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Abstract—This second part of a three-part series builds upon
the historical and physical context of lightning-triggered failures
in spaceflight infrastructure by examining the standards and
regulatory framework guiding lightning protection system (LPS)
design. The paper compares major U.S. and international light-
ning protection standards—including SSCMAN 91-710, NFPA
780, AFMAN 32-1065, UFC 3-575-01, FAR Part 417, IEC 62305,
and others—highlighting inconsistencies in technical guidance,
inspection intervals, and enforcement mechanisms across agencies
and jurisdictions.

Given the expanding strategic importance of spaceports to
national security, the lack of unified LPS requirements presents
a growing vulnerability. In light of the 2025 Space Threat Fact
Sheet, this paper argues that harmonizing standards through
risk-based, science-driven enforcement is not only a matter of
technical soundness but of operational resilience and mission
assurance. A unified LPS framework would address regulatory
gaps, reject pseudoscientific alternatives, and ensure minimum
protection thresholds are uniformly implemented across all space-
ports.

Index Terms—Lightning protection, Aerospace standards,
NFPA 780, SSCMAN 91-710, Regulatory compliance, Spaceport
safety, Lightning inspection, Risk assessment, Infrastructure
protection, Spaceflight regulations.

I. INTRODUCTION

This paper is the second installment of a three-part series on
lightning protection systems (LPS) for spaceports and launch
complexes. Part I addressed historical failures and the phe-
nomenon of triggered lightning, establishing the operational
risks of inadequate protection. This second part focuses on
the regulatory and standards landscape governing LPS design,
inspection, and enforcement. It identifies critical technical
and procedural gaps across U.S. and international standards,
while framing their implications in the context of operational
resilience and national security risk. Part III of this series will
explore engineering implementation approaches for spaceport
LPS, including physical configurations such as catenary wire
systems, umbilical tower shielding, and mast architectures.
It will also address transient modeling, hypergolic storage
protection, and practical recommendations to ensure system
resilience amid evolving infrastructure and threat profiles, as
recently emphasized in the 2025 Space Threat Fact Sheet [1].
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II. LIGHTNING PROTECTION STANDARDS

Regulations alone cannot ensure effective lightning protec-
tion; proper enforcement depends on the knowledge and exper-
tise of those reviewing and approving LPS designs. The unique
challenges of launch pad lightning protection—including EMI
shielding, transient voltage suppression, and electromagnetic
coupling risks—require specialized training beyond general
electrical engineering knowledge. Personnel responsible for
compliance enforcement should undergo rigorous, structured
training on LPS principles specific to spaceports or have access
to third-party experts capable of reviewing LPS modifications.
Failure to provide adequate training or expert oversight risks
allowing unsafe practices to persist under the false assumption
of regulatory compliance.

A. NFPA 780

NFPA 780 [2] is a widely recognized standard for light-
ning protection systems, covering buildings, open structures,
and industrial facilities. However, as stated in its Scope,
it does not specifically address unique structures such as
launch complexes or spaceports. Applying its generalized
design principles to launch facilities introduces risks, as its
equations and methodologies do not account for the distinctive
electrical and physical characteristics of large-scale lightning
protection systems in aerospace environments. The absence of
explicit guidance forces engineers to rely on interpretations
that can lead to inconsistent applications and potential safety
vulnerabilities.

One example of such a limitation is NFPA 780’s flashover
distance equations, which do not consider the extensive
lengths of catenary wires and downconductors commonly
used in launch pad lightning protection systems. These con-
ductors exhibit unique transient electrical behavior, including
distributed inductance and capacitance, which affect voltage
propagation during a lightning strike. Because the standard
does not model these effects, its equations can lead to exces-
sively large insulating clearances between lightning conductors
and protected structures. This results in unnecessarily tall and
complex support structures, increasing cost and engineering



challenges without necessarily improving protection. More-
over, by neglecting voltage propagation effects along long
conductors, this methodology risks producing designs that are
either over-engineered or insufficiently protective, potentially
compromising launch safety.

Beyond flashover distances, several other aspects of NFPA
780 require tailoring for spaceport applications. The stan-
dard’s grounding and bonding requirements are designed for
traditional structures and may not adequately address the
electromagnetic coupling risks associated with launch vehi-
cle fueling systems and high-energy propulsion components.
Similarly, NFPA 780’s guidelines on surge protection do
not account for the extreme electromagnetic environments at
launch facilities, where rapid transient currents can induce
damaging voltages in mission-critical avionics and communi-
cations systems. Additionally, the standard does not explicitly
address the shielding effectiveness of metallic structures such
as launch gantries and umbilical towers, which can influence
the electromagnetic fields experienced by a vehicle prior to
launch.

To ensure effective lightning protection for launch facilities,
NFPA 780’s approach must be tailored through transient
analysis techniques. Computational tools such as finite element
modeling (FEM) and electromagnetic transient simulation
software allow for precise evaluation of real-time voltage
distributions, enabling more accurate determination of opti-
mal separation distances. These advanced methods not only
ensure compliance with safety requirements but also prevent
unnecessary structural modifications, improving efficiency and
cost-effectiveness. Furthermore, transient analysis enables en-
gineers to optimize the configuration of catenary wire systems
to minimize electromagnetic field exposure to launch vehicles
and payloads, underscoring the need for aerospace-specific
lightning protection methodologies that move beyond static
design equations and embrace physics-based modeling tailored
to the realities of spaceflight infrastructure.

While NFPA 780 provides a foundational framework for
lightning protection, its direct application to spaceports and
launch complexes without modification can lead to suboptimal
designs. A more nuanced, physics-based approach is essential
to address the complexities of aerospace environments and
ensure mission safety while maintaining cost-effective engi-
neering solutions.

B. SSCMAN 91-710

The Space Systems Command Manual (SSCMAN) 91-
710 [3] establishes safety requirements for launch and range
operations under the Space Systems Command (SSC), re-
placing AFSPCMAN 91-710. It governs facilities, structures,
launch vehicles, payloads, and ground systems at SSC ranges,
including the Eastern and Western Ranges. While the manual
addresses lightning protection, it lacks detailed criteria specific
to launch complexes.

Lightning protection is distributed across multiple volumes
of SSCMAN 91-710, each covering different aspects of range

safety. Volume 5 [4] outlines facility design and safety proto-
cols but provides minimal guidance on lightning protection
system (LPS) design. Volume 6 [5] includes “general op-
erational restrictions” due to lightning but lacks integration
with real-time lightning detection systems. Volume 3 [6]
addresses “launch vehicle and payload shielding”, yet does not
comprehensively cover transient voltage effects from lightning
strikes. The manual references NFPA 780 for LPS, NEC
Article 250 [7] for grounding and bonding, and DDESB TP-22
for hazardous material storage but omits specific requirements
for large-scale catenary wire systems, such as those used at
Kennedy Space Center and Cape Canaveral.

One major gap is the ack of clear EMI sensitivity thresholds
for determining the necessity of “insulating masts.” Volume
5, Section 5.3.2 states that insulating masts are required if
vehicles are EMI-sensitive but fails to define EMI sensitivity
or prescribe verification criteria, leaving the interpretation
entirely to launch providers. This omission introduces incon-
sistencies in lightning protection implementation, as different
providers may apply varying thresholds and test methodolo-
gies.

For “launch vehicles and payloads,” Volume 3 mandates
EMC shielding and transient voltage mitigation but lacks
explicit guidance on how to harden new vehicle designs
against lightning strikes. Engineering analyses, transient mod-
eling, and electromagnetic field simulations are necessary,
yet compliance methods are left open to interpretation. This
creates ambiguity in meeting lightning resilience requirements
for next-generation spaceflight hardware.

Operational restrictions due to lightning are covered in Vol-
ume 6, Section 5.6, which mandates suspending ground opera-
tions when nearby lightning is detected, electric field monitors
indicate high strike probability, or field mills detect excessive
atmospheric charge. These criteria align with NASA’s LLCC
but lack detailed integration of real-time lightning monitoring
systems into launch operations.

While SSCMAN 91-710 references industry standards, it
provides limited technical guidance on LPS design for launch
complexes, leaving key implementation details to launch
providers. The absence of standardized EMI sensitivity thresh-
olds, reliance on general industry standards, and lack of
explicit transient modeling requirements create inconsistencies
in lightning protection across different launch sites.

In summary, SSCMAN 91-710 provides a baseline frame-
work for lightning protection but leaves significant gaps in im-
plementation. A more tailored approach incorporating defined
EMI sensitivity criteria, transient voltage analysis method-
ologies, and real-time lightning detection system integration
would enhance lightning protection for spaceports, launch
complexes, and aerospace infrastructure.

C. AFMAN 32-1065

AFMAN 32-1065 [8] establishes lightning protection sys-
tem (LPS) requirements for Air Force facilities, including
launch complexes and spaceports. It mandates that above-
ground launch structures follow the same stringent protection



measures as explosive facilities, ensuring compliance with
NFPA 780 and UFC 3-575-01 [9]. The focus of protection
is on the uppermost 100 feet (30.48 meters) of the structure,
where lightning attachment is most likely. Additionally, all
structural metal components must be bonded to prevent side
flashes, and structural steel should be electrically continuous
whenever possible, serving as natural down conductors to
improve grounding efficiency.

For launch structures exceeding 200 feet (60.91 meters)
in height , AFMAN 32-1065 requires interconnecting ring
conductors at every 200-foot interval unless the structural
framework inherently provides equivalent potential equal-
ization. Movable components within launch structures may
require temporary bonding conductors to maintain electrical
continuity between fixed and mobile sections. External anten-
nas, radomes, and dishes mounted on the structure must be
equipped with surge suppression devices at their entry points
to mitigate transient voltage surges from lightning strikes.

AFMAN 32-1065 references industry-recognized standards
such as NFPA 780 , UFC 3-575-01 , and NEC Article
250.53 , ensuring grounding and bonding practices align
with best practices. Additionally, it mandates compliance with
AFMAN 91-201 for facilities handling explosives. To maintain
consistency, the manual explicitly prohibits the use of early
streamer emission (ESE) devices, charge dissipation systems,
or other non-standard LPS technologies that lack validation
under NFPA 780 and UFC 3-575-01.

AFMAN 32-1065 is primarily intended for military launch
infrastructure and does not establish a dedicated framework
for commercial spaceports or launch pads.

D. UFC 3-575-01

UFC 3-575-01 [9] does not explicitly reference launch
complexes or spaceports but establishes general lightning
protection system (LPS) criteria for DoD facilities, particu-
larly those requiring compliance with NFPA 780. It outlines
risk assessment procedures to determine LPS necessity and
mandates third-party certification to ensure compliance.

The standard requires that conventional LPS components,
including air terminals, lightning masts, grounding, and bond-
ing systems, conform to NFPA 780 and UL 96. It explicitly
prohibits nonconventional systems, such as dissipation arrays
and early streamer emission (ESE) devices, reinforcing the
use of validated protection methods. Additionally, it mandates
that modifications or expansions to existing facilities must
undergo a full LPS compliance review to prevent design
inconsistencies.

For hazardous locations , including explosives facilities,
UFC 3-575-01 defers to additional military and NFPA stan-
dards, ensuring strict protection measures. While it does not
provide spaceport-specific LPS guidance, its focus on risk
assessment, compliance verification, and adherence to estab-
lished methodologies makes it a relevant reference for launch
facility lightning protection design.

E. FAA Part 417

The Federal Aviation Regulations (FAR) Part 417 [10]
establishes lightning protection requirements for launch com-
plexes and spaceports , focusing on explosive safety, flight
commit criteria, and environmental monitoring. It mandates
that launch operators implement lightning protection for facil-
ities used to store or process explosives , ensuring compliance
with §420.71, which specifies licensed launch site require-
ments. Proper grounding, shielding, and bonding techniques
are required to prevent stray energy from affecting sensitive
explosive components.

Appendix G to Part 417, titled ‘“Natural and Triggered
Lightning Flight Commit Criteria,” defines strict launch con-
straints related to lightning hazards. A launch may not proceed
if weather conditions indicate a risk of natural or triggered
lightning. Prohibited conditions include launching through
non-transparent clouds associated with disturbed weather,
thick cloud layers, or detached anvil clouds. Additionally,
electric field strength thresholds, monitored via field mills
strategically placed near the launch site, must not be exceeded.

The regulation specifies monitoring and measurement tech-
niques, including field mill assessments of surface electric
fields and radar reflectivity measurements to evaluate triggered
lightning risk. Operators must continuously monitor environ-
mental parameters and ensure field mill readings remain below
defined thresholds before launch. It also imposes mandatory
wait times following lightning events to minimize vehicle
failure risks due to lingering atmospheric charge.

Despite these requirements, FAR Part 417 does not establish
a specific standard for lightning protection system (LPS)
design at launch pads or spaceports beyond explosive facility
protections. The absence of explicit LPS design criteria results
in variability in protection strategies across commercial space-
ports, as launch operators develop their own interpretations.
While the regulation enforces lightning hazard mitigation, its
lack of prescriptive LPS guidance leaves companies balancing
minimal compliance with best engineering practices.

F. 14 CFR 420.71

14 CFR 420.71 [11] establishes lightning protection system
(LPS) requirements for commercial launch sites, focusing on
explosive hazard facilities. The standard defines the essential
LPS components, including air terminals, down conductors,
and earth electrode systems, and mandates bonding of all
metallic structures, such as fences and railroad tracks, to
minimize hazardous voltage differentials. Additionally, it re-
quires surge protection devices on power, communication, and
instrumentation lines to mitigate transient voltages that could
damage sensitive electronic equipment.

While the regulation provides clear component definitions,
it lacks detailed implementation guidance, potentially leading
to variability in LPS design. Although it specifies inspection
and maintenance intervals —including semiannual visual in-
spections and annual grounding and continuity tests —it does
not define precise test methodologies or acceptance criteria,
which could result in inconsistent maintenance practices.



Furthermore, the standard applies only to ground structures
containing explosives and does not address spacecraft pro-
tection, leaving LPS requirements for launch vehicles and
payloads open to interpretation by commercial operators.
The absence of procedural instructions for implementation,
inspection, and maintenance creates a compliance gap, limiting
uniform application across different launch sites.

G. RCC Document 319

The Range Commanders Council (RCC) Document 319
[12] provides comprehensive requirements for flight termina-
tion systems at U.S. federal launch ranges, including detailed
criteria for grounding, bonding, and surge protection. These
provisions are essential for protecting spacecraft and launch
support systems from lightning-induced surges and transients,
ensuring the integrity of safety-critical flight systems that
interface with the spacecraft.

Despite its strengths, RCC Document 319 lacks specific
guidance tailored to spacecraft lightning protection during
different phases of launch preparation. While it emphasizes
robust grounding and bonding, it does not sufficiently address
electromagnetic compatibility (EMC) challenges encountered
by modern spacecraft. Additionally, its generalized approach
to lightning protection does not account for variations in space-
craft design and mission profiles, leading to inconsistencies in
application across different launch operations.

H. ESA PSS-01-301

ESA PSS-01-301 [13] defines electrical design and inter-
face requirements for European Space Agency (ESA) space
systems, with dedicated sections on grounding, bonding,
and lightning protection for spacecraft and ground support
equipment. A key strength of the standard is its clear guid-
ance on electrical grounding integration, protecting sensitive
spacecraft electronics from lightning-induced surges and other
electrical anomalies during pre-launch activities. It effectively
addresses electromagnetic compatibility (EMC) concerns, en-
suring spacecraft interface designs minimize lightning-related
hazards.

However, ESA PSS-01-301 does not mandate catenary wire
systems with insulating masts, instead focusing on grounding,
bonding, and surge protection for spacecraft and support
systems. While the standard provides strong theoretical and
design guidance, it lacks explicit procedural instructions for
implementation and detailed testing methodologies, leading
to potential inconsistencies in application. Additionally, while
it adequately addresses spacecraft-ground support equipment
interfaces, it does not fully account for all environmental
and electromagnetic interactions encountered across diverse
spacecraft designs and launch conditions .

L. Review of IEC 62305 and Its Applicability to Spaceports

IEC 62305 [14] is the international standard for lightning
protection, covering risk assessment, structural protection, and
electronic system safeguarding. While it provides a compre-
hensive framework for conventional buildings and industrial

facilities, it does not explicitly address launch complexes or
spaceports, requiring specialized mitigation strategies beyond
its scope.

Despite these limitations, certain elements of IEC 62305 re-
main relevant to spaceports. The risk assessment methodology
in IEC 62305-2 evaluates lightning hazards based on structure
size, exposure, and vulnerability, but spaceports require addi-
tional considerations, including payload susceptibility, volatile
fueling operations, and critical ground infrastructure resilience.
Similarly, IEC 62305-3 outlines structural protection using air
terminals, catenary wires, and down conductors, yet launch
pads require larger protection zones and advanced shielding
to accommodate tall structures and mitigate electromagnetic
interference (EMI). IEC 62305-4 provides surge protection,
grounding, and shielding recommendations, but spaceflight
hardware demands more advanced transient suppression mea-
sures than those specified in the standard.

The primary limitation of IEC 62305 for spaceports is
its lack of launch-specific criteria. Designed for conventional
structures, it does not consider launch vehicles, payload in-
tegration facilities, or transient shielding techniques required
at launch pads. Additionally, it does not adequately address
stringent EMI and transient mitigation needs for sensitive
avionics and instrumentation in spaceflight environments.

While IEC 62305 establishes a solid foundation for general
lightning protection, it is insufficient for spaceports. More
specialized aerospace adaptations, such as those outlined in
NASA, FAA, SSCMAN 91-710, and AFMAN 32-1065 , are
necessary to ensure comprehensive protection for launch vehi-
cles, payloads, and critical ground systems. Effective lightning
protection at spaceports requires a tailored approach, consid-
ering site-specific risks, vehicle architecture, and operational
constraints, beyond the general principles of IEC 62305.

While existing standards provide a foundation for lightning
protection, they do not prescribe a one-size-fits-all approach
for launch complexes. Different spaceports require tailored
solutions based on environmental conditions, vehicle design,
and operational needs. While regulations provide a baseline,
designing an effective LPS requires consideration of site-
specific risks, vehicle architecture, and operational constraints.

J. Inspection and Maintenance Requirements Across Stan-

dards

Inspection and maintenance requirements for LPS vary
significantly across different standards, leading to inconsisten-
cies in enforcement across spaceports. NFPA 780, Chapter 8§,
specifically dictates inspection intervals, which should be ap-
plicable to launch pads, including visual inspections, measure-
ments, and mandatory post-strike assessments to verify system
integrity [2]. AFMAN 32-1065 prescribes different inspection
frequencies based on facility type, with quarterly, annual, and
five-year inspection requirements depending on asset criticality
[8]. IEC 62305-3 also mandates regular visual inspections,
system continuity verification, and post-strike evaluations, but
it does not establish a fixed inspection frequency, leaving im-
plementation to local risk assessments [14]. SSCMAN 91-710



requires inspections for hazardous facilities but lacks detailed
criteria for launch pads, allowing variability in application
[6]. UFC 3-575-01 aligns with NFPA 780 for general DoD
facilities but does not specifically address launch complexes
[9]. FAR Part 417 provides general maintenance directives
for launch facilities but does not define a standardized LPS
inspection framework [10]. These inconsistencies in mandated
inspection intervals create challenges in enforcing uniform
maintenance practices across spaceports. Establishing a unified
framework for LPS inspections—aligned with validated risk
assessments—would enhance operational resilience and reduce
the risk of system degradation due to inconsistent upkeep.

III. SUMMARY

This second installment of the three-part series examined
the current regulatory and standards framework governing
lightning protection systems (LPS) for spaceports and launch
complexes. Building on the historical case studies and physical
principles discussed in Part I, this paper identified inconsis-
tencies across U.S. and international lightning protection stan-
dards—particularly in their treatment of inspection intervals,
post-strike assessments, and minimum technical thresholds for
LPS implementation.

A core finding is that the lack of enforceable, harmonized
standards across spaceports creates an uneven risk posture,
leaving critical infrastructure exposed to lightning-induced
damage and operational disruption. These regulatory gaps
are especially consequential given the increasing commer-
cial reliance on spaceports for high-cadence missions and
the heightened strategic importance of space operations, as
outlined in the 2025 Space Threat Fact Sheet [1].

The path forward must include the establishment of quali-
fied technical committees to guide LPS standard harmoniza-
tion. These efforts should be grounded in empirical validation
and sound electromagnetic principles, rejecting pseudoscien-
tific approaches and unproven devices. Regulators must be
equipped with lightning subject matter expertise or access
to certified third-party reviewers, ensuring that enforcement
aligns with both physical realities and evolving mission re-
quirements.

Part III of this series will extend these recommendations into
engineering design strategies and infrastructure adaptations
that support long-term resilience.
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