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Engi neeri ng and Desi gn
CATHODI C PROTECTI ON

1. Pur pose. This letter provides criteria for the design of
cat hodic protection (CP) systens for aboveground and
direct-buried or subnerged structures.

2. Applicability. This letter applies to all HQUSACE/ OCE

el emrents, mmj or subordi nate commands, districts, |aboratories and
field operating activities (FOA) having mlitary design and
construction responsibility.

3. Ref er ence.
40 CFR, Part 280
49 CFR, Part 192
49 CFR, Part 195
AR 200-1
TN 5-811-7, Edectrical Design, Cathodic Protection
M L- HDBK- 1004/ 10, El ectrical Engi neering Cathodic
Protection
g. National Association of Corrosion Engi neers (NACE)
St andard RP0169, |atest edition, Control of External Corrosion on
Under ground or Subnerged Metallic Piping Systens
h. National Association of Corrosion Engi neers (NACE)
St andard RP0285, |atest edition, Control of External Corrosion on
Metallic Buried, Partially Buried, or Submerged Liquid Storage
Syst ens
i. National Association of Corrosion Engi neers (NACE)
St andard RP0286, |atest edition, The Electrical Isolation of
cathodically protected Pipelines
j. National Association of Corrosion Engi neers (NACE)
Standard RP0388, |atest edition, |Inpressed Current Cathodic
Protection of Internal Submerged Surfaces of Steel Water Tanks
k. ER 1110-345-100, Design Policy for Mlitary Construction
. ETL 1110-9-10(FR), Cathodic Protection System Using
Cer am ¢ Anodes
m  ANSI / AWM C105/ A21.5 Pol yet hyl ene Encasenent for
Ductile-lron Pipe Systens
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4. Di scussion. Nunerous aboveground, direct-buried, and
subnerged ferrous netallic structures have been installed w thout
cathodic protection in an effort to reduce first costs or to stay
Wi thin budget. Leaks due to corrosion can cause environmnent al
damage. Installing a | ow mai ntenance cat hodi c protection system
where and when it is required benefits not only the entire Arny
but the Nation. Certain types of systens, used for fuels and
natural gas, pose safety problens if cathodic protection is not
install ed and mai ntai ned. Departnent of Transportation gui dance
as stated in 49 CFR, Part 192, requires that all netallic natural
gas piping be coated and cathodically protected regardl ess of the
soil resistivity. Corrosion control is mandated for all netallic
under ground storage tanks (UST) storing petrol eum or hazardous
subst ances by 40 CFR, Part 280 and AR 200-1 and on Hazardous
Liquid Pipelines,(e.g., liquid fuel) by 49 CFR, Part 195.

5. Action to be Taken.

a. A CP systemshall be provided where applicable; project
desi gn and construction w thout considering CP are not
acceptable. CP is a functional requirenent for virtually al
projects involving new aboveground water tanks, direct buried or
subnerged netallic structures, or the repair or replacenent of
simlar existing structures.

b. Design of cathodic protection systens shall incorporate
gui dance fromall referenced docunents, other applicable
criteria, and this ETL.

c. Al pre-design surveys, CP designs, and acceptance
surveys nust be perfornmed by a "corrosion expert."” A "corrosion
expert"” is a person who, by reason of thorough know edge of the
physi cal sciences and the principles of engineering and
mat hemati cs acquired by a professional education and rel ated
practical experience, is qualified to engage in the practice of
corrosion control of buried or subnerged netallic piping and tank
systens. Such a person nust be accredited or certified by the
Nat i onal Associ ation of Corrosion Engineers (NACE) as a NACE
Accredited Corrosion Specialist or a NACE certified CP Speciali st
or be a registered professional engineer who has certification or
Iicensing that includes education and experience in corrosion
control of buried or subnmerged netallic piping and tank systens.
The "corrosion expert" designing the system nust have a m ni num
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of five years experience in the design of CP systens and the

desi gn experience nust be type specific. For instance, a CP

engi neer who only has experience designing water tank systens,
shoul d not design the CP system for an underground gas line. The
design of the CP systemshall be conpleted prior to construction
contract advertisement except for Design-Construct and

pr eapproved underground heat distribution systens.

d. Al CP designs nust be based on historical know edge and
specific field tests nade at the proposed construction site.
Tests should include, but not be limted to, soil or water
corrosivity (resistivity), current requirenments, potenti al
surveys, stray current interference potential, and water
chem stry/corrosivity (pH)

e. Excluding the few exceptions listed in this ETL, al
aboveground and subnerged or buried ferrous netallic structures
will be installed with Cathodic Protection. See paragraphs
5j, 5k, and 51.

f. Al installed CP systens nust be based on providing a
protective potential to neet the requirenents of NACE Standard
RP- 0169 or RP-0185, as applicable. Recomrend that all steel
structure-to-earth potentials be neasured in accordance with NACE
RP-0169 using either mnus 850 nv instant off potential and/or
100 nV of cathodic polarization shift.

g. New or supplenental CP shall be conpatible to the
existing CP systens (if operational) and other adjacent
structures or conponents. New systens will be conpatible with
installation wide systens to all ow ease of repair and
mai nt enance.

h. Wen plastic pipe is used to extend or to add onto a
steel gas distribution main, an insulated No. 8 AWG copper wre
shall be exothermcally welded to the existing steel main and run
the length of the new plastic main. This wre can be used as a
| ocator tracer wire and to maintain continuity to any future
steel gas nmi n extension.

i. CP and protective coatings shall both be provided for
the foll ow ng buried/ subnmerged ferrous netallic structures,
regardl ess of soil or water resistivity:
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(1) Natural gas and propane piping
(2) VLiquid fuel piping

(3) Oxygen piping

(4) Underground storage tanks

(5) Fire protection piping

(6) Ductile or cast iron pressurized piping under floor
(Slab on Grade) in soi

(7) Underground heat distribution and chilled water piping
in ferrous netallic conduit in soils with
resistivity of 30,000 ohmcm or |ess

(8 Oher structures with hazardous products as identified
by the user of the facility

j. For soil resistivities below 10,000 ohm cm at pipeline
installation depth cast iron pipe requires CP, bonded joints, and
protective coatings. Wuen soil resistivity is betwen 10,000 and
30,000 ohmcm at pipeline installation depth, cast iron pipe
requi res bonded joints only. Joint bonds will be No. 4 AWG
insulated wire. Exotherm c welds and exposed copper wire will be
coated. Copper water service lines will be dielectrically
isolated fromferrous pipe. Dielectric isolation shall conform
wi th NACE RP-0286

k. For ductile iron piping systens, unless covered in item
i. above, the results of an analysis by a "corrosion expert," as
defined in paragraph 5.c, shall govern the application of
cat hodi ¢ protection and/or bonded or unbonded coatings. Unbonded
coatings are defined in ANSI/AWM C105/A21.5

|. The results of an econom c analysis and the
recommendation by a "corrosion expert"” shall govern the
application of CP and protective coatings on gravity sewer |ines,
regardl ess of soil resistivity, and the followi ng structures in
soil resistivities above 10,000 ohmcm
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(1) Potable water |ines
(2) Concentric neutral cable

(3) Oher buried/ subnmerged ferrous netallic structures not
covered above

m Al steel water storage tanks shall have interior
cathodic protection in accordance with CEGS 16641 and NACE
RP- 0388.

n. Conposite type underground storage tanks using a 3.2mm
m ni mum thick | ayer of fiberglass coating in accordance with UL
1746 and holiday tested at 35,000 volts are exenpt from CP
requi renents. All ferrous netallic underground storage tanks
shal | have CP designed as though two and one-half percent (2.5%
of the tank is bare nmetal. The sacrificial anodes shall be
ei t her magnesi um or zinc.

o. A ferrous netallic pipe passing through concrete shal
not be in contact wwth the concrete. The ferrous netal pipe
shal |l be separated by a non-netallic sleeve or a sleeve with
wat er proof dielectric insulation between the pipe and the sl eeve.

p. Ferrous netal piping passing through a concrete thrust
bl ock or concrete anchor block shall be insulated fromthe
concrete or cathodically protected.

g. The need for surge and fault current protection at
i solating devices (dielectrically insulated flanges) should be
considered. If an insulated flange is installed in an area
classified by NFPA criteria, (e.g., a natural gas line joint
inside the classified area), a seal ed, weat herproof surge
arrester must be installed across each isolating device. The
arrester should be the gapless, self-healing, solid state type
(e.g., netal oxide varistor). Cable connections fromarresters
to isolating devices should be short, direct, and of a size
suitable for short-term high current | oading.

r. During MSC review of the DD Form 1391, ensure that cost
data for cathodic protection are provided as a separate line item
in the DD Form 1391 under supporting utilities where the CPis
required or where CP inpact is vital to the project, e.g., new
under ground heat distribution systemor replacenent thereof, jet
fuel hydrant systens, natural gas |lines, etc.
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s. During the design review, ensure that a life cycle cost
anal ysis (LCCA) was done if nore than one pipe material (e.g.,
copper v. steel V. non-netallic) was considered. |If the ferrous
metallic systemrequires CP, the cost of that CP design and
installation nust be included in the LCCA conpari son.

t. Ensure prelimnary design submttal includes soi
corrosivity (resistivity, pH, etc.) data, current requirenent
tests (if applicable), potential surveys, and all design
calculations for CP in the basis of design.

u. If the project contains factory assenbl ed conponents
(e.g., heat distribution line) that are direct buried or
subnerged netallic structures made of steel, the system supplier
is responsible for the prelimnary survey, design, and acceptance
testing of the CP system |In addition, ensure that the
construction contract specifications specifically provide for the
fol |l ow ng:

(1) The preapproved direct buried distribution system
supplier shall use a "corrosion expert" with five years of
speci fic experience for the predesign survey (if required),
design, inspection, and testing of the CP systemrequired for
protection of the conduit. The |atest revision of NACE Standard
RP-0169 criteria shall be used. The contractor shall be held
responsible for correcting all CP construction deficiencies.

(2) The construction contractor shall not proceed with the
CP work until the CP system shop draw ngs have been approved by
the contracting officer (CO. The CO or his representative shal
be know edgeable in the installation of CP systens and shal
utilize the USACE cat hodic protection acceptance criteria.

(3) The contractor nmust notify the contracting officer 48
hours in advance (mninmum prior to starting any installation of
CP systens, CP testing and conm ssioning, or final acceptance.

v. Ensure that all potential readings on the CP systemare
taken at the proper locations and are in accordance with the
contract specifications prior to acceptance of the system

w. Ensure that the as-built drawi ngs show the | ocation of
rectifiers, test stations, anodes, insulated fittings, etc., as
applicable. Locations shall be shown referenced to two per manent
facilities or marker points.
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X. Any variance fromthe requirenents of this ETL nust be
requested in witing from HQ USACE, CEWMP-ET, 20 Massachusetts
Ave., N.W, Washington, D.C., 20314-1000.

y. Designer Responsibilities.

(1) The prelimnary design submttal shall include economc
justification for selection of type of CP system (sacrificial or
i npressed), soil corrosiveness (resistivity, pH, etc.) data,
current requirenment tests (if applicable), potential survey data
(i1f applicable to existing structures), and all design
calculations for CP in the basis of design.

(2) In addition to the soil and water resistivity surveys,
current requirenent tests and design, the designer shall provide
recommended tests, formats, required nethodol ogy, etc., for the
final acceptance of the CP System based upon the USACE cat hodic
protection acceptance criteria.

(3) C@uiidance in this ETL shall be foll owed.

(4) The design shall provide sufficiently detailed
cal cul ations and one |line diagrans at the early prelimnary
desi gn stage to show the magnitude and | ayout of the CP system

(5) The design drawi ngs shall show the | ocations of anodes,
rectifiers, test stations, junction boxes, wiring, etc.,
installation details, insulators, bond connections, and the
structure or conmponent connected to the cathodic protection.
Coordi nate with nechanical, site and other disciplines.

(6) The design shall identify all |ocations for
interference testing (all pipe that passes within 305 neters of
an i npressed current anode bed and then crosses the cathodically
protected line).

(7) The design draw ngs shall identify all |ocations where
structure-to-soil potential neasurenents are needed to assure
conplete protection and/or to ensure that maxi nrum al |l owed
potentials have not been exceeded. Provide flush nounted test
stations or provide pavenent inserts to allow structure-to-soi
potential testing over concrete and asphalt.

(8) ldentify testing of the isolation and continuity for
i nsul at ors and bondi ng equi pnent in the contract docunent.
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6. | npl enentation. This letter will have special application
as defined in paragraph 6c, ER 1110-345-100.

Chief, Engineering Division
Directorate of Military Programs




