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NOTE: This gui de specification covers the

requi renents for underground piping and buried or
submerged structure cathodic protection systens
using inpressed current systens.

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itens, choose applicable itens(s) or
insert appropriate information

Renmove information and requirenents not required in
respective project, whether or not brackets are
present.

Comment s and suggestions on this guide specification
are wel come and should be directed to the technica
proponent of the specification. A listing of

Techni cal Proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be subnmitted as
a Criteria Change Request (CCR)
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NOTE: The requirenents for the cathodic protection
systenms shoul d be determ ned by a corrosion engi neer
following the criteria, design, and installation
reconmendati ons included in the National Association
of Corrosion Engineers (NACE) Standard SP0169,
Control of External Corrosion on Underground or
Subrerged Metallic Piping Systems and others listed
in the specification
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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 pipes and
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structures.

2. Locations of all anodes, rectifiers, power
sources and test stations.

3. Locations of all insulating flanges and unions.

4, Install ation details of anodes, rectifiers and
bond cabl es.

5. Locations of nearby cathodic protection systens.

6. Electrical single-line diagrams, elevations,
limting dimensions, and equi pment ratings which are
not covered in the specification

7. Renote indicating or control requirenents.
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PART 1 GENERAL

1.1 REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
this paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a RI D outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Al so use the
Ref erence Wzard's Check Reference feature to update
the i ssue dates.

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

speci ficati on when you choose to reconcile
references in the publish print process.
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The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

ASVE | NTERNATI ONAL ( ASME)

ASME Bl.1 (2003; R 2008) Unified Inch Screw Threads
(UN and UNR Thread Form

ASME Bl.20.1 (1983; R 2006) Pipe Threads, Cenera
Pur pose (1 nch)

ASME B16. 21 (2005) Nonnetallic Flat Gaskets for Pipe
FI anges
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ASME B16. 25

ASME B16. 39

ASME B16. 5

ASME B18.2.1

ASME B18. 2. 2

(2007) Standard for Buttwel ding Ends

(2009) Standard for Malleable Iron
Threaded Pi pe Unions; C asses 150, 250,
and 300

(2009) Standard for Pipe Flanges and
Fl anged Fittings: NPS 1/2 Through NPS 24

(1996; R 2005) Square and Hex Bolts and
Screws (I nch Series)

(1987; R 2005) Standard for Square and Hex
Nut s

ASTM | NTERNATI ONAL ( ASTM

ASTM A 194/ A 194M

ASTM A 307

ASTM A 518/ A 518M

ASTM A 53/ A 53M

ASTM B 3

ASTM B 8

ASTM C 94/ C 94M

ASTM D 1248

ASTM D 2028

ASTM D 3381

I NSTI TUTE OF ELECTRI CAL

| EEE C2

(2009) Standard Specification for Carbon
and Alloy Steel Nuts for Bolts for

H gh- Pressure or Hi gh-Tenperature Service,
or Both

(2007b) Standard Specification for Carbon
Steel Bolts and Studs, 60 000 PSI Tensile
Strength

(1999; R 2008) Standard Specification for
Corrosion-Resistant High-Silicon Iron
Casti ngs

(2007) Standard Specification for Pipe,
Steel, Black and Hot-Di pped, Zinc-Coated,
Wl ded and Seanl ess

(2001; R 2007) Standard Specification for
Soft or Anneal ed Copper Wre

(2004) Standard Specification for
Concentric-Lay- Stranded Copper Conductors,
Hard, Medium Hard, or Soft

(2009a) Standard Specification for
Ready- M xed Concrete

(2005) Standard Specification for
Pol yet hyl ene Pl astics Extrusion Materials
for Wre and Cabl e

(1997; R 2004) Cutback Asphalt
(Rapi d- Curing Type)

(2009) Viscosity-Gaded Asphalt Cenent for
Use in Pavenent Construction

AND ELECTRONI CS ENG NEERS (| EEE)
(2007; TIA 2007-1; TIA 2007-2; TIA 2007-3;

TI A 2007-4; TIA 2007-5) National
El ectrical Safety Code
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NACE | NTERNATI ONAL ( NACE)

NACE RP0285 (2002) Corrosion Control of Underground
St orage Tank Systens by Cathodic Protection

NACE SP0169 (2007) Control of External Corrosion on
Under ground or Subnerged Metallic Piping
Syst ens

NACE SP0572 (2007) Design, Installation, Qperation and
Mai nt enance of | npressed Current Deep
Annode Beds
NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)
ANSI C119.1 (2006) Electric Connectors - Seal ed
I nsul at ed Under ground Connect or Systens
Rated 600 Volts

NEMA | CS 6 (1993; R 2001; R 2006) Standard for
Encl osures

NEVA RN 1 (2005) Standard for Polyvinyl Chloride
(PVC) Externally Coated Gal vani zed Rigid
Steel Conduit and Internedi ate Metal
Condui t

NEVA ST 1 (1988; R 1997) Standard for Specialty
Transforners (Except General Purpose Type)

NEMA TC 2 (2003) Standard for Electrical Polyvinyl
Chl ori de (PVC) Conduit

NATI ONAL FI RE PROTECTI ON ASSOCI ATl ON ( NFPA)
NFPA 70 (2008; AWVD 1 2008) National Electrical Code
U S. DEPARTMENT OF DEFENSE ( DOD)
M L-1-1361 (1991; Rev C; Notice 1) Instrunent
Auxiliaries, Electrical Measuring:

Shunts, Resistors and Transforners

UNDERWRI TERS LABORATORI ES (UL)

UL 44 (2005; R 2005) Thernoset-Insulated Wres
and Cabl es

UL 467 (2007) G oundi ng and Bondi ng Equi prent

UL 486A- 486B (2003; R 2004 thru 2009) Standard for Wre

Connectors

UL 489 (2009) Mbl ded-Case Circuit Breakers,
Mol ded- Case Switches and Circuit-Breaker
Encl osur es

UL 506 (2008; R 2009) Standard for Specialty

SECTION 26 42 19.00 20 Page 7



UL

UL

uL

UL

UL

UL

[1.2

510

514A

514B

6

83

854

Transformers

(2005; R 2008) Standard for Pol yvinyl
Chl ori de, Pol yethyl ene, and Rubber
I nsul ati ng Tape

(2004; R 2005 thru 2009) Metallic Cutlet
Boxes

(2004; R 2006 thru 2009) Conduit, Tubing
and Cable Fittings

(2007) Electrical Rigid Metal Conduit- Steel

(2008) Thernopl astic-1nsulated Wres and
Cabl es

(2004; R 2007 thru 2008) Standard for
Servi ce- Entrance Cabl es

Rel at ed Requirenents

Sections 26 00 00.00 20 BASI C ELECTRI CAL MATERI ALS NAD METHODS, [

33 71 02.00 20 UNDERGROUND ELECTRI CAL DI STRIBUTI ON], and, [26 20 00

| NTERI OR DI STRI BUTI ON SYSTEM, apply to this section except as nodified
her ei n.

11.3

SUBM TTALS

EE R R R S I R I R I I R R S R R R R R R S R R I R I R R R R S R R R

NOTE: Review subnittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the submttals
required for the project. Submttals should be kept
to the mininmumrequired for adequate quality control.

A“G following a subnmittal itemindicates that the
submittal requires Governnent approval. Sone
submittals are already marked with a “G'. Only
delete an existing “G if the subnittal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
subnmittal is sufficiently inportant or conplex in
context of the project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the subnmittal tags nay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO' for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO" for Area Ofice; "RO' for
Resident O fice; and "PO' for Project Office. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

Choose the first bracketed itemfor Navy, Air Force
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and NASA projects, or choose the second bracketed
itemfor Army projects.
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CGovernment approval is required for submttals with a "G' designation
submittals not having a "G' designation are [for Contractor Quality Contro
approval .][for information only. Wen used, a designation follow ng the
"G' designation identifies the office that will review the subnmittal for
t he vaernnent.] The followi ng shall be submitted in accordance with
Section 01 33 00 SUBM TTAL PROCEDURES
SD- 02 Shop Drawi ngs
Rectifiers
Insul ating flange sets
Anode installation
Test stations
Bondi ng boxes
Anode junction boxes
Anode vent pi pe
Joi nt bonds
SD- 03 Product Data
Rectifiers[; C[; G [____ 11
Cable and wire[; C[; G [_____ 1]
Insul ating flange sets
Di el ectric unions
Anodes[; C][; G [
Test stations
Anode junction boxes
Anode vent pipe[; CI[; G [_____ 11
Casing insulators and seals
Ref erence electrodes[; C[; G [___ 11
Shunt resistors
Anode backfill[; C¢[; G [_____ 1]

Bondi ng boxes

SD-07 Certificates

SECTION 26 42 19.00 20 Page 9



Qualifications of Corrosion Engineer[; Cl[; G [___ 11
SD-10 Operation and Mai ntenance Data
Cat hodi c protection systen, Data Package 5[; C[; G [___ 11

Rectifier replacenment/spare parts |list, Data Package 5[; C[; G

Submit in accordance with Section 01 78 23 OPERATI ON AND
MAI NTENANCE DATA.

SD-11 C oseout Submittals

Initial Cathodic Protection System Field Test Report[; C[; G

One Year Warranty Period Cathodic Protection System Field Test
Report[; Cl[; G [_____ 1]

Fi nal Cathodic Protection SystemField Test Report[; C[; G

1.4 SERVI CES OF CORROSI ON ENG NEER

The Contractor shall obtain the services of a Corrosion Engineer to
supervi se, inspect and test the installation of the cathodic protection
systen(s). Corrosion Engineer refers to a registered professional engineer
with certification or licensing that includes education and experience in
cathodic protection of buried or subnmerged netal structures, or a person
certified by the National Association or Corrosion Engineers at the |eve
of Corrosion Specialist or Cathodic Protection Specialist. Such a person
shal |l have not less than [three] [five] [___ ] years experience in the
cathodi c protection of underground [storage tanks] or subnerged
structures. The contractor shall submt evidence of the qualifications of
corrosion engineer to the Contracting Oficer for review and approval.

PART 2 PRODUCTS

2.1 ANCDES

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

service

EE R I R R S I R I R R I R R R R R R R R S R R I R R R S R R R R R O
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*

NOTE: Options for anode materials include

"Hi gh-Silicon Chrom 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 material s,
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

SECTION 26 42 19.00 20 Page 10



submitted for approval in accordance with
"Submittals Procedures."”

Rk bk bk A IR R R Sk O O S R S AR R Rk O o O IR Ik S I S b R R

[2.1.1 Hi gh-Silicon Chrom um Bearing Cast |ron

[ ASTM A 518/ A 518N, Gade 3. [Chemical conposition as follows:

Car bon 0.70 - 1.10 percent

Manganese 1.5 percent maxi num

Silicon 14.20 - 14.75 percent

Chrom um 3.25 - 5.00 percent

Copper 0.50 percent maxi num

Mol ybdenum 0. 20 percent maxi num

I ron Remai nder
Anode dinensions: [ ] by [ ] mm inches. [Centrifugally cast
tubul ar anodes with uniformwall thickness, [ ] mrinches long, [__ ]

nm i nches outer diameter, [ ] square nmeter feet surface area, and
[ ] kg I'b bare anode wei ght.]]

1[2.1.2 Graphite

EE R R R S R I R I R R R R R R R R S I R R I R I R R R S R R R R

NOTE: Maxi mum al | owabl e current densities for anode
surface area are as foll ows; Seawater: 40.37 anps
per square nmeter 3.75 anps per square foot, Fresh
water: 2.69 anps per square neter 0.25 anps per
square foot, and Soil (anode placed in backfill):

10. 76 anps per square neter 1.0 anps per square foot.

EE R R R I R R R I I O R R R Ok S R R I R I R I O R I O

Chemi cal conposition as follows:

| npr egnant 6.5 percent naximum
Ash 1.5 percent naxi mum
Moi sture & Vol atiles 0.5 percent maxi mum
Wat er Sol ubl e Matter 1.0 percent maxi mum
Graphite Remai nder

Anode dinensions: [ ] by [ ] mr inches.

]2.1.3 M xed Metal Oxi de Anodes

M xed metal oxi de anodes shall be provided by a firmthat is regularly
engaged in and has a minimum5 years experience in manufacturing 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 foll owi ng requirenents.

2.1.3.1 Conductive Materi al

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

m xture of iridiumand titaniumoxides with a snall amount of tantal um and
rut henium 0.002 ohmcentimeter maxi numresistivity, 50 MPa m ni num

adhesi on or bond strength, and capable of sustaining a current density of
100 anpere per square neter in an oxygen generating electrolyte at 66
degrees C 150 degrees F for 20 years. Sinter the mixed netal oxide coating

SECTION 26 42 19.00 20 Page 11



to the titaniumsurface as to remain tightly bound to the surface when bent
180 degrees onto itself.

.1.3.2 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 nmeter in an oxygen
generating electrolyte for 20 years. The manufacturer shall certify that a
representative sanple taken fromthe sanme | ot used to construct the anode,
has been tested and neets the following criteria.

a. The representative sanple shall be 125 nr 5 inch in length and be
taken fromthe ot 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 neter in a 15 weight percent sulfuric acid electrolyte at
66 degrees C 150 degrees F without an increase in anode to cathode
potential of nore than 1 volt.

.1.3.3 Adhesi on or Bond Strength Test

Determ ne the adhesi on or bond strength by epoxy bonding a 2.54 mm 100 nils
diameter stud to the ceram c coating and measuring the load to failure of
either the epoxy or the interface between the coating and the substrate.

.1.4 Anode Lead Wres

Not less than [No. 8] [No. 6] [__ ] AWG stranded copper conductor with [
2.8 ml110 mls [ ] thick ASTM D 1248, hi gh nol ecul ar wei ght

pol yet hyl ene (HMAPE) insulation] [an inner jacket of one mr 40 mls |
of ethylene chlorotrifuoroethylene insulation covered by an outer jacket of
1.6 m65 mls [ ] of ASTM D 1248, high nol ecul ar wei ght pol yet hyl ene
(HMWAPE)] [a primary insulation of ethylene propyl ene rubber and an outer

j acket of chloro sul phonated pol yet hyl ene], [3050] [6100] [__ ] mr [ 10]
[20) [ ] feet inlength [of sufficient length to extend to junction box
wi t hout splicing].

.1.5 Attachnent of Anode Lead Wre
Anode | ead wires shall be factory install ed.
.1.5.1 End Connect ed Anode

[Drill] [Cast] a recess [150] [__ ] mv [6] [ ] inches deep in one end
of the anode. Attach the lead wire to the anode with an anchor devi ce.

Not nmore than 10 mm 1/2 inch of bare wire shall protrude fromthe anchor
device. Attachment shall withstand a 1446 Newton 325 pound pull w thout

| oosening the wire or anchor device. 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

shri nkabl e anode cap over the attachnment, cap shall extend not |ess than 65
mr 2 1/2 inches on the lead wire and 75 mm 3 inches on the anode.] Cable
to anode contact resistance shall be 0.02 ohnms maxi mum
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2.1.5.2 Cent er 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 mr one inch of bare wire
shal |l protrude fromthe anchor device. Encapsulate [each side of] the
connection point with a minimumof 152 nmm 6 inches [ ] of high voltage
i nsul ating compound nmastic [and 102 nm 4 inches [__ ] of epoxy resin].
Attachnment shall w thstand [4000] [6675] [__ ] N[900] [1500] [__ ]
pounds pull wi thout | 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
ohns maxi mum

2.1.5.3 M xed Metal Oxi de 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 mastic tape covered with a heat shrinkable sleeve] [in cast epoxy].]
[Tin and anneal the copper wire and hydraulically swage the tubul ar anode
onto copper bushings in contact with the wire. Place a 28 nr 1 1/8 inch

| ong copper sleeve, inner diameter slightly |arger than the tubul ar anode
outer dianeter, over the tube prior to swaging.] Cable to anode contact
resi stance shall be 0.02 ohms maxi mum

2.1.6 Anode Backfi |

Rk Ik kR IR R R Ik AR Rk R R Rk O kO O R R R I R R Rk ko

NOTE: The chemical conposition listed is for
exanpl e only. The actual type and conposition
required shall be determ ned by the design engi neer
to provi de adequate and econom cal service.

Rk Ik Sk kR IR R R I O O e S S R Rk Rk S R Rk Ok kS I O I b R R Rk

Cal cined petroleum [netallurgical] coal coke breeze having the follow ng
anal ysi s:

a. Chenical conposition -

Fi xed carbon - [99.001 [ ] percent mininum
Ash - [0.10] [___ ] percent

Mbi st ure cont ent - [0.02] [___ ] percent

Sul phur - [4.291 [ ] percent (maxinmun
Vol atile nmatter - [0.22) [ ] percent

b. Wight: [1045] [768] [1184] [
[74] | bs per cubic foot

] kg per cubic neter [65] [48]

c. Size: 6 mm 1/4 inch naxi mumdi anmeter [85 percent to pass a 9.5 mm
3/8 inch nesh,] [100 percent to pass 12.5 mr 1/2 inch nesh.]

d. FElectrical resistivity: [1] [10] [20] [50] [
[ maxi run] [l oose] [tightly conpacted]

2.1.7 G avel

100 percent to pass a 25 mr one inch nesh.
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[2.1.8 Anode Centering Device for Deep Anode G ound Beds

Centering device shall be [non-netallic] and capabl e of maintaining
centering in the hole without interfering with other anode lead wring
until conpletion of backfilling operations.

1[2.1.9 Deep Anode Ground Bed Casing

Rk bk b R IR R R O kO b S O R Rk Rk R ok O S O R R R Ik kS I O I b Rk R

NOTE: A netal casing should not be used except for
a maximumof 1.5 neter 5 feet at the top for a well
cap which al so serves as a support for the

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

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

el ectrol yte.
EE IR R I Sk S S I S S S I R R R Rk I S Sk S I Sk I R R Ik I S I R Sk I O R I

Casing shall be [ ] mr inch outside dianeter, 3.2 nmr 1/8 inch m ni mum
wal | thickness black steel pipe, conformng to ASTM A 53/ A 53V, Type E or
S, Gade B. The top casing shall be [ ] mr inchoutside dianmeter, 3.2 mm

1/8 inch mninmumwall thickness black steel pipe, conformng to
ASTM A 53/ A 53N, Type E or S, Grade B. The netal casing shall extend no
nore than 1.5 neters 5 feet below the top of a well cap.

12.2 ANCDE VENT PI PE

NEMA TC 2, Type [ EPC-80-PE] [EPC-80-PVC], [38] [__ ] mr [11/2] [ ]
inches in dianeter and having [3/16 inch5 nr di ameter holes |ocated 150 mv
6 inch apart and at 1.57 rad 90 degrees around the vent pipe] [vertica
slits parallel to the pipe |longitudinal centerline, 38 mr 1.5 inches | ong,
0.15 nmm 0.006 inch wide, spaced 152 mr 6 inches apart longitudinally and 25
nmr one inch apart circunferentially around the vent pipe] along the I ength
of vent tube which is in the coke breeze backfill.

2.3 RECTI FI ERS

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

NOTE: Air-cooled rectifiers will be used for nost
applications in non-corrosive atnospheres. Were
hi ghly corrosive atnosphere exist, the equi pnent
will be oil-immersed in a tank type housing. For
hazardous area applications, oil-inmersed equi pnent
will be provided with an expl osi on-proof or
dust-ignition-proof housing, as appropriate.
Transfornmer tap adjusters will be provided in cases
where an automatic systemis not provided. Variacs
shoul d not be used where subjected to corrosive or
mari ne air atnospheres.

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

2.3.1 Tr ansf or mer

UL 506 and NEMVA ST 1, as applicable.
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2.3.2 El ectrical Ratings

El ectrical ratings as follows: input voltage at 60 Hz: [[115] [208] [230]
volts single phase] [[208] [230] [460] volts three phase].

a. OQutput voltage, dc: [9] [12] [18] [24] |
i ndi cat ed].

] volts [As

b. CQutput current, dc: [8] [16] [24] [32] [
i ndi cat ed]

] anperes [As

The rectifier shall be capabl e of supplying continuous full rated output at
an anbient tenperature of 44 degrees C 112 degrees F in full sunlight with
expected life of 10 years m ni num

2.3.3 Rectifier Stacks

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

[2.3.4 Encl osure

EZE IR R R S I R R I I O R R R Ok S R R I R R R I O R O O

NOTE: Choose this paragraph for air-cool ed
rectifier enclosures or the paragraph below entitled

"Ol Imersed Enclosures.” QI imersed encl osures
shal | be used where highly corrosive atnosphere
exist. Wien locating oil imrersed rectifiers near

bui | di ngs, consult with paragraph 3.2.3 of M LHDBK

1008C for fire safety requirenments
EE IR R I Sk S S I S S I I R R R Rk S I S Sk S kI R R R Rk S S I S O Sk I S O R

NEVA | CS 6, Type [3] [3X] [4] [4X] [7] [____ ], suitable for [wall] [post]
[ pad] nounting. Enclosure shall include hinged door with [padl ock hasp]
[key lock, 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 nmounting support shall be

[ pai nted] [hot-di pped gal vani zed] [stainless] steel [according to the
manuf acturer's standards].

1[2.3.5 G| Imrersed Encl osures

Provi de encl osures of 11-gage steel or heavier, with an accessible drain
plug. The oil level shall be clearly marked. Provide a hinged lid with
qui ck release clanps to secure it in a closed position. Provide a
conpressive, oil resistant, positive sealing gasket. Base mounting shal
have 100 mm 4 inch high channels. Provide an internal term nal board and
connecti ons above oil level for nonitoring and adjustnent. The cabinet and
nounti ng support shall be [painted] [hot-dipped gal vani zed] [stainless]
steel [according to the manufacturer's standards].

12.3.6 Overl oad and Short Circuit Protection

UL 489, Mol ded case circuit breaker, [magnetic] [thermal -nagnetic] type.
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2.3.7 D.C. Qutput Control

Rk bk bk A IR R R Sk O O S R S AR R Rk O o O IR Ik S I S b R R

NOTE: A mininumof five coarse and five fine taps
is recomrended to provide sufficient voltage
adjustnent. Variacs should not be used where

subj ected to corrosive or narine air atnospheres.
EE R I Sk S S I S S S I O R R R Rk I S Sk S I I kI S R R Ik S I I S R Sk I I R I

D.C. output voltage shall be adjustable. Transformer taps, [5] [__ ]
coarse, [[5] [ ] fine.] [Variac.] [___ ].

2.3.8 Qut put Vol tage and Current Metering

Provi de separate panel voltmeter and ameter, not |less than 63.5 nmr 2 1/2
inch [rectangular] [round], two percent full scale accuracy [at 30 degrees C
80 degrees F, tenperature stability above and bel ow 30 degrees C 80

degrees F of at |east one percent per 5 degrees C 10 degrees F]. Provide an
"ON-OFF" toggle switch for each neter.

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

2.3.10 Ef ficiency

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

2.3.11 Groundi ng Provi sions
NFPA 70 and UL 467 including a grounding termnal in the cabinet. G ounding
conductor fromtermnal to earth grounding systemshall be solid or
stranded copper not smaller than No. 6 AWG  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 nmmr 8 feet | ong.

2.3.12 Shunt Resi stors

M L-1-1361. Resistors shall be |located on the rectifier front panel and
clearly marked with current and voltage for verification of panel anmeter.

2.3.13 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
| abel conponents.

2.3.14 Rectifier Replacenment/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 01 78 23 OPERATI ON AND IAI NTENANCE DATA.
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2.4 CONDUI T AND CABLE FOR POVNER SERVI CE AT 600 VOLTS OR LESS
2.4.1 Condui t

[UL 6, rigid galvani zed steel] [Qutlet boxes: UL 514A and, Fittings:

UL 514B, threaded hubs.] [Metallic conduit and fittings to be

pol yvi nyl chl oride coated in accordance with NEVMA RN 1, Type A40.] [NENVA TC 2,
Type EPC-40- PVC. ]

2.4.2 Cable and Wre O her Than Anode Lead Wres

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

NOTE: Type THWinsul ation can only be obtained in
| arge quantity. Use of this type insulation is not
recomended for small project.

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEEEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

Copper conductors conforming to ASTMB 3 and ASTMB 8. Wres term nating
at a rectifier, junction box, or test station shall have cable
identification tags. Refer to paragraph 2.1.4 | ] for anode |ead wres.

2.4.2.1 AC Power Supply Wring

[UL 83, Type [THW [THWN] [TW] [UL 44, Type RHW] [UL 854, Type USE],
stranded [solid] copper conductors, gage (AWS as indicated.

2.4.2.2 Rectifier DC Negative (Structure) Cabl e(s)

ASTM D 1248, Hi gh Ml ecul ar Wi ght Pol yet hyl ene (HWAPE) i nsul ati on,
stranded copper conductors, gage (AWS as indicated.

[2.4.2.3 Rectifier DC Positive (Anode) Header Cable(s)
ASTM D 1248, Hi gh Mol ecul ar Wei ght Pol yet hyl ene (HWAPE) i nsul ati on,

stranded copper conductors, gage (AWS as indicated. Refer to paragraph
2.1.4 | ] for anode |ead wres.

12.4.2.4 Continuity Bond Cabl es
ASTM D 1248, Hi gh Mol ecul ar Wei ght Pol yet hyl ene (HWAPE) i nsul ati on,
stranded copper conductors, gage (AW as indicated. Do not use bare
copper wire for joint continuity bonds.
2.4.3 Cable and Wre ldentification Tags
[Lam nated plastic material with black letters on a yell ow background]
[[Brass] [Stainless steel] material with stanped or engraved letters].
Print letters and nunbers a mninumof 5 mr 3/16 inch in size. Provide
identifier legend [in accordance with the draw ngs] [
2.4.4 Wre Connectors
[ UL 486A-486B.] [ Sol derl ess copper crinp connections.] [Exotherm c weld.]
2.4.5 I nsul ati ng Tape

UL 510.

SECTION 26 42 19.00 20 Page 17



2.4.6 Under ground Splices

Rk bk bk A IR R R Sk O O S R S AR R Rk O o O IR Ik S I S b R R

NOTE: Splices and danaged anode lead wire

i nsulation are a common cause of premature failure.
Splices are not normally allowed except under
certain circunstances. |If splices are all owed,

sel ect the appropriate option.
EE IR I Sk S S I S S S R R R Rk I S Sk S I I R S Ik S S I S R Sk I O

[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 nethods which are
suitable for continuous submersion in water and conply with ANSI C119.1

a. Provide cast-type splice insulation by neans of nolded casting
process enploying a thernosetting epoxy resin insulating nateria
applied by a gravity poured nethod or pressure injected nethod.
Provi de conponent materials of the resin insulation in a packaged
formready for convenient nixing w thout renmoving fromthe
package.

(1) Gravity poured nethod shall enploy naterials and equi pnent
contai ned in and approved conmmercial splicing kit which includes a
nmold suitable for the cables to be spliced. Wen the nold is in
pl ace around the joined conductors, prepare the resin mx and pour
into the nold.

b. Provide [heavy wall] heat shrinkable splice insulation by neans of
a thernopl asti c adhesi ve seal ant naterial which shall be applied
by a cl ean burning propane gas torch

2.4.7 Buri ed Cable Warning and ldentification Tape

Pol yet hyl ene tape, manufactured for warning and identification of buried
cable and conduit. Tape shall be [75] [__ ] my [3] [ ] inches wi de,
[Yellow [__ ] in color and read "Caution Buried Cabl e Bel ow' or

simlar. Color and lettering shall be permanent and unaffected by noisture
or other substances in backfilling.

2.5 ANODE JUNCTI ON BOXES AND TEST STATI ONS
2.5.1 Fl ush Mounted Type

NEVA I CS 6. Metallic or non-netallic with termnal board, [5] [8] [___ ]
term nal posts [and lockable lid]. A non-netallic enclosure shall be

nol ded of glass filled polycarbonate and urethane coated or ABS plastic
[and nounted on a 500 mm 18 inch length of PVC conduit]. The unit shall be
of standard desi gn, 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
renovabl e for easy access to wires. [Provide traffic valve box capabl e of
wi t hstandi ng [ H20] [ ] traffic loads.] The cover shall have a cast in
| egend "CP TEST."

2.5.2 Post Top Mounted Type

NEMA | CS 6. Metallic or non-netallic with terminal board, [5] [8] [__ ]
term nal posts and lockable lid. A non-netallic enclosure shall be high
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i mpact strength nol ded plastic. The unit shall be of standard design,
manuf actured for use as a cathodic protection test station, conplete with
cover, termnal board, shunts, and brass or Type [304] [316] stainless
steel hardware. The term nal board shall be renovable for easy access to
wires. The test station shall be nounted atop 1830 mr 6 foot |ong

pol yet hyl ene conduit w th anchor.

.5.3 Wal | Mounted Type

NEVA | CS 6, Type [3R] [4X] [__ ] enclosure with [clanped cover] [Type
[304] [316] stainless steel hinges and [clanped] [l atched] cover] [and

padl ocked hasp]. Enclosure shall be of [gal vani zed steel] [painted steel]
[alum nun] [fiberglass] [non-netallic] construction with term nal board and
| abel ed with nanepl ate. Provide nameplate in accordance with Section

26 00 00.00 20 GENERAL ELECTRI CAL MATERI ALS AND METHODS. Encl osure
nounting posts shall be [gal vani zed steel pipe,schedule [40] [80] [__ 11,
[wood post, full length pressure treated with pentachl orophenol] [as
indicated]. Mount enclosure 1066 nm 42 i nches above finished grade [as

i ndi cat ed] .

.5.4 Ter mi nal Boards

Provide term nal boards for anode junction boxes, bondi ng boxes, and test
stations nade of phenolic plastic [3] [6] [__ ] my [1/8] [1/4] [___ ]
inch thick with dinmensions as indicated. |Insulated term nal boards shal
have the required nunber of termnals (one termnal required for each
conductor). Install sol derless copper |lugs and copper buss bars, shunts,
and variable resistors on the termnal board as indicated. Test station
term nal connections shall be permanently tagged to identify each

term nation of conductors (e.g. identify the conductors connected to the
protected structure, anodes, and reference el ectrodes). Conductors shal
be permanently identified by means of plastic or netal tags, or plastic
sleeves to indicate termnation. [Each conductor shall be color coded as
fol | ows:

Anode | ead wire - black

Structure lead wire - white

Ref erence electrode lead wire - red]
.5.5 Shunt Resi stors

[ML-1-1361.] [0.01] [___ ] anpere, accuracy plus or
m nus one percent, [manganin wire] [__ ] type.

.5.6 Pavenent | nsert

Paverent 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 electrol yte beneath the pavenment surface. [Provide traffic
val ve box capable of withstanding [H 20] | ] traffic |oads.]

.5.7 Cast-I1n-Place Concrete

Flush nmount type test stations, bonding boxes, and anode junction boxes
shall be centered in a 460 x 460 x 102 mr 18 x 18 x 4 inch concrete sl ab.
Concrete shall be 20 Mpa 3000 psi mininumulti nate 28-day conpressive
strength with 25 nm 1-inch m ni mum aggregate confornming to [ ASTM C 94/ C 94M
] [Section 03 30 00 CAST-I N PLACE CONCRETE] .
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2.6 I NSULATI NG FLANGE SETS

EE IR I Sk S S I S S S S R R R Rk S I S Sk S I I R S Ik S I R Sk I S O R
NOTE: On projects having piping installed by
DI VISION 2, SITE WORK and/or DI VISION 15,
MECHANI CAL, coordinate the requirenents for flanges
and unions with the appropriate section(s).

Rk Rk kR IR R R I kO ke S O R AR Rk R R R Rk O ok O I R R I O I b R R o

Provide full-faced gaskets, insulating sleeves and washers, and st eel

washers. Provide flange sets rated for operation at the rated pressure and
tenmperature of the flanges.

2.6.1 Gasket s

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEEEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Do not use ashbestos nmmterials.

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

ASME B16. 21. [ Neoprene faced phenolic] [Lam nated phenolic] material for

operations at [862] [__ ] kPa [125] [__ ] psi and [232] [__ ] degrees
C[450] [____ ] degrees F.
2.6.2 I nsul ati ng Washers and Sl eeves

Two sets 3 mr 1/8 inch [lam nated phenolic] [__ ] for operation at [232]
[ ] degrees C [450] [__ ] degrees F. Insulating washers shall fit

within the bolt facing on the flange over the outside of the fabric
rei nforced sl eeves.

2.6.3 Washer s

Steel, cadmiumplated, to fit within the bolt facing on the flange.

2.7 DI ELECTRI C UNI ONS

EE R IR R I S I b b b S b b R S I R b b I S R R S R I b R b b R I R b S I I
NOTE: On projects having piping installed by
DIVISION 2, SITE WORK and/or DI VISION 15,
MECHANI CAL, coordinate the requirenents for flanges
and unions with the appropriate section(s).

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

ASME B16.39, dass [1] [2] for dinensional,
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] [o0il] [gas].

strength, and pressure

2.8 BONDI NG AND GROUNDI NG EQUI PMENT
UL 467.

2.9 ELECTRI CAL | NSULATI NG COATI NGS

[ Heat - shri nkabl e tape] [Conformable water tight sealant having dielectric
strength not less than 15 kV for a 3 mr 1/8 inch thick |ayer].

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

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

Rk bk kR IR R R Ik O O S S R AR Rk R R Rk O o O R Rk O R R R b I Rk o

[2.10 CONCRETE RECTI FI ER PAD

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

NOTE: Provide detail on the draw ngs.

Rk Rk kR IR R R I kO ke S O R AR Rk R R R Rk O ok O I R R I O I b R R o

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

2.10.1 Concrete

20. 67 MPa3000 psi concrete conformng to [ ASTM C 94/ C 94N [Section 03 30 00
CAST- | N- PLACE CONCRETE. ]

1[2.11  RECTI FI ER MOUNTI NG POST

[ Gal vani zed steel pipe, Schedule [40] [80]], [wood post, full length
pressure treated wi th pentachl orophenol].

12.12 CASI NG | NSULATORS AND SEALS

Casing insulators shall have a mininumr [305] [__ ] mr[12]) [ ] inch
band wi dth, [constructed of heat fused plastic coated steel] [__
multi-segnmented to attach firmy around the pipe. Casing end seals shal
be S-shaped rubber seals with stainless steel straps.

2.13 PERVANENT REFERENCE ELECTRCDES

Per manent reference el ectrodes shall be [copper copper-sulfate] [silver
silver-chloride] [zinc] specifically manufactured for [underground]
[marine] use, [31.75] [__ ] my [1 /4] [ ] inch dianmeter, by [255]
[ ] mm [10] [__ ] inches long, [plastic [ ] tube with an ion trap
to mnimze contanmi nation of the cell] [, and a m ni num surface sensing
area of | ] square centimeters[_ ] square inches]. [The cel

shal | be prepackaged by the manufacturer with a backfill material as
recomrended by the manufacturer.] Provide cells with No. [10] [12] [__ ]
AWG [THHN] [ ] cable of sufficient length to extend to the [test
station] [junction box] without splicing. Reference electrodes shall have
a mnimm15 year life, stability of plus or mnus 5 mllivolts under 3

m croanp load, and an initial accuracy of plus or minus 10 mllivolts
referenced to a calibrated portable reference el ectrode.

2.14 STEEL FLANGES AND BOLTI NG

2.14. 1 St eel Fl anges
ASME B16.5 [667.5] [1335] [__ ] N[150] [300] [___ ] I'b

2.14.2 Bol ti ng
ASTM A 307, Grade B for bolts: ASTM A 194/ A 194N, Gade 2 for nuts.
Di nensi ons ASME B18.2.1 for bolts, ASVME B18.2.2 for nuts. Threads:
ASMVE Bl.1, Class 2A fit for bolts, Cass 2B fit for nuts. Bolts shal

extend conpletely through the nuts and may have reduced shanks of a
di aneter not less than the dianeter at the roof of the threads.
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2.15 EXOTHERM C VELD KI TS

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

PART 3 EXECUTI ON
3.1 ANODE | NSTALLATI ON
[ EEE C2] [NFPA 70].
3.1.1 Anodes and Lead Wres

Provi de anodes and |l ead wires as follows [and in accordance with NACE SP0572

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

NOTE: Sel ect the applicabl e paragraph(s) fromthe
foll owi ng dependent upon selection 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 S R I R I R R R R R R R R S I R R I R I R R R S R R R R

[3.1.1.1 Vertical Anodes

a. Excavation for anodes: Excavate hole to [a mininmun 75 nmr 3 inches
| arger than the packaged anode diameter.] [the dianeter
indicated.] [1220 nm4 feet deeper than the anode length.] [the
dept h i ndi cated.]

b. Excavation for wire trench: Excavate |lead [and main feeder] wire
trenches to [the depth indicated] [not |less than [455] [610] mm
[18] [24] inches deep], [[150] [ ] m[6] [___ ] inches wi de]
[width as indicated].

c. VLifting anodes: Do not lift or support anode by the lead wre.
Exerci se care to preclude damagi ng the anode and the lead wire

i nsul ati on.
d. Installing anodes: [Place 305 mr 12 inches of coke breeze in the
hole and tanp well. Center the anode in the hole and place 305 nr

12 inches of additional coke breeze and tanmp well taking care not
to strike and damage the anode lead wire. Repeat sequence unti
coke breeze is 305 mr 12 inches above the anode.] [Center the
cani ster anode in the hole. Conpletely fill the annul ar space
bet ween 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 length to extend from 75 mm 3
inches within the coke breeze to 75 nm 3 inches bel ow finish
grade. Place gravel around the vent pipe to a level 150 nr 6

i nches below finish grade.] Fill the renmaining 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 main feeder] wire trench bottom
with a 75 mr 3 inch layer of sand or stone free earth. Center
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wire on the backfill layer. Handle to elimnate damage to the
cable and insulation, do not stretch or kink the conductor. Place
backfill over wire in layers not exceeding 150 mr 6 i nches deep
conpact each layer thoroughly. Do not place tree roots, wood
scrap, vegetable nmatter and refuse in the backfill.

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

NOTE: Splices and danaged anode lead wire

i nsul ation 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 | ead to nmain feeder connections”
option.

Rk Ik kR IR R R Sk O e S R R AR R Rk Rk O o O Rk S I O O R o A

Splices not allowed: Splices, or repairs to danaged anode | ead
wire insulation are not allowed. Install anode |ead wires back to
t he anode junction box as indicated in the drawings. [Anode |ead
to main feeder connections: Make connections as fol |l ows:

Rk Rk R IR R R I kO AR Rk R Rk kO kO I IR I O I bk S A R R

NOTE: Choose one of the follow ng options.
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[(1) Renmpve insulation to expose approximately 50 mr 2 inches of
each conductor.

(2) Make connection between conductors using solderless crinp
connector or exothernic weld.

(3) Cover connection with uncured butyl rubber tape to provide
filler wap

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

(5) Apply two layers of half-|apped pressure sensitive
pol yet hyl ene or polyvinyl chloride tape.]

[(1) Renopve insulation to expose approxinmately 50 mr 2 inches of
each conductor.

(2) Make connection between conductors using solderless crinp
connector or exothernmc weld.

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

g. Anode junction box. Mark each of the wires terminating in the

103.1.1.2

a.

junction box. Install anode junction box as shown in the draw ngs
[prior to pouring the concrete slab].

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

Hori zontal Anodes
Excavation for anodes: Excavate anode trenches to [the depth

i ndi cated, 610 nr two feet |longer than the anode, 305 nm one foot
wi de] [the depth, length, and w dth indicated].

SECTION 26 42 19.00 20 Page 23



b. Excavation for wire trench: Excavate |lead [and main feeder] wire
trenches to [the depth indicated] [not |less than [455] [610] nm
[18] [24] inches deep], [[150] [__ ] nm[6] [___ ] inches wi de]
[width as indicated].

c. VLifting anodes: Do not lift or support anode by the lead wre.
Exerci se care to preclude damagi ng the anode and the lead wire
i nsul ati on.

d. Installing anodes: Place [100] [__ ] mv [4] [ ] inches of
coke breeze in the anode trench and tanp well. Center the anode
in the trench and cover with coke breeze to provide a m ninmun
[100] [__ ] v [4] [ ] inch cover over the anode. Tanp the
coke breeze firmtaking care not to strike and damage t he anode
lead wire. [Place a vent pipe vertically above the anode. Cut
the pipe to sufficient length to extend fronm 75 nmr 3 inches within
the coke breeze to 75 nmr 3 inchesbel ow finish grade. Place grave
around the vent pipe to a level 150 nmr 6 inches bel ow finish
grade.] Fill the remaining excavation with soil and tanp.

e. Installing lead wires: Provide anodes with | ead wi res of
sufficient length to extend to the anode junction box w thout
splicing. Cover the lead [and nmain feeder] wire trench bottom
with a 75 mr 3 inch layer of sand or stone free earth. Center
wire on the backfill layer. Handle to prevent damage to the cable
and insulation, do not stretch or kink the conductor. Place
backfill over wire in layers not exceeding 150 mr 6 i nches deep
conpacting each layer thoroughly. Do not place tree roots, wood
scrap, vegetable natter, and refuse in the backfill. Place cable
warning tape, within [455] [__ ] mm [18] [ ] inches of
fini shed grade, above buried cable and conduit.
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NOTE: Splices and danaged anode lead wire
i nsulation are a common cause of premature failure.
Splices are not normally allowed except under

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

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

f. Splices not allowed: Splices, or repairs to danaged anode | ead
wire insulation are not allowed. Install anode |lead wires back to
t he anode junction box as indicated in the drawings. [Anode |ead
to main feeder connections: Make connectors as foll ows:
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NOTE: Choose one of the follow ng options.
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[(1) Renove insulation to expose approxinmately 50 mr 2 inches of
each conductor.

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

(3) Cover connection with uncured butyl rubber type to provide
filler wap.
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(4) Apply four layers of half-Iapped neoprene tape, extend the
tape over the cable insulation.

(5) Apply two layers of half-|apped pressure sensitive
pol yet hyl ene or polyvinyl chloride tape.]

[(1) Renopve insulation to expose approximtely 50 mr 2 inches of
each conductor.

(2) Make connection between conductors using solderless crinp
connector or exothernic weld.

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

g. Anode junction box. Mark each of the wires termnating in the

103.1.1.3

junction box. Install anode junction box as shown in the draw ngs
[prior to pouring the concrete slab].

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

Deep Wl |l Anode Ground beds
Drilling of anode well. Drilling of the anode well shall be

acconplished by a qualified well driller. Subnmt docunentation of
experience to the Contracting Oficer. Drill a hole [254] [305]

[ ] mm[10] [12] [__ ] inches in dianeter to the depth
i ndi cated using rotary bit equi pnment designed specifically for
this purpose. Select the type and consistency of drilling fluids

to be consistent with soil characteristics. The use of tenporary
wel | casings may be necessary. Renove 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]
mr [ 18] [24] inches deep], [[150] [ ] nmm[16] [__ ] inches
wi de] [width as indicated].

Installing anodes. Do not |ift or support anode by the |ead
wire. Exercise care to preclude danmagi ng the anode and the | ead
wire insulation. 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

i ndi cated and supported in place using a nethod that does not
suspend the anodes by the lead wire.] [Strap the [anodes] [anode
assenbly] to the vent pipe spaced as indicated on the draw 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. Punmp the coke back fill into the hole through a
separate renovable tube with the tip at the bottom of the hole.
Punpi ng operations shall be continuous. Miintain a continuous
supply of fluidized coke at the punp suction until coke is filled
to the top of the hole. Allow the coke to settle for [24]

[ ] hours. Verify the level of coke and provide additional as
necessary until the level of coke is not |ower than that indicated
in the draw ngs.
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e. [Casing. Install well head casing as indicated. Seal the annul ar
space between the casing and earth with cement grout. Seal the
top of the anode well as shown on the draw ngs.]

f. Anode well access box. Place the anode well access box around the
top of the casing, and pour the concrete slab around the box as
i ndi cat ed.

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

h. Installing |lead wires. Provide anodes with |ead wres of
sufficient length to extend to the anode junction box wi 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
termnals in the anode junction box.

i. Anode header cable. Provide anodes header cable of sufficient
length to extend to the anode junction box wi thout splicing.
Splices, or repairs to danaged anode header cable wire insulation
are not allowed. Cover the anode header cable trench bottomwth a

75 mr 3 inch layer of sand or stone free earth. Center wire on
the backfill layer. Handle cable to prevent danage to the cable
and insulation, do not stretch or kink the conductor. Place
backfill over wire in layers not exceeding 150 mr 6 i nches deep
conmpact each layer thoroughly. Do not place tree roots, wood
scrap, vegetable matter and refuse in the backfill. Connect the
anode header cable to the appropriate terninal 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. [Wel d connections using
the exothernmic 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 two pound hamer. Cover connections and exposed
structures with an electrically insulating coating, conpatible with

exi sting coating.

3.1.2.1 Saf ety 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 mininumof three days before
performng exothermc 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. Exothermic

wel d charges for connections to fuel lines shall be limted to a maxi num 15
gram charge to prevent burning through the pipe wall. Exothermc weld
connections shall be spaced a ninimum of 150 nm 6 i nches apart. 1In the

event of an unsuccessful weld, the new weld | ocation shall be l|ocated a

m ni mum of 6 inches fromthe unsuccessful weld and any other existing

wel ds. Contractor shall obtain the services of a certified Marine Chemi st
or Certified Industrial Hygienist [to nmonitor the construction site during
exotherm c welding work and certify that the area is free of flammable
vapors and otherw se safe for work.] [to approve the contractor's
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exot herm ¢ wel ding safety procedures. Results of this consultation shal
be included in the Contractor's Daily Report.]

.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.

.1.4 Test Stations [and Pernanent Reference El ectrodes]

Locate test stations [and permanent reference el ectrodes] [as indicated.]
as follows:

a. At [305] | ] foot intervals.

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

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

f. Were the pipe connects to a dissinmlar netal pipe.

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

.1.4.1 Per manent Reference 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 el ectrode in a container of
potabl e water for 30 minutes. 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 neasuring 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
the permanent reference electrode. [Potential differences between the two
el ectrodes of the same generic type should not exceed [10] [15] mllivolts
when the [sensing wi ndows of the] two el ectrodes being conpared are not
nore than 2 mr 1/6 inch apart but not touching.] [Zinc permanent reference
el ectrodes should be within the range of -1000 to -1150 nmillivolts when
calibrated with an i ndependent (portable) calibrated copper-copper sulfate
reference electrode with the two el ectrodes being not nore than 2 mm 1/ 6
inch apart but not touching.] Permanent reference el ectrodes not within
these potential differences shall be renoved fromthe construction site by
the end of the day and replaced at the contractor's expense. [Prior to
conmpl 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.
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3.

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 ati ng Fl ange Sets

[Provide insulating flange sets aboveground or w thin manhol es as
indicated.] [Locate insulating flanges on lines entering buildings at |east
305 mr 12 inches above grade or floor level.] [Cut piping and provide
flanges into place. Carefully align flange bolt holes and weld flange to
pi pe in accordance with ASVME B16.25.] [Electrically isolate pipelines
entering buildings fromthe structure wall either bel ow or above ground
with an electrically isolating wall sleeve.] Provide insulating flange
sets into place without springing or forcing. Carefully install flange
bolt sleeves to avoid damage to the sleeves. [Cover insulating flanges
with an electrically insulating coating.]

1.7 Di el ectric Uni ons

Provi de insul ati ng uni ons aboveground or within nmanhol es as i ndi cat ed.

[Cut pipe ends square, renove fins and burrs, cut taper pipe threads in
accordance with ASME B1.20.1.] Work piping into place wi thout springing or
forcing. Apply joint conpound or thread tape to male threads only.

Backing off to permt alignment of threaded joints shall not be permtted.
Engage threads so that not nore than three threads renmi n exposed.

.1.8 Joi nt Bonds

Provide joint bonds on netallic pipe to and across buried flexible
couplings, nmechanical joints, flanged joints [except at places where
insulating joints are specified] and at joints not welded or threaded to
provide electrical continuity. Conformto the safety precautions of
paragraph [ ] 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 gramr 2 pound hamrer.

. 1.9 Casings, Insulation, and Seals

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

3.1.10 Recondi ti oni ng of Surfaces
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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 S I R I R R I R S R I R R R S R I R I R R R R R S R R R O

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
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surface is disturbed in a newy seeded area, re-seed the area with the sane
quality and formula 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 maxi mum aggregate size of 35 mr 1 1/2 inches. Prine
base course with [liquid asphalt, ASTM D 2028, Grade RC-70] [__ ] prior
to paving. Match base course thickness to existing but shall not be |ess
than 150 mr 6 inches. Asphalt aggregate size shall be 12.7 mr 1/2 inch
asphalt cenent shall [conformto ASTM D 3381, Grade AR-2000] [__ ].

Mat ch asphalt concrete thickness to existing but shall not be | ess than 50
nmr 2 inches. Repair portland cement concrete pavement, sidewal ks, curbs,
and gutters using 20.67 MPa 3,000 psi concrete conformng to |

ASTM C 94/ C 94N] [Section 03 30 00 CAST-1 N PLACE CONCRETE]. Match existing
pavenent, sidewal k, curb, and gutter thicknesses.

3.2 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
performng each field test. Quality control for the cathodic protection
systemrm shall consist of the follow ng:

a. Initial field testing by the contractor upon construction

b. Governnent Field Testing after Contractor initial field test
report subm ssion.

c. Warranty period field testing by the Contractor.

d. Final field testing by the contractor after one year of service.
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NOTE: Additional testing nmay be required, based
upon the specific project or design. Al tests
listed bel ow may not be required. Designer should
consi der the project requirenents for selection of
test procedures.
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3.2.1 Testing
3.2.1.1 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 Iongest lead wire for the destructive test in his
bid. One conpleted [prepackaged] anode of each type with |lead 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] |
[300] [__ ] pounds. [The anode shall also be cut into sections and/or
broken with a sl edge hamrer to verify conformance with this specification.
Such items as anode-to-w re connection, conplete encapsul ation of the wire
connector, and wire to anode electrical resistance shall be checked.]
[Failure of the test anode to conformto this specification can be cause
for rejecting all anodes fromthe sanme |ot as the test anode. The

SECTION 26 42 19.00 20 Page 29



contractor shall mark all rejected anodes on the ends with a 150 mm 6 i nches
hi gh "X" using yellow spray paint. Failed anodes shall be rempoved from

the job site by the end of the day. The contractor shall replace any

rej ected anodes at his expense. The destructive testing provision shal

al so apply to replacenent anodes as wel | .]

.2.1.2 Wre for Power Service

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

Wi ring systemand equi prent 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 Officer's corrosion protection
engi neer or an approved representative. Record test data, including date,
time, and locations of testing and submit report to the Contracting
Oficer. Contractor shall correct, at his expense, all deficiencies in the
materials and installation observed by these tests and inspecti ons.
Contractor shall pay for retests nade necessary by the corrections.

Testing shall include the follow ng neasurenents:

a. Base potential tests: At |east [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]

[ pi pe-to-soil] potentials of the [pipe [and the casings]]

[structure]. Perform neasurenents at anode junction boxes, test

stations and other locations suitable for test purposes (such as

service risers or valves) at intervals not exceeding [30] [122]

[ ] nmeters [100] [400] [__ ] feet with readings at each end

point and the midpoint as a mininum The |ocations of these

measur enents shall be identical to the |ocations specified for
nmeasuring energized [structure-to-electrolyte] potentials. Use

t he sane neasuring equi pnent that is specified for neasuring

protected potential neasurenments. [For underground storage tanks,

take a mnimum of three nmeasurenents 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 distance fromthe tank of two tines the tank di aneter

(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
bet ween the pernanent reference el ectrode and an i ndependent
(portable) calibrated reference el ectrode placed in the soil or
wat er adjacent to or as close as practicable to the pernanent
reference el ectrode. [Potential differences between the two

el ectrodes of the same generic type should not exceed [10] [15]
mllivolts.] [Zi nc permanent reference el ectrodes should be
within the range of -1000 to -1150 nmillivolts when calibrated with
a copper-copper sulfate reference el ectrode.] Permanent reference
el ectrodes not within these potential differences shall be renoved
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3.2.1.4

fromthe construction site by the end of the day and repl aced at
the contractor's expense. The testing provision shall also apply
to replacenent reference el ectrodes as well.

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

energi zed. Before energizing, test using an insul ation checker
After energizing, test the insulation by measuring the potenti al
shift on both sides of the insulating joint. This testing shal
denonstrate that no nmetallic contact or short circuit exists
between the two insulated sections of the pipe. Report and repair
defective insulating fitting at the Contractor's expense.

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

Rectifier systemtesting: Upon conpletion of the installation
"Baseline Potential Tests", "lnsulation Joint Tests", and
"Electrical Continuity Tests", energize and adjust each
rectifier. Measure D.C. outputs of the rectifier and current
out puts [of each anode] [of associated ground bed] at different
rectifier settings. Measure the current outputs across the
installed shunts. Verify these readings using portable,
calibrated nmeters and shunts. This testing shall denonstrate if
the rectifier systemis capable of functioning properly as
required to provide effective cathodic protection

Pi pe casing testing: Before final acceptance of the installation
test the electrical insulation of the carrier pipe from casings
and correct any short circuits.

Energi zed potential tests: Wth the entire cathodic protection
system put into operation for at |east [one week] [24 hours]
[ ], neasure pipe-to-soil potentials along the [pipeline [and
at all casings]] [structure] using a portable [copper/copper

sul fate] [silver silver-chloride] [and all pernanent] reference

el ectrode(s) and a voltneter having an input inpedance of not |ess
than 10 megohns. The locations of these neasurenents shall be
identical to the locations used for the base potenti al

neasur enent s.

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
t he subject cathodic protection system does not have a del eterious
effect on the foreign pipelines, and vice versa. Prepare a ful
report of the tests, giving all details including renedial actions
taken or recomendations to correct noted interference problens.

Initial Cathodic Protection System Field Test Report

The contractor shall submit a field test report of the cathodic protection

system

Al'l structure-to-electrolyte neasurenents, including initia

potentials and anode outputs, shall be recorded on applicable forns.
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Identification of test |ocations, test station and anode test stations
shal |l coordinate with the as-built draw ngs and be provided 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
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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 corrosion program nanager
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3.2.1.5 Government Field Testing

The governnent corrosion [engi neer, LANTNAVFACENGCOM Code 404] [ program
manager, LANTNAVFACENGCOM Code 1614C|] shall review the Contractor's initial
field testing report. Approximately four weeks after receipt of the
Contractor's initial test report, the systemw ||l be tested and inspected
in the Contractor's presence by the governnent corrosion [engineer,
LANTNAVFACENGCOM Code 404] [ program nmanager, LANTNAVFACENGCOM Code 1614C]
The Contractor shall correct, at his expense, materials 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 government engi neer made necessary by the correction of deficiencies.
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NOTE: For cathodic protection projects in the
LANTNAVFACENGCOM ar ea, select the appropriate
LANTNAVFACENGCOM opt i ons for paragraphs entitled
"One Year Warranty Period Testing" and "Final Field
Testing."
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3.2.1.6 One Year Warranty Period Testing

The Contractor shall inspect, test, and adjust the cathodic protection
system[quarterly] [semi-annually] [ ] for one year, [4] [2] [ 1]
interiminspections total, to ensure its continued confornmance with the
criteria outlined below The performance period for these tests shal
comrence upon the conmpletion 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 One Year Warranty Period Cathodic
Protection System Field Test Report, including field data, and certified by
the Contractor's corrosion engi neer shall be submitted to the Contracting
Oficer, the activity, and the geographic Engineering Field D vision
corrosion [protection program manager] [engineer, LANTNAVFACENGCOM Code
404] [protection program manager, LANTNAVFACENGCOM Code 1614C]

3.2.1.7 Final Field Testing
Conduct final field testing of the cathodic protection systemutilizing the
same procedures specified under, "lInitial Field Testing of the Galvanic

Cat hodic Protection Systens". The Contractor shall inspect, test, and
adj ust the cathodic protection system after one year of operation to ensure
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its continued conformance with the criteria outlined below. The
performance period for these tests shall comrence 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 submitted to the Contracting

O ficer and the geographic Engineering Field Division corrosion [protection
program manager] [engi neer, LANTNAVFACENGCOM Code 404] [protection program
manager, LANTNAVFACENGCOM Code 1614C] for approval, and as an attachnent to
the operation and mai nt enance nmanual in accordance with Section 01 78 23
OPERATI ON AND MAI NTENANCE DATA.

.2.2 Criteria for Cathodic Protection

Conduct in accordance with [ NACE SP0169] [ NACE RP0285]. Criteria for
determ ning the adequacy of protection shall be selected by the corrosion
engi neer as applicabl e:
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NOTE: The following criteria are applicable only to
iron and steel structures. Refer to NACE SP0169 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

designer should select only the applicable criteria.
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a. A negative voltage of at least 0.85 volt (850 millivolts) as
neasured between the structure surface and a saturated
copper - copper sulfate reference el ectrode contacting the earth

[electrolyte]. Determnation of this voltage is to be made with
the protective current applied to the [structure] [tank]
[pipeline] for a mnimumof [24] [___ ] hours. Voltage drops nust

be considered for valid interpretation of this voltage
measurenent. The nethod of voltage drop consideration shall be
identified by the Contractor's corrosi on engi neer and approved by
t he Governnent corrosion engi neer

b. A negative polarized potential of at |east 0.85 volt (850
mllivolts) as neasured between the structure surface and a
sat urat ed copper-copper sulfate reference el ectrode contacting the
earth [electrolyte]. Deternmination of this voltage is to be made
after the protective current has been applied to the [structure]
[tank] [pipeline] for a mininumof [24] [___ ] hours.

c. A minimum pol arization 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 shall be determined by interrupting the protective
current and neasuring the polarization decay. At the instant the
protective current is interrupted ("instant off"), an inmedi ate
voltage shift will occur. The voltage reading just after the
i medi ate shift shall be used as the base reading fromwhich to
neasure the polarization decay. The polarization decay shall be
the difference between the base reading and a voltage nmeasur enent
made [24] [48] [ ] hours after the interruption of protective
current.
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3.

3 DEMONSTRATI ON

3.1 I nstructing CGovernnment Personnel

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

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 Department for assistance.

Rk Ik kR IR R R Sk O e S R R AR R Rk Rk O o O Rk S I O O R o A

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

O ficer, make avail abl e the services of a technician regularly enployed or
aut hori zed by the manufacturer of the Cathodic Protection Systemfor
instructing Governnment 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 Governnment and
the Contractor. The field instructions shall cover all of the itens
contained in the operation and nai nt enance nanual .

.4 SCHEDULE

Sone netric nmeasurenents in this section are based on mat hemati ca
conversion of English unit neasurenents, and not on metric neasurenent
conmonly agreed to by the manufacturers or other parties. The English and
metric units for the nmeasurenents shown are as foll ows:

PRODUCTS ENGLI SH UNI TS METRI C UNI TS
a. Reference El ectrodes
- Di aneter 1 1/4 inches 31.75 mm
- Length 10 i nches 255 nm
b. Term nal Board
(phenolic plastic) 1/8 inch 3 mm
t hi ckness 1/4 inch 6 mMm

-- End of Section --
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