FRAC Tank Roof Vent — Corrosion & Explosion-Risk
Analysis

Visual assessment of headspace/vent corrosion and ignitability on a tank in human-waste (septage) service

Question

Please analyze the attached photos of the FRAC tank roof vent. Since this tank holds human
waste, would there be corrosive effects that could be seen on these images, in which the roof
hatch is seen in both the open and closed positions? The corrosion (rust) is not evident
throughout the surface of the FRAC tank, which leads me to believe that concentrated levels of
the gases are found at the vent. What conclusions, if any, can be drawn from this?

Photographs

Image 1 — Roof hatch in the open position. Note the heavily rusted manway collar and rim, corroded swing bolts, and
rust staining streaking down the shell below the opening; the flat roof panels and shell retain largely intact green coating.
(4000 x 3000 px)
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Image 2 — Roof hatch in the closed position. Flaking, laminar rust scale is concentrated at the lid-to-collar seam and
surrounding hardware, while the broader coated surfaces remain sound. (1044 x 726 px)
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Analysis

The reasoning in the question is directionally correct and matches what is well understood about how
sewage gases attack steel. The sections below cover what is observable in the photos, the
mechanism, how far the images allow the conclusion to be pushed, and how it could be confirmed.

What the images show

In both photos the corrosion is overwhelmingly concentrated at the manway/hatch: the rusted collar
(coaming), the seam between the lid and the collar, and the associated swing bolts and hinge
hardware. Image 2 shows laminar, flaking rust scale right at the lid-to-collar interface. Image 1 shows a
continuous band of rust around the manway rim, with staining streaking downward onto the shell below
it. Meanwhile, the large flat roof panels and the vertical shell still carry largely intact coating. That
distribution — concentrated at the opening, washed-down staining, intact panels — is exactly what you
would predict if the aggressive agent is a gas rather than something attacking the whole structure
uniformly.

Why human waste produces a corrosive gas, and why it pools at the top

Septage decomposes anaerobically. Sulfate-reducing bacteria in the liquid generate hydrogen sulfide
(st)' along with COZ, ammonia, methane, and water vapor. The HZS off-gasses into the headspace
above the liquid. On the cooler interior surfaces of the roof and the underside of the hatch, water vapor
condenses into a thin film. Sulfur-oxidizing bacteria (Acidithiobacillus/Thiobacillus species) colonize
that moist film and oxidize the st into sulfuric acid (HZSO4), and the surface pH under that film can
fall to roughly 1-2. The biogenic sulfuric acid is what actually eats the steel.

This is the same process that destroys the crowns of concrete sewer mains and the headspace of lift
stations and wet wells — classic microbiologically influenced corrosion (MIC). The key point for the
hypothesis: the attack lives in the gas phase above the waterline, not on the submerged steel, and it is
worst at the very top where the gas concentrates, condensate forms, and the acid drips. Opening the
hatch to fill or service vents concentrated gas right at that interface and cycles in fresh humid air.
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_______________________________ Corrosion hotspot
Highest gas + acid + worn coating

Acidic condensate film (pH ~1-2) +

Bacteria convert H,S to H,SO4

Headspace gas

H,S, CO,, moisture collect here

Liquid waste
9 - Submerged steel: less attacked

Anaerobic decay produces H,S

The aggressive zone is the vapor space, not the wetted steel

Cross-section of the corrosion zones. The aggressive attack occurs in the vapor space at the top — at and around the
hatch/vent — not on the submerged steel.

Where the reasoning is right, and where to be cautious

The hypothesis of concentrated corrosive gas at the vent is consistent with the established science.
However, the photographs alone are consistent with that explanation without proving it, because the
hatch is also where several non-gas mechanisms predict corrosion in exactly the same spot:

The hatch is the one moving part on the roof. Repeated opening and closing chips and abrades the
protective coating right at the rim, exposing bare steel that will rust regardless of what gas is present.
The swing bolts, hinge, and collar are often add-on weldments that are coated poorly (or are
bare/dissimilar steel), so they corrode first on their own. And the recessed seam between lid and collar
traps rainwater and condensate that sits there long after the flat panels have shed and dried. Any one
of those would localize rust at the hatch.

So the pattern is over-determined — multiple causes point to the same location. The st story is very
likely a real contributor, possibly the dominant one given the contents, but the exterior photos cannot
isolate it from mechanical coating damage and water trapping.

One further caveat: the intact coating elsewhere does not mean the rest of the tank is sound. The most
aggressive biogenic attack happens on surfaces not visible from outside — the interior headspace
walls and the underside of the roof and hatch. An exterior that looks fine can sit over interior steel that
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is heavily etched.

What would actually confirm it

To move from “consistent with” to “confirmed,” inspect the interior. Biogenic sulfuric acid attack leaves
a characteristic etched, soft, sometimes gypsum-like product on the gas-exposed underside of the roof
and hatch, worst near the top and tapering toward the liquid line. Testing the surface or scale pH (very
low points to sulfuric acid) and checking for sulfates in the corrosion product would confirm the
chemistry. Comparing corrosion above versus below the waterline on the interior is also diagnostic —
gas-phase MIC attacks the headspace band hardest and largely spares the submerged steel.

Conclusions that can reasonably be drawn

The corrosion distribution observed is fully consistent with biogenic st / sulfuric-acid attack driven by
the waste headspace, and the inference that gases concentrate at the vent is sound corrosion
reasoning. What cannot be concluded from the photos alone is that gas concentration is the sole or
even primary cause, since coating damage and moisture trapping at the hatch would produce the same
external picture. The defensible finding is: pattern consistent with headspace gas attack, likely
combined with mechanical coating loss at the penetration; interior inspection needed to confirm.

005



Ignitability and Explosion Risk

Professional opinion, stated up front: a tank in this service should be treated as capable of producing
an ignitable, potentially explosive atmosphere, and from the photographs the recognized
ignition-control features are not evident. The following is an engineering opinion based on photographs
— not a substitute for an on-site assessment by a licensed professional engineer or certified industrial
hygienist.

Why the gas evidence implies an explosion risk

The anaerobic decomposition generating the HZS responsible for the vent corrosion produces methane
(CH 4) at the same time — they are co-products of the same biological process. A septage headspace
is effectively generating biogas: mostly methane and CO,, with H,S and traces of others. Methane is
flammable between roughly 5% and 15% by volume in air; HZS is flammable over an even wider band
(about 4-44%) and is toxic as well. The corrosion already documented is therefore indirect evidence
that flammable gas is being produced and concentrated at the same location.

A fully sealed, gas-rich headspace may actually be too rich to ignite (and oxygen-starved). The hazard
is that every time the hatch is opened, the tank is vented, or product is transferred, the mixture sweeps
down through the flammable window as it meets air — at exactly the spots showing the most corrosion.
Absent properly installed and maintained ignition-control features, the evidence of these gases
constitutes a legitimate ignitable/explosive risk: a flammable atmosphere, plus an ignition source, plus
oxygen.

LEL 5% UEL 15%

Too lean Flammable range Too rich (up to 100%)
ignites here

| | | |
0% 5% 15% ~30%+

Methane concentration in air (% by volume)

Sealed headspace often sits above 15%: too rich to ignite, but oxygen-starved

Where gas meets air (open hatch, vent outlet) it passes through the 5-15% window

A flammable mixture + any ignition source = explosion

Flammability range for methane in air. The mixture is ignitable only within the window between the lower and upper
explosive limits; transfers and venting drive the atmosphere through that window.

Does this system appear to have those safety features?

Comparing what a flammable-gas service should have against what the photos show:
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Flame arrestor on the vent — the single most important device, quenching a flame before it can travel
back into the tank. Not visible. The openings look like a plain manway and simple ports, and with the
hatch open the headspace vents straight to atmosphere with no arrestment.

Pressure/vacuum (conservation) vent sized per API 2000, ideally combined with a flame arrestor —
not clearly visible; the ports appear to be plain connections rather than a P/V valve.

Plastic (PVC) vent piping — the white roof piping appears to be plastic, a red flag on flammable
service: it cannot be bonded or grounded, accumulates static, offers no flame-stopping capability, and
fails at low temperatures. (Some white lines could be sight-gauge tubes rather than vents — not certain
from photos.)

Bonding and grounding for transfer operations — not evident (no grounding lug, bonding cable, or
reel visible). The cam-lock fill/discharge connection indicates loading/unloading, during which turbulent
or splash filling generates static — a classic ignition mechanism without bonding and grounding.

Hazardous-area-rated electrical — the large light tower beside the tanks and nearby electrical appear
to be general-purpose equipment, not explosion-proof (Class I, Division 1/2) gear suited to a classified
area.

Hazard signage, gas detection, and a marked classified-area boundary — not evident. Finally, the
corrosion itself degrades whatever safety venting may exist: a corroded arrestor element clogs or fails,
corroded valve seats will not seal, and a blocked vent creates its own overpressure hazard.

Bottom line: from what is visible, the tank does not appear to have the recognized ignition-control
package, and there are positive red flags. A negative cannot be proven from photographs — a device
could be present but out of frame or internal — but the affirmative evidence of these features is absent.

Risks if left as is

The corrosion repair itself is the most acute near-term danger. Cutting, welding, or grinding on a
tank that has held biogas-generating waste — without first gas-freeing it, monitoring the atmosphere,
and following a hot-work permit — is a textbook cause of fatal tank explosions. The very work this
corrosion is prompting is the scenario most likely to ignite it. Never perform hot work on this tank as
found.

Headspace or vapor-cloud deflagration if any ignition source (static during transfer, the adjacent
light plant or electrical, lightning, smoking, a tool spark) reaches a flammable mixture at the vent or
open hatch. Without a flame arrestor, a flame at the vent can flash back into the tank and detonate the
larger volume.

Overpressure or vacuum collapse if corroded vents stick or block: the tank can over-pressurize from
gas generation, thermal expansion, or filling, or implode under vacuum during emptying.

Toxic H,S exposure and the confined-space hazard, which compound any entry or repair work.

Regulatory and liability exposure from operating outside recognized consensus standards (NFPA
820 for wastewater facilities, APl 2000 venting, the NEC hazardous-location articles, and OSHA
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hot-work and confined-space rules) should an incident occur.

Recommended risk reduction

Treat the tank now as a combined flammable, toxic, and confined-space hazard. Before any hot work
on the corrosion, gas-free the tank, use continuous LEL and st monitoring, and work under a
hot-work permit with qualified procedures. Have a qualified engineer classify the area (NFPA 820 /
NEC Article 500) and design or verify proper venting — a P/V conservation vent plus a flame arrestor
sized per API 2000 — replacing corroded components and any plastic piping with bonded metallic
systems. Add bonding and grounding for transfers, address or relocate the nearby lighting and
electrical, and install hazard signage and gas detection. Confirm by inspection whether any flame
arrestor or P/V valve exists and its condition.

Safety note: The headspace of a tank in this service can carry both a flammable atmosphere
(methane/HZS) and acutely toxic, oxygen-deficient conditions. st deadens the sense of smell at
higher concentrations. Any inspection or repair should be treated as a flammable, toxic, permit-required
confined-space operation, with gas-freeing, continuous gas monitoring, hot-work controls, and qualified
procedures. This document is an engineering opinion from photographs and does not replace an on-site
assessment by a licensed PE or certified industrial hygienist.
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6144 Federal Blvd. San Diego, CA Timeline Images

The Before and After Environmental Effects of United Rentals Human Waste Batch
Processing in a FRAC Tank as Unlawful Atmospheric Gas, Liquids and Solids Release.

i

June 2026 — With FRAC Tank
A Stressed and Thinning
Pine Tree. None of the other
trees West of this tree show
this degree of distress.
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January 2023 - No FRAC Tank g o
A Happy Full and Healthy Pine Tree. |
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February 2024 - With FRAC Tank
This is the first time we see satellite
evidence of the FRAC tank having
been placed into service.

o _

June 2023 - No FRAC Tank
A Row of Happy Full and Healthy
Pine Trees
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FRAC Tank Off-Gassing & Pine Tree Decline

Environmental Analysis Report — 6144 Federal Blvd., San Diego, CA

QUESTION POSED:

What effect, if any, might the off-gassing of gases emitted from the FRAC tank be attributed
to the pine tree directly adjacent to the tank, given that the tank has been in service since at
least February 2024, as evidenced by the photographic and satellite timeline images from
6144 Federal Blvd., San Diego, CA?

1. Summary of the Visual Evidence

The document presents a compelling chronological photographic and satellite record demonstrating a clear
before/after inflection point around early 2024, coinciding with the FRAC tank being placed into service.

FRAC Tank T —

April 2007 Absent Full, healthy, dense canopy

January 2023 Absent Full, healthy, dense canopy

June 2023 Absent Row of healthy, full pine trees

February 2024 PRESENT First satellite evidence of tank in service
June 2026 PRESENT Visibly stressed, thinning, sparse canopy

2. What Is a FRAC Tank and What Does It Off-Gas?

A FRAC (fracturing) tank is a large portable storage vessel used to hold liquids — commonly wastewater,
produced water, chemicals, hydrocarbons, or industrial fluids. Depending on stored contents, these tanks can
off-gas a variety of volatile compounds, most notably:

* Volatile Organic Compounds (VOCs) — benzene, toluene, ethylbenzene, xylene (BTEX compounds)

* Hydrogen Sulfide (H2S) — a highly phytotoxic gas even at low concentrations

» Methane and light hydrocarbons

« Ammonia (if storing certain industrial or biological waste streams)

* Petroleum distillates depending on the stored material

3. Potential Phytotoxic Effects on the Adjacent Pine Tree

3a. Hydrogen Sulfide (H2S) Toxicity

H2S is among the most damaging gases to conifers. Even at concentrations as low as 0.3—1.0 ppm, H2S can
interfere with cytochrome oxidase in plant cells, disrupting cellular respiration; cause needle chlorosis (yellowing)
and premature drop; and produce the kind of progressive canopy thinning visible in the June 2026 images.
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3b. VOC / BTEX Exposure

Benzene and related aromatics are known to inhibit root uptake of water and nutrients, disrupt stomatal function
(reducing photosynthesis), and accumulate in soil around the tank base — creating a root zone contamination
zone directly beneath and adjacent to the tree.

3c. Soil Pathway — Root Zone Contamination

Perhaps more significant than aerial off-gassing is the soil absorption pathway. If the FRAC tank has experienced
any minor seepage, condensate drip, or overflow, volatile hydrocarbons in the soil can displace soil oxygen
(suffocating root systems), create anaerobic conditions in the rhizosphere, and directly damage fine feeder roots
responsible for water and nutrient uptake. This would explain the gradual but progressive nature of the decline
seen between early 2024 and June 2026.

3d. Atmospheric Deposition on Needles

Pine needles have a large cumulative surface area and a waxy cuticle that is particularly effective at trapping and
absorbing airborne hydrocarbons. Chronic low-level VOC deposition can block stomata, degrade the cuticle layer
(increasing water loss), and reduce photosynthetic efficiency — weakening the tree over time.

4. Significance of the Neighboring Trees Observation

The document makes a critically important notation: "None of the other trees West of this tree show this degree of
distress." This functions as a natural control group. If the decline were attributable to regional drought, disease,
pest infestation, or soil-wide nutrient deficiency, neighboring trees of the same species would show similar
symptoms. The fact that they do not strongly implicates a localized, point-source stressor — precisely what a
FRAC tank in close proximity represents.

5. Opinion

Based on the visual timeline evidence presented, the temporal correlation between the FRAC tank being placed
into service (February 2024) and the observable decline of the adjacent pine tree (documented by June 2026) is
highly suggestive of a causal relationship. The approximately 24-28 month lag between tank activation and
visible canopy stress is consistent with how chronic, low-level chemical stress manifests in mature conifers —
trees of this size do not decline overnight; stress accumulates gradually before becoming visually apparent.

The localized nature of the decline — affecting this tree and not its western neighbors — substantially undermines
alternative explanations and points toward a point-source environmental stressor, of which the FRAC tank is
the most obvious candidate introduced during the relevant period.

6. Recommendations for Strengthening the Case

If this analysis is being prepared for legal, regulatory, or environmental purposes, the following would significantly
bolster the evidentiary record:

1. Ambient air quality sampling around the tank for VOCs and H2S
2. Soil sampling at the root zone for hydrocarbon contamination

3. Arborist inspection report documenting the tree's current health and identifying chemical stressors
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4. Tank content disclosure — identifying exactly what is stored is essential to pinpointing specific off-gassing
compounds

5. Additional satellite imagery at 3—6 month intervals to document the progression

6. Wind pattern analysis to confirm the tank's position relative to prevailing winds and the tree

This analysis is based solely on the visual and contextual evidence presented in the submitted document. It represents an
informed interpretive opinion and is not a substitute for professional arborist, environmental engineering, or toxicological
assessment.
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