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Abstract 

This project demonstrated an application of photovoltaic (PV) technology 
to power cathodic protection (CP) systems for water tanks at Pohakuloa 
Training Area (PTA), HI. An impressed-current CP system was installed 
on each of three water tanks in isolated locations, where connecting with 
the local power grid would be expensive. The demonstrated system, pow-
ered only by PV arrays with a battery backup, uses ceramic anodes and in-
cludes a satellite-based remote-monitoring capability. This system pro-
vides uniform and reliable cathodic protection in the water tanks interior 
below the water line. Data collected by the remote monitoring system can 
be loaded into a spreadsheet, and performance can then be analyzed on a 
pass-fail basis.  

The installed PV-powered CP systems operate as designed and conform to 
NACE SP 0169 criteria. It is expected that little maintenance will be need-
ed to keep the system operating properly. Required maintenance will in-
clude periodic cleaning solar arrays and monthly recording of electrical 
output using a digital meter. Once every year, a qualified CP specialist 
should survey the system to ensure proper CP levels. 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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Executive Summary 

Impressed-current cathodic protection (ICCP) is an effective technology 
for preventing and controlling corrosion on steel Army infrastructure. 
These systems have historically been energized by direct current (DC) pro-
vided by rectifiers connected to the power grid. With the emergence of 
highly improved photovoltaic (PV) power systems with integrated battery 
backup, solar energy has become a viable alternative where grid power is 
not available. For example, electronics have recently been designed to al-
low a positive grounding system from the battery bank directly to the 
ground bed, which improves installation by preventing ground loops while 
providing better lightning protection. Typical situations where PV-
powered ICCP is cost effective include remote locations without easy ac-
cess to a power grid, or where grid power is either expensive or unreliable.  

In this project, the application of PV technology to power an ICCP system 
with integrated remote-monitoring technology was demonstrated at 
Pohakuloa Training Area (PTA), HI, a severely corrosive location. The 
demonstration structures were three small water tanks for which a new 
impressed-current, ceramic/mixed metal oxide anode system was speci-
fied. This system included remote monitoring units (RMUs) to alert 
maintenance personnel if operating problems occur or if the level of corro-
sion protection falls below specifications. 

It was demonstrated that an effective, reliable ICCP system can be pow-
ered solely by a PV source. It was also shown that an integrated RMU can 
provide reliable ICCP monitoring with little need for site visits. Remote 
monitoring greatly reduces inspection costs, but problems reported 
through the RMU must be addressed immediately. Initial maintenance 
needs for the PV power supply are expected to be low, but maintenance 
common to all PV systems should be expected over system service life. Ex-
amples include replacement of backup batteries or PV modules. 

It is recommended that this technology be considered and economically 
compared to grid-connected ICCP. Where grid power is not available, eco-
nomic analysis should include the cost of providing power to the target lo-
cation. The use of this technology for other types of steel-based infrastruc-
ture should also be considered.  
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Unit Conversion Factors 

Multiply By To Obtain 

degrees Fahrenheit (F-32)/1.8 degrees Celsius 

Feet 0.3048 meters 

gallons (US liquid) 3.785412 E-03 cubic meters 

Inches 0.0254 meters 

Mils 0.0254 millimeters 

square feet 0.09290304 square meters 
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1 Introduction 

1.1 Problem statement 

The Department of Defense (DoD) has many remote located facilities and 
training areas across the globe. These sites include critical infrastructure 
such as water storage tanks, pipelines, and other steel structures that uti-
lize impressed-current cathodic protection (ICCP) for corrosion preven-
tion and control. Cathodic protection (CP) is currently not used in many 
isolated sites due to the lack of electric power.  

The cost of extending electric utility lines to remote sites has always been 
high and is steadily increasing. Furthermore, some remote sites cannot 
even be served by the grid, so steel structures located there are especially 
vulnerable to corrosion as their coatings degrade. In these situations, pho-
tovoltaic (PV) power becomes a logical and cost effective means for provid-
ing CP.  

Major improvements have been made in PV technology over the past dec-
ade. Even with these advances, alternating current (AC) powered CP sys-
tems remain more cost effective for most applications. However, DoD’s 
growing preference for renewable energy sources makes PV a potentially 
attractive option. Advances in the energy efficiency of the system control-
lers and monitors make more power available for protecting the steel, 
which is a central consideration for ICCP applications. PV may be the pre-
ferred solution in parts of the world where conventional electrical utility 
service is expensive or unreliable. The higher cost of installing PV-
operated ICCP could be offset by the lower cost of power consumption 
over the long run.  

With the use of reliable remote monitoring units (RMUs), problems with a 
CP system can be detected and corrected promptly before corrosion dam-
age is significant. RMUs are used by the Army for a variety of infrastruc-
ture sustainment applications, providing prompt notification to mainte-
nance personnel that a problem in the field needs to be remedied. In 
locations that are difficult to access and not served by the grid, reliable al-
ternate power sources are critical both for continuous corrosion protection 
and monitoring of CP system operation. 
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Sustainable energy for powering CP systems is of high interest at 
Pohakuloa Training Area (PTA), HI, a remote installation located in a 
highly corrosive environment. This installation was selected for a demon-
stration of PV-powered CP and remote monitoring. 

1.2 Objectives 

The objectives of this demonstration were to install an integrated PV elec-
tric supply with advanced storage battery system to power an ICCP system 
and RMU; evaluate long-term system efficacy and costs; and document 
lessons learned for the benefit of prospective users. 

1.3 Approach 

The CP system design requirements were developed, and a variety of PV 
arrays, ICCP control components, and battery backup systems were evalu-
ated to select the most suitable equipment for the purposes of the demon-
stration. A system was designed, installed, and commissioned as described 
in the main report.  

All designs, installations, and testing were executed in compliance with 
established NACE International guidelines for achieving adequate CP in 
corrosive environments.  
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2 Technical Investigation 

2.1 Overview 

The structures chosen for this demonstration were three potable water 
tanks located at PTA (Figure 1). PTA is an Army training installation locat-
ed on the big island of Hawaii – on the high plateau between the two vol-
canoes - Mauna Loa and Mauna Kea. The tanks are part of the site’s water 
treatment facility (Figure 2) which is owned by the Army but managed and 
maintained by a support contractor. Water is trucked up to PTA and 
stored in three larger tanks prior to treatment. After treatment, the water 
is stored in the three project tanks prior to usage. The vessels measure 8 ft 
high and 15 ft in diameter, and have mostly bare steel interior surfaces and 
no protective coating.  

Figure 1. Three demonstration tanks. 
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Figure 2. Aerial view of PTA water treatment facility. 

 

2.2 Description of the technology 

The key function of the ICCP system is to provide a constant supply of di-
rect current (DC) to a system of anodes placed in the water tank to control 
corrosion of the steel wall surface inside the tanks. The design is intended 
to achieve adequate corrosion protection in excess of 20 years.  

The current density needed for CP was determined to be 3 mA/sq ft, in ac-
cordance with Unified Facilities Guide Specification (UFGS) 26 42 15.00, 
“Cathodic Protection System (Steel Water Tanks).” Based on the surface 
area of the tank, 2.19 amps is required per tank. This determination is 
based on the assumption that the interior tank surface is bare. In all three 
tanks, however, some coating remains on a portion of the interior that 
provides some level of protection to the interior metal. Therefore, the 2.19 
amps can be considered a conservative limit. Basic design calculations for 
the CP system are reproduced in Figure 3. 
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Figure 3. CP design calculations. 

 

The particular system being demonstrated uses a PV power supply. It must 
provide current not only when the sun shines but also during periods of 
low insolation, such as night time and during overcast weather. In combi-
nation with solar panels, each water tank had a dedicated set of storage 
batteries and an ICCP control unit that afford this capability. A single re-
mote monitoring system is used to provide access to ICCP system data 
from all three tanks via the web. These components are physically located 
at the small water treatment building located just north of the tanks. See 
Figure 4 for layout of ICCP system, which also shows the cable routing. 



ERDC/CERL TR-14-3 6 

 

Figure 4. PV-powered CP system layout. 

 

2.2.1 Anode system 

Mixed metal oxide ceramic anodes were specified for this project. This ma-
terial is not new, but has been improved continually over time. Ceramic 
anodes are smaller and lighter while providing current output and service 
life equivalent to more massive anodes of the past. The selected anodes 
were rods made of titanium oxides and are 5 mm in diameter and 5 ft long. 
The design is intended to achieve adequate corrosion protection in excess 
of 20 years (see Figure 3). Note that the calculations were computed with 
the assumption that the underside of the top surface of the tanks require 
protection. This is typically not the case in a standard design, so the ap-
proach results in additional design conservatism. 

The design of the anode system for each tank consisted of 18 anodes sus-
pended from the ceiling and distributed evenly about the tank (Figure 5). 
The Stelth 2 copper-copper sulfate permanent reference electrodes (Borin 
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Manufacturing, Culver City, CA) were used in each tank to measure the 
electrical potential between them and the tank structures.  

Figure 5. Anode system design. 

 

2.2.2 Solar array modules 

Kyocera KC130TM high-efficiency multi-crystal PV modules (Kyocera 
Corp, Kyoto, Japan) were selected for the project. They have a rated con-
version efficiency of over 16%. Each module has slightly less than 1 m2 of 
surface area and is rated at a maximum power output of 130 W (+10/-5%) 
under standard conditions and at a solar irradiance level of 1 kW/m2.  

Three PV solar array modules were wired in parallel to comprise a single 
solar panel. On average, each solar panel supplies power to one water tank 
CP system. The three panels were installed on the roof of the water treat-
ment systems building.  
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2.2.3 PV-powered CP control units 

The three tank PV-powered CP units (Figure 6) were assembled by JA 
Electronics Mfg. Co and include several components. The Omega II solar 
controller (JA Electronics) performs continual DC-to-DC voltage conver-
sion to precisely regulate power to the CP anode bed in the water tank. It 
functions without the use of resistors or potentiometers, which typically 
dissipate excess power as heat. This elimination of energy dissipation pro-
vides improved overall solar power conversion efficiency. The controller 
board also includes output voltage and current meters for local viewing 
and adjustments. 

Figure 6. PV-powered CP control unit. 

 

The ProStar 30 solar charge controller (Morningstar Corporation, New-
town, PA) monitors the battery bank charge as well as the solar array out-
put. During sunny days, the PV array both energizes the CP system and 
recharges the storage batteries. At nighttime and periods of insufficient 
insolation, the solar controller senses when power from the PV array falls 
below a set threshold, at which time the load is transferred to the batteries. 
It also constantly monitors CP system performance by collecting infor-
mation from the permanent reference electrodes installed in the tank and 
automatically adjusts the voltage and power to the anode bed. 



ERDC/CERL TR-14-3 9 

 

The control unit also has meters for viewing system parameters and con-
trol features for making manual adjustments and maintaining operation. 
Output voltage, output current, and reference electrode current data are 
collected by the data extraction modules which are located in the bottom 
of the unit. Lightning arrestors are provided on both the input and output 
voltage lines. The arrestors, also referred to as surge protectors, provide a 
short circuit path to ground in the event of a lightning strike, thereby pre-
venting excessive current spikes that would damage circuitry.  

2.2.4 Batteries 

For any critical infrastructure application, storage battery life and mainte-
nance requirements are primary considerations in the design of a PV-
powered ICCP system. The batteries used in the system are maintenance-
free Deka SOLAR model 8G4DLTP (East Penn Manufacturing Co., Lyon 
Station, PA), which have been designed specifically for renewable energy 
applications (Figure 7). They are 12 volt batteries rated at 210 amp-hours 
(ah) each and are valve-regulated with gelled electrolyte, giving them a 
greater cycle life. Three are connected in parallel for a total rating 630 ah 
to service each ICCP control system. These batteries provide backup power 
for times of insufficient isolation. With a full charge they can supply power 
for up to 10 days.  

Figure 7. Deka SOLAR gel batteries. 
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2.2.5 Remote monitoring system 

Another component used in this demonstration was an RMU with contin-
ual data collection and secure communications technology. The NTG 
Watchdog (Elecsys Corporation, Olathe, KS) monitoring system records 
and sends the CP anode voltage, current, and electrical potential to soil 
(difference between ground bed and reference electrode) readings to the 
user via satellite uplink to a secure web page hosted by the manufacturer. 
In addition to the data collected periodically at each ICCP control unit sev-
eral times a day, the web page allows the authorized user to poll the CP 
system for instantaneous readings. The monitoring system also notifies 
the user of any CP interruptions or errors. Figure 8 shows the RMU. 

Figure 8. NTG Watchdog RMU. 

 

2.3 Installing the technology 

Equipment installation was a fairly routine operation with few exceptions. 
Placement of the anodes in the water tanks required measures for ensur-
ing electrical isolation from the interior wall metal being protected. The 
cabling, which had 10 gage wiring was insulated with high-molecular 
weight polyethylene (HMWPE) jacketing. Ceramic insulators were at-
tached to the tank support structures at the ceiling to suspend the cabling 
and rods, as shown in Figure 9. Ceramic insulators were also used as me-
chanical ballast (i.e., weights) to help stabilize the anodes in the water 
once the tanks were filled. For each anode, an insulator was suspended 
approximately 15 in. from the tank floor using a 3/8 in. diameter nylon 
rope (Figure 10). The rope was then secured to the anode and cable using 
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plastic ties to further limit movement. Additional insulator weights were 
added for anodes suspended in the region around the water inflow pipes to 
minimize their movement during periods of turbulent flow.  

Figure 9. Ceramic insulator used to suspend anode cable from tank structure. 

 

Figure 10. Anodes suspended and stabilized 
with ceramic insulators and nylon rope. 
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The permanent reference electrodes were suspended in a similar manner 
using the nylon rope; however the weight of the electrodes eliminated the 
need for ceramic insulators as ballast. For each tank, the permanent refer-
ence electrodes were placed 1 ft above the tank floor and at a height half-
way up the wall and 1 ft away from the wall surface (Figure 11). 

Figure 11. Reference electrodes suspended with nylon rope. 

 

For each tank, the cabling for the anodes and reference electrodes pass 
through an opening in the ceiling located along the perimeter. The cabling 
was placed in galvanized metal conduit and run down the outside wall to 
an anode junction box that serves as a collection point for the leads and an 
access point for testing (Figure 12). Each box had 18 circuits, with 10 gage 
wire and THNN jacketing. From the anode junction boxes, a positive and 
negative cable for each water tank was run underground and laterally over 
to a CP junction box located in the water treatment building (see Figure 4). 
The 6 gage HMWPE-insulated cables, rated for direct burial, were placed 
in polyvinyl chloride (PVC) conduit to provide protection from the sharp 
edged volcanic rock. 
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Figure 12. Anode junction box mounted on outside wall of tank. 

 

The three CP control units were encased in waterproof enclosures and 
mounted on the outside wall of the open-bay section of the water treat-
ment systems building. A rack was built below each of the units for holding 
its set of three dedicated batteries (Figure 13). The RMU was also housed 
in a weatherproof enclosure and placed in the open bay section. The 
transmitter was attached to the west wall, providing the most direct line of 
sight to the communications satellite. 

Figure 13. Three CP control units and sets of batteries. 
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Due to space constraints at the site, the three solar panels were installed 
on the roof of the building. Ideally, for maximum exposure to the sun, they 
would be installed at a 19.5 degree angle facing due south. However, they 
were positioned horizontally to minimize the risk of damage from high 
winds passing through the valley between the two volcanoes (Figure 14).  

Figure 14. Three solar arrays mounted on roof of water treatment building. 

 

2.4 Technology operation and monitoring 

The CP system was energized and adjusted to normal operating levels on 
19 March 2009. An initial commissioning was performed 3 weeks after 
system startup, on 9 April 2009, after allowing time for adequate system 
polarization to be achieved and current outputs to stabilize. The commis-
sioning report is included as Appendix A. 

Initial startup indicated that current outputs of 1.02 – 1.21 A were suffi-
cient to achieve adequate CP levels for the water tank interiors. Care was 
given to not exceed –1.20 V instant-off in order to prevent debonding of 
paint from the coated portions of the tank interiors. Any loss of coating 
over time would require an increase in CP current levels to maintain ade-
quate protection. Polarization occurred quite rapidly, indicating good die-
lectric performance of the remaining interior coating. As a more steady-
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state mode of operation was achieved, CP current levels decreased to 
0.56 – 0.68 A by May 2009 and then stabilized. Fluctuations that have oc-
curred can be attributed to the continual changing of the tank water levels 
over time. 

A project subcontractor assessed solar controller efficiency at 95% and the 
total PV system efficiency at 79% (see Appendix A), which far exceeds PV 
systems previously available for CP applications. 

This project required the contractor to perform bi-weekly inspections and 
reporting for the first 6 months and then monthly for another 18 months. 
The contractor visually inspected the batteries, rectifiers, and arrays. A 
digital multimeter was used to take outputs that were recorded to provide 
information about the status of PV cells, batteries, cathodic outputs, and 
electric potentials.  

In additional to the physical collection of data, the RMU was programmed 
to record system readings at four specific times each day (0000, 0600, 
1200, and 1800 hours) to monitor both day and night operating modes. 
Specific data collected included structure-to-electrolyte potentials, system 
voltage, and system current. The data were uploaded via the RMU’s satel-
lite uplink. A monthly report was generated and transmitted through a se-
cure web connection for access by the contractor, to be checked for anoma-
lies. Data were collected in this manner for 2 years. All collected RMU data 
are tabulated in Appendix B. 
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3 Discussion 

3.1 Metrics 

NACE Standard Practice SP 0169 (2007) was the standard for determining 
whether adequate CP of the tanks was achieved and maintained. 

For a bare steel structure to be adequately protected, the CP system design 
must meet at least one of criteria listed below: 

1. A negative (cathodic) potential of at least 850 mV with the CP applied. 
This potential is measured with respect to a saturated copper/copper 
sulfate reference electrode contacting the electrolyte. Voltage drops 
other than across the structure-to-electrolyte boundary must be con-
sidered for valid interpretation of this voltage measurement. 

2. A negative polarized potential of at least 850 mV relative to a saturated 
copper/copper sulfate reference electrode. 

3. A minimum of 100 mV of cathodic polarization between the structure 
surface and a stable reference electrode contacting the electrolyte. The 
formation or decay of polarization can be measured to satisfy this crite-
rion. 

The system was analyzed in two phases with respect to the third criterion 
to determine whether adequate CP was achieved. The initial polarization 
was measured during system initialization and recorded. At 6 and 12 
months the system was de-energized and the rate of depolarization noted 
and recorded to establish if this criterion was achieved. 

3.2 Results 

The CP system was operating at optimum levels during the period of per-
formance evaluation. The data indicate potentials greater than -850 mV in 
relation to a saturated copper-copper sulfate reference electrode. The ref-
erence cells were placed near the inflow pipe and tank gauge in order to 
measure worst-case scenario potentials (NACE 2012). With water turbu-
lence it is possible to temporarily disrupt the passivation layer, thus affect-
ing the degree of polarization. Voltage (IR) drop measurements should be 
minimal across the water/steel interface. All measured potentials have 
been in the range adequate for CP, thereby complying with criterion 1. 
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With respect to the second criterion, the requirement for 850 mV polar-
ized potential was determined by turning on the CP system and allowing it 
to polarize for several days. The instant-off potential was recorded with 
current interrupted for 1 second to ascertain whether proper potentials 
were obtained by eliminating IR drop from the rectified output of current. 
All potentials have been in the –850 to –1,100 mV range. This range is im-
portant in that it should avoid debonding any remaining interior paint, 
which can result from over-voltage (i.e., starting at a value of –1,200 mV 
or greater absolute magnitude where the evolution of hydrogen gas can 
occur). 

Compliance with the third criterion was evaluated by determining if 100 
mV polarization was being achieved. This was done by subtracting the 
baseline potentials, which were taken before system activation, from the 
instant-off potentials recorded when the current was briefly interrupted. If 
the values are greater (more negative) than 100 mV in the instant-off state, 
adequate polarization formation has occurred. These values are indicated 
in the Delta V column on the data sheets in Appendix B. All values are 
greater than the 100 mV formation threshold.  

A depolarized survey was conducted at 7 months and 12 months after the 
CP system was first energized to determine if decay polarization could be 
observed. Generally, slow polarization decays associated with a good 
bonded coating occur over days or weeks. A poorly coated, or completely 
bare structure, will exhibit a rapid polarization decay.  

During the surveys, the system rectifiers were turned off for 72 hours and 
potentials were obtained. All measured values indicated that polarization 
decay had occurred. Values ranged from 0.002 mV to 0.189 mV (see Ap-
pendix B). The 0.002 mV measurement indicates a poorly coated or bare 
part of the tank depolarizing rapidly. The higher values, up to 0.189 mV, 
are indicative 0f tank sections that have some degree of coating protection 
because depolarization is occurring at a slower rate. Intact areas of coating 
are advantageous in that they reduce the demand for system cur-
rent. These measurements are both consistent and indicative of the rela-
tive internal coating conditions observed in each of the tanks.  

By meeting all three NACE criteria for effective CP, the system installed is 
working properly within design parameters. If the system is maintained as 
is, then the 20-year design life should be achieved or surpassed. 
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3.3 Lessons learned 

Within 2 days after initial startup, the rectifier output meter displays be-
gan to blink. Investigations found that the system structure-to-reference 
electrode potentials were normal and that polarization of the tank interiors 
was being achieved. After observing the CP system for several days, several 
patterns were observed. If a unit was momentarily shut down by means of 
the internal output disconnect, the output meters stabilized for several 
hours. During a cloudy or rainy day, the meters remained stable. When the 
system completed the transition from day mode to night mode, the meter 
displays operated as expected until around 1100 hours the next day. At 
that time, the displays would start to blink, indicating that the rectifier was 
operating outside its normal range. The condition would persist until the 
sun lowered in the late-afternoon sky. This observation suggested that the 
blinking may be related to the intensity of sunlight reaching the PV collec-
tors. 

The rectifier manufacturer proposed several ideas to determine the cause 
of the blinking. The first was that the differences in outputs from day to 
night mode were too close. To test this, the contractor’s CP technician ad-
justed the outputs so that the day mode was slightly greater than the night 
mode, but the result was negative. Another suggestion was that that the 
remote monitoring system was sending a signal back to the rectifiers that 
caused them to blink. To test this, the RMU system was disconnected, but 
the blinking persisted. A third suggestion was that the three rectifier sys-
tems might be interacting due to slight variations in output voltage, given 
that they are connected. The CP technician believed this scenario to be im-
plausible for two reasons: (1) each tank had a CP system that was largely 
isolated to its own similar but unique object (e.g., variations in coating 
condition, water level, dissolved oxygen, temperature, etc.), and (2) be-
cause the idea could not account for the blinking at about the same time 
each day. If one system was fighting another, the problem should not be 
time-related. To eliminate this possibility, the first two rectifiers were 
turned off, and the third was observed. The meter on the energized rectifi-
er continued to blink. The experiment was repeated with a different recti-
fier, keeping it energized while the other two were turned off. The result 
was the same. After this testing, a hypothesis that correlated the blinking 
of the meters to the position of the sun appeared to be the most likely ex-
planation. 
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At this point, the rectifier manufacturer considered the site location and 
determined that none of their systems had ever been installed so far south 
in latitude or high in elevation. Given the combination of these character-
istics, the solar arrays were producing more electricity at PTA than they 
would be expected to produce in the southwestern United States, where 
the company had installed numerous units. The circuit card that con-
trolled power from the solar array to the rectifier was set at 1.5 A. This is 
the normal setting for this type of rectifier. However, the arrays were pro-
ducing approximately 1.7 A and exceeding the threshold of the card. There 
is a switch on the card to reduce input power. After adjusting it to 1 A, the 
blinking stopped. The rectifier outputs remained stable for over a month 
after the adjustment and no longer appear to be an issue. As needed in the 
future if the PV module’s current output degrades, the switch can be reset 
to increase power to the card. This course of action should extend the ef-
fective service life of the PV system and improve life-cycle cost perfor-
mance.  
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4 Economic Summary 

The projected return on investment (ROI) is based on the costs and as-
sumption outlined below. It is calculated using the methodology specified 
in Office of Management and Budget (OMB) Circular No. A-94, “Guide-
lines and Discount Rates for Benefit-Cost Analysis of Federal Programs.” 

4.1 Costs and assumptions 

Conventional Baseline Case. The cost of installing a conventional 
ICCP system for the three water tanks will serve as the baseline case for 
the ROI assessment. The total cost of corrosion protection using conven-
tional impressed current CP for all three tanks (i.e., not including PV pow-
er, remote monitoring, or data uplink) is estimated to be $100,238. This 
baseline case includes standard electric utility service. A cost breakdown 
extracted from the contract costs for the PTA demonstration is as follows: 

• Impressed current CP systems for three tanks (including anodes, ca-
bles, and all other components) — $47,474 

• Shipping — $1,500 
• Equipment rental — $1,740 
• Labor and travel (includes profit and overhead) — $49,524 
• Total — $100,238. 

Also, an extension of electric utility lines for 1 mile was assumed, using 
January 2010 HELCO rates ($9,000 per 300 ft section), at a cost of 
$158,400. This increases the initial baseline cost to $258,638. Also, ongo-
ing maintenance and repair costs for the tanks, power lines, and power 
line right-of-way were assumed to be $7,500 annually. This cost includes 
routine site inspections. See Appendix C for all cost breakdowns. 

PV-Powered ICCP System. The total cost of protection using PV-
powered ICCP with remote monitoring for the three tanks at PTA was 
$163,553. A breakdown extracted from the contract is as follows: 

• ICCP systems with PV panels and batteries for three tanks (including 
anodes, cables, and all other components) — $82,766 

• Shipping—$1,500 
• Equipment rental—$1,740 
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• Labor and travel (includes profit and overhead)—$77,547 
• Total—$163,553. 

In addition to the initial $163,553 cost for the PV-powered CP system, an 
annual $1,000 expense for system inspection and validation was pro-
grammed. Finally, $10,000 for maintenance and repair was assumed at 
five-year intervals. 

4.2 Projected return on investment (ROI) 

To calculate the potential ROI for this demonstration, it was assumed that 
50 remotely located DoD facilities could benefit from using the demon-
strated technology. Using the total cost of the demonstration project 
($660K), and extrapolating the costs and benefits for 50 additional im-
plementations provides an ROI of 11.50 (Table 1). The net present value 
savings over 30 years based on this analysis is $7.6M. 

Table 1. Return on investment calculation. 

660,000

11.50 Percent 1150%

9,125,778 16,716,101 7,590,323

A B C D E F G H
Future 
Year

Baseline Costs Baseline 
Benefits/Savings

New System 
Costs

New System 
Benefits/Savings

Present Value of 
Costs

Present Value of 
Savings

Total Present 
Value

1 12,931,900 8,111,607            3,400 7,581,108 12,089,331 4,508,223
2 375,000 50,000                 3,910 43,670 330,940 287,270
3 375,000 50,000                 4,497 40,815 309,783 268,968
4 375,000 50,000                 5,171 38,145 290,032 251,887
5 375,000 500,000               5,947 356,500 271,615 -84,885
6 375,000 50,000                 6,839 33,315 254,419 221,104
7 375,000 50,000                 7,864 31,135 238,410 207,275
8 375,000 50,000                 9,044 29,100 223,514 194,414
9 375,000 50,000                 10,401 27,195 209,619 182,424

10 375,000 500,000               11,961 254,150 196,692 -57,458
11 375,000 50,000                 13,755 23,755 184,697 160,942
12 375,000 50,000                 15,818 22,200 173,523 151,323
13 375,000 50,000                 18,191 20,750 163,174 142,424
14 375,000 50,000                 20,919 19,390 153,538 134,148
15 375,000 500,000               24,057 181,200 144,618 -36,582
16 375,000 50,000                 27,666 16,935 136,383 119,448
17 375,000 50,000                 31,816 15,830 128,798 112,968
18 375,000 50,000                 36,588 14,795 121,789 106,994
19 375,000 50,000                 42,077 13,825 115,322 101,497
20 375,000 500,000               48,388 129,200 109,403 -19,797
21 375,000 50,000                 55,646 12,075 104,001 91,926
22 375,000 50,000                 63,993 11,285 99,081 87,796
23 375,000 50,000                 73,592 10,545 94,608 84,063
24 375,000 50,000                 84,631 9,855 90,593 80,738
25 375,000 500,000               97,326 92,100 87,002 -5,098
26 375,000 50,000                 111,924 8,610 83,848 75,238
27 375,000 50,000                 128,713 8,045 81,047 73,002
28 375,000 50,000                 148,020 7,520 78,662 71,142
29 375,000 50,000                 170,223 7,030 76,658 69,628
30 375,000 500,000               195,757 65,700 74,997 9,297

Return on Investment Calculation

Net Present Value of Costs and Benefits/Savings

Return on Investment Ratio

Investment Required

 

Economic analysis indicates that CP systems in remote locations can relia-
bly and cost-effectively be powered by PV panels and storage batteries. 



ERDC/CERL TR-14-3 22 

 

5 Conclusions and Recommendations 

5.1 Conclusions 

The solar powered CP system is operating as designed. Very little mainte-
nance should be necessary to keep the system operating properly. Some 
minimal maintenance, like cleaning solar arrays and measuring monthly 
outputs with a digital meter, should be all that is necessary to keep the sys-
tem operating well. Once every calendar year, a qualified CP specialist 
should survey the system to ensure proper CP levels.  

The project demonstrated that a PV powered ICCP system can be remotely 
monitored and the system kept fully operational at all times, eliminating 
the cost and inconvenience of visiting remote sites to make routine inspec-
tions. Another advantage of this system is that it is not vulnerable to inter-
ruptions of CP related to power failures on the grid. The third advantage is 
that once the system is in place, there is no continuing cost for ongoing 
power consumption. An ancillary benefit is that this system does not com-
pete for power with other applications on the grid in areas where power 
production capacity is limited.  

This CP system is a highly reliable and efficient technology now available 
for implementation to protect strategic and high-value facilities required 
to be self-sustaining. 

5.2 Recommendations 

5.2.1 Applicability 

Solar powered CP systems are inherently less reliable than conventional 
electrical powered systems. However, the applicability of solar-powered 
CP depends both on geographic location and the cost of serving a remote 
site with grid power. PTA is located at 9.5 degrees latitude, where sunshine 
is very direct and usually not obscured by clouds. At higher latitudes or 
where cloud cover prevails, reliable solar design would be much more dif-
ficult and expensive to achieve. PTA is well suited for this kind of solar ap-
plication because of its abundant solar energy, its remote location, and an 
expensive power infrastructure that is nearing its production capacity. Sys-
tems like this will increasingly become the most affordable and sustainable 
option for critical military applications in isolated areas.  
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Based on the results reported here, the demonstrated technology is also 
applicable at other remote locations. A PV-powered CP system can be used 
in remote areas for many applications, such as pipe lines, underground 
storage tanks, and other steel infrastructure. This technology could also be 
used to meet the ever-increasing CP monitoring requirements for steel in 
reinforced concrete pier pilings, seawalls, harbors, and wharves. 

5.2.2 Implementation 

This technology should be considered and economically compared to grid-
tied ICCP when designing cathodic protection for ferrous infrastructure. A 
favorable life-cycle cost basis is probable for remote facilities, where con-
nection to the grid is expensive or the power supply is not reliable. Howev-
er, the economic comparison will also be affected by the suitability and dif-
ficulty of implementing PV at a specific location.  

Adoption of the demonstrated application could be implemented into poli-
cy with revisions to the Unified Facilities Guide Specifications (UFGS), 
section 26 42 22.00 20, “Cathodic Protection System (Steel Water Tanks” 
(February 2013); and more widely by revisions to UFGS section 26 42 
17.00 10, “Cathodic Protection System (Impressed Current)” (November 
2008). 
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Appendix A: Subcontractor Assessment of the 
Demonstration System 
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Appendix B: RMU Data 
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RECTIFIER # 1 
    TANK # 400 
    MANUFACTURER - J.A.Electronics 

   MODEL # PVCONBOX (SOLAR) 

   SERIAL # 2080915 

    DC RATING - 12 volt, 3 amp 

   LOCATION - office bldg. 

   Shunt 50 mV= 5 amp 

   DATE: AS FOUND AS LEFT COMMENTS SURVEYOR 

3/19/2009 0 volts/ 0 amps 10.85 volts/ 1.06 amps initial start-up JT 

3/20/2009 10.9 volts/ .96 amps 10.9 volts/ .96 amps 24 hour polarization check JT 

3/23/2009 10.9 volts/ .9 amps 10.9 volts/ .9 amps 72 hour polarization check DB 

4/9/2009 10.9 volts/ .55 amps 10.9 volts/ .55 amps efficiency testing LM 

5/12/2009 10.3 volts/ .66 amps 10.3 volts/ .66 amps periodic check JT 

6/29/2009 10.6 volts/ .69 amps 10.6 volts/ .69 amps periodic check JT 

10/5/2009 10.5 volts/ .59 amps 0 volts/ 0 amps de-polarization survey JT 

10/8/2009 0 volts/ 0 amps 10.6 volts/ .58 amps end de-polarization survey JT 

12/4/2009 10.6 volts/ .79 amps 10.6 volts/ .79 amps periodic check JT 

3/14/2010 10.5 volts/ .1.0 amps 0 volts/ 0 amps de-polarization survey JT 

3/18/2010 0 volts/ 0 amps 10.5 volts/ .83 amps end de-polarization survey JT 
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TANK # 400 DATE BASE "ON" "INSTANT OFF" DELTA V COMMENTS SURVEYOR 

Reference Electrode 1 3/19/09 -0.551 -2.160     initial start-up JT 

Reference Electrode 2 3/19/09 -0.560 -4.200     initial start-up JT 

                
Reference Electrode 1 3/20/09   -2.160 -1.020 0.469 24 hour polarization JT 

Reference Electrode 2 3/20/09   -3.960 -1.060 0.500 24 hour polarization JT 

                
Reference Electrode 1 3/23/09   -2.180 -1.030 0.479 72 hour polarization DB 

Reference Electrode 2 3/23/09   -3.980 -1.080 0.520 72 hour polarization DB 

                
Reference Electrode 1 4/9/09   -2.254 -1.060 0.509 efficiency testing LM 

Reference Electrode 2 4/9/09   -4.010 -1.090 0.530 efficiency testing LM 

                
Reference Electrode 1 5/12/09   -2.170 -.998 0.447 periodic check JT 

Reference Electrode 2 5/12/09   -3.970 -1.040 0.480 periodic check JT 

                
Reference Electrode 1 6/29/09   -2.220 -.950 0.399 periodic check JT 

Reference Electrode 2 6/29/09   -3.920 -.990 0.430 periodic check JT 

                
Reference Electrode 1 10/5/09   -2.160 -.980 0.429 de-polarization survey start JT 

Reference Electrode 2 10/5/09   -3.800 -1.020 0.460 de-polarization survey start JT 

                
Reference Electrode 1 10/8/09   -2.370 -.740 0.189 red- de-polarized potential JT 

Reference Electrode 2 10/8/09   3.990 -.730 0.170 red- de-polarized potential JT 

                
Reference Electrode 1 12/4/09   -2.220 -1.050 0.499 periodic check JT 

Reference Electrode 2 12/4/09   -3.730 -1.040 0.480 periodic check JT 

                
Reference Electrode 1 3/14/10   -2.280 -1.030 0.479 de-polarization survey start JT 

Reference Electrode 2 3/14/10   -3.880 -1.020 0.46 de-polarization survey start JT 

                
Reference Electrode 1 3/18/10   -2.370 -.817 0.266 red- de-polarized potential JT 

Reference Electrode 2 3/18/10   -3.920 -.816 0.256 red- de-polarized potential JT 
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TANK # 400 

                   Current 
(amp) 

Anode 
1 

Anode 
2 

Anode 
3 

Anode 
4 

Anode 
5 

Anode 
6 

Anode 
7 

Anode 
8 

Anode 
9 

Anode 
10 

Anode 
11 

Anode 
12 

Anode 
13 

Anode 
14 

Anode 
15 

Anode 
16 

Anode 
17 

Anode 
18 

Survey
or 

3/19/2009 0.08 0.07 0.07 0.06 0.06 0.07 0.07 0.07 0.06 0.07 0.06 0.05 0.04 0.04 0.04 0.04 0.04 0.05 JT 

                                        

TOTAL  1.04                                     

                                        

5/12/2009 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 JT 

                                        

TOTAL  0.66                                     

                                        

6/29/2009 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 JT 

                                        

 TOTAL  0.69                                     

                                        

10/5/2009 0.04 0.04 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 JT 

                                        

TOTAL 0.54                                     

                                        

12/4/2009 0.05 0.05 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.03 0.03 0.03 JT 

                                        

TOTAL 0.73                                     

                                        

3/14/2010 0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.06 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 JT 

                                        

TOTAL 0.87                                     
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RECTIFIER # 2 
    TANK # 401 
    MANUFACTURER - J.A.Electronics 

   MODEL # PVCONBOX (SOLAR) 

   SERIAL # 2080916 

    DC RATING - 12 volt, 3 amp 

   LOCATION - office bldg. 

   Shunt 50 mV= 5 amp 

        DATE: AS FOUND AS LEFT COMMENTS SURVEYOR 

3/19/2009 0 volts/ 0 amps 10.78 volts/ 1.02 amps initial start-up JT 

3/20/2009 10.7 volts/ .92 amps 10.7 volts/ .92 amps 24 hour polarization check JT 

3/23/2009 10.7 volts/ .9 amps 10.7 volts/ .9 amps 72 hour polarization check DB 

4/9/2009 10.6 volts/ .87 amps 10.6 volts/ .87 amps efficiency testing LM 

5/12/2009 9.5 volts/ .56 amps 9.5 volts/ .56 amps periodic check JT 

6/29/2009 10.7 volts/ .83 amps 10.7 volts/ .83 amps periodic check JT 

10/5/2009 10.2 volts/ .64 amps 0 volts/ 0 amps de-polarization survey JT 

10/8/2009 0 volts/ 0 amps 10.4 volts/ .69 amps end de-polarization survey JT 

12/4/2009 10.4 volts/ .77 amps 10.4 volts/ .77 amps periodic check JT 

3/14/2010 10.4 volts/ 1.02 amps 0 volts/ 0 amps de-polarization survey JT 

3/18/2010 0 volts/ 0 amps 10.4 volts/ .8 amps end de-polarization survey JT 
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TANK # 401 DATE BASE "ON" "INSTANT OFF" DELTA V COMMENTS SURVEYOR 

Reference Electrode 1 3/19/09 -.688 -2.580     initial start-up JT 

Reference Electrode 2 3/19/09 -.660 -3.860     initial start-up JT 

                
Reference Electrode 1 3/20/09   -2.370 -1.100 0.412 24 hour polarization JT 

Reference Electrode 2 3/20/09   -3.430 -1.070 0.410 24 hour polarization JT 

                
Reference Electrode 1 3/23/09   -2.580 -1.080 0.392 72 hour polarization DB 

Reference Electrode 2 3/23/09   -3.850 -1.050 0.390 72 hour polarization DB 

                
Reference Electrode 1 4/9/09   -2.595 -1.052 0.364 efficiency testing LM 

Reference Electrode 2 4/9/09   -3.810 -1.020 0.360 efficiency testing LM 

                
Reference Electrode 1 5/12/09   -2.500 -1.010 0.322 periodic check JT 

Reference Electrode 2 5/12/09   -3.880 -1.015 0.355 periodic check JT 

                
Reference Electrode 1 6/29/09   -2.470 -1.010 0.322 periodic check JT 

Reference Electrode 2 6/29/09   3.680 .960 0.300 periodic check JT 

                
Reference Electrode 1 10/5/09   -2.470 -.990 0.302 de-polarization survey JT 

Reference Electrode 2 10/5/09   -3.720 -1.000 0.340 de-polarization survey JT 

                
Reference Electrode 1 10/8/09   -2.660 -.690 0.002 red- depolarized potential JT 

Reference Electrode 2 10/8/09   -3.910 -.710 0.050 red- depolarized potential JT 

                
Reference Electrode 1 12/4/09   -2.510 -1.040 0.352 periodic check JT 

Reference Electrode 2 12/4/09   -3.710 -1.010 0.350 periodic check JT 

                
Reference Electrode 1 3/14/10   -2.450 -1.040 0.352 de-polarization survey JT 

Reference Electrode 2 3/14/10   -3.630 -.990 0.330 de-polarization survey JT 

                
Reference Electrode 1 3/18/10   -2.430 -.760 0.072 red- depolarized potential JT 

Reference Electrode 2 3/18/10   -3.730 -.777 0.117 red- depolarized potential JT 
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TANK # 401 

                   
Current (amp) 

Anode 
1 

Anode 
2 

Anode 
3 

Anode 
4 

Anode 
5 

Anode 
6 

Anode 
7 

Anode 
8 

Anode 
9 

Anode 
10 

Anode 
11 

Anode 
12 

Anode 
13 

Anode 
14 

Anode 
15 

Anode 
16 

Anode 
17 

Anode 
18 Surveyed by 

3/19/2009 0.06 0.06 0.04 0.04 0.04 0.04 0.04 0.05 0.04 0.04 0.05 0.04 0.03 0.03 0.03 0.03 0.03 0.03 JT 

                                        

TOTAL  0.72                                     

                                        

5/12/2009 0.05 0.05 0.04 0.03 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.03 0.02 0.02 0.02 0.02 JT 

                                        

TOTAL  0.56                                     

                                        

6/29/2009 0.07 0.06 0.05 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.04 0.03 0.03 0.04 0.04 0.04 0.04 JT 

                                        

TOTAL  0.83                                     

                                        

10/5/2009 0.05 0.05 0.05 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 JT 

                                        

TOTAL 0.61                                     

                                        

12/4/2009 0.05 0.06 0.05 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 JT 

                                        

TOTAL 0.71                                     

                                        

3/14/2010 0.07 0.07 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.05 0.06 0.05 0.04 0.04 0.04 0.04 0.04 0.04 JT 

                                        

TOTAL 0.90                                     
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RECTIFIER # 3 
    TANK # 402 
    MANUFACTURER - J.A.Electronics 

   MODEL # PVCONBOX (SOLAR) 

   SERIAL # 2080917 

    DC RATING - 12 volt, 3 amp 

   LOCATION - office bldg. 

   Shunt 50 mV= 5 amps 

        DATE: AS FOUND AS LEFT COMMENTS SURVEYOR 

3/19/2009 0 volts/ 0 amps 10.8 volts/ 1.21 amps initial start-up JT 

3/20/2009 10.9 volts/ 1.01 amps 10.9 volts/ 1.01 amps 24 hour polarization check JT 

3/23/2009 10.8 volts/ .95 amps 10.8 volts/ .95 amps 72 hour polarization check DB 

4/9/2009 10.1 volts/ .72 amps 10.1 volts/ .72 amps efficiency testing LM 

5/12/2009 10.1 volts/ .68 amps 10.1 volts/ .68 amps periodic check JT 

6/29/2009 10.9 volts/ .95 amps 10.9 volts/ .95 amps periodic check JT 

10/5/2009 10.5 volts/ .7 amps 0 volts/ 0 amps de-polarization survey JT 

10/8/2009 0 volts/ 0 amps 10.6 volts/ .73 amps end de-poarization survey JT 

12/4/2009 10.6 volts/ .85 amps 10.6 volts/ .85 amps periodic check JT 

3/14/2010 10.5 volts/ 1.06 amps 0 volts/ 0 amps de-polarization survey JT 

3/18/2010 0 volts/ 0 amps 10.5 volts/ .85 amps end de-poarization survey JT 

 

 

 

 

 

TANK # 402 DATE BASE "ON" "INSTANT OFF" DELTA V COMMENTS SURVEYOR 
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Reference Electrode 1 3/19/09 -0.650 -3.450     initial start-up JT 

Reference Electrode 2 3/19/09 -0.629 -4.460     initial start-up JT 

                
Reference Electrode 1 3/20/09   -3.610 -1.090 0.440 24 hour polarization JT 

Reference Electrode 2 3/20/09   -4.680 -1.060 0.431 24 hour polarization JT 

                
Reference Electrode 1 3/23/09   -3.590 -1.080 0.430 72 hour polarization DB 

Reference Electrode 2 3/23/09   -4.640 -1.050 0.421 72 hour polarization DB 

                
Reference Electrode 1 4/9/09   -3.582 -1.061 0.411 efficiency testing LM 

Reference Electrode 2 4/9/09   -4.620 -1.030 0.401 efficiency testing LM 

                
Reference Electrode 1 5/12/09   -3.460 -1.014 0.364 periodic check JT 

Reference Electrode 2 5/12/09   -4.630 -1.026 0.397 periodic check JT 

                
Reference Electrode 1 6/29/09   -3.390 -.940 0.290 periodic check JT 

Reference Electrode 2 6/29/09   -4.280 -.960 0.331 periodic check JT 

                
Reference Electrode 1 10/5/09   -3.440 -1.010 0.360 de-polarization survey JT 

Reference Electrode 2 10/5/09   -4.390 -1.000 0.371 de-polarization survey JT 

                
Reference Electrode 1 10/8/09   -3.690 -.740 0.090 red- depolarized potential JT 

Reference Electrode 2 10/8/09   -4.590 -.740 0.111 red- depolarized potential JT 

                
Reference Electrode 1 12/4/09   -3.360 -1.030 0.380 periodic check JT 

Reference Electrode 2 12/4/09   -3.990 -1.020 0.391 periodic check JT 

                
Reference Electrode 1 3/14/10   -3.320 -1.030 0.380 de-polarization survey JT 

Reference Electrode 2 3/14/10   -4.160 -1.010 0.381 de-polarization survey JT 

                
Reference Electrode 1 3/18/10   -3.450 -.789 0.139 red- depolarized potential JT 

Reference Electrode 2 3/18/10   -4.420 -.788 0.159 red- depolarized potential JT 
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TANK # 402 

                   
Current(amp) 

Anode 
1 

Anode 
2 

Anode 
3 

Anode 
4 

Anode 
5 

Anode 
6 

Anode 
7 

Anode 
8 

Anode 
9 

Anode 
10 

Anode 
11 

Anode 
12 

Anode 
13 

Anode 
14 

Anode 
15 

Anode 
16 

Anode 
17 

Anode 
18 

Surveyed 
by 

3/19/2009 0.07 0.06 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.05 JT 

                                        

TOTAL  0.92                                     

                                        

5/12/2009 0.05 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.04 JT 

                                        

TOTAL  0.68                                     

                                        

6/29/2009 0.07 0.06 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.05 0.04 0.04 0.04 0.05 0.04 0.04 0.05 JT 

                                        

TOTAL  0.95                                     

                                        

10/5/2009 0.05 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.03 JT 

                                        

TOTAL 0.65                                     

                                        

12/4/2009 0.06 0.05 0.05 0.05 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.04 0.03 0.03 0.04 0.04 0.04 0.04 JT 

                                        

TOTAL 0.81                                     

                                        

3/14/2010                                     JT 

                                        

TOTAL                                       
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Appendix C: Cost Breakdown for Economic 
Analysis 
HELCO rates, January 2009 – January 2010 

Cost Adjustment Rate Total 

11.387 19 30.387 

7.958 15.57 23.528 

8.64 16.25 24.89 

6.647 14.26 20.907 

6.529 14.14 20.669 

6.67 14.28 20.95 

8.041 15.65 23.691 

9.236 16.85 26.086 

10.524 18.13 28.654 

11.143 18.75 29.893 

10.214 17.82 28.034 

9.97 17.58 27.55 

11.485 19.1 30.585 

Average Rate 25.83261538 

 

System costs 

PV-CP System $82,766.00 

Shipping $1,500.00 

Equipment Rental $1,740.00 

Labor & Travel $77,547.00 

Total $163,533.00 

  

ICCP System $47,474.00 

Shipping $1,500.00 

Equipment Rental $1,740.00 

Labor & Travel $49,524.00 

Total $100,238.00 
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System cost savings 

Energy Savings    $347.74 

Powerline Right-of-Way Maint $7,500.00 

Total $7,847.74 

 
ICCP Power 10 3 30 W 

Duty Cycle   24 h 

Power Generated   720 Wh 

   0.72 kWh per day 

   262.8 kWh per year 

 
Annual Rate Increase  15.00%  

Year Rate Power Use Cost 

1 25.83261538 262.8 $67.89 

2 29.70750769 262.8 $78.07 

3 34.16363385 262.8 $89.78 

4 39.28817892 262.8 $103.25 

5 45.18140576 262.8 $118.74 

6 51.95861663 262.8 $136.55 

7 59.75240912 262.8 $157.03 

8 68.71527049 262.8 $180.58 

9 79.02256106 262.8 $207.67 

10 90.87594522 262.8 $238.82 

11 104.507337 262.8 $274.65 

12 120.1834376 262.8 $315.84 

13 138.2109532 262.8 $363.22 

14 158.9425962 262.8 $417.70 

15 182.7839856 262.8 $480.36 

16 210.2015834 262.8 $552.41 

17 241.7318209 262.8 $635.27 

18 277.9915941 262.8 $730.56 

19 319.6903332 262.8 $840.15 

20 367.6438832 262.8 $966.17 

  20-year total $6,954.70 

  Annual average $347.74 
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HELCO Power Lines Installation 

Cost $9,000.00 per 300 feet 

 $30.00 per foot 

Distance 1 mile 

 5,280 feet 

Total Cost $158,400.00  
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