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INTRODUCTION 

Under Naval Facilities Engineering Command sponsorship, the Naval 
Civil Engineering Laboratory (NCEL), as the lead laboratory for the 
Navy's Wind Energy Program involving shore facilities, is investigating 
the use of small wind energy conversion systems (SWECS) in the 1- to 
50-kW range to generate electricity at Navy shore installations.  The ' 
primary program objectives include: 

1. Selection of a suitable site for long-term testing of a wind 
energy conversion system by determining annual average wind speed, 
minimum electromagnetic interference (EMI) to Navy installations, and 
special environmental conditions at the site. 

2. Selection of an optimum size WECS required to meet the load 
power requirements based on site wind characteristics. 

3. Collection and analysis of reliability, availability, and 
maintainability (RAM) data on various generic types and sizes of WECS. 

4. Collection and analysis of performance and operational data to 
evaluate various WECS design characteristics. 

5. Collection of operating and maintenance cost data and deter- 
mination of the logistic support requirements for practical use of WECS 
at Navy bases. 

Since 1980 SWECS technology has developed significantly; by 1983 
over 8,000 SWECS had been installed.  SWECS size has increased each 
year; the average size is now between 25 and 50 kW.  This expansion has 
been caused primarily by the results of numerous wind farms installed in 
California.  As soon as a SWECS is considered reliable by the manufacturer, 
larger generators are installed to increase capacity.  The trend is to 
sell larger machines.  In addition, sufficient reliability data are not 
made available during these commercial ventures for smaller machines in 
the 8- to 20-kW range, which currently is the most attractive size for 
Navy applications.  For these reasons, the Navy needs to plan and collect 
data for long-term evaluation of the SWECS. 

This report consolidates the results of long-term evaluations of 
four Navy-installed SWECS: 

1. NCEL, Port Hueneme, Calif. - 2-kW WECS 

2. Kaneohe Bay, Hawaii - 2-kW WECS 

3. San Nicholas Island - 5-kW WECS 

4. Treasure Island - 6-kW WECS 



Data were obtained by evaluating the data collection procedures and 
forms that are currently being used.  Both the NCEL and Kaneohe Bay WECS 
are currently operating and data will continue to be collected.  The San 
Nicolas Island and Treasure Island WECS are no longer in operation. 

The RAM and operational data collected and analyzed from each of 
these sites during long-term evaluation will provide the necessary 
information to develop guides, manuals, and procedures for Navy use of 
small (up to 60 kW) wind energy conversion systems.  This information 
will then be used by Navy Public Works Centers and Engineering Field 
Divisions to design, install, operate, and maintain WECS. 

NAVAL CIVIL ENGINEERING LABORATORY, PORT HUENEME, CALIF. 

The upwind, 2-kW, horizontal-axis WECS at NCEL is a three-bladed, 
variable-pitch machine with a 12.5-foot-diam. rotor that drives a 2-kW 
brushless generator through a gearbox.  The rotor, alternator, and 
gearbox are mounted as one unit on a free-standing, 60-foot-high steel 
tower. 

The alternator is an 8-pole, 220-volt, 3-phase unit with a rotating 
field.  The direct current (DC) power for the rotating field is provided 
via a voltage regulator by a small alternating current (AC) exciter 
armature mounted on the same shaft. 

Overspeeding of the rotor in high winds and under no load is con- 
trolled by a centrifugal governor, which changes the blade pitch angle, 
thus reducing the rotor rotational speed.  A magnetic latching device 
provided in the rotor hub prevents the centrifugal governor from changing 
the blade pitch when the prevailing wind speeds are equal to or below 
30 mph.  When wind speeds exceed 30 mph, the magnetic latching device 
unlatches the blade pitch change mechanism, thus allowing the blade to 
pitch as controlled by the governor. 

The power conditioning consists of an automatic load-matching 
device that demonstrates the use of variable-frequency, wind-generated 
electricity to operate (1) resistive heaters for space heating, (2) a 
fan for ventilation, and (3) lights. 

Detailed specifications for this wind system are as follows: 

Rotor 
Diameter 12.5 ft 
Capture area 122.7 ft^ 
Blade materials   Stainless steel 
Number of blades    3 
Rotor solidity" 10.0% 
Rotational speed 130 to 180 rpm 
Cut-in wind speed 8 mph 
Cut-out wind speed None 
Rated wind speed 25 mph 
Survival wind speed 100 mph 
Overspeed control   Centrifugal governor with magnetic 

latching 

"'Rotor solidity is defined as the ratio of total blade area to the 
rotor disk or capture area. 



Transmission 
Type    Planetary gears, step-up 
Gear ratio 5.1:1 

Generator 
Type    Self-excited brushless rotor 
Number of poles   8 
Rated voltage 220 V, 3 phase 
Power form 3 phase, variable frequency, 43 to 60 Hz 
Rated power 2 kW at 25 mph, 3 kW at 30 mph 
Power curve See graph in Figure 1 
Field sliprings None 
Yaw sliprings   Five similar aeromotive type 

Tower 
Type  Open truss, free standing 
Height  60 ft 
Protective coatings   .... Heavy galvanized 

Power Conditioning 
Generic type    Automatic load matching with relays for 

switching loads 
Features    Load relays operated with commercial 

control modules 

Site Information 
Annual average wind speed . . 6.5 mph 
Corrosion potential   High 
Environmental extremes  . . . Heavy saltwater spray 

Operating Performance 

The site wind and the 2-kW WECS output data at Port Hueneme have 
been recorded continuously, and the results for a 9-month period from 
December 1983 to August 1984 are given in Table 1.  The tabulated data 
show the average wind speed, the peak wind speed, the duration of the 
longest lull*, the wind speed duration distribution, and the WECS output 
in kW-hr both calculated and measured for each month.  Since the 2-kW 
WECS has a cut-in wind speed of 8 mph and a rated wind speed of 25 mph, 
the measured wind speeds at the site were divided into seven categories, 
namely, between 0 to 8, 8 to 12, 12 to 16, 16 to 20, 20 to 24, 24 to 26* 
and 26 mph or greater.  The duration (hours) of wind speed occurrence in 
each category is listed in the table.  The average wind speed at the 
site for the 9-month period was 7.39 mph, and the monthly duration of 
wind speed values below the WECS cut-in speed ranged between 344 hours 
(December) and 525 hours (April), thus implying that Port Hueneme is a 
poor site for economic use of wind power. 

The total WECS output measured during the 9-month period was 
733.6 kW-hr.  No output measurements were made during July and August 
because the wattmeter was being repaired.  The computed monthly output 

"Continuous occurrence of wind speeds below 6 mph. 

3 



of the WECS based upon its performance curve (Figure 1) shows the total 
output for the 9-month period to be 1,119.3 kW-hr.  The wind speed and 
the WECS output histograms are given in Figure 2.  The difference in the 
measured and the computed value of WECS output is due to some of the 
unaccounted energy used by a battery charging device being tested at the 
site. 

Reliability 

Since 1977, the 2-kW WECS has operated continuously except for 
three failures of the sliprings, two failures of the yaw bearings, and 
one failure of the blade-root bearing.  During the 9-month evaluation 
period, the 2-kW WECS did not experience any reliability problems. 
During this period the WECS has operated for a total of 2,569 hours 
without failure. 

Maintainability and Maintenance 

The maintainability features of the 2-kW WECS are such that the 
entire unit must be lowered prior to performing any corrective maintenance, 
Preventive maintenance requirements include replacing oil in the gearbox 
every 6 months and providing periodic inspection for: (1) tower vibration, 
(2) rust condition, and (3) instrumentation operation. 

Availability 

Availability is expressed as a probability and combines the reli- 
ability and maintainability performance features of the WECS.  Availabil- 
ity is computed by totaling the uptime (i.e., operating time) plus the 
available time to operate (ATTO) (i.e., machine could operate, but there 
was not sufficient or excessive winds or other external causes) and 
dividing by the total of uptime, downtime (i.e., machine is not capable 
of operating), and ATTO.  The availability of the 2-kW WECS for the 
9 months is found to be 1.0 (see Figure 3).  It should be noted, however, 
that during this period there were only 2,569 hours of sufficient wind 
speeds at the site when the WECS generated usable power. 

MARINE CORPS AIR STATION (MCAS), KANEOHE, HAWAII 

The upwind, 12.5-kW, horizontal-axis WECS at Kaneohe has a three- 
bladed propeller system with mechanical blade control for pitch and a 
23.0-foot-diam rotor that drives a 15-kW brushless alternator through an 
offset-hypoid gear.  The rotor, gearbox, and alternator are mounted on a 
free-standing, 40-foot-high steel tower.  The brushless alternator is a 
6-pole, 180-volt, 3-phase unit. 

A mechanically operated, blade-actuated governor provides positive 
speed control.  A hydraulic-actuated snubber control device works in 
conjunction with the tailvane to control overspeeds in excess of 28 to 
30 mph.  This device, in turn, rotates the rotor (i.e., blades) to be 
tangent to the wind and will continue this process up to 100 mph.  As 
the wind decreases to below 28 to 30 mph, the snubber control will allow 
a smooth transition of the rotor back to the normal operating orientation. 



The power conditioning consists of a solid state, line-commutated 
frequency changer that converts power from the input source (i.e., 
brushless alternator) to AC power compatible with the utility line.  The 
changer uses the AC utility line to operate; when the AC line is not 
present, the unit cannot operate. 

Detailed specifications for this wind system are as follows: 

Rotor 
Diameter  23 ft 
Capture area  415 ft^ 
Blade material   Laminated wood 
Number of blades   3 
Rotor solidity  5.2% 
Rotational speed  205 rpm peak ' 
Cut-in wind speed  8 mph       .      ': ' 
Cut-out wind speed  None 
Rated wind speed  27 mph 
Survival wind speed  .... 100 mph 
Overspeed control   Centrifugal 

Transmission 
Type Offset-hypoid gear 
Gear ratio 6.1:1 

Generator 
Type    15-kW brushless alternator 
Number of poles   6 
Rated voltage  180 V 
Power form  3 phase, AC 
Rated power  12.5 kW at 27 mph wind speed 
Power curve  See Figure 4 
Field sliprings  2 
Yaw sliprings  None , 

Tower 

Type    Free standing, cylindrical concrete 
Height 40 ft 
Protective coatings   None required 

Power Conditioning 
Generic type    Single-phase (228- to 252-VAC), 60-Hz line- 

commutated inverter with silicon-controlled 
rectifiers 

Features    15 kW (rated power output) 

Site Information 
Average available power in 

the wind  14.3 W/ft^ 
Annual average wind speed  . 12 to 13 mph 
Corrosion potential  .... Very high 
Environmental extremes . . . None 



Operating Performance 

The site wind characteristics and the 12.5-kW WECS output data at 
Kaneohe have been recorded continuously, and the test results for a 
13-month period from July 1983 through July 1984 are shown in Table 2. 
The wind characteristics shown in Table 2 follow the same format as that 
of Table 1 except that the rated wind speed of this WECS is 28 mph.  The 
average wind speed for the 13-month period at Kaneohe was found to be 
12.6 mph.  The monthly duration of wind speeds below 8 mph, the cut-in 
speed value of the WECS, ranged between 7 hours (July 1983, June 1984) 
to 491 hours (February 1984).  The high value of wind speed duration 
below 8 mph in February 1984 at the site was a rare occurrence and was 
due to a strange weather phenomenon that prevailed in the region.  Based 
upon the site characteristics measured, the site is a good location for 
wind power application. 

The total WECS output measured during the 13-month period was 
14,599.5 kW-hr.  The WECS was down for repairs in November and December 
1983.  The computed output of the WECS based upon the site winds and its 
performance curve (Figure 4) was established at 20,689 kW-hrs.  The 
measured output of the WECS despite a 2-month downtime was about 71% of 
the computed value.  The wind speed and the WECS monthly output histograms 
are given in Figure 5.  It can be seen from the histograms that the WECS 
output for 5 months of the 13-month period was fairly close to the 
predicted values. 

Reliability 

The WECS at Kaneohe Bay was installed in January/February 1983. 
After initial startup and testing, a new rotor was installed in July 
1983.  An inspection of one of the rotors showed that a foreign object 
had hit one of the blades, causing it to split, which necessitated 
replacement of the entire rotor.  In addition, the brake assembly had to 
be replaced in July 1983. 

The WECS operated from July through October 1983 without incident. 
During a potential hurricane in October, the brake was applied.  During 
later attempts to release the brake, the generator would not turn.  The 
next 2 months were spent attempting to repair the WECS, but the attempts 
were not successful.  The only time when access to the tower is permitted 
is Monday morning.  All other times the radars on the base are transmit- 
ting.  During this 10-week period the bucket truck that is used to gain 
access was either not available or was nonoperational.  Finally on 
4 January 1984, the generator was restored to operation.  The mechanism to 
actuate the brake pads had been corroded to the extent that the pads 
could not be released.  In June 1984, utility high voltage spikes blew 
the main line fuses in the SWECS power inverter.  The fuses were replaced 
and there appeared to be no other problems. 

Low power production in July led to a detailed inspection in mid- 
August.  This inspection indicated no mechanical or electrical reason 
for low production.  A later inspection on 27 August 1984 uncovered an 
electrical control board problem.  The field excitation control for the 
wind plant is located on this board.  The voltage spike in June had 



caused damage to the field excitation control, which resulted in inter- 
mittent power development.  After the control board was replaced, a 
secondary problem was uncovered:  the windings on the generator were 
shorted.  The generator will thus require replacement. 

The Mean Time Between Failures (MTBF) during 1984 is 1,375 hours. 
The WECS had operated 2,750 hours with two failures. 

Maintainability and Maintenance 

The maintainability features of the 12.5-kW WECS are such that the 
rotor, gearbox, or generator must be lowered prior to performing any 
corrective maintenance.  Most preventive maintenance and some corrective 
maintenance can be performed with the equipment installed on the tower. 
There are currently plans to install a platform, which will allow main- 
tenance to be performed more readily. 

Because of the harsh salt air environment, the WECS requires extra 
attention.  The governor springs and the brake assembly are most suscep- 
tible to the salt conditions and must be tended to on a scheduled basis. 

On a quarterly or semiannual basis, the WECS should be thoroughly 
inspected from top to bottom and whatever adjustments (i.e., aluminum 
wedge blocks located in the alternator frame) necessary to assure safe 
and proper operation should be made.  The results of the inspections 
currently being conducted will establish the desirable frequency of 
inspection.  The inspection will include: 

(1) checking the inverter 

(2) testing the brake and brake assembly for proper operation 

(3) greasing the cable winch and brake cable 

(4) greasing governor springs and brake cable assembly 

(5) checking tower vibration 

(6) checking rust condition 

(7) changing oil in the gearbox (recommended annually and requires 
about 1 gallon of oil) 

(8) checking brake pad condition 

Availability 

The availability of the 12.5-kW WECS for the first 7 months of 1984 
is shown in Figure 6.  The availability is currently 0.897.  This is 
based on 4,594 hours of operation or potential operation and 518 hours 
of nonoperational time. 



SAN NICOLAS ISLAND, CALIF. 

The upwind, 5-kW, horizontal-axis WECS at San Nicolas Island was a 
three-bladed, variable-pitch machine with a l6.4-foot-diaiii rotor, which 
drove a 5-kW, self-excited generator with field brushes through planetary 
gears. The rotor, generator, and gearbox were mounted as one unit on a 
free-standing, 50-foot-high, open-truss steel tower. The generator was 
a 16-pole, 190-Volt, 3-phase unit with a rotating field. 

Overspeeding of the rotor was controlled by a centrifugal governor 
that increased blade pitch with increasing wind speed to control rpm. 
In winds greater than 45 mph, the tail automatically turned 90 degrees 
to turn the rotor out of the wind. 

The power conditioning consisted of automatic load-matching devices 
that demonstrated the use of variable-frequency, wind-generated electricity 
for space heater application. 

The environment has high corrosion potential caused primarily by 
heavy saltwater spray and moisture.  The average wind speed over the 
operating life was about 15 mph. 

Detailed specifications for this wind system are as follows: 

Rotor 
Diameter    16.42 ft 
Capture area  211.7 ft^ 
Blade materials   Laminated wood 
Number of blades    3 
Rotor solidity  5% 
Rotational speed  100 to 200 rpm 
Cut- .n wind speed  8 mph 
Cut-out wind speed  45 mph 
Rated wind speed  24 mph 
Survival wind speed  100 mph 
Overspeed control   Centrifugal governor 

Transmission 
Type    Planetary gears, step-up 
Gear ratio    4.12:1 

Generator 
Type   Self-excited with field brushes 
Number of poles  16 
Rated voltage  190 V, 3 phase 
Power form  3 phase, variable frequency, 55 to 100 Hz 
Rated power  5 kW 
Power curve  See graph in Figure 7 
Field sliprings  2 
Yaw sliprings  3 

Tower 
Type  Open-truss guyed 
Height  50 ft 
Protective coatings  .... Heavy galvanized 



Power Conditioning 
Generic type    Automatic load matching with switching 

loads 
Features      Load relays operated with commercial 

control modules 

Site Information 
Annual average wind speed  . 15 mph 
Corrosion potential  .... Very high 
Environmental extremes . . . High corrosion potential, high humidity 

Operating Performance 

The WECS at San Nicolas Island was installed in November 1979 and, 
following intermittent operation, the system was removed in February 1983 
for complete reconditioning prior to eventual reinstallation.  The WECS 
is currently stored at NCEL.  The system had instrumentation but no data 
logger for long-term evaluation of wind conditions and operating perfor- 
mance.  The field test results provided excellent design information for 
improving WECS reliability performance in a highly corrosive marine 
environment and also yielded the following information: 

1. Sliprings need to be enclosed for protection from the 
environment, or a WECS that eliminates the need for sliprings 
should be selected. 

2. WECS in this environment will require frequent (every 2 weeks) 
preventive maintenance. 

Reliability 

The WECS did not operate well initially.  The corrosion of bearings, 
sliprings, electrical terminals, the feathering control, and the voltage 
regulator were the main problems.  The rotor hub bearing showed corrosion 
of the race, including false brinelling (rectangular dents).  This type 
of failure in the bearings indicates excessive system vibration.  Proper 
lubrication would eliminate this type of condition.  One method that was 
used to improve bearing life was to fill the rotor hub with a lubricating 
oil, which kept the bearing race coated with oil when the rotor was not 
turning, thus ensuring proper lubrication of the wearing surfaces.  This 
arrangement also prevented corrosion of the bearing components because 
of the salt and the moisture from the environment.  This design modifi- 
cation increased the MTBF from 90 to 280 days for the rotor. 

The yaw sliprings were of normal design with no special consider- 
ations given to the operating environment.  These three sliprings were 
mounted on the yaw shaft and separated by plastic spacers.  The rings 
were connected to metal studs.  The studs were insulated from the metal 
plate by plastic inserts placed around them.  Moisture in the air resulted 
in grounding the studs to the metal, causing arcing at various points of 
the slipring assembly.  This was the common cause of slipring failure. 



Maintainability and Maintenance 

The maintainability features of the WECS were such that the entire 
unit required lowering prior to performing any major corrective mainte- 
nance.  Preventive maintenance requirements included replacing oil in the 
gearbox every 6 months and providing periodic inspections for:  (1) tower 
vibration, (2) rust condition, and (3) instrumentation operation. 

Availability 

Because accurate data on operating hours and downtime were not 
available, and a data logger was not installed to provide long-term 
information, availability was not computed. 

TREASURE ISLAND, CALIF. 

The upwind, 6-kW, horizontal-axis WECS at Treasure Island was a 
three-bladed, variable-pitch machine with a 17.4-foot-diam rotor, which 
drove a 6-kW, 3-phase, permanent-magnet generator (i.e., alternator) 
through step-up planetary gears.  The generator incorporated a rectifier, 
which converted the variable voltage and frequency electricity produced 
by the variable speed rotor to DC electricity. 

The rotor, generator, and gearbox were mounted as one unit on a 
free-standing, 60-foot-high, open-truss steel tower.  The generator was 
a l6-pole, 140-volt, 3-phase unit.  Overspeeding of the rotor was con- 
trolled by a centrifugal governor that increased blade pitch with 
increasing wind speed to control rpm.  In winds greater than 45 mph, the 
tail automatically turned 90 degrees to turn the rotor out of the wind. 

Power conditioning was provided by a single-phase, line-commutated 
inverter.  The corrosion potential was not very severe and environmental 
extremes were not significant.  The average wind speed over the operating 
life of the WECS was between 8 and 10 mph. 

Detailed specifications for this wind system are as follows: 

Rotor 
Diameter   17.42 ft 
Capture area  238.3 ft^ 
Blade material   Laminated wooden blades without twist 
Number of blades   3 
Rotor solidity  5.2% 
Rotational speed  100 to 200 rpm 
Cut-in wind speed  8 mph 
Cut-out wind speed  45 mph 
Rated wind speed  28 mph "' 
Survival wind speed  .... 100 mph 
Overspeed control    Centrifugal governor 

Transmission 
Type    Planetary gears, step-up 
Gear ratio    4.12:1 
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Generator 
Type   3-phase, permanent-magnet rotor 
Number of poles  16 
Rated voltage  140 V 
Power form  DC 
Rated power  6.00 kW 
Power curve  See Figure 8 
Field sliprings  None 
Yaw sliprings  3 ;« 
Rotational speed  412 to 824 rpm 

Tower 
Type  Open truss, free standing 
Height  60 ft 
Protective coatings  .... Heavy galvanized 

Power Conditioning 
Generic type   Single-phase, line-commutated inverter 
Features   120 VAC (rated voltage) 

7.5 kW (rated power output) 

Site Information 
Average available power 
in the wind  4 to 5 W/ft 

Annual average wind speed  . 8 to 10 mph 
Corrosion potential  .... Not very severe 
Environmental extremes . . . Not significant 

Operating Performance 

The WECS was installed at Treasure Island in September 1979 and 
operated until February 1983, when it was removed.  The WECS performed 
satisfactorily.  Between May 1980 and March 1981 (i.e., 295 days) 1,115 
kW-hr of AC power were generated.  This value corresponds to an annual 
output of 1,380 kW-hr.  The inverter efficiency during this period was 

between 75 and 81%. 
During the entire testing demonstration phase, one major technical 

problem was encountered:  maintaining the synchronous inverter in a 
properly programmed state.  Proper programming of the synchronous inverter 
involved setting the firing sequence of the silicon-controlled rectifiers 
(SCRs) to match the ambient wind conditions experienced at the site. 
When wind speeds are highly variable, maintaining the impedance of the 
WECS so that it is properly matched with that of the AC line is a chronic 
problem that must be frequently addressed.  From December 1979 to May 1980, 
system performance was extremely poor.  Over one 162-day interval, only 
5 kW-hr of AC and 112 kW-hr of DC power were produced, which corresponds 
to an efficiency of about 2 to 6% for the inverter.  This poor performance 
was due to the inverter being improperly programmed.  After reprogramming, 
inverter performance improved significantly.  The performance of the 
WECS from December 1979 to June 1981 is shown in Table 3.  Overall 
inverter efficiency was 0.57. 
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In addition to the testing at Treasure Island, preliminary testing 
was done at NCEL, Port Hueneme.  This preliminary testing was to evaluate 
the application of a synchronous inverter in integrating a variable-output, 
wind-driven generator with another power source.  Synchronous inversion 
techniques for this application were in early stages of development, and 
data on performance, reliability, and power quality were lacking. 

The initial testing at Port Hueneme indicated that the synchronous 
inversion techniques used suffered from impedance matching.  For optimum 
performance of the WECS, it is extremely important to match the inverter 
impedance to that of the AC generator at all wind speeds. 

One problem that persisted was keeping the inverter properly pro- 
grammed to match its impedance with that of the AC generator at all wind 
speeds.  A more efficient means of maintaining a properly programmed 
inverter is desired and could be accomplished by variable trigger voltage 
for the SCRs. 

The WECS was removed from Treasure Island in March 1983 and returned 
to NCEL for refurbishment.  The 6-kW WECS was installed in August 1983 
at San Nicolas Island.  On 13 October 1983 the WECS became inoperable 
and was eventually removed in January 1984. 

Reliability 

The WECS operated satisfactorily with only two critical failures. 
The first failure occurred in December 1979 and the second in April 1981. 
Both failures were caused by arcing at the electrical terminals located 
on the yaw shaft, which caused grounding of the generator to the tower. 
The operating times before failure had been about 120 and 460 days, 
which corresponds to a system MTBF of 290 days. 

A more detailed engineering evaluation of the terminals on the 
tower indicated the insulation became weak because of marine salt, which 
resulted in a flashover.  In grounding the generator to the tower, only 
two instead of three phases were producing power, thus greatly reducing 
the power output of the generator. 

In February 1982, the propeller hub separated from the gearbox and 
the blades fell to the ground.  The WECS was removed in March 1983 and 
returned to NCEL for refurbishment.  The refurbishment included three 
new blades, new bearings, feathering controls, new seals, new sliprings, 
and brushes.  The alternator and hub were inspected and found to be 
operational. 

The 6-kW WECS was then installed at San Nicolas Island.  In 
August 1983, after about 45 days of operation, one blade was broken, but 
the rotor was still turning and producing power.  A later investigation 
indicated that the yaw shaft had fatigued and cracked, resulting in one 
blade hitting the tower.  The WECS was removed from San Nicolas Island 
in January 1984 and is currently stored at NCEL. 

Maintainability and Maintenance 

The maintainability features of the 6-kW WECS were such that the 
entire unit required lowering prior to performing any major corrective 
maintenance.  Preventive maintenance requirements included replacing oil 
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in the gearbox every 6 months and providing periodic inspection for: 
(1) tower vibration, (2) rust condition, (3) instrumentation operation, 
and (4) synchronous inverter operation. 

Availability 

The availability of the 6-kW WECS between December 1979 and June 1981 
was 0.965.  This was based on a total of 578 days, 558 days of which the 
WECS was capable of operating.  Ten days were allocated for each of the 
two critical failures. 

DISCUSSION ' 

The RAM characteristics of the four WECS tested at four different 
locations are summarized in Table 4.  The 2-kW WECS at Port Hueneme has 
shown the highest availability (1.0) of all the four systems.  This is 
attributed primarily to the regular inspections and care the system 
receives because of its location at NCEL.  The lowest availability was 
demonstrated by the 5-kW system at San Nicolas Island.  The system 
experienced numerous failures of its components because of highly corro- 
sive environmental conditions at the site.  Further, because of the 
remoteness of the site, the WECS did not receive proper care on a regular 
basis.  The 6-kW WECS tested at Treasure Island for 21 months, basically 
with the same design features as the 5-kW system, showed good availability 
(0.965).  The failures of the yaw sliprings experienced by the 6-kW 
system were mainly due to poor design.  Finally, during 13 months of 
testing the 12.5-kW WECS at Kaneohe has shown only two failures, which 
were due to environmental corrosion and fluctuations in grid voltage. 

It roust be noted that all four WECS require scheduled or preventive 
maintenance every 3 to 6 months depending upon the environmental conditions 
at the site.  Another feature noticed during the testing of the four 
WECS is that to facilitate unscheduled maintenance and repairs, the wind 
turbine generator atop the tower must be readily accessible.  None of 
the systems discussed in this report are easily accessible for repairs; 
thus, the cost of repairing the systems during breakdown was high. 
Future WECS installations must use some type of a tilt-down tower design 
to reduce repair costs and downtime. 

All four WECS showed excellent performance on a instantaneous 
basis, but long-term performance in some cases was affected dramatically 
because of numerous failures (e.g., the 5-kW WECS at San Nicolas). 
However, wind power technology is advancing rapidly to develop reliable 
and cost-effective WECS. 

CONCLUSIONS 

1.  Small wind energy conversion systems (SWECS) in the 1- to 50-kW 
range are starting to become a viable source of alternative energy, but 
for most Navy applications they must be conditioned to operate in a 
highly corrosive marine environment.  Based upon the tests of four SWECS 
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(2, 5, 6, and 12.5 kW), it is concluded that a majority of reliability 
problems experienced by the systems were due to environmental conditions 
and design configurations. 

2. SWECS system performance was good on a instantaneous basis, but 
long-term performance suffered in some cases (e.g., the 5-kW WECS at 
San Nicolas Island) because numerous system failures.  Most of these 
failures can be attributed to poor design features of the SWECS. 

3. System availability varied, depending on the system size and site 
location.  For instance, the 2-kW WECS at Port Hueneme showed an avail- 
ability of 1.0, whereas the 12.5-kW WECS being tested at Kaneohe, Hawaii, 
demonstrated an availability of 0.897.  It must be concluded here that a 
single unit availability of 0.90 is achievable with the present technology. 

4. Each SWECS is unique and requires different preventive maintenance 
schedules.  The results show that corrosion control should be performed, 
as a minimum, every 3 months, although as new materials and coatings for 
this material become available, corrosion control could be extended to 
6 months in the future. 

RECOMMENDATIONS 

The lessons learned from these SWECS evaluations will assist greatly 
in future procurements of SWECS.  The results of these lessons provide 
the following recommendations: 

1. Do not use yaw sliprings. 

2. All bearings used in a WECS must be sealed and self-lubricating. 

3. For ease of maintenance, a hinged tilt-down type tower for 
WECS is desirable. 

4. Special attention must be paid to design configurations, 
including material selection, to enable the SWECS to withstand 
a marine environment. ; 

5. All controls for the SWECS must be passive and fail safe. 
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Table 1.  2-kW WECS Operating and Site Wind Characteristics Data, Port Hueneme 

ui 

Month 

Wind Speed Duration (hr) a t Wind Speeds Between-- WECS Output (kW-hr) 

Average 
(mph) 

Peak 
(mph) 

Longest 
Lull (hr) 

0-8 
mph 

8-12 
mph 

12-16 
mph 

16-20 
mph 

20-24 
mph 

24-26 
mph 

26 or 
greater 
mph 

Computed Measured 

Dec^ 1983 6.91 41.0 64 525 113 42 28 19 7 10 115.4 89.7 

Jan 1984 7.65 49.5 24 471 146 64 31 16 5 11 125.7 76.1 

Feb 7.69 44.5 18 429 125 72 40 18 4 8 128.0 75.1 

Mar 7.49 51.5 27 469 128 76 39 14 4 14 135.6 110.4 

Apr 9.93 45.5 14 344 132 93 64 42 15 30 254.0 241.7 

May 7.13 43.5 18 461 148 67 37 18 5 8 128.8 80.1 

Jun 7.03 28.0 14 394 201 102 20 3 0 0 91.2 60.48 

Jul 6.43 28.0 71 464 187 75 16 2 0 0 73.7 b 

Aug 6.21 25.5 16 474 186 72 11 1 0 0 66.9 b 

Average 7.39 

Total 4,031 1,366 663 286 133 40 81 1,119.3 733.6 

Interpolation. 

No measurement because wattmeter being repaired. 



Table 2.  12.5-kW WECS Operating and Site Wind Characteristics Data, MCAS Kaneohe 

Month 

Wind Speed Duration (hr) at Wind Speeds Between-- WECS Outp lit (kW-hr) 

Remarks Average 
(mph) 

Peak 
(mph) 

Longest 
Lull (hr) 

0-8 
mph 

8-12 
mph 

12-16 
mph 

16-20 
mph 

20-24 
mph 

24-26 
mph 

26-28 
mph 

28 or 
greater 
mph 

Computed Measured 

Jul 1983 16.42 41.0 0 7 84 242 267 118 17 6 3 2,612.4 773.8 New blades and brake assembly 
installed on 25 Jul.  Power 
monitor started on 13 Jul 1984. 

Aug 14.80 36.5 3 32 152 265 195 86 10 3 1 2,036.8 1,543.8 2-3 Aug, WECS secured due to 
tropical storm. 

Sept 13.64 39.5 11 83 166 218 182 62 6 2 1 1,685.5 1,053.6 

Oct 16.00 36.5 5 21 86 257 247 105 16 8 5 2,502.2 2,871.5 

Nov 10.27 41.0 19 258 180 144 95 36 5 2 1 1,045.3 0 WECS down. 

Dec 7.53 37.0 30 417 189 84 35 14 3 1 1 5,32.1 0 WECS down. 

Jan 1984 11.16 39.5 38 282 114 114 137 74 12 6 5 1,580.5 1,715.0 WECS repaired on 4 Jan 1984. 

Feb 6.25 45.5 45 491 79 50 38 23 6 3 6 616.1 612.3 

Mar n.78 40.5 21 221 131 138 152 72 7 2 1 1,545.8 868.0 

Apr 15.91 46.5 15 32 80 242 245 105 8 6 2 2,396.4 2,664.0 

May 12.83 38.5 25 64 245 311 no 11 2 1 0 1,243.2 1,242.5 

Jun 14.97 34.0 0 7 99 342 229 41 3 1 0 1,802.1 798.0 Found Master Mind down on 25 Jun. 
Master Mind repaired on 28 Jun. 

Jul 12.27 48.5 11 58 257 320 98 9 1 0 0 1,090.8 457.0 

Average 12.6 ' 

Total - 1,773 1,782 2,747 2,030 756 96 41 26 20,689 14,599.5 



Table 3.  Treasure Island WECS Performance 
(December 1979 through June 1981) 

Inverter 
Month DC (kW-hr) AC (kW-hr) Efficiency 

(%) 

Dec 79 16.733 0.906 0.05 
Jan 80 14.168 0.426 0.03 
Feb 80 24.582 1.171 0.05 
Mar 80 18.199 0.671 0.04 
Apr 80 19.096 0.687 0.04 
May 80 18.199 0.671 0.04 
Jun 80 19.096 0.687 0.04 
Jul 80 75.619 46.389 0.61 
Aug 80 273.214 217.361 0.80 
Sep 80 155.697 120.012 0.77 
Oct 80 96.764 73.671 0.76 
Nov 80 39.916 30.311 0.76 
Dec 80* 109.962 85.683 0.78 
Jan 81 159.893 124.632 0.78 
Feb 81 61.771 48.206 0.78 
Mar 81 54.845 19.339 0.35 
Apr 81 105.297 5.017 0.05 
May 81 173.133 59.164 0.34 
Jun 81 228.185 114.076 0.50 

TOTAL 1,664.369 949.086 

AVERAGE 0.57 

New blades installed. 
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Table 4.  Summary of RAM Results on the Four WECS 

WECS 

2-kW 

5-kW 

00 

6-kW 

12.5-kW 

Test 
Location 

Port Hueneme 

San Nicolas 
Island 

Test 
Period 

Treasure 
Island 

Kaneohe, 
Hawaii 

Dec 83 to Aug 84 

Nov 79 to Feb 83 

Sep 79 to Jun 81 

Jul 83 to Jul 84 

Number of 
Failures 

None 

Numerous 

Two 

Two 

Nature of 
Failures 

None 

Corrosion of bearings, 
electrical terminals, 
feathering controls, 
moisture, and salt in 
the air resulted in 
arcing at yaw sliprings. 

Moisture and salt 
in the air resulted 
in arcing at the yaw 
sliprings. 

Corrosion of brake 
assembly.  Line fuses 
shown. 

Availability 

1.0 

Not calculated 

Maintainability 

0.965 

0.897 

Preventive maintenance 
every 6 months. 

Preventive maintenance 
every 45 days. 

Proper programming of 
synchronous inverter. 

Preventive maintenance 
every 3 months due to 
harsh corrosive envi- 
ronment . 
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Figure 1.  Performance curve for 2-kW WECS at NCEL, Port Hueneme. 
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Figure 2.  Output histogram for 2-kW WECS at Port Hueneme for the 
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(Hanneman), Alexandria, VA; Code  112, Alexandria, VA; Code  113C, Alexandria. VA 

NAVFACENGCOM - CHES DIV. Code 10/11, Washington, DC; Code 403, Washington, DC; Code 406C, 
Washington, DC; Code FPO-IE, Washington, DC; FPO-1, Washington. DC 

NAVFACENGCOM - LANT DIV. Br Ofc. Dir, Naples, Italy; Code 04 Norfolk VA; Code  111. Norfolk, VA; 
Code  1112. Norfolk, VA; Code 401, Norfolk, VA; Code 403, Norfolk, VA; Library, Norfolk, VA 

NAVFACENGCOM - NORTH DIV. Code 04, Philadelphia, PA; Code 04AL, Philadelphia PA; Code 09P, 
Philadelphia, PA; Code 11, Philadelphia, PA; Code 111, Philadelphia, PA 

NAVFACENGCOM - PAC DIV. (Kyi) Code  101, Pearl Harbor, HI; Code 04 Pearl Harbor HI; Code 09P, Pearl 
Harbor, HI; Code  11 Pearl Harbor HI; Code 402, RDT&E, Pearl Harbor, HI; Library, Pearl Harbor, HI 

NAVFACENGCOM - SOUTH DIV. Code 04, Charleston, SC; Code  11, Charleston, SC; Code 1112, 
Charleston, SC; Code 403 (Gaddy), Charleston, SC; Code 406, Charleston, SC; Library, Charleston, SC 

NAVFACENGCOM - WEST DIV. 09P/20, San Bruno, CA; Code 04, San Bruno, CA; Code 04B, San Bruno, 
CA; Library (Code 04A2.2), San Bruno, CA 

NAVFACENGCOM CONTRACTS Trident, OICC, St Marys, GA 
NAVMAG Engr Dir, PWD, Guam, Mariana Islands 
NAVOCEANO Code 6200 (M Paige), Bay St. Louis, MS 
NAVOCEANSYSCEN Code 523 (Hurley), San Diego, CA; Code 6700, San Diego, CA; Code 811 San Diego, 

CA; Code 964 (Tech Library), San Diego, CA; Code 9642B (Bayside Library), San Diego, CA 
NAVORDMISTESTSTA Dir, Engrg, PWD, White Sands, NM 
NAVPGSCOL Code  1424, Library, Monterey, CA; Code 68 (C.S. Wu), Monterey. CA 
NAVSEASYSCOM Code 05R12, Washington, DC; Code 06H4, Washington, DC; Code CEL-TD23, 

Washington, DC 
NAVSECGRUACT PWO (Code 40), Edzell, Scotland; PWO, Sabana Seca, PR 
NAVSHIPYD CO, Pearl Harbor, HI; Code 202.4, Long Beach, CA; Code 202.5 (Library), Bremerton, WA; 

Code 380, Portsmouth, VA; Code 382.3, Pearl Harbor, HI; Code 440, Bremerton, WA; Code 440, 
Bremerton, WA; Code 440, Portsmouth, NH; Code 440, Portsmouth, VA; Code 903, Long Beach, CA; 
Library, Portsmouth, NH; PWD (Code 450-HD), Portsmouth, VA; PWD (Code 453-HD) Shop 03, 
Portsmouth, VA; PWO, Bremerton. WA; PWO, Mare Island, Vallejo, CA; Util Supt (Code 453), Vallejo, 
CA 

NAVSTA CO, Brooklyn, NY; Code  18, Midway Island; Dir, Engr Div, PWD (Code  18200), Mayport, FL; Dir, 
Mech Engr, Norfolk, VA; Engrg Dir, Rota, Spain; Maint Control Div, Guantanamo Bay, Cuba; PWO, 
Mayport, FL; SCE, Guam, Marianas Islands; SCE, Pearl Harbor HI; SCE, San Diego CA; Util Engrg Offr, 
Rota, Spain 

NAVSUPPACT CO, Naples, Italy; PWO, Naples, Italy 
NAVSUPPO PWO, La Maddalena, Italy 
NAVSURFWPNCEN DET, PWO, White Oak, Silver Spring, MD 
NAVWPNCEN CO, China Lake, CA; Code 2636, China Lake, CA; Code 26605, China Lake, CA; Code 623, 

China Lake, CA; DROICC (Code 702), China Lake, CA; PWO (Code 266), China Lake, CA 
NAVWPNEVALFAC Code 10 (Tech Lib), Albuquerque, NM 
NAVWPNSTA Dir, Maint Control, PWD, Concord, CA; K.T. Clebak, Colts Neck, NJ; PWO, Charleston, SC; 

PWO, Code 09B, Colts Neck, NJ 
NAVWPNSTA PWO, Yorktown, VA 
NCR 20, Code R70 
NOAA Joseph Vadus, Rockville, MD; Library, Rockville, MD 
NRL Code 5800 Washington, DC 
NUSC DET Code 4111 (R B MacDonald) New London CT; Code SB 331 (Brown), Newport RI 
OCNR Code 126, Arlington, VA 
OFFICE SECRETARY OF DEFENSE OASD (MRA&L) Dir of Energy, Washington, DC 
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OCNR Code 221. Arlington, VA; Code 700F, Arlington. VA -■ 
PACMISRANFAC PWO. Kauai, HI 
PERRY OCEAN ENG R. Pellen, Riviera Beach. FL 
PMTC Code 3331  (S. Opatowsky) Point Mugu, CA ' 
PWC ACE (Code 110), Great Lakes, IL; Code 10, Great Lakes, IL; Code  10, Oakland, CA; Code  101 

(Library), Oakland, CA; Code 1013, Oakland, CA; Code 102, Maint Plan & Inspec, Oakland, CA; Code 
I23-C, San Diego, CA; Code 200, Guam, Mariana Islands; Code 400, San Diego. CA; Code 420, Great 
Lakes, IL; Code 422, San Diego, CA; Code 423, San Diego, CA; Code 424, Norfolk, VA; Code 425 (L.N. 
Kaya, P.E.), Pearl Harbor, HI; Code 505A, Oakland, CA; Code 590, San Diego, CA; Code 610. San Diego 
Ca; Code 613, San Diego, CA; Code 614, San Diego, CA; Code 616. Subic Bav. RP; Dir. Util Dept (Code 
600), Great Lakes, IL; Library (Code  134), Pearl Harbor, HI; Library, Guam. Mariana Islands; Library, 
Norfolk, VA; Library, Pensacola, FL; Library. Yokosuka JA; Tech Library, Subic Bay, RP; Util Dept (R 
Pascua), Pearl Harbor, HI 

SUPSHIP Tech Library, Newport News, VA 
TENNESSEE VALLEY AUTHORITY W4-C143, Knoxville, TN 
US DEPT OF INTERIOR Nat'l Park Svc. RMR/PC. Denver, CO ' 
USAFE HO DE-HFO, Ramstein AFB. Germany 
USCG Code G-MMT-4/82. Washington, DC; Hqtrs Library, Washington, DC 
USCG R&D CENTER Library, Groton, CT; Ocean Sys Br, Groton, CT 
USDA For Serv, Equip Dev Cen, San Dimas. CA; For Svc Reg 3, Engr Tech Staff, Albuquerque   NM- Forest 

Serv, Reg 8, Atlanta. GA 

USNA Chairman. Mech Engrg Dept. Annapolis, MD; Energy-Environ Study Grp. Annapolis   MD- Mech Engr 
Dept (C Wu), Annapolis, MD 

ARIZONA Design Sci Dept (Kroelinger), Tempe, AZ; Energy Prog Offc, Phoenix, AZ 
BATTELLE PNW Labs (R Barchet) Richland WA 
BERKELEY PW Engr Div (Harrison). Berkeley. CA 
BONNEVILLE POWER ADMIN Energv Conserv Offc.  Portland. OR • 
COLORADO SCHOOL OF MINES Dept of Engrg (Chung). Golden, CO ' 
CONNECTICUT Office of Policy & Mgt, Energy, Div, Hartford, CT 
CORNELL UNIVERSITY Library, Ser Dept, Ithaca, NY 
DAMES & MOORE LIBRARY Los Angeles, CA 
DRURY COLLEGE Physics Dept, Springfield, MO ' 
FLORIDA ATLANTIC UNIVERSITY Boca Raton, FL (McAllister) 
FOREST INST. FOR OCEAN & MOUNTAIN Library. Carson City. NV 
FRANKLIN INSTITUTE Library, Philadelphia, PA 
GEORGIA INSTITUTE OF TECHNOLOGY Arch Col (Bcnton), Atlanta, GA 
HAWAII STATE DEPT OF PLAN. & ECON DEV. Tech Info Ctr, Honolulu, HI 
INSTITUTE OF MARINE SCIENCES Library. Port Aransas. TX 
IOWA STATE UNIVERSITY Arch Dept (McKrown), Ames, lA 
KEENE STATE COLLEGE Cunninham, Kcene, NH 
LAWRENCE LIVERMORE LAB L-90 (F.J. Tokarz). Livermore, CA 
LEHIGH UNIVERSITY Linderman Libr. Ser Cataloguer, Bethlehem, PA; Marine Geotech Lab (A. Richards), 

Bethlehem, PA 
LOUISIANA DIV NATURAL RESOURCES & ENERGY R&D Div, Baton Rouge   LA 
MAINE OFFICE OF ENERGY RESOURCES Augusta. ME 
MISSOURI ENERGY AGENCY Jefferson City, MO 
MIT Engrg Lib, Cambridge, MA; Hydrodynamics Lab (Harleman), Cambridge, MA 
MONTANA ENERGY OFFICE Anderson, Helena, MT 
NATURAL ENERGY LAB Library, Honolulu, HI 
NEW HAMPSHIRE Govnrs Enrgy Coun. Concord, NH 
NEW MEXICO SOLAR ENERGY INST. Dr. Zwibel Las Cruces NM 
NY CITY COMMUNITY COLLEGE Library, Brooklyn, NY 
NYS ENERGY OFFICE Library, Albany, NY 
PENNSYLVANIA STATE UNIVERSITY Snyder, State College, PA 
PURDUE UNIVERSITY Engrg Lib, Lafayette. IN 
SEATTLE UNIVERSITY Schwaegler, Seattle. WA 
SOUTHWEST RSCH INST King, San Antonio. TX • . 
SRI INTL Phillips, Chem Engr Lab. Menio Park, CA        ' 
STATE UNIV OF NEW YORK Longobardi, Bronx, NY 
TEXAS A&M UNIVERSITY W.B. Ledbetter, College Station, TX 
UNIVERSITY OF ALASKA Doc Collections Fairbanks, AK 
UNIVERSITY OF CALIFORNIA LIVERMORE, CA (LAWRENCE LIVERMORE LAB, TOKARZ); Naval 

Arch Dept, Berkeley, CA; UCSF, Physical Plant, San Francisco, CA 
UNIVERSITY OF FLORIDA Arch Dept (Morgan), Gainsville. FL 
UNIVERSITY OF HAWAII Dept of Meteorology, Honolulu, HI; Library (Sci & Tech Div), Honolulu, HI 
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UNIVERSITY OF ILLINOIS Arch Scol (Kim), Champaign. IL: Civil Engrg Dept (Hall). Urbana. IL; Library, 
Urbana. IL 

UNIVERSITY OF MASSACHUSETTS ME Dept (Heroneumus). Amherst, MA 
UNIVERSITY OF NEBRASKA-LINCOLN Ross Ice Shelf Pro], Lincoln. NE 
UNIVERSITY OF NEW HAMPSHIRE Elec Engrg Dept (Murdoch). Durham, NH 
UNIVERSITY OF NEW MEXICO NMERI (Falk). Albuquerque, NM 
UNIVERSITY OF TEXAS AT AUSTIN Thompson. Austin. TX 
UNIVERSITY OF WISCONSIN Great Lakes Studies. Ctr. Milwaukee. WI 
APPLIED SYSTEMS R. Smith. Agana. Guam 
ARVID GRANT Olympia. WA 
ATLANTIC RICHFIELD CO.  R.E. Smith. Dallas. TX 
CANADA Viateur De Champlain.  D.S.A..  Matane. Canada 
CHEMED CORP Dearborn Chem Div Lib.  Lake Zurich.  IL 
CHEVRON OIL FIELD RESEARCH CO. Brooks. La Habra. CA 
COLUMBIA GULF TRANSMISSION CO. Engrg Lib. Houston. TX 
CONSTRUCTION TECH LAB A.E. Fiorato. Skokie. IL 
DILLINGHAM PRECAST F McHale. Honolulu. HI 
ENERCOMP H. Amistadi. Brunswick. ME 
EXXON PRODUCTION RESEARCH CO Chao. Houston. TX 
FELEC SERVICES. INC. DE-,1 (R. McCuddy). Colorado Springs. CO 
HUGHES AIRCRAFT Co Tech Doc Ctr. El Segundo. CA 
KLEIN ASSOCIATES Vincent. Salem. NH 
LINDA HALL LIBRARY Doc Dept. Kansas City. MO 
MALCOM LEWIS ASSOC ENGRS INC M. Clerx. Irvine. CA 
PACIFIC MARINE TECHNOLOGY (M. Wagner) Duvall. WA 
PG&E Library. San Francisco. CA 
PHELPS ASSOC P.A.  Phelps. Rheem Valley, CA 
PORTLAND CEMENT ASSOC.  Rsch & Dev Lab Lib. Skokie. IL 
SANDIA LABORATORIES Library Div.. Livermore CA 
SHANNON & WILLSON INC.  Librarian Seattle. WA 
SHELL DEVELOPMENT CO. Sellars. Hosuton. TX 
TRW SYSTEMS Dai. San Bernardino. CA 
UNITED TECHNOLOGIES Hamilton Std Div. Lib. Windsor Locks. CT 
WESTINGHOUSE ELECTRIC CORP.  Library. Pittsburgh PA 
WM CLAPP LABS - BATTELLE Library. Duxhury. MA 
WOODWARD-CLYDE CONSULTANTS R Cross. Walnut Creek. CA 
PETERSEN. CAPT N.W. Camarillo. CA 
ENERGY RESOURCE ASSOC J.P. Waltz. Livermore, CA 
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INSTRUCTIONS 

The Naval Civil Engineering Laboratory has revised its primary distribution lists. The bottom of 
the mailing label has several numbers listed. These numbers correspond to numbers assigned to the list of 
Subject Categories.  Numbers on the label corresponding to those on the list indicate the subject category and 
type of documents you are presently receiving.  If you are satisfied, throw this card away (or file it for later 
reference). 

If you want to change what you are presently receiving: 

• Delete — mark off number on bottom of label. 

• Add — circle number on list. 

• Remove my name from all your lists — check box on list. 

• Change my address — line out incorrect line and write in correction (ATTACH MAILING LABEL). 

• Number of copies should be entered  after the title of the subject categories you select. 

Fold on line below and drop in the mail. 

Note:   Numbers on label but not listed on questionnaire are for NCEL use only, please ignore them. 

Fold on line and staple. 

DEPARTMENT OF THE NAVY 

NAVAL CIVIL ENGINEERING  LABORATORY 
PORT HUENEME, CALIFORNIA    93043 

OFFICIAL BUSINESS 
PENALTY FOR PRIVATE USE. tSOO 
i IND-NCEL-2700/4   (REV.  12-73) 

0SS0-LL-L7O-0044 

POSTAQE AND FEES PAID 
DEPARTMENT OF THE NAVY 

DOD-SIC 

Commanding Officer 
Code LI 4 
Naval Civil Engineering Laboratory 
Port Hueneme, California 93043 



DISTRIBUTION QUESTIONNAIRE 

The Naval Civil Engineering Laboratory is revising its primary distribution lists. 

SUBJECT CATEGORIES 

1 SHORE FACIUTIES 
2 Construction methods and nuterials (including corrosion 

control, costingsl 
3 Waterfront structures (maintenance/deterioration controll 
4 Utilities (including power conditioning) 
5 Explosives safety 
6 Construction equipment and machinery 
7 Fire prevention and control 
8 Antenna technology 
9 Structural analysis and design (including numerical and 

computer techniques) 
10 Protective construction (including hardened shelters, 

shock and vibration studies) 
11 Soil/rock mechanics 
13 BEQ 
14 Airfields and pavements 
15 ADVANCED BASE AND AMPHIBIOUS FACILITIES 
16 Base facilities (including shelters, power generation, water supplies) 
17 Expedient roads/airfields/bridges 
18 Amphibious operations (including breakwaters, wave forces) 
19 Over-the-Beach operations (including containerization, 

materiel transfer, lighterage and cranes) 
20 POL storage, transfer and distribution 
24 POLAR ENGINEERING 
24 Same as Advanced Base and Amphibious Facilities, 

except limited to cold-region environments 

TYPES OF DOCUMENTS 

85    Techdiu Sheets 86   Technical Reports and TechnicaJ Note\ 

83    Table of Concents & Index to TDS 

28 ENERGY/POWER GENERATION 
29 Thermal conservation (thermal engineering of buildings, HVAC 

systems, energy loss measurement, power generation) 
30 Controls and electrical conservation (electrical systems, 

energy monitoring and control systems) 
31 Fuel flexibility (liquid fuels, coal utilization, energy 

from solid waste) 
32 Alternate energy source (geothermal power, photovoltaic 

power systems, solar systems, wind systems, energy storage 
systems) 

33 Site data and systems integration (energy resource data, energy 
consumption data, integrating energy systems) 

34 ENVIRONMENTAL PROTECTION 
35 Solid waste management 
36 Hazardous/toxic materials management 
37 Wastewater management and sanitary engineering 
38 Oil pollution removal and recovery 
39 Air pollution 
40 Noise abatement 
44 OCEAN ENGINEERING 
45 Seafloor soils and foundations 
46 Seafloor construction systems and operations (including 

diver and manipulator tools) 
47 Undersea structures and materials 
48 Anchors and moorings 
49 Undersea power systems, electromechanical cables. 

and connectors 
50 Pressure vessel facilities 
51 Physical environment (including site surveying) 
52 Ocean-based concrete structures 
53 Hyperbaric chambers 
54 Undersea cable dynamics 

82 NCEL Guide & Updates 

91    Physical Security 

n  None- 
remove my name 



PLEASE HELP US PUT THE ZIP IN YOUR 
MAIL!   ADD YOUR FOUR NEW ZIP DIGITS 
TO YOUR LABEL (OR FACSIMILE), 
STAPLE INSIDE THIS SELF-MAILER, AND 
RETURN TO US. 

(fold here) 

DEPARTMENT OF THE  NAVY 

NAVAL CIVIL ENGINEERING  LABORATORY 
PORT HUENEME, CALIFORNIA    93043-5003 

POSTAGE AND FEES PAID 
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DOD-St« 
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0*90-LL-L70-0044 

Commanding Officer 
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