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NAVFAC’S CORROSION MANAGEMENT
PROGRAM

This Techdata Sheet is first in a series that outlines the forms and causes of corrosion and
the methods that can be used to control corrosion at shore facilities. Increased empbhasis on
corrosion control at shore facilities is a means for reducing maintenance and repair costs and

increasing the life of facilities.

Due to an increased awareness of the
impact of corrosion damage not only on the
cost of maintaining a Naval Shore Establish-
ment but on the readiness of the Shore
Establishment to provide continuous fleet
support, the Naval Facilities Engineering
Command has placed increased emphasis on
corrosion control. NAVFAC’s Corrosion
Control Program has three main parts:

e Inspection to identify opportunities
for the application of corrosion

control.

e Application of appropriate corrosion
control techniques.

e Continued maintenance and operation
of corrosion control systems.

NAVFAC FUNCTIONS

NAVFAC Headquarters is responsible
for the establishment of policy, guidelines and
criteria for the corrosion control program,
and overall coordination of the program.
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EFD FUNCTIONS

Designated personnel at the Engineering
Field Divisions are responsible for providing
technical assistance to the activities in estab-
lishing and maintaining an effective corrosion
control program and for monitoring the
effectiveness of the activity’s corrosion
control programs,

ACTIVITY FUNCTIONS

Each activity is responsible for analyzing
facilities, structures, and systems for signs of
corrosion and for inspecting and maintaining
corrosion control systems. Each activity is
required to designate in writing a person
responsible for the activity’s corrosion control
program. This person functions as a single
point of contact for corrosion control and
is responsible for activity corrosion control
reviews, training in corrosion control for all
activity personnel, maintenance and operation
of cathodic protection systems, and other
duties associated with improvements to the
activity’s corrosion control program.

NCEL FUNCTIONS

The Naval Civil Engineering Laboratory
is responsible for research in support of the
Program as well as direct support to activities
in the investigation of corrosion problems.

ORGANIZATIONAL STRUCTURE OF
CORROSION MANAGEMENT PROGRAM

The organizational structure and the
personnel assigned to the various positions in
the corrosion management program at the
time this Techdata Sheet was written are
given below:

NAVFAC

David Williams Code 100
Harlan Hefner Code 1002
Don Johnson Code 1002A

A/V 221-8182
Comm (703) 325-8182

PACNAVFAC

Fred Nakamura

Code 102

A/V 4719151

Comm (808) 471-9151

CHESNAVFAC

Mike Schemer

Code 102

A/V 288-4726

Comm (202) 4334726

LANTNAVFAC

Karl Liebriech

Code 102B4

A/V 5649521

Comm (804) 444-9521

NORTHNAVFAC
Bruce Flowers

Code 102

A/V 443-6249

Comm (215) 755-6249

SOUTHNAVFAC

Bob Wheeless

Code 102

A/V 794-2007

Comm (803) 743-2007

WESTNAVFAC

Ron Davis

Code 1024C

A/V 859-7524

Comm (415) 877-7524

NCEL

Jim Jenkins

Code L52

A/V 360-4797

Comm (805) 982-4797

NAVFAC’s policy regarding corrosion
control at shore facilities has recently been
updated by the issuance of NAVFACINST
11014.51. This instruction details the respon-
sibilities of the various organizations involved

——————1




in the program and outlines specific require-
ments for the application of corrosion control
techniques. For example, application of
coatings and cathodic protection to natural
gas and POL pipelines and storage facilities is
required by the instruction and by Public
Law.

Technical guidance for the implementa-
tion of an effective corrosion control program
is contained in several NAVFAC design
and maintenance and operations manuals as
listed below. These documents are being
periodically updated to reflect the most
current  corrosion control  technology.
Technical guidance for specific corrosion
problems is available from NAVFAC
Headquarters, the local EFD, and NCEL.

NAVFAC TECHNICAL GUIDANCE FOR
CORROSION CONTROL

Design Manuals

DM-3:  Mechanical Engineering

DM-4.6: Electrical Engineering — Lightning
and Cathodic Protection

DM-22: Petroleum Fuel Facilities

DM-25.6: General Criteria for Waterfront
Construction

Operation and Maintenance Manuals

MO-104: Maintenance of Waterfront
Facilities

MO-110: Paints and Protective Coatings

MO-230: Maintenance Manual — Petroleum
Fuel Facilities

MO-306: Corrosion Prevention and Control

MO-307: Cathodic Protection System
Maintenance (Pocket Manual)

NCEL CONTACT

J.F. Jenkins, P.E,, Code L52; tel: A/V
360-4797, Comm (805) 982-4797.

NAVFAC CONTACT

D.K. Johnson, P.E. - Code 1002A;
tel: A/V 221-0045, Comm (703) 325-0045.
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CORROSION CONTROL ASHORE

This Techdata Sheet is second in a series that outlines the forms and causes
of corrosion and the methods that can be used to control corrosion at shore

activities.

85% of the corrosion losses at Naval Shore Activities could be prevented by
the application of currently available corrosion control technology. Corro-
sion is not only costly, but it can result in nonavailability of facilities
required for critical Fleet Support.

Why is corrosion control important? An
effective corrosion control program can save
an activity both money and manpower as well
as improving the reliability and safety of
facilities as well as their appearance. Through
effective corrosion control, environmental
contamination and loss of fuel can also be
reduced. An effective corrosion control
program is not only beneficial, it is required.
As outlined in NAVFACINST 11014.51,
activities are required to perform specific

functions related to corrosion control.

Why is knowledge of the forms, causes,
and control of corrosion important to activity
personnel? This knowledge will enable field
personnel to better recognize corrosion
problems and to better describe the problems
so that corrective measures can be effectively
applied. Personnel with a working knowledge
of corrosion and corrosion control will be
able to more effectively implement an
improved corrosion control program.
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Thirteen forms of corrosion attack and
six forms of corrosion control will be
described in the series. All of the forms of
corrosion attack encountered at shore activi-
ties occur through electrochemical action.
The corrosion process can be best understood
in terms of the electrochemical cell.

The electrochemical cell, as shown in
Figure 1, has four components: an anode, a
cathode, an electrolyte, and an electron path.

le«— clectron
path

anode

hode
\ /cat

Figure 1. The electrochemical cell.

At the anode, a chemical reaction occurs
where metal atoms give up electrons and enter
the electrolyte (usually soil or water) as
ions. Thus, the metal anode loses atoms and
is said to “corrode.”

The electrons from the corrosion of the
anode flow through the electron path to the
cathode (usually metal).

At the cathode, another chemical
reaction occurs that uses up the electrons
which were produced at the anode. Thus,
there is no loss of metal (i.e., no corrosion) at
the cathode.

The electrolyte serves both as a source of
chemicals for the reactions and as a medium
in which the flow of electrical current
between the anode and the cathode can
occur,

The electrochemical cell can either be
destructive as in the case of corrosion or it
can be made useful in the form of a battery.

electrolyte

An ordinary dry cell battery is a common
example of an electrochemical cell. As shown
in Figure 2, a dry cell consists of a zinc case
which serves as an anode; a carbon rod
which serves as a cathode; and a solution of
ammonium chloride that is absorbed on a
powder to prevent spillage and serves as the
electrolyte. The electron path is furnished
by the external load, such as a lamp. Until the
lamp is switched on completing the circuit no
current flows and no electrochemical action
occurs, When the lamp is switched on, the
zinc corrodes, and the electrons flow through
the lamp to the cathode where they are
consumed in the cathodic reaction. Thus, in a
dry cell, the corrosion of zinc is harnessed to
provide energy.

metal
contact

graphic rod

‘ / (cathode)
seal / /
«-

electrolyte

zinc case
(anode)

Figure 2. The dry cell battery.

In each of the forms of corrosive attack
that will be described in this series of
Techdata Sheets, an electrochemical cell will
be identified, and the components described
in detail. The forms of corrosion are:

No Attack

Uniform Corrosion
Galvanic Corrosion
Pitting

Crevice Corrosion
Dealloying

Intergranular Corrosion
Stress Corrosion Cracking

i
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Hydrogen Embrittlement
Erosion Corrosion
Cavitation Corrosion
Corrosion Fatigue
Fretting Corrosion

Corrosion control methods rely on the
elimination of one or more of the compo-
nents of an electrochemical cell to prevent
corrosion. Just as in the dry cell when the
external circuit is open, elimination of just
one of the components of the electrochemical
cell is sufficient to stop corrosion from
occurring. The forms of corrosion control are:

e Protective Coatings
@ Materials Selection

e Cathodic Protection

e Control of Environment
e Corrosion Allowance

e Design

CONTACT

J.F. Jenkins, P.E., Code L52, tel: A/V
360-4797, Comm (805) 9824797.
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FORMS OF CORROSION I:

UNIFORM CORROSION/NO ATTACK

This Techdata Sheet is third in a series that outlines the forms and causes of
corrosion and the methods that can be used to control corrosion at shore

activities.

Figure 1.

Uniform corrosion and no corrosion are a matter of degree.

Two forms of corrosion are described in
this Techdata Sheet: uniform corrosion and
no corrosion. Uniform corrosion is defined as
corrosion that occurs at substantially the
same rate over the entire exposed surface of a
metal. Rusting of steel in the atmosphere is
usually uniform corrosion. Other examples of
materials that normally corrode uniformly are
the copper alloys and cast iron. When uni-
form corrosion occurs, very small elec-
trochemical cells are established on the
surface of the metal due to small differences
in metal composition or the nonuniform
nature of corrosion product layers that form

on the surfaces. They are called local action
cells, and because they depend on only very
small local differences, they shift from place
to place periodically. Thus, the corrosion
that is occurring at only a few small sites at
any given time is uniformly distributed over
the entire surface, and a uniform reduc-
tion in cross section results.

This form of attack can be evaluated in
terms of loss of thickness, usually expressed
in mils (0.001 inch) per year. This value
is often determined experimentally by mea-
suring the weight loss of exposed specimens
and calculating an equivalent uniform loss of
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thickness. While this is useful in evaluating
uniform attack, it may not be applicable for
evaluating other forms of attack.

The rate of attack experienced in a given
environment varies greatly among various
metals. The differences in corrosion rate may
be due to a basic difference in chemical
activity or they may be due to the formation
of corrosion product layers which give some
protection to the surface. The patina that
forms on copper and the protective rust
that forms on weathering steels are examples
of the lowering of corrosion rates due to the
formation of semi-protective corrosion
product films. The films that protect mate-
rials such as stainless steels are much more
protective in some cases and will be discussed
in a subsequent techdata sheet in this series.

No corrosion is defined as a total lack of
measureable interaction of a metal with its
environment. It is essentially uniform attack
with a zero rate. There are two basic reasons
for this lack of interaction. The first is that
the metal does not have a chemical tendency
to react with the chemicals in its environ-
ment. Any possible reaction would result in
an increase in chemical energy and, therefore,
does not occur. (A chemical reaction that
results in a gain of energy would be as sur-
prising as a ball rolling uphill by itself.)

DEPARTMENT OF THE NAVY

NAVAL CIVIL ENGINEERING LABORATORY
PORT HUENEME, CALIFORNIA 93043

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE, $300
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Examples of metals that do not have a tend-
ency to react because of energy considera-
tions are gold and platinum.

The second reason that a metal may not
interact with its environment is that some
metals and alloys form very tightly adherent
oxide films on their surfaces that are stable in
particular environments. These films are
invisible and are generally formed naturally
during the manufacture of the metals. These
films isolate the metal from its environment
in the manner of a paint except, in this case,
the coating is more stable and can repair itself
if damaged. Examples of metals that have
these protective films are the stainless steels,
aluminum alloys, and titanium alloys. As
shown in Figure 1, these metals can retain
their original surface finish even after years of
exposure. It is important to remember,
however, that the films formed on each of the
metals in this group may be unstable in
certain environments. Where the films are
unstable, they can break down, and localized
attack will occur as will be described in a
subsequent Techdata Sheet in this series.

CONTACT

J.F. Jenkins, P.E.,, Code L52; tel: A/V
360-4797, Comm (805) 982-4797.
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MENENDEZ-DONNELL & ASSOCIATES, INC., in association with

its consultant, GENERAL CATHODIC PROTECTION SERVICES, INC.,
conducted a corrosion control survey'of underground POL
systems, water distribution isystem, elevated water tanks,
and underground fuel tanks ;t the U.S. Marine Corps Air
Station (Helicopter), New River, North Carolina, during

October and November, 1984.

The corrosion survey included inspection and evaluation of
any existing Cathodic Protection Systéms, inspection and
testing of underground éteel:structures, and
recommendations for cathodi; protection systems for

proposed new construction.

Neither one of the two existing rectifier-groundbed
installations on the POL Systéms is in operation, and none
of the POL facilities has cathodic protection.

The underground water distribution system has no cathodic
protection, and it would be tﬁe most difficult and
expensive of all base piping systems to protect since it

consists primarily of bare or :poorly coated cast iron pipe

and it is not electrically continuous.






The two elevated water tanks were found to be under

complete cathodic protection and with the internal coating

in very good condition.

The soil resistivity tests showed a wide variation ranging
from 2200 ohm-cm to 76,000 ohm-cm, however. the low
resistivity corrosive soils below 5,000 ohm-cm constitute
only about 10% of the totals. Laboratory tests of soil
samples showed the pH to be essentially neutral, but with a

relatively high concentration of sulfates in some areas.

The two existing POL system rectifiers are not in use at

the present time.

A new impressed current cathodic protection system should
be provided for the tanks and existing steel piping at the

Fuel Farm.

New sacrificial cathodic protection systems should be
provided for the 20,000 gallon MOGAS Storage Tank at

Building No. 142, and at Tanks A and B at the airfield.

Cathodic protection with sacrificial galvanic anodes is
recommend for the underground water piping system in soils

with resistivities of 5000 ohm-cm or less.

L






Cost estimates for the recommended work are:

s Install 3 new rectifiers and groundbeds on

tanks and piping at the Fuel Farm

$76,670.00
2% Install magnesium anodes on three underground
Fuel Storage Tanks $14,847.00






1.0 INTRODUCTION AND PURPOSE

This report contains all data acquired and conclusions
reached as a result of the corrosion survey of underground
POL system, utility systems, water distribution systems,
elevéied water.tanks and underground fuel storage tanks at

MCAS(ﬁ), New River, North Carolina.

Field work was started on October 1, 1984, and was
completed by November 14, 1984. It consisted of collecting
data and studying all existing cathodic protection systems,
obtaining soilyresistivity measurements, obtaining soil and
water samples At selective lgcations, conducting continuity
éests, obtaining structure-to-electrolyte potential
measurements, and performing current requirement tests on

line sections and selected underground storage tabks.

There afe two existing abandoned impressed current cathodic
protection systems on the POL facilities and two
operational systems on the elevated water tanks. The two
abandoned systems were installed to protect the original
5-inch qiameter fuel line which has recently been replaced

with a new fiberglass pipeline.

No cathodic protection exists for the following facilities:

l. The undergfound water distribution system.

2. Tanks and Piping at the Fuel Farm.






3. Day Tanks A & B (Jet Fuel).
4, MOGAS tank at Building No. 142.

5. Isolated underground fuel storage tanks.

All data obtained during this survey is included in the
tables of Appendix B. Results and analysis of the data are
included in Sections 2.1.4 and 2.2.3. The test procedures
used during this survey are described in Section 2.1.3 and
2.2.2 of this report. The layouts of recommended cathodic
protection systems and test points used duringjthis survey
are shown on Drawings enclosed in Appendix H of this
report.

Photographs were taken of undérground piping systems,
rectifiers and various miscellaneous structures. These may

be found in Appendix G.

The purposes of this survey were to evaluate the
effectiveness of the existing cathodic protection systems;
to detefmine any additional corrosion control requirements
and to establish the most feasible type of additional
cathodic protection systems, where required. In addition,
supportive information, such as drawings, photographs, cost

estimates and specific recommendations are supplied.






DEPARTMENT OF THE NAVY TELEPHONE NO.

ATLANTIC DIVISION (804)444-9521
NAVAL FACILITIES ENGINEERING COMMAND (AV) 564-9521
NORFOLK, VIRGINIA 23511-6287 IN REPLY REFER TO:

9633
102B4

From: Commander, Atlantic Division, Naval Facilities Engineering Command
To: Commanding General, Marine Corps Base, Camp Lejeune

Subj: CATHODIC PROTECTION SURVEY REPORT FOR THE MARINE CORPS BASE,
CAMP LEJEUNE, NC

Ref: (a) NAVFACINST 11014.51 of 19 October 1983 d
(b) A/E Contract N62470-83-C-6148 "Annual Contract for Engineering
Services/Cathodic Protection Surveys at Various Activities"

Encl: (1) Cathodic Protection Survey for MCB Camp Lejeune and MCAS (H)
New River
(2) “Cathodic Protection Rectifier Report" NAVFAC 9-11014/75 (5/83)
(3) Recommended Rectifier Settings
(4) NCEL Tech Memo 52-81-03 "Corrosion of Shore Facilities"
(5) NCEL Tech MEMO M-52-81-03S "R&D Proposal for Corrosion Control
for Shore Facilities - a Zero Milestone Report"
(6) NCEL Tech Data Sheet 84-10 July 84
(7) NCEL Tech Data Sheet 85-1 January 1985
(8) NCEL Tech Data Sheet 85-2 January 1985
(9) "Common Corrosion Protection for Typical Structures"
(10) Training Courses in Cathodic Protection/Corrosion Control

1. In accordance with reference (a), the subject survey has been accomplished
under reference (b) and the resulting report is provided for your information
and action as enclosure (1).

2. LANTNAVFACENGCOM supports the recommendations made in this report. The
recommendations indicate that new cathodic protection systems are required.
If the design of these new systems is accomplished by activity personnel/
contract vice LANTNAVFACENGCOM, it is requested that the 90% plans and
gpecifications be forwarded to this Command (Attn: Mr. Karl Liebrich) for
technical review/comments prior to final design.

3. It is recommended that all rectifiers be set as indicated in enclosure (3)
and all current outputs be maintained at the levels indicated in enclosure (3)
in order to provide adequate protection to the systems. These limits should be
posted on each rectifier.

4, The discrepancies with the cathodic protection systems should be included

in the annual inspection summary (AIS). This should aid in obtaining additional

maintenance funding to correct these problem areas.

S. It is récommended that MCB Camp Lejeune continue to maintain and improve
its corrosion control program in accordance with reference (a). The corrosion
‘control program should:

a. Establish a point of contact for corrosion control/cathodicvprotection
with LANTNAVFACENGCOM Code 102BA4.







Subj: CATHODIC PROTECTION SURVEY REPORT FOR THE MARINE CORPS BASE,
CAMP LEJEUNE, NC

b. Monitor and maintain existing and new systems on a monthly basis.

NAVFAC MO-307 of May 1981 provides basic guidelines for the inspection and
maintenance of cathodic protection systems.

c. Submit rectifier readings to LANTNAVFACENGCOM Code 102B4 on a
regular basis (i.e., monthly, but not less than quarterly) utilizing :
enclosure (2) or the “Cathodic Protection Monthly Rectifier Record" card -
LANTNAVFACENGCOM 9-1104/2 (Rev 9-80) as appropriate. This submission will
allow the LANTNAVFACENGCOM corrosion engineer to monitor the operations of
these systems, computer analyze output readings and settings, then provide
feedback to the activity point of contact with any necessary rectifier
changes, and program surveys of these systems on a periodic basis (every 2
or 3 years). Camp Lejeune presently submits rectifier readings on a monthly
basics to LANTNAVFACENGCOM 102B4. However, they should also include tap

settings and DC voltage readings in their monthly submittal as indicated in
enclosure (2).

d. Train the activity engineers and maintenance personnel in cathodic
protection systems.

6. Enclosures (4) thru (9) are provided for your information on cathodie
protection systems. Enclosure (10) will provide your activity with a list of
the formal training courses which exist in this field for the engineer,
technician and electrician. Additional information may be obtained from
LANTNAVFACENGCOM Code 102B4 or by contacting the training courses directly.

7. Assistance in establishing a corrosion control program and/or any technical
expertise in the cathodic protection field may be received by contacting
Mr. Karl D. Liebrich, Code 102B4, telephone (804)444-9521 or AUTOVON 564-9521.

GORDON J. BOSCH
By direction






RECTIFIER SETTINGS FOR MCB CAMP LEJEUNE

>

TANK  BOWL  CURRENT RISER CURRENT
RECTIFIER ID AVERAGE AVERAGE MAX

MCB CAMP LEJEUNE

Tank # S-1000 .4
S-29 .015
S-5 .12
S-2323 : .2
S-830 $2
SHP-4004 .18
SST-40
SH-624 .6
STC-606
STC-1070
SRR-44 3 .32
SBB-25 3
SBA-108 & 6
SFC-314

4130

4 .36 .45
AS-310 3

.29 .40

oo
N O

MCAS (H) NEW RIVER
|
|

ENCLOSURE (3)
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CORROSION CONTROL ASHORE

This Techdata Sheet is second in a series that outlines the forms and causes
of corrosion and the methods that can be used to control corrosion at shore

activities,

85% of the corrosion losses at Naval Shore Activities could be prevented by
the application of currently available corrosion control technology. Corro-
sion is not only costly, but it can result in monavailability of facilities
required for critical Fleet Support.

Why is corrosion control important? An
effective corrosion control program can save
an activity both money and manpower as well
as improving the reliability and safety of
facilities as well as their appearance. Through
effective corrosion control, environmental
contamination and loss of fuel can also be
reduced. An effective corrosion control
program is not only beneficial, it is required.
As outlined in NAVFACINST 11014.51,
activities are required to perform specific

functions related to corrosion control.

Why is knowledge of the forms, causes,
and control of corrosion important to activity
personnel? This knowledge will enable field
personnel to better recognize corrosion
problems and to better describe the problems
so that corrective measures can be effectively
applied. Personnel with a working knowledge
of corrosion and corrosion control will be
able to more effectively implement an
improved corrosion control program.

Approved for public release; distribution unlimited,



Thirteen forms of corrosion attack and
six forms of corrosion control will be
described in the series. All of the forms of
corrosion attack encountered at shore activi-
ties occur through electrochemical action.
The corrosion process can be best understood
in terms of the electrochemical cell.

The electrochemical cell, as shown in
Figure 1, has four components: an anode, a
cathode, an electrolyte, and an electron path.

e« clectron
path

anode

\ / cathode

Figure 1. The electrochemical cell.

At the anode, a chemical reaction occurs
where metal atoms give up electrons and enter
the electrolyte (usually soil or water) as
ions. Thus, the metal anode loses atoms and
is said to ‘“‘corrode.”

The electrons from the corrosion of the
anode flow through the electron path to the
cathode (usually metal).

At the cathode, another chemical
reaction occurs that uses up the electrons
which were produced at the anode. Thus,
there is no loss of metal (i.e., no corrosion) at
the cathode.

The electrolyte serves both as a source of
chemicals for the reactions and as a medium
in which the flow of electrical current
between the anode and the cathode can
occur.

The electrochemical cell can either be
destructive as in the case of corrosion or it
can be made useful in the form of a battery.

electrolyte

An ordinary dry cell battery is a common
example of an electrochemical cell. As shown
in Figure 2, a dry cell consists of a zinc case
which serves as an anode; a carbon rod
which serves as a cathode; and a solution of
ammonium chloride that is absorbed on a
powder to prevent spillage and serves as the
electrolyte. The electron path is furnished
by the external load, such as a lamp. Until the
lamp is switched on completing the circuit no
current flows and no electrochemical action
occurs, When the lamp is switched on, the
zinc corrodes, and the electrons flow through
the lamp to the cathode where they are
consumed in the cathodic reaction. Thus, in a
dry cell, the corrosion of zinc is harnessed to
provide energy.

metal
contact

% | graphic rod
/ / (cathode)
seal /
V 4
o electrolyte
zinc case
(anode)

Figure 2. The dry cell battery.

In each of the forms of corrosive attack
that will be described in this series of
Techdata Sheets, an electrochemical cell will
be identified, and the components described
in detail. The forms of corrosion are:

No Attack

Uniform Corrosion
Galvanic Corrosion
Pitting

Crevice Corrosion
Dealloying

Intergranular Corrosion
Stress Corrosion Cracking




e Hydrogen Embrittlement
e Erosion Corrosion

e Cavitation Corrosion

e Corrosion Fatigue

e Fretting Corrosion

Corrosion control methods rely on the
elimination of one or more of the compo-
nents of an electrochemical cell to prevent
corrosion. Just as in the dry cell when the
external circuit is open, elimination of just
one of the components of the electrochemical
cell is sufficient to stop corrosion from
occurring. The forms of corrosion control are:

Protective Coatings
Materials Selection
Cathodic Protection
Control of Environment
Corrosion Allowance
Design

CONTACT

J.F. Jenkins, P.E., Code L52, tel: A/V
3604797, Comm (805) 982-4797.
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NAVFAC’S CORROSION MANAGEMENT
PROGRAM

This Techdata Sheet is first in a series that outlines the forms and causes of corrosion and
the methods that can be used to control corrosion at shore facilities. Increased empbasis on
corrosion control at shore facilities is a means for reducing maintenance and repair costs and

increasing the life of facilities.

Due to an increased awareness of the
impact of corrosion damage not only on the
cost of maintaining a Naval Shore Establish-
ment but on the readiness of the Shore
Establishment to provide continuous fleet
support, the Naval Facilities Engineering
Command has placed increased emphasis on
corrosion control. NAVFAC’s Corrosion
Control Program has three main parts:

e Inspection to identify opportunities
for the application of corrosion

control.

e Application of appropriate corrosion
control techniques.

e Continued maintenance and operation
of corrosion control systems.

NAVFAC FUNCTIONS

NAVFAC Headquarters is responsible
for the establishment of policy, guidelines and
criteria for the corrosion control program,
and overall coordination of the program.

Approved for public release; distribution unlimited.



EFD FUNCTIONS

Designated personnel at the Engineering
Field Divisions are responsible for providing
technical assistance to the activities in estab-
lishing and maintaining an effective corrosion
control program and for monitoring the
effectiveness of the activity’s corrosion
control programs.

ACTIVITY FUNCTIONS

Each activity is responsible for analyzing
facilities, structures, and systems for signs of
corrosion and for inspecting and maintaining
corrosion control systems. Each activity is
required to designate in writing a person
responsible for the activity’s corrosion control
program. This person functions as a single
point of contact for corrosion control and
is responsible for activity corrosion control
reviews, training in corrosion control for all
activity personnel, maintenance and operation
of cathodic protection systems, and other
duties associated with improvements to the
activity’s corrosion control program.

NCEL FUNCTIONS

The Naval Civil Engineering Laboratory
is responsible for research in support of the
Program as well as direct support to activities
in the investigation of corrosion problems.

ORGANIZATIONAL STRUCTURE OF
CORROSION MANAGEMENT PROGRAM

The organizational structure and the
personnel assigned to the various positions in
the corrosion management program at the
time this Techdata Sheet was written are
given below:

NAVFAC

David Williams Code 100
Harlan Hefner Code 1002
Don Johnson Code 1002A

A/V 221-8182
Comm (703) 325-8182

- ;

PACNAVFAC

Fred Nakamura

Code 102

A/V 471-9151

Comm (808) 471-9151

CHESNAVFAC

Mike Schemer

Code 102

A/V 288-4726

Comm (202) 433-4726

LANTNAVFAC

Karl Liebriech

Code 102B4

A/V 5649521

Comm (804) 444-9521

NORTHNAVFAC
Bruce Flowers

Code 102

A/V 443-6249

Comm (215) 755-6249

SOUTHNAVFAC

Bob Wheeless

Code 102

A/V 794-2007

Comm (803) 743-2007

WESTNAVFAC

Ron Davis

Code 1024C

A/V 859-7524

Comm (415) 877-7524

NCEL

Jim Jenkins

Code L52

A/V 360-4797

Comm (805) 982-4797

NAVFAC’s policy regarding corrosion
control at shore facilities has recently been
updated by the issuance of NAVFACINST
11014.51. This instruction details the respon-
sibilities of the various organizations involved



in the program and outlines specific require-
ments for the application of corrosion control
techniques. For example, application of
coatings and cathodic protection to natural
gas and POL pipelines and storage facilities is
required by the instruction and by Public
Law.

Technical guidance for the implementa-
tion of an effective corrosion control program
is contained in several NAVFAC design
and maintenance and operations manuals as
listed below. These documents are being
periodically updated to reflect the most
current  corrosion control  technology.
Technical guidance for specific corrosion
problems is available from NAVFAC
Headquarters, the local EFD, and NCEL.

NAVFAC TECHNICAL GUIDANCE FOR
CORROSION CONTROL

Design Manuals

DM-3:  Mechanical Engineering

DM-4.6: Electrical Engineering — Lightning
and Cathodic Protection

DM-22: Petroleum Fuel Facilities

DM-25.6: General Criteria for Waterfront
Construction

Operation and Maintenance Manuals

MO-104: Maintenance of Waterfront
Facilities

MO-110: Paints and Protective Coatings

MO-230: Maintenance Manual — Petroleum
Fuel Facilities

MO-306: Corrosion Prevention and Control

MO-307: Cathodic Protection System
Maintenance (Pocket Manual)

NCEL CONTACT

J.F. Jenkins, P.E., Code L52; tel: A/V
360-4797, Comm (805) 982-4797.

NAVFAC CONTACT

D.K. Johnson, P.E. - Code 1002A;
tel: A/V 221-0045, Comm (703) 325-0045.
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@% = Techdata Sheet
2 Jan 1985 85-02

FORMS OF CORROSION I
UNIFORM CORROSION/NO ATTACK

This Techdata Sheet is third in a series that outlines the forms and causes of
corrosion and the methods that can be used to control corrosion at shore

activities,

Figure 1.

Uniform corrosion and no corrosion are a matter of degree.

Two forms of corrosion are described in
this Techdata Sheet: uniform corrosion and
no corrosion. Uniform corrosion is defined as
corrosion that occurs at substantially the
same rate over the entire exposed surface of a
metal. Rusting of steel in the atmosphere is
usually uniform corrosion. Other examples of
materials that normally corrode uniformly are
the copper alloys and cast iron. When uni-
form corrosion occurs, very small elec-
trochemical cells are established on the
surface of the metal due to small differences
in metal composition or the nonuniform
nature of corrosion product layers that form

on the surfaces. They are called local action
cells, and because they depend on only very
small local differences, they shift from place
to place periodically. Thus, the corrosion
that is occurring at only a few small sites at
any given time is uniformly distributed over
the entire surface, and a uniform reduc-
tion in cross section results.

This form of attack can be evaluated in
terms of loss of thickness, usually expressed
in mils (0.001 inch) per year. This value
is often determined experimentally by mea-
suring the weight loss of exposed specimens
and calculating an equivalent uniform loss of
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thickness. While this is useful in evaluating
uniform attack, it may not be applicable for
evaluating other forms of attack.

The rate of attack experienced in a given
environment varies greatly among various
metals. The differences in corrosion rate may
be due to a basic difference in chemical
activity or they may be due to the formation
of corrosion product layers which give some
protection to the surface. The patina that
forms on copper and the protective rust
that forms on weathering steels are examples
of the lowering of corrosion rates due to the
formation of semi-protective corrosion
product films. The films that protect mate-
rials such as stainless steels are much more
protective in some cases and will be discussed
in a subsequent techdata sheet in this series.

No corrosion is defined as a total lack of
measureable interaction of a metal with its
environment. It is essentially uniform attack
with a zero rate. There are two basic reasons
for this lack of interaction. The first is that
the metal does not have a chemical tendency
to react with the chemicals in its environ-
ment. Any possible reaction would result in
- an increase in chemical energy and, therefore,
does not occur. (A chemical reaction that
results in a gain of energy would be as sur-
prising as a ball rolling uphill by itself.)
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Examples of metals that do not have a tend-
ency to react because of energy considera-
tions are gold and platinum.

The second reason that a metal may not
interact with its environment is that some
metals and alloys form very tightly adherent
oxide films on their surfaces that are stable in
particular environments. These films are
invisible and are generally formed naturally
during the manufacture of the metals. These
films isolate the metal from its environment
in the manner of a paint except, in this case,
the coating is more stable and can repair itself
if damaged. Examples of metals that have
these protective films are the stainless steels,
aluminum alloys, and titanium alloys. As
shown in Figure 1, these metals can retain
their original surface finish even after years of
exposure., It is important to remember,
however, that the films formed on each of the
metals in this group may be unstable in
certain environments. Where the films are
unstable, they can break down, and localized
attack will occur as will be described in a
subsequent Techdata Sheet in this series.

CONTACT

J.F. Jenkins, P.E., Code L52; tel: A/V
3604797, Comm (805) 982-4797.

POSTAGE AND FEES PAID
DEPARTMENT OF THE NAVY
DOD-316




Techdata Sheet
Jan 1985 85-02

FORMS OF CORROSION I
UNIFORM CORROSION/NO ATTACK

This Techdata Sheet is third in a series that outlines the forms and causes of
corrosion and the methods that can be used to control corrosion at shore

activities.

Figure 1.

Uniform corrosion and no corrosion are a matter of degree.

Two forms of corrosion are described in
this Techdata Sheet: uniform corrosion and
no corrosion. Uniform corrosion is defined as
corrosion that occurs at substantially the
same rate over the entire exposed surface of a
metal. Rusting of steel in the atmosphere is
usually uniform corrosion. Other examples of
materials that normally corrode uniformly are
the copper alloys and cast iron. When uni-
form corrosion occurs, very small elec-
trochemical cells are established on the
surface of the metal due to small differences
in metal composition or the nonuniform
nature of corrosion product layers that form

on the surfaces. They are called local action
cells, and because they depend on only very
small local differences, they shift from place
to place periodically. Thus, the corrosion
that is occurring at only a few small sites at
any given time is uniformly distributed over
the entire surface, and a uniform reduc-
tion in cross section results.

This form of attack can be evaluated in
terms of loss of thickness, usually expressed
in mils (0.001 inch) per year. This value
is often determined experimentally by mea-
suring the weight loss of exposed specimens
and calculating an equivalent uniform loss of
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thickness. While this is useful in evaluating
uniform attack, it may not be applicable for
evaluating other forms of attack.

The rate of attack experienced in a given
environment varies greatly among various
metals. The differences in corrosion rate may
be due to a basic difference in chemical
activity or they may be due to the formation
of corrosion product layers which give some
protection to the surface. The patina that
forms on copper and the protective rust
that forms on weathering steels are examples
of the lowering of corrosion rates due to the
formation of semi-protective corrosion
product films. The films that protect mate-
rials such as stainless steels are much more
protective in some cases and will be discussed
in a subsequent techdata sheet in this series.

No corrosion is defined as a total lack of
measureable interaction of a metal with its
environment. It is essentially uniform attack
with a zero rate. There are two basic reasons
for this lack of interaction. The first is that
the metal does not have a chemical tendency
to react with the chemicals in its environ-
ment. Any possible reaction would result in
an increase in chemical energy and, therefore,
does not occur. (A chemical reaction that
results in a gain of energy would be as sur-
prising as a ball rolling uphill by itself.)
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Examples of metals that do not have a tend-
ency to react because of energy considera-
tions are gold and platinum.

The second reason that a metal may not
interact with its environment is that some
metals and alloys form very tightly adherent
oxide films on their surfaces that are stable in
particular environments. These films are
invisible and are generally formed naturally
during the manufacture of the metals. These
films isolate the metal from its environment
in the manner of a paint except, in this case,
the coating is more stable and can repair itself
if damaged. Examples of metals that have
these protective films are the stainless steels,
aluminum alloys, and titanium alloys. As
shown in Figure 1, these metals can retain
their original surface finish even after years of
exposure. It is important to remember,
however, that the films formed on each of the
metals in this group may be unstable in
certain environments. Where the films are
unstable, they can break down, and localized
attack will occur as will be described in a
subsequent Techdata Sheet in this series.
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9. Description'of work (continued) i

cathodic protection system. The survey should also determine the feasibility
of using the abandoned underground pipe as an anode. The study should in-
clude sufficient data for this Command to prepare contract documents to
provide a complete cathodic protection system for the underground fuel
storage tanks.
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2.0 CORROSION CONTROL SURVEY

2.1 POL System

2285 % System Description

The POL system consists of fifteen tank éar and truck
unloading stations located West of the Fuel Farm, a truck
loading station, thirteen storage tanks, refueling

facilities and the'connecting underground piping.

JP-5 Fuel is received at ten tank car stations and;piped

through a 6-inch pipeline to four underground storage tanks
located at the Fuel Farm. One storaée tank has a capacity
of 120,000 gallons, a second tank has a capacity of 105,000
gallons, and each of the remaining two tanks has a capacity

of 50,000 gallons.

)
AVGAS Fuel is received at five tank truck stations and
stored in one 100,000 gallon underground steel tank, in one
50,000 gallon underground steel tank, and in two 10,000
gallon day tanks. All AVGAS storage tanks are located at

the Fuel Farm.

MOGAS Fuel is stored in a 20,000 gallon underground tank

L
located at Building No. 142.






JP-5 Fuel is transported in a 5-inch diameter underground
pipeline to day tanks located near the airfield. All other

fuels are transported by tank trucks.

2.1 42 Description and Evaluation of Existing

Cathodic Protection Systems

Two existing impressed current cathodic protection systems,
installed for cathodic protection of the underground POL

piping at the station, were found to be out of service.

Rectifier No. 1, located at the Fuel Farm, is an air cooled
unit manufactured by RIO Engineering Company, with a rated
DC output of 36 volts and 20 amps. Information on the
associated groundbed was not available. Field testing of

this groundbed indicated that it has 'been depleted.

Rectifier No. 2, located at Building No. 4102 near the
airfield, is an air cooled unit manufactured by GOODALL
Electric Company, with a rated DC output of 40 volt and 20

amperes.







Rectifier No. 1 was tested with a temporary groundbed and

seemed to be in good condition. Rectifier No. 2 was locked

inside Building No. 4102 and unaccessible for inspection.
It was originally installed to protect the 5-inch fuel
pipeline between the Fuel Farm and the flight line, which
has recently;been replaced with a fiberglass pipeline:

Therefore, this rectifier, if found to be in good worﬁing

order, could be available for reuse at the Fuel Farm.

2.1.3 Test Procedures

Test procedures on the POL Systems included inspection of
rectifiers; taking soil resispivity and structure to

: electrolyte potential measurements; conducting cﬁrrent
requirement tests to determine design criteria fqr

! unprotected structures; and coliecting soil and water

samples for laboratory analysis.

R O R Soil Resistivity Survey

Soil resistivity measurements were acquired at
approximately 1000 ft. intervals along underground piping
systems throughout the base to five feet average depths;
using a Nilsson Model 400 soil resistivity meter and the
"Wenner" four pin method. Measurements were also acquiﬁed

L
to 10 ft., 15 ft., and 20 ft. depths near and around all






underground tanks within the POL system. The location of
individual resistivity measurements are shown in Drawings
No. 4001 through 4004, of Appendix H, and the soil

resistivity data are presented in Table I, Appendix B.

Sudicded Structure-to-Electrolyte Potential

Survey

Structure-to-electrolyte potential measurements were taken
on the POL system facilities, using a high impedance
digital Beckman Model 3010 volt-ohm meter with reference to

a saturated copper-copper sulfate half cell.

Potential measurements were taken at representétive
location including piping at pumphouses, and around storage
tanks. For each measurement the reference electrode was
placed directly over or as near as possible to the
structure subject to test. All acquired potential
measurement data are presented in Table III Appendix B.
Test point locations are shown in drawing No. 4005.

2833 Current Requirement Tests

Current requirement tests were conducted on various

undeﬁground tanks to aid in determining the design criteria
L
for POL structures not cathodically protected.






This procedure consisted of applying direct current to the
structure under test using a 12-volt automobile battery as
a temporary power source and 5/8-inch diameter by 5 ft.
long steel rods driven into the ground for anodes.
Whenever it was necessary, abandoned lines and metal post
fences were used as témporary groundbeds to satisfy the

high current demand.

Structure-to-electrolyte potential measurements were taken
both before and during the application éf the test current.
The current output was determined by meésuring the voltage
drop across a calibrated 100mv-100A shunt. The current
requirement was determined by the magnitude of potential
shift bétween the native potential and the measured

potential with current applied.

Generally accepted criteria for cathodic protection (NACE
and DOT) used for this project, is a structure to
electrolyte potential of minus 0.85 volts referred to a
cépper—copper sulfate half cell at all test points on the
structure under test, or to achieve a minimum 300 millivolt
negative potential shift with temporary current applied.
Current requirements test data are shown in Tables III and

IV, Appendix B.






2,1.3.4 Soil and Water Analysis

Soil samples were gathered from three distributed locations
along the POL and water distribution systems. These
samples were taken at depths from 1l8-inches to
approximately'3 ft. A potable water sample was taken at
the elevated wéter storage tank S-TC-606, located in Camp
Geiger, which is connected to the water distribution system

at the New River Air Station. Riverwater samples were

gathered at the shoreline.

The soil samples were sealed in sterile Zip Lock plastic
bags and ;he water samples were stored in sterile glass
jars. Théy were submitted to SGS Control Services, Inc.,
Houston, Texas, for chemical analysis. Specific tests

were for:

1. + Electrical conductance
2% pH

3 Chlorides

4. ' sulfdtes

- e Sodium

b5 Phoséhate

e Carbonate

2-6






The locations from which the samples were acquired are

shown on Drawings No. 4001, 4003 and 4004, and the chemical

analysis data is presented in Appendix C.

2. Lo &5 Rectifier and Groundbed Investigation

The two rectifiers were visually inspected. Direct current
and voltage outputs were measured with accurate portable

test meters.

Rectifier No. 1 is located at the Fuel Farm and no
information was available concerning its associated

groundbed which appears to be, depleted.

Rectifier No. 2 and its associated groundbed were installed
to protect the original 5-inch underground steel pipeline
between the Fuel Farm and the airfield. This pipeline has

recently been replaced with a fiberglass pipeline.

All acquired test data are presented in Table VII, Appendix

B, and in the discussion in Section 2.1.4.5.






2.1.4 Results and Analysis

2,1 4.1 Soil Resistivity Measurements

Soil resistivity is the reciprocal of soil conductance, and
is usually expressed in ohm-cm. It is the most commonly
used criterion for estimating the corrosivity of a given

soil.

Soil resistivity is one of the primary factors affecting
the flow of electrical currents associated with corrosion.
A scale often used by corrosion engineers to classify the

corrosivity of soil is as follows:

Soil Resistivity Classification

Below 1000 ohm-cm Extremely corrosive

1000 to 5000 ohm-cm Very corrosive

5000 to lO,QOO ohm-cm Mildly corrosive

Above 10,000 ohm-cm Progressively less corrosive

As shown on the data sheets in Table I, Appendix B, soil
resistivity measurements near the POL facilities are
generally above 5,000 ohm-cm, except in the area of Day

Tanks A & B.






Serious corrosion can occur in higher resistivity soils

where large variations in soil resistivity exist. These
diverse resistivities indicate the existance of varying
soil compositions, and such variations are conducive to
concentration cell corrosion activity on the underground
pipeline as it extends throhgh the boundaries of the
dissimilar soils. Corrosion is often encountered at such

boundaries in the lower resistivity soils.

3.l A.2 Structure to Electrolyte Potential

Measurements

The level of cathodic protection of a given structure is
evaluated by étructure-to-electrolyte potential
measurements. The most generally accepted criteria for
cathodic protection of steel and cast iron structures
buried or submerged in an electrolyte is a structure to
electrolyte potential measurement of at least 0.85 volt
negative to a saturated copper-copper sulfate half-cell,

with DC current applied.

This is also one of the criteria established by NACE in its
Recommended Practice R.P 01-69 (1983 REV); and it is one of
the criteria specified by the U.S. Department of
Transportation Office of Pipeline Safety Reqgulations for

4
natural gas and hazardous liquid pipelines.






Analysis of the POL system structure-to-soil potential data
in Table III, Appendix B, shows that none of the POL
underground steel structures meet or exceed this criterion
for cathodic protection.

A summary of structures not currently under the influence

of cathodic protection is as follows:

1. Underground tanks and associated piping at the
Fuel Farm.

2. Underground steel Day Tanks A and B.

3. Underground fuel tank at Bpilding No. 142.

4. Miscellaneous underground tanks throughout the

station.

2.1.4.3 Current Requirement Tests

Current requirement test dati are presented in Tables III
and IV, Appendix B. Impressed current testing of
underground fuel storage tanks and associated piping at the
Fuel Farm indicate that a minimum of 78 amperes, or a
current density of approximately 0.0031 ampere per square
foot of exterior tank wall, ﬁill be required for adequate

protection.






This current requirement is somewhat higher than normal,

however since it is a result of actual field test, it

should be considered correct. Contributing factors to the

high current requirement may be sulfate reducing bacteria,
as indicated by the high (973 ppm) sulfate content of the
soil or by electrical contacts with othér structures,
abandoned underground steel piping. See Sample S-6,

Appendix C.

Another impressed current requirement test was conducted qh

the MOGAS Tank No. 143 located at the gas station Building
No. 142. A current drain of 0.30 amperes, or a current
density of 0.000222 amperes per square foot, was required

to provide cathodic proteciion.

Calculations of tank surface areas and current densities
can be found in Appendix D of the report. These
calculations are based on tank dimensions and sizes
provided us by station personnel. These current density
values were used in the design calculations to estimate
current requirements for other underground steel tanks of

similar type and environment.

2.1.4.4 Soil and Water Analysis

LY
Generally speaking, the three soil sample analyses appear







to be normal for this area except for relatively high
concentrations of sulfates for Samples S-6 and S-8. These
levels can be indicative of the presence of sulfate
reducing bacteria which would result in higher current
requirement for protecting undergroupd steel structures.
The pH values of the soil samples rqége from a low of 5.8
for Sample S-7, up to a high of 6.9 for Sample S-8 which is
essentially neutral. A pH of 5.8 is moderately acidic but

presents no m@jor problems for steel pipe or tanks.

Water sample W-5 taken from the New River shogeline has a
high chloride content and a calculated resistivity of 65
ohm-cm. This is typical of brackish'river water near the
seacoast.

This water is very corrosive to any steel bulkheads that
may be present. Impressed current cathodic protection

would be effective in stopping much of.this corrosion.

233458 Rectifier and Groundbed Investigation

Inspection of Rectifier No. 1 at the Fuel Farm revealed
that the rectifier is still in good wofking order. Testing
revealed that the groundbed associated with this rectifier
is already depleted. The rectifier waé used as a

A}
supplemental DC current source during the impressed current
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requirement testing of the Fuel Farm.

Access to Rectifier No. 2 was not possible because it was

locked inside Building No. 4102. This rectifier is fairly

new, installed in 1982, and should be found in good

condition.

All rectifier test data are presented in Table VII,

Appendix B.

22 Water Distribution System

2iRud System Description

The water distribution system consists of the treatment and
filtration of raw water for domestic and industrial use and
fire protection. Water wells scattered throughout the base

constitute the primary source of raw water.

Raw water is piped to the water reservoir located at the
filtration plant. The water is treated and filtered before
being discharged to two elevated water tanks. The water is
then piped from the individual storage facilities to

station facilities.






2.232 Test Procedures

Test procedures on the water distribution system included
soil resistivity measurements, pipe-to-soil potential
measurements, electrical continuity testsn internal
investigation of elevated water éanks, rectifier and anode

inspection and electrolyte chemiéal analysis.

22521 Soil Resistivity Survey

Soil resiétivity measurements were obtained at
approximately 1000 foot intervals along the right-of-way to
5 foot average depths. A Nil§son Model 400 soil
resistivity meter and the Wehner‘four-pin method were
utilized to obtain the measurements. This procedure
involved driving four steel pins into the earth in a
straight line, equally spaced, with the pin spacing equal
to the depth to which the average ﬁpil resistivity was
desired. The average soil resistivity measurement is a
function of the voltage drop between the center pair of
pins with current flowing between the two outside pins.
Soil resistivity measurements obtained in the vicinity of
the water distribution system are listed in Table ¥, of

Appendix B.
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All test locations are shown on drawings No. 4001 to 4004,

Appendix H.

2525252 Structure-to-Soil Potential Survey

Structure-to-soil potential measurements were obtained on
the firewater hydrants at representative locations

throughout the station including the residential areas.

All potential measurements were obtained using a high input
impedence voltmeter Beckman Model 3010 in conjunction with
a copper-copper sulfate reference electrode placed directly
over Oor as near as possible to the structure subject to

test.

Potential measurements obtained on the water distribution

system are listed in Table II of Appendix B.
All test point locations and their respective reference
numbers are shown on Drawings No. 4001 to 4004, in Appendix

H of this report.

25523 Continuity Tests

Continuity tests were conducted at various locations

A
throughout the station. A temporary groundbed consisting
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of four 5 ft. long ground rods and an automobile battery
were utilized. The test was performed by measuring
pipe-to-soil potentials at one test point, then moving the
negative connection to the next test point location with
the reference electrode kept stationary. Electrical
éontinuity between test points is indicatéd when boﬁh
potential measurements are of the same maénitude.
Electrical discontinuity between test points is indicated

when potential measurements are of different magnitude.

Continuity test results are shown in Table Vv, Appendix B,

and on Drawings No. 4001 thru 4004.

2.2.2.4 , Elevated Water Storage Tank Inspection

visual inspection of anode array, hanahole inspection
plates, conduits, wiring, rectifier unit and coating
integrity was performed at two elevated wat%r tanks. All
observations were recorded in the field. Please refer to
section 2.2.3 for Results and Analysis of this report.

1

2.2.2:5 Elevated Water Storage Tanks Potential

Profile Survey

A potential profile of the submerged portion of each tank

L}
was conducted utilizing a standard copper-copper sulfate






reference electrode in conjunction with a high impedance
Beckman voltmeter (Model 3010). The reference electrode
was lowered to the bottom of each tank, and tank to water
potentials were measured and recorded at 3 ft. intervals to
_the top. Data acquired are presented in Table VI, Appendix

"B of this report.

2.2.2.6 Tank Rectifiers and Anode Strings

Investigations

Each rectifier was visually inspected and adjusted to
provide optimum output in accordance with potential

measurements taken inside the tank.

. All rectifier meters were checked and calibrated as needed,
using accurate portable test meters. All méters were left
operating properly with no further repairs néeded. Voltage
mgasurements were taken directly off the DC stacks. Direct
current outputs were determined by connecting the Beckman
Voltmeter across the calibrated shunté. The meters were
then adjusted to reflect the findings as accurately as
possible.

Individual anode strings were inspected at each tank.

A&ode string current drains were measured and recorded

L}
using an SWAIN Model CP-3/4 inductive clip meter.
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This data is presented in Table VI, Appendix B.

Fge % Y Water and Soil Analysis

A water sample was taken from one of the elevated water
tanks at Camp Geiger, which are connected to the water
system at the New River Air Station. This sample was
placed in a sterile glass jar and submitted to SGS Control
Services, Inc., Houston, Texas for analysis. Results are
discussed in Section 2.2.3.5. Procedurés for soil analysis
are discussed in Section 2.1.3.4. Results of the analysis

are presented in Appendix C.

A A W Results and Analysis

2.2.3.1 Soil Resistivity Measurements

Soil resistivity is the reciprocal of soil conductance, and
is usually expressed in ohm-cm. It is the most commonly
used criterion for estimating the corrosivity of a given
soil. The resistivity of a given soil is one of the
primary factors affecting the flow of electrical currents
associated with corrosion. A scale often used by corrosion
engineers to classify the corrosivity of soil is as

follpws:






Soil Resistivity Classification

Below 1000 ohm-cm Extremely corrosive

1000 to 5000 ohm-cm Very corrosive

5000 to 10,000 ohm-cm Mildly corrosive

Above 10,000 ohm-cm Progressively less corrosive
As shown on the data éheets in Table I, Appendix B, soil
resistivity measuremeAts are génerally above 10,000 ohm-cm,
with only 10% below 5,000 ohm—cm and 21% between 5,000 and

10,000 ohm-cm.

Serious corrosion can occur in higher resistivity soils
where large variations in soil }esistivity exist. These
diverse resistivi£ie5‘indicate the existance of varying
soil compositions, and such variations are conducive to

- concentration cell corrosion activity on the underground
pipeline as it extends through the boundaries of the
dissimilar soils. Corrosion is often encountered at such

boundaries in the lower resistivity soils.

2.25382 Structure to Soil Potential Measurements

The discussion of cathodic protection criteria presented
in Section 2.1.4.2 is also applicable to the water

distribution system.






Potential measurements obtained throughout the station's

water lines were well below the negative 0.85 volt

criteria, showing a lack of cathodic protection.

Structure to soil potentials taken along a bare
underground pipeline undergoing active corrosion can
range from a low of -0.1 to -0.3 volts in the most
cathodic areas to a high approaching -0.8 volts in the

most anodic areas.

Generally speaking, older pipelines that have developed a
uniform rust film will have lower average potentials than
newer lines that have not deyeloped as much rust film and
consequently have more bare gteel in contact Qith the

electrolyte. Potentials measured along the water system
ranged from a low of -0.214 volts to a high of -0.566

volts indicating the probability of corrosion activity in

some areas.

2425 333 Continuity Tests

The data acquired from continuity tests at two locations
(Table VvV, Appendix B) shows a lack of electrical
continuity between joints on these sections of the water

distribution system.






This is typical of mechanically coupled piping, and each

joint must be electrically bonded before the system can

be cathodically protected with an impressed current
system. Sacrificial anodes could be installed on each

joint without bonding. 7

2.2.3.4 Elevated Water Tanks

Normally a standard inspection of a cathodic protection
system installed in a water tank encompasses an
electrical potential profile on three fobt intervals, a
visual inspection of the anodes and associated hardware,
and a calibration of the rectifier to provide optimum
levels of protection to the interior submerged portions
of the tank. In some cases where prov;siods have been
made by providing access covers at designated cardinal
points, additional electrical potential profiles are
taken to correlate readings in order tdvassure proper
current distribution.

Visual inspection of the coating is usually néted as an
aid in the over-all analysis of the performanQe of the
corrosion mitigation measures. Assuminé anodé array
integrity, the quality of the coating will beéthe single
greatest factor determinipg current distribution to the

tank surfaces.
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Analysis of current drain data from individual anode
strings is helpful in verifying a functional anode array
and to some extent, coating integrity. Since the anodes
are wired in a series-parallel configuration with the
same number and size of anodes in each string of a
specific "ring", currént drains should be essentially
uniform if d11 anodes are intact and coating quality is

uniform.

The findings of this report as they relate to the total
current requirement to obtain effective protective levels
of cathodic protectiop correlate coating integrity better
than any other measur;ment u§ed. Since in almost all
cases wé found that very litgle current was required t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>