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Paragon Space Development Corporation is developing a system to recover water from 

human metabolic waste, i.e. feces, in support of National Aeronautics and Space 

Administration (NASA)’s Water Recovery Technology Roadmap.  Through a NASA Phase II 

Small Business Innovation Research (SBIR) award, the Separation Technology of On-Orbit 

Liquid and Excrement (STOOLE) system uses heated air to drive recoverable water off of 

fecal deposits through gas permeable bags.  Drying and stabilization of feces can reduce odor 

generation and prevent microbial proliferation if the water activity level is less than 0.6.  In 

use on a spacecraft, water vapor would be returned to cabin air through a series of filtration 

steps and collected by the existing condensing heat exchangers.  The system is designed to 

recover >80% of the available water content, with built-in modularity to facilitate 

compatibility with existing waste collection hardware (i.e. the Universal Waste Management 

System (UWMS)).  The cost for recovering fecal water in terms of mass, power, volume, and 

crew time equivalents must not outweigh the benefits of the mass savings obtained from water 

recovery over the balance of a mission.  This paper discusses the progress to date on system 

design and analysis, materials selection, fecal simulant development, and system component 

testing.   
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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 spacecraft1. National Aeronautics and Space 

Administration (NASA) solicited a need for a simplified, low temperature, and robust method for recovery of water 

from human solid metabolic waste via the Small Business Innovation Research (SBIR) process. Low temperature 

(<110 °C) is desired to reduce the release of volatile organic compounds and avoid organic compound oxidation to 

carbon monoxide and carbon dioxide and their subsequent treatment prior to return to the cabin air. The cost for 

recovering fecal water, in terms of mass, power, volume and crew time equivalents must not outweigh mass savings 

obtained by its recovery. Drying and stabilization of feces can reduce odor generation and prevent microbial 

proliferation if the water activity level is less than 0.6, i.e. when the partial vapor pressure of water in feces is 0.6x the 

standard partial vapor pressure of water. Technologies must be able to recover ≥80% of the water content per current 

program requirements. Captured water should have minimal free gas and be suitable for eventual delivery to a waste 

water tank. Purification of the water is not requested because it will be processed by downstream treatment systems. 

However, the chemical constituents of the recovered water vapor must be characterized. Systems must be capable of 

microgravity and/or planetary surface operation (Lunar or Martian) for one to 18 months at a time, with 11 to 18-

month periods of dormancy, and with minimal crew maintenance. The Separation Technology of On-Orbit Liquid and 

Excrement (STOOLE) system is designed with adequate modularity to facilitate compatibility with existing waste 

collection hardware (i.e. the Universal Waste Management System (UWMS)).2,3  Planned fecal waste collection via 

the UWMS consists of individual defecations and hygiene wipes collected in gas permeable bags. 15-25 individual 

bags are contained in rigid containers that are changed out every 2-3 days. 

II. STOOLE System Concept of Operations 

STOOLE is a water reclaiming system designed to recover water from human feces. Coinciding with the current 

system onboard the International Space Station (ISS), astronauts defecate using UWMS. A high level Concept of 

Operations as described is shown in Figure 1.The UWMS currently utilizes fecal containment bags that are installed 

directly under the seat. Solid waste is deposited directly into these water vapor permeable bags comprised of expanded 

poly(tetrafluoroethylene) (ePTFE). The fecal containment bag is sealed and dropped directly into the reusable fecal 

deposit canister. While the current canisters are not reusable, intent of the STOOLE system would be to have a liner 

bag inside to prevent the fecal containment bags from touching the canister walls, making canisters reusable. There 

would be at least two interchangeable and reusable canisters, one inside of the UWMS and one inside of STOOLE 

system to ensure the UWMS is always available for use. Once a canister is at capacity, an astronaut would take the 

canister out of the UWMS to transfer it into the separate STOOLE assembly. Much like a metal bucket that is open 

on top, the canister is placed inside of the standalone STOOLE assembly and the STOOLE interface flange connects 

to the canister opening. The canister will also be modified with an outlet port for the airflow exiting the canister during 

STOOLE operations. Once the canister is positioned inside of the STOOLE assembly, STOOLE is turned on and the 

water reclaiming process begins.  
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Figure 1. STOOLE system concept of operations flowchart. 

 

The System Design Schematic for STOOLE as proposed for flight is presented in Figure 2. In this design, a blower 

will direct air through an inline heater and then to the fecal containment bags in a closed loop configuration, referred 

to as the ‘dirty’ loop. This heated air will evaporate the water out of the feces, which will permeate through the ePTFE 

fecal containments bags and then circulate through the dirty loop. The recirculation of warm air through the dirty loop 

promotes continued dehydration of the fecal matter, conserves the energy needed to promote the dehydration, and 

reduces the exposure of crew members to any potentially undesirable odors.  

Once a canister is at capacity, in flight-like operation, the astronautwould transfer the canister from the UWMS 

into the STOOLE assembly. The canister would integrate with the STOOLE system via inlet and outlet flange 

assemblies, which closes the dirty side loop from the cabin environment. Once the canister is positioned inside of the 

STOOLE assembly, the water reclaiming process would then begin.  

The dirty loop circulating the process air contains an ammonia filter as well as the ionomer-membrane water 

processor (IWP) for extraction of water from the humidified air. Removal of ammonia is critical because the 

performance of the ionomer material is degraded by the presence of ammonia. As that air moves through the IWP, 

water vapor transfers across the ionomer membrane via a partial pressure difference of the water vapor. The 

perfluorosulfonated ionomer material (Nafion®) will significantly reduce any transfer of contaminants from the 

humidified air into the clean loop, or what would be returned to the cabin air in the flight system design. In the testbed 

design, a counter flow of dry air will facilitate transport of the water into a condenser so the water removal rate of the 

system can be quantified during testing. In the flight-like system, the air is returned to the cabin where the humidity 

control system and water processing assembly of the spacecraft will finish processing the water to ensure potability. 

The IWP water reclamation technology is described in greater detail in the next section. 

In order to characterize system performance, there will be sensors placed throughout the process flow stream. 

Temperature, pressure and relative humidity sensors (indicated in the Figure 2 as T, P/dP, and RH, respectively) are 

located in several positions along the system to determine how much moisture is being pulled from the fecal samples 

and how much is removed from the flow by the water scrubber (IWP). A manual isolation valve, located upstream of 

the canister, is in case that a lower pressure vacuum is created within the dirty side loop due to temperature fluctuations. 

This would allow the system to remain at ambient pressures and prevents a hard to remove suction on the canister lid 

seal. Odor and bacteria filters are used to reduce the circulation of malodor within the cabin. The basic design consists 

of a HEPA (high efficiency particulate air) filter and activated carbon filter housed within a basic cylinder fitted with 

an inlet and outlet, which can be dropped into any point within the STOOLE assembly air loop.  Expected differences 

between test and flight system designs include the size of hardware components and the ability of the closed loop on 

the clean side of the testbed system to test and verify the water removal rate at various test conditions (i.e. heater 

temperature, air flow rates). For the spaceflight design, the clean side of the water removal system would only require 

a fan to drive flow and the humidified air would be returned directly into the cabin for the air revitalization system to 

capture. 
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Fecal drying is a continuous process that occurs anytime in which the STOOLE system is active. Once the system 

has completed the drying cycle, the blower and heater are powered off and the isolation valves on either side of the 

canister are closed to trap as much air in the ‘dirty’ loop as possible to maintain energy efficiency (by retaining 

humidified, heated air), as well as to maximize the retention of potential airborne contaminants that may have been 

liberated from fecal material.  The intent for a flight system is that the inner liner of the fecal deposit canister is then 

removed, much like a trash bag being removed from a trash can. The inner liner containing the waste is then transferred 

to post processing or waste with the vast majority of free water having been removed from the fecal matter.  

 

 

 
Figure 2. Notional STOOLE system design schematic for spaceflight. 

A. Ionomer-membrane Water Processor 

Paragon has developed a patented technology, 

depicted in Figure 3, to selectively remove water from 

an incoming air stream using ionomer-membrane 

technology. At the core of this technology are tubes of 

a perfluorosulfonated ionomer material (Nafion®) that 

permselectively allows water to pass across the 

membrane, while the gas flow and virtually all other 

non-water constituents are retained in the dirty side 

loop. In the simplified schematic of Figure 3 the 

ionomer membrane tubes, which are referred to as a 

bundle, are aligned with the axis of the cylinder, where 

dirty side air is shown flowing through.  In the current 

design, IWP bundles incorporate over 1000 individual 

tubes of Nafion.  Water vapor is driven across the membrane by a concentration gradient created when a sweep gas is 

Figure 3. Paragon's Ionomer-membrane Water 

Processor flow pathway. 
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applied, due to the lower partial pressure of water on the opposite side of the membrane. After water has been 

selectively removed from the gas stream, it will be collected and condensed to demonstrate the ability to extract it 

with the system testbed design. For flight, the hydrated air would be returned to the cabin air of the spacecraft for 

collection in the air revitalization/water reclamation system.  

The material used in this chemical pathway is the same as was used in Paragon’s Brine Processor Assembly (BPA), 

which uses a two layer bladder design comprising an inner ePTFE membrane in combination with an outer ionomer 

membrane to process water out of urine brine and return it to the cabin air stream.4 The BPA brine bladders utilize a 

difference in water vapor pressures with a heated sweep gas flowing over the outer bladder membrane to promote 

evaporation. The BPA was launched to the ISS for a one year on orbit experiment in February 2021.  System analysis 

to assess the ability of the STOOLE design to meet requirements for water removal rates and timelines is detailed in 

Section III. 

III. System Modeling and Analysis 

The STOOLE system model is broken into two major subsections: a fecal drying submodel which defines required 

system level boundary conditions (namely flow rates, dirty-side flow temperature, and number of required IWP 

bundles), and the system model, which uses the output from the drying sub model to inform STOOLE system 

requirements (i.e. pipe sizes, pumping/heater power requirements, component level head loss, etc.).  Details and 

methodology of drying and water vapor transport are included in a brief description of the following results. 

A Matlab-based water vapor transport submodel has been developed to inform initial STOOLE setpoints for: 

process sweep flowrates, operating temperature and pressure, IWP membrane surface area, and expected drying time.  

The model tracks water vapor mass transport from fecal drying, through the ePTFE sample bags into the STOOLE 

dirty sweep gas.  The drying time informs drying water flowrate, which “flows” up through the other system vapor 

transport interfaces by way of mass conservation. The model accounts for energy transfer at different system phases 

from an accompanying Engineering Equation Solver (EES) system model that tracks latent energy change due to fecal 

drying and sensible losses through the system.  The EES losses are iterated upon to ensure appropriate mass transfer 

estimates in the Matlab program. Future work should integrate the Matlab and EES subroutines. The model steps are 

as follows: 

 Determine recirculation loop incoming drying RH needed to produce required ePTFE permeate flux.  

 Determine IWP tube flow rate, sweep flow rate and bundle number required to remove fecal water arriving 

in humidified recirculation loop air from ePTFE bags. 

 Iterate with the system model to ensure system losses and power requirements are appropriately accounted 

for. 

 

The fecal drying rate and drying time are determined in a matter similar to typical solid matter (food) drying 

curves5.  Note that while the model can track drying time through the various phases of solid matter drying, the model 

currently assumes that the final water content of the fecal matter is above it’s critical water content, and water is 

assumed to freely diffuse to the surface of the feces, evaporate, and diffuse through the ePTFE bag. Thus, a saturated 

water vapor boundary is assumed on the fecal side of the ePTFE material. Most sources indicate a critical water content 

of healthy human feces to be between 0.4-0.8 (kgH2O/kgdry mass)6,7,8,9. The driving STOOLE required system 

performance is to remove 80% of the water by mass in the feces within 72 hours; thus, bringing the final water content 

from 0.3 to 0.6 (kgH2O/kgdry mass).  Until testing can verify the critical water content of feces at STOOLE operating 

conditions, it is believed that the assumption of staying above the critical water content is a fair, albeit potentially non-

conservative assumption. The ePTFE permeate flux is determined from standard models for vapor diffusion in 

plastics10,11.  IWP membrane transport is developed using Paragon’s standard method for water transport and required 

surface area.  Additionally the model is assumed to operate at steady state (the time required to heat the system is 

ignored), and the heat transfer/fluid characteristics of the flow going across the fecal samples is assumed to be that of 

flow going through an annulus.   

The model will generally perform better at elevated temperatures and flowrates.  A STOOLE system with 3 IWP 

bundles, 70 °C operating temperature, tube-side flow rate of 145.6 SLPM and a shell-side flow rate of 30 SLPM will 

reclaim 80% of fecal water from 25 typical deposits in 72 hr (within the requirements of the STOOLE system). 

However, note that the current results employ cabin air as the clean side sweep gas, and the delta water vapor partial 

pressure across the IWP is relatively low, thus requiring a relatively large amount of IWP bundles to achieve the 

required water removal per the requirements.  Introduction of a sweep gas with minimal water present or operating 

the clean side under vacuum can potentially reduce the required bundle count.  Figure 5 displays the required number 

of bundles and drying stream flowrates calculated from the drying model.  Decreasing system temperature reduces 
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Nafion permeability and 

therefore increases the required 

number of bundles for a given 

drying time. Decreasing drying 

time increases the necessary rate 

of water removal to meet drying 

requirements, thus increasing the 

drying stream flow rate and the 

number of bundles required. 

Increasing system operating 

temperature increases the 

amount of flow drying flow rate 

required for operation. 

 The STOOLE system model 

determines the heater and 

pumping power requirements, 

system pressure loss, dirty loop 

energy removal through the 

Nafion bundles, and helps with 

sizing the various components 

within the STOOLE architecture 

to meet system requirements. 

The system model uses the 

required flow rates and 

temperatures from the drying 

model to appropriately size the 

ducting, heater, and pumping requirements within the system.  To the first order the system must overcome the latent 

energy needed to evaporate water from the fecal containers at the required rate, energy loss as the flow goes through 

the Nafion bundles, and any associated pressure loss and energy losses in the system as the flow travels to the varying 

states. Additionally, the thermodynamic accounting from the system model is iterated with the drying model to ensure 

appropriate water vapor transport. 

Figure 4 presents the high level EES results for a system operating at approximately 70 °C and drying a sample in 

72 hours. The drying stream flow is approximately 150 SLPM (~6.5 CFM), and three Nafion bundles are employed. 

For this model, the system must overcome approximately 15W of latent heat removal due to the evaporation of the 

water, and 22 W of heat 

removal through the 

Nafion bundles. The pump 

puts an additional 9W, and 

the heater puts an 

additional 33W of power 

back into the system.  The 

discrepancy between the 

power supplied and the 

power lost due to the 

Nafion and latent heat is 

due to the modeling of 

system pressure and 

temperature losses. 

 The following is a discussion of the calculation of pressure drop and temperature loss through the system model.  

Pumping power is determined first by appropriately accounting for all of the pressure losses within the system.  The 

largest head loss within the system is generally the Ammonia scrubber, and the largest pressure loss uncertainty is 

currently the loss across the fecal container.  The ammonia scrubber, IWP bundles, and minor pressure losses are 

relatively straight forward (one can employ standard head loss calculations for the IWP and readily available pressure 

loss correlations for the Ammonia scrubber). 

Care must be taken to appropriately account for the pressure loss across the fecal container.  As the container fills, 

the space for air to flow around the ePTFE containment bags will decrease and the head loss across the container could 

 
Figure 5. Drying Stream Flow Rate (left) and Required Number of Bundles (right) 

vs. Drying Time. 
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Figure 4. STOOLE system model results for 70˚C operations at 72 hour 

drying time. 
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increase substantially. For pressure drop calculations, the assumed pressure drop across the fecal container is 

calculated as if it were a packed bed, with the characteristic length of the samples defined as the volume divided by 

the surface area.  With testing, the pressure drop across the fecal container should be verified and adjusted if major 

deviations exist.  

The ammonia scrubber model uses the Ergun equation for pressure loss of flow across a packed bed12.  The major 

pressure drops through the IWP bundles and the system tubing are calculated using standard Moody friction factors 

for flow through a tube.  The pressure loss across an IWP bundle employs the mass flow of the system divided by the 

total number of tubes in the bundle(s). Currently the minor losses in the system account for an assumed number of 

bends, valves, flanges and other miscellaneous pressure losses.  The Reynolds and Mach numbers of the flow through 

the system are relatively low, and minor losses are currently considered negligible.  However, in the future a more 

detailed assessment of the minor losses can be included if testing shows it to be necessary.   

With the system pressure loss and flow rate, it is trivial to calculate the required pumping power. Where Qpump is 

the pumping power, ΔP is the system pressure drop and η is the pump efficiency. Assuming 30% efficiency, the 

pumping power required to pump 145.6 SLPM through the system operating at 70 °C is on the order of 60W, and the 

system pressure loss is approximately 2 kPa.   

A system level assessment of an open loop system vs the proposed closed loop system is included to assess the 

overall complexity, benefits, and drawbacks of a closed loop versus an open loop system.  The following is a brief 

discussion of two open loop systems vs the proposed closed loop system.  Figure 6 displays the baseline, closed loop 

design on the left, a simple open loop design in the middle, and a complex open loop design on the right.  The colored 

lines indicated whether the air is cold (blue) or hot (red). The closed loop design contains the dirty and humid air 

behind Nafion water processing units, and cool cabin air is sucked across the clean side of the Nafion in order to draw 

water out of the closed dirty loop. Both open loop designs suck in and heat cabin air, the heated air dries the fecal 

samples, and the moist air is run through some filters before being expelled back into the cabin.  The complex open 

loop design introduces a regenerative heat exchanger to preheat the cabin air as it enters the pump (or heater if 

preferred), and cool the air expelling from the STOOLE system.  

The focus of the comparative analysis is primarily on contaminant retention, perceived safety, power requirement, 

and mass differentials. The closed loop design performs the best with regard to contaminant (VOC) retention in that 

the Nafion membrane provides an additional layer of containment.  Relative to a simple activated carbon filter alone, 

the Nafion membrane and the closed loop will dramatically reduce the amount of volatiles that are released to into the 

cabin as the fecal material dries. Activated carbon and HEPA filters generally trap particles down to 10 and 0.3 microns 

respectively; while, as a non-porous membrane, Nafion filters particles that are less than 0.001 micron in diameter13. 

The simple open loop design displays strong potential for expelling hot air (≥ 45 °C) into the cabin, while the closed 

loop design, and the open loop with a regenerative heat exchanger displays the best potential for keeping the air 

entering the cabin below 45 °C.  To the first order, the closed loop design and the open loop with a regenerative heat 

exchanger will require approximately the same amount of power (60 W).  Note that the closed loop power includes 

an estimate of both the dirty and clean side fans.  The simple open loop system requires nearly twice the power in that 

it must continually heat up the cool cabin air, thus more power goes into heating the air flow.  Currently the open loop 

 

 
Figure 6. Open vs Closed Loop System Designs. 
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designs are estimated to be approximately 6 kg lighter than the baseline design, however the magnitude of the 

difference will likely decrease as the design matures. As a result of the comparative analysis, the STOOLE program 

is currently pursuing the use of the closed system to provide the best opportunity for contaminant containment, crew 

safety, and reduced (or equivalent) power consumption. 

IV. Fecal Simulant Dehydration Testing 

At the time of this paper, all testing was performed with fecal simulant. Current literature indicates that most 

simulants are aimed to reproduce the chemical composition of human feces, rather than the dehydration or dewatering 

characteristics14. As such, there are no direct references from literature that can be cited to verify the dewatering profile 

of the fecal simulant versus that of actual human feces, which is a limitation of this work.  For this effort, mimicking 

the consistency of human feces at the same water content (75%) is the next best option to evaluate the efficacy of 

extracting water with the STOOLE system.   

  Several recipes/formulas from literature were produced, but the consistency was thin and watery.  The expectation 

for this project is that the fecal simulant mimic the consistency of healthy human feces, as indicated by a Type 3 or 4 

on the Bristol Stool Chart15.  This chart was developed to help aid clinical assessments of feces by visually illustrating 

the range of consistency of human feces, which is an important indicator of human health.  With effective dehydration 

being the primary motivation for this study, a simulant that qualitatively mimicked the consistency and dewatering of 

human feces was prioritized over matching the chemical composition. All recipes were formed at ~75% water content 

as a baseline.  

Using psyllium husk as the primary binding agent caused a hard crust to form, trapping much of the water inside, 

whereas xanthan gum absorbed more water by weight, generating a firmer simulant which could better retain its shape. 

Additionally, initial recipes employing proteins and minerals were dropped in favor of more insoluble fiber such as 

cellulose. The final recipe utilized for dehydration testing produced 250g samples with 75% water content, 

demonstrated in Figure 7, is comprised of a combination of cellulose (fibers and/or powder), xanthan gum, coconut 

oil, miso paste, polyethylene glycol, and/or cocoa powder.  

Water evaporation testing was designed to inform the selection of evaporation techniques (temperature and flow 

rates) and bag materials for quickly and completely drying fecal matter. The water evaporation test bench (Figure 8) 

was designed to blow heated air over a sample of fecal simulant. The blower (far right), moves air through a vertical 

flow meter, enters the heating element, before blowing through a flex line into the simulant test chamber. The off-the-

Figure 8. Water Evaporation Test Bench. 

 
Figure 7. Simulant progression from wet (left), to dried (middle), with crust formed (right). 
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shelf heater wattage greatly exceeded the requirements for testing.  In order to assist the controller in maintaining the 

correct temperature, and prevent wildly fluctuating temperatures, a variable voltage transformer was connected to the  

heater power supply. As an additional safety factor, a transistor was placed immediately downstream of the heater and 

set to open if temperatures exceeded 200°F (93 °C). The test chamber was fitted with temperature and relative humidity 

probes. The simulant was mixed and placed on a mesh screen to promote more even flow and heating around the 

sample.  

 A range of flow rates (3.5, 5.3 and 7.1 CFM) and temperatures (45, 60 and 75 °C) were used to evaluate simulant 

dewatering, the results of which can be seen in Figure 9. Between the bounding cases of 7.1 CFM at 75 °C, and 3.5 

CFM at 45 °C, there was approximately a 20% difference in the amount of water removed after only 8 hours. For all 

test scenarios, the peak evaporation rates were achieved within the first hour, and dropped off precipitously to nearly 

identical rates between all test conditions. While the water removal rate curve does resemble that of a typical drying 

curve, the max rates were expected to endure for much longer periods of time, indicating that once the free water in 

the surface of the sample is evaporated, the remaining water becomes increasingly difficult to extract. The physical 

manifestation of this phenomena can be seen in the creation of a noticeable crust through the drying process (Figure 

7). 

Similar testing was conducted, but this time with the simulant placed into a PTFE coated sheet as a bag. The bag 

materials selected for testing were a product of Sterlitech, and are provided in Table 1.  

 

Table 1. Bag Materials specifications from Sterlitech.16 

Product 

Code 

Backing 

Layer 

Backing 

Type 

Pore size 

(μm) 

Thickness 

(in) 

Surface 

Treatment 

QL827 PP Nonwoven 0.45 0.004-.008 Oleophobic 

QL207 PP Nonwoven 5.0 0.006-.010 N/A 

QL209 PP Nonwoven 1.0 0.006-.010 N/A 

Figure 9. Percent water removed (left) and water removal rates (right). 

Figure 10. Bag Membrane Testing, Percent water removed (left) and water removal rates (right). 

 



 
  

International Conference on Environmental Systems 

10 

The bag was formed by folding a sheet of the woven textile in half, and hot gluing the sides shut. All tests were run at 

the 5.3 CFM and 60 °C condition. The results in Figure 10 show similar trends to the testing completed without bags. 

While the bag material did act as a resistor to the drying process, slowing the evaporation rates, the differing pore size 

of the bag appeared to have little to no effect on the drying results. 

V. Conclusions 

The STOOLE system is designed to recapture water from human fecal material as a technology demonstration 

intended to support human spaceflight.  The benefit of the system design and functionality is that it can be customized 

to achieve various flow rates and/or internal heating temperatures to meet design requirements for water removal and 

drying time.  The closed loop design utilizes energy more efficiently while using a membrane distillation process to 

return water to the cabin air revitalization system in a spacecraft environment.  A perfluorosulfonated ionomer 

membrane adds a layer of molecular filtration that retains a significant majority of the small molecule compounds that 

could be released as human fecal matter is dried, in addition to in-line ammonia and odor/bacteria filters.  Human 

safety and comfort is a primary concern of the operational design of the STOOLE system.  As a part of the Phase II 

SBIR, a test bed will be constructed to demonstrate the full STOOLE system design with fecal simulant, and later, 

actual fecal material to ensure system requirements are being met. Creating a fecal simulant with both chemical and 

rheological similarity to real fecal matter proved challenging.  A fecal simulant was developed that prioritizes the 

consistency and presumed dewatering behavior over chemical composition of actual human feces due to the lack of 

publicly available citations for dewatering profile of actual human feces.  This simulant was used in testing to inform 

system design parameters, and dewatering rates were used to inform the system drying model.  It is intended that 

vented constituent samples be collected during testing with actual fecal material to demonstrate compliance with 

Spacecraft Maximum Allowable Concentration (SMAC) levels.  
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