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GIC and Its Effects on Power Systems
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GIC and Its Effects on Power Systems ’CIgre
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Previous GIC-related efforts by DEV

Grid Study and Modeling 12
* On-site test on HV transformer

- Modeling of DVP system under extreme GMD events GIC Study and
Situational Awareness Modeling

* Installation of GIC monitors and visualization tool

* Risk assessment of NOAA storm forecasts Situational Equipment
Equipment Enhancement @ Awareness Enhancement

* Improved EHV transformer design
» Improved Capacitor bank protection scheme
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Research Aim

To establish a relationship between GIC and reactive power
consumption for a transformer that is generalizable across multiple
operating conditions and network topologies

Motivation
* With a GIC monitor, effects of a measured GIC level at a transformer will be
easily computed online.

» Without a GIC monitor, observation of abnormal reactive power consumption
at a transformer may be used to quantify possible GIC level online.
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Previous Work

Qeic =Q— Qo =K - lop¢ (1)
(N-1)I +1, N, + N,
Ieff - ) N =
N N,

Where, Q is the total reactive power consumption,
Q, Is the reactive power consumption during normal operation without GIC, and
I IS the effective GIC flowing in the transformer windings

l., Is, N, and Ng, are the currents and number of turns in the autotransformer common and
series windings respectively
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Previous Work

« K linearly maps | into Qg,c

» Accurate determination of K values
requires measurement tests during
transformer pre-commissioning .

* Previous studies have either used
generic K values based on
transformer core design “, or
simulated DC injection tests to
estimate its value for a particular
transformer @,

Core design K
Single-phase 1.18
Three-phase, shell form | 0.33
Three-phase, 3-legged, | 0.29
core form
Three-phase, 5-legged, | 0.66
core form
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Gaps in Previous Works

» These works did not consider the possible changes in K values under
different grid operating conditions as posited in Ref [5].

« Little consideration of transient interaction between GIC and Q¢ ©.
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Approximation of Transformers Saturation curve

« PSCAD curve-fitting optimization
module M was used to estimate the
knee voltage, V.., and magnetizing
current, |, from the transformers’ V-

Transformer Saturation curve estimation

data. 2os
» Air core reactance was estimated as 0.4
twice the transformer leakage 0
reaCtance [8]' i 1 2I (% of rat:d current)4 5 6

Saturation curve for T1 & T2

—— Approximate Saturation curve for Im = 0.154% & Vknee = 1.39 pu
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Model Validation

* The created model was validated by comparing its fault analysis result with
that of the full model in Aspen OneLiner.

Fault | Fault Type Original model Transient model | % Absolute

Location fault current (kA) | fault current (kA) | Error

BUS 1 3¢p-to-ground | 23.064-57.1 23.122-57.7 0.26%
Line-to-Line | 11.454-57.1 11.562-57.7 0.96%

BUS 2 3@-to-ground | 32.64£-56.0 32.42,-56.6 0.67%
Line-to-Line |16.26£-55.9 16.322£-56.6 0.37%
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DC Injection Simulation

* GIC flow Iin the transformer was simulated by connecting a DC
voltage source to the transformer neutral.

» A PI controller was used to control output DC current to reach desired
values.

» Reactive power consumption in the transformer was measured and
analyzed against simulated GIC in the neutral, Igc.

* The simulation was performed for different transformer loads and
network topologies.
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Results

wcigre

* Plot of Q¢ after reaching equilibrium against |5, shows the expected linear
relationship.

« K is within a narrow range of 0.64 — 0.66, showing that Qg,c VS. Igc
relationship is not significantly affected by load or network topology.
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Results

« Significant transient buildup period exist before Qg reaches equilibrium.

 Attime, t, before equilibrium, relationship between Qg (t) and I ¢ is non-
linear, so Eqg (1) cannot be used.

* Qg c(t) is important to accurately evaluate the effect of short duration or
relatively high frequency GIC (~0.1 Hz)
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Results

* The time constant of Qg (1), T, @lso has a non-linear relationship with GIC,
and is unaffected transformer load or network topology.

Ongoing work to determine appropriate Qg,c(t) = f(lg;c: Tgier K)-
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Conclusion

« Comparative study was performed to investigate the relationship between
reactive power consumption, Qg,c, and GIC flowing into the neutral of an
autotransformer at a DEV substation.

 Alinear relationship exist between the two parameters only after Qg,c reaches
steady-state.

* The relationship is neither considerably affected by transformer load or
network topology, thus, value of K at one operating condition can be reliably
used for other operating conditions.

* Qg c(t) cannot be correctly estimated using the existing mathematical
relationship. It requires non-linear function of I, Tgc, and K.
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