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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 underground POL
systems, water distribution system, elevated water tanks,
and underground fuel tanks at the U.S. Marine Corps Base,
Camp Lejeune, North Carolina, during October and November,

1984.

The corrosion survey included inspection and evaluation of

existing elevated water tanks' cathodic protection systems;
inspection and testing of underground steel structures, and
recommendations for cathodic protection systems for

proposed new construction.

None of the POL and fuel storage facilities has cathodic

protection.

The underground water distribution system has no cathodic
protection, and 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 is

not electrically continuous.







The fourteen 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 a low of 1,400 ohm-cm at Bldg. M622 in the Montford
Camp area, up to 1,150,000 ohm-cm, on Snead's Road between‘
Marine Road and Amphibian Road. Low resistivity corrosive
soils below 5,000 ohm-cm constitute about 8% and moderately
corrosive soils between 5,000 and 10,000 ohm-cm constitute
about 21% of the totals. Laboratory tests of soil samples
showed the pH to be essentially neutral, and both chloride

and sulfate contents are moderate.

A new impressed current cathodic protection system should
be provided for the fifteen underground steel, tanks and

existing steel piping at the Fuel Farm.

New impressed current cathodic protection systems should be
provided for the underground fuel storage tanks located at
the Main Exchange gas station; at Bldg. No. 1885; at Bldg.
No. 1775; at the Courthouse Bay area gasoline station and
diesel fuel storage area; and at Bldg. FC-202, French Creek

area.






New sacrificial cathodic protection systems should be

provided for the underground fuel Storage Tanks located at

the Rifle Range area, at the Beach area, and at the New

Naval Hospital.

Cathodic protection of the underground water piping system

with sacrificial type; galvanic anodes is recommended for

piping in soils with resistivities of 5000 ohm-cm or less.

Cost estimates for the recommended work are:

Install a new rectifier and groundbed on tanks
and piping at the Fuel Farm; $30,710.00

Install 5 new rectifiers and groundbeds on
various fuel tanks throughout the base as
previously referenced; $36,667.00

Install a new rectifier and groundbed on tanks
at the Main Exchange: $9,640.00

Install magnesium anodes on underground Fuel
Storage Tanks at the Rifle Range, New Naval
Hospital and the Beach area:

$6,553. + $ 20,610. = $27,163.00






1.4 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

the Marine Corps Base, Camp Lejeune, North Carolina.

Field work was started on November 5, 1984, and was
completed by November 14, 1984. It consisted of collecting
data and studying ali 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 fourteen existing impressed current cathodic
protection systems on the elevated water tanks. No

cathodic protectiun exists for the following facilities:

1. The underground water distribution system.
2. Tanks and piping at the Fuel Farm.

3. Various underaround fuel storage tanks

throughout the Base.







All data obtained during this survey is included in the
Tables of Appendix B. Results and analysis of the data are
included in Sections 2.1.3 and 2.2.3. The test procedures
used during this survey are described in Section 2.1.2 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 underground piping systems,
elevated water storage tanks, rectifiers and various
miscellaneous structures. These may be found in Appendix

G.

The purpose of this survey was 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, when required. 1In addition,
supportive information, such as drawings, photographs, cost

estimates and appropriate recommendations are supplied.
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2.0 CORROSION CONTROL SURVEY

254 POL System

2: 1500 System Description

The POL System consists of tank car unloading facilities
located north of the Fuel Farm in the Industrial Area, a
truck loading station, storage tanks, refueling facilities

and the connecting underground piping.

MOGAS fuel is received at the Fuel Farm and stored in ten
underground steel tanks of varying capacities. The total

storage capacity of MOGAS Fuel is 141,000 gallons.

Diesel fuel is received at the Fuel Farm and stored in two
12,000 gallon and in two 15,000 gallon underground steel

tanks.

Number 6 fuel is received at the Fuel Farm and stored in a

600,000 gallon aboveground steel tank.

Two other aboveground steel tanks No. S-1701 and S-1735,
store 420,000 gallons and 172,000 gallons of No. 6 fuel
respectively. 1In addition to the Fuel Farm storage

facilities, MOGAS, Diesel, Kerosene, number 2 and number 6






fuels are stored for local use throughout the Base in tanks

with capacities ranging from 2,000 gallons to 30,000
gallons. For detailed breakdown of these fuel storage
facilities at each area, please refer to Inventory,

Appendix A.

2.2 Test Procedures

Test procedures on the POL Systems included taking soil
resistivity and structure-to-electrolyte potéﬁtial
measurements, conducting current requirement;ﬁests to
determine design criteria for unprotected st%uctures, and

collecting soil and water samples for laboratory analysis.

2.1320 1 Soil Resistivity Survey

Soil resistivity measurements were acquired ét
approximately 1000 ft. intervals along underground piping
systems throughout the camp to 5-foot average depths, using
a Nilsson Model 400 soil resistivity meter and the "Wenner"
four pin method. Measurements were also acquired to 10
ft., 15 £t., 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. 5000 through 5020, of Appendix H, and the soil

resistivity data are presented in Table I, Appendix B.






21722 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 representative
locations 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 Drawings No. 5019 & 5020

2.tad.2 Current Requirement Tests

Current requirement tests were conducted on various
underground tanks to aid in determining the Cathodic
Protection design criteria for POL structures. 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 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 sulphate half cell at all test points on the
structure under test, or to achieve a minimum 300 millivolt
negative potential shift with protective current applied.
Current requirements test data are shown in Tables III,

Appendix B.

2:1.2.4 Soil and Water Analysis

Soil samples were gathered from nine distributed locations
along the POL and water distribution systems. These
samples were taken at depths from 1l8-inches to

approximately 3 ft.






Water samples were gathered from six representative

elevated water tanks around the base.

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 made for:

: Electrical conductance
23 pH

34 Chlorides

4. Sulfates

55 Sodium

6. Phosphate

T Carbonate

The locations from which the samples were acquired are
shown on drawing No. 5000 and the chemical analysis data

are presented in Appendix C.






2k i Results and Analysis

2133, 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 tae 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 vVery corrosive

5000 to 10,000 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 at or near the POL facilities
range from a low of 2,600 ohm-cm near the New Navy
Hospital, up to 66,000 ohm-cm at the French Creek Area.
With the exception of the New Navy Hospital Area, all soils

measured were 10,000 ohm-cm or higher.






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.

2.k:38 Structure to Electrolyte Potential

Measurements

The level of cathodic protection of a given structure is
evaluated by structure-to-electrolyte potential
measurements. The most generally accepted criterion 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. Another widely accepted criterion
for cathodic protection is a negative potential shift of

300 mv with protective current applied to the structure.

These are also two of the criteria established by NACE in
its Recommended Practice R.P 01-69 (1983 REV); and also two

of the criteria specified by the U.S. Department of







Transportation Office of Pipeline Safety Regulations for

natural gas and hazardous liquid pipelines.

Native state structure to soil potentials are also useful
in evaluating the level of corrosion occuring on an
underground steel structures and therefore helpful in
determining if that structure should be cathodically.
protected. In a given homogeneous electrolyte, anodic and
cathodic areas would not develop on a steel structures if
potential differences did not exist. Since the soil is not
a homogeneous electrolyte, anodes and cathodes do develop
with the areas with more negative potentials being the
anode. The severity of corrosion is directly proportional
to the difference in potential of the anodic and cathodic

ares of an electrically continuous steel structures.

An analysis of the native state structure to soil potential
data acquired on the POL system and presented in Table III,
Appendix B, shows a wide variation in potential differences
between anodes and cathodes on individual structures or
systems. These range from -0.062 volts at the 10,000 bbl.
tank in the Beach Area, up to -0.216 volts at the three
6,000 bbl. tanks in the Court House Bay Area. Greater
potential differences probably would have been found had

more potential measurements been taken.






These potential differences are large enough that

moderately severe to severe corrosion can occur on the

underground POL systems even in many of the higher

resistivity soils unless they are cathodically protected.

A summary of known structures that should be cathodically

protected is as follows:

10.

11

Underground steel tanks and associated piping in the
Fuel Farm.

Four fuel tanks at Main Exchange Gas station.

Four fuel tanks at Bldg. 1855, Industrial area.

Two fuel tanks at Bldg. 1755, Industrial area.

One fuel tanks at Rifle Range gas station.

Three fuel tanks at Court House Bay gas station.

One additional 30,000 gallon diesel fuel tank in the
Court House Bay Area.

One No.2 fuel tank near Steam Plant in Beach Area.

One No. 2 fuel tank at Bldg. FC-202 in the French
Creek Area.

Six fuel tanks in the New Navy Hospital Area.

Other miscellaneous tanks not specifically included

above.






29d:3.3 Current Requirement Tests

Current requirement test data are presented in Tables III,
Appendix B. A total of six current requirements test were
conducted on various underground fuel storage tanks located
throughout the Base. Due to the high current demand and
the high soil resistivity at the Fuel Farm Area, attempts
to set up a temporary groundbed and power source were not
successful. As a result, current requirements at the Fuel
Farm were calculated based on .00148 ampere per square foot
current density as determined by actual test previously
made for Cherry Point Air Station's Fuel Farm, since the

two installations are similar.

Impressed current testing of the gas station fuel tank
located in the Rifle Range area and of the fuel tank
located in the New Navy Hospital indicated that current
drains of 0.25 amperes and 0.235 amperes, or current
densities of 0.000326 amperes and 0.00033 amperes per
square foot, respectively, were required to provide
cathodic protection. Two other impressed current tests
were conducted. One, on the three fuel tanks at the gas
station located in the Courthouse Bay area, which required
a current drain of 0.40 amperes, or a current density of
0.00026 amperes per square foot for cathodic protection.

The other, on the four fuel tanks located at the Main







Exchange gas station in which 0.4 amperes and 0.6 amperes
of current were impressed on the tanks. The data were
extrapolated and 0.9 amperes of current was estimated for

cathodic protection of the tanks.

Impressed currént testing of fuel tank FC-202 located ia
the French Creek Area indicated that 0.1 ampere was not?
enough to achieve protective potentials. Due to the high
soil resistivity (66,000 ohm-cm) the current drain obtained
from a temporary groundbed was iimited to 0.1 amperes.
Therefore, in figuring the currgnt requirement, current

densitites calculated for other iareas were considered.

Ihpressed current testing of the fuel tank located hear‘the
steam plant in the Beach Area indicated that the tank is
shorted through the piping to the steam plant. The current
requirement was therefore based ;n current density
calculated for other areas with allowances made for: the
very low (1000 ohm-cm) soil resistivity measured in this

area.

Calculations of tank surface areas and current densities
can be found in Appendix D of this report. These
calculations are based on tank dimensions and sizes

provided us by base personnel.






These current density values should be used for design

calculations to estimate current requirements for other

underground steel tanks of similar type and environment.

134 Soil and Water Analysis

The nine soil samples analysis appear to be normal for this
area. The soil conductivity varies from a high of 371
micro mhos/cm for sample S-18 to a low of 47 micro mhos/cm
for sample S-11. Sample S-11 was obtained from the north
side of the Fuel Farm. Sample S-12 was obtained from the
soil backfill on top of the Fuel Farm; which is indicative

by the side variation in their conductivities.

The pH values of the soil samples range from a low of 6.1,
which is slightly acidic, to a high of 9.5 for Sample S-18.
A pH of 9.5 is moderately basic or alkaline, but presents
no problems for steel pipe or tanks.

For water sample analysis, refer to Section 2.2.3.5. i

252 Water Distribution System

2:2.1 System Description

The water distribution system consists of facilities for






the treatment and filtration of raw water for domestic and

industrial use and fire protection; and underground
distribution piping. Water wells scattered throughout the

base constitute the primary source of raw water.

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

to basewide facilities.

2,22 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.

232:2,1 Soil Resistivity Survey

Soil resistivity measurements were obtained at
approximately 1000 foot intervals along the right-of-way to
5 foot average depths. A Nilsson Model 400 soil
resistivity meter and the Wenner four-pin method were

utilized to obtain the measurements.

2=13






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 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.

All test locations are shown on drawings No. 5000 to 5019,

Appendix H.

2:2.2:2 Structure-to-30il Potential Survey

Structure-to-soil potential measurements were obtained on
the fire hydrants at representative locations throughout
the station including the residential areas.

All potential measurements were obtained using a high input
impedance voltmeter Beckman Model 3010 in conjunction with
a copper-copper sulfate reference electrode placed directly

over or 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. 5001 to 5019, in Appendix

H of this report.

2.232358 Continuity Tests

Continuity tests were conducted at various locations
throughout the Base. A temporary groundbed consisting 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 IV, Appendix B,

and on Drawings No. 5001 thru 5019.

2.2.2.4 Elevated Water Storage Tank Inspection

Visual inspection of anode array, handhole inspection






plates, conduits, wiring, rectifier unit and coating

integrity was performed at fourteen elevated water tanks.
All observations were recorded in the field. Please refer

to section 2.2.3 for Results and Analysis of this report.

252025 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
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, along the tank wall. Data acquired are presented

in Table Vv, 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 portaole 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 accurately as

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. This

data is presented in Table vV, Appendix B.

2.202 00 Water and Soil Analysis

Water samples were taken from six elevated water tanks at
Camp Lejuene. These samples were placed in sterile glass
jars 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.






bs & 5.3 Results and Analysis

2230 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. Since thé corrosion rate or
severity is dependent on the relatioship of the potential
difference between anode and cathode and the corrosion cell
cirguit resistance as expressed by Ohm's Law, I=E/R, and
considering that soil resistivity accounts for essentially
all circuit resistance; it can be stated that the corrosion
rate is inversely proportional to the soil resistivity.

For example, if other conditions are equal, the corrosion
rate will be three times as great in 1000 ohm-cm soil as in
3000 ohm-cm soil. A scale otten used by corrosion
engineers to classify the corrosivity of soil is as

follows:

2~18






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 sheets in Table I, Appendix B, soil
resistivity measurements are generally above 10,000 ohm-cm,
with only 8% 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 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.

Y AP R Structure to Soil Potential Measurements

The discussion of cathodic protection criteria presented
in Section 2.1.3.2 is also applicable to the water

distribution system.

2-19







Water line potential measurements obtained throughout the
Camp were, with one exception, well below the negative
0.85 volt criterion, showing a lack of cathodic
protection. The exception is a single potential
measurement of -0.85 volt on a water spigot at the
campsite in the Beach Area, Reference No. 311, Drawing
No. 5017. This measurement 1s higher than the oxidation
potential of steel and is indicative of galvanized
piping, or may simply be an invalid reading and should be

disregarded.

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 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 -0.200 volts to a high of -0.687

volts indicating the probability of corrosion activity in

some areas.






242353 Continuity Tests

The data acquired from continuity tests at eighteen
locations (Table IV, Appendix B) show 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.

2.25344 Elevated Water Tanks

Normally a standard inspection of a cathodic protection
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
of 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
aid in the overall analysis of the performance of the
corrosion mitigation measures. Assuming anode array
integrity, the qualitv of the coating will be the single
greatest factor determining current distribution to the

tank surfaces.

Analysis of current drain data from individual anode
strings is helpful in verifving 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 to the total
current requirement to obtain effective protective 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.






It should be noted that the rectifier ouput data listed in
the Tables under "Rectifier Data" were measured with
rectifier panel meters which had been calibrated with
accurate portable test meters as closely as possible, and
the current drain data listed under "Anode String Current
Drains" were taken with the SWAIN clamp-on meter. The
total current drains do not always agree, in which case the

rectifier meter is not accurate.
Data acquired on elevated water tanks are presented in
Table V, Appendix B. Results and analysis on each tank are

discussed in the following paragraphs.

Tank No. S-1000

Rectifier No. 4107 rated at 40 volts and 20 amperes was
left operating on a transformer tap setting of A-3
providing 0.75 ampere of current to the bowl and 0.2
amperes to the riser at 4.0 volts. The potential profile
data indicated that adequate protection is being achieved
and individual anode string current drains confirmed
anode array integrity. The anodes themselves appeared

in good condition and can be expected to perform for
approximately 6 to 8 more years. The associated hardware
was in fair condition, however there were a few condulet

covers missing on the balcony.






These should be replaced since water accumulating on the
balcony can enter the conduit and make its way to the
rectifier cabinet. The interior coating looked good.
Structurally, the roof manway is detached, rusted and
represents a hazard which should be repaired as soon as

possible.

Tank No. S-29

Rectifier No. 4106 rated at 18 volts and 16 amperes was
found to be operating on a tap setting of B-1. Potential
measurements indicated over-protection and the transformer
taps were changed to A-l. The potential profile indicated
adequate levels of protection and individual anode string
current drains confirmed anode array integrity. The
coating system appeared to be good and the anodes
themselves should last approximately 6 to 8 more years.
The associated hardware such as conduit, wiring, and
handhole covers were all in good condition. Structurally

the tank appeared to be in fairly good condition.

Tank No. S-FC-314

Rectifier No. 7238 rated at 20 volts and 24 amperes was

found to be operating on a transformer tap setting of B-2.






Measurements taken from the stacks and thru the SWAIN meter
indicated errors in the rectifier meters which were
calibrated to reflect actual voltage and current. The
voltage was set from an indicated 4.5 volts to 7.0 volts.
The bowl current meter was approximately correct and so was
the riser meter. The roof ladder obstructed access to the
manways therefore a potential profile could not be
obtained. The anode string current drains confirmed anode
array integrity, however, on the inner array one string was
found to be missing. The coating appeared to be in good
condition. The air vent on the top of the tank is
completely rusted off and was lying on the top of the tank,
secured only by the riser anode string. The vent was
placed back in position but should be repaired as soon as
possible. All obstruction lighting is missing. The
condulet at the top of the tank is cracked and the cover is
missing. Most likely the ladder hit and damaged it. The
anodes themselves appeared to be in fairly good condition

and should last at least five more years.

Tank No. S-BA-108

Rectifier No. 760043 rated at 40 volts and 10 amperes was
found to be operating at a tap setting of 1C-4F providing

1.08 amperes to the bowl and 0.6 amperes to the riser at

8.0 volts.

2-25






The manway on top of the tank was rusted shut and could not
be opened. 1Individual anode string current drains on the
bowl anodes confirmed anode array integrity, however, the
anodes could not be removed for inspection since they are
too close to the insulator for clearance thru the 5-inch
handhole access. The handhole covers are rusted badly and
need to be replaced. The coating on the outside of the
tank is peeling badly, particularly on the very top. The
interior lighting system does not work and should be

repaired so that the tank can be climbed safely.

Tank No. S-BB-25

Rectifier No. 4109 rated at 18 volts and 10 amperes was
found to be operating on transformer tap setting A-1. The
potential profile indicated adequate levels of protection
and anode current drains confirmed anode array integrity.
The anodes looked good and should last at least five more
years, however, all of the bowl anodes are attached to the
inlet pipe via a rope. The strings could not be freed. 1In
addition there is a shovel lying on the bottom of the tank.

The coating looked good as did all associated hardware.

Tank No. S-RR-44

Rectifier No. 80C-2835 rated at 40 volts and 20 amperes






was found operating on tap setting B-l1l. The potential
profile indicated over-protection and the tap setting was
changed to A-3. Adequate levels of protection were
achieved at this setting. Readings were taken from the
stack and thru the shunts to determine meter accuracy and
calibrated as necessary. Anode string current drains
confirmed anode array integrity, however, no reading
could be taken on the riser since it was covered with
wasps. All associated hardware looked good as did the

coating.

Tank No. S-TC-1070

Rectifier No. 81C2l15 rated at 60 volts and 28 amperes was
found to be operating on a tap setting of A-1 providing
0.24 amperes to the bowl and 0.13 amperes to the riser at
2.06 volts. The potential profile indicated less than
adequate protection and the taps were changed to A-3
providing 4.38 amperes to the bowl and 1.72 amps to the
riser at 8.02 volts. Anode string current drains
confirmed anode array integrity and the coating appeared
to be in good condition. There was one condulet cover
missing on the balcony. The exterior of the riser needs

painting. The anodes should last about 5-7 more years.






Tank No. S-TC-606

Rectifier No. 7236 rated at 40 volts and 12 amperes was
found to be operating on transformer tap A-2 providing
0.455 amps to the bowl and 0.10 amps to the riser at 2.44
volts. The potential profile indicated less than
adequate protection and the taps were changed to B-1
providing 3.0 amps to the bowl and 1.80 amps to the riser
at 8.8 volts. All anodes looked good and should be
expected to last approximately 5-7 more years. The anode
current drains confirmed anode array integrity and the

coating looked good.

Tank No. S-M-624

Rectifier No. 12210 rated at 18 volts and 10 amps was
operating on a tap setting of A-4 providing 0.35 amps to
the bowl and 0.050 amps to the riser at 3.53 volts. The
potential profile indicated less than adequate protection
and the taps were changed to B-3 providing 1.00 amps to
the bowl and 0.6 amps to the riser at 6.72 volts. The
individual anode current drains confirmed anode array
integrity, however, life expectancy of the anodes should
not be expected to exceed 2-3 more years. Some of the
bowl wiring was under water but should be allright. The

tank coating and hardware were in good condition.






Tank No. S-MP-4004

Rectifier No. 80C2834 rated at 40 volts and 16 amperes was
found to be operating on transformer tap setting A-3
providing 0.58 amps to the bowl and 0.18 amps to the riser
at 4.62 volts. The potential profile indicated adequate
protective levels and the individual anode string current
drains confirmed anode array integrity. All associated
wiring as well as interior coating looked good. Anodes
also looked good and should last 5-7 more years, however,
rectifier does not function properly on lower tap settings,

and it should be repaired.

Tank No. S-TT-40

Rectifier No. 5630 rated at 18 volts and 16 amperes was
found to be operating on transformer tap setting A-3
providing 0.40 amps to the bowl and 0.06 amps to the riser
at 3.0 volts. The potential profile indicated adequate
protective levels and the individual anode string current
drains confirmed anode array integrity. All associated

wiring as well as the interior coating looked good.







Tank No. S-830

Rectifier No. 5201 rated at 36 volts and 16 amperes was
found to be operating on transformer taps A-3 providing 1.0
amps to the bowl and 0.20 amps to the riser at 5.4 volts.
The potential profile indicated adequate levels of
protection and anode string current drains confirmed anode
array integrity. The anodes looked good and should last
5-7 more years. All associated hardware as well as the

interior coating looked good.

Tank No. S-2323

Rectifier No. 80C2833 rated at 40 volts and 20 amperes was
found to be operating on transformer taps A-3 providing
0.45 amps to the bowl and 0.20 amps to the riser at 4.0
volts. The potential profile indicated adequate levels of
protection and anode current drains confirmed anode array
integrity. The anodes should last 5-7 more years and all
associated hardware was in good condition. The interior

coating also appeared to be in good condition.






Tank No. S-5

Rectifier No. 4103 rated at 18 volts and 10 amperes was
found operating on transformer taps A-1 providing 0.6 amps
to the bowl and 0.12 amps to the riser at 3.96 volts. The
potential profile indicated adequate levels of protection
and the anode string current drains confirmed anode array
integrity. The inner anode array had only four functioning
string, with the fifth string missing. All associated
hardware looked good as did the interior coating. The
anodes themselves appeared to be in good condition and

should last 5-7 more years.

2.2.3:5 Water Samples Analysis

The analysis of the treated water samples may be found in
Appendix C, with the analysis of all other samples

tested.

The calculated resistivities of samples number wW-12, W-13,
W-14, W-15, W-16, and W-17 are 1355 ohm-cm, 5347 ohm-cm,
5882 ohm-cm, 2695 ohm-cm, 2817 ohm—cm, and 2777 ohm—cm,
respectively. Sample W-12 nas a low resistivity, a
moderate chloride and low sulfate content, a slightly basic

(alkaline) pH of 8.6; and should be considered very

corrosive.







The remaining samples have moderate resistivities, low
chloride and sulfate contents 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 Operatiu.g and Maintenance Practices

As part of the corrosion study, existing corrosion
control maintenance practices were investigated.
Information gathered from camp personnel indicated
limited maintenance of the cathodic protection systems

had been conducted.

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 camp 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

3l POL System

Based on the results of this survey, we recommend that
cathodic protection systems be installed on all underground
steel tanks and POL piping. A combination of sacrificial
galvanic anodes in low resistivity soils and impressed
current systems in higher resistivity soils should provide

the most cost effective approach.

The sacrificial anodes should be elongated, high potential
magnesium anodes, prepacked in prepared backfill, such as

DOW Galvomag-Galvopak, or equal.

Anodes for impressed current cathodic protection systems
should be 3-inch diameter by 60 inches long specially

treated graphite anodes, meeting MIL. SPEC. MIL-A-18279C.
Impressed current anode backfill should be calcined fluid

petroleum coke.

Specific recommendations are:

1. 1Install a rectifier rated at 120 volts and 40

amperes output in conjunction with a distributed

groundbed containing a minimum of thirty graphite






anodes and fourteen test stations for protection of

the underground tanks and piping at the Fuel Farm.

Install a rectifier rated at 10 volts and 5
amperes, eight graphite and four test stations
anodes to protect the four underground fuel storage

tanks at the Main Exchange Gas Station.

Install a rectifier rated at 10 volts and 5 amperes
with eight graphite anodes and four test stations
to protect the four underground fuel storage tanks

at Building No. 1855 in the Industrial area.

Install a rectifier rated at 10 volts and 5
amperes, six graphite anodes and two test stations,
to protect the two underground fuel storage tanks

at Building No. 1775.

Install twelve 20 1lb. elongated high potential
magnesium anodes, DOW Galvomag 20-D2, or equal, and
one test station on the underground fuel storage

tank at the Rifle Range Area Gas Station.






10.

&l .

Install one 10 volt, 5 ampere rectifier, six

graphite anodes and three test stations to protect
the three undergrouund fuel storage tanks at the

Courthouse Bay Gas Station.

Install one 10 volt, 5 ampere rectifier six
graphite anodes and one test station to protect the
30,000 gallon diesel fuel storage tank located in

the Courthouse Bay area.

Install one 20 volt, 5 ampere rectifier, six
graphite anodes and one test station to protect the
underground fuel tank at Building FC-202 located

in the French Creek area.

Install six 20-D2 magnesium anodes and one test
station on the underground fuel tank located near

the New Naval Hospital.

Install twenty 40-D3 magnesium anodes and four test
stations on the five underground fuel tanks located

near the New Naval Hospital.

Install nine 40-D3 magnesium anodes and one test
station on the fuel tank located near the steam

plant in the Beach area.







12,

134

Install insulating flanges on the lines located at
the above fuel tank in order to isolate it from

above ground piping and the steam plant.

Install cathodic protection systems on any
additional underground fuel tanks not specifically
referenced above. Design criteria in Appendix D

should be followed.

Water Distribucion System

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 in
Table V, Appendix B unless a change in current
requirements is indicated by subsequent cathodic

protection surveys.

Replace missing or depleted anode strings in

elevated water tanks as follows:

a. Tank S-FC-314: Replace one missing string

in inner array.

3-4






b.

Tank S-5: Replace one missing string in

inner array.

Repair or replace tank hardware as follows:

Tank S-1000: Replace 3/4-inch conduit

covers on the balcony.

Tank S-FC-314: Repair the roof ladder and
the air vent on top of tank, and replace

the damaged condulet on top of tank.

Tank S-BA-108: Repair manway cover on top
tank so it can be opened, replace the
handhole covers on top of the tank, and

repair the interior lighting system.

Tank S-1070: Replace one condulet cover on

the balcony.

Tank S-TT-40: Replace the missing bolt and

bar on the riser cover assembly.

Tank S-MP-4004: Repair existing rectifier
to achieve proper operation at all tap

settings.






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 an 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
changes 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.






6. Install two-wire potential test stations at
preselected locations to monitor the level of

cathodic protection and anode outputs.

3.3 Activity Corrosion Control Program

3 S350 Recommendations for Maintenance Practices

The following recommendations are aimed towards aiding
Camp personnel in developing a total corrosion control

preventive maintenance program.

It is recohmended that the responsibility for monitoring
and maintenance of cathodic protection systems, once they
are installed, be assigned to competent permanent
personnel with either 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 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 corrosion engineer. The
corrosion engineer accomplishing this survey should be
accompanied by the station personnel responsible for
corrosion control monitoring since this would constitute

valuable field experience.

Drawings provided in this report showing the location of
structure-to-electrolyte potential measurements 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 NAVFAC INST 11014.51 of 19 October
1983 and MO-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.

3.3.8 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 Camp
personnel be instituted. This program would involve the
training of personnel, in both theory of cathodic

protection and field training.

The following corrosion concrol courses are recommended

for Camp personnel.

National Association of Corrosion Engineers (NACE)

Courses:







a. "Basic Corrosion Course".
b. "Corrosion Prevention by Cathodic Protection".

c. "Corrosion Prevention by Coatings".

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 obtained
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., 3725 Canal Drive, Fort Collin,
Colorado 80524, attention to Mr. Don Olson, or by calling

(303).484-3080.

3-10






. 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 is held each May in Morgantown,
West Virginia; and another excellent course is offered
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 obtaind
by contacting the University of West Virginia or the

University of Oklahoma, respectively.

. It is also recommended that an experienced corrosion
engineer accredited by NACE as a Corrosion Specialist
conduct an on-site training seminar with Camp
personnel. By this seminar, Camp personnel can obtain
practical training on the testing procedures used for
conducting routine maintenance of cathodic protection
systems. This training would include taking
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

Fuel Farm

Based on the detailed Cost Estimates included in
Appendix E, the initial cathodic protection

investment is =:830,7X0.

Investment = Initial Cost x Capital Recovery Factor
thus on the basis of 12% for 20 years, the annual

cost to own becomes:

$30,710 x 0.1175 = $3,608.

Maximum Power Cost:

AC Watts = DC Watts
conversion efficiency (.68)

Recommended Rectifier (120V-40A)

AC KW_ 120 x 40 x 1KW = 7.06KW
.68 1000w

Annual Power Cost:

7068 :x 8760 hr x $0.06 . $3710.
yr KW-hr

Estimated Annual Cosc=3608 + 3710 = $ 7,318.






4.2

Repairs and replacements on the POL system have been

made in the past, but exact costs 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.

Fuel Storage Tank at Rifle Range Area

Field data indicates that two cathodic protection

alternatives can be used to protect the fuel tank at the

Rifle Range area.

Impressed Current System

Based on the detailed Cost Estimates included in

Appendix E, the initial cathodic protection

investment is

= $6,928.






8 Investment = Initial Cost x Capital Recovery
. Factor thus on the basis of 12% for 20 years,
the annual cost to own becomes:
$6,928. x .1175 = $ 814.
Maximum Power Cost:
AC Watts = DC Watts/conversion efficiency

Recommended Rectifier = 10V - 4A

AC KW = 10x4 x 1-KW = 0.06 KW
.68 1000 watts

Annual Power Cost:

0.06 KW x 8760 hr x $0.06 = 32,
Iy KW-hr

Estimated Annual Cost = 814. + 32. = $846.

B. Sacrificial Anode System

X Initial Cathodic Protection Investment as
estimated in Appendix E of this report

$ 6,553.







Investment = Initial Cost x Capital Recovery
Factor thus on the basis of 12% for 20 years,

the annual cost to own becomes:

2.5;553 » .1I175 = $ 770.

Based on the above escimated annual costs we
recommend that the sacrificial anode system be

installed.

Annual maintenance costs of the fuel tank were
not available, however if the investment
involved in the tank justifies the $770. annual
cost, we recommend that a cathodic protection

system be installed.

Fuel Storage Tanks in New Naval Hospital and

Onslow Beach Areas

Based on detailed Cost Estimates included in
Appendix E, the initial investment for the
sacrificial cathodi protection in the two areas

is = § 20,610.







Investment = Initial Cost x Capital Recovery

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

the annual cost to own becomes:
Su207 6008 ) 75 == 2,422,

Costs of repairs and replacements on the POL
system were not available. The.investmeﬁt in
the tanks and associated equipment, along with
their im?ortance to operations, justify the

recommepded cathodic protection system.
DOT Standards require all underground fuel gas
storage and piping to be pfovided with cathodic

protection.

Fuel Storage Tanks at Main Exchange

¥

Based on detailed Cost Estimates included in
Appendix E, the initial investmenc for the
sacrificial cathodic protection of these tanks

is =$ 9,640.






Investment = Initial Cost x Capital Recovery

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

the annual to cost to own becomes:
$.9,6802 3 4175 = $ 1,133.
Maximum Power Cost:

AC Wat§§=DC Watts/conversion efficiency
Recommended Rectifier = 10V - 4A

AC KW = 10x4 x 1-KW = 0.06KW
.68 1000 watts

Annual Power Cost:

0.06 KW x 8760 hr x $0.06 = $§ 32./yr
I B0 5 KW-hr

)

Estimated Annual Cost: = 1133 + 32 = §$ 1,165.

4

Repairs and replacements of the tanks have been
made in the past, but exact cost 'were not

available.






The investment involved to protect these tanks

storage and piping ‘to be provided with cathodic

Based on the detailed Cost Estimates included in

4.
and associated equipment, justify the
recommended cathodic protection system.

54 DOT Standards require all underground fuel gas
protection

4.5 Remaining Fuel Storage Tanks

Is
Appendix E, the initial cathodic prdtection
investment is ‘ =7536,667.

2.4 Investment = Initial Cost x Capital Recovery

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

the annual cost to own becomes:
$36,667.00 x .1175 = $4,308.
Maximum Power Cost:

AC Watts = DC Watts/conversion efficiency.






Recommended Rectifiers = 4 each 10V-4A

1l each 20v-4A

AC KW = 4(10x4) + (20x4) x 1KW = 0.353 KW
.68 1000 watt

Annual Power Bill:
0.353 KW x 8760 hr/yr x $0.06/KW-hr = $185.
Estimated Annual Cost= $4,308 + S185+¢= .54 ,493.00

Leaks and repairs have been réported at several

~ locations. Some underground fuel tanks are

scheduled to be replaced with aboveground tanks

or with underground fiberglass tanks. Only

~existing metal tanks not scheduled for

replacement were considered for cathodic

protection.

Annual replacements and maintenance costs were
not available. However, if the investment
involved justifies the annual cost of $4,493. we
recommend that cathodic protection systems be

installed.
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APPENDIX A

CAMP LEJUENE, NORTH CAROLINA

POL SYSTEM INVENTORY OF MAJOR PRODUCT STORAGE FACILITIES

Area

Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
Industrial
014 Hospital
0ld Hospital

Berkley Manor
Berkely Manor

Paradise Pt.
Paradise Pt.
Montford Pt.
Montford Pt.
Montford Pt.
Montford Pt.
Geiger Camp
Geiger Camp
Geiger Camp
Rifle Range
Rifle Range
Rifle Range

Ref. No.

S-1009
S-1023
S-1024
$-1025
S-1026
S-1027
S-1028
S-1029
S-1030
S-1031
S~1032
$-1033
S-1034
S-1035
S-1036
S-1037

Main Exchange
Main Exchange
Main Exchange

Bldg. 1855
Bldg. 1855
Bidg. 1715
Bidg . 1775
S-1701
S-1735

(Not in use)
(Not in use)
Exchange # 2
Exchange # 2°
Bldg. 2615
Bldg. 2615
M-625

M-625

M-230

M-230

Gas Station
RR-15
RR-15

Capacity : Products
(Gallons)

600,000 #6 Fuel
12,000 . MOGAS
15,000 MOGAS
12,000 MOGAS
15000 MOGAS
15,000 MOGAS
15,000 MOGAS
15,000 MOGAS
12,000 MOGAS
15,000 MOGAS
15,000 MOGAS
12,000 ‘ Diesel
12,000 Diesel
15,000 Diesel
L5000 Diesel

(2) 3,500 Kerosene

. 30,000 MOGAS

30,000 MOGAS
(2)10,000 MOGAS
(2) 6,000 Diesel
(2) 6,000 MOGAS

6,000 Diesel
6,000 MOGAS

420,000 # 6 Fuel

172,000 # 6 Fuel
10,000 Diesel
10,000 Diesel

(310,000 MOGAS
10,000 Diesel
8,000 $# 6 Fuel
8,000 # 6 Fuel

30,000 $# 6 Fuel

20,000 # 6 Fuel

15,000 Diesel

15,000 Diesel
(2)15,000 Diesel
(2)15,000 Unlead MOGAS

15:,000 Kerosene

10,000 Unlead MOGAS

10,000 # 6 Fuel

10,000 $# 6 Fuel

A-1

AG: Aboveground
UG: Underground

AG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
N/A

UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
AG-Steel
AG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
AG-Steel
AG-Steel
AG-Steel
UG-Steel
UG-Steel
UG-Steel






Area

Courthouse Bay
Courthouse Bay
Courthouse Bay

Onsl
Fren
New
New
New
New

Desc

ow Beach
ch Creek
Hospital
Hospital
Hospital

Hospital

Ref. No.

BB-9
BB-9
BB-9
BA-106
FC-202
M7-1
M7-1
M7-1
M7-1

AG: Aboveground
UG: Underground

Capacity Products
(Gallons)
(3)10,000 $# 6 Fuel
30,000 Diesel
(3) 6,000 MOGAS
10,000 Diesel
10,000 Diesel
(2)20,000 # 6 Fuel
(2)20,000 Diesel
10,000 MOGAS
2,000 piesel

UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel
UG-Steel

WATER DISTRIBUTION INVENTORY OF STORAGE FACILITIES

ription

Tank
Tank
Tank
Tank
Tank
Tank
Tank
Tank
Tank
Tank
Tank
Tank
Tank
Tank

S-1000
S-29
S-FC-314
S-BA-108
S-BB-125
S-RR-44
S-TC-1070
8-TC-606
S-M-624
S-TT-40
S-MP-4004
S-830
S-2323
S-5

Capacity

300,000
300,000
300,000
100,000
100,000
100,000
100,000
100,000
150,000
250,000
200,000
300,000
200,000
300,000

gal.
gal.
gal.
gal.
gal.
galk.
gal.
gal.
gal.
gal.
gal.
gal.
gal.
gal.

Type

Elevated
Elevated
Elevated
Elevated
Elevated
Elevated
Elevated
Elevated
Elevated
Elevated
Elevated
Elevated
Elevated
Elevated

Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel
Steel






TAB PLACEMENT HERE

DESCRIPTION:

A

m Tab page did not contain hand written information

[] Tab page contained hand written information
*Scanned as next image

Confidential Records Management, Inc.
New Bern, NC

1-888-622-4425

9/08









APPENDIX B

DATA SHEETS

Soil Resistivity

Structure-to-Electrolyte
Potential Measurements (Water)

Current Requirements Tests
Fuel Tanks

Continuity Test, Water

Elevated Water Storage Tanks Data

TABLE

TABLE

TABLE

TABLE

TABLE

L&

b L

IV






Sosmm—

M D A MENENDEZ- DONNELL & ASSOCIATES, INC.

GCPS 6ENERAL CATHODIC PROTECTION SERVICES INC.

HOUSTON,

TEXAS

TITLE ; CATHODIC PROTECTION SURVEY, MARINE CORPS BASE,CAMP LEJEUNE, N.C.

SOIL RESISTIVITY MEASUREMENTS

INODUSTRIAL  AREA 2

STRUCTURE
DATE |l/@/24  EnemNeer cM/JH TaBLe I pacE | oF 3|
—_—
Thas TEST LOCATION AVERAGE |peadING | MULTI. | pactom | OHM-ch
=1r=,= SORE
| | HoLcoM & SNeaps Perry | 512" | 840 100 | 1000 | g4 o000
7 |énNears g Mickbel 295 1 27000
3 |Louis ¢ MuLBERRY ST .30 13,000
4 | puNeAN 5T, €@ BLus. (012 4.25 42 500
5 | BIRCH § Louls Rorp |.26 |2, Boo
O |AH @ pLpe. |14 2,10 z| poo
7| Ash & HoLcoMB puiD 245 | | 24,500
& | OFF HoLcoMB (PLi2e. col) 8,00 | 1.0 8,000
4 | ey <1. @ BLDG 400 1,20 | 1.0 9 200
0 | meWoor T & HAMMOND ep, 2,50 | 10+0 25, 000
I 10'eT. ¢ posWaop 3,50 ' 35 000
12| LoulS RorD ¢ GUM 41 2@t 1 12,000
12 | GWMET @ BLUG. 705 400 | .0 A, oo
4 |sUM ST, § HALcoMB LYY .20 | 10.0 12, 000
5 |MouY PITcHER DRVEC B A L | 2.00 | 1p.0 20,000

NOTES : Nilsson 400 meter & the 4Pin method were used .to obtajn soil resfstivity

measurements.

.191.5

* The "k* factor is the Average depth or g-in spacing in feet X'a meter constant of







M D A MENENDEZ-DONNELL 8 ASSOCIATES, INC.

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE CATHODIC PROTECTION SURYEY, MARINE CORPS BASE, CAMP LEJEUNE, N.C.

HOUSTON, TEXAS

SOIL RESISTIVITY MEASUREMENTS

NO.

DEPTH

HOLCOME BLVD | 5L2"| 4.

sTrucTure: HADNOT POINT 2, AREA 2
DATE /o /4  ENneiNEer NE/GG  TaBLe I PAGE 2 oF 3|
TEST N Giation AVERAGE | peapinG | MULTI. | FACTOR | OHM-cM

1000 | 4 100 | -

20 1.0
e 10:6"| 2.8 2000 | g, oo
2| _|FIEW @ pLDe . 1725 5la"| 8% looo | g zoe
10-6" | 4.3 2000 | & poo
5-4"| 2.9 2000 | g 700
< 21'0'| 22 | | |40o0| Q200
22 |FIELY @ BLve 75| 5.2"| 1.2 |10.0 |l000 | |2 coo
10-0"| 44 | 1.0 |2000| g o0
5-4"| 2.2 2000 | &A00
& 21'-0"| |2 4000 | 4 poo
2% |MAIN SERVICE ROAD 5-3"| 1.0 |10.0 | 1000 ]| 10,000
24 ok l.& B RI“X77%%
29 |Louo BoAD .G | &, 029
26 |@ BPLPe. 1820 3.6 20, a0
27 |MAIN EERVICE ROAD I | ||, o2
26 < 44 1.0 4,900
24 | 10" eTREET A 5, |00
20 2.6 5 600
21 | 0" STReEET & RIVER RAD &2 b, 200
32 |'"N" emgeeT a.7 q, 700
2% |elLzs. 540 5.7 5, 700
24 |N' oTREET <~ |z Ll L] 7100







M D A MENENDEZ-DONNELL & ASSOCIATES, INC.

HOUSTON, TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE CATHODIC PROTECTION SURVEY, MARINE CORPS BASE, CAMP LEJEUNE, N.C.

SOIL RESISTIVITY MEASUREMENTS

HADNOT EDINT 2, AREA 3

STRUCTURE ;
 DATE 1/6/84 ENGINEER _NE/6G  7TaBLE T PAGE _3 oF 3|
TEST et 1 OO ATION A;Eg#ﬁf READING | MULTI. | FACTOR | OHM-CM

25 |"M"orREET . 5-2'| 32 | 100 haoo 23 000
26 |'L" oTREET .2 12, coo
27 (' oTREET @ BloG 417 l. 2 |12, coo
28 |IK! STREET 87| 1o 8,700
24 . 2.0 | 10.0 20 020
40 |RIVER RopD & 'L'oTreeT .o | &, 200
41 ['T' etREET 9.2 | Lo 4,200
42 |'1" etreeT ¢ 'W'eReeT | L | 20 < | 3e00
0-&" | 3.8 2000 | 7 o0

15 4" | 2.4 3000 | 7800

< 21-0"| 24 | [ |4000| a oo

4% | MW" oREET szl 1.1 | |00 | |loco ||, oo
44 | RIVER ROAD L 14| L1 L [ 14000
& 100" | .6 | 1.0 2000] 12000

45 |(HOLcoM®E pLvD 5:2'| 1.4 | 10.0]| 1000]| 14,00
40 r \JL .1 | ol L | a0
100" | 4.0 2000 | 8 000

s'a' | 2, 3000 | 200

) 21.0"| 1.2 | L [4000]| 5200







M D A MENENDEZ-DONNELL & ASSOCIATES, INC.

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

HOUSTON, TEXAS

TITLE: CATHODIC PROTECTION SURYEY, MARINE CORPS BASE, CAMP LEJEUNE, N.C.

SOIL RESISTIVITY MEAsUREMENTS

sTRucTure:  HADNOT POINT |, AREA 4
OaTE |I/7/84  enemEer NE/GG&  TaBLe L pAce 4 oF 3|
TﬁgT e Lacavion AggﬁﬁE READING | MULTI. | FACTOR | OHM-CM
20 | RVER ROAD g.2) | &0 | Lo |looo | Booo |-
51 | 'e! sTREET 4. | 4, oo
52 | MAN 2ERVICE Rp & g 5T .5 @500
5% |IE'" STREET e g 300
o4 |'E' STREET .4 | 10.0 19,000
55 o . |l,000
5¢ |BNER ROAD Lot .o | L | 4000
10le" | 2.7 2000 | 7400
124" | 2.4 2000 | 8 700
sl 2| -Gk 2.3 4000 | A,200
57 |'D' oTrEET 52" 1.6 | 100 |lovo | |5 000
o6 L e | | 12, 000
A |PosT LANE A 1.0 &, 100
&0 ke 2.4 %, 400
@| |LUcYy BREWER AVE., 7.4 7,400
@2 |MOLY PITCHER DR. 0.9 4,400
v% |NIRGINIA PARE DR, ©. 6,00
o4 | MAIN 2ERVICE. ROAD LB | 10.0 15, 000
65 |"C'sTREET .8 l.o &, o0
v& |'B' STREET 7.% 7,200
&7 L 4. | 4, |00
6 |'A' STREET L =72 _ | 7200







M D A MENENDEZ-DONNELL 8 ASSOCIATES,INC.

HOUSTON, TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE . CATHODIC PROTECTION SURYEY, MARINE CORPS BASE, CAMP LEJEUNE, N.C.

SOIL RESISTIVITY MEASUREMENTS

sTRUCTURE:  HADNOT POINT |, AREA 4

" DATE |I/7/84 ENGINEER ME{@G' 1ABLE L

PAGE 5 oOF 3|

-l TEST LOCATION AYERAGE | READING | MULTI. |. FACTOR | OHM-CH
ca | 'A'strEET , 52" 30 | Lo |looo | zoso |-
70 |RIVER ROAD | 4.7 4 700
7! | NEAR KIALLACE CREEW &.5 G, 500
72 |CcRoeH STREET z.1 | 100 21, 000
72 | MAIN 2BRVICE ROAD 2.5 : 25, coo
| 0 ¢" | .o 2000 | 2o, co2
15-4" | 4.4 | 1.0 |30 | |4 700
21-0" | 3.4 4000 | |3, (oo
74 52" | ©.8 1000 | @,600
100" | 4.4 2000 | 4,800
15t 4" | 3.1 3000 | 4 %00
, - 2.0 127 4000 | 8,800







M D A MENENDEZ-DONNELL 8 ASSOCIATES, INC.

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE: CATHODIC PROTECTION SURVEY, MARINE CORPS BASE, CAMP LEJEUNE, N.C.

HOUSTON, TEXAS

SOIL RESISTIVITY MEASUREMENTS

STRUCTURE: JLD NAVAL HOSPITAL  AREA 5

" DATE ll[7@ ENGINEER NE/GG TABLE L PAGE & oF 3
iTSCS)T S ochTion Aggg’;ﬁE READING | MULTI. | FACTOR | OHM-CM
80 | RNER ROAD | 52" 1.2 | 10.0 | 1000 | 12,000 | -

&l |RVER RoAD @ Blps 15 | L | 35 1.O % 500
- 19'6" | 2.1 2000 | 4 200
154" | .4 2000 | & 700
20" | Lo | U |4000 | gdoo
7 | RIVER ROAD 5.2 2.0 | 100 | 1000 | 20 c00
8% : 2.3 2%,000
B4 | SURGEINS Rowl 2.2 22,000
85 | RIVER ROAD 2.4 24, coo
80 R 3.4 24 000
27 | CUTLER ZTREET 1.2 |2, coo
25 J, 5,3 5%,000
89 | PLACKWaoD  Boro 2,0 20, 000
1% <G ~/ 2.6 ik 2lo, 000
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M D A MENENDEZ-DONNELL & ASSOCIATES, INC.

HOUSTON, TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE CATHODIC PROTECTION SURYEY, MARINE CORPS BASE, CAMP LEJEUNE, N.C.

SOIL RESISTIVITY MEASUREMENTS

OFFICER'S AUARTERE AREA &

STRUCTURE
OATE |1/7/p4 ENGINEER NE/EG  TaBLE L PAGE 7 oOF 3|
L TEST LOCATION AUERAGE |READING | MULTI. | FACTOR | OHM-cH
100 |oET WILLAMS BLVD | Bl —Z.z% .o |1ooo | @ 200 |
ol | oNSLoW DRIVE 2.2-}10.0 32,000
|02 4- 1 4\, o0
0% L A ShEt 28, ao0
104 | oToNE- =TREET 8.2 .o 8, 200
12Z | TIMMERMAN PLACE. 47 | 100 47, ooo
106 | 22TH WILLAMS BLVYD AP | 1.2 4, poo
107 | EDEN STREET .4 | 1.0 |4, o0
1085 | BEVIN STREET 2.1 2| 000
109 15 2.& 26, 000
1o |HILL £TREET .& |8, 0oo
Il |EeviN STREET 5.7 'l 57 000
112 |EDEN STREET 0.2 | .o 18, 200
112 | WILLIAMS BLvp 2,6 [10.0 24, 000
114 |CUKELA CIRCLE 2.0 26,000
15 _|cUkeLA STREET 8. | 3\ poo
2 =y 3.4 34,000
17 | 2ETH KILLIAMS BLVD 3.6 26, 009
1S 1A 4.5 45, ooo
119 |JeklEL & EpeN S 1 2.1 [100.0]| L |210 000
' 10-6" | 5.8 | 10.0 | 2000 |||, 000
5-4"| 2.5 | 2020 | 15,000
- g 21-0"| Lo | L |4c00 | o4, 000







M D A MENENDEZ-DONNELL & ASSOCIATES, INC.

HOUSTON, TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE : CATHODIC PROTECTION SURYVEY, MARINE CORPS BASE, CAMP LEJEUNE, N.C.

SOIL RESISTIVITY MEASUREMENTS

STRUCTURE: OFF|CERS (ANRTERS AREA &

pate 11/7/4 ENGINEER NE/6&  T1ABLE I PAGE _8 oOF 32|
B TEST LOCATION AVERAGE | peaDING | MULTI. | FACTOR | OHM-cM
120 | BDEN o1REET - | 22| 52 [ 100 1000 | 83000
2.1 i RS e 20 oo
122 | 4ETH WILLIAMS BLVD 1 |s49 1® 8 qoo
' ble" | .o - 8,000
5-9" | 5.2 5,200
210" | A1 4 oo
122 i it 5.2"| L2 |lo.0 EX%
124 | WINSTON  ROAD J | e | L | g0







M D A MENENDEZ-DONNELL 8 ASSOCIATES, INC.

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE : CATHODIC PROTECTION SURVEY, MARINE CORPS BASE, CAMP LEJEUNE, N.C.

HOUSTON, TEXAS

SOIL RESISTIVITY MEASUREMENTS

PARAD|SE POINT _AREA 7

STRUCTURE ;
OATE )|/7/84-  enomeer NE/&é&  Tase L paee 4 of 3|
TﬁgT o AT o Aggng\SE READING | MULTI. | FACTOR | OHM-CM
_— WEECS
120 | 9ETH WILLIAWMS @ Ble2lot| 6.2 | 5,2 | 1.0 | 1o00 | 5200 :
1271 |WAVEL &T. @ BLis. 2616 | 56 |00 S0, OO
12Z | 2ETH WILLAMZ BLvp 2.6 | Lo 2, oo
122 | SETH WILLIAMS ¢ CHARLES &T. Z:4 2,900
124 | 2ETH WILLIAMS § HoWARD & 4.5 4 Soo
125 |2EM WILLIAMS ¢ BEACH 8.2 e | 8200
e | 2.6 2000 | 5 00
15-a" | .3 3000 | 3400
oL 21b0" | L1 | L |[4eo0 | 44c0
126 |2£TH HILLIAMS VD stz | 1.2 | 1o.o |looo | 12 000
157 e 2.% 2%, 820
128 | KENT ROAD B 2%,000
124 J 4.8 48 000
140 |PREKSTER BAYD PiolF crek. 2.9 24,000
14! | _ 0.5 | L2 | L | 19500
10-6" | 4,5 2000 | 13,000
5" | 2. 3220 | |5, 200
21-0" | 2.7 4oo0 | 14,800
142 , 5.2 a,] 1000 | 4,100
142 | <T. MARY'S DRIVE 1.5 |, 500
144 .S | 109 \G,000
145 A.1 | .o a oo
| 46 .1 | 10.0 |,000
|47 <4 70| o | L 700






M D A MENENDEZ-DONNELL 8 ASSOCIATES, INC.

HOUSTON, TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.
TITLE . CATHODIC PROTECTION SURVYEY, MARINE CORPS BASE, CAMP LEJEUNE s N.G.

SOIL RESISTIVITY MEASUREMENTS

STRUCTURE: PERKELEY MANOR & WATUING VILLAIGE AREAS B¢ 8A

DATE _I(I/7/84  Eneineer CM/UH TAaBLE I PAGE |Q oOF 3|

TEST

AVERAGE

NO. TEST LOCATION DEPTH READING | MULTI. | FACTOR | OHM-CM
150 |BREWSIER & SToNE 52" | 1.5 | 1n.o |1000 ] 15, ooo
151 |ALABAMA NE 4 MICHIGAN T 55 | lo 5,500
152 |ALABAMA AVE € FLURIZA ANE 0.5 | L 10, 500
152 |ALABAMA AJE & \ERMONT CT 2.7 |10 27 020
154 |ALABAMA AVE @ A e, 526] 2.0 20, 000
155 |COLORADO NE § DALANARE ANE 2.2 27, 000
156 |MicHlGAN NE § ColorbDo Ale |75 |7, 200 -
157 _|MICHIGAN AVE € FLLRIPA AVE 3.85 38, 5oo
128 [MARYLAND NE 2VIRGINIA =T B.05 8o, 500
1A |ZNE 4T @ HIGH schaol |.70 |7 coo
160 \VIRGINIA &T € LoIgIlA &T 5.0 5p, 000
|21 |OREGON ST ¢ FLORIDA NE 2.5 26,000
|02 |DRAWARE AVE € MARTLAND AVE. .85 18, 500
6% |DELAAARE NE £ FLogipA NE. q.50 45, o0
4| GRBNE Zhrrs ercimice 4.7 | 47 00O
|05 |VIRGINIA 2T & BIcENTEWIAL yE 14 | 4, 000
166 [ACENTENNIAL AVE € FLORIDA NE 49 | | 44,000
I©7_[aAll 6T £ HEBRASKA CT 40 | L | L |4aL000







M D A MENENDEZ-DONNELL 8 ASSOCIATES

,INC.

HOUSTON, TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE ; CATHODIC PROTECTION SURYEY, MARINE CORPS BASE, CAMP LEJEUNE, N.C.

SOIL RESISTIVITY MEAS-UREM.ENTS

STRUCTURE: MIDWAY PARK AREA 4

- OaTE |I/B/04 enoiNeerCM/IH  TaBLe I pace |l oF B
TEST TEST LOCATIEN Agﬁﬁ’;ﬁﬁ READING | MULTI. | FACTOR | OHM-CM
|70 |BUTLER TR.OAM ¢ pUTLER CT | 542" | 1.4 | 100 1000 |14 000
171 |BUTLER pE. NozTH - 2.¢5 56, 500
|72 24 29,000
172 bl | 2.25 22,500
| 74 |BUTLER DR.NORTH @ WATER TWR ol o\, 0o
|75 |9ECND T 2.58 W b 25,500

176 |PUTLER DR. No2TH. .l [lao 110, 000
177 |BpUTLER DR. EUTH 0.5 l.o lo, 50
178 |BUTLER PR, UTH @ EIRE <TA. |. 7 &10.0 |7, 000
179 |BUTLER PR.20UTH @ BLD6 1054 5.7 57, coo
160 BUTLER DR VM@ P looo | L | o4 < | o4 o







M D A MENENDEZ-DONNELL 8 ASSOCIATES, INC.

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

HOUSTON

, TEXAS

TITLE  CATHODIC PROTECTION SURYEY, MARINE CORPS BASE, CAMP LEJEUNE, N.C.

SOIL RESISTIVITY MEASUREMENTS

STRUCTURE: TARAWA TERRACE I 6 AREA 10
" DATE |1 /&/24  EnoNeEr NE/ow  TasLe L pAce 12 oF 2|
TEST TEST iocwnn Agg§¢gf READING | MULTI: | FACTOR | OHM-CM
190 ﬁwﬁﬁuoiai NQE 52" | 6.8 |10 :ooozlr;a:w
al | e lalfjpy & 2,6 ,L 58, aoo
Az | EENCE Ko | L 788Wo | |, | 7400
' 0" | 4.9 _ |2000 | 9,800
152" | 4.5 3000 | |3 oo
% 21~0"| 4,0 4000 | |,000
A% |gpeT FELELIU @BLpe aco z.2" | 24 |l100 |l000 |24 000
194 |OROTE PL. @ BLDG |025 2o 27,000
195  |poroTE PL. @ cCIRCLE 4.4 44 000
190 |eper PELELIU € BLDS. 1026 2,8 28, 0cO
147 |WesT FELELIU @ BLDG. 1028 2.4 24, ocoo
19% |WesTpelelil @ BLos 1108 2.7 ol 27 ooo
199 |URIBACH] pL.CRLDG (127 .2 ||@o |20, 0OO
200 |TrRANA B, @elie 2| gatwo | L {22,000
106" | 10.8 .0 |2000 | 21,000
15-a" | 5.5 3000 | |p, 500
r - 21-0" [ 494 | || |4000 | 19,000
20! |dest RLeUIU @ BLos. £A9 5.2" | 2.4 |lo.0 1000 | 24 voo
20Z. |\esT ReleLIU @ BLDG. 48| 4.2 48 oo
202 |lesT PELELIL @ BLDG. 224 1.9 4,000
204 |TARAWA BLW ¢ EAST PELELIU .o | vo0
205 |coRT @ BLAS 126 2.0 | | | 2looo







M D A MENENDEZ- DONNELL & ASSOCIATES, INC.

HOUSTON, TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE ; CATHODIC PROTECTION SURVEY, MARINE CORPS BASE, CAMP LEJEUNE, N.C.

SOIL RESISTIVITY MEASUREMENTS

STRUCTURE: TARAKIA TERRACE I, AREA |0

ENGINEER ME/éé rTABLE _I__ PAGE ﬁ_ OF ﬂ

DATE || /B /4

e TEST LOCATION A RASE | READING | MULTI. | FACTOR | OHM-cM
206 | INCHON &7 @ BLoS 1294 | 5-2" | .5 |00 |1000 | 15 aoo | -
207 |INGHON &T @ PLos |2&7 24 24 ooo
205 | TINIAN EoAD 34 39, oo
209 |INcHoN =1 @ Bioe 820 205 36, az0
210 |NMNA DR @ ploe 704 2.3 \w-2 220, 000
211 |MATANIKAU @Bl 1522 | <l | 2.0 | 10.0 | L | 36,000







M D A MENENDEZ-DONNELL & ASSOCIATES, INC. HOUSTON, TEXAS
GCPS GENERAL CATHODIC PROTECTION SERVICES INC.
TITLE : CATHODIC PROTECTION SURYEY, MARINE CORPS BASE, CAMP LEJEUNE, N.C.
‘ SOIL RESISTIVITY MEASUREMENTS
STRUCTURE . TARAWA TERRACE TIL, AREA Il
DATE |1/8/84 ENINEER NE/GG~ T1AaBLe I pace 14 oF 3|
- TEST LOCATION AVERAGE |READING | MULTI. | FACTOR | OHM-CM
220 [ W0 JIMA @ENTRANGE | 52" | 75 | 10.0 | 1000 | 75,200 |
221 |Wo JIMA BLVD %2 ~ 22 20
0" | 1.2 L | 2000 |26, 00
15:4" | 102 | 1.0 2000 | 30 tooO
21.0"| ga 4000 |35 oo
222 d 5.2"| 8.2 oo | 8 200
22% |IWOJIMA BLVD 2 INCHN &T &.4 8,400 |
224 L 4 TARAWA o4 &, 400
@225 [peanA Bl a8 .1 9, 200
220 |RoAy To cENAGE DISREAL | (|, | 4.2 | 100 | | |43,000
10\6" | 2.4 2000 |48 000
5.9"| 2.5 2000 | 75,000
4P 210" 1.4 4000 |5y, ooo
227 |HPGARU PR @ pine 2285 |5 2" | 2.2 |00 | 22, 020
228 |cHoSIN ClrcLE @pLpe 3544 2.0 1'd}l- 20, 290
229 |GUAM AVE 2 AGANA FL. 8.1 l.o 8 100
220 |POVGAINVILLE DR ~ L2 Twe | 2 18,000
10-2"| 49 .o |2a00 | A 800
5-4" | 4.1 %000 | |2, 200
b 21-0"| 2.0 | L |4o00| 12 oc0
22| |BWEANVILLE EeL0b. 3140 | 512" | 1.5 | oo | looo | |5 000
@ 222NN & Thaadhpp Llre | L.l [goow







M D A MENENDEZ-DONNELL 8 ASSOCIATES, INC.

HOUSTON, TEXAS

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

TITLE CATHODIC PROTECTION SURYEY, MARINE CORPS BASE, CAMP LEJEUNE, N.C.

SOIL

RESISTIVITY MEASUREMENTS

STRUCTURE : TARAKA TERRACE E; AREA |

'DATE _||/8/B4-  enomEEr NE/5G  TaBLe I PAGE |5 oF 3|
Tﬁ(S)T TEST L ekt "gﬁ{f‘;ﬁE READING | MULTI. | FACTOR | OHM-CM
;%4— —

2%% |POUGAINVILLE DR @ pips 2631 | 52" | Bz |lo.o |1ooo | bz oo
224 |PpUENNVILLE DR ¢ AIPAN PR | e .o 7 100
725 |BUGANVILLE D @ WATER TANK P il ¢, 700
2%6 |PUSANYILLE VR B BLRs 281 z.o | 100 20,000
2%7 |oPeNFIELD € TARAWA § Sciool 2.1 AW %
228 |TARAWA BLW @ BLe 2707 .4 4, oo
22 |SAIPAN PR € Blpe 2014 z.o it ] 20,000
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M D A MENENDEZ-DONNELL & ASSOCIATES, INC.

GCPS GENERAL CATHODIC PROTECTION SERVICES INC.

HOUSTON, TEXAS

TITLE : CATHODIC PROTECTION SURYEY, MARINE CORPS BASE, CAMP LEJEUNE, N.C.

SOIL RESISTIVITY MEASUREMENTS

STRUCTURE: TRAILER FPARK AREA |2

DATE _||/B/p4 ENGINEER CM/JH TABLE L PAGE & OF 3|
s TEST LOCATION PYERAGE | READING | MULTI. | FACTOR | OHM-CM
S e W ks
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