
 
 
 
 
 
 
 
 

Validating an HIF Downed Conductor Detection System 
 
 
 
 
 
 
 
 
 
 
 
 
 

John J. McGowan 
ABB Inc. 

Allentown, PA 
 
 
 
 
 
 
 
 
 
 
 
 
 

Presented to: 
33rd Western Protective Relay Conference 

Spokane, WA 
October 17 – 19, 2006 

 

 



Abstract 
 
The detection of and protection against a High Impedance Fault (HIF) presents a unique 
challenge to protection engineers. With ground currents measuring near normal 
unbalance currents and below ground overcurrent relay settings, an HIF event becomes 
undetectable through conventional protections means. Though the HIF currents pose no 
immediate threat to the power system assets such as transformers and breakers, they do 
represent a threat to the environment and its inhabitants making detection essential. The 
gains in microprocessor technologies and digital signal processing techniques over the 
last two decades have enabled protective relay manufacturers to design and develop 
affordable, dependable and secure downed conductor detection systems. Downed 
conductor detection methods involve multiple sophisticated algorithms requiring unique 
testing techniques to verify and validate their reliability. This paper presents the methods 
used to validate HIF detection in distribution systems of various voltage levels and 
grounding methods. 
 
 
Introduction 
 
Faults can be classified in one of two ways – low impedance faults and high impedance 
faults.  Low impedance faults have large fault currents that are easily detected and 
cleared by conventional protection methods. High impedance faults, conversely, involve 
small fault currents, not necessarily recurrent, that are too small to be detected by 
standard protection schemes. While there are many types of high impedance faults in a 
distribution system, none are as pervasive and threatening to society as those type faults 
resulting from downed conductors. The possibility of a downed conductor HIF event was 
born with the first installation of an overhead distribution system more than a century 
ago. Today, millions and millions of miles of overhead distribution lines span the 
landscape rated anywhere from 4 – 38 kV each with the potential of creating an HIF 
event. 
 
The likelihood of a downed conductor is greatest in older distribution systems where 
connections have weakened over time and their non-insulated stranded conductors lack 
the steel reinforcement, and in some cases insulation, today’s feeder conductors possess. 
Urban and suburban areas that contain some of the oldest overhead systems are also the 
most densely populated. This is a dangerous combination where a high risk of personal 
injury exists. Downed conductors in forested regions present a high risk of igniting fires 
that result in extensive damage and high costs. As long as overhead distribution lines 
exist, there will be a demand to detect and isolate high impedance faults. 
 
Conventional Protection 
Long standing recommended practices for protecting a distribution feeder against faults 
use primarily phase and ground overcurrent elements as seen in Figure 1. These simple 
level detection elements are applied either with a time delayed or instantaneous response 
time. Protection engineers set the levels or pickups high enough to avoid nuisance trips 
due to normal loading and unbalance conditions. In four-wire multi-grounded systems,  
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for example, the ground pickup level is set insensitive, typically 50 – 100% of the phase 
pickup setting, to avoid an operation on normal ground current flow. Since this feeder 
circuit design is the typical type used for the majority of overhead distribution systems, in 
the United States at least, the feeder relay is incapable of detecting a downed conductor 
HIF event leaving a gap in the protection scheme. Today, that gap in protection can be 
filled with the application of an HIF detection function. 
 

 
 

Figure 1 – Basic feeder overcurrent protection 
 
HIF Detection 
As with any new protective function and the technology it incorporates, the protection 
engineer performs a thorough evaluation before applying it to the existing protection 
scheme. That evaluation will most likely include an analysis of how the new function 
measures up against the five fundamental principles of protective relaying – reliability 
(dependability and security), selectivity, speed, simplicity and economics. Since the 
existing protection scheme incorporated these same factors, considering them in the 
evaluation of a new function like HIF detection and its effect on the scheme would be 
both consistent and prudent. 
 
Flexibility in programming allows the protection engineer the ability to apply HIF 
detection and gain confidence in its detection capability and security without impacting 
negatively on the reliability of protection and service. Initially, the feature can be 
programmed simply to alarm and record on HIF detection. The detection signal can be 
added to the SCADA point list for remote indication. When the desired level of 
confidence has been reached, the engineer can apply the HIF detection function in a 
manner equal to the conventional feeder protection application. 
 
Speed of operation can be of concern in situations where the HIF situation involves the 
energized conductor contacting an object whose conductivity changes with time. Figure 2 
shows an example of a downed conductor resting on a sandy surface. As time progresses, 
the heat generated through arcing transforms the sand into fused glass particles. This 
composite material has an insulating effect reducing the HIF’s ability to conduct and 
may, over a long enough period of time, become undetectable. 
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Figure 2 – Example current profile of a downed conductor HIF on a sand surface 
 
How these protection principles are balanced differs from one utility to another 
depending on their prioritization. In Minnesota, for example, an electric cooperative 
determined the ignition of three fires that caused significant damage was due to downed 
conductors. They resolved the problem by converting that overhead distribution line to an 
underground line. While this solution may have been economically justified for this 
utility company, it would definitely not be economically feasible for the majority of 
utilities. 
 
 
Comprehensive Validation of an HIF Detection Function 
 
Understanding the steps a manufacturer has taken to validate a protective function is 
critical. For an HIF detection function, a manufacturer’s validation of its performance 
must extend beyond the test bench to live staged-HIF tests. It is also imperative the 
protection engineer evaluate an HIF detection function’s performance in their actual 
system where it will be applied. Though HIF events involving downed conductors 
contact common surfaces such as concrete and soil from one utility system to another, the 
resulting HIF activity will most definitely differ from system to system and voltage level 
to voltage level. Therefore, while this task can be the somewhat difficult to achieve, it is 
highly recommended given the system-dependent characteristics of HIF events. 
 
The HIF detection function validated included new and innovative algorithms based upon 
advanced digital signal processing (DSP) techniques. As shown in Figure 3, power 
system signals are acquired, filtered and then processed by individual high impedance 
fault detection algorithms. The results of these individual algorithms are further 
processed by decision logic to provide the detection decision. The decision logic can be 
modified depending upon the application requirement. 
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Figure 3 – Composite algorithms for HIF detection 
 
Integrating HIF detection into a feeder protection system with standard ct and vt 
connections, as seen in Figure 4, provides the protection engineer with an economical 
solution of a complete feeder protection scheme for low and high impedance faults. 
 

 
 

Figure 4 – Feeder protection system with HIF detection 
 
 
HIF Detection Validation Process 
 
Initial verification testing for reliability of detection involved playing data files of known 
HIF events and loads with HIF-like characteristics. With dependability and security 
requirements satisfied, the rigorous validation process then began. This involved 
performing numerous staged-HIF tests at locations throughout the world. These live tests 
were only possible due to the wonderful cooperation of the utility companies. Naturally, 
they also benefited from the tests in learning how an HIF detection function would fare in 
their system. An additional benefit the utilities realized was the ability to show new hires, 
in a safe environment, how a downed conductor behaves and what it looks like. 
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A comprehensive analysis of the HIF detection performance was therefore possible for 
variations in geography, and thus different surface geologies and topographies, 
distribution voltage, feeder circuit design and system grounding. Topologies spanned 
from plains to mountains and surface geologies varied from mineral-rich soil to mineral-
deficient soil surfaces. The thorough evaluation included tests made at distribution 
system voltages from 4 – 25 kV in solidly-grounded, resistance grounded and 
ungrounded distribution systems.   
 
In general, the validation process steps below were followed for each staged-HIF test 
with only slight differences in the details of each step. These fundamental process steps 
are useful for any utility planning to perform validation testing of an HIF detection 
system in their specific system. 
 

• Safety First! 
• Test date(s) selection 
• Test site(s) selection 
• Test setup 
• Staged-HIF test procedure 

 
Safety First 
All the utilities naturally treated safety as the top priority and ensured all involved parties 
understood that position. The necessary education in the utility’s safety procedures was 
performed well in advance of the test date. Without the required personal protection 
equipment identified, participation was not allowed. Results must not be obtained at risk 
to safety and each utility was diligent in ensuring that was the case. 
 
Test date(s) selection 
Times of the year where good weather is most reliable, system demand is low and the 
availability of required utility field personnel is high offer a range of dates from which to 
choose. In some cases, the dates may be selected within a time of year where knowledge 
of HIF detection reliability is eagerly sought. Analysis of detection reliability for a snow-
covered landscape, for example, would involve selected dates around the winter season. 
Several days should be allotted, e.g., a week, for equipment installation, test setup and to 
serve as rain dates for poor weather conditions and system emergencies. Detection tests 
for wet conditions can always be performed on dry days with an ample supply of water.   
 
Where staged-HIF tests are performed by utility and non-utility parties, such as a relay 
manufacturer, the legal department representing each group may want documentation 
signed prior to performing any tests. The documentation may be an indemnity agreement 
absolving a party from any liability claims due to injuries sustained during the tests, a 
non-disclosure agreement (NDA) restricting discussion of proprietary information with 
any persons outside the group of people involved in the test or both. Allow several weeks 
in the schedule to ensure all required legal documentation are reviewed and signed by all 
the parties prior to the test dates. 
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Test site selection 
The utilities choose location sites for HIF validation testing that are easily controlled and 
safe from public intrusion. Testing on utility property satisfies these criteria very well and 
was the case for the majority of the validation tests described. A site with the most 
variety of surface topologies in their natural state allows a full spectrum of detection 
performance evaluation. Additional test surfaces can be brought to the location site if 
needed. Where a feeder is identified as one that is prone to many HIF events, choose a 
test site along that feeder circuit. With successful results, it can serve as the first 
installation of HIF detection. If selecting multiple test sites is possible, choose them at 
varying distances from the substation. 
 
Test setup 
A typical setup used in HIF validation testing is shown in Figure 5. The most accessible 
of the three phase conductors is selected for testing and is connected to the test conductor 
through a fused cutout. The fuse protects against unwanted trips of the feeder during 
staged-HIF tests. To ensure the fuse clears the staged fault before the substation 
protection operates, a fuse rated well below the substation protection’s phase and ground 
overcurrent settings, but not too low that the fault is cleared too quickly, is chosen. Fuses 
rated 20 – 65 A were found to last long enough to evaluate the success of HIF detection.  
Figure 6 shows the coordination margin realized when a 40A fuse is used on the feeder 
selected for HIF tests having these protection settings: 
 

- 51P Pickup:  600A 
- 51P Curve:  Very inverse 
- 51 P Time dial: 3.0 
- 51N Pickup:  240 A 
- 51N Curve:  Very inverse 
- 51N Time dial: 2.0 
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Figure 5 – Typical HIF test setup 
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Figure 6 – Feeder relay and 40 A fuse coordination for HIF detection tests 
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If the fuse remains intact for all the HIF tests performed on one test surface, it is best to 
replace it with a new one when the testing moves to the next surface. The fuse can 
become derated over the course of several tests opening prematurely and cutting short the 
detection test. 
 
The test conductor is then connected to an insulator mounted atop a fixed point, e.g., a 
pole standing six to eight feet tall. This connection provides stability for lowering and 
raising the test conductor and restricts the movement of the conductor should the heat 
generated cause it to break into two sections. The other end of the test conductor is 
attached to an insulator and rope of sufficient length to ensure safety and control for the 
drop tests. The utility lineman will grasp the end of the rope and control the lowering and 
raising of the test conductor onto the particular surface being tested. The pictures shown 
in Figure 7 demonstrate the various setups utilities used in their staged-HIF tests. 
Practicing the lowering and raising of the test conductor, de-energized, is advised before 
starting any surface test. Utilities save time by wiring most of the setup several days 
ahead of the test dates. 
 

  
 

Figure 7 – Example HIF test setups 
 

Figure 8 illustrates the wiring of the HIF Test Equipment, “HIF T.E.”, in series with the 
feeder’s existing protective relay system “R”. Where both the existing protection panel 
and the test equipment include test switches, the connections are made quickly. The test 
equipment consists of a data acquisition system and one or more detection systems as 
shown in Figure 9. Using two detection systems affords evaluation of detection 
consistency. The data acquisition system provides high-speed sampling and recording of 
all the signal waveforms. The stored data is archived for future playback of these events 
eliminating the need to repeat the tests. 
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Figure 8 – HIF test equipment connections 
 

 
 

Figure 9 – HIF Validation Test Equipment 
 
Test sequences can vary depending upon the utility, setup or vendor. Here is the test 
setup that was widely used in the staged-HIF tests. This sequence should be dry run with 
the test conductor de-energized so all involved personnel can practice their 
responsibilities. Any issues uncovered during the “dry” test can be readily resolved 
before anything becomes energized. Only after all participants are comfortable with their 
assignments and can demonstrate the ability to perform them should the test continue. 
 
1. Confirm all participants involved in the test are ready. This includes persons in the 

substation as well as those at the test site. 
2. With “Go” from everyone, place the fuse open in the cutout and raise the test 

conductor 2 – 3 feet above the test surface. 
3. Close in the fuse to energize the test conductor. 

10



4. Lower the conductor until it rests upon the test surface. (Note: To ensure the 
conductor rests squarely on the test surface, it is recommended the lineman position 
themselves accordingly, before the start of tests with the test line de-energized, and 
practice raising and lowering of the test conductor.) 

5. Observe any HIF detection by the protection system at the substation. 
6. When given the word, raise the conductor 2 – 3 feet above the test surface and open 

the fuse to de-energize the test conductor. 
7. Place the test conductor on the ground and await the “Go” for the next test. 
 
Should the fuse blow anytime during the test, replace it and start at the beginning. 
Depending upon the impedance of the test surface and therefore the achieved fault 
current, it may be necessary to increase the size of the fuse provided there is still plenty 
of coordination with the upstream protection system. 
 
 
Staged-HIF Detection Validation Tests and Results 
 
A sample of the staged-HIF tests performed in the validation of our HIF detection 
function is provided. Select data are presented in a graphical form focusing on the change 
in test phase and ground currents from a pre-HIF state to an HIF state. Plotting the 
existing protection device’s phase and ground pickup settings alongside these maximum 
test values illustrates clearly HIF events were created. All currents are primary RMS 
amperes and the duration of each test varied. 
 
 
 
Test location #1: Solidly grounded 25kV and 12kV systems 
Date: January 2004 
Weather: Mean Temperature – 38°F/40°F, Relative Humidity – 56%/57%, Precipitation 
– 0.00 in./0.00 in. 
 

 
 

Figure 10 – One-line diagram of the feeder undergoing HIF tests at location #1 
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Feeder Circuit Profile 
Figure 10 shows the one-line of the utility’s 25kV and 12kV feeders selected for the HIF 
tests. The ground input source was the residual connection of the phase ct’s. Two sites 
were chosen for the tests – the first site located just outside the 25 kV feeder’s substation 
and the second site located approximately 12 miles from the substation. Between the 
substation and the second test site, two voltage regulators and a 15 kVA voltage booster 
transformer are connected in the feeder circuit. The available fault duty at each location is 
shown in Table 1. High impedance faults were staged on the surfaces of asphalt, 
concrete, concrete on sand, gravel and sand. 
 
Table 1 Fault Duty at the HIF Test Sites 
Fault Type Site #1 Fault Current (A) Site #2 Fault Current (A) 
Three-phase (3P) 523 >2069 
Phase-to-phase (PP) 453 > 1792 
Phase-to-ground (PG) 393 > 1744 
 
Test Results 
Due to a problem with the test equipment and test setup, no HIF detections occurred. The 
tests were repeated in September 2004 with the results provided under test location #4. 
HIF tests performed on grass and soil surfaces resulted in low impedance faults that 
continually blew the fuse so those test efforts were terminated and not shown here. The 
changes in magnitude for the phase and ground currents experienced during the tests on 
each surface are displayed in Figure 11. 
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Figure 11 – Pre-HIF and HIF RMS currents at location #1 
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Test Location #2: Zig-zag grounded 13.2kV system 
Date: April 2004 
Weather: Mean Temperature – 64°F/68°F, Relative Humidity – 73%/77%, Precipitation 
– 0.00 in./0.00 in. 
 

 
 

Figure 12 – One-line diagram of the feeder undergoing HIF tests at location #2 
 
 
Feeder Circuit Profile 
The one-line diagram in Figure 12 describes a utility’s 13.2kV feeder circuit chosen for 
HIF tests. The ground input source was the residual connection of the phase ct’s. This 
feeder supplies primarily residential loads with some commercial loads. Another utility 
sources 138 kV and locally there exists 16 diesel generators for peaking conditions. 
 
The feeder begins and ends as overhead lines that are specified 394.5 kcmil AAAC for 
the phase conductors and 4/0 AWG AAC for the neutral conductor with lateral 
undergrounds. The feeder terminates at a baseball stadium which was the location of the 
downed conductor HIF tests. Short circuit analysis at the end of the feeder yields a 
maximum phase-to-ground fault current of 648 amperes. HIF tests were performed on 
test surfaces of asphalt, gravel, concrete, and sand. Those test surfaces with a description 
of “wet” were made wet with stream water. 
 
Test Results 
Detections were made on all surfaces except asphalt. The arcing for the reinforced (rebar) 
concrete surface tests was so severe that in one case it caused the test conductor to 
fracture into two pieces ending the test as a grass surface HIF test. Throughout the 
duration of the test, the 20 A cutout fuse did not blow. The changes in magnitude for the 
phase and ground currents experienced during the tests on each surface are displayed in 
Figure 13. 
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Figure 13 – Pre-HIF and HIF RMS currents for location #2 
 
 
 
Location #3: Solidly grounded 25kV system 
Date: June 2004 
Weather: Mean Temperature - 60°F/52°F, Relative Humidity – 68%/70%, Precipitation 
– 0.00 in./0.71 in. 
 

 
 
Figure 14 – One-line diagram of the feeder undergoing HIF tests at location #3 
 

14



Feeder Circuit Profile 
The feeder under test in Figure 14 is a radial four-wire feeder with approximately 200 
feet of underground exiting the substation to a 336.4 ACSR full neutral main line. Length 
to last customer is approximately 30 miles with numerous fuse protected overhead and 
underground taps, both three- and single-phase. Loads include hospitals with SCR drives 
and area characterized as having low mineral content with soil resistivity measured at 
250,000 Ω-cm.  Soil in test zone comprises high concentration of sand. Burying ground 
cabling at each utility to depths of 80 – 100 feet yielded little change in fault duty. 
 
HIF tests were performed on test surfaces of asphalt, grass and soil. The test surfaces 
with a description of “wet” were made wet with municipal water. 
 
Test Results 
HIF detections were achieved on all surfaces except asphalt and in the tree. Though 
evidence of smoking was present, HIF events involving the latter two surfaces resulted in 
no appreciable change in current and voltage parameters back at the substation. The 
deltas in magnitude for the phase and ground currents experienced during the tests on 
each surface are displayed in Figure 15. 
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Figure 15 – Pre-HIF and HIF RMS currents at location #3 
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Location #4: Solidly grounded 25kV and 12kV systems 
Date: September 2004 
Weather: Mean Temperature - 75°F/76°F, Relative Humidity – 62%/65%, Precipitation 
– 0.00 in./0.00 in. 
 

 
 
Figure 16 – One-line diagram of the feeder undergoing HIF tests at location #4 
 
 
Feeder Circuit Profile 
Figure 16 shows the one-line of the utility’s 25kV and 12kV feeders selected for the HIF 
tests. The ground input source was the residual connection of the phase ct’s. Two sites 
were chosen for the tests – the first site located just outside the 25 kV feeder’s substation 
and the second location approximately 12 miles from the substation. Between the 
substation and the second test location, two voltage regulators and a 15 kVA voltage 
booster transformer are connected in the feeder circuit. 
 
The available fault duty at each test location is shown in Table 2. High impedance faults 
were staged on the surfaces of asphalt, concrete on gravel, gravel and sand. 
 
Table 2 – Fault Duty at the HIF Test Sites 
Fault Type Site #1 Fault Current (A) Site #2 Fault Current (A) 
Three-phase (3P) 523 >2069 
Phase-to-phase (PP) 453 > 1792 
Phase-to-ground (PG) 393 > 1744 
 
Test Results 
A total of 15 out of 18 HIF detections were achieved. The deltas in magnitude for the 
phase and ground currents experienced during the tests on each surface are displayed in 
Figure 17. 
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Figure 17 – Pre-HIF and HIF RMS currents at location #4 
 
 
 
Location #5: Solidly grounded 13.8kV system 
Date: October  2004 
Weather: Temperature – 62°F/66°F, Relative Humidity – 98%/100%, Precipitation – 
0.02 in./0.12 in. 
 

 
 
Figure 18 – One-line diagram of the feeder undergoing HIF tests at location #5 
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Feeder Circuit Profile 
This selected feeder, shown in Figure 18, exits the substation underground for 
approximately 300 feet, 1000 MCM AL conductor, and then spans overhead, 559 AA 
type conductor, for a mile to a normally open point that is connected to another feeder 
from a different substation located 2.1 miles from the test site. 
 
The load comprises 90% residential with the remainder commercial and virtually no 
industrial. The ground input source is the residual connection of the phase ct’s. High 
impedance faults were staged on surfaces of asphalt, brush, concrete, grass, gravel and 
sand and utility pole. 
 
Test Results 
Successful detections were obtained on all surfaces except the utility pole where no 
significant changes in current or voltage occurred. The HIF tests on asphalt yielded 
current magnitudes nearer those experienced with grass possibly indicating tracking from 
the asphalt slab to the grass border. The deviations in magnitude for the phase and ground 
currents experienced during the tests on each surface are displayed in Figure 19. 
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Figure 19 – Pre-HIF and HIF RMS currents at location #5 
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Location #6: Ungrounded 4.16kV system 
Date: June 2005 
Weather: Temperature – 69°F, Relative Humidity – 67%, Precipitation – 0.00 in. 
 

 
 
Figure 20 – One-line diagram of the feeder undergoing HIF tests at location #6 
 
Feeder Circuit Profile 
Figure 20 displays the one-line of the feeder undergoing HIF tests. Two 11 kV bus 
sections separated by a normally open tie breaker are each fed by seven to eight 11 kV 
feeders. Each 11 kV bus feeds three to four 11:4.6 kV ungrounded wye:delta 
transformers rated 3-5 MVA. Each bus can source a three-phase fault to 22,000 A. 
 
The 4.6 kV feeders from each bus section supply primarily residential load with some 
commercial and light industrial loads. Next to the substation is a screw manufacturing 
company with 11 kV and 4 kV feeds. The 4 kV overhead conductors are #6 gauge 
stranded copper. The bus section of the feeder tested had a zig-zag grounding transformer 
bank installed that could be connected to the system at any time to provide a low 
impedance path for ground faults. While this offered an improvement in ground fault 
detection, it was not economically feasible given the total number of such feeders in the 
system. 
 
The site was chosen close to the substation where various test surfaces of concrete, grass, 
and soil were naturally available. Two unique fault scenarios were created including 
bolting the test conductor to a rod sunk a foot into the soil and placing the test conductor 
into two types of trees – maple and pine. Two types of ground input sources were tested – 
residual connection of the phases’ bar-type ct’s and a window ct. Though cheaper than a 
zig-zag grounding bank, the window ct’s pose their own challenges with respect to 
mounting them around the conductors in the older tightly spaced 4 kV switchgear. 
 
Test Results 
The data collected is being analyzed and therefore results are not able to be published at 
this time. 
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Location #7: Resistance grounded 13.8kV system 
Date: July 2005 
Weather: Specific data were not recorded. Temperature was hot and conditions dry. 
 

 
 
Figure 21 – One-line diagram of the feeder undergoing HIF tests at location #7 
 
 
Feeder Circuit Profile 
This feeder, shown in Figure 21, runs primarily through sandy and rocky areas as 
overhead lines using non-insulated (bare) #2 ACSR stranded conductors. The terrain at 
the first test site is sandy and the second test site terrain is rocky. The test feeder runs 50 
miles with loads tapped off the line along the way.  Many lateral taps involve only one or 
two phases feeding, for example, 13,800:480 V 10 kVA single-phase transformers. No 
ground wires on the poles, but grounding provided through the bottom of the pole. 
 
The load is predominantly industrial with low maximum load current of 12 to 14 
amperes. The resistive grounded system limits the maximum ground fault current to 400 
amperes. Unlike the other test locations, a fuse was not utilized to protect the feeder. The 
substation breaker was utilized to energize and de-energize the line and a disconnect 
provided isolation between tests. The conductor was cut several times and allowed to fall 
naturally to the ground, and in other cases, a disconnect was used. 
 
Test Results 
More successful HIF detections were achieved on the sandy surface than on the rocky 
surface. Detections occurred for very low ground fault currents. The deviations in 
magnitude for the phase and ground currents experienced during the tests on each surface 
are displayed in Figure 22. 
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Figure 22 – Pre-HIF and HIF RMS currents at location #7 
 
Location #8: Solidly grounded 4.16kV system 
Date: December 2005 
Weather: Temperature – 75°, Relative Humidity – 80%, Precipitation – 0.00 in. 
 

 
 
Figure 23 – One-line diagram of the feeder undergoing HIF tests at location #8 
 
Feeder Circuit Profile 
This 4 kV feeder, shown in Figure 23, is one of the longest feeders in the system running 
approximately 15 miles from the substation up into the mountains. Drops were performed 
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on test surfaces of asphalt, grass, soil and water. The latter “surface” was more like a 
water bowl comprised of distilled water into which the end of the test conductor was 
placed. 
 
Test Results 
HIF detections were achieved for all the test surfaces save asphalt and the water bowl. 
The deltas in magnitude for the phase and ground currents experienced during the tests on 
each surface are displayed in Figure 24. 
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PreHIF I_ground_max (A rms) 81.3 86.3 84.3 72.9

HIF I_ground_max (A rms) 85.1 79.3 83.5 77.2

Ground Pickup (A) 240 240 240 240

Pre-HIF I_phase_max (A rms) 307 326 320 325

HIF I_phase_max (A rms) 311 330 319 326

Phase Pickup (A) 720 720 720 720
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Figure 24 – Pre-HIF and HIF RMS currents at location #8 
 
Conclusions 
 
- HIF detection technology exists today and can be added by protection engineers to 

standard feeder protection schemes for complete coverage of faults. 
- Comprehensive validation tests including but not limited to staged-HIF tests should 

be performed prior to making any HIF detection function available in the market. 
- Utility companies performing their own staged-HIF tests gain immediate and specific 

feedback on the HIF detection system’s performance in their system. 
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