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TEST RESULTS FOR
THE 2.5-kVA GROUND

FAULT DETECTOR
Divers using electrical equipment are exposed to shock hazards.

The Naval Civil Engineering Laboratory (NCEL) tested commercially
available ground fault protection devices designed for terrestrial use
and found that none of them met Navy BUMED criteria for protection
against electrical shock. The objective of this development was to meet
the BUMED criteria using the most desirable features of current tech-
nology. NCEL developed a prototype system that detects low-level
current (less than 5 mA) and terminates the current flow within
10 msec, a requirement inferred from the BUMED criteria.
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INTRODUCTION

Electrical power is being used by divers to provide lighting,
vehicle propulsion, electric arc welding and, more recently, television
and underwater inspection. Fortunately, reported accidents due to these
uses have been limited to minor shocks; the number of such reports has
been small when compared to diving accidents due to other causes. How-
ever, as the demand for use of electricity grows and the system power
levels increase, the potential hazards of using electricity underwater
must be addressed. This increased demand for electrical power can be
met safely by the use of properly designed ground fault detection systems.

To help meet this need, the Naval Civil Engineering Laboratory
(NCEL), under the sponsorship of the Naval Sea Systems Command and the
Naval Facilities Engineering Command, conducted an extensive evaluation

* of commercially available ground fault detection devices. The basic
criteria against which the devices were tested were established by the
Navy Bureau of Medicine and Surgery (BUMED) and promulgated in ltr ser
0819023 of Aug 1980 (Subj: Underwater Electrical Safety). The ground
fault devices tested were designed for terrestrial use and did not meet
the established criteria for the protection of divers using submerged
power systems. Therefore, the objective of this development was to meet
the BUMED criteria using the most desirable features of current tech-

A nology. The BUMED criteria for the maximum design limits to which per-
sonnel may be exposed while working in the underwater environment are as
follows:

Direct Current: 30 mA for 50 msec
Alternating Current: 5 mA for 50 msec

The development of a prototype ground fault detection system con-
tinued under the sponsorship of the Naval Sea Systems Command. The NCEL
prototype ground fault detection system was subjected to an extensive
test and evaluation program. This report presents the results of the

NCEL prototype development and the test and evaluation program.

PROTOTYPE DEVELOPMENT

Design Goals

The protection of a diver from electrical shock hazards in accor-
dance with the BUMED criteria can be accomplished by several methods.
One way is to limit the current output of the power supply to the maxi-
mum values set by BUMED (5 mA AC, 30 mA DC). A second method would
restrict the maximum system voltage to a level that could not deliver a

* current through the diver's body greater than the BUMED limits based on

.



a limb-to-limb impedance of 500 ohms. During the concept evaluation
stage for the NCEL ground fault detection system, however, it was deter-
mined that both of these methods severely limit the development of use-
ful power transmission systems (Ref 1). The concept selected for devel-
opment allows the use of standard distribution system voltage levels,
maximizes the use of off-the-shelf components, and protects the diver
from electrical shock when working with equipment powered from the
ground fault detection system.

A set of design goals was developed based upon the evaluation of a
laborptory model of the 2.5-kVA ground fault detection system.

. Provide power for loads up to 2.5 kVA

9 Initiate shutdown on ground fault currents of less than 5 mA AC
and 30 mA DC

* Shut down power to the load in 10 msec or less

o Provide capability to detect the first ground fault on the load
0 side of the system

e Electrically isolate the load voltage from the supply side

o Provide a path to dissipate stored energy from the system upon
shutdown

* Include fail safe features in the electronic circuit design

* Eliminate nuisance tripping

* Provide system overload protection for load currents greater
than 20 amperes for periods longer than 0.5 second

System Design

A contract was awarded to MODUMEND, Inc., West Lake Village, Calif.,
to design and build a prototype ground fault detection system based on
the data from the NCEL 6.2 program. The schematic diagram (Figure 1)
and Figures 2 and 3 show the prototype 2.5-kVA Single Phase Ground Fault
Detector as delivered by the contractor. The system comprises five
subsystems.

Power Control. To insure that the system can be turned off in less
than 10 nsec, a pair of solid state relays (SSR) was selected for the
on/off power control. The SSRs are turned on by applying a 4- to 32-VDC
signal to the control terminals. They turn off when the DC signal is
removed and the load current passes through a zero crossing. The cur-
rent in a 60-Hertz power system has a zero crossing every half cycle or

i o-g 8.333 msec; therefore, the load can be turned off in less than 10 msec.
, , Isolation of the supply voltage from the load side is achieved by the

transformer TI.
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Overload Control. To protect the system from excessive load cur-

rents, a transformer (T2) is connected to sense the current flow in the
primary of the isolation transformer (Ti). The output of T2 is rectified
and fed to a voltage divider consisting of R6 and the potentiometer R5.

-4 When the load current exceeds 20 amperes, the output of the voltage
divider turns on transistor Q6 and the control voltage to the SSRs is

* turned off. Under normal operating conditions the circuit is set to
trip if the load current exceeds 20 amperes for longer than 0.5 second.
The delay, set by the RC circuit of C2 and R7, allows loads such as
electric motors, which draw five or six times their rated current during
startup, to be operated without nuisance tripping.

VDC Power Supply. The primary of transformer T3 is connected to
the supply side of the 120-VAC line. The output of T3 is rectified,
filtered, and clamped at approximately 145 VDC by zener diode CR19. The

14 negative side of the DC supply is connected to chassis ground and to the
ground terminal of the power output plug. The positive side of the

% supply is connected to the electronic circuit common and indirectly to
the load power lines. A comparator circuit consisting of the opera-

S tional amplifier U2 and transistor Q8 monitor the output of the supply.
* if for any reason the supply voltage drops below 130 VDC, transistor Q8

is turned off, which turns off the control voltage to the SSRs and shuts
down the system.

Ground Fault Detection. The positive side of the 145-VDC supply is
connected to the load power lines through a network of resistors and
diodes. The resistive network serves two purposes. First, if the ground
fault is a direct short from one of the 120-VAC lines to seawater,
resistors R11, R13, R14, or R16 would limit the DC current from the
145-VDC supply to a maximum of 4 mA. Second, resistors R12 and R15
combine with R11, R13, R14, and R16 to form a voltage divider. The out-
put of the voltage divider is applied to the input of U1, a voltage
comparator. The input signal to Ul is proportional to the resistance of
the ground fault. If the signal exceeds the level set by potentiometer
R29 (i.e., the ground fault resistance drops below a predetermined level),
the output of Ul changes state and turns off transistors Q4 and Q5.
When Q4 turns off, control voltage is removed from the SSRs and the
system is shut down.

The diodes (CR13-CR16) are connected to form a full wave bridge
rectifier that prevents the voltage comparator input from being reverse-
biased by stray signals.

Triac Control. When a ground fault occurs and Ul changes state,
transistor Qi is turned off at the same time as Q4 and Q5. The relay
(Kl) powered through Q1 is delayed in turning off by capacitor C4 for
approximately 12 msec. When the relay does drop out, the triac Q7 (a
bidirectional solid state switch) turns on and shorts the 120-VAC lines.
The short circuit provides a low resistance path for any stored energy
in the load to be dissipated. If for any reason the SSRs do not open on
command, the triac shorts the 120-VAC lines and fuse F1 will open and

[ shut down the system.
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Additional Circuit Operations. The t15 VDC required for all of the
electronic circuits is obtained from. one power supply. If this supply
should fail during normal use the system will shut down. If the supply
does not come on when power is applied, the system will not turn on.

* Should fuse F1 or F2 open, the system will not turn on.
After the system has been connected to a 120-VAC source and the

power turned on, depressing the test switch (S3) will insert a 20 kfl
resistor between one line and ground. The system should trip off line;
this is indicated by the loss of the "power o" light. The system can
be reset using switch S2 (RESET).

PROTOTYPE TEST AND EVALUATION

During FY84, the prototype 2.5-kVA Single Phase Ground Fault
Detector was tested and evaluated in the laboratory and in the harbor at
Port Hueneme, Calif. The tests included measuring shutdown time,
nuisance tripping, life cycle, and ocean operation as specified in the
Test and Evaluation Master Plan (Ref 2). These tests were conducted to

* lend statistical confidence to analyses for reliability, maintainability,

and availability. The test plan is included as Appendix A.

Shutdown Time Test

One nf the stated design goals is for the ground fault detection
system to shut down in less than 10 msec. To determine the value of
ground fault resistance required to cause the system to trip, it was
connected into a test circuit as shown in Figure 4. The test setup is
shown in Figure 5. The ground fault resistance was simulated by

connecting a decade resistance box to point A and setting it to 75 kQ.
The system was then turned on with the test switch open. The test
switch was closed and the resistance dropped I kR per step until a trip
occurred. The system tripped on the step from 52 to 51 kQ2. According
to the manufacturer, the factory had set the trip point at 51 to 50 kZ..
The test was repeated two more times to verify the trip point.

During the tests to measure shutdown time, the system was loaded to
15 amperes by closing the appropriate switches. The decade resistance

* ~ box was set to 15 kQ. A storage type oscilloscope was set on single
sweep with external trigger, 1 msec/cm horizontal, and 20 V/cm. vertical.
When the test switch was depressed the oscilloscope sweep was triggered
and the 15-kO ground fault applied. The oscilloscope recorded and
stored the system output voltage for 10 msec after the test switch was
pushed. The time required to shut the system down was read from the
oscilloscope trace and logged on Test Data Forms B and Bc. Copies of
the data sheets are contained in Appendix B. This test was repeated 40
times each with the decade resistance box connected to point A (Figure 4)
and point B. At the conclusion of the test, a record of the output
voltage at shutdown was obtained by replacing the oscilloscope with an
oscillograph recorder. A sample of the wave forms recorded is shown in
Figure 6. Eighty-two shutdown times were observed or recorded without a
nuisance trip. All trip times were less than the required 10 msec.

Re 4



Nuisance TrpTest

Nuisance tripping of the ground fault detection system results in a
loss of confidence in its protection capability and possible delays in
completion of the task. This test was designed to determine the sus-
ceptibility of the system to tripping due to noise on the power line and
to current surges in the load circuit. Again using the teSL circuit
shown in Figure 4, the decade resistance box was connected to point A
and set for 57 kU. The system was turned on and the load current
adjusted to 10 amperes. A 1/2-hp electric drill motor was used as a
variable load and a noise generator. The variable speed 1/2-hp electric
drill motor was selected because of the high electrical noise level
generated by the SCR speed control circuit and the motor brushes. When
the drill motor was started, load current reached an amplitude of
approximately 19 amperes with spikes to 26 amperes. It was started and
stopped five times while observing the system for nuisance trips. If no
trip occurred the decade box resistance was dropped 1 k 2 and the drill
motor started and stopped five times again. This sequence was repeated
until a system shutdown was observed. All information on the test was
logged on a Test Data Form C and can be found in Appendix B.

* No shutdown of the system occurred until the decade box resistance
* was lowered to 52 kQ2. This value is within the set-point tolerance for

a normal trip due to low resistance to ground; therefore, no nuisance
- trips were observed.

Life Cycle Test

The purpose of this test was to determine operational reliability
of the ground fault detection system. This was accomplished by oper-
ating the system under various load conditions and subjecting it to
repeated ground faults. An automatic load cycling device was constructed
that could turn on a load, initiate a ground fault, and reset the system.
The test circuit is shown in Figure 7. Three load levels were automat-
ically cycled through during the test. On the initial cycle, no load
was applied (load current = 0 ampere) to the system and a 15-ko2 ground
fault resistance was used to trip the system. When the automatic reset
was initiated, a 3/4-hp electric motor came on for the second cycle
(load current = 9 amperes). The third load consisted of the 3/4-hp motor
plus two 500-watt resistance heater strips (load current = 17 amperes).
The complete cycle through the three loads took approximately 3.5 minutes.
A total of 3,000 system shutdowns was performed (1,000 complete test
cycles).

Every 500 shutdowns during the test the storage oscilloscope was
connected into the test circuit and the system shutdown time recorded.
All of the shutdown times logged were less than 10 msec. During the
60 hours of the test no maintenance or adjustments on the system were
required.

Ocean Operations

The ocean operations test was conducted off Pier 5 in the Port
Hueneme Harbor, Port Hueneme, Calif. For this test, 1,000 feet of
six-conductor SO type cable was deployed into the harbor along Piers 4

65
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and 5. The 2.5-kVA Ground Fault Detector and control canister were con-
nected as shown in Figure 8. The purpose of the control canister was to
provide a dry location for the icad resistors, indicator lights, and a
relay. The relay can be rL,,1otely operated to insert or remove a 15-k2
ground fault from one line to ground. The indicator lights provide for
remote monitoring of the power system status.

When the system had been fully deployed, the power was turned on to
check for proper operation. The indicator lights showed proper opera-
tion. The relay in the control canister was turned on and the system
shut down. The relay was turned off and the system reset. This test
was repeated 40 times without a malfunction. At the completion of the
test the cable and control canister were recovered and returned to the

-> laboratory with the system. All data were logged on Test Data Form D
and are included in Appendix B.

INTEGRATED LOGISTICS SUPPORT

Reliability

0 A measurement of reliability is the mean time between failures
(MTBF). The MTBF is the total functioning life of a population of a

2 system during a specific measurement interval divided by the total number
of failures within the population during the interval. The specific
measurement interval in this case is the 68 hours of elapsed operating
t-ime for the prototype 2.5-kVA Ground Fault Detector (GFD) during the
test and evaluation period. Unfortunately, for the purpose of estimating

V-. reliability, no failures occurred during the test. Per agreement in the
Integrated Test and Evaluation Plan for Underwater Electrical Safety
Devices (Ref 3), the minimum number of failures (one) was allowed to be

* -.. assumed for the purpose of calculating an estimated MTBF. Based on this
assumption of one failure for the test interval, the MTBF was calculated
as follows:

MTBF Total Operating Hours
Number of Failures

Therefore, the MTBF for the prototype GFD was 68 hours. The assumed
failure was defined as an event that would have arisen from a character-
istic inherent in the device and that would have prevented the device
from performing its function. Temporary requirements for adjustment,
calibration, or battery change were not counted as failures. It is
expected that the MTBF will approach its mature predicted value of
7,553 hours for a production system as operational hours are accumulated
on the system. The mean time between failures-inherent (MTBF-I) value
of 7,553 hours was derived from component failure rate data on similar
equipment used in a reliability math model for verification. Details of
the model and input data used are contained in Reference 4.

Reliability is then estimated by the following:

Reliability =exp (-Mission Time/MTBF)

* 6
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The mission time was assumed for the GFD to be 8 hours as specified in

the program plan (Ref 5). The calculated reliability of the prototype

2.5-kVA ground fault detection system is 0.8898. This value is less

than the value specified by Reference 5 (0.95), but it is based on an
assumed failure at an elapsed test time of 68 hours, which was insuffi-
cient test time for the verification of the specified MTBF of the proto-

type system. Solving the above equation for a reliability value of 0.95
yields a MTBF value greater than 156 hours of testing to meet the suffi-
cient test time requirement for verification of the specified reliability.

Maintainability

Maintainability is normally defined as a characteristic ot design
and installation. This characteristic is expressed as the probability
that an item will be retained in, or restored to, a specified condition

within a given period of time if prescribed procedures and resources are
used. Mean time to repair (MTTR) is commonly used as the on-equipment

measurement index. The MTTR considers active maintenance time only and
is usually estimated as follows:

K MTTR = Total Repair Hours
Number of Failures

Since no malfunctions occurred during the test program, the MTTR could
not be calculated by this method. Therefore, a time-line analysis of
the most probable repair requirements was conducted and a predicted
value for on-equipment MTTR as well as off-equipment MTTR was calculated

based on the time-line analysis of corrective task times weighted for
inherent failure rate as defined in the Reliability Math Model developed

,-r depicted in Reference 4. Details of the maintainability analysis
i,(, ,nt ined in Reference 6.

ihe block diagram of the system shown in Figure 9 was used to define
- r bable repair scenarios. The repairs are capable of being per-

-r*,! "; a Construction Electrician with nominal Navy training. Sup-

.,rt ercipment, tools, and test equipment required for fault diagnostics
Inl! repair are standard Navy items (normal hand tools and a portable
r. ,'timeter). Based on the most probable repair scenarios, the system

on-equipment MTTR is 0.46 hour. See Reference 6 for details of the
Maintainability Math Model and the input data used. The predicted value

(,t (1.46 hour is well within the specified MTTR of 2.0 hours for the

prototype GFD in Reference 5.

Availability
U

Availability is the parameter that translates system reliability
and maintainability characteristics into an index of effectiveness.
Availability is defined as a measure of the degree to which an item is
in an operable and commitable state at the start of a mission when the
mission is called for at a random point in time. The basic mathematical

* definition of availability is as follows:

= Uptime Uptime
Availability Total Time Uptime + Downtime

~~,7
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Reference 5 requires a calculation of operational availability (A 0) with
a specified requirement for A to be at least equal to or greater thani
0.90. Using the MTBF data of68 hours of uptime and an assumed failure
resulting in 0.46 hour of downtime from the time-line analysis depicted
in Reference 6, the system availability is 0.993. This calculated value
of 0.993 is well above the specified minimum of 0.90 for the prototype
GFD in Reference 5. It can be realistically expected that this number
will approach the specified value of 0.90 as more operational data and
actual maintenance times are accumulated on the GFD system.

Logistic Supportability

Maintenance Concept. The GFD will be supported by a three-tiered
maintenance concept consisting of system self-test performed at the
organizational level, field maintenance performed at the intermediate

* level, and depot maintenance to be managed in accordance with the Ocean
Facilities Program described in NAVFACINST 11261.5A (Ref 7) and
CHESNAVFACENGCOMINST 4860.1A (Ref 8). Items determined by a Level of
Repair Analysis (LORA) to be cost effective will be supported by depot

* level maintenance. Depot level repair may be accomplished by Navy
in-house resources, contractor support, or returned to the original
vendor for repair, as determined by the Single Item Manager consistent
with the management policies described in NAVFACINST 11261.5A (Ref 7).

V: Organizational lcvel is defined as the maintenance performed on the
GFD by the Construction Electrician-Operator. The Construction
Electrician-Operator has specific responsibilities toward maintaining
the operational readiness of the training equipment.

intermediate level is defined as the maintenance performed on the
GFD by the Operator-Maintenance Technician. Organizational and inter-
mediate levels will usually be performed by the same personnel.

Field maintenance diagnostics will be limited to resistance checks
for grounds with a standard Navy multimeter. All internal repairs that
would require adjustment/calibration of the GFD will be performed at the
assigned depot repair activity.

Depot level repair will be accomplished on a cost-effective basis
for boards and discrete devices exceeding field repair capability. Depot
activities for the GFD will consist primarily of test and repair of the
printed wiring board. An informal LORA and depot maintenance study (DMS)
will further define the depot repair capabilities and test equipment.

J:: The contractor's production facility is currently projected as an interim
repair activity.

Spares Provisioning. As part of the development effort, the con-
tractor listed the types and quantities of spare parts that might be
needed based on problems encountered during development and acceptance
testing. The spare parts list was updated based on the operational
experience gained during the evaluation program. The quantity and type
of spare parts recommended are consistent with the Reliability Math
Model of Reference 4 and the maintenance capabilities defined by the
time-line analysis and the Maintainability Math Model detailed in
Reference 6. The spare parts list is included in the operation and
maintenance (O&M) manual (Appendix C).

8
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Training. Operation of the 2.5-kVA GFD system requires no special
training or skills. A brief review of the O&M manual provides the
necessary information for correct operation of the front panel controls
and interpretation of the indicator lights. Field maintenance is limited
to bit/part/piece component replacement and resistance checks for grounds
consistent with those functions that can normally be performed by a
Construction Electrician. All internal repairs should be performed at a
depot repair activity since the calibration of the GFD could be affected
by the repair.

CONCLUSIONS AN~D RECOMMENDATIONS

1. The system met all operational goals during the test program. The
system provides protection for operating personnel by detecting low level

* .~ (less than 5 mA) ground fault currents and shutting down the system in
10 msec or less.

2. The test results show that the circuit design presented in this

* report detects ground faults in power systems being used in electrically
hazardous locations and, in the event of a fault, secures power to the
load, thus preventing operating personnel from receiving serious injury.

3. The electronic circuit presented in Figure 1 should he the main item

* considered for Approval for Procurement. The system shown in Figures 2
and 3 was the configuration developed for the prototype models of the
GFD. This circuit can be incorporated into other systems to provide
ground fault detection or packaged in any manner necessary to meet the
operational requirements.

4. The BUMED criteria imply that the fault current not exceed 5 mA
during any portion of the allowed 50-msec shutdown period. The system
developed by NCEL does not limit the current during the initial 1O-msec
period of the fault before the shutdown devices activate. This interval
is shorter than that provided by any other available product and is sub-
stantially shorter than the 50-msec period in the BUMED criteria.
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Figure 2. View of 2.5-kVA ground fault detector from left front.

Figure 3. View of 2.5-kVA ground fault detector from right front.
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~.Figure 4. Test circuit for shutdown test.

Figure 5. Test setup for the shutdown time tests.
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Figure 6. Sample of scope signal at shutdown.
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Figure 7. Test circuit for life cycle test.
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Figure 8. Block diagram of test circuit for ocean test.
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Figure 9. System block diagram of ground fault detector for repairs.
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Appendix A

2.5-kVA GROUND FAULT DETECTOR TEST PLAN

1.0 PURPOSE

To gather the data required to secure Approval for Full Production
for the 2.5-kVA Ground Fault Detection (GFD) system.

1.1 References

I(a) Integrated Test and Evaluation Plan Underwater Safety Devices,
* Nov 1983.

(b) 2.5-kVA GFD Systems Operating and Service Manual

2.0 TEST OBJECTIVES

2.1 Operational

- .. 2.1.1 Measure times for shutdown of power when test circuit simulates
, reduction in resistance associated with ground faults.

2.1.2 Estimate frequency of occurrence and conditions under which
undesired, nuisance power shutdowns may occur.

2.1.3 Test power shutdown performance while loads operate at ends of
cable as long as 1,000 feet.

2.1.4 Provide validation of successful operational performance with
ocean systems.

2.2 Safety and Suitability

2.2.1 Identify any hazards that may be associated with a diver's use of
the devices.

2.2.2 Estimate reliability, maintainability, and availability.

2.2.3 Identify requirements for calibration, special tools, and test

equipment that are necessary for operational employment of the devices
by Underwater Construction Teams (UCTs).

A,,_.jl.'  ~ ~ ~A-i ..-....
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2.2.4 Provide tentative concepts for field and depot maintenance proce-
dures.

2.2.5 Estimate spare and replacement parts required for employment of
the devices in the field by UCTs.

2.2.6 Evaluate requirements for packaging, handling, storage, and
transportation.

2.2.7 Evaluate adequacy of the Operations and Maintenance Manuals that
are anticipated to accompany the engineering models.

2.2.8 Estimate the skill levels and training required of Naval Con-
struction Force personnel who may be operating and maintaining the
devices.

3.0 PERSONNEL AND EQUIPMENT

*3.1 Personnel

* 3.1.1 (a) Project Engineer
(b) Electronics Technician
(c) NCEL Divers

(d) UCT Divers

3.1.2 All personnel shall complete test data form J.

3.2 Equipment

3.2.1 (a) Oscillograph recorder
(b) AC voltmeter
(c) AC ampmeter
(d) Decade resistance box
(e) Storage oscilloscope
(f) Underwater control canister
(g) Auto load cycling box
(h) Resistive
(i) 1/2-hp drill motor
(j) 3/4-hp electric motor

4.0 OPERABILITY TEST PROCEDURES

NOTE! REVIEW ALL TEST DATA FORMS
BEFORE STARTING TESTS TO
BE SURE ALL NECESSARY DATA
ARE LOGGED.
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4.1 Shutdown Time Test

4.1.1 Connect the 2.5-kVA GFD system into test circuit as shown in

Figure A-i.

4.1.2 Plug in the GFD system, close SW3, and turn on power to the load.

4.1.3 Set the decade resistance box for 60 kQ and close test switch 1.
Slowly reduce the decade box resistance (Rg) in 1-kQ steps until the GFD
system trips. Log the decade box resistance on test data form B. Open
SWI. Repeat this test three times and log all data. Turn off SW3 and
test SWI.

4.1.4 Set up oscilloscope to measure GFD system trip time. Set decade
resistance box to 15 kQ. Close SWI, SW3, and SW3. Monitor the AC amp-
meter and set the load current to 15 ±3 amps using the remaining load
switches. Close test SWI and log all data on test data form B. Repeat
this test 40 times. Turn off all load switches and test SWI.

4.1.5 Connect test SWI to point B (Figure A-i) and repeat
paragraphs 4.1.2, 4.1.3, and 4.1.4; log all data on a new form B.

4.1.6 Replace the oscilloscope with the oscillograph recorder in the
test circuit and repeat paragraph 4.1.4 (delete the test requirement of
repeating 40 times). Perform the test as many times as necessary to
obtain a permanent record of the system shutdown time.

* 4.1.7 If at any time during the operability test a power shutdown
occurs for any reason other than a planned trip, testing shall be ter-
minated and a test data form C shall be completed.

4.2 Nuisance Trip Test

4.2.1 If no nuisance trips have been recorded or if the reason for a
trip has not been determined, conduct the following test to try to
induce a false trip. Record all data on form C.

4.2.2 Using Figure A-i, connect the decade resistance box to point A.
Turi on the GFD system and random load switches until the AC ampmeter
reads approximately 10 amps. Do not turn on the drill motor as part of
the load at this time. Set the decade resistance box at 5 kQ above the
highest value obtained in paragraph 4.1.3. Turn on test SWI. Start and
stop the drill motor (five times) while observing for nuisance trips.
Monitor the load voltage wave shape for noise spikes created by the
fluctuating load. Record all observations.

4.2.3 If no trip occurs, lower the decade box resistance 500 ohms and
repeat paragraph 4.2.2.

4.2.4 Continue dropping the resistance in 500-ohm steps until nuisance
--4 tripping occurs or until the normal trip resistance is reached. If no

nuisance trips occur, log this observation.
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4.3 Life Cycle Tests

4.3.1 Connect the auto load cycling box to the GFD system as shown in
Figuxre A-2. Record reading of the counter.

4.3.2 Turn power on to the GFD and auto load cycling box. Allow system
to run until 3,000 cycles have been counted or the system malfunctions.
If a system malfunction occurs, fill out test data forms F, G, and H.
If no malfunctions occur, fill out only forms F and H at the end of the
test.

4.4 Ocean Systems Test

4.4.1 Locate the 2.5-kVA system on Pier 5. Connect the underwater con-
trol canister to the GFT) system. Ground the case of the canister to thne
case of the GFD system. Turn on the GFD system and press the test switch
on the canister control panel. When the test switch is pressed, the GFD
system should trip and remove AC power from the control canister. Record
all test data on form D for this test sequence.

4.4.2 Using a small boat, deploy the control canister and the 1,000 feet
of control cable in a straight run out from the pier. Using the canister
tag line, lower the canister approximately 1 foot below the surface.
Turn on the GFD system and visually check the canister and GFD for proper
operation (canister light on, GFD did not trip). Lower the canister to
the bottom and secure the tag line to the pier for use during recovery.

4.4.3 Press the test switch and check the GFD for shutdown. Log required
4 information on test data form D. Repeat this test 40 times or until a
4 failure is recorded. If a system failure occurs, log all data on the
4 pertinent forms (F, G, and F). If repairs cannot be made quickly, recover

the underwater control canister and cable. After repairs have been com-
pleted, start test again at paragraph 4.4. Should a trip occur at any
time other than a planned shutdown, fill out form C immediately.

4.4.4 Upon complction of the 40 cycles, recover the underwater control
canister and cable. Return all the equipment to Building 570.

5.0 LOGISTIC SUPPORTABILITY

5.1 All personnel participating in the 2.5-kVA GFD system testing shall
fillI out test data form 1.

6.0 SAFETY TESTS

6.1 During the test program all participants shall be alert to any safety
hazard that may develop in association with the 2.5-kVA system. All

* observations shall be recorded on test data form E at the time the hazard
develops.

4 A-4
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Figure A-i. Test circuit for shutdown test.

115 V

2.5 KVA Auto load
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Figure A-2. Life cycle test setup.
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TEST DATA FORM 8

LABORATORY TESTS
FOR

POWER SHUT-DOWN BY GROUND FAULT DETECTORS

This data form is to be filled in during operability tests of the Ground
Fault Detectors.

GROUND FAULT DETECTOR CAPACITY: 2 KW; PHASE CHARACTER:
NAME OF TEST ENGINEER: AEF 7-4,&012
DATE OF TESTING: lvlf&R /jp"

TIME GROUND FAULT TIME TESTS BEGIN: /Z.,0
DETECTOR OPERATING TIME TESTS END: 11"

TIME ON TIME OFF CABLE LENGTH: / 07-7
/ OO /v/ F'F DESCRIPTION OF APPLIED LOAD: .esa.T/&V 7 * "/

IIAV It 77 ̂ ff-c GROUND RESISTANCE POWER SHUT-DOWN
TRIP SETTING: . v/ v 'Ai.3

B-2
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TEST DATA FORM Bc (CONTINUATION SHEET)

GROUND FAULT DETECTOR CAPACITY: c? KW; PHASE CHARACTER: f_..
NAME OF TEST ENGINEER: /A. '4, "7"-ee l",
DATE OF TESTING: a/y7,#eep /f < o

RECORD OF POWER SHUT-DOWN TIMES (1 a4,4)

GROUND

DPOWER ANOMALOUS

RESISTANCE SHUT-DOWN OBSERVATIONS
NUMBER g TIME (e.g. - FAILURES,

(SEQUENTIAL) (KILO-OHMS) (MILLI-SECONDS) CALBIRATIONS, ETC.)

/ / -. L a

2

33 (

j4 -40 7
S'f9

I! Note time of con pletlon o test series.
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TEST DATA FORM Bc (CONTINUATION SHEET)

GROUND FAULT DETECTOR CAPACITY: '_7. KW; PHASE CHARACTER:
NAME OF TEST ENGUNEER: L"-P7 c 4'9
DATE OF TESTING: f/,r,4' /91e/

RECORD OF POWER SHUT-DOWN TIMES

GROUND POWER ANOMALOUS

TEST RESISTANCE SHUT-DOWN OBSERVATIONS
w NUMBER g TIME (e.g. - FAILURES,

(SEQUENTIAL) (KILO-OHMS) (MILLI-SECONDS) CALBIRATIONS, ETC.)

Z/

22 7

23 3

262

.27 92

el
9

Note time of completion of test ser es.

Al7
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TEST DATA FORM Bc (CONTINUATION SHEET)

GROUND FAULT DETECTOR CAPACITY: a_- _KW; PHASE CHARACTER:
NAME OF TEST ENGINEER: L F " ,)c.c' , /

DATE OF TESTING: FL D y 1 IV' S o P -

RECORD OF POWER -HUT-DOWN TIMES " ' 5

GROUND POWER ANOMALOUS

TEST RESISTANCE SHUT-DOWN OBSERVATIONS
NUMBER Rg TIME (e.g. - FAILURES,

(SEQUENTIAL) (KILO-OHMS) (MILLI-SECONDS) CALBIRATIONS, ETC.)

y 3
:;. ._ _.-- _

- 2- /

B-5
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TEST DATA FORM Bc (CONTINUATION SHEET)

GROUND FAULT DETECTOR CAPACITY:o, '" KW; PHASE CHARACTER:
NAME OF TEST ENGINEER: 1&04g "
DATE OF TESTING: Fk~YP I0ffL y"O

3 RECORD OF POWER SHUT-DOWN TIMES

GROUND POWER ANOMALOUS

TEST RESISTANCE SHUT-DOWN OBSERVATIONS
NUMBER Rg TIME (e.g. - FAILURES,

(SEQUENTIAL) (KILO-OHMS) (MILLI-SECONDS) CALBIRATIONS, ETC.)

z3 .

-3 .

3 61

39~

4 -

4

z(, l,

- K.X--.-.. .t.r.. CSS .w? N t 6AA



TEST DATA FORM C

LABORATORY TESTS
FOR

NUISANCE SHUT-DOWNS CAUSED BY GROUND FAULT DETECTORS

This data form is to be filled out during operability tests of the Ground
Fault Detectors.

GROUND FAULT DETECTOR CAPACITY: - KW; PHASE CHARACTER:
NAME OF TEST ENGINEER: / " --- ' 4 FZ Y NL A
DATE OF TESTING: ,/, , , ,, , . . /I

TIME GROUND FAULT TIME TESTS BEGIN: 1.4,0
DETECTOR OPERATING TIME TESTS END:

TIME ON TIME OFF GROUND RESISTANCE POWER SHUT-DOWN
S/2.1 /3, TRIP SETTING:

pB-7
[ ..



TEST DATA FORM Cc (CONTINUATION SHEET)

GROUND FAULT DETECTOR CAPACITY: 2 KW; PHASE CHARACTER:
NAME OF TEST ENGINEER: xL -.,C ro4 ,V.0-,'
DATE OF TESTING: / 7 C11I /

RECORD OF NUISANCE SHUT-DOWN TESTS

ANOMALOUS

TEST CABLE POWER OBSERVATIONS
NUMBER LENGTH LOAD SHUT-DOWN (e.g. - FAILURES,

(SEQUENTIAL) (FEET) DESCRIPTION (YES OR NO) CALIBRATIONS, ETC.)

3 A/o . /2
/NO

-w7 ____

Note time of completion of test series. 2
*51/7

,6. L7..
i K-t



TEST CATA FORM D

OCEAN OPERABILITY TESTS
FOR

ELEETRIC FIELD DETECTOR AND GROUND FAULT DETECTORS

This data form is to be filled in during operability tests of all safety
devices in the ocean.

NAME OF TEST ENGINEER: le M-*ARINE CABLE LENGTH USED: /0700
LOCATION OF TESTS: PIjCC5 SEA TEMPERATURE: &0 0 P
DATE OF TESTING: J// I/6p V'AIR TEMPERATURE: 7j-SF "

TIME TESTS BEGIN: oq3o WEATHER CONDITIONS: W'./,VPY
TIME TESTS END: i2 0

(9 5 EQUIPMENT OPERATING TIME

ELECTRIC 2.5 KW 10 KW 25 KW
FIELD GROUND FAULT GROUND FAULT GROUND FAULT

DETECTOR DETECTOR DETECTOR DETECTOR

TIME ON TIME OFF TIME ON TIME OFF TIME ON TIME OFF TIME ON TIME OFF

oq#- S 1130

& 
c/o

.B-9
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Appendix C

OPERATING AND SERVICE MANUAL FOR
2.5-kVA GROUND FAULT DETECTOR

MODEL GFD 2.5-1P

by

* MODUMEND, Inc.
30961 West Agoura Road

Suite 311
Westlake Village, CA 91361

(213) 889-5550
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1.0 INTRODUCTION

The 2.5-kVA Ground Fault Detector (GFD) is designed to provide
115-VAC, 20-ampere, 60-Hertz single phase power that is electrically

isolated from the AC source and to shut down for any of the following:

* The line-to-ground or line-to-shield resistance drops below 50 kfl.

* The load current exceeds 100% of rated current (20 amperes).

* A component failure occurs in the electronic circuits monitoring

the ground fault resistance.

* 2.0 OPERATING INSTRUCTIONS

2.1 Prior to using the GFD, verify basic operation by checking it with

the TEST SWITCH as follows:

" Turn on the power.

" Depress the RESET SWITCH.

* Depress the TEST SWITCH and verify that the indicator light goes

off (simulates a 20K insulation resistance).

2.2 When using the GFD under normal operating conditions and the system

shuts down, one of the following conditions may exist:

* The load may exhibit an insulation resistance less than 50K.

" The load may be drawing more than 20 amperes of current.

" The GFD unit is not operating properly.

Refer to the troubleshooting section of this manual for procedure to

identify problem.

3.0 THEORY OF OPERATION

3.1 General Description

3.1.1 The ground fault detection circuit monitors the AC power in the
load for an insulation resistance below 50 kS . If the resistance should

drop, causing a leakage current of about 4 mA to flow in the ground cir-

.. cuit, the main solid state relays will open. The system is also designed

to monitor the AC current supplied from the source to the load and open

the main solid state relays if the current exceeds 20 amperes.

C-2
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N A third mode of operation may also shut the system off. The over-
all circuit design is such that a component failure in any of the moni-
toring circuits will shut the system down.

During normal operation, the load is supplied with 115 VAC via the
secondary of the isolation transformer. The positive side of a DC voltage
supply is connected to both AC lines on the load side of the transformer.

* This connection is made though a pair of matched resistors. The negative
side of the DC voltage supply is connected to chassis ground. The nega-
tive side of the DC voltage supply is also connected to the ground wire
in the load circuit and the cable shield, if it is used. As long as the
insulation resistance in the load cable does not fail, DC current will.
not flow. If the insulation resistance drops either from deterioration
due to age, abrasion, or from damage during handling, a small DC current
will flow in the monitor circuit. Should the resistance drop below the
predetermined value, a trip signal is initiated and sent to the solid
state relays. The trip signal is also delayed for approximately 12 msec
and then used to turn on the gate signal to a triac that is connected
across the secondary of the isolation transformer. This delay allows
time for the solid state relays to open before the load lines are short
circuited. Thus, the solid state relays are not subjected to the short

* circuit currents, and transients are not induced back into the supply
system. If for some reason the solid state relays do not open, the
short circuit currents cause the line fuse to open. During normal oper-
ation, the triac also functions as a low resistance path for discharging
any stored energy in the load circuit.

3.2 Circuit Description

3.2.1 The circuit description can be seen best by observing both the
block diagram and schematic of the GFD system.

Transformer TI and relays K3 and K4 provide system isolation and
circuit breaker functions, respectively. The solid state relays are
ideal because of their fast turn on/off times compared to electromechan-
ical devices. Relays K3 and K4 are Mil-Spec packaged in sealed aluminum
cases. The relays provide reliable operation over a line frequency range
of 45 to 440 Hertz. Input control is from 4 to 32 VDC and synchronous
zero voltage turn on and zero current turn off results in lower EMI
levels than with mechanical devices.

Triac Q7 is used as the secondary shutdown device. The triac turns
on 12 msec after the control signal is provided to the solid state
relays.

Under normal operation, CR15, CR16, R14, R15, and R16 provide half-
wave rectification and attenuation. This signal is referenced to a
negative voltage that is adjustable by potentiometer R29. This voltage
becomes the reference for comparator U1. The (-) input of Ul has a
similar circuit and when no leakage exists UI-1 is biased to a +15 VDC.
Relays Ki and K2 are energized, which provides an on condition to relays
K3 and K4. With K1 energized the gate to Q7 is open.

If the insulation resistance between ground (GRN) and ACC (WRlT) or
AC (ELK) should drop below 50 kp, the -145-VDC power supply will estab-
lish a current path through diodes CR13 or CR14. The voltage developed
by this leakage current will cause U1-8 (-) to become more negative than

* C-3
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U1-9 voltage; therefore, Ul-I will switch to a -15 VDC. CR18 becomes
back biased so that no base voltage is provided to Ql, Q4, and Q5. This
condition immediately removes the control voltage to K3 and K4. Within
one half cycle (8.33 msec) the contacts will open, removing the AC
voltage from the load. The secondary system has not actuated because
capacitor C4 prevents the coil voltage of KI from dropping instantane-
ously. The time constant is set for the contact of K1 to close in
approximately 12 msec, which activates triac Q7. This shorts the AC
line, discharging any energy stored in the cable or load. If K3 or K4
should not open when Q7 turns on, the short will cause fuse Fl to open.
Relay K2 will open in about 35 msec, which is long after system shut-
down. The main purpose of K2 is for system turn on. The time constant
is set such that the KI contact opens before the K2 contact closes.
This condition prevents the triac from shorting the AC lines during turn
on.

A third monitor to cause system shutdown is the line current monitor.
Current transformer T2 along with the associated circuit will trip Ul

when 20 amperes of input current are demanded by the load. Transformer
T2 with the full wave bridge and R3 produce a DC voltage proportional to

*, current. Resistors R4, R5, and R6 provide attenuation and calibration
adjustment for the circuit. Capacitor C2 provides filtering and also
damping for instantaneous current surges. Zener CR9 keeps the voltage
at the base of Q6 below the turn on point until 20 amperes of current
are flowing. When Q6 turns on, the system is shut down.

Several other built-in features may also shut down the system.
Transistor Q4 is the primary control device for the solid state relays
K3 and K4. If the control line to them should draw more than normal
current, then Q2 will turn on and trip Ul to shut down power. This trip
current is set for about 50 mA. Also, if Q4 should short from collector
to emitter attempting to cause K3 and K4 to be stuck on, then Q3 turns
on which, in turn, causes more than 50 mA of current activating Q2,
resulting in system shutdown.

4.0 SERVICING INFORMATION

4.1 UI Reference Adjustment

4.1.1 Disconnect all loads from the GFD and turn on power.

P4.1.2 Connect a multimeter to U1-9. Set the meter for DC voltage
measurement (0-2 VDC range).

4.1.3 Adjust potentiometer R29 for -1.35 VDC ±0.02 VDC.

4.1.4 With R29 adjusted as specified, measure the DC voltages shown on
the schematic. NOTE: Depress the RESET SWITCH if the cathode of CR18
is not at about +10 VDC.

4.2 Current Limit Adjustment

4.2.1 Turn potentiometer R5 completely clockwise.
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4.2.2 Connect a variable load to the GFD.

4.2.3 Turn on power to the CFD and set load to draw 15 amperes of
current.

4.2.4 Slowly increase load current to 20 amperes.

4.2.5 Adjust R5 counterclockwise until the GFD trips.

4.2.6 Reduce the load and depress the RESET SWITCH and the GFD should
come back on.

4.2.7 Recheck setting by increasing the load current slowly and record-

ing the current at which the unit trips.

4.2.7 Repeat steps 4.2.3 through 4.2.7 as necessary to obtain the cor-

rect trip point.

4.3 Circuit Timing

0 NOTE: No adjustments are provided for changing the timing of
the control functions. The operational times are given

to aid in performing major repairs.

4.3.1 The turn off time for K3 and K4 is 8.33 msec or less measured

from the time a ground fault is applied to the GFD.

4.3.2 The turn off time of KI is 12 msec and is set by the RC circuit
of RIO and C4.

4.3.3 The turn on time of K2 is 5 msec after KL turns on.

5.0 RECOMMENDED SPARE PARTS LIST

5.1 Power Supply (PSI) Item 16, 1 each.

5.2 Relay, Solid State (K3, K4) Item 15, 1 each.

5.3 One complete circuit board (Figure 3).

5.4 Receptacle, AC Item 53, 1 each.
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LIST OF MATERIAL

Item Required Part No. Manufacturer Description

I 1 TVA-1526 Sprauge Capacitor, 250 pf, 250 V (Cl)

2 1 30D Sprauge Capacitor, 100 pf, 50 V (C2)

3 1 30D Sprauge Capacitor, 10 pf, 50 V (C3)
. 4 1 30D Sprauge Capacitor, 33 pf, 35 V (C4)

5 1 39D Sprauge Capacitor, 500 of, 40 V (C5)

6 1 Capacitor, 360 pf (C6)
7 4 IN4007 Diode, power (CRI-CR4)

8 4 1N4003 Diode, power (CR5-CR8)
9 1 IN4742 Diode, zener

10 2 IN4004 Diode, power

11 1 1N758A Diode, zener

12 4 AII4M GE Diode, F.R. (CR13-CRL7)
13 1 IN5382 Diode, zener

14 3 J411-6WP Teledyne Relay (K1,K2,K5)

15 2 652-1 Teledyne Relay (K3,K4)

16 1 LZD-22 Lambda Power supply, ±15 VDC (PSI)

17 5 JAN 2N2219 Transistor (QI,Q3,Q4,Q5,Q8)

18 2 JAN 2N2905 Transistor (Q2,Q6)

19 1 JAN 2N5807 RCA Triac (Q7)

20 1 15K,1W Resistor, carbon (RI)

21 1 20K Resistor, carbon (R2)

22 1 IK Resistor, carbon (R3)
23 1 200 Resistor, carbon (R4)

24 1 100289-501 IRC Potentiometer, 500 ohm (R5)

25 1 1.2K Resistor, carbon (R6)

26 2 2K Resistor, carbon (R7,R25)

27 1 24K Resistor, carbon (R8)
28 1 51 Resistor, carbon (R9)

29 2 150 Resistor, carbon (R1O,R23)

30 4 58K Resistor, carbon (RII,13,14,16)

continued
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Item Required Part No. Manufacturer Description

31 1 820 Resistor, carbon (R12)
32 2 560 Resistor, carbon (RI5,R19)
33 1 10K,2W Resistor, carbon (R17)
34 1 200 Resistor, carbon (R18,R34)
35 1 510 Resistor, carbon (R20)

36 1 6.8K Resistor, carbon (R21)
37 1 15 Resistor, carbon (R22)
38 1 27K Resistor, carbon (R24)
39 1 390K Resistor, carbon (R26)
40 1 1K Resistor, carbon (R27)

* 41 1 3.9K Resistor, carbon (R28)
42 1 100289-102 IRC Potentiometer, 10K (R29)
43 1 8370K8 Cutler Hammer Switch, toggle (SI)
44 2 J-0262 JBT Switch, momentary (S2,S3)
45 1 9T51B0033 GE Isolation transformer (TI)

46 1 CC2714 Western Elect. Current transformer (T2)
47 1 N48X Triad Transformer (T3)
48 1 6185-100-1/4 Drake Neon indicator (XD1)
49 1 HKP-HH Bussmann Fuse holder (XFI)
40 1 HKP Bussmann Fuse holder (XF2)

51 1 20 AMP Fuse AGC
52 1 0.5 AMP Fuse AGC
53 1 125V-20A Leviton AC receptacle
54 1 540 Calex Voltage comparator (Ul)
55 1 A734 Operational. amplifier (U2)

56 1 Sprauge Capacitor, 8 MFD, 50 V (C7)
57 1 12K Resistor, carbon (R35)

58 1 5.1K Resistor, carbon (R36)

NOTE: All resistors 1/2 W and 5% unless noted.
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* STRBE-BLORE, Ft Belvoir, VA; STRBE-WC, Ft. Belvoir, VA
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BUREAU OF RECLAMATION Code 1512 (C. Selander) Denver CO
CBC Code 10, Davisville, RI; Code 155, Port Hueneme, CA; Code 430, Gulfport, MS; Code 470.2, Gulfport,
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CINCUSNAVEUR London, England
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DTNSRDC Code 4111 (R. Gierich), Bethesda MD; Code 4120, Annapolis, MD; Code 42, Bethesda MD; Code

421.1 (A. Kaletka), Bethesda, MD; Code 522 (Library). Annapolis MD
* ENVIRONMENTAL PROTECTION AGENCY Reg. III Library. Philadelphia PA; Reg. ViII, 8M-ASL,

Denver CO
FAA (Fowler) Code APM-740, Wash. DC
FAIRECONRON Squadron THREE. LTJG Carlsen, NAS Barbers Point. HI



FCTC LANT, PWO, Virginia Bch, VA
FMFLANT CEC Offr, Norfolk VA
FMFPAC G5 (SCIAD), Camp HM Smith, HI
GSA Assist Comm Des & Cnst (FAIA) D R Dibner Washington, DC ; Off of Des & Const-PCDP (D Eakin)

Washington, DC
KWAJALEIN MISRAN BMDSC-RKL-C
LIBRARY OF CONGRESS Washington, DC (Sciences & Tech Div)
MARCORDIST 12, Code 4, San Francisco, CA
MARCORPS FIRST FSSG, Engr Supp Offr. Camp Pendleton, CA
MARCORPS AIR/GND COMBAT CTR ACOS Fac Engr. Okinawa, Japan
MARINE CORPS BASE ACOS Fac engr. Okinawa; Code 4.01 (Asst Chief Engr) Camp Pendleton, CA; Code

406, Camp Lejeune. NC; Dir, Maint Control, PWD. Okinawa, Japan- M & R Division, Camp Lejeune NC;
Maint Ofc, Camp Pendleton, CA; PWO, Camp Lejeune. NC; PWO, Camp Pendleton CA

MARINE CORPS HQTRS Code LFF-2, Washington DC
MCAS Facil. Engr. Div. Cherry Point NC
MCAF Code C144, Quantico, VA
MCAS Code 3JA2, Yuma, AZ; Facs Maint Dept - Operations Div, Cherry Point; PWO, Kaneohe Bay, HI;

PWO, Yuma AZ
MCDEC M & L Div Quantico, VA; NSAP REP, Quantico VA; PWO, Quantico, VA
MCLB Maintenance Officer, Barstow, CA; PWO (Code B520), Barstow, CA; PWO, Barstow CA
MCRD SCE, San Diego CA

" "NAF Dir. Engrg Div. PWD, Atsugi, Japan; PWO, Atsugi Japan; PWO, Misawa, Japan
NALF OIC. San Diego, CA
NAS CO. Adak, AK: Code OL, Alameda, CA; Code 163, Keflavik, Iceland; Code 182, Bermuda; Code 183,

Jacksonville. FL; Code 187, Jacksonville FL; Code 18700, Brunswick, ME; Code 6234 (G. Trask), Point
* OMugu CA; Code 70, Atlanta, Marietta GA; Code 8E, Patuxent River, MD; Code 8EN, Patuxent River,

MD; Dir, Engrg Div, Millington, TN; Dir, Maint Control, Millington. TN; Director, Engrg, Div; Engr
Dept, PWD, Adak, AK; Engrg Dir. PWD. Corpus Christi, TX; Fac Plan Br Mgr (Code 183), NI, San Diego,

CA: Lead CPO, PWD. Self Help Div, Beeville, TX; P&E (Code 1821H), Miramar, San Diego, CA; PWD
Maint Div. New Orleans, LA; PWD, Maintenance Control Dir., Bermuda; PWO New Orleans. LA; PWO,
Beeville. TX: PWO, Cecil Field, FL; PWO, Dallas TX; PWO, Glenview IL; PWO, Keflavik, Iceland; PWO.
Key West, FL: PWO, Kingsville TX; PWO, Millington, TN; PWO, Milton, FL; PWO. Miramar, San Diego,
CA; PWO, Moffett Field, CA; PWO, Oceana, Virginia Beach, VA; PWO, Sigonella, Sicily; PWO, South
Weymouth, MA; PWO, Willow Grove. PA; SCE Norfolk, VA; SCE, Barbers Point, HI; SCE, Cubi Point,
RP; Security Offr (Code 15), Alameda, CA; Security Offr, Kingsville, TX; Weapons Offr, Alameda, CA

NATL RESEARCH COUNCIL Naval Studies Board, Washington DC
NAVADMINCOM SCE, San Diego, CA

-e NAVAIRDEVCEN Code 813, Warminster PA; Code 832, Warminster, PA; Code 8323, Warminster, PA
NAVAIRENGCEN Dir. Engrg (Code 182), Lakehurst, NJ; PWO, Lakehurst, NJ
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%NAVAUDSVCHQ Director. Falls Church VA
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NAVCOMMSTA CO. San Miguel, R.P.; Code 401, Nea Makri, Greece: Dir, Maint Control, PWD. Diego
Garcia; PWD, Maint. Control Dir. Thurso UK; PWO, Exmouth, Australia

NAVCONSTRACEN Code B-I, Port Hueneme, CA
NAVEDTRAPRODEVCEN Tech Library. Pensacola, FL
NAVEODTECHCEN Tech Library, Indian Head, MD

w~ ~ NAVFAC Maint & Stores Offr. Bermuda; PWO (Code 50), Brawdy Wales. UK; PWO, Centerville Bch.
Ferndale CA

NAVFACENGCOM Code 03, Alexandria, VA: Code 032E. Alexandria, VA: Code .3T (Essogl,,u), Alexandria.
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Alexandria, VA: Code IIlB (Hanneman). Alexandria, VA; Code 112, Alexandria, VA

NAVFACENGCOM - CHES DIV. Code 101 Wash, DC: Code 403 Washington DC; Code 405, Washington.
DC; Code FPO-IC Washington DC; FPO-l Washington. DC; Library, Washington. D.C.



NAVFACENGCOM - LANT DIV. Br Ofc. Dir. Naples, Italy; Code 111, Norfolk. VA; Code 1112, Norfolk,
VA; Code 403, Norfolk. VA; Code 405, Norfolk, VA; Library. Norfolk. VA

NAVFACENGCOM - NORTH DIV. CO. Philadelphia. PA; Code 04. Philadelphia, PA; Code 04AL.
Philadelphia PA; Code 09P. Philadelphia. PA; Code 11. Philadelphia. PA; Code 111, Philadelphia. PA;
Code 405, Philadelphia, PA; ROICC. Contracts. Crane IN

NAVFACENGCOM - PAC DIV. (Kyi) Code 101, Pearl Harbor. HI; Code 09P, Pearl Harbor, HI; Code 2011
Pearl Harbor, HI; Code 402. RDT&E, Pearl Harbor. HI; Library, Pearl Harbor, HI

NAVFACENGCOM SOUTH DIV. Code 1112. Charleston. SC; Code 403. Gaddy, Charleston. SC; Code 405
Charleston, SC; Code 406 Charleston, SC; Library. Charleston. SC

NAVFACENGCOM - WEST DIV. 09P/20. San Bruno. CA; Code 04B. San Bruno. CA; Code 102. San Bruno.
CA; Code 405, San Bruno, CA; Library, San Bruno. CA; RDT&E LnO. San Bruno. CA

NAVFACENGCOM CONTRACTS AROICC, Quantico. VA; Code 460, Portsmouth, VA; DROICC, Lemoore.
CA; OICC. Guam; OICC-ROICC. NAS Oceana. Virginia Beach, VA; OICC/ROICC, Norfolk, VA; ROICC
(Code 495), Portsmouth, VA; ROICC. Code 61. Silverdale, WA; ROICC, Corpus Christi, TX; ROICC.
Keflavik, Iceland; ROICC. Key West, FL; ROICC. Point Mugu, CA; ROICC. Twentynine Plams, CA;
ROICC/AROICC, Brooklyn, NY. ROICC/AROICC. Colts Neck. NJ; ROICC/OICC, SPA, Norfolk, VA; SW
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NAVHOSP CE, Newport, RI; CO. Millington. TN; Dir, Engrg Div, Camp Lejeune, NC; Lt Barron, Yokosuka,
Japan; PWO, Guam, Mariana Islands; PWO. Okinawa. Japan; SCE. Camp Pendleton CA; SCE, Pensacola
FL; SCE, Yokosuka, Japan

NAVMAG Dir. Engrg Div, PWD, Lualualei, HI; Engr Dir, PWD, Guam, Mariana Islands; SCE, Guam,
Mariana Islands; SCE, Subic Bay RP

NAVMEDCOM MIDLANT REG. PWO. Norfolk, VA; NWREG, Head, Fac Mgmt Dept, Oakland, CA;
SEREG. Head, Fac Mgmt Dept, Jacksonville, FL; SWREG, OICC, San Diego, CA

NAVOCEANO Library Bay St. Louis, MS
NAVOCEANSYSCEN Code 5204 (J. Stachiw). San Diego, CA; Code 523 (Hurley). San Diego, CA; Code 6700,

0 San Diego. CA; Code 811 San Diego, CA; Code 90 (Talkington), San Diego, CA; Code 964 (Tech Library),
San Diego, CA; Code 9642B (Bayside Library). San Diego. CA; DET, R Yumori, Kailua, HI; DET. Tech
Lib. Kailua. HI

NAVORDMISTESTSTA Dir. Engrg. PWD, White Sands, NM
NAVORDSTA Dir, Engr Div, PWD. Indian Head, MD; PWO, Louisville KY
NAVPETOFF Code 30. Alexandria, VA
NAVPETRES Director. Washington DC
NAVPGSCOL C. Morers. Monterey, CA; Code 1424, Library, Monterey, CA; Code 68 (C.S. Wu), Monterey,

CA; E. Thornton, Monterey, CA; PWO, Monterey. CA
NAVPHIBASE PWO Norfolk, VA; SCE, San Diego, CA
NAVRADRECFAC PWO. Kami Seya Japan
NAVRESREDCOM Commander (Code 072), San Francisco, CA
NAVSCOLCECOFF C35 Port Hueneme, CA; CO, Code C44A Port Hueneme, CA
NAVSCSCOL PWO, Athens GA
NAVSEACENPAC Code 32, Sec Mgr, San Diego, CA
NAVSEASYSCOM Code 035, Washington DC; Code 05G13, Washington, DC; Code 06H4, Washington, DC;

Code PMS-3%.3211 (J. Rekas) Washington. DC; SEA-05R4 (J. Freund), Washington. DC
NAVSECGRUACT PWO (Code 305). Winter Harbor, ME; PWO (Code 40), Edzell. Scotland; PWO, Adak
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NAVSECGRUCOM Code G43. Washington. DC
NAVSECS'IA PWD - Engr Div, Wash., DC
NAVSHIPREPFAC SCE. Subic Bay, RP; SCE. Yokosuka Japan
NAVSHIPYD CO. Pearl Harbor, HI; Carr Inlet Acoustic Range, Bremerton, WA; Code 202.4, Long Beach.

CA; Code 202.5 (Library). Bremerton, WA; Code 280, Mare Is., Vallejo, CA; Code 280.28 (Goodwin).
Vallejo. CA; Code 380. Portsmouth, VA; Code 382.3, Pearl Harbor, HI; Code 410, Mare Is., Vallejo CA;
Code 440, Bremerton, WA; Code 440, Bremerton, WA; Code 440, Norfolk, VA; Code 440, Portsmouth,
NH; Code 440.4, Bremerton. WA; Code 457 (Maint Supr), Vallejo, CA; Code 903. Long Beach, CA; Dir,
Maint Control, PWD. Long Beach, CA; Dir. PWD (Code 420), Portsmouth. VA: Library. Portsmouth. NH;
PWD (Code 450-HD), Portsmouth, VA; PWD (Code 453-HD) Shop 03, Portsmouth, VA; PWD, Long
Beach. CA. PWO. Bremerton. WA; PWO. Charleston, SC; PWO, Mare Island, Vallejo. CA; SCE. Pearl

* Harbor, HI; Util Supt (Code 453). Vallejo. CA
NAVSTA A. Sugihara, Pearl Harbor. HI; CO. Brooklyn, NY; CO, Long Beach. CA; CO. Roosevelt Roads.

PR; Code 18. Midway Island; Dir, Engr Div. PWD (Code 18200), Mayport, FL; Dir, Engr Div. PWD,
Guantanamo Bay. Cuba; Engrg Dir. Rota. Spain; Maint Control Div. Guantanamo Bay, Cuba; PWO,

ra. a Mayport. FL; SCE. Guam, Marianas Islands; SCE. Pearl Harbor HI; SCE. San Diego CA; SCE, Subic Bay.
RP; Util Engrg Offr, Rota. Spain

NAVSUBASE SCE, Pearl Harbor HI
NAVSUPPACT CO. Naples. Italy; PWO. Naples. Italy
NAVSUPPFAC Dir, Maint Control Div, PWD. Thurmont. MD
NAVSURFWPNCEN Code E211 (C. Rouse), Dahlgren, VA; PWO, Dahlgren, VA



NAVTECHTRACEN SCE, Pensacola FL
NAVWARCOL Fac Coord (Code 24), Newport, RI
NAVWPNCEN Code 2634, China Lake, CA; Code 2636, China Lake, CA; DROICC (Code 702), China Lake,

CA; PWO (Code 266), China Lake, CA
NAVWPNSFAC Wpns Offr, St. Mawgan, England
NAVWPNSTA Code 092, Colts Neck, NJ; Code 092, Concord CA; Code 092A, Seal Beach, CA; Dir, Maint

Control, PWD, Concord, CA; Dir, Maint Control, Yorktown, VA; Engrg Div, PWD, Yorktown, VA; K.T.
Clebak, Colts Neck, NJ; PWO, Charleston, SC; PWO, Code 09B, Colts Neck, NJ; PWO, Seal Beach, CA

NAVWPNSTA PWO, Yorktown, VA
NAVWPNSTA Supr Gen Engr, PWD, Seal Beach, CA
NAVWPNSUPPCEN Code 09 Crane IN
NETC Code 42, Newport, RI; PWO, Newport, RI; Utilities Dir (Code 46), Newport, RI
COMEODGRU OIC, Norfolk VA
NCR 20, CO, Gulfport, MS

, NMCB 3, SWC D. Wellington; FIVE, Operations Dept; Forty, CO; THREE, Operations Off.
NOAA Library, Rockville, MD
NORDA Code 410, Bay St. Louis, MS, Ocean Rsch Off (Code 440), Bay St. Louis, MS
NRL Code 5800 Washington, DC; Code 5843 (F. Rosenthal) Washington, DC; Code 8441 (R.A. Skop),

Washington, DC
NSC Cheatham Annex, PWO, Williamsburg, VA; Code 09A, Norfolk, VA; Code 54.1, Norfolk, VA; Fac &

Equip Div (Code 43) Oakland. CA; SCE, Charleston, SC;. SCE, Norfolk, VA
NSD SCE, Subic Bay, RP
NUCLEAR REGULATORY COMMISSION T.C. Johnson, Washington, DC
NUSC DET Code 3322 (Varley) New London, CT; Code 5202 (S. Schady) New London, CT; Code EA123

(R.S. Munn), New London, CT; Code SB 331 (Brown), Newport RI
OCNR Code 126, Arlington, VA
OFFICE SECRETARY OF DEFENSE OASD (MRA&L) Dir. of Energy, Pentagon, Washington, DC
CNR Code 481, Bay St. Louis, MS
OCNR Code 221, Arlington, VA; Code 700F, Arlington, VA
PACMISRANFAC PWO, Kauai, HI
PHIBCB 1, CO San Diego, CA; 1, P&E, San Diego, CA; 2, Co, Norfolk, VA
PMTC Code 5054-S, Point Mugu, CA
PWC ACE (Code 110), Great Lakes, IL; ACE Office, Norfolk, VA; CO (Code 613), San Diego, CA; Code 10,

Great Lakes, IL; Code 10, Oakland, CA; Code 101 (Library), Oakland, CA; Code 102, Maint Plan &
Inspec, Oakland, CA; Code 110, Oakland, CA; Code 123-C, San Diego, CA; Code 200, Guam, Mariana
Islands; Code 400, Pearl Harbor, HI; Code 400, San Diego, CA; Code 420, Great Lakes, IL; Code 420,
Oakland, CA; Code 422, San Diego, CA; Code 423, San Diego, CA; Code 424, Norfolk, VA; Code 500,
Norfolk, VA; Code 500, Oakland, CA; Code 505A, Oakland, CA; Code 590, San Diego, CA; Code 610,
San Diego Ca; Dir Maint Dept (Code 500), Great Lakes, IL; Dir, Maint Control, Oakland, CA; Dir, Serv
Dept (Code 400), Great Lakes, IL; Dir, Transp Dept (Code 700), Great Lakes, IL; 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; Prod Offr, Norfolk, VA; Tech Library, Subic
Bay, RP; Util Dept (R Pascua) Pearl Harbor, HI; Util Offr, Guam, Mariana Island

SPCC PWO (Code 08X), Mechanicsburg, PA
SUPSHIP Tech Library, Newport News, VA

.4 UCT ONE OIC, Norfolk, VA
UCT TWO OIC, Port Hueneme CA

4 US DEPT OF INTERIOR Bur of Land Mgmnt Code 583, Washington DC; Nat'I Park Serv (RMR/PC) Denver,
CO

US GEOLOGICAL SURVEY Off. Marine Geology, Piteleki, Reston VA
USAF 92d CES/DEMC (EMCS Mgr) Fairchild AFB, WA
USAF REGIONAL HOSPITAL SGPM, Fairchild AFB, WA
USAFE HO DE-HFO, Ramstein AFR, Germany
USCG G-EOE-4 (T Dowd). Washington, DC; G-MMT-4/82 (J Spencer); Library Hqtrs, Washington, DC
USCG R&D CENTER Library. Groton, CT
USCINC PAC. Code J44. Camp HM Smith, HI
USDA Ext Service (T. Maher) Washington, DC
USNA Ch. Mech. Engr. Dept Annapolis MD; Energy-Environ Study Grp, Annapolis, MD; Mech. Engr. Dept.

(C. Wu), Annapolis MD; Mgr, Engrg, Civil Specs Br, Annapolis, MD; PWO, Annapolis, MD
USS FULTON WPNS Rep. Offr (W-3) New York. NY
BROOKHAVEN NATL LAB M. Steinberg, Upton NY
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The Naval Civil Engineering Laboratory has revised its primary distribution lists. The bottom of
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Subject Categories. Numbers on the label corresponding to those on the list indicate the subject category and
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DISTRIBUTION QUESTIONNAIRE
The Naval Civil Engineering Laboratory is revising its primary distribution lists.

SUBJECT CATEGORI ES 2 ENERGY/POWER GENERATION
29 Thermal conservation (thermal engineering of buildings. NVAC

I SHORK FACIfLTES systems, energy lons measurement. F. rasgeratioit)
2 Construction methods and materials (including corrosion 30 Controls and electrical conservation (electrical systems.

control. coetingl) energy monitoring and control systems)
3 Waterfront structures (maintenance/deterioration control) 31 Fuel flexibility (liquid fuels, coal utilization, energy
4 Utilities (including power conditioning) from solid waste)
S Explosives safety 32 Alternate energy source (lothermal power. photovoltaic
* Construction equipment and machinery power systems solr systems, wind systems, energy storage
7 Fire prevention and control systems)
*8 Antenna technology 33 Site data and systems integration (energy resource data, energy
9 Structural analysis and design (including numerical and consumption data, integrating energy systems)

computer techniques) 34 ENVIRONMENTAL PROTECTION
10 Protective construction (including hardened shelters, 35 Solid waste management

shock and vibration studio) 36 Hazardous/toxic materials management
S11 Soillrock mechanics 37 Wastewater management and senitery engineering
13 BEQ 38 Oil pollution removal and recovery
14 Airfields end pavements 39 Air pollution
IS ADVANCED BASE AND AMPHIBIOUS FACILITIES 40 Noin abatement
16 Sase facilities (including shelters. power generation, water supplies) 44 OCEAN ENGINEERING
17 Expedient roadsa/irfieds bridges 45 Seafloor soils and foundations
18 Amphibious operations (including breakwaters, wave forces) 46 Seafloor construction systems and operations (including
19 Over-the-Beech operations (including containerization, diver and manipulator tools)

materiel transfer. lighterage and crones) 47 Undersea structures and materials
20 POL storag, transfer and distribution 48 Anchors and moorings
24 POLAR ENGINEERING 49 Undersea power systems. electromechanical cables,
24 Same as Advanced Bane and Amphibious Facilities, and connectors

except limited to cold-regon environments 50 Pressure vessel facilities
f51 Physical environment (including site surveying)
52 Ocean-based concrete structures

*53 Hyperbaric chambers
_<., 54 Undree cble dynm cs
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D6AT4I~TOF-l TH NVY-j

UILMAILj
OFFICIAL BUSINESS

I PENALTY FOR PRIVATE USE. $SO0
01 IIMICEL.270c0/4 (PNEV. 12.73)

*OSO.LI.L0..4

Commanding Officer
*/~ Code L14

Naval Civil Engineering Laboratory
.7: Port Hueneme, California 93043-5003
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