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Out line of  Present at ion



 Misconcept ion in t he elect ric power indust ry

 GIC has caused, and would cause, signif icant  damaging overheat ing t o a large 
majorit y of  power t ransformers

 Overreact ion => Calling f or:

 Conservat ive operat ing procedures (Unnecessarily reducing load at  low levels of  
GIC)

 Installat ion of  expensive GIC Blocking devices

 Paying more at t ent ion t o t hermal ef fect s in t ransformers and not  t o t he t rue issue 
of  increased VAR Demand and ef fect  of  harmonics on power system components  

 A recent  st udy by ABB conf irmed t hat  because of  t he nat ure of  t he GIC current s: 

 Only a f init e number of  power t ransformers wit h cert ain design features could 
experience damaging overheat ing

 A larger # of  t ransformers would be suscept ible t o core saturat ion & some 
overheat ing

 The rest  of  t he t ransformers would not  be suscept ible t o eit her core saturat ion or 
damaging overheat ing
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Background



 Describes a process, where a f leet  of  power t ransformers 

can be properly evaluat ed t o det ermine:

 Which Transformers would be suscept ible t o damaging 

overheat ing

 Which Transformers would be suscept ible t o only core 

sat urat ion & moderat e overheat ing 

 Which t ransformers would have a low level of  suscept ibilit y 

t o eit her ef fect s of  GIC

 Which Transformers would not  be suscept ible t o ef fect s of  GIC

Oct ober 23, 2017 Slide 4

Purpose of  t he Paper



 Tot al suscept ibilit y of  a power t ransformer t o ef f ect s of  GIC is 

det ermined by:

 Transformer Design – Based Suscept ibilit y

 GIC Level – Based Suscept ibilit y 

 Process was previously applied t o a f leet  of  over 1600 > 500 KV Large 

power t ransformers on t he US Power Grid 

 The TVA GIC Case St udy includes 231 t ransformers**

** Number of  t ransformer was 205 at  t he t ime t he paper was writ t en

 Does not  apply t o shunt  react ors and Specialt y Transformers; such as 

Phase shif t ers, Rect if ier t ransformers, Furnace Transformers, et c.
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Process of  GIC Tot al Suscept ibilit y Evaluat ion



 Design Classif icat ion A: 

 Trans form ers  no t  suscep t ib le  t o  e ffect s  o f GIC.

 Des ig n Clas s ifica t ion B: 

 Trans form ers  leas t  suscep t ib le  t o  core  s a t ura t ion, b ut  suscep t ib le  t o  
hig h m ag net izing  current .

 Des ig n Clas s ifica t ion C: 

 Trans form ers  suscep t ib le  t o  core  s a t ura t ion and  p os s ib le  s t ruct ura l 
p a rt s  overhea t ing .

 Des ig n Clas s ifica t ion D: 

 Trans form ers  suscep t ib le  t o  b o t h core  s a t ura t ion, a s  well a s  p os s ib le  
d am ag ing  wind ing s  and  s t ruct ura l p a rt s  overhea t ing .
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Design – Based Suscept ibilit y



 Volt age Rat ings

 Higher volt age t ransformers would be exposed t o higher levels of  GIC

 Type of  t ransformer (GSU vs. Aut o t ransformers)

 EHV Aut o t ransformers are Y - Y and t ypically have a Delt a t ert iary, which 
makes t hem suscept ible t o overheat ing in t he Tert iary winding

 Shell-f orm vs. Core Form

 Core form Transformers (Ot her t han t hose wit h a 3 phase, 3 limb core) 
and Shell-form t ransformers are suscept ible t o core sat urat ion 

 Some, prior t o 1973, Shell form GSUs are suscept ible t o damaging 
winding overheat ing due t o high circulat ing current s for GIC levels

 Single-phase vs. t hree-phase and Core-t ype

 3-Phase core form t ransformers wit h 3-limb cores are least  suscept ible 
t o sat urat ion due t o GIC
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Paramet ers Used f or Evaluat ing Design–Based Suscept ibilit y



 Level of  GIC is det ermined by:

 Geographical region where t he t ransformer is located

 Locat ion of  t ransformer in t he power system

 Closeness t o a large body of  water (Ocean /  Sea /  Lake) 

 Resistance of  t he soil in t hat  locat ion

 KV of  HV side of  Transformer

 Direct ion of  HV t ransmission lines

 GIC – Level suscept ibilit y divides t ransformers int o 3 cat egories:

 Low (< 15 Amps /  phase), Medium (15 – 75 Amps /  phase), High (> 75 Amps /  phase) 

 The TVA team performed GIC system modelling t o calculate GIC levels t hat  each 

t ransformer on t heir 500 kV f leet  would be subjected t o under t he GMD Benchmark 

Storm
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GIC Level – Based Suscept ibilit y
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GIC Suscept ibilit y Process Adopt ed by IEEE GMD Guide

Category I: No, or minimal, susceptibility to effects of GIC = > No further action needs to be taken

Category II: Low level of susceptibility to effects of GIC = > only magnetic modelling needed

Category III: Medium level of susceptibility to effects of GIC = > Both magnetic modelling and
thermal assessment of structural parts needed

Category IV: High level of susceptibility to effects of GIC => Both magnetic modelling and
thermal GIC Assessment of windings and structural parts needed



 231 of  t he large power TVA Trans fo rm ers  in s e rvice

 500  kV TVA Elect ric Power g rid

 Includ ed  Core-fo rm  and  She ll-fo rm  t rans fo rm ers

 Mos t ly s ing le -p has e  t rans fo rm ers , b ut  s om e 3-p has e  t rans fo rm ers

 Aut o t rans fo rm ers , 3-wind ing  t rans fo rm ers , and  Genera t o r St ep -Up  t rans fo rm ers  

 200  MVA – 448 MVA Power Rat ing s  

 Locat ions  in Tennes s ee , Alab am a, Kent ucky, and  Mis s is s ip p i.
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Case St udy
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Summary of  Result s of  Case St udy

Number of 
transformers

Total Susceptibility Categories

IV III II I Total

Actual Count 27 65 113 0 205

% of Total 13.2% 31.7% 55.1% 0 % 100%



 Perform Magnet ic modelling of  t ransformers in Cat egories II, III & IV (100 % of  Fleet ) 

=> Var Demand and main Current  Harmonics (2nd, 3rd, and 4th)

 System analyst s would use t his data t o perform system simulat ions t o evaluate t he 

response of  t he power system & it s components during t he GMD storm 

= > Proper cont ingencies can be built  in t he Power System for such magnit udes of  VAR, 

so Volt age Collapse /  grid black-out s can be avoided

= > Increasing robustness of  t he network; including providing addit ional network 

protect ion and adjust ing set t ings of  relays /  other suscept ible equipment

= > Developing special /  proper operat ing procedures during a GMD storm

= > Installat ion of  appropriate GIC blocking devices, if  needed

 System blackouts and possible damages t o some t ransformers can be avoided in 

future GMD events
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Next  Tasks of  TVA GIC Fleet  Assessment  Project  – Task 2



 Perform magnet ic Modelling of  t ransformers in Cat egories III and IV (45 % of  Fleet ) 

=> Calculate Windings & St ructural part s Hot  Spot  t emperatures due t o GIC

 For t ransformers det ermined t o exceed allowed t emperat ure limit s:

= > Plan on load reduct ion during GMD storm

=> Remove t ransformer f rom service in case of  high t emperatures levels  
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Next  Tasks of  TVA GIC Fleet  Assessment  Project  – Task 3 
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Det ailed result s of  Fleet  GIC Suscept ibilit y Assessment
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