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  To the architectural team who designed a deep-sea station that requires a flooded living room to turn the lights back on. Your degree is clearly more decorative than mine.
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The alarm dragged me out of a dream about my father’s boat.

I was twelve again, standing on the deck of the Santa Clara, watching him haul in the nets. Gulf of Mexico, summer heat, the smell of diesel and salt and shrimp. He was saying something I couldn’t hear over the engine noise. Something important. I kept leaning closer, trying to catch the words,

Then the station screamed.

Not a metaphor. Kestrel-7’s emergency klaxon is specifically designed to trigger a panic response in the human nervous system. 110 decibels, oscillating frequency, impossible to sleep through. I’d heard it exactly twice in eighteen months. Both times were drills.

This wasn’t a drill.

I was moving before I was fully awake, feet hitting the cold deck plates, hands finding the emergency light panel by muscle memory. Red strobes pulsed through the berthing compartment. The klaxon cut through my skull like a saw blade.

Pressure breach. That’s what my brain processed first. The alarm pattern was distinctive, three short bursts, one long, repeating. Pressure breach somewhere in the station.

I grabbed my jumpsuit from the hook, pulled it on while running barefoot toward the hub. The deck was freezing. Power fluctuation, the heating system had stuttered. Bad sign. Very bad sign.

“Marcus?” I shouted it even though I knew he couldn’t hear me over the alarm. “Marcus, where are you?”

The hub was chaos in red light. Four monitors cycling through alert screens, damage reports scrolling faster than I could read. I slapped the alarm override, the klaxon died to a manageable pulse, and scanned the status board.

Moon pool. The breach was in the moon pool.

My stomach dropped.

“No,” I said. Just that word. “No.”

I ran.

* * *

The corridor to the moon pool was thirty meters long. I covered it in seconds, bare feet slapping against metal, one hand trailing along the wall for balance. The emergency lights painted everything in bloody shadows.

I could hear it before I saw it. Water. The sound of water where water absolutely should not be, rushing, gurgling, the deep bass groan of a compartment under pressure it was never designed to handle.

The bulkhead door was sealed. Automatic safety protocol. When a pressure breach occurs, the station’s computer isolates the affected section within ninety seconds to prevent cascade failure. It’s a good system. It’s saved stations before.

I reached the porthole and looked through.

The moon pool was gone.

Not gone, flooded. Black water filled the space, churning with debris. I could see equipment tumbling in the current, diving gear, sensor arrays, the work table Marcus had been using to repair the secondary manipulator arm. All of it spinning slowly in water that shouldn’t be there.

And Marcus.

He was at the interior door. On the wrong side. Hands pressed flat against the porthole glass, face inches from mine, eyes wide with something that wasn’t panic yet. Not quite. He was holding his breath, cheeks puffed out, looking at me through six inches of reinforced glass and two meters of seawater.

I slammed my palm against the glass. “Hold on! I’ll get,”

Get what? The door wouldn’t open. The pressure differential was already catastrophic. If I triggered the manual override, the water would blast through with enough force to kill us both instantly. The computer knew this. That’s why it had sealed the bulkhead.

Marcus knew this too.

I watched the realization hit him. Watched his expression change from desperate hope to understanding to something that looked almost like apology. He’d been doing equipment checks at 0200. Why was he doing equipment checks at 0200? That wasn’t protocol. That wasn’t,

He mouthed something. I couldn’t read lips. I’ve never been able to read lips. But I think it was “I’m sorry.”

Then he closed his eyes.

The emergency lighting caught the silver in his hair, the deep lines around his mouth. Fifty-eight years old. Twenty-three years studying the deep ocean. He’d built this station. Designed half its systems. Knew every pipe, every seal, every pressure rating by heart.

And he was going to die in it because I couldn’t open a door.

I don’t know how long I stood there. Seconds, probably. It felt like hours. I watched his body go still, watched the tension leave his shoulders, watched the last bubble of air escape his lips and spiral toward the ceiling.

The lights flickered. The whole station shuddered around me.

I didn’t scream. I didn’t cry. I just… stood there, palm still pressed against the cold glass, watching the water settle into stillness with Marcus floating at its center.

Then the secondary alarm started, and my body decided we weren’t done yet.

* * *

Power failure in progress. The status board in the hub spelled it out in flashing red characters. Primary systems offline. Backup generators damaged. Current reserve: twenty-six hours at emergency consumption levels.

Twenty-six hours. I had twenty-six hours before the lights went out permanently.

I sat down at the main console and started working.

It’s a strange thing, shock. I’d read about it in training materials, understood it intellectually, the way the human brain compartmentalizes trauma to maintain function during crisis. But experiencing it was different. I felt like I was watching myself from a distance, observing some other Sara Reyes as she pulled up system diagnostics and ran damage assessments.

Moon pool: total loss. Flooded and unrecoverable. The breach appeared to have originated at the primary seal junction, a catastrophic failure of the docking collar where the external airlock met the main structure. I’d need to check the maintenance logs to understand why, but that was a problem for later. For now, the compartment was gone.

Dry lab: compromised. The flooding had sent pressure spikes through the connecting corridors, and three of the dry lab’s external sensors showed hull strain readings in the yellow zone. Not breached, but stressed. I sealed the bulkhead as a precaution.

Primary power: destroyed. The main generator room shared a wall with the moon pool. When the compartment flooded, the pressure wave had ruptured cooling lines, shorted electrical systems, and turned several million dollars worth of power infrastructure into scrap metal.

Backup batteries: damaged but functional. This was the only good news. The secondary battery array was in engineering, isolated from the initial breach. It was operating at maybe sixty percent capacity due to water intrusion in some of the control circuits, but it was working.

Twenty-six hours. At emergency consumption levels.

I could extend that. Cut non-essential systems, reduce heating, dim lights. Maybe get it to thirty hours, thirty-five if I was aggressive. But that still wasn’t enough. Rescue from the surface would take days, not hours.

My hands moved across the console, shutting down systems, rerouting power. The station grew darker and colder around me. I was operating on autopilot, some deep-trained part of my brain handling the technical work while the rest of me stayed carefully blank.

Don’t think about Marcus. Not yet. Think about the numbers.

CO2 scrubbers: essential. Without them, I’d suffocate in my own exhaled breath within hours. Current power draw: significant. I reduced them to minimum cycling, enough to keep the air breathable, not enough for comfort.

Heating: reduced to survival minimum. Water temperature outside was 2°C. Without active heating, the station would eventually equalize. I’d die of hypothermia before I died of CO2 poisoning. I set the system to maintain 8°C in the occupied compartments. Cold enough to be miserable. Warm enough to live.

Communications: the acoustic modem was still operational. Low power draw, essential for contact with the surface. I kept it active.

Everything else went dark.

When I was done, the station was quiet. No hum of full life support, no background noise of systems running at capacity. Just the occasional click of a relay, the soft whir of the reduced scrubbers, and my own breathing.

Twenty-two hours. I’d bought myself four more hours by cutting everything I could cut.

Still not enough.

I pulled up the communication interface and started composing my first distress message.

* * *


MAYDAY MAYDAY MAYDAY THIS IS ABYSSAL RESEARCH STATION KESTREL-7 POSITION: 36.742°N, 28.891°W, DEPTH 2400M PRESSURE BREACH IN MOON POOL COMPARTMENT ONE CASUALTY: DR. MARCUS HOLLOWAY, STATION CHIEF PRIMARY POWER DESTROYED BACKUP POWER: 22 HOURS ESTIMATED SINGLE SURVIVOR: DR. SARA REYES REQUEST IMMEDIATE RESCUE ASSISTANCE KESTREL-7 OUT




I stared at the words on the screen. One casualty. Such a clean, clinical way to describe what I’d just watched happen. One casualty, like a line item in an accident report. Marcus Holloway, station chief, age 58, killed by equipment failure at 0217 station time.

I added the timestamp and sent the message.

The acoustic modem translated my text into a series of low-frequency pulses, sound waves that would travel upward through 2,400 meters of black water to the relay buoy at the surface. From there, satellite uplink to the emergency coordination center in Las Palmas. If everything worked correctly, someone would be reading my message within the hour.

If everything worked correctly.

I checked the modem status. Signal strength: adequate. Relay buoy connection: intermittent. Weather conditions at the surface were affecting transmission quality. I might need to resend.

I queued the message for automatic repeat every thirty minutes and sat back in my chair.

The hub felt wrong. Too quiet, too dark, too empty. Marcus should have been here, complaining about the cold, making tea in that battered electric kettle he’d brought from home. He always made tea when things went wrong. Said it helped him think.

I stood up. Sat down again. Stood up.

“Okay,” I said out loud. My voice sounded strange in the silence, too loud, too alone. “Okay. One thing at a time. First thing is damage assessment. Full damage assessment. You did the preliminary, now do the full.”

I was talking to myself. That was fine. Scientists do that. It’s not weird. It’s just thinking out loud.

I grabbed a tablet from the charging rack, pulled up the inspection checklist, and started walking.

* * *

Compartment by compartment, I checked everything. Physically walked to each bulkhead, checked each seal, inspected every visible surface for signs of stress or damage. The tablet recorded my observations while I tried to keep my voice steady.

“Berthing compartment, personal quarters section. Hull integrity nominal. No visible damage. Minor condensation on interior surfaces, consistent with reduced heating. Emergency lighting operational. Main lighting offline per conservation protocol.”

Marcus’s bunk was still made. He’d always been neat, almost obsessively so. His books were lined up on the small shelf above his pillow, technical manuals mostly, but also a few novels, a collection of poetry by someone I didn’t recognize. There was a photograph tucked into the frame of his mirror. His daughter, I think. I’d never asked.

I moved on.

“Galley section. Hull integrity nominal. Refrigeration offline per conservation protocol. Dry goods storage intact. Water recycling system operational at reduced capacity.”

The coffee mug on the counter. Marcus’s mug. He must have made coffee before heading to the moon pool. There was still a thin ring of dried residue at the bottom.

I moved on.

“Medical bay. Hull integrity nominal. Emergency supplies intact. Checked inventory against manifest. All items accounted for.”

I pulled a thermal blanket from the supplies, wrapped it around my shoulders. The station was already getting cold. I’d set the heating at 8°C, but the metal walls conducted temperature efficiently. My breath was starting to fog.

I moved on.

“Wet lab. Hull integrity nominal. Specimen tanks intact. Bacterial cultures appear healthy, bioluminescence active.”

I stopped in front of the main culture tank, watching the soft blue-green glow of the Photobacterium colonies. Two years of careful cultivation, the densest concentration of bioluminescent bacteria ever maintained in a deep-sea environment. Marcus’s project. His baby, really. He’d been convinced that bacterial bioluminescence could be harnessed for practical energy generation, a biological power source that could operate indefinitely at depth, no fuel required, no complex machinery to fail.

I’d always thought it was a pipe dream. The energy output was too small, the engineering challenges too great. But Marcus had kept working, kept refining, kept believing.

Now he was dead, and his bacteria were still glowing.

I moved on.

“Dry lab. Bulkhead sealed per emergency protocol. External sensors indicate hull strain readings of,” I checked the tablet. “Seventeen percent above normal baseline. Not critical, but elevated. Recommend continued isolation pending structural assessment.”

I pressed my hand against the sealed bulkhead door. Behind it was my primary workspace, computers, analysis equipment, the communication relay I’d been repairing last week. All of it inaccessible now, locked behind a wall of steel because the station’s computer had decided the risk was too high.

The computer was probably right. I’d seen pressure failures cascade before, in simulations. One compartment breach leads to another, then another, until the whole structure implodes. The bulkheads were designed to prevent exactly that scenario.

But it still felt like the walls were closing in.

I moved on.

“Engineering. Hull integrity nominal. Backup battery array operating at sixty-two percent capacity. Power output stable but degraded. Estimated reserve at current consumption: twenty-one hours forty minutes.”

The number was worse than my initial estimate. The batteries were losing charge faster than the diagnostic had predicted. Probably damage I couldn’t see, internal degradation from the pressure spike.

Twenty-one hours and forty minutes. Less than a day.

I moved on.

“Moon pool access corridor. Bulkhead sealed per emergency protocol. Visual inspection through porthole confirms complete flooding of moon pool compartment. Water level stable. No additional breaching detected.”

I made myself look through the porthole again.

Marcus was still there. Still floating in the dark water, arms loose at his sides, silver hair drifting around his face. The emergency lights in the corridor gave just enough illumination to see him through the murky water. He looked peaceful, almost. Like he was sleeping.

He wasn’t sleeping.

I pressed my forehead against the cold glass. Closed my eyes. Let myself feel, just for a second, the weight of what had happened.

Then I opened my eyes and kept walking.

* * *

The inspection took two hours. When I got back to the hub, I had a complete picture of my situation, and the picture was bad.

I was alive. I had air, for now. I had water, from the recycling system that could run on minimal power. I had food for weeks, dried goods and emergency rations that didn’t require refrigeration. I had a working communication link to the surface.

I did not have enough power to survive.

The scrubbers were the problem. Carbon dioxide removal was the most energy-intensive process in the station’s life support system. Without the scrubbers running, CO2 would build up in the air until I lost consciousness, then kept building until I died. The human body produces about 200 milliliters of CO2 per minute at rest. In a sealed environment the size of Kestrel-7’s remaining habitable compartments, I had maybe six hours before reaching dangerous concentrations. Eight hours before incapacitation. Ten before death.

The scrubbers needed to run. And the scrubbers needed power.

I ran the numbers again, looking for any way to make them work.

Minimum scrubber operation: 40 watts continuous.

Current battery output: 380 watts at 62% capacity.

Other essential systems (heating, basic lighting, communication): 280 watts total.

That left 100 watts for the scrubbers. More than enough for minimum operation.

But battery degradation was continuing. Every hour, capacity dropped another fraction of a percent. The reserves that looked adequate now would be critical in twelve hours. Fatal in twenty.

I needed more power. Or I needed less consumption. Or I needed rescue to arrive before the math caught up with me.

The communication console beeped. Incoming message.

My hands shook as I pulled up the text.


MSG FROM MARITIME RESCUE COORDINATION CENTER LAS PALMAS 0347Z KESTREL-7 YOUR MAYDAY RECEIVED DEEP SEA RESCUE VESSEL DISPATCHING FROM LAS PALMAS ETA TO YOUR POSITION: APPROX 144 HOURS WEATHER SYSTEM DEVELOPING IN ATLANTIC MAY CAUSE DELAYS MAINTAIN COMMUNICATION SCHEDULE EVERY 6 HOURS CONFIRM RECEIPT AND PROVIDE STATUS UPDATE MRCC LAS PALMAS




I read the message three times.

144 hours. Six days.

I had twenty-one hours of power.

The gap between those numbers was insurvivable through any conventional means I could think of. Even if I shut down everything except the scrubbers, I’d run out of battery power on day two. The rescue vessel would arrive on day six to find my corpse.

I sat very still for a long time.

The thermal blanket had slipped off my shoulders. I was shivering, and I wasn’t sure if it was from cold or from something else. The numbers kept running through my head, 144 hours, 21 hours, 40 watts, 62% capacity, like a mantra I couldn’t stop repeating.

Marcus was dead. I was alone. Rescue was six days away, and I had less than one.

The grief was there now, circling at the edge of my awareness, waiting to land. I could feel it pressing against the walls I’d built, looking for cracks. If I let myself think about Marcus, really think about him, the way he laughed at his own jokes, the patient way he’d explained things I already knew, the photograph of his daughter that I’d never asked about, I would fall apart. I would stop functioning. I would curl up in a corner and cry until the CO2 took me.

I couldn’t afford that.

So I stood up, wrapped the thermal blanket back around my shoulders, and started composing my response.


MSG TO MRCC LAS PALMAS 0412Z RECEIPT CONFIRMED CURRENT STATUS: SINGLE SURVIVOR UNINJURED POWER SITUATION CRITICAL BACKUP BATTERIES ESTIMATED 21 HOURS AT CONSERVATION CONSUMPTION RESCUE ETA EXCEEDS POWER RESERVE EVALUATING OPTIONS WILL PROVIDE UPDATE PER SCHEDULE KESTREL-7 OUT




I sent the message and sat back.

Evaluating options. What options? I’d already cut everything I could cut. The station wasn’t designed for this scenario, total power loss with surface rescue days away. We’d always assumed that if something went catastrophically wrong, help would arrive within forty-eight hours. The deep-sea rescue protocols were built around that timeline.

Six days. Who plans for six days?

I pulled up the station schematics on the console, looking for something I’d missed. Some backup system, some redundancy, some way to generate power that didn’t involve the destroyed primary generators.

Solar panels: useless. We were 2,400 meters underwater. No sunlight reached this depth.

Emergency fuel cells: destroyed. They’d been located adjacent to the primary power systems.

Manual generators: nonexistent. The station had never been designed with hand-cranked backups. Why would it be? We weren’t supposed to need them.

I scrolled through the schematics, faster and faster, growing more desperate. There had to be something. Some option I wasn’t seeing. Some creative solution that would bridge the gap between twenty-one hours and 144 hours.

The bacterial cultures in the wet lab.

I stopped scrolling.

Marcus’s project. Bioluminescent bacteria, microbial fuel cells, electricity from living organisms. He’d been working on it for two years, convinced that bacterial metabolism could be harnessed for practical power generation. I’d always dismissed it as impractical, the output was too small, milliwatts when you needed watts.

But the colony density at Kestrel-7 was unprecedented. Two years of careful cultivation, the largest concentration of high-output Photobacterium ever maintained in a controlled environment. Marcus had been running small-scale fuel cell experiments just last month. He’d shown me the results, 0.5 milliwatts from a culture sample the size of my fist.

Milliwatts. I needed watts.

The gap was enormous. But was it insurmountable?

I pulled up Marcus’s research files. His notes were meticulous, organized in that obsessive way he had. I started reading, looking for anything that might help.

The station groaned around me. Metal contracting as the temperature dropped. Normal thermal stress. Nothing structural.

Probably.

I kept reading.

Somewhere outside, 2,400 meters above me, the sun was probably rising. I couldn’t see it. I couldn’t feel it. I was in a metal box at the bottom of the ocean, wrapped in a thermal blanket, reading the research notes of a dead man, trying to find a reason to believe I might survive.

The bacteria kept glowing.

I kept reading.
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Four hours since the breach.

I’d read Marcus’s research files three times. Made notes. Run preliminary calculations. The numbers were bad, but they weren’t impossible. Maybe. If I squinted at them the right way.

Now I was sitting in the hub, wrapped in my thermal blanket, watching my breath fog in the air and waiting for the surface to respond.

The station was quiet. Too quiet. I’d grown so accustomed to the background hum of full life support that its absence felt like a physical pressure, like the silence itself was pushing against my eardrums. Every few minutes, something would click or settle, metal adjusting to temperature changes, fluid moving through pipes, and I’d flinch, heart racing, before my brain caught up and classified the sound as harmless.

Probably harmless.

I checked the battery status again. Nineteen hours, twelve minutes. Down from twenty-one hours when I’d finished the inspection. The degradation was accelerating.

I checked the CO2 levels. 0.08%. Normal atmospheric concentration is around 0.04%. I was already at double baseline, and the scrubbers were running at minimum. The air tasted fine, humans can’t detect CO2 until it reaches much higher concentrations, but the numbers didn’t lie.

I checked the temperature. 7.2°C in the hub. I’d set the heating for 8°C, but the system was struggling. Heat loss through the hull was exceeding the reduced input. The station was slowly equalizing with the 2°C water outside.

Numbers. I kept running numbers because numbers were controllable. Numbers didn’t scream. Numbers didn’t float in flooded compartments with their eyes closed and their silver hair drifting around their faces.

I pulled up my calculation spreadsheet and started again from the beginning.

* * *

The math of survival is brutally simple.

A human body at rest consumes approximately 250 milliliters of oxygen per minute and produces approximately 200 milliliters of carbon dioxide. In an enclosed space, oxygen depletion is rarely the immediate threat, there’s enough O2 in a sealed room to last for days. Carbon dioxide buildup is what kills you.

At 1% CO2 concentration, you start experiencing drowsiness and impaired cognitive function. At 3%, you get headaches, dizziness, shortness of breath. At 5%, you’re in serious danger — rapid breathing, confusion, loss of consciousness. At 8% or above, death follows within minutes.

The habitable volume of Kestrel-7, with the moon pool flooded and the dry lab sealed off, was approximately 340 cubic meters. That’s 340,000 liters of air. At baseline atmospheric concentration, that air contained about 136 liters of CO2.

I was adding 200 milliliters per minute. Twelve liters per hour. 288 liters per day.

Without scrubbers, I’d hit 1% concentration, the drowsiness threshold, in about eight hours. I’d hit dangerous levels by hour sixteen. I’d be dead before rescue arrived, suffocated by my own exhalations.

The scrubbers changed that equation. Even at minimum operation, they could remove approximately 90% of my CO2 output, keeping concentrations stable at around 0.1%, elevated but survivable. The problem was power.

Minimum scrubber operation required 40 watts continuous.

The backup batteries, at current degradation rate, would be completely depleted in approximately eighteen hours.

After that: no scrubbers, no air processing, no survival.

I wrote the numbers in my notebook, then wrote them again. I kept thinking I’d made an arithmetic error somewhere, that if I just recalculated one more time, the answer would be different. It wasn’t.

Eighteen hours to battery depletion.

144 hours until rescue.

The gap was 126 hours. More than five days. More than five days of breathing without any way to remove the carbon dioxide from the air.

I couldn’t survive that gap. Not with the resources I had.

Unless I found more resources.

* * *

Marcus’s microbial fuel cell research was stored in a folder labeled “Project Lumina.” I’d teased him about the name once, too poetic for hard science. He’d smiled that patient smile of his and said that sometimes science needed a little poetry to remind us why we were doing it.

I opened the folder and started reading his most recent notes.


Entry 47, Day 612

Fuel cell prototype 3.2 showing consistent output of 0.52 mW at 23°C using high-density P. phosphoreum culture. This represents a 15% improvement over prototype 3.1, primarily due to modified electrode geometry. Anode surface area increased by factor of 2.3 without proportional increase in internal resistance.

Key insight: bacterial density is the limiting factor. Current tank cultivation achieves approximately 10^8 cells/mL. Literature suggests theoretical maximum around 10^11 cells/mL under optimal conditions. If we could increase density by two orders of magnitude, power output should scale roughly linearly.

Problem: nutrient delivery and waste removal become limiting at higher densities. Need continuous flow system rather than static culture.

Next steps: design flow-through fuel cell with integrated nutrient circulation. Target output: 5 mW per cell unit.




I kept reading. Entry after entry, Marcus documenting his slow progress toward a goal that had always seemed impossibly distant. His optimism was painful to read now, knowing how it ended. Knowing he’d never see his project reach completion.

The most recent entry was dated three days ago.


Entry 73, Day 641

Flow-through prototype achieving 4.7 mW sustained output. Close to target. Sara thinks I’m chasing a pipe dream, and she might be right — 5 milliwatts won’t power anything useful in isolation. But that’s not the point.

The point is scalability. If one cell produces 5 mW, ten cells produce 50 mW. A hundred cells produce 500 mW. Half a watt from bacteria alone.

The cultures in Tank 3 are approaching maximum sustainable density. I’ve been running nutrient enhancement protocols for six months, and the colony is responding beautifully. Bioluminescence output is the highest I’ve ever recorded — the tank glows bright enough to read by.

I keep thinking about what this could mean for deep-sea operations. A biological power source that sustains itself indefinitely, drawing energy from simple organic inputs. No fuel deliveries, no complex machinery, no single points of failure. Just life, doing what life does.

Sara says I’m romanticizing the science. Maybe I am. But someone has to.




I closed my eyes for a moment, pressing my palms against my eyelids until I saw spots. Marcus’s voice was so clear in those notes, so present. I could hear him saying these words, could picture him sitting at his desk in the wet lab, typing with two fingers because he’d never learned to type properly despite decades of computer use.

I couldn’t think about that. Not now.

I opened my eyes and started doing math.

* * *

Marcus’s best prototype produced 4.7 milliwatts.

I needed 40 watts to run the scrubbers at minimum.

That meant I’d need approximately 8,500 fuel cell units to generate enough power. Even with the high-density cultures in Tank 3, I didn’t have anywhere near enough bacteria to fill that many cells. The entire culture tank held maybe twenty liters of bacterial suspension. Marcus’s fuel cells used about 50 milliliters each.

Twenty liters divided by 50 milliliters equaled 400 fuel cells.

400 cells times 4.7 milliwatts equaled 1.88 watts.

Less than 5% of what I needed.

I stared at the number. Ran the calculation again. Got the same answer.

The bacterial fuel cells couldn’t save me. Not at current scale. Not even close.

I threw my pen across the hub. It bounced off the far wall and clattered to the deck, the sound shockingly loud in the silence. My hands were shaking. I pressed them flat against the console, trying to steady them, trying to steady myself.

Think, Reyes. There has to be something.

The problem was scale. I didn’t have enough bacteria, didn’t have enough fuel cells, didn’t have enough anything. But Marcus’s notes mentioned something about increasing bacterial density. If I could grow more bacteria, faster,

No. Growth took time. Days, weeks. I had hours.

What if I didn’t need to grow more bacteria? What if I could concentrate the existing population?

I pulled up the wet lab schematics. Tank 3 was a standard research vessel — twenty liters, temperature controlled, nutrient circulation, bioluminescence monitoring. Marcus had been cultivating his high-density culture there for months.

But the wet lab also contained the overflow reservoir. A secondary tank designed to handle excess cultures during experiments, connected to the main system through a series of valves and pipes. Capacity: 200 liters.

And then there was the emergency ballast bladder in engineering. Flexible membrane designed to adjust station buoyancy. Capacity: 2,000 liters. Currently empty.

If I could transfer the bacterial culture to a larger vessel, introduce additional nutrients, create optimal growing conditions… the colony would expand. Bacterial reproduction was exponential under ideal circumstances. Photobacterium could double every twenty to thirty minutes at optimal temperature.

I ran the numbers.

Starting population: 10^8 cells/mL in 20 liters = 2 × 10^12 total cells.

Doubling time: 25 minutes (optimistic estimate).

Available volume: 2,000 liters (ballast bladder, if I could make it work).

Time required to fill 2,000 liters at maximum density: approximately 7 doublings = 175 minutes.

Power output at maximum density: potentially 40-50 watts.

The math worked. In theory. With a lot of optimistic assumptions and zero margin for error.

In practice, there were



* * *
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	BACTERIAL DENSITY — HIGHER IS BETTER

	ELECTRODE SURFACE AREA — MORE SURFACE MEANS MORE ELECTRON TRANSFER

	NUTRIENT AVAILABILITY — BACTERIA NEED CONTINUOUS FOOD SUPPLY

	TEMPERATURE — OPTIMAL RANGE 15-25C FOR MOST SPECIES





























	BALLAST BLADDER NOT DESIGNED FOR BACTERIAL CULTIVATION

	TEMPERATURE CONTROL LIMITED WITH REDUCED HEATING

	NUTRIENT SUPPLY LIMITED

	NO MARGIN FOR ERROR
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	FUEL CELL CONSTRUCTION BUILDING THOUSANDS OF INDIVIDUAL CELLS IS TIME PROHIBITIVE RECOMMEND DESIGNING LARGER SCALE COLLECTION SYSTEM CONTINUOUS FLOW HARVESTING RATHER THAN BATCH PROCESSING

	TEMPERATURE MANAGEMENT BACTERIAL GROWTH OPTIMAL 15-25C YOUR REDUCED HEATING LIMITS CULTIVATION TEMPERATURE CONSIDER LOCALIZED HEATING IN CULTIVATION AREA ONLY

	TIMELINE BACTERIAL DOUBLING TIME 20-30 MIN UNDER OPTIMAL CONDITIONS TO REACH CRITICAL MASS FOR POWER GENERATION: APPROXIMATELY 12-18 HOURS THIS OVERLAPS WITH YOUR BATTERY DEPLETION WINDOW MARGIN IS VERY TIGHT

	CONTINGENCY IF BACTERIAL APPROACH FAILS WHAT IS BACKUP PLAN? RECOMMEND IDENTIFYING ALTERNATIVE OPTIONS BEFORE COMMITTING
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