SAVE Transformers Act – Long Version

AN ACT requiring utilities and electric grid operators to assess and report the vulnerability of high-voltage transformers to geomagnetic and electromagnetic disturbances, and to recommend mitigation measures to protect the state electric infrastructure.

Findings:

1.]  America’s electric grid, integral to every aspect of modern life, faces existential threats from solar weather [through coronal mass ejections (CMEs) that cause geomagnetic disturbances (GMDs)] and high altitude nuclear electromagnetic pulse (HEMP), both capable of crippling electric power systems; and

2.]  The high voltage transformers critical to sustaining the electric grid are vulnerable to geomagnetically induced currents, also known as ground induced currents (GICs), which are induced in the earth by naturally occurring geomagnetic disturbances (GMDs) or the late-time (E3) component of high altitude electromagnetic pulse (HEMP) and enter the electric grid through the ground connected neutral wires of transformers; and

3.]  The Extra High Voltage (EHV) transformers (345 kV – 765 kV) are the most vulnerable to GIC per their design (as they half-cycle saturate at very low GIC), are also the hardest to replace, many of them custom made with production lead times as long as 4-6 years, and require massive logistical and transportation challenges during their replacement process even during ideal “blue sky” conditions with a fully functioning grid, economy and society; and 

4.]  The GIC threat posed to these critical transformers is dependent on numerous factors, including the transformer’s size, design and age, the ground conductivity in the region of the electric grid, and magnetic field produced by GMD or E3 HEMP; and 

5.]  In June 1992, the Electric Power Research Institute found that the aging of power transformers increases their susceptibility to GIC due to degraded insulating oil condition and coil condition (see “EPRI TR-100450, 1992”); and 

6.] In January 2021, The National Security Council recommended “that U.S. electrical systems and other critical infrastructure elements can be assessed for disruption and damage susceptibility up to the benchmark HEMP waveforms characterized by peak electric field strengths of … 80 V/km for E3a (blast), and 50 V/km for E3b (heave), respectively,” (See “Final HEMP Memo January 12, 2021 – Department of Energy”); and 

7.]  In May 2025, the International Electrotechnical Commission (IEC) updated its international standard for E3 HEMP to a peak electric field strength environment of 85 V/km (see “IEC 61000-2-9, Edition 2.0 2025-05”); and 

8.]  The current standard established by the North America Electric Reliability Corporation (NERC) to protect transformers and the grid from failure due to GIC, fails to require utilities to consider the design type and age of their transformers, establishes a “benchmark” peak electric field of only 8 V/km in Quebec, and utilizes a “scaling factor” to allow utilities to “scale down” per their geomagnetic latitude to consider a peak electric field of ~2 V/km across the center of CONUS and only 0.8 V/km across the southern states (while the GMD threat often decreases with geomagnetic latitude, the E3 HEMP threat is higher at lower geomagnetic latitudes due to its generation mechanism), engendering the real possibility of wide-area GIC-caused blackout with transformer and grid equipment failures (see “NERC TPL-007”); 

Therefore, 

The State of __ (Insert State Name)____hereby establishes the “SAVE [Survey All Vulnerable Electric Transformers Act] Transformers Act”, to be managed by _ (Insert State Agency)___. 

Definitions:

1.] Covered entities: entities covered by this act include every electric utility and electric project developer, owner and operator, regardless of ownership or operation by the public or private sector within the state, regardless of whether that utility is subject to the jurisdiction of the North American Electric Reliability Corporation (NERC), and regardless of the regional transmission operators or independent system operators with which it operates.

2.] Covered equipment: includes all power transformers with primary voltage of 100 kV or greater and capacity of 25 MVA or greater and all Generator Step-Up (GSU) transformers with secondary voltage of 100 kV or greater and capacity of 25 MVA or greater.
Requirements:

Every covered entity shall by (________(Insert Date)______) conduct a technical assessment survey of all covered equipment within its jurisdiction to determine its vulnerability to geomagnetically induced currents, also known as ground induced currents (GICs), which are induced in the Earth by naturally occurring geomagnetic disturbances (GMDs) or the late-time (E3) component of high altitude electromagnetic pulse (HEMP); and, 

1.] Specifically, covered entities shall use the analytic waveform plotted in Figure A.5 of “IEC 61000-2-9, Edition 2.0 2025-05” in their operating models to determine the susceptibility of their transformers to GICs associated with a peak magnetic field strength environment of 20,000 nT for E3 HEMP, which for a typical low conductivity ground conductivity in the United States will produce a peak electric field environment of 85 V/km, based on the recently updated International Electrotechnical Commission (IEC) international standard. (Evaluating the worst-case E3 HEMP threat to high voltage transformers and the grid will also consider severe GMD threats.)

2.] Covered entities shall undertake GIC modeling under the assumption that their transformers are operating fully loaded at the time when the operating environment experiences the GIC insult utilizing the late-time E3 HEMP waveform in IEC 61000-2-9, Edition 2.0 2025-05. 

3.] Because the aging of power transformers increases their susceptibility to GIC due to degraded insulating oil condition and coil condition, covered entities shall consider the age of the transformers surveyed and de-rate those transformers according to ANSI/IEEE Standard C57.110 and IEEE Standard C57.91 when analyzing transformer susceptibility. After confirming and considering the age, condition, and loading of each transformer, the peak geoelectric operating environment (e.g. 85 V/km), and the ground conductivity profile, covered entities shall identify which transformers would be susceptible to the following effects: (a) Half-cycle saturation (b) GIC induced harmonics; (c) VAR consumption; and, (d) Generation of hot spots in the core or structural elements, (e) oil or insulation degradation, and report the potential impacts of each variable’s susceptibility to GIC. 

4.] No later than 180 days from the passage of this act, and while utilizing strict operational security for Critical Energy Infrastructure Information (CEII), covered entities shall provide a detailed report to (_Insert Agency__) with copies to the public utility commission, to the governor and appointed chief of homeland security, and to the state legislature.

5.] The report shall include, for each susceptible transformer and substation: Transformer brand; transformer place of origin, including nation where manufactured; transformer design specifications, including windings and core configuration, winding impedances, winding DC resistances (specify whether assumed or measured), and phase type (single-phase or 3-phase); transformer capacity in megavolt-amperes (MVA); transformer voltage level in kilovolts (kV); transformer age; transformer site location, redacted for CEII; transformer purpose (e.g., generator step-up, autotransformer, step-down, converter), redacted for CEII; transformer replacement lead time; and transformer replacement cost.

6.] In addition to providing the above data in spreadsheet form, covered entities shall consider how to most expeditiously protect their transformers from GIC, based on the totality of the circumstances (design, purpose, age, replacement lead time, etc.).

7.] Covered entities shall not consider “operating procedures” such as load shedding and VAR supply as sufficient forms of GIC protection since adverse GIC effects can occur rapidly (may be no warning with E3) and over large regions that overwhelm operational reaction capabilities, and procedures cannot block GIC from entering an operating electric grid.   

8.] The report shall also provide the following: (a) Recommended solutions to protect the grid against GIC by preventing or reducing the half cycle saturation of transformers,  (b) Total cost to implement GIC protection of all vulnerable transformers owned and operated by the covered entity and (c) a priority list of transformers considering individual transformer risk, transformers threat to the remaining grid if unprotected (half-cycle saturation harmonic generation) and associated critical infrastructure/service loss.

9.] As part of this report, covered entities shall also provide their recommendations for funding the deployment of this GIC protection, which can include both government grant opportunities and rate recovery. 

This act takes effect at __(Insert Date)_____.

