaired components and make fin a l  adjustments . 

The design of the cathodic protection systems a lready included measures for 

l ightning protectio n .  The A.C.  l ightning protection consisted of grounding rods 

loca ted near the u ti l i ty meter, and a l ightn ing arrester i m m ed iately before the 

m a in circuit  breaker in the controller. The D . C. l ightn ing protection consisted 
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of a l ightning a rrester for the anodes of each zone .  The rectifier cabinet and the 

steel were t ied to the groun.d ing rods for protection . 

S ince none of the l ightning arresters \Vere activated , it was assumed that  the 

path of the lightning surge came from the steel and into the system through the 

negative lead wire . There fore, to . protect th is path a l ightn ing · a rrester was 

p laced between the negative lead and a new gro u nd that  was established . Any 

s u rge flowing through the negatiYe lead wil l  trigger the a rrester and will  be 

c l). a n neled d irectly to the new grou n d .  

On Apri l  2 7 ,  1 98 7 ,  personnel  from t h e  H a rco Corporation instal led a n  

additiona l  ground a n d  the . l igh tn ing arrester for each system . The additio n a l  

gro u n ding system for the Bird Creek C P  system consisted of d riving 4 - I 0 foot 

copper grounding rod s into the gro u n d  a long the southwest abutment wal l .  A 

bare No.  6 A WG solid copper gro u nd ing wire · was attached to a l l  4 rods with 

. c lamps.  The wire was buried 4 "  deep a long the wall .  At the corner,  the wire 

\\ras brought above the ground and attached to existing conduit  back to the 

rectifier cabinet with plastic straps.  A l ightning arrester was instal led on the 

panel .  One s ide of the l ightn ing arrester was connected to the system 's n egative 

output  l ug and the other side was con nected to the new ground wire a n d  the 

cabinet grou nd . 

The add itional  grou nding system for the Overflow CP system con�isted of a No.  

6 A W G  stranded copper '' ire that  was cadwelded to the steel H -pile of the first 

p ier.  The wire was layed a long the inside of the outermost I - beam back to the 

rectifier cabinet and was secu red with metal  brackets . A lightn ing arrester was 

insta l led on the panel . One side of the l ightning a rrester was connected to the 

system 's negative ou tput . lug and the other side was connected to the new 

gro u n d  wire and the cabinet ground . 

The resistance to earth of the rectifier grounding systems were meas u red us ing 

the three pin method and a Ni lsson M odel  400 resistance meter. The new 

ground ing systems measu red 3 .2 Ohms and 2.4 Ohms for the B ird 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 d a m age caused 

by lightning.  

On M ay 2 1 ,  1 98 7 ,  personnel from the H a rco Corporation repaired the 

components on the Overflow system . A new potentiometer, the repaired m eter 

and the repaired contro l  cards were in_stal led . Four control cards were in  n eed 

of m ore repairs.  

On J u n e  30,  1 98 7 ,  Personnel  from the H a rco Corporation instal led the fol) r  

control cards that  h a d  been repaire d .  T h e  repaired cards operated correctly. 

H owever,  four of the cards that were previously repaired were inoperable .  They 

were removed and sent for repairs. 

On August I 0 ,  1 98 7 ,  the four repaired control cards . were installed . All con trol 

cards for the Overflow system were operatin_g properly. However,  Zone 9 was 

not d ischarging current .  

On September 1 8 , 1 98 7 ,  the control card for Zone 6 on the Overflow system was 

inopera ble .  

On Septem ber 29,  1 98 7, representatives from Good al l  and the H a rco 

Corporation investigated the problem with Zone 9 of the Overflow system .  The 

lightn ing protection fuse was blown . The control card for Zone 6 h ad a bad 

capacitor. The problems ;Were corrected , and the system was in  fu l l  operation . 

On November 2 5 ,  1 98 7 ,  the Overflow system was found to be inoperable . No 

dam age could be detected . I t  appears th at the system is not receiving A . C .  

power.  

In  summary, added lightn ing protection was installed on both systems,  and the 

repairs were made to the Overflow C P  system . No further complications h ave 

resu lted on the Bird Creek CP system .  The Overflow CP system was in fu l l  

operation ,  but  is cu rrently inopera ble. It appears that  the A .C.  is not getting 

in to the system . 
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