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SUMMARY

MENENDEZ-DONNELL & ASSOCIATES, INC., in association with

its consultant, GENERAL CATHODIC PROTECTION SERVICES, INC.,

.conducted a corrosion control survey of nderground POL

systems, water distribution system, elevated water tanks,

and underground fuel tanks at the U.S. Marine Corp’s Air

Station (Helicopter), New River, North Carolina, during

October and November, 1984.

The corrosion survey included inspection and evaluation of

any existing Cathodic Protection Systems, inspection and

testing of underground steel structues,.and

recommendations for cathodic protection systems for

proposed new construction.

Neither one of the two existing rectifier-groundbed

installations on the POL Systems 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 the 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.
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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 ste@l 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.
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Cost estimates for the recommended work are:

i. 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
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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,

elevated water tanks and underground fuel storage tanks at

MCAS(H), New River,, North Carolina.

Field work was started on October i, 1984, and was

completed by November 14, 1984. It consisted of collecting

data and studying all existing cathodic protection systems,

obtaining soil resistivity measurements, obtaining soil and

water samples at selective locations, conducting continuity

tests, obtaining structure-to-electrolyte potential

measurements, and:performing current requirement tests on

line sections and selected underground storage tanks.

There are twoexisting 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 diameter fuel line which has recently been replaced

with a new fiberglas pipeline.

No cathodic protection exists for the following facilities:

i. The underground water distribution system.

2. Tanks and Piping at the Fuel Farm.
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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 during this survey

are shown on Drawings enclosed in Appendix H of this

report.

Photographs were taken of underglround 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 determine 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.
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2.0 CORROSION CONTROL SURVEY

2.1 POL System

2.1.i System Description

The POL,system consists of fifteen tank car 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 lout underground storage tanks

located at the Fuel Farm. One storage tank has a capacity

of 120,000 gallons, a second tank has a capacity of 105,000

gallons, and each of the remaining two tans 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 i0,000

g,allon day tanks. All AVGAS storage tanks are located at

the Fuel Farm.

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

located at Building No. 142.
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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.

2.1.2 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, wer found to be out of service.

Rectifier No. i, 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. 4102near the

airfield, is an air cooled unit manufactured by GOODALL

Electric Company, with a rated DC output of 40 volt and 20

amperes.
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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,.ithis rectifier, if found to be in good working

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 resi&tivity and structure to

electrolyte potential measurements; conducting current

requirement tests to determine design criteria for

unprotected structures; and collecting soil and water

samples for laboratory analysis.

2.1.3.1 Soil Resistivity Survey

Soil rsistiVity measurements were acquired at

approximately, i000 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 acquired

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

2.1.3.2 Structure-to-Electrolyte Potential

Survey

Structure-to-electrolyte potential measurements were taken

on the POL system facilities, using @ high impedance

digital Beckman Model 3010 volt-ohm meter with reference to

a saturated copper-copper sulfate half cell.

Potential measurements were.taken at representative

location including piping at pumphouses, and around storage

tank. 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.

2.1.3.3 Current Requirement Tests

Current requirement tests were conducted on various

underground tanks to aid in determining the design criteria

for POL structures not cathodically protected.
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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 b? 5 ft.

long steel rods driven into the ground for anodes.

Whenever it was necessary, abandoned lines and metal post

fences were used as temporary groundbeds to satisfy the

high current demand:

Structure-to-electrolyte potential measurements were taken

both before and during the application of the test current.

The current output was determined by measuring the voltage

drop across a calibrated 100mV-100A shunt. The current

requirement was determined by the magnitude of potential

shift between 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

copper-copper sulfate half cell at all test points on the

structure under test, ’or to achieve a minimum 300 millivolt

negative potential shft with temporary current applied.

Current requirements test data are shown in Tables III and

IV, Appendix B.
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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 18-inches to

approximately 3 ft. A potablewater sample was taken at

the elevated water 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 the water samples were stored in sterile glass

jars. They were submitted to SGS Control Services, Inc.,

Houston, Texas, for chemical analysis. Specific tests

were for:

i. Electrical conductance

2. pH

3. Chlorides

4. Sulfates

5. Sodium

6. Phosphate

7. Carbonate
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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.

2.1.3.5 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.

2-7





2.1.4 Results and Analysis

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 folows:

Soil Resistivity

Below i000 ohm-cm

i000 to 5000 ohm-cm

5000 to 10,000 ohm-cm

Above10,000 ohm-cm

Classification

Extremely corrosive

Very corrosive

Mildly corrosive

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.
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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 through the boundaries of the

dissimilar soils. Corrosion is often encountered at such

boundaries in the lower resistivity soils.

Structure to Electrolyte Potential

Measurements

The level of cathodic protection of a given structure is

evaluated by structure-t0-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 01169 (1983 REV); and it is one of

the criteria specified by the U.S. Department of

Transportation Office of Pipeline Safety Regulations for

natural gas and hazardous liquid pipelines.

2-9





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:

i. Underground tanks and associated piping at the

Fuel Farm.

2. Underground steel Day Tanks A and B.

3. Underground fuel tank at Building No. 142.

4. Miscellaneous underground tanks throughout the

station.

2.1.4.3 Current Requiement Tests

Current requirement test data 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, will be required for adequate

protection.
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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 other structures,

abandoned underground steel piping. See Sample S-6,

Appendix C.

Another impressed current requirement test was conducted on

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 pgr square foot, was required

to provide cathodic protection.

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

Generally speaking, the three soil sample analyses appear

2-11





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 underground steel structures.

The pH values of the soil samples range 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 major problems for steel pipe or tanks.

Water sample W-5 taken from the New River shoreline has a

high chloride content and a ciculated 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.

2.1.4.5 Rectifier and Groundbed Investigation

Inspection of Rectifier No. 1 at the Fuel Farm revealed

that the rectifier is still in good working order. Testing

revealed that the groundbed associated with this rectifier

is already depleted. The rectifier was used as 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

con’dition.

All rectifier test data are presented in Table VII,

Appendix B.

2.2 Water Distribution System

2.2.1 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 nd filtered before

being discharged to two elevated water tanks. The water is

then piped from the individual storage facilities to

station facilities.
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2.2.2 Test Procedures

Test procedures on the water distribution system included

soil resistivity measurements, pipe-to-soil potential

measurements, electrical continuity tests, internal

investigation of elevated water tanks, rectifier and anode

inspection and electrolyte chemical analysis.

2.2.2.1 Soil Resistivity Survey

Soil resistivity measurements were obtained at

approximately 1000 foot intervals along the right-of-way to

5 foot average depths. A Nilgson Model 400 soil

resistivity meter and the Wenner four-pin method were

utilized to obtain the measurements. This procedure

involved driving four steel pins ino the earth in a

straight line, equally spaced, with the pin spacing equal

to the depth to which the average soil 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 I, of

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

Appendix H.

2.2.2.2 Structure-to-Soil Potential Survey

Structure-to-soil potential measurements were obtained on

the firewater hydrants at representative lcations

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 or as near as possible t9 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.

2.2.2.3 Continuity Tests

Continuity tests were conducted at various lcations

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

continuity between test points is indicated when both

potential measurements are of the same magnitude.

Electrical discontinuity between test points is indicated

when potential measurements are of different magnitude.

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

and on Dgawings No. 4001 thru 4004.

2.2.2.4 Elevated Water Storage Tank Ispection

Visual inspection of anode array, handhole inspection

plates, conduits, wiring, rectifier unit and coating

integrity was performed at two elevated water tanks. All

observations were recorded in the field. Please refer to

section 2.2.3 for Results and Analysis of this report.

2..2.2.5 Elevated Water Storage Tanks Potential

Profile Survey

A potential profile of the submerged portion of each tank

was conducted utilizing a standard copper-copper sulfate

2-16





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 repoft.

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 nee4ed,

using accurate portable test meters. All meters were left

operating properly with no further repairs needed. Voltage

measurements were taken directly off the DC stacks. Direct

current outputs were determined by connecting the Beckman

Voltmeter across the calibrated shunts. The meters were

then adjusted to reflect the findings as accuratelyas

possible.

Individual anode strings were inspected at each tank.

Anode string current drains were measured and recorded

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

2.2.2.7 Water and Soil Analysis

A water sample was taken from one of the elevated water

tanks at Camp Gelger, 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. Procedures for soil analysis

are discussed in Section 2.1.3.4. Results of the analysis

are presented in Appendix C.

2.2.3 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 res’istivi%y of a given soil is one of the

primary factors affecting the flow of electrical currents

associated with corr6sion. A scale often used by corrosion

engineers to classify the corrosivity of soil is as

follows:
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Soil Resistivity

Below i000 ohm-cm

i000 to 5000 ohm-cm

5000 to i0,000 ohm-cm

Above 10,000 ohm-cm

Classification

Extremely corrosive

Very corrosive

Mildly corrosive

Progressively less corrosive

As shown on the data sheets in Table I, Appendix B, soil

resistivity measurements are generally 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 resistivity exist. These

diverse resistivities ndicate 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.

2.2.3.2 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.
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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.i 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 developed as much rust film and

consequently have more bare steel in contact with 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.

2.2.3.3 Continuity Tests

The data acquired from continuity tests at two locations

(Table V, Appendix B) shows a lack of elec!trical

continuity between joints on these sections of the water

distribution system.
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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

jpint without bonding.

2!. 2.3.4 Elevated Water Tanks

Normally a standard inspection of a cathodic prot’ection

system installed in a water tank encompasses an

electrical potential profile on three foot 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

o the tank. In some cases where provisions have been

made by providing access covers at designated’cardinal

points, additional electrical potential profiles are

taken to correlate readings in order to assure proper

current distribution.

Visual inspection of the coating is usually noted as an

aidlin the over-all analysis of the performance of the

corrosion mitigation measures. Assuming anode array

integrity, the quality of the coating will be the single

greatest factor determining 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", current drains should be essentially

uniform if all anodes are intact and coating quality is

uniform.

The findings of this report as they relate tothe total

current requirement to obtain effective protebtive levels

of cathodic protection correlate coating integrity better

than any other measurement used. Since in almost all

cases we found that very little current was required to

achieve adequate protective levels on the tank interiors,

one can be reasonably assured that very little metal is

exposed and the coatings are in fairly good condition.

Data acquired on elevated water tanks are presented in

Table VI, Appendix B. Results and analysis on each tank

are discussed in the following paragraphs.
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Tank No. 4130

This rectifier (unit 9339) rated at 60 volts and 28

amperes was found operating on transformer tap setting

A-2. The potential profile indicated adequate levels of

protection, and anode current drains confirmed anode

array integrity. The interior coating looked good,

however, the manway was detached from its hinges and

should be repaired. The anodes looked good and should

last at least five more years. All associated hardware

also looked in good condition.

Tank No. 310

This rectifier (unit 81C1216) rated at 40 volts and 12

amperes was found tO be operating on tap setting A-2

providing 1.41 amps to the bowl and 0.29 amps to the

riser at 3.5 volts. The potential profile indicated

adequate levels of protection and anode current drains

confirmed anode array integrity. The anodes appeared to

be about 50% depleted and should not be expected to last

more than three more years. The access handhole covers

have missing bolts and bars in their square cover

assemblies. The interior coating appeared to be in good

condition.
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2.2.3.5 Water Samples Analysis

The analysis of the treated water sample W-12 may be

found in Appendix C, with the analysis of all other

samples tested.

The calculated resistivity of his sample is 1355 ohm-cm

which is considered low. This sample has a moderate

chloride and low sulfate content; a slightly basic

(alkaline) pH of 8.6; and should be considered corrosive.

Based on this analysis, cathodic protection for the

internal surfaces of the water storage tanks is needed to

mitigate corrosion.

2.3 Evaluation of Activity Corrosion Control

Program

2.3.1 Operating and Maintenance Practices

As part of the corrosion study, station corrosion control

maintenance practices were investigated. Information

gathered from station personnel Indicated that limited

maintenance of the cathodic protection systems had been

conducted.
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Personnel involved with the fuel system were aware of the

use of cathodic protection on the POL facilities,

however, their knowledge of monitoring and field testing

was limited.

A monthly inspection of the elevated water tank

rectifiers is being performed by the Maintenance

Department. It consists of a visual inspection, and

reading and recording the DC output levels of each

rectifier.

We believe that the present station personnel are very

capable of incorporating a successful corrosion control

maintenance program with the aid of corrosion control

short courses, in-field supervised training and proper

cathodic protection testing equipment.
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3.0 RECOMMENDATIONS

3.1 POL System

Based on the results of this survey, we recommend the

following:

i. Utilize the existing 36 volt, 20 ampere rectifier

located at the Fuel Farm in conjunction with a new

distributed groundbed consisting of at least twenty

3-inch diameter by 60 inches long, specially

treated, graphite anodes, or equal.

2. Relocate Rectifier No. 2, rated at 40 volt, 20

ampere to the Fuel Farm and install it in

conjunction with a new distributed grounbed

containing a minimum of twenty 3-inch diameter by

60 inches long specially treated graphite anodes,

or equal.

Install an 80 volt, 50 ampere rectifier and a new

distributed groundbed consisting of a minimum of

forty 3-inch by 60 inches specially treated

graphite anodes, to supplement above mentioned

groundbeds, for cathodic protection ofl the Fuel

Farm.
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Because of the existing high soil resistivities, it

is recommended that all new anodes be installed in

12-inch diameter by 15-foot deep augered holes

containing at least ten feet of low resistivity

calcined fluid petroleum coke.

3.2

Install nine GALVOMAG Type 20D2 prepackaged

magnesium anodes and one Flush Fink test station

for cathodic protection of the MOGAS tank at

Building No. 142

6. Install eight GALVOMAG Type 32D3 prepackaged

magnesium anodes and two Flush Fink test stations

for cathodic protection of Tanks A & B at the

airfield.

Water Distribution Sstem

Recommendations for.the water distribution system are as

follows:

Inspect elevated water tanks and rectifiers on a

monthly basis in order to insure uninterrupted

protection. Maintain current outputs as listed on

Table VI, Appendix B unless a change in current

requirements is ndicated by subsequent cathodic

protection surveys.

3-2





Install sacrificial high potential magnesium anodes

on individual underground pipe joints in all areas

where soil resistivities are below 5000 ohm-cm as

described in Appendix D.

As a alternate, all pipe joints falling within,

and adjacent to areas with soils below 5000 ohm-cm

could be electrically bonded and cathodically

protected with impressed current systems. However,

both initial costs and maintenance costs will

exceed the cost of sacrificial anode systems and

chances of stray current corrosion will be greatly

increased.

In areas where cathodic protection is to be

considered, electrically bond all cast iron pipe

joints exposed by maintenance or construction

activities. Bonds should be minimum No. 8.AWG

copper wire or equivalent copper straps.

Electrical continuity of underground piping

cathodically protected with sacrificial anodes is

desirable since it equalizes structure-to-soil

potentials and permits monitoring the effectiveness

of the System without the need to contact each pipe

joint.
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Install two-wire potential test stations at

preselected locations to monitor the level of

cathodic protection and anode outputs.

3.3

3.3.1

Activity Corrosion Control Program

Recommendations for Maintenance Practices

The following recommendations are aimed towards aiding

base personnel in developing a total corrosion control

preventive maintenance program.

It is recommended that the responsibility for monitoring

and maintaining of cathodic protection systems, once they

are installed, be assigned to competent permanent

personnel with eithe[ experience in cathodic protection

or with technical backgrounds to facilitate their

training as described in Section 3.3.2.

The present policy of monthly rectifier inspections

should be continued. These inspections should include as

a minimum, reading and recording the D.C. output levels

as indicated by the panel meters, and a visual inspection

of all major rectifier components. Output levels should

be promptly compared with those recorded from previous

inspections and any significant changes investigated. In
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addition, other system components should be observed and

repairs effected whenever needed.

It is further recommended that a comprehensive

system-wide corrosion control survey be conducted on an

annual basis by an experienced corroslon engineer. The

corrosion engineer accomplishing this survey should be

accompanied by the station personnel responsible for

corrosion control monitoring since this would constitute

valuab{e field experience.

Drawings provided in this report showing the location of

structure-to-electrolyte potential measurnents should be

used as a guide in the annual survey.

It is recommended that all data pertaining to the

corrosion control program be recorded for future

reference. The corrosion control records program should

include investigating and recording all leaks that occur.

Bell hole inspections should be made and a leak report

form completed, detailing the type of leak, repairs made,

and their locations.

For further details in establishing a corrosion control

program and for additional information on maintenance

programs, refer to NAVFA INST i1014.51 of 19 October
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1983 and M0-307 of May 1981; "Cathodic Protection Systems

Maintenance".

Additional assistance in establishing a corrosion control

program may be obtained from the Atlantic Division, Naval

Facilities Engineering Command corrosion engineer.

3.3.2 Recommendations For Training Program

The routine monitoring of cathodic protection systems is

essential to maintaining adequate protection against

corrosion attack in soil and water electrolytes. It is

recommended that a training program involving station

personnel be instituted. This program would involve the

training of personnel, in both theory of cathodic

protection and field training.

The following corrosion control courses are recommended

for base personnel.

National Association of Corrosion Engineers (NACE)

Courses:

a. "Basic Corrosion Course".

b. "Corrosion Prevention by Cathodic Protection".

c. "Corrosion Preve6tion by Coatings".
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We recommend these courses for learning the basic theory

of corrosion and methods and practices used in cathodic

protection. These courses can be taken by "Home Study"

with personnel working at their own pace. The courses

are designed for people with no prior knowledge of

cathodic protection. Further information can be otained

by writing to NACE Education Department, P. O. Box

218340, Houston, Texas 77218; or by telephoning (713)

492-0535.

Another excellent training course is the "Cathodic

Protection Rectifier School" offered by Good-All

Electric, Inc.

This short three-day course is designed to familiarize

students with cathodic protection rectifiers. Basic

theory is discussed as well as field troubleshooting.

Additional information can be obtained by writing to

Good-All Electric, Inc., Box 508, Ogallala, Nebraska

69153, or by calling (308) 284-4081.

A number of corrosion control short courses are offered

every year by several universities and sections of NACE

throughout the united States.

One of the better ones i held each May in Morgantown,

West Virginia; and another excellent course is offered
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each September at the University of Oklahoma, Norman,

Oklahoma. These three-day seminars are taught by

professional instructors and include practical field

demonstrations. Details of these courses can be obtained

by contacting the university of West Virginia or the

Uiversity of Oklahoma, respectively.

It is also recommended that an experienced corrosion

engineer accredited by NACE as corrosion specialist

conduct an on-site taining seminar with station

personnel. By this seminar, station personnel can obtain

practical training on the testing procedures used for

conducting routine maintenance of cathodic protection

systems. This training would include aking

structure-to-electrolyte potentials, soil resistivity

measurements and the basics of rectifier inspection

techniques.

Additional details on training courses offered by the

Atlantic Division, Naval Facilities Engineering Command,

the Naval Civil Engineering Laboratory, the U,S. Air Force

Institute of Technology and commercial firms may be

obtained by contacting the Atlantic Division,!Naval

Facilities Engineering Command corrosion engineer.
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4.0 ECONOMIC EVALUATIONS

4.1 Fuel Farm

Based on detailed Cost Estimates shown on Appendix E

the initial cathodic protection investment $59,1.390.

Investment Initial Cost x Capital Recovery Factor

thus on the basis of 12 % for 20 years, the annual

cost to own becomes:

$59,390 x 0.1175 $6,978.

Maximum Power Cost:
AC Watts DC Watts

conversion efficiency

Recommended Rectifiers (80 V-50A), (36V-20A),

(40V-20A)

AC KW_(80x50)+(36x20)+(40x20)xlKW II.47KW
.68 1000W

Annual Power Bill:

11.47 KW x 8760 hr x 0.06 $ 6,029.00
yr KW-h

Estimated Annual Cost=6,029 + 6978 $13,007.
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Repairs and replacements on the POL system have been

made in the past, but exact cost were not available.

The investment involved in the tanks and associated

equipment, along with their importance to operations,

justify the recommended cathodic protection system.

DOT Standards require all underground fuel gas

storage and piping to be provided with cathodic

protection.

4.2 Underround Fuel Storage Tanks

Based on detailed Cost Estimates shown on AppendixE,

the initial Cathodic Protection Investment $14,847

Investment Initial Cost x Capital Recovery Factor.

Thus on ths basis of 12% for 20 years, the annual

cost to own becomes:

$14,847 x .1175 $1,759.

Leaks have been reported, repairs and replacementson

several storage tanks have been made. Day Tanks A

and B were replaced once. Day Tanks C and D were

replaced with 2 ne fiberglass units. The 5"
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pipeline between the Fuel Farm and above tanks is

being replaced with a new fiberglass pipeline.

Replacement and maintenance cost have been high

enough to justify cathodic protection of the tanks.
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APPENDIX A

INVENTORY





APPENDIX A

Product

JP-5
JP-5
JP-5
JP-5

JP-5
JP-5
JP-5
JP-5

Avgas
Avgas
Avgas
Avgas
Avgas

Product

Avgas
JP-5
JP-5

NEW RIVER NORTH CAROLINA

POL SYSTEM INVENTORY OF PRODUCT STORAGE FACILITIES

Tank No. Capacity Type

137 50.:, 000 gal
150 105,000 gal
151 50:,000 gal
154 120’., 000 gal

Day Tank A 20,000 gal
Day Tank B 20,000 gal
Day Tank C 20,000 gal
Day Tank D 20,000 gal

136 I00,000 gal
137 50,000 gal
138 50,000 gal
140 20,0.00 gal
141 20,000 gal

POL PIPING OF INVENTORY

Description

Piping at Fuel Farm
Piping at Fuel Farm
5" pipeline between
fuel farm and airfield

Underground steel
Underground steel
Underground steel
Underground steel

Underground steel
Underground steel
Underground fiberglass
Underground fiberglass

Underground steel
Underground steel
Underground steel
Underground steel
Underground steel

Underground steel
Underground steel

Underground fiberglass

WATER DISTRIBUTION INVENTORY OF STORAGE FACILITIES

Description

Tank No. 4130
Tank No. 310

Capacity

350,000 gal.
350,000 gal.

Elevated steel
Elevated steel
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APPENDIX B

DATA SHEETS

Soil Resistivity

Structure-to-Electrolyte
Potentia Measurements (Water)

Current Requirements Tests
Fuel Farm

Current ReqUirement Tests
Underground Mogas Tank

Continuity Test, Water

Elevated Water Storage Tanks Data

Rectifiers Data

TABLE I

TABLE II

TABLE III

TABLE IV

TABLE V

TABLE VI

TABLE VII





M D A MENE:NOEZ- DONNELL 8= ASSOCIATES, INC. HOUSTON TEXAS

GCP GENERAL CATHODIC PROTECTION SERVICES INC.

TITLe: CATHODIC PROTECTION SURVEYzMARINE CORPS AIR STATION (H).z NEW RIVER, N.C.

SOIL RESISTIVITY MEASUREMENTS

$RE"

DATE |O/_./p EN(INEER J.A.. TABLE T PAGE OF 7

TEST
NO.

4

7

II

TEST LOCATION AVERAGE
DEPTH READING MULTI.

.o Io,o

7- 1.0

FACTOR

I0.0
I0.0
1.0

Ioo0

OHM-CM

"ooo
4o00
Iooo

g, 000

)ooo oo

"2..2,
J, I( , ooo

6o0

17,7oo
4000 I>

, lOoO 6,oo

NOTES Nilsson 400 meter & the 4Pin method were used .o obtain soil resistivity

measurennts.

* The "K" factor ts the Average depth or ptn spactnq tn feetX’a meter 0ntant of
.191.5





M D A MENENDEZ- DONNELL B ASSOCIATES, INC. HOUSTON, TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE" CATHODIC PROTECTION SURVEY, MARINE CORPS AIR STATION (H).NEW RIVER, N.C.

SOIL RESISTIVITY MEASUREMENTS

STRUCTURE:

DATE IO/=,/,:,- ENOINEER J.A,.M, TABLE T PAOE --. OF 7

TEST
NO. TEST LOCATION

AVERAGE
DEPTH READING MULTI. FACTOR

1.07.0

o0o

oo0

OHM-CM

17, ooo

17, ooo

"1.7

I,I

,." l.o

"2.1

IO.O

oo0

IOoO

00

I2ooo
(oo0

"2.,= Io,o

4-.7 1o, o

>.7 w.o 4,





M D A MENENDEZ- DONNELL 8= ASSOCIATES INC. HOUSTON TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE" CATHODIC PROTECTION SURVEY z MARINE CORPS AIR STATION (H).! NEW RIVER, N.C.

SOIL RESISTIVITY MEASUREMENTS

STRUCTURE

DATE IO/./,= EN(INEER ,J.A.FA. TABLE 3" PAOE OF "7

TEST
NO.. TEST LOCATION

AVERAGE
DEPTH READING MULTI. FACTOR OHM-CM

I.G lO, o oo ,oo0
I, 0 o,o oO oo> oo0
o. I. 0 ooo 7, o

.’ .I I0.0 Ioo0

l.O

Io0

10,0

000

iOoO

I.O

IO.O

I0.0

!0

IOoo

ooo

I000

o00

2.0>000
l>oo, 00

/oo0’

> 0o0

000

l.O





M D A MENENDEZ- DONNELL 8 ASSOCIATES INC. HOUSTON TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE" CATHODIC PROTECTION SURVEY t MARINE CORPS AIR STATION (H)zNEW RIVER, N.C.

SOIL RESISTIVITY MEASUREMENTS

STRUCTURE"

DATE I2?// ENGINEER J.,,M. TABLE PAGE " OF 7

TEST
NO. TEST LOCATION

AVERAGE
DEPTH READING FACTORMULTI.

1.4- I0.0

OHM-CM

7Eoo

,1)000
7oo





M D A MENENDEZ- DONNELL B ASSOCIATES, INC. HOUSTON TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE" CATHODIC PROTECTION SURVEY, MARINE CORPS AIR STATION (H) l NEW RIVER, N.C.

S01L RESISTIVITY MEASUREMENTS

STRUCTURE :
DATE tC)////,,@,--P ENGINEER J.A.Ivi. TABLE T PAGE OF "7

TEST
NO. TEST LOCATION

AVERAGE
DEPTH READING

I.O

MULTI. FACTOR

’z:l 1o.o

.1

1.0

. 10.0

. I0.0

.1

!.7
I,I

Zt..9 I.O

J,

0HM-CM

ooo





M D A MENENDEZ- DONNELL B ASSOCIATES INC. HOUSTON TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE: CATHODIC PROTECTION SURVEY MARINE CORPS AIR STATION (H)I. NEW RIVER, N.C.

SOIL RESISTIVITY MEASUREMENTS

STRI..ICTURE"

DATE 0/27/,..w=I- ENGINEER J.,,.Iv. TABLE ] PAgE OF 7

TEST
NO. TEST LOCATION AVERAGE

DEPTH READING MULTI

I0.0

FACTOR OHM-CM

Io2

lOB

104

0.

0.

lO.O

1.0

1,0

"oo0
[000

IOO

, oo0

?., !0.0 OOO

0"- (" O.D .ooo 2)
lC I" 7.0 1,0

I.I
,1 1.o.

1.7 l,O

I.T IO.O

)ocPO

/7,ooo

17,ooo





M D A MENENDEZ- DONNELL B ASSOCIATES INC. HOUSTON, TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE" CATHODIC PROTECTION SURVEYs. MARINE CORPS AIR STATION (H) z NEW RIVER, N.C.

SOIL RESISTIVITY MEASUREMENTS

STRUCTURE"

DATE I0/’2-7/,::r EN(INEER J.A.Iv. TABLE - PAOE "7 OF 7

TEST
NO. TEST LOCATION

AVERAGE
DEPTH READING

l.O

1.7

MULTI. FACTOR

1,0

OHM-CM

, .=I I.0 ,oo )’7o0

II0 I.C
III

7.7

I.I

l.O

1.0

0,0

1.0

1.0

I0.0
I0.0





M D A *ENOEZ- DONNELL ASSOCIATES INC. HOUSTON TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE" CATHODIC PROTECTION SURVEY,MARINE CORPS AIR STATION (H), NEW RIVER, N. C.

STRUCTURE TO- ELECTROLY R MEN

ST" WATER DI TR

PAGE OF "2-

REF
NO.

4-

LOCATION
POTENTIAL

MEASUREMENT
(VOLT)

REMARKS

7

!o

II

"d.I

-.

.,7o

.90





M D A &IENENOEZ- DONNELL H ASSOCIATES INC. HOUSTON TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE: CATHODIC PROTECTION SURVEY 1 MARINE CORPS AIR STATION (H), NEW RIVER, N.C.

STRUCTURE- T ELECTROLY P REMEN

STI"R" WATER DI TR

DATE lo/aT/Z,#r ENelNEER J,, TABLE PAeE 2- OF

REF
NO.

7

LOCATION
POTENTIAL

MEASUREMENT
(VOLT)

REMARKS





M D A MENENDEZ- DONNELL ASSOCIATES ,INC. HOUSTON, TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE" CATHODIC PROTECTION SURVEY MARINE CORPS AIR STATION (H), NEW RIVER, N.C.

CURRENT REQUIREMENT TEST

STRUCTURE"

DATE IO//. ENOINEER N.-;. TABLE TIT PAGE OF ;

I02-

1o4-

POTEITIAL MEASUREMENTS

LOCATION
STATIC CURRENT APPLIED REMARKS

VOLTS VOLTS

,cx:r

lO

ill

II’Z.

"TOP oF: "I"AI
-r’xJ .. I07

i 4. Top

fig ,

.7&

-. ,,117

VOLTS

.7+





M D A MENE.NDEZ- DONNELL 5 ASSOCIATES ,INC. HOUSTON, TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE" CATHODIC PROTECTION SURVEYMARINE CORPS AIR STATION (H), NEW RIVER, N.C.

CURRENT REQUIREMENT TEST

STRUCTURE"

DATE 10/2,:/,;>’:P ENGINEER .P--:;. TABLE " PAGE OF

POTENTIAL MEASUREMENTS

REF. LOCATION
STATIC CURRENT APPLIED REMARKS

NO.
VOLTS VOLTS

-.9o7 -.43s

.&70

.eZ
,6>I .73

VOLTS

.777

.Bi&

.7"71





M D A MENENDEZ- DONNELL ASSOCIATES ,INC. HOUSTON, TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE" CATHODIC PROTECTION SURVEYzMARINE CORPS AIR STATION (N), NEW RIVER, N.C.

CURRENT REQUIREMENT TEST

STRUCTURE"

DATE ENOINEER N.. TABLE PAGE OF

REF. LOCATION

NO.

144

STATIC

VOLTS

POTENTIAL MEASUREMENTS

CUP.RENT APPLIED

VOLTS VOLTS

REMARKS





M D A MENENDEZ- DONNELL 15 ASSOCIATES ,INC. HOUSTON, TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE" CATHODIC PROTECTION SURVEYzMARINE CORPS AIR STATION (H), NEW RIVER, N.C.

CURRENT REQUIREMENT TEST

STRUCTURE" LII4C)’IZ,LII4J M,&J’ "r,K.14K. ,’T ILP. 14"

DATE I0/Z7/84" ENGINEER N.e. TABLE I"V" PAGE OF

POTENTIAL MEASUREMENTS

9..OI

LOCATION
STATIC

VOLTS

=JZ

CURRENT APPLIED

VOLTS VOLTS

REMARKS





M D A MENENDEZ- DONNELL 8 ASSOCIATES IINC- HOUSTON TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE: CATHODIC PROTECTION SURVEYI. MARINE CORPS AIR STATION (H), NEW RIVER, N.C.

CONTINUITY TEST DATA

STRUCTURE" V,],-I’--. PST:I,U’I"oP, cay’l’M

DATE IO/.’7/,.. ENOINEER N,. TABLE "V" PAGE OF

TEST SECTION 0F
NO. LINE TESTED

STRUCT.-TO-SOIL POTENTIAL(V0LTS)

CLOSE REMOTE

I-0N I-0FF I-0N I-0FF

REF.
LOCAT. REMARKS

NOTES: IPv’, I,Jo. ,K..-E,I,<I-,,- "7""r ::gc’PcJiZ,l<J





RECTIFIER DATA

DC RATING 0 VOLTS. 2 AMPS.

SHUNT RATING: mV. AMPS.

TAP COURSE
SETTINGS FINE

D C OUTPUT

BOWL CURRENT

RISER CURRENT

AS FOUND. AS LEFT

I. "IOA. I. "10A,

COMMENTS"

POTENTIAL
WET AREA

SURVEY
PROFILE
AT SURVEY

I. ’2, v. +15

DATA

BOTTOM

+6 I.1 V.

+9 I.2\/.

+2 I,. V.

OFF POTENTIAL

i.,r v. + 18

+27

I.R. DROP I0O .
ANODE STRING CURRENT DRAINS
(going counterclockwise from Iodder)

OUTER RING INNER RING

O.l

7 o.IA

8 o, I RISER O. ’2,,

9

I0

TANK DATA

tAP’AtI

ELEVATION

ANODE GEOMETRY

sI [" ,.

M DA ENENDEZ’IDONNELL
I.AS$OClATES, INC-

Gf’:sNER, CATHOOC
I llPROTECTION SERVICES, INC:

ELEMErED WATER STORAGE TANK
CATHODIC.PROTECTION DATA

(TANK 4130)
C.R.M. cR.S. ,o,.= -o

JoCRUZ
NONE

--I TABLE VI-A,, 12-,- 14-B4





RECTIFIER DATA
MFGR. t-AL,L, SERIAL

D C RATING rO VOLTS. 1’

SHUNT RATING" mV.

NO. 11. ’1’2I

AMPS.

AMPS.

TAP COURSE
SETTINGS FINE

D C OUTPUT

BOWL CURRENT

RI SER CURRENT

AS FOUND AS LEFT

COMMENTS:

koF_.L.0 0 HD FiT ELL

SURVEY DATA
POTENTIAL PROFILE
WET AREA AT SURVEY FULL "F’AI,II/--,

BOTTOM 1.10 +15 I.lv:. +:30

OFF POTENTIAL I.#’,,A, I.R. DROP ,! M,/

ANODE
(going

OUTER

2

:3

5 .
6 .
70.

8

9

STRING CURRENT DRAINS
counterclockwise from ladder)

RING INNER RING
(:P. I,,. ,.
O, I. 2

IP. 3 .P X.

I:,. 4 .0 ,.

IA. RISER., 2.. ,,,.
I0

,I

TANK DATA

LL
ELEVATION

ANODE GEOMETRY

s / ." \

M DA MENENDEZ-DONNELL
8.ASSOClATES, INC:

G.p:(;ENERAL CATHODIC
,’I ’%.PROTECTION SERVICES. INC.

ELECTED WATER STORAGE TANK
CATH()D!C.. PROTECTION DATA

(TANK AS- 310)





M D A MENF_.NDEZ- DONNELL B ASSOCIATES INC. HOUSTON TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLEZ CATHODIC PROTECTION SURVEY MARINE CORPS AIR STATION (H), NEW RIVER,N.C.

RECTIFIER INSPECTION

SYSTEM P’IJlL.. .l.lv’t RECTIFIER LOCATION /l’J F::LJ A/v

DATE O/2.7/.p, ENOINEER i.. TABLE VI._._ RECTIFIER NO

MFGR. ,I; SERIAL NO. "r7,’

SHUNT RATING: 90 mV , AMPS

DC RATING:_.___VOLTS .___ AMPS
TAP RANGE: COURSE " FINE

RECTIFIER INSPECTION

POWER SWITCH O.K.? ’GND. CONNECTION TO CASE? =’ROD CONNECTION? J

CONDITION.OF CASE? .I. CASE SUPPORTS? CABLE CLAMPS? c,," A.C.CONDUIT &
FITTINGS?

AIR COOLED UNIT: AIR CIRCULATION HINDERED?...CONDITION OF PANEL?

CONDITION OF TRANSFORMER?,K,OVERHEATED PLATES ?

CALIBRATION AND ADJUSTMENT

AS FOUND DC VOLTS DC AMPS
RECTIFIER METER

CALIBRATION METER

AS LEFT DC VOLTS DC.AMPS

RECTIFIER METER
CALIBRATION METER
AP SETTINGS

AS FOUND COURSE

AS LEFT -" COURSE
FINE
FINE

AC VOLTS

AC VOLTS

GROUND BED INVESTIGATION

JCT. BOX NO.. JCT, BOX NO. JCT. BOX NO. JCT. BOX NO.

ANODE ANODE ANODE ANOD
NO. AMPS NO. AMPS NO. AMPS NO. AMPS
I

2

3

4

5





M D A MENENOEZ- DONNELL B ASSOCIATES, INC. HOUSTON, TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE" CATHODIC PROTECTION SURYEY MARINE CORPS AIR STATION (H), N.EW RIVER,N.C.

RECTIFIER INSPECTION

SYSTEM RECTIFIER LOCATION Ilkl I.
DATE J/-’//=" ENOINEER TABLE "rI RECTIFIER NO

MFGR. #Op,&.L,I,, SERIAL NO.

SHUNT RATING: mV AMPS

DC RATING:,,d: VOLTS "’..0 AMPS
TAP RANGE: COURSE ’-- FINE

RECTIFIER INSPECTION

POWER SWITCH O.K.?

CONDITION-OF CASE?

AIR COOLED UNIT:

__GND. CONNECTION TO CASE? ROD CONNECTION?

CASE SUPPORTS? CABLE CLAMPS? A.C.CONDUIT &
FITTINGS?

AIR CIRCULATION HINDERED? CONDITION OF PANEL?

CONDITION OFTRANSFORMER? OVERHEATED PLATES ?

CALIBRATION AND ADJUSTMENT

AS FOUND

RECTIFIER METER

CALIBRATION METER

AS LEFT

RECTIFIER METER

CALIBRATION METER

TAP SETTINGS

AS FOUND

AS LEFT

DC VOLTS DC AMPS

DC VOLTS DC.AMPS

COURSE

COURSE
FINE
FINE

AC VOLTS

AC VOLTS

GROUND BED INVESTIGATION

JCT. BOX NO.

ANODE
NO. AMPS
i

2

3

4

5

JCT. BOX NO. JCT. BOX NO. JCT. BOX NO.

ANODE ANODE ANODE
NO. AMPS NO. AMPS NO. AMPS
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APPENDIX C

SOIL AND WATER ANALYSIS





S 6

S- 7

S 8

"W-12"

LOCATION OF SAMPLES

SOIL SAMPLES

Fuel Farm.

Fuel farm, between Tanks No. 136 and 137.

At Airfield underground steel Tanks A and B.

WATER SAMPLES

At New River shoreline.

Potable water from Tank No. S-TC-606..
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SGS Control Services Inc.
1201 W. 8th Street
P.O, Box 550
Deer Park, Texas 77538
Tel: (713) 479-7170
TW 910 881 1681
TLX: 795085 SUPERCO DERK

November 21, 1984

MENENDEZ-DONNELL & ASSOCIATES
11999 Koty Freeway, #355

Houston, TX 7707?

Analytical Report No.

LAB REFERENCE NO.: L/3]34/84 SAMPLE DESCRIPTION: Water / Soil

SAMPLE MARKED: SUBMITTED SAMPLES AS MARKED BELOW / RECEIVED ]-5-84

SUBMITTED BY: Menendez-Donnell & Associates

RESULTS OF ANALYSIS

Based upon samples, submitted to us, tested in our laboratory, reported to you as Follows:

"SOIL"

Method

ASTM D-2976
Gravimetric
Potentiometric
Conductimeter"
A. A. S.
U. Vo
Carbon Dioxide

Apparatus

Tests

pH
Sulfate, ppm
Chlorides, %
Conductivity, pmhos/cm
Sodium, ppm
Phosphate, ppm
Carbonate, %

pH 6.7 5.8 63
Sulfate, ppm 973 177 591
Chlorides, <0.005 <0.005 <0.005
Conductivity, pmhos/cm" 390 53 61
Sodium, ppm 159 176 201
Phosphate, ppm 94 81 52
Carbonate, 1.77 0.31 2.33

1:1 ratio"Soil sample mixed with Deionized Water

continued

Member of the SGS Group (Socittt Gntrale de Surveillance) C

"GSeGSeSGSeGSSGSeSGSeSGSeSGS*GGSGSeSG‘GSGSeSGSGSeS‘SGGGGGS*GS





SGS Control Services Inc. November 21, 1984

1201 W. 8th Street
P.O. Box 550
Deer Park, Texas 77536
Tel: (713) 479-7170
TWX: 910 881 1681
TLX: 795065 SUPERCO DERK

MENENDEZ-DONNELL & ASSOCIATES

11999 Katy Freeway, #355

Houston, TX 77079

Analytical Report No. #97414 Page #2 of 2

LAB REFERENCE NO.: L/3134/84 SAMPLE DESCRIPTION:Water / Soil

SAMPLE MARKED: SUBMITTED SAMPLES AS MARKED BELOW / RECEIVED 1-5-84

SUBMITFED BY: Menendez-Donnell & Associates

RESULTS OF ANALYSIS

Based upon samples, submitted to us, tested in our laboratory, reported to you as follows:

"WATER"

[Standard Methods 15th Edition]

Method Tests

423

209C

426B

407C’

205

pH
Total Dissolved Solids, mg/I.

Sulfate, mg/L

Chlorides, mg/l_

Conductivity, pmhos/cm

"W-I 2" "W-5"

8.6 6.9

397 8998

21.8 664

82 4538

738 15343

.SGS CONTROL SERVICES INC.

Hugh

By: f’X’L./Vloyo,S/
Laboratory Manager

SGSSGsSGSsGSSGsSGSSGSSGSSGSSGSGSG‘SGSSGSSGSGSGSSGGGHLMj Member at the SGS Group (Socit Generals 0a Surveillance)
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APPENDIX D

DESIGN’CALCULATIONS





POL SYSTEM

Fuel Farm

Current requirement test data indicated that a
current of 80 amperes will be required to achieve
protective potentials on underground tanks and
associated piping at the Fuel Farm.

Underground tanks Sur.face Area:

50,000 gal. tank:281#sq.ft.x 3 tanks= 8,448 sq.ft.
tank

i00,000 gal. tank:
105,000 gal. tank:
120,000 gal. tank:
10,000 gal. tank:779x 2 tanks

tank

3,940 sq.ft.
3,940 sq.ft.
4,272 sq.ft.
1,558 sq.ft.

Total Surface Area =22,158 sq.ft.

Allow 15% for piping 3,324 sq.ft.

Total exposed surface area of underground tanks and
piping =25,482 sq.ft.

Current density 80 amperes 0.0031 Amp
25,482 sq.f, sq.ft.

’the current requirement is relatively high, but it is
a result of an actual field test and should be
considered correct.

An impressed current system utilizing distributed
type anodes is recommended for proper current
distribution around theFuel Farm.

Utilize the two existing abandoned 20 ampere
rectifiers and an one additional new rectifier.

Weight of anode mterials:

Fully treated graphite anodes with calcined petroleum
coke backfill are recommended for this installation:

Weight 20 years x l-lb x 80 amperes
amp-yr.

1,600 ibs. of anode material

Number of anodes required for a 20 years life:

a. Use 3" x 60" specially treated graphite anodes,
fitted with.epoxy and heat shrink caps.

b. Number 1600 Ibs. x l-anode/27-bls 59.2 anodes
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59.2 anodes/0.75 79 anodes.
.75 is the utilization factor for the graphite
anode, meaning when the anode is 75% consumed it
will require replacement.

Groundbed design:

a. The two existing rectifiers, have a rated DC
output as follows:

36V 20 amperes. .
40V 20 amperes.

Two 20 amperes groundbeds 6an therefore be
utilized by the above rectifiers, te following
calculations are made to insure that the rated
voltage of each rectifier is sufficient:

Resistance of groundbed to earth:

R =.00521/.in 8L -1 + 2 L in.656(N)]
NM

Length of anode and coke column 10’
Diameter in ft.
Spacing in ft. 20
Soil resistivit in ohm-cm 7,400
No. of anodes 20

R=.00521(7400)[in8(10)-l+2(10) in.656(20)]
20(10) 1 20
1.15 ohms

Anode Resistance to Backfill:
R 0.0052p(in8__L i)

L / D

L Length of anode 5’
D Diameter of anode 0.25

/ Resistivity pf Backfill

R .00521(50) (in8(5)
5 .25

0.212 ohm for 1 anode
R for 20 anodes .212 0.0106 ohms.

20

Total Groundbed resistance=l.15 + 0.0106 1.16 ohms.

Cable Resistance:

Maximum conductor length for this installation
should not exceed 800 feet.
Use No. i/0 AWG, resistance .102 ohm/1000 ft.
Cable Resistance 800 ft. x .102 ohm .082 ohm

I000 ft.
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Total Resistance 1.16 + .082 1.24 ohm.

Rectifier Voltage Vr=IR+2V (Back EMF)
.08 reserve factor

Vr= 20(1.24)+ 2V 33.5 volts
.08

Therefore, the two existing rectifiers can be
utilized in conjunction with 20 anodes groundbed
each.

New Rectifier Groundbed.

Resistance of Groundbed to earth:

R .00521 [in8__L -i + 2__L in 656 N]
NL D S

R .00521(7400)[in8(i0)-i + 2(10)in .656 (40)]
40 (10) 1 20

0.64 ohms.

Groundbed resistance to backfill= .212= 0.0053ohms.
4O

Total Groundbed resistance:= .64+.0053 0.645 ohms.

Cable Resistance:
Maximum conductor length for this installation should
not exceed 1500 feet.

Use No. i/0 AWG, resistance .102 ohm/1000 ft.

Cable Resistance 1500 ft. x .102 ohm 0.153 ohm
i000 ft.

Total resistance 0.645 + 0.153 0.8 ohm.

Rectifier Voltage Vr= IR+2V(Back EMF)
0.8 reserve factor

I 40 Amper + 5% 50 amp.
Vr (50) (.8) + 2V 52.5 volts

0.8

Use a rectifier with minimum rating 60 volts.
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MOGAS Tank at Building 142

Current requirement test data indicated that a
current of 0.35 amperes will De required to achieve
protective potentials on the 20,000 gallon
underground MOGAS Tank at building 142.

Tank surface area 1,350 sq. ft.
Current density .30 amp. .000222 amp

1350 sq. ft. sq.ft.
0.222ma

sq.ft.

The low current density requirement of 0.26ma
sq-t.

is quite reasonable for a coated tank. The coating
was visually verified during the field inspection.

Weight of anode materials required:

Prepackage’magnesium anodes will be used having an
estimated deterioration rate of l-lb. per 500 amp.-hr
and an estimated life of 20 years.

Weight 20 yrs. x l-lb x 8760hr x 0.30 amp.
500 mp-yr year

105-1bs. of anode material.

Number of anodes required for 20:years life:

a. Use prepackaged 20 ib longated magnesium anode.

b. Number 105.6 ib x 1-anode 5.25 anodes
20 lb.

5.25 anodes x 1 7.0 anodes
?75

.75 is the utilization factor meaning when the
anode is 75% consumed it will require replacement

Use 8 anodes.

c. To achieve the desired current distribution the
following calculations are made:

R .0052/(in 8_L -i)
L D

./= Soil resistivity
L Anode length 5’
D Anode Diameter 0.266

R .00521(6200 (in 8(5) -i) 25.9 ohm.
5 .266

I E E Driving potential
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Solution potential of
anode-protected potential

I 0.9 0.0347 amp/anode
2-?.9

Number of anodes:
0.30 amperes x anode 8.64 anodes

0.0347 amp.

Day Tanks A & B at Airfield

The underground Day Tanks A and B have an exposed
surface area of 2700 square feet. Based on the
current density of .000222 amper per square foot
calculated previously, total current requirement will
be 0.6 amperes.

The low current requirement and soil resistivity of
(1500 ohm cm) are suitable for a sacrificial
magnesium anode installation.

Weight of anode material prepackage of magnesium
anodes will be used having an estimated deterioration
rate of l-lb per 500 amp-hr, and an estimated life of
20 years.

Weight 20 years x l-lb x 8760-hr. x .60 amps.
500 amp.-yr.year

210 ibs of anode material

Number of anodes required for 20years life:

a. Use prepackaged 32-3D (32 los) magnesium anodes.

b. Number 210-1bs x anode 6.56 anodes.
32 ib

6.56 x 1 8.75 anodes
?75

.75 is the utilization factor.

c. Calculated current drain for a 32-D3 Galvopack
anode with a driving potential of 0.9 volts.

R .00521(1500)
5

6.0 ohms.

(In8(5) i)
.3125

I E 0.9 0.15 ampere/anode
R 6.0

To achieve the desired current drain and a 20
years life for the system, eight 32-D3 Galvopack
magnesium anodes will be scheduled for
installation.
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WATER DISTRIBUTION SYSTEM

Based on a current density of 0.0015 ampere per
square foot, current requirement for different
standard pipe joints will be as follows:

Dimension
4" x 20
6" x 20
8" x 20

i0" x 20
12" x 20
14" x 20
20" x 20

Current requirement
0.032 A
0.047 A
0. 063 A
0. 078 A
0.094 A
0.109 A
0. 157 A

Because of soil resistivity variations and the lack
of electrical continuity, anodes are sized for each
individual joint.

Weight of anode materiis required for a 6" x 20’
joint.

Anode life 20 years
weight 20 yrs x 8760 hr x llb x .047A x 1 19.371bs

yr 500 amp-hr .5

Select (i) 20-D2 Galvopack magnesium anode for installation
on each 6" x 20’ joint

Anode Resistance:

R_ .00521) (in 8_L -i)
L D

.00521( (in 8(5) -i)= 0.004 ohm
5 .266

Maximum current drain depends on soil resistivity.

I Driving Potential 0.09V
R .004 ohm

For i000 ohm-cm
I== .225 amperes

Therefore (i) 20-D2 anode can be used on 1 joint of
6" x 20’pipe in soil resistivities up to 5000 ohm/cm.

Following the above rocedure the following tables, were
prepared:
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Maximum Soil
Resistivity ohm-cm

i000
2000
3000
4OO0
5OO0

i000
2000
3000
4000
5000

i000
2000
3000
4000
:5000

i000
2000
3000
4000
5000

i000
2000
3000
4000
5000

i000
2000
3000
4000
5000

4" x 20’

No. of
Anodes

1-20D2
1-20D2
1-20D2
1-20D2
1-20D2

6" x 20’

1-20D2
1-20D2
1-20D2
1-20D2
1-20D2

8" x 20’

1-32-D3
1-32-D3
2-20D2
2-20D2
2-20D2

i0" x 20’

1-40D3
1-40D3
1-40D3
2-20D2
2-20D2

12" x 20’

1-48D5
2-20D2
2-20D2
2-20D2
2-20D2

14" x 20’

1-48D5
1-40D3
2-20D2
2-20D2

3720D2

magnesium
Re.

Maximum Current
Ouput "Amperes"

0.215
0.1076
0.072
0.054
0.043

0.215
0.1076
0.072
0.054
0.043

0.192
0.096
0.144
0.108
0.086

0.2432
0.122
0.081
0.108
0.086

0.152
0.215
0.144
0.108
0.086

0.152
0.121
0.144
0.108
0.135
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i000
2000
3000
4000
5000

20" x 20’

2-40D3
2-40D3
2-40D3
2-40D3
2-40D3

0.484
0.242
0.161
0.112
0.090
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APPENDIX E

COST ESTIMATES





’IAVFAC 1101Yt (I.?|) |

NAVOOC$ 34 7r 2v ,’

CTIVITY AND LOATION

COST ESTIMATE

’ROJECT TITLE

CONSTRQCTION CONTRACT NO.

ESTIMATEO BY

OATE PREPARED

IDENTIFICATION NUMBER

CATEGORY COOE NUMBER

JOB ORDER NUMBER
STATUS OF DESIGN

,,o-,. "NAL N 0,.,’--, rwY
ITEM DESCRIPTION MATERIAL COST LABI

UNIT COST TOTAL UNIT COST TOTAL UNIT COST TOTAL

, o7o
.oo oo

770

/q, 7/0 Eq, qO





COST" ESTIMATE
ACTIVITY AND LOCATION

NTRACT NO.

[ STIMATEO BY

ITEM DESCRIPTION MATERIAL COST LAB4 COST
NUMS R UNIT COST TOTAL UNIT COST TOTAL

S..T 2 o

IOENTIF IC..TION NUMBER

CATEGORY COOE NUMBER

JOB OROER NUMBER

UNIT COST TOTAL





IA.VFAC 11013 (1-71)

CTIVITY AND LOCATION

COST ESTIMATE

IROJECT TITLE

TOATE ’REPAREO

CONSTRUCTION CONTRACT NO. IOENTIFICATION NUM|E R

CATEGORY COOE NUMBER

JOB ORDER NUMBER

ITEM DESCRIPTION MAT IIAL COST
UNIT COST TOTAL UNIT COST TOTAL UNIT COST TOTAL

! o oo

4 /. Boo
7
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APPENDIX F

CORROSION AND CATHODIC PROTECTION





CORROSION AND CATHODIC PROTECTION THEORY

Corrosion is an electro-chemical process or transformation
of energy resulting in the metal of a structure in contact
with an electrolyte going into solution, or revering to
its natural status as an oxide form. There is a great deal
of stored energy in a piece of metal and it is not at all
in accordance with the laws of nature for that piece of
metal to remain intact-2in fact, it cannot exist without
some type or degree of maintenance by man.

There are, generally speaking, two main forms of
corrosion--electrolytic and galvanic. Electrolysis is
usually construed to mean the process of a stray electrical
current being impressed upon a buried structure from an
external and metallically unconnected source suchas an
electric railway (Figure i). The current, usually
relatively great in magnitude, supposedly Confined to the
rail as a return encounters high resistant joints, takes
the path of least resistance to nearby piping, follows the
pipe line back to the proximity of the source, at which
point the current is discharged from the line carrying iron
particles into solution with it. Due to the quantity of
current dsgally involved, this type of corrosion is usually
manifestedlin severe metal loss in the area of current
discharge. Any uncontrolled current from a D.C. current
source can result in detrimental interference effects on
foreign structures within the area of influence of the D.C.
source.

Galvanic corrosion is the result of the formation of
galvanic cells upon the structure itself and independent of
external power sources. Basic forms of galvanic cells
exist as: (a) dissimilar connected metals in a common
electrolyte, (b) a continuous metal structure exposed to
dissimilar electrolytes, and (c) a combination of the above
conditions. It is this form of corrosion which plays the
major role in deterioration of underground structures in
most areas.

The galvanic cell involving dissimilar metals can perhaps
best be illustrated by referring to these examples taken
from the Electromotive Force Series of Metals Table (Figure
2). This table is a comparative index of the solution
potential or activity level of various metals ranging from
potassium which has the highest relative potential to the
noble metals of silver and gold which are very stable and
thus reflect the lowest solution potentials. For practical
purposes, the most common metals for underground
construction and cathodic protection are shown. Magnesium,
with a potential of -2.34, is anodic to zinc, with a
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potential of -0.762. zinc, in turn is anodic to iron, with
a potential of -0.044. Iron, with a potential of -0.044,
is anodic to copper, with a potential of +0.345. The term
anodic is of Greek derivation meaning "up way" and
indicates that the metal which has the higher potential
will give up current (thus dissipating itself) to the
lower potential metal which is termed cathodic or the
cathode.

The common flashlight battery is a galvanic cell composed
of a zinc outer case, an electrolyte, a carbon rod, and an
external circuit (Fig. 3). In this case, the zinc has the
higher potential and acts as the anode with the carbon rod
being the cathode. When the external circuit is closed
through the metallic case of a flashlight, current flows
from the zinc outer case, through the electrolyte to the
carbon rod, and thence through the light bulb filament. As
the metallic ions go into solution, water in the
electrolyte is disassociated, the zinc combining with the
hydroxyl ion to form an oxide, and the atomic hyrogen
released to migrate to the cathode.

Common examples of this type of galvanic cell encountered
in everyday construction ofunderground structures are a
brass fitting between steelsection (Fig. 4), steel
connected to cast iron, steel pipe in contact with cinders
(Fig. 5), bright metal from wrench or tong from scratches
(Fig. 6), mill scale patches on pipe (Fig. 7), and new pipe
installed as replacement between old sections of pipe.

The other basic galvanic cell is one consisting of a common
metal in dissimilar electrolytes (Fig. 8). In this case,
the electrolyte surrounding the metal determines which
portion of the metal is anodic and which is cathodic. The
current flow is from the metal in contact with the lower
resistivity electrolyte to the portion of metal in a higher
resistivity environment. This case is, of course, similar
to our underground pipe lines composed of the same metal,
but traversing a heterogeneous mixture of soils such as
sand, sandy loam, clay, loam, rock, gypsum beds, salt beds,
etc. The oxygen content and.moisture conditions will also
vary radically for different soil types encountered. Each
change of soil characteristic such as the frequency, and
the degree of change of resistivity, has a great role in
determining the severity and extent of corrosion.

Examples of these conditions are dramatized in Figure 9,
which illustrates a contlnuous metal pipe in contact with a
moisture retentative (thus relatively low resistivity),
clay electrolyte, and also a well-drained (thus higher
resistivity) sandy loam electrolyte. Current discharge is
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initiated in the lower resistivity soil area with the
adjacent pipe surfaces receiving the current, and the pipe
wall serving as the external circuit back to the source of
the galvanic cell at the corroding area. Figures 10 and ii
illustrate the dissimilarity of soil conditions which can
result from normal excavation and backfill procedures of
buried structures; also, the dissimilarity of electrolyte
conditions encountered due to oxygen availability and
presence as a result of normal construction practices.

A typical example of numerical soil resistivity value
relationships over an extent of pipe line right-of-way is
shown in Figure 12. Although a large percentage of
detrimetnal corrosion is normally associated with the low
soil resistivity ranges, severe corrosion does occur in the
medium and high range categories. Thus, the frequency and
magnitude of electrolyte change must be considered rather
than relying solely on categorized numerical ranges.

Corrosion results are apparent in several forms--the most
common being scaling, pitting, patching, graphitization,
and oxide films. Some less common forms are failure within
the crystaline structure itself and stress corrosion.
Uniform scaling, or exfoliation, is usually associated with
some of the older laminated types of pipe construction.
The severity of metal loss depends essentially on the ratio
of anodic area to cathodic area. In other words, if there
is a smallianodic area between two large cathodic areas,
the small anodic area will be discharging current in
quantities large enough to protect the two large cathodic
areas. Since the area of current discharge is small, it
follows that the metal will be removed in this area at an
accelerated rate. However, if the anodic area was
relatively large in comparison with the cathodic area, the
penetration process would proceed much slower as it would
be taking place over a much larger area. When it is
realized that one ampere of D.C. current flowing
continuously for a period of one year can drive 20 pounds
of steel idto soltion, it can be ascertained that very
small quantities of uncontrolled current discharge can
cause failure of a thin wall metallic structure within a
relatively short ime.
Corrosion prevention is normally accomplished by the
following procedures:

i. Judicious choice of construction materials and
procedures with respect to corrosion mitigation for ew
construction.
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2. Protective coatings.

3. Cathodic protection.

On new construction, many corrosion problems of the future
can be prevented during the design stage of proposed
faciliites. The type of metal most suitable for handling a
given product, the type of surface treatment for the
metallic structure, provisions for electrical isolation of
new systems from old or foreign systems, and minimizing or
avoiding coupling of dissimilar metals are but a few of the
decisions which merit consideration during the project
planning phase.

Protective coatings are recognized as a basic weapon in the
battle against underground corrosion. It is known that if
the metal of a structure does not contact an electrolyte,
no corrosion will take place. Thus, the use of coatings is
widespread, the desire being a coating material which is an
impervious, inert substance, unaffected by temperature
variance, mechanically sturdy enough to withstand soil and
cyclic stress to which it is subjected underground, as well
as potential damage from handling during transportation and
construction. Commonly used :coating materials zunsist of
asphalt and coal tar enamels, asphalt and coal tar mastics,
polyethylene and polyvinyl chloride tape applications,
micro-crytaline wax compounds, and extruded plastic jackets
or sleeves. Coating efficiences of the pipe line coatings
in place are dependent not only on the material used, but
also the care with which it was applied and the care
exercised during structure installation. It is virtually a
physical impossibility for any coated structure in place
and backfilled to be without minute faults or "holidays",
with small bare metal surfaces thus xposed and in direct
contact with the surrounding soil or electrolyte. This
situation is a classic example of the condition previously
discussed concerning ratios of anodic and cathodic areas.
Since the exposed metallic area at any coating fault will
be relatively small compared to coated or cathodic areas
surrounding it, corrosion activity will be concentrated on
the small bare metallic area and early metal loss and
penetration may be reasonably anticipated unless further
protective steps are taken. In addition, all coating
materials are subject to deterioration with time, thus
exposing more metal surface to the corrosion process.

The accepted supplement to coating pocedures is that of
applying cathodic protection to the coated structure. In
general, cathodic protection is a process whereby adequate
quantities of D.C. current are impressed upon a given
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structure to overcome the quantities of galvanic current
generated and being discharged from the structure. This
procedure is accomplished through the use of external
current sources; either, galvanic anodes or impresssed
current systems. Galvanic anodes normally consist of zinc
or magnesium alloys of varying shapes and weights to
accommodate differing soil resistivity values, current
outputs, and design life. In both cases, the anode metal
is more activ or higher in the electromotive series than
the steel structure to which it is attached. Thus, (Fig.
13) a large galvanic cell has been deliberately created
with the metal from the sacrificial galvanic anode being
dissipated to prolong the life of the structure to which it
is attached. The current flow, electrically speaking, is
from the sacrificial anode through the earth onto the
structure and is returned to the source through he
leadwire connected to the structure and the anode.

The same principle holds true for impressed current systems
(Fig. 14), except that in this case power is being derived
from some external source such as rectifier units which
convert A.C. electrical power to D.C. current, or possibiy
thermoeletric units which convert heat to electric power.
.The D.C. current is then routed through a groundbed
icomposed of graphite rods, cast iron rods, or junk steel,
and thence through the earth to the structure to be
protected. Once again,, a low resistant return path is
.provided between the structure and the power source to
!complete the circuit and to provide controlled current
drainage from the structure.

Cathodic protection in various forms and to varying degrees
can be applied to old existing structures as well.as new
construction.

Naturally, the cost of providing complete overall
protection to bare structures involves a much greater
expenditure than for similar coated structures due to the
greater exposed surface area involved on the bare
structures. Thus, partial or spot protection at areas
subject to deterioration, as indicated by past istory or
investigative procedures, is often the course followed to
reduce maintenance cost and commodity loss, and to. prolong
useful life of the structure or system.

In any case, whether on new construction or existing
facilities, the use of cathodic protection must be
justified economically. Since both the initial investment
and projected operating costs of cathodic protection are
directly dependent upon the design and effectiveness of the
installation, it is of great importance that the type of
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protective system utilized, amount of current required, and
location of the protective current systems must be
determined by thorough preliminary field investigation
conducted by experienced personnel. Many survey
techniques, interpretation standards, and an array of
specialized instrumentation are utilized in determining the
most economical and practical protective design for
providing cathodic protection to a given system or
structure. Upon completion of any protective installation,
the system must be adjusted and a thorough checkout
conducted to determine that adequate protection is being
realized over the entirety of the pertinent structure;
further, that any detrimental interference effects on
foreign or isolated structures are detected and removed.

In as much as electrical grounding systems frequenhy
complicate cathodic protection efforts and contribute to
corrosion of other underground structures, possibl
improvement of grounding procedures and effect of tray
current on underground electrical structures merit the
following brief discussion.

In general, electrical grounding systems must be comprised
of materials that are good electrical conductors with
sufficient area inlcontact with the soil to provide
resistance of the current path within the allowable limits,
and to be resistant to the corrosion process. The major
material utilized for grounding systems in the past has
been copper due to, its excellent conductance
characteristics, reasonable cost, and corrosion resistant
properties. As long as overhead power transimission
lines utilizing wooden supports were used, very little
corrosion damage was apparent from this procedure.
However, with the advent of lead sheath cable, armored
cable, and galvanized conduit for underground installation,
this situation has changed considerably. Potential
differences, due to galvanic couples of some of the most
commonly used metals for underground electrical
construction, are presented in Figure 15. As indicated,
the commonly used metals are all anodic to copper, i.e.,
when coupled with copper in a common electrolyte, the
metals will be dissipated to provide current to the copper
to which they are attached. Probably the most serious
situation here is the couple between lead and copper where
even though the potential difference is not as great as
indicated for the other couples, the dissipation rate of
lead, approximately 75 pounds per ampere year of current,
becomes an important factor.

Conditions being what they are today, considerable thought
for grounding procedures should be given to utilization of
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other metals for grounding materials, the two most common
substitutes being zinc and high silicon cast iron anodes.
zinc anodes are generally considered more attractive
because they not only provide a degree of protection to
metals to which they are attached due to being higher on
the electromotive series of metals, but also they exhibit
relatively long effective life in most environments. Of
interest isa comparison of grounding rod resistance values
between standard copper and zinc grounding rods in’varying
soil resistivity ranges. This comparison, as presented in
Figure 16, indicates the effectivness of the zinc anode,
particularly when surrounded by a prepared backfill
material. Number, spacing, and configuration of grounding
rods to provide a specified resistance can be readily
determined in most cases when the resistivity of an
electrolyte has been acquired through measurements, based
upon design data for zinc anodes. High silicon, content
cast iron anodes are less attractive due to the galvanic
couple between the cast iron alloy and steel. Although the
potential difference between the two is not great, being in
the neighborhood of 0.10 volt, the steel pipe is
nevertheless anodic to the cast iron anode.

Another important aspect of choice of grounding system
materials involves the application ofl cathodic protection
to underground facilities within the area. In case of a
copper grounding system in contact with piping or conduit
to be cathodically protected, it is not uncommon to
encounter current requirements 40 to !50 times as great to
provide protection for both the copper grounding system and
the piping as would be required to protect the piping alone
if the copper grounding system was not connected to it. On
the other hand, zinc grounding system under the same
circumstances would actually supplement the cathodic
protection system. In many areas, involving both plant
piping and grounding systems, the proper choice of
grounding materials thus becomes a decision of major
economical importance.

Often a piping system also serves as part of a grounding
system. Once again, the coupling of a copper grounding
system with steel piping results in dissipation of the
steel and should be avoided. In addition, today’s standard
acceptance of high resistance coatings for pipe line
construction actually provides, in many cases, a very poor
grounding device.

Neutral conductors for underground"electrical distribution
systems often consist of bare copper cables with the
neutrals of transformers and electrical apparatus housings
frequently grounded to the neutral conductor. Water piping
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for water-cooled transformers and lead-sheath cables is
also often grounded to the neutral conductor cable. Once
again, the galvanic couples and resulting potential
differences between copper and steel and copper and lead is
encountered and deterioration of both the steel water
piping and lead sheath cable may be reasonably anticipated.
The answer to this problem appears to be a neutral
conductor provided with a polyethylene or polyvinyl direct
burial jacket which will provide insulation between the
copper conductor and the earth, and also provide additional
self-contained grounding rods.

Any underground power cable equipped with an adequate
polyvinyl or plyethylene jacket will not be influenced by
stray current from cathodic protection systems or other
stray current sources. Certainly, the lead sheath cable,
which parallels a cathodically-protected structure or lays
within the area of influence of cathodic protection
installations, is receptive to pickup and uncontrolled
discharge of stray current resulting in metal
deterioration. Interference testing and adequate bonding
procedures are the answers to this problem. Lead sheath
cable installed in metallic or non-metallic duct systems is
not subject:to stray current influence, but may be subject
to galvanic corrosion action at points within the ducts at
which moisture may collect.

Any metallic objects such as pole anchors, grounding rods,
cables, or grids which fall within the area of influence of
a D.C. current source are exposed to varying degrees of
deterioration depending largely upon the metals involved,
size of structure, and their proximity to the D.C. current
source. In..cathodic protection installations, judicious
placement of current sources, consistent with design
requirements of the structure or system to be protected, is
taken into consideration to minimize the possibility of
interference on foreign structures. Prior to adjustment
and checkout of a protective system, native state potential
values on all foreign structures within the area of
influence of the current source should be acquired. Upon
energizing and adjusting the protective system, potential
measurements on the foreign structures involved are again
acquired to.determlne any effects being experience from
stray current. In the event that detrimental interference
effects on a foreign structure are detected, the situation
is relievedby either providing a controlled resistance
bond from the affected structure to the current source or
providing the affected structure with a small protetive
system of its own, normally in the form of self-contained
sacrificial anodes. The problems involved, particularly in
congested areas involving a number of utilities with the
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effects of stray current or interference can be complex in
nature and costly in results, unless corrected. As in the
case of design, installation, and checkout of protective
systems, the detection and correction of interference
problems can best be solved by personnel experienced in the
specialized field of corrosion mitigation.
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