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SECTI ON 13111

CATHODI C PROTECTI ON BY | MPRESSED CURRENT
02/ 03
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NOTE: This guide specification is issued by the
Atlantic Division, Naval Facilities Engineering
Command for regional use in Italy.
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NOTE: This gui de specification covers the

requi renents for underground piping and buried or
subnerged structure cathodic protection systens
using i npressed current systens. The requirenents
for the cathodic protection systens should be
determ ned by a corrosion engineer follow ng the
criteria, design, and installation recommendati ons.

Conmment s and suggestion on this specification are

wel cone and should be directed to the technica
proponent of the specification. A listing of the
techni cal proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Use of electronic comunication is encouraged.

Brackets are used in the text to indicate designer
choices or locations where text nust be supplied by
t he desi gner.

EE R R R R R R R R R R R R R R R R R R R R R I R R R O R
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NOTE: The followi ng information should be on the
dr awi ngs:

1. Locations of the subject pipe or structure and

all crossing and near by underground pi pes and
structures.
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2. Locations of all anodes, rectifiers, power
sources and test stations.

3. Locations of all insulating flanges and unions.

4, Installation details of anodes, rectifiers and
bond cabl es.

5. Locations of nearby cathodic protection systens.
6. Electrical single-line diagrans, elevations,
limting dinensions, and equi pnment ratings which are

not covered in the specification

7. Renote indicating or control requirenents.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

PART 1 GENERAL

1

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by the
basi ¢ designation only.

| TALI AN LAWS AND NORMB (D. M) (LAW (CIRC.)

EE R R R I I I R I R I R I O I R I R R I R I R R R O

NOTE: Italian |laws and normatives are the

| egi sl ative regul ati ons and decrees issued by the
Italian governnment in the formof |aws, norns,
decrees, circulars, and letters. These Laws and
Decrees concur together with Nornms and Standards
in formng the governing directives for
construction.

EE R R R I I I R I R I R I O I R I R R I R I R R R O

Law 1086 (5 Novenber 1971; Rev. 1983) Technica
norns for the cal cul ati ons, executions and
testing of norns and prestressed
reinforced concrete structures and netal
structures

DM 9/1/96 (9 January 1996) Technical nornms for the
design, execution and testing of
cast-in-place reinforced concrete,
pre-cast prestressed reinforced concrete
and steel structures

D.M 16/1/96 (16 January 1996) Technical norns relative
to general criteria for building safety
verification and for |oads and
superi nposed | oads
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| TALI AN ELECTROTECHNI CAL COW TTEE ( CEl)

EE R R R I I I R I R I R I O I R I R R I R I R R R O

NOTE: A CEl Normis an Italian technical nornative
for electrical systens recognized by Italian Law,
submitted by a private organi zation "Conitato

El ectrotecnico Italiano" for the Italian
territory, available in the Italian | anguage and
only in some cases in English

EE R R R I I I R I R I R I O I R I R R I R I R R R O

CEl 7-1 (1997) Copper and copper alloy conductors
for overhead |ines

CEl 14-8 (1999) Dry type power transforners

CEl 20-13 (1999; V1 2001, V2 2001) Rubber insul ated
cables with rated vol tages between 1 kV
and 30 kV

CEl 20-20/1 (2000) Pol yvinyl chloride insulated cables

of rated voltages up to and including
450/ 750 V - Part 1. General requirenents

CEl 20-24 (1998) Joints and term nals for power
cabl es
CEl 64-8 (1998; V1 2001, V2 2001) Electrica

installations of buildings

| TALI AN NATI ONAL ASSOCI ATI ON FOR UNI FI CATI ON OF STANDARDS (UNI)

EE R R R I I I R I R I R I O I R I R R I R I R R R O

NOTE: A UNl Normis a technical normative

recogni zed as ltalian Law, submitted by a private
organi zation "Ente Nazionale Italiano d

Uni ficazione" for Italy and is available only in
the Italian |language. It is the National Standard.

EE R R R I I I R I R I R I O I R I R R I R I R R R O

UNI CElI 5 (1992) Cathodic protection of buried
netallic structures - Current neasurenents

UNI CElI 6 (1992) Cathodic protection of buried
netallic structures - Potenti al
neasur enent s

UNI 8863 (1987; Al 1989) Unall oyed steel seanl ess
and wel ded tubes suitable for screwing in
accordance with UNI 1SO 7/1

UNI 9099 (1989) Steel pipes for buried or subnerged

pi peli nes - External polyethylene coating
appl i ed by extrusion
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UNI

UNI

UNI

9782

10167

10835

(1990) Cathodic protection of buried
metallic structures - Ceneral criteria for
t he nmeasurenent, the design and
acconpl i shnent

(1993) Cathodic protection of buried
metallic structures - Cathodic protection
cabi nets and test post boxes

(1999) Cathodic protection of buried
metallic structures - Anodes and

ground- beds for inpressed current stations
- Design and installation criteria

| TALI AN/ EUROPEAN HARMONI ZATI ON STANDARDS (UNI EN) (UNI ENV) (CEl EN)

(UNI EN 1SO) (UNI 1SO)

EE R R R I I I R I R I R I O I R I R R I R I R R R O

NOTE: A UNI EN, UNI ENV, CEl EN, UNI EN | SO or UN
SO is a European Standard with a coi nci dent
Italian National Standard or Internationa
Standard. The two standards are identical, with
nost (but not all) EN s available in the English

| anguage and the UNI available only in the Italian
| anguage.

EE R R R I I I R I R I R I O I R I R R I R I R R R O

UNI

UNI

UNI

UNI

EN | SO 898-1 (2001) Mechani cal properties of fasteners

made of carbon steel and alloy steel -
Part 1. Bolts, screws and studs

EN 1514-1 (1998) Flanges and their joints -

EN 10242

EN 12591

EN 50086

EN 60371

EN 60529

Di nensi ons of gaskets for PN-designated
flanges - Part 1: Non-netallic flat
gaskets with or without inserts

(2001) Threaded pipe fitting in nmalleable
cast iron
(2002) Bitunen and bitun nous binders -
Specifications for paving grade bitunens
-1 (1997) Conduit systens for electrica
installations - Part 1: Genera
requirenents
-3-8 (1999) Insulating materials based on nica
- Part 3: Specifications for individua
materials - Sheet 8: M ca paper tapes for
flane-resistant security cables
(1997; Al 2000) Degrees of protection

provi ded by enclosures (IP Code)
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CEl EN 60742 (1995) Isolating transforners and safety
isolating transfornmers - Requirenments

CEl EN 60947-2 (1998; Corr 1999, Al 2000) Low voltage
swi tchgear and control gear - Part 2:
Circuit-breakers
[1.2 RELATED REQUI REMENTS
Sections 16050, "Basic Electrical Materials and Methods", [16303,
"Underground El ectrical Wrk"], and, [16402, "Interior Distribution"],

apply to this section except as nodified herein.

11.3 SUBM TTALS

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Where a "G' in subnittal tags follows a
submittal item it indicates Governnent approval for
that item Add "G' in submittal tags follow ng any
added or existing subnmittal itens deened
sufficiently critical, conplex, or aesthetically
significant to nmerit approval by the Governnent.
Submittal itens not designated with a "G' will be
approved by the QC organizati on.

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

Submit the following in accordance with Section 01330, "Submttal
Procedures."

SD- 02 Shop Drawi ngs
Rectifiers; G
Insulating flange sets; G
Anode installation; G
Test stations ; G
Bondi ng boxes; G
Anode junction boxes; G
Anode vent pipe; G
Joi nt bonds; G

SD- 03 Product Data
Rectifiers; G

Cable and wire; G
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1

Insulating flange sets; G
Dielectric unions; G
Anodes; G
Test stations; G
Anode junction boxes; G
Anode vent pipe; G
Casing insulators and seals; G
Reference el ectrodes; G
Shunt resistors; G
Anode backfill; G
Bondi ng boxes; G
SD- 06 Test Reports
Initial Cathodic Protection System Field Test Report; G

One Year Warranty Period Cathodic Protection System Field Test
Report; G

Fi nal Cathodic Protection System Field Test Report; G
SD-07 Certificates
Qualifications of Corrosion Engineer; G
SD- 10 Operation and Mai ntenance Data
Cat hodi c protection system Data Package 5; G
Rectifier replacenent/spare parts |list, Data Package 5

Submit operation and nmi ntenance data in accordance with Section
01781, "Qperation and Mintenance Data."

4 SERVI CES OF CORROSI ON ENG NEER

The Contractor shall obtain the services of a Corrosion Engineer to
supervise, inspect and test the installation of the cathodic protection
system(s). Such a person shall have not |less than [three] [five] [ ]
years experience in the cathodic protection of underground [storage tanks]
or subnerged structures. The contractor shall submt evidence of the
qualifications of corrosion engineer to the Contracting Officer for review
and approval .
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PART 2 PRODUCTS
2.1 SOURCE MANUFACTURERS
2.1.1 Anodes

The foll owi ng nanufacturers provide anode materials that generally conply
wi th these specifications:

a. ELETTROTECN CA ADRI ATI CA
Via Pineta Formca, 13
48015 Cervia (RA)

Tel : 0544/971729
Fax: 0544/ 972040

b. SEAGUARD | TLANODI, S.r. 1.
Via Regiosi 12
16015 Casella (GE)
Tel : 010- 9675252
Fax: 010-9675254
W, seaguard. it

2.1.2 Rectifiers

The foll owi ng nanufacturers provide rectifier equi pment that generally
conplies with these specifications:

a. ELETTROTECN CA ADRI ATI CA
Via Pineta Formca, 13
48015 Cervia (RA)

Tel : 0544/971729
Fax: 0544/972040

b. SEAGUARD | TLANODI, S.r. 1.
Via Regiosi 12
16015 Casella (GE)
Tel : 010- 9675252
Fax: 010-9675254
W, seaguard. it

2.1.3 Condui t

The foll owi ng nanufacturers provide electrical conduit materials that
generally conply with these specifications:

a. EMP Sr.l.
Via Eridania, 187
Ccchiobel l o (ROVI GO
Tel : 0425-750780
Fax: 0425-750607
E-mail: enp.srl @npsrl.it

b. | NSET
Via Candiani, 101/1
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20158 M| ano
Tel : 02-3767121
Fax: 02-37671295

.1.4 Cabl e

The foll owi ng nmanufacturers provide electrical cable and wire materials
that generally conply with these specifications:

a. ARISTONCAVI S.p. A
Vi a Einaudi 42/44
36040 Brentola (Vicenza) - Italia
Tel : ++39 444 49.22.88
Fax: ++39 444 49.20.94
http://ww. ari stoncavi.com
E- mai | : sal esAri stoncavi @ri stoncavi.com

b. PIRELLI CAVI E SISTEM S. p. A
Viale Sarca, 222
20126 M| ano
Tel: 02-6442.1
Fax: 02-6442.9264

E-mail: cables-it.gw@irelli.com
wwv. it.pirelli.confcables
www. pirelli.com

.1.5 Cable and Wre ldentification

The foll owi ng nanufacturer provides cable and wire identification
conponents that generally conply with these specifications:

LEGRAND S. p. a.
Zona | ndustriale 05
15047 Spinetta Marengo (AL)
Tel : 0131- 245001
Fax: 0131-245688

.1.6 Under ground Splices

The foll owi ng nanufacturers provide underground wiring splice conponents
that generally conply with these specifications:

a. PIRELLI CAVI E SISTEM S. p.A
Viale Sarca, 222
20126 M| ano
Tel : 02-6442.1
Fax: 02-6442.9264

E-mail: cables-it.gw@irelli.com
wwv. it.pirelli.confcables
www. pirelli.com

b. GESTRA S.r.|I.
Via Ippolito N evo, 61
00153 Roma
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Tel : 06/5803523
Fax: 06/5816348

2.1.7 Anode Juncti on Boxes and Test Stations

The foll owi ng nanufacturers provide anode junction boxes and test station
conponents that generally conply with these specifications:

a. CONCH GLIA
Via Carelli, 5
42100 Reggio Enilia
Tel : 05/22987211
Fax: 0444/ 492094

b. PALAZZOLI S.p.a.
Via F. Palazzoli, 31
25128 Brescia - Italy
Tel : 39-03020151
Fax: 39-0302015217
www. pal azzoli.it
E-mai |l : narketi ng@al azzoli.it

2.1.8 I nsul ation Flange Sets

The foll owi ng nanufacturers provide anode insulation flange sets that
generally conply with these specifications:

a. NOVAXPREN S.r.|.
Via Galvani, 1
20054 Nova M | anese (M I ano)
Tel : 0362-43984/5
Fax: 0362-451288
E-mai |l : info@ovaxpren.com

b. OPPO GESVI NO
Via Anerigo Vespucci, 1
09074 Chilarza (OR
Tel : 0785-54642
WWW. Oppo. it

2.1.9 Di el ectric Unions

The foll owi ng nanufacturers provide dielectric union naterials that
generally conply with these specifications:

a. | NDUSTRI AL CATHCDI C PROTECTION S.r. | .
Via G C Procaccini, 34
20154d Ml ano (ltaly)
Tel : 39-0233101693
Fax: 39-02347502
E-mail: ind cat_prot@ol.it

b. OPPO GESVI NO
Via Anerigo Vespucci, 1
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09074 Chilarza (OR
Tel : 0785-54642
WWW. Oppo. it

2.1.10 Bondi ng and Groundi ng Equi prment

The foll owi ng nanufacturers provide el ectrical bonding and groundi ng
equi pnment that generally conplies with these specifications:

a. CARPANETO & C. S.p. A
Via Ferrero, 10
10090 Cascine Vica - Rivoli (TO
Tel : 011/9590111
Fax: 011/9590200
WWW. car panet o. i t

b. FURSE/ GESTRA S.r. 1.
Via Ippolito N evo, 61
00153 Roma
Tel : 06/5803523
Fax: 06/5816348

2.1.11 El ectrical Insulating Coatings

The foll owi ng nanufacturers provide electrical insulating coating naterials
that generally conply with these specifications:

a. CABLAX
Via Nuova Val assina, 5
22046 Merone (CO
Tel : 031-617917
Fax: 031-617870

b. 3MITALIA S.p.a.
Via San Bovio 1/3
20090 Segrate (M)
Tel : 02-70351
Fax: 02-70353076

2.1.12 Rectifier Munting Post

The foll owi ng nanufacturers provide rectifier nounting post materials that
generally conply with these specifications:

a. MARCEGAGLI A S. p. a.
Via Bresciani, 16
46040 Bazol do I ppoliti - Mantova - Italy
Tel : 39-03766851
Fax: 39-0376685600
WWW. gr upponar cegagl i a. com

b. PALESCANDOLO S. p. a.

Via B. Brin, 35
80142 Napol
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2.1.13

Tel : 081- 7340800
Fax: 081-7340454

Per manent Ref erence El ectrodes

The foll owi ng nanufacturers provide permanent reference el ectrode
conponents that generally conply with these specifications:

a.

ELETTROTECNI CA ADRI ATI CA
Via Pineta Formca, 13
48015 Cervia (RA)

Tel : 0544/971729

Fax: 0544/972040

SEAGUARD | TLANODI, S.r.1l.
Via Regiosi 12

16015 Casella (GE)

Tel : 010- 9675252

Fax: 010-9675254

W, seaguard. it

2.1. 14 Steel Flanges and Bolting

The foll owi ng nmanufacturers provide steel flanges and bolting conponents
that generally conply with these specifications:

a.

DALM NE

Piazza Caduti 6 Luglio 1944, 1
24044 Dalmne (BG Italy

Tel : +39 035560. 1111

Fax: +39 0355603827

www. dal mine. it

JANNONE FERRO TUBI

Via Mglioli, 10/12
20090 Segrate M1 ano
Tel : 02-2692 1377 r. a.
Fax: 02-2135559

2.1.15 Exothermc Weld Kits

The foll owi ng nanufacturers provide exothernmic weld kits that generally
conply with these specifications:

a.

ELETTROTECNI CA ADRI ATI CA
Via Pineta Formca, 13
48015 Cervia (RA)

Tel : 0544/971729

Fax: 0544/972040

ERI CO | TALI A

Via M Buonarroti 15
20090 Cesano Boscone (M)
Tel : 02 45866517

SECTI ON 13111 Page 11



Fax: 02 48600622

2.2  ANODES

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: The chenical conpositions |listed are exanpl es
only. The actual conpositions required shall be
determ ned to provi de adequate and econom ca

servi ce.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

EE R R R R R R R R EEEEEREEEEEEEREEEREEEREEEEEEEREEEREEEEEEEEE SRR SRR SRS SRR EEEEEREE SRR

NOTE: Options for anode materials include

"Hi gh-Silicon Chronmi um Bearing Cast lron,"
"Graphite,"” and "M xed Metal Oxide Coated" anodes.
Sel ection of material should be based upon the
conditions and operating paraneters for the intended
use. Precious netal or other anode materials,
packagi ng or connections may al so be appropriate for
use, as determ ned by the engineer. These
mat eri al s, packagi ng, or connections nust al so be
submitted for approval in accordance with
"Subnmittals Procedures.”

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

[2.2.1 H gh-Silicon Chrom um Bearing Cast lron

UNI 10835. [Chemical conposition as follows:

Car bon 0.70 - 1.10 percent

Manganese 1.5 percent maxi num

Silicon 14.20 - 14.75 percent

Chr omi um 3.25 - 5.00 percent

Copper 0.50 percent maxi num

Mol ybdenum 0. 20 percent naxi num

I ron Renai nder
Anode di nensions: | ] by [ ] mm [Centrifugally cast tubular
anodes with uniformwall thickness, [ ] mmlong, [ ] mm outer
di ameter, | ] square neter surface area, and | ] kg bare anode
wei ght.]]

1[2.2.2 Graphite

EE R R R R R R R R R R R R R R R R R R R R R I R R R O R

NOTE: Maxi mum al | owabl e current densities for anode
surface area are as foll ows; Seawater: 40.37 anps
per square neter, Fresh water: 2.69 anps per square
meter, and Soil (anode placed in backfill): 10.76
anps per square neter.

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

Chemi cal conposition as follows:
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| npr egnant 6.5 percent naxi nmum

Ash 1.5 percent maxi num
Moi sture & Vol atiles 0.5 percent naxi num
Wat er Sol ubl e Matter 1.0 percent maxi num
Graphite Remai nder

Anode di nensions: | ] by [ ] mm

12.2.3 M xed Metal Oxide Anodes

2.

M xed netal oxi de anodes shall be provided by a firmthat is regularly
engaged in and has a mininumb5 years experience in nmanufacturing and

appl ying m xed netal oxide coatings to titanium anode substrates. The

m xed netal oxi de anodes shall be of the size indicated and shall conform
to the follow ng requirenents.

.2.3.1 Conductive NMateri al

Titani um substrate coated with an inert, dinensionally stable, electrically
conductive coating [with average conposition of a 50/50 atonic percent]

m xture of iridiumand titaniumoxides with a small anmount of tantal um and
ruthenium 0.002 ohmcentineter maxi mnumresistivity, 50 MPa m ni mum
adhesi on or bond strength, and capabl e of sustaining a current density of
100 anpere per square nmeter in an oxygen generating electrolyte at 66
degrees C for 20 years. Sinter the m xed netal oxide coating to the
titaniumsurface as to remain tightly bound to the surface when bent 180
degrees onto itself.

.2.3.2 Anode Life Test

Perform an accel erated current capacity life test on every |ot of anode
wire used to construct the anode as described. The anode wire materia
shal | sustain current densities of 100 anpere per square neter in an oxygen
generating electrolyte for 20 years. The manufacturer shall certify that a
representative sanple taken fromthe sane | ot used to construct the anode
has been tested and neets the following criteria.

a. The representative sanple shall be 125 nmin |l ength and be taken from
the lot of wire that is to be used for the anode.

b. The cell containing the anode shall be powered with a constant current
power supply for the 30 day test period.

c. The test cell sustains a current density of 10,000 anpere per square
meter in a 15 wei ght percent sulfuric acid electrolyte at 66 degrees C
wi t hout an increase in anode to cathode potential of nore than 1 volt.

.2.3.3 Adhesi on or Bond Strength Test

Deterni ne the adhesi on or bond strength by epoxy bonding a 2.54 mm di aneter
stud to the ceramic coating and neasuring the load to failure of either the
epoxy or the interface between the coating and the substrate.

2.4 Anode Lead Wres
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Not less than [10] [ ] sq. mm stranded copper conductor, PVC double

i nsulated in accordance with CEl 20-20/1 [a primary insulation of ethylene
propyl ene rubber and an outer jacket of PVC conformng to CEl 20-13],

[ 3050] [6100] [ ] mmin length [of sufficient length to extend to
junction box wi thout splicing].

2.2.5 Attachnment of Anode Lead Wre
Anode | ead wires shall be factory install ed.
2.2.5.1 End Connected Anode

[Drill] [Cast] a recess [150] | ] mm deep in one end of the anode.
Attach the lead wire to the anode with an anchor device. Not nore than 10
mm of bare wire shall protrude fromthe anchor device. Attachnent shall

wi thstand a 1446 Newton pull wi thout |oosening the wire or anchor devi ce.
Fill the recess with an [asphalt] [epoxy] sealing conpound[, |eaving
sufficient space for a plug]. [Provide non-netallic plug flush with the
anode end surface.] [Install a heat shrinkable anode cap over the
attachment, cap shall extend not |ess than 65 nmon the lead wire and 75 mm
on the anode.] Cable to anode contact resistance shall be 0.02 ohmns

maxi mum

2.2.5.2 Center Connect ed Anode
Attach the lead wire to the center of the anode with an anchor device

suitably fastened to the wire. Not nore than 20 nm of bare wire shall
protrude fromthe anchor device. Encapsulate [each side of] the connection

point with a mnimmof 152 nm | ] of high voltage insulating conpound
mastic [and 102 mm | ] of epoxy resin]. Attachnent shall withstand
[ 4000] [6675] [ ] N pull wthout |oosening the wire or anchor device.

Provide a non-netallic [plug flush with the anode end] [end cap] to prevent
chaffing of the anode lead wire. Cable to anode contact resistance shall
be 0.02 ohms maxi mum

2.2.5.3 M xed Metal Oxide Anode Lead Wres

[[Solidly crinp] [and sol der] the connection between the anode rod or

ri bbon and the lead wire. Seal the connection [with two |ayers of half

| apped nmastic tape covered with a heat shrinkable sleeve] [in cast epoxy].]
[Tin and anneal the copper wire and hydraulically swage the tubul ar anode
ont o copper bushings in contact with the wire. Place a 28 nm | ong copper
sl eeve, inner dianeter slightly larger than the tubul ar anode outer

di ameter, over the tube prior to swaging. ]Cable to anode contact

resi stance shall be 0.02 ohns maxi mum

2.2.6 Anode Backfill

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: The chemi cal conposition listed is for
exanple only. The actual type and conposition
required shall be deternined by the design engi neer
to provi de adequate and econom cal service.
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Cal cined petroleum|[netallurgical] coal coke breeze having the follow ng
anal ysi s:

a. Chemcal conposition -

Fi xed carbon - [99.0] [___ ] percent mni num
Ash - [0.10] [___ ] percent
Mbi st ure cont ent - [0.02] [___ ] percent
Sul phur - [4.291 [ ] percent (maxinun
Vol atile matter - [0.22) [ ] percent

b. Wight: [1045] [768] [1184] | ] kg per cubic neter

c. Size: 6 mmnmaxi numdianeter [85 percent to pass a 9.5 nm nesh,] [100
percent to pass 12.5 nm nesh. ]

d. Electrical resistivity: [1] [10] [20] [50] | ] ohm cm [ maxi nmunj
[l oose] [tightly conpacted]

2.2.7 G avel
100 percent to pass a 25 nm nesh.
[2.2.8 Anode Centering Device for Deep Anode G ound Beds

Centering device shall be [non-netallic] and capable of naintaining
centering in the hole without interfering with other anode | ead wiring
until conpletion of backfilling operations.

112.2.9 Deep Anode Ground Bed Casing

EE R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: A netal casing should not be used except for
a maxi mumof 1.5 neter at the top for a well cap
whi ch al so serves as a support for the suspension

ropes. The drilling mud on the sides of the hole
will usually keep the hole open until the anodes and
coke breeze are installed. |If a casing nust be

used, it should be fiberglass reinforced plastic
(non-netallic), should be | ocated above the anode
string and nmust be perforated to allow contact
bet ween the coke breeze and the surroundi ng

el ectrol yte.

EE R R R R R R R R R R R R R R R R R R R R R R R I R

Casing shall be | ] mmoutside dianeter, [___ ] nm m ni num wal
t hi ckness bl ack steel pipe, conformng to UNI 8863. The top casing shal
be [ ] mmoutside dianeter, [ ] mmmninmumwall thickness black stee

pi pe, conforming to UNI 8863. The metal casing shall extend no nore than
1.5 meters below the top of a well cap

12.3 ANCDE VENT PI PE

SECTI ON 13111 Page 15



CEl EN 50086-1, [__ ] mmin diameter and having [5 nm di ameter hol es | ocated
150 mm apart and at 1.57 rad around the vent pipe] [vertical slits

parallel to the pipe longitudinal centerline, 38 nmlong, 0.15 nm w de,

spaced 152 mm apart longitudinally and 25 mmapart circunferentially around

the vent pipe] along the Iength of vent tube which is in the coke breeze
backfill.

2.4 RECTI FI ERS

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Air-cooled rectifiers will be used for nost
applications in non-corrosive atnospheres. For
hazardous area applications, dust-ignition-proof
housi ng. Transforner tap adjusters be provided in
cases where an automatic systemis not provided.
Vari acs shoul d not be used where subjected to
corrosive or nmarine air atnospheres

EE R R R R R R R R R R R R R R R R R R R R R R R I

2.4.1 Transf or mer
CEl 14-8 or CElI EN 60742, as applicable.
2.4.2 El ectrical Ratings

Electrical ratings as follows: input voltage at 50 Hz: [220 volts single
phase] [380 volts three phase].

a. Qutput voltage, dc: [48] [9] [12] [18] [24] | ] volts [As
i ndi cated].
b. CQutput current, dc: [6] [10] [16] [25] [ ] anperes [As indicated]

The rectifier shall be capable of supplying continuous full rated output at
an anbi ent tenperature of 44 degrees Cin full sunlight with expected life
of 10 years m ni num

2.4.3 Rectifier Stacks
[Silicon] [ ] connected in such a manner as to provide full wave
rectification. [Silicon diodes shall be protected by seleniumcells or
varistors agai nst overvoltage surges and by current limting devices
agai nst overcurrent surges.]

2.4.4 Encl osure

IP54 [ ], as per CEl EN 60529 | ], suitable for [wall] [post] [pad]
nounting. Enclosure shall include hinged door with [padl ock hasp] [key
| ock, provide [three] | ] keys]. [Enclosure |ocks shall be keyed

alike.] Fit enclosure with screened openings to provide for cooling by
natural convection. Provide holes, conduit knockouts and threaded hubs of
sufficient size and | ocation. The cabinet and mounting support shall be

[ pai nted] [hot-di pped gal vani zed] [stainless] steel [according to the

SECTI ON 13111 Page 16



manuf acturer's standards].
2.4.5 Overload and Short Circuit Protection

CEl EN 60947-2. Mol ded case circuit breaker, [magnetic] [thernmal-nmagneti c]
type.

2.4.6 D.C. Qutput Control

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: A nmininumof five coarse and five fine taps
is recomended to provide sufficient voltage
adjustnent. Variacs should not be used where
subjected to corrosive or narine air atnospheres.

EE R R R R R R R R R R R R R R R R R R R R R R O R

D.C. output voltage shall be adjustable. Transforner taps, [5] | ]
coarse, [[5] [ ] fine.] [Variac.] | ].

2.4.7 Qut put Vol tage and Current Metering
Provi de separate panel voltneter and ameter, not |ess than 63.5 nm
[rectangul ar] [round], two percent full scale accuracy [at 30 degrees C,
tenperature stability above and bel ow 30 degrees C of at |east one percent
per 5 degrees C]. Provide an "ON-OFF" toggle switch for each neter.

2.4.8 Surge Protection
Protect silicon diodes by use of AC and DC |lightning arresters or netal
oxi de varistors agai nst overvoltage surges and by current-limting device
agai nst overcurrent surges.

2.4.9 Efficiency

Overall efficiency of [65 percent] [90 percent] | ] m ni rum when
operated at full output.

2.4.10 Groundi ng Provi sions
CEl 64-8, including a grounding termnal in the cabinet. G ounding
conductor fromtermnal to earth grounding systemshall be solid or
stranded copper not smaller than 16 sq. nm Earth groundi ng system shal
consi st of one or nore [copper] [copper clad steel] rods. G ound rods
shall be a m ni mum of 2435 nm | ong.

2.4.11 Shunt Resistors

Resi stors shall be |located on the rectifier front panel and clearly marked
with current and voltage for verification of panel amreter.

2.4.12 Wring D agram

Provi de conplete wiring diagram of the power unit showi ng both A C. supply
and D.C. connections to anodes on the inside of the cabinet door. Show and
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| abel conponents.

.4.13 Rectifier Replacenent/Spare Parts List

Provide identification and coverage for all parts of each conponent,
assenbly, and accessory of the itens subject to replacenent in accordance
with Section 01781, "Operation and Mai ntenance Data."

.5 CONDU T AND CABLE FOR PONER SERVI CE AT 600 VOLTS OR LESS

.5.1 Condui t

CEl EN 50086-1. [Qutlet boxes and Fittings: CEl EN 50086-1, threaded
hubs.] [Metallic conduit and fittings to be polyvinylchloride coated in
accordance with CEI EN 50086-1 and UNI 9099.]

.5.2 Cable and Wre O her Than Anode Lead Wres
Stranded bare copper conductors conforming to CEl 7-1. Wres termnating
at a rectifier, junction box, or test station shall have cable

identification tags. Refer to paragraph entitled "Anode Lead Wres" for
anode | ead wires.

.5.2.1 AC Power Supply Wring

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: PVC insul ated cables shall be installed in
conduit. PVC cables shall not be direct buried.
Rubber insul ated cables can be direct buried.

EE R R R R R R R R R R R R R R R R R R R R R R R O O R

[CEI 20-20/1 PVC insulated,] [CEl 20-13, rubber insulated PVC shiel ded,]
stranded [solid] copper conductors, size (sq. nmm as indicated.

.5.2.2 Rectifier DC Negative (Structure) Cabl e(s)

CEl 20-13 ethyl ene propyl ene rubber insulation, stranded copper conductors,
size (sg. nmm as indicated.

[2.5.2.3 Rectifier DC Positive (Anode) Header Cabl e(s)

CEl 20-13 ethyl ene propyl ene rubber insulation, stranded copper conductors,
size (sg. mm as indicated. Refer to paragraph entitled "Anode Lead Wres"
for anode | ead wires.

12.5.2.4 Continuity Bond Cabl es

CEl 20-13 ethyl ene propyl ene rubber insulation, stranded copper conductors,
size (sgq. mm as indicated. Do not use bare copper wire for joint
continuity bonds.

.5.3 Cable and Wre ldentification Tags

Lam nated plastic naterial with black letters on a yell ow background.
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Print letters and nunmbers a minimumof 5 mmin size. Provide identifier
| egend [in accordance with the draw ngs] | ].

2.5.4 Wre Connectors

CEl 20-24. [Solderless copper crinp connections.] [Exothernic weld.]
2.5.5 I nsul ating Tape

CEl EN 60371- 3-8.

2.5.6 Under ground Splices

EE R R R R R R R R R R R R R R R R R R R I R R R I O R

NOTE: Splices and danaged anode lead wire
insulation are a common cause of premature failure.
Splices are not normally all owed except under
certain circunstances. |If splices are all owed,

sel ect the appropriate option

EE R R R R R R R R R R R R R R R R R R R R R R R I

[Splices are not permitted in buried sections of anode header cable.]
Provide splices with a conpression connector on the conductors, and

i nsul ati on and wat er proofing using one of the follow ng nmethods which are
sui table for continuous subnersion in water and conply with CEl 20-24.

a. Provide cast-type splice insulation by neans of nolded casting process
enpl oying a thernosetting epoxy resin insulating naterial applied by a
gravity poured nethod or pressure injected nethod. Provide conponent
materials of the resin insulation in a packaged formready for
conveni ent mxing wthout renoving fromthe package.

(1) Gravity poured nethod shall enploy materials and equi pnent
contained in and approved commrercial splicing kit which includes a
nold suitable for the cables to be spliced. Wen the nold is in
pl ace around the joined conductors, prepare the resin m x and pour
into the nold.

b. Provide [heavy wall] heat shrinkable splice insulation by neans of a
t her nopl asti c adhesive seal ant material which shall be applied by a
cl ean burni ng propane gas torch

2.5.7 Buried Cable Warning and ldentification Tape
Pol yet hyl ene tape, manufactured for warning and identification of buried
cable and conduit. Tape shall be [75] | ] mmwide, [yellow | ] in
color and read "Caution Buried Cable Below' or simlar. Color and
lettering shall be permanent and unaffected by nbisture or other substances
i n backfilling.

2.6  ANODE JUNCTI ON BOXES AND TEST STATI ONS

2.6.1 Fl ush Mounted Type
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UNI 10167. Metallic or non-netallic with term nal board, [5] [8] [ ]
term nal posts [and | ockable lid]. A non-netallic enclosure shall be
fiberglass or plastic [and nobunted on a 500 mmlength of 50 mm PVC
conduit]. The unit shall be of standard design, manufactured for use as a
cathodic protection test station, conplete with cover, term nal board,
shunts, and brass or Type [304] [316] stainless steel hardware. The

term nal board shall be renovable for easy access to wires. [Provide
traffic val ve box capable of withstanding traffic |loads in accordance with
Law 1086, DM 9/1/96, and DM 16/1/96.] The cover shall have a cast in
| egend "CP TEST."

.6.2 Post Top Mounted Type

UNI 10167, |1P55 as per CElI EN 60529. Metallic or non-netallic with

term nal board, [5] [8] | ] terminal posts and |lockable Iid. A
non-nmetal lic enclosure shall be high inpact strength nol ded plastic. The
unit shall be of standard design, manufactured for use as a cathodic
protection test station, conplete with cover, term nal board, shunts, and
brass or Type [304] [316] stainless steel hardware. The term nal board
shal | be renopvabl e for easy access to wires. The test station shall be
nount ed atop 1830 nm | ong pol yet hyl ene conduit wi th anchor

.6.3 Wal | Mounted Type

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Provi de netal enclosures for general use.
Provi de fiberglass enclosure in corrosive
envi ronment s.

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

UNI 10167, |1P55 as per CElI EN 60529 [ ] enclosure with [cl anped cover]

[ Type [304] [316] stainless steel hinges and [clanped] [l atched] cover]
[and padl ocked hasp]. Enclosure shall be of [gal vanized steel]

[fiberglass] [painted steel] [alum nun] [non-netallic] construction with
term nal board and | abel ed with nameplate. Provide nanmeplate in accordance
with Section 16050, "General Electrical Miterials and Methods". Enclosure
nounti ng posts shall be [gal vani zed steel pipe], [wood post, full length
pressure treated with pentachl orophenol] [as indicated]. Mount enclosure
1066 nm above finished grade [as indicated].

.6.4 Termi nal Boards

Provi de term nal boards nmade of phenolic plastic for anode junction boxes,

bondi ng boxes, and test stations [3] [6] | ] mmthick w th di mensions
as indicated. Insulated term nal boards shall have the required nunber of
termnals (one termnal required for each conductor). Install solderless

copper lugs and copper buss bars, shunts, and variable resistors on the
term nal board as indicated. Test station term nal connections shall be
permanently tagged to identify each ternmination of conductors (e.g.
identify the conductors connected to the protected structure, anodes, and
reference el ectrodes). Conductors shall be pernanently identified by neans
of plastic or netal tags, or plastic sleeves to indicate term nation

[ Each conductor shall be col or coded as foll ows:
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Anode | ead wire - black

Structure lead wire - white

Ref erence el ectrode lead wire - red
Grounding wire - yell ow green]

2.6.5 Shunt Resistors

[0.01] | ] ohm [6] [ ] anpere, accuracy plus or ninus one
percent, [nmanganin wire] | ] type.

2.6.6 Pavenment | nsert

Paverment insert shall be a non-netallic flush type test station without
term nal board, and shall allow a copper-copper sulfate reference el ectrode
to contact the electrolyte beneath the pavenent surface. [Provide traffic
val ve box capable of wi thstanding [ ] traffic |oads.]

2.6.7 Cast-I1n-Place Concrete

Fl ush nount type test stations, bonding boxes, and anode junction boxes
shall be centered in a 460 x 460 x 102 mm concrete slab. Concrete shall be
20 Mpa minimumulti mate 28-day conpressive strength with 25 mm m ni num
aggregate conformng to [Section 03300, "Cast-in-place Concrete"].

2.7 I NSULATI NG FLANGE SETS

EE R R R R R R R R R R R R R R R R R R R R R R R O O R

NOTE: On projects having piping installed by

DI VISION 2, SITE WORK and/or DI VI SION 15,

MECHANI CAL, coordinate the requirenents for flanges
and unions with the appropriate section(s).

EE R R R R R R R R R R R R R R R R R R R R R R R I R R R O O R

Provide full-faced gaskets, insulating sleeves and washers, and steel
washers. Provide flange sets rated for operation at the rated pressure and
tenperature of the fl anges.

2.7.1 Gasket s

EE R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Do not use ashbestos mmterials.

EE R R R R R R R R R R R R R R R R R R R R R R R R I O R

UNI EN 1514-1. [ Neoprene faced phenolic] [Lani nated phenolic] naterial for

operations at [862] [ ] kPa and [232] | ] degrees C

2.7.2 I nsul ati ng Washers and Sl eeves
Two sets 3 nmm [l am nated phenolic] [ ] for operation at [232] | ]
degrees C. Insulating washers shall fit within the bolt facing on the

flange over the outside of the fabric reinforced sl eeves.

2.7.3 Washer s
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Steel, cadmumplated, to fit within the bolt facing on the flange.

2.8 DI ELECTRI C UNI ONS

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: On projects having piping installed by

DI VISION 2, SITE WORK and/or DI VI SION 15,

MECHANI CAL, coordinate the requirenents for flanges
and unions with the appropriate section(s).

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

UNI EN 10242 for dinensional, strength, and pressure requirenents.
Insulation barrier shall limt galvanic current to one percent of the
short-circuit current in a corresponding netallic joint. Provide insulating

material inpervious to [water] [oil] [gas].
2.9 BONDI NG AND GROUNDI NG EQUI PMVENT

CEl 64-8.
2.10 ELECTRI CAL | NSULATI NG CQOATI NGS

[ Heat - shri nkabl e tape] [Conformable water tight seal ant having dielectric
strength not less than 15 kV for a 3 mmthick | ayer].

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Rectifiers shall be pad or post nounted.
Sel ect the appropriate paragraph

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

[2.11 CONCRETE RECTI FI ER PAD

EE R R R R R R R R R R R R R R R R R R R R R R R I R R R O O R

NOTE: Provide detail on the drawi ngs. Provide and
coordinate with Section 03300, "Concrete."

EE R R R R R R R R R R R R R R R R R R R R R R I R R R O R

Di nensi ons, conduit |ocations, and anchor bolt location [as indicated] [in
accordance with] the manufacturer's draw ngs for the equi pnment furnished.

2.11.1 Concrete
20.67 MPa concrete conform ng to Section 03300, "Cast-In-Place Concrete."
1[2.12 RECTI FI ER MOUNTI NG POST

Gal vani zed steel pipe, with [1] [1.2] [1.5] [2] [2.5] [___] mmwal
t hi ckness.

]12.13  CASI NG | NSULATORS AND SEALS
Casing insulators shall have a mninum[305] | ] mm band wi dt h,

[constructed of heat fused plastic coated steel] | ] and
nmul ti-segmented to attach firmy around the pipe. Casing end seals shal

SECTI ON 13111 Page 22



be S-shaped rubber seals with stainless steel straps.
2.14 PERVANENT REFERENCE ELECTRODES

Per manent reference el ectrodes shall be [copper copper-sulfate] [silver
silver-chloride] [zinc] specifically manufactured for [underground]
[marine] use, [30] | ] mmdianeter, by [255] [ ] mmlong, [plastic
[ ] tube with an ion trap to mnimze contam nation of the cell] [, and
a mnimum surface sensing area of | ] square centinmeters]. [The cel
shal | be prepackaged by the nmanufacturer with a backfill material as
recomended by the manufacturer.] Provide cells with 6 [ ] sq. nmrubber
i nsul ated type FGr7 | ] cable of sufficient length to extend to the
[test station] [junction box] without splicing. Reference el ectrodes shal
have a mninmum 15 year |ife, stability of plus or minus 5 mllivolts under
3 mcroanp load, and an initial accuracy of plus or minus 10 mllivolts
referenced to a calibrated portable reference el ectrode.

2.15 STEEL FLANGES AND BOLTI NG

2.15.1 St eel Fl anges
UNI EN 1514-1, [70] [140] kpa.

2.15.2 Bol ti ng
UNI EN I SO 898-1. Bolts shall extend conpletely through the nuts and may
have reduced shanks of a dianeter not |ess than the dianeter at the roof of
t he t hreads.

2.16 EXOTHERM C VEELD KI TS

Exotherm c weld kits specifically designed by the manufacturer for welding
the types of materials and shapes provided.

PART 3 EXECUTI ON
3.1 ANCDE | NSTALLATI ON
UNI 10835.
3.1.1 Anodes and Lead Wres

Provi de anodes and | ead wires as follows and in accordance with UN 10835.

EE R R R R R R R R R R R R R R R R R R R R R I R R R O R

NOTE: Sel ect the applicabl e paragraph(s) fromthe
foll owi ng dependent upon sel ection of vertical or
hori zontal anodes. Deep well anode beds may al so be
used. Designer shall select anode and installation
procedures for specific site. Provide detail on the
dr awi ngs.

EE R R R R R R R R R R R R R R R R R R R R R R R R R I

[3.1.1.1 Vertical Anodes
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a. Excavation for anodes: Excavate hole to [a minimum 75 nmlarger than
t he packaged anode dianeter.] [the dianmeter indicated.] [1220 mm
deeper than the anode length.] [the depth indicated.]

b. Excavation for wire trench: Excavate |lead [and nain feeder] wre
trenches to [the depth indicated] [not |ess than [455] [610] nm deep], |
[150] [ ] mmwi de] [width as indicated].

c. VLifting anodes: Do not |ift or support anode by the |lead wre.
Exerci se care to preclude damagi ng the anode and the lead wire
i nsul ation. Were applicable, renove manufacturer's plastic wap/bag
from the anode

d. Installing anodes: [Place 305 nm of coke breeze in the hole and tanp
wel . Anodes shall not be backfilled prior to inspection and approva
by the Contracting Oficer. Center the anode in the hole and place 305
nmm of additional coke breeze and tanmp well taking care not to strike
and damage the anode | ead wire. Repeat sequence until coke breeze is
305 nm above the anode.] [Center the canister anode in the hole.
Completely fill the annular space between the canister and the wall of
the hole with a slurry of stone free earth.] [Place a vent pipe
vertically above the anode. Cut the pipe to sufficient Iength to
extend from75 mmw thin the coke breeze to 75 nmm bel ow fi ni sh grade.
Pl ace gravel around the vent pipe to a | evel 150 nm bel ow fini sh
grade.] Fill the renaining excavation with soil and tanp.

e. Installing lead wires: Provide anodes with |ead wires of sufficient
length to extend to the anode junction box w thout splicing. Cover the
lead [and nain feeder] wire trench bottomwith a 75 nmlayer of sand or

stone free earth. Center wire on the backfill layer. Handle to
elimnate danage to the cable and insulation, do not stretch or kink
the conductor. Place backfill over wire in layers not exceeding 150 nm

deep, conpact each |ayer thoroughly. Do not place tree roots, wood
scrap, vegetable matter and refuse in the backfill.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Splices and danaged anode lead wire
insulation are a common cause of premature failure.
Splices are not normally all owed except under

certain circunstances. |If splices are all owed,
sel ect the "Anode lead to nmin feeder connections”
option.

EE R R R R R R R R R R R R R R R R R R R R R I R R R O R

f. Splices not allowed: Splices, or repairs to damaged anode | ead wire
insulation are not allowed. Install anode |ead wires back to the anode
junction box as indicated in the drawings. [Anode lead to main feeder
connections: Make connections as foll ows:

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Choose one of the follow ng options.

EE R R R R R R R R R E R R R R R R R R ERE R E R R R R R
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103. 1.

[(1) Renobve insulation to expose approximately 50 nm of each conductor

(2) Make connection between conductors using sol derless crinp
connector or exothermnm c weld.

(3) Cover connection with uncured butyl rubber tape to provide filler
wr ap.

(4) Apply four layers of half-I|apped neoprene tape, extend the tape
over the cable insulation

(5) Apply two layers of half-1apped pressure sensitive polyethylene or
pol yvi nyl chloride tape.]

[(1) Renobve insulation to expose approximately 50 nm of each conductor

(2) Make connection between conductors using sol derless crinp
connector or exothermnc weld.

(3) Cover connection with pre-manufactured splice kit.]]

Anode junction box. Mark each of the wires terminating in the junction
box. Install anode junction box as shown in the drawings [prior to
pouring the concrete slab].

Installing lead wires. Connect anode lead wires to the appropriate
termnals in the anode junction box.

1.2 Hori zont al Anodes

Excavation for anodes: Excavate anode trenches to [the depth indicated,
610 nm | onger than the anode, 305 mm wi de] [the depth, |length, and
wi dt h i ndi cated].

Excavation for wire trench: Excavate lead [and nain feeder] wre
trenches to [the depth indicated] [not |ess than [455] [610] nm deep], |
[150] [ ] mmwi de] [width as indicated].

Lifting anodes: Do not |ift or support anode by the lead wire.
Exerci se care to preclude damagi ng the anode and the lead wire
i nsul ati on.

Installing anodes: Place [100] [ ] mm of coke breeze in the anode
trench and tamp well. Center the anode in the trench and cover with
coke breeze to provide a mnimum[100] [ ] mm cover over the anode

Tanp the coke breeze firmtaking care not to strike and damage the
anode lead wire. [Place a vent pipe vertically above the anode. Cut
the pipe to sufficient length to extend from75 nmw thin the coke
breeze to 75 mm bel ow finish grade. Place gravel around the vent pipe
to a level 150 mmbel ow finish grade.] Fill the renmining excavation
with soil and tanp.

Installing lead wires: Provide anodes with lead wires of sufficient
length to extend to the anode junction box w thout splicing. Cover the
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lead [and nain feeder] wire trench bottomwith a 75 nmlayer of sand or
stone free earth. Center wire on the backfill layer. Handle to
prevent danage to the cable and insulation, do not stretch or kink the
conductor. Place backfill over wire in |layers not exceeding 150 mm
deep, conpacting each | ayer thoroughly. Do not place tree roots, wood
scrap, vegetable matter, and refuse in the backfill. Place cable
warni ng tape, within [455] | ] mm of finished grade, above buried
cabl e and conduit.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Splices and danaged anode lead wire
insulation are a common cause of premature failure.
Splices are not nornmally all owed except under

certain circunstances. |If splices are all owed,
sel ect the "Anode lead to nmin feeder connections”
option.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

f. Splices not allowed: Splices, or repairs to damaged anode |ead wire
insulation are not allowed. Install anode |ead wires back to the anode
junction box as indicated in the drawings. [Anode lead to nmain feeder
connections: Make connectors as foll ows:

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Choose one of the follow ng options.

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

[(1) Renobve insulation to expose approximately 50 nm of each conductor

(2) Make connection between conductors using sol derless crinp
connector or exothernc weld.

(3) Cover connection with uncured butyl rubber type to provide filler
wr ap.

(4) Apply four layers of half-|apped neoprene tape, extend the tape
over the cable insulation

(5) Apply two layers of half-1apped pressure sensitive polyethylene or
pol yvi nyl chloride tape.]

[(1) Renobve insulation to expose approximately 50 nm of each conductor

(2) Make connection between conductors using sol derless crinp
connector or exothernc weld.

(3) Cover connection with pre-manufactured splice kit.]]

g. Anode junction box. Mark each of the wires terninating in the junction
box. Install anode junction box as shown in the drawings [prior to
pouring the concrete slab].

h. Installing lead wires. Connect anode lead wires to the appropriate
termnals in the anode junction box.

SECTI ON 13111 Page 26



1[3.1.1. 3 Deep Wl | Anode G ound beds

a.

[e.

Drilling of anode well. Drilling of the anode well shall be
acconplished by a qualified well driller. Submt docunentation of
experience to the Contracting Oficer. Drill a hole [254] [305]

[ ] mmin dianmeter to the depth indicated using rotary bit
equi pnent designed specifically for this purpose. Select the type and
consistency of drilling fluids to be consistent with soi

characteristics. The use of tenporary well casings nmay be necessary.
Renmove all tenporary casings upon conpletion of the installation

Excavation for wire trench. Excavate anode header cable | ] wire
trenches to [the depth indicated] [not |ess than [455] [610] nm deep], |
[150] [ ] mmwi de] [width as indicated].

Installing anodes. Do not |ift or support anode by the lead wre.
Exerci se care to preclude damagi ng the anode and the lead wire

i nsulation. Attach the anode centralizers to the anodes. [Place the
vent pipe in the hole as indicated prior to installing the anodes.
Install the anodes in the hole at the depths indicated and supported in
pl ace using a nethod that does not suspend the anodes by the | ead
wire.] [Strap the [anodes] [anode assenbly] to the vent pipe spaced as
i ndi cated on the drawi ngs. Lower the anode/vent pipe assenbly into the
hole.] [Label and coil the excess anode lead wire at the top of the
casing] .

Coke backfill. Punp the coke back fill into the hole through a
separate renovable tube with the tip at the bottom of the hole.
Punmpi ng operations shall be continuous. Maintain a continuous supply
of fluidized coke at the punp suction until coke is filled to the top
of the hole. Allowthe coke to settle for [24] | ] hours. Verify
the I evel of coke and provide additional as necessary until the |eve
of coke is not lower than that indicated in the draw ngs.

Casing. Install well head casing as indicated. Seal the annul ar
space between the casing and earth with cenent grout. Seal the top of
t he anode well as shown on the draw ngs.]

Anode wel | access box. Place the anode well access box around the top
of the casing, and pour the concrete slab around the box as indicated.

Anode junction box. Install anode junction box as shown in the
drawi ngs [prior to pouring the concrete sl ab].

Installing lead wires. Provide anodes with lead wires of sufficient
length to extend to the anode junction box w thout splicing. Splices,
or repairs to damaged anode lead wire insulation are not allowed. Mark
each of the wires termnating in the junction box. Connect anode |ead
wires to the appropriate terminals in the anode junction box.

Anode header cable. Provide anodes header cable of sufficient |ength

to extend to the anode junction box w thout splicing. Splices, or
repairs to danaged anode header cable wire insulation are not all owed.
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Cover the anode header cable trench bottomwith a 75 nm | ayer of sand
or stone free earth. Center wire on the backfill layer. Handle cable
to prevent damage to the cable and insulation, do not stretch or kink
the conductor. Place backfill over wire in |layers not exceeding 150 nm
deep, conpact each |ayer thoroughly. Do not place tree roots, wood
scrap, vegetable matter and refuse in the backfill. Connect the anode
header cable to the appropriate termnal in the anode junction box.

13.1.2 Wre-To-Structure Connections

Connect wire to [pipe] [tank] structure | ] [by use of a exothermc
weld kit] [by brazing]. dean the structure surface by scraping, filing or
wire brushing to produce a clean, bright surface. [Weld connections using
the exothermic weld kits in accordance with the kit manufacturer's
instructions.] Test the integrity of the weld, prior to coating, by
striking with a 908 gram hanmer. Cover connections and exposed structures
with an electrically insulating coating, conpatible with existing coating.

3.1.2.1 Safety Precautions Around Fuel Facilities

Contractor shall take proper safety precautions prior to and during wel ding
to live fuel pipelines [tanks]. Contractor shall notify the activity Fue
Ofice via the Contracting Oficer a mninumof three days before
perform ng exothernmc welding to live fuel lines. Exotherm c welding shal
be conducted with fuel flow ng through the pipeline to elimnate vapor
spaces within the pipe and to dissipate the heat on the pipe. Exothermc

wel d charges for connections to fuel lines shall be limted to a maxi mum 15
gram charge to prevent burning through the pipe wall. Exothernic weld
connections shall be spaced a m ni num of 150 mmapart. In the event of an

unsuccessful weld, the new weld location shall be |ocated a m ni num of 150
mm from the unsuccessful weld and any ot her existing welds. Contractor
shall obtain the services of a certified Marine Chemi st or Certified
Industrial Hygienist [to nonitor the construction site during exothermc
wel ding work and certify that the area is free of flammable vapors and
otherwi se safe for work.] [to approve the contractor's exotherm c wel di ng
safety procedures. Results of this consultation shall be included in the
Contractor's Daily Report.]

3.1.3 Rectifiers
Location and nounting as indicated. Assenble and attach equi pnent
enclosures to [wall] [post] [pad] in accordance with the manufacturer's
instructions. Handle wires to prevent stretching or kinking the conductors
or damaging the insulation. Use lubricants when pulling wires into
conduits. Bond the equi pnent enclosures to a groundi ng el ectrode.

3.1. 4 Test Stations [and Permanent Reference El ectrodes]

Locate test stations [and permanent reference el ectrodes] [as indicated.]
[as fol |l ows: ]

[a. At [305] [ ] meter intervals.

b. At insulating joints.
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c. At both ends of casings.
d. Were the pipe crosses any other nmetal pipes.

e. Were the pipe connects to an existing old piping systemnot under
cat hodi ¢ protection.

f. Were the pipe connects to a dissinilar netal pipe.]

Do not fill the bottomof the test station with concrete unl ess otherw se
specified. Do not place rubbish, scrap or other debris into the test
station.

.1.4.1 Per manent Ref erence El ectrode Calibration and Installation

Provi de [ prepackaged] [copper copper-sulfate] [silver-silver chloride]
[zinc] reference electrode(s) as indicated in the drawings. Prior to
installation, soak the [prepackaged] reference electrode in a container of
potable water for 30 mnutes. Do not use seawater [except for
silver-silver chloride electrodes intended for use in seawater]. Calibrate
the permanent reference electrode in the presence of the contracting

of ficer or his approved representative by nmeasuring the potentia

di fference between the permanent reference el ectrode and an i ndependent
(portable) calibrated reference el ectrode placed in the water adjacent to
t he permanent reference electrode. [Potential differences between the two
el ectrodes of the sane generic type should not exceed [10] [15] mllivolts
when the [sensing wi ndows of the] two el ectrodes bei ng conpared are not
nore than 2 mmapart but not touching.] [Zi nc pernmanent reference

el ectrodes should be within the range of -1000 to -1150 millivolts when
calibrated with an i ndependent (portable) calibrated copper-copper sulfate
reference el ectrode with the two el ectrodes being not nore than 2 nmm apart
but not touching.] Pernanent reference el ectrodes not within these
potential differences shall be renmoved fromthe construction site by the
end of the day and replaced at the contractor's expense. [Prior to

conpl etely backfilling over reference el ectrodes, again verify the accuracy
of the reference electrode.] The testing provision shall also apply to
repl acenent reference el ectrodes as well.

.1.5 Bondi ng Boxes

Provi de structure bonding boxes in locations [as indicated] [where the
protected structure crosses or cones into close proximty to other netal
structures that are unprotected or protected by its own electrically

i sol ated cathodic protection systen(s)].

.1.6 I nsul ating Flange Sets

[Provide insulating flange sets aboveground or w thin manhol es as
indicated.] [Locate insulating flanges on lines entering buildings at |east
305 mm above grade or floor level.] [Cut piping and provide flanges into

place. Carefully align flange bolt holes and weld flange to pipe in
accordance with UNI EN 1514-1.] [Electrically isolate pipelines entering
buil dings fromthe structure wall either bel ow or above ground wth an

SECTI ON 13111 Page 29



electrically isolating wall sleeve.] Provide insulating flange sets into
pl ace without springing or forcing. Carefully install flange bolt sleeves
to avoid damage to the sleeves. [Cover insulating flanges with an
electrically insulating coating.]

3.1.7 Di el ectric Unions

Provi de insul ating uni ons aboveground or wi thin manhol es as i ndi cat ed.

[Cut pipe ends square, renmove fins and burrs, cut taper pipe threads in
accordance with UNI EN 10242.] Wrk piping into place w thout springing or
forcing. Apply joint conpound or thread tape to nmale threads only.

Backing off to pernit alignnment of threaded joints shall not be permtted.
Engage threads so that not nore than three threads remai n exposed.

3.1.8 Joi nt Bonds

Provide joint bonds on netallic pipe to and across buried flexible
couplings, mechanical joints, flanged joints [except at places where
insulating joints are specified] and at joints not wel ded or threaded to
provide electrical continuity. Conformto the safety precautions of

par agr aph [ ] when wel ding around fuel facilities. Check and verify
adherence of the bond to the substrate for nechanical integrity by striking
the weld with a 908 gram hanmer.

3.1.9 Casings, Insulation, and Seals

Where the pipeline is installed in a casing under a roadway or railway,
i nsulate the pipeline fromthe casing, and seal the annul ar space agai nst
intrusion of water.

3.1.10 Recondi tioni ng of Surfaces

EE R R R R R R R R R R R R R R R R R R R R R R R I R R R O O R

NOTE: On projects having site work provi ded by
DI VISION 2, coordinate the requirenents for
recondi tioning of surfaces with the appropriate
section(s).

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

3.1.10. 1 Rest orati on of Sod

Rest ore unpaved surfaces disturbed during the installation of anodes and
wires to their original elevation and condition. Preserve sod and topsoi
carefully and replace after the backfilling is conpleted. Were the
surface is disturbed in a newy seeded area, re-seed the area with the sane
quality and fornula of seed as that used in the original seeding.

3.1.10.2 Rest orati on of Pavenent

Pat ch pavenent, sidewal ks, curbs and gutters where existing surfaces are
renoved for construction. Saw cut pavenent edges. G aded aggregate base
course shall have a naxi mum aggregate size of 35 mm Prine base course with
[liquid asphalt, UNI EN 12591] [ ] prior to paving. Match base course
t hi ckness to existing but shall not be less than 150 nm Asphalt aggregate
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3.

size shall be 12.7 mm WMatch asphalt concrete thickness to existing but
shall not be less than 50 mm Repair portland cenent concrete pavenent,
si dewal ks, curbs, and gutters using 20.67 MPa concrete conformng to
Section 03300, "Cast-1n-Place Concrete". Match existing pavenent,
sidewal k, curb, and gutter thicknesses.

.2 FI ELD QUALI TY CONTRCL

Field tests shall be witnessed by the Contracting Oficer or his designated
representative. Advise the Contracting Oficer [5] [ ] days prior to
perform ng each field test. Quality control for the cathodic protection
system shal |l consist of the follow ng:

a. Initial field testing by the contractor upon construction

b. Governnent Field Testing after Contractor initial field test report
subni ssi on.

c. Warranty period field testing by the Contractor

d. Final field testing by the contractor after one year of service.

EE R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Additional testing nmay be required, based
upon the specific project or design. Al tests
|isted bel ow may not be required. Designer should
consider the project requirenents for selection of
test procedures.

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

2.1 Testi ng

UNI 9782.

.2.1.1 Destructive Testing

Contractor shall performthe tests in the presence of the Contracting
Oficer. Contractor shall include the cost of an additional anode [of each
different type] with the longest lead wire for the destructive test in his
or her bid. One conpleted [prepackaged] anode of each type with | ead wres
shal | be chosen at random for destructive testing and shall be submitted to
a static pull test. Anode |lead wire connections of anodes shall have
sufficient strength to withstand a minimumtensile | oad of [1335] | ] N
[ The anode shall also be cut into sections and/or broken with a sl edge
hamrer to verify confornmance with this specification. Such itens as
anode-to-wire connection, conplete encapsul ation of the wire connector, and
wire to anode el ectrical resistance shall be checked. ][Failure of the
test anode to conformto this specification can be cause for rejecting al
anodes fromthe sane lot as the test anode. The contractor shall nark al
rej ected anodes on the ends with a 150 nm high "X" using yellow spray
paint. Failed anodes shall be renoved fromthe job site by the end of the
day. The contractor shall replace any rejected anodes at his expense. The
destructive testing provision shall also apply to replacenent anodes as
wel |.]
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3.2.1.2 Wre for Power Service

Test wire for power service at 600 volts or less to determne that the

W ring systemand equi pnent are free fromshort circuits and grounds [by a
m ni mum of two negohns]. Performthe test with a megohm neter having a
500-volt rating.

.2.1.3 Initial Cathodic Protection System Field Testing

The systens shall be tested and inspected by the Contractor's corrosion
engi neer in the presence of the Contracting Oficer's corrosion protection
engi neer or an approved representative. Record test data, including date,
tinme, and locations of testing and submt report to the Contracting
Oficer. Contractor shall correct, at his expense, all deficiencies in the
materials and installation observed by these tests and inspections.
Contractor shall pay for retests nade necessary by the corrections.

Testing shall include the follow ng neasurenents:

a. Base potential tests: UN CEl 6. At |least [one week] [24 hours]

[ ] after [backfilling of the pipe] [installation of the structure
to be protected] [initial operation of structures containing fluids]
[ ], but before energizing of the cathodic protection system

nmeasure the base (native) [structure-to-electrolyte] [pipe-to-soil]
potentials of the [pipe [and the casings]] [structure]. Perform
nmeasurenents at anode junction boxes, test stations and other |ocations
suitable for test purposes (such as service risers or valves) at

i ntervals not exceeding [30] [122] | ] meters with readings at each
end point and the mdpoint as a mnimum The |ocations of these
measurenents shall be identical to the l|ocations specified for
measuring energized [structure-to-electrolyte] potentials. Use the
sanme neasuring equi pnent that is specified for nmeasuring protected
potential neasurements. [For underground storage tanks, take a m ni num
of three nmeasurenments with the reference el ectrode |ocated as foll ows:

(1) Directly over the longitudinal and transverse centerlines of the
tank at intervals not exceeding the dianmeter of the tank and to a
di stance fromthe tank of two times the tank dianmeter.

(2) At points directly around the circunference of the tank.]

b. Permanent reference electrode calibration: Verify calibration of the
reference el ectrode by neasuring the potential difference between the
per manent reference el ectrode and an i ndependent (portable) calibrated
reference el ectrode placed in the soil or water adjacent to or as close
as practicable to the pernanent reference el ectrode. [Potential
di fferences between the two el ectrodes of the sane generic type should
not exceed [10] [15] mllivolts.] [Zi nc pernanent reference el ectrodes
should be within the range of -1000 to -1150 millivolts when calibrated
with a copper-copper sulfate reference el ectrode.] Pernanent reference
el ectrodes not within these potential differences shall be renoved from
the construction site by the end of the day and repl aced at the
contractor's expense. The testing provision shall also apply to
repl acenent reference el ectrodes as well.
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c. Insulation joint testing: Performinsulation testing at each
insulating joint or fitting [prior to burying the joint or fitting]
before and after the cathodic protection systemis energized. Before
energi zing, test using an insulation checker. After energizing, test
the insulation by neasuring the potential shift on both sides of the
insulating joint. This testing shall denonstrate that no netallic
contact or short circuit exists between the two insul ated sections of
the pipe. Report and repair defective insulating fitting at the
Contractor's expense.

d. Electrical continuity testing: Performelectrical continuity testing
for joint bonded pipe prior to backfilling of the pipe. [Crculate
current through the pipe and conpare the neasured resistance to the
theoretical resistance of the pipe and bond cables. The resistance
nmeasured shall not exceed 150 percent of the theoretical resistance.]

e. Rectifier systemtesting: UN CEI 5. Upon conpletion of the
installation, "Baseline Potential Tests", "Insulation Joint Tests", and
"Electrical Continuity Tests", energize and adjust each rectifier
Measure D.C. outputs of the rectifier and current outputs [of each
anode] [of associated ground bed] at different rectifier settings.
Measure the current outputs across the installed shunts. Verify these
readi ngs using portable, calibrated neters and shunts. This testing
shal | denonstrate if the rectifier systemis capable of functioning
properly as required to provide effective cathodic protection

f. Pipe casing testing: Before final acceptance of the installation, test
the electrical insulation of the carrier pipe fromcasings and correct
any short circuits.

g. Energized potential tests: Wth the entire cathodic protection system
put into operation for at |east [one week] [24 hours] | ], neasure
pi pe-to-soil potentials along the [pipeline [and at all casings]]
[structure] using a portable [copper/copper sulfate] [silver
silver-chloride] [and all permanent] reference el ectrode(s) and a
vol tmeter having an i nput inpedance of not |ess than 10 nmegohns. The
| ocations of these neasurenments shall be identical to the |ocations
used for the base potential neasurenents.

h. Interference testing: Performinterference testing with respect to any
crossing and nearby foreign pipelines in cooperation with the owner of
the related pipelines. The testing shall verify that the subject
cat hodi c protection system does not have a del eterious effect on the
foreign pipelines, and vice versa. Prepare a full report of the tests,
giving all details including remedial actions taken or reconmendations
to correct noted interference problens.

3.2.1.4 Initial Cathodic Protection System Field Test Report
The contractor shall submit a field test report of the cathodic protection
system Al structure-to-electrolyte nmeasurenents, including initial

potentials and anode outputs, shall be recorded on applicable forns.
Identification of test locations, test station and anode test stations
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shal |l coordinate with the as-built draw ngs and be provi ded on system

drawi ngs included in the report. The contractor shall |ocate, correct, and
report to the Contracting O ficer any short circuits encountered during the
checkout of the installed cathodic protection system

3.2.1.5 Governnment Field Testing

EE R R R R R R R R R R R R R R R R R R R R R R R R I R

NOTE: The requirenents of paragraph entitled
"Governnent Field Testing" are required for cathodic
protection projects in the LANTNAVFACENGCOM ar ea.
The designer should verify their applicability to
proj ects outside the LANTNAVFACENGCOM area with the
appropriate EFD corrosi on program nanager

EE R R R R R R R R R R R R R R R R R R R R R R O R

The governnent corrosion engi neer shall review the Contractor's initial
field testing report. Approxinately four weeks after recei pt of the
Contractor's initial test report, the systemwll be tested and inspected
in the Contractor's presence by the governnent corrosion engineer. The
Contractor shall correct, at his expense, nmaterials and installations
observed by these tests and inspections to not be in confornmance with the

pl ans and specifications. The Contractor shall pay for all retesting done
by the governnent engi neer nade necessary by the correction of deficiencies.

3.2.1.6 One Year Warranty Period Testing

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: For cathodic protection projects in the
LANTNAVFACENGCOM ar ea, sel ect the appropriate
LANTNAVFACENGCOM options for paragraphs entitled
"One Year Warranty Period Testing" and "Final Field
Testing."

EE R R R R R R R R R R R R R R R R R R R R R R R O R

The Contractor shall inspect, test, and adjust the cathodic protection
system [quarterly] [senm -annually] [ ] for one year, [4] [2] [ ]
interiminspections total, to ensure its continued conformance with the
criteria outlined below The performance period for these tests shal
conmence upon the conpletion of all cathodic protection work, including
changes required to correct deficiencies identified during initial testing,
and prelimnary acceptance of the cathodic protection systemby the
Contracting O ficer. Copies of the One Year Warranty Period Cathodic
Protection System Field Test Report, including field data, and certified by
the Contractor's corrosion engi neer shall be submtted to the Contracting
Oficer, the activity, and the geographic Engineering Field Division
corrosi on engi neer

3.2.1.7 Final Field Testing
Conduct final field testing of the cathodic protection systemutilizing the
sanme procedures specified under, "Initial Field Testing of the Gl vanic

Cat hodic Protection Systens". The Contractor shall inspect, test, and
adj ust the cathodic protection systemafter one year of operation to ensure
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its continued confornmance with the criteria outlined below. The
performance period for these tests shall comence upon the conpletion of
all cathodic protection work, including changes required to correct
deficiencies identified during initial testing, and prelimnary acceptance
of the cathodic protection systemby the Contracting Officer. Copies of
the Final Cathodic Protection SystemField Test Report, certified by the
Contractor's corrosion engi neer shall be submtted to the Contracting

O ficer and the geographic Engineering Field Division corrosi on engi neer
for approval, and as an attachnment to the operation and nmai ntenance nanual
in accordance with Section 01781, "Operation and Mi ntenance Data". Text

.2.2 Criteria for Cathodic Protection

Conduct in accordance with UNI 9782. Criteria for determ ning the adequacy
of protection shall be selected by the corrosion engi neer as applicabl e:

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: The following criteria are applicable only to
iron and steel structures. Refer to for
appropriate criteria for other netal structures.

Not all criteria nmay be readily applicable to the
type of CP systen{(s) being designed, and the

desi gner should select only the applicable criteria.

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

a. A negative voltage of at least 0.85 volt (850 mllivolts) as neasured
bet ween the structure surface and a saturated copper-copper sulfate
reference el ectrode contacting the earth [electrolyte]. Determ nation
of this voltage is to be nade with the protective current applied to
the [structure] [tank] [pipeline] for a m ninmmof [24] [ ] hours.
Vol t age drops nust be considered for valid interpretation of this
vol tage neasurenent. The nmethod of voltage drop consideration shall be
identified by the Contractor's corrosi on engi neer and approved by the
Gover nnment corrosion engi neer

b. A negative polarized potential of at least 0.85 volt (850 mllivolts)
as neasured between the structure surface and a saturated copper-copper
sul fate reference el ectrode contacting the earth [electrolyte].

Determ nation of this voltage is to be nade after the protective
current has been applied to the [structure] [tank] [pipeline] for a
mnimmof [24] [___ ] hours.

c. A minimm polarization voltage shift of 100 nV neasured between the
structure surface and a saturated copper-copper sulfate reference
el ectrode contacting the earth [electrolyte]. This voltage shift shal
be determ ned by interrupting the protective current and neasuring the
pol ari zation decay. At the instant the protective current is
interrupted ("instant off"), an i mediate voltage shift will occur
The voltage reading just after the i mediate shift shall be used as the
base reading fromwhich to neasure the pol arization decay. The
pol ari zati on decay shall be the difference between the base readi ng and
a voltage neasurenent nade [24] [48] | ] hours after the
interruption of protective current.
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3.3 DEMONSTRATI ON

3.3.1 I nstructing Governnent Personne

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: There are restrictions on the type and extent
of training. Training is usually on-site, 2 days or
| ess. Factory representatives or others provide
basic instructions to facility maintenance and
operation personnel. |If nore extensive training is
required, i.e. student travel, special consultants,
etc., consult the Contract Division Director and the
head of the Conptroller Departnent for assistance.

EE R R R R R R R R R R R R R R R R R R R I R R R I O R

During the warranty testing and at a tine designated by the Contracting

O ficer, nmake avail able the services of a technician regularly enployed or
aut hori zed by the manufacturer of the Cathodic Protection Systemfor

i nstructing Governnent personnel in the proper operation, maintenance,
safety, and emergency procedures of the Cathodic Protection System The
period of instruction shall be not less than [one] | ] but not nore
than [two] | ] 8-hour working day[s]. Conduct the training at the
jobsite or at another location nutually satisfactory to the Governnent and
the Contractor. The field instructions shall cover all of the itens
contained in the operation and mai nt enance nanual .

-- End of Section --
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