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Paragon Space Development Corporation has developed a Brine Processor Assembly 

(BPA) for demonstration on the International Space Station (ISS). BPA will recover water 

from urine brine produced by the ISS Urine Processor Assembly (UPA) and ground testing 

has demonstrated to achieve water recovery rates significantly greater than the 75-90% that 

is currently recovered by the UPA’s Vapor Compression Distillation (VCD) subsystem. BPA 

utilizes the forced convection of spacecraft cabin air coupled with a robust membrane 

distillation process to recover purified water from 22.5 liters of brine within a 26 day cycle. 

An ionomer-microporous membrane pair contains the brine while transferring purified water 

vapor to the cabin air. The water vapor is collected by the existing spacecraft condensing heat 

exchangers, which already recover metabolically produced water vapor as humidity 

condensate. This paper will discuss progress to-date on meeting critical technical and ISS 

integration milestones. Flight hardware was successfully delivered to NASA in Fall 2020 and 

the flight unit was launched to the ISS in February 2021. After installation on the ISS, on-

orbit experiments will be conducted for a year to evaluate BPA performance in microgravity.  

By increasing overall water recovery on ISS to greater than 98%, BPA demonstrates a critical 

capability needed to close the brine processing technology gap identified in National 

Aeronautics and Space Administration (NASA)’s Water Recovery Technology Roadmap. 

This technology achieves an essential capability to enable human exploration of deeper space.   
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I. Introduction 

LOSING the water loop on long duration spaceflight missions is a key aspect of reducing mission mass and 

logistics support for orbiting facilities and interplanetary spacecraft.1 Urine water recovery on the International 

Space Station (ISS) is performed by the Urine Processor Assembly (UPA) via Vapor Compression Distillation (VCD). 

The VCD process is restricted to the solubility limit of various compounds in pretreated urine such as calcium 

phosphate for Alternative Pretreatment and calcium sulfate for Baseline Pretreatment, thus producing concentrated 

brine that requires further processing for water recovery. The Brine Processor is being developed to demonstrate 

increased water recoveries on the ISS up to 98% and if successful, will establish a state-of-the-art (SOA) for brine 

processing to enable long duration human exploration missions beyond low earth orbit. The Brine Processor is based 

on Paragon’s Ionomer-membrane Water Processor (IWP) technology. IWP is a membrane-distillation based water 

recovery system. BPA operates open loop with cabin air and utilizes existing spacecraft systems such as the cabin-

condensing heat exchanger and trace contaminant control system to minimize mass, volume, and complexity. The 

unique properties of the IWP membrane pair limit contaminant permeation from the brine to the recovered water, 

purge gas, and cabin atmosphere. The Brine Processor is being developed by Paragon and NASA Advanced 

Exploration Systems (AES) Life Support Systems (LSS) project as an integrated technology demonstration on ISS. 

The BPA on-orbit demonstration will last one year to demonstrate the IWP technology performance in microgravity 

and feasibility for a long-duration mission, such as Mars, while simultaneously benefitting ISS by recovering more 

water, decreasing the need for resupply and associated logistics and costs. If successful, this technology could become 

the SOA for exploration mission brine water recovery beyond the limits of distillation, which is the current ISS SOA 

technology. Flight hardware was successfully delivered to NASA in Fall 2020 and the flight unit was launched to the 

ISS in February 2021. After installation on the ISS, on-orbit experiments will be conducted for a year to evaluate BPA 

performance in microgravity. 

 

A. Background 

The Brine Processor Assembly utilizes forced convection of spacecraft cabin air coupled with Paragon’s patented2 

IWP membrane distillation process to purify and recover greater than 80% of available water from 22.5 liters of brine 

within a 26 day cycle. The IWP membranes are formed into a disposable bladder (Figure 1) to contain and process 

this brine. Because the membranes are extremely lightweight, the entire IWP membrane structure is disposable with 

the brine, maintaining brine containment throughout the life of processing and disposal. The consumable bladders are 

well within the AES exploration program goal of brine processing consumables mass of 25% or less of recovered 

water mass. The dual-layer bladder serves two purposes: 1) a method of containment of the high toxicity level (Tox 2) 

brine and 2) the technology by which water is recovered. The inner bladder contains liquids, but allows water vapor 

and some trace contaminants to pass through its microporous membrane. The outer ionomer bladder is also permeable 

to water vapor and fewer trace contaminants. Refer 

Kelsey et al.3 for additional background on the IWP 

technology. 

The disposable BPA bladder accepts the brine 

from the UPA’s Advanced Recycle Tank Filter 

Assembly (ARFTA) via a brine transfer hose. For 

more information on the UPA, refer to Carter et al.4 

The urine brine received from ARFTA has been 

pretreated with alternative pretreatment 

formulation (phosphoric and chromic acid). A 

heater warms the air, which passes over the bladder 

and collects the vapor. The vapor is condensed in 

the existing spacecraft condensing heat 

exchanger(s), which recover metabolically 

produced water vapor as humidity condensate. 

Condensate is further processed to potable water utilizing the existing spacecraft Water Recovery System (WRS).4 

  

II. Brine Processor Development Status 

The Brine Processor program held its Critical Design Review in March 2017, completed manufacturing in early 

2018 completed the proto-qualification test phase in Fall 2020 and was launched to the ISS in February 2021. Images 

C 

 
Figure 1. Brine processor bladder. 
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of the flight hardware are shown in Figure 2 with 

the lid open to show the internal Detrusor and with 

the lid closed. The power, data, and brine 

interfaces are all on the forward face of the BPA. 

The air inlet is located on the deck face. Mounting 

strips are used between the BPA and the ISS 

overhead panel to protect each aluminum surface. 

Since the BPA is mounted to the overhead, when 

installed the door of the BPA swings down and 

the crew change out the bladders from 

underneath. The air inlet filter is located in the 

upper left corner in Figure 2 and immediately 

opens into the inlet enclosure, which houses the 

power board. Next the air enters the heater, then a 

duct curves around to reach the detrusor inlet 

plenum. The fan and noise attenuator are located 

at the exit of the detrusor outlet plenum. The air 

then exhausts the insulated Aft face through a 

deflector plate and into the cabin. The deflector 

plate acts to direct the humid exiting purge gas 

away from any nearby surfaces and into the cabin 

for mixing to prevent any immediate risk of 

condensation. 

The brine supply line contains a flex line to 

allow the crew to connect the supply line to the 

bladder quick disconnect (QD), which is 

facilitated by a slider assembly and lever handle 

to engage the brine QDs. For additional details on 

the BPA design, refer to Kelsey, et al.3 

BPA has successfully completed the 

following tests within the proto-qualification 

campaign: Checkout & Activation, Operation and Function (including end-to-end communications testing), Max 

Temperature (Temp) Alternative (Alt) Brine Dewatering and Vented Constituents Performance testing, and 

Workmanship Vibration. A failure during Workmanship Vibration testing led to a redesign to replace the circuit 

breaker with a fuse board assembly. After this recovery effort, BPA failed portions of Electromagnetic Interference, 

Electromagnetic Compatibility, and Magnetic Field (EMI/EMC) testing in December 2019, leading to modification 

of the power board.  Component workmanship vibration testing of the power board was performed, followed by 

repeated EMI/EMC testing of the BPA, Power Quality, Acoustics, and Human Factors Implementation Team (HFIT) 

Inspection. Additional Brine Dewatering qualification tests (Nominal Temperature Alt Brine, Max Temperature 

Baseline Brine) were conducted with the BPA Ground Unit. 

Bladder Qualification and Acceptance testing and Long Term Compatibility Testing (LTCT) has also been 

successfully completed. Bladder inner-layer leaks during LTCT testing launched an investigation into the source of 

the leaks. The results of bladder testing and brine dewatering performance testing are presented in more detail in the 

following sections. 

 

A. Bladders 

Acceptance testing of all 46 BPA bladders and Qualification testing of three bladders has been completed. The 

bladder maximum design pressure (MDP) is 7 in H2O. Acceptance testing includes Proof Pressure (1.5x MDP) and 

Leak Test at MDP of each bladder layer independently. Qualification testing includes Ultimate Pressure (2x MDP) 

testing of the bladder assembly. There were no leaks during Proof and Leak testing, and all bladders surpassed the 

Ultimate pressure before bursting and the first shipset of Bladders has been delivered to NASA. 

LTCT consisted of filling single layer (microporous or Nafion) and dual layer subscale bladders with Alt Brine or 

Baseline Brine. These bladders were then stored in glass containers open to the lab environment for various intervals 

from 8 to 35 weeks and beyond. The bladders were weighed and checked for signs of leakage on a weekly basis. After 

the prescribed exposure interval, the bladders were drained, cleaned, and sectioned for pull testing. Pull test results 

were compared to control coupons (non-brine exposed) to evaluate strength degradation due to brine exposure. 

 
Figure 2. Brine Processor Assembly.  
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 Compatibility of the Nafion layer of the BPA bladders with both Alt Brine and Baseline Brine was successfully 

demonstrated through LTCT. There was no loss of containment of either brine from any Nafion sample bladder for  

any duration (up through 35 weeks and beyond). Pull test results demonstrate no strength reduction in either the bulk 

material or seams with brine exposure over time. Pull 

testing of the inner layer microporous bulk material and 

seams in contact with brine shows no degradation 

trends with brine exposure over time. Membrane 

fouling in the form of pore wetting of the microporous 

layers was observed throughout the LTCT. More pore 

wetting was present in microporous bladders exposed 

to Alt Brine than Baseline Brine. Pore wetting was seen 

to increase over time, particularly in the Alt Brine 

bladders, and increased in severity after ~20 weeks of 

exposure. No strong trend was identified between pore 

wetting on the top versus the bottom of a bladder (i.e. 

container contact v. air contact) as quantified by 

individual wetted spots. 

The amount of mass loss from a bladder was heavily 

influenced by the environment humidity. After bladders 

became partially dewatered, the residual brine mass 

fluctuated with humidity; the brine seemed to pull water 

in from the environment on humid days and lose water 

on dryer days. The humidity fluctuations, and thus rehydrating cycling of the bladders, could influence the pore 

wetting behavior over time, particularly the increase in severity around a long period of high humidity. However, the 

humidity influence on pore wetting is not conclusive. Increased pore wetting could also be attributed to changes in the 

brine concentration over time. Higher amounts of pore wetting in the Alt Brine bladders may be due to the higher 

solids concentration, as well as differences in chemical composition, compared to Baseline brine bladders. 

Because pore wetting is a form of leak, it invalidates the microporous layer as a level of containment of brine. The 

pore wetting can begin as early as within 1 week and continue to progress over time. The Nafion layer of containment 

remains intact even after extended, worst case direct exposure to brine. Based on these results, the BPA bladders 

should be placed into two additional layers of containment for storage after dewatering processing to provide 3 total 

levels of containment during storage. A demonstration of Alt Brine is shown stored in glass containers in Figure 4. 

During LTCT, three of the microporous bladders showed leaks atypical compared to other pore wetting during 

LTCT and prototype testing. There was release of brine in a greater volume (~0.2 mL, Figure 3) and sooner than 

previously seen. An additional two dual layer bladders also showed atypical pore wetting leading to leakage compared 

to the microporous bladders, though not as severe. Combined 10% 

(5 of 52) of LTCT bladders exhibited atypical pore wetting leading 

to leakage from the microporous layer within the timeframe of a 

dewatering cycle (26 days). Inspections (visual and scanning 

electron microscope) were not able to determine a source of the 

leaks. The root cause is considered to be a combination of factors:  

 Independent of 1G test: increased wetting associated 

with brine (solids deposit in pores during dewatering, 

creating a wicking path), larger effective pore diameter 

(2 of 3 leaks were observed on first day of test), and 

thinned material / irregularities due to the microporous 

membrane manufacturing process. 

 Design of Experiment: test was performed with aged 

brine (higher solids content than fresh brine), head 

pressure associated with liquid (though a similar pressure 

effect will be experienced on ISS due to pressure from 

detrusor), and wicking due to contact between 

microporous membrane and glass container. 

The Nafion membrane did not leak or appear to be structurally degraded in any of these tests, providing confidence 

in this level of containment. No leaks as large as the microporous bladder leaks (~0.2 mL) have been observed during 

previous active dewatering tests. 

 

Figure 3. LTCT subscale microporous bladder leak. 

 

Figure 4. 23 L of alt brine used for max temp 

alt brine dewatering test.  
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At the conclusion of the investigation, the project received concurrence that plans for the ISS experiment continue, 

including the recommendation not to re-work or re-design the existing 28 bladders intended for the initial ISS 

demonstration. The project and safety community concluded that, when considering the controls against brine leakage 

leveraged in the existing Non-Conformance Record for Fewer than Three Levels of Containment of Tox-2 Brine, the 

terrestrial leaks did not provide evidence of increased risk to crew injury. The project team plans to coordinate closely 

with the ISS program and make recommendations for bladder design improvements in future procurements, should 

the on-orbit experiment be successful and the ISS desires continued use of the BPA beyond the 1-year demonstration 

period. 

In order to further investigate the behavior of pore wetting in bladders, the dewatered bladder used for the 

dewatering test underwent a post-

dewatering pressure test four days after the 

completion of Max Temp Alt Brine 

dewatering. Prior to pressurizing the 

dewatered bladder, both sides were 

visually inspected and wetted spots were 

numbered to indicate the quantity and 

locations of wetted spots and/or clusters as 

shown in Figure 5.  

Each identified spot was also 

photographed with a ruler to aid in 

quantifying the surface area of the wetted 

spot or cluster. In addition to the ruler, the 

grid lines on the Nafion were also used to 

quantify the surface area of the wetted 

spot/cluster. There were a total of 23 spots 

or clusters identified prior to pressurizing 

the bladder. 

After all identified spots were 

photographed, the bladder was externally pressurized to MDP (7, +1/-0, inH2O) for 15 minutes via weights placed on 

top of the bladder. The pressure was monitored with a pressure transducer connected to the bladder fill port. After 15 

minutes, the weights were removed and the bladder was visually inspected to determine if any new spots had formed 

due to the pressurization. The prior identified spots were also photographed again with a ruler to aid in the 

determination of spot/cluster growth after pressure was applied to the bladder.  

Visual inspection after pressurization did not discover any additional spots/clusters after pressurization. Image 

comparison on the largest pre-pressure identified spots/clusters do not visually appear to have grown or have a bulk 

release of brine in those spots due to pressure being applied to the bladder. It does appear that there was a spreading 

of the liquid that was already present 

before the test. It is noted however that 

a quantitative volume increase cannot 

be determined visually. Preliminary 

analysis leads to the conclusion that the 

wetted spots/clusters are not pressure 

driven leaks. Figure 6 shows the image 

comparison of two of the larger 

spots/clusters. All observed pore 

wetting of the inner microporous layer 

is within the expectations of the leak 

non-conformance record and LTCT 

leak investigation. There were no leaks 

from the outer Nafion bladder layer. 

 

 

 

 

 

 

 

Figure 5. Marked post-dewatering pressure test bladder. 

 

Figure 6. Dewatered   bladder  pore   wetted   spot 11   before  (Left)  

and after (Right) pressure applied. 
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B. Dewatering Performance 

Three separate brine dewatering tests were conducted at Paragon to demonstrate operational performance of the 

BPA and compliance with requirements of 40% water recovery by volume within 26 days. Brine dewatering was 

tested with Alt Brine (at Maximum and Nominal temperature conditions, 48°C and 37°C respectively) and for Baseline 

Brine at Max Temperature.  Tests were conducted with production level bladders and brine provided by NASA.  The 

test set up and conditions for each individual dewatering test are described herein, along with a summary table 

comparing dewatering rate based on brine concentration and operating temperature.  Vented constituents and 

condensate samples were taken during 

brine dewatering testing to 

demonstrate compliance with SMAC 

levels, as described below.   

The Max Temp Alt Brine 

Dewatering testing was completed in 

August 2019, with the test set up 

demonstrated in Figure 7. Testing was 

started on 8/6/19 and was stopped on 

8/22/19. The starting volume of Alt 

Brine in the bladder was 23 Liters (L) 

and the heater was configured to have 

all three heaters in use to achieve the 

max operating temperature of the 

BPA with nominal cabin temperature. 

The test ran for 16 days, 2 hours, and 

52 minutes and was stopped via the 

STOP command. Nominally, the BPA 

cycle complete is determined by the 

temperature delta across the bladder. 

The difference in the inlet and outlet 

temperature is in indicator of 

evaporative cooling. As water 

progressively evaporates out of the 

semipermeable bladder membranes, 

the water vapor mass flux decreases and the heat being directed to the system begins to raise the overall system 

temperature. This is an indication that latent heat is transitioning into sensible heat. These principles are used to issue 

a cycle complete notice when the delta between the inlet and outlet temperatures meets a desired set point, effectively 

shutting down the BPA.  For these short-duration development tests the delta temp was set to 9°C. However, the final 

temperature delta steadied at approximately 11°C. Because the temperature delta was no longer changing and the 

relative humidity (RH) data also indicated no significant water removal, the STOP command was manually issued to 

complete the cycle and stop the test.   

The target influent air RH during the test was 40% to 45%, with allowable humidity excursions from 35% to 

50%. The average influent RH during the cycle was 43.4%. The allowable RH excursion limits of 35% and 50% RH 

are indicated by the red and blue lines respectively in Figure 8 below. A majority of the test data is shown to be within 

these allowable excursions of 35%-50% RH, with a few minor high exceedances. In these areas the RH rises just 

above 50%. Because the driving potential across the bladder membranes is based on the partial pressure differential, 

a higher influent RH results in a more conservative test. The exceedances were caused by unusually high ambient 

humidity at the test location of Tucson, AZ, where ambient RH is nominally below the target range. The dewatering 

test bed was designed with a humidity control system to add humidity to the ambient air. However, during the 

dewatering test, the ambient humidity was actually higher than the test requirement. A dehumidifier was added to the 

closed lab to reduce the influent humidity. However, the ambient lab humidity was not reduced enough to also enable 

the humidity control system until several days into the test, resulting in the minor high exceedances in humidity. 

The target temperature of air entering the BPA was 73°F (22.8°C), with an allowable temperature range of 70°F 

to 77°F (21.1 to 25.0°C). The temperature was well maintained at an average 73.0°F (22.8°C) with standard deviation 

of 0.32°F (0.18°C) and no excursions for the duration of the dewatering test.  

 

Figure 7. Brine-filled bladder inside of detrusor during max temp alt 

brine dewatering test. 
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 A large platform scale was used beneath the BPA to continuously measure the mass of the BPA, including the 

brine-filled bladder, to track water removal 

throughout brine dewatering testing. Figure 9 shows 

the mass throughout the dewatering cycle. The scale 

measured a starting mass of 81.30 kg and ending mass 

of 66.35 kg, which equates to a mass reduction of 

14.95 kg. Assuming the mass reduction is due to water 

leaving the bladder, a total of 14.95 L of water was 

recovered from the initial 23 L of Alt Brine during this 

dewatering performance test.  

The water recovery calculations based on mass 

data show that the test met the water recovery 

requirement minimum of 40% of water by volume 

(b.v.), with a goal to demonstrate maximum water 

recovery, from pretreated urine brine. The mass data 

shows a total water recovery of approximately 65% 

b.v. (14.95 L water / 23 L brine) from the initial 23 L 

of brine. The maximum recovery was achieved in 

16.12 days, well within the required maximum cycle 

time of 26 days.  

The brine had an initial density of 1.2147 kg/L and 

total solids concentration (TS) of 0.416 g/g per brine 

analysis provided by JSC to certify the brine for use 

for dewatering testing. Using these values and the 

initial volume of brine, the starting mass of water in 

the brine was 16.3 kg. By removing 14.95 kg of water, 

92% water recovery by mass was achieved. Since a 

bladder’s mass is only 0.5 kg, the consumables mass 

is only 3% of the recovered water mass, exceeding the 

AES exploration program goal of 25% or less. 

 A summary of the results of Brine Dewatering 

Performance Testing is included in Table 1, showing 

89-95% water recovery by mass in 10-20 days among 

the three tests, exceeding the goals for recovery rates 

and total volume of water recovered. 

A comparison of solids concentration, water vapor 

flux, and bladder temperature during this test is shown 

in Figure 10. The average water recovery rate for the 

entire cycle was 38 g/hr. Because Alt Brine has higher 

solids concentration than Baseline Brine, the Alt Brine 

test takes longer to complete and recovers slightly less 

water overall, as expected. The Water Vapor Mass 

Flux (black circles) decreases more gradually for the 

higher solids Alt Brine as well. 

Dewatering of Alt Brine at the nominal operating 

temperature was conducted using a heater inlet 

temperature of 37°C. The average ambient inlet 

temperature during testing was 22.89°C and the 

average ambient inlet relative humidity was 42.35%. 

Although the Max Temp Alt Brine Test started with a 

slightly higher water vapor mass flux, the mass flux 

decreased more quickly as compared to the Nominal 

Temp run. 

 

 

 

Figure 8. Influent  air  RH  during  max  temp  alt  

brine dewatering test.   

 

Figure 9. BPA mass  during  maximum  temperature   alt  

brine dewatering test.   
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As expected, the Max Temp run 

recovered slightly more water (65 

vs 61% by volume) more quickly 

than the Nominal Temp. However, 

these differences are minor, and the 

Nominal Temp configuration can 

be run to reach dewatering goals 

while reducing loading on 

downstream (e.g., trace 

contaminant control system) 

processes while reducing power 

draw.  

The Maximum Temperature 

Baseline Brine is intended to 

capture the worst-case VOC 

production at the highest BPA 

heater temperature. Dewatering of 

Baseline Brine was conducted at 

maximum operational temperature 

of 48°C. The average ambient inlet 

temperature during testing was 

22.75°C and the average ambient 

inlet relative humidity was 40.56%. 

Baseline Brine has much lower 

solids content than Alt Brine, as 

indicated by the starting point of the blue circles in Figure 10 vs. Figure 12. As a result, the evaporation rates are 

higher and mass solids increase more rapidly than for Alt Brine, with a very consistent mass flux through the first six 

days of testing, followed by steeper drop off. This effect is also observed in the rapid convergence of the inlet and 

outlet temperatures.  

 

 

 

 

 

 

Table 1. Brine dewatering test results summary. 

Parameter Goal 
Max Temp 

Alt Brine 

Nominal 

Temp Alt 

Brine 

Max Temp 

Baseline 

Brine 

Initial Brine Volume (L) 22.5 23.0 22.9 22.9 

Initial Brine Mass (kg) N/A 27.9 27.5 24.4 

Initial Total Solids Fraction  N/A 0.416 0.426 0.143 

Initial Water Mass (kg) N/A 16.3 15.8 20.9 

Mass Removed (kg) N/A 14.95 14.05 19.85 

Water recovery  

(% by volume) 
40 65 61 87 

Water recovery  

(% by mass) 
N/A 92 89 95 

Duration to 40% by volume (days) 26 5.5 7.6 4.2 

Total Duration (days) N/A 16.1 20.0 10.8 

 
Figure 10. Maximum temperature alt brine dewatering test results. Solids 

Concentration (blue), Mass Flux (Black), and Bladder Temperature (Red) 

over 390 hours of drying time. Bladder temperature is plotted on the right y-

axis, mass of solids and vapor mass flux on the left y-axis. 
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Vented Constituents testing was 

performed as a subset of Dewatering 

Performance testing, with results shown in 

Table 2. Gas and condensate samples were 

collected during the test and analyzed for 

trace contaminants to ensure that the BPA 

effluent meets the 180 day Spacecraft 

Maximum Allowable Concentrations 

(SMACs), as defined in SSP 41000. 10 gas 

samples were collected during a dewatering 

cycle. Three samples were taken 4 hours 

after the start of the dewatering cycle at the 

three locations: 1) ambient air 2) BPA inlet 

manifold 3) BPA outlet manifold. Seven 

samples were taken throughout the 

dewatering cycle from the outlet manifold. 

Lastly one sample was taken 1 day post 

dewatering from the detrusor volume. A 

total of 98 Target Compounds were tested 

during the Gas Sample Analysis at NASA 

JSC.  

 Condensate samples were also collected 

during the vented constituents test to further 

analyze the dewatering performance. The 

condensate was collected daily from the 

effluent condenser. At the end of the 

dewatering cycle the samples were sent to JSC for analysis. A total of 260 target compounds were analyzed, with key 

measurements including pH, Conductivity, TIC/TOC, Cations/Anions/Metals (IC and Inductively Coupled Plasma 

Mass Spectrometry), volatile organics, semi-volatile organics, urea, and alcohols. 

The gas and condensate sample analysis reports were provided to Jay Perry of Marshall Space Flight Center 

(MSFC) to assess the impact to the ISS environment and increased loading on the trace contaminant control 

equipment. Per Perry,5 18 contaminants were reported in the vent gas and condensate analysis summaries, as shown 

in Table 2. Of those, 14 were specific to the condensate. In order to estimate the gas phase concentration of constituents 

Table 2. BPA effluent contaminant concentration summary and 

SMAC comparison.5 

Compound Concentration 

(mg/m3) 

SMAC 

(mg/m3) 

Methanol 0.05 90 

Ethanol 0.029 2000 

Acetone 0.8 52 

2-propanol 0.87 150 

Methyl Sulfone 0.0038 0.1 

Benzoic Acid 0.0036 0.1 

Phenol 0.0062 8 

4-methylphenol 0.024 0.1 

2-phenoxyethanol 0.00043 0.1 

Heptanoic acid 0.003 0.1 

Nonanoic acid 0.006 0.1 

2-phenylacetic acid 0.0041 0.1 

Dibutylphthalate 0.00068 0.1 

Benzyl alcohol 0.0018 0.1 

2-ethylhexanoic acid 0.0046 0.1 

2-butoxyethanol 0.0033 0.1 

Dipropylene glycol 

methyl ether 

0.0017 0.1 

Ammonia 0.00000071 2 

 
Figure 11. Nominal temperature alt brine 

dewatering test results. Solids Concentration (blue), 

Mass Flux (Black), and Bladder Temperature (Red) 

over 390 hours of drying time. Bladder temperature is 

plotted on the right y-axis, mass of solids and vapor 

mass flux on the left y-axis. 

 

 
Figure 12. Maximum temperature baseline brine 

dewatering test results. Solids Concentration (blue), 

Mass Flux (Black), and Bladder Temperature (Red) over 

390 hours of drying time. Bladder temperature is plotted 

on the right y-axis, mass of solids and vapor mass flux 

on the left y-axis. 
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unique to the condensate, Henry’s Law was applied to the condensate loading as the driving force for mass transfer in 

the condenser material balance. Adding these results to the constituent concentrations from the gas sample analysis 

resulted in a total gas phase combined constituents concentration of 1.81 mg/m3. Four compounds make up 96.5% of 

this concentration: acetone = 44%, 2-propanol = 48%, methanol = 2%, ethanol = 2%. These results are consistent with 

prototype development testing and analysis expectations.6 The ISS trace contaminant control equipment can 

accommodate the additional load from the BPA to maintain individual contaminant concentrations below SMAC. 

Predicted humidity condensate loading increase is also anticipated to be within the ISS water processor’s capabilities.5 

As of April 2021, the BPA was launched to the ISS, installed and checked out. A bladder was installed and filled 

with ~22.5 L of brine, the unit was activated, and the first dewatering cycle was successfully initiated. The initial 

dewatering run was set at the maximum inlet temperature (48°C) with nearly pure Alt Brine, and a cycle time of 26 

days to demonstrate maximum dewatering capabilities of the BPA. Planned Brine dewatering experiments on-orbit 

were designed to duplicate ground testing to identify the effects of microgravity on dewatering rates. The inlet and 

outlet temperatures on-orbit were comparable to ground operations for Max Temp Alt Brine dewatering, tracking at 

the same delta inlet minus outlet temperature, only ~1.5 °C higher absolute temperatures. This temperature differential 

could be due to the lack of convection in microgravity.   

After the BPA was in operation for several days, crew members expressed discomfort due to odor. Note that the 

BPA did not have specific odor requirements, and all SMAC requirements for vented constituents were consistently 

met. After 4.28 days of operation, the BPA was powered off and efforts are underway to identify suitable solutions to 

mitigate odor locally, as opposed to relying on the station Trace Contaminant Control System for more generalized 

contaminant removal. Based on telemetry received from on-orbit, it is estimated during the 4.28 days of operation that 

7.4L of water was recovered from Alt Brine, or ~33% of the total bladder mass. Efforts are ongoing to identify the 

most effective odor mitigation tools for the BPA, while balancing the tradeoff in dewatering rate. Potential short term 

solutions are limited to filtration and contaminant removal equipment on-station, as well as the availability of supplies 

to attach said filtration devices to the unit itself. Both short and long term solutions are being identified and optimized 

at the time of this writing. This technology represents a significant scientific step in water recovery for human 

spaceflight, and mitigation of the nominal odor issue is an important part of the learning process for how to integrate 

this system into human-inhabited environments. 

III. Conclusions and Forward Work 

The Brine Processor has completed the proto-qualification campaign, Max Temp Alt Brine dewatering testing, a 

modification effort of the power board, component workmanship vibration testing of the power board, EMI/EMC, 

Power Quality, Acoustics, Max Temp Alt Brine dewatering, and HFIT Inspection. The BPA Ground Unit assembly 

was completed and additional Brine Dewatering qualification tests (Nominal Temperature Alt Brine, Max 

Temperature Baseline Brine) performed on the Ground Unit. The Hardware Acceptance Review was completed in 

Fall 2020. Dewatering test results demonstrate that the Brine Processor Assembly easily exceeds the water recovery 

requirement minimum of 40% of water by volume (b.v.) from Alternative pretreated urine brine. The mass data shows 

a total water recovery of approximately 65% b.v. (14.95 L water / 23 L brine) from the initial 23 L of brine. The 

maximum recovery was achieved in 16.12 days, well within the required maximum cycle time of 26 days. Note that 

40% b.v. recovery (9.2 L removed, equivalent to 56.4% b.m.) was achieved in 143 hours (6 days). 

As of April 2021, the BPA was launched, installed, checked out, a bladder was successfully filled with brine, and 

the unit was activated on the ISS. The initial dewatering run was set at the maximum temperature with nearly pure Alt 

Brine, with a cycle time of 26 days to demonstrate maximum dewatering capabilities of the BPA in microgravity. 

Planned Brine dewatering experiments on-orbit were designed to duplicate ground testing to identify the effects of 

microgravity on dewatering rates. The inlet and outlet temperatures were comparable to ground operations for Max 

Temp Alt Brine dewatering, tracking ~ 1.5 °C higher. After 4.28 days of operation, the BPA was powered off due to 

nuisance odor and efforts are underway to identify suitable solutions to mitigate odor. It is estimated during the 4.28 

days of operation that 7.4L of water was recovered from Alt Brine, or ~33% of the total bladder mass. Efforts are 

ongoing to identify the most effective odor mitigation tools for the BPA given what materials are available on-orbit, 

the efficacy of odor removal/control of the available filtration devices, and potential impacts to dewatering 

performance. The Brine Processor represents a significant scientific step in closing the water loop for human 

spaceflight.  Mitigation of the nominal odor issue an important part of the learning process for how to best integrate 

this system into human-inhabited environments. At the successful completion of the 1-year tech demo, ISS intends to 

continue using the BPA operationally. 
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