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Nov 20th, 2018 marks the 20th anniversary of the beginning of construction of the International Space Station. 
Major events include NASA direction to study system dormancy as it would relate to a short term de-crewing 
of the vehicle. The ECLS system is constantly changing to meet the needs of current missions and future 
exploration. This paper evaluates the future of each U.S. ECLS subsystem, including modifications to overall 
utilization, and how new exploration technologies are impacting life on the ISS. The impacts of such events, 
and the challenges seen for each U.S. ECLS subsystem occurring during the last year are summarily discussed. 
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OA   = Orbital/ATK 
OGA  = Oxygen Generation Assembly 
OGS  = Oxygen Generation System 
ORU   =    Orbital Replaceable Unit 
PDMS  = polydimethylsiloxane 
PMD  = Pressure Management Device 
RPC  = Remote Power Controller 
RPCM  = Remote Power Control Module 
R&R  = Remove & Replace 
SDS  = Sample Delivery System 
S/N  = Serial Number 
SPRT  = System Problem Resolution Team 
SpX  = SpaceX  
SSC  = Space Station Computer 
THC  = Temperature & Humidity Control 
TT&E  = Test, Teardown & Evaluation 
UIA  = Umbilical Interface Assembly 
UPA  = Urine Processor Assembly 
USOS  = United States On-orbit Segment 
UWMS = Universal Waste Management System 
WHC  = Waste & Hygiene Compartment 
WM  = Waste Management 
WPA  = Water Processor Assembly 
WRS  = Water Recovery Subsystem 
WRM  = Water Recovery & Management 
WSS  = Water Storage System  
VES  = Vacuum Exhaust System 
VRS  = Vacuum Resource System 
VS   = Vacuum System 
VV   =   Visiting Vehicle 
 

AC   = Assembly Complete        
ACS  = Atmosphere Control & Supply      
AR   = Atmosphere Revitalization       
ASV  = Air Selector Valve        
BPA  = Brine Processor Assembly 
CHIPS  = Charcoal HEPA Integrated Particle 
Scrubbers  
CCAA  = Common Cabin Air Assembly     
CWC  = Contingency Water Collection      
CDRA  = Carbon Dioxide Removal Assembly    
CHX  = Condensing Heat Exchanger      
DAB  = Desiccant Adsorbent Bed  
D/L  = Down Link 
DTO  = Developmental Test Objective     
ECLS   = Environmental Control and Life Support  
EMU  = Extra vehicular Mobility Unit 
EVA  = Extra Vehicular Activity 
FDS  = Fire Detection and Suppression      
GUI  = Graphical User Interface 
HEPA  = High Efficiency Particle Air      
IMV  = Inter-Module Ventilation 
ISA  = Internal Sampling Adapter    
ISS   = International Space Station      
ITCS         = Internal Thermal Control System 
JSL  = Joint Station LAN 
KSC  = Kennedy Space Center       
MCA  = Major Constituent Analyzer 
NASA  = National Aeronautics and Space 
Administration 
NORS  = Nitrogen/Oxygen Resupply System 
NG   = Northrop Grumman 
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1. Introduction  

he International Space Station (ISS) program achieved “Assembly Complete” (AC) in 2010, with the 
Environmental Control and Life Support (ECLS) system supporting ISS crews and visiting Shuttle and Soyuz 
crews since assembly began in 1998.  

Through AC a total of 16 pressurized elements have been added to the ISS. Since then ECLS activity has focused 
mainly on maintaining the ISS systems currently onboard while acquiring on-orbit operational knowledge in 
microgravity. Additional changes to the “AC” ISS configuration continue to occur, including preparations for the first 
Commercial Crew vehicle arrivals and support for exploration ECLSS technology testing. 
 

A. ISS ECLS OVERVIEW 

The ISS on-orbit ECLS system comprises 6 subsystems: Atmosphere Control and Supply (ACS), Temperature and 
Humidity Control (THC), Fire Detection and Suppression (FDS), Atmosphere Revitalization (AR), Water Recovery 
and Management (WRM), and Vacuum System (VS). The following sections briefly summarize each subsystem and 
its function within the ISS pressurized elements. 
 
1. Atmosphere Control and Supply (ACS)  

The ACS subsystem provides cabin atmosphere pressure control, overpressure relief, pressure equalization, rapid 
depressurization detection and response, nitrogen and oxygen distribution, and nitrogen and oxygen high pressure tank 
recharge from NORS tanks delivered on unmanned logistics vehicles. 
 
2. Temperature and Humidity Control (THC) 

The THC subsystem provides airborne heat removal, air temperature control and monitoring, intra-module and inter-
module ventilation, humidity removal, and airborne particulate/bacteria removal.  
 
3. Fire Detection and Suppression (FDS) 
 
The FDS subsystem includes smoke detection, fire isolation, fire extinguishment, and fire recovery. 
 
4. Atmosphere Revitalization (AR) 

The AR subsystem revitalizes the habitable atmosphere by removing carbon dioxide, potentially hazardous volatile 
trace contaminants generated by inadvertent spills, crew metabolic processes, and equipment off-gassing such that 
cabin contaminant levels are maintained within limits.  Additionally, the ISS habitable environment is monitored for 
atmosphere major constituents O2, N2, and CO2, as well as H2, CH4, and H2O. In the United States On-orbit Segment 
(USOS), the Sample Distribution System (SDS) carries sample cabin air through lines from the various modules to 
the Major Constituent Analyzer mass spectrometer. 
 
5. Water Recovery and Management (WRM) 

The WRM subsystem supplies potable water, hygiene water, and water for payloads, as well as collecting humidity 
condensate. The WRM also provides excess wastewater venting; condensate storage; and potable, waste water 
distribution. 
 The WRM subsystem was expanded significantly prior to Shuttle retirement with the addition of the Regenerative 
ECLS Racks known as Water Recovery System (WRS) 1 & 2 & Oxygen Generation System (OGS), which include 
the Urine Processor Assembly (UPA), the Water Processor Assembly (WPA) and the Oxygen Generator Assembly 
(OGA). WRM includes Waste Management (WM) which, for ISS, is the Waste & Hygiene Compartment (WHC), a 
U.S. On-orbit Segment (USOS) bathroom that collects solid waste and collects, treats and transports liquid waste to 
the Urine Processor Assembly (UPA) for water recovery. 
 
6. Vacuum System (VS) 

T
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The VS supplies the U.S. Lab module payload rack locations with access to space vacuum. The VS consists of two 
separate subsystems: the Vacuum Exhaust System (VES) and the Vacuum Resource System (VRS).  Connected to all 
thirteen payload rack locations, the VES can vent payload gases overboard. The VRS provides high-quality vacuum 
to nine of the thirteen payload rack locations for user access. 
 
   

2. SUMMARY DISCUSSION OF MAJOR SUBSYSTEM EVENTS IN UNITED STATES 
ON-ORBIT SEGMENT BY FUNCTION 

 
A.   Atmosphere Control and Supply 

1. Pressure Management Device (PMD) Deployed 
 

The Internal Sampling Adapter (ISA) valve block and accompanying pressure 
probe have been used since the first ISS models arrived on-orbit. The ISA 
setup has been a reliable means of measuring pressure in the module 
vestibules during Visiting Vehicle (VV) arrivals, departures, and various leak 
checks. The ISA setup does require crew tending to actuate manual valves and 
call down pressure readings, as it does not provide Downlink (D/L) telemetry. 
The ISA setup is a passive system that dumps isolated vestibule atmosphere 
overboard via one of the various ISS vacuum vents. A solution to cut down on 
crew time, provide realtime D/L telemetry, and save vestibule atmosphere was 
proposed in the form of an automated airsave device. This became the PMD 
which arrived on-orbit on OA-9 (May 2018). 
 

The PMD incorporates an air spave depress pump, internal pressure sensors, and connections to allow for venting 
atmosphere overboard. The PMD is powered by station 120VAC and is controlled via USB connection to a Space 
Station Computer (SSC). The PMD can be moved between modules as needed to facilate VVs arrivals/departures 
and leak checks. The SSC provides a Graphical User Interface (GUI) with realtime telemetry (pressure, temperature, 
etc.) and commanding capabiltiy. The PMD can be commanded directly by crew through the SSC or by the ground 
through a VPN/remote desktop capability. In the future the PMD commanding and telemetry can be sent through the 
JSL ARCTURUS system. Crew only needs to setup the PMD and then it can run an automated script or ground can 
manually control it. The PMD allows for much greater insight into vestibule operations and provides ~3 lbm air 
savings per VV departure. The PMD has been used in the vestibule depress and repress operations of multiple 
visiting vehicles since it arrived on-orbit. 
 
  
 
 
2. Umbilical Interface Assembly (UIA) O2 Supply Hose Too Short to Connect to New UIA  
 

The  UIA in the Airlock Crewlock compartment provides pressurized 
O2, water, and power to the Extravehicular Mobility Units (EMU) 
prior to crew going outside for Extravehicular Activities (EVA). The 
UIA was Removed and Replaced (R&R) on June 26, 2018 due to 
hardware end of life. While crew was making the hose connections 
after the R&R they found that the existing high pressure O2 supply 
hose was ~2-3 mm short of making a connection with the new UIA. 
The Supply Hose provides high pressure (~900 psi) O2 to the UIA to 
recharge the suit O2 tanks. Without the Supply Hose the EMUs are 
not able to be prepped for EVAs, thus the ISS was without EVA 
capability until a solution was found. 
 

 
 
 
 
 
 
 

 
Figure 1 PMD 

 
 
 
 
 
 
 
 
 
 

Figure 2 - UIA 
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Crew was able to make the connection if they applied an axial load to the hose. Upon further discussion the engineering 
teams decided not to stretch the hose due to the high pressure nature of the hose. Teams settled on using the 
Contingency UIA O2 Supply Hose meant for use in the Equipment Lock compartment. The Contingency hose is 6” 
longer than the existing supply hose. The crew was able to successfully remove the nominal UIA O2 Supply Hose and 
replace it with the Contingency hose. After a successful leak check the system was declared operational and ISS EVA 
capability was restored. The team is working on flying a replacement Contingency Hose to regain contingency UIA 
ops in the Equipment lock compartment. 
 
3. Oxygen Generation Assembly  
 
As of March 17, 2019, the OGA has produced approximately 16,000 lbm of oxygen and 2,000 lbm of hydrogen.   
 
During an October 2016 reactivation to Standby attempt, OGA went to Fast Shutdown (power removed from rack) 
due to low voltage across Cell #1 within a 28 cell electrolysis stack (cathode water feed).  The failed Hydrogen Dome 
Orbital Replacement Unit (ORU) was replaced in early November 2016 with Hydrogen Dome ORU S/N 3. S/N 2 was 
returned for Test, Teardown and Evaluation (TT&E) and failure investigation (2017 to 2018).   
 
In 2018 Cells # 1 and #2 were removed from the cell stack and both non-destructive and destructive tests were 
performed.  Failure investigation determined a systemic design issue exists with cell stack support structure and 
loading, resulting in MEA cold flow (creep) across the cathode side expanded wire screen pack after long duration 
under compression. This created extreme pinch points, resulting in progressively less resistive shunt paths and cell 
low voltage failure.  
 
Currently the installed S/N 3 H2 Dome ORU has a similar anomalous voltage trend in Cell #1 as previously seen in 
the S/N 2 H2 ORU cell stack assembly’s Cell #1 (fastest discharge rate upon deactivation, slowest charge rate to 
Standby compared to the other 27 cells).   
 
Program has initiated procurement of additional cell stack assemblies that will include strategic design updates to 
ameliorate the creep issue and ensure OGA functionality until end of ISS, through Depot replacements of cell stacks 
within returned H2 Dome ORUs.   
 
The originally installed S/N 1 Pump ORU has a cumulative operating time of 8 years (well beyond its 2 year design 
life). Over the past year the pump has exhibited a gradual increase in speed from 2000 to 2040 rpm, and a decrease in 
motor temperature from 90 to 80 ̊F.  The OGA team continues to monitor this pump trend. 
 

B. Temperature and Humidity Control 

  
1. Common Cabin Air Assembly (CCAA) Condensing Heat Exchanger (CHX) Weldment Repair 

CCAA CHXs are located in the U.S. Laboratory Destiny module (2), the Quest Airlock 
(1), Node 2 Harmony (1) and Node 3 Tranquility (1) modules. (Figure 3 shows an ISS 
CCAA CHX).  

During rejuvenation of the returned hydrophobic CCAA 
CHX’s from ISS, one of the weldments sprung a leak 
(Figure 4 shows a CCAA CHX weldment). This was one of 
four available for assembly so it was put on the shelf. The 
program now needs this weldment on-orbit, so its leak must 
be repaired. The repair is in work.  
 
 
 
 
 

 
 

 

Figure 4 CCAA 
CHX weldment 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 CCAA HX 
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2.  Polydimethylsiloxane (PDMS) Scrubber Update and Combination Charcoal/HEPA Status 

While the source of the PDMS contaminants on ISS CCAA CHXs cannot be eliminated, a method of controlling the 
problem has been developed. A “temporary near term” solution was implemented and flown on SpX-6 in April 2015, 
as reported in (Reference: 8). 
 
Because the modified Charcoal filters are considered an interim step that 
doesn’t directly protect the five installed CCAA CHXs, a long term goal is 
to scrub the USOS atmosphere to eliminate or reduce CCAA CHX exposure 
to PDMS. This is accomplished by installing combined charcoal/HEPA 
filters, called the Charcoal HEPA Integrated Particle Scrubbers (CHIPS), 
directly ahead of each installed CCAA CHX, located in the U.S. Lab, 
Airlock, Node 2 & Node 3 (Figure 5 shows a charcoal filter being assembled 
at KSC).  CHIPS were delivered to ISS on NG-11 in the spring of 2019.  
Installation of the new filters began shortly after they arrived on-orbit, and 
will be completed throughout the US modules by the end of 2019.   
 

 
C. Atmosphere Revitalization 

 
1. CDRA Desiccant-Adsorbent Bed (DAB) Status 

2018 was a year of model performance for both the US Lab and Node 3 
CDRAs.  With -5 Beds installed in both CDRAs, the DABs performed 
nominally with only minor or expected increases in delta pressure over the 
course of the year (Figure 6 shows -5 beds in ground processing).  
Performance on the year was nominal, and it is unlikely that there will be 
any need for replacement of the beds in the near term.  A spare set of -5 beds 
is expected to be delivered in early 2019.   
 
 

 
 
 
 

2.    Honeywell Valve Actuator Motor Controller Remote Power Controller (RPC) Trip Investigation 

Honeywell valves are used in a host of applications across the USOS.  The valves 
use a common actuator design, with minor differences in handling EMI/Inrush by 
application.  There are currently 91 installed controllers, split between the CDRA 
ASV Valves, IMV Valves, Vent Relief Assemblies, and valves used by the ITCS 
System. On-Orbit investigations into Remote Power Controller Module (RPCM) 
trips led to several of these valves being R&R’d, and brought home for tear down 
and investigation. Investigations over the course of 2018, while not yet conclusive, 
have led to scrutiny being placed on the connectors (Figure 7 shows a CT scan of a 

suspect ASV connector). 
 
 
 
3. MCA ORU02 F0001 Diverging Data Anomaly 

At completion of the R&R of the Verification Gas Assembly, the MCA was powered, and an anomaly regarding the 
telemetry of the ppO2 and ppN2 was noted. Telemetry was erratic, but was clearly showing a tendency of the readings 

Figure 7 ASV Connector 

 
 
 
 
 
 
 
 
 

Figure 6 “-5” DABs 

 
 
 
 
 
 
 
 
 
 
Figure 5 Final Assembly of New 

Charcoal Filters at KSC 
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for ppO2 and ppN2 to diverge (ppO2 was decreasing, while ppN2 was increasing).  Without purposeful introduction 
of either of these gases, they should track and decrease.  On-orbit troubleshooting of the anomaly was unsuccessful, 
and the ORU 02 S/N F0001 was brought home for evaluation (Figure 8 shows an MCA ORU O2).  Ground testing of 
the ORU was inconclusive.  The ORU was functionally tested, and run through its acceptance testing.  Since the ORU 
was not shown to be discrepant, the decision was made to re-launch the ORU. 
 
4. MCA ORU 02 F0007 Anomaly & Relaunch 

During Initial installation of ORU 02 F0007 into the Node 3 MCA in 2017, 
anomalies were reported, and the ORU 02 Failed to communicate.  The ORU was 
uninstalled and brought home for TT&E.  During the investigation, the Controller 
Cards were removed and reseated.  With this action the ORU’s communication 

capability was restored.  An internal 
magnet was also found to have shifted.  
This did not alter the performance of the 
mass spectrometer, however it was further 
evidence that the ORU appeared to have 
been on the receiving end of a force large 
enough to cause these findings.  ORU 
F0007 was re-launched on waivers, as the root cause of the communication 
failure was not determined.  The ORU was installed in Node 3 in December 
2018, and initial indications are that it is communicating, and not producing 
any divergent data. 
 
D. Water Recovery Management  

As of April 7, 2019 the USOS Water Processor Assembly (WPA) has 
processed 38,823 kg (85,591 lbs.) of water on ISS. The UPA has 
provided 18,291 kg (40,325 lbs.) of distillate, and the rest (20,532 kg 
(45,265 lbs.)) has been combined condensate + Contingency Water 
Collection (CWC) bag transfers, and includes approximately 1,064 kg 
(2,342 lbs.) of Sabatier product water. To date the WPA has processed 
almost 10 times its hardware weight in water proving that the 
investment in regenerative water processing systems for ISS has been 
worthwhile. Accumulated water production through April 2019 is 
shown in Figure 10.  
 
 
1. Universal Waste Management System (UWMS) STALL Installation 

UWMS is a new toilet system being developed for use on ISS and future 
exploration missions. With the future installation of UWMS the USOS will 
have two toilets (UWMS and WHC). UWMS will be installed in Node 3 
adjacent to WHC. In order to accommodate the two toilets a new privacy 
enclosure (STALL) was designed that replaces the WHC Kabin enclosure. 
STALL provides two individual toilet stall enclosures to allow for crew 
privacy when using UWMS or WHC. STALL arrived on ISS on NG-10 
(11-15-2018) and was installed on 2-1-2019 without issue.  
 
 
 
 
 
 
 
 

 
Figure 9 MCA  

 
Figure 10 WPA Water Production 

Figure 8 MCA ORU 02 

 
 
 
 
 
 
 
 

Figure 11 - STALL 
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2. Water Storage System (WSS) Update 

WSS flight hardware delivery began with the arrival of the Potable Tank Assembly 
portion on NG-10 on 11-15-2018. The Potable Tank Assembly  was installed on-orbit 
2-4-2019 without issue. The remaining pieces of WSS hardware are slated to arrive 
on-orbit in Spring of 2019. Figure 13 shows the WSS installed in a Zero-g Storage 
Rack (ZSR). Operationally WSS will help the flight control team and on-board crew 
to manage the ebb and flow of potable and waste water. When the WPA is down for 
maintenance or repairs, the WSS will be able to take over the potable bus management 
duties by providing uninterrupted water feed to crew, OGA and payloads, while also 
providing a significantly increased waste water storage capability. 
 

 

 

 

E. Vacuum System 

1. Multiple User Venting for Experiments 
 

The ISS Lab VS has been analyzed to handle venting multiple gas species concurrently to support a variety of CO2 
scrubbing experiments over the next several years. This analysis established guidelines for which gas species and flow 
rates can be vented through the VES without impacting Guidance Navigation and Control, nor causing chemical 
reactions within the VS manifold. Prior to this analysis, the VS software only allowed one Rack Isolation Valve (valve 
from experiments to space vacuum) to open at a time. A software patch was developed and uplinked to safely open 
multiple Rack Isolation Valves while still maintaining existing VS safing controls. 
 

F. Decrew Assessment 
Throughout November and December 2018 the entire ISS Program was tasked with re-evaluating and updating our 
decrew procedures and processes in the event we would need to bring crew home unexpectedly. This task determined 
what system safing/mothballing would need to be performed if we had a decrew period of 6+ months. 

 
The ECLS team conducted thorough evaluations of current hardware configuration, Flight Rules, Procedures, sparing 
posture, and possible hardware failure scenarios, in order to develop an ECLS mothball plan. This plan was discussed 
with other ISS teams across multiple weekly planning meetings, tagups, and briefings to settle on an integrated decrew 
operation. 

 
The main focus areas for the ECLS team were on OGA and the WRM systems (WHC, UPA, WPA). The final plan 
had OGA taken to an OFF state (and required an H2 sensor R&R upon re-activation), the WHC and UPA systems 
would undergo multiple water flushes to protect against pre-treated urine sitting stagnant in the lines, and the WPA 
catalytic reactor would be put into a higher standby temperature to help protect against microbial growth. The 
wastewater bus would also be split at the Lab allowing the Lab Condensate tank to collect from Lab/Node 2 CCAAs 
and the WPA to collect from Node 3/Airlock CCAAs and have the ability to process water by shunting water back 
and forth between OGA. The team also flew several spare hardware items on NG-10 (such as a UPA Distillation 
Assembly) to ensure systems could be restored to working order upon recrew in the event they had incurred 
irreversible damage (i.e. microbial growth) during the decrew period. 

 
 
 
 
 

 
Figure 12 WSS Layout 
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G. Conclusions/Forward Work   

 
This paper documents ECLS system events encountered mostly between January and December 2018 with a few 
events from early 2019. Significant progress has been made in resolving ISS on-orbit problems, with an eye to 
supporting future exploration tech demonstrations. After almost 19 years on-orbit, the ISS ECLS system has 
established an outstanding continuum of data and operation, working from a level of experience supporting 59 
Expedition crews, as well as providing support to Shuttle and Soyuz taxi crews.  
 
Opportunities are expected to begin flying astronauts to ISS aboard U.S. commercial crew vehicles in 2019, and NASA 
has been discussing augmenting the existing ISS ECLS with components and technologies anticipated for future space 
exploration, utilizing ISS as a flying testbed for those systems.  2019 will bring the first of these technology 
demonstrations, the Thermal Amine System, which will be used for CO2 removal. 

1. UWMS 

The UWMS is scheduled to be flown to ISS as a DTO prior to use on Orion.  Delivery is anticipated in late 2019, and 
will be installed adjacent to the existing commode (WHC) in Node 3.  

2. Brine Processor Assembly (BPA) 

The BPA is scheduled to be flown to ISS as a DTO.  Delivery is anticipated to be in late 2019, and installation will be 
in Node 3. This will allow for a greater water recovery rate from the concentrated brine solution that is formed from 
UPA operations. 

3. Lunar Orbiting Platform/Gateway 

Definition studies of  the Gateway are progressing. As ECLS architecture is defined new technologies to support the 
Gateway are being considered for flight on ISS, including new CO2 removal/reduction systems, advanced OGA & 
WPA subsystems and a variety of new environmental monitors. 
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