
41 
 

Copyright 2021 | Philippine Engineering Journal  Phil. Eng’g J. 2021; 42(1): 41-58 

 

M. Orpilla, R. Gallano, & J. Orillaza 

 

Fault Location with Load Profile Based Variation 

Compensation 

 
Michael B. Orpilla1, Russel John Gallano2, Jordan Rel Orillaza2 

1 College of Engineering, Cagayan State University, Tuguegarao City Philippines 
2 Electrical and Electronics Engineering Institute, University of the Philippines-Diliman 

 

 
Abstract — Accurate and fast location of the fault is essential in distribution system operation to ensure 

continuity and quality of power supply. Many impedance-based fault location (IBFL) techniques such as 

Equivalent Impedance Based (EIB) and Load Level Based (LLB) perform load variation compensation but 

assume a uniform percent load change across all connected loads; such assumptions are hardly applicable in 

distribution systems where various types of loads are connected. It was observed in this study that their 

accuracy reduces as the fault current becomes comparable to the load current. This research performs load 

variation compensation by considering the load profiles of the various types of loads connected in the 

distribution system. By doing this, loads are better represented in the simulation, which results in better 

prediction accuracy. The proposed method, Load Profile Based (LPB), is compared to EIB and LLB in 

simulations conducted in an actual distribution feeder from Cagayan II Electric Cooperative. The results show 

improved fault location having an average relative error based on line length (RELL) at a high-impedance-fault 

scenario (Zf=100 ohms) not exceeding 3.22% compared to 48.74% (LLB) and 14.19% (EIB). In these 

techniques, a phasor measurement unit (PMU) is assumed to provide reference phasor voltage and currents at 

the root node. We further illustrate that additional PMU improves fault location by improving load variation 

compensation and faster fault location as PMU provides boundaries and effectively reduces the search space. 
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I. INTRODUCTION 

 

Shunt or series faults primarily caused by clustered trees, animal contacts, accidents, and 

or typhoons and earthquakes happen in distribution networks leading to power interruption. 

These result in revenue losses not only on the part of distribution utility, but also to its 

consumers. Fast and accurate fault location is thus necessary to address these issues. There 

are many improvements made in the impedance based fault location (IBFL) methods. Some 

of these address the effect of fault resistance [1], non-homogeneity of lines [2], unbalanced 

system [3], and fault on lateral sections [3, 4]. Multiple estimates or predictions are also 

problems considered in the development of IBFL techniques. Some researchers addressed 

this by utilizing remote fault indicators [5] and the status of the switches and breakers [6] 

installed along the distribution line. If no indicators are installed along the line, voltage sag 

mismatch [7] and error-index [8] are used to reduce multiple estimates.  

 

With these developments, fault location may still be enhanced if we improve load 

compensation which has a significant effect especially with high fault impedance where fault 

currents may be comparable to load currents. In bolted fault, the fault current is much greater 

than load currents such that poor load representation hardly affects prediction accuracy. 
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However, at higher fault impedance, load currents have a significant contribution to the total 

fault current as measured from the source. This means that misrepresented loads by failure to 

consider load variation will increase the error of fault location. Some researchers compensate 

for load variation by using load-level based (LLB) compensation [9], equivalent impedance 

based (EIB) compensation [4], or current compensation [10]. LLB computes for the load 

level by comparing the measured pre-fault and the rated apparent power at the root node. 

This load level will be directly used to adjust the loads from their rated value. This, however, 

does not consider the effect of line loss in the computation and assume uniform load 

compensation across all connected loads. EIB performs power flow to accommodate line 

losses and performs load variation compensation by comparing equivalent impedance to the 

rated impedance; still assuming uniform load compensation across all connected loads. Such 

assumption is not applicable in an actual distribution system where different types of loads 

are connected. These loads operate at different patterns, so the assumption of uniform change 

should not be employed.  Misrepresentation of these variations leads to less accurate fault 

location especially for high impedance faults. This research, Load Profile based (LPB) 

compensation improves IBFL techniques by accommodating various load profiles for various 

load types for a more accurate fault location even for higher impedance faults. The proposed 

method (LPB) is illustrated in two scenarios: using a single PMU at the root node and 

utilizing sparsely located PMU in the distribution line. Additional PMU will provide 

boundaries and subdivides the complex system into smaller sections. This facilitates faster 

fault location since it is no longer necessary to perform fault location for the entire feeder, 

but only on the identified faulted section. Also, additional measurement reduces load 

variation uncertainties, thus improving load variation compensation. 

 

 

II. METHODOLOGY 

 

Many improvements were made for the IBFL, but they still have limitations, particularly 

on variation compensation. Misrepresented load in the algorithm results in less accurate 

prediction particularly for higher fault impedance. In this section, the improved fault location 

algorithm is presented.  

 

Distribution utilities have various feeders set up. Feeders in urban areas usually have 

multiple measurement points, while rural areas have a single measurement point located at 

the substation.  The proposed improvement is discussed both for a single measurement and 

multiple measurement points.  

 

2.1 Single Measurement with Load Profile Based (LPB) variation compensation 

Figure 1 illustrates the major processes for a single-ended fault location. The data needed 

for this method are the following: pre-fault and fault current and voltage phasors at the 

substation, representative load profiles for each load type connected, and the feeder network 

data. The algorithm starts by performing load variation compensation for power mismatch 

from the pre-fault to the load defined in the load profile. A load flow is carried out next to 

solve for the voltages and currents for all the nodes and sections of the system. These 

voltages and currents are used to determine the equivalent circuit for all possible power flow 

paths (PPFP). 
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Figure 1. Single-ended Fault Location Process Flow 

 

 

Lastly, per section fault location is performed for every PPFP. Multiple estimates are 

eliminated by using any of the techniques in subsections 2.1.5 depending on the available 

infrastructure in the given system. The algorithm is explained in more detail in the following 

subsections. 

 

2.1.1 Load Variation Compensation 

For this study, since the focus is on the primary side of the distribution system, all loads 

are lumped and referred to the primary side of the distribution transformer. The equivalent 

transformer load curves are derived from the load profiles of each load connected to it. The 

substation’s load profile is determined through a time series (24-hr) load flow considering the 

24-hour load profiles of all the loads connected. A higher resolution time-series load flow 

could be used for better load representation, however, the data available and provided by the 

DU (Figure A.1) is hourly, so this study is limited to hourly simulations. 
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Figure 2: Load Variation Compensation Process Flow 

 

 

Generally, the substation’s loading at a given time could be determined based on the 

substation’s load profile. Load variation compensation is carried out if the measured pre-fault 

apparent power is not equal to the apparent power based on the substation’s load profile.  A 

Forward-Backward Sweep (FBS) load flow [16] initially considering the magnitude of loads 

connected based on its load profile at the time of fault occurrence is performed. At the 

substation, the apparent power computed 𝑆𝑐𝑎𝑙𝑐(Eq.1) after the load flow and the measured 

pre-fault apparent power 𝑆𝑚𝑒𝑎𝑠 are used to solve the load variation (∆𝑙𝑜𝑎𝑑) (Eq.2). If∆𝑙𝑜𝑎𝑑  is 

not within the error limit (𝜖 ≤ 1𝑥10−6), all the loads connected are modified (Eq.3) by 

multiplying the loads’ magnitude based on load profile by the change in loading (1 −  ∆𝑙𝑜𝑎𝑑) 

as illustrated in equation3.Error limit of 1𝑥10−6, corresponding to only 10VA error, is 

justifiable for a 10MVA substation capacity. The iteration continues until ∆load is within the 

defined error limit. 

 

 

𝑆𝑐𝑎𝑙𝑐 = 𝑉𝑚𝑒𝑎𝑠𝐼𝑐𝑎𝑙𝑐
∗      (1) 

∆𝐿𝑜𝑎𝑑=
𝑆𝑐𝑎𝑙𝑐−𝑆𝑚𝑒𝑎𝑠

𝑆𝑚𝑒𝑎𝑠
       (2) 

𝐿𝑜𝑎𝑑𝑀𝑜𝑑𝑖𝑓𝑖𝑒𝑑 = (𝐿𝑜𝑎𝑑𝑅𝑎𝑡𝑒𝑑) (𝐿𝑜𝑎𝑑𝑃𝑈𝑡)(1 − ∆𝐿𝑜𝑎𝑑)    (3) 

where: 
𝑉𝑚𝑒𝑎𝑠  : measured pre-fault voltage 

𝑆𝑚𝑒𝑎𝑠  : measured pre-fault apparent power 

𝑆𝑐𝑎𝑙𝑐  : computed apparent power after pre-fault loadflow 

𝐼𝑠𝑐𝑎𝑙𝑐  : computed source current after pre-fault loadflow 

𝐿𝑜𝑎𝑑𝑃𝑈𝑡 : per unit load profile on the time of fault occurrence 

𝐿𝑜𝑎𝑑𝑀𝑜𝑑𝑖𝑓𝑖𝑒𝑑  : Modified load after load variation compensation 

𝐿𝑜𝑎𝑑𝑅𝑎𝑡𝑒𝑑     :   Rated Load 
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The final compensated magnitudes of connected loads are used in the succeeding steps of 

the fault location algorithm. The existing methods, LLB and EIB, assume uniform percent 

change for all loads connected depending on the computed change at the substation side. This 

assumption is not applicable in distribution systems where different types of load are 

connected. The proposed method (LPB), however, compensates for load variation 

considering the load profiles of each type of load connected. This gives a better 

representation of the loads connected, resulting in better prediction accuracy. Appendix B 

shows the improvement in the load variation compensation of the proposed method against 

the existing methods for simulations conducted on a simple feeder containing three various 

types of load. 

 

2.1.2 PPFP Equivalent Circuit Derivation 

The technique of the Possible Power Flow Path (PPFP) equivalent circuit [4], [11] is 

adapted. The equivalent circuits for all the possible paths from the root node to a leaf node 

are determined. We illustrate PPFP in figure 3. Figure 3(a) shows a 13 bus sample feeder and 

figure 3(b) shows its equivalent PPFP for a path from the root node (bus1) to the leaf node 

(bus4). The laterals and sub-feeders outside the PPFP considered are converted into their 

equivalent load as describe in Eq.4. 

 

 

𝑍𝑒𝑞𝑘
=  

𝑉𝑘

𝐼𝑘−1,𝑘−𝐼𝑘,𝑘+1
        (4) 

  where: 

  𝑘  : node considered 

 𝑍𝑒𝑞  : thevenin equivalent impedance 

 𝑉𝑘  : calculated pre-fault voltage from load flow 

𝐼𝑘−1,𝑘  : upstream current of the node considered 

𝐼𝑘,𝑘+1  : downstream current of the node considered 

 

 
Figure 3: PPFP Determination 
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The total number of PPFP from the sample feeder is six, equivalent to the total number of 

leaf nodes. Adopting this technique simplifies the fault location. In the succeeding steps, a 

loadflow downstream from the analyzed section is always carried out to determine the 

outgoing current from the assumed fault point. If the complex feeder is not converted into its 

equivalent PPFP, it will take substantial amount of time performing this loadflow. 

 

2.1.3 Per Section Fault location 

 Once load variation is compensated and the equivalent circuit for every PPFP is derived, 

per section fault location [3] for every PPFP is performed. This method is an iterative process 

performing a per section fault location from the root node towards the leaf node of every 

PPFP. To better illustrate the process, consider a single line to ground fault on phase A that 

happened in a section between nodes m and n as presented in figure 4. 

 

 
Figure 4: SLG fault illustration 

 

 

The procedure is as follows: 

1. With the given fault voltage and current, initially assume a value for the fault 

distance 𝑑(a good guess  is 0.5) and solve for the voltage at the fault point,𝑽𝒇. 
 

 𝐕𝐟 = 𝐕𝐦 − d ∙ 𝐙 ∙ 𝐈       (5) 

 

2. With the voltage at the fault point, compute for line capacitance currents 

𝑰𝒄𝒑𝒓𝒆and 𝑰𝒄𝒑𝒐𝒔𝒕before and after fault point, respectively. 

 

 𝐈𝐜𝐩𝐫𝐞 = 0.5 ∙ 𝐘 ∙ d ∙ 𝐕𝐟       (6) 

 𝐈𝐜𝐩𝐨𝐬𝐭 = 0.5 ∙ 𝐘 ∙ (1 − d) ∙ 𝐕𝐟      (7) 

 

3. With the voltage at the fault point, perform a downstream FBS power flow to 

solve for the outgoing 3-phase current 𝑰’ then solve for fault current 𝐼𝑓(assume 

faulted phase is A). 

 

  Ifa 
= Ia − Icprea 

− Icposta
− Ia

′      (8) 



47 
 

Copyright 2021 | Philippine Engineering Journal  Phil. Eng’g J. 2021; 42(1): 41-58 

 

M. Orpilla, R. Gallano, & J. Orillaza 

4. With the solved value of fault current, a voltage equation on faulted phase is 

written as: 

 

 Va = d ∗ (IaZaa + IbZab + IcZac) + Ifa
Rfa

    (9) 

 

5. Split equation (9) into its real and imaginary components and solve for the 

fault distance (𝑑) from node m  

  

 d =
(VarIfai

−Vai
Ifar)

(MIfai−NIfar)
    (10) 

 

 M = RaaIar
− XaaIai

+ RabIbr
− XabIbi

+ RacIcr
− XacIci

            (11) 

 

N = RaaIai
+ XaaIar

+ RabIbi
+ XabIbr

+ RacIci
+ XacIcr

            (12) 

 

6. Check for convergence ∆𝑑 = 𝑑𝑙 − 𝑑𝑙−1 ;where 𝑙k= iteration 

7. Substitute the newly computed 𝑑 in step 1 and keep on iterating until the value 

of 𝑑 converges. 

8. If the final value of 𝑑 after convergence is greater than one (1) per unit length, 

the fault is beyond the analyzed section. The voltage and current of the next 

section are updated as shown in equations 13 and 14, and follow the same 

process from Steps 1 to 8.  

9. However, if the final value of 𝑑 is less than or equal to 1 per unit length, the 

fault is on the section analyzed. The total fault distance (Eq. 15) is the 

summation of the line length of the previous sections plus the actual distance 

from the analyzed section. 

 

𝑉𝑘+1 = 𝑉𝑘 − 𝐼𝑙(𝑘,𝑘+1) ∗ 𝑍𝑘,𝑘+1     (13) 

 

𝐼𝑙(𝑘,𝑘+1) = 𝐼𝑙(𝑘−1,𝑘) − 𝐼𝑙𝑜𝑎𝑑(𝑘)     (14) 

 
     𝐷𝑡𝑜𝑡𝑎𝑙 = 𝑑. 𝐷𝑚 + ∑ 𝐷𝑚−1

𝑠      

 (15) 
 

where

𝒁    : Line Impedance 

𝒀    : Line Admittance   

𝑽𝒇    : Voltage at fault point 

𝑰𝒍    : Line currents    

𝑰𝒍𝒐𝒂𝒅 : Load currents 

𝑰𝒇    : Fault Current  

𝑰     : upstream current from fault point 

𝑰’     : downstream current from fault point 

𝑰𝒄𝒑𝒓𝒆  : Capacitance Current prior fault point 

𝑘     : Node considered   

      

𝑉    :  Voltage 

𝑟    :  Real component;   

𝑖    : Imaginary component 

𝑅𝑗𝑘    : Phase j & k mutual resistance  

𝑅𝑘𝑘    : Self Resistance at phase k 

𝑋𝑗𝑘    : Phase j & k mutual inductance  

𝑋𝑘𝑘    : Self Inductance at phase k 

𝐷    : Distance 

 𝑠    : Substation bus 

 𝑚    :sending end node of faulted section 

 𝑛    : receiving end node of faulted section
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2.1.4 Multiple Estimate Elimination 

Since the method only uses a single measurement at the root node, multiple estimates or 

predictions are possible. These are locations that have thesame electrical distance measured 

with the actual location of the fault. For instance, a fault happened at line sections 3-4 from 

the sample feeder in figure 3a it is also possible that the algorithm detects line sections 3-7 

and 3-11 as faulted. The four methods below are proposed depending on the available 

infrastructure in the distribution system to single out multiple estimates. 

 

a) Voltage Sag mismatch [7]  

b) Use of Error Index [8] 

c) Detection of a section associated with fault thru the aid of Multi-Agent System 

(MAS) [6] 

d) Impedance based FL algorithm in conjunction with Software-based fault indicators 

[12] 

 

Options (a) and (b) are used incase no other indicators are installed along the distribution 

line. Options (c) and (d) are adopted if there are already existing installed indicators and 

MAS. In this simulation, since the test feeder does not have any other indicators installed, 

Error Index [8] is used to break multiple estimates. 

 

Single-ended FL needs a long time in finding the fault since it is required to perform fault 

location for all the possible paths. With the technological advancements, several distribution 

utilities today are deploying more meters like PMU along their distribution line. This meter is 

for monitoring the voltage and current phasors that are used in analyzing power quality, 

stability, and other network issues. This type of meter could also be used for fault location 

because of its high-resolution and GPS synchronized measurement. 
 

2.2. Sparsely-Located PMU with Load Profile Based variation compensation 

This paper also illustrates improvement of the single-ended LPB by utilizing sparsely 

located PMU in the distribution line. The number of PMU affects the accuracy and speed of 

fault location. More PMUs are needed to have a more accurate and faster fault location. 

However, installing more PMUs entail higher cost that most distribution utility could not 

afford. So to come up with a more accurate FL while minimizing cost, utilizing sparsely 

located PMUs is a good compromise. 

 

Figure 5 shows the steps in fault location using sparsely located PMU. The method starts 

by determining the faulted section relative to the installed meter by comparing the pre-fault 

and the fault measurement of all installed PMUs. If a measured pre-fault current is greater 

than the fault current, the fault is upstream of that PMU; otherwise, it is downstream. With 

this information, it is easy to determine if the fault happened between two installed meters or 

downstream of the last meter. It is assumed that the node locations of PMUs and the loads 

connected downstream of them are known. 

 

2.2.1 Faulted section is between two installed meters 

 If the faulted section is between two meters, load variation compensation is 

performed for loads between the two installed meters, then a two-ended fault location [13] is 

performed. Two-ended fault location determines only the faulted bus or line section along the 
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mainline where the two PMUs are connected. If the fault located is directly on the bus, then 

fault location validation is performed for any lateral directly connected to that bus. Single-

ended fault location using the upstream PMU is performed for these lateral lines to verify 

whether the fault is on the main bus or along the lateral line. 

 

2.2.2 Faulted section is downstream of the last meter 

 If the determined faulted section is downstream of a single PMU, load variation and 

single-ended fault location (same as in section 2.1) are performed on the line sections 

downstream of that PMU. This localized fault location facilitates the location of the fault. 

 

 Most of the steps in a single-ended FL location are adopted here. Only that the 

method could use either two-ended or localized single-ended fault location depending on the 

determined faulted section. With more meters, the uncertainty in load variation compensation 

is reduced, thus providing more accurate results. Together with the possibility of performing 

a localized fault location, a faster fault location is expected. 

 

 

 
Figure 5: FL Flow chart considering sparsely located meters 

 

 

III. RESULTS AND DISCUSSION 

 

The proposed method Fault Location with Load Profile Based (LPB) variation 

compensation was tested and compared to existing methods: Load Level Based (LLB) and 

Equivalent Impedance Based (EIB). The comparison was made in the simulations conducted 

on an actual distribution feeder from Cagayan II Electric Cooperative. The actual test feeder 

in figure 6 was of radial type, has a primary line length of 38 km, and 11,448 consumers 

lumped across 133 distribution transformers. More details as to the load composition of the 

Faulted Section 

Determination 

relative to 

meter installed Is faulted 

section 

between 

2 meters? Perform LV 

Compensation 

on loads 

connected bet. 

the two 

measurement 

Perform Two-

ended FL 

Is fault 

exactly 

on the 

bus? Fault Location 

Validation 

Fault is on the 

main feeder 

Perform LV 

compensation 

on loads 

downstream of 

the meter 

Perfrom Single 

Ended FL for all 

possible path 

SE-FLSingle 

Ended -FL 

SE-FLTwo Ended-

FL 

SE-

FLYES 

SE-FLNO 

SE-FLNO 

SE-

FLYES 

Voltage and 

Current from 

all installed 

meters 

Fault 

Distance 

Fault 

Distance 

Fault 

Distance 



50 
 

Copyright 2021 | Philippine Engineering Journal  Phil. Eng’g J. 2021; 42(1): 41-58 

 

FAULT LOCATION WITH LOAD PROFILE BASED VARIATION COMPENSATION 

test feeder and the hourly load profile were presented in Appendix A. We introduced +/- 20% 

uniformly-distributed variation about each value for the seven hourly load profiles used in 

this simulation. 

 

Using Open DSS, distribution network analyses for the unbalanced three-phase feeder 

were performed. Load flow and fault simulation results were considered as known values and 

used as inputs to the fault location algorithm. The relative error based on line length (RELL) 

was the measure of accuracy used to compare the effectiveness of the proposed method with 

existing techniques. [17]  

 

𝑅𝐸𝐿𝐿 =
(𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒−𝐴𝑐𝑡𝑢𝑎𝑙 )

𝐹𝑒𝑒𝑑𝑒𝑟 𝐿𝑖𝑛𝑒 𝐿𝑒𝑛𝑔𝑡ℎ
    (16) 

 

 

3.1. LLB, EIB and Single-Ended LPB Comparison 

Two simulation cases were conducted in this study: fault at mainline (bus 74) and lateral 

line (bus 152) with the three different fault impedances: Low impedance (Zf = 0), 
intermediate impedance(Zf = 25), and High impedance(Zf = 100).All the earlier 

discussions on LLB, EIB, and LPB under section 2.1were single-ended techniques since a 

single PMU located at the S/S was used for reference. Faults conducted in this simulation 

were all located downstream from this reference. Using single measurement, the fault 

location was performed on all line sections for the entire feeder. The comparison of the 

hourly prediction accuracy of the existing against the proposed method were presented in 

figures 7 and 8 while the 24-Hr average RELL were presented in tables 1 and 2for cases 1 

and 2, respectively.  

 

Hourly prediction comparison and the average RELL showed that the proposed method, 

Single-Ended LPB, outperformed both existing LLB and EIB methods. Existing methods 

could provide good results at bolted fault conditions, but error increases as the fault 

impedance increases as a result of less accurate load representation. At bolted fault, the 

measured current at the substation during fault was predominantly due to fault current. In this 

case, a misrepresented load has no significant effect on the fault location. However, the 

increased in the fault impedance resulted in a significant share of the load current in the total 

measured current at the substation. Say for a 100 ohms fault impedance for a single line to 

ground fault at a nominal line to neutral voltage of 7620V, fault current will be roughly about 

80 Amperes, which is not very far from the usual size of loads in the feeder. In this case, 

misrepresented load will result to less accurate prediction. The proposed method showed 

significant improvement in the prediction accuracy. Its error also increased with fault 

impedance, but not as much as that for the LLB and EIB, because of better load 

representation. 

 

Most of the time for higher fault impedance, LLB failed to converge due to large 

compensation error. It provided good results only at bolted fault and when the loads were 

operating near their rated values. EIB, on the other hand, had better prediction compared to 

LLB having an average RELL at 100-ohm fault impedance of 14.19%(approximately 2200 

meters) for case 1 and 4.08% (approximately 650 meters) for case 2. This prediction 

accuracy, however, is still behind that of the proposed method, single-ended LPB. LPB had 
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an average error for 100-ohm fault impedance of 3.22% (approximately 500 meters) and 

0.98% (approximately150 meters) for case 1 and case 2, respectively. 

 

 
Figure 6: Single Line Diagram of Actual Test Feeder 

 

 
Table 1: Average Relative Error based on Line Length (RELL) for fault at bus 74 

Fault Impedance 

(ohms) 
LLB EIB 

Single-ended 

LPB 

Zf=0 (bolted) 1.87% 1.71% 0.21% 

Zf= 25 25.72% 5.42% 1.78% 

Zf= 100 Nan* 14.19% 3.22% 

*Not a Number because there are periods where LLB failed to converge illustrating that this technique 

is ineffective when load current is comparable to fault current. 

 

 

Table 2: Average Relative Error based on Line Length (RELL) for fault at bus 152 
Fault Impedance 

(ohms) 
LLB EIB 

Single-Ended 

LPB 

Zf=0 (bolted) 0.37% 0.40% 0.11% 

Zf=25 Nan* 3.00% 0.72% 

Zf=100 Nan* 4.08% 0.98% 

*Not a Number because there are periods where LLB failed to converge illustrating that this technique 

is ineffective when load current is comparable to fault current. 
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*Most of the time for a 100-ohm fault impedances, LLB failed to converged 

Figure 7: Prediction accuracy comparison for fault at bus 74 (Mainline) 
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*Most of the time for 25-ohm  & 100-ohm fault impedances, LLB failed to converged 

 

Figure 8: Prediction accuracy comparison for fault at bus 152 (Lateral) 
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3.2 Sparsely-Located PMU 

Single–Ended LPB outperformed both the LLB and EIB, but this could be improved 

further by utilizing sparsely located PMUs installed in the distribution line. In this 

simulation, two more PMUs were added and installed at bus 40 (PMU 2) and bus 124 (PMU 

3) as illustrated in figure 6. There were two possible scenarios of fault location using 

sparsely-located PMUs: fault in between two meters and fault downstream of the last meter. 

In these cases, two techniques could also be employed: two-ended fault location technique 

for faults that happened between two meters, while single-ended fault location for faults that 

happened downstream of the last meter. For the fault at bus 74, since it happened between 

PMU2 and PMU3, two-ended FL technique was used and only the lines and loads connected 

within this boundary were considered in the computation. For the case of fault at bus 152 on 

the lateral line, since it is located downstream of PMU3, only the lines and loads connected 

downstream of PMU 3 were considered in the fault location. Utilizing Sparsely-located 

PMUs in both cases resulted in faster fault location and better prediction accuracy since the 

loads to be compensated were minimized and the search areas were reduced.  

 

Figures 9 and 10 compared the hourly prediction accuracy for the faults occurring at 

mainline and at lateral. The average %RELL were presented in table 3.Though the Single-

ended LPB already provided improved results, faster and more accurate results could be 

achieved by utilizing sparsely located PMUs. The possibility of having a localized fault 

location, where loads and line sections considered in the fault location were minimized, will 

result in better load variation compensation and eventually better prediction. 
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Figure 9: Prediction accuracy comparison for fault at bus 74 (Mainline) 
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Figure 10: Prediction accuracy comparison for fault at bus 152 (Lateral) 
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Table 3: Average Relative Error based on Line Length (RELL)  

Fault 

Impedance 

(ohms) 

Fault at Bus 74 (Mainline) Fault at Bus 152 (Lateral) 

Single-

ended LPB 

Sparsely 

located PMU-

LPB 

Single-

Ended LPB 

Sparsely 

located PMU-

LPB 

Zf=0 

(bolted) 
0.21% 0.13% 0.11% 0.01% 

Zf= 25 1.78% 0.32% 0.72% 0.12% 

Zf= 100 3.22% 0.43% 0.98% 0.22% 

 
 

 

IV. CONCLUSIONS AND RECOMMENDATIONS 

 

We have presented load variation compensation where load profiles for various types of 

loads were utilized to adjust loads for an impedance-based fault location algorithm.  This 

method outperformed two existing methods: load level based (LLB) and equivalent 

impedance based (EIB)especially for cases of high impedance faults where fault current is 

comparable to the load current.  

 

In these impedance-based methods, a PMU that provides reference voltage and current 

phasors at the root node is expected.  We further showed in our analysis that utilizing 

additional PMU measurements, even at sparse locations throughout the feeder introduced a 

significant improvement to the fault location. The results showed that the proposed methods, 

Single-ended LPB and sparsely located PMULPB, have better prediction accuracy than the 

existing methods, they have an average RELL not exceeding 3.22% and 0.43% respectively, 

even for fault impedance as high as 100 ohms. These errors correspond to only 500 and 75 

meters, respectively. 

 

For faster and better prediction accuracy, it is recommended to consider more and higher 

resolution load profiles and installation of more PMUs. This paper is successfully tested in a 

single source radial system, its application to multi-source systems together with the 

inclusion of seasonal effect of loads is recommended. 
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