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The NASA Advanced Exploration System (AES) program is currently developing 

technologies and system architectures for future manned missions. Though no mission has 

been formally identified or funded, the missions currently being assessed includes a cis-

Lunar program that would serve as a prelude to a Mars mission in the 2030s. Both a cis-

Lunar and Mars program would involve an operational system that would be placed in an 

extended untended configuration, commonly referred to as dormancy. This period of 

dormancy could last for up to one year depending on the specific mission, and as such must 

be properly prepared for to insure viable system operation upon crew return. This paper 

summarizes the critical issues for each region of the water system and provides the analysis 

as a basis for a system design that will address dormancy.   

Nomenclature 

ARFTA = Advanced Recycle Filter Tank Assembly 

ASU = Russian Urinal 

ACTEX = Activated Carbon and Ion Exchange Cartridge 

CCAA = Common Cabin Air Assembly 

CDRA = Carbon Dioxide Removal Assembly 

DA = Distillation Assembly 

EDV = Russian water container 

ISS = International Space Station 

OGS = Oxygen Generation System 

ORU = Orbital Replacement Unit 

PWD = Potable Water Dispenser 

TOC = Total Organic Carbon 

UPA = Urine Processor Assembly 

UWMS = Universal Waste Management System 

WHC = Waste & Hygiene Compartment 

WPA = Water Processor Assembly 

WRM = Water Recovery and Management 

WRS = Water Recovery System 

I. Introduction 

ormancy has been identified as a critical issue for future NASA manned missions due to concerns of microbial 

growth or chemical degradation that would prevent water systems from operating properly once crew returned 

to the vehicle. The mission requirement includes the capability for life support systems to support crew activity for 

at least one year, followed by a dormant period of up to one year, and subsequently for the life support systems to 

come back online for an additional crewed mission of up to one year.  As such, it is critical that the water systems be 
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designed to accommodate this dormant period.  To support this capability, this report will identify dormancy issues 

and develop architecture and operational concepts that will support the proper function of water systems before and 

after an extended period of dormancy. The system architecture and operational concepts must also take into account 

thermal expansion of locked volumes during dormancy, when moderate increases in temperature can have a 

significant impact on system pressure. 

 An end-to-end assessment of the water recovery and management system has been performed. This assessment 

will begin from the point at which water is initially collected in the urinal and condensing heat exchangesr to the use 

points for crew consumption or oxygen generation.  Figure 1 provides a simplified schematic of the water system.   

The following assumptions were defined for the initial assessment:  

1. The mission will be comprised of 4 crew  

2. The baseline water recovery system design is the current system in use on the International Space Station 

(ISS). However, considerations must be made for credible modifications to the baseline system.  

3. The sources of wastewater include pretreated urine, humidity condensate collected by the Condensing Heat 

Exchanger, and Sabatier product water.  

4. Urine will be pretreated with chromium trioxide and phosphoric acid. 

5. Power will be available during the dormant period to operate systems.  

6. The habitable volume for the vehicle is roughly equivalent to the ISS Laboratory Module and Node 1 

7. This assessment will be limited to the water system.  The air revitalization system will be discussed only to 

the extent that the water system interacts with it. 

8. Silver will be used as the biocide in the potable water. 

9. Atmospheric pressure inside the vehicle during use is 0.95 atm (13.9 psia) minimum.  Pressure during 

dormancy is unknown but it will be maintained at a sufficient level to insure water does not freeze. 

10. Atmospheric temperature will be maintained above the freezing point of water. 

 

Figure 1. Water Recovery and Management Architecture for the ISS US Segment 

II. System Description 

The ISS Water Recovery and Management (WRM) System provides the capability to receive the wastewater on 

ISS (crew urine, humidity condensate, and Sabatier product water), process the wastewater to potable standards via 

the Water Recovery System (WRS), and distribute potable water to users on the potable bus.  A simplified 
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schematic of the system is provided in Figure 1. The wastewater bus receives humidity condensate from the 

Common Cabin Air Assemblies (CCAAs) on ISS, which condenses water vapor and other condensable 

contaminants and delivers the condensate to the bus via a water separator.  In addition, wastewater is also received 

from the Carbon Dioxide Reduction System.  This hardware uses Sabatier technology to produce water from carbon 

dioxide (from the Carbon Dioxide Removal Assembly (CDRA)) and hydrogen (from the electrolysis process in the 

Oxygen Generation System).  Wastewater is typically delivered to the WPA Waste Tank, though the Condensate 

Tank located in the US Laboratory Module is available in the event the WPA Waste Tank is disconnected from the 

waste bus.  For a Mars mission, the anticipated approach is to maintain a similar storage volume to accept 

wastewater for contingency situations with the capability to subsequently return this wastewater to the WPA waste 

tank for processing. 

Crew urine is collected in the Waste & Hygiene Compartment (WHC), which includes a Russian Urinal (referred 

to as the ASU) integrated for operation in the US Segment.  To maintain chemical and microbial control of the urine 

and hardware, the urine is treated with chemicals and flush water.  An alternate urinal known as the Universal Waste 

Management System (UWMS) is also now in development by United Technologies Aerospace Systems (UTAS) for 

use on both ISS and Orion.  This urinal would provide the same function as the WHC/ASU urinal, including 

collection and pretreatment of crew urine.  Flush water is received from the potable bus and used to carry the 

pretreatment chemicals into the urine. The WHC/ASU uses a dose pump to pump the required dose (50 ml) of flush 

water from a Russian water storage bag (known as an EDV) that is periodically filled from the potable bus.  The 

UWMS design is planning to accept only the nominal dose volume of 50 ml from the potable bus for each urine 

micturition, meaning there is no intermediate tank. Pretreatment of the urine involves the addition of chemicals to 

oxidize the urine and reduce the pH, which is necessary to prevent microbial growth and the decomposition of urea 

to ammonia, while also increasing the solubility limit of the solution to allow distillation without precipitation. The 

original pretreatment chemicals on ISS included chromium trioxide and sulfuric acid. However, the sulfuric acid 

precipitated in the UPA distillation process with the elevated calcium from crew urine.  As a result, the pretreatment 

was modified by replacing sulfuric acid with phosphoric acid. This pretreatment is commonly referred to as the 

alternate pretreatment or the phosphate-based pretreatment. The pretreated urine collected by either the WHC/ASU 

or the UWMS is delivered to the Urine Processor Assembly (UPA) for processing.     

The UPA is designed to process a nominal load of 9 kg/day (19.8 lbs/day) of pretreated urine.  This is the 

equivalent of a 6-crew load on ISS and therefore is sufficient to accommodate a crew of 4 for the proposed Mars 

mission. A schematic of the UPA is provided as Figure 2. The pretreated urine delivered to the UPA is initially 

stored in the Wastewater Storage Tank Assembly (WSTA).  When a sufficient quantity of feed (8.4 L on ISS) has 

been collected in the WSTA, a process cycle is automatically initiated.  The Fluids Control and Pump Assembly 

(FCPA) is a four-tube peristaltic pump that moves urine from the WSTA into the Distillation Assembly (DA), 

recycles the concentrated waste from the DA into the Advanced Recycle Filter Tank Assembly (ARFTA) and back 

to the DA, and pumps product distillate from the DA to the wastewater interface with the WPA.  The DA consists of 

a rotating centrifuge where the pretreated urine is evaporated at low pressure.  The water vapor is compressed and 

subsequently condensed on the opposite side of the evaporator surface to conserve latent energy.  A rotary lobe 

compressor provides the driving force for the evaporation and compression of water vapor.  Waste brine resulting 

from the distillation process is stored in the ARFTA, which has an operational capacity of approximately 22 L.  

When the brine is concentrated to the required limit, the ARFTA is drained and refilled with pretreated urine, which 

allows the process to repeat.  The capability to fill and drain the ARFTA on ISS avoids the costly resupply penalty 

associated with launching an empty brine tank.  The Pressure Control and Pump Assembly (PCPA) is another 

peristaltic pump which provides for the removal of non-condensable gases and water vapor from the DA.  Liquid 

cooling of the pump housing promotes condensation, thus reducing the required volumetric capacity of the 

peristaltic pump.  Gases and condensed water are pumped to the Separator Plumbing Assembly (SPA), which 

recovers and returns water from the purge gases to the product water stream.  
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Figure 2. Simplified Schematic of the Urine Processor Assembly 

 

The distillate produced by the UPA is pumped directly to the WPA Waste Water Tank, where it is combined 

with the humidity condensate from the cabin and Sabatier product water to be further processed by the WPA. The 

WPA schematic is provided in Figure 3. This wastewater is temporarily stored in the Waste Water Tank Orbital 

Replacement Unit (ORU).  The Waste Water Tank includes a bellows that maintains a pressure of approximately 5.2 

– 15.5 kPa (0.75 to 2.25 psig) over the tank cycle, which serves to push water and gas into the Mostly Liquid 

Separator (MLS).  Gas is removed from the wastewater by the MLS (part of the Pump/Separator ORU), and passes 

through the Separator Filter ORU where odor-causing contaminants are removed from entrained air before returning 

the air to the cabin.  Next, the water is pumped through the Particulate Filter ORU followed by two Multifiltration 

(MF) Beds where inorganic and non-volatile organic contaminants are removed.  Once breakthrough of the first bed 

is detected, the second bed is relocated into the first bed position, and a new second bed is installed.  The Sensor 

ORU located between the two MF beds helps to determine when the first bed is saturated based on conductivity.  

Following the MF Beds, the process water stream enters the Catalytic Reactor ORU, where low molecular weight 

organics not removed by the adsorption process are oxidized in the presence of oxygen, elevated temperature, and a 

catalyst.  A regenerative heat exchanger recovers heat from the catalytic reactor effluent water to make this process 

more efficient.  The Gas Separator ORU removes excess oxygen and gaseous oxidation by-products from the 

process water and returns it to the cabin.  The Reactor Health Sensor ORU monitors the conductivity of the reactor 

effluent as an indication of whether the organic load coming into the reactor is within the reactor’s oxidative 

capacity.  Finally, the Ion Exchange Bed ORU removes dissolved products of oxidation and adds iodine for residual 

microbial control.  The water is subsequently stored in the Water Storage Tank prior to delivery to the ISS potable 

water bus.  The Water Delivery ORU contains a pump and small accumulator tank to deliver potable water on 

demand to users.  The WPA is controlled by a firmware controller that provides the command control, excitation, 

monitoring, and data downlink for WPA sensors and effectors.  
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Figure 3. Simplified Schematic of the Water Processor Assembly 

 

After the wastewater is processed by the WRS, it is delivered to the potable bus.  The potable bus is maintained 

at a pressure of approximately 230 to 280 kPa (19 to 26.5 psig) so that water is available on demand from the 

various users.  Users of potable water on the bus include the Oxygen Generation System (OGS), the WHC (for flush 

water), the Potable Water Dispenser (PWD) for crew consumption, and Payloads.   

The PWD provides the capability to deliver ambient or hot water to the crew.  The PWD schematic is provided 

as Figure 4. This schematic includes an ACTEX (Activated Carbon and Ion Exchange) filter, referred to as a 

deiodination filter in the schematic. The ACTEX includes adsorbent and ion exchange resin to remove iodine (the 

biocide for potable water) and iodide from the potable water because of potential health effects the the crew.  Since 

iodine will be replaced with silver as the biocide for future missions, the PWD will not require an ACTEX.  

Potable water is provided to WHC for use as flush water. This interface also includes an ACTEX on ISS that is 

used to remove iodine. However, this is only because the Russian components in their urinal are not certified for 

iodine compatibility, therefore this ACTEX will not be necessary for future missions. However, the OGS interface 

(see Figure 5) will still require the DI Bed currently used for iodine/iodide removal, since the silver will also have to 

be removed from the OGS feed water to prevent damage to the cell stack.  The other potential modification to the 

OGS interface is the line currently used on ISS to divert water to the wastewater bus.  The need for this capability is 

currently under review and may be eliminated to simplify the OGS schematic.  

The ISS waste and potable distribution buses were designed to collect wastewater throughout ISS and deliver it 

to the WPA (waste bus), and deliver potable water to various end points. Though philosophically sound, this 

approach resulted in the design and implementation of multiple dead legs on ISS. For future missions, especially 

those that require dormancy, distribution plumbing should have minimal length and no deadlegs to eliminate the 

potential for microbial growth in stagnant plumbing. 
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Figure 4. Simplified Schematic of the Potable Water Dispenser 

 

 

 

 
Figure 5. Simplified Schematic of the Oxygen Generation Assembly 
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III. Discussion 

Each section of the water system has unique challenges related to dormancy. This analysis was performed by 

evaluating viable means to prepare each section for dormancy while also considering how the various methods 

would be integrated into a cohesive procedure. The water system can be divided into the following primary regions 

for the purpose of this assessment.  

A. Untreated Urine 

B. Pretreated Urine and Brine 

C. Urine Distillate 

D. Humidity Condensate 

E. WPA Waste Water 

F. WPA Process Water 

G. WPA Reject Line 

H. WPA Potable Water Lines and Product Tank 

I. Potable Distribution Bus 

J. Potable Water Dispenser 

K. Oxygen Generation System 

L. Waste & Hygiene Compartment 

M. TOC Analyzer 

A. Untreated Urine 

Untreated Urine will produce microbial growth relatively quickly in plumbing line or tanks. Though urine is 

sterile in the body, the organic content provides nutrients for bacterial and fungal growth once the urine is exposed 

to the ISS environment. To maintain microbial and chemical control, pretreatment chemicals are added to the urine 

as it is collected. These chemicals include chromium trioxide and phosphoric acid.  The chromium trioxide functions 

as an oxidant, which is essential for preventing fungal growth. The inorganic acid is used to reduce the pH, which 

also inhibits microbial growth but primarily is used to increase the solubility limit as the pretreated urine is 

concentrated into a brine in the UPA. Since the pretreatment chemicals cannot be added at the same location as the 

urine, there is a short plumbing line that transfers the untreated urine to the section where the pretreatment chemicals 

are added. This line is replaced monthly on ISS, and the same approach would be followed for exploration missions 

in preparation for dormancy. Once the crew occupies the vehicle following dormancy, a new plumbing line would 

be installed for urine collection. Therefore, no concerns exist related to the plumbing that contains untreated urine.   

B. Pretreated Urine and Brine 

As stated, urine collected on ISS was initially pretreated with chromium trioxide and sulfuric acid to provide 

microbial and chemical control. When concentrated by the UPA during the distillation process, the sulfate (from the 

sulfuric acid) can precipitate with calcium from the urine to form calcium sulfate (gypsum). To allow 85% recovery 

of the pretreated urine, an alternate pretreatment has replaced sulfuric acid with phosphoric acid.  Long term testing 

of the alternate pretreatment determined it provided microbial control that was consistent with that provided by the 

baseline pretreatment (add reference to test report). Given the current success of the alternate pretreatment on ISS, 

only chromium trioxide and phosphoric acid will be considered in this assessment.  

The urine is pretreated on ISS specifically to insure long-term microbial and chemical stability.  An aggressive 

approach toward microbial control is required due to the high concentration of organics in urine. These organics 

provide significant nutrients for microbial growth. Experience on ISS with the baseline (chromium trioxide and 

sulfuric acid) and alternate (chromium trioxide and phosphoric acid) pretreatment has shown effective microbial 

control.  Ground tests of both the baseline and alternate pretreated urine has also shown the pretreatment maintains 

microbial control for up to 12 months when stored in EDVs, and it is expected this stability would also apply to 

tubing and bellows tanks (such as the WSTA and the ARFTA). Pretreated urine is typically not maintained stagnant 

on ISS for more than a few months (when recovering from failed hardware) except when stored in EDVs. The 

empirical data from ISS also indicates effective microbial control is maintained as long as the urine is properly 

pretreated. With that said, ground experience has also shown that microbial growth is more likely to occur in 

stagnant pretreated urine. These conditions can be exacerbated when the pretreated urine is exposed to air, which is 

the case in the urinal’s phase separator and in the UPA’s Distillation Assembly. Ground experience has shown that 

fungal growth will eventually occur at the air/liquid interface, even with urine pretreated with the chromium trioxide 
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and inorganic acid. On ISS, there have been instances in which microbial activity has impacted the performance of 

the WHC urinal and the UPA, though only when the urine was not properly pretreated. However, even when the 

urine has been properly pretreated, samples have shown viable microbial population1. The viable organisms tend to 

be fungal species, which have been proven to be more adaptable than bacteria in the acidic and oxidative 

environment established by the pretreatment. Despite the presence of these fungal species in the pretreated urine, no 

issues have occurred in which the microbial population has flourished to the point that it has impacted UPA 

operations. However, it would be expected for microbial growth to become established during dormancy, 

specifically at locations in which there is a gas/liquid interface. The areas of primary concern includes the WHC’s 

urine separator, the waste storage tank (where free gas cannot be easily removed), and the Distillation Assembly.  

To better quantify the risk of microbial growth under these conditions, a test program was executed at MSFC in 

which pretreated urine and a mixture of pretreated water and urine were stored for 12 months in various tanks. A 

parametric test was established to evaluate how microbial control was impacted by a gas/liquid interface as well as 

the effect of ambient pressure versus vacuum pressure1.  

The other issue with long term storage of pretreated urine is the formation of solids, either due to suspended 

solids inherent in the fluid or chemical precipitation. Chemical precipitation has occurred when calcium sulfate was 

concentrated beyond its solubility limit, and is also a risk during storage if the chemistry shifts such that the 

solubility limit is impacted. This would primarily be a concern due to a shift in the fluid pH. The other effect 

observed in ground and flight operations is related to suspended solids settling out of the fluid. This effect has not 

yet impacted operations of the UPA but is known to be more prevalent with the phosphate-based alternate 

pretreatment as opposed to the sulfate-based baseline pretreatment. Since the solids will tend to collect on the walls 

and surfaces of the various tanks and tubing, the system design must take into account this phenomena to insure it 

doesn’t not affect system operation after dormancy. The primary concern would be sealing surfaces of solenoid 

valves that might not function properly if coated with suspended solids. The desired solution would be to insure all 

valves are closed during dormancy to prevent the accumulation of solids on the mating surfaces. However, this may 

create issues with thermal expansion due to the locked volumes generated with various closed valves.   

There are several options for handling this section of the WRM during dormancy.  The first option is to leave the 

pretreated urine in the plumbing without any off-nominal effort by the crew or systems design. This approach 

assumes the brine tank is emptied and refilled with fresh pretreated urine, and one UPA process cycle is completed 

to dilute the brine with pretreated urine and therefore minimize the potential for chemical precipitation during the 

dormant period. This approach would also assume the phase separator in the urinal would be replaced after 

dormancy, given the likelihood that microbial growth would be established in this hardware during dormancy. The 

UPA Distillation Assembly would also be at risk given the two-phase condition in this hardware, though it would be 

undesirable to replace this item after dormancy due to the size of the hardware. This option is not desirable but must 

be considered if sufficient confidence cannot be achieved through the development of other approaches. The 

recommended option would be to flush this section of the plumbing with water that has also been pretreated with 

chromium trioxide and phosphoric acid.  This would be accomplished by flushing potable water down the urinal, 

either manually by the crew or by incorporating plumbing to support this capability. The water would be pretreated 

by the same process employed for pretreating the urine, though at a lower concentration to prevent the water from 

being too acidic or corrosive. Pretreated water would be used to fill the brine tank, followed by a process cycle to 

flush the brine loop. This procedure would require more effort by the crew, but would reduce the potential for 

chemical precipitation and microbial growth. To implement this option, the primary consideration is the quantity of 

flushing required to achieve sufficient microbial control for the dormant period.  Simply diluting the pretreated urine 

is unlikely to be effective in the long term for the urine separator, since there will be sufficient organics available to 

allow microbial growth at the air/water interface. Similarly, the UPA Distillation Assembly will also need to be 

thoroughly flushed with pretreated water to insure microbial control during dormancy.  This process is further 

complicated by the fact that the UPA Waste Tank (WSTA) includes an ullage volume of approximately 5.1 L that 

will required multiple flush cycles to achieve the desired cleanliness level.  A modified tank design that reduces the 

ullage volume may be desirable, or the development of an operational scenario that provides a more efficient 

approach toward flushing the ullage volume.  

Another consideration associated with flushing the pretreated urine/brine loop is related to concentrating the 

brine loop. As the pretreated water is concentrated, the concentration of chromium trioxide and phosphoric acid in 

the brine loop will increase, potentially creating a corrosive solution. This aspect of this proposed approach for 

dormancy must be further analyzed and likely tested to more clearly understand the risks associated with corrosion 

during dormancy.  

Another operational consideration that must be addressed related to this option is the fact that the crew must 

continue to have a location for urination during the activities required to prepare the vehicle for dormancy. It is 



 

International Conference on Environmental Systems 
 

 

9 

anticipated they will have access to the descent vehicle, or possible a temporary system can be used for urine 

collection during this transition phase. This issue becomes more significant if the activities take multiple days, and 

therefore the specific dormancy plan should minimize the duration and complexity associated with putting the 

systems in a dormant state.  

Since there was insufficient empirical data to determine if pretreated urine or a partial flush would maintain 

microbial and chemical control during a dormant period, a parametric test program was conducted to evaluate the 

effectiveness of each aproach. This test program assessed pretreated urine versus a 50/50 urine/water mixture, and 

also evaluated the role of system pressure.  The UPA Distillation Assembly is typically maintained at a vacuum 

pressure of 20 to 45 torr during Standby, which could be maintained during the dormant period.  This would require 

the UPA to be powered throughout dormancy, however, so it is preferred to maintain the system at vacuum pressure.  

In addition, a test at ambient pressure is more representative of the conditions in the urinal’s phase separator, which 

is another critical component to be evaluated. 

The results of this test effort have been documented previously1. The primary observation was that biological 

growth could form in any of these solutions (pretreated urine or the 50/50 mixture) or conditions (ambient or 

vacuum pressure). Furthermore, enough biomass could form to obstruct the internal pickup tubes with the DA and 

therefore impact operation of the DA after dormancy. As a result, the preferred approach is to flush the plumbing 

(starting at the urinal) with pretreated water. This would preferably be achieved by flowing water directly from the 

potable bus to the urinal while adding the required pretreatment chemicals. This approach may also be required to 

address microbial concerns with the distillate produced by the DA, which is addressed further in the next section. 

The most significant challenge with this approach is the volume of pretreated water required to achieve a solution 

that eliminates the risk of significant microbial growth. This issue is exacerbated by the ullage volumes in the UPA 

waste tank and the brine tank.  

C. Urine Distillate and Humidity Condensate 

The individual waste streams (urine distillate and humidity condensate) have unique issues because they each 

have established microbial growth, organic nutrients to support the establishment of a biofilm during dormancy, no 

biocide to control microbial growth, and no current means to add biocide or flush the system. The condensate 

collection system in the Russian segment has clogged on two occasions due to growth of a fungal mass. The US 

systems have also experienced the effect of biomass after 12 years of operation on ISS for the wastewater bus and 8 

years of operation for the urine distillate plumbing. Flex hoses and filters in the UPA distillate plumbing have been 

returned to ground for analysis. This analysis has identified significant biomass, though no failures have occurred at 

this point. However, to prepare for that contingency, spare flex hoses are being maintained on ISS in the event the 

installed hose is occluded with biofilm. The primary impact from biofilm has been with the WPA waste water tank, 

which collects condensate and urine distillate for subsequent processing. After approximately 3 years of operation, 

biomass from this tank accumulated in a downstream solenoid valve to the point that the associated ORU 

(Pump/Separator ORU) had to be replaced. This issue has been addressed to the extent possible with a filter 

downstream of the waste tank (requires annual replacement), an iodinated flush of the plumbing that includes this 

valve at the end of each process cycle, and constraints on tank operation to minimize the accumulation and release 

of biomass. A 12 month dormancy period will only exacerbate this issue, requiring preventive measures to insure the 

operation of the water system. Note that NASA personnel are currently developing coatings and/or biofilm 

inhibitors that may reduce biofilm accumulation in tubing and tanks. Since no significant progress has yet to be 

made in this area, this analysis will not assume any benefit from anti-microbial coatings and inhibitors. However, 

progress in this area may significantly reduce the risk associated with biomass in the wastewater portion of the water 

system.  

One option for dormancy is to leave these waste lines stagnant, anticipating that the biomass formation does not 

prevent system operation once the crew returns, or that the crew can recover the system by replacing plumbing that 

is occluded. Given the likelihood that significant biofilm growth occurs during dormancy, and the importance of 

quickly bringing the water system online after crew return, this option is not viable. However, it may be viable to 

replace the plumbing after dormancy, though the system architecture would have to be designed specifically for this 

scenario. Given the design implications of that approach coupled with the upmass required for spare plumbing, this 

option also does not appear acceptable.  

The remaining options are to flush the lines with cleaner water such that biofilm growth is minimized to an 

acceptable level, add a biocide to maintain some level of microbial control during dormancy, or to continually flow 

water through the plumbing throughout the dormant period. This last option could be accomplished in multiple 

configurations. For example, water could be evaporated in the air and continuously collected by the CHX and 

flushed through the wastewater bus.  If this concept presents too much system complexity, water could be plumbed 
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from the potable bus to the inlet of the CHX’s phase separator, allowing the CHX to remain dry during dormancy. 

For this option to be viable, the system must be designed such that there are no dead legs in the wastewater bus. The 

obvious drawback to this approach is that the systems would have to periodically operate during dormancy.  If a 

hardware failure occurs without crew available to repair the system, the functionality of the system once the crew 

returns could be seriously compromised. Because of this risk, this option is not considered viable. Given the 

alternatives, the preferred option is to flush the lines with clean water that contains a biocide. The flush will reduce 

the nutrients that would be used by the microorganisms to form biofilm, and the biocide will mitigate microbial 

activity to an acceptable level. Development of a biocide for this application has been initiated at NASA though 

significant work remains to identify a viable candidate.  

Urine distillate presents the more challenging issue because it is generated in the condenser of the Distillation 

Assembly. This location provides limited access for introducing a biocide or flushing with water. Also, the 

condenser is a two-phase fluid region, which introduces a greater opportunity for microbial growth. Similarly, the 

plumbing that is used by the purge pump to maintain the system vacuum is another two-phase region, from the 

purge pump to the phase separator. The recommended approach is to add a biocide at the Quick Disconnect 

currently located on the Distillation Assembly with access to the condenser. This aspect will be performed in 

conjunction with flushing the pretreated urine/brine plumbing with pretreated water. The distillate produced during 

this process will be relatively clean based on ground tests, providing a flush of the nominal distillate. As this process 

is being completed, the biocide should be metered into the condensate from a reservoir connected to the Distillation 

Assembly condenser Quick Disconnect. Sufficient biocide must be available to add the required biocide level to the 

distillate in the condenser and the plumbing that runs from the UPA to the WPA waste tank. It is also critical that the 

UPA process be stopped before the biocide is depleted so that the biocide is not flushed out of the condenser. 

Additional options to be considered include modifying the design of the DA and the purge pump to allow the 

condenser to be pumped dry in preparation for dormancy, or introducing an airborne disinfectant (e.g., ozone) that 

would disinfect the system for dormancy. However, these approaches introduce significant complexity and/or create 

issues with bringing the system back online after dormancy.    

Humidity condensate has a similar issue as it is formed on the coating of the Condensing Heat Exchanger 

(CHX), and then transferred as two phase flow to the phase separator.  The ISS CHX is dried every 28 days to 

prevent the establishment of microbial growth on the coating.  This is accomplished by simply raising the coolant 

temperature above the dew point. However, a regular dry-out of the CHX to maintain microbial control is not 

considered acceptable for future missions, and as such efforts are currently ongoing to develop a CHX that can be 

continuously wetted.  During dormancy, it is anticipated that the CHX would be dried to mitigate issues with 

microbial growth. Therefore, the air/liquid interface would be in the water separator. If the condensate is left 

stagnant for an extended dormancy period of one year, it is likely that microbial biofilm would grow to the point that 

the solid biomass would impact hardware functionality.  Therefore, operational controls must be implemented 

similar to those proposed for the urine distillate. A biocide reservoir must be added to the air/water separator to 

facilitate the addition of a biocide to the separator. Unlike the UPA though, there is not a viable way to collect clean 

water at this location. Instead, potable water from the WPA must be plumbed to the inlet of each air/water separator 

to flush the condensate out of the lines in preparation for dormancy. Similar to the urine distillate concept, sufficient 

biocide must be added to establish the required concentration from the separator to the WPA waste water tank, and 

the system flush must be stopped before the biocide is flushed out of the separator.  

A final issue related to humidity condensate is the potential need during dormancy to operate the CHX.  If the 

humidity levels in the cabin increase due to evaporation of water from the vehicle infrastructure, the CHX may be 

required to operate for a brief amount of time.  If this is a credible scenario, any solution must be able to 

accommodate periodic operation of the CHX. This may require additional flushing of the separator with potable 

water, as well as the addition of biocide. To protect for this contingency, sufficient product water must be 

maintained in the WPA storage tank, as well as enough biocide in the reservoir that feeds the water separators.     

D. Water Processor Assembly (WPA) Waste Water 

The WPA Waste Water tank is a specific problem because this tank currently employs a bellows tank on ISS that is 

known to harbor a significant fungal mass. This fungal mass accumulates in the waste tank due to the low liquid 

velocity in the tank associated with input from the UPA, the CCAAs, and the Sabatier or with the output to the WPA 

treatment process. WPA engineering personnel have observed that the biomass tends to accumulate to the bellows 

over time. During initial operations on ISS, the waste tank was not consistently filled and emptied, allowing the 

fungal mass to accumulate on the bellows and resulting in the significant release of biomass when the tank was filled 

(compressing the bellows) and emptied. This biomass can impact downstream components, therefore a filter was 
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added to remove the bulk of the biomass. For future system design, it is critical that components in the wastewater 

lines have sufficient clearance to accommodate the periodic passage of biomass through the plumbing.  

Furthermore, an ullage volume is inherent in the design of a bellows tank, thus the tank can never be actually 

emptied. This is obviously an issue for dormancy, since a significant fungal mass would be expected to grow in the 

waste tank during a 12-month stagnant period. Though it would be beneficial to simply replace the tank after 

dormancy, the mass and volume of the waste tank make this option not viable.  A more credible option for 

addressing this issue is to use a biocide in the wastewater for preventing growth of a biomass.  This would likely 

have to be implemented for the duration of the mission, not just for the dormancy option, since introduction of a 

biocide to a tank with established biomass would likely result in the release of a significant quantity of biomass.  

Another option is to flush the tank with clean water multiple times to reduce the organic levels such that no 

significant biological growth can occur during dormancy.  Another operational solution is to regularly flow water 

through the system during dormancy, either by introducing water vapor to the cabin and operating the condensing 

heat exchanger, or by circulating water from the potable bus to the waste bus, and then processing the water through 

the WPA. Finally, a design solution is to replace the bellows tank with a bladder concept, such that the tank could be 

completely emptied prior to dormancy. This would reduce microbial growth by eliminating the bellows, though 

biofilm would still likely be present along the bladder surface.  This would also require a system design modification 

to transfer wastewater from the waste tank, which currently uses the spring force of the bellows to push fluid 

downstream.   

Wastewater from the waste tank is further processed by a phase separator (to remove residual free gas) and then 

pumped by a gear pump to a particulate filter.  This section of the WPA will take advantage of the process employed 

to protect the waste tank (addition of a biocide or periodic flushing with product water).  Note that the phase 

separator will maintain a gas/liquid phase during dormancy, therefore this item is also more likely to grow a 

microbial biofilm during the dormant period. To insure a biomass does not accumulate in the separator during 

dormancy, this component must be flushed with product water at the onset of dormancy.  

E. WPA Process Water 

This region is a small section from the effluent of the particulate filter to the inlet of the Catalytic Reactor.  

Though the WPA process water has an established microbial population, the particulate filter has removed all solids 

greater than 0.5 microns and organic contaminants have been reduced somewhat by the first Multifiltration Bed. 

Therefore, the potential for biofilm growth has been reduced compared to the wastewater. However, there will still 

be a sufficient microbial population coupled with the organic content of the wastewater to support growth of 

biofilm. Specifically, the MF Beds will likely grow a microbial biofilm during stagnation, given the organics that 

will be present on both the adsorbent and the ion exchange resin.  Periodic operation of the WPA (especially if clean 

water is used) would reduce the risk, though the preferred solution may be to install fresh MF Beds after each 

dormant period. This would require that the MF Beds be designed to last for the duration of the crewed mission, to 

minimize wasted resupply mass due to replacement of MF Beds after dormancy. 

 

F. WPA Reject Line 

The Reject Line allows product water to be recirculated from the product line back to the waste tank. This occurs for 

one hour at the beginning of each process cycle, allowing the leachates from the Ion Exchange Bed to be flushed 

out, and giving the Catalytic Reactor sufficient time to become thermally stable.  In addition, this line is used to 

reject product water back to the waste tank any time the WPA instrumentation detects an anomaly that indicates 

product water quality may not meet potable standards. On ISS, a Microbial Check Valve (MCV) is used to prevent 

microbial species from migrating from the wastewater to the product water. For exploration missions requiring 

dormancy, this hardware will have to be replaced with a similar concept implementing the silver biocide. 

Furthermore, analysis must be performed to determine if this line can effectively prevent microbial migration into 

the potable bus during the dormant period, or if additional measures (for example, an isolation valve) are required to 

insure this does not happen.  

G. Potable Water 

This region begins at the Catalytic Reactor, which operates at 267 F on ISS to maintain a sterile barrier between 

the process water and the potable water.  Downstream of the Catalytic Reactor, a biocide is added to provide 

additional microbial control.  On ISS, iodine is used as the biocide.  However, the plan is to transition to silver for 

future manned missions, since iodine must be removed prior to crew consumption.  In either case, there is an issue 

with the stability of the biocide, in that the biocide tends to decrease in concentration over time.  Silver tends to plate 
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to metal surfaces, which would leave the potable water without a biocide to mitigate microbial growth. Currently, 

personnel at the Johnson Space Center (JSC) are developing silver as a biocide for future manned missions, 

including techniques for adding silver and preventing or minimizing loss of silver to metal surfaces. 

WPA Potable Lines: It is recommended to keep the reactor at its operating temperature during dormancy to 

maintain the sterile barrier between the waste and potable water.  If this is not viable, then the reactor will be 

designed such that the crew can physically isolate (either by an isolation valve or by disconnecting the plumbing) 

the line to prevent microbial growth into the potable region. The region between the reactor and the location at 

which the silver biocide is added will be product water but with no biocide. The residual volume of this region will 

be minimized, but no additional operation controls should be required.  Given the low organic content and relative 

absence of microbial population prior to dormancy, there is no credible risk of significant microbial growth.  Once 

system operation is established, this section will be flushed per nominal WPA operation (recirculating sterile water 

from the reactor back to the WPA waste tank through the Reject Line) to insure it is adequately clean for further 

processing.  

    

H. WPA Product Tank 

The WPA fills the product water tank at the completion of the treatment process.  For exploration missions, this 

water would presumably possess a low microbial content. On ISS, no microbial contamination has been detected 

after 8 years of operation, and a similar process (design, hardware delivery and ground processing, and operation) 

will be employed for future exploration missions. The water system will be designed to maintain a low organic 

content, thus minimizing the risk of significant microbial growth. Finally, a silver biocide will be used to insure 

microbial control throughout the mission. Since silver will plate out during dormancy with the existing tank 

materials, there are three options for addressing the product tank for dormancy: 

1) If technology development results in the delivery of materials or coatings that prevent plating of silver, then 

no additional measures will be required to sustain the potable tank during dormancy. Periodic operation of 

the Product Tank to support operational concepts in which the WPA is periodically used to process water 

will only benefit the microbial integrity of the Product Tank by replenishing silver concentrations.   

2) Significant discussion has occurred in the previous years related to the necessity of a biocide to maintain 

microbial control during dormancy, assuming the hardware and water is properly sterilized initially and 

maintained during operation, and a low organic content is maintained. This discussion has primarily been 

driven by the Orion vehicle, which will use stored potable water to supply the crew with drinking water.  

Test results have shown that the microbial content is maintained at or near sterile conditions if these 

conditions are held.  Based on this premise, the WPA product tank will not require any additional design or 

operational controls during dormancy even if no measures are put in place to prevent plating of the silver. 

As with the previous option, periodic operation of the WPA would serve to replenish the silver biocide.    

3) If analyses indicated that maintaining a viable silver concentration in the potable tank is required, and efforts 

to develop a coating or other means to prevent silver plating, then the remaining option is to periodically 

operate the WPA as required to maintain a viable silver concentration in the product tank.  

Since chemical leachates do tend to accumulate in the potable water during extended storage periods (for example, 

nickel from Inconel bellows), it is likely that the Product tank will need to be drained and filled after the dormant 

period to establish potable limits for inorganic leachates.   

 

I. Potable Distribution Bus 

This bus delivers water from the WPA to the various use points, including the urinal, Potable Water Dispenser 

(PWD), Oxygen Generation System (OGS), and the Total Organic Carbon Analyzer (TOCA). As with the Product 

Tank, two issues with dormancy are silver plating out on the metal surfaces and introduction of inorganic leachates 

from the metal tubing. Options for addressing these issues are as follows:   

Potable Bus Options: 

1. Design the potable bus such that potable water can be recirculated periodically (or continuously) during the 

dormant period. Hardware would be included in the bus for maintaining the silver concentration to insure 

the biocidal level is maintained. To support this architectural concept, it is important to eliminate dead legs 
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in the bus that would be isolated in a recirculating system. Since each use point will effectively be a dead 

leg, specific design or operational approaches will be required for each to insure the transition from 

dormancy to nominal operations is successful. Finally, inorganic leachates may be removed with an Ion 

Exchange Bed, or the contents of the bus could be flushed back to the waste bus once the crew returns to 

establish potable standards for the inorganic contaminants.  

2. Drain the water from the potable distribution bus and purge with dry air.  This approach would effectively 

eliminate microbial growth and the introduction of leachates, but is probably not viable due to the 

significant operational impacts. 

3. Leave the bus stagnant for the duration of the dormant period, relying on the same measures as the product 

tank to maintain microbial control (low microbial population, low organic content, and coatings if available 

to prevent silver plating). After dormancy, flush the contents of the potable bus back to the waste bus, and 

replenish the potable bus with water produced by the WPA.   

4. Leave the bus stagnant for the duration of the dormant period, and provide the capability to recover the 

potable bus from microbial growth after the crew returns. Recovery from microbial upset could be achieved 

by flushing the bus with water that has an elevated silver concentration, flushing the bus with an alternate 

biocide (such as ozone or peroxide, assuming microbial contamination has some level of silver resistance), 

or performing thermal sterilization.  

J. Potable Water Dispenser 

The PWD supplies water to the crew for drinking and food preparation.  On ISS, the PWD removes iodine to 

prevent potential medical issues with the crew. The PWD had initial issues with microbial contamination due to the 

absence of a biocide (removed by the ACTEX filter at the interface with the potable bus) and inadequate hardware 

disinfection during processing on the ground. This issue was resolved by shocking the water with iodinated water (at 

30 mg/L), and mandating additional microbial controls if PWD is not used for up to 3 days.  These measures were 

based on the assertion that frequent use of the PWD would mitigate microbial growth, specifically the levels 

observed as PWD was initially brought online on ISS. This hardware experience on ISS applies to the dormancy 

assessment, in that consistent (ie, daily) use of a water system provides mitigation against microbial upset. 

Conversely, it is logical to conclude a dormant system will be more apt to establish microbial growth, especially 

when a) microbial contamination is already present, and b) there is no residual biocide in the water.  Based on this 

rationale, the PWD for future missions will be less susceptible to microbial upset due to the use of a biocide that 

does not have to be removed from the water prior to crew consumption, and improved processes for disinfecting 

hardware prior to launch.  

Despite these improvements, there remain specific issues with the PWD that require active measures to protect 

the hardware and the potable bus from microbial contamination. One primary concern is the dispensing needle that 

the crew accesses for drinking water and food preparation. This needle is an easy source of back-contamination from 

the user into the PWD. The second issue is the fact that the PWD would be a significant dead leg off the potable bus, 

and would be difficult to maintain microbial control given the current hardware design.  

PWD Options: 

1) Remove the dispensing needle prior to dormancy to mitigate risk of microbial back-contamination. This task 

would apply to all options for addressing PWD during dormancy.  

2) Redesign the PWD to a simpler concept that can be more easily managed for dormancy. A preferred option is 

to implement only a dispensing needle for the PWD, which can be jumpered out of the potable bus prior to 

dormancy.  When the crew returns, a new needle is installed for crew use.  

3) Leave the PWD design effectively unchanged, and simply flush the system when the crew returns until 

acceptable microbial concentrations can be achieved. This approach has significant risk given the 

possibility that the system cannot be adequately recovered.   

4) Modify the PWD design to provide means to recover microbial control after dormancy.  For example, deliver 

a system that can be readily flushed with an alternate biocide or be thermally disinfected to recovery from 

microbial growth. 
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K. Urinal (Flush Water) 

The potable bus supplies flush water to the urinal. Since maintaining water quality is not critical for this system, 

the primary concern is preventing back flow of microbial growth from the urinal into the potable bus during 

dormancy, and minimizing the length of the dead leg to the urinal. 

L. Oxygen Generation System (OGS) 

The OGS converts water to oxygen and hydrogen gases.  The O2 is vented to the cabin, and the H2 is either 

transferred to the CO2 Reduction System (Sabatier) or vented to space.  On ISS, the water provided to OGS initially 

passes through an Ion Exchange Bed to remove the residual iodine. The same process would be required for removal 

of silver, since the cell stack would be poisoned by either biocide.  Therefore, the OGS hardware downstream of the 

Ion Exchange Bed would not have a biocide and would therefore be more likely to experience microbial growth. 

Microbial growth on ISS has not been a significant concern, partially due to the relatively low organic carbon 

content in the OGS recirculation loop, and the fact that the water in the loop is almost continuously circulated.  

OGS Options: 

1) Continue to flow water through the recirculation loop throughout dormancy. This operation requires the cell 

stack to be powered at a minimal level, though a low level electrolysis reaction will occur that requires 

periodic replenishment of water to the loop.  This could be achieved by requiring the WPA to continue to 

provide water to the OGS during dormancy.   

2) Leave the OGS unpowered during dormancy, but perform specific procedures to flush the recirculation loop 

prior to dormancy to reduce the organic content to the lowest possible level.  Though a biocide is not 

present, the low organic content may be sufficient to control microbial growth.  This option has significant 

risk of microbial growth to the extent that the OGS would not be operational once the crew returns after the 

dormant period.   

3) Leave the OGS unpowered during dormancy, but perform specific procedures to flush the recirculation loop 

prior to dormancy to reduce the organic content to the lowest possible level. In addition, add a biocide to 

the loop that is compatible with the cell stack. This option requires the identification of a biocide that is 

compatible with the cell stack, which would require a significant materials compatibility effort between 

various biocides and the materials in the OGS recirculation loop.   

M. TOC Analyzer (TOCA) 

On ISS, the TOCA receives sample water either directly from the WPA or via a sample bag from the PWD. 

Since this product water maintains a relatively low organic content, the microbial population in the TOCA is 

expected to be low.  More importantly, the TOCA analytical method includes forming an oxidant (ozone and 

peroxide) which would also serve as a disinfectant against microbial growth. Therefore, the TOCA system is 

expected to be robust against microbial operation during nominal operation. Since the TOCA can be configured 

prior to dormancy in a manner that insures relatively low organic and microbial content, there is minimal risk of any 

significant microbial growth that would prevent operation after dormancy. Any microbial growth that did occur 

during dormancy could be addressed by operating the loop with the oxidant for sufficient time to achieve 

disinfection. Note that additional measures (e.g., recalibration or replacement of parts) may be required for TOCA to 

meet performance requirements after one year of dormancy. 

 

IV. Conclusion 

The ISS water system architecture has been reviewed to identify issues related to a one-year dormant period. This 

assessment was performed by dividing the water system into various regions each with unique conditions and issues 

related to dormancy. The primary concern in each region is related to microbial growth in stagnant water systems. 

Possible solutions were identified for each region, typically including periodic system operation or introduction of a 

biocide for microbial control. The recommended design solution is to flush the WRM system from the points at 

which wastewater is initially collected to reduce the organic load and  add a biocide to maintain microbial control 

during the dormant period. The concept of keeping the WRM in a recirculating mode during dormancy (continuous 

or periodic) would be more robust in terms of microbial control, but this approach is not recommended because of 

the likelihood of a hardware failure during dormancy that could not be recovered by the crew.  



 

International Conference on Environmental Systems 
 

 

15 

The next phase of this effort is to define specific architectural and operational concepts that will a) prepare the 

water systems for the dormant period, b) enable the water systems to be maintained during the dormant period, and 

c) support the transition of the water system from dormancy to operational when the crew returns to the habitat. This 

task will address the issues identified in the initial assessment, culminating with specific recommendations for 

sustaining a water management system during and after the extended dormant period. 
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