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CHAPTER 1



INTRODUCTION

Deterioration of bridge decks and substructures due to corrosion of reinforcing
steel is a nationwide problem which has already reached alarming proportions. In
Texas, damage is not confined to northern districts where freeze cycles necessitate
the use of deicing salts, but is also prevalent in coastal areas where salt-laden air and
seawater splash zones occur.

Conventional methods to inhibit corrosion rates, such as deck surface treatment
and epoxy-coated reinforcement, are under examination; however, their effectiveness
is not fully certain. The Texas State Department of Highways and Public
Transportation (SDHPT), District 8, in cooperation with the Federal Highway
Administration (FHWA) Demonstration Division have applied cathodic protection
systems to the U.S. 87 Missouri Pacific Railroad overpass structure in Big Spring,
Texas. The structure is 67 feet wide by 581 feet long and was constructed
approximately 30 years ago. The structure has very steep grades (approximately
7.5%) and is treated with deicing salts frequently during winter months. Active
corrosion, not surprisingly, was evident on the structure.

FigureI.1 U.S.87at M.P.R.R. Overpass, Big Spring, TX



Figurel.3 U.S.87 Bridge Deck



Cathodic protection is defined as the reduction or elimination of corrosion by
making the reinforcing steel a cathode by means of an impressed current. [Ref. 1, p. 1]
Corrosion (metal loss through oxidation) occurs when current passes from an iron
anode into concrete. As this current passes, oxides of iron form on the anode, often
doubling the volume of the equivalent iron and giving rise to the mechanical pressure
which may result in cracking and, ultimately, delamination of the concrete deck.

The U.S. 87 installation involved five individual cathodic systems on a single
structure. This project will provide a systematic and comparative evaluation of these
systems with regard to the ease of installation, effectiveness of operation and ease of
routine and major maintenance. In this initial report, the design, construction and
initial testing of the five systems will be discussed.



CHAPTER 2



PRELIMINARY TESTING

A thorough preliminary investigation of the existing deck was performed prior
to installation of the cathodic protection. The tests conducted during the preliminary
investigation on the U.S. 87 structure included the following:

1. Half-cell potentials
2. Chloride content
3. Percentdelamination

FigureII.1 SDHPT District 8 personnel conducting preliminary testing

Based upon the test results (summarized in Table II.1), the decision to pursue
cathodic protection was confirmed. The following indicators for each test were
utilized to determine the practicality of the cathodic application: [Ref. 2, p. 5]

1. Delamination: Percent delamination < 30% = Economic Feasibility

2. Half-Cell Potential: Readings < .35V = Active Corrosion

3. Chloride Content: Content (Lbs/C.Y) > 2lbs./c.y. = Active Corrosion



SUMMARY OF TEST RESULTS

Test Results
SI\IIzb S(K"rﬁg;l Delamination Area, | Half-cell Potential | Chloride Cont.
: € Sq. Ft. Average of Readings | (Pounds per
% of slab (Negative Volts) Cubic Yard)

8+19.28

1 <2314.28> 141.2/ 6.10 0.30 ---*
8+60.61

2 <2301.60> 96.6 / 4.20 0.25 ---*
9+01.71

3 <2301.60> 341.8 / 14.85 0.22 —
9+42.81

4 <2301.60> 250.8 / 10.90 0.18 —-*
9+83.91

5 <2301.60> 474.0 / 20.59 0.24 3.3
10+25.01

6 <2301.60> 462.6 / 20.10 0.22 4.8
10+ 66.11

7 <2301.60> 435.0 / 18.90 0.20 2.9
114+07.21

8 <2301.60> 233.6 / 10.15 0.16 3.7
11+48.31

9 <2301.60> 284.2/12.35 0.19 -
11+89.41

10 <2314.48> 247.6 / 10.70 0.19 3.6
12+30.74

11 <1848.00> 63.7/ 3.45 0.16 -
12+63.74

12 <1904.00> 285.6 / 15.00 0.22 3.2
12+97.74

13 <1904.00 > 261.8 / 13.75 0.17 ---¥
13+31.74

14 <1904.00> 326.5/17.15 0.15 —
13+65.74

15 <1680.00> 194/ 1.15 0.11 -k
13+98.74

<32,281.76 > 3924.4/ 12.16

* no samples were taken in this area

Table I1.2
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DESIGN

The design approach taken by SDHPT personnel, in conjunction with the
FHWA, was to use available “off-the-shelf” systems offering sufficient cathodic
protection. Of the five systems used, three were installed within the bridge deck itself
and two were surface coatings of the sidewalk portion of the deck and one of the bents.

The plan drawings indicated the locations of the various systems and details of
construction not related to the cathodic protection. In preparation for the cathodic
system installations and the application of a dense concrete overlay, the traffic lanes
were milled approximately 2 inches on the bridge and approaches. The milling
necessitated replacement of a steel finger-type expansion joint at Bent 4 and two
armor joints at the bridge ends.

FigureIl.3 U.S. 87 Overpass, Bent 4 armor joint

The plans, as developed for contract letting and construction, are included as
Appendix A.
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A special specification was developed to describe the details of the cathodic
protection systems and their installation. This specification, along with other
required contract documentation, was included as part of the contract proposal and is
included in this report as Appendix B.

The five systems used were the following:

System “A” — titanium wire mesh
System “B” — conductive cable system
System “C” — carbon strand system
System “D” — hot-sprayed zinc
System “E” — conductive paint

As mentioned earlier, the special specification was the bulk of the plans,
describing the requirements of the proposed systems. One of the most essential
requirements of the contractor was the provision of a technical representative
specializing in cathodic protection. This representative was to supervise the
installation, energizing and adjustment of all the systems.

The contractor was also required to furnish to the SDHPT all instruments and
training necessary for monitoring the cathodic systems. These instruments as well as
the cathodic systems were specified by a known brand name or equivalent. As the
field of cathodic protection grows, it may be possible to specify the type of system
without brand names, thus providing more competitive bidding.

12



CHAPTER 3



CONSTRUCTION PHASE

The first operation during construction was milling of the bridge deck surface.
This served a dual purpose by exposing the badly delaminated areas and preparing a
surface for the dense concrete overlay. All delaminated areas were removed and

patched by normal concrete repair methods, utilizing Class A “Concrete for
Structures” from the Texas Standard Specifications.

FigureIII.1 U.S. 87 Overpass, milling operation by the contractor

15



FigureIll.2 Condition of delaminated area after milling

FigureIlI.3 Delaminated area after removal of damaged concrete
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FigureIIl.5 Placement of concrete repair
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Figure Il1.6  Completed concrete deck repair

The electrician then checked to see that a current could be provided continu-
ously through the deck, thus assuring that the cathodic systems could operate, if
installed properly. Probes were installed throughout the bridge deck to provide for
initial and final monitoring of the systems.

Figurelll.7 Continuity splice
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Three types of probes were specified; two types measure the rate of corrosion,
and the other is a reference cell for the rectifier, assuring maintenance of current
flow.

FigureITII.8 Probe installation

19



FiguresII1.9 & 10 System “A” installations

20



The installation of System “A”, an expanded titanium mesh (manufactured by
Elgard), was completed first. The system was very easy to install (simply rolled out
onto the deck); however, it was the most difficult to maintain during placement of the
dense concrete overlay. The mesh tended to float, requiring very close monitoring by
the work crew placing the concrete. A “short-out” also occurred during placement of
the dense concrete overlay. The problem was easily located, in that one of the strands
had made contact with an exposed tie wire, and was resolved quickly.

FigureIll.11  Verification of System “A” continuity

FigureIII.12 Repair of System “A” short-out

21



The installation of System “A”, an expanded titanium mesh (manufactured by
Elgard), was completed first. The system was very easy to install (simply rolled out
onto the deck); however, it was the most difficult to maintain during placement of the
dense concrete overlay. The mesh tended to float, requiring very close monitoring by
the work crew placing the concrete. A “short-out” also occurred during placement of
the dense concrete overlay. The problem was easily located, in that one of the strands
had made contact with an exposed tie wire, and was resolved quickly.

FigureIII.12 Repair of System “A” short-out
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FigureIll.14 System “*B” installation of conduit
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The next installation was System “B”, an anode strand system (manufactured
by Raychem). Installation involved placing fasteners in the deck by drilling, then
placing the strands through the fasteners. Placement was slightly more time
consuming than System “A”, but the system provided no interference to the
placement of the dense concrete overlay.

FigureIlI.15 System “B” installation of conduit

IR —— {

FigureIlI.16 System “B”
Placement of dense concrete overlay
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FigureIll.17 System “C”
Preparation of carbon mixture

FigureII1.18 System “C”
Transfer of mixture to placement bags
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The installation of System “C” was rated as the most difficult to place. The
process involved placing the wire element and then filling over the wire with a
carbon-based material. A technical representative from the manufacturer was
required to mix the material, and placement was very primitive, funneling the
material out of plastic bags. The placement took several days, and produced very
toxic fumes, requiring frequent rotation of workers. Placement of the dense concrete
overlay was trouble-free, however, with no complications arising during that phase of
construction.

FiguresIlI.19 & 20 System “C”
Placement of mixture over strands
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FiguresIIl.21 & 22 System “D”
Hot-sprayed zinc
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The zinc spray, System “D”, also required placement by a licensed individual.
The application was uneven, causing later difficulties. Because the location was on
the sidewalk, exposing pedestrians to the system, an application of a non-conductive
surface was required.

FigureII1.23 System “D”
Completed placement of hot-sprayed zinc
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FiguresIIl.24 & 25 System “E”
Condition of Bent 4 before repair
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System “E” called for a conductive coating to be placed on an interior cap of the
structure. Placement was fairly simple, similar to many other operations of cap
repair and maintenance.

FigureI1.26 System “E”
Placement of conductive coating after concrete repairs

FigureII1.27 System “E”
Final condition after placement of coating
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Figure IT1.28 Wiring for the various systems

Figure II1.29 Conduit runs under the structure
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The final phase of construction involved connecting all of the systems to the
rectifier. The state-of-the-art rectifier enables SDHPT personnel to monitor the
functioning of the systems.

¥ b * *

s s e v 282 g s 2d

aag® 38 anwdB
T

Figure II1.30 Rectifier controller
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Further discussion of the system installation and monitoring is included in
Appendix “C”, Howard County, US 87 Railroad Overpass Bridge, Big Spring, Texas,
a report prepared by the contractor’s engineer.

FigureIlI.31 U.S. 87 at M.P.R.R. Overpass, August 1986

FigureII1.32 U.S. 87 at M.P.R.R. Overpass, October 1988
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CHAPTER 4



COST ANALYSIS

The project was let for bids in October of 1987. The lowest bid for the entire
project was $608,962.50, significantly over the estimate for the project ($373,429.10).
The unit price for the item “Cathodic Bridge Deck Protection” as a part of the low bid
was $260,000.00, again significantly over the estimate of $165,000.00.

A breakdown of the overall actual cost, submitted by the contractor for this
report is as follows:

System  bren ol Splem Uil TomlCot Ot
A 11,543 29.5 $34,000 $46,256 $80,256 $6.95
B 11,542 29.5 22,000 46,256 68,256 5.91
C 9,450 24.1 30,000 37,789 67,789 7.17
D 5,810 14.8 37,000 23,306 60,206 10.36
E 820 2.1 7,000 3,293 10,293 12.55

The assigned incidental cost shown in the table is the percent of the total area
covered by each system multiplied by the total cost of the following items:

Rectifier, Cathodic Engineer (professional services), monitoring probes and system
training, and certified electrician services.,

A review of the last column compared to the 1990 average cost of reinforced
concrete bridge slabs ($5.87 per square foot) would indicate that this process was an
expensive one. The costs listed in the table do not include the cost of milling and
placing the dense concrete overlay. These additional expenses bring the price per
square foot expended on the least expensive treatment (Raychem anode strand) to
$11.24 per square foot.

The true cost, however, can only be determined by monitoring the system over a
period of at least 15 to 25 years. This is the range of lifespan for the cathodic systems.
While the venture was expensive for the single structure, a means has been provided
to compare the various systems over this extended period of time, and thus determine
the value of cathodic treatment to similar structures.
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F.R. OIV.6 J TEXAS 68-8-34 | SHEET 4

HOWARD COUN HUY US 87 ICONT 668-8-34

GENERAL NOTES AND SPECIFICATION QATA~--

BEFQRE BEGINNING WORK ON THIS PROJECT, THE CONTRACTOR SHALL SUBNIT, FOR APPROVAL BY THE ENGINEER, A PLAMN
OF CONSTRUCTION OPERATIONS OUTLINING IN.OETAIL A SEQUENCE OF WORK TO BE FOLLOWED SETTING QUT THE METHQOD
HANOLING TRAFFIC. IF AT ANY TINE DURING THE CONSTRUCTION THE CONTRACTOR'S PROPOSED PLAN OF OPERATION F(C

HANOLING TRAFFIC OOES NOT PROVIDE FOR SAFE, CONFORTABLE MOVEMENT, THE CONTRACTOR SHALL IMAEQIATELY CHANG
HIS OPERATIONS TO CORRECT THE UNSATISFACTORY CONOITION.

THE CONTRACTOR'S ATTENTION IS HEREBY DIRECTED TO UTILITIES EXISTING IN OR NEAR THE HORK AREAS OF THIS

PROJECT. ANY ACTIVE UTILITIES THAT ARE ENCOUNTERED BY THE CONTRACTOR SHALL INMNEOIATELY BE BROUGHT TO TH
ATTENTION OF THE ENGINEER.

ANY WORKSITE DUTSIDE THE RIGHT~OF-WAY AND CLOSE ENOUGH TO THE HIGHWAY FOR ITS CONOITION TO AOVERSELY

AFFECT THE VIEW FROM THE HIGHWAY SHALL BE LEFT IN A NEART AND PRESENTABLE CONOITION ACCEPTABLE TO THE
ENGINEER.

-~-1TER 421---

THE ENGINEER WILL SAMPLE ALL CONCRETE ANO MAKE AND TEST ALL TEST BEANS AND CYLINDERS IN ACCORDANCE WITH
TEST METHOOS TEX-41B8-A AND TEX-420-A. ALL TEST NOLDS WILL BE FURNISHED BY THE ENGINEER ANO THE CONTRACTC
SHALL HMAINTAIN THEM [N THE PROPER CONDITION. IN ADOITION, THE CONTRACTOR SHALL BE RESPONSIBLE FOR
FURNISHING PERSONNEL TO REMOVE THE TEST SPECIMENS FROM THE NOLOS AND TD TRANSPORT THEM TO THE PROPER
CURING LOCATION AT THE SCHEOULE OQOESIGNATEQ BY THE ENGINEER AND IN ACCOROANCE WITH THE GOVERNING
SPECIFICATION. FOR ALL CONCRETE ITEMS THE CONTRACTOR SHALL HAVE A UWHEELBARROW, OR OTHER CONTAINER
ACCEPTABLE TO THE ENGINEER, AVAILABLE TO USE IN THE SAMPLING OF CONCRETE. ALL LABOR ANO EGUIPMENT
FURNISHED BY THE CONTRACTOR UWILL BE CONSIDEREO SUBSIOIARY TO THE VARIOUS BIO ITEMS ANO WILL NOT BE PAalO

FOR DIRECTLY.
--~ITEM 437---

HIGH RANGE HATER REDUCERS HWILL BE USED ONLY TQ MEET SPECIAL REQUIREMENTS AND WILL REQUIRE THE WRITTEN
APPROVAL OF THE ENGINEER ON EACH SPECIFIC PROJECT. A SATISFACTORY WORK PLAN FOR CONTROL SHALL BE
SUBMITTED BY THE CONTRACTOR FOR APPROVAL ANDO AN EVALUATION OF THE CONCRETE CONTAINING THE AOMIXTURE WILL

BE PERFORMED BY THE ENGINEER.
--—ITEM 446---
PAINT PURCHASED FROM THE OEPARTMENT WILL BE CHARGEQ AS FOLLOWS:

PROTECTION SYSTEM I PRIHE COAT $63.08/5 GAL.
PROTECTION SYSTEM 11 PRIME COAT $24.39/1 1/4 GAL.

~~~ITEM 442---
NEW STRUCTURE STEEL ARMOR JOINTS SHALL RECEIVE PROTECTIVE SYSTEM 1.

---1TEH S12---

FOR THIS PROJECT THE STATE SHALL FURNISH 1415 FEET OF PORTABLE CONCRETE TRAFFIC BARRIER (PCTB) SECTIONS
AND 2 TERMINAL SECTIONS, STOCKPILED ON IH 20 AT EAST HOWARD FIELO ROAO, NEAR THE MITCHELL COUNTY LINE.
UPON REMOVAL, THE PCTB AaND TERMINAL SECTIONS, SHALL BE RETURNEO TO THE STORAGE AREA. THE CONTRACTOR SHAL
MAKE ARRANGEMENTS FOR THE LOADING AND UNLOAOQOING OF THE PCTB AT THE STORAGE AREA.

ITEM 618--~-
ALL CONOUIT RUNS CROSSING THE BRIOGE SHALL BE SECUERLY ATTACHED TO THE SUBSTRUCTURE OF THE BRIOGE.

CLAMF
EQUIVALENT TO APPLETON CHM-50S(1/2- 3/4") AND CH-125S(1") SHALL BE USED. THE NUMBER OF CLAMPS REQUIRED AN
THEIR SPACING SHALL BE DETERMINEDO BY THE ENGINEER. THIS HORK SHALL NOT BE PAID FOR QIRECTLY, BUT SHALL E
CONSIDERED AS SUBSIDIARY TQO ITEM 4642, "CATHOOIC BRIDGE OECK PROTECTION SYSTEM™.
—~-I1TEM 664--=

IFf ABBREVIATED PAVEMENT MARKINGS ARE NEEQED FOR TEMPORARY ALIGNMENT ON ON A FINAL SURFACE,

THESE HARKINGS
SHALL BE APPLTIED IN A MANNER THART HILL ALLOW EASY AND CORNPLETE REHGOVAL WITH NO UNOUE

INJURY TO THE FINAL
SURFACE.
VELLOW ABBREVIATED PAVEMENT HARKINGS SHALL BE USED TD SEPARATE TRAFFIC FLOW IN OPPOSITE O[RECTIONS. MWHIT *
ABBREVIATED PAVEMENT HARKINGS SHALL BE USED TO SEPARATE TRAFFIC FLOW IN THE SAME OIRECTION.
-~-1TEH 676---
BITURINOUS ADHESIVE SHALL BE USED ON THIS PROJECT. .
-~-ITEM 3003---
SURFACE TEXTURE AND SURFACE TEXTURE TESTS WILL NOT BE REQUIRED.
---GENERAL-~~
ALL PAVEMENT HARKING SHALL BE IN ACCORDANCE WITH THE R.U.T.C.D..
---1TEM 4685 ---

A 90 DAY TEST PERIGCD IS REQUIREO AFTER INSTALLATION OF THE CATHOOIC PROTECTION SYSTEM IS COMPLETED.

SPECIFICATION DATA
48 REV q-2t-47
REV, 1-17-81 SHEET A
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DETAIL OF SCROLL

The scroll shail sholl be made by o single cut of o
mochine gQuided tarch. Spread aos required. Grind off burrs.

ﬁ“ Controtier

@ -Lightning Arrester

@ -No. 6 Bore Ground Wire
*@ -30’ Class 5 Pole

@ -Ground ¥ire Mouiding - 8’ Min.

© -%* x 8° Copper Clod Grnd. Rod

© -2-%4 XHHW & 1~%4 Bore tn |I* RMC
Q@ -Meter

@ -60 AWP Heovy Duty Switch, NBMA 3R

* Or oz Required By Utlilty Ccnpqny.

All work ond scterfols shall
occordance with the Ngtional Elccvrlcal

Gen s et i

SERV ICE POLE AND
ELECTRICAL FEEDER

Furnianing ond lnufcllln? service pole
oand siectricol feecer will not be pald
for dlrocﬂy but witl be aubaldiary to
the ttem *Cethodic Protection System'.
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MEFLECTORIZED

SURFACE

4.0°t4"

Reftactorized
Surfsce
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Pavement -~

Surtace Front View

HiSE

Rafisctorized
Suriece

»
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Top View
Top View
Smooth Surfsce TOP VIEW
Yor - Pavernent REFLECTORIZED SURFACE
R*E " Surfsce
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. Adhesive o A3, 4w ST ] / l— 2.3 —> " Adhesive
3 — — Paviment
PAVEMENT sunrhcé L___ .4—‘.7\”"551“ S.ud.:. Sectlon A
FRONT VIEW SIDE VIEW
Front View
TRAFFIC BUTTONS PAVEMENT MARKERS
(NON-REFLECTORIZED) (REFLECTORIZED)
NOTE
. " . P . ALL DIMENSIONS ARE + 'A* UNLESS
} . i . 3 OTHERWISE SHOWN
$2 Koo +— §4
] 32| ¥ 32 i -
o 3= =
E F ; ae l GENERAL NOTES:
wn E 4 -l «s 3 <
o0 H i H z %3 i v THE PAVEMENT UPON WMICH THE TRAFFIC BUTTONS, PAVEMENT
w T " " _r MARKERS, AND JIGGLE BAR TILE ARE TO BE PLACED SHALL 8E PREPARED
< 54 =% 1 1 SUBJECT TO THE APPROVAL OF THE ENGINEER TO INSURE PROPER
g _ £Y £ CLEANING OF THE PAVEMENT SURFACE. RPM'S SHALL BE BONDED TO
E ’_,. 4 J ;:EECIEI(O::;,I'OV:' SURFACE WITH ADHESIVE CONFORMING WITH
g [33 . N UNLESS SPE&JFIED ELSEWHERE IN THE PLANS, THE USUAL JIGGLE BAR
=1 - Lt SPACING IS 50° ON MEDIAN PAVED SHOULDERS, 100° ON QUTSIDE PAVED
SHOULDERS. JIGGLE BARS SHALL BE ORIENTED PERPENDICULAR TO THE
DWAY.
JIGGLE BAR IN PLACE ROJIAGGLAE BARS SHALL ALSO BE PLAGED AT SUCH DTHER LOCATIONS AS
TOP VIEW TYPE 1 TYPE Il ::mgo: THE PLAN AND PROFILE SHEETS OR WHERE DIRECTED BY THE
RKERS SHO! FOR ILLUSTRATION PURPOSES ONLY. THEY ARE
Top View Top View NOTINTENDED 70 SPEF ANY PARTICUCAR PRODOCT. - e &
\‘ 1. ;YPEEDCFT PAVE);EEth.:AR)(cE:S (:EFLS%’TSOSIZED) PROVIDED ON THIS
'ROJI WiLL AT THE INTRACT!
nmzcnocul OF TRAFFIC 2 AL ';_Avgﬁ& MARKERS PROVIDED SHALL BE OF THE SAME
¢ A
e ¢ .
ROADWAY — . [ &
surFace y re] [N-3 Ay = . R
N-ADHESIVE T P I oS kl_ " 5 | Jrew row] Lt = & 2R
SECTION € ~ N T — - — = T @ STATE DEPARTMENT OF HIGHYAYS
RoAWAY ADHESIVE > ADHESIVE ROADWAY \:3,:,?:;? NADHESVE e X% AND PUBLIC TRANSPORTATION
l !({1 ' l
< TYPE } TYPES i & U
P —— RonzwaY N YeEs | Tree i INDIVIDUAL UNIT PAVEMENT MARKINGS
ow Side View REFLECTIVE PAVEMENT MARKERS,
JIGGLE BAR TILES TRAFFIC BUTTONS &
{NONREFLECTIVE) JIGGLE BAR TILES JIGGLE BAR TILE
"JGGLE BARS™ CONSIST OF A NUMBER OF JIGGLE (REFLECTORIZED) IPMCI)
BAR TILES PLACED IN A UINEAR CONFIGURATION T —— mva e T —
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EDGE LINES AND LANE LINES
FOR DIVIDED HIGHWAYS

(%)
e LANE LINES & CENTER LINES
FOR MULTI-LANE UNDIVIDED HIGHWAYS

- BNOIVIDUAL UNIT MAAKER TYPE B-CA, CRYSTAL FACE YOWART NORMAL TRAFFIC AND RED

FACE TOWARD WRONG-WAY TRAFFIC, SHALL BE SPACED DX &-FOOT CENTERS EXCEPT ON
VEATICAL CLAWES: GRADES OVER 2 PEN CENT, LESS THAN 1000 FEET LONG; HOMPONTAL
CURVES, ANO DM CONTINUOUSLY ILLUMINATED SECTIONS OF HIGHWAT WHERE YHEY MAY
18 MACED OM 40POO0T CENTERS I OEEMED Y 8Y THE ENGINEER

bTe R,

INDAVIDUAL UNIT MARKER TYPE bG, CLEAR FACE TOWARD NORMAL TRAFFIC, SHALL 8E
PLACED O IGFOOT CENTERL.

PAVEMENT MARKINGS FOR

TWO-WAY LEFT TURN LANE

GENERAL NDYES:

ALL IHDAIOUAL UNIT MARKERS PLACED IH GASHED LINES SHALL BE PLACED
N UNE WATH AND MIOWAY BETWEEN THE STRIPES.

FIRST AND LAST INDPIDUAL UNIT MARKERS I¥ A NO-PASSING ZONE BARNER
UINE ARE YO BE LOCATED AGJACENT TO EITHER THE MIDPOINT OF THE GAP OF
THE CENTERLINE MARXING OR TO THE MIDPOINT OF THE STRIPE OF THE
CENTERLINE MARKING.

BUTTON SPACING FOR CENTER LUNES AND LANE LINES MAY BE 5 FEET ¥
DIRECTED BY THE ENGINEER. :

CENTER LINE & NO PASSING ZONE BARRIER LINES
..FOR TWO-LANE TWO-WAY HIGHWAYS

L -—j 20
0O O 0 0pDOoO O oD o o0 o o O 0

SI
£OOODOOOE11IODOOOG =

GZ3N,  STATE DEPARTMENT OF HIGHWAY
Y45 AND PUBLIC TRANSPORTATION

INDIVIDUAL UNIT PAVEMENT

INDIVIOUAL UNIT PAVEMENT MARKINGS 4 SOLID LINE MARKINGS USED TO SIMULATE

O = TRAFFIC BUTTON (NOAEFLECTORGZED) i . booo vooo 1P LInE STCAENNDTAERRD [PAVEMENT MARKI NGS FOR

O = TRAFFIC MARKER {REFLECTORIZED)} 0000 O0O0O0 a = L A
r 10’ L—30' —>| |<—— 1 80’ %] PM(3)

3-g T — S —

" PATTERN DETAIL e B e - Ta e
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CONSTRUCTION PAVEMENT MARKINGS

‘hen Vequlud wlzewhere in the plans, the Contractor will be

1o on all raadw ays thet
e np:n to mlhc within the limits of tha project. On prajects in-
Jiving roadw ay surfacing which will raquire pavement marking for
-atral of waftic duting construction, the merkings may include
sth standard and abbraviated markings as delinad below:

1. Pavemant i - pitced in
with the i of the Texas MUTCO.
Such markings nhould he pla:ed on all roactways open (o tr
fic during new resurtacing,
detours or ather road: whers i may
have covarad or axisting mark-

ings should 9e placed as 20on as poasible end practical. Whan
a not practical or po: le to pla randard markings at the
and of sach dey’s work, abbreviated markings maey bs uvtilized
far short periods until satendard merkings can be placed.

2. A Pavement & - A g
rmarkings are sharter in length than standard markings. The
length and apacing of thess markinga shail be as specitied
slsewhere in the plans or specificutions. Abbrevisted pave-
mant merkings may be uaed to delineate fane continuity onty
until auch time as stendard merkings can be placed. They are
not intended to substinne for standard merkings for periods
preater man two 12) weeks. To separate traffic flaws in op~
posing the p shafl be yellow.
White psvement markings shall be used to dsiineste the

seperation of tratfic {lows in the sasme direction.

Whan abbrevisted psvement merkings are used, a DO NOT PASS
sign shall be uted to mark the baginning of th ction whare pass-
ing is to be prohibited end 8 PASS WITH CARE sign shall ba usad to
mark the beginning of e section where passing la perminted.

REMOVAL OF PAVEMENT MARKINGS

avai of Pevemant Markings - lacludet esntarfing, barrier nes, lane

N - *dgs finas, end raised psvemant merkings.
o adiately upon opening ¢ datour to Yaffic, any pavement markings
he wxisting original romdwey in the detour transition ares that are no
Jar applicabla and which may creata confusion or direct 3 motorist
toward o into tha closed portion of the rosdway, shall be removed or
obliteratad. In addition. whan s detour Is 10 be discontinued sny psve-
ment markings vsed to transition traific Into tha detour which may
“cry confusion or direct a motornist into the discontinued detour shall
likewisa be removad or obliteratad. The ebave Il not spply to
datours of a ehort time duration of e few bours whers flagman or eulfi-
ciant chennslizing devices ara used to outina the detour routs and 1he

datour i1 act 1o ba maintained oysmight.

Tha femoval of psvemant merkings shall be sn Intsgral part of
establishing the detour. Delours shall be planned and scheduled well
enough in advance to ailow adequete time ta completa ail phases of the
oparstion prior to darkness. if inclement weathar or darkness becomen
a taetor, It will be the contractars decision 1o continus wilh the datour
oparation or ritain the g travalway open Lo traffic when say oc sll
of tha requiramants of the detout cannot be sccomplished,

Pavement markings shall be removed to the fullest extent possl-
ble, 10 a3 not to Jeave a dlscarnibie marking, by any method that
doaa not materially damage the surfaca of texture of tha pave-
ment, Subject to the approval of the Enginssr, any method that
proves 1o be ona typa may be
used, Sangdlaating may be used but will not be regquired vniess
specificalty shown In the plans. Over-palnting of the marking will
not be permitted. Remaval of raised pevement markings shail be
83 directed by the Engineer,

Whera mechanical means of marking removel have been em-
ployed to compietsly ramove the marking and Its reflactivity,
paint of a color matching the pavement surface of used crank-
case oll may ba employed Il necessary 23 & means of coverng

lexture, Nigh ore naeded
1o verily (no continued effectivensas of tha change.

P ehalt bl asshown in the plans

F |n be
or as dirscted by lho
will be-considered subsidlary to the ltem EARRICADES SIGNS
AND TRAFFIC HANDLING. Any sandbiasting required by tha
ptans for marking removal shall be measured end paid for a3 2

ROAD
| CLOSED ~tOpfonol

DETOUR
1000 F1

© Tr5¢ A Worning Ligk

2040
CONSTRUCTION
NEXT 5 MILES

PROJECT

X— See Minimum Construction

IMITS AWAY.

(Greater than 20001t batwaen profect Bmits and work orea)

Worning Sign Space chort ROAD asantis Do
N CONSTRUCTION || &, NOT
HEXT 5 MILES ) caummncron PASS

CROSSROAD SIGNING AND BARRICADING

Excapt o8 noted befow or In tha plans, tha mini aign-
ng on 8 croesroad epproach shawdd be one CW20-1 ROAOQ CON-
STRUCTION AMEAD sign with 3 Type A Waming Light when work
is ectusly In prograss or » hazard exiats In tha vicinity of the in-
tersecton. Whare spseds ond voumea ore reictively low the
MCW 20 moy be wiad,provided Mot @ minimum letter size of S
nches con be occommodoted on thiy size with the cppropriate
fegand.  Additonai tigns such aa FLAGMAN AHEAD, LOOSE
GR‘WEL. or other sppropriate wigns May be requiced: and wheon re-
Quirad, such sigis will be considered part of tha minimum se-
Quirsmants, When Type Il Barricades ara used on the project road-

N

END
CONSTRUCTION

o A MaY BE MOUNTED
QN BACK OF Cw20-
SICN WITH APF'ROVAL
ENGINES!

way. Whare practicsl, k is desirabie that they be placed 30 teator
more {10m the crussroad,

EXCEPTIONS - TO p& NOTED ELSEWHERE IN THE PLANS

1. On higher voluma crogarcads or whare major conatruction In the

intersecton 3:€8 May requiss more lJun nomul waIning, more
signing end than the mi above may
be required. In some C2sas the Type Iil (C) Barricade plan slang
with the edvance 3igning may be required during all or cerain
sequences of the work. However, uniesa tha need for additional
3igns and/or bamicedes is NOted aleswhers In the plans, the
minimum requiraments specified Above will prevail.

2. Onlow voksme crosarosds tho ™ signing raquirad above
may be omitied or modified if exceptions are noted elsawhery in
the plana,

3. The G20-1¢ mey be requitad on Maler croearoeds 10 edviss
matoriats of the langth of constructon in aither dirgetion trom
ths intersection.

X

~—~

CROSSROAD

L LIL]
CONSTAUCTION
AREAD

ROAD COMSTRUCTION
HEIT 5 MILES =
4

TAPER(Q)

ROAD CONSTRUCTION
«= NEXT 5 MILES

INTERSECTED RWY

~——
1000 = 1500"

Type 10 (G Barricode e/

Q4 -
[~Projec) Limil
80 min
Y [
— Type 4 (C) Barricade
80’ min] .

Type A Light
aeriss ROAD
e | construction
o | NEXT 8 WILES
SPECIAL NOTES PROJECT LIMITS AT T-INTERSECTION

1. The ROAD CONSTRUCTION NEXT X MILES {+om -} sign
shauld be erected on tha intarssctsd highway a3 detailed sbove.

2. On the interssctad highwey, edditonal treffic control devices,
such as o flagman end sccompanying signs or other signs,

PROJ LIMITS ADJACENT T K
{Less than 200011 batween project Gmits ond work areal

Project Limit

Traffic Control Devices

GENERAL NOTES .

1.

~

. Except for devic

As detailed sbcve and on shest BC{2}, the ROAD CONSTRUC-
TION NEXT X MILES, CONTRACTOR NAME and END CON-
STRUCTION signs shall be eracted on Type INC) Barricades ot
or neer the project Imits and the OBSERVE WARNING SIGNS
STATE LAW sign shail be erected In advance of the Typas HHC)
Basricad

. Appropriste standard traftlc control davices shall be usad within

the project limits ta adequately warn, advise, control and guide

traffic around and/or through el arean of work actlvity, detours

and othar such hazsrdous locetions.

As o general rule, additional trafflc control davices In advance ol
houid oniy be used in those cases wh

@ detour, or e hazardous iocation la laas then 2,/ OOO

1-.: Inaide of the project Hmits.

Duplicate construcdon weming algna should be arscted on the

madlan sids ol divided highways where median width will per-

mit snd traftic denaity justi the signing,

8qQui by Note 1, traffic cantrol davices

should be In place only whils work s actually In progreas or 8

dafinits nesd axists such os for nnouu and hazarda, otherwiss,

they should be removad or coverad.

Thae tratllc control devices used In the ebove Inu-lnﬂon: ore ax-

smples only. Field conditions should dictata the moat sp-

MINIMUM CONSTRUCTION WARNING SIGN SPACING

E For roads with a 55 MPH posted speed imit, advance wa

1 signa should be placed approximately 1,500 fast in advance of the
:gsarvziﬁg :3" 35140 | 43| 30 | 358 cendltion to which they are calling attention. Whare 2 ssrias of sd-
X MITRNUN vence warning signs are uszd, the wacning 3ign nearest the work
osTance (rry| % | 20 | 160 [240 320 | s00 sita ahould bo placed spproximately 500 feat from the point of
= restriction with the additional signs a1 appraximately 500-1000
foot intervaty,
) TYPICAL TRANSITION LENGTHS
]
ik Ponel,Onum | | SUGGESTED MAXIMUM SPACING OF CHANMELIZING DEVICES
o oiher Chareliring Device
(sea lable ot sight for typici | ) erierom Desirable Suqqesied Mazimwm
spocing of devices) : Toper Lengths A% SpaF of Oavice
© r
OFwFf,ET H Drme A | S Formuin | o] olfer o e T:.:n
win
\ T Vertlca 10 o' | 1.y | 180 | 3¢ €0'-78
Panal :
A granpie 0f = o 3w | X [ z08) 228 | 2a8 | 3 | 70-s0
Channeizing 1 &
Davics H a0 265 | 295 | %0 | 40 | 8000
s 43 asa | 495 | 30" | 4% 90'-1K0"
J 50 500’ | 359 | eod e 128
, 50 | ooz
{Optional) T‘(BU‘ 3 Brumed Laws
See Toble ] With 88 350 | 605 | 650 | 2% 110'-t40'
Far Typicat . Chevron
Lengths o €0 800 | 660 | 720 | 60 | 120'-150"
- oL _J $651 Percansie Speed oy b uied on rouds where rllc wpeeds nomaly
excerd the potled speed L
T 8 Taper lengihs hove been rundtd
\ x LsLength of Toper T3 e i Gl T3 SePoned Sperd 4PH)
Ba
| x STATE DEPARTMERT OF HIGHWA'
) AND PUBLIC TRANSPORTATION
- r—J BARRICADE AND GONSTRUCTION
i'rt STANDARDS
ADVANCE SIGNING

TYPICAL TRANSITION FOR
SHORT DURATION t ANE GLOSURE

CROSSROAD SIGNING
PAVEMENT MARKINGS

bid Item In the contract. hould be used when work is being performed st or neer the - et et conirs davices to b uand withn o e = e S
taraection. P For Long Duration Lone Closurs, Pave ment L RO € = :
Maorklngs 1 The Tronsifion Arsa Sholl Be oty A | mome
Romoved. e —
N E—
[ - 'l : . '
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{Use M4—IOR or L 1290
whoa Deteur bagint o
Sarrcade)

Backsin of borriceds o be refiaciorized
¥ i vrves Poe-wuy troffic.

Foce ide ef o borricsdes o be
fecmaed

TYPE il (A}

=

PLAN

]
7

- . 718
3 7 3 T
P R K4
il 7. 7
Nl 2 2o

y 7 XX
N ,;dl_cn:'( cx’
. =

Ry a TAA

Troe A
fresr e

Boe rats el

rerw—— S P21 I w—-u—
"{ d_%m-—:!ht.

. [
Stund anry be sabeMivied Bor peuls Vond o bt 1 0t se wt,

Ban

® P i Sorming g0 iy e W-drmctmd.

TYPE IL(B) BARRICADE

BARRICADE

1. The plan shown abave i1 to by uted when locsl traffic is pammirtad
Inside project or parmitted to vsa the road boyond the Intarsection
wilh the tamporary routs. Othar signs and barricades (Type &, It or
S may be required Insice the projact fimits based upon the con-
tactor's sequenca of work snd other canditions.

2. Whaers conditions will pemmil. minimum langth of barsicsde on each

side of rosdway should be 12 fast,

Not required on ens wey rookwsy

Mot resd a4 ot woy reodey

rlmn 8’10 10" spocing {min.
of 2 drums requiresl
wh
L4 s mALAME
Foce side of o:'
barricodes o
reflechorizad. RS
Type A 8i=Diraclionol Worning Light PLAN
A Extend borricods on side of
epproaching tralfic if crown
width mohes it necessory.
TYPE 1ii (O} BARRICADE
FOR CULVERT WIDENING SITE WITHIN
THE PROJECT LIMITS
NOTES: e

1. Where pasitive redirectional capabllity bs provided, drums snd
barricades may be omittad.

2, On swreets or rosds with posted speeds of 35 MPH or lass, Type
11 Burricades may be usad in Beu of basreis whesa necsssary for
pedestrisn eafety.

anywhare in barri

3. Fiest barricade panal on aach side of roadway should be approx-
imataty leval. Additional panels. if needed, mey follow contour of
Aght-of-way.

section.

»

. Advance signing,
4. Advenca signing, including constructon warming aigne, and
detowr signing shall be as epecified sisewhers in the plans,

R11-2 end M4-10

Incl
dutour aigning shall be 33 spacitied clsawhere in the plans.

luding conatruction werning signs, snd

. The plan shown ttove is to be used when no local Uaffic is per-

mitted Inside the project. Contractor may locate his accsas gate
except at canter of roadway where
must be

mounted on fixed baricade

GENERAL NOTES FOR TYPES |, It & 1l BARRICADES

Type | or I} Barricades {aes Sheat BC(3}} ara for temporary use to
control Usffic within t te project whenever it ia necassary
10 confine uaffic 1o » tpecific ares because of soma particular con-
structlon operation. Typa | Barricades would nocmally be used on
conventional roads or urban streets and arterials, As Type il Bar-
ricades have more reflective areu, they e intended for use on ex-
prasaway and freeways or other high spesd raadways.

Type 1IA) Barricsdes and accompanying signs are to be used at
aach and of conatruction projects closad to afl but local watfic,

Typa [{B) Barricadss and accompanying aigns are to be used st
sech end of ccnatruction projects clatad to al vaftic.

Type H{C) Barricadas and sccompanying aigns are 10 be used 1t
each end of construction projscts whers taffic is meinwined
through the project. Typa [I1{C) Barricades may sl3o be used whers
traffic {rom other highways, county roads or City atreets is parmit-

1ed to snter tha projact area. Typlcal signing for Type IN(C] Bar-
ricades in shown an Sheet 8C(1},

Type IN{D] Barricadas are to be used on culvert widening profects

where Ustfic la routed over the structure, They shall be ercted so

as to provide the maximum rosdwey width for ustfic and to aflow
space [o¢ jons bahind the

‘Warning Lights placed on Typa IlIA), {8) or {C} barsicades shouid be
minimum height of 36 inches t0 tha battom of tha |
ricade or mounted on a aep;
used at each and of tha projsct shaif
be supplernented with warning lights as detailed on this sheet. For
all other berricades, used at night, waming lights ere 10 be usad es
datsilad on Sheet BC(3),

For dimensions of barricade panals sea Sheet BC(3).

2-Type N back-%e~bach, ar 1-Type
wrped. frort ond derh

ot e
ar 4 vy

e v e e

TYPE I{C) BARRICADE FOR TWO WAY UNDIVIDED ROADWAY

o mfleciorized en facn sde Witk

Type R refecturiend
62018 020-¢

an oy side vt s
pm

Troe
620-2 sian,
Tyew &
& Normal *—Warmng Light  [Uni~drectional)
3

PROJECT
WORK

A ype Xt refiactorized on foos side with
G201 8 6.20-6 s

Trot T refeciaviznd om foce sce wih
G20-2 20n

TYPE TI{C) BARRICADE FOR DIVIDED HIGHWAYS

NOTES FOR TYPE Il (C) BARRICADES

1. The plans shown asbove are 1o be used when «f traific is main-
tined through the project. Tha signs shown spply to the fimt and

x LENGTH OF HIGHWAY ZONED 8Y COMISSION MINUTE 1= le3t barricadas af ¢ project. Other signs and banicadse (Types | Il
5 SPEED UMITS SHOWN ARE FOR LLUSTRATIVE PURPOSE ONLY § o U1} will ba required Inside tha project limits based upon the cone
r i bus acior's 3equencs of wark and other conditions.
O o
g ¥ 2. Whers conditions will parmit, minimum length of berricade on each
£ WORK 14 PROGRESS WORK IN PROGRESS E $ida of roacway should ba 12 fest except as noted.

1 / / 1 3. First barricade panal on ssch side of rasdway should be spproxi-

To-. ——— mate laval. Additionsl penels, it aueded, may faliow conwur of
[ - ‘- - e -= y-—~--~=-- f‘ """""""""""""" right-ot-way, c .
> 1

/.750'600' 0.2-20m

SPEED!
LiMIT

SPEED SPEED SPEED SPEED
LIMIT LIMIT 20NE LIMT
45 55 EAD

TYPICAL APPLICATION OF SPEED 20NE SIGNS

MOTES

~Fraguency of spaed Emit signs should be. every Q2 10 20 miles for speeds 40 MPH ond
below,

cbowe ond 0.2 10 1.0 mdes for speeds 33 MPH ond
~Reduce speeds
or oier oreos when needed rather than Sroughout M entie project

when required shoukd anly be posied in Mhe icinily ef work being performed

ON A WHITE REFLECTIVE BACKGROUNO

SPEED
LiMIT

= SPEED ZONE SIGNS ARE ILLUSTRATED FOR ONE DIRECTION OF TRAVEL
ONLY AND ARE NORMALLY POSTED FOR EACH DIRECTION OF TRAVEL

- = REGULATORY CLASS SPEED ZONE SIGNS SHALL HAVE BLACK LEGEND

\ » @

BARRICADE AND

BARRICADES
SPEED ZONING

STATE DEPARTMENT OF RIGHWAY,
AND PUBLIC TRANSPORTATION

CONSTRUCTION

STANDARDS

BC(21-82
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STRIPING FOR BARRICADE

Whe barric a8 ands eatirely scross 8 roadwey. it Is
desirabla that tha stipes slops downwaeed in the direction
towsrd which traffic must tum in delouring. Whan beth
fight and feft tums are provided for, tha thevron striping
may slope downward in both directions from the canter of
the bamicade.

Striping should covar tha full width of U rsil. Striping of
rails, panels and gatas 1or the right side of the rosdway Is
shown above. For the laft sxde of the madway, striping

BARRICADE NOTES

Channelizing devices other than berricades showud normatty be used
for chennelization purposes,

Barricedes should normally ba placed perpendicular to the taffic
{low. Othar chennelizing devices, such as drums, vartical paneis or

a3 10 most advantageously wsrn and direct traffic,

Barricades may be designed and constructed from wood, PVC plipe
or $ny othar suitable materiglin 8 manner approved by the Enginear.
The construction detsils shown hereon ere typical and a
gented detsils for wood and PVC pipe 3
ricades. The datals of rail widih and striping, aumber and specing of
minimum langth and height (sbove pavemeant) of rails must be

When 3igns are plocad on borricades, 'lmnnbuulz
Ngns shouid ba vischis So ihe owdorst.
8. s tabe in a fest-class hip man-
ner of clasn sound materisl. ARl surfaces sbave ground, which are
NOT Bliped, shak be whits sxcept the unpsinted galvanized metal or
\ enay ba usad. C mada of umber
hall be Deinted with & minimam of two coata of an spproved brand
of white paint to secwrs thormugh coverage snd a uniform white co-
or.

The Conuacior 3hall masinesin sech barricade In e clean and good
condition,

o shall be temoved
elimination of tha hazard an arvy section.

2 the work and/or the

OPTIONAL
TYPE 1l PYC BARRICACES

Chiorids $PVC) prasauce reted
pipe SDA 21 or SOR 28 ASTM
D2243.

2. Joint fittigs may bs PVC.
ASTM DZ865 or Acrylonitrile
Butadiens Styreas |A8S}
ASTM D2651 Drainage Wasts
and Ventl.

3. Al pipe omd fittings shall be
whifs.

& Alljoints shall be free 1o 38par-
ate upon wehice impact.

$. Shaded coaduit 0 ba tied
together with rope thraaded -
inlo pipe interior, Use 3/16%
No, 8 solid braided avlen of

TYPICAL DESIGN DETAILS

Bags may De substituted.

Moy be wsad of the opfion of the Contractor

(o))
[p*]

CONES
Traffic cones end tubulsr markers shal be o
minimum of 18 Inchas in haight with 2 broadsned
bees and may be made of various materials to
withatand knpact without damage to thamastves
or 1o vehicles, Larger si2es should bs usad en
freeways and other rosdways where speeds ae

high aor mora

guidance is nesded, Orange shail ba tha predomi-
nant color on conea and tubuisr merken. They
should be kept cleen and bright for maximum
target vaiue. Far nighttime L1 s they shal be raflec-
torized of aquipped with Dghting devices for max-
Imum visibility. Rafisctorized material shall have &
amaooth, outer surfsce which wifl display
the ssma spproximats color day and night,

Reflsctorization of tubular markers shall be s
minimum of two three-inch bande placed & max-
Inum of 2 from tha top with ¢ maximum of 6
batwesn the bends. Reftactorizetion of conea shall
be provided by & minimum 6°° band placed » max-
kmum of 3* from the top.

Conas or tubulsr markers ars genersfly only
suitable for temporary usage fup to 8 hours) with
othar channalizetion devices such as vartcal
panels or barricades preferred for longer term

should slope downward to the right

stripes 4 wide shali be used.

sdhered (0 when alternats designs ere usad.

For ol types of barricades with rails less than 3°-0” long,

The 8 tad width ls a nominai dimension for reits mada of

umbar,

of barricade tails, .

hurwber sires ore
Fobrcoton Quiods -4 L2

6. A fixed frangible pavement

i prefersd. Sand

tdemification markings may be shown only on back side

BARRICADE DETAILS

in Gemend

Yhen Wood Barricades are used and when orange and white siripas
A% required on Lhe backsida, a 2° x 3¢ il may be used In flau of the

TYPE 1 BARRICADE

1* 3 83° il end 2° x 4° stiffener. Ctherwiss the nll should be

fabricated aa Semnitad.

40" min, 120"l maximwm i voriable

L

r»-
2
-

ri|zi-l

- TYPE I BARRICADE

For Typa M Sarvicatas, the thees 01 rails shod be reflactive ormnge  Use § 73 33" machine balls, with two woshers eoch

PANEL FOR
TYPE I BARRICADE

aad rallactive white tripes on ane aide If It ia facing valfic in ane
diractian only, sad on both aides i it serves raific in hwo directions.
See Baricade Layouta on Sheet 5C ().

under matal drum when sof ea

Qruma, set on end, and ussd for talfic waming ar chennelizetion
shadl be approximately 387 In height snd minimum of 18° In di-
smater. The contractor, at his option, may use drums made from
ateel barrels or black polysthylens plastic drum lners weighing sp-
proximataly eight pounds each. The markings on drums shall be hor
lzontal, ci i oranga and i; white
atripes, 4 to B inchas wida. The lirst raflectorized stripe should start
within two (2} Inches of the top of the drum. There ahall be st leeat
two orangs end two white stripss on each drum. it there ae nan-re-
flactorized spaces batwesn the horizontsl orsnge and white stripas,

they shell be no more than 2 inchea wide. Matsl drurns shall be

painted black or orenge before reflectorized stripes are sdded. ARl
drums on s project will be the same color. When drums sre placed In
the roadwi
hours of darkness, s flashing weming bght should ba placed on
druma used aingly o5 8 wamiag device. Stesdy bum slectric ights or
definestors shouid be placad on drums used In seriaa for vattic
channelizstion. Orums should not be weighted with sand, water or
othsr materis! to the axtent that it would make the drums dangerous
to motorists.

STAND

2-0"min, R 0wl maziemum 15 voriodle
;751 | 2718% Yomi fu826 dnﬁ

Norninal (1626
Seat on eoch side

STAND FOR TYPE I BARRICADE

TYPE IO BARRICADE

224 2
o
K7 LT LT &
e 716 2
T L7 I
(B TR \';v-»im R
= e § 13
~ ‘ :
POST FOR GATE FOR

TYPE II BARRICADE

GENERAL NOTES

REFLECTORIZATION

The i white and orange stripes for barri-

cades, drums and vertical panels shell be constructed of reuarstlec-

tive sheeting in with project and shal!l

be maintai 1o maeet the color, and ivity re-
of those i

'WARNING LIGHTS

Waming lights are poreble lens disecied, snclosed lights. The color of the
fight amittad ahadl be yeilow. The Qhts should be mounied at 8 minimum
halght of 38 Inchea ta the boitom of the Mnx,

Type A-Low trtenaity Flashing Waming Lighisar eommonly mounted on das-
ricades, other channellzatior. devices or advanca wiming gigna and are intend-
€0 10 warm tha driver that he Is epprosching & hazardous es. Thaic use shall
e s 3pecified slaewhee In the plans, on Shaets BC(T) and BOZ), o as
dicacted by the Englneer. K

Type 8 High tmensity Flashing Warming Lights &e normally ured atar o
prosching antremely hazerdous site CONGiTONS within the coARNKCTION
arev. Thay may be maunted on Damicads1. §gns or other WODANS. As

Bghta aes alfective in deyight as well a3 Jwk, Uhey
apaata 24 houra per day. Thex vse shoukd be specified
plana of 81 Gwacuad by the Enginesr. Finshing warning Bghts shad not be
uaad in # verian.

Type G Steady Bumn Lights ars intended 10 be usad In & seriea lor dallneation to
suppiement other traflic control davices uses o dellnsste tha sdge of the

traveled way on detour curvas, Lane changed, lane closures, should iMs
and oiner stmitar conditions or hazards. Tha serlas of Steady '
should have « Type B High Intensity Flashing Waming Light st u ng

and end of the sariss 10 Mark the hazard, Whars Sleady Bura Ug be
used fos dellnantion, 1he contractor may at his optin, utlize delineators

Contractora shail fuenish « copy of 8 certification irom the manufacturer of the
lights that tha waming lghts meet the requiremants of the ITE Standard For
Flashing and Steady Bum Warning Lights as contained in the lalest adition o
tha “Texas Manual on Unitorm Tralllc Coatrol Devices for Sutels anc
Highways.”

DELINEATORS

Dalinestors are normally used ta Indicets rosdway alignmant where
improved nighttims visibility is needed but ather Toadway features
are sufhicient for daytima slignment, They should genarally ba used
on high (ills and horizontal and vertical cutvea where only nighttime
delineation la nesded. Defineatars, when raquirad for temparary use
10 cantrel traffic through construction areas, will be considared sub-
sidiary ta the ltem BARRICADES, SIGNS AND TRAFEIC HANDLING.
Oeﬁn_-nm shall maet tha material requicaments of the peoject
icat Whan used, on tha right side of the road-
way facing trettic shaft be white. The color of dalinestors used along
the ieft edge of divided sueets and highways and one-way rosd-
ways shall be yellow.
SPACING OF DELINEATORS

Spacing of Definealors on curves ahould be according 1o the Yebla below.
Spacing of dallnealors on tangent sections should nommally be between 100
and 200 {aat with Lha closer spacing lor iower apeeds and greater spacing for

Povemant Etye

VERTICAL PANELS (VP)

Verticat Panels sre normally used ae channelizing devicaa to Indicats
tangent or nearly tangant roadwey alignment where good terget
vaiva of a devica Is needed In daytime se well st the nighniima. In
addition, vertical panels should be used at the edge of shoulder
drop-offa snd other arees such as lene trensitions whare positive
day and right defineation may be required. Vertical ps. should be

CHANNELIZING DEVIGES

The Type of Types of Chonneliting Devices used ore 10
be o specilied by the Engneer.

highat speeds.

RAgOFUS
C:;E\El% 50| 150200250 1300 {400 |$00 | 500 {7001800| 300 | 1000

APPROX.
SPACING
ON

CURVE
(FEETY

Filorca dbove treval way

O
Wk kil
Piywsod Focs 1 he Puntad Conttruction Oreaqs.
Upeight 1o de Peiated Wiita.

Reflector UNI (WNIte o
Tallow) te Mateh
Requirsd Edgeiing
Color.

STATE DEPARTMENT OF HIGHWAY.
AND PUBLIC TRANSPORTATION

BARRICADE AND CONSTRUCTION
STANDARDS

BARRICADE DETAILS
DELINEATORS 8 VERTICAL PANELS
ORUMS 8 CONES
REFLECTORIZATION
WARNING LIGHTS

BC(3)-82

‘
- Y " o 3 Y
usage, Care should be takan to Insure that thay re- CW1-8 CHEVRON signs, CW1-8A ARROW sigrs or VP-1 Varticat mounted back 1o back if used at the edge of CUTs adiscent 1o two- TYPICAL PORTABLE VERTICAL PANEL OR DELINEATOR T Y Lot ..’;’: PO e c o
main in their proper location and In an upright pask Panels mounted sbove drums may be ussd 2a suppiements to drum ‘wey twa lene rosdways, Suipss should shways slops d 2-82
tion. dalinestion. towand the treveled way, Ofhar sioador 4spporis ey be weed whin appreved or drected hy Mo Engineor, ooy rﬂﬂ'{ EEEESY
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CONSTRUCTION SIGN NOTES

Cansteuction signs shall be made from wood ar metal. The designation of metal and
w0od a3 prlmary matsriats lor signs shall Aot ba Interprated 10 exclude othar suiladie
figid materisls now of harsalter available.

Woad tor signs shalt be wsterprool resinbonded exteror grade plywood, Douglas Fir
Plywood Agsoctation, of equal, of minimum 172 Inch thicknesa. All wood 3igns mads
up of 2 or mare pieces shall have one or mare cleats, 172 inch by 8 Inch plywood
K of tha 3ign snd extending fully acraax tha sign. On plywood 2igna
used as apiica plates running the langth of the Joints, tn localities

u «d wood rots rapidly, It s recommended that wood uved for signa be
Vaaled vither wilh cheomated zing chioride, Wolman salta, o pentachiorapnenc.

Aluminum sign blanks shall have a mlr\|mum lhlckl\lil of 0.080°. Steal aign blanka

i 3hali have a minimum thicknaas of 14 gauge.

. project specilications, Signs shail comply with the geners! raquiremants specii

On wacondary roads or city stre where 3peeds are (ow, smaller size construction

may ba vsad with the approva) of 1hs Enginesr and If the sign size is in
the “Typical Construction Waming Sign Size end Spacing Chast™
» 88-2.2 ol ths Texas MUTCD.

signs shail de of Nective sheating and shail be
to meat for calor and of the
in
the "Standard Specificalions for Construction of Mighweys, Strests and Bridges™ In
eftsct at Lha time of contract swand,

All 2ign Istiaring ahell ba claar, opan rounded type capltal 1atters a3 approved by the
Natlanal Committee oa Unifarm Traffic Contrat Oevices and Its sponsoring agencies.
3nd 33 published Dy (he Fedaral Highway Adminiatratan. Signs snd lettaring shall be
of Hrst class 10 thet of the ‘s yandard 2igns,

Standard aigns shall be used a¢ requlred by Shaets 8C(1) they BCET), the plans, of ae
directed by the Englaser ta raqulate, warn, and guide rralfic. All sign erection and
yasge shatl ba in elrict accordance with tha ~Taxss Manuai on Unitorm Tratflc Cantral
Devices for Streets and Highways.” The Contractor shall maintain $5Ch sign i & clean
and goad condition.

Sgna shail be removed upon complelion of tha work.

Signs may be erected on portable | tamporary (or fizpd supports,
for use on construclion projects Jo warn or quide the troffic through
and/or oround the octual canstruction orec.However, st the and of the work:
day If the 3igns do not warn o regulate trafflc reistive to night lime roadway condk
tions of whenever the specific dsnger of which the panicular 3ign wasns has cessed
to axist, the 3igns shall be siLher remaved, tumed away {rom the view ol anvy traffic or
covarad. When signe are tumed away from the view of any Iratfic the 3ign shall nol be
od 90° to the direction of zatlic and on two-way roacwayS Of Sxpressways OF
woys with medians less than 12° (whan the sign is instailed In the median ares)

ON  sign shall not be tumed 120" to the dicection of fraffic. When slgns ara covered the
o enal used shall be opaguire such as haavy mill black pisstic. Bunap shail Aot be us-

o cover signs.

nu srected on portable supports for usa on constniction projects narmeihy
.81 2igns which are vsed during the day to wam o guide traffic thraugh end/ar
eround the actual constuetion eres, but at the and of the warkday zuch signs ere
aither remaved or tumad sway from the view of traffic. Portable supparts shall
be ss shown oa this sheet o¢ 83 spproved by the Enginesr. The battom of the
sign shall be s of one (1] foot bove the pevement edge. Signs required
for nighttime vsage should not pormaily be mounted on portsble supparts, ex-
cept whan spproved by the Enqinesr.

SIgns srected on Mxed suppons for use on canatruclion projecle normally mean algns
that 81w 10 remalin in place for both day and night usage to reguiate, warn and guide
ratiic in egvance of wd within the limits of the project including croascosad ap-
prouches. However, under certain conditions, such &y whera s sign may be required
o # few days duration snd then 13 no longer needed or where a sign (s moved from
location (0 Wcation every lew days o whare It Is not practical or radla to provide &
Htxed mounting, such signs may be ereciad on a temporary type of euppont. Temporary
2upports shail be a3 shown oa shest of aa approved by the Engineer. Signs
erected on temparery supparta ehould be Bt a minimum height ot 3 feet SIgns erected
minimum height of five (5) mn In rural arsas and

Neight ta anoraved by the Englneer. Posls for fixad supports ahould be set in the
Qround without concrate iootngs.

Wood sign posl aupports shall Be painted white.
Whare portable of temporury supports require the use of walghts 1o keep a 3ign of bas

ricade trom tuming over, the use of some type of sandbag I3 recommended. Tne use
of places of concrets, racks, Irom, steal or othar salid objects will not be permitied.

Al Uaific control devices shall conform with the ~Texas Manual on Uniform Traftic
Control Davices for Streeta and Highways.”

Contractors may u: BC40, BELS). BCLB
and B - n designs shown In the U.S. Depariment of Tranaportetion'a
Intest edition of “Standard Highway Signs™ whan the required sign la lltustrated In the
“Standarg Highwaey Signa“book, All consiruction type signa provided (or In “PART ¥1*
of the Texas MUTCD, but not detalled In the plans, may b¢ used when 30 directed by
the Engineer.
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SEQUENCING ARROW PANEL

ADVANCE WARNING FLASHING OR
SEQUENCING ARROW PANELS

Tha Advanca Weming Flashing Arrow end Saquincing Amow Panel
are intended to supplement esisting tatfic control devicss. They pro-
vida 1dditionsl sdvance waming and directianal information to assist in
divanting and teaific sround jon or mai ac-
tivities being conducted on o¢ adjscent a the traveled way.

Tha Advance Waming Armow Pansl may ba usad for day or night
closwran, slow Moving maintensnce or constrxction activities on the
traveled wey, of exiramaly hazerdous high density and epted condi-

ON
N Necessary signa. berricades or other traffic control davicss should be
used 0 conjunction with the Advance Waming Arrow Panel.
| Asrow panals should havs the capability of the following mode salec-
p tons: Latt Arrow, Right Arrow, Left end Right Arrow and caution, The .
- L. caution mode consitts of four or mave lampy, smranged I a pattesn
» which will not indicate & diraction.
The Chevron sign {CW1-B) may be Asrow panels shall be capable of minimum 50 percant di
d [
x.':A-::a:mnm the CW1-8 or TYPICAL ILLUSTRATION rated lamp voltage. The teahing rete of the lampa lh:lll‘no::’::':. :;mn
I —— 25 timey per maste.
Eion OF SIGNING
Cwi~-7 traet -t y FOR A CURVE TYPICAL NLLUSTRATION REQUIREMENTS
Bevder - ag! ¢ IR ALRYE -
48° X 24"  taengrowed < Ovasge Baflescivi CWiI-8 ownga OF SIGNING MINIMUM
18"x 24" % - MINMUM MINWMUM NUMBER visinLTy
- atea A N FOR A TURN TYPE  suE OF PANEL LAMPS DISTANCE
fod gre 3scrgresd - Orssge
l N Baflecctve
] B 307 5 54~ 12 Y4 mite
172 7 c € 4" sas” 15 1 mile
An Upwsrd Sloping Arcow sign The panals shall be mountad on s vehlcle, trailer or other suitsble g-
. {ECWI-6A } is intended 1o bo used port,
. | to indicete the beginning of &
=l * curve or trengition. [t ahould be E USAGE QF _l
ol o 2 proceded with an approprists —_— .
v . iy sign when needed. STATE DEPARTMENT OF HIGHWA.
. Edgs CWI-6, CWI-6A AND CWI-8 SIGNS ARD PUBLIC TRAKSPORTATIO«
. ) BARRICADE AND CONSTRUCGTION
NOTES: A - :
P 9 ] - CWI-6 ,ECWI-6A & CWI-8 Signs may be « For two-way traffic, use samae sangement - STAN DARD_S
n E=mr mounted on tamporery suppem of signe on outside of curve for esch drer. CONSTRUCTION WARNING SIGNS
- 1 . - tion of vavel.
A8 P « Chowon Alignment slgns, whan usad, are ADVANCE WARNING ARROW PANELS
T arected on tha outside of a curve, sharp -« Appropriste  Advance Waming Turn or
SCWI3 -1 Speed vake %o bs determined of tha SCWI-8 A Largs Amow sign (CW1-8) s - Turn or on the far 1ide of sn interssction, in Curve sign with Advisory Speed plaque 8
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Control: 68-8-34
Project: C 68-8-34
Highway: US 87
County? Howard

SPECIAL SPECIFICATION
ITEM 4685
CATHODIC BRIDGE DECK PROTECTION SYSTEM

I. JOB DESCRIPTION: Five impressed current cathodic protection
systems will be installed on the U.S. 87 overpass in Big Spring, Texas
in Howard County. There shall be 5 separate systems. Each system will
utilize a different type of anode material. These five systems shall be
further sub-divided into zones. Each zone shall be separately energized
from an enclosed rectifier assembly.

A. Terms and definitions

Resident Engineer: The representative of the state who shall have
the final decision in all matters concerning this job.

Contractor: The company or business that this job is awarded to.

Cathodic Protection Engineer: A professional Engineer supplied by
the contractor who shall be licensed and fully accredited in the area of
bridge deck cathodic protection systems. (The Cathodic Protection
Engineer shall assist the Resident Engineer in all aspects of the
complete cathodic protection installation).

Manufacturer: The company that manufactures the anode material used
in each system.

Technical Representative: A representative chosen by each anode
material manufacturer to assist in the installation of the represented

material.

B. General Information

1. Material suppliers should attend the pre-letting conference at
the Resident Engineer's office in Big Spring on September 16, 1987 at
10:00 a.m.

2. The contractor shall furnish, install, and put into operation
five complete impressed current cathodic protection systems as described
in these plans and specifications. The contractor shall have a
technical representative qualified in the field of Cathodic Protection
of bridge decks to supervise the installation, energizing and adjusting
of the complete systems.
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3. The contractor shall have a technical representative from each
manufacturer of the anode materials used in traffic lanes to advise in
the installation of the represented material.

4, The contractor shall coordinate installation of the cathodic
protection systems with all other construction operations. Special
caution and scheduling may be required to prevent damage to installed .
components by subsequent operations,

5. The contractor shall contact the Resident Engineer prior to
installing each system.

6. The contractor shall hold a preconstruction conference with the
subcontractors installing the cathodic protection systems at least seven
days before the installations. The Resident Engineer, Cathodic
Protection Engineer, and the cathodic protection system manufacturer's
representative(s) shall be present at the conference.

7. The cathodic protection systems shall include all the materials
identified in these plans and specifications. Substitutions may be made
only with the written permission of the Resident Engineer.

7. The cathodic protection systems shall be of the impressed
current type and shall consist of the following:

a. Direct current power supply (rectifier) with at least seventeen
(17) separate voltage and current regulated outputs meeting the
requirements of the plans and specifications.

b. Seventeen (17) zones of cathodic protection consisting of five
different types of anode material meeting the requirements of the plans
and specifications.

c. A negative ground return (cathode) wiring system connected to
the reinforcing bars as described in these plans.

d. Bonding of the following to the reinforcing bars:

(1) armor joints (2) guard rail supports (3) dowel bars used to .
connect adjacent deck slabs (4) steel diaphrams and girder supports
under or contacting a cathodically protected member (5) illumination
poles, clamps, conduit, electrical enclosures, supports or metallic -
members in contact with a cathodically protected member.

e. Reference cells in each zone with continuous lead wires
terminating at rectifier enclosure.

9. The electrical installation shall in all applicable ways conform
with the National Electrical Code and all local codes.
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10. The contractor shall arrange for power service and the
connection to the system. The contractor shall arrange for all
inspections and obtain all necessary permits.

11. The contractor shall furnish all material to the Resident
Engineer for inspection and samples for testing when specified or
requested. The Resident Engineer may accept material on the basis of
the manufacturer's certification when testing is performed by a
qualified independent laboratory. A copy of the independent laboratory
report documenting the test results and testing procedures shall
accompany the certification. The Engineer may accept or reject these
materials on the basis of these certifications or other tests performed
by or for the Department.

12. SPECIAL NOTE:

THE RESIDENT ENGINEER SHALL BE INFORMED OF ANY FUTURE SLAB WORK OR
EQUIPMENT MOUNTING ON THE NEW OVERLAY SURFACE. CONCRETE CHIPPINGS, HOLE
DRILLING OR CORING, DETECTOR LOOP SAWCUTTING AND OTHER SUCH QPERATIONS
MUST NOT BE PERFORMED UNTIL THE ENGINEER HAS BEEN CONSULTED.

13. The Contractor shall purchase the following instruments for use
by State personnel for taking measurements of the performance of the
various cathodic bridge deck protection systems being installed on the
bridge structures:

Portable "Three Electrode Linear Polarization Rate of Corrosion Device',
complete package with single portable probe and twenty (20) permanent
probes.

The device purchased shall include training for at least three personnel
into the operation and use of the device and any related computer
programs.

Currently the only known portable device of this type is a ''3LP'" unit
made by Ken Clear, Inc. The permanent probes to be used with this unit
are "3LP" permanent probes and must be installed according to the
manufacturer's specifications. Complete package by Ken Clear, Inc. is
as follows:

(1) Three Electrode Linear Polarization Device (Portable)

(2) PC-8 Pocket Computer with Printer

(3) "Corrate II" Program for use on IBM PC

(4) Single Portable Probe

(5) Permanent Probes as Required

(6) Training for Personnel

Two permanent probes shall be provided by the Contractor in each
zone on the bridge deck traffic lanes. A total of twenty (20) permanent
probes will be provided by the Contractor for the complete cathodic
protection installation.

Two areas per zone will be provided for portable rate of corrosion
measurements in zones not in the traffic lanes. These measurement areas
consist of locations on the sidewalks, median and on a bent below the
bridge deck.
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II. Structural Integrity of Bridge

A. After scarification of the deck surface, the contractor shall
verify that the concrete surface is sound. The contractor shall correct
unsatisfactory conditions before continuing with the installation of the
cathodic protection systems. -The Resident Engineer will determine that
the structure is sound and has been prepared according to specification.

B. Removal of concrete will be necessary to:

1. Expose the top and bottom (or outer and inner) rebar mats for
continuity testing

2. Install reference electrodes

3. Install instrument and system negatives
4, Install rebar bonds

5. Install rebar probes

6. Install '"3-LP" probes

C. The contractor shall be responsible for the physical concrete
removal and bar exposure. The contractor shall ensure all exposed steel -
is cleaned to bare gray metal and all debris is removed from the
cavities.

D. The reference electrodes, rebar probes, instrument negative and
system negative installation cavity shall be located within ten (10)
feet of the location marked on the drawings, or as determined by the
Cathodic Protection Engineer and approved by the Resident Engineer. An
existing cavity from delamination removal may be used if approved by the
Cathodic Protection Engineer and Resident Engineer.

E. The contractor shall be responsible for proper repair of all
concrete of the bridge structure. An anode system will not be installed

until repairs have been completed on the area of installation.

III. Rebar Preparation and Connections

A. The contractor shall have the responsibility of making sure that
the entire bridge structure has been made electrically continuous.

B. Following the continuity survey and before any anode materials
are installed, it is the responsibility of the contractor to ensure that
all conduits, signs, markings, drains, and other embedded or surface
mounted metallic fixtures within the area of protection are electrically
continuous with the reinforcing steel.

1. Rebar bond wiring is not shown in the plans. Rebar bond wiring
shall be installed as directed by the Cathodic Protection Engineer and
approved by the Resident Engineer. A
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2. REBAR BOND WIRES SHALL BE COPPER WIRE WITH WHITE INSULATION,
WHITE INSULATED WIRE MAY NOT BE USED FOR ANY OTHER CONNECTIONS. (Except
where local electrical codes specify otherwise.)

3. Wherever possible the bond wires shall be thermite brazed to the
rebar or metallic fixtures. Where this is not possible the bond shall
be established as directed by the Cathodic Protection Engineer and
approved by the Resident Engineer.

4. Rebar bonds shall be made to reinforcing bars having no more
than 5% section loss at the connection location,

5. Rebar bond wires do not have to be labeled except for the wires
within the rectifier enclosure.

6. The length of the bond wire shall be kept to a minimum.

7. Bond wiring shall be well secured to the structure using cable
ties.

8. Bond wires shall be anchored within six (6) inches of their
termination (thermite braze).

9. Bond wires may not be spliced.

10. All reinforcing steel lead wire and other metal to metal
permanent lead wire connections, except those in the junction boxes and
rectifier enclosure shall be made using the thermite welding process in
accordance with the manufacturer's instructions.

11. The discontinuous objects must be connected (bonded) to a rebar
which is electrically continuous with the rest of the structure using
copper wire with white insulation.

12, All mats not electrically connected shall be connected together
using copper wire and thermite bonding.

13. A discontinuous rebar or metallic fixture shall be bonded to a
nearby continuous rebar.

14. Bonding shall be provided for all of the following to the
reinforcing bars:

a. Armor joints

b. Guard rail supports

c. Dowel bars used to connect adjacent deck slabs

d. Steel diaphrams and girder supports under the deck or other
structures contacting a cathodically protected member
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e. Illumination poles, clamps, conduit, electrical enclosures,
supports or metallic members in contact with a cathodically protected
member.

C. All wire to rebar connections shall be made using thermite
brazing techniques unless otherwise directed by the Cathodic Protection
Engineer and approved by the Resident Engineer.

l. Specific attention shall be directed to the processes of
connecting lead wires to reinforcing steel and other metallic
components.

2. Each project thermite weld shall be made to the satisfaction of
the Resident Engineer and may be hammer impact tested.

3. Slag from the thermite weld operation shall be removed and the
weld approved by the Resident Engineer before a coating is applied.

4, All thermite brazing connections shall be coated with a non-
conductive epoxy as directed by the Cathodic Protection Engineer and
approved by the Resident Engineer.

IV. Reference Cells

A. The contractor shall install reference cells in each zone.
Locations for reference cells are to be determined by the Cathodic
Protection Engineer and approved by the Resident Engineer.

1. At least one reference cell shall be installed in each zone 1in
an area of high chloride content.

2. Reference cells shall be silver-silver chloride furnished in an
ion trapping, chloride rich backfill or equal approved by the Resident
Engineer.

3. The reference cell assembly shall be approximately five (5)
inches long and one (1) inch in diameter.

4. The reference cells shall not be placed in direct contact with
reinforcing steel or other metallic embedments.

5. The reference cell lead wires shall be No. RG-58U coax-cable or
approved equal. The lead wires shall be continuous from the reference
cell to the rectifier enclosure.

6. An instrument negative lead wire will be attached to the
reinforcing steel by a thermite weld not more than twelve (12) inches
from the cell location, coated with non-conductive epoxy. No splices
shall be allowed in the instrument negative lead wire.

7. Instrument negative lead wire shall be made only to reinforcing
bars having no more than 5% section loss at the connection location.
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8. Each reference cell lead wire and corresponding instrument
negative lead wire shall be brought through a 1/2 inch diameter hole
drilled in the deck. The hole shall be filled with a non- conductive
epoxy approved by the Engineer.

9. The reference cells shall be positioned as determined by the
Cathodic Protection Engineer and approved by the Resident Engineer. The
reference cells shall be located within one (1) inch, but not in direct
contact with top-mat reinforcing steel.

10. Each reference cell shall be cast in an air- entrained portland
cement concrete patch with a chloride content about equal to that of the
surrounding concrete and a water—cement ratio of about 0,50.

11. Rebar probes shall be installed by the contractor as necessary.
V. Wiring

A. The contractor shall be responsible for installation of all
wiring concerning the five cathodic protection systems, system negatives
and related instrumentation.

B. The Cathodic Protection Engineer shall consult each of the anode
material manufacturers and prepare a complete wiring diagram subject to
the Resident Engineer's approval. All wiring changes made during the
project shall be documented and subject to the Resident Engineer's
approval,

1. Wiring shall run according to plans prepared by the Cathodic
Protection Engineer and approved by the Resident Engineer.

2. All wires shall be properly labeled. Labels used shall have a
long life expectancy and be resistant to destruction by insects local to
the region. Each label used shall not easily separate from the wire
that it has been attached to.

3. Wiring shall be run in conduit or saw cuts as determined by the
Cathodic Protection Engineer and approved by the Resident Engineer.

4. Wiring run in saw cuts shall be fastened down every twenty (20)
feet.

5. Wiring connected to reinforcing steel shall be securely anchored
to the rebar with a cable tie within six (6) inches of the thermite
braze.

6. Care shall be taken during cathodic protection system
installation and concrete overlay installation to avoid damaging the
wiring.

7. Any damaged wiring shall be repaired or replaced as directed by
the Cathodic Protection Engineer prior to placing the concrete overlay.
All repaired or replaced wiring shall be documented and approved by the
Resident Engineer.
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8. Wiring shall be spliced only at locations determined by the
Cathodic Protection Engineer and approved by the Resident Engineer.

9., All direct current and instrumentation conduit shall be PVC.
PVC conduit size shall be 1.5 inch inside in diameter for all runs
except as otherwise designated in the plans.

10. All PVC used on the project shall be Polyvinyl- chloride (PVC)
conduit conforming to NEMA TC-2, Schedule 40,

11, PVC conduit expansion and contraction sections shall be placed
at all appropriate locations and not to exceed 75 feet apart. These
sections shall provide at least 4 inch of movement.

12. Rectifier power supply (AC) shall be run in Galvanized Rigid
Steel conduit (RSC) which conforms to ANSL C 80.1 and bears the U.L.
Label. RSC conduit size shall be 1 inch diameter with RSC fittings
unless otherwisedetemined by the Cathodic Protection Engineer and
approved by the Resident Engineer.

13. All components of conduit hangers and clamps shall be made of
stainless steel or galvanized steel approved by the Engineer., Conduit
clamps for PVC conduit shall permit movement of the conduit and shall be
placed at 4 foot maximum spacing.

14. CARE SHALL BE TAKEN TO MAKE SURE THAT CONDUIT HANGERS AND
CLAMPS DO NOT CAUSE SHORT CIRCUITS WITHIN THE CATHODIC PROTECTION ZONES.

15. All connections and splices shall be made in junction boxes
approved by the Resident Engineer.

16. All wires within junction boxes shall be properly labeled.

17. Junction boxes shall be constructed of the same material as
joining conduit, of sufficient size to house wiring and splices and
shall be sealed against entry by nest building insects and have
provisions to prevent water retention.

18. All wires within the rectifierinclosure shall be properly and
thoroughly labeled.

19. All conduit shall enter the rectifier inclosure from the bottom
with provisions for drainage of conduit water at a level beneath the
rectifier. The drainage site shall be sealed against entry by nest
building insects.

B. Size of wire to be used will be determined by the Cathodic
Protection Engineer and approved by the Resident Engineer.

C. All wiring shall conform to the following specifications for
color, mimimum size and insulation type.

1. White = Cathode leads for System negative and Rebar bond wiring
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a. Minimum 8 AWG stranded copper

b. Type HMWPE on the deck or within structures

c. Type XHHW or approved equal below deck to the rectifier
inclosure

2. Red = Anode leads

a. Minimum 8 AWG stranded copper

b. Type HMWPE on the deck or within structures

c. Type XHHW or approved equal below deck to the
rectifier inclosure

3. Brown = Reference cell rebar grounds

a. Minimum 14 AWG stranded copper

b. Type HMWPE on the deck or within structures

c. Type XHHW or approved equal below deck to the
rectifier inclosure

4, Black = Reference cell lead wires and rebar probe lead wires

a. RG-58U or equivalent

5. Green = Rectifier cabinet ground

a. Minimum 4 AWG
b. Type XHHW or approved equal

D. Color code for AC line power shall be per all
applicable National and local codes.

VI. Rectifier Specifications

A. The contractor shall locate the rectifier enclosure in an area
accessible to maintenance personnel.

B. The rectifier enclosure shall be attached to a controller box
support as shown in the plans.

C. The contractor shall take care to avoid damaging the rectifier.
Any damage caused by the contractor's operations shall be repaired at
the contractor's expense.

D. The contractor shall connect the rectifier as determined by the
Cathodic Protection Engineer and approved by the Resident Engineer.

1. All wiring shall be fully documented. A copy of the final
wiring diagram with all corrections noted shall be stored in the

rectifier enclosure for future reference by maintenance personnel.

E. The rectifier shall conform to the following specifications:
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1. The rectifier shall be suitable for cathodic protection of a
bridge. It shall operate from 120/240 VAC single phase 60 Hz mains and
provide seventeen (17) independent and individually controlled outputs
for connection to seventeen (17) independent anode zones.

2. The unit shall be designed for a 20 year minimum working life
under continuous operation. The unit shall be convection cooled with no
fans or moving parts and shall operate at full capacity in ambient
temperatures from 0 degrees F to 110 degrees F.

3. Each zone shall be controlled independently using modular DC
controllers.

A. Output DC controllers shall be of modular plug in construction
for simple field replacement.

B. Each module shall be removed and replaced from the front of the
rectifier enclosure.

C. Each module shall have a method of current limiting which does
not require manual resetting.

D. Each module shall be independently controlled.

E. Output adjustment of one circuit must not effect the output of
any other module and must be continuous over the entire rated range of
output current.

F. Each module shall be capable of supplying continuous full-rated
output at temperatures from 10 F to 140 F.

G. Each module shall be air cooled by natural convection.

H. Each module shall be provide with lightning protection separate
from AC power lightning protection.

I. The rectifying elements shall be silicon diodes. The diodes
shall be protected against high voltage surges with metal oxide
varistors.

J. The peak inverse voltage rating of the SCR's shall be no less
than 600 volts. Protection.

K. Following assembly of the modules, each module shall have been
individually tested over the full range of its rated current to insure
proper operation. The card shall then be coated with a heavy coating of
Dow Corning 2577 or equivalent conformal coating.

4. An LCD meter coupled with suitable switching arrangement shall
be provided to monitor DC voltage, current, structure to electrolyte and
rebar to probe potentials. A power on/off switch shall be provided to
remove AC power from the meter when it is not in use. Meter jacks shall
be provided which enable all readings to be taken using a portable hand
held meter.
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5. An AC circuit breaker shall be provided. It shall be of the
manually reset type.

6. THE STATE OF THE AC CIRCUIT BREAKER SHALL BE INDICATED BY A
LIGHT VISIBLE FROM OUTSIDE THE INCLOSURE THAT CAN BE SEEN FROM TRAFFIC
LANES ON THE BRIDGE.

7. Protection against lightning surges shall be provided to protect
against 1) AC line to ground overvoltage, 2) ground to structure
overvoltage, and 3) structure to anode overvoltage.

9. A service manual shall be provided with each unit which explains
operation, operating principles, maintenance, installation, and
schematics.

10. The rectifier shall be equipped with compression type
connectors for all positive and negative output cables and be sized for
up to No. 6 AWG wire.

11. Acceptable line input voltage shall be 120 VAC or 240 VAC +10%
- -5%, 60 HZ, single phase.

12. The instrument panel shall be clearly labeled as to the
functions it performs.

13. All switches and instruments shall be clearly labeled as to
their functions.

l4. A light shall be provided which is easily visible from the
traffic lanes. This light shall indicate the status of the AC circuit
breaker within the rectifier assembly. The light shall be armor encased
for protection from vandalism.

F. Rectifier Enclosure

1. The enclosure shall meet all the requirements of NEMA STANDARD
MR-20-1958, ''CATHODIC PROTECTION RECTIFIER UNITS".

2. The enclosure shall be NEMA 4 water tight and dust tight with
conduit access in the bottom to accommodate AC and DC wiring.

3. The enclosure shall have a front opening door.
4. Provisions for padlocking shall be provided.

5. The rectifier cabinet shall be constructed of one of the
following materials or equal approved by the Resident Engineer:

A. One-eighth inch aluminum sheet (5052-H32) and one-quarter inch
aluminum back panel or

b. Minimum 11 gauge galvanized steel and coated with white baked on
enamel.
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6. A grounding lug for connecting No. & AWG wire to earth ground
shall be provided on the enclosure exterior.

7. All components shall be mounted on the back panel easily
removable through the front opening door.

8. Mounting bolt holes shall allow for 3/8" diameter bolts.

9. A hinged door with over-center latches and locking hasp shall be
provided. A neoprene gasket 1/5" thick and 1" wide shall seal the door
opening against moisture and dust. When closed, the door shall form a
dust tight, water tight closure and shall be equipped with lift off type
hinges providing easy removal of the door for access to internal
components.

10. Each rectifer shall have provisions for permanent storage of
the manual, schematic, and system wiring diagram in the door of the
rectifier.

11. The cabinet and door shall be essentially 'square and true"
such the the door does not sage when opened and does not require force
when opening or closing.

12. The cabinet shall be equipped with panel support a brackets
with hinges and panel stops which are of sufficient strength to support
the instrument panel in both the closed and open positions.

13, All welds and sharp edges shall be completely deburred and
rounded.

G. Transformers

1. Power transformers shall provided rated output over the full
range of input voltages, be of E-I laminated construction to provide
isolated secondary voltages appropiate for circuit operation, and have
independent primary and secondary windings. Adjustment of output by tap
bars is not acceptable. Varnish impregnation and Farraday shield
between primary and secondary must be provided. Transformer efficiency
shall be at least 95% and the regulation shall not exceed 3% when
measured from 1/4 to full load.

2. Control transformers for module power shall be of E-I lamination
construction and shall have primary power supplied from the power
transfomer secondary for line surge isolatica.

H. Filter Chokes

1. Filter chokes of E-I lamination or other suitable core
construction shall be used in each rectifier output circuit to:
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a) Improve efficiency

b) Provide some surge protection from transients externally
generated

c) Provide full outtput current capability at low output voltage

d) To reduce R.F.I. In the load circuit.

I. Circuit Breaker

1. A two (2) pole fully magnetic circuit breaker shall be provided
as an input power switch and for protection to the line against
rectifier fault.

2., The breaker shall be rated for 240 volt AC.

3. The breaker must hold 101% rated current and must trip at 125%
of rated current.

J. Meter

1. Metering shall be provided for monitoring the operating current,
operation voltage, and reference electrode potentials.

2. A 3 1/2 digit L.C.D. (Liquid crystal display) meter with 200 MV
2000 count sensitivity shall be provided to take readings.

2. The meter shall have input impedance sufficiently high to cause
no appreciable (1 micro amp max) loading of circuits connected to it

such as sensitive half cell.

3. Appropiate scaling and switching circuits shall be provided to
give direct meter displays in amperes and volts.

4, Structure potentials shall be displayed in volts up to 1,999
either positive or negative with respect to the half cell.

5. The meter shall have the capability of being removed from the
circuit when readings are not being taken.

6. The meter shall have the capability of monitoring reference
electrodes when the rectifier is shut off.

K. Wiring inside the enclosure

1. Wiring shall be sized for a minimum of 500 CM/ampere for power
circuits and No. 28 AWG minimum for signal circuits.

2. Power wires shall have 600 volt insulation and be stranded
copper wire such as MIW or similar.

3. Wires shall be neatly bundled, tied and clamped as necessary to

provide a clean neat appearance.
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4. Signal wires shall be stranded copper and routed separately from
power leads wherever possible.

5. All wiring shall be of sufficient length to avoid tension at
terminal connections.

6. All connections either electrical or mechanical shall be tightly
secured with lock washers.

7. Any electrical connection through the instrument panel shall not
rely on pressure to the panel to maintain good connection.

L. Cable Entry
l. All wiring shall enter through the bottom of the cabinet.
2. AC INPUT AND DC OUTPUT BE KEPT SEPARATE.

3. Reference cell leads shall be kept separate from all other anode
and cathode wiring.

M. Complete Rectifier Dialectric Test

The insulation and spacings of a rectifier unit shall be capable of
with-standing without breakdowm, for a period of one minute, the
application of a 60 cycle alternating-current rms voltage of 1000 volts
plus twice the rated primary voltage between current-carrying parts of
the primary circuit and (1) non-conductive-carrying metal parts which
may be grounded and (2) current- carrying metal parts of an insulated
secondary circuit. When operating below 60 volts, an insulated
secondary circuit shall be capable of withstanding an alternating-
current rms test voltage of 600 volts to any non-current-carrying metal
parts which may be grounded; when operating within the range of 60 to 90
volts, the alternating-current rms test voltage shall be 9300 volts.

If the rectifier unit includes devices which normally fall within
the scope of other recognized standards requiring dielectric test
voltages lower than the foregoing, such devices shall be disconnected
before the remainder of the equipment is subjected to the test. The
disconnected devices shall be tested separately for dielectric strength
in accordance with the applicable standards.

N. Circuit Operation Test

Each circuit shall be tested to insure that all of its components
are properly interconnected and function normally at 5% low and 10% high
AC input line voltage. The unit shall then be tested with all circuits
energized and operating at rated output current to insure normal
operation at 5% low and 10%Z high input line voltages. If the rectifier
is designed for more than one input line voltage, the test shall be run
at each.

82 4685.000
9-87



With all circuits energized, an adjustment of one or more of the
circuits' output current shall not effect any of the other circuits'
output amps. Any circuit must be able to be adjusted over its full
range without changing the output of any other circuit,

O. Current Regulation

The current regulation of each circuit shall be checked and shall
not exceed +- 1 when the load resistance is varied between 0 and rated
load resistance. The current regulation of the entire unit with all
circuits energized shall not exceed +- 1% when the total load resistance
is varied between 0 and total rated load resistance.

VII. Post Installation Tests.

The contractor shall be responsible for performing the following
tests as detailed in this specification and will be required to document
results, procedures and train at at least three State employees to
conduct subsequent required tests as directed by the Resident Engineer.

A. E log I tests shall be performed prior to system energizing at
each of the reference locations in each zone. The data shall be plotted
and explanations of the data shall be provided to State personnel. The
system will be adjusted based on this data.

B. Two sets of polarization tests ,shall be performed by the
contractor and adjustments made if the system is not within a minimum of
100 millivolts to a maximum of 150 millivolts range.

l. The first set of tests shall be performed after 45 days of
continuous system operations., Adjustments to the system shall be made
as necessary by the contractor and explanation of the adjustments shall
accompany the data.

2. The second set of tests shall be performed after 90 days of
continuous system operations. Adjustments to the system shall be made
as necessary by the contractor and explanation of the adjustments shall
accompany the data.

C. Rate of corrosion tests shall be performed by the contractor
prior to system energizing and upon each depolarization test. The rate
of corrosion test shall be performed for each of the two areas per zone.
The data from these tests shall be documented and analyzed using the
Corrate II computer program.

VIII. System "A"

A. This system shall utilize an anode of expanded titanium metal
mesh anode as manufactured by Eltech or equivalent. The installation
will be on the bridge deck main lanes between Station 8+18,49 and
Station 10+24.62.
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B. Zones

There shall be four separately energized zones in this system. The
areas of coverage for these zones shall be determined by the anode
manufacturer's representative and approved by the Resident Engineer.

C. General Information
1. Traffic on the Deck

After installation of the anode strands, traffic on the deck shall
be limited to vehicles required for delivery and installation of the
overlay. Recesses or grade changes of greater depth that onme (1) inch
must be temporarily bridged for vehicles with gross vehicle weight
greater than two (2) tons.

2. Gasoline and 0il on the Deck

When cathodic protection material are exposed, the contractor shall
ensure that gasoline and oil do not drip onto the cathodic protection
materials from equipment being used. Refueling and servicing of the
equipment shall be performed off any deck covered with exposed anode
materials.

3. Installation

a. Anode material installation shall not begin until all concrete
surface preparation is complete and installation of all the cathodic
protection instruments is complete,

b. The Resident Engineer shall determine that the concrete surface
is sound and has been prepared according to specification. The
contractor responsible for concrete work shall correct unsatisfactory
conditions before installation of the anode material.

C. Prior to installing the anode material, the contractor shall
verify that all conduits, signs, markings, drains, and other embedded or
surface mounted metallic fixtures within the area of protection are
electrically continuous with the reinforcing steel.

d. Where concrete cover over the steel reinforcement is one-quarter
(1/4) inch or less, one of the following procedures must be followed:
(1) Epoxy coat the exposed rebar surface.

(2) Add one-quarter (1/4) inch maximum layer of cementitious material.
(3) Insert insulating spacers.
(4) Route the anode material to avoid the area with shallow cover.

The appropriate procedure shall be specified by the Cathodic
Protection Engineer and approved by the Resident Engineer. The Cathodic
Protection Engineer shall ensure that the minimum anode to cathode
separation is one-quarter (1/4) inch.

e. Anodes shall be fastened to the deck with insulating fasteners

supplied with the anode material and approved by the Resident Engineer,
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to not more than one-half (1/2) inch (may be more or less depending on
the thickness of the overlay) from the surface of the deck. At least
one fastener shall be used for every five (5) square feet of deck
surface.

f. As directed by the Resident Engineer, fasteners may need to be
attached to the concrete to ensure the anode mesh lies flat during
concrete overlay placement.

g. The contractor shall take care to prevent damage to the anode
mesh during anode installation and concrete overlay placement. Damaged
anode mesh shall be repaired or replaced as directed by the Resident
Engineer.

h. Anode fasteners and installation aids shall be supplied by the
anode material manufacturer.,

i. Anodes shall be terminated within two (2) inches of the
expansion joint, fixed joint or other integral steel members at the
surface of the deck. Layout of anodes and anode zones shall be
determined by the anode manufacturer's representative after
scarification of the bridge deck and approved by the Resident Engineer.

j. Current shall be distributed to the anodes via titanium current
distributor bars or equal approved by the Resident Engineer.

k. Current distributors shall be attached to the anode mesh by
resistance welded metallurgical bonds. There shall be at least one weld
for every three linear inches of distributor bar.

1. Current distributors shali be at locations determined by the
anode manufacturer's representative and approved by the Resident
Engineer.

M. Current distributors shall be bent to extend through a one inch
diameter hole to junction boxes located beneath the deck as shown by the
plans. Current distributors shall be covered within this hole by an
insulating heat-shrinkable sleeve approved by the Resident Engineer.
Holes shall then be filled with a non-conductive epoxy approved by the
Resident Engineer.

n. Insulated anode lead wires shall be AWG No. 10 stranded copper
wire with THHN insulation or approved equal. Anode lead wires shall be
attached to current distributors external to the concrete using spade
lug connectors, and connections shall be coated with an epoxy approved
by the Resident Engineer. Wires shall be tagged to indicate their
position. No splices shall be allowed.

IX. System "B"

A. This system shall utilize Ferex 100 anode strand as manufactured
by Raychem Corporation or equivalent. The installation will be on the
bridge deck main lanes between Station 10+24.62 and Station 12+30.74.
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B. Zones

There shall be four separately energized zones in this system. The
areas of coverage for these zones shall be determined by the anode
manufacturer's representative and approved by the Resident Engineer.

C. General Information
1. Traffic on the Deck

After installation of the anode strands, traffic on the deck shall
be limited to vehicles required for delivery and installation of the
overlay. Recesses or grade changes of greater depth that one (1) inch
must be temporarily bridged for vehicles with gross vehicle weight
greater than two (2) tons.

2. Gasoline and 0il on the Deck:

When cathodic protection material are exposed, the contractor shall
ensure that gasoline and oil do not drip onto the cathodic protection
materials from equipment being used. Refueling and servicing of the
equipment shall be performed off any deck covered with exposed anode
materials.

3. Installation

a. Anode strand installation shall not begin until all concrete
surface preparation is complete and installation of all the cathodic
protection instruments is complete.

b. The Resident Engineer shall determine that the concrete surface
is sound and has been prepared according to specification. The
contractor responsible for concrete work shall correct unsatisfactory
conditions before installation of the anode material,

C. Prior to installing the anode strand, the contractor shall
verify that all conduits, signs, markings, drains, and other embedded or
surface mounted metallic fixtures within the area of protection are
electrically continuous with the reinforcing steel.

d. Where concrete cover over the steel reinforcement is one-quarter
(1/4) inch or less, one of the following procedures must be followed:

(1) Epoxy coat the exposed rebar surface.

(2) Add one-quarter (1/4) inch maximum layer of cementitious
material.

(3) Insert plastic cleats or rebar clips as spacers.

(4) Route the anode material to avoid the area with shallow cover.

The appropriate procedure shall be specified by the Cathodic
Protection Engineer and approved by the Resident Engineer. The Cathodic
Protection Engineer shall ensure that the minimum anode to cathode
separation is one-quarter (1/4) inch.
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e. The contractor shall fasten each anode strand end loop to the
concrete. The anode strand shall be fastened to the concrete a minimum
of every five (5) feet at cleat locations between end loops.

f. As directed by the Resident Engineer, additional cleats may need
to be fastened to the concrete to ensure the anode strand lies flat
during concrete overlay placement,

g. The contractor shall take care to prevent damage to the anode
strands during anode installation and concrete overlay placement. Anode
strands shall not be bent through a radius smaller than two (2) inches.
Damaged anode strands shall be repaired or replaced directed by the
Resident Engineer.

h. Anode splicing shall be done in accordance with the anode
manufacturer's representative and shall be subject to the Resident
Engineer's approval. Anode splicing material shall be supplied by the
anode manufacturer.

i. Anode to anode or anode to insulated wire splices shall be
covered with a heavy wall heat shrinkable tubing internally coated with
a specialized meltable sealant as supplied by the manufacturer.
Substitutions shall be made only with the anode manufacturer
representative's recommendation and the Resident Engineer's approval.
Only the appropriate heat shrinkable splice seal shall be used.

j. Anode strand fasteners and installation aids shall be supplied
by the anode material manufacturer.

k. Anodes shall be terminated within two (2) inches of the
expansion joint, fixed joint or other integral steel members at the
surface of the deck. Layout of anodes and anode zones shall be
determined by the anode manufacturer's representative after
scarification of the bridge deck and approved by the Resident Engineer.

L. Insulated anode lead wires shall be AWG No. 10 stranded copper
wire with THHN insulation or approved equal. Anode lead wires shall be
attached to current distributors external to the concrete using
connectors supplied by the anode manufacturer and approved by the
Engineer. Connections shall have non- conductive coatings approved by
the Engineer. Wires shall be tagged to indicate their position. No
splices shall be allowed in the anode lead wires.

X. Bu System 'C"

A, This system shall utilize an anode of platinized primary wire,
carbon filament secondary strands and anodecrete backfill. The
installation will be on the bridge deck main lanes between Station
12+30.74 and Station 13+99.49.
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B. Zones

There shall be two separately energized zones in this system. The
areas of coverage for these zones shall be determined by the Cathodic
Protection Engineer and approved by the Resident Engineer.

C. General Information
1. Traffic on the Deck

After installation of the platinized wire and anode strands, traffic
on the deck shall be limited to vehicles required for delivery and
installation of the overlay. Recesses or grade changes of greater depth
that one (1) inch must be temporarily bridged for vehicles with gross
vehicle weight greater than two (2) tons.

2. Gasoline and 0il on the Deck:

When cathodic protection material are exposed, the contractor shall
ensure that gasoline and oil do not drip onto the cathodic protection
materials from equipment being used. Refueling and servicing of the
equipment shall be performed off any deck covered with exposed anode
materials.

4. Anode Materials and Backfill
a. Compostion of Primary Anode Wire

Each primary anode wire shall be a continuous length of 0.062 inch
diameter platinized niobium copper core wire. The wire shall have a
minimum coating of 25 micro-inches of platinum. At least 357 of the
wire cross sectional area shall be niobium (outside the copper core).
Electrical resistance of the wire shall not exceed 4.0 milliohms per
foot.

B. Composition Secondary Anode Strands

Secondary anode strand shall be a 20,000 filament high purity carbon
strand (99% minimum carbon) with a tensile strength of at least 250,000
P.S.I., a cross sectional area of 240 x 10 exp -5 inches squared, a
resistivity of .00075 ohm—cm and a maximum electrical linear resistance
of 2.0 ohms per foot. The strand shall be wrapped with Dacron or
equivalent thread, to prevent fraying during handliny.

C. Anode Backfill
(1) The anode backfill material shall be extremely resistant to
degradation by acid, chlorine, freezing, thawing, and thermal cycling

while bonded to concrete, and shall have the following properties:

(A) compressive strength, more than 4,000 psi (4 hrs. @ 70 F)
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(b) electrical resistivity, less than 10 ohm~cm
(c) water absorption (24 hrs.), less than 0.5%
(2) Composition

The composition of the anode backfill shall be as follows unless
otherwise approved by the Engineer.

% by wt,

;;?——-- Resin - Vinyl Ester Resin D-1115 Hetron
as manufactured by Ashland
Chemical Co., Columbus, Ohio.

0.35 Silane Coupling Agent - A-174

0.35 Wetting Agent - S-440

0.35 Cobalt Naphthemate (Con)

0.70 Titanium Dioxide (Ti02) RHD 6x

65. Coke Breeze DWI

0.70 Methyl Ethyl Ketone Peroxide (MEXP)

4. Installation of the Anodes

a. The deck surface shall be cleaned immediately prior to placing
the anodes. The deck surface shall be free of moisture, dirt, grease,
oil, asphalt, or other foreign matter when laying out anode materials.
Anodes shall be held in place by a method approved by the Resident
Engineer until placement of the anodecrete backfill.

B. All exposed reinforcing bars and other metallic material shall
be covered with a non-conductive epoxy, approved by the Engineer.

c. Testing to prevent shorts in the anode system shall be conducted
by the contractor to insure that no reinforcing steel or other material
continuous with the reinforcing steel is within 1/2 inch of the primary
or secondary anode materials. Areas found to be in such condition shall
be covered with non- conductive expoxy prior to placiag the anode
system.

d. Primary anodes, secondary anodes and anodecrete shall be
terminated within two (2) inches of the expansion joint, fixed joint or
other integral steel members at the surface of the deck. Layout of
anodes and anode zones shall be determined by the Cathodic Protection
Engineer after scarification of the bridge deck. Layouts shall be
approved by the Resident Engineer.

e. The primary anode wire shall not be kinked or scored. Damage to

the anode wire shall be grounds for rejection.
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f. Current shall be distributed to the anodes via platinized wire
approved by the Resident Engineer. The current distributors shall be
laid perpendicular to the carbon strands. At the end opposite the
current distributor for the carbon strands, another platinized wire
shall be placed. The platinized wire shall be attached at each end of
the carbon filaments.

g. Current distributors shall be at locations determined by the
Cathodic Protection Engineer and approved by the Resident Engineer.

h. Current distributors shall be bent to extend through a 1 inch
diameter hole to junction boxes located beneath the deck as shown by the
plans. Current distributors shall be covered within this hole by an
insulating heat-shrinkable sleeve approved by the Resident Engineer.
Holes shall then be filled with a non-conductive epoxy approved by the
Resident Engineer.

i. Insulated anode lead wires shall be AWG No, 10 stranded copper
wire with THHN insulation or approved equal. Anode lead wires shall be
attached to current distributors external to the concrete using methods
specified by the Cathodic Protection Engineer and approved by the
Resident Engineer. Connections shall have non-conductive coatings
approved by the Resident Engineer. Wires shall be tagged to indicate
their position. No splices shall be allowed in the anode lead wires nor
in the primary anodes.,

S. Installation of the Backfill Material

a. The anodecrete backfill shall be packaged in kits sized for the
project.

B. The quantity of backfill material mixed at any time shall not be
in excess of the amount that can be used within 30 minutes.

c. The backfill material shall be installed only when the deck
temperature is expected to be about 40 degrees fahreheit for at least
four (4) hours following the installation.

d. The manufacturer's instructions, including likely safety and
handling measures, must be followed explicitly.

e, The deck surface shall be free of moisture, dirt, grease, oil,
asphalt, or other foreign matter when covering the anodes with
anodecrete backfill.

f. The anodecrete backfill shall be mounded over the primary and
secondary anodes immediately after the anodes have been placed and any
drill holes are completely sealed.

g. The backfill material must not come in contact with the
reinforcing rods or any other metallic object of the bridge.

h. The anodecrete backfill mounded over the anodes shall be

approximately one (1) inch wide and three-eights (3/8) inch high.
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i. The mounded anodecrete backfill shall have dry, fine silica sand
broadcast to excess over them within 15 minutes of pouring. The excess
sand shall be broomed from the surface after the material has set.

6. Laboratory Tests

a. Prior to contract approval the contractor must submit
independent laboratory tests certifying that the material proposed for
use on this project meets the requirements as specified.

b. A sample shall be obtained from every fourth batch of material
produced in the field. The sample shall be evaluated by an independent
engineering laboratory to assure compliance with the resistivity and
water absorption requirements. The test results shall be submitted to
the Resident Engineer for approval.

c. The independent laboratory shall not be owned or connected in
any way with the contractor, material supplier or Cathodic Protection
Engineer.

XI. System 'D"

A. This system shall utilize an anode of hot sprayed zinc, 20 mils
plus or minus 3 mils thick. The installation will be on the bridge
sidewalks and median between Station 8+18.49 and Station 12+30.74.

B. Zones

There shall be six separately energized zones in this system. The
areas of coverage for these zones shall be determined by the Cathodic
Protection Engineer and approved by the Resident Engineer.

C. General Information
1. Gasoline and 0il on the Sidewalks and/or Median

2. When cathodic protection material are exposed, the contractor
shall ensure that gasoline and o0il do not drip onto the cathodic
protection materials from equipment being used. Refueling and servicing
equipment shall be performed away from the area of coverage by the anode
material.

3. Installation

a. Anode material installation shall not begin until all concrete
surface preparation is complete and installation of all the cathodic
protection instruments is complete.

b. The Resident Engineer shall determine that the concrete surface
is sound and has been prepared according to specification., The
contractor responsible for concrete work shall correct unsatisfactory
conditions before installation of the anode material.
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¢. Prior to installing the anode material, the contractor shall
verify that all conduits, signs, markings, drains, and other embedded or
surface mounted metallic fixtures within the area of protection are
electrically continuous with the reinforcing steel.

d. Where concrete cover over the steel reinforcement is one-quarter
(1/4) inch or less, one of the following procedures must be followed:

(1) Epoxy coat the exposed rebar surface.

(2) Add one-quarter (1/4) inch maximum layer of cementitious
material.

(3) Use approved masking to avoid the area with shallow cover.

The appropriate procedure shall be specified by the Cathodic
Protection Engineer and approved by the Resident Engineer,

e. The contractor shall take care to prevent damage to the anode
material during the installation. Damaged anode areas shall be repaired
or resprayed as directed by the Resident Engineer.

f. Areas not to be sprayed shall be masked off with an appropriate
masking material. Anode material application shall be terminated within
two (2) inches of the expansion joint, fixed joint or other integral
steel members at the surface of application area. Layout of masking for
anode zones shall be determined by the Cathodic Protection Engineer
aftetr any repairs have been made. Layout approval by the Resident
Engineer must be obtained.

G. Current distributors shall as determined by the Cathodic
Protection Engineer and approved by the Resident Engineer.

h. Insulated anode lead wires shall be AWG No. 10 stranded copper
wire with THHN insulation or approved equal. Wires shall be tagged to
indicate their position. No splices shall be allowed in the anode
distributor lead wires.

i. The Cathodic Protection Engineer shall be responsible for
determining what type of coating (if any) is required to alleviate any
hazards to pedestrian traffic as a result of the installation of the
cathodic protection material.

j+ The contractor is required to take all necessary precautions to
protect contractor personnel and pedestrians.

XII. System "E

A. This system shall utilize an anode of Porter DAC-85 Conductive
coating or equivalent. The installation will be on bent 4 located at
Station 12+30.74 of the bridge.

B. Zones
There shall be one zone in this system. The areas of coverage for

this zones shall be all surfaces of the bent.
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C. General Information
l. Gasoline and 0il on the Bent

2. When cathodic protection material are exposed, the contractor
shall ensure that gasoline and oil do not drip onto the cathodic
protection materials from equipment being used. Refueling and servicing
of the equipment shall be performed away from the area of coverage by
the anode material.

3. Installation

a. Anode material installation shall not begin until all concrete
surface preparation is complete and installation of all the cathodic
protection instruments is complete.

b. The Resident Engineer shall determine that the concrete surface
is sound and has been prepared according to specification. The
contractor responsible for concrete work shall correct unsatisfactory
conditions before installation of the anode material.

c. Prior to installing the anode material, the contractor shall
verify that all conduits, signs, markings, drains, and other embedded or
surface mounted metallic fixtures within the area of protection are
electrically continuous with the reinforcing steel.

d. Where concrete cover over the steel reinforcement is one—quarter
(1/4) inch or less, one of the followin rocedures must be followed:
’ g P

(1) Epoxy coat the exposed rebar surface.

(2) Add one-quarter (1/4) inch maximum layer of cementitious
material.

(3) Use approved masking to avoid the area with shallow cover.

The appropriate procedure shall be specified by the Cathodic
Protection Engineer and approved by the Resident Engineer.

E. The contractor shall take care to prevent damage to the anode
material during the installation. Damaged anode areas shall be repaired
or re—applied as directed by the Resident Engineer.

F. Areas not to be coated shall be masked off with an appropriate
masking material. Anode material application shall be terminated within
two (2) inches of the expansion joint, fixed joint or ot:er integral
steel members at the surface of the bent. Layout of masking for anode
zones shall be determined by the Cathodic Protection Engineer after any
repairs have been made. Approval of layouts by the Resident Engineer
must be obtained.

G. Current distributors shall as determined by the Cathodic
Protection Engineer and approved by the Resident Engineer.

H. Insulated anode lead wires shall be AWG No. 10 stranded copper

wire with THHN insulation or approved equal. Wires shall be tagged to
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indicate their position. No splices shall be allowed in the anode
distributor lead wires.

I. The Cathodic Protection Engineer shall be responsible for
determining what type of coating (if any) may be required to alleviate
possible shorting of the system due to small debris falling onto the
bent. (Note: The current configuration of the finger joint immediately
above the bent allowed a significant amount of trash to collect on the
top surface of the bent - ie. Cans, bottle tops

4, The conductive coating system shall employ platinum wire primary
anodes layed on the surface and covered with fiberglass screen adhesive

tape.

5. The conductive coating shall be graphite/acrylic consisting of
427% solids.

6. The conductive coating shall have a resistivity of 1 ohm-cm. or
less after curing.

7. The applied dry film thickness shall not be less than 16 mils.

XIII. MEASUREMENT. The complete Cathodic Protection System as
indicated on the plans and as described herein when completely installed
will be measured by the complete Cathodic Protection System.

XIV. PAYMENT. Payment shall be made at the contract lump sum bid
for "Cathodic Protection System'", which price shall be full
compenstation for all tools, labor, equipment, and incidentals necessary
to complete the work.
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SUMMARY

A cathodic protection system for corrosion mitigation of the reinforcing steel was installed
on US 87 railroad overpass bridge in Big Spring, Texas. Five anode materials were used as
a research effort to study their performance under similar operating condition. The five
anode materials are as follows:

1. Elgard 150 mesh (Bridge deck - Zones Al-A4; Rectifier circuits 1-4)
Raychem Ferex 100 (Bridge deck - Zones B1-B4; Rectifier circuits 5-8)

3. Rescon conductive polymer concrete (Bridge deck - Zones C1-C2; Rectifier
circuits 9-10)

4. Sprayed zinc (Sidewalks and median - Zones D1-D6; Rectifier circuits 11-16)

5. Porter DAC-85 (Pier cap - Zone E; Rectifier circuit 17)

Upon completion of the installations, Corrpro Companies, Inc. conducted post-installation
testing and energizing of the systems. Evaluation of each system performance in mitigating
corrosion was then conducted 45 days and 90 days after initial energization. The results
are as follows:

Post-installation
All system components were checked and tested for proper installation and

operation.

Embedded silver/silver chloride reference cell potential and macro-cell rebar
probe current baseline measurements were obtained for each system.

Corrosion rate measurements were taken in accordance with the
manufacturers instructions, K.C. Clear Inc. These measurements will serve

as baseline data for future analysis.

E Log I testing conducted for all zones provided the suggested protection
current for each zone.
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Each system was energized under the constant current control of the
rectifier.

Rectifier meter malfunctions and rebar probe measuring circuit corrections
were determined and corrected by manufacturer.

Electrical contact between the zinc anode and the rebar was detected in
zones D1, D2, D3 and D6. These contact points were found and eliminated.

Electrical isolation of the zinc anode was found in zone D3. Anode
continuity was re-established.

- 45 Day Evaluation
All system components were re-checked for proper operation.

Depolarization testing conducted after 45 days of continuous system
operation confirmed that the reinforcing steel is being cathodically protected
by meeting or excesding the 100 millivolt polarization decay criterion.

Higher than needed potential shifts were calculated for all zones except
zones Al, A4 and C2 (rectifier circuits 1, 4 and 10). The current settings

were reduced for these zones.

Corrosion rate measurements suggest that the reinforcing steel showed no
further corrosion.

Disbonded areas of the Sika Top 122 overlay for the zinc anode on the
median and the sidewalk were detected.

The repair technique used to re-establish electrical continuity of the zinc
anode on zone D3 was still operational.
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- 90 Day Evaluation
All system components were re-checked for proper operation.

Depolarization testing conducted after 90 days of continuous system
operation confirmed that the reinforcing steel is being cathodically protected
by meeting or exceeding the 100 millivolt polarization decay criterion.

The reduction in current output adopted for some zones during the 45 day
evaluation period were effective in reducing the high polarization shift.

Again, corrosion rate measurements showed no increase in rebar corrosion
rate.

Disbondments of the Sika top 122 overlay from the zinc anode on the
median and sidewalk increased from the previous evaluation.

Erratic behavior of the zinc anode was found in several areas of the
sidewalks, especially in zones D1 and D3. This behavior was determined to
be erratic electrical isolation of the zinc anodes were concrete cracks
beneath the zinc reflected through the zinc. Long term cathodic protection
for the entire area of the sidewalk and median is therefore considered
questionable and future maintenance of this system is expected.

The rectifier operating data should be recorded monthly. Should any discrepancies be
noted, a qualified corrosion engineer should be contacted in order to insure continuous
protection of the reinforcing steel structure. It is also recommended to conduct a detailed
evaluation of the systems on a yearly basis to insure optimum system performance and
corrosion control of the reinforcing steel.
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L INTRODUCTION

After the cathodic protection system installations were completed, the post-installation and
activation testing was performed by Corrpro Companies, Inc. The testing included the

following.

1. Inspection of the cathodic protection system components to meet
specification requirements.

2. Electrical resistance measurements between the various components of the
cathodic protection system.

3. Embedded reference cell potential and macro-cell rebar probe current
baseline measurements.

4. Rate of corrosion measurements using both embedded and portable

corrosion rate probes.
3. E Log I testing.
6. System adjustment and initial activation.
The cathodic protection systems were adjusted and energized for continuous operation
based on the evaluation of the data collected during the post-installation testing and
performance criteria set forth in the project specifications. All data collected during the

testing are included in this report.

At approximately 45 days and 90 days after initial energization, evaluation testing of each
systems performance was conducted. The testing included the following:

1. Inspection of the cathodic protection systems.

2. Depolarization testing.
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3. Macro-cell rebar probes current measurements.

4, Rate of corrosion measurements.
5. Electrical resistance measurements.
6. System adjustments.

The cathodic protection systems were then re-energized based on data analysis of the data
collected. All data collected during the 45 and 90 day evaluation periods are included in
this report.

IL. CATHODIC PROTECTION SYSTEMS DESCRIPTION

Five cathodic protection systems for corrosion mitigation of the reinforcing steel were
installed on the U.S. 87, Howard County, railroad overpass bridge in Big Spring, Texas.
The bridge structure was divided into seventeen zones using five anode materials as
follows:

1. Elgard 150 mixed metal oxide mesh anode (Zones Al-A4, deck slab; rectifier
circuits 1-4)

2. Raychem Ferex 100 flexible conductive polymer anode (Zones B1-B4, deck
slab; rectifier circuits 5-8)

3. Rescon rigid conductive polymer anode (Zones C1-C2, deck slab; rectifier
circuits 9 and 10)

4, Metallized spray zinc anode (Zones D1-D6, sidewalks and median; rectifier
circuits 11-16)

5. Porter DAC-85 conductive paint anode (Zone E, pier cap; rectifier circuit
17)

The different anode materials were employed as a research effort to study their
performance under the same operational conditions. The protective current is supplied
using a rectifier manufactured by Goodall Electric Inc.
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The performance of each cathodic protection system is monitored using embedded and
fixed location portable monitors. One silver/silver chloride reference cell and one macro-
cell rebar probe is embedded in every zone. In addition, two corrosion rate probes are
embedded in every zone (except for zones D1 through D6 and zone E where portable
corrosion rate probes are used) and periodically tested according to the manufacturer’s test
procedures to monitor corrosion control effectiveness by cathodic protection.

III. TEST PROCEDURES

The following test procedures were used during the post-installation and activation testing:

1. Inspection of the Cathodic Protection Systems - All system wiring was tested for

proper installation. The rectifier was also inspected to insure proper operation.

2. Electrical Resistance Measurements - Electrical resistance measurements were
taken between the various components of the cathodic protection system at the
rectifier. The measurements were obtained using a Nilsson Model 400 AC
resistance meter.

3. Reference Cell Potential and Rebar Probe Current Measurements - The static

potential of all reference electrodes and the corrosion current of all macro-cell
rebar probes were measured using a Miller model LC-4 voltmeter.

4, Rate of Corrosion Measurements - Corrosion rate measurements were conducted
using the K.C. Clear Inc. 3LP corrosion rate instrument and probes. The
measurements were taken according to the manufacturer’s instructions and
recommendations.

5. E Log I Testing - E Log I testing was performed for each zone using its embedded
silver/silver chloride reference cell and a portable test rectifier capable of reading
"IR-drop free"” potentials. The protective currents were increased at approximately
two minute intervals. Instant-off reference cell potential, current and voltage

107



between the anode and the reinforcing steel were recorded at each current
increment. Analysis was done by computer.

The following test procedures were used 45 days and 90 days after initial system
energization.

1. Depolarization Testing - After the cathodic protection systems were energized with
protective current, depolarization testing was conducted for all cathodic protection
zones. Depolarization potentials were measured with respect to the embedded
silver/silver chloride reference cells. The potential decays were recorded every 30
seconds and monitored for 4 hours using two Omnidata data loggers connected to
the reference cell terminals at the rectifier.

2. Rebar Probe Current Measurements - Each rebar probe current was measured just
before and during depolarization testing. The measurements were taken at the

rectifier across a 10 ohm-shunt resistor using a Miller Model L.C4 voltmeter. The
positive lead of the meter was connected to the rebar probe and the negative lead to
the bridge reinforcing steel.

3. Electrical Resistance Measurements - Electrical resistance measurements were
taken between the various components of each cathodic protection system at the
rectifier. The measurements were obtained using a Nilsson Model 400 AC
resistance meter.

IV.  RESULTS AND ANALYSIS
POST INSTALIATION

1. Inspection of the Cathodic Protection System Components - System wiring errors
were found and corrected at the rectifier. In addition, wiring errors were found and

corrected in the junction boxes corresponding to zones B1 (Raychem anode system)
and D3 (Zinc sprayed anode system).
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Direct electrical contact between the anode and the reinforcing steel were detected
in zones D1, D2, D3 and D6 (these zones are zinc sprayed anode material) during
testing. These contact points were located and eliminated.

The rectifier unit was inspected to insure proper operation. The rectifier meter was
found unable to display circuit voltage and current. In addition, the rectifier did not
measure the voltage drop across the 10 ohm resistor of the macro-cell rebar probes.
Instead, the rectifier meter was displaying the direct potential difference between
the macro-cell rebar probe and the reinforcing steel. The contractor notified the
rectifier manufacturer for correction of these malfunctions.

During testing of the zinc systems, some areas of zinc coating were found
electrically isolated (zone D3). Further investigation revealed that concrete stress
cracks running transverse and full width of the sidewalk reflected through the thin
zinc anode coating. Electrical continuity of the zinc anode coating was re-
established using flame sprayed zinc. The system repair would be evaluated during
the next two evaluation visits.

Electrical Resistance Measurements - Table 1 documents the resistance data taken
between the various components of each cathodic protection system.

The anode-to-system negative resistance measurement for each zone verifies that
the systems will operate within the rectifier’s design capacity. The zinc zones
(circuits 11-16) displayed high circuit resistance due to the small size of these zones.

The reference cell-to-reference cell ground resistances as well as the macro-cell
rebar probe to rebar probe ground resistances were considered normal for
continuous operation. All other resistance measurements documented in table 1
verify that the system is able to provide protective current to the reinforcing steel of
this structure. All the resistance measurements recorded will serve as a baseline for
future system monitoring.
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Anode Potential, Reference Cell Potential and Rebar Probe Current Measurements

- Shown in table 1 are potential measurements taken between the anode and the
system negative of each zone. This "open circuit potential” verifies that the anode
and the reinforcing steel network are electrically isolated and installed correctly.

Also included in table 1 are the corrosion potentials of the embedded reference cell
and each macro-cell rebar probe corrosion current. The negative value of the rebar
probe corrosion current is an indication of the anodic (corroding) behavior of the
rebar probe to the surrounding reinforcing steel. The corrosion potential of the
embedded reference cells indicate the cells are installed near corroding rebars.

Corrosion Rate Measurements - Two permanent corrosion rate probes are
embedded in each of the 10 zones in the bridge deck (circuits 1-10). Portable
probes are being used to measure corrosion rates on the sidewalk, median and pier
cap. Table 2 documents the corrosion rate data results. Presently, there is no
definite corrosion rate threshold value for reinforcing steel in concrete above which
concrete corrosion damage occurs. Such criteria has not yet been clearly
established, but is being researched. However, the rate of corrosion measured and
calculated on this project will serve as a baseline for future monitoring of the system
and can be used to assess and evaluate the effectiveness of each cathodic protection
system.

E Log I Tests - The polarization data collected during E Log I testing is plotted by
computer and shown in figures 1 through 17. The E Log I tests were conducted
using the embedded silver/silver chloride reference cell in each zone. The purpose
of performing the E Log I test is to determine corrosion and cathodic protection
data. According to theory, as increments of current are applied to a structure,
oxidizing and reduction reactions occur on the steel surface. When the reduction
reaction dominates, a plot of the applied current versus the polarized structure
potentials on a semi-log graph gives a straight line called Tafel behavior. The
polarized potential at the beginning of the Tafel segment is the value which
indicates cathodic protection is achieved. Using the above theory, the amount of
cathodic protection current is determined for each zone. The interpretation of the
linear portion of the curve and the break is subject to individual opinion.
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Therefore, to obtain the best fit straight line of the Tafel slope, a linear regression
technique using a computer was adapted by Corrpro Companies, Inc. This
computerized method enables evaluation of all possible linear portion of the graph
to determine the most linear portion of the curve. The linear regression program
then calculates the Tafel slope (Bc), corrosion current (I-corr), corrosion potential
(E-corr), cathodic protection current (I-prot), cathodic protection potential (E-
prot), standard deviation of potential estimate (standard error), closeness of fit of
the estimated data to actual data (R2) and the number of observations used. Table
3 summarizes the results of the E Log I test for each zone. Table 3 also shows
protective current requirements as determined by the E Log I test.

Initial Rectifier Setting and Operating Data - This project utilized different anode

material which have.different anode current density limitations. The operational
current density was kept approximately equal to or less than two milliamperes per
square foot of concrete surface area (as shown in table 4) except for the Elgard 150
anode material where anode current limitations necessitated a current density limit
of approximately 1.5 milliamperes per square foot of concrete surface area. The
effectiveness of the systems in mitigating corrosion of the reinforcing steel would be
evaluated 45 days after initial energization. Tables 5 and 6 show rectifier operating
data taken before and after initial energization, respectively.

FORTY-FIVE DAY EVALUATION

Inspection of the Cathodic Protection System - After 45 days of initial system

energization, the rectifier was inspected for proper operation. No rectifier
malfunctions were detected during this inspection.

A visual inspection of the cathodic protection zones yielded the following:

In zone D3 (zinc anode with Sika top 122 thin cementatious coating), two
areas of Sika top disbondments were detected.
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A small number of dot like rust stains were observed at the east most bottom
face of the pier cap (Porter DAC 85 anode system). The development of
these dots will be monitored during the next evaluation visit.

The repair technique adopted during the post-installation testing on zone D3
anode was still providing effective electrical continuity of the zinc anode
coating. The repairs will again be evaluated during the next evaluation visit.

Depolarization Testing - The specified criterion required that the half-cell potential
depolarize at least 100 millivolts more positive from the "instant-off" potential of
the reinforcing steel when the cathodic protection current is first turned off. The
polarization shift should occur in a reasonable time period which is generally
accepted to be 4 hours maximum. Table 7 documents rectifier operating data taken
before depolarization testing. Depolarization testing was then conducted using two
Omnidata data loggers connected to the embedded silver/silver chloride reference
cell terminals at the rectifier. Instant-off reference cell potentials were obtained by
momentarily interrupting the current for every zone. After power shut off, the
potential decay was automatically recorded by the data loggers at 30 second
intervals. However, potential data logging was terminated after 3 hrs and 4 minutes
for circuits 11 through 17 due to instrument malfunction. The data for these circuits
were then recorded by hand. Figures 18 through 23, show computer generated plots
of the data collected for each zone. The depolarization graphs showed typical
potential decay behavior.

Table 8 summarizes the 4 hour polarization shift on each reference cell for all
zones. The specifications recommend a depolarization range of 100-150 millivolts.
Current settings were re-adjusted accordingly. It should be noted, however, that
recent research has shown that the 100 millivolts may be too conservative and that
higher polarization shift may be desired.

Depolarization testing will also be conducted approximately 90 days after initial
system energization.
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Rebar Probe Current Measurements - Rebar probe current measurements were
taken before and during the depolarization test as shown in table 9. By monitoring
the electrical current produced by electrochemical reactions on the probe and the
surrounding reinforcing steel, whether or not the probe is an anode (corroding,
negative polarity) or a cathode (non-corroding, positive polarity) is determined. All
rebar probes (except rebar probe 11, zone D1) were cathodic with the protective
current applied. When the cathodic protection current was first interrupted, all
rebar probes drifted anodic or less cathodic as expected. This shows that the for
cathodic protection is effective, and that continuous system operation is vital.
Rebar probe 11, although anodic at the beginning of the test, drifted considerably
more anodic by the end of the test. Rebar probe 17 drifted anodic after the current
was turned off, but then went cathodic. This behavior suggests that the rebar probe
is no longer anodic to its surrounding rebar and therefore can no longer be used to
observe current reversal. Since other tests indicate that rebar probe 17 is functional,
whether this behavior is due to condition at the time of the test or polarization due
to protection current is unknown. Figures 24 through 29 show computer generated
plots of the rebar probe current data collected during the depolarization testing.

It should be noted that there is no set criteria for macrocell rebar probes’ behavior
or a recommended maximum corrosion current value. Rebar probes are used as an
indication that the cathodic protection current is being effective in supplying
protection to the steel rebar. By forcing this artificial, highly anodic corrosion cell
to be cathodic or to drift considerably less anodic, it can be assessed that the
cathodic protection current is providing corrosion control to the reinforcing steel.

Rate of Corrosion Measurements - Rate of corrosion measurements were
conducted 24 hours after the depolarization. Table 10 documents the results of the
data collected. Table 11 shows a comparison between the corrosion rate results
obtained during the post-installation testing and this test. Table 11 shows that no
significant change in corrosion rate was measured.

Electrical Resistance Measurements - Table 12 documents electrical resistance

measurements taken between the different components of the system during this
test period and during the post-installation testing. The resistance between each
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reference cell and its ground and between each rebar probe and its ground
increased, a well expected behavior. All monitors are still considered normal for
operation.

-

A slight increase in anode to system negative is also noted for most of the cathodic
protection circuits. This increase was expected due to curing of the concrete and
temperature effects.

6. System Adjustments - A preliminary analysis of all the data collected during the 45
day evaluation period necessitated protective current adjustments. Table 13
documents the new current settings adopted as well as a summary of the initial
settings. The rectifier control for zone D5 (rectifier circuit 15) was unable to
maintain constant current at the very low current requirement. Slightly higher
current was set to insure continuous current control for this zone. Lower protective
currents were adopted for 77 percent of the circuits due to higher than specified -
reference cell polarization shifts. The effectiveness of the new current settings will
be evaluated during the final (90 day) evaluation visit.

Table 14 documents rectifier operating data taken after re-energization of the
system for continuous operation at the 45 day site evaluation.

NINETY DAY EVALUATION

1. Inspection of the Cathodic Protection System - After 90 days of initial system

energization (and 45 days after completion of the first evaluation study of the
systems), the rectifier was inspected for proper operation. No malfunctions were
detected as the rectifier was able to effectively control the current output of every
circuit.

Inspection of the cathodic protection zones yielded the following:

The number and size of Sika top disbondments and cracks increased on the
zinc anode zones (zone D). -
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A large number of dot like rust stains were found on the bottom face of the
pier cap (zone E). The number of these "dots" increased during the past 45
days of system operation.

The repair technique adopted on zone D3 anode during the post-installation testing
and evaluated during the 45 day evaluation period was again tested during this visit.
The repairs made are still providing electrical continuity of the anode. However,
more cracked areas were found especially in zones D1 and D3. Effective cathodic
protection of these zones becomes questionable due to the possible electrical
isolation of the anode at active cracks.

Depolarization Testing - Table 15 documents rectifier operating data taken before
depolarization testing. The rebar probe embedded in zone 12 displayed a negative
voltage drop reading across the 10-ohm shunt. The cathodic protection current
supplied to this zone did not overcome the exceptionally strong corrosion cell of
this rebar probe.

Depolarization testing was then conducted using two Omnidata data loggers
connected to all the silver/silver chloride reference cell terminals at the rectifier.
Instant-off reference cell potential for every zone were taken and the potential
decays were automatically recorded by the data loggers. Figures 30 through 35
show computer generated plots of the data collected for each zone. The
depolarization graphs show expected potential decay shifts for all the reference
cells. All zones are considered to be cathodically protected as per the minimum 100
millivolts polarization shift specification. The 4 hour polarization shift data is
summarized in table 16 along with the previous test results of the 45 day evaluation.

Rebar Probe Current Measurements - Rebar probe current measurements were
taken before and during depolarization testing. The change in polarity and
magnitude of each macrocell current is documented in table 17. All rebar probes
(except rebar probe 11, zone D1) were cathodic with the protective current applied.
With the cathodic protection current turned off, the macrocell rebar probes drifted
cathodic or less anodic as expected.
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Figures 36 through 41 show the computer generated plots of the rebar probe current
data collected.

Rate of Corrosion Measurements - Corrosion rate measurements were conducted
24 hours after the depolarization tests. Table 18 documents the results of the data
collected. Table 19 shows a comparison of all the corrosion rate data obtained
according to specifications for the three test periods. It is noted that no significant
change in corrosion rate was measured during our evaluation periods.

Electrical Resistance Measurements - Table 20 documents electrical resistance
measurements taken between the different components of the cathodic protection
system and after the 90 day depolarization test and during the previous tests. All
resistance measurements obtained between each reference cell and reference cell
ground and between each rebar probe and rebar probe ground are considered
normal for operation. The resistance measured between the anodes and the system
negative are within acceptable limits except for zones 11, 12 and 14 which show a
large increase in circuit resistance. This increase is due to a combination of factors
such as the small size of the zones and the erratic behavior of the zinc anode due to
temporary electrical isolation by reflective concrete cracking.

System Adjustments - Based on the data collected during our testing, the current
output of specific zones was re-adjusted to provide optimum performance as shown
in table 21. The new current settings are believed to provide effective corrosion
mitigation of the reinforced steel structure. Table 22 documents rectifier operating
data taken the day after final re-energization. Reference cell 11 and rebar probe 11,
although found normally operating before depolarization testing started, show no
sign of receiving cathodic protection current despite the fact that the rectifier is
supplying a current output to that zone. This erratic behavior is believed to be
caused by the active concrete cracks of the sidewalk and future performance of this
zone is questionable.

Table 23 documents the current setting for every zone throughout the specified
three testing periods.
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CONCLUSION AND RECOMMENDATIONS

The cathodic protection systems can provide effective corrosion mitigation to the
reinforced concrete structure.

Depolarization test results conducted for all zones during both evaluation periods
meet the specified minimum 100 millivolt polarization shift criterion.

The corrosion cells produced by the rebar probes were greatly reduced by the
cathodic protection current.

The corrosion rate measurements taken before and during the evaluation periods
suggest that no further corrosion is occurring. It is recommended to periodically
conduct this test to establish a statistical record of the corrosion rate of the
reinforcing steel and the effectiveness of the systems in preventing further corrosion
damage.

General appearance of the cathodic protection systems are in good condition.
However, cracking of the Sika Top overlay applied over the zinc anode was visible
especially in zones D3 and D6.

Cathodic protection of the entire area of the median and the sidewalk are
considered questionable due to the discovery of several erratic electrical isolations
in the zinc anode coating.

The rectifier operating data should be collected monthly. This data provides
important information about the operation of the systems and will alert the
existence of any malfunction. These data sheets should be reviewed by a qualified
engineer should any discrepancy or abnormality be noted. It is also recommended
to conduct a yearly detailed evaluation of the systems to insure optimum protection
of the reinforcing steel structure.

tr004(70)
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TABLE 1

POST INSTALLATION SYSTEM DATA
OCTOBER 5, 1988

ANODE REFERENCE CELLS REBAR PROBES

CKT RESISTANCE RESISTANCE

OPEN RESISTANCE  =e-=m=w- sescacaedcneversvtasancaatcecnescmns eececsesescacasccsccevoccccsoc

CKT ANODE GRND/ CORROSION RC/  RC GRND/ RC GRND/ RC GRND/ CORROSION RP/ RP GRND/ RP GRND/

POT TOTAL GRND POTENTIAL RCG TOTAL GRND RP GRND/ INOV GRND/ CURRENT  RPG TOTAL GRND INOV GRND

(mv) (ohm) (-MV) (ohm) (ohm) (ohm) (ohm) (MA) *  (ohm) (ohm) (ohm)

1 572 0.67 363 520 4.0 4.50 4.1 -1.376 91 0.780 1.40

2 454 0.67 310 430 3.2 3.70 3.9 -0.671 160 0.620 1.30
3 460 0.69 263 1100 30 3.60 3.7 -0.291 360 0.640 1.30
4 452 0.64 259 560 3.7 4,20 4.3 -0.199 290 0.6%0 1.40
5 153 0.75 331 820 2.8 3.00 3.2 -0.624 150 0.710 1.20
6 147 0.70 346 1300 2.8 4.00 3.3 -1.040 110 0.900 1.10
7 190 0.73 318 1300 2.6 2.90 3.0 -0.197 370 0.550 0.96
8 172 0.61 33 1300 2.8 3.20 3.2 -0.175 310 0.560 0.96
9 244 0.29 301 580 1.5 1.70 1.5 ~0.961 130 0.340 0.40
10 -236 0.30 285 2000 1.3 1.40 1.4 ~0.29% 300 0.280 0.38
11 -232 2.80 192 790 3.2 3.60 3.8 ~1,225 130 0.610 1.20
12 -149 5.50 3re 300 2.3 2.40 2.7 ~0.845 100 1.060 1.30
13 -239 1.80 386 470 2.3 2.70 3.2 -0.693 110 0.610 1.20
14  -357 9.40 252 420 1.3 1.50 2.2 -0.848 170 0.340 0.88
15 -231 2.70 214 1100 1.3 1.20 2.0 -1,489 97 0.470 1.00
16 -349 3.40 330 460 4.6 0.89 1.4 -1.234 130 0.260 0.49
17 26 1.60 279 1100 2.5 0.95 1.8 -0.509 200 0.340 1.10

* NOTE: (-) Negative current indicates macro-cell rebar probe is anode (corroding)
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TABLE 2

CORROSION RATE DATA RESULTS - INITIAL
OCTOBER 16, 1988

TEMP: 68 DEGREES F

DECK DRY

ECORR POLARIZATION CORROSION CURRENT RATE OF CORROSION
LOCATION (-MVS) RESISTANCE (MA) (MPY)
(ohm)
LP1 170 23.20 1.75 0.8
LP2 162 54.54 0.74 0.3
LP3 180 19.83 2.05 1.0
LP4 88 14.70 2.77 1.3
LP5 209 31.34 1.30 0.6
LP& 278 11.65 3.49 1.7
LP? 144 11.45 3.55 1.7
LP8 165 16.18 2.51 1.2
LP9 238 25.13 1.62 0.7
LP10 38 20.89 1.95 0.9
LP11 181 13.17 3.09 1.5
LP12 216 12.62 3.23 1.5
LP13 218 11.01 3.70 1.8
LP14 175 16.23 2.51 1.2
LP15 178 17.48 2.33 1.1
LP16 216 10.80 3.77 1.8
LP17 167 17.36 2.34 1.1
LrP18 243 13.77 2.96 1.4
LP19 234 9.91 4N 2.0
LP20 256 9.37 4.35 2.1
DIN 337 122.24 0.33 0.1
D1S 507 53.71 0.75 0.3
D2N 251 221.57 0.18 0.0
D28 223 590.86 0.06 0.0
D3N 165 590.86 0.06 0.0
D3s 396 17.37 2.34 1.1
D4N 197 1181.73 0.03 0.0
D4S 167 90.90 0.44 0.2
DSN 230 49.23 0.82 0.4
D5N 197 354.52 0.1 0.0
DéN 230 177.26 0.23 0.1
DéS 260 54.54 0.74 0.3
EX 305 53.7 0.75 0.3
ES 285 22.72 1.79 0.8

NOTE: ALL D & E LOCATIONS WERE TESTED USING A PORTABLE RATE OF CORROSION
PROBE WITH A COPPER/COPPER SULFATE REFERENCE CELL
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TABLE 3

SUMMARY OF ELOGI TEST RESULTS

(INITIAL ENERGIZATION)
(10711 - 10713 1988)

TAFEL SLOPE ICORR ECORR IPROT EPROT
MV/DECADE (MA) (-MV) (MA) (-MV)
183.67 2724.6 360 5123.6 410.4
249.00 1225.4 312 4098.7 462.6
205.90 113.3 262 4894.8 394.5
168.80 3019.3 361 7746.1 430.1
163.80 1914.9 330 5996.7 411.2
152.80 3152.8 347 9246.4 418.2
274.70 2085.¢ 309 6697.9 448.2
222.50 2262.7 325 6696.9 429.9
187.70 1156.2 303 4847.9 419.8
156.10 1727.6 282 6797.1 374.8
1403.90 451.9 274 589.9 432.6
1060.99 386.2 301 939.8 710.8
343.51 291.0 410 729.4 547.1
872.30 188.8 307 344.7 535.1
307.60 116.4 242 424.3 414.8
239.30 71.0 355 219.8 472.5
507.30 1951.7 264 4298.9 438.0
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TABLE 4

PROTECTIVE CURRENT SETTINGS - INITIAL

NOVEMBER 1988

CONCRETE ELOGI ELOGI ACTUAL CURRENT
SURFACE CURRENT CURRENT CURRENT DENSITY
CKT AREA (A) DENSITY SETTING  (MA/SQ FT)
(FT SQ) (mA/SQ FT) (A)
1 2884 5.124 1.78 4.5 1.56
2 2884 4.099 1.42 4.0 1.39
3 2884 4.899 1.70 3.5 1.21
4 2884 7.746 2.69 4.5 1.56
5 2884 5.997 2.08 5.8 2.01
6 2884 9.246 3.21 5.8 2.01
7 2884 6.697 2.32 5.0 1.73
8 2884 6.697 2.32 5.8 2.01
9 4704 4.845 1.03 4.5 0.96
10 4704 6.797 2.36 6.0 1.28
1 412 0.590 1.43 0.4 0.85
12 1648 0.940 0.57 0.9 0.55
13 1854 0.730 0.39 0.9 0.46
14 168 0.345 2.05 0.2 0.89
15 672 0.424 0.63 0.3 0.37
16 756 0.220 0.29 0.3 0.4
17 1180 4.299 3.64 2.3 1.91

* MINIMUM CURRENT OUTPUT ALLOWED BY THE CONTROL CARD OF THE CIRCUIT
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TABLE 5

MAINTENANCE DATA SHEE™

[8Y]

ricce Deck !dentification:

Sectéler Losation N.E. Abutment Wall Deck Condition: —_Lry

-3 10/28/88 Time: Ambient Temperature: —_ 55~

Tester(s)___R Rectifier Model No.: TIACE 40/20-10(17)DGNPSZ
DC Amps 10 (cxts 1-17)

Rectifier S/N:__88A1052 Type Q033052 ~ Rectifier DC Rating: RC Volits 20 {ckis 1-13) 40 (ckis 14-17)

General Remarks: Pre—energization data. Rectifier "OFF." Voltage measurements are

ooen circuit potential between anode and structure negative. Open circuit

octential for zones 11-16 negative due to zinc anode material.

[ [
Controi Rebar Reference Instant—~off
Light Probe Cell Voltage Current Reference cell
Circuit ‘on/off) | (volts) (volts) (volts (amps) (volts)# Pemarks
- Rebcr zrcce measurements were
! OrF -.0138 360 57 0 ] toker .sing o poriable voltmeter
2 OFF -.0067 304 .45 0] r
3 OFF -.0029 266 46 0]
— -

4 OFF —-.0020 352 .45 0 T
5 OFF -.00625 331 15 0
5 OFF -.00104 335 .15 0
7 OrFF ~.00197 302 19 0
Z CFF ~-.00175 323 A7 0
< OFF —-.00961 299 24 0
i OFF -.00296 .280 24 0
i OFF -.01225 271 ~.23 0
12 OFF -.00845 .255 -.15 0 ]
13 OFF —-.00693 .361 ~-.24 | Q
T4 OFF —-.00848 297 ~.36 0
13 OFF | -.01489| .295 ~23 - 0
15 OFF -.00123 .380 -.35 0
17 | OFF | -o0s09| 253 | 026 0

Total current 0

I
Note: ==zfer to instruction sheet concerning all measurements.
» ‘decsurements require @ portable voltmeter. ostx2{wi-1i)
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TABLE 6

MAINTENANCE DATA SHEET

Bridge Deck Identification:US 87 Railroad Overpass ~ Howard County, Big Spring, Texas

Rectifier Location:_N.E. Abutment Wall Deck Condition:—Dry

Date: 1&/28/88 Time: ‘Ambient Temperature: 55° F

Tester(s): R Rectifier Model No.: TIACE 40/20~10{17)DGNPSZ
BC Amps 10 (ckis 1—17)

Rectifier S/N:__88A1082 Type 0033052 Rectifier DC Rating: DC_Volts 20 (ckts 1-13) 40 (ckts 14-17)

General Remarks: |nitial energization data. Rebar probe measurements were token

using a portable voltmeter.

Ei?;rr\wttm' g?c?gé gg‘flerence Voltage Current Igesftgrnetn_c?effceH
Circuit | (on/off) | (volts) (volts) (volts {amps) (volts)» Remarks
1 | ON | -.00200 .449 4.98 4.50 401
2 ON .00200 .588 4.71 4.00 416
3 ON .00200 427 4.68 3.50 .360
4 ON .00200 .460 4.83 4.50 410
5 ON .00015 837 13.79 5.80 470
6 ON .00101 644 13.63 5.80 479
7 ON .00202 518 13.30 5.00 399
8 ON .00212J .587 14.77 4.80 410
9 ON .00105 .490 2.99 4.50 397
10 CON .00215 429 3.51 6.00 355
11 ON -.00290 | 1.420 5.62 .35 572
12 ON 04550 | 1.220 10.95 .90 570
13 ON .00425 | 2.140 13.46 .85 .830
14 ON 03010 | 2.730 6.39 15 610
15 ON .00620 | 1.290 3.81 - .25 540
16 ON .00967 | 1.050 6.85 .30 450
17 ON 00851 | 1.160 | 7.06 2.25 400
Total current 54.0

Note: Refer to instruction sheet concerning all measurements.
* Meogsurements require g portable voltmeter. bstx1{wi—fl)
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TABLE 7

VAINTENANCE DATA SHEET

Bridge Deck Identification:——<S 87 Railroad Overpass — Howard County, Big Spring, Texas

Rectifier Location:
Date:

Tester(s):

N.E. “zutment Wall

12/15/88

Time:

TR

Deck Condition:——Dry

Ambient Temperature: 33 F

Rectifier Model No.: TJACE 40/20-10(17)DG237Z

DC Amps 10 (ckts 1-17)

Rectifier S/N:__88A1052 "vpe Q033052 Rectifier DC Rating: DC_Voits 20 (ckts 1-13) 40 (ckis “£-17:

General Remarks: Before cepolarization testing.

Controt Rebar Reference Instant—off 1,
Light Probe Zelt Voltage Current Reference cell ]
Circuit (on/off) | (volts) “volts) (volts% (amps) (volts)= Remarks
| ON 006 541 5.6 4.62 511 |
2 ON .006 AR 53 4.11 566
3 ON .006 .668 5.9 | 3.62 532 !
4 ON .005 546 57 4,62 514
S ON .004 $.092 11.4 5.98 679
6 ON .005 .751 10.7 592 597
7 ON .005 773 10.9 5.09 573 !
8 ON 005 926 10.3 5.93 618 ‘
9 ON .005 551 4.1 4.46 430
10 ON 004 515 5.4 6.17 423 |
L 11 L ON -.003 364 1.9 44 .485
Cut of Meter out of scale *=-
12 CON .0085 Scale 17.7 .98 1.194 reference cell meast-am=nis
13 ON .01 815 2.5 .86 .680
14 ON .034 1464 7.8 25 797
15 ON 011 .030 2.4 33 559
| 16 ON 012 825 6 4 627
Dut of Meter out of scale fc-
17 ON 013 Seale 9.9 2.39 956 reference cell measurz~ar-s
Total current 56.75

Note: Refer to instruction shest concerning all measurements.
* Measurements require a porizole voltmeter.
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TABLE 8

DEPOLARIZATION TEST - 45 DAYS

DECEMBER 13, 1938

REFERENCE 4 HR POLARIZATION SHIFT
CELL (-MVS)
1 143
2 236
3 229
4 115
5 333
6 195
7 226
8 204
9 175
10 124
1" 173
12 954
13 265
14 478
15 226
16 274
17 597
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TABLE 9
DEPOLARIZATION TEST DATA - 45 DAY

REBAR PROBE CORROSION CURRENT (MA) *
DECEMBER 13, 1988

REBAR PROBE NUMBER

MINUTES 1 2 3 4 5 6 7 8 9 10 1" 12 13 16 15 16 17

*x 0.308 0.324 0.223 0.348 0.233 0.186 0.471 0.320 0.219 0.303 -0.305 0.881 0.600 3.640 0.750 1.166 1.177

0.5 0.001 -0.161 -0.106 0.026 -0.088 0.055 0.060 0.055 -0.186 -0.039 -0.347 -0.404 -0.087 -0.365 -0.317 -0.318 -0.071

9 0.001 -0.245 -0.116 0.011  -0.117 -0.001 0.022 0.035 -0.238 -0.033 -0.4586 -0.450 -0.082 -0.673 -0.345 -0.383 -0.016

16 -0.001 -0.249 -0.123 0.009 -0.123 -0.019 0.012 0.025 -0.250 -0.055 -0.452 -0.463 -0.087 -0.335 -0.365 -0.364 -0.004

31 -0.016 -0.2649 -0.122 0.009 -0.127 -0.037 0.006 0.016 -0.262 -0.055 -0.492 -0.463 -0.092 -0.267 -0.393 -0.371 -0.006

60 -0.036 -0.249 -0.121 0.008 -0.136 -0.061 0.000 0.017 -0.27% -0.055 -0.554 -0.454 -0.108 -0.226 -0.457 -0.379 -0.032

90 -0.066 -0.258 -0.126 0.004 -0.154 -0.086 -0.007 0.006 -0.291 -0.059 -0.600 -0.40% -0.127 -0.179 -0.539 -0.395 0.045

120 -0.085 -0.263 --0.133 -0.001 -0.165 -0.100 -0.010 0.002 -0.306 -0.065 0.599 -0.363 -0.144 -0.142 -0.589 -0.416 0.050

180 -0.090 -0.285 -0.143 -0.002 -0.193 -0.128 -0.017 -0.013 -0.336 -0.074 -0.707 -0.285 -0.182 -0.070 -0.677 -0.489 0.053

240 -0.180 -0.322 -0.160 -0.004 -0.227 -~0.155 -0.250 -0.011 -0.372 -0.086 -0.915 -0.295 -0.223 -0.039 -0.767 -0.552 0.050
NOTES:

* Negative current indicates the macro-cell rebar probe is anodic (corroding) and
positive current indicates the macro-cell rebar probe is cathodic (protected).

** Measurement obtained just before depolarization test started (i.e. before rectifier shut off)



TABLE 10

CORROSION RATE DATA RESULTS - 45 DAYS
DECEMBER 14, 1988

TEMP: 45 DEGREES F DECK DRY
ECORR POLARIZATION CORROSION CURRENT RATE OF CORROSION
LOCATION (-MVS) RESISTANCE (MA) (MPY)
(OHM)
LP1 145 28.25 1.44 0.7
LpP2 137 51.94 0.78 0.3
LP3 166 24.34 1.67 0.8
LPé 145 22.63 1.80 0.8
LPS 174 28.11 1.45 0.7
LP6 280 14.24 2.86 1.4
LP?7 117 11.26 3.61 1.7
LP8 143 13.80 2.95 1.4
LP9 202 29.16 1.39 0.6
LP10 89 20.89 1.95 0.9
LP11 156 11.26 3.61 1.7
Lp12 202 12.45 3.27 1.6
Lp13 193 14.74 2.76 1.3
LP14 127 14.35 2.84 1.3
LP15 139 16.83 2.42 1.1
LP16 164 10.04 4.05 1.9
LP17 157 14.20 2.87 1.4
LP18 272 13.30 3.05 1.4
Lp19 233 11.90 3.42 1.6
LP20 232 9.95 4.09 2.0
DIN 382 94.39 0.43 0.2
D1s 352 160.71 0.38 0.1
D2N 49N 409.06 0.09 0.0
D2s 360 245.43 0.16 0.0
D3N 290 153.39 0.26 0.1
03s 219 93.39 0.43 0.2
D4N 494 144.37 0.28 0.1
D4s 485 29.21 1.39 0.6
D5N 238 31.46 1.29 0.6
D5N 263 35.78 0.73 0.3
D6N 258 90.90 0.44 0.2
D6S 178 33.62 1.21 0.5
EN 326 76.69 0.53 0.2
ES 301 33.62 1.22 0.5
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TABLE 1

SUMMARY OF CORROSION RATE RESULTS
INITIAL AND 45 DAYS OF CONTINUOUS C.P.

10/6/88 12/14/88
LOCATION 68 F 45 F
(MPY) (MPY)

LP1 0.8 0.7
LP2 0.3 0.3
LP3 1.0 0.8
LP4 1.3 0.8
LPS 0.6 0.7
LP6 1.7 1.4
LP7 1.7 1.7
LP8 1.2 1.4
P9 0.7 0.6
LP10 0.9 0.9
PN 1.5 1.7
P12 1.5 1.6
LP13 1.8 1.3
LP14 1.2 1.3
LP15 1.1 1.1
LP16 1.8 1.9
LP17 1.1 1.4
LP18 1.4 1.4
LP19 2.0 1.6
LP20 2.1 2.0
DIN 0.1 0.2
D1s 0.3 0.1
b2N 0.0 0.0
D2s 0.0 0.0
D3N 0.0 0.1
D3S 0.1 0.2
04N 0.0 0.1
D4S 0.2 0.6
05N 0.4 0.6
D5N 0.0 0.3
D6N 0.1 0.2
DéS 0.3 0.5
EN 0.3 0.2
ES 0.8 0.5
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TABLE 12

SUMMARY OF RESISTANCE MEASUREMENTS (OHMS)
INITIAL AND 45 DAY

INITIAL 45 DAY
OCTOBER 5, 1988 DECEMBER 13, 1988
cKT ANODE/ ANODE/  RC/ RP/ ANODE/ ANODE/ RC/ RP/
TOTAL INDV. RCG RPG TOTAL TOTAL RCG RPG
GRND GRND GRND GRND
1 0.67 1.30 520 91 0.67 1.30 1200 220
2 0.67 1.30 430 160 0.68 1.50 1200 350
3 0.69 1.30 1100 360 0.73 1.40 2600 780
4 0.64 1.25 560 290 0.67 1.30 1100 700
5 0.75 1.20 820 150 0.77 1.30 1800 300
6 0.70 1.20 1300 110 0.75 1.30 3100 240
7 0.73 1.20 1300 370 0.83 1.30 2900 900
8 0.61 1.00 1300 310 0.76 1.20 3500 740
9 0.29 0.35 580 130 0.31 0.34 1500 280
10 0.30 0.34 2000 300 0.32 0.37 4100 720
1" 2.80 2.00 790 130 2.95 2.00 720 220
12 5.50 6.00 300 100 5.65 6.20 1200 350
13 1.80 2.00 470 110 1.90 2.30 1150 260
14 9.40 9.70 420 170 15.00 15.00 690 450
15 2.70 3.00 1100 97 2.90 3.00 1800 200
16 3.40 3.60 460 130 4.80 4.90 1700 400
17 1.60 1.80 1100 200 2.30 2.40 1700 570
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TABLE 13

SUMMARY OF PROTECTIVE CURRENT SETTINGS
INITIAL AND 45 DAYS

INITIAL 45 DAYS
NOVEMBER 1988 DECEMBER 1988
E=32  xITESE=S== 0 SSICSSSERSSSCSSSSSSIITSSEIITSSITISSSTESITSIE=T 0 SEScSsSISsscascsssasss
CONCRETE ELOGI ELOGI ACTUAL CURRENT CURRENT
SURFACE CURRENT CURRENT CURRENT DENSITY CURRENT DENSITY
cKT AREA (A) DENSITY SETTING  (MA/SQ FT) SETTING (MA/SQ FT)
(FT sQ) (mA/sq ft) (A) (A)
===3 z==
1 2884 5.124 1.78 4.5 1.56 4.50 1.56
2 2884 4.099 1.42 4.0 1.39 3.50 1.21
3 2884 4.899 1.70 3.5 1.21 3.20 .1
4 2884 7.746 2.69 4.5 1.56 4.50 1.56
5 2884 5.997 2.08 5.8 2.01 5.00 1.73
[ 2884 9.246 3.2 5.8 2.0 5.50 1.91
7 2884 6.697 2.32 5.0 1.73 4.70 1.63
3 2884 6.697 2.32 5.8 2.01 5.50 1.91
9 4704 4.845 1.03 4.5 0.96 4.20 0.89
10 4704 6.797 2.36 6.0 1.28 6.00 1.28
" 412 0.590 1.43 0.4 0.85 0.30 0.73
12 1648 0.940 0.57 0.9 0.55 0.35 c.21
13 1854 0.730 0.39 0.9 0.46 0.50 0.27
14 168 0.345 2.05 0.2 0.89 0.10 .60
15 672 0.424 0.63 0.3 0.37 0.25 * 0.37
16 756 0.220 0.29 0.3 0.4 0.20 0.26
17 1180 4.299 3.64 2.3 1.91 1.50 1.27

* MINIMUM CURRENT OUTPUT ALLOWED BY THE CONTROL CARD OF THE CIRCUIT
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TABLE 14

MAINTENANCE DATA SHEET

Bridge Deck ldentification:-—US 87 Railroad Qverpcss — Howard County, Big Spring, Texas

Rectifier Location: N.E. Abutment Wall Deck Condition:0ry

Date: 12/15/88 Time: Ambient Temperature: 33°F

Tester(s): TR Rectifier Model No.: TIACE 40/20-10(17)DGNPSZ
DC Amps 10 (ckts 1-17)

Rectifier S/N:_88A10052 Type 0033082 Rectifier DC Rating: DC Volts 20 (ckts 1-13) 40 (ckts 14-17)

General Remarks: Re—energization data taken after testing was completed.

Control Rebar Reference instant —off
Circuit I(_<I>gnh/toff) ’(D\:gl?se) ((:veclllts) \(/\?cl)tl?s y ((:cur::?g)t ?\?gﬁs?ce cel Remarks
ON 010 501 5.20 250 450
2 ON .007 .640 4.60 3.48 .489
3 ON 004 596 5.10 | 3.19 461
4 ON .005 510 5.20 4.50 456
5 ON .004 978 10.20 5.01 612
6 ON 004 .758 10.40 .50 .558
7 ON 004 628 11.20 «.71 479
{ 3 ON .004 .825 11.00 5.51 .545
i 9 ON 004 536 3.50 4.20 426
F 10 ON 004 487 4.90 6.03 404 .
11 ON 010 .700 2.40 .38 490
2] on | om (98 | ra0 | 3 | eiy |V ostel seowior eieance
13 ON 011 .758 210 49 624
14 ON 016 926 2.40 .08 499
15 ON RORN 712 1.50 - .24 491
16 ON 012 605 2.70 .20 479
17 ON 011 1.945 7.30 1.52 691 JJ
Total current 49.90

Note: Refer to instruction sheet concerning all measurements.

*

Measurements require @ portable voitmeter. bstx4{wi~fi)
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TABLE 15

VAINTENANCE DATA SHEET

Bridge Deck Identification:— S 87 Railroad Qverpass — Howard County, Big Spring, Texcs

Rectifier Location:

Date: 1/31/89

N.E. 2hutment Wall

Time:

8:20 AM

Tester(s): R

Rectifier S/N:

88A1052 Type Q033052

General Remarks: Before depolarization testing.

Deck Condition:— Dry

Ambient Temperature:

45° F

Rectifier Model No.: TJACE 40/20-10(17)DG!.”PSZ

DC Amps 10 (ckts 1-17)

N

Rectifier OC Rating: DC Voits 20 LCR!S 1*13&0 @S 4T

Contro! Rebar Reference Instant—~off

Circuit %é)gnh/toff) (Pvrgl?g) (f_:fcillts) \(/\?cltl?s%e ((:ourrnr;(i'g)t f(?vegﬁgz)er:ce cel Remarks |
1 ON .005 £08 L 5.4 4.44 440 1
2 ON | 004 | 816 | 48 | 3.44 465 |
3 ON .002 5337 5.4 3.15 425
4 ON 004 505 55 4.44 443
5 ON .004 1.055 10.0 4.97 636
6 | ON | 003 | 822 9.8 | 545 596
7 ] ON .006 734 10.4 4.67 520 |
3 I ON 006 840 9.7 5.46 563 E
9 T ON .004 522 3.6 413 411
10—T ON .005 SN 5.0 5.96 434
" ON -.002 451 9.2 .36 359
12 ON 010 661 24.8 .22 530
13 ON .01 774 4.7 47 673
14 ON 011 676 _ 54 1A .500 |
15 ON .006 523 2.1 .25 405
16 ON .008 .508 «3.0 19 440 |
17 ON 011 1.929 7.9 1.49 795

Total current 48.9
Note: Refer to instruction sreet ¢oncerning all measurements.

*

Measurements require a gortable voltmeter.
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TABLE 16

SUMMARY OF DEPOLARIZATION TESTS
45 AND 90 DAYS

45 DAY 90 DAY
DECEMBER 13, 1988 JANUARY 31, 1989
REFERENCE 4 HR POLARIZATION SHIFT 4 HR POLARIZATION SHIFT
CELL (-MVS) (-MVS)
TSS=S=IS==

1 143 129
2 236 189
3 229 179
4 115 104
5 333 347
6 195 253
7 226 221
8 204 216
9 175 156
10 124 153
1" 175 113
12 954 313
13 265 386
14 478 250
15 226 132
16 274 157
17 597 338
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TABLE 17
DEPOLARIZATION TEST DATA - 90- DAY

REBAR PROBE CORROSION CURRENT (MA)
JANUARY 31, 1989

REBAR PROBE NUMBER

MINUTES 1 2 3 4 S 6 7 8 9 10 12 13 14 15 16 17
0 0.299 0.243 0.210 0.364 0.306 0.085 0.496 0.329 0.223 0.336 -0.015 0.773 0.829 1.023 0.298 0.556 0.980
0.5 0.040 0.001 -0.105 0.040 -0.039 0.030 0.082 0.061 -0.113 -0.037 -0.892 0.455 -0.138 -0.199 -0.300 -0.214 -0.062
0.025 -0.234 -0.150 0.005 -0.108 -0.012 0.048 0.023 -0.145 -0.064 -0.938 -0.053 -0.139 -0.214 -0.306 -0.247 -0.035

5 0.024 -0.259 -0.156 0.001 -0.114¢ -0.033 0.031 0.011  -0.214 -0.069 -0.961 0.045 -0.141 -0.212 -0.306 -0.264 -0.009
15 0.012 -0.279 -0.155 -0.002 -0.113 -0.070 0.012 0.003 -0.234 -0.067 -1.0M 0.048 -0.136 -0.198 -0.326 -0.267 0.022
30 0.000 -0.280 -0.155 -0.002 -0.113 -0.098 0.006 -0.001 -0.244 -0.063 -1.061 0.106 -0.138 -0.178 -0.345 -0.264 0.055
60 -0.030 -0.289 -0.155 -0.004 -0.112 -0.129 -0.001 -0.006 -0.257 -0.062 -1.140 0.027 -0.152 -0.103 -0.362 '-0.260 0.081
120 -0.087 -0.311. -0.165 -0.011 -0.147 -0.187 -0.008 -0.019 -0.288 -0.069 -1.327 0.013  -0.184 -0.003 -0.406 -0.241 0.095
180 -0.133 -0.342 -0.182 -0.015 -0.173 -0.227 -0.016 -0.028 -0.319 -0.079 -1.417 -0.003 -0.202 -0.015 -0.446 -0.243 0.097
240 -0.190 -0.387 -0.209 -0.025 -0.209 -0.277 -0.027 -0.043 -0.359 -0.095 ~-1.418 -0.016 -0.219 -0.016 -0.520 -0.250 0.095



TABLE 18

CORROSION RATE DATA RESULTS - 90 DAY
FEBRUARY 2, 1989

TEMP: 68 DEGREES F DECK DRY
ECORR POLARIZATION CORROSION CURRENT  RATE OF CORROSION
LOCATION (-MVS) RESISTANCE (MA) (MPY)
(OHMS)
LP1 118 32.65 1.24 0.6
LP2 105 60.24 0.67 0.3
LP3 136 24.45 1.66 0.8
LP4 99 22.91 1.77 0.8
LPS 140 30.47 1.33 0.6
LP6& 266 9.21 4.42 2.1
LP?7 85 20.89 1.95 0.9
LP8 101 17.36 2.34 1.1
LP9 170 22.08 1.84 0.9
LP10 33 16.93 2.40 1.1
LP11 130 9.09 4.48 2.1
LP12 180 16.99 2.40 1.1
LP13 175 13.04 3.12 1.5
LP14 119 13.14 3.10 1.5
LP15 116 16.57 2.45 1.2
LP16 148 11.60 3.51 1.7
P17 133 17.36 2.34 1.1
LP18 237 13.87 2.93 1.4
LP19 216 10.19 4.00 1.9
LP20 200 10.75 3.79 1.8
DIN 178 311.66 0.13 0.0
p1s 160 311.66 0.13 0.0
D2N 376 346.49 0.1 0.0
p2s 255 311.66 0.13 0.0
D3N 240 167.82 0.24 0.1
b3S 195 167.82 0.24 0.1
D4N 278 545.41 0.07 0.0
D4S 500 727.22 0.05 0.0
DSN 285 54.54 0.74 0.3
DSN 330 75.22 0.54 0.2
D6N 221 94.85 0.42 0.2
D6S 120 311.66 0.13 0.0
EN 210 83.91 0.48 0.2
ES 191 62.33 0.65 0.3

NOTE: ALL D & E LOCATIONS WERE TESTED USING A PORTABLE RATE OF CORRQSION
PROBE WITH A COPPER/COPPER SULFATE REFERENCE CELL
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TABLE 19

SUMMARY OF CORROSION RATE RESULTS
INITIAL, 45 AND 90 DAY

10/6/88 12/14/88 2/2/89
LOCATION 68 F 45 F 65 F
(MPY) (MPY) (MPY)

LP1 0.8 0.7 0.6
LP2 0.3 0.3 0.3
LP3 1.0 0.8 0.8
LP4 1.3 0.8 0.8
LP5 0.6 0.7 0.6
LP6 1.7 1.4 2.1
LP7 1.7 1.7 0.9
LP8 1.2 1.4 1.1
LP9 0.7 0.6 0.9
LP10 0.9 0.9 1.1
LP1 1.5 1.7 2.1
P12 1.5 1.6 1.1
LP13 1.8 1.3 1.5
LP14 1.2 1.3 1.5
LP15 1.1 1.1 1.2
LP16 1.8 1.9 1.7
LP17 1.1 1.4 1.1
LP18 1.4 1.4 1.4
LP19 2.0 1.6 1.9
LP20 2.1 2.0 1.8
DIN 0.1 0.2 0.0
D1s 0.3 0.1 0.0
DN 0.0 0.0 0.0
D2s 0.0 0.0 0.0
D3N 0.0 0.1 0.1
D3s 0.1 0.2 0.1
D4N 0.0 0.1 0.0
D4S 0.2 0.6 0.0
D5N 0.4 0.6 0.3
D5N 0.0 0.3 0.2
D6N 0.1 0.2 0.2
D6S 0.3 0.5 0.0
EN 0.3 0.2 0.2
ES 0.8 0.5 0.3

NOTE: All D & E locations were tested using a portable rate of
corrosion probe with a copper/copper sulfate reference cell.
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SUMMARY OF RESISTANCE MEASUREMENTS (OHMS)
INITIAL, 45 AND 90 DAY

TABLE 20

45 DA

DECEMBER 13, 1988

Y

90 DAY

JANUARY 31, 1989

ANODE/ ANODE/  RC/ RP/ ANODE/ ANODE/ RC/ RP/ ANODE/ ANODE/ RC/ RP/
TOTAL INDV. RCG RPG TOTAL TOTAL RCG RPG TOTAL INDV. RCG RPG
GRND GRND GRND GRND GRND GRND
0.67 1.30 520 9N 0.67 1.30 1200 220 0.68 1.40 1100 185
0.67 1.30 430 160 0.68 1.50 1200 350 0.68 1.45 1200 207
0.69 1.30 1100 360 0.73 1.40 2600 780 0.78 1.40 2300 585
0.64 1.25 560 290 0.67 1.30 1100 700 0.67 1.30 1100 520
0.75 1.20 820 150 0.77 1.30 1800 300 0.73 1.20 1500 250
0.70 1.20 1300 110 0.75 1.30 3100 240 0.67 1.20 3400 190
0.73 1.20 1300 370 0.83 1.30 2900 900 0.75 1.20 2400 750
0.61 1.00 1300 310 0.76 1.20 3500 740 0.63 1.05 3200 560
0.29 0.35 580 130 0.31 0.34 1500 280 0.30 0.38 1400 230
0.30 0.34 2000 300 0.32 0.37 4100 720 0.35 0.40 3900 525
2.80 2.00 790 130 2.95 2.00 720 220 14.00 15.50 890 165
5.50 6.00 300 100 5.65 6.20 1200 350 31.00 31.00 1050 250
1.80 2.00 470 110 1.90 2.30 1150 260 2.80 3.10 1050 220
9.40 9.70 420 170 15.00 15.00 690 450 18.00 17.50 590 350
2.70 3.00 1100 97 2.90 3.00 1800 200 2.00 2.10 1200 175
3.40 3.60 460 130 4.80 4.90 1700 400 4.50 2.10 1300 330
1.60 1.80 1100 200 2.30 2.40 1700 570 2.30 2.30 1500 550
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TABLE 21

MAINTENANCE DATA SHEET

Sricce Deck Identification:—US 87 Railroad OQverpass — Howard County, Big Soring, Texas

Rec-ifier Locotion:_N.E. Abuiment Wall Deck Condition:—_Dry

o -

Dcte: 2/1/89 Time: 2:20 PM Ambient Temperature: 72 =

LOLT.

Tester(s):__1R Rectifier Model No.:_TIACE 40/20-~10(17)DGNPSZ
DC Amps 10 {ckts 1~17)

Rectifier S/N:__88A1052 Type 0033052 _ Rectifier DC Rating: -DC Voits 20 fckts 1-13) 40 (ckts 14-17)

Genercl Remarks: Reé—energization data.

Contro! Rebar Reference Instant-off

Clrouit %;gnvoff) ?vrgl?se) %vecylts) \(/\?cgtlss%e (Cctjr:\rgg)t l(?vegﬁ;o%:\ce cell _ Remarks
ON .002 404 5.4 4.80 371
2 | ON .005 508 4.6 3.55 395
3 ON .005 441 4.8 3.26 .380
4 ON .005 428 5.3 4.81 .389
5 ON .005 521 6.4 4.88 420
5 | ON .002 372 6.5 5.32 337
L 7o ON 006 482 6.8 4.78 .388
B ON 005 577 6.7 5.56 451
1 g ON .003 406 2.7 4.26 351
0 ON 005 379 3.6 6.07 325
11 ON |-.012 311 9.7 .36 312
12 ON .006 353 158 | .32 328
3 ON 011 653 2.5 45 569
4] ON .028. 864 3.0 13 554
15 [ ON 002 349 8 41 .289
18 ON 014 434 1.9 25 365
7 ON | .013 1.335 5.5 1.29 690

Tota! current 50.2

“ote: “efer to instruction sheet concerning all measurements.

Mecsurements require g portable voltmeter. DStuB(wi~11)
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TABLE 22

MAINTENANCE DATA SHEET

Bridge Deck Identification:—US 87 Railroad Overpass = Howard County, Big Spring, Texas

Rectifier Location:_ N.E. Abutment Wall Deck Condition: Iy
Date: 2/2/89 Time: 8:30_AM Ambient Temperature: 52° F
Tester(s): TR Rectifier Model No.:_TIACE 40/20~10(17)DGNPSZ
DC Amps 10 (ckts 1=17)
Rectifier S/N:_88A1052 Type 0033052  Rectifier DC Roting: DG Volts 20 (ckts 1-13) 40 (ckts 14-17)

General Remarks:

Control Rebar Reference Instant—off
Circuit l(_ci>gr\h/toff) (p\/rgltt)se) (Cvec')Its) | \(/\?étlgs Y : %::r;rgrsw)t F(?Veof'et;tgcce cell Remarks
1 ON .004 479 3.5 ’ 485 418
2 ON | .004 | .574 47 | 356 449
3 CN .005 501 5.1 3.28 392
4 ON .004 485 5.5 4.86 433
s ON .003 901 9.3 4.91 570
6 | ON .007 692 8.3 | 534 499
7 ON .005 .666 9.6 I 4.81 B 482
3 ON 003 710 9.0 | 5.61 .506
9 ON .005 475 3.4 4.29 387
10 ON .005 463 4.5 6.13 .395
iR ON -.010 318 19.5 0.42 311
12 ON .008 337 24.9 0.25 317
13 ON 015 675 4.1 0.46 596
14 ON 015 752 5.6 0.15 536
15 ON .000 315 0.9- 0.45 .285
16 ON ] .008 518 3.3 0.28 444
17 ON | .009 1.209 7.0 1.31 .740
Total current { 50.70

Note: Refer to instruction sheet concerning all measurements.
+ Measurements require o portable voltmeter. bstx7{wl=~11)
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TABLE 23

SUMMARY OF PROTECTIVE CURRENT SETTINGS
INITIAL, 45 AND 90 DAYS

INITIAL 45 DAYS 90 DAYS

NOVEMBER 1988 DECEMBER 1988 FEBRUARY 1989
CONCRETE ELOGI ELOGI ACTUAL CURRENT CURRENT CURRENT
SURFACE CURRENT CURRENT CURRENT DENSITY CURRENT DENSITY CURRENT DENSITY

CXT AREA (A) DENSITY SETTING (MA/SQ FT) SETTING (MA/SQ FT) SETTING  (MA/SQ FT)

(FT SQ) (mA/sq ft) (R) (A) (A)

1 2884 5.124 1.78 4.5 1.56 4.50 1.56 4.750 1.64
2 2884 4.099 1.42 4.0 1.39 3.50 1.21 3.500 1.21
3 2884 4.899 1.70 3.5 1.21 3.20 1.1 3.200 1.1
4 2884 7.746 2.69 4.5 1.56 4.50 1.56 4.750 1.64
5 2884 5.997 2.08 5.8 2.01 5.00 1.73 4.800 1.67
6 2884 9.246 3.21 5.8 2.01 5.50 1.9 5.250 1.82
7 2884 6.697 2.32 5.0 1.73 4.70 1.63 4.700 1.63
8 2884 6.697 2.32 5.8 2.01 5.50 1.91 5.500 1.91
9 4704 4.845 1.03 4.5 0.96 4.20 0.89 4.200 0.89
10 4704 6.797 2.36 6.0 1.28 6.00 1.28 6.000 1.28
1" 412 0.590 1.43 0.4 0.85 0.30 0.73 0.350 0.85
12 1648 0.940 0.57 0.9 0.55 0.35 0.21 0.325 0.21
13 1854 0.730 0.39 0.9 0.46 0.50 0.27 0.450 0.24
14 168 0.345 2.05 0.2 0.89 0.10 0.60 0.100 0.60
15 672 0.424 0.63 0.3 0.37 0.25 * 0.37 0.400 0.60
16 756 0.220 0.29 0.3 0.4 0.20 0.26 0.250 0.26
17 1180 4.299 3.64 2.3 1.9 1.50 1.27 1.250 1.06

* MINIMUM CURRENT OUTPUT ALLOWED BY THE CONTROL CARD OF THE CIRCUIT
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ELOGI COMPUTED CORROSION AND CATHODIC PROTECTION DATA
BIG SPRING - TX ZONE Al

TAFEL SLOPE 183.67 MILLIVOLTS/DECADE

ICORR = 2724.63 MILLIAMPS
ECORR = =360 MILLIVOLTS
IPROTECT = 5123.58 MILLIAMPS
EPROTECT = -410.38 MILLIVOLTS

EVALUATION OF DATA FOR TAFEL LINE OF BEST FIT

STANDARD ERROR OF Y ESTIMATE =
COEFFICIENT OF DETERMINATION (R SQUARED) = 0.999061
NO. OF OBSERVATIONS USED =

ELOGI

ZONE A1

490
480 -
470
460
450 -
440 ﬂ
430 -
420

¥ EPROTECT
410

POTENTIAL (—mvs)

400

370

1= =)
-
s
4

360 4 .
0 1 9 3 ICR IPRT 4

LOG QF CURRENT (m.a.)
a MEASURED CURRENT + LIN REG. CURRENT

FIGURE 1
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ELOGI COMPUTED CORROSION AND CATHODIC PROTECTION DATA
BIG SPRING - TX ZONE A2

TAFEL SLOPE = 248.99 MILLIVOLTS/DECADE
ICORR = 1225.44 MILLIAMPS

ECORR = =312 MILLIVOLTS
IPROTECT = 4098.69 MILLIAMPS
EPROTECT = -442.56 MILLIVOLTS

STANDARD ERROR OF Y ESTIMATE = 0.432262
COEFFICIENT OF DETERMINATION (R SQUARED) = 0.999685
NO. OF OBSERVATIONS USED = 15

FLOGI

ZONE A2

580

560

540

%*quJ

520

N Y I WS E——

5CC

Y I

460 —
7 EPROTECT

440
420 =

400

POTENTIAL (—rf®s)

380

360 -

340 —

LOG OF CURRENT (m.a.)
- MEASURED CURRENT + LIN REG. CURRENT

FIGURE 2
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ELLOGI COMPUTED CORROSION AND CATHODIC PROTECTION DATA

ZONE A3

BIG SPRING - TX
TAFEL SLOPE = 205.94
ICORR = 1113.33
ECORR = -262
IPROTECT = 4898.84
EPROTECT = -394.52

MILLIVOLTS/DECADE
MILLIAMPS
MILLIVOLTS
MILLIAMPS
MILLIVOLTS

EVALUATION OF DATA FOR TAFEL LINE OF BEST FIT

0.574852

STANDARD ERROR OF Y ESTIMATE

COEFFICIENT OF DETERMINATION (R SQUARED) = 0.999392

NO. OF OBSERVATIONS USED

14

POTENTIAL (—~mvs)

ELOGI

ZONE A3

470
460 -
450
440
430
420
410
400

B I N

4

f EPROTECT

390
380
370
360 -
350
340
330
320
310
300
290
280
270

5 S,

260 T T T

LOG OF CURRENT (m.a.)

O MEASURED CURRENT

+ LN REG. CURRENT

FIGURE 3
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ELOGI COMPUTED CORROSION AND CATHODIC PROTECTION DATA
BIG SPRING - TX ZONE A4

—— e B - — D D - D D D G G WS S Y S s S - G G W S T D D D D D Ve G WS G D D D D G I e W S N D T WD s n Ve Ve W WA S W e -

TAFEL SLOPE 168.84 MILLIVOLTS/DECADE

ICORR = 3019.33 MILLIAMPS
ECORR = =361 MILLIVOLTS
IPROTECT = 7746.05 MILLIAMPS
EPROTECT = -430.09 MILLIVOLTS

EVALUATION OF DATA FOR TAFEL LINE OF BEST FIT

STANDARD ERROR OF Y ESTIMATE = 0.261714
COEFFICIENT OF DETERMINATION (R SQUARED) = 0.999568
NO. OF OBSERVATIONS USED = 8

e e e s e et e S o s e e e e

ELOCGI

ZONE A4

470

460 -

450

440 -
¥ EPROTECT

430
420

410 -

POTENTIAL (—mvs)

400 -

390

380 -

370

360 T T T T T T AR T
ICR IPRE

LOG OF CURRENT (m.a.)
O MEASURED CURRENT + LN REG. CURRENT

FIGURE 4
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ELOGI COMPUTED CORROSION AND CATHODIC PROTECTION DATA

BIG SPRING -~ TX ZONE Bl

TAFEL SLOPE = 163.79 MILLIVOLTS/DECADE
ICORR = 1914.98 MILLIAMPS

ECORR = =330 MILLIVOLTS
IPROTECT = 5996.69 MILLIAMPS
EPROTECT =

~411.20 MILLIVOLTS

— e e e o e

EVALUATION OF DATA FOR TAFEL LINE OF BEST FIT

STANDARD ERROR OF Y ESTIMATE =
COEFFICIENT OF DETERMINATION (R SQUARED) =
NO. OF OBSERVATIONS USED =

0.398491
0.998958
10

1ves)

(

TROTENFIAL

ELOGI

ZONE B1

470
460 -
450
440 -
430

420
Y EPROTECT

410
400
390 -
380
370 -
360
350

340

330 4

|
N TW
4

LOG OF CURRENT (m.a.)
3 MEASURED CURRENT - LIN REG. ZuRFITNT

FIGURE 5
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ELOGI COMPUTED CORROSION AND CATHODIC PROTECTION DATA
BIG SPRING - TX ZONE B2

TAFEL SLOPE 152.85 MILLIVOLTS/DECADE

ICORR = 3152.79 MILLIAMPS

ECORR = -347 MILLIVOLTS
IPROTECT = 9246.39 MILLIAMPS

EPROTECT =

-418.43 MILLIVOLTS

EVALUATION OF DATA FOR TAFEL LINE OF BEST FIT

STANDARD ERROR OF Y ESTIMATE = 0.411787
COEFFICIENT OF DETERMINATION (R SQUARED) = 0.998130
NO. OF OBSERVATIONS USED = 6

aliele]

ZONE B2

440
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420 Y EPROTECT
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380 ~

POTENTIAL (—mvs)

370 -

360

350 - -

340 . T T

LOG OF CURRENT (m.a.)
@] MEASURED CURRENT + LIN REG. CURRENT

FIGURE 6
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BIG SPRING - TX ZONE B3

- —— = ——— — ——— ——— - —— — - — - - —— — — — — . A G = -

TAFEL SLOPE 274.73 MILLIVOLTS/DECADE

ICORR = 2085.94 MILLIAMPS
ECORR = =309 MILLIVOLTS
IPROTECT = 6697.10 MILLIAMPS
EPROTECT = -448.18 MILLIVOLTS

EVALUATION OF DATA FOR TAFEL LINE OF BEST FIT

STANDARD ERROR OF Y ESTIMATE = 0.730709
COEFFICIENT OF DETERMINATION (R SQUARED) = 0.999438
NO. OF OBSERVATIONS USED = 14

POTENTIAL (—mvs)

ELOGI

ZONE B3

540
F
520 :
%

500 g
480 -
460

i
¥ EPROTECT
440 -

420 1

400

380 1

360 -

340

320 -

300 -+ : - ]
0 : 2

LOG OF CURRENT (m.q.)
O YEASURED CURRENT + LN REG. CURRENT

FIGURE 7
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ELOGI COMPUTED CORROSION AND CATHODIC PROTECTION DATA
BIG SPRING - TX ZONE B4
TAFEL SLOPE = 222.54 MILLIVOLTS/DECADE
ICORR = 2262.67 MILLIAMPS
ECORR = =325 MILLIVOLTS

IPROTECT 6696.92 MILLIAMPS
EPROTECT -429.88 MILLIVOLTS

STANDARD ERROR OF Y ESTIMATE = 0.463674
COEFFICIENT OF DETERMINATION (R SQUARED) = 0.998732
NO. OF OBSERVATIONS USED = 7

ELOGI

ZONE B4

510
500 -
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¥ EPROTECT
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400 -
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LOG OF CURRENT (m.a.)
+ ‘

a MEASURED CURRENT N PEG. CURRENT

FIGURE 8
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ELOGI COMPUTED CORROSION AND CATHODIC PROTECTION DATA
BIG SPRING - TX ZONE C1

TAFEL SLOPE 187.69 MILLIVOLTS/DECADE

ICORR = 1156.16 MILLIAMPS
ECORR = =303 MILLIVOLTS
IPROTECT = 4847.87 MILLIAMPS
EPROTECT = -419.84 MILLIVOLTS

EVALUATION OF DATA FOR TAFEL LINE OF BEST FIT

STANDARD ERROR OF Y ESTIMATE = 0.394872
COEFFICIENT OF DETERMINATION (R SQUARED) = 0.999651
NO. OF OBSERVATIONS USED = 15

ELOGI

ZONE C1

500
490
480
470
460 -
450 —
440 -
430
Y EPROTECT
420
410 - ' !
400
390 —
380
370
360
350
340 -
330
320
310 1 |
300 § = = T T —*

7 T
0 1 2 gCR IPRT 4

LOG OF CURRENT (m.o.)
3 MEASURED CURRENT + LN REG. CURRENT

POTENTIAL (—mrmvs)

n

FIGURE 9
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ELOGI COMPUTED CORROSION AND CATHODIC PROTECTION DATA
BIG SPRING - TX ZONE C2
TAFEL SLOPE = 156.06 MILLIVOLTS/DECADE
ICORR = 1727.57 MILLIAMPS
ECORR = -282 MILLIVOLTS

IPROTECT 6797.11 MILLIAMPS
EPROTECT -374.84 MILLIVOLTS

STANDARD ERROR OF Y ESTIMATE = 0.732743
COEFFICIENT OF DETERMINATION (R SQUARED) = 0.9987992
NO. OF OBSERVATIONS USED =

ELOGI

ZONE C2

m

T
£
f |
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7
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(@] O
TS TR SR SO RN
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3 350 g
’._
g 240 o .
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(18 220 +
+
320 1 f
|
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250 = T T [ T T R T —]
D 1 2 3 ICR R R
LOG OF CURRENT (m.a.)
z WEASURED CURRENT + LIN REG. CURRENT

FIGURE 10
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TAFEL SLOPE 1060.99 MILLIVOLTS/DECADE

ICORR = 386.19 MILLIAMPS
ECORR = =301 MILLIVOLTS
IPROTECT = 939.78 MILLIAMPS
EPROTECT = ~710.79 MILLIVOLTS

EVALUATION OF DATA FOR TAFEL LINE OF BEST FIT

STANDARD ERROR OF Y ESTIMATE = 1.712770
COEFFICIENT OF DETERMINATION (R SQUARED) = 0.999392

NO. OF OBSERVATIONS USED 6
ELOG
D1 — REPEAT
900 1
800 A
¥ EPROTECT |
700 A |
)]
>
£
|
i 600
b—
pa
a
‘_
g
' 500 -~
|
400 -
300 #— T T T | E— : | ? T
0 0.4 0.8 1.2 1.6 2 2.4 3.0

LOG OF CURRENT (m.a.)

O MEASURED CURRENT LIN REG. CURRENT

FIGURE 11
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ELOGI COMPUTED CORROSION AND CATHODIC PROTECTION DATA
BIG SPRING - TX ZONE D2
TAFEL SLOPE = 1543.24 MILLIVOLTS/DECADE
ICORR = 328.06 MILLIAMPS
ECORR = =342 MILLIVOLTS

IPROTECT 589.92 MILLIAMPS
EPROTECT =735.27 MILLIVOLTS

STANDARD ERROR OF Y ESTIMATE = 0.849529
COEFFICIENT OF DETERMINATION (R SQUARED) = 0.999707

NO. OF OBSERVATIONS USED 7
D2 -REPEAT
900
800 —
¥ EPROTECT
700
n
>
£
|
i’ 600 — ;
}_
z
u
}_
g
’ 500
400
& L. .
300 T : T T l T T T T T T T T T
0 0.4 0.8 1.2 1.6 2 2.4 2.8
LOG OF CURRENT (m.a.)
O MEASUREC ZURRENT + LIN REG. CURRENT

FIGURE 12



ELOGI COMPUTED CORROSION AND CATHODIC PROTECTION DATA
BIG SPRING - TX ZONE D3

e e et e e e

TAFEL SLOPE = 343.51 MILLIVOLTS/DECADE
ICORR = 290.96 MILLIAMPS

ECORR = =410 MILLIVOLTS
IPROTECT = 729.39 MILLIAMPS
EPROTECT = =547.11 MILLIVOLTS

STANDARD ERROR OF Y ESTIMATE = 0.841697
COEFFICIENT OF DETERMINATION (R SQUARED) = 0.999096
NO. OF OBSERVATIONS USED = 8

(—mvs)

FPOTENTIAL

ELOG!
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400 T T T T 7 T T 1 T
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LOG OF CURRENT (m.a.)
O  MEASURED CURRENT + LN REG. CURRIYT

FIGURE 13
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ELOGI COMPUTED CORROSION AND CATHODIC PROTECTION DATA
BIG SPRING - TX ZONE D4

TAFEL SLOPE = 872.33 MILLIVOLTS/DECADE
ICORR = 188.79 MILLIAMPS

ECORR = =307 MILLIVOLTS
IPROTECT = 344.67 MILLIAMPS
EPROTECT = -535.06 MILLIVOLTS

STANDARD ERROR OF Y ESTIMATE = 2.717033
COEFFICIENT OF DETERMINATION (R SQUARED) = 0.998199
NO. OF OBSERVATIONS USED = 6

POTENTIAL (—mvs)

£LOGI

ZONE D4 (REPEAT)

700
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600 %

5350 - %
Y EPRQTECT

500 -

450 —

400

350

300 | | T E— T T T T T T T
0 0.4 0.8 12 1.6 2 ICR 5 4 IPRT

LOG OF CURRENT (m.a.)
O MEASURED CURRENT + LIN REG. CURRENT

FIGURE 14
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ELOGI COMPUTED CORROSION AND CATHODIC PROTECTION DATA
BIG SPRING - TX ZONE D5
TAFEL SLOPE = 307.58 MILLIVOLTS/DECADE
ICORR = 116.36 MILLIAMPS
ECORR = =242 MILLIVOLTS

IPROTECT 424.27 MILLIAMPS
EPROTECT -414.81 MILLIVOLTS

STANDARD ERROR OF Y ESTIMATE = 1.603983
COEFFICIENT OF DETERMINATION (R SQUARED) = 0.996958
NO. OF OBSERVATIONS USED =

ELOGI

ZONE D5
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\ :‘L\\

550 7
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200 1 T T T 1 T T 7 T T T ]

LOG OF CURRENT (m.a.)
O ‘4FEASURED CURRENT + UN REG. CURRENT

FIGURE 15
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ELOGI COMPUTED CORROSION AND CATHODIC PROTECTION DATA

BIG SPRING - TX

ZONE D6

239.34 MILLIVOLTS/DECADE
71.00 MILLIAMPS
=355 MILLIVOLTS
219.78 MILLIAMPS
-472.45 MILLIVOLTS

TAFEL SLOPE
ICORR
ECORR
IPROTECT
EPROTECT

EVALUATION OF DATA FOR TAFEL LINE OF BEST FIT

"POTENTIAL (—myvs)
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STANDARD ERROR OF Y ESTIMATE = 1.641657
COEFFICIENT OF DETERMINATION (R SQUARED) = 0.998120
NO. OF OBSERVATIONS USED = 8
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FIGURE 16
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ELOGI COMPUTED CORROSION AND CATHODIC PROTECTION DATA
BIG SPRING - TX ZONE E

TAFEL SLOPE 507.25 MILLIVOLTS/DECADE

ICORR = 1951.73 MILLIAMPS
ECORR = =264 MILLIVOLTS
IPROTECT = 4298.91 MILLIAMPS
EPROTECT = -437.95 MILLIVOLTS

EVALUATION OF DATA FOR TAFEL LINE OF BEST FIT

STANDARD ERROR OF Y ESTIMATE = 0.949378
COEFFICIENT OF DETERMINATION (R SQUARED) = 0.999030
NO. OF OBSERVATIONS USED = 11

POTENTIAL (—mvs)
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250 T T T
2

LOG OF CURRENT (m.a.)
O  MEASURED CURRE!!” + LN REG. CURRENT

FIGURE 17
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DEPOLARIZATION TEST DATA

12/88
REFERENCE CELLS 1 — 4 (ELGARD SYSTEMS)

1200 -
1100
1000
900
800
700 —

600 —

POTENTIAL (—MVS)

500

400

300

200 T T T T T I T i T T |
0 40 80 120 160 200 240

— CELL 1 ---- CELL 2 e CELL 3 —-—- CELL 4
(511, 368) (566, 330) (532, 303) (514, 399)

Note: xy x: Instant-off reference cell potential measurement
y: Reference cell potential measurements taken after 4 hrs of system power shut-off.

» »
» - ] .

FIGURE 18
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DEPOLARIZATION TEST DATA

12/88
REFERENCE CELLS 5 — 8 (RAYCHEM SYSTEMS)

1200
100
1000
900
800 -
700 o

600 -

POTENTIAL (—MVS)

N OeRana.
500 | NS naa.,
IR .
. TrresiRRT =,
- DLS TR XXy

400 -

300 —

200 T — T ! T T T ] | T ]
0 40 80 120 160 200 240

TIME (MINUTES)
— — CELLS —--- CELL 6 —— CELL 7 e CELL 8
(679, 346) (597, 402) (573, 347) (618, 414)

Note: xy x: Instant-of( reference cell potential measurcment
y: Reference cell potential measurements taken after 4 hrs of system power shut-off.

FIGURE 19
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POTENTIAL (—MVS)

500

400

300

200

DEPOLARIZATION TEST DATA

12/88
REFERENCE CELLS 9 & 10 (RESCON SYSTEMS)

Ceaa
- -
L S,
Ll PR
Ll T - -
. Ll I N - - -
. S e m e e aceccd e e s e m—- -
Bt o

TIME (MINUTES)
------- CELL S ---- CELL 10
(430, 255) (423, 299)

Note: xy x: Instant-off reference cell potential measurement
y: Reference celt porential measurements taken after 4 hes of system power shut-off.

*

FIGURE 20 ? *
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POTENTIAL (—MVS)

500

400

300

200

DEPOLARIZATION TEST DATA

12/88

REFERENCE CELLS 11 — 13 (ZINC SYSTEMS)

T T | T T l T
40 80 120

TIME (MINUTES)
-~~~ CELL 11 —— CELL 12
(485, 310) (1194, 240)

Note: xy x: Instant-off reference celt potential measurement

y: Reference cell potential measurements taken after 4 birs of system power shut-off.
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1.2
1.1
1

0.9
¢
2~ 08
| 0
5
?E' 0 0.7
= o
5
= 0.6
o

M feemaprmm oo -
0.2 T ™ l ] T T | I | | |
40 80 120 160 200
TIME (MINUTES)
—— CELL 14 ---- CELL1S e CELL 16
(797, 319) (659, 333) (627, 353)

Note: xy x: Instant-off reference cell potential measurement

DEPOLARIZATION TEST DATA

12,/88
REFERENCE CELLS 14 — 16 (ZINC SYSTEMS)

y: Reference cell potential measurements taken after 4 hrs of system power shut-off.

} FIGURE 22 i ‘
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DEPOLARIZATION TEST DATA

12/88
REFERENCE CELL 17 (PORTER SYSTEM)

1.2

0.9 -

0.8

(Thousands)
o
~J
|

0.6

POTENTIAL (—MVS)

-

-

0.5 4 -

C®aa

-----------
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'4 ...........................

0.3 -

0.2 T T T T 1 T T B T T T
0 40 80 120 160 200 240

TIME (MINUTES)
—--- CELL 17
(956, 359)

Note: xy x: Instant-off relerence cell potential measurement
y: Reference celf potential measurements taken after 4 hrs of system power shut-off.

FIGURE 23
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REBAR CURRENT (Ma)

REBAR PROBE —

REBAR PROBES ZONES 1 — 4
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FIGURE 24
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REBAR CURRENT (Ma)

REBAR PROBE — DECEMBER 1988

REBAR PROBES ZONES &5 — 8
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FIGURE 25
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REBAR CURRENT (Ma)
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REBAR CURRENT (Ma)

OltLleﬁEg

REBAR PROBE — DECEMBER 1988

REBAR PROBES ZONES 11 — 13
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TIME (MINUTES)
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FIGURE 27
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REBAR CURRENT (Ma)

REBAR PROBE — DECEMBER 1988

REBAR PROBES ZONES 14 — 16
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REBAR CURRENT (Ma)
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DEPOLARIZATION TEST DATA

1/89
REFERENCE CELLS 1 — 4 (ELGARD SYSTEMS)

700
600 -
2
? 500 —
—
<
—
&
5 400
o
300
200 | | T I T l T T T | |
0 40 80 120 160 200
TIME (MINUTES)
— CELL 1 ---- CELL 2 e CELL 3 ~—- CELL 4
(476, 347) (500, 311) (463, 284) (487,383)
Note: xy x: Instant-off reference cell potential measurement

y: Reference cell potential measurements taken after 4 hrs of system power shut-off.

FIGURE 30
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DEPOLARIZATION TEST DATA

1/89
REFERENCE CELLS 5 — 8 (RAYCHEM SYSTEMS)

700
600
2 500 -
<
—J
<
o
s
S 400 —
0
300 —
200 ] T T l T T L T T T T
0 40 80 120 160 200
TIME (MINUTES)
— — CELL S ---- CELL 6 — CELL 7 e CELL 8
(672, 325) (638, 385) (652, 331) (603, 387)
Note: xy x: Instant-off reference cell potential measurement

y: Reference cell potential measurements taken after 4 hrs of system power shut-off.

FIGURE 31
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POTENTIAL (—MVS)

Note: xy

DEPOLARIZATI/%)QN TEST DATA
1
REFERENCE CELLS 9 & 10 (RESCON SYSTEMS)

700
600 -}
500 - e
004 T e
300 -
200 T ™ T T | = T T - T
0 40 80 120 160 200
TIME (MINUTES)
------- CELL 9 ---- CELL 10
{410, 254) (442, 289)

x: Instant-off reference cell potential measurement
y: Reference cell potential measurements taken after 4 hrs of system power slfut-off.

FIGURE 32
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DEPOLARIZATION TEST DATA

1/89
REFERENCE CELLS 11 — 13 (ZINC SYSTEMS)
700
600
0
? 500
-
<
'._
&
6 400
o
300
200 T T T I T T ‘ i l
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Note: x.y x: Instant-off reference cell potential measurement

y: Reference cell potential measurements taken after 4 hrs of system power shut-off.
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DEPOLARIZATION TEST DATA
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Note: xy x: Instant-off reference cell potential measurement
y: Reference ccll potential measurements taken after 4 lirs of system power shut-off.
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DEPOLARIZATION TEST DATA

1/89
REFERENCE CELL 17 (PORTER SYSTEMS)

700
600 -
!
d
v
!
> '
2 500 v
! Y
- RIS
< Treal
=
Z --------
5 400 4 T e
e e T
300 —
200 T | | l I | | | | | 1
0 40 80 120 160 200 240
TIME (MINUTES)
---- CELL 17
(677, 339)
Note: xy x: Instant-off reference cclil potential measurement

y: Relerence cclt potential measurements taken after 4 hrs of system power shut-off.

? 15



781

REBAR CURRENT (Ma)

REBAR PROBE — JANUARY 1989

REBAR PROBES ZONES 1 — 4

0.4

0.3 H

©
ho
L,

—0.4 ' l l l ] | l T l I T
6] 40 80 120 160 200 240

TIME (MINUTES)
O #1 + #2 o #3 A #4

FIGURE 36



€8T

REBAR CURRENT (Mao)

0.5

0.4

0.3

0.2

0.1

REBAR PROBE

REBAR PROBES ZONES &5 — 8

— JANUARY 1989

FIGURE 37

A

&
A

i

fé§::§§:-—g=====a===4;_ ig -2 8|
i} 3
=
] )

i ] I T I 1 1 r T i
o 40 80 120 160 200 240
TIME (MINUTES)
a #5 + #6 ¢ #7 #8



81

REBAR CURRENT (Ma)

REBAR PROBE — JANUARY 1989

REBAR PROBES ZONES 9 & 10

0.4

0.3

0.2

.IT

40

r
80

g

T I
120

TIME (MINUTES)
9 +

FIGURE 38



S8T

REBAR CURRENT (Ma)

0.8

0.6

0.4

0.2

-1.2

—1.4

—1.6

REBAR PROBE — JANUARY 1989

REBAR PROBES ZONES 11 — 13

TR

|

<

&

T T T 1 T T T 1
40 80 120 160 200 240

TIME (MINUTES)
o #11 +  #12 o H13

FIGURE 39



981

REBAR CURRENT (Ma)

1.1

0.9
0.8
0.7
0.6
0.5
0.4
Q.3
0.2

REBAR PROBE — JANUARY 1989

REBAR PROBES ZONES 14 — 16

40 80 120 160 200 240

TIME (MINUTES)
O #14 + 15 o 416

FIGURE 40



L8T

REBAR CURRENT (Ma)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

REBAR PROBE — JANUARY 1989

-»

i

REBAR PROBES ZONE 17

M

T L T T T
80 120 160

TIME (MINUTES)
O #17

FIGURE 41

200

240



	Technical Report Documentation Page
	TITLE PAGE
	ACKNOWLEDGEMENTS
	LIST OF FIGURES
	TABLE OF CONTENTS
	INTRODUCTION
	PRELIMINARY TESTING
	SUMMARY OF TEST RESULTS
	DESIGN
	CONSTRUCTION PHASE
	COST ANALYSIS
	REFERENCES
	APPENDIX A
	APPENDIX B
	APPENDIX C



