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1   Executive Summary 
With the broadening spaceflight demographic and increasing push of human exploration 

into Low Earth Orbit (LEO) and beyond, Environmental Control and Life Support Systems 
(ECLSS) becomes increasingly critical. Increasing mission duration, crew size, and limited 
resupply challenge the design of ECLSS systems. NASA has identified the need for 
long-duration ECLSS systems to produce hot and cold water on demand for daily use by 
astronauts, in order to rehydrate foods and prepare beverages1. Current potable water 
dispensing systems are only capable of producing small amounts of heated water and no cold 
water. To accomplish this, this proposal highlights the prospects of an evaporator-based potable 
water dispenser to heat and cool ambient stored water to controlled temperatures for astronaut’s 
food and beverage needs. Thermal management devices, fluid components, and 
decontamination filters are incorporated into the proposed design to meet NASA’s requirements 
for temperature controlled water, potable water standards, and sustained lunar presence.  
 

2   Introduction 
2.1   Problem Statement and Background 

The Potable Water Dispenser (PWD) was first developed as early as the 1960s–1970s 
for the Gemini and Apollo Programs as a means to provide safe drinking water for in-space 
applications in efforts to advance NASA ECLSS for human sustainability2. As human space 
missions expanded in duration and complexity, reliable water delivery systems became 
essential for crew health, hydration, and food preparation.  

 
Figure 1: First PWD Flight Unit21. 

Since its development, the PWD has gone through several iterations and has been found in 
multiple spacecraft (e.g., Space Shuttle missions) and is currently used aboard the International 
Space Station (ISS) as the primary means of drinking water and food/beverage rehydration 
methods3. However, as missions expand beyond Low Earth Orbit (LEO), the importance of 
reliability and capability becomes increasingly critical, especially for life support in Gateway, as 
highlighted in NASA’s Plan for Sustained Lunar Exploration and Development4. Current PWD 
systems, although functional, are limited in their ability to dispense highly accurate volumes of 
potable water and to provide water temperatures below ambient (20–25°C). Furthermore, 
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existing PWD designs have experienced issues such as corrosion in the dispensing needle, 
material degradation within internal flow paths, microbial accumulation in wetted components, 
valve leakage, and seal wear over extended operational periods5. Despite these efforts, there 
are currently no on-orbit solutions that provide both hot, cold, and ambient water for astronauts 
simultaneously.  

 
Figure 2: Leidos Exploration Potable Water Dispenser (xPWD)22. 

Moreover, although evaporators have been used on the ISS and spacesuits historically, 
they are not widely known or researched for uses such as potable water dispensing6. 

2.2   Proposed Solution 
As a result, the aim of the EBPWD is to improve upon existing designs of potable water 

dispensers, such as the one on the ISS, by enabling water cooling below ambient temperature 
ranges through the use of an evaporation cycle. Moreover, the project also aims to address the 
shortcomings of previous dispenser iterations, such as inaccurate dispense volume and system 
pressure loss5. These goals will be achieved with three methodological design objectives, which 
drive the system and subsystem requirements. 

Objective 1: Design, analyze, and test a water dispensing system that has the capability 
of cooling water with an evaporator. To achieve desired temperatures, water will come in contact 
with an electrical heating circuit or an evaporation loop with refrigerant R134a. 

Objective 2: Identify and address pain points of previous dispenser iterations. Accurate 
dispense volume will be addressed by mechanically compressing a flexible bladder at a 
constant rate.  

Objective 3: Develop a system that prioritizes closed-loop architecture for long-duration 
missions. Redundancy and ergonomics will be incorporated for safety and easy-access 
maintenance of dispenser, such as a removable filter unit for decontamination. 

2.3   Changes From Proposal 
​ Since the proposal, Objective 2 was modified to descope the redesign of the dispense 
needle, as issues with corrosion and backflow were already previously addressed23. Additionally, 
the scope of Objective 3 was adjusted to prioritize formulation of a closed-loop architecture for 
long-duration operation. Additionally, the overall system architecture (see Section 3.2) was 
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updated incorporating feedback from the initial proposal regarding gas trap location and ambient 
water flow path. 
 

3   Technology Approach and Concept 
3.1   System Requirements 

Table 2 outlines the top level system requirements for the EBPWD, which are derived 
from the overarching needs of NASA’s Artemis Program. These requirements translate the 
project objectives into measurable, and verifiable needs that will guide all subsequent design, 
development, and project management. Each requirement was formulated based on functional 
expectations and customer constraints from the NASA HuLC, along with design considerations 
from NASA technical specification documents7,8. Verification of these requirements will be 
accomplished through one of four methods. Inspection will be conducted through visual 
examination of drawings and CAD assembly/part models. Analysis will be achieved through 
hand-calculations and computer simulations (heat transfer, fluids, etc.). Demonstration and 
testing will be performed by modeling system and subsystem performance under simulated 
environmental conditions. Many of these requirements cannot be fully verified without physical 
testing of prototypes to test their feasibility, as many components have not been used for this 
particular application. 

The EBPWD consists of the following subsystems: Thermal (TH), Electrical (EE), 
Structural (SC), and Decontamination (DC). The tables, listed in the Appendix, outline the 
subsystem level requirements for the EBPWD. These requirements will translate each 
subsystem objective into measurable and verifiable needs that will meet the top level system 
requirements.  

3.2   System Overview and Architecture 
​ The system and subsystem requirements above were used to develop a preliminary 
design for the EBPWD, which is currently at TRL 2. Further hand calculations and computer 
simulations will be conducted to further mature the validity of the design prior to manufacturing, 
procurement, and testing. 
​ The Piping and Instrumentation Diagram (P&ID) in Figure 3 displays how astronauts will 
obtain potable water from the water supply (22.5 psig and 22.5 °C). The entire dispenser is 
powered through a 28 Vdc auxiliary output, which will connect to ISS EXPRESS Rack 613. The 
ISS EXPRESS Rack 6 can provide up to 2000 Watts of power (28 Vdc), and at most 20 amps13. 
A temperature transducer will be installed after the water supply to gauge the temperature, 
compare it to the input temperature, and actuate the temperature selection valve to decide 
where the filtered water will go via electrical actuation. The design also features a Filter 
Replacement Unit (FRU), which consists of a deiodination filter, microbial filter, and ultraviolet 
(UV) light. Check valves are incorporated to ensure one way transport of the water throughout 
the unit. A pressure transducer and temperature transducer are incorporated after the FRU to 
determine if the water needs to be heated or cooled, through a temperature selection valve. The 
heater and evaporator will heat/cool the water stream. The evaporation system consists of an 
evaporator, which feeds to a separate R134a refrigerant loop featuring a peristaltic pump, phase 
separator, condenser, and expansion valve. A peristaltic pump was selected to push the 
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refrigerant due to its low maintenance (no moving parts) and zero contamination/leakage. 
R134a was selected as the evaporator working fluid as it is low cost, non-toxic, non-flammable, 
and has the previous heritage of being used for water chillers and automobile air conditioning on 
Earth15. Although ammonia is used on the ISS, it was not selected for this application as it is 
toxic and flammable, which increases the risk of operation.  

 
Figure 3: EBPWD P&ID. See Appendix for P&ID Key. 

As the water is heated/cooled, it feeds into a flexible bladder, which is then dispensed at 
a volumetric flow rate of 500 mL/min through a needle at the exit interface using mechanical 
compression to squeeze the water out. The design features Quick Disconnects (QDs) for easy 
access maintenance in the event of a leak or filter replacement. When the FRU is 
maintenanced, air may become trapped in the QDs, therefore a gas trap and gas vent were 
incorporated before and after the FRU. Both gas vent and pressure relief valves release into a 
gas trap reservoir/bladder. 

If the water quality levels exceed 50 CFU/mL, then the FRU needs to be flushed. See 
the ConOps section which discusses how often the crew should check the water quality levels. 
For the flush case, the EBPWD will feature a storage compartment unit containing two Teflon 
bags of 40 ppm I2 solution and a microbial check device14. The FRU can be disconnected from 
the EBPWD by closing the solenoid valves, where it will interface with one of the Teflon bags. 
Sterile caps will be used to plug the quick disconnects in the dispenser to prevent 
contamination. After flushing with iodine, the FRU will then be flushed with 10 L of water. The 
water quality will be measured using the microbial check device before and after the iodine 
flush, at the outlet of the FRU. 
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For redundancy, within the dispenser’s housing storage compartment exists a backup 
microbial and deiodination filter in the event that the pre-installed filters fail within 12 months of 
first dispense. Moreover, the storage compartment will contain the necessary tools for 
maintenance in the event of a leak or other system fault. Future design iterations may include 
additional features such as ISRU compatibility, for example, water ice processing or filtering 
water from lunar ice deposits.  

 
Figure 4: EBPWD Concept of Operations (ConOps). 

The ConOps above shows how the EBPWD will be demonstrated to achieve the 
methodological objectives and meet the system requirements throughout the mission lifecycle. 

3.3   Assumptions 
Assumptions were made in order to make this project realistic and flexible for future 

adaptation. First, the design assumes that similar ISS EXPRESS rack technology for 
payloads/experiments will be used on Lunar/Martian bases and space stations. Second, the 
rack structure is assumed to be flight-qualified. For the heating and cooling calculations, the 
following assumptions were made: constant water properties, constant material properties, 
uniform coil temperature, perfect bladder mixing, one-dimensional radial heat transfer, negligible 
radiation heat transfer, and constant heater efficiency.  

 
4   Conceptual Engineering Design and Analysis 

4.1   Heating and Cooling Design 
The EBPWD thermal design is divided into two primary subsystems: the heating 

subsystem and the cooling subsystem. Together, these subsystems allow the dispenser to 
provide temperature-controlled potable water. The heating subsystem raises incoming, 
compressed potable water  to the required hot-water temperature range, while the cooling 
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subsystem lowers incoming potable water below ambient temperature using an 
evaporator-based cooling loop. 

 
Figure 5. Open test stand CAD model of the heating and cooling subsystems interfaced 

with the feed system. The open lines on the evaporation loop represent the cooling 
microchannels that will run to the unmodeled peristaltic pump and condenser. 

The current configuration supports early testing and integration, and will later be 
condensed into the dispenser housing after component sizing and validation. The thermal 
design is evaluated using a spreadsheet calculator that models transient heat transfer, fluid 
accumulation, and dispensed water temperature over time (See Appendix). The calculator 
supports early sizing of the heater, cooling channel length, flow rate, compressible bladder 
volume, and insulation requirements. It also provides a first-order method for checking whether 
the system can satisfy the thermal subsystem requirements prior to higher-fidelity simulation 
and prototype testing. 

The main purpose of the heating and cooling calculator is to estimate the temperature of 
water at the point of dispense. For both subsystems, the most important output is not only the 
instantaneous outlet temperature, but also the average temperature of the water collected in the 
bladder before release. This is important because the water that is ultimately dispensed is 
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collected over time, so the final usable temperature depends on the transient temperature 
history of the water entering the bladder. The calculator uses thermal resistance methods, 
transient energy balances, and explicit time stepping. Thermal resistances are used to estimate 
heat transfer through convection, conduction, insulation, and ambient losses. Energy balances 
are used to update the water temperature in the heating or cooling section. Explicit time 
stepping is then used to calculate how the temperatures, heat transfer rates, and bladder 
volume change with time. A detailed equation breakdown is provided in the Appendix. 

The thermal subsystem analysis is currently preliminary and is intended for conceptual 
engineering design. The results will be used to guide component sizing, identify critical design 
sensitivities, and support the selection of heater power, tube length, cooling channel length, flow 
rate, and insulation thickness. The model will later be refined through higher-fidelity thermal-fluid 
simulation and experimental testing. 

4.1.1   Heating Subsystem 
The heating subsystem is designed to raise ambient potable water to the required 

hot-water temperature range for food and beverage rehydration. In the current concept, water 
from the main supply is routed through a heated tube or coil that is thermally coupled to an 
electric heater. Heat transfers from the heater surface through the tube wall and into the flowing 
water before the heated water collects in the hot bladder. 

The heating calculator models the heated tube as a transient control volume. It tracks 
the temperature of the water inside the heated section and the average temperature of water 
collected in the hot bladder. The model also accounts for heat transfer into the water and heat 
loss to the surrounding environment through the insulated heater assembly. The main heating 
inputs include the incoming water temperature, target hot-water temperature, target bladder 
volume, heater power, heater efficiency, tube dimensions, insulation properties, water 
properties, flow rate, and timestep. The most important sizing variables are heater power, 
heated tube length, flow rate, and insulation thickness. Increasing tube length improves heat 
transfer area and residence time, but also increases mass, packaging volume, and pressure 
drop. 

To size the heating subsystem, the calculator is used to vary the heated tube length 
while holding the main design assumptions constant. The preferred length is the shortest length 
that allows the collected bladder water to reach the required hot-water temperature range with 
reasonable margin. This approach avoids unnecessary heater length while still satisfying the 
thermal requirement. 

The heating model is intended as a preliminary sizing tool. It assumes constant water 
and material properties, a lumped water temperature in the heated section, negligible radiation 
heat transfer, and well-mixed bladder contents. These assumptions will be refined through 
higher-fidelity thermal-fluid simulation and prototype testing. 

4.1.2   Cooling Subsystem 
The cooling subsystem is designed to cool potable water below ambient temperature 

before dispense. In the current concept, room-temperature source water is pushed through 
selected square microchannels in a multichannel heat exchanger, while a peristaltic pump 
circulates refrigerant through every other square microchannel. This alternating 
water–refrigerant channel arrangement increases the shared wall area available for heat 
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transfer. Heat is transferred from the water, through the shared channel walls, and into the 
closed-loop refrigerant before the cooled water collects in an insulated cold bladder for 
dispense. The cold bladder is modeled as initially empty. This means the bladder is filled only by 
water that has already passed through the cooling channels. Therefore, the bladder temperature 
is calculated as the running average of the cooled outlet water entering the bladder, rather than 
as a reservoir of room-temperature water being cooled in place. 

The cooling calculator estimates outlet water temperature, average cold bladder 
temperature, heat removed from the water, heat rejected to the refrigerant, ambient heat leak, 
and bladder fill volume over time. The detailed equation breakdown is provided in the Appendix. 
In the current setup, the volumetric flow rate is 500 mL/min, so the bladder fill volume increases 
with time until the target volume is reached. The main sizing variables are cooling channel 
length, number of water channels, refrigerant-side boundary temperature, flow rate, and 
insulation effectiveness. The optimal cooling length is the shortest channel length that allows the 
average cold bladder temperature to meet the target by the time the bladder reaches the 
desired dispense volume. 

4.2   Structural and Mechanical Design 
​ The structural and mechanical design of the EBPWD encompasses the dispenser 
housing, interface panel, and compressible bladder assembly. CAD models were developed to 
size these components based on provided ISS EXPRESS rack dimensions and dispense 
volume requirements.  

4.2.1   Dispenser Housing 
The dispenser housing was designed to fit within two stacked ISS Shuttle Middeck 

lockers, similar to the PWD and xPWD24. The interface panel features two large handrails on the 
side to allow users to perform maintenance on key components such as fittings and valves. This 
interface panel can be removed from the main housing by rotating the knobs on each of the four 
corners. The panel rests on a rail-system that allows the contents on the dispenser to slide out 
for easy access. The internal volume houses about 4.06 cubic feet, with the entire housing 
structure being 23.00 inches in height, 18.50 inches in width and 21.50 inches in depth.  
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Figure 6: CAD Model of the EBPWD Housing with Interface Panel. 

4.2.2   Interface Panel 
The design for the interface panel was inspired by the designs of the existing PWD and 

xPWD, combining the advantages of both designs. The interface panel incorporates inlet and 
outlet fans to promote convective heat transfer, managing thermal loads generated by the 
cooling loop condenser and the electronics mounted on the backside of the panel. For 
diagnostics and commanding, a Fault LED identifies off-nominal behavior, while a Ground 
Control LED indicates when ground operators have taken control of the dispenser during an 
anomaly. Active system monitoring, which is crucial for long-duration missions, is facilitated by 
an integrated data port; this port feeds telemetry to the rear electronics board, allowing the 
onboard computer to detect faults and illuminate the diagnostic LED. Power interface is 
established via J1, J2, and J3 outlets that plug directly into the EXPRESS Rack. Users can 
select cool, hot, or ambient water via three dedicated control buttons, while water routing is 
managed through a primary inlet water port and an auxiliary water port used to fill contingency 
water containers (CWCs), which routes water exclusively through the FRU. The bottom right of 
the panel features the removable FRU rack, which can slide out by pulling the handrails.  
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Figure 7: CAD Model of Interface Panel. 

4.2.3   Compressible Bladder Assembly 
As traditional cylindrical and spherical tanks fail to manage fluids in microgravity, an 

alternative storage method for the heated and cooled water was required. Drawing inspiration 
from Washington State University’s Hydrogen Properties for Energy Research (HYPER) 
Laboratory, a flexible bladder assembly was developed25.  

 
Figure 8: CAD Model of Flexible Bladder Assembly.  

This system utilizes a linear electric motor to compress the flexible bladder, dispensing 
the stored water from the water outlet once the bladder reaches the desired volume. 
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4.3   Decontamination 
The decontamination architecture consists of two filters arranged in series within the 

EBPWD Filter Replacement Unit (FRU): an Activated Carbon/Iodine Exchange (ACTEX) filter 
and a 0.2-micron microbial filter30,32,16. Incoming water from the ISS Water Bus contains residual 
iodine, which is intentionally used as a biocide to prevent biofilm formation and bacterial 
colonization within the internal plumbing of the EBPWD28. The water is typically maintained 
within a concentration range of 1–4 ppm of I₂; however, this exceeds the maximum allowable 
concentration for potable water as defined by NASA health standards (0.2 ppm)26,30,32.​ ​   

 
Figure 9: Resin Bed Sizing, optimized L/D ratio, used legacy ACTEX as reference27  
To address this requirement, the ACTEX unit reduces iodine concentration through 

adsorption and ion exchange processes, utilizing granular activated carbon to adsorb molecular 
iodine (I₂) and a strong-base anion exchange resin to remove iodide ions (I⁻)27,30,16. Additionally, 
within the ACTEX cartridge are internal particulate filtration elements—specifically, structural 
mesh screens responsible for retaining the media beds, trapping shedding chemical fines from 
the carbon and resin matrices, and protecting downstream plumbing and the separate microbial 
filtration stage from fouling and particulate accumulation27. The chemical resin bed possesses a 
volume of 250 cc with an operational life of approximately 7-months, while the integrated 
particulate filters maintain a projected operational life of 12-months27. However, because the 
ACTEX cartridge is serviced as a single, replaceable unit, the entire assembly must be replaced 
within a 7-month interval despite the 12-month operational life of the particulate filters.  

The separate microbial filtration stage provides the final microscopic particulate and 
biological reduction prior to dispensing27. This stage utilizes a 0.2-micron hydrophilic Nylon 6,6 
membrane supported structurally by a rigid polypropylene housing30. Although the ISS Water 
Bus is treated with iodine to prevent biofilm formation and bacterial colonization, microbial 
organisms and other pathogenic contaminants may still persist even in the presence of biocidal 
agents30,32. The exact microbial loading conditions of the ISS water supply are not explicitly 

14 



2026 NASA Human Lander Challenge (HuLC)                                                    
 
 

defined in available literature in terms of colony-forming units per milliliter (CFU/mL); however, 
potable water standards require that microbial concentrations remain below the maximum 
allowable limit of 50 CFU/mL26,30,32. Subsystem performance was modeled using an operational 
Log Reduction Value (LRV) target of 3.0 for the microbial filtration stage, representing a 
worst-case microbial loading scenario, to ensure compliance with water quality standards20,30,32. 

Design considerations addressed within the EBPWD are intended to satisfy the 
requirements imposed by the International Conference on Environmental Systems (ICES), while 
also mitigating previous issues known to hinder PWD performance, most notably pressure 
losses throughout the decontamination subsystem and associated flow architecture27. The 
EBPWD, like its counterparts, will remain modular to allow for easy access and replacement of 
filters within the FRU32. 

Furthermore, the ideal volume of the resin bed was calculated based on the total 
expected mass of influent iodine (I₂) and iodide (I⁻) over the projected operational lifetime of the 
subsystem (7 months)16. The sizing matrix required a chemical removal efficiency sufficient to 
reduce incoming biocide concentrations ranging from 1–4 ppm to below the required threshold 
of 0.2 ppm. To achieve this efficiency, the dwell time of the incoming water within the packed 
bed was calculated to be a minimum of 30 seconds, ensuring sufficient chemical contact time 
for coupled adsorption and ion-exchange kinetics to effectively remove iodine from the water 
supply27. However, increasing resin bed length also increases pressure losses throughout the 
subsystem16,27. To mitigate these effects, the EBPWD evaluated and refined the resin bed 
geometry (specifically adjusting the length-to-diameter, or L/D ratio) to minimize pressure losses 
while still satisfying the required contact time constraints imposed by the pressure-driven 
pumping architecture27. An optimal resin bed geometry was therefore determined that achieved 
the required decontamination efficiency without inducing excessive system strain or reducing 
flow performance27. See Appendix for filter sizing equations, MATLAB code, and additional 
references.  

4.4   Controls and Electrical 
A flow control diagram (Figure 10) was developed to outline the architecture of the main 

control computer, which processes environmental telemetry and user inputs to manage the 
EBPWD. These electronics will be mounted on the backside of the interface panel. This flow 
control diagram was inspired by the flow control electronics developed by NASA engineers 
during a troubleshooting investigation in mid-July 2009 when the original PWD began 
experiencing inaccurate dispense volumes33. For long-duration missions, active monitoring of 
systems such as the potable water dispensing become crucial. 

On the input side, physical data from pressure, temperature, and mass flow sensors are 
digitized via an Analog-to-Digital Converter (ADC) and fed into the Volume Control Module, 
while physical control switches route the user commands to the Input Controls Logic. Inside the 
main controller, these two modules work interchangeably with the Valves Control Module and 
Filter Tracking Logic to continuously calculate dispense volumes, monitor filter lifespans, and 
determine when to actuate fluid hardware.  

On the output side, the Valves Control Module drives the physical hardware by signaling 
Valve Drivers to actuate the system’s solenoid valves, while commanding the LED control 
module to update status and fault indicators on the interface panel. 
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Figure 10: EBPWD Flow Control Electronics Diagram. 

​ System safety and redundancy are enforced by the internal volume control watchdog 
timer that monitors the main control modulus and an external independent watchdog timer. This 
independent timer tracks both user switch inputs and raw valve inputs, which allows it to 
override the drivers and shut down the system if an operational anomaly occurs. A feedback 
loop is incorporated from the linear electric motor to the ADC and pressure sensors to monitor 
the accuracy of the dispense volume.  
 

5   Technical Management 
5.1   Risk Assessment and Mitigation 

​ To analyze and mitigate any risks posed by the EBPWD, a 5x5 risk matrix (Figure 11) 
was developed to track risk across the system’s development. The matrix compiles 5 relevant 
critical risks to determine likelihood and consequences. These risks are (1) biofilm development 
under stagnant conditions, (2) inaccurate dispense volume, (3) inaccurate outlet temperature, 
(4) inaccurate dispense flow rate, and (5) unknown science behind fluid behavior in microgravity. 
This matrix was built following the guidelines provided in the NASA Risk Management 
Handbook (NASA/SP-2011-3422)12. Risk posture (likelihood and consequence) will be refined 
and reduced through further research, design, and simulation. 
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Figure 11: EBPWD Risk Matrix 

5.2   Project Timeline and Budget Estimate 
The following section describes scheduling, manufacturing, and testing plans for the 

EBPWD project. The timeline for the EBPWD spans 5 years from January 2026 (TRL 1) to 
December 2031 (TRL 7), detailing the structured phases essential to project success. 
Team/Faculty Meetings will occur monthly, along with monthly documentation, design reviews, 
and reporting. The Design Phase spans from January 2026 to December 2026 (raise to TRL 3), 
with the Manufacturing Phase beginning January 2027 (raise to TRL 4). A full breakdown of the 
project lifecycle and timeline can be seen in the Gantt Chart, which is listed in the Appendix.  

Product Lifecycle Management will be used to manage the project’s journey from design 
to manufacturing. Custom parts and COTS parts will all be assigned their own part numbers for 
record keeping as the project matures. Furthermore, a Bill of Materials will be developed 
including information on part number, descriptions, quantities, unit costs, and suppliers when the 
dispenser design is finalized. To facilitate the production process, prototypes will be 
manufactured and tested at the UC Davis ESDC and TEAM Lab.  
​ To verify system and subsystem requirements, four performance metrics will be 
evaluated: temperature accuracy, volumetric accuracy, microbial count, and flow rate accuracy. 
Individual component tests will also be performed to characterize parameters such as pressure 
drop across components. These tests will be conducted using thermocouples and flow meters, 
and precision scales – for each component and the entire system fully integrated. 
Comprehensive testing plans will be developed by Fall 2026 to ensure that the dispenser test 
stand and procedures are compliant with the UC Davis ESDC safety protocols. 

Environmental verification will follow the guidelines of the NASA General Environmental 
Verification Standard (GEVS), GSFC-STD-7000B, and will be traceable to system and 
subsystem requirements through a verification matrix10. As the EBPWD will operate only within 
the pressurized cabin of a space station or space habitat, qualification will focus on internal 
vehicle environments as opposed to the external deep-space environment. Thermal testing will 
be conducted in a controlled-air environment to validate performance within cabin temperature 
limits. Launch survivability will be verified through hand calculations, finite element analysis 
(FEA), random vibration, shock, and structural loading tests consistent with current launch 
vehicle environments. Radiation tolerance will be assessed through analysis and 
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component-level testing appropriate for total ionizing dose levels for lunar/Martian transit and 
surface environments.. Electromagnetic compatibility testing will also be performed to ensure 
dispenser electronics are compliant with cabin electromagnetic interference requirements. Upon 
completion of integrating the flight-unit, facilities will be identified to support thermal, structural, 
radiation, and EMC verification. Moreover, all materials will be tested for flammability and arc 
tracking for wires, following the guidelines of NASA-STD-600111.  
​ Currently, the EBPWD project has received funding from Phase 2 of the 2026 NASA 
Human Lander Challenge and the California Space Grant Consortium through the 2026 CaSGC 
Student STEM Collaborative Project Award. The total funds ($11,500) from both sources will be 
used to build prototypes and the dispenser ground unit whose results will inform the 
development of a flight-ready unit. Table 1 (See Appendix) shows the Ground Unit Budget Table 
for cost estimates. Upon completion of the Bill of Materials for the final dispenser design, the 
development and operating costs of the flight unit will be projected using the NASA Project Cost 
Estimating Capability (PCEC)34. 

5.3   Conclusion and Future Work 
​ The team has spent the last 5 months developing the design of the EBPWD through 
extensive research, trade studies, and calculations, resulting in a preliminary design that 
features the dispenser housing, a compressible bladder assembly to provide an accurate water 
flow rate, and heating/cooling architecture to alter the temperature of the supply water. 
Prototype development and testing will demonstrate the prospect of the EBPWD for 
long-duration applications to lunar and Martian missions. Further design work, simulations, and 
research will be conducted, especially to further understand the behavior of fluids in 
microgravity. This work will constrain the final design of the EBPWD. Beyond the 2026 NASA 
HuLC Forum, the team aims to continue development of the EBPWD through the use of the 
CaSGC and HuLC Phase 2 funds. Next steps will include the following: 

●​ Housing and FRU rail system CAD modeling 
●​ Sizing and design of filters and UV Light in the FRU 
●​ Extend longevity of filters for longer duration missions 
●​ Research anti-fouling/omniphobic surface coatings for filter screens to prevent 

particulate and microbial adhesion, minimizing pressure losses 
●​ High-fidelity simulations for heating and cooling loops in Thermal Desktop 
●​ Develop simulations and hand calculations for flexible bladder compression 
●​ Storage compartment design 
●​ Compacting fluid circuit into internal dispenser housing volume 
●​ Electronic circuit and PCB design for fluid flow control 
●​ Launch load and vibrational analysis of housing structure in Patran/Nastran 
●​ Power draw calculations from electronics, heater, valves, and other fluid components 

​ The EBPWD team would like to extend its appreciation towards the National Institute of 
Aerospace (NIA), NASA, and the California Space Grant Consortium for the opportunity to 
technically develop a unique ECLSS research concept. The team would also like to recognize 
the invaluable oversight of faculty advisor Dr. Stephen Robinson and subject matter expert 
Janine Moses. Finally, the EBPWD team thanks the University of California, Davis, for its 
dedication to space research, education, and support of student engineering design teams. 

18 



2026 NASA Human Lander Challenge (HuLC)                                                    
 
 

Appendix 
 

References 
[1] Ebarle, G. (2026). 2026 Human Lander Challenge (HuLC) Guidelines. 
https://hulc.nianet.org/wp-content/uploads/2026-Human-Lander-Challenge-HuLC-Proposal-Guid

elines.pdf  
[2] Water Dispenser, Gemini, Training | National Air and Space Museum. (n.d.). Retrieved March 

2, 2026, from 
https://airandspace.si.edu/collection-objects/water-dispenser-gemini-training/nasm_A196
80274000 

[3] ISS Daily Summary Report – 8/31/2023—NASA. (2023, August 31). 
https://www.nasa.gov/blogs/stationreport/2023/08/31/iss-daily-summary-report-8-31-202
3/ 

[4] United States National Aeronautics and Space Administration. (2021). NASA’s plan for 
sustained lunar exploration and development. National Aeronautics and Space 
Administration. 

https://www.nasa.gov/wp-content/uploads/2020/08/a_sustained_lunar_presence_nspc_report42
20final.pdf?emrc=5aa8ef  

[5] Shaw, L. A., & Barreda, J. L. (2008, January 1). International Space Station USOS Potable 
Water Dispenser Development. 38th International Conference on Environmental 
Systems. https://ntrs.nasa.gov/citations/20080013432 

[6] Bue, G. C., Makinen, J. V., Miller, S., Campbell, C., Lynch, B., Vogel, M., Craft, J., & Petty, B. 
(2014, August 4). Spacesuit Water Membrane Evaporator; An Enhanced Evaporative 
Cooling Systems for the Advanced Extravehicular Mobility Unit Portable Life Support 
System. https://ntrs.nasa.gov/citations/20140010666 

[7] 6.0 Natural and Induced Environments—NASA. (n.d.). Retrieved March 2, 2026, from 
https://www.nasa.gov/reference/6-0-natural-and-induced-environments-vol-2/ 

[8] Leahy, F. B. (2021, October 27). SLS-SPEC-159, Cross-Program Design Specification for 
Natural Environments (DSNE). https://ntrs.nasa.gov/citations/20210024522 

[9] Moran, M. J., Shapiro, H. N., Boettner, D. D., & Bailey, M. B. (2014). Fundamentals of 
engineering thermodynamics. John Wiley & Sons. 

[10] General Environmental Verification Standard (GEVS) for GSFC Flight Programs and 
Projects | Standards. (n.d.). Retrieved March 2, 2026, from 
https://standards.nasa.gov/standard/GSFC/GSFC-STD-7000 

[11] Flammability, Offgassing, and Compatibility Requirements and Test Procedures | 
Standards. (n.d.). Retrieved March 2, 2026, from 
https://standards.nasa.gov/standard/NASA/NASA-STD-6001 

[12] Dezfuli, H., Guarro, S., Everett, C., Benjamin, A., & Skow, M. C. (2024, November 1). NASA 
Risk Management Handbook: Version 2.0, Part 1. 
https://ntrs.nasa.gov/citations/20240014019 

[13] Davis, T. B., Adams, J. B., Fisher, E. M., Prickett, G. B., & Smith, T. G. (1999). EXPRESS 
Rack Technology for Space Station. https://ntrs.nasa.gov/citations/19990008536 

19 

https://hulc.nianet.org/wp-content/uploads/2026-Human-Lander-Challenge-HuLC-Proposal-Guidelines.pdf
https://hulc.nianet.org/wp-content/uploads/2026-Human-Lander-Challenge-HuLC-Proposal-Guidelines.pdf
https://airandspace.si.edu/collection-objects/water-dispenser-gemini-training/nasm_A19680274000
https://airandspace.si.edu/collection-objects/water-dispenser-gemini-training/nasm_A19680274000
https://airandspace.si.edu/collection-objects/water-dispenser-gemini-training/nasm_A19680274000
https://www.nasa.gov/blogs/stationreport/2023/08/31/iss-daily-summary-report-8-31-2023/
https://www.nasa.gov/blogs/stationreport/2023/08/31/iss-daily-summary-report-8-31-2023/
https://www.nasa.gov/blogs/stationreport/2023/08/31/iss-daily-summary-report-8-31-2023/
https://www.nasa.gov/wp-content/uploads/2020/08/a_sustained_lunar_presence_nspc_report4220final.pdf?emrc=5aa8ef
https://www.nasa.gov/wp-content/uploads/2020/08/a_sustained_lunar_presence_nspc_report4220final.pdf?emrc=5aa8ef
https://ntrs.nasa.gov/citations/20080013432
https://ntrs.nasa.gov/citations/20140010666
https://www.nasa.gov/reference/6-0-natural-and-induced-environments-vol-2/
https://www.nasa.gov/reference/6-0-natural-and-induced-environments-vol-2/
https://ntrs.nasa.gov/citations/20210024522
https://standards.nasa.gov/standard/GSFC/GSFC-STD-7000
https://standards.nasa.gov/standard/GSFC/GSFC-STD-7000
https://standards.nasa.gov/standard/NASA/NASA-STD-6001
https://standards.nasa.gov/standard/NASA/NASA-STD-6001
https://ntrs.nasa.gov/citations/20240014019
https://ntrs.nasa.gov/citations/20240014019
https://ntrs.nasa.gov/citations/19990008536


2026 NASA Human Lander Challenge (HuLC)                                                    
 
 

[14] [ Environmental Health ] NLSP. (n.d.). Retrieved March 2, 2026, from 
https://nlsp.nasa.gov/explore/jtable/lsda_document/lsda_document?q=all&from=1&page
size=100&filters=research_name.keyword%7Cmm%7CEnvironmental%20monitoring,Mi
crobiology;project_name.keyword%7Ceq%7CMRID&template=5 

[15] McCullough, E. T., Dhooge, P. M., Glass, S. M., & Nimitz, J. S. (n.d.). High-Performance, 
Low Environmental Impact Refrigerants. 

[16] Maryatt, B. W., & Smith, M. J. (n.d.). Microbial Growth Control in the International Space 
Station Potable Water Dispenser. 

[17] Bolt Shear Stress Calculator. (2026, February 22). Firgelli Automations. 
https://www.firgelliauto.com/blogs/engineering-calculators/bolt-shear-stress-calculator 

[18] ASM Material Data Sheet Aluminum 6061-T6. (n.d.). Retrieved March 3, 2026, from 
https://asm.matweb.com/search/specificmaterial.asp?bassnum=ma6061t6 

[19] Budynas, R. G., & Nisbett, J. K. (2019). Shigley's mechanical engineering design (11th ed.). 
McGraw-Hill Education. 

[20] Disinfection Profiling and Benchmarking: Technical Guidance. (n.d.). 
https://www.epa.gov/system/files/documents/2022-02/disprof_bench_3rules_final_508.p
df  

[21] Maryatt, B. (2018, July 8–12). Lessons learned for the International Space Station potable 
water dispenser [Paper presentation]. 48th International Conference on Environmental 
Systems, Albuquerque, NM, United States. 
https://ices.space/wp-content/uploads/2024/09/Paper-Reference-List-by-Session-FINAL-
PDF.pdf  

[22] Leidos deploys Potable Water System to International Space Station | Leidos. (n.d.). Retrieved 
May 26, 2026, from 
https://www.leidos.com/insights/leidos-deploys-potable-water-system-international-space-s
tation  

[23] Toon, K., & Lovell, R. (2010). International Space Station United States On-orbit Segment 
Potable Water Dispenser On-orbit Functionality vs. Design. In 40th International 
Conference on Environmental Systems. American Institute of Aeronautics and 
Astronautics. https://doi.org/10.2514/6.2010-6250  

[24] Public Payload User Guide 2024 | Virgin Galactic. (n.d.). Retrieved May 26, 2026, from 
https://bynder.virgingalactic.com/m/79e8c34fe3c4d35d/original/Public-Payload-User-Gui
de_May-2024.pdf  

[25] Boyle, A. (2020, December 15). Ancient art of origami provides a pathway for building a 
better tank for rocket fuel. GeekWire. 
https://www.geekwire.com/2020/ancient-art-origami-provides-pathway-building-better-tan
k-rocket-fuel/ 

[26] Straub, J. E. I. I., Plumlee, D. K., Wallace, W. T., Alverson, J. T., Benoit, M. J., Gillispie, R. 
L., Hunter, D., Kuo, M., Rutz, J. A., Hudson, E. K., Loh, L. J., & Gazda, D. B. (2017). ISS 
Potable Water Sampling and Chemical Analysis Results for 2016. 
http://hdl.handle.net/2346/73099 

 

20 

https://nlsp.nasa.gov/explore/jtable/lsda_document/lsda_document?q=all&from=1&pagesize=100&filters=research_name.keyword%7Cmm%7CEnvironmental%20monitoring,Microbiology;project_name.keyword%7Ceq%7CMRID&template=5
https://nlsp.nasa.gov/explore/jtable/lsda_document/lsda_document?q=all&from=1&pagesize=100&filters=research_name.keyword%7Cmm%7CEnvironmental%20monitoring,Microbiology;project_name.keyword%7Ceq%7CMRID&template=5
https://nlsp.nasa.gov/explore/jtable/lsda_document/lsda_document?q=all&from=1&pagesize=100&filters=research_name.keyword%7Cmm%7CEnvironmental%20monitoring,Microbiology;project_name.keyword%7Ceq%7CMRID&template=5
https://nlsp.nasa.gov/explore/jtable/lsda_document/lsda_document?q=all&from=1&pagesize=100&filters=research_name.keyword%7Cmm%7CEnvironmental%20monitoring,Microbiology;project_name.keyword%7Ceq%7CMRID&template=5
https://www.firgelliauto.com/blogs/engineering-calculators/bolt-shear-stress-calculator
https://www.firgelliauto.com/blogs/engineering-calculators/bolt-shear-stress-calculator
https://asm.matweb.com/search/specificmaterial.asp?bassnum=ma6061t6
https://asm.matweb.com/search/specificmaterial.asp?bassnum=ma6061t6
https://www.epa.gov/system/files/documents/2022-02/disprof_bench_3rules_final_508.pdf
https://www.epa.gov/system/files/documents/2022-02/disprof_bench_3rules_final_508.pdf
https://ices.space/wp-content/uploads/2024/09/Paper-Reference-List-by-Session-FINAL-PDF.pdf
https://ices.space/wp-content/uploads/2024/09/Paper-Reference-List-by-Session-FINAL-PDF.pdf
https://www.leidos.com/insights/leidos-deploys-potable-water-system-international-space-station
https://www.leidos.com/insights/leidos-deploys-potable-water-system-international-space-station
https://doi.org/10.2514/6.2010-6250
https://bynder.virgingalactic.com/m/79e8c34fe3c4d35d/original/Public-Payload-User-Guide_May-2024.pdf
https://bynder.virgingalactic.com/m/79e8c34fe3c4d35d/original/Public-Payload-User-Guide_May-2024.pdf
https://www.geekwire.com/2020/ancient-art-origami-provides-pathway-building-better-tank-rocket-fuel/
https://www.geekwire.com/2020/ancient-art-origami-provides-pathway-building-better-tank-rocket-fuel/
https://www.geekwire.com/2020/ancient-art-origami-provides-pathway-building-better-tank-rocket-fuel/
http://hdl.handle.net/2346/73099
http://hdl.handle.net/2346/73099


2026 NASA Human Lander Challenge (HuLC)                                                    
 
 

[27] Westhoff Larner, K., McPhail, C., & Romero, C. (2022). Optimization of a Deionization Bed 
for an Oxygen Generator Assembly for Exploration Missions. 
https://hdl.handle.net/2346/89605 

[28] Nadeau, M. L., Almengor, A., Muirhead, D., Ott, M., & Callahan, M. (2023). To Biocide or 
not to Biocide? Exploring the “No Biocide” Option in Spacecraft Potable Water Systems. 
https://hdl.handle.net/2346/94664 

[29] Rector, T., Metselaar, C., Peyton, B., Steele, J., Michalek, W., Bowman, E., Wilson, M., 
Gazda, D., & Carter, L. (2014, July 13). An Evaluation of Technology to Remove 
Problematic Organic Compounds from the International Space Station Potable Water. 
International Conference on Environmental Systems (ICES). 
https://ntrs.nasa.gov/citations/20140012507 

[30] Steele, J., Wilson, M., Makinen, J., & Ott, C. M. (2018, July 8). Antimicrobials for Water 
Systems in Manned Spaceflight—Past, Present, and Future Applications and 
Challenges. International Conference On Environmental Systems, Inc. 
https://ntrs.nasa.gov/citations/20180004666 

[31] Rector, T., Peyton, B. M., Steele, J. W., Makinen, J., Bue, G. C., & Campbell, C. (2014, July 
13). Performance of Water Recirculation Loop Maintenance Components for the 
Advanced Spacesuit Water Membrane Evaporator. American Society of Mechanical 
Engineers. https://ntrs.nasa.gov/citations/20140009382 

[32] NASA, “International Space Station Potable Water Dispenser (PWD) Technical 
Specification Guidelines and Baseline Engineering Sizing Briefing Documents,” Internal 
Reference Compilation Materials, 2025. 

[33] Toon, K., & Lovell, R. (2010). International Space Station United States On-orbit Segment 
Potable Water Dispenser On-orbit Functionality vs. Design. Paper presented at the 40th 
International Conference on Environmental Systems, Barcelona, Spain. 
https://doi.org/10.2514/6.2010-6250  

[34] PCEC – Project Cost Estimating Capability—NASA. (n.d.). Retrieved May 26, 2026, from 
https://www.nasa.gov/ocfo/ppc-corner/pcec-project-cost-estimating-capability/ 

 
 
 
 

 
 

21 

https://hdl.handle.net/2346/89605
https://hdl.handle.net/2346/89605
https://hdl.handle.net/2346/94664
https://hdl.handle.net/2346/94664
https://ntrs.nasa.gov/citations/20140012507
https://ntrs.nasa.gov/citations/20140012507
https://ntrs.nasa.gov/citations/20180004666
https://ntrs.nasa.gov/citations/20180004666
https://ntrs.nasa.gov/citations/20140009382
https://doi.org/10.2514/6.2010-6250
https://doi.org/10.2514/6.2010-6250
https://www.nasa.gov/ocfo/ppc-corner/pcec-project-cost-estimating-capability/
https://www.nasa.gov/ocfo/ppc-corner/pcec-project-cost-estimating-capability/


2026 NASA Human Lander Challenge (HuLC)                                                    
 
 

Calculations 
Heating Calculator Results 

 

 
 

Cooling Calculator Results 
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Heating and Cooling Calculator Breakdown
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Decontamination Breakdown 
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Additional computation and software:  
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Disclaimer: all computation and units were done with respect to inches and english units 
 

Preliminary Budget 
 

Table 1: Preliminary Budget for Dispenser Ground Unit. *denotes estimate 

Category Line-Item Description Amount ($) 

Income Grant Funding CaSGC Grant $2,500.00 

 NASA Funding HuLC Phase 2 $9,000.00 

   $11,500.00 

Expenses Non-Personnel Costs   
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 *Bill of Materials Cost of Development $4,504.04 

 Travel: Flights, Hotel, 
Ground Transportation 

Transportation to HuLC Forum for 3 
Team Members 

$5,351.00 

 Contingency Reserve Reserve for unforeseen or unexpected 
expenses 

$1,644.96 

 
System Requirements 

 
Table 2: System Level Requirements 

Req. ID Req. Rationale Parent 
Req. 

Child 
Req. 

Verificati
on 

Method 

Req. 
Met? 

MG-1 Enhance life support 
functionality through 
safer water delivery 
while considering the 
integrated nature of 
ECLSS within future 
exploration 
architectures.  

Mission Goal - All Analysis Met 

PM-1 The system shall 
have targeted use 
within 5 to 8 years, or 
be ready between 
March 1, 2031 and 
March 1, 2034. 

Customer 
Constraint 
(Schedule) 

MG-1 - Analysis Met 

PM-2 The system shall be 
designed for a crew 
of 4 for cislunar, 
lunar, and/or Martian 
environments as 
applicable.  

Customer 
Constraint 

SLS-SP
EC-159 

MR-5.2, 
MR-4 

Analysis Met 

PM-3 The system shall be 
designed for 
deployment on or 
implementation within 
NASA/commercial 
HLS lunar surface or 
Mars transit assets. 

Customer 
Constraint 

MG-1 MR-1, 
MR-3 

Analysis Met 
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PM-4 The budget for the 
system development 
shall not exceed 
$11500 USD. 

System 
Constraint 
(Budget) 

MG-1 - Analysis Met 

MR-1 The system shall 
have minimal barriers 

to NASA adoption 
(e.g., low mass, small 
size, low power, etc.). 

Customer 
Constraint 

MG-1 MR-1.1, 
MR-1.2, 
MR-1.3 

Analysis Met 

MR-1.1 The system shall not 
exceed a total mass 

of 15 kg. 

System 
Constraint 

MR-1 - Analysis, 
Inspection 

In 
Progr
ess 

MR-1.2 The system shall not 
exceed 0.47 m x 0.28 
m x 0.55 m in stowed 

configuration.  

Size of Space 
Shuttle 

Middeck 
Lockers and 

previous 
potable water 

dispensers 
designs. 

MR-1 - Analysis, 
Inspection 

In 
Progr
ess 

MR-1.3 During operation, the 
system shall receive 
no more than 28 Vdc 

of power. 

Power draw 
from 

EXPRESS 
Rack 6 of 

current ISS 
Potable Water 

Dispenser 

MR-1 - Analysis, 
Test 

In 
Progr
ess 

MR-2 The system shall add 
no additional risks 

posed to crew. 

Customer 
Constraint 

MG-1 MR-2.1 Analysis Met 

MR-2.1 The system’s 
microbial water 

quality limit shall be 
less than or equal to 

50 CFU/mL for 
potable water.7,8 

System 
Constraint 

MR-2 - Test Not 
Met 

MR-3 The system shall 
have the ability to 

survive launch loads. 

Customer 
Constraint 

MG-1 - Analysis, 
Test 

In 
Progr
ess 

MR-4 The system must 
have a mission 

Customer 
Constraint 

MG-1 - Analysis Met 
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operational life of 
30-days for lunar 

surface missions, or 
1200-days for Mars 

missions 

MR-5 The system shall be 
able to safely and 
efficiently deliver 

temperature-controlle
d water for 

astronauts’ food and 
beverage needs, 

emphasizing 
ergonomics and 
throughput while 

minimizing waste and 
cleaning 

requirements. 

Customer 
Constraint 

MG-1 MR-5.1, 
MR-5.2 

Test Not 
Met 

MR-5.1 Water shall be 
dispensed at 25 mL 

increments.7,8 

On the ISS, 
water is 
dispensed in 
fixed 
increments to 
properly 
hydrate food 
and beverages 
without 
overflow, while 
aligning with 
preparation 
instructions 
and meal 
schedule 
constraints. 

MR-5, 
NASA-
STD-30

01 

- Test Not 
Met 

MR-5.2 For hydration, the 
dispenser shall 

provide a minimum of 
2.5 L (84.5 fl oz) per 

crewmember per 
day.7,8 

System 
Constraint 

MR-5, 
NASA-
STD-30

01 

- Test Not 
Met 

MR-6 The system shall be 
able to withstand 

environmental effects 
such as corrosion. 

System 
Constraint 

MG-1 - Inspection Not 
Met 
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Subsystem Requirements 

 
Table 3: Thermal Subsystem Requirements 

Req. ID Req. Rationale Parent 
Req. 

Child 
Req. 

Verificati
on 

Method 

Req. 
Met? 

TH-1 The heater shall 
provide hot water at a 

temperature range 
between 68°C 

(155°F) and 79°C 
(175°F). 

Subsystem 
Constraint 

MR-5.2, 
NASA-
STD-30

01 

- Analysis, 
Test 

In 
Progr
ess 

TH-2 The evaporator shall 
provide cold water at 
a temperature of at 
least 16°C (60°F). 

Subsystem 
Constraint 

MR-5.2, 
NASA-
STD-30

01  

- Analysis, 
Test 

In 
Progr
ess 

TH-3 The evaporator and 
heater shall be 

capable of producing 
nominal/ambient 

water at a 
temperature between 

18°C (64°F) and 
27°C (81°F).   

Subsystem 
Constraint 

MR-5.2, 
NASA-
STD-30

01  

- Analysis, 
Test 

In 
Progr
ess 

TH-4 The system shall be 
capable of monitoring 

and responding to 
temperature of the 

water at critical points 
throughout the pipe 

circuit. 

Critical points 
that need 

temperature 
measurements 
are evaporator 

and heater 
inlets/outlets. 

MR-5 - Analysis, 
Test 

In 
Progr
ess 

 
Table 4: Electrical Subsystem Requirements 

Req. ID Req. Rationale Parent 
Req. 

Child 
Req. 

Verificati
on 

Method 

Req. 
Met? 

EE-1 The system shall 
receive power from 
ISS EXPRESS Rack 
6. 

Subsystem 
Constraint 

MR-1.3 - Analysis Met 
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Table 5: Structural Subsystem Requirements 

Req. ID Req. Rationale Parent 
Req. 

Child 
Req. 

Verificati
on 

Method 

Req. 
Met? 

SC-1  The system will 
incorporate check 
valves to prevent 
backflow and ensure 
one-way transport of 
water. 

Previous 
potable water 

systems 
incorporated 
check valves 

to prevent 
backflow and 

potential 
leakage. 

MR-2 - Analysis Met 

SC-2 The system shall be 
capable of monitoring 
and responding to the 
pressure of the water 
at critical points 
throughout the pipe 
circuit. 

Critical points 
that need 
pressure 

measurement
s are the 

inlets/outlets 
of the heater 

and 
evaporator, as 

well as the 
dispenser 

inlet. 

MR-5 - Analysis Met 

SC-3 The system will 
incorporate a 
temperature switch to 
ensure the 
designated water 
temperature is met.  

Previous PWD 
iterations have 

utilized 
temperature 
switches to 
dispense 

potable water 
at desired 

temperatures.   

MR-5 - Analysis Met 

SC-4 System components 
that require 
replacement will have 
quick disconnects 
(QD) for easy 
maintenance and 
access.  

Allows for 
easy access, 
replacements, 

and 
maintenance 

for vital 
components.  

MR-5 - Analysis Met 

SC-5 The system shall 
minimize pressure 

Previous PWD 
iterations had 

MR-5 - Analysis, 
Test 

In 
Progr
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losses to prevent 
reductions in potable 
water flow rate and to 
ensure accurate 
dispensing. 

complications 
with pressure 

dropping. 
Resulted in 
inaccurate 
dispense 
volumes. 

ess 

 
Table 6: Decontamination Subsystem Requirements 

Req. ID Req. Rationale Parent 
Req. 

Child 
Req. 

Verificati
on 

Method 

Req. 
Met? 

DC-1 The system shall 
include deiodination 

and microbial filters to 
ensure the water 
quality limit is less 
than or equal to 50 

CFU/mL. 

Subsystem 
Constraint 

MR-2.1, 
MR-5 

- Analysis, 
Test 

In 
Progr
ess 

DC-2 The system shall be 
capable of replacing 

the filters. 

Subsystem 
Constraint 

MR-5 - Analysis Met 

 
Gantt Chart 

 
Note: X denotes completed task and O denotes in-progress task. 
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