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Scenario Technical Work Package 1

Crew, Robotics and Vehicle Equipment


Contract Number: NNJ________

                               Issue Date:  12/01/2004

TWP Number: CRAVE TWP - 1

                           Date/Revision: 12/01/2004
PRODUCT NAME:  CRYOGENIC SLAM FREEZING TOOL
Task Contains flight hardware, flight software or GSE?   
__X_  Yes
___No
Program Supported
___Shuttle
__X_ISS
___EVA
___Other _________

Narrative Task Description
Background / Problem Description:

A slam freezing tool is required to support ISS Science users.  Slam freezing is a highly specialized cryopreservation method.  Commercially available ground based slam freezers utilize liquid nitrogen to sufficiently chill a metal surface onto which the sample is “slammed” in a controlled fashion to achieve the ultra-rapid freezing required for successful preservation.  Slam freezing allows small samples of cell tissue collected from animals or plants to be frozen to cryogenic temperatures at such a rapid rate as to preclude the formation of ice crystals in the sample that would destroy cell walls by virtue of their formation.  Once preserved the cell tissue can be stored at cryogenic temperatures for subsequent analysis.

For the ISS microgravity application a dewar of liquid nitrogen is of course not available and so it is anticipated that an active cryocooler will need to be utilized to provide the cooling for a microgravity capable slam freezing tool.  Due to the delicate nature of the slam frozen samples the cryogenic slam freezing tool will need to interface directly with two major systems for operations; a Glovebox where cell tissue samples are harvested and prepared, and a Cryogenic Freezer to store the slam frozen samples. For storage and transport (Unpowered) the CSFT will interface with the ISS EXPRESS Rack or STS Middeck. 
Task Description:
The contractor shall provide a slam freezing tool capable for use in microgravity aboard ISS that meets the requirements stated herein. The contractor shall design, develop, fabricate, and test, a Cryogenic Slam Freezing Tool (CSFT) as detailed herein and in accordance with EA-WI-023, and applicable ISS and Shuttle Program documents.  The Technical Monitor for this work will be from the Thermal Systems and Engineering Support Branch/EC2 which is also the provider of the cryogenic storage freezer mentioned earlier.
Performance Requirements:
The response to this Delivery Order shall be for a CSFT that shall satisfy the following major requirements:

1.0 
Performing successful slam freezing in ISS microgravity cabin environment.

1.1 
Slam freezing success rate of no less than 90% compared to ground commercial systems (e.g. Leica MM80).

1.1.1
Definitions

1.1.1.1  
Slam Freeze – is defined as a process whereby a plant or animal tissue specimen is subjected to Ultra Rapid Freezing so that sub-cellular structure is preserved during the freezing process.  During ordinary specimen cooling, the water contained within the cell forms large ice crystals upon freezing which destroys sub-cellular structures.  In the slam freezing process, the surface of the material is almost instantaneously cooled so that amorphous ice or very small ice crystals, that don’t destroy sub-cellular structures, are formed.  Since cooling is delivered to the specimen surface and then propagates through the material, the practical limitations of this process limit “good freezing” to a thin region near the specimen surface.  The theoretical definition of Ultra Rapid Freezing is a heat transfer rate of 400,000 degrees Kelvin per second.  A typical depth for achieving ultra rapid freezing in tissue such as rodent skeletal muscle is 20 microns.  Since it is very difficult to measure the cooling rate in such a thin section, ultra rapid freezing is usually verified by bioassay.  A specimen is slam frozen and prepared by the freeze substitution method, and then assessed using an electron microscope.

1.1.1.2  
Successful slam freeze – is defined as no visible ice crystal damage when assessed to a depth of 15 microns within the cellular structure of the frozen specimen, using scanning electron microscopy (SEM) or transmission electron microscopy (TEM) with the specimen prepared by the freeze substitution method.

1.1.1.3  
Ice crystal damage - is defined as the presence of ice damage ghosts that are 10nm or larger in diameter when averaged over the specimen slammed surface and when viewed by an electron microscope with the specimen prepared by the freeze substitution method.  

1.1.1.4  
Sweet Zone - A specimen “sweet zone” is the part of the specimen which after slam freezing does not have any ice crystal as defined above, or extrusion damage occurring as a result of the slamming process.

1.1.2 
Shall be capable of slam freezing the following:

a. Animal solid tissues (from NASA ARC Advanced Animal Habitat), whole organs, slices of muscle, ligaments & tendons, bone/marrow

b. Aquatic animal (from NASA ARC Aquatic Habitat) solid tissues, whole organs, slices of muscle, ligaments & tendons bone marrow, Biofilter derived plant material (e.g. algae)

c. Tissue Culture (from NASA ARC Cell Culture Unit)

d. Tissue and plant leaf (from Plant Research Unit)

e. Whole insect, internal organs and tissue slices (from NASA ARC Insect Habitat Unit)

f. Muscle, ligaments, tendons (from NASA Crew Health Care Systems)

1.1.3  
Shall be capable of slam freezing a specimen having a surface area equivalent to a circle of 3.4-mm radius and thickness of1mm or less, taken from the tissue types listed in 1.1.2 above.

1.1.3.1  
Shall be capable of producing a “Sweet zone”, per 1.1.1.4, which extends over a contiguous area of not less than 10% of the surface area defined in 1.1.3 above. 

1.2 
Worst case slam freezing scenario is 12 samples at a rate of 1 per minute, 15 minutes of no sample freezing, 12 samples at a rate of 1 per minute, 15 minutes of no sample freezing, 12 samples at a rate of 1 per minute.  Yearly worst case is to perform this scenario two times per week for the entire year.

1.2.1 
Sample starting temperature may be assumed to be 25ºC.

1.3 
CSFT design shall place slam frozen samples into individual containers.

1.3.1 
CSFT Sample Containers shall prevent sample warm up above –160ºC when exposed to 25ºC ISS cabin air for up to 30 seconds.

1.3.2 
CSFT Sample Containers shall ensure that slammed tissue is not damaged after freezing. This shall include damage caused by contact with other hardware that may be stored with the specimen during application of loads due to on-orbit operations, landing, and ground operations handling.

1.3.3 
CSFT shall be able to accommodate up to 36 slam frozen samples and maintain them at correct temperature until they can be transferred to the Cryogenic Storage Freezer.

1.3.4 
CSFT shall be capable of cooling the sample containers to the proper temperature in preparation for performing the worst case slam freezing scenario above.

1.3.4.1  
Total time from installation at LSG to being ready to perform slam freezing shall not require more than 4 hours.  

1.3.4.1.1
Of this total installation time at LSG shall not exceed 30 minutes.

1.3.3.1  
Samples shall be individually transferable to the Cryogenic Storage Freezer.

1.4 
 Slam frozen samples shall be retained in individual containers.

1.4.1 
Containers shall be nitrogen gas tight to 7 x 10-4 scc/s when tested at an external pressure of 8 psia and at 14.7 psia inside the vial.

1.4.2 
Containers design shall provide one level of containment of sample liquids.

1.4.3 
Containers shall be individually bar coded in accordance with SSP 57000 IMS labeling requirements.

2.0 
Interface with other systems in order to complete tasks.

2.1 
With Cryogenic Storage Freezer to store slam frozen samples and in accordance with SSP 50466.

2.2 
With Life Science Glovebox (LSG) to collect and perform slam freezing of samples and in accordance with SSP 57900.

2.2.1 
Physical connection at LSG is via ISIS rails if attached as subrack or within LSG work volume.

2.2.2 
Power consumption of CSFT at LSG shall be less than 150 W at 28 VDC.

2.2.3 
Shall not require more than 25kg/hr of cooling water flow rate at LSG at a pressure drop of 1.5 psid.

2.2.4 
Shall not require more than 5.43 kg/hr at any time nor more than 5 kg/year of Gaseous Nitrogen (GN2).

2.3 
With EXPRESS Rack for storage when not in use and for transport and in accordance with SSP 52000.

2.4 
With STS middeck for storage when not in use and for transport and in accordance with NSTS 21000 IDD MDK. 

2.5 
CSFT and all its accessories (but not counting sample storage containers) and cables shall not exceed 15 kg. 

2.6 
CSFT and all its accessories (but not counting sample storage containers) and cables shall not exceed 1 MLE in volume.

2.7 
Design and qualify for 2 year on orbit life and 10 launch/landings.

2.8 
On-orbit time to maintain CSFT shall not exceed 4 hours per year.

2.9 
Satisfy applicable SSP 57000 Rev. G requirements.
Deliverables Required:

	Hardware
	Description
	Qty 

	Prototype
	Breadboard CSFT that can perform slam freezing function
	1 (Contractor retains until completion)

	Certification
	1. CSFT

2. Power cables, data cables, and cooling water lines to connect with interfacing systems
	1

	Flight (Class I)
	1. Flight CSFT

2. Flight Power cables, data cables, and cooling water lines to connect with interfacing systems

3. CSFT Slam Freezing Sample containers. Sample containers suitable for successful slam freezing, storage, and transport
4. Operational CSFT Slam Freezing Sample containers. 100 at 6 months increments from time of delivery of first CSFT Flight Units for 4 years
	4

4

400

800

	Engineering Unit and Sample Containers (Class III)
	1. CSFT

2. Power cables, data cables, and cooling water lines to connect with interfacing systems

(NOTE 1: Engineering Unit shall be form-fit function equivalent to Flight CSFT)

(NOTE 2: Engineering Unit may be a Flight Unit which has been used in Qualification testing yet otherwise retains full functionality.  Contractor to state in proposal
3. CSFT Slam Freezing Sample containers, Sample containers suitable for successful slam freezing, storage, and transport
	2

2

200

	CSFT Flight Stowage Locker
	Single MLE stowage locker suitable for EXPRESS Rack or STS.

(NOTE: If standard Stowage Locker can be used Contactor shall so state and indicate any cost or schedule savings in Proposal.)
	2

	CSFT GSE
	GSE Cart that provides power, data, and cooling water to either Flight or Engineering Unit CSFT for ground testing.  GSE Cart shall also include computers and software necessary to perform diagnostic testing of CSFT.  Contractor shall describe major functions in Proposal
	3

	Test
	
	

	Development testing
	Testing to evaluate design development by contractor. Contractor to provide report at CDR. 
	

	Qualification testing
	Testing of CSFT Hardware to NASA Qualification levels. Contractor to provide all test results to NASA.
	Contractor or NASA (Contractor to indicate if NASA facilities will be used in Proposal)

	Acceptance testing
	Testing of CSFT Flight Hardware to NASA Acceptance levels. Contractor to provide all test results to NASA.
	Contractor or NASA (Contractor to indicate if NASA facilities will be used in Proposal)

	Software
	
	

	CSFT Flight Unit Software
	Software which resides on and provides unique controls of CSFT
	4

	CSFT Engineering Unit Software
	Software which resides on, and provides unique controls to, CSFT.

NOTE: Software resident on Engineering Units shall be same revision as software resident on Flight Units.
	2


	Documentation Deliverables Required
	Applicable?

	
	Yes
	No

	Project Technical Requirements Specification (PTRS)
	X
	

	Project Requirements and Verification Document (PRVD) for IVA non-critical GFE
	
	X

	Interface Control Documents (ICDs)
1. CSFT-to-Glovebox

2. CSFT-to-Cryogenic Freezer

3. CSFT-to-EXPRESS Rack
	X
	

	CARD
	
	

	End Item Specification
	X
	

	Engineering Drawings Including CAD Models
	X
	

	Design Analyses Reports
	X
	

	EEE Parts Analysis
	X
	

	Software Development Plan
	X
	

	Software Requirement Specification
	X
	

	Software Design Document
	X
	

	Version Description Document (software firmware; EA-WI-025)
	X
	

	Software Code
	X
	

	Safety Data Package (RAESR, HR, FMEA / CIL)
	X
	

	Ground Safety Analysis Report (as required by KSC)
	X
	

	Qualification & Acceptance Procedures
	X
	

	Verification and Validation Document (V&VD)
	X
	

	Certification Data Package
	X
	

	ISS Functional Configuration Audit/Physical Configuration Audit (FCA/PCA)
	X
	

	GFE Certification of Flight/Launch Readiness (CoFR) (input as required)
	X
	

	JSC Flight Equipment Acceptance (Form 1027)
	X
	

	Appendix E Checklist E-2 and E-3 (if ADP is required)
	X
	

	Acceptance Data Package

(or JSC Project Parts Tag- JF 911)
	X
	

	Sustaining Engineering Plan
	X
	

	Flight Rule Inputs (input to MOD product if MOD product is available)
	X
	

	User's Guide
	X
	

	Lessons Learned Report
	
	

	Other (Provide Description)
	
	

	
	
	


Acceptance of Deliverables is by:
Class I
_X__DD250
___Form 1149
___Transmittal Memo
___Closure Form

---------------------------------------------------------------------------------------------------------
Class III
_X_DD250
___Form 1149
___Transmittal Memo
___Closure Form

---------------------------------------------------------------------------------------------------------
Other: Describe:_______________________________________________________
___DD250
___Form 1149
___Transmittal Memo
___Closure Form

---------------------------------------------------------------------------------------------------------
GFE/GFM Provided:
None. 
Are the items provided expected to be returned to the Government in the same configuration?
     Yes
            No

SCHEDULE

Start Date:  Issuance of TWP.

Finish Date:  Issuance of TWP + 2 years

An overall schedule of 2 years is requested. This schedule is considered to start at ATP and end with delivery of all Flight hardware and GSE to KSC ready for final integration into the vehicle (Engineering units to be delivered to JSC at same time).

Interim Milestones



_________________

Due Dates

SRR

PDR

CDR

Trainer Delivery

SAR

Flight Delivery

Project Complete

Proposal Documentation Required:
The technical proposal shall include as applicable the proposed concept with supporting rational or test reports, manufacturing plans, materials selections, test plan outline, and other data to adequately describe the technical content proposed to meet the requirements stated in the TWP. The technical proposal shall also include a milestone schedule with sufficient data to describe and track the efforts proposed to meet the work described in the TWP

NASA Input Provided for Proposal:
The contractor is encouraged to include the name and professional credentials of at least one cryopreservation expert that will provide scientific and/or technical guidance in the proposal for the development of this system.
Evaluation Criteria:
Design Concept

Cost

Schedule
Technical Proposal Page Limit:  ____10 pgs, ____20 pgs, ____30 pgs, __X__40 Pgs. 

L-2-1

