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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 ths 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 abput 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 onvtanks
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






1.0 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

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
dafa 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 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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APPENDIX D

DESIGN CALCULATIONS






. I. POL SYSTEM-INDUSTRIAL AREA

A. Fuel Farm

d; The 15 underground tanks at the fuel farm have an
exposed surface area of 18376 square feet. Based on
a current density of 0.00148 amperes per square foot
as calculated for Tank Farm A at Cherry Point
Station. Total Current requirement will be 27.2
amperes.

F 4 A rectifier and distributed groundbed are recommended
for proper current distribution.

3 Weight of anode materials:

Fully treated graphite anodes with calcined fluid
petroleum coke backfill are recommended having a
deterioration rate of 1l-1b per ampere year and a 75%
utilization factor.

Design life = 20 years

Weight = 20 years x l-lb/amp-yr x 27.2 amperes
= 544 lbs of anode materials

a. Use fully treated graphite anodes 3-inches
diameter x 60 inces long fitted with epoxy and
heat shrink cap.

540 lbs x 1 anode/27-1bs x 1/.75

= 27 anodes

. 4. Number of Anodes required for 20 years life:
‘ b. Quantity
|

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

Use 30 anodes.
5% Groundbed design
a. Resistance of groundbed to earth:

R =.00521f 1n 8L -1 + 2 L 1n.656 (N),
| NL D S

L = Length of anode and coke column = 7'
D = Diameter in ft. = 1"
S = Spacing in ft. = 25
# = soil resistivity in ohm-cm = 24,000 ohm-cm
N = No. of anodes = 30
‘ R=.00521(24,000)[1n8(7)-1+2(7) 1n.656(30)]

7(30) & 25






= 2.8 ohms

b. Anode Resistance to Backfill:

R = 0.00521.E (1n8L - 1)
L D

Length of anode = 5'°
Diameter of anode = 0.25'
Resistivity of Backfill

P RS NC RS
nonon

.00521(50) (1n8(5) -1 )
5 225
= 0.212 ohm for 1 anode
for 30 anodes = .212 = 0.007 ohm.
30

w

Total Groundbed resistance=2.8 + 0.007 = 2.807
ohms.

c. Cable resistance

Maximum conductor length for this installation
should not exceed 1500 ft.

Use # 1/0 AWG, resistance = .102 ohms/1000 ft.
Cable resistance = 1500 x .102/1000 = 0.153 ohms
Total Groundbed Resistance:

2.807 + 0.153 = 2.96 ohms

d. Rectifier Voltage
Rectifier Voltage V,.=IR+2V (Back EMF)
.8 reserve factor

Design current output = 30 amperes
Vr= 30(2.96)+ 2V = 113.5volts
.8

Use the next larger rating = 120 volts

Four Fuel Storage Tanks-Main Exchange Gas Station

Current requirement test data indicated that a
current 0.6 ampere was sufficient for protection at
most test points. Protective potentials will be
acheived with better current distribution and an
additional 50% of direct current, say 1.0 ampere.

Since the soil resistivity is reasonably high (11000

ohm-cm) and current distribution is very important, a

single rectifier and 8 anodes are recommended for
installation.

The weight of anode materials is not a factor due to
the small current drain required. Type 3" x 60"

D-2






specially treated graphite anodes with calcined
petroleum coke backfill are recommended.

Groundbed design:
Soil Resistivity = 11000 ohm-cm
R = .00521(11000) (1n8(7) -1 )

7 1
Resistance of 1 single anode= 24.8+ 0.212 = 25.ohms

Groundbed Resistance = 25/8 anodes = 3.125 ohms say
3.0 ohms.

Rectifier Rating:

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

Maximum current drain = 1 ampere
V.= (1)(3.125)+2V = 6.4 volts
8

In order to reduce the stock of spare parts and
rectifier maintenance a 10 volt 5 ampere rectifier is
recommended for installation.

Fuel Storage Tanks at Building 1855

The 4-6000 gallons underground steel tanks near
building 1855 have an exposed surface area of 2,060
square feet. Based on a current density of 0.326
ma/sq.ft. as calculated for a similar type tank in
the Rifle Range area, these tanks will require:

2060 sqg.ft. x .326 ma/sq.ft. = 671.5 miliampers
= 0.671 amperes,.

Since the soil resistivity is high (16,000 ohm-cm) an
impressed current system is recommended for
installation.

Following the same procedure outlined previously, a
10 Volt-5 ampere rectifier in conjunction with 8 each
3 x 60 treated graphite anodes are recommended for
installation.

Fuel Storage Tanks at Bldg. 1775

The two 16,000 gallons underground steel tanks near
building 1785 have an exposed surface area of 1030
square feet, Based on a current density of 0.326 ma.
/sq.ft. as calculated for similar type tank in the
Rifle Range area, these tanks will require:

D=3






1030 sg.ft. x .326 ma = 335.8 ma = 0.336 amperes

Since the soil resistivity is high (16,000 ohm-cm) an
impressed current system is recommended for
installation.

Following the same procedure outlined previously, a
10 volt, 5 amperes rectifier in conjunction with 6
each 3 x 60 treated graphite anodes are recommended
for installation.

POL SYSTEM- RIFLE RANGE AREA

Fuel Storage Tank at Gas Station

Current requirements test data indicated that a
current of 0.250 ampere will be required to achieve
protective potentials on the 10,000 gallon
underground tank in the Rifle Range area.

Tank Dimensions: 8' diameter x 26.5' long

Tank Surface area = 767 sq. ft.

Current density = 0.25 amps = 0.000326 Amp/sq.ft. |
161 8@. £t .

= 0.326 ma/sqg.ft.

Average Soil Resistivity at 10' depths is 10,000
ohm-cm for economic evaluation purposes, consider 2
alternates:
Alternate A- Sacrificial sytem
Alternate B- Impressed system

Alternate A- Sacrificial Anodes System

Weight of anode materials required:

Prepackaged magnesium anodes will be used having an
estimated deterioration rate of 1-1b per 500 Amp-hr.
and an estimated life of 20 years

Weight=20 yrs x 1-1b x 8760hr x 0.25 amp
amp-yr 2. VT
= 87.5 lbs of anode materials

Number of anodes required for 20 years life:
a. Use prepackaged 20 1lb elongated magnesium anode.
b. Number = 87.5 1lbs x 1 anode/20lb = 4.37 anodes

4.37 x 1/.75 = 5.83 anodes; Use 6 anodes.






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

c. Calculated current drain for a 20-D2 Galvomag
Galvopack, high potential magnesium anode with a
driving potential of 0.9 volt:

R = .00521f (1n8(L) -1 )
L D
P = Soil Resistivity = 10,000 ohm-cm
L = Anode Length = 5!
D = Anode Diameter = 0.266"'
R = .00521 (1000) (In8(5) -1 ) = 41.8 ohms
5 0.266
I = E/R E = driving potential
I = 0.9volt/41.8 ohms = 0.0215 amper/anode
Number = 0.250 amp x l-anode = 11.57 anodes.

.0216 amp

d. To achieve the desired current drain and a minimum
of 20 years life for the system, twelve (12) 20-D2
Galvopack magnesium anodes will be scheduled for
installation.

Alternate B. Impressed Current System

Weight of anode material required

Specially trated graphite anodes will be used having

an estimated deterioration rate of 1-1b per ampere

year for an estimated life of 20 years.

Weight = 20 years x l-lb/amp-yr x 0.25 amps = 5 lbs

Number of anodes required

a. The weight of anode materials is not a factor due
to the small current drain required; 3" x 60"
specially treated graphite anodes with calcined
petroleum coke backfill will be utilized.

b. For good current distribution and low groundbed
resistance, four (4) anodes are recommended for
this installation.

Groundbed design

R = .00521f (In8(L) -1 )
L D
R = .00521 (10,000) (1n8(7) -1 )

7 1






III,

A.

lo

Resistance of 1 single anode = 20 ohms.

Groundbed resistance = 20.0 + 0.212 = 20.212/4 anodes
= 5,05 ohms

Rectifier Rating:

Rectifier Voltage V =IR+2V (Back EMF)
.8 reserve ftactor

Allow 1 ampere for current drain
Vr= (1)(5.05)+ 2V = 8.8volts
.8

Use the nearest standard size, 10vV-5 amps, air
cooled, single phase unit.

POL SYSTEM - COURT HOUSE BAY AREA

Fuel Storage Tanks at Gas Station

Current requirement test data indicated that a
current of 0.4 amperes will be required to achieve
protective potentials on the 3-6000 gallons
underground fuel tanks, Current density required for
cathodic protection is 0.4 amp/1545 sq.ft. = 0.000259
ampere = 0.26 ma.

Since the soil resistivity is high (25000 ohm-cm) and
current distribution is important a single rectifier
and six (6) anodes are recommended for installation.

The weight of anode materials is not a factor due to
the small current drain required. Type 3" x 60"
specially treated graphite anodes with calcined
petroleum coke backfill will be utilized.

Groundbed Design:

Soil Resistivity = 25000 ohm-cm

R = .00521 (25000) (1n8(7) -1 )
7 1

Resistance of 1 single anode= 56.2 + .212 = 56.4ohms
Groundbed Resistance = 56.4/6 anodes = 9.4 ohms
Rectifier Rating:

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







V = (0.4)(9.4)+ 2V = 7.2 volts

% .8
In order to reduce the stock of spare parts and
rectifier maintenance a 10 Volt 5 amperes rectifier
is recommended for installation

Diesel Fuel Storage Tank

The 30,000 gallon underground diesel tank has a
calculated area of approximately 1690 square feet.
Based on a current density of 0.326 as calculated for
similar type tank, the tank will require:

1690 x 0.326 = 550 milliampers = 0.55 amperes

Since the soil resistivity is high (25000 ohm-cm) an
impressed current system is recommended for
installation,

Following the same procedure outlined previously a 10
volt 5 ampere rectifier in conjunction with 6-3 x 60
specially trated graphite anodes are recommended for
installation.

POL-SYSTEM - BEACH AREA

# 2 Fuel Tank at the Steam Plant.

Current requirement test data indicated that 9.8
amperes were applied to the # 2 fuel tank.
Protective potentials were not achieved due to the
electrical continuity between the tank and the steam
plan. As a result, design calculations are based on
previous current requirement tests conducted with
consideration for the low soil resistivity.

Based on a current density of 1.0 ma per square foot
and an exposed tank surface area of 767 square feet,
the tank will require:

767 sq. ft. x 1.0 ma/sq.ft. = 0.767 amps.

The low soil resistivity (2500 ohm-cm) is suitable
for a sacrificial magnesium anode installation.

Groundbed design:
a. Design life = 20 years

b. Weight of anode materials:






Weight=20 years x 1-1b/500 amp.yr. x 8760hr/yr x
0.76 amp = 268 1lbs.

268 x 1/.75 = 357 1lbs of anode materials, .75 is
the utilization factor

c. Minimum number of anodes
Assume use of 40-D3 (40 lbs) magnesium anodes:

Number = 357 lbs x 1 anode/40 lbs = 9 anodes.

d. Calculated Current drain for a 40-D3 Galvomag
Galvopack high potential magnesium anode with a
driving potential of 0.9 V.

R=.00521(2500) (1n8(5) - 1) = 10 ohms

5 <3125
I = E/R E = driving potential
I = 0.9/10 = 0.09 ampere/anode.

e. To achieve desired current drain and a 20 years
life for the system, nine (9) 40-D3 Galvopack
magnesium anodes will be scheduled for
installation. Combined current ouput of all
anodes should be restricted to 0.81 amperes.

POL SYSTEM - FRENCH CREEK AREA

# 2 Fuel Tank at Bldg. FC-202

Current requirement test data indicated that 100 ma.
were not adequate to acheive protective potentials on
the 10,000 gallon tank. Due to the high soil
resistivity in the tank area (66000 ohm-cm) the
maximum current drain from the temporary groundbed
was 100 ma

The exposed surface area of the tank if 767 sq. ft.
Based on a current density of 0.326 ma/sq.ft. as
calculated at other similar underground tanks, total
current requirement will be 0.25 amperes.

Since the soil resistivity is high a single rectifier
and 6 anodes are recommended for installation.

The weight of anode materials is not a factor due to
the small current drain required. Type 3" x 60"
specially treated graphite anodes with calcined fluid
petrolelum coke backfill will be utilized.

Groundbed design

Soil resistivity = 66000 ohm-cm

D-8






R = .00521(66000) (1n8(7) - 1)
7 1

Resistance of 1 single anode=148 + 0.212 = 148.2 ohms
Groundbed resistance = 148.2/6 anodes = 24.8 ohms.
Rectifier Rating =

Rectifier vVoltage V =IR+2V (Back EMF)
.8 reserve factor

o (0.25)(24.8)+ 2v = 10.3 volts
.8

Use the next larger rating of 20V-5 amps.

POL SYSTEM- NEW NAVAL HOSPITAL

Fuel Storage Tank - New Navy Hospital

Current requirement test data indicated that a
current of 0.235 amperes will be required to acheive
protective potentials on the 10,000 gallons
underground tank.

Tank Dimensions; 10' diameter x 17'-8" long.
Tank Surface Area= 712 sq. ft.

Current density = .235 amp. = 0.00033 amp/sq.ft.

712 ‘sq.ft.

= .33 ma/sq.ft.

Weight of anode materials: Because of the low
current requirement and the reasonably low soil
resistivity of 4000 ohm-cm near the tank, sacrificial
magnesium anodes will be used having an estimated
deterioration rate of 1-1b per 500 amp-hr and an
estimated life of 20 years.

Weight=20yrs. x 1-1b/500 amp-yr x 8760hr x 0.235 amps
= 82.3 lbs of anode materials

Number of anodes required for 20 year life:

a. Use prepackaged 20-D2 high potential magnesium
anodes

b. Number=82.,31bs x l-anode/20-1lb = 4.1 anodes
4.1 x 1/.75 = 5.46 anodes
.75 is the utilization factor.

Use 6 anodes.






c. Calculated current drain for a 20-D2 Galvopack
anodes with a driving potential of 0.9 volt:

R = .00521(4000) (1n8(5) - 1) = 16.7 ohms.
5 . 266
I =E E = Driving potential
R
I = 0.9 volt/16.7ohm = 0.054 amp/anode

Number of anodes required for 0.235 amperes:

0.235 amp x l-anode = 4.35 anodes
.054

d. To achieve the desired current drain and a minimum
of 20 years life for the system, six (6) 20-D2
Galvopack magnesium anodes will be scheduled for
installation. Combined current output of all
anodes should be restricted to a maximum of 0.350
amperes.

Heating 0Oil Storage Tanks - New Naval Hospital

The 5 heating o0il underground steel tanks at the New
Naval Hospital have an exposed surface area of 5030
square feet. Based on a current density of 0.00033
ampere per square foot as calculated for the 10,000
gallon MOGAS tank in the same area, these tanks will
require:

5030 x .00033 = 1.66 amperes.

The low soil resistivity (2600 ohm-cm) is suitable
for a sacrificial magnesium anode installation.

Groundbed design
a. Design life = 20 years.
b. Weight of anode materials:

Weight=20yrs x 1.66 amp x l1-1b/500amp-yr x 8760
hr/yr= 580 lbs of anode material

580 x 1/.75 = 770-1bs of anode material 0.75 is
the utilization factor.

C. Minimum number of anodes required:
Assume use of 40-D3 (40 pounds) magnesium anodes:

Number = 770 lbs x l-anode/40 1lb = 19.25 say 20
anodes.,







NI L

d. Calculated current drain
Galvopack high potential
driving potential of 0.9 volt.

Average soil resistivity

.00521(2600) (1n8(5) - 1)

ohm-cm.
R =
5
= 10.4 ohms
I=§ E =
R
I =0.9/10.4 =

e. To achieve desired current drain and a 20 years

3125

driving potential

0.086 amperes/anode.

of a 40-D3 Galvomag,
magnesium anode with a

at 10' depth = 2600

life for the system, twenty four (24) 32-D3

Galvopack magnesium anodes will be scheduled for

installation.

anodes should be restricted to a maximum of 2.30

amperes,

Combined current output of all

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"
18" x.20"
12" x 20"
14" x 20°
20" x 20°'

Current requirement

0.032
0.047
0.063
0.078
0.094
0.109
0.157

g






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

Weight of anode materials required for a 6" x 20'
joint,

Anode life = 20 years
weight = 20 yrs x 8760 hr x 11b x .047A x

_19.371bs
yr 500 amp-hr %

5

1
.8

Select (1) 20-D2 Valvopack magnesium anode for installation
on each 6" x 20' joint

Anode Resistance:

R_ .00521( ) (ln 8_ -1)
L D

_ -00521( ) (1n 8(5) -1)_ 0.004
£ > .266 3

Maximum current drain depends on soil resistivity.

I _ Driving Potential _ 0.09V
3t R ~.004

For _ 1000 ohm-cm

I = .225 amperes

Therefore (1) 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 procedure the following tables were
prepared:

4% x. 20"

Maximum Soil No. of magnesium Maximum Current
Resistivity ohm-cm Anodes Re. Ouput "Amperes"

1000 1-20D2 0.215
2000 1-20D2 0.1076
3000 1-20D2 0.072
4000 1-20D2 0.054
5000 1-20D2 0.043







1000
2000
3000
4000
5000

1000
2000
3000
4000
5000

1000
2000
3000
4000
5000

1000
2000
3000
4000
5000

1000
2000
3000
4000
5000

1000
2000
3000
4000
5000

6" x 20'

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

8" x .24

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

10" %720

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

12X 20°

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

Ed4" x. 20°

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

20" x 20'

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

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
0.143
0.1076
0.086

0.152
0.121
0.224
0.168
0.135

0.484
0.242
0.161
9.212
0.090
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APPENDIX E

COST ESTIMATES






NAVFAC 11013/7 (1.78)
Supersedes NAVDOCKS 2412 and 24174

COST ESTIMATE

DATE PREPAR

JAN (B, [9pe

SHEET |

&
ofF &

ACTIVITY AND LOCATION

MCE, cAMP LEJEINE  N.c.

CONSTRUCTION CONTRACT NO.

—e
—_—==

IDENTIFICATION NUMBER

PROJECT TITLE

CATHODIC PROTECTION SURVEY

ESTIMATED 8Y

MENENPEZ -DoNNELL ¢ Aszpc.

CATEGORY CODE NUMBER

STATUS OF
PED

ESIGN

0% D 100% D FINAL g Other (Sp«imm

JOB ORDER NUMBER

Tew DESCRIPTION T T T o o 3 <L EI NG
FUEL FARM-INDUSTRIAL AREA
| - 120V, -~40A o)L |MMERSEDRECT.| | |EA | 2050 | 2050 | 980 | aso 4000
2 - 3%&5' Treitey GRAPUTE. ANODES
W B IMPe Le,oWRE | 20 |ea| 76 | 2280 | (Bo |waoo 7680
2 - CALCINEY FLuIY PETROLEIM cokE | 1,520 |LB | 022 | 2080 | 12ao 4820
4- *YouMWrE Ueagez chple L500|FT 1295 | 1425 | 125 | 1875 3% 00
5- BPOXY ZesIN 2Pl KTS € _
PRESARE conNECTION 20 |EA| 14 420 22 | GGo |0&o
@- Nc PPHER zoNNECTION | LoT |290 | 250 | mBo | 5BO 8 00
1- TEST STATION 14 [EA| 65 | 910 | 180 |2B20 3 430
- MISceELLANEOUS | WT| 200 | 300 |goo | goeo oo
A - FIELY ENGINEERING & SUPERV ) .| 2440
|0~ OFFICE ENGINEERING £ REFPORT 1200
|| - PRAFTING & SECRETARIAL i | Boe@
ToTALS 12,315 12,455 35110

S/ 0105-LF-010-1575

# U.S, Government Printing Offlee: 1002—808-106/8011 2.1







NAVFAC 1101377 (1.78)

Supersedes NAVDOCKS 2417 and 24174

COST ESTIMATE

DATE PREPARED

N 15

ACTIVITY AND LOCATION

S |seer 2 or

MCB, cAMP LEJEINE N.c.

CONSTRUCTION CONTRACT NO.

IDENTIFICATION NUMBER

ESTIMATED BY

PROJECT TITLE

CATHODIC PROTECTION SURVEY

MENENPEZ -DoNNELL € Az2pc.

CATEGORY CODE NUMBER

STATUS OF DESIGN

o e i
- RIFLE RANGE - EUEL Tak @ ;
Gh% STATION oA CRIFICIAL ST erEM

|- 20 -vz PREPACKAGED \psnesiM e b .

ANODES W/ 10- ¥12 TH [EADHIRed 12 |BA | 0o 792 | 1% | 1980 2772
2- ¥10 Ao HeAZER cople 120 |ET | .15 2% | 125 | |88 211
Z- CRIMP coNNECTIONS & 2PLicE 12 |BA |2.80 @ 12 .1 144 |zo
4- Test erATiol | |[EA| 0B 65 180 | 150 245
- M“zELLANEOUS | |LoT| B0 150 | 400 | 400 550
G- ENGINEERING ¢ gyreRVISION b 1025
7- orFice ENGINEERING ¢ cuveryISIoN 000
b= DRAFTING ¢ opcRETARIAL oo

ToTALS |02l 2892 ¢55%

# US, Government Printing Offies: 1082—808-108/8011 2.1







@ & ®
Supeede NAVOOCKS 2417 s 0174 COST ESTIMATE A TE [aps [ B o &
MCB, cAMP LEJEINE  N.c.
ReRETTE MENENPEZ -DNNELL ¢ Aeepe.
CATHopIC. PROTECTION SURVEY [Joeo [ Joon [Jooon [ eoune [ over o ETULY. |20 00"
Tounin o | rcos || ey oo, ENGWEERING ESTuATe
_RFLE RANGE — FUEL TANK
IMPRESSED ZURRENT SYETEM
| = IOV-SA KR CoolEp RECTIFIER | |EA| BlO glo | B57% | 575 085
2- 2'50' TREATED CRAPHITE AlODES
W/ 10'-*8 HWPe LeaD WIRE | 4 |eA| 76 | 204 | 180 | 720 | 1024
2- OALCINED pLyi PETROLEIM coke|l o |6 | p2z | 512 |0 072
4 - ¥4 IMWPE leArER crele 20 [FT |04 | 98 | 125 | 280 248
H- EORY RESIN SPLCE KT ¢
CRIMP couNECTION 4 |EAN| 14 56 22 88 | 44
& - POWER CONNECTION | |BA|200 | 200 | 85 | 45 285
7- TEST STATION | [EA | &% &5 1o | 8o 245
8- NIsceELLANEOUS : | |LoT| 200 | 200 | 200 | 300 Bop0
q - FIELD ENGINEERING 4 SUPERY. 1225
|0~ OFFICE ENGINEERING & REFPPAT | |looo
|- PRAFTING 4 SECRETARIAL , | oo
TOTALS 1,945 2,358 &,428

* U, Government Printing Offes: 1082—4608-1068011 2.9







NAVFAC 11013/7 (1.78)

Supersedes NAVOOCKS 2417 and 24174 COST ESTIMATE - TJTK}TALE; ags |t 4 oré_;
MCB, cAMP LEJEINE  N.c, ,
MENENPEZ -DoNNELL ¢ Asepc.
cATHopIC PROTECTION SURVEY v o v [ rvn () o o ST |00 i
NEK NAVAL UOoATAL & BRACH AREA
1~ 20-02 PREVACKAGEY MAsHEsIM e 0 -
mlovey W/lo e W Bwires| 6 |er| v | 29¢ |15 | aa0 | |1z
2- 40- D2 PREPACKAGED WiiGNESIUM|
Mooes /o o TA Leby Weeo| 29 |EA | 126 |3654 | 180 [ 5220 | | g
3- ¥10 1 Hearer crele Soo [FT (018 | 120 | 125 | |poe 1,120
4- TesT <thTiod 5 |eAl¢5 | 825 | 180 | oo ,225
9= CRMP coNNECTING ¢ 2pLice | 25--eA | 1.ap '25 12 | 420 | 425
G- MIZCELLANBEOUS | |LoT| oo | woo | |100 | |l0o |, 700
7-_FIELD ENGINEERING & surerVIZioN lohg el - 2,850
8- OPRICE RlaNeerNe & RemrT L ' Leqs
A- DRAFTING ¢ SECRETARIAL » | 200
ToTALS |20 Q620 20,10

A 0105-LF-010-153% * U, Government Printing OfNess 1982—908-1008011 2.1






NAVFAC 1101377 (1.78)

Supersedes NAVDOCKS 2417 and 24174 COST ESTlMATE = ijn P{j"‘;g IQ59 SHEET 9 0‘6

MCB, cAMP LEJEINE  \.c. ‘
2 MENENPEZ -DoNNELL ¢ Aszpc.
CATHOPIC PROTECTION SURVEY . ' [T TR [ ks [ st () b ZTUEZY,. | 00 "8 ‘
RIET}:AZIE:TFII\;;N NUMBER | UNIT | UNIT COST TOTAL UNIT COST TOTAL UNIT COST TOTAL
FUEL STPRAGE TANKS » ‘
|- lov.-5A AR cawlEpRectper | 4 |EA| 510 | 2040 | =75 | 2300 4% 40
2- 20V-5A NRoooler RECTIFIER | | |ea|l slo | 510 | 575 | 575 085
2~ Z'x00 TRENTED GRANITE Mogkd
W10 %3 hMilve Leaw Wipg 32 |BA| 76 |2432 | 180 |Bge 8,142
4- cAONED ELUIY RETROEUM CoKE 1050018 | 222 | 2320 \400 4,70
S- k4 HMWPE HEADER cople \200 |FT |04 | 588 .25 | |Boo 2088
& - B Reg MTs S efice coblectl| 32 [er | 14 | 448 | 2 | 104 | 142
7- PHER SallESTON 5 |ea| 200 | |ooo 2B | 476 1425
/- TEST STATION 5 |EA| 65 | 325 | 180 |qoo 225
4- MISCELLANEOUS g |oT| 5o |12 | 250 | |25o D 000
10- FIELD ENGINEERING £ supery. 5, @00
|| - OFFICE ENGINEERNG & RERPAT | 3,500 :
12- PRAFTING & SECRETARIAL e o 4 o] ke ‘
ToTALS 1,452 4,814 36,6571 ‘

A RS T MR A £ e A T NS







NAVFAC 1101377 (1.78)
Superseses NAVOOCKS 2417 and 24174

ACTIVITY AND LOCATION

COST ESTIMATE

o\]rzrﬂz'nlng’ lan

SHEET é

McB, caMP LEJEUNE | <.

CONSTRUCTION CONTRACT NO.

IDENTIFICATION NUMBER

oré

PROJECT TITLE

CATHoP|c PROTECTION SURVEY -

ESTIMATED BY

MENENPEZ - PONNELL. & Assos.

CATEGORY CODE NUMBER

STATUS OF DESIGN

B s GE
MAIN EXCHANGE FUEL TANKS
|-1oV.-BA AR coolLep ReECTIFIER | |EA| B0 B0 51% | 515 l,08%
2- 300  TREATED SRAANTE ANavES| 8 [ta| 16 | gop | |80 | 1440 2 04%
Wio- ¥ | MNPE LEAD WIRE
3- CALOINED PLUIP PETROLEUM  |2.200|Lb.| 022 | 922 | — |4doo |, 222
4- ¥4 IMWPE HEADER cABLE | 200 F1.|0.44 | 147 |25 | 295 527
Z- EPoxY RESINKITSESPLICE colecTl & |EA| 14 | (|2 2. 19718 28%
&- POWNER zoNNECTION | |EA| 200 | 2oo |25 | %5 285
- TEST sTATION 4 Erl o5 | 260 |igo |120 Q8o
8- MIscelLLANEOS | Tl 1B | 1o |pso | zBo 400
9-FIELZ ENGINEERING & SUPEAVISION 200
|0- OFF|IZE ENSNEERNG & READAT |, 000
|- PRAFTNG 4 SECRETARIAL cao
TOTALS 2,819 4 07| 9,640

# US. Governmont Printing Offies: 1982—808-106/8011 2.1







TAB PLACEMENT HERE

DESCRIPTION:

F

[t 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 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 reverting 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--in 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 such ‘as an
electric railway (Figure 1). 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 usually involved, this type of corrosion is usually
manifested in 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 o6f 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. 2zinc, in turn is anodic to iron, with
a potential of -0.044. 1Iron, 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 hydrogen
released to migrate to the cathode. :

Common examples of this type of galvanic cell encountered
in everyday construction of underground structures are a
brass fitting between steel section (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
currént 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 continuous 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 11
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 fregquency 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. 1In other words, if there
is a small anodic 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
relativelly 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' into solution, 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 time.

Corrosion prevention is normally accomplished by the
following procedures:

1. Judicious choice of construction materials and
procedures with respect to corrosion mitigation for new
construction,







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 cunsist 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 exposed 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. 1In addition, all coating
materials are subject to deterioration with time, thus
exposing more metal surface to the corrosion process.

The accepted supplement to coating procedures 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. 1In both cases, the anode metal
is more active 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 sp2aking, is
from the sacrificial anode through the earth onto the
structure and is returned to the source through the
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 possibly
thermoeletric units which convert heat to electric power.
The D.C. :current is then routed through a groundbed
composed 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 a1istory 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 rasquired, 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 frequently
complicate cathodic protection efforts and contribute to
corrosion of other underground structures, possible
improvement of grounding procedures and effect of stray
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 in contact 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 mectals 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 is a 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 of cathodic protection
to underground facilities within the area. 1In 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
circumstance$ 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. 1In 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 adeguate 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 determine any effects being experience -from

stray current. In the event that detrimental interference

effects on a foreign structure are detected, the situation

is relieved by 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

1]
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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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12. 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.

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

should be followed.

358 Water Distribucion System

Recommendations for the water distribution system are as

follows:

1. 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.

2. Replace missing or depleted anode strings in

elevated water tanks as follows:

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

in inner array.






b. Tank S-5: Replace one missing string in

inner array.

Repair or replace tank hardware as follows:

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

covers on the balcony.

b. 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.

c. 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.

d. Tank S-1070: Replace one condulet cover on

the balcony.

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

bar on the riser cover assembly.

f. 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.
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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

3.3k Recommendations for Maintenance Practices

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

preventive maintenance program.

It is recommended 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.
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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.

3352 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 conctrol 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.
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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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ECONOMIC EVALUATIONS

Fuel Farm

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

investment is = $30,710.

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:

7.06 KW x 8760 hr x $0.06 _ $3710.
yr KW-hr

Estimated Annual Cosc=3608 + 3710 = § T,318x






3% Repairs and replacements on the POL system have been

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

4, The investment involved in the tanks and associated
equipment, along with their importance to operations,

justify the recommended cathodic protection system.
P DOT Standards require all underground fuel gas
storage and piping to be provided with cathodic

protection.

4.2 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.

A. Impressed Current System

1% Based on the detailed Cost Estimates included in:
Appendix E, the initial cathodic protection

investment is

= $6,928.






Investment = Initial Cost x Capital Recovery

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

the annual cost to own becomes:

$6,928. = 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.
1 yx% KW-hr

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

Sacrificial Anode System

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

$ 6,553.






4.3

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

the annual cost to own becomes:

§$ 6,553 % 51175 = $ 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

Oonslow 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:
$.20;,6120 x. 1175 =4S42,422.

Costs of repairs and replacements on the POL
system were not available. The investment iﬁ
the tanks and associated equipment, along with
their importance to opérations, justify the

recommended cathodic protection system.

DOT Standards require all underground fuel gas

storage and piping to be provided 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:

$°9,6405 1175 =$ 1,133<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>