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2035 Mission Day 338

An aural alert and two large amber master caution lights flashed at the Meteor Storm Detection radar console in the Command Center's communications section. Lt. Bill Winters, the pensive communications officer, who had been monitoring the position of Liberty Lunar Station in low lunar orbit, heard the alert and walked over to the console to study the returns of the storm's advancing outer bands.

"Commander, we have a serious meteor storm approaching," Winters said.

Dr. David Wade, chief nuclear engineer, was focused on base power levels. Dr. Lloyd Raver, rover specialist, whose matter-of-fact demeanor was legendary, monitored the plots of mining and transport rover activity in the Kilo quadrant. Both men heard the alert and became immediately concerned by the alert. Dr. Madison Park, chief medical officer, sorted through medical kits and supplies in the medical bay. She stopped what she was doing and stood in the doorway, thinking about meteor storm protocols. Lt. Rebecca Newbury, who had previously served with Commander Christopher Grayson on a NASA lunar research and survey ship prior to the establishment of Liberty Base, had been observing personnel movements on the lunar surface. She became concerned for those outside who were in the storm's path.

Grayson, the selfless, tenacious commander of Liberty Base, left the freshly brewed cup of coffee in the coffee maker, its enticing aroma drifting through the room. He joined Newbury and Wade, who hovered over Winter's shoulder at the radar console.

"How long before it's over, Liberty?" Grayson asked.

"It's moving fast and growing in intensity. It'll be a Level 5 by the time it gets here. ETA over the South Pole in thirty-nine minutes," Winters said.

"Call the drones and mining crawlers back. Drop the solar panels. Get all personnel on the surface back into the tube if possible. If they can't, tell them to find one of the remote shelters. I want everyone to go into the shelter. And send out an all-base alert about the storm," Grayson said.

Winters pressed the Master Warning switch. A klaxon sounded, and red strobes flashed throughout the base. He made an announcement.

"All personnel, proceed immediately to the emergency shelter. Repeat. All personnel, proceed immediately to the emergency shelter," Winters said.

"Move, people!" Grayson said.

Winters then selected the inter-base comm channel that broadcast over the LunarLink network.

"All bases. This is Liberty Base. Severe Level 5 meteor storm approaching in thirty-eight minutes, over," Winters said.

He removed his headset and followed the others to the shelter.

Liberty Base was one of several international bases located at the lunar South Pole near Shackleton Crater, where the water ice pipeline was located. Blinking beacon lights and permanent floodlights lit up the outer perimeter of the base and the shadowed craters beyond. At the back of the perimeter was an elevated plateau with a forest of solar arrays mounted on metallic struts. The arrays' reflective collectors automatically tracked the sunlight. The energy collected was transferred beneath the surface down into the lava tube to a backup system of fuel cells and thermal storage units that could support the base for one week in the event of a grid failure.

Designed with redundant passive safety systems and remote monitoring, Liberty's small modular reactor grid provided continuous electrical power to the base for life support. The grid was protected by heavy composite shields, thick steel, and was buried beneath regolith berms. Narrow-gauge heat radiator fins protruded above the grid, dispersing excess heat and energy into the thin atmosphere. 

The only visible Liberty structure on the lunar surface, besides the solar arrays, was an elevated, silver-and-white, steel-and-composite shielded Main Airlock with two large steel hatches. On the airlock's crown was a collection of communication antennas. Behind the airlock, on an elevated metal frame, were satellite dishes. 

After entering the Main Airlock, personnel rode an elevator down to a massive lava tube where all the main facilities of Liberty were located. The Command Center was located at the heart of all the modules. The lava tube provided a natural barrier that protected the base from intense radiation and micrometeorite strikes. Regardless of the protection, once the directive was given, all personnel proceeded quickly to the shelter. 

At the Command Center's core was the central operations pit. Above it hung two 180°-curved status boards that displayed all essential base information. On the first board were surface and tactical operations, mining crawler and astronaut EVA feeds, LIDAR-generated terrain hazard maps, and Liberty Lunar Station flyovers. On the other board were solar array output readings, grid power levels, battery charge distributions, and load-shedding automation indications. The Mission Planning Room was offset from the central operations pit. A separate, glass-enclosed communications and data station was connected to the LunarLink network and had continuous Earth communications relays. The glass enclosure kept the continuous air-circulation cooling fan background noise to a minimum.

As the meteor storm approached, the autonomous mining crawlers on the lunar surface formed a line, their floodlights casting cones of white light into the regolith dust. They remained indifferent to the storm's danger but were commanded to halt operations to prevent being struck by a meteor and becoming permanently disabled.

In Europa Base, Lt. Arian Harris, the witty and self-assured communications officer, was the first to hear the inter-base alert from Liberty. He confirmed the storm's arrival on the radar screen with Lt. Ellise Moreau, Europa's second-in-command. Commander Maggie Hayes, a self-assured ESA astronaut, entered Communications to study the approaching storm on the radar. Moreau had gone to the ISS with Hayes twice before they were assigned to Europa.

"Lieutenant, lock down the solar arrays. Shut down the crawlers. Harris, tell the personnel on the surface to find the nearest remote shelter. The rest of you into the shelter," Hayes said.

Harris immediately broadcast to all personnel as ordered.

"All Europa personnel are to proceed immediately to the shelter. This is not a drill," Harris said. 

Europa Base's two auditorium-sized modules were semi-buried with 3D-printed sintered lunar regolith bricks and reinforced composite shielding. In Module A, the Command Center and medical station were located. The latest A.I.-controlled technology was installed throughout the base and would operate all systems while the personnel took shelter. Painted on the Command Center's ceiling was, "Per Aspera ad Astra — Together Through Hardship to the Stars."

Module B housed the crew and visitor quarters, galley and dining area, recreational space, and science labs that focused on geology, exobiology, closed-loop ecosystems, and regolith chemistry. Both structures were interconnected by a wide, pressurized tubular walkway. The hydroponic geodesic dome had meteor-impact-resistant windows, an almost cinematic, panoramic view of Earth beneath a canopy of stars.

Two Europa personnel, recent arrivals as research scientists, thought it was a good idea to remain behind in the geodesic dome to watch the storm, curious about what a meteor shower would look like on the Moon. They saw brief flashes of light when the micrometeoroids struck the windows, along with lots of dust and the potential for bright fireball impacts. They quickly changed their minds and ran through the tubular walkway for the shelter, arriving there just before the bulkhead door closed. Europa's emergency shelter was buried in a separate reinforced bunker below Module A.

Getsumen Base at the northern rim of Mare Serenitatis in the Aitken Basin was strategically chosen for its stable basalt terrain, long hours of sunlight because of the "Peaks of Eternal Light", and proximity to mineral deposits and water-ice reserves. Each prefabricated cylindrical module had arrived from Earth on JAXA H10 super-transport supply ships.

The modules were later expanded using in-situ resource utilization (ISRU) with 3D-printed regolith shielding. Etched into all the structures was a glowing red circle of a rising sun.

Getsumen's regolith-buried, reinforced composite-shielded small modular reactor grid was backed up by auto-tracking solar panels and a regenerative fuel cell system.

Like the other bases, the main structure housed the Command Center and medical bay. The Science Wing included sections for geology and biology research. Closed-loop hydroponic experiments were conducted in the Greenhouse Dome. A second module, connected by a tubular pressurized walkway, led to the quarters and galley.

Commander Akira Takai, always situationally aware, and Colonel Katsu Chan, a calculating individual, observed crawler movements. Dr. Yui Nakamura, a shy robotics engineer, guided one hesitant crawler with a control stick. 

Liberty's storm warning blared over the inter-base communication channel and was confirmed by a synthetic voice warning. 

"Storm approaching. Seek shelter immediately."

The flashing red annunciators on the monitors reinforced the synthetic voice's warning. Col. Chan looked at the approaching storm on the monitor.

"Commander, we have a Level 5 meteor storm approaching in thirty minutes," Chan said.

"Secure the base. Get the crawlers and humanoids being tested on the surface back to the hangar. Verify all backup systems are operational. I want all personnel to the safety areas," Takai said.

Getsumen personnel strongly believed in and relied on A.I. and advanced robotics. Their scientists were experts in humanoid development and testing. Operational workmanlike humanoid robots without personalities made up a good portion of the base's assistants. They were integrated among the human personnel as functional team members in EVA, construction, and exploration. Once back in the hangar, the robots and crawlers went into power-down mode. The base personnel rose from their workstations and proceeded to the shielded bunker. 

Chandra Base's structures resembled those of Getsumen Base. They were a mix of cylindrical prefabricated units shipped from Earth and buried beneath lunar regolith using in-situ resource utilization. The Command Center, like all the others, was the heart of Chandra Base. Inside was Communications and the medical bay. The Science Module included labs for a BioLab involved in biotechnology, geology, mining, and In-Situ Resource Utilization (ISRU). Behind the Main Module, the Astrophysics Dome housed a shielded telescope array.

The heavily shielded small modular reactor grid, Chandra's main power source, was also buried deep beneath regolith berms. The solar arrays that backed up the grid were located on the outer perimeter ridges, where, like Getsumen, they took advantage of the "Peaks of Eternal Light". The energy produced was fed into a hybrid system comprising storage batteries and hydrogen fuel cells. 

The Indian Space Research Organization had made significant advances in space before the construction of Chandra. The Chandrayaan-1 spacecraft explored the lunar surface using cameras, spectrometers, and SAR. The Moon Impact Probe, ejected from the Chandrayaan-1 spacecraft, made space history as the IRSO's first moon landing. 

The base buzzed with eager engineers applying advanced techniques in all fields. Dr. Anshu Anandan, a socially awkward A.I. systems analyst, and Dr. Debjani Ghosh, a passive-aggressive A.I. specialist, were both deeply involved in autonomous systems research. 

Commander Priya Varma, a controlling and impatient commander, Dr. Rohan Iyer, a focused chief nuclear engineer, and Lt. Anika Kapoor, the upbeat communications officer, responded to Liberty's inter-base alert.

"A Level 5 meteor storm has the potential of doing some real damage, Commander," Kapoor said.

"How long do we have?" Varma asked.

"Twenty-six minutes until it reaches the boundary, thirty-one minutes until it's directly overhead," Kapoor said.

"Lock it down tight. Get everyone into the shelter," Varma said.

Shenzhou's satellite dishes and extensive antenna arrays had picked up the approaching meteor storm before Liberty sent out the alert. Gen. Tan Wāng, a steely commander, stared at the radar return. Dr. Míng Zhōu, chief nuclear engineer, was concerned about the grid.

"Commander, I should take the rover to inspect the grid before the storm," Zhōu said.

"No need. It's buried deep in the regolith berm and shielded. No harm should come to it," Wāng said.

Shenzhou Base was built entirely by A.I. robots and completed before habitation by the Taikonauts. It was the most advanced base on the Moon, a city of low-profile domes and modules decorated with dragon motifs and red-gold accents. The complex was partially buried under the regolith and reinforced with 3D-printed lunar concrete for radiation shielding. Its interconnected, pressure-sealed tunnels were also buried beneath the regolith, along with Shenzhou's small modular reactor grid. The only area in danger of a meteor impact was the extensive solar array field.

Shenzhou's China's Lunar Gateway was the only other space station in low lunar orbit besides Liberty Lunar Station. Shenzhou had also established the only mini-base on the Far Side of the Moon. There were no human personnel there, only programmed robots at work. The Far Side was not in the path of the storm.

"Get our people into the shelter quickly," Wāng said.

Prior to building the moon bases, there had been an international controversy on Earth over whether nuclear energy power sources should be used on the Moon. Some nations argued it was not only desirable but necessary for human survival. Other nations were concerned about nuclear proliferation and weapons, the environmental impacts, and the accidental release of radiation. The argument against grew out of one base's choice to use a fourth-generation VVER, a nuclear fission reactor.

Several nations voiced concerns about the possible accidental release of radiation at deadly levels. The nation using the VVER dispelled its concerns by arguing that you couldn't possibly add more radiation to a moon that was already heavily irradiated. Of the six bases on the Moon, five chose the small nuclear reactors, which provided distinct safeguards, security, and nonproliferation advantages, making them suitable for lunar missions.

As usual, Selenograd wasn't monitoring the intra-base frequency, so they never heard the storm warning.

General Mikhail Kamenev, gruff and authoritative, sipped his coffee as he and Dr. Antoly Lenkov, Selenograd's cynical chief nuclear engineer, watched the crawler feed. Dr. Ivan Lebedev, a rover specialist, was on the surface driving a rover that kicked dust plumes up like gray ghosts on the lunar surface. Lebedev radioed in with a nasal voice.

"I'm hitting voids. The pressure is dropping. That’s ice," Lebedev said.

"Then we will drink!" Yuri said.

Yuri "the Bear" Antonov was hairy, with a thinning head of hair, scarred from serious burns, and had a deep husky voice. Lunar dust still visible on his stained camouflage jumpsuit collar, he carried replacement parts through the Control Room.

"I will be in my kingdom," Yuri said.

He always referred to the engineering bay as his kingdom. Alexei Orlov, the eternal pessimist, spoke

"Drink? And what are we celebrating?"

Kamenev turned to Orlov.

"Have you finished the radiation report, Alexei?" Kamenev asked.

Orlov checked the logs and grimaced.

"Looks like..." Orlov said.

Before he finished his sentence, an alarm wailed. Red lights flashed above the radar screen. Every head rose. Lenkov moved to the screen. 

"General, a Level 5 meteor storm is about to consume the entire South Pole. We must secure the base now. We have two minutes," Lenkov said.

"Tell Ivan to find cover. Retract the drills and shut down the autonomous crawlers. Make an announcement to get everyone into the Regolith Shelter," Kamenev said.

"All crews into the shelter. Close all dust contamination vestibules. Monitor personal dosimeters. All stations execute the SAFE posture. This is no drill!" Lenkov said.

Everyone hurried to the shelter beneath several levels of lunar soil. Inside, it was cramped and eerily silent. The crew sat with their hands on their laps, listening to their dosimeters, hoping they would not beep warnings. They pondered the serious risks of a breach. Their thoughts oscillated between duty, fear, and survival.

Because of the atmosphere, the outer bands of the intense micrometeorite shower streaked silently across Selenograd. The storm moved fast. When the worst of the storm was overhead, Selenograd's VVER reactor took a direct hit from a micrometeor.

When Selenograd was built, the engineers failed to secure the proper shielding around the reactor. Dust localized and lofted near the vent stack during relief valve chatter. The spectrometer at the outpost airlock detected trace fission products. The dust-covered thermal cameras made it impossible to see the asymmetric heat glow near the reactor vault lid. A synthetic voice activated.

"Warning. Dust contamination threat. Reactor coolant loop efficiency is decreasing. Core temperature rising."

The automatic SCRAM procedure was initiated, inserting large amounts of negative-reactivity mass control rods into the fissile material to immediately halt the chain reaction.

A meltdown meant that severe core damage had occurred. The reactor’s heat would exceed the cooling system’s capacity and cause fuel elements to melt. The potential for radioactive materials to be released into the thin atmosphere grew.

Raucous klaxons sounded, sirens wailed. Red strobe lights flashed. Radiation area monitors spiked.

The manifold was punctured, but there was no explosion. The entire base shuddered. Power inside the base dropped rapidly. The power bus auto-transferred to the battery. 

"The reactor's been hit! The decay-heat manifold is compromised. We're at risk of a meltdown. It must be stabilized, or the base will be lost!" Orlov said.

"Calm yourself, Alexei. Confirm reactor state," Kamenev said.

"I confirm SCRAM in progress. The automatic bus has transferred. Non-essential item load shedding is in progress. I confirm the system has switched to emergency power. Shielding's holding for now," Lenkov said.

"There's degraded cooling, which may cause component damage even after the SCRAM," Orlov said.

"The control rods dropped, and the chain reaction was halted. However, the decay heat isn’t being released fast enough. It appears that the cooling loop is compromised. There's leakage from the core. If cooling fails, the vault will cook itself," Lenkov said.

He switched to passive cooling systems, including thermal radiators and heat pipes, with decay heat removal initiated through passive loops. Systems faltered, air fans slowed, and the overhead lights flickered until dim.

"The VVER was always going to be a risk. They knew about it and allowed it to be installed by those who wanted to save a few rubles," Yuri said.

"The reactor’s subcritical. But decay heat’s still climbing. Coolant loop is offline. It could be a pump seizure or dust ingress. Batteries are failing. We're on fuel cells now," Lenkov said.

In his head, Kamenev reviewed the Immediate Actions:

Preserve crew life and medical integrity. Check radiation monitors at the base and around it. Prevent contamination dust from spreading into the habitat. Stabilize the reactor to a cold, subcritical, passively cooled state. Maintain survival power at the base. Plan staged recovery and decon.

"Lock out EVA near the power block. Set standoff line-of-sight distance. Send brevity code "NOVA-1", reactor anomaly, no injuries, to the RFSA with 5-minute updates. Radiation leakage?" Kamenev asked.

"Decay heat curve is critical. If cooling fails, the vault will cook itself. Without that manifold, we’ll boil the vault internals," Orlov said.

Dr. Irina Volkova, the rebellious and rigid chief medical officer, spoke.

"Checking radiation monitors inside and around the base. Dose rate is climbing."

"How long do we have?" Kamenev asked.

"Batteries are failing. So are the fuel cells. When they're empty, we'll suffocate," Lenkov said.

Kamenev rubbed at his eyes.

"The rest of you get to the Auxiliary Control Room in the Regolith Shelter!" Kamenev said.

Inside the ACR, Dr. Volkova, Kamenev, Lenkov, and Orlov stood around the operations table, their faces lit by a glowing green tactical display.

On the surface, Ivan Lebedev slammed on the brakes and parked the rover. After Decon, he entered the Auxiliary Control Room.

"Ivan, send the video crawler to inspect the reactor vault and run diagnostics from the console. Have the crawler focus on the coolant loop housing, and then on the thermal radiators. If there's a blockage, we might be able to vent it," Lenkov said.

Inside Selenograd's hangar, a robotic crawler powered up. Its cameras blinked awake, and its mechanical arms flexed. The dust-caked crawler crossed the barren, gray regolith.

Communications contacted the RFSA to report the breach. The overhead lights dimmed even more. Kamenev's stomach tightened.

In the Auxiliary Control Room, they were in partial darkness, their breathing visible as the Regolith Shelter’s internal temperature dropped.

"Spiking on the vault’s east seam, not scatter, but direct leakage," Ivan said.

Lenkov checked the readouts again.

"Power bus just dropped twelve percent. Batteries are holding for now," Orlov said.

"Status report," Kamenev said.

"The batteries are failing, and the temperature is below 93°C. We can't raise the solar arrays," Lenkov said.

Orlov gestured at the tactical display.

"A–Loop is shut down. Maybe a fracture, maybe dust intrusion. Without coolant, the core relies on passive radiators for cooling. If that fails, we lose containment. The radiation will spike. The reactor vault will become a hot zone," Orlov said.

Begin rationing food, power, and water. Shut down all mining operations, labs, greenhouses, and heavy power loads. Keep the shelter warm enough to survive. Have everyone put on their warmest thermals. Keep the oxygen flow at a minimum to conserve," Kamenev said.

The communications panel crackled to life with an RFSA transmission.

"We’re analyzing your telemetry. Recommend no direct crew exposure to the vault. Repeat, do not enter the vault until further instruction."

Kamenev was furious with the RFSA's response.

"By the time they figure it out, we’ll be out of air. We are on our own. They install old technology, and we pay the price with our lives," Kamenev said.

The communications panel cracked with static until another clear transmission was made. 

"Selenograd, Liberty Base, what is your status? Do you require assistance?" Grayson asked.

Kamenev heard Grayson's voice and hesitated to reply, not wanting to admit to a possible breach of the VVER.

"Commander, we are dealing with an issue and should regain control soon," Kamenev said.

"We are offering assistance, anything you need, drones, engineers, and medical supplies," Grayson said.

"Selenograd will contact you if necessary, Selenograd, out," Kamenev said.

"Understood, Selenograd. Liberty out."

Grayson replaced the microphone in its holder, pursed his lips, and stared at Newbury.

"They're in trouble, but Kamenev is too stubborn to admit it," Grayson said.

He was frustrated with Kamenev, always had been. Their relationship went beyond ideology. Grayson despised Kamenev's old-school Russian stubbornness.

General Tan Wāng from Shenzhou Base called Grayson.

"Commander Grayson, thank you for the storm alert. We are doing a thorough assessment of our facilities. It appears we have suffered no structural damage or personnel injuries," Wāng said.

"Good to hear, General. I believe the micrometeor storm only reinforced the need to keep open communications with each base, if only for emergencies," Grayson said.

"I couldn't agree more," Wāng said.

"General, have you heard from Selenograd? We suspect they may have suffered some damage," Grayson said.

"I have not, but I will contact you if I do. Shenzhou, out."

Grayson transmitted to The Space Alliance. General Marcus McCaffrey, who led the Alliance's strike force, which carried out Earth orbital and lunar space defense operations, replied. McCaffrey was all military, a blunt and decisive man. He kept an old Apollo mission patch in his pocket as a reminder of humanity’s fragile beginnings in space.

"Go for Space Alliance, Liberty," McCaffrey said.

"General, all bases experienced a Level 5 micrometeor shower. I received calls from Europa, Chandra, Getsumen, and Shenzhou, who reported little to no damage from the storm. Gen. Wāng from Shenzhou, and I, believe Selenograd might have been affected by the storm. We're concerned about its VVER reactor. Shenzhou's monitoring Selenograd for any radiation releases. I just spoke to General Kamenev. He said Selenograd was dealing with an issue but required no assistance, Sir," Grayson said.

"No surprise there. Kamenev wouldn't admit to being personally struck by a meteor. Do you require evacuation to Liberty Lunar Station?" McCaffrey asked.

The space station was currently passing over the Burg Crater in the Lacus Mortis region.

"Negative, General. All Liberty personnel are safe inside the shelter," Grayson said.

"I'll advise Director Bauer of the situation. He'll call an emergency session of The Space Alliance. Keep me updated, Chris. Glad to hear you're all safe. McCaffrey out."

The General explained the situation to Frank Bauer, Director of The Space Alliance, and to his Chief of Staff, Ethan Bole, who wore an ever-present, obligatory smile.

"Gather all the members," Bauer said.

Dr. Thomas Eldridge of the European Space Agency, Dr. Chao Li of the China National Space Administration, Dr. Natalia Sokolov of Roscosmos and the Russian Federal Space Agency, Dr. Ayan Bhatti of the Indian Space Research Organization, and Dr. Haruto Kimura of the Japan Aerospace Exploration Agency arrived for the meeting. World leaders and experts listened in by teleconference.
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Each base's "exclusionary zone", territory indicated by the small fiber caution flags surrounding its perimeter, was protected like a border on Earth. The border designated the ownership of facilities, solar farms, hangars, launch pads, and power grids. To enforce the boundaries, an Inter-Base Security Force composed of security personnel from each base, working rotational shifts, had complete authority and jurisdiction over all moon bases. No other base personnel could enter the exclusionary zones without the base commander’s direct approval. The IBSF's primary directive was to enforce violations and incursions in accordance with space law, the Outer Space Treaty, and inter-base agreements. Disputes were largely resolved during Europa's Inter-Base Lunar Summit teleconferences. Serious infractions were mitigated by a tribunal of a quorum of commanders.

The Moon had become real estate. It was no longer just a stargazer's dream.

Since he first arrived on the Moon, Grayson had walked alone with wonder across the moonscape covered in regolith beads and rock, the deep, elongated depressions called linear, graben, and rima rilles, and lunar swirls, the bright irregular streaks that contrasted with the darker surrounding regions. Impact melt ponds and flows were common, as were lunar domes formed by volcanic activity and the extrusion of viscous lava. The wrinkle ridges were created after the lava cooled and solidified.

An astronaut always proceeded with caution because the surface features were deceiving. The moon was full of treacherous locations. During one EVA, Grayson nearly stumbled from the brightly lit surface into a lunar pit
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