
Asteroid Mining System
Detailed Project Description & Architecture — v1

Executive Summary
This document describes a complete asteroid mining
architecture built around three integrated innovations: a
dual-pulse plasma laser drill for zero-wear rock excavation, a
pneumatic wedge fracture system for controlled bulk
extraction, and a closed-loop gas capture system that recovers
and reuses working gas across cycles.

The system is designed to operate autonomously in
microgravity, extracting pre-fragmented chunks of asteroid
material sized for direct feed into a Thermal Fractional Ore
Processing System (TFOPS). Per-cycle marginal cost trends
toward energy and consumable wear only, with gas, nets,
bladders, and hardware all reused across cycles.

1. Dual-Pulse Plasma Laser Drill

1.1 Core Concept

Conventional laser rock drilling attempts to vaporize material
directly, which is energetically expensive and produces molten
slag that resolidifies in the hole. The dual-pulse plasma
approach inverts this logic: instead of avoiding plasma
formation, it weaponizes the plasma as the primary cutting
tool.

The key insight is that plasma confined against a rock surface
generates pressure in the GPa range — three to four orders of
magnitude above rock tensile strength. The dominant removal
mechanism shifts from thermal vaporization to
thermomechanical spallation, which requires roughly 100× less
energy per unit volume removed.
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1.2 Pulse Architecture

Pulse 1 — Plasma Generation (UV/Visible):

• Wavelength: 355 nm or 532 nm (Nd:YAG 3rd or 2nd
harmonic)

• Energy: 50–200 mJ per pulse

• Function: high photon energy couples efficiently into
silicate minerals, flash-boils surface water in pores,
initiates microfractures, generates dense plasma cap

Pulse 2 — Plasma Reheating (IR):

• Wavelength: 1064 nm (Nd:YAG) or 10.6 µm (CO2)

• Energy: 200–500 mJ per pulse

• Function: IR is absorbed with 60–90% efficiency by the
existing plasma via inverse Bremsstrahlung heating; cold
rock is largely transparent to IR, so energy goes directly
into the plasma

• Timing: overlapping or 0–5 ns offset from Pulse 1 for
maximum pressure

Optimal implementation — single-laser split architecture: a
single Q-switched Nd:YAG (1064 nm, 600 mJ, 15 ns pulse) is
split by a dichroic beamsplitter. 20% is frequency-tripled to 355
nm (120 mJ). 80% remains at 1064 nm (480 mJ). Path-length
matching achieves sub-nanosecond synchronization
passively, with no electronics required. Both beams are
recombined by a dichroic combiner and focused on the target.

1.3 Physics at Impact

When both pulses arrive simultaneously at the target surface
in vacuum:

• Peak plasma pressure: 100–300 GPa (rock tensile
strength: 5–25 MPa)

• Plasma expansion velocity: 10–100 km/s

• Shockwave propagation into rock: 5–15 km/s

• Material removal mechanisms: thermal ablation (~20%),
shockwave spallation (~80%)
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• Crater depth per pulse: 50–200 µm

In vacuum (no atmospheric confinement to complicate plasma
dynamics), the expansion is clean and debris is fully ejected.
Fastest fractions (vapor, fine droplets) exceed lunar escape
velocity; solid spall fragments follow ballistic trajectories and
are collectable.

2. Site Preparation & Entry Face

2.1 Entry Face Requirement

All horizontal bladder holes are bored from a single entry face
on one side of the mining area. This is the critical geometric
decision that simplifies the entire system: feed lines, manifold
connections, and drilling equipment all remain outside the
fracture zone. Nothing crosses the fracture plane except the
bladders themselves, which are expendable by design.

• Natural step or cliff: select mining sites partly based on
terrain providing a usable vertical face at target depth

• Laser-cut face: use the plasma drill to cut a clean vertical
face at the edge of the mining area before drilling begins
— one additional preparatory operation, laser already on
site

2.2 Vertical Shaft Grid

A 6×6 grid of 36 vertical shafts is drilled through the surface
across the 10m × 10m mining area, spaced 2m apart. The
shaft edges act as crack initiation points — when the
horizontal bladders pressurize, fractures propagate
preferentially between adjacent shafts along the shortest path
between stress concentrators. This produces a natural grid
fracture pattern without any explicit cutting. Result: 25 blocks
of 2m × 2m × 1m, approximately 8 tonnes each.

3. Horizontal Hole Configuration
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3.1 Design Philosophy

Horizontal holes are bored parallel to the surface at target
depth from the single entry face. All holes are the same length
(10m), all parallel, all drilled in one continuous operation from
outside the fracture zone. This eliminates access shaft
complexity, protects feed lines from fracture damage, and
enables full gas recovery.

3.2 Combined A+B Hole Pattern

Type A — Grid-line bladder holes (fracture steering): five
holes, one per internal fracture line, directly beneath east-west
fracture lines between shaft rows. Active fracture initiation and
steering along intended break lines; pressure is highest
exactly where cracking should occur.

Type B — Under-block bladder holes (block preservation): five
holes, one per block row, centered beneath each row of
blocks. Uniform uplift pressure on block centers keeps them in
compression while grid-line holes create tension at
boundaries; prevents internal block fracturing and produces
cleaner chunk geometry.

Ten holes total, all 10m, all parallel. The combined
configuration requires 60% less total drilling than the baseline
while providing superior fracture control and chunk integrity.

4. Closed-Loop Pneumatic Fracture
System

4.1 Design Principles

The pneumatic system exploits gas compressibility as a
natural two-phase pressure regulator — high pressure for
fracture initiation, naturally declining pressure for gentle slab
lift — without active control. All gas is recovered and reused.
No consumable gas generators are required.
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4.2 Pressure Behavior Across Fracture Sequence

• Phase 1 — fracture initiation: bladders constrained by
intact rock, gas at maximum pressure (20–50 MPa). High
force exactly when needed to initiate cracks.

• Phase 2 — crack propagation: rock fractures, bladders
begin expanding into new void volume, pressure naturally
declines. Fracture continues propagating driven by stored
elastic energy in the rock.

• Phase 3 — slab lift: pressure has dropped significantly;
reduced force gently lifts the now-free slab into the net.
Controlled, slow ascent.

• Phase 4 — net arrest: net slack exhausts, slab stops.
Bladder pressure near ambient.

The gas compressibility that might appear to be an
engineering problem is in fact the natural pressure curve the
operation requires. No pressure regulation hardware needed.

4.3 Two-Stage Tank Architecture

Primary tank stores gas at full working pressure (20–50 MPa)
and connects to the bladder manifold for fracture operations; it
is partially depleted after each cycle as gas redistributes into
expanded bladders. Secondary tank starts each cycle empty;
after fracture completes, valves switch from primary to
secondary and the secondary receives gas expelled from
bladders during recovery.

Recovery sequence:

• Roller mechanism (toothpaste-tube style) physically
squeezes bladder sleeves from closed end toward
manifold connection, mechanically expelling gas even at
near-zero pressure differential

• Pump assist handles residual gas the rollers cannot
mechanically expel

• Bladders fully evacuated and collapsed — easier
extraction from horizontal holes
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• Both tanks disconnected from internal lines

• Pump transfers all gas from secondary into primary,
recharging to full working pressure

• System ready for next cycle

Roller secondary function: physical squeezing of each bladder
confirms integrity. A pierced bladder shows no resistance
under the roller and zero gas delivery to the secondary tank.
Built-in quality control at no additional cost.

4.4 Individual Bladder Monitoring & Isolation

A pressure sensor at each bladder's manifold connection
monitors pressure relative to its neighbors throughout the
operation. Any anomalous pressure drop triggers automatic
valve closure for that bladder, isolating it from the rest of the
system.

Protected failure modes:

• Bladder pierced by unexpected fracture geometry

• Connection failure at manifold junction

• Bladder seam failure under pressure

• Unexpected void or pre-existing crack causing
over-expansion

The system is fault-tolerant: no single bladder failure can
cascade into total gas loss. One failed bladder may slightly
affect local fracture pattern, but surrounding bladders and
shaft stress concentrators compensate.

4.5 Gas Selection

Since gas is recovered rather than expended, selection criteria
shift from cost-per-charge to storage and operational
properties:

• Nitrogen (N2): inert, widely used, easy to top up losses
from stored supply. Recommended baseline.

• Helium: zero reactivity with any asteroid mineral
chemistry. Higher cost justified if contamination of
recovered gas is a concern for sensitive processing
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downstream.

• In-situ volatiles: if the asteroid contains water ice,
flash-boiling with a heating element generates steam
on-site. Near-zero consumable mass; trade against
hardware complexity.

5. Net & Material Capture System

5.1 Pre-Anchored Net Architecture

The net is laid over the mining area and anchored before any
drilling begins. This is the key design decision: material is
constrained from the moment of fracture. There is no
deployment timing problem, no risk of material escaping
before capture, and no active deployment mechanisms
required.

• Material: Dyneema or Kevlar mesh

• Mesh size: 5–10 cm (contains fragments, passes dust)

• Base dimensions: 12m × 12m with 1.2–1.5m slack per
10m span (~15% extra)

• Net mass: 40–60 kg including perimeter drawstring cable

• Anchors: 16 points around perimeter, drilled or harpooned
into surface

The net serves five sequential functions:

• During drilling: protective layer over surface; marks drilling
locations via reinforced grommets

• During fracture: positioned above surface, rises with
material as bladders lift the slab

• During lift: supports material from above; slack limits
vertical displacement passively

• During closure: drawstring winches at anchor points pull
edges inward, forming transport bag

• During transport: enclosed bag towed to TFOPS

5.2 Plasma Protection

Horizontal holes are bored from the entry face — the net is
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never in the drill path. The laser does not pass through or near
the net at any point. Vertical shafts, if needed, are drilled
through reinforced titanium or ceramic grommets
pre-positioned in the net at shaft locations, providing 10 cm
clearance between plasma and net fabric.

5.3 Lift Dynamics

Bladder pressure required to lift a 200-tonne slab on a 1 km
diameter asteroid:

• Surface gravity: ~0.0005 m/s² (0.00005 g)

• Weight of slab: 200,000 kg × 0.0005 = 100 N
(approximately 22 lbf)

• 50 bladders at 0.05–0.1 MPa provide 4,000–40,000 N —
40–400× the required force

Target ejection velocity is 1–2 cm/s — slow enough that net
slack exhaustion is the limiting factor, not gravity. The net
arrests the slab at 15–20 cm elevation and holds it suspended
until drawstring closure.

5.4 Anchor Reusability

Anchors are installed once and reused across 100+ cycles.
Per-cycle dynamic loading is approximately 250 N per anchor
point — well within fatigue limits of any reasonable anchor
design. Anchors can be repositioned to a new mining area
when the current site is exhausted.

6. Operational Sequence

6.1 Per-Cycle Timeline

Total cycle time: 18–28 hours drilling and preparation; 30
minutes fracture and capture.

6.2 Selective Processing Strategy

Real-time spectroscopic assay during drilling maps
composition per chunk location. After fracture, the 25 chunks
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are categorized:

• High-value chunks (typically metal-rich core): immediate
TFOPS processing, ~$5,000/kg

• Mid-value chunks: queued for processing

• Low-value perimeter chunks: stored in net bags on
asteroid surface, processed during gaps

This allows TFOPS to operate at maximum revenue rate on
the highest-value material without waiting for
mixed-composition bulk loads. The 5.2× revenue-rate
improvement on primary extraction justifies the additional
sorting step.

6.3 Multi-Layer Mining

Spectroscopy may reveal stratified composition at a site.
Standard approach:

• Cycle 1: remove overburden at shallow depth, store
low-grade material in nets

• Cycle 2: extract exposed high-grade layer at new surface
depth

• Cycle 3+: process stored overburden during low-demand
periods

This approach has demonstrated 3.2× total value improvement
over undifferentiated bulk extraction at stratified sites.

7. Key Innovations Summary
• Dual-pulse split-beam laser: single laser source, passive

synchronization, optimal plasma pressure generation in
vacuum

• Side-entry horizontal drilling: all infrastructure outside
fracture zone; no feed-line damage risk; enables gas
recovery

• Combined A+B bladder pattern: grid-line holes steer
fractures; under-block holes preserve chunk integrity;
complementary, not competing
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• Natural pressure curve: gas compressibility provides high
initiation pressure, then natural decline for gentle lift — no
active regulation

• Two-stage tank + roller recovery: full gas inventory
recovered and recharged each cycle; roller confirms
bladder integrity

• Per-bladder isolation: fault-tolerant system; single failure
cannot cascade to total gas loss

• Pre-anchored net: material constrained from moment of
fracture; passive displacement limiting via slack; single
piece serves five functions

• Spectroscopic selective processing: high-value chunks
prioritized to TFOPS; low-value deferred; 5.2×
revenue-rate improvement

8. TFOPS Integration
The mining system is sized to feed directly into the Thermal
Fractional Ore Processing System without intermediate
crushing or sizing operations.

Net bags of stored low-value material serve as a buffer
inventory, allowing TFOPS to run continuously even between
primary extraction cycles. High-value chunks are processed
immediately; low-value material fills gaps. The system is
designed for continuous operation with no idle time at the
processing stage.
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