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1.0 Executive Summary 

As population and economy continues to drive the frontier of human exploration into deeper regions of 

space, the request of a new space settlement located in the Asteroid Belt, Astoria, has arisen to fulfill the supply 

and processing needs of increasing Belter operations. This proposal for Astoria fulfills and exceeds the requests 

given by the Foundation Society, and will become a milestone in the colonization of the solar system.  

Astoria will be the collection of one primary settlement and four secondary settlements distributed along the 

Kirkwood Gaps of the Asteroid Belt, accommodating a total of 16,000 long-term residents. The three major 

services that Astoria will provide will be asteroid material processing, crew resupply, and ship maintenance. Raw 

materials harvested from Belter operations will be transported to Astoria for processing, and the processed 

materials will in turn be sold to Mars orbit and beyond. Miners from belter operations will conduct visits to 

Astoria for the resupply of necessary resources and the repairing of spacecraft. Astoria will benefit from the three 

services mentioned above, while using a portion of the received raw material to be self-sustainable as much as 

possible.  

The primary settlement will be the first to be constructed, and will have the largest scale in terms of 

population and industrial capacity alike. 8,000 residents will live on the primary settlement in orbit around the 

sun at a Kirkwood Gap at 2.5AU. Utilizing resources from Aresam and asteroids, the core structure of primary 

settlement, the central axis, will be constructed on the asteroid 299 Thora and then transferred to standard orbit. 

The well-designed central axis features initial short-term residential infrastructure, cargo storage and special 

designed triple-deck spaceport for cargo handling and ship maintenance, provide the primary settlement with its 

initial industrial capability, from which point the settlement will engage in self-construction using asteroid 

materials. When the primary settlement begins full operation, it will mainly manufacture components for the 

construction of secondary settlements which will have began. The primary settlement will be capable of 

processing raw materials, exporting goods, and providing resupply and maintenance for visiting spacecraft & 

crew.  

The four secondary settlements will be constructed similarly to the primary settlement. However, instead of 

using resources from Aresam to initialize industrial capabilities, resources from the primary settlement will be 

utilized instead. They will be distributed at 90° offsets in orbit at a Kirkwood gap 2.8AU away from the sun. The 

secondary settlements will have the same service capabilities as the primary settlement, but at a smaller scale. 

Each secondary settlement will meet the living and working requirements of 2000 long-term residents. Together, 

the four secondaries will increase the opportunities for transfer windows by a factor of 4, which means more 

frequent and available services for Belter operations, as well as an improved timeline for commerce.  

 

 

 

 

 

 

 

 

 

Fig 1.1 Astoria is orbiting in Kirkwood Gaps 
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Features of this design: 

1. Being located in Kirkwood Gaps where fewer asteroids exist, the threat from space debris will be 

significantly reduced. A collection of five settlements all in different orbital locations will increase transfer 

opportunities for Belter operations to receive services, and will also increase trade opportunities with 

customers.   

2. By prioritizing construction of industrial components and constructing on asteroids, all Astorian settlements 

make use of their own manufacturing capabilities extensively during construction. This minimizes the need 

to import resources from other settlements and maximizes the use of asteroid materials, thus effectively 

cutting construction cost and construction time 

3. Araneroid Robots, Bomoroid Robots, Anthoroid Robots make use of 3D printing technology during the 

construction of the settlements. 

4. Innovative membrane shielding technology uses translucent, impact resistant membrane shields to provide 

residents of Astoria with both protection and a natural view of space at the same time.  

5. The Spaceport has three levels each with different a purpose: personnel boarding, cargo loading, and vehicle 

maintenance. This separates traffic into three branches, which prevents unnecessary interference between 

the three flows, making operations more efficient. Spaceport is capable of simultaneously handling up to 

two-dozen vessels and keep up to two-dozen vessels for maintenance. More vessels can be accommodated 

on the exterior of the Central Axis.  

6.  Modularized and standardized shielding, housing, loading units and several other aspects in this proposal 

make the reproduction and replacement of Astoria's components simple, rapid, and cheap, while 

guaranteeing comfort and safety. 

This proposal envisions Astoria to support operations and exploration in the Asteroid Belt, and to provide 

processed materials to customers in Mars orbit and beyond. With the establishment of Astoria, a new gateway 

towards the depths of the solar system will be opened, bringing endless opportunities to explorers, and 

unprecedented profit to the Foundation Society.  
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2.0 Structural Design 

The design for Astoria incorporates modularization and self-construction methods to reduce expense without 

losing functionality. Astoria guarantees the safety of its residents, while at the same time allow residents to be 

able to enjoy their stay just like on Earth.  

2.1 External Configuration 

The primary settlement will be a nail-shaped structure 550 meters in length, as shown in Fig. 2.1. The major 

components that comprise the primary settlement will be the Residential Complex, the Agricultural & Industrial 

Complex, the Spaceport, and the Refinery Complex. All major components are connected through the central 

axis.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.1.1 Residential Complex 

As the largest component within the Astoria Primary Settlement, the Residential Complex is designed to 

provide a safe and enjoyable environment for residents. It has a torus-shaped configuration with two additional 

cabins on its side (Fig. 2.2). The torus has a 500-meter outer-radius, 480-meter inner-radius and a height of 200 

meters to provide an enclosed volume that supports over 8000 settlers who reside on primary settlement, as well 

Figure 2.1The structure of the primary settlement 
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as up to 500 short-term visitors. The two additional cabins on the side of the Residential Complex will provide 

children with a 1g environment (described in 4.4). The Residential Complex will constantly rotate at 

approximately 1 round every 51 seconds to provide 0.77g artificial gravity to reduce maintenance costs and suit 

resident preferences. The torus connects to the central axis by six spokes, which also serve as transportation lines. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.1.2  Agricultural & Industrial Complex 

 The complex is designed to provide operation support and 

business development. Similar to the Residential Complex, the 

Agricultural & Industrial Complex also features a torus shaped 

configuration. It has an outer-radius of 350 meters, inner-radius 

of 330 meters and height of 50 meters. The torus will rotate 

approximately 1 round every 45 seconds to provide 0.70g 

artificial gravity. The torus connects to the central axis by four 

spokes which also serve as transportation lines (Fig. 2.3). It will 

rotate in the opposite direction of the residential complex in 

order to reduce the cost of maintaining rotation.                                      
Fig 2.3 Agricultural & Industrial Complex 

Fig 2.2 Size of the Primary Settlement 
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2.1.3 Spaceport 

 The spaceport is the major external transportation hub of the settlement and also provides spaceship 

maintenance services. It includes three interconnected parts: the shipyard, docking bay and cargo conveyer (Fig. 

2.4). The spaceport is located beneath two tori, on the central axis, and provides total 24 docking bays. Each 

docking bay is 60 meters in depth, paired to a space-shipyard and connects to the cargo conveyer on the lower 

level.  

 

 

 

 

 

 

 

 

 

 

 

2.1.4 Refinery Complex 

The refinery sector is the major business development facility on Astoria. It is located in central axis below 

the Spaceport, and is 100 meters in radius and 130 meters high. Without the vital components to support human 

survival, the Refinery Complex will only satisfy the needs of processing.   

2.1.5 Central Axis 

The Central Axis is the core of the entire Astoria Primary settlement. It is 550 meters long and has a 

50-meter radius. It includes central internal transportation systems, materials storage, fuel storage, emergency life 

support & supplies, and the communications hub. It is the first to be constructed, and serves as a temporary 

outpost for the very first construction crew during the primary construction period.   

2.1.6 Rotational Interface 

Astoria's settlements will use magnetic composite fluids to create airtight 

seals between rotating and non-rotating sections (Fig 2.5). According to a study 

by Tünde Borbáth et al., rotary seals using magnetic composite fluids can 

provide leakage-free sealing which have the ability of withstanding low 

temperatures, high vacuum and high pressures (over 50 bars), which is ideal for 

space settlement designs.  

 The adjacent sections will rotate on electromagnetic tracts which use 

magnetic levitation. Thus, the energy required to maintain rotation would be 

greatly reduced, since the only source of friction will be due to rotary seals.  

 To maintain rotation, electromagnetic tracts will first maintain the relative 

rotating speeds of two adjacent sections; the resulting gyro effect induced on 

the central axis will then be counteracted by using EMI thrusters installed on 

the central axis. The tori on Astoria will rotate in opposite directions to reduce 

the gyro effect induced on the central axis.  

Fig 2.5 Magnetic composite 

Fig. 2.4 The spaceport includes 3 parts: space-shipyard, docking bay  and cargo conveyer 

 



  
 
 

   Astoria Proposal 

 
 6 

 

2.1.7 Debris Protections 

 Astoria's top priority is the welfare of its residents. Multiple protection procedures, passive and active, are 

devised to minimize the potential harm of space debris.  

 Impact prediction systems will analyze information from radars, vessels, and databases, and calculate the 

probability of debris intersecting within 2km of Astoria's orbit (for debris larger than 1 cm in diameter). If the 

intersecting probability is high, Astoria will activate the corresponding active protection systems, while also 

isolating critical enclosed volumes (see 2.2). If the probability is medium, protection systems will still be 

activated, but internal volumes will not be isolated. If the probability is low, the debris will be marked for close 

observation but not action will be executed.  

    The technical details of passive and active debris protection will be addressed in sections 2.4 and 3.3.  

2.1.8 Radiation Protections 

    To protect against radiation in space, Astoria will generate artificial magnetic fields to repel harmful 

particles. By generating a dipole magnetic field with a peak intensity of approximately 4 Tesla, Astoria will be 

protected from radiation without the need of costly radiation shields. The magnetic field generator will be located 

in the Central Axis, making maintenance much easier. Secondary settlements will have field generators at 0.5 

Tesla due to their smaller sizes and greater distance from the Sun. 

2.2 Interior Design 

2.2.1 Residential Complex 

 In the residential complex, enclosed and pressurized living spaces are separated into 6 main sections 

(Figure 2.6). This is done to ensure the safety of the whole unit: in unlikely situations where a particular section 

suffers any enclosure failures or emergency situations, sections can be enclosed independently through the used 

of flexible lock gates. A six-section enclosure guarantees that in an emergency, the maximum distance needed to 

be covered in order to reach another section is only 265 meters, which makes evacuation time under one minute. 

Each section is connected to a spoke elevator which, in turn, connects to the central axis. The “down surface” is 

the sidewall. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.6 Residential Complex of the Astoria 
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The Residential Complex’s main deck provides 0.77g artificial gravity to reduce the cost of maintains. It is 

comprised of residential communities, public service areas, forests and parks etc (Fig 2.7). Three-dimensional 

internal transportation system connects different sections inside the Residential Complex. Below the living area is 

an underground deck which provides independent space for plumbing systems, power systems, emergency 

storages etc. Additional 1g cabins will provide 1g artificial gravity for children (see 4.4).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.2 Agricultural & Industrial Complex 

     In the Agricultural & Industrial Complex, enclosed and pressurized spaces are separated into 4 sections 

which each connect to a spoke. The complex provides enough space for agriculture and industrial developing. 

Vegetable and plant farms are built on 3-dimensional levels coupled with the help of aeroponic technology (see  

3.2.2). The settlements’ maintenance & repair components will also produce in factories located in this sector 

using imported resources from asteroids or other settlements. 

 

2.2.3 Refinery Factory 

The Refinery Complex is the core of business 

development in Astoria. It provides enough volume to 

install all refinery activities (see 7.1). Conveyer belts 

will deliver raw materials at the cargo conveyer of the 

Spaceport, as well as materials from other regions of the 

settlement, to the Refinery Complex. Refined products 

will be transported to the storage area in the Central 

Axis, and the distributed to various locations (Fig 2.8).                                            

Figure 2.7 Interior of Residential Complex 

Fig 2.8 Refinery and Storage sector 
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2.2.4 Spaceport 

The Spaceport serves as a central transportation hub aboard Astoria, featuring 24 docking gates. It is 

unpressurized and has no artificial gravity. Spaceships will arrive and dock at the docking bays (middle), and 

passengers will enter Astoria through the personnel boarding bridge, which are flexible, elongated airlocks that 

will form a seal against ship hatches, allow personnel to directly transfer. Cargo will be transferred to the cargo 

conveyer level which is beneath the docking bay. Automation systems will categorize different type of cargos and 

transfer them to the storage area or the Refinery Complex via Velcro conveyers (introduced in 5.4). Spaceship 

maintenance will be performed at the shipyard (top). Vessels that intend for long-term stays will be stored along 

the outside wall of central axis. (Fig 2.9)  

 

 

 

 

 

 

 

 

 

 

 

2.2.5 Central Axis 

As the core structure of Astoria, the Central Axis serves as an internal transportation hub as well as an 

operations/control center（Fig 2.10）. Central axis features triple concentric cylinder structure, provides enough 

room for infrastructure built inside the axis. Inside the Central Axis is the internal transportation system (see 5.4), 

data/control center (see 5.3), LH2 fuel tanks, fission reactor, cargo storage (see 5.4), life support storage, 

magnetic field generator and antenna array. 

 

 

 

 

 

 

 

 

Fig 2.10 Central axis serves as an internal transportation hub  

Fig 2.9 The spaceport and storage sector 
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2.3 Construction Process 

 

2.3.1 Construction Sequence 

The processes of building Astoria Primary Settlement is as follows (Fig 2.11): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.11 The construction process of Astoria Primary Settlement 
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The processes of building Astoria Secondary Settlements are as follows (Fig 2.12): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*: Construction machinery include but are not limited to Aranoids, Bomoroids and Anthoroids, which will be 
introduced in section 5.0.  
**: The selected asteroids for settlements and their orbital information are as follows (Table 2.1):  

Table 2.1 Target asteroids information. 

 299 Thora 1878 Hughes 2753 Duncan 4124 Herriot 7821 (1991 AC) 

Semi-Major Axis 2.434 AU 2.846 AU 2.791 AU 2.786 AU 2.888 AU 

Eccentricity 0.006 0.010 0.036 0.030 0.015 

Inclination 1.60° 1.78° 6.86° 2.60° 2.88° 

Settlement Primary Secondary Secondary Secondary Secondary 

 

 

 

 

 

 

 

 

Figure 2.12 The construction processes ofg Astoria Secondary Settlements 

 

Fig 2.13 Construction of Astoria 
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2.3.2 Initiation of Rotation 

50% rotational speed will be applied at the completion of the Agricultural Complex (Step 4), in order to 

provide partial gravity for manufacturing processes, as well as to test structural integrity before further 

construction. Full rotational speed is applied after the completion of all Astoria's exterior structures (Step 6). Both 

initiation processes are executed via two electromagnetic induction (EMI) engines attached to the hull of the 

Agricultural Complex or Residential Complex. The same engines will be utilized for the rotation maintenance 

and orbital maneuvers (for EMI, see section 3.4) 

2.4 Debris Shielding and Damage Repairs 

Despite being located in Kirkwood Gaps of the Asteroid Belt, Astoria and its secondary settlements will still 

be threatened by space debris of various sizes. We have devised multiple methods of protection to guarantee the 

safety of our residents and customers. 

2.4.1 Foam Membrane Shield (FMS) 

The exterior of Astoria's Residential Complex will be plated with foam membrane shields (FMS). The FMS 

is designed to provide protection against objects less than 1cm in diameter, while also allowing residents to enjoy 

natural views of space. It is a transparent hypervelocity shield that consists of two transparent layers of composite 

plastic and composite fluorine materials, separated by a volume of ablating liquid (Fig. 2.14). When the upper 

layer is penetrated by debris, the debris will be broken into smaller pieces, whose remaining energy will be 

absorbed by the aforementioned liquid.   

 FMS units are hexagonal and modularized, which means that a damaged unit can immediately replaced by 

a new unit. The majority of materials of a damaged FMS unit may be reused, which reduces maintenance costs. 

FMS units will be produced on Astoria and have enough in store for emergency backup. The damaged unit will 

be repaired or recycled to make new units. 

 

 

 

 

 

 

 

 

 

 

 

              

2.4.2 Multi-layer Impact Shield (MIS) 

The rest of Astoria's exterior will be plated with multi-layer impact shields (MIS). The MIS is a 

non-transparent hypervelocity shield with protective capabilities similar to the FMS. Being non-transparent 

transparent layers of 
composite fluorine 
materials 

ablating 
liquid 

Fig 2.14 Foam Membrane Shield (FMS) 
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reduces the production costs of MIS units. It consists of four layers of protective material separated by low 

density foam. The aluminum alloy outermost layer is resistant to corrosion caused by minute particles, and can 

effectively break larger objects into a cloud of smaller pieces. Kevlar will be used to construct the next three 

layers, each with a similar function to the outermost layer. A significant portion of kinetic energy of the debris 

will be converted into heat energy upon impact, which in turn will be absorbed by the shield. 

The MIS is also modularized into hexagonal components for easy repairs. In addition, non-recyclable waste 

produce in Astoria will be used to produce low density foam for MIS shields and produce back-up shield modules 

(see 3.2.5). 

2.4.3 Laser Broom 

The Laser Broom will be used to actively defend Astoria against objects between 1-10cm in diameter. By 

heating hazardous debris with concentrated lasers, the Laser Broom will ablate part of the debris, creating a small 

thrust which pushes the debris out of collision course.    

2.4.4 Orbital Debris Remover (ORDER) 

The ORDER is an expendable tug probe that consists of multiple individual probes that can either work 

collectively or independently, capable of moving objects up to 1 meter in diameter.  

2.4.5 Settlement Maneuver 

When encountering objects larger than 1 meter in diameter, the settlement must take evasive maneuvers. The 

details of settlement maneuvering will be described in section 3.4.   

2.5 Secondary Settlement Design 

The standard design for one of Astoria's four secondary settlements is as shown in the illustration.   

 8000 Astorian residents will live in a collection of 4 secondary settlements, on average 2000 in each. The 

four secondary settlements will be located in 2.8AU heliocentric circular orbits at 90 degree offsets, utilizing the 

Kirkwood Gap to minimize debris impact frequency. This formation will increase the frequency of transfer 

windows for miners in the Asteroid Belt by a factor of four, therefore providing more convenient services for Belt 

operations.  

 Each secondary settlement will be self 

sustainable, and will be capable of processing and 

refining ores for exporting and self-sustaining, similar 

to the primary settlement (Fig 2.15). The primary 

settlement will provide supplies for secondary 

settlements in the case of unexpected events, and vice 

versa.   

    Future expansion of human exploration may 

require more settlements to be established, which are 

provisioned to be located in 2.95AU or 3.28AU orbits 

in Kirkwood Gaps.  

The detailed information for secondary 

settlements are shown in the chart below (Table 2.2): 
Fig 2.15 Secondary settlement 
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Table 2.2 General information 

General 

Orbit:  2.8 AU Rotation Speed:  1.622 rpm (37s/rot.) 

Settlement Count:  4 Mass:  2,500,000 tons 

Capacity:  2,000 people × 4 Generator Power:  550 MW 

 

Residential Agricultural 

Radius:  270 m Radius:  125m ~ 150 m 

Width:  80 m Width:  140 m 

Clearance:  15 m Clearance:  5 m × 6 

Area:  135,000 m2 Area:  ≈118,000 m2 × 6 

Gravity:  0.79g Gravity:  0.37g ~ 0.44g 

 

Industrial (×2) Central Axis 

Radius:  240 m Radius:  50 m 

Width:  130 m Length:  550 m 

Clearance:  20 m Children's Zone 

Area (total): 380,000 m2 Adjacent to Residential Sector, with an extended length of 70 m to 
produce 1g gravity.  Gravity: 0.71g 
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3.0 Operation and Infrastructure 

3.1 Location and Materials Sources 

3.1.1 Orbit and Position 

 The primary settlement of Astoria will be in a Kirkwood 

Gap at 2.5AU heliocentric orbit. The orbital period of the 

primary will be approximately 3.95 years. Four secondary 

settlements will be located in another Kirkwood Gap at a 

2.82AU heliocentric orbit at 90° intervals, with rotational periods 

of approximately 4.86 years (Fig. 3.1).  

    Placing settlements in Kirkwood Gaps reduces the 

frequency of collision, therefore reducing maintenance costs and 

improving safety. Synchronized orbits of secondary settlements 

will increase opportunities for Belter operations to receive 

services. 

                                                        

3.1.2 Material Consumption 

Following materials are required for the construction and maintenance of Astoria Primary Settlement (Table 3.1).  

Table3.1 Different materials are required for the construction and maintenance of Astoria Primary Settlement 

Asset Quantity Application Source 

Al 4,100,000m3 MIS, Aluminum Foam S-type Asteroids 

Fe 1,500,000m3 Iron-Based Alloy S-type Asteroids 

C 2,700,000m3 C/C Composites C-type Asteroids 

Si 1,300,000m3 Electrochromic Glass S-type Asteroids 

Ni 750,000m3 Nickel-Based Alloy M-type Asteroids 

F 600,000m3 FMS Other settlement 

U 1036kg Fission Reactor Earth  

Plastic 950,000m3 Minor Components Aresam 

Liquid CO2 4.254m3 Atmosphere Aresam 

Liquid oxygen 1650 m3 Atmosphere Aresam 

Liquid Nitrogen 3570m3 Atmosphere Aresam 

Water 2,200,000m3 Agriculture & Industry C-type Asteroids 

Kevlar 700,000m3 MIS Other settlements 

Araneroid 45 units Construction Aresam 

Bomoroid 40 units Construction Aresam 

Anthoroid 35 units Construction Aresam 

 

Following materials are required for the construction and maintenance of Astoria Secondary Settlement(Table 3.2) 

Table3.2 Different materials are required for the construction and maintenance of Astoria Secondary Settlements 

Asset Quantity Application Source 

Al 512,500m3 MIS, Aluminum Foam S-type Asteroids 

Fe 187,500m3 Iron-Based Alloy S-type Asteroids 

C 337,500m3 C/C Composites C-type Asteroids 

Si 162,500m3 Electrochromic Glass S-type Asteroids 

Ni 93,750m3 Nickel-Based Alloy M-type Asteroids 

Fig 3.1 Location for 4 secondary settlements 
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F 75,000m3 FMS Other settlement 

U 129.5kg Fission Reactor Earth 

Liquid CO2 0.54m3 Atmosphere Aresam 

Plastic 118,750m3 Minor Components Aresam 

Liquid oxygen 206.25m3 Atmosphere Aresam 

Water 275,000m3 Agriculture & Industry C-type Asteroids 

Kevlar 87,500m3 MIS Other settlements 

Araneroid 11 units Construction Aresam 

Anthoroid 9 units Construction Aresam 

Bomoroid 10 units Construction Aresam 

Liquid Nitrogen 446.25m3 Atmosphere Aresam 

 

Following materials are required for the future maintenance of Astoria Primary Settlement (Table 3.3). 

Table 3.3 Materials are required for the future maintenance of Astoria Primary Settlement 

Material Quantity (per year) Source Material Quantity (per year) Source 

Al 8,200m3 S-type Asteroids F 120,000m3 Ceres, or other 
settlement Fe 1,500m3 Ceres, or S-type Asteroids Plastic 9,500m3 Aresam 

Ni 750m3 M-type Asteroids Water 110,000m3 C-type Asteroids 

U-236 137.8kg Earth Kevlar 140,000m3 Aresam 

 

Following materials are required for the future maintenance of Astoria Secondary Settlements  (Table 3.4) 

Table 3.4 Materials are required for the future maintenance of Astoria Secondary Settlements 

Asset Quantity/Year Source Asset Quantity/Year Source 

Al 1,025m3 S-type Asteroids F 15,000m3 Other settlement 
Fe 187.5m3 S-type Asteroids Plastic 1,188m3 Aresam 

Ni 93.75m3 M-type Asteroids Water 13,750m3 C-type Asteroids 

 

 

3.2 Infrastructure 

3.2.1 Atmosphere Management  

    Atmospheric pressure: 0.88 atm (12.9 psi).                   

 The oxygen level in the artificial atmosphere is higher 

than oxygen level on Earth for the residents to breath freely 

in a low-pressure environment. Trace elements will not be 

deliberately added to reduce complications and expenses. 

 Central ventilators will be installed to improve the circulation within the settlement. Each segment of each 

Ring will be equipped with a ventilator.  

 The temperature in Astoria will be controlled between 17°C and 25°C. The humidity of Astoria will be 

controlled between 40% to 60%. The control of Astoria's climate will provide residents with a more comfortable 

living environment (Table 3.5).                             

            

 

 Table 3.5 Atmosphere in the Astoria 

Gas Percentage 

(%) 

Quantity (m3) 

Nitrogen  70%  8.4×106 

Oxygen  29.55%  3.546×106 

Carbon dioxide 0.04% 4.8×103 

Water vapor 0.41% 4.92×104 
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 3.2.2 Food management 

 Automation systems will 

control the whole procedure of 

food producing. Plants will be 

grown in the vertical farm in 

order to save and use the area 

efficiently (Table 3.6). The 

vertical farm will provide 

appropriate quantities of water, 

nutrition and sunlight by irrigation, fertilization and fluorescent tube to ensure growth. 

 We will apply Aeroponics to grow plants to save space. The plants will be seeded, farmed, and harvested by 

the automation system. After that, the products will be packed up and transported to the processing plant that is 

placed right inside the agriculture department. Humans are capable to interfere the entire agricultural activities. 

 To provide enough protein for more than ten thousand people, Astoria will use bio printers and stem cells to 

produce synthetic proteins products. The variety of meat supply would be large because of the use of stem cells. 

Fungi will also be considered as an additional protein supply. 

 The raw food material will be distributed to each family, the household could use them to make whatever 

they want to eat. 

 The excessive food material will be packed up and sent to the storage department as emergency supplies. 

 

3.2.3 Electricity management 

3.2.3.1 Electricity generation 

Nuclear fission would be used to power Astoria's settlements. U-235 can generate 11218 kWh energy per 

gram. It has been calculated that 137.8kg of U-235 would be sufficient to power an entire settlement for one year. 

Power plant is installed in the Central Axis.  

3.2.3.2 Electricity Consumption & Distribution  

 Wires under the surfaces will distribute electricity according to their needs. Electricity consumption as shown 

below (Table 3.7): 

 

 

3.2.4Water Management 

Daily water consumption is shown below (Table 3.8): 

 

 Residential Industrial Operational Total 

Quantity (kWh/year) 2.023×108 8.102×108 5.335×108 1.546×109 

 Industrial Residential Agriculture Afforesting Total 

Quantity (Ton/day) 4.466 × 104 2.321 × 103 1.195 × 104 1.849 × 104 7.831 × 104 

Percentage 57.7% 3.0% 15.4% 23.9% 100% 

 Table 3.8  Water consumption per day. 

Table 3.6 Food needed in the Astoria 

 Height/m Number of layers Width/m Length/m Area/m2 

Soybean 10 20 50 439 439000 

Peanut 10 20 50 645 645000 

Vegetabl

e 

10 20 50 650 650000 

Wheat 10 10 50 236 118000 

Fruit 10 5 50 220 55000 

 

 Table 3.7 Electricity consumption per year. 

link:fluorescent
link:tube
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 Astoria reuses as much water as 

possible to reduce operation costs and 

achieve self-sustainability. Purified water 

is stored in the tanks in the Storage 

Complex. The purification process of 

water is as shown below (Fig 3.2):  

 

3.2.5 Waste Management 

 Most solid wastes produced on Astoria could be recycled. Organic wastes could be used to generate biogas 

to produce energy, and inorganic waste will be treated according to the illustration below. Non-recyclable wastes 

will be processed into low density materials which will be used as part of the MIS shielding units (Fig 3.3). 

 

 

 

 

 

 

  

 

 

3.2.6 Communication Systems  

    Computer network will offer settlers all kinds of information through a CPU. Settlers can communicate via 

the communication tool attached to their clothes, which allows them to make communications much easier. 

Cables of wired communication system will be placed under the Residential Complex’s ground deck.  

 External communications onboard Astoria will be based on laser communication technology. To increase 

the amount of information sent in a certain period, the laser launcher will shoot a 3-dimensional laser in the 

designated direction. The external communication system will be installed on all five settlements. 

 

3.2.7Day/night cycle 

 Astoria utilizes a combination of natural sunlight and 

artificial illumination. Electrochromic glass installed in the 

Residential Complex allow sunlight to pass through, and the 

amount of sunlight that passes may be regulated by an electric 

signal. The Intelligent Day-night Cycle Control System is 

capable of controlling actuators to simulate sunlight at different 

times of the day. The light will be adjusted according to natural 

daylight cycles on Earth. The period will vary with the seasons 

experienced on Earth accordingly. (Fig 3.4).  

Fig 3.2 The purification process of water 

Fig 3.4 Day-night cycle in a year 

 

Fig 3.3 Waste Management 
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3.2.8Internal Transportation 

 Internal transportation system in the Residential Complex is built to satisfy the needs for the settlers to 

travel far and transfer cargo. The whole system is formed by autonomous vehicle equipped with 

Computer-controlled Vehicle System (CVS), special tracks and a computer traffic control system. Tracks are 

build on fly-over bridges in order to use the vertical clearance of the Residential Complex. The public 

transportation vehicle is modularly designed with an automatic vehicle. Each vehicle unit can fit four people. 

When there is a large passenger flow, several vehicle units can connect through gates to carry more passengers in 

a shorter amount of time. Each single vehicle can also transferred into cargo carrier by removing the seats (Fig 

3.5).  

 

 

 

 

 

 

Due to the restrictions of artificial gravity, the relative speed cannot exceed 8m/s in the Residential Complex; 

otherwise, the resident will experience a significant change of gravity, leading to potential accidents or injuries. 

 Cargo transportation will travel at speeds up to 45m/s against the rotational direction via magnetic levitation, 

in which case much less centripetal force would be experienced by the trains, thus reducing or virtually 

eliminating resistance caused by friction against the rail. Cargo will travel in tubes that are not pressurized, thus 

eliminating air friction, maximizing transportation efficiency. 

    The Personal Segway vehicles are also provided for residents to travel short distance in the Residential 

Complex. 

 

3.2.9 Emergency Storage Facilities 

The emergency storing will be evenly placed in the 

residential complex in order to distribute the emergency 

supplies to the residents in first place. 

3.2.9.1 Energy 

Liquid hydrogen and liquid oxygen will be stored at the 

central axis to be used as the reactants of fuel cells for energy 

backup (Fig 3.6). A fuel cell is a voltaic cell in which the 

reactants are being continuously supplied and the products are 

being continuously removed. Fuel cells are very efficient and 

have very low emission. In order to get enough electric power, 

several fuel cells will work simultaneously. 
Fig 3.6 Fuel cell 

Fig3.5 Internal Transportation Vehicle 

 

Table 3.9 Efficiency of Magnesium-Air fuel cell 

 Qualified 

power 

Working 

temperature 

Cell 

efficie

ncy 

System 

efficiency 
Magnesium-Air 

Fuel Cell 

1000kW −20°C to 55°C 90% 85% 
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3.2.9.2Food 

 In short-term storage, the temperature is maintained at 3-6 degree Celsius and concentration of carbon 

dioxide at 30%, this aids nutrient retention before distribution. In long-term storage, agricultural products get UV 

disinfected, then stored in the same condition as short-term storage. 

3.2.9.3Water 

 There will have a container in the central axis for storage and emergency water supply. During the trough of 

electricity using, the water in container will be electrolyzed to hydrogen and oxygen for additional energy storage. 

The byproduct of fuel cells could support the water loss in recycle. 

3.2.9.4Emergency Supply 

 The emergency supplies are capable to 

support Astoria for 4 months. The emergency 

supplies will be replaced by fresh food and 

water every 4 months to ensure its quality. 

(Table 3.10). 

3.3Construction Machinery 

During the construction, the three types of robots function by basing their operations off the work of each other. 

This means that they cooperate sequentially to minimize the construction time of Astoria. 

3.3.1 Araneroids 

 Araneroids (Spider Robots) will use 3D printing to construct beams that form the hull framework of the 

settlement. It can move along the structural framework in the next step of the construction process (Fig 3.7). 

3.3.2 Anthoroids 
 Anthoroids (Bee Robots) will construct mezzanines between the beams for further structural support by 3D 

printing. Bomoroids will move along the mezzanines during the final step of the construction process (Fig 3.7). 

3.3.3 Bomoroids 
 

 Bomoroids (Silkworm Robots) will complete the exterior surface by printing materials onto the mezzanine, 

thus enclosing the interior of Astoria (Fig 3.7). 

 

 

 

 

 

Fig 3.7 Robots which can build hull frame, construct mezzanines and complete surface. Figure 3.9 

 

Araneroids Anthoroids Bomoroids 

Table 3.10 Emergency supplies in Astoria 

Item Food Water  Air  Total 

Quantity（m3） 16015.2 1165.33 40.212 17220.742 

Weight（tons） 17653.736 481.71 12.064 18147.51 
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3.3.4 Internal Construction Machinery 

The buildings inside the settlement will be mainly built by 

3D printers, which are controlled by the center computer. By 

changing the printing material, different textures could be built. 

The main textures include: steel reinforced concrete (SRC), 

glass-fiber reinforced gypsum (GRG) and fiber reinforced 

polymer/plastic (FRP) (Fig 3.8).  

3.4 Propulsion System 

Both the primary settlement and secondary settlements will be capable of performing orbital maneuvers to 

avoid impact from asteroids. When needed, the Electromagnetic Induction (EMI) thrusters would be used to 

perform evasive maneuvers.   

 A total of 16 EMI thrusters will be installed on 

each settlement, at 6 different orientations as shown in 

the chart below. This gives the settlement total 

maneuverability in all directions. 

As shown, at minimum two thrusters can be utilized to provide thrust in any given orientation. Each capable 

of producing 1000kN of thrust, two thrusters working in conjunction can propel Astoria out of collision paths by 

more than 1.6 km in under 2 hours. In addition to propulsion, EMI thrusters will also be used during the rotation 

maintenance process.   

• Primary: two thrusters, 2,000kN thrust, burn time 102 minutes, clear path by 1836m, fuel consumption 

667 tons per maneuver. Acceleration 1.0×10
-5

 g. 

• Secondary: two thrusters 50% throttle, 1,000kN thrust, burn time 68 minutes, clear path by 1632m, 

fuel consumption 222 tons per maneuver. Acceleration 2.0×10
-5

 g. 

 Electromagnetic Induction (EMI) engines heat up liquid hydrogen via electromagnetic induction furnaces, 

which are powered by electricity from the settlements' fission reactors. LH2 then expands through the nozzle, 

generating thrust. Capable of exceeding 3000K in temperature, EMI engines have specific impulses over 915s 

and a decent thrust level of 1000kN. Nuclear thermal rocket (NTR) engines have a similar performance capability 

compared to the EMI engines, but the NTR's exhaust is radioactive and potentially harmful towards the 

settlement. The EMI solves this problem, and has the potential to reach higher temperatures, therefore achieving 

better performance. 

The size of each EMI engine will be 7.5m×7.5m×9m. The engines have a ±15° gimbal range to satisfy 

requirements for both propulsion and rotation maintenance（Fig3.9）. 

 

 

 

 

 

 

 

Orientation +x -x +y -y +z -z 

# of Engines 4 4 2 2 2 2 

Table3.11 The orientations and numbers of EMI thrusters  

 

Fig 3.8 Building houses by 3D printers 

 

Fig 3.9 Electromagnetic Induction (EMI) thruster 



  
 
 

   Astoria Proposal 

 
 20 

 

3.5 Secondary Settlement 

3.5.1Business Purpose & Services  

 The business purposes of secondary settlements are identical to those of the primary settlement, albeit at a 

smaller capacity. Four secondary settlements in synchronized orbits provide much more opportunities for mining 

expeditions to receive services, therefore increasing the overall customer flow, in turn increasing profit. The 

secondary settlements provide supplies to mining crews, offer MRO for visiting vessels, provide R&R for 

visiting crew and perform rescue missions.  

    Astoria's secondary settlements provide identical services to their residents as the primary settlement. 

Residents will enjoy the same leisure and conveniences, with the only major difference being that they will live 

in a smaller community of about 2,000 people. Correspondingly, the infrastructure parameters of the secondary 

settlements are also scaled down. The parameters for one representative secondary settlement is specified in the 

next module. 

3.5.2 Infrastructure 

Table 3.12 The infrastructure parameters of the secondary settlements 

Atmospheric Composition(0.85 atm)  

Composition N2 O2 CO2 Water Vapor 

Percentage 78.5% 21% 0.04% 0.46% 

Food Production 

Product g/(person×day) g/(person×year) tons total / year tons produced / year 

Grains 425 155,125 310.25 342 

Fruits 360 131,400 262.80 290 

Vegetables/Legumes 450 164,250 328.5 362 

Proteins 65 23,725 47.45 53 

Total 1300 474,500 949 1044 

Electricity Water Emergency Supply 

Item Quantity(KW) Type Quantity / Year （L） Recycle Fraction Item Quantity(m3) 

Residential 2300  Agriculture 9.64×107 L 0.85 Food 400 

Industrial 45000 Industrial 1.50×109 L 0.90 Water 7.33×104 

Operational 16000  Residential 2.19×108 L 0.93   

Total 63300 Total 1.82×109 L N/A   

 

    Water/waste management, communication systems, day/night cycles and internal transportation in 

secondary settlements will be identical to those of the primary settlement, specified in 3.2.   
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4.0 Human Factor 

4.1 Community Design 

 In the Residential Complex, special designed interior structure will provides all kinds of infrastructure to ensure 

the comfort of its resident in limited space: small stores will provide consumer goods to the resident. Gyms are also 

available for residents to exercise in. Community activity centers will enhance the experience of living on Astoria by 

providing engaging activities for residents of all ages. (Fig 4.1).  

 

 

 

 

 

 

 

Since Astoria's Residential Complex is an enclosed 

volume, it is unnecessary to have roofs as conventional 

housing designs do. Many public facilities are therefore 

designed to be roofless, as long as it does not interfere with 

the privacy of residents, to get better natural illumination 

effect. Resident housing will have roofs as default, but this 

may be changed according to preferences. Buildings that 

have roofs will be put to good use: They will feature “sky 

garden” roof which provide enough greening for the 

community. Residential houses are build in a “sunken 

base”, with a ramp to the roof, provide a smooth connection 

between ground greening and roof greening. Public 

facilities are designed to feature a “step wall” structure, 

provide vertical greening to the community. By this 

structure of community, greening area can increase twice 

(Fig 4.2).  

 As for public facilities, at least one hospital for each 

settlement. It will be able to treat minor injuries and major 

wounds alike. The stores which sell clothes or electrical 

equipment will be in the services sections. For settlers, they 

will have access to one restaurant in every service section. 

Hospitality (in the form of a hotel) to allow guests and 

tourists to live in will also be provided. Besides, government 

will be in the service section too, trying to make everyone in 

the community lives happily. Other routine services such as 

bank service are all provide online. 

Table 4.1 Major consumer goods 

Fig 4.1 Community layout 

Fig 4.2 Typical Astoria Community 
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To distribute daily consumable goods, we have two types of distributed goods, food and articles for daily use. For 

everyday articles, we will distribute them to shopping centers and convenience stores for residents’ consumption in 

order to meet people’s need and wants. For food distribution, settlers will need to make an order on the internet prior to 

dining out. This will enable the restaurant to order the proper amount of food based on the volume of resident traffic. 

Residents will be able to order the food for up to a week in advanced (up to 9 o’clock in the morning). After 9, residents 

can order food for the following day. Residents who do not prefer dining out will be able to take raw food home and 

cook it themselves. Major consumer goods are listed in the table 4.1. 

4.2 Residential Building 

In our residential areas, our main purpose is to create a relaxed 

and happy living environment for residents（Fig4.3）. Based on the 

requirements of each house, and anticipated demographics of the 

nominal population, we designed 5 types. We will utilise containers 

to build the houses, not only because would be convenient to build, 

but also because containers are exactly like small modules. Before 

transporting the containers onto Astoria they will be folded to save 

room for ease of transport. At the destination, they can be opened up 

to build the houses.  

 Type 1 houses are designed for married couples with children. 

The house will have 2 stories and contain 1 living room, 1 kitchen, 1 

dining room, 1 studio, 2 bedrooms and 3 bathrooms (approximately 

1400 sq.ft. in area). A garden on the top will allow for a comfortable 

relaxation.  (Fig 4.4). 

 

Type 2: Type 2 houses are designed for married couples without children. Like Type 1 houses, Type 2 houses have 

2 stories. The first floor of Type 1 and 2 houses are quite similar. The main differences exist in the second floor. The 

couple will have 1 bedroom, 1 living room, 1 kitchen, 1 dining room, 1 studio, 1 balcony and 2 bathrooms 

(approximately 1100 sq.ft. in total area). (Fig 4.5).  

Fig 4.4 Type 1:Houses designed for married couples with children 

Fig 4.5 Type 2: Houses designed for married couples without children 

Fig 4.3 Typical Residential House Unit 
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   Type 3: Type 3 houses were designed for single men and women wanting to live together with some friends. The 

first floor is the same as Type 1 and 2 houses. However, they will have 1 living room, 1 kitchen, 1 dining room, 1 

balcony, 2 bedrooms and 3 bathrooms, the total area will be 1100 sq.ft. (Fig 4.6). 

 

Type 4: Type 4 houses were designed specifically for the single men and women who want to live alone. As there 

is only 1 person living inside a Type 4 house, it is significantly smaller compared to other houses. They will feature 

1living room, 1 kitchen, 1 dining room, 1 bedroom and 1 bathroom (approximately 870 sq.ft. in total area). For each 

complex, there will be 3 floors with 10 apartments featured on each floor (i.e. 30 apartments in every building 

complex). ( Fig 4.7 ) 

Type 5: Type 5 houses are designed for crews who will just live temporarily. It accommodates two crew, and is 

slightly smaller compared to other houses. They will have 1 living room, 1 kitchen, 1 dining room, 2 bedrooms and 1 

bathroom in a house (approximately 970 sq.ft. in total area). Type 5 houses can built differently according to the 

requirement (Fig 4.8). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.6 Type 3: Houses designed for single men and women wanting to live together with 
some friends 

Fig 4.7 Type 4:Houses designed for the single men and women who want to live alone 

Fig 4.8 Type 5:5: Houses designed for crew members 
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4.3 Safe Access 

4.3.1 Space Suit 

   Skintight Suits - Instead of using gas pressurization as traditional space suits do, the 

skintight suit uses high-tech spandex to supply pressure (Fig 4.9). The material is 

fireproof, heat resisting, and frigostable. Suit encumbrance is significantly reduced: it 

only increases the energy cost by 20%, compared to the 400% of soft suits. Skintight 

suits, which are easy to put on, must have lower pressure than that of the settlement, for 

higher pressure may cause breathing difficulty and catastrophic helmet failure. This fact 

requires the wearer to pre-breathe for nearly an hour. 

   Suits are stored in houses as well as public areas for rapid access in case of an 

emergency. 

 

4.3.2 Airlock 

Airlocks are used when people are traveling between sections with different pressures and atmospheres, such 

between the Spaceport and the Central Axis. Various types of airlocks on are deployed on board Astoria, thus increasing 

the efficiency of shipping and travelling. 

The sizes of two main kinds of airlock can be seen in the chart below (Table 4.2).  
Table 4.2 Sizes of airlock 

  

The airlock consists of a small chamber with pressure sealing hatches that only open simultaneously. Each hatch 

has six interconnected latches with gearbox and actuator, a hinge mechanism and hold-open device, a differential 

pressure gauge on each side, two equalization valves, and dual pressure 

seals that maintain the airlock's pressure integrity (Fig 4.10). One seal is 

mounted on the airlock hatch and the other on the airlock structure. 

Before the hatch opens, the air pressure of the chamber will initially be 

equalized with that of the environment from which the object comes from. 

The pressure of the chamber will slowly alter to suit the environment of the 

destination as soon as the first hatch is closed. The second hatch will be able 

to open as soon as the pressures are exactly the same. 

At the same time, electrostatic cleaning device will also clean the dust on the surface of space suit at the same time. 

An electric field that is strong enough to ionize the dust or other particles in the air will be exerted on the space suit. 

Once the particles in the air are ionized, it will attach to the dust and be attracted together by the electric field and keep 

the space suit clean. (Fig 4.11). 

Type of Airlocks Size 

Passenger Airlock(10 men each) Length: 3 m. Inner diameter: 5 m 

Goods Airlock Length:18 m, Width: 7.5 m, Height: 7 m 

Fig 4.9 Skintight Suits 

Fig 4.10 Passenger Airlock 

5m 

3
m
 

Fig4.11 Process of transferring with the airlock 
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4. 3. 3 Equipment for Non-gravity Environments 

In micro-gravity environments, special equipment and structures will be needed to assist movement. These special 

equipments include but are not limited to: Aero-Seats and Velcro pads.   

 

Aero-Seat  

The Aero-Seat is a special seat designed for specific use in non-gravity areas within the Residential Complex and 

Agriculture Complex (Fig 4.12). Due to the loss of artificial gravity when the Spoke Elevators move closer to the 

central axis, Aero-Seat are required to be equipped in all elevators to prevent passengers from floating about. Aero-Seat 

units will move along its special track, with a special seatbelt which will prevent passengers from floating away. 

Passengers are able to control it through a joystick. A single Aero-Seat is about 70 centimeters long, 60 centimeters 

wide and 1.2 meters tall. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Velcro-Pad 

The Velcro-pad (Fig4.12) is designed to provide an anchoring spot for 

personnel, robots and cargo alike. Velcro-pads designed in shoes, robot limbs and 

container surfaces will bind sufficiently firmly to Velcro-pads placed in 

micro-gravity environments, providing great convenience for movement with 

virtually no additional equipment needed.  

 

 

4.3.4 Dust Prevention 

Dust is a serious problem in low-gravity environments, especially when Astoria interfered equipment and 

crewmembers, which had directly contact with asteroid during mining operation. Dust can be very polluting, yet also 

damage equipment. We are able to solve this problem in two ways: preventing equipment from directly contact to dusts 

and cleaning objects that had already contacted with dusts (Table.4.3) 

 

 

 

 

 

 

 

Fig4.12 Aero-Seat and its function 

Fig4.12 Velcro-Pad 
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Table 4.3 Dust prevention and cleaning 

Solution Description  Sketch Map 

 
 
 
Dust 
Prevention 
 

 
1. We will create an enclosed environment for major 
equipment parts. The engine will drive the transmission 
device by a magnetic pump without directly being connected 
to the transmission.   The engines will be separated from 
the transmission devices.  
2. When dust particles inhibit and attach to machinery, an 
ultra-thin conductive film (such as Indium tin oxide film) on 
the surface of the equipment which connects to the ground, 
releases waves of charges. It reduces dust particles’ ability to 
attach and stick to a surface.  

 

 
 
 
 
 
 
Cleaning 
 

 
 
 
 
 
 1. Mechanic cleaning: Apply a specific frequency and 
amplitude wave to shake dust off. 
2. Static electricity cleaning. Spread a large amount of positive 
and negative ions produced by an ion generator, onto the 
equipment’s surface with high pressure turbulence. The 
neutralized ions will attach onto the surface of the machinery, 
blowing the dust away. 

 

 

4.4 Artificial Gravity for Children 

 A school will be built in the 1g cabins, and all children will be required to attend classes. Children will be able to 

receive education and be exposed to 1g gravity to help growth. Each cabin can provide 200m*120m room for children, 

and there will be a K-12 school (further education will be available via online courses). Also, there will be running 

tracks so that the students can exercise to stay health. Inside the circular running track there will be court for various 

sports. Canteens will provide meals and refreshments. A standard swimming pool will also be provided in each 

campus(Fig 4.13). During afterschool hours and at night, the classrooms are capable turn to cinemas for settlers to come 

to relax and watch movies. During the time of vacations, the school can be used as a public youth activity center, 

provide school resources for kids. It can also serve as public health sanatorium to provide 1g environments for adults in 

order to prevent illness such as osteoporosis due to low-g surroundings.   

 

 

 

 

 

 

 

 

 

Fig 4.13 The structure and layout of Kids Zone  
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4.5 Secondary Community & Short-term Resident  

 

4.5.1 Secondary Community Layout and Commodities 

 The illustration shows the general blueprint 

of a residential segment in Astoria's secondary 

settlements (Fig 4.14). In each secondary 

settlement, a total of six similar segments would 

together comprise the total down surface of the 

residential area. The instant move-in area for 

visiting crew has been intentionally separated 

from the permanent residents, so the behavior of 

visiting crew will not affect the daily life of the 

residents.  

Each of Astoria's secondary settlements will 

have approximately 2,000 permanent residents, 

and will be capable of receiving an additional 200 

visiting crew. Secondary settlements are designed 

to provide their residents with all the comforts available on the primary settlement. Housing designs, transportation, 

infrastructure, consumer goods, etc. will all be identical to those of the primary settlement, only in smaller quantities.  

4.5.2 Instant Move-In Designs 

 It is expected that there will be a constant flow of departing and 

arriving crew on Astoria's secondary settlements. Therefore, it is crucial 

to provide adequate housing immediately upon arrival, and unused 

housing must be cleared to provide space.  

The illustration shows a Lego house (Fig 4.15). Similarly, 

secondary settlements will construct instant houses from larger, 

Lego-like cuboids. Thus, a house may be rapidly constructed upon need, 

and likewise rapidly taken down. This will also allow visiting crew to 

customize their house. Commodities such as tables, drawers, beds and 

showers will also be modularized into cuboids in the same fashion. When 

not needed, the cuboids may be stacked very compactly, therefore saving 

precious space in the settlement.  

Fig 4.14 community layout of secondary settlement 

Fig 4.15 Residential section for Short-term people 
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5.0 Automation Designs and Services 

5.1 Automation of Construction Processes 

5.1.1 Araneroid 

 Araneroids will be a 3D-printing construction robot to build the hull framework of Astoria. Its main body will be 

a material tank, with a printing nozzle down under. Araneroids can print trusses by different sections, and then fully 

assemble them with mechanical arms (Figure 5.1 (a)).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.1.2 Anthoroid  

After Araneroids complete the hull framework, Anthoroids will be able to move along the trusses to continue 

construction. Its 3D-printing device will print out the mezzanine layers between trusses. (Fig 5.1 (b)).  

5.1.3 Bomoroid  

After mezzanine layers have been constructed, Bomoroids will enclose the interior of the settlement by printing 

surface materials onto the mezzanine. (Fig 5.1 (c), Fig 5.2). 

5.1.4 Interior construction 

After the Astoria structure is enclosed, Anthoroid and Bomoroid can transfer to build the internal structure. 3-d 

printers will keep finishing building residential house modules and public service building modules. 

 

(a) 

(b) 

(d) 

(c) 

Fig 5.1 Astoria Automations 
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5.2 Facility Automation  

5.2.1 Settlement Maintenance 

Astoria will use its construction robots as maintenance robots. Ploceroids will perform regular inspections by using 

its multiple mechanical arms moving on the self-built elastic rail to monitor the exterior for any damages. When the 

Ploceroid detects a need for maintenance, it will then call in other robots for perform maintenance. If immediate repairs 

are required, the Ploceroid will temporarily seal the damaged area via 3D printing until actual maintenance robots arrive. 

The chart below shows the designated maintenance tasks of each robot: (Table5.1) 

 

Table 5.1 Maintenance tasks assign to robots 

 

5.2.2 Backup Systems and Contingency Plans 

    There are many types of tasks that a robot needs to perform, and at the beginning robots will not be able to respond 

to all tasks autonomously. Therefore, a group of trained pilots will be authorized to remotely control the robots to 

perform maintenance tasks. Each time a pilot operates for a certain task, their actions will be documented and used to 

develop new maintenance programs for robots. Ultimately the robots will be capable of all maintenances without human 

interference.  

It is unlikely, but possible, for robots to malfunction. In the case of a malfunctioning robot, it will be immediately 

decommissioned and brought back to its hangar by other robots. Redundant circuit breakers are separately wired so if a 

robot does not respond to manual controls or decommissioning, it could still be terminated.  

 

Robot Operation 

Ploceroid Routine maintenance, regular inspection, rush repairing.  

Araneroid Reconstruct permanent structure after serious damage.  

Anthoird Reconstruct permanent debris shielding system after serious damage. 

Bomoroid Reconstruct permanent internal surface after serious damage.  

Fig 5.2 Different robots serve in the construction of Residential Complex 
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5.2.3 Functionality During Solar Activities 

   The working environment will expose maintenance robots to solar phenomena such as solar flares. To maintain 

Ploceroid’s capability of working under extreme environments, two protection layers of material composed of elements 

with high and low atomic numbers are applied on the surface of the robot. The inner layer is made by elements with 

high atomic numbers which can absorb most braking radiations, while the outer layer is made of materials with low 

atomic numbers to prevent robots from being damaged by the electrons released by braking radiations. The density of 

the protection layers will be very high to maximize its ability to protect the robots from radiations. 

 

5.2.4 Data Security 

   Data security is crucial to the safe operating of Astoria and the daily life of 

residents. Therefore, in the automation system of Astoria, we set up four types of 

information protection and control mechanisms, including digital passwords, 

voice recognition, fingerprint scanning and pupil scanning, from up to down in 

increasing safety levels. The levels of safety measures taken increase with the 

importance of the data, ranging from the lowest such as personal device 

passwords up to the highest such as settlement maneuver authorizations. The 

flow chart shows the hierarchy of the four types of protections (Fig 5.3).  
 
 

5.3 Habitability and Community Automation 

5.3.1 Interior Robots 

Astoria’s settlers live in an intelligent community. Automated devices will be 

capable of handling routine within the settlement, reducing the need of manual labor. 

This frees up more time for Astoria's residents to engage in work or recreation, 

enhancing the productivity and livability of the settlement. Typical robots include 

the R-2 robot and 3D-food printer.  

The R-2 robot (Fig 5.4) is a multi-functioning robot that will be distributed in 

each household for personal use, and will also be used in the settlement for 

deliveries and cleaning. It is 35cm in both width and length, and 80cm in height.  

Speakers and screens allow the R-2 to interact with residents, and visual 

systems will help the robot keep track of its path. It will use robotic arms to handle 

items, and wheels to navigate through the settlement rapidly and safely. Various 

equipment may be attached in place of the robot arm to adapt to different jobs. Jobs 

that the R-2 may be used for include, but are not limited to, vacuum cleaning, lawn 

mowing, road sweeping, window cleaning, dish washing, item delivery and 

entertainment.  

The 3D-food printer (Fig5.5) can turns cooking into an easy yet fun task. It is 

25cm in both width and length, 35cm in height. Ingredients can be stored in the food 

printer, settlers can design their own meal on computer. Controlled by the computer 

system, food printer can mix the ingredients with correct amounts and heat the food 

to delicious meal.   

digital 
password 

digital 
password 

•Basic safety level 

voice 
recognition 

voice 
recognition 

•Secondary safety 
level 

fingerprint 
scanning 

fingerprint 
scanning 

•Tertiary safety level 

pupil 
scanning 

pupil 
scanning 

•Highest safety level 

Fig5.4  R-2 multi- 
functioning robot 

Fig 5.5  3D-Food Printer 

Fig 5.3 Data security 
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5.3.2 Internal Communication 

 

Data center 

 The central information processing hub in Astoria is located in 

the Central Axis. However, subsystems are also located in each 

complex for local data processing, which reduces the burden on the 

central hub (table 5.2).  

Personal devices carried by each resident connects to the local 

server closest to their location, which in turn connects to the central 

hub. 

Personal Devices 

    Every resident in Astoria will have a personal device to communicate with both within the settlement and outside 

of it. Personal devices will use AR, augmented reality technology, to enhance the interactions between users and 

products: The devices will be worn just like glasses, and residents can check and send out messages, watch videos, 

make calls, play games, etc.. The devices produces holographic projections on the lens when needed, such as virtual 

keyboards. 

 

5.4 Ore Conveyer 

Ore will be accepted in standardized containers delivered by cargo ships to the Spaceport. Containers will be lined 

with Velcro, which makes them easy to handle in a microgravity environment. The ore container will detach from the 

cargo ship and descend into the cargo conveyer level of the Spaceport. The cargo conveyer will carry the container into 

the Central Axis via Velcro conveyers, whereupon Velcro conveyers in the Central Axis will take over. Containers will 

first be carried into the temporary storage located at the end of the Central Axis. Then, upon demand, the ore containers 

will be picked up by the Velcro conveyer and delivered to the Refinery Complex (Fig 5.6). 

 

Table 5.3 Comparison between track and Velcro. 

Solution Description Pros Cons Suitable Situation 

Track 
The track is specially set for instrument transferring. 
It can keep the transferred item in a certain plane and 
angle, so as to maximize cargo safety.  

High efficiency; 
High load; 
 

Expensive to set up;  
Potential instability 

Cargo that is not highly 
dangerous or fragile;  
Heavy cargo  

Velcro 
Containers' wheels will have throne hooks which can 
make wheels rotate on a surface coupled with the use 
of small rings. 

Cargo 'sticks' on to 
conveying surface;  
Easy to set up 

Slow movement;  
Low load 

Cargo that requires 
delicate handling;  
Light cargo 

Table 5.2 Sub data center  

 

Fig 5.6 Internal Ore Conveyer 
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5.5 Settlement Automation & Connectivity 

5.5.1 Automation Systems 

Automation systems in secondary settlements will be similar to those of the primary settlements, using the same 

robots for the same purposes. The number of robots in each secondary settlement will be reduced to 25% of the 

primary's since secondary settlements are smaller in scale. 

 

5.5.2 Inter-Settlement Communication 

    Astoria's primary settlement will serve as a data center for the collection of secondary settlements, assigning 

production goals as well as exchanging various kinds of data. Connectivity is guaranteed at all times between all 

settlements as well as Earth. When solar conjunctions prevent direct connection between two settlements, a third 

settlement will always be available to relay the signal, insuring constant connection.  

 Laser Communication Arrays (LCAs) will be installed on all settlements. The LCA uses lasers to transmit data at a 

much higher efficiency than radio waves, due to a much shorter wavelength. This both reduces the size of the array, and 

increases the efficiency of data transmission.  

 The specifications are as follows （Table 5.4）: 

Table 5.4 Data of the Laser Communication Arrays (LCAs)  

Primary Secondary 

Diameter Link Speed / Antenna Number per Settlement Diameter Link Speed / Antenna Number per Settlement 

50m 50Gbits/sec 2 30m 21Gbits/sec 1 

  

Connection to Earth will be made by the primary settlement, with exception of a Primary-Earth solar conjunction, 

in which case connection will instead relayed via the closest secondary.  

 

5.5.3 Inter-Settlement Transportation 

 

 Personnel and cargo transport will also be established between settlements, as illustrated （Fig 5.7 & Table 5.5）:  

Fig Illustration about cargo ship and crew ship 

 

 

 

 

 

 

 

 

 

Table 5.3 

 
Fig 5.7 Astoria Transportation System 
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Table 5.4 Inter-settlement transportation 

Cargo Ship Crew Ship 

Max. Payload Max. Fuel 

Capacity 

Delta-v (m/s) Max. Payload Max. Crew Max. Fuel 

Capacity 

Delta-v (m/s) 

210 tons 175 tons 5300 250 tons 20 220 tons 5200 

Length×Width×Height Thrust Length×Width×Height Support Time Thrust Length×Width×Height 

55.0 m × 9.0 m× 15.0 m 700kN 50.0m×20.0m×20.0m 800 days 850kN 50.0m×20.0m×20.0m 
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6.0 Schedule and Cost 

6.1 Time Schedule  

The time schedule is in the Table 6.1. 

Table 6.1 Timeschedule 
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6.2 Cost 

The Cost is in the Table 6.2. 

Table 6.2 The cost of building Astoria 

Construction Material ---External Construction 

Item Cost per unit Quantity Total Cost 

Foam Al $3,142 4,412,500m3 $13,864,100,000 

Other Metal $2,637 3,037,500m3 $2,801,548,800  

C $300 232,400m3 $69,720,000 

Plastic $1,500 770,130m3 $1,155,200,000 

3D printing Material $13,000 166,000m3 $2,158,000,000  

Constructing robots Bomoroid $700,000 50 $35,000,000 

Constructing robots Anthoroid $890,000 44 $39,160,000 

Constructing robots Ploceroid $800,000 30 $24,000,000  

Uranium $18.433 1165.5kg $21483.7 

Membrane $15,000 1,328,000m3 $19,920,000,000  

Total $40,282,800,000 

Construction Material ---Internal Construction 

Item Cost per unit Quantity Total Cost 

3D printing Material $13,000 663,600m3 $8,626,800,000  

Constructing robots Araneroid $750,000 56 $42,000,000 

Assembly Robot $890,000 20# $17,800,000  

Carbon fiber $300 663,600m3 $199,080,000  

Plastic $1,500 298,620m3 $447,930,000  

Foam Al $3,142 200,000m3 $628,400,000  

Other Metal $2,637 500,000m3 $437,478,300  

Total $10,399,500,000 

Operation 

Item Cost per unit Quantity Total Cost 

Air Circulation System $830 Million 1 $830 Million 

Food Production System  $800 Million  1 $800 Million  

Unclear Plants $2,400 Million 1 $2400 Million 

Delivery & Transportation  $690 Million  1 690 Million  

Climate Control $870 Million 1 $870 Million 

Water Management $530 Million  1 $530 Million  

City Construction  $3,000 Million  1 $3000 Million  

Storage System  $600 Million  1 $600 Million  

Waste Management  $750 Million  1 $750 Million  

Communication System  $200 Million  4 $800 Million 

Total $11,270 Million 

Employment Cost (over 13 years) 

Type Cost per unit Quantity Total Cost 

Supervisor  $200,000 120 $24 Million 

Employee $80,000 400 $32 Million 

Researcher $130,000 50 $6.5 Million 

Total (per year) $62.5 Million 

Technology Supply and patent fee $1,100 Million 1 $1,100 Million 

Total over 12 years $1912.5 Million 

Overall Cost 

External Construction $28,680 Million 

Internal Construction $10,376 Million 

Operation $11,270 Million 

Employment $1912.5 Million 

Total Over 13 Years $63,871.1 Million 

Average Cost per Year $4913.16 Million 



 



  
 
 

   Astoria Proposal 

 
 36 

 

7.0 Business Development 

7.1 Infrastructure for Processing Asteroid Materials 

 Both primary and secondary settlements of Astoria have Spaceports and industrial complexes to receive and 

process asteroid materials delivered from the Asteroid Belt. 18.5% of Astoria's industry will be dedicated to the 

self-support of the settlement, whereas 81.5% will be solely for the purpose of export and trade.  

 The Spaceports of Astoria receive and export materials in standardized containers. Raw materials received will 

be transported to the Hephaestus Ring for processing (see 5.4), or transported to storages located in the Central Axis 

(see 2.2).  

There will be four main steps that would be applied for the processing of the materials that are delivered from 

other space settlements, including crushing, atomization, metal-reduction and substance separation(Fig 7.1). 

Pulverizing step is mainly accomplished by physical methods such as mechanical cutting and grinding. The produced 

ores that have been turned into particles of millimeters will be atomized by a nebulizer. The working principle of the 

nebulizer is to atomize the small  particles by ultrasonic and send the mixture to a centrifuge, where the big, not 

atomized particles will be sent back to ultrasonic part again and thus make sure that only the small particles can go 

into the reduction procedure. These atomized "dust" will be launched into a bundle of uniform mineral beam and 

entered the reduction - separation device. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The device is consist of a reduction section and a shifting section. The reduction section includes a couple of 

lasers that can break the chemical bond in the mineral particles by emitting rays with frequencies that are 

proportional to the energy difference of the bonding orbital and the anti-bonding orbital of the chemical bond 

between the metal atom and its adjacent atoms. The floating gaseous atoms then through a strong magnetic field 

generated by two plates to make them shift in y-axis. The shifts in the y-axis are different due to the different 

magnetic moments of atoms. With the use of this difference, we can collect different atoms, so as to smelt and 

separate metal. 

Fig.7.1 Processing of the ores 
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7.2 Services for Remote Asteroid Mining Operations and Planet Expeditions 

 All Astoria's settlements are capable of producing excess food to provide supplies for visiting crew. The excess 

food will be stored in the Central Axis (section 3.2). Visiting crew will also be provided with adequate housing for 

rest and recreation, while their ships will receive services from minor maintenance to major repairs. Each Astoria 

settlement also has a large fuel capacity (LH2/LOX) for ship refueling as well as self-use (LH2 only) (see section 

2.2). Fuel will be replenished from ice or hydrates in the raw materials received from Belt operations. This process 

will be conducted in the Industrial Complex. 

Space Tug services and rescue missions will be conducted by Astoria's inter-settlement transportation vehicles 

described in detail in section 5.5. The cargo ships and crew ships will be slightly modified to become space tugs and 

rescue ships, respectively. Three rescue ships are stand-by 24/7 and can leave within 12 hours. The supply equipped 

on rescue ships can support rescue missions up to 6 months. 

7.3 Guidelines for Visiting Crew Services 
The general guidelines for servicing visiting crew are listed below, including operation procedures, services provided 

and crew restrictions.  

1. Vessel approaches Astoria 

a. Crew reserves for a docking bay. Clear docking bay 12 hours prior to crew arrival.  

b. Crew declares purpose and expected duration of stay. (cargo/crew/emergency) 

c. Crew sends detailed personnel & vessel information and maintenance requirements.  

d. Generate service procedures for robots at corresponding docking bay.  

2. Vessel arrival 

a. Inform crew about settlement rules and consequences of violation.  

b. Unload and tag cargo, send to cargo conveyer level.   

c. Secure vessel in docking bay via electromagnets, personnel boarding bridge (PBB) connects to vessel. 

PBB creates seal, equalizes pressure.  

d. Crew leaves vessel with personal luggage.  

3. Vessel maintenance 

a. Maintenance services include but are not limited to : shielding repair, refueling, resupplying, equipment 

repair, component replacement, software/hardware upgrade, attaching/detaching modules, etc. 

b. Authorized crew may add or cancel any maintenance requirements at anytime via their electronic 

devices, specified in 7.3.5.  

4. Personnel arrival 

a. Crew passes PBB and enters entry chamber. Crew are decontaminated of any potential radiation and 

toxic chemicals.  

b. Crew enters Astoria customs border, checked for potential threats to the safety of the settlement. In the 

unlikely situation of a suspected person, security will interfere.  

5. Crew connectivity 

a. Crew can access Astoria's official website with unique code on their electronic devices. Logging in 

connects them to all data feed for their vessel. Authorized crew are able to make changes to schedule 

and maintenance requirements.  

b. Each crew member is given an access badge upon arrival at customs. The badge mandatorily tracks the 

carrier's location, and crew will be required to carry it at all times during their stay.  

c. Visiting crew will be prohibited to access certain areas of the settlement for safety concerns and to 

prevent disturbance to local residents.  
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d. The badge will warn the carrier if they enter a restricted area, while at the same time filing a report to 

Astoria's control center. Unauthorized stay will be a violation of the local law and (depending on 

severity of violation) may be punishable by fine and even deportation. 

6. Vessel treatment 

a. Short-term vessels will remain at docking bay for all maintenances and operations.  

b. Long-term vessels will be transferred into the shipyard after personnel and cargo are unloaded and 

maintenance is complete. Fuel will be emptied for safety and convenience.  

7. Cargo handling 

a. The cargo conveyer will collect cargo from all dock gates into the storage area.  

b. Cargo is decontaminated.  

c. Cargo is distributed to their destinations via Velcro conveyers.  

8. Departure 

a. Crew will be reminded of departure date 5 days prior. Departure reschedules need to be done 5 days in 

advance.  

b. Vessels in long term storage will be extracted, refueled and examined.  

c. Cargo, if any, will be loaded onboard. Crew will then board through the PBB.  

d. Once space range is go, the vessel may depart from Astoria.  
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8 Appendix 

Appendix A – Operational Scenario 

    There will be periodic interactions between Astoria's primary settlement and four secondary settlements.  

The different purposes for Astoria's primary and secondary settlements are listed below.  

 

Primary settlement:  

 Resupplying and providing rest & recreation for mining crew;  

 Providing MRO and rescue for mining ships;  

 Complex manufacturing;  

 Complex raw material processing;  

 Exporting commercial products;  

 Providing emergency aid for other Astorian settlements;  

 Producing construction materials for secondary settlements.  

 

Secondary settlements:  

 Resupplying and providing rest & recreation for mining crew;  

 Providing MRO and rescue for mining ships;  

 Simple manufacturing;  

 Simple raw material processing;  

 Exporting commercial products;  

 Providing emergency aid for other Astorian settlements;  

 Temporary deposit for materials inbound towards the primary settlement.  

 

The features of primary and secondary settlements benefit one another as well as mining operation crew, 

potential customers, and the Foundation Society. The relationships and interactions are depicted through the charts 

below (Table 8.1): 

 

Table 8.1 Relationships and interactions among all Asotorian Settlements 

All Astorian Settlements 

Features Benefits Recipient 

Resupply, R&R, MRO, rescue Opportunity to receive services and help that is much 

closer than other settlements 

Mining operations and crew in the 

Asteroid Belt 

Raw material depot Closer deposit and faster profit 

Emergency supplies Emergency aid for other settlements Astorian settlements 

Commercial Import/Export Profit / Crucial resources 

Foundation Society 

 

Primary Settlement 

Features Benefits Recipient 

Produces complex manufactured 

goods 

Complex construction materials Secondary settlements 

Secondary settlements can specialize in simple material 

production 

Complex manufactured goods Customers in Mars orbit and 

beyond 
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Secondary Settlements 

Features Benefits Recipient 

Four settlements in synchronous orbits & 

Temporary deposit of materials inbound 

towards primary settlement 

Much more frequent transfer windows, do not need to 

wait for years until transfer 

Mining operations and crew in 

the Asteroid Belt 

Customers in Mars orbit and 

beyond 

Reduce work load of primary settlement Primary Settlement 

Produces simple manufactured goods Pre-processed simple materials 

Primary settlement can specialize in complex material 

production 

Simple manufactured goods Customers in Mars orbit and 

beyond 

 

 The majority of traffic between primary and secondary settlements will be unmanned cargo ships. Cargo ships 

will deliver raw materials and simple manufactured goods to the primary settlement for more complex processing, 

and bring back complex manufactured goods to the secondary settlements.  

 The primary settlement is expected to receive up to 12 cargo vessels per month from all four secondary 

settlements and an equal amount of cargo ships are expected to depart from the primary settlement to the secondary 

settlements. For secondary settlements, apart from each receiving an average of 3 cargo ships per month, each will 

also receive a new supply of construction materials (such as the MIS, see 2.4) from the primary settlement every 6 

months, which will be stored for settlement repairs.  

 Manned vessels may also travel between Astorian settlements. The purposes of these vessels may range from 

visiting to commerce to migration; the crew and cargo will be treated according to the rules given in section 7.3.  

 The rhythm of operations on primary and secondary settlements will be influenced by the density of traffic. A 

large traffic of visiting crew will increase the demand for services in R&R areas, while a large traffic of cargo ships 

will increase the demand for industrial workload. Overall, the visits by mining crew is consistent throughout the year, 

but orbital mechanics make inter-settlement traffic peak during transfer windows and reduce it to virtually zero at 

other times. Therefore an expected common experience for all Astorian residents will be busy "on seasons" with high 

traffic and laid back "off seasons" with less traffic. 
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Appendix C - Compliance Matrix 

Section Description Page# 

2.1 

Show exterior view, major features and functions 3,4 

Show dimensions and construction materials of major hull components and design 

features 

3,4 

Show sections with/without artificial gravity, rotation and pressure 4 

Specify means of protecting from radiation and debris penetration. 6 

Show capability to isolate at minimum any two separate volumes in case of emergency 6 

2.2 
Percentage allocation and dimensions of interior "down surfaces" 6 

Orientation of "down surfaces" & vertical clearance 6 

2.3 

Describe construction process 9,10 

Specify when & how artificial gravity will be applied 11 

Describe a construction technique for interior structures making use of materials from 

asteroids 

11 

2.4 

Shielding and damage repair methods 11 

Means of reducing damage due to larger items that can only be detected hours in 

advance 

12 

2.5 
show a standard design for secondary settlements; suggest how many secondary 

settlements in which orbital locations will enable improved services to customers 

12 

3.1 

Recommend an orbital location for Astoria and the reasons for its selection 13 

Identify types, amounts and sources of construction materials 13,14,15 

Means of transporting materials to Astoria 13 

3.2 

Atmosphere/climate/weather control (identify air composition, pressure, and quantity) 14 

Food production (including growing, harvesting, storing, packaging, delivering, selling) 15 

Electrical power generation (specify kilowatts), distribution, and allocation for specific 

uses 

15 

Water management (specify required water quantity and storage facilities) 15 

Household and industrial solid waste management (specify recycling and/or disposal) 16 

Internal and external communication systems (specify devices and central equipment) 17 

Internal transportation systems (show routes and vehicles, with dimensions) 14 

day/night cycle provisions (specify schedule and mechanisms/operations for providing 

it) 

16 

Define storage facilities required to protect against interruption in production of food or 

commodities needed for daily life 

17 

Supply lines for imports may be interrupted for three months 16 
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3.3 

Show conceptual designs of primary machines, jigs, and equipment employed for 

constructing the settlement, especially for assembling exterior hull and interior 

buildings/structures. 

18 

Describe materials, components, and/or subassemblies delivered to the machines, and 

how the machines convert delivered supplies into completed settlement structures 

18 

Drawing(s) of primary construction machinery, showing how it shapes and/or 

manipulates raw materials or structural components into finished form 

18 

3.4 

Define requirements for a propulsion system to move Astoria when threatened with 

impact of a large object. The settlement must be clear of the object’s path by one mile 

(1.6 km), and must be capable of accomplishing such maneuvers at least once per 

(Earth) month 

19 

Drawing showing location(s) and approximate dimensions of propulsion 

system(s), with descriptions of thrust, acceleration, and fuel requirements 

19 

3.5 

For each secondary settlement, define services provided, and the infrastructure 

parameters identified in paragraph 3.2 

20 

Identify business purpose of each secondary settlement 20 

4.1 

List major types of consumables, and quantities 21 

Depict or specify means of distributing consumables (including food) to Astoria 

residents. 

21 

Map(s) and/or illustration(s) depicting community design and locations of 

amenities, with a distance scale, and sizes of buildings for services including but not 

limited to City Hall, retail, law enforcement, medical, schools, and entertainment. 

Facilities without interior roofs 

21 

4.2 

External drawing area and interior floor plan of at least five home designs, the area for 

each residence design, and the number required of each design 

22 

Identify source(s) and/or manufacture of furniture items and appliances 22 

4.3 

Drawing(s) showing examples of handrails, tethers, cages, and/or other 

systems enabling safe human access to any location on or in low-g settlement areas 

25 

Show spacesuit designs, with stowage and donning/doffing 

procedures 

24 

Show airlock designs for exiting/entering the settlement from unpressurized volumes 24 

4.4 

While adults prefer living at less than 1g, acceptable development of children through 

their growing years requires daily exposure to 1g for at least 3 hours per (Earth) day 

26 

Drawing(s) of means for children to spend time in 1g 26 

4.5 

Specify population of each suggested secondary settlement, and either standard 

amenities offered in all of the settlements, or unique amenities offered in each one 

27 

Drawing(s) of “instant move-in” home designs 27 
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5.1 

Drawings showing automated construction and assembly devices — both for exterior 

and interior applications (e.g., homes) — and illustrating how they operate 

27,28 

Automation for transportation and delivery of materials and equipment, assembly of the 

settlement, and interior finishing 

27,28 

Describe how humans monitor automated construction processes and progress, and how 

human interaction is required during construction 

28 

5.2 

Chart or table listing anticipated automation requirements for operation of the 

settlement, and identifying particular systems and robots to meet each automation need 

28 

Robots required for emergency external repairs must survive and accomplish tasks 

during solar flare activity 

28 

Describe means for authorized personnel to access critical data and command 

computing and robot systems; include descriptions of 

security measures to assure that only authorized personnel have access, and only for 

authorized purposes 

28 

Describe when and how human contributions to and/or intervention in these functions is 

required 

28 

5.3 

Drawings of robots and computing systems that people will encounter in 

Astoria, and diagram(s) of network(s) and bandwidth requirements to enable 

connectivity 

29 

Emphasize use of automation to perform maintenance 

and routine tasks, and reduce requirements for manual labor 

29 

Provide for privacy of personal data and control of systems in private spaces 30 

Describe devices for personal delivery of internal and external communications 

services, entertainment, information, computing, and robot resources 

30 

5.4 

Drawing(s) of automated unloading system(s), clearly showing how ore moves from 

ship to refinery 

30 

Specify whether ore will be accepted in bulk or in containers 30 

5.5 

Define systems enabling communication and data transfer between Astoria and all of its 

secondary settlements 

31 

Specify unique automation systems for each secondary settlement 31 

Define means for connectivity between secondary settlements and the primary Astoria 

settlement 

32 

6.1 

Durations and completion dates of major design, construction, and occupation tasks, 

depicted in a list, chart, or drawing 

34 

Show schedule dates when Foundation Society members may begin moving into their 

new homes, and when the entire original population will be established in the 

community 

34 

6.2 Chart(s) or table(s) listing separate costs associated with different phases of 35 
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construction, and clearly showing total costs that will be billed to the Foundation 

Society 

Estimate numbers of employees working during each phase of design and construction 

in the justification for contract costs to design and build the settlement 

35 

7.1 

Refining/processing asteroid materials for self-sufficieny and trade 36 

Port facilities able to receive incoming raw materials, warehousing import and export 

products, and shipping of products 

36 

7.2 

Excess agricultural production, storage, and processing capability to service visiting 

spacecraft 

36 

Provide suitable facilities for visiting spacecraft crews “rest & recreation” 36 

Provide a full-service repair depot for major maintenance and repair of space vessel 36 

“Space Tug” services will be available to assist disabled vessels 36 

Capability to send rescue operations for asteroid miners requires at least one ship fully 

provisioned for a mission up to ten months long, ready to leave in 24 hours 

36 

7.3 

Show designs and locations of lodging, dining, and entertainment options 37 

Provide a communications connectivity between each ship’s crewmembers while their 

ship is in MRO 

37 

Provide each ship’s officers with capability to monitor progress of services for their ship 

when they are not on board, and to promptly convey decisions as needed 

37 

Describe security and isolation systems to assure that occasional rowdy behavior by 

R&R crews can be tolerated to a reasonable point, but does not interfere with the 

settlement resident’s normal activities and routines 

37 
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