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REQUEST FOR INFORMATION

ISS On-Board Environmental Monitoring Systems

NASA's Proposed Water and Air Analyzer for the on-orbit International Space Station

Introduction

The National Aeronautics and Space Administration (NASA) is seeking information that may assist in the development, deployment and operation of a proposed water and air analyzer for use onboard the International Space Station.  

Maintaining a safe environment on ISS may require improved instruments for the detection, identification, and quantification of trace contaminants in the water and air, and the NASA is seeking innovative approaches to improve functionality over the existing two systems.  The requirements for second-generation environmental monitoring systems for ISS are challenging, and NASA is interested in innovative solutions to meet these challenges. 

This analyzer would replace two Orbital Replaceable Units (ORUs) in the current Crew Health Care System (CheCS) Environmental Health System, the Volatile Organic Analyzer (VOA) and the Total Organic Carbon Analyzer (TOCA).  NASA requires that this new system  fit within the current VOA footprint within the CHeCS rack.
The NASA is also soliciting information to determine the availability of capable contractors that can accomplish this task.  This is a Request for Information (RFI) only. It is issued solely for information and planning purposes.  It does not constitute a Request for Proposals (RFP) or a promise to issue an RFP in the future.  This RFI does not commit the government to contract for any supply or service whatsoever.  The U.S. Government will not pay for any information or administrative cost incurred in response to this RFI.

Background:  Current Systems Description

The two ORUs in the current CHeCS Environmental Health System to be replaced by this new system are the Volatile Organic Analyzer and the Total Organic Carbon Analyzer.  The current top-level specification for the VOA and TOCA are contained in the Crew Health Care System GFE Specification contained at the following link.  See pages 14, 24, and 95-98 for TOCA; see pages 14, 25, and 102-107 for VOA.  

http://jsc-web-pub.jsc.nasa.gov/bd01/ISS/SSP50470/
Total Organic Carbon Analyzer (TOCA)

The TOCA is a water quality monitoring instrument used to determine concentrations of total organic carbon, total inorganic carbon, and total carbon, and pH and conductivity in ISS water samples.  The information generated from the TOCA is used to assess the quality of the reclaimed water supply and its suitability for crew consumption.  

The TOCA provides the capability to introduce water for analysis either from a sample syringe or a sample bag.  The total time required from initiation of sample injection to display of results for the complete analysis, including flushing for removal of sample carry-over and any replicate analyses, is approximately 60 minutes.  The TOCA is capable of performing self-calibration on-orbit through introduction of external calibration solutions within 120 minutes.

The TOCA determines the total organic carbon and inorganic carbon concentrations in water in the range of 250 to 50,000 (g/L, and total carbon concentrations in water in the range of 250 to 100,000 (g/L. The TOCA measures pH in water in the range of 2.0 to 12.0 pH units.  The TOCA measures conductivity in water in the range of 15 to 300 (mho/cm at 25(C with automatic temperature compensation.  The TOCA records, stores, and displays the internal sample number and date and time of analysis for each sample or standard analyzed.  Analytical results for total organic carbon in micrograms/L, inorganic carbon in micrograms/L, total carbon in micrograms/L, pH in pH units, and conductivity in micromho/cm is displayed for each sample or standard. 

The TOCA uses toxic reagents in performing its water quality monitoring function.  Such toxic reagents within the TOCA inhibit the onboard crew’s ability to troubleshoot and repair the TOCA and its components. When the TOCA uses up its supply of reagents, the entire system must be returned to Earth and refurbished on the ground.
Volatile Organic Analyzer (VOA)

The VOA is an analyzer used to detect, identify, and quantify potentially toxic volatile organic compounds in the internal atmosphere of International Space Station.  The analyzer is comprised of dual sample concentrators, dual gas chromatographs and dual ion mobility spectrometers, a detection system, and an on-line data controller and processor.  The VOA performs a nominal analysis run within five hours.

The VOA draws air from the cabin atmosphere or, in a contingency event, accepts manually introduced air samples from an air sampling bag. The VOA receives commands from the ground via a 1553 data interface.  The results of all detection, identification, and quantification processes (analysis runs) are stored on the instrument and transmitted to the ground via the 1553 interface. 

Nitrogen is provided to the VOA footprint by the environmental control and life support System.  The Avionics Air Assembly, consisting of an air circulation fan and a non-condensing heat exchanger, maintains thermal control for the VOA. The VOA receives avionics air between 65 and 85 degrees F at 20 cubic feet per minute at a maximum pressure of 1.5 inches water gauge.  This air enters the VOA through a vent on the bottom of the unit and is discharged back into the avionics air loop.
Existing Systems’ Details

Detailed specifications and requirements exist for the two current environmental monitoring systems, TOCA and VOA.  The NASA may provide this information upon request. 
Overview of Need

The NASA seeks a replacement system for the VOA and TOCA.  This replacement system must detect and quantify a significant percentage of the contaminants and compounds in Tables 1-3.  This replacement system will operate in a spacecraft environment and possibly be required to perform in a highly contaminated atmosphere.  Important instrument characteristics are linearity, analysis time, analysis cycle time, mass, volume, and power requirements.  Important instrument maintenance properties are the required calibration and maintenance intervals, and the types of resources required.

The NASA has prioritized the goals for this replacement system as described below.

Prioritized Goals

In developing this replacement system, the NASA has four primary goals. The chosen approach will provide the best value and combination of these goals. These primary goals are listed in order of importance with supporting subordinate goals for the replacement system.

1. Elimination or reduction of the use of hazardous substances (such as toxic reagents).  The NASA prefers that the replacement system reduce if not eliminate the use of toxic reagents or other hazardous substances to operate or maintain the environmental monitoring systems on board the ISS.  Elimination of the use of toxic substances decreases on-orbit safety hazards, enables on-orbit maintenance, and decreases cost.

2. Reduction of Logistics Costs.  The NASA seeks to reduce the sustaining budget for the two systems, both in terms of upmass (life cycle mass sent from Earth to ISS) and in terms of the cost of refurbishment and maintaining access to unique vendor capabilities.

a. Decrease requirements for external depot.  The NASA seeks to maintain and service the replacement system with full rights to the design other than commercially available replacement parts.  The NASA seeks to move the sustainer function (and knowledge base) to an existing NASA depot.  

b. Decrease the upmass and downmass requirements to fly replacement hardware and to supply consumables for the calibration and operation of the system.  

3. Improved Contaminant Detection and Quantification.  

a. Water Quality Monitoring – Tables 1 and 2 contain lists of organic and inorganic contaminants respectively that the NASA has targeted for the proposed system to monitor and quantify.  These contaminants are listed at three priority levels for each of the tables.  Priority 1 contaminants are the most important to be monitored and quantified.  The NASA prefers that the replacement system measure all of the Priority 1 contaminants at the minimum detection levels specified.  Priority 2 contaminants are second in importance, and the NASA prefers that the replacement system detect as many of these as possible and feasible at the levels specified.  Priority 3 contaminants are third in importance.  The NASA considers detection of these contaminants by the replacement system at the levels specified as highly desirable.

b. Air Quality Monitoring – Table 3 contains the target list of pollutants to be detected and quantified in the ISS atmosphere.  These compounds are listed at three priority levels.  Priority 1 compounds are those most important to be monitored and quantified.  The NASA prefers that the replacement system measure at least 90% of these compounds at the detection levels specified, with a goal of detection of all of these compounds.  Priority 2 compounds are second in importance.  The NASA prefers that the replacement system measure at least 80% of these compounds at the detection levels specified, with a lesser goal of detection of all of these compounds.  Priority 3 compounds are third in importance.  The NASA prefers that the replacement system measure at least 70% of these compounds at the detection levels specified, with a lesser goal of detection of all of these compounds.

4. Volume and Mass Properties Reductions.  The NASA has a goal of providing the functionality of the water and air quality monitoring systems into a single footprint of dimensions 33.5 x 19 x 10.5 inches.

Table 1, Targeted Organic Compounds for Water Quality Monitoring

* Minimum Detection Limits have not been established. Assume 200 (g/L for purposes of this RFI
	Parameter
	Minimum Detection Limit, (g/L

	Priority 1
	 

	Total Organic Carbon (TOC)
	500

	Formate/Formic acid
	500

	Propylene Glycol (or Total glycols)
	500

	Ethanol (or Total alcohols)
	500

	Methanol (or Total alcohols)
	500

	Caprolactam
	1500

	Priority 2
	 

	Acetate/Acetic Acid
	 200 *

	Acetone
	 200 *

	Isopropanol
	 200 *

	Formaldehyde
	100

	Ethylene Glycol
	1200

	Glycerol
	  200 *

	Propionic acid
	  200 *

	Urea
	  200 *

	Priority 3
	 

	Phenol
	100

	Methyl ethyl ketone
	400

	2-Butoxyethanol
	 200 *

	Chloroform
	8

	Methylene chloride
	0.5

	N-Butylbenzenesulfonamide
	 200 *

	Benzothiazole
	 200 *

	Dibutyl phthalate
	400

	Diethyl phthalate
	3000

	bis-2-Ethylhexylphthalate
	0.6

	Benzyl alcohol
	 200 *

	1-Propanol
	 200 *

	1-Butanol
	 200 *

	Isopentanol
	 200 *

	2-Ethoxyethanol
	 200 *

	Acetaldehyde
	 200 * 

	Methylamine
	 200 *

	Butyric acid
	  200 *

	Valeric acid
	 200 *

	Caproic acid
	  200 *


Table 2, Targeted Attributes and Inorganic Compounds for Water Quality Monitoring

* Minimum Detection Limits have not been established. Assume 200 (g/L for purposes of this RFI 

	Parameter
	Minimum Detection Limit, (g/L

	Priority 1
	 

	Conductivity
	-

	pH
	2 - 12 pH units

	Silver
	50

	Lead
	5

	Nickel
	10

	Ammonia
	200

	Iodine
	50

	Priority 2
	 

	Cadmium
	0.5

	Zinc
	500

	Fluoride
	150

	Chromium
	10

	Turbidity
	0.15 NTU

	Priority 3
	 

	Arsenic
	1

	Barium
	100

	Calcium
	10000

	Chloride
	25000

	Copper
	100

	Cyanide
	 200 *

	Iron
	30

	Magnesium
	5000

	Manganese
	5

	Mercury
	0.2

	Nitrate
	1000

	Potassium
	  200 *

	Phosphate
	  200 *

	Sulfate
	25000


Table 3, Targeted Compounds for Air Quality Monitoring

	Compounds
	Minimum Detection Limit

	Priority 1

	Ethanol
	10 ppm

	Acetaldehyde
	0.1 ppm

	Acetone
	1 ppm

	Dichloromethane
	0.03 ppm

	Formaldehyde
	0.01 ppm

	Ammonia
	1 ppm

	Methanol
	0.2 ppm

	Octamethylcyclotetrasiloxane
	0.05 ppm

	Hexamethylcyclotrisiloxane
	0.1 ppm

	Propylene glycol
	0.5 ppm

	Perfluoropropane
	10 ppm

	Priority 2

	1-Butanol
	0.5 ppm

	2-Ethoxyethanol
	0.1 ppm

	Benzene
	0.01 ppm

	Acrolein
	0.01 ppm

	C5-C7 Alkanes
	2 ppm

	Decamethylcyclopentasiloxane
	0.1 ppm

	C3-C8 aliphatic sat. aldehyde
	0.1 ppm

	Ethyl benzene
	1 ppm

	Ethyl acetate
	1 ppm

	2-Propanol
	3 ppm

	Ethylene  (plants)
	0.05 ppm

	Freon 113
	2 ppm

	Furan
	0.01 ppm

	Toluene
	1 ppm

	Xylenes
	2 ppm

	Priority 3

	1,2-dichloroethane
	0.01 ppm

	Alkyl amines
	0.5 ppm

	2-Butanone
	0.5 ppm

	4-Methyl-2-pentanone
	2 ppm

	Carbonyl Sulfide
	0.01 ppm

	Chloroform
	0.02 ppm

	Diacetone Alcohol
	0.2 ppm

	Freon 11
	2 ppm

	Freon 12
	2 ppm

	Isoprene
	0.05 ppm

	Limonene
	1 ppm

	Trimethylsilanol
	0.5 ppm

	Vinyl Chloride
	0.05 ppm


Information Requested

In responding to this RFI, the NASA asks potentially interested vendors to submit information on the following subjects.  Please number your answers to match the question numbers below. 

1) Is the proposed replacement system outlined above feasible and practical?  Is there an alternative system that can be developed to meet a significant percentage of the NASA’s stated goals at a lower cost?  Specifically:

a) Which of the Prioritized Goals listed above (including detectability of specific contaminants at the levels specified in Tables 1-3) can be met by commercial off-the-shelf systems?

b) Which of the Prioritized Goals above (including detectability of specific contaminants at the levels specified in Tables 1-3) can be met by current technologies?

c) Explain the technological difficulties associated with the Prioritized Goals above (including detectability of specific contaminants at the levels specified in Tables 1-3) that cannot be met by current technologies.

d) Can you develop a system that meets most or all of the Prioritized Goals above?  Describe how your system would meet each of the goals (including detectability of specific contaminants at the levels specified in Tables 1-3). .

e) Provide your assessment on the feasibility of your company providing a system that would satisfy most if not all of the NASA's stated Performance Goals for this system.
f) Which of the pollutants (listed in Tables 1, 2, and 3) can your system measure that will not require the use of hazardous substances (Tox Level 2 and above) on-orbit?
2) Briefly describe the system you would be capable of providing should NASA issue an RFP.  Include a brief description of the technical architecture of your proposed system, and the methods used to detect the compounds in Tables 1-3.  

3) Please list the Priority Needs (including detectability of specific contaminants at the levels specified in Tables 1-3) satisfied by your proposed system.  

4) Please provide explanations of the challenges to satisfying Priority Needs not satisfied by your proposed system.
5) The government normally acquires unlimited rights in data first produced in performance of a contract.  NASA is trying to understand the implications of pursuing a new design, which will decrease maintenance costs, while also taking advantage of commercially-available designs or design features for which the government would not have unlimited data rights.  As it relates to your potential design concept, describe your expectations concerning the rights (eg. intellectual property, data) you would maintain in any part of the proposed system you would develop and how that would impact the cost to procure the item and the cost to maintain the item. See FAR clause 52.227-15, Representation of Limited Rights Data and Restricted Computer Software (May 1999) for further information regarding the intent of this question. 
6) Provide estimates of the cost of your proposed system.  Indicate the amount of those costs necessary to build or develop the system and the amount necessary to operate it.  Provide the top-level project milestone schedule for developing, testing, and delivering the system

7) Briefly describe your company, products, services, history, and ownership. In particular, describe any projects you have been involved in that are similar in concept to what is described in this RFI, including previous work performed with NASA. 

8) Include the relevant information if your services are available on a GSA schedule or other contract vehicle. 

9) Provide any other information that you deem relevant to this RFI.

General Information

Responses Due:

Provide Notice of Intent to Respond:   (2 weeks after Posting date)

Response Date:                                     09/09/2003

Contracting Office Address:

See below

Send    Three (3) copies of your response to this RFI to 

NASA Lyndon B. Johnson Space Center

Attn:  BG/Michelle Isermann

2101 NASA Road 1, Building 4S, Room 3806

Houston, TX  77058

Tel:  281-483-8510

Fax:  281-244-7563

Email:   michelle.b.isermann@nasa.gov
Technical Point of Contact:

Jonette Stecklein

Mailcode OB8

NASA Lyndon B. Johnson Space Center

2101 NASA Road 1

Houston, TX  77058

Email:   jonette.m.stecklein@nasa.gov


