Blue Origin Explosion - Preliminary Working
Hypothesis

Summary

The most coherent hypothesis is a two-level event. First, an early cryogenic release, abnormal
venting condition, or propellant leakage allowed an oxygen-rich and/or methane-rich vapour
cloud to accumulate in the engine-bay, launch-mount, flame-trench or flame-duct region.
Ignition during the start sequence then produced a semi-confined vapour-cloud deflagration,
generating local overpressure sufficient to damage the covered exhaust-management channel
and lower tower/base structures.

Second, that local event plausibly damaged first-stage feed systems, aft structure, tank outlets,
umbilicals or containment boundaries, triggering rapid escalation through the vehicle.
Successive LOX/LNG and possibly LOX/LH2 containment losses then produced the final
brilliant flash and larger orange hydrocarbon-rich fireball.

This remains a hypothesis rather than a finding, but it is credible and testable. It follows directly
from the FRAM-HAZOP analysis of the ignition sequence, which identifies early start-command
interactions among cryogenic supply, purge/vent behaviour, ignition timing, permissive logic,
and base-region geometry as the most significant candidate pathways.

The central proposition is that the event was initiated during the early start sequence, before
stable full-power engine operation had been achieved, and involved a hazardous cryogenic
vapour condition outside the intended internal engine flow path. An abnormal cryogenic
release, venting condition, purge interaction, or propellant leakage may have created a cold
vapour cloud in the base region of the vehicle, close to the flame-trench or flame-duct
structure. This cloud may have been oxygen-rich, methane-rich, or formed sequentially by
oxidiser-side and fuel-side contributions. When ignition was commanded, the start sequence
introduced ignition energy into a partially confined and congested base geometry, producing
rapid combustion, local overpressure, and subsequent fire and structural damage.

Observed Evidence

Observed vapour location and candidate leak-source regions
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Figure 1. Author’s annotated still from the NASASpaceflight.com YouTube video

The pre-event imagery (Fig. 1), appears to show a distinct white vapour cloud low at the base of
the vehicle and offset toward one side of the launch mount. In a cryogenic launch environment,
such white vapour is compatible with several possibilities, including LOX boil-off, cold oxygen-
rich gas, LNG/methane-related condensation of atmospheric moisture, nitrogen purge flow,
water/deluge interaction, or mixed cryogenic venting. The vapour is therefore not diagnostic by
itself. Its importance lies in its timing and location: it appears in the base region before or at the
onset of the ignition event, rather than only as part of a fully established, symmetric engine
exhaust plume.

Figure 2. Pre-event Google Earth view of the launch pad and flame-trench/duct geometry

The before-and-after overhead imagery (Figures 2 and 3) also appears consistent with
disruption, displacement, or loss of a covered flame-trench or flame-duct element adjacent to
the launch mount. In the pre-event image, this feature appears as a continuous covered
channel or exhaust-management structure. In the post-event image, the same region appears
dark, open, and structurally disrupted. This interpretation requires confirmation by properly
registered imagery and physical inspection, but it is consistent with localised pressure
generation in or near a semi-confined base structure.
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Figure 3. Post-event satellite image showing damage distribution around the launch mount and
flame-trench/duct region.

A second post-blast image adds another important clue. It appears to show low-level
deformation or impact damage at the base of the main tower structure. The damage is
concentrated low on the structure rather than high on the tower or vehicle. This low damage
location is spatially consistent with a pressure source in the launch-mount, engine-bay, flame-
trench, or flame-duct region. It is less consistent with a primary high-level tank or upper-vehicle
event as the initiating explosion site.

e Independent - 21h

Figure 4. Author’s annotated photo post blast published by “The Independent”
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Damage Severity and Indicative Blast Estimate

The apparent deformation of the lower tower structure suggests that the local blast loading was
not merely a benign venting or flash-fire event. As a screening estimate, visible steel-frame
distortion and local structural disruption are consistent with incident overpressures of at least
a few psi, with a more plausible major-damage range of approximately 5-10 psi at the affected
structure. Because the suspected source region is close to structural surfaces and may have
involved a covered flame duct, local reflected or duct-channelled pressures could have been
significantly higher than the free-field incident pressure.

Using a simple TNT-equivalent screening calculation, the apparent damage is consistent with
an event in the broad range of tens to low hundreds of kilograms TNT equivalent, depending
strongly on the true source-to-structure distance, the degree of confinement, and the impulse
duration. A central working range of approximately 30-100 kg TNT equivalent is reasonable for
hypothesis development, but it should not be treated as a final blast reconstruction.

Converting that blast estimate into LNG involvement requires an assumed vapour-cloud
explosion efficiency. If only a few percent of the methane combustion energy is converted into
damaging blast, then a 30-100 kg TNT-equivalent event could correspond to an order-of-
magnitude LNG inventory in the range of roughly 100-600 litres participating in, or feeding, the
explosive vapour cloud. This should be understood as an indicative participating or released
LNG volume, not a confirmed leak volume. The total cryogenic release could have been larger
or smaller depending on mixing, oxygen enrichment, confinement, combustion efficiency, and
the fraction of released material actually involved in the rapid pressure-producing event.

Mechanism

The strongest current candidate mechanism is a semi-confined vapour-cloud deflagration
initiated during the ignition sequence. In this scenario, a LOX-side release or abnormal venting
condition may have produced a cold oxygen-rich cloud in or around the flame-trench or flame-
duct region. LOX itself does not burn, but oxygen enrichment can make a later methane release
or methane-air mixture much more reactive and more easily ignited. Methane may then have
been introduced through fuel-side leakage, engine-bay leakage, start-flow, purge interaction,
valve sequencing, or early engine operation.

Once both fuel and an oxygen-enriched or otherwise flammable environment were present in
the base region, the ignition command or early engine flame could have supplied the ignition
source. The partially confined and congested geometry of a flame trench, flame duct, covered
channel, launch mount, and surrounding tower/base structures could then have promoted
flame acceleration and local overpressure. The resulting pressure wave could plausibly
dislodge covers, deform low-level tower structure, damage adjacent pad equipment, and
initiate a larger secondary fireball involving additional cryogenic propellant release.

The key point is that the hazardous event does not have to be explained as a single component
simply “leaking and catching fire.” The more coherent systems explanation is an adverse
coupling between cryogenic release, purge or vent behaviour, oxygen enrichment, methane
availability, local confinement, structural congestion, and ignition timing.
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Escalation to Whole-Vehicle Loss

The base-region vapour-cloud event is proposed as the leading candidate initiating energetic
event, not as the whole accident. The local semi-confined deflagration hypothesis explains the
first low-level pressure event: cryogenic vapour or propellant present outside the intended
engine flow path, accumulation in the launch-mount or flame-duct region, ignition during the
start sequence, and local overpressure acting on the covered trench/duct structure and
adjacent tower base. The larger visual sequence then requires a second explanatory layer. That
is, how thatinitial low-level base-initiated event could escalate into a,multi-propellant fireball
whole-vehicle loss.

The key visual observation was the sequence: early low-level events around the first-stage/base
region, expansion of the lower fire or flash region, upward propagation through or around the
vehicle, afinal intense white flash, and then a larger orange hydrocarbon-rich fireball. This
sequence is more consistent with an initiating event in the first-stage/base/GSE region than
with an immediate primary failure of the upper stage. Upper-stage hydrogen/oxygen
involvement may still have contributed to the final brilliant flash, but the visual sequence does
not require it to be the first event.

On this interpretation, the initial base-region VCE or deflagration damages the aft vehicle, pad
interfaces, feed systems, flame-duct structure, umbilicals, thrust structure, tank outlets,
raceways, or lower-stage containment boundaries. Once that occurs, the vehicle is no longer a
set of isolated propellant systems. It becomes a rapidly changing coupled system in which
pressure waves, hot gases, debris, structural rupture, flashing cryogens, oxygen enrichment,
and newly released fuel can interact. A first-stage LOX/LNG event at the base can therefore
become the trigger for successive containment losses and combustion-regime transitions
higher in the vehicle.

The resulting escalation path is therefore:

LNG propellant-management or venting activity is present in the wider pad system. A local
release, venting abnormality, valve-sequence deviation, umbilical/interface leak, or engine-
start transient allows methane and/or oxygen-rich vapour to be present near the vehicle base.
Ignition during the start sequence initiates a semi-confined base-region deflagration in the
engine-bay, launch-mount, flame-trench, or flame-duct geometry. The local pressure impulse
damages the lower vehicle or pad interfaces. That damage opens or destabilises additional
LOX/LNG systems and allows rapid upward propagation through structural, pressure, and
combustion pathways. If the upper stage was loaded, chilled, conditioned, or pressurised,
LOX/LH2 systems may then become involved, contributing to the intense final white flash. The
later orange/yellow rolling fireball is then best understood as a slower hydrocarbon-rich
combustion phase after the primary blast has ruptured and dispersed additional first-stage
inventory.

FRAM-HAZOP Interpretation

The notional BE-4 P&ID was produced by translating the publicly visible functional architecture
of the engine into a conventional process-instrumentation format. The starting point was the
publicly described BE-4 arrangement: a LOX/LNG oxygen-rich staged-combustion rocket
engine with separate oxidiser and fuel feed paths, turbopumps, a preburner/turbine drive
system, regenerative cooling, a main injector, combustion chamber and nozzle.
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Because the actual BE-4 P&ID is proprietary, the diagram is explicitly an inferred public-domain
schematic rather than a manufacturer drawing. The major functional blocks were therefore
converted into standard P&ID-style elements: isolation valves, control valves, strainers, boost
pumps, main turbopumps, relief and vent paths, drain paths, purge/inerting connections,
instrumentation points, controller signals and tagged equipment items. The tag numbers are
illustrative and are used only to make the schematic readable in conventional engineering
notation.

BE-4 Engine — Inferred Conventional P&ID-Style Schematic

-
B
o e s -
o w ) ~ >
(e < <
h L SR > ot - -
- 1
~
2 -
1
v =\ o
— - . 1 2 | -
TN PR o BT WA L S N >
— / | _‘“‘
| . o
— e
\ !
v .;.
= 2
i \
| P~
R S J

Figure 5. Inferred public-domain P&ID-style schematic of the Blue Origin BE-4 oxygen-rich staged-
combustion LOX/LNG rocket engine.

The resulting diagram (Figure 5), is intended as a discussion scaffold for HAZOP, FRAM or
incident-analysis work. It shows credible flow paths and control relationships for a staged-
combustion LOX/LNG engine, while preserving uncertainty about exact valve ordering, manifold
geometry, purge routing, sensor redundancy, start logic and proprietary Blue Origin design
details.

Expressed as a functional path, (Figure 6), the scenario is:

Cryogenic release or abnormal venting occurs during pre-start conditioning or start command.
Vapour accumulates low in the base/flame-duct region. Purge, venting, gas detection, or start-
interlock functions fail to prevent progression of the sequence. Methane and oxygen-enriched
vapour become co-located in a partially confined geometry. Ignition energy is introduced by the
commanded start or early engine flame. Rapid combustion occurs, producing local
overpressure, disruption of the covered trench/duct structure, low-level tower damage, and
subsequent larger-scale fire and damage.
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Figure 6. FRAM built system model of engine start sequence

Why This Is Credible

This hypothesis is credible because it accounts for several observations with one coherent
mechanism. The visible white vapour suggests the possible presence of cold cryogenic gas or
propellant outside the intended internal engine flow path. Its low, base-side location points
toward the vehicle/pad interface, purge/vent route, engine bay, flame trench, or duct geometry
rather than a purely internal late-stage chamber failure. The apparent disruption of the covered
trench or duct structure is consistent with pressure generation in or near a semi-confined
channel. The low-level damage on the main tower structure is also consistent with a blast
source near the base rather than higher on the vehicle.

The estimated overpressure and TNT-equivalent range are also compatible with a local vapour-
cloud event. The damage does not require involvement of the full vehicle propellant inventory. A
comparatively modest LNG release — of the order of 100-600 litres if mixed, oxygen-enriched,
partially confined, and efficiently coupled into blast — could plausibly generate damaging local
overpressure in a congested base structure. This makes a local engine-bay, umbilical, vent,
purge, or flame-duct accumulation scenario more credible than a simple high-level tank
rupture as the initiating event.

It also fits the FRAM-HAZOP logic. The danger arises not from one isolated failure alone, but
from functional resonance between several conditions: propellant availability, abnormal
release or venting, incomplete clearance of vapour, ignition timing, permissive logic, local
structural confinement, and the geometry of the flame-trench or flame-duct region.

What This Is Not Necessarily

This should not be described as a confirmed detonation. A vapour-cloud explosion can produce
severe blast effects through rapid deflagration, especially in a congested or semi-confined
structure. Detonation would require stronger evidence, such as high-speed timing, reaction-
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front velocity, pressure records, blast scaling, characteristic structural deformation, or detailed
debris-field analysis.

It should also not yet be described as a confirmed LOX leak, confirmed methane leak, or
confirmed flame-trench explosion. The white vapour may have been LOX-related, methane-
related, purge-related, water-related, or mixed. The correct position is that the imagery,
damage location, and FRAM-HAZOP analysis make a semi-confined vapour-cloud deflagration
a credible candidate mechanism requiring targeted investigation.

Similarly, the LNG volume estimate should not be read as a measured release quantity. Itis an
order-of-magnitude back-calculation from an assumed TNT-equivalent damage estimate and
assumed vapour-cloud explosion efficiency. It is useful for judging plausibility, but not for
determining the actual leaked mass without telemetry, debris analysis, and gas-
dispersion/blast modelling.

Revised Preliminary Conclusion

The updated working hypothesis is that the initiating energetic event occurred low in the
vehicle/pad interface region during the early ignition sequence, before stable full-power engine
operation had been achieved. An early cryogenic release, abnormal venting condition, purge
interaction, or propellant leakage may have allowed an oxygen-rich and/or methane-rich vapour
cloud to accumulate in the engine-bay, launch-mount, flame-trench or flame-duct region.
Ignition during the start sequence then plausibly initiated a semi-confined vapour-cloud
deflagration in this congested base geometry.

This interpretation is supported by the spatial coherence of the available visual evidence. The
observed white vapour appears low at the base of the vehicle; the covered exhaust-
management channel appears disrupted in the post-event imagery; and the later photograph of
the tower suggests low-level structural deformation rather than damage centred high on the
vehicle. Taken together, these observations are consistent with a low-elevation pressure
source in or near the base/flame-duct region.

Screening-level blast estimates suggest that the local damage could correspond to a few-to-ten
psi class incident overpressure at nearby structures, equivalent to an event in the broad range
of tens to low hundreds of kilograms TNT equivalent. On plausible vapour-cloud explosion
efficiency assumptions, this could be produced by an LNG inventory of the order of 100-600
litres participating in or feeding the explosive cloud, especially if oxygen enrichment, partial
confinement and structural congestion were present. This estimate is not a measured leak
volume; itis an order-of-magnitude plausibility check.

The local base-region event should therefore be understood as the likely trigger for a wider
escalation, not necessarily as the whole accident. The initial pressure event could have
damaged aft vehicle structures, engine-bay hardware, feed systems, umbilicals, tank outlets or
containment boundaries, allowing successive LOX/LNG releases and possibly later LOX/LH2
involvement if the upper stage was loaded or conditioned. This would explain the observed
progression from low base events, to upward propagation, to a final brilliant white flash,
followed by a larger orange hydrocarbon-rich fireball.

The most credible systems explanation is therefore a base-initiated, semi-confined vapour-
cloud deflagration followed by rapid multi-propellant escalation. The event is best understood
as an adverse coupling between cryogenic release or venting, oxygen enrichment or fuel
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availability, ignition timing, local flame-duct geometry, structural congestion, containment
damage and whole-vehicle propellant involvement. This remains a structured hypothesis rather
than a finding, but it is credible, testable and strengthened by the low-level spatial coherence of
the observed vapour, duct/channel damage and tower-base deformation.

Sources

The visual evidence used in this analysis is drawn from publicly available video, Google Earth
imagery, satellite imagery and published news photography. Where images have been cropped,
aligned, enhanced or annotated, this is stated in the figure caption. The annotations are
analytical overlays by the author and should not be read as part of the original source material.
Image-based interpretations are treated as provisional unless confirmed by telemetry,
registered survey imagery or physical inspection.
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