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labview  and Ni DAQPAD-6020E  module usage  in troubleshooting and  investigation of mulfunctioning  of 4.1 kv oh line suplying cathodic protection site  within oil field 
Description of assignment
Expertise  was requested to investigate and find out the causes of  frequent HV fuses blow up,  while trying to commission and put into operation completed 4.1 KV OH  and cable power line supplying  transformer rectifier units providing DC power for cathodic protection system protecting oil wells and attached pipelines.
Recording of electrical signals ( voltages and currents ) had been done utilizing notebook PC running LabView  connected via  USB bus to National Instruments portable Data acquisition unit DAQPAD-6020E , as shown on the following picture:
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Connection of NI DAQ module with PC to voltage and current measurement

 transformers at 4.1 KV substation

Description of test and measurement  activities undertaken on site
Work on site at Jebel Oil field,  has started on 26/02/2004   after arrival on site. Connection of the DAQPAD-6020E  recorder, preparation of the equipment for testing and analysis, visit of the sites and preliminary tests were completed by 27/02 in the morning when we had started switching on the power lines without load ( e.g. Transformer/ Rectifier unit disconnected).
Since representatives of the Owner requested to start experiments with frequency analysis of the currents without load and under the load, suspecting that load, e.g. rectifier transformer might introduce higher harmonics that could lead to the system failure, we decided to carry out spectral analysis for the frequency content, of the three phase currents A,B, and C ( L1, L2, L3),  flowing through cell A3 in substation,  toward the OH and cabel transmission lines and connected loads.
First group of recordings was taken without load connected,  and exibited the   presence of higher harmonics ( from  second of 120 Hz up to 10-th ) what was expected taking into account the fact that we had only GE Prolec step down transformers 4.1/ 0.48 KV connected to power lines.

These frequency recordings are shown in the attachment to this Report and designated as Fig. 1-3.

Spectral analysis recording taken at full load, e.g. with all rectifiers connected and supplying DC currents to anodes and protected elements connected to cathodes , are shown in Figs. 4 to 6 .
From these recordings,   was obvious that  connection of rectifier loads to the power network did not contribute to any increase of higher harmonic contents in the power signals supplied from the source to the  power lines and rectifier load. In contrary, as the load was increasing, the basic frequency of 60 Hz became dominant and at full load its peak value was for more then 20 dB higher then next highest harmonic, e.g. fifth harmonic at 300 Hz. 
This decrease in contribution of higher harmonics to signal content with load could be also observed from  recordings in time domain , where we recorded three sinusoidal waves of currents A,B and C at no load  ( Fig. No. 7 ) and full load conditions ( Fig. No. 8).

It is more then clear that highly deformed shapes of signals at no load conditions, where shaping up to much more sinusoidal like signals with less distortion , when load was hooked up to power lines.

While we were doing frequency analysis and increasing the rectifier load by connecting CP sites on power, we had trip in cell A3 caused by high over current protection relay trip ( ABB type SPAJ 320 C ), which indicated that we had had short circuit between phases L1 and L2 , the same type that we   found on our arrival at site, day before. 
This event has finally  reassured us in our believes  that prime suspect for power lines repeating failure and consequent trips lies somewhere along B-B’ segment of power network and equipment connected to it.
So, we decided to continue our analysis and fault location seeking strategy in two directions:

1. Isolate branch B-B’ from remaining power lines and start investigating with more scrutiny any visual signs of possible failure.

2. Put remaining power network which includes over 70 % of  all CP Sites to full operation with all components restored to its original design ( e.g. all arresters connected ), so that we start commissioning that part of system and acquiring enough time of continuous reliable operation.

We had left  complete power lines and all connected cathodic protection sites except B-B’ branch overnight, from 16:30 on 27/02 until next morning on 28/02/2004 at 9:30 , e.g. for 17 hours.

After that time on 28/02 we have started adding to already operational  system from previous day, one by one sections along  B-B’ branch, starting with section F-F’ and CP site I-J.

We had continued adding new sections along B-B’ branch and have completed hooking them all to the power at  15:30, when the whole system under full load was connected.

After this, we decided to leave system running with recording going on and warning Jebel site Operators of possible short circuit and trip that might happen during this overnight testing.

That did happened at 23:01 that night and was recorded as shown on Fig. No. 9 in the attachment of this Report.
From this recording that we have analyzed next morning on 29/02 after arrival on site, we have decisively concluded that the only way this failure could happened was that we had temporary direct or near direct short circuit between phases L1 and L2 , and that can be only happening either by  two phases touching each other due to wind influence or we had somewhere thermally induced temporary failure in components like arresters or GE step down transformers.
After these conclusions, we have decided to continue reliability testing of full operation  of complete network except branch B-B’ , and isolate branch B-B’ and start one more time visual inspection along the overhead lines for any traces of sparking as well as insulation testing using megger of arrester and step down transformers.

Furthermore , in order to minimize risk of one more short circuit trip that was also felt via busbar connection of cell A3 on remaining components of Jebel plant and had caused via control voltage dip , tripping of water injection pump on first occasion and generator GT-4  on second occasion of tripping of cell A3, so  we decided to make settings of A3 cell over current relay protection much more sensitive and faster responding.

We have readjusted settings of this SPAJ 320 C relay to I>> to 400 A , down from 860A, and delay time for t>> = 0.1 sec ( 100 msec), down from 0.25 as it was before.

These settings were calculated on the basis of recordings of inrush currents in moment when the power network with full load is switched on to power , as shown on the figure No. 10.

Meantime, while reliability testing of remaining power line network with full load was going on, we have continued our  visual and component insulation investigation that  has finally brought us to successful end on next day , e.g. on 01/03/2004  noon,  when we have lastly discovered evidence of lines L1 and  L2 touching each other between poles B11 and F1.  ( see Figures No.  11, 12).
CONCLUSIONS AND RECOMMENDATIONS
Based on above described activities and findings of analysis and experiments carried out on Jebel plant site, we have reached the following conclusions:
1. The prime cause of the failure of  power supply to cathodic protection sites on  Jebel fields in majority of all failures so far , and most likely all of them   registered  so far ( 18 + 2 , registered by over current protection relay SPAJ 320 C),  has been short circuit between the phases L1 and L2 on overhead line between poles B11 and F1 , within B-B’ branch.

2. The  closeness of  these two phases L1  and L2 between poles B11 and F1 is likely consequence of the design solution of the overhead lines where the conductors from  main  branch to take off branches are changing position from vertical to horizontal insulation supports positions,  in combination with large distance between these two poles. This is especially risky and prone to possible distance narrowing in segments of overhead lines which are having east-west orientation and hence transversally positioned to south-north directions of prevailing winds in that region. To eliminate this trouble, the conductors on all sections of overhead lines, and on take-off branches, need restringing and additional check and increase of applied tension forces  and verification of  achieved sags and distances between the conductors.
Attachments:

Fig  No. 1.  Spectral analysis of current in phase A , without rectifier  load
Fig  No. 2.  Spectral analysis of current in phase B , without rectifier  load
Fig No. 3.  Spectral analysis of current in phase C , without rectifier  load
Fig No. 4.  Spectral analysis of current in phase A , with full rectifier  load
Fig No. 5.  Spectral analysis of current in phase C , with full  rectifier  load

Fig No.  6.  Spectral analysis of current in phase C , with full  rectifier  load

Fig No. 7.  Shape of waveforms of three currents without rectifier load

Fig No. 8.  Shape of waveforms of three currents with full  rectifier load

   Fig. No. 9 Recording of short circuit on power lines on 28/02/2004

 Fig. No. 10 Recording of inrush currents at the startup of complete power network with full load of rectifiers

 Fig. No. 11  Marks of sparking along the phases  L1  and L2 overhead lines between  poles B11 and F1 

 Fig. No. 12 Closeness of the ropes of phases L1 & L2 between poles B11 and F1 easily bridged with north-south prevailing wind
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Fig  No. 1.  Spectral analysis of current in phase A , without rectifier  load
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Fig  No. 2.  Spectral analysis of current in phase B , without rectifier  load
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Fig No. 3.  Spectral analysis of current in phase C , without rectifier  load
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Fig No. 4.  Spectral analysis of current in phase A , with full rectifier  load
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Fig No. 5.  Spectral analysis of current in phase B , with full  rectifier  load
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Fig No.  6.  Spectral analysis of current in phase C , with full  rectifier  load
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Fig No. 7.  Shape of waveforms of three currents without rectifier load
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Fig No. 8.  Shape of waveforms of three currents with full  rectifier load
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Fig. No. 9 Recording of short circuit between phases L1 & L2  on power lines on 28/02/2004
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Fig. No. 10 Recording of inrush currents at the startup of complete power network with full load of rectifiers to CP sites
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Fig. No. 11  Marks of sparking along the phases  L1  and L2 overhead lines between

 poles B11 and F1 
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Fig. No. 12 Closeness of the ropes of phases L1 & L2 between poles B11 and F1 easily bridged with north-south prevailing winds
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