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NOTE: Delete, revise, or add to the text in this
section to cover project requirenents. Notes are
for designer information and will not appear in the
final project specification.

This guide specification covers the requirenments for
a cathodic protection systemutilizing continuous
flow direct current fromsacrificial anodes.

This specification is intended to be used in
specifying a cathodic protection systemto protect
nmetal surfaces efficiently against corrosion by
produci ng a continuous flow of direct current from
sacrificial anodes to the netal to be protected.
Anodes shoul d be of sufficient size and quantity to
protect the buried netal itens for a specified
nunber of years before replacenent. U S

Department of Transportation has issued regul ations
requiring the application of cathodic protection to
natural gas pipelines, liquid natural gas pipelines,
petrol eum pi pel i nes, petrol eum products pipelines,
liquid petrol eum gas pipelines, and petrol eum
storage facilities. Title 49 of the Code of Federa
Regul ations, Parts 191, 192, 193, and 195 shoul d be
consul ted for applicable cathodic protection
requirenents for specific applications.
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PART 1 GENERAL

1.1 REFERENCES

EE R R R R R R R R R E R R R R R REEERERE R EEEE R R E R R R R R

NOTE: The foll owi ng references should not be
manual |y edited except to add new references.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication.

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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1.

The publications listed below forma part of this section to the extent
ref erenced:

ASME | NTERNATI ONAL ( ASMVE)

ASME B16. 39 (1998) Mal |l eable Iron Threaded Pi pe Uni ons
Cl asses 150, 250, and 300

ASTM | NTERNATI ONAL (ASTM

ASTM B 418 (1988) Cast and Wought Gl vanic Zinc
Anodes

NACE | NTERNATI ONAL ( NACE)

NACE RP0169 (1992) Control of External Corrosion on
Under ground or Subnerged Metallic Piping
Syst ens

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA TC 2 (1990) Electrical Plastic Tubing (EPT) and
Conduit (EPC-40 and EPC- 80)

NATI ONAL FI RE PROTECTI ON ASSOCI ATl ON ( NFPA)

NFPA 70 (2002) National Electrical Code
UNDERWRI TERS LABORATORI ES (UL)

UL 510 (1994) Insul ating Tape

UL 514A (1996; 9th Ed) UL Standard for Safety -
Metallic Qutlet Boxes

UL 6 (2000; 12th Ed) UL Standard for Safety for
El ectrical Rigid Metal Conduit- Steel

2 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 I O R

NOTE: Review subnmittal description (SD) definitions
in Section 01330, "Submittal Procedures," and edit
the following list to reflect only the submttals
required for the project. Subnmittals should be kept
to the mininumrequired for adequate quality
control. Include a columar list of appropriate
products and tests beneath each submittal

descri ption.

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

The followi ng shall be submitted in accordance with Section 01330,
"Subm ttal Procedures,” in sufficient detail to show full conpliance with
t he specification:
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SD-01 Preconstruction Subnmttals

Evi dence of qualifications of Qualified Corrosion Engi neer shall
be submitted in accordance with the paragraph entitled, "Services
of Corrosion Engineer," of this section.

SD- 02 Shop Drawi ngs

Installation Drawi ngs shall be submitted in accordance with the
par agraph entitled, "Shop Drawi ngs," of this section.

SD- 03 Product Data

Manufacturer's catal og data shall be submtted for the foll ow ng
itens:

Anodes

El ectrical Wre

El ectri cal Connections

Condui t

Test Boxes and Juncti on Boxes
Coat i ngs

Pref ormed Sheat hs

Epoxy Potting Conpound

Pavenent Inserts

I nsul ati ng Pipe Sleeves

El ectrically Insulating Pipe Joints
El ectrically Conductive Couplings
Casing Centering Cradles and Casing Seal s

SD- 06 Test Reports

Test reports shall be submtted in booklet formtabul ating the
following field tests and neasurenents perforned in accordance
with the paragraph entitled, "Tests and Measurenents," of this
section.

Static Potential -to-Soil

I nsul ation Tests

Qut put Measurenents

El ectrode Potential Measurenents
Casing Tests

Interference Tests

1.3 GENERAL REQUI REMENTS

EE R R R R R R R R R E R R R R R REEERERE R EEEE R R E R R R R R

NOTE: If Section 16003, "General Electrical
Provisions," is not included in the project
specification, applicable requirenents therefrom
shoul d be inserted and the foll ow ng paragraph
del et ed.

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 O R
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Section 16003, "General Electrical Provisions,
in this section.

applies to work specified

1.3.1 Servi ces of Corrosion Engi neer

Contractor shall obtain the services of a corrosion engi neer to supervise
and inspect the installation of the cathodic protection system Qualified
Corrosion Engineer refers to a person, who, by reason of his know edge of

t he physical sciences and the principles of engineering and mathenatics
acqui red by professional education and rel ated practical experience, is
qualified to engage in the practice of corrosion control on buried or
subnerged netallic piping systens and netallic tanks. Such person may be a
i censed professional engineer or nay be a person certified by the Nationa
Associ ation of Corrosion Engineers if such licensing or certification

i ncl udes suitabl e experience in corrosion control on buried or subnerged
netal lic piping systens and netallic tanks. Corrosion engineer's nane and
qualifications shall be certified in witing to the Contracting O ficer for
approval prior to the start of construction

Corrosion engi neer shall ensure that the cathodic protection systemis
installed, tested, and placed into service in accordance with the
requi renents specified.

1.3.2 Rul es
Installation shall conformto the requirements of NFPA 70.

1.4 DELI VERY, STORAGE, AND HANDLI NG
Storage area for anodes will be designated by the Contracting Oficer. |If
anodes are not stored in a building, tarps or simlar protection shall be
used to protect anodes frominclement weather. Package anodes, danmmged as
a result of inproper handling or exposure to rain, shall be resacked by the
Contractor and the required backfill added.

PART 2 PRODUCTS

2.1  ANCDES

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

NOTE: WMagnesi um anodes have the foll owi ng noni na
properties:

Amp-hr/1bkg -- Theoretical ------ 1000 450
Current Efficiency ------------ 50 percent
Amp-hr/lbkg ------- Actual ------ 500 230
LbKg/ Amp -yr - Consunption Rate - 17 7.7

Solution Potential - Volts to a Copper -
Copper Sul fate Electrode in Gypsum Backfill:

Type 63 Alloy - Volts ---------mmmmmmmie oo - -
-1.55
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Mg-M1 Alloy - Volts --------mmmmmmme oo -
-1.73

The follow ng tabl es show typical sizes avail abl e:

TYPI CAL MAGNESI UM ANCDE SI ZES

(Cross sections may be round, square, or D shaped)
NOM NAL GROSS WI.

NOM NAL APPROX. LBS. PACKAGED PACKAGE
WI. LBS. SIZE (IN.) I N BACKFI LL DI MENSI ONS (I N.)
3 3 X3X5 8 5-1/4 X 5-1/4 X
8
5 3 X3X5 13 5-1/4 X 5-1/4 x
11-1/4
9 3 X3 X14 27 5-1/4 X 20
12 4 X 4 X 12 32 7-1/2 X 18
17 4 X 4 X 17 45 7-1/2 X 24
32 5 X5 X 20-1/2 68 8-1/2 X 28
50 7 X7 X 16 100 10 X 24
Extra Long Magnesi um Anodi zed (a)
10( a) 1-1/2 x 1-1/2 x 70
16(a) 2 x 2 x 60
17 3-1/2 x 3-1/2 x 28 44 5-1/2 x 5-1/2 x
38
40( a) 3 x 3 x 60
50 5x 5 x 31 50 8-1/2 x 40
60(a) 4 x 4 x 60
TYPI CAL MAGNESI UM ANCDE SI ZES
(Cross sections may be round, square, or D shaped)
NOM NAL GROSS
NOM NAL APPROX. WI. (KI LOGRAM PACKAGE
W, (KG Sl ZE (M) I N BACKFI LL DI MENSI ONS (MM
1.4 75 X 75 X 125 3.6 133 X 133 X 200
2.3 75 X 75 X 125 5.9 133 X 133 X 280
4.1 75 X 75 X 360 12.2 133 X 500
5.4 100 X 100 X 300 14.5 191 X 450
7.7 100 X 100 X 430 20. 4 191 X 600
14.5 125 X 125 X 520 30.8 216 X 700
22.7 180 X 180 X 400 45. 4 250 X 600
Extra Long Magnesi um Anodi zed (a)
4.5 38 X 38 X 1780
7.3 50 X 50 X 1520
7.7 89 X 89 X 700 20 140 X 140 X
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TYPI CAL MAGNESI UM ANCDE SI ZES

950
18.1 75 X 75 X 1500
22.7 125 X 125 X 775 22.7 216 X 1000
27. 2 100 X 200 X 1500

(a) Extra long anodes furnished bare - backfil
appl i ed around anodes in augured hol es.

The four alloy conpositions generally represent a
range of prices fromthe |lowest (Type |I) to the

hi ghest (Mg-M1). However, the | owest cost anode may
not necessarily represent the | owest cost
installation since fewer anodes having a hi gher
driving potential may be required in some
installations. Qher criteria for aiding in

sel ection are:

a. Type |

(1) Lowest cost avail able.

(2) Good efficiency at relatively high current
density.

(3) Best all around choice in salt and brackish
waters and |ow resistivity soils.

(4) Less wasted current in low resistivity
environnents than Myg- M al |l oy because of | ower

pot enti al

(5) Available fromfive netal anode producers
(6) Solution potential: -1.55 volts.

b. Type Il

(1) Best all around choice for |low to noderate
resistivity soils.

(2) Suitable for hot-spot protection where the
protection requirenent is noderate.

(3) Long length anodes are suitable for
installation in high resistivity soils.

(4) Available fromfive netal anode producers

(5) Solution potential: -1.55 volts.
c. Type Il
(1) For applications sinmlar to Type Il except

slightly higher efficiency.

(2) More stringent control of inpurities than in
Types | and Il tend to result in nore consistent
current output during service life.

(3) Available fromfive netal anode producers
(4) Solution potential: -1.55 volts.

d.  M-M Aloy
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(1) Highest driving potential of any type.

(2) Best all around choice for high resistivity
soil s.

(3) Best for hot-spots that require higher current
output than available fromthe Types I, Il and II1I.
(4) Available fromtwo netal anode producers.

(5) Solution potential: -1.73 volts.

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

1.1 Magnesi um Anodes

Magnesi um anodes shall be [Type I] [Type Il1] (D, E) [Type I11]

[ magnesi um manganese] corresponding to the applicable chenical conposition
listed in the follow ng table:

PERCENT BY WEI GHT

EL EMENT TYPE | TYPE |1 TYPE |11 MG MN ALLOY

Al um num 5.0 - 7.0 5.3 - 6.7 5.3 - 6.7 0. 010 Max.

Zi nc 2.0- 4.0 2.5 - 3.5 2.5 - 3.5

Manganese 0.15 Mn. 0.15 Mn. 0.15 Mn 0.50 - 1.30

Copper 0.1 Max. 0. 05 Max. 0. 02 Max 0. 02 Max.

Silicon 0. 30 Max. 0. 30 Max. 0.10 Max

I ron 0. 003 Max. 0. 003 Max. 0. 003 Max 0. 03 Max.

Ni ckel 0. 003 Max. 0. 003 Max. 0. 002 Max. 0. 001 Max.

O hers 0. 30 Max. 0. 30 Max. 0. 30 Max. 0. 05 each
or 0.30 Max.
Tot al

Magnesi um Bal ance Bal ance Bal ance Bal ance

.1.2 Zi nc Anodes

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

NOTE: Zinc anodes are practical for use in | ow
resistivity soil on the order of 2500 ohmcmor |ess
due to the low avail able driving voltage, on the
order of -0.25 volt. The follow ng table shows

typi cal sizes avail abl 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 I O R

TYPI CAL ZI NC ANCDE SI ZES

NOM NAL GROSS VEI GHT
NOM NAL BARE BARE ANODE PACKAGED
WEI GHT (LB.) DI MENSI ONS (I N.) | N BACKFI LL
5 1.4 X 1.4 X 9 15
12 1.4 X 1.4 X 24 35
18 1.4 X 1.4 X 36 50
30 1.4 X 1.4 X 60 80
30 2 X2 X 30 60

SECTI ON 13110 Page 9



2.

TYPI CAL ZI NC ANCDE SI ZES

NOM NAL GROSS VEI GHT
NOM NAL BARE BARE ANODE PACKAGED
WEI GHT (LB.) DI MENSI ONS (I N.) | N BACKFI LL
45 2 X 2 X 45 85
60 2 X 2 X 60 105

TYPI CAL ZI NC ANCDE SI ZES

NOM NAL GROSS VEI GHT
NOM NAL BARE BARE ANODE PACKAGED
VEEI GHT (KG) DI MENSI ONS (M) | N BACKFI LL
2.3 36 X 36 X 225 6.8
5.4 36 X 36 X 600 15.9
8.2 36 X 36 X 900 22.7
13.6 36 X 36 X 1500 36. 6
13.6 50 X 50 X 750 27.2
20. 4 50 X 50 X 1125 38.6
27.2 50 X 50 X 1500 47.6

Zinc anodes shall conformto the requirenents of ASTM B 418, Type I1.

1.3 Connecting Wre

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: Type RHH shoul d be used under hot asphalt.

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

Wre shall be AWG No. 12 2.03 nmillinmeter dianeter (AW No. 12)solid copper
wire, not less than 10 feet 3000 millineter |long, unspliced, conplying with
NFPA 70, Type [TW [RHH insulation. [Connecting wires for nagnesium
anodes shall be factory installed with the place of enmergence fromthe
anode in a cavity sealed flush with a dielectric sealing conpound.]

[ Connecting wires for zinc anodes shall be factory installed with the place
of connection to the protruding steel core conpletely sealed with a
dielectric material.]

.1.4 Artificial Backfill

Anodes shall be factory packaged with an artificial backfill in a

wat er - per neabl e fabric sack or cardboard contai ner. Anodes shall be
packaged on a vibrating platformto attain dense packing. Centering shall
be assured by neans of spacers.

Artificial backfill shall have the follow ng conposition:
Mat eri al Approxi nate Percent by Wi ght
Gypsum 75
Bentonite 20
Sodi um Sul fate 5
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Mat eri al Approxi nate Percent by Wi ght
Tot al 100

2.2 ELECTRI CAL W RE

Wre shall be AWG No. 8 | ] 3.25 | ] milimeter dianeter (AWG No. 8
[ ] stranded copper wire with Type [TW [RHW USE] [ RHW USE] [ ]
i nsul ation conform ng to NFPA 70.

2.3 ELECTRI CAL CONNECTI ONS

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: A single split bolt will work | oose when the
wires it connects are noved. A mninumof two split
bolts will prevent this from happening. In water
tanks, split bolts are used (above the water |ine
only) because the working space is limted and the
hydraul i ¢ or mechani cal conpression tools nmay be
cunber sone and hazardous to use. At ground |evel or
in trenches, conpression tools can be used
conveniently, and the swaged sl eeve connecti on
produced by such tools is nore reliable than split
bol t 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

Connecting wire splicing shall be performed by the use of copper
conpressi on connections or exothermc welds. [Split-bolt connections shal
be used only if conpression connections or exotherm c wel ded connecti ons
are not possible. Where split-bolt connections are necessary, a m ni num of
two split bolts shall be used.]

2.4 CONDU T

Ri gi d gal vani zed steel conduit and accessories shall conformto UL 6.
Non-netal lic conduit shall conformto NEVA TC 2

2.5 TEST BOXES AND JUNCTI ON BOXES
Boxes shal |l be outdoor type confornmng to UL 514A.

2.6 JONT, PATCH SEAL, AND REPAI R COATI NGS
Sealing and dielectric conpound shall be a black, rubber-based conpound
that is soft, permanently pliable, tacky, noldable, and unbacked. Conpound
shal |l be applied as recomended by the manufacturer, but not less than

1/2-inch 15 mllinmeter thick

Coati ng conmpound shall be [col d-applied coal -tar base nastic] [hot-applied
coal -tar enanel] [an approved pipeline wapping].

Pressure-sensitive vinyl plastic electrical tape shall conformto UL 510.
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2.

7 PREFORMED SHEATHS

Sheat hs for encapsulating electrical wire splices to be buried underground
shall fit the insulated wires entering the spliced joint.

. 8 EPOXY POTTI NG COVPOUND

Conpound for encapsulating electrical wire splices to be buried underground
shal |l be a two-package system nade for the purpose.

.9 TEST STATI ONS

Stations shall be flush mounted type and shall be nade of high inpact
nol ded gl ass filled polycarbonate with waterti ght conduit connections and
shal | have | ockable cover [with a cast-in |legend, "C. P. Test"].

Stations shall be watertight so that electrical termnals are maintained in
a dry environnent when cabi net is subnmerged under water

Stations shall be furnished with a [five] | ] lead terminal board with
term nal s accessible fromboth sides. Term nal board shall be designed for
easy renoval fromthe housing to pernit above the "surface of the ground”
access for taking test readings.

Stations shall have col or-coded covers for identification of the follow ng
under ground pi pi ng systens.

Pl PI NG SYSTEM COLOR CODED COVER
Nat ural Gas Yel | ow

Pot abl e Wat er White

Cool i ng Tower Water Br own

Service Air Bl ack
Conbustion Air G ay

St ati ons shall be mai ntenance free and all hardware such as machi ne screws,
washers, and hex nuts shall be [brass] [stainless steel].

Stations shall be designed and constructed for di mensional and electrica
stability fromm nus 60 degrees F to plus 250 degrees F 51 degrees Cto
plus 121 degrees C

.10 PAVEMENT | NSERTS

Paverments inserts shall be used to permt access to soil under paced areas
for taking future pipe-to-soil potential readings over existing underground
pi pi ng systens.

Paverment inserts shall be of the same construction and design as the test
stations and shall be designed to be enbedded in streets or sidewal ks in
urban and hi gh vehicular traffic areas.

Paverment inserts shall be designed for flush nounting in paved areas.
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Paverment inserts shall have col or-coded covers to match col or coding for
test stations for identification of the underground piping systens.

Pavenent inserts shall be maintenance free and hardware shall be brass or
stai nl ess st eel

11 | NSULATI NG PI PE SLEEVES

I nsul ating pi pe sleeves shall be provided between netallic piping and netal
bui | di ngs, hangers, supports and other netal structures. Insulating sleeve
shal |l conpletely surround the netallic pipe for the full length of the
steel contact and shall effectively prevent contact between the
cathodically protected netallic pipe and other netallic structures.
Insulation naterial shall be mcarta, plastic, PVC, or other suitable

i nsulating nmaterial.

I nsul ating supports nust prevent damage to the pipeline coating and
accommopdate rel ative novenent, vibrations and tenperature differentials.

.12 ELECTRI CALLY | NSULATI NG PI PE JO NTS

Electrically insulating pipe joints for above or bel ow ground use shall be
[flexible, mechanical pipe couplings of an electrically insulating type
consi sting of bolted or conpression design provided with electrically
insulating joint harness if required to provide pull-out strength]
[flexible, integral electrically insulating pipe couplings designed for
field installation by neans of a swagi ng system and providing pull-out
strength with a factor of safety] [non-flexible flanged type electrically
insulating pipe joints to be field assenbled] [non-flexible factory
assenbl ed electrically insulating pipe joints designed with stub ends for
installation by welding and providing pull-out strength with a factor of
safety].

Threaded type electrically insulating pipe joints shall have nolded plastic
screw threads and shall only be used above ground. Machined plastic screw
t hreads shall not be used.

Electrically insulating pipe joints shall be of a type that is in regular
factory production

.12.1 Di el ectric Unions

Dielectric unions shall conformto the requirenments of ASME B16.39. d ass
designation for dinensional, strength and pressure requirenments shal
conformto the specified requirements for the piping systemin which the
union is to be installed. Insulating barrier shall [imt galvanic current
to one percent of the short circuit current in a corresponding netallic
joint.

.12.2 Fl ange Insulating Kits
Cl ass designation for dinmensional, strength, and pressure requirenents

shall conformto the specified requirenents for the piping systemin which
the flange insulation set is to be install ed.
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Fl anges in pipelines shall be electrically insulated by inserting an

i nsul ati ng gasket between the two flange faces. |Insulating gaskets may
have the sanme outside dianmeter as the flange, may fit within the bolt
circle of the flange faces, or may fit into the ring groove of ring type
joint flanges. Flange coupling securing bolts shall be insulated fromthe
flange face bolt holes by installing insulating sleeves over the shanks of
the bolts and insul ating washers and steel washers under the bolt heads and
nuts. Insulating bolt sleeves shall be of sufficient length to extend half
way inside the steel washer. Insulating sleeves and washers may be

conbi ned as a one piece unit.

2.12.2. 1 Gasket Materials

Gaskets shall be manufactured frommaterial having | ow water absorption and
hi gh conpressive strength. Preference shall be given to naterials with | ow
"m' and "y" factors. The "y" factor is a nmeasure of the conpressive |oad
required to establish an initial seal, while the "ni' factor is an

i ndi cation of the additional |oad required to hold fluid pressure needed to
keep the seal in operation. The smaller these factors are, the |less bolt

| oading is required.

2.12.2.2 Insulating Bolt Sleeve and Washer Materials

Insulating bolt sleeves and washers shall be manufactured from nateri al
havi ng | ow wat er absorption, high dielectric strength, and |l ow cold fl ow
characteristics. They should be suitable for the service conditions of the
particul ar application

2.13 ELECTRI CALLY CONDUCTI VE COUPLI NGS

El ectrically conductive couplings shall be of a type that has a published
maxi mum el ectrical resistance rating given in the manufacturer's literature.

2.14 CASI NG CENTERI NG CRADLES AND CASI NG SEALS

Cradl es and seals shall be of a type that is in regular factory production
made for the purpose of electrically insulating the carrier pipe fromthe
casing and preventing the incursion of water into the annul ar space.

PART 3 EXECUTI ON

EE R R R R R R R R R E R R R R R R R R R R E R R R R R R O R

NOTE: Cathodic protection systemw |l fail unless
full engineering considerations are applied to
selection, location and installation of electrically
conductive joints and electrically insulating joints
i ncluding the use of underground type dielectric
coatings (not paint).

Adequat e el ectrical conductivity of a pipe joint
made by neans ot her than wel di ng shoul d be
determ ned by an accredited corrosion specialist.
Al l owabl e el ectrical resistance depends on the
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cross-sectional area of the pipe netal, the
resistivity of the pipe netal, and the effectiveness
of the coating on the pipe. Effectively coated
underground pipe requires only a fraction of the

el ectrical conductivity at joints needed for bare

pi pe. Shop-painted pipe is considered to be the
sanme as bare pipe and is not to be confused with
pi pe coated with an underground type dielectric
coati ng.

Type of electrical insulating pipe joint to be used
requi res engi neering design consideration. In
general, the dielectric parts of an insulating joint
will not withstand structural or environnental
stresses as well as an all-netal type of joint. |If
the pipe on the cathodic-protected side of the
underground el ectrically insulating pipe joint,
including the joint, is not effectively coated,

i nterference type corrosion nay occur unl ess other
nmeasures are taken. Factors to be considered

i ncl ude:

(1) Deflection stresses.

(2) Pull-out stresses.

(3) Expansion-contraction due to tenperature
changes.

(4) 1Is function as a uni on necessary?

(5) Is field assenbly of critical parts practical?
(6) Hazardous locations to be avoi ded.

(7) Accessibility if above ground.

(8) Location of test box is bel ow ground.

(9) Inportance of coating the adjacent pipe if
bel ow ground.

(10) Vulnerability to short circuiting.

Factor of safety on pull-out strength required has
to be engineered for the specific conditions

i nvol ved since no blanket provisions are fully
applicable to all cases. Requirenent for insulating
flanges or couplings should be based on a study of
the existing conditions. |If the newpiping is a
short extension to an existing old piping system not
under cathodic protection, an insulating fitting
should be installed at the point of connection

since the new piping will be anodic to the ol der
system If the older systemis under cathodic
protection, no insulation fitting should be used.
Since it is not usually practical to insulate brass
or bronze valves in underground ferrous piping, such
val ves should not be used in ferrous piping and if

al ready present should be replaced with ferrous

val ves.

I f mechanical and el ectrical specifications do not
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i nclude the requirenents given bel ow or do not
acconpany the contract docunents, the applicable
par agr aphs gi ven below will be included. 1In case of
such inclusions, paragraphs "Criteria of Protection"
and "Tests and Measurenents" will becone the |ast
two paragraphs in PART 3 EXECUTI ON

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

1 | NSTALLATI ON

Al'l equipnent shall be installed in accordance with the manufacturer's
reconmendat i ons.

1.1 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 O R

NOTE: It is rarely expedient to limt the driving
vol tage of single anodes or group anodes with
resistors. Variation in driving voltage due to
seasonal variations in environnent nmay be greater
than the adjustnent provided by the resistor. |If
resistors are used, frequent nonitoring of
protection nust be nade to ensure that protection
criteria are nmaintained.

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

Anodes of the size indicated shall be installed at the |ocations shown.
Locations nay be changed to cl ear obstructions if approved. Anodes shal

be installed as indicated in a dry condition after any plastic or

wat er pr oof protective covering has been conpletely renmoved fromthe water
per meabl e, permanent contai ner housing the anode netal. Anode connecting
wire shall not be used for |owering the anode into the hole. Annular space
around t he anode shall be backfilled with fine earth in 6-inch 150
mllineter |ayers and each |ayer shall be hand tanped. Care nust be

exerci sed not to strike the anode or connecting wire with the tanper.
Approximately 5 gallons 20 liter of water shall be applied to each filled

hol e after anode backfilling and tanpi ng has been conpleted to a point about
6 inches 150 nmillinmeter above the anode. After the water has been absorbed
by the earth, backfilling shall be conpleted to the ground surface | evel.

In the event a rock strata is encountered prior to achieving specified
augured hol e depth, the Contractor shall notify the Contracting Oficer
Wth the Contracting Oficer's approval, the Contractor nmay then instal

t he anodes horizontally to a depth at | east as deep as the bottom of the
pi pe to be protected.

Anodes shall be installed a mnimmof 3 feet 900 mllineter and a maxi mum
of 10 feet 3000 millineter fromthe Iine to be protected.

Si ngl e anodes spaced as shown shall be [direct connected] [connected
through a test station] to the pipeline, allow ng adequate slack in the
connecting wire to conpensate for novenent during backfill operation

Groups of anodes, in quantity and | ocati on shown, shall be connected to a
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coll ector cable. Collector cable shall only make contact with the
structure to be protected through a test station

Resi stance wires shall not be used to reduce the current output of
i ndi vidual or group anodes.

Connections to [ferrous pipe] [nmetal tanks] shall be made by exothermc
wel d net hods manufactured for the type of [pipe] [tank].

El ectric arc wel ded connections and other types of wel ded connections to
ferrous pipe and structures shall be approved before use.

.1.2 Anode Lead Connecti ons

If the anode lead wire is not of sufficient length to connect the anode to
the pipe or test station, an additional length of AWG No. 8 3.25 mllineter
di ameter (AWG No. 8) stranded copper wire shall be added and spliced to the
anode | ead wire using [a honbgeneous exotherm c welding process] [or] [a

m ni mum of two split bolts of suitable size]. Splice shall be insul ated
with two hal f-1apped |ayers of 3/4-inch 20 mllinmeter w de rubber tape and
two hal f-1apped |ayers of 3/4-inch 20 m|lineter w de polyethyl ene tape.

Connections of anode lead wire to pipe shall be nade by an approved

exot hernic wel ding process follow ng the instructions of the manufacturer
Installation shall be in strict accordance to manufacturer's
reconmendat i ons.

Bef ore the anode | ead connection is made, the pipe shall be inspected to
verify that the condition of the pipe is sound for nmaking an exothermc
weld. |If the condition of the pipe is proven to be sound, the pipe
connection area shall be cleaned to bare netal by means of scraping, filing
or other approved nethods. Ceaning of the pipe shall be by manual nethods
and no power-driven wheels or wire brushes shall be used.

Bef ore the anode | ead connection is nade to a natural gas pipeline, an
approved gas | eak detector shall be used to determne if there is any gas

| eakage near the pipe area to be welded. Should a gas | eak be discovered,
it shall be brought to the inmediate attention of the Contracting O ficer
Connection shall not be made until the leak is properly repaired and an
alternative safe location for the connection is approved by the Contracting
O ficer and the Contractor's corrosion specialist.

After the anode | ead or test |ead to pipe connections have been nade, they
shal | be covered with nastic sealant and plastic shield.

Anode | ead connection to test station termnals shall be nade with
i nsul ated conpression ring termnals.

.1.3 Test Stations
Test stations shall be of the type shown and installed at the | ocation
shown and shall be [curb box mounted] [post nounted] [indoor nounted]

[flush nounted in concrete]. Buried electrically insulating joints shal
be provided with test wire connections brought to a test station. Unless
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ot herwi se shown, other test stations shall be |ocated as foll ows:
a. At 1,000-foot 300 neter intervals or |ess.
b. \Where the pipe or conduit crosses any other netal pipe.
c. At both ends of casings under roadways and rail ways.

d. Were both sides of an insulating joint are not accessibl e above
ground for testing purposes.

Test stations shall be installed with color-coded covers to identify the
pi pi ng systemon which it is installed as specified in this specification
Each new test station shall be identified by nunber as depicted on the
drawi ngs. Contractor shall furnish and install a screw nounted 2-inch 50
mllineter round brass identifying tag with 1/2-inch 15 mllineter stanped
characters onto each test station cover.

Location of the pipeline in relation to the test station shall be indicated
by an arrow inscribed in the concrete base of the test station.

. 1.4 Pavenent | nserts

Paverment inserts shall be flush nounted and installed in paved areas as
shown on the drawings. Inserts shall be installed with col or-coded covers
to identify the piping systemon which it is installed as specified in this
speci fication.

Paverment inserts shall be installed as closely as possible over the center
line of underground pipeline to permt accurate evaluation of future

pi pe-to-soil potential surveys. Contractor shall use and furnish al
necessary | abor and pi pe |location equipnent to |ocate and mark center |ines
of underground piping systems. Use of reference di nensions on contract
drawi ngs shall not be used for determ ning the center |ines of underground
pi pi ng systens.

.2 CRI TERI A OF PROTECTI ON

Criteria for determ ning the adequacy of protection on a buried [pipe]
[tank] shall be in accordance with NACE RP0169 and shall be selected by the
corrosion engi neer as applicable.

2.1 Iron and Steel

One of the follow ng nethods shall apply:

.2.1.1 850 MV Negative Voltage

A negative voltage of at |least mnus 0.85 volt as neasured between the

[ pipe] [tank] and a saturated copper-copper sulfate reference el ectrode

contacting the earth directly over the [pipe] [tank]. Determ nation of
this voltage shall be nade with the cathodic systemin operation
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3.2.1.2 300 WV Negative Voltage

A negative voltage shift of at least 300 mllivolts as neasured between the
[ pipe] [tank] and a saturated copper-copper sulfate reference el ectrode
contacting the earth directly over the [pipe] [tank]. Determ nation of
this voltage shift shall be nade with the protective current applied.

These criteria apply to [pipes] [tanks] not in electrical contact with

di ssimlar netals.

3.2.1.3 100 W Pol ari zati on Vol t age

A m ni mum pol ari zati on voltage shift of 100 millivolts as neasured between
the [pipe] [tank] and a saturated copper-copper sulfate reference el ectrode
contacting the earth directly over the [pipe] [tank]. This polarization
voltage shift shall be determined by interrupting the protective current
and neasuring the polarization decay. Wen the protective current is
interrupted, an i mediate voltage shift will occur. Voltage reading, after
the i mediate shift, shall be used as the base reading fromwhich to
nmeasure pol ari zati on decay.

3.2.2 Al um num

Al umi num [ pi pes] [tanks] shall not, under any circunstances, be protected
to a potential nore negative than mnus 1.20 volts, neasured between the

[ pipe] [tank] and a saturated copper-copper sulfate reference el ectrode
contacting the earth, directly over the [pipe] [tank]. Resistance, if
required, shall be inserted in the anode circuit within the test station to
reduce the potential of the alum num[pipe] [tank] to a value which wll

not exceed a potential nore negative than mnus 1.20 volts. Voltage shift
criterion shall be one of the foll ow ng:

3.2.2.1 150 WV Negative Vol tage

A m ni mum negative voltage shift of 150 mllivolts produced by the
application of protective current. Voltage shift shall be neasured between
the [pipe] [tank] and a saturated copper-copper sulfate reference el ectrode
contacting the earth directly over the [pipe] [tank].

3.2.2.2 100 WV Negative Vol tage

A m ni mum negative polarization voltage shift of 100 mllivolts neasured
between the [pipe] [tank] and a saturated copper-copper sulfate reference
el ectrode contacting the earth, directly over the [pipe] [tank].

Pol ari zation voltage shift shall be determ ned as outlined for iron and
steel .

3.3 TESTS AND MEASUREMENTS

3.3.1 Basel i ne Potential s
After backfill of the [pipe] [tank] and anodes is conpleted, but before the
anodes are connected to the [pipe] [tank], the Static Potential-to-Soil of

the [pipe] [tank] shall be neasured. Locations of these nmeasurenents shal
be identical to the locations specified for [pipe-] [tank-] to-reference
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El ectrode Potential Measurenents. Initial neasurements shall be recorded.
. 3.2 I nsul ation Testing

Bef ore the anode systemis connected to the [pipe] [tank], Insulation Tests
shall be nade at each insulating joint or fitting. This test shal
denpnstrate that no nmetallic contact, or short circuit exists between the
two insulated sections of the [pipe] [tank]. Any insulating fittings
installed and found to be defective shall be reported to the Contracting
Oficer.

.3.3 Anode CQut put

As the anodes or groups of anodes are connected to the [pipe] [tank],
current CQutput Measurenents shall be taken with an approved | ow resistance
ameter. Values obtained and the date, tine, and |ocation shall be
recorded.

.3.4 [ Pi pe-] [Tank-] To-Reference El ectrode Potential Measurenents

Upon conpletion of the installation and operation of the entire cathodic
protection system el ectrode potential nmeasurenents shall be nade using a
copper -copper sulfate reference electrode and a potentioneter-voltneter, or
a direct current voltneter having an internal resistance (sensitivity) of
not |ess than 100,000 ohns per volt and a full scale of 1 or 2 volts.

Locati ons of these neasurenents shall be identical to the |ocations used
for the baseline potentials. Values obtained and the dates, tines, and

| ocati ons of measurenents shall be recorded.

.3.5 Location of Measurenents

.3.5.1 Pi pi ng or Conduit

For coated piping or conduit, measurenents shall be taken fromthe
reference el ectrode in contact with the earth, directly over the pipe.
Connection to the pipe shall be made at service risers, valves, test |eads,
or by other neans suitable for test purposes. Measurenents shall be made
at intervals not exceeding 400 feet 120 neter. In no case shall |ess than
t hree neasurenments be nade over any length of line. Additiona
neasurenents shall be made at each distribution service riser, with the
reference el ectrode placed directly over the service |ine.

.3.5.2 Tanks

For underground tanks, neasurenments shall be taken fromthe reference
el ectrode | ocat ed:

a. Directly over the center of the tank

b. At a point directly over the tank and m dway between each pair of
anodes.

c. At each end of the tank
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In no case shall |ess than three neasurenents be nmade.
.3.6 Casing Tests

El ectrical separation of carrier pipe fromcasings shall be tested and any
short circuits corrected.

.3.7 Interference Tests

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: Adverse effects may be caused by the foreign
pi pel i ne.

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

Before final acceptance of the installation, interference tests shall be
made with respect to any foreign [pipes] [tanks] in cooperation with the
owner of the foreign [pipes] [tanks]. A full report of the tests giving
all details shall be nade.

.3.8 Recor di ng Measurenents

Al [pipe-] [tank-] to-soil potential nmeasurements including initia
potentials, where required, shall be recorded. Contractor shall | ocate,
correct and report to Contracting O ficer any short circuits to foreign

[ pi pes] [tanks] encountered during checkout of the installed cathodic
protection system [Pipe-] [Tank-] to-soil potential neasurenents are
required on as nmany [pipes] [tanks] as necessary to determ ne the extent of
protection or to locate short-circuits.

.4 PI PE JO NTS
4.1 El ectrical Continuity

Under ground pi pe shall be electrically continuous except at places where
electrically insulating joints are specified. Pipe joined by neans ot her
than wel ding shall neet electrical continuity requirenents.

The foll owi ng nechanical joints that are not factory designed to provide
el ectrical continuity shall be bonded by installing a netallic bond across
the joint. Bonding connections shall be nmade by the exotherm c wel di ng
process.

Mechani cal joints designed to provide electrical continuity shall neet
manuf acturer's published standards.

. 4.2 Coati ng

Mechani cal joints and fittings of either the electrically conductive or

i nsulating type shall be coated with an underground type dielectric coating
system \Where external electrical continuity bonds are installed across
nmechani cal joints, all bare or exposed netal, welds, bare wire and exposed
coupling parts shall be coated with a coating system

Couplings and fittings which have a low profile exterior designed to permt
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tape coating shall be prinmed and wapped with an underground type pipe tape
foll owi ng reconmendati ons of the coupling or fitting nmanufacturer

Couplings and fittings that cannot be properly taped shall be enclosed in a
[ spaced nold manufactured for the purpose] [shroud of reinforced kraft
paper] and filled with [pol yurethane foam having a cellular structure that
wi Il not absorb water] [cold applied dielectric conpound] [hot applied

bi t um nous conpound not exceedi ng 275 degrees F 135 degrees Cin
application tenperature].

.5 ELECTRI CAL | SOLATI ON OF STRUCTURES
.5.1 Insulating Fittings

Insulating flanges and couplings shall be installed above ground, or within
manhol es, wherever possible. An insulating device that electrically
separates a pipeline shall not be installed in a confined area where a
conbusti bl e at nosphere may col |l ect, unless precautions are taken to prevent
arcing, such as by nmeans of externally located lightning arresters,

grounding cells, or other neans. Insulating flanges and couplings in |ines
entering buildings shall be located at |east 12 inches 300 nillineter above
grade or floor level. Pipelines entering buildings either bel ow or above

ground shall be electrically isolated fromthe structure wall with an
electrically isolating [gas tight] wall sl eeve.

.5.2 Gas Distribution Piping

El ectrical isolation shall be provided at each building riser pipe to the
pressure regulator, at all points where a short circuit to another
structure or to a foreign structure may occur, and at other |ocations as
i ndi cat ed.

.5.3 El ectrical I|solation

[Steam ] [H gh Tenmperature,] [Chilled,] [Water,] [Line Supply and Return
Piping,] [and] [Line Conduit]: electrical isolation shall be provided at
each building entrance, and at other |ocations as indicated.

.5.4 [Fuel ,] [Gasoline,] [Storage,] and | ] Tanks

El ectrical isolation shall be provided in each pipe at the [building]
[tank] as shown.

.5.5 Copper Pi pi ng

Copper piping shall be [electrically isolated at both ends of the pipe run]
[wapped with pipeline tape and electrically isolated at both ends].

.6 DI SSI M LAR METALS
.6.1 Under ground Di ssimlar Piping
Buried piping of dissimlar netals including new and ol d steel piping,

excepting val ves, shall be electrically separated by neans of electrically
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insulating joints at every place of connection. |Insulating joint,
i ncluding the pipe, shall be coated with an underground type dielectric
coating for a mnimum di stance of 10 diameters on each side of the joint.

.6.2 Under ground Di ssimlar Valves

Dissinmlar ferrous valves in a buried ferrous pipeline, including the pipe,
shal |l be coated with an underground type dielectric coating for a m ni num
di stance of 10 di aneters on each side of the valve.

Brass or bronze valves shall not be used in a buried ferrous pipeline.
.6.3 Above ground Dissimlar Pipe and Val ves

If the dissimlar netal pipe junction, including valves, is not buried and
exposed only to atnosphere, the connection or valve, including the pipe,
shal |l be coated with an underground type dielectric coating for a m ni num
di stance of three dianeters on each side of the junction

7 CASI NG

VWhere a pipeline is installed in a casing under a roadway or railway, the
pi peline shall be electrically insulated fromthe casing and annul ar space
seal ed agai nst i ncursion of water

. 8 SHOP DRAW NGS

Installati on Drawi ngs shall be submtted for cathode protection systens
consisting of a conplete list of equipnent and materials including

manuf acturer's descriptive and technical literature, catalog cuts, and
installation instructions. Drawi ngs shall also contain conplete wiring and
schemati c diagrans and any other details required to denonstrate that the
system has been coordi nated and will function properly as a unit.

-- End of Section --
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