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1. Introduction

The value and cost of preservation can be demonstrated through past experiences.  

Examples serve to illustrate critical needs of future preservation efforts.
This document describes the overall process and status of the Nimbus II High Resolution Infrared Radiometer (HRIR) data recovery from original 7 track computer tapes stored at the National Archive and Records Administration’s Washington National Records Center in the late 1960’s.  The data has been restored to the GES DISC archive under custody of ESDIS.

We first provide a brief description of the original Nimbus II HRIR archive and catalog information, the goals and requirements of the data recovery effort, describe the steps involved in validating the data and determining the overall status of the collection and relation to published research results. Finally we describe the creation of compliant metadata and ingest of the collection into the GES DISC S4PA system.
2. Nimbus II HRIR 1960’s Archive
National Space Science Data Center

NSSDC was first established at Goddard Space Flight Center in 1966.  It was created to archive NASA space science mission data from research projects and investigations. Over the years NSSDC has received mission data for permanent archive from project’s temporary archives, scientists and investigators. There are many datasets that result from a given NASA investigation, ranging from the initially down-linked telemetry data to some highly summarized versions of the physical parameters derived from the measurements. Early in its life, NSSDC accumulated data primarily on 7-track and 9-track tape and on photo products.  In the 1990’s NASA established the Earth science discipline-centric Distributed Active Archive Centers (DAACs) to begin holding observational datasets for climate research. Since 1993, selected historical Earth science dataset have been migrated from the NSSDC to various DAACs.
The NSSDC Master Catalog (NMC) is an on-line information system providing information about past, present, and future NASA spaceflight missions and about the investigations flown on those missions. The NMC also provides information about data primarily archived at the NSSDC.
NASA Technical Reports Server (NTRS)

The NTRS is a valuable resource for students, educators, researchers, and the public for access to NASA's current and historical technical literature since it was first released in 1994. NASA Collection includes citations and documents created or sponsored by NASA. The NASA collection time period starts in 1958 and continues to the present.

Federal regulations, established by the National Archives and Records Administration (NARA) require NASA to follow specific regulations in the management, maintenance, and storage of magnetic tapes. These regulations were adopted by NSSDC to ensure the long-term preservation of data stored on magnetic tapes, the prompt disposal of unneeded tapes, and the efficient management of storage resources. NSSDC meets the minimal archival needs for magnetic tapes, and NARA has not retained physical archival control. However even though NSSDC serves as the archive, NARA ensures that when NASA determined that certain datasets were no longer needed by the Agency and could no longer be retained in-house, the datasets that are scheduled for permanent archival are transferred to a NARA archive.  Nimbus II HRIR dataset on magnetic tapes were moved to the NARA Washington National Records Center environmentally-controlled storage facility temporarily until they could be scheduled for transfer to NARA.
Nimbus II HRIR is an experimenter-supplied radiance data set consisting of binary magnetic tapes that were generated on an IBM 7094 computer. It contains radiation values emitted within the 3.5- to 4.1-micrometer atmospheric window. The first record of each orbit contains information about the orbit. Subsequent records contain radiation values, location, and time of each observation. The format of the tapes is given in appendix A of the "Nimbus II Users' Guide."

Media deterioration and storage limitation have put several of these data sets in imminent danger of being lost permanently. The Nimbus II HRIR data restoration should achieve the following goals and requirements:

·  Recover the Nimbus II HRIR data from 7-track tapes and restore the data to files on disk

·  Assess the overall success and identify when bad records and bytes have not been successfully recovered

·  Compute and archive checksums of all Nimbus II HRIR files recovered.

·  Ingest Nimbus II HRIR data into the S4PA system at GSFC DISC 

·  Make Nimbus II HRIR available to users via web

·  Publish Nimbus metadata to ECHO and by doing so make it available to the public

·  Provide enough documentation on-line for a user to understand how to write a utility to read Nimbus II HRIR

The existence of the Nimbus II HRIR archive will allow reprocessing to produce new products for global change research.

3. Recovery Process

Focus is on the inventory validation and QA which can be divided into the following steps:
Assess completeness of the catalog and inventory

Read Nimbus II HRIR data from the tapes

Evaluate data quality of Nimbus II HRIR files

Rename the recovered Nimbus II HRIR files

Identify and remove duplicate files
4. Recovery Status
1.1 Assessing completeness
The first step was to obtain information on the complete set of Nimbus II HRIR products which was obtained from NSSDC catalog listing of primary and backup Nimbus II HRIR tapes with time span and Nimbus II HRIR published documents and papers

NSSDC identified 249 boxes and accession numbers that comprised the Nimbus 2 HRIR collection of 1740 tapes. These boxes were requested from the WNRC using Standard Form 22-70 and shipped directly to JBI, Inc. on 1/4/2008 for recovery.  JBI, Inc. counted 1703 tapes from the boxes they received. 

Not all of the boxes identified by NSSDC as being in the collection were found at WNRC, some appear to have been mislabeled or miss-cataloged, some are missing and not accounted for anywhere, and some had been previously recalled from the WNRC by NSSDC.  Researching the missing tapes we discovered the following:

Two boxes of Nimbus II HRIR were mislabeled and were found at the WNRC.

One box of Nimbus II HRIR was identified to be located in Building 28.  A number of Nimbus II HRIR tapes could not be located at GSFC or the WNRC.  To complete the Nimbus II HRIR collection, the missing tapes will be restored from the backup tapes.  

Below are the main steps undertaken to assure that the Nimbus II HRIR collection is as complete as possible:
1. Compared the total number of Nimbus II HRIR primary tapes against the total number of primary tapes in NSSDC’s catalog
2. Identified missing tapes and accession box numbers by creating a table correlating the JBI tape names with the NSSDC tape names.  

3. Identified Nimbus II HRIR tapes that were still at NSSDC (instead of being archived at the WNRC)

4. Visited the WNRC and identified 2 boxes of  the missing Nimbus II HRIR boxes

5. Restored Nimbus II HRIR tapes from backup tapes when the primary tapes were not found at the WNRC or at NSSDC

6. Identified Nimbus II HRIR primary tapes that are missing and have no backup tape
1.2 Data File Extraction

NASA received 1703 Nimbus II HRIR files in TAP format from JBI, Inc. on an external USB hard disk.  A TAP file is a tape emulation format developed by JBI.  A TAP file contains headers that indicate the length of the previous and next record.    The nimbus II records were not changed during the restoration and each Nimbus II HRIR record was stored in a 36-bit IBM binary format.  Each Nimbus II HRIR TAP file may contain several files from the original tape.  For convenience each “tape file” was extracted and stored on disk as a separate TAP disk file.    Out of the 1703 Nimbus II HRIR tapes that were recovered a few tapes had missing orbit documentation records, were empty or could not be read.  A file may not be readable when some of the orbit documentation is corrupted or if the overall structure of the TAP format is not consistent.  There were a few duplicate files in the sense that they had same start date and time.  When the situation occurred, the duplicate files were compared, and the one with the longest time span and the least number of bad records were selected to be ingested and archived.    A total of 1678 tapes were read successfully and resulted in 2507 files.  After removing the duplicate files and the empty files, 2470 Nimbus II HRIR were suitable for archive by GES DISC in the S4PA system.

1. Store each 7-track tape image on disk 

2. Extract each file of recovered tapes which could be read (exclude the “bad” tapes)

3. Identified duplicate files (same starting date and time)

4. Assessed quality of duplicate files by checking the number of “bad” byes, “bad” records.  Keep best quality files that have the largest coverage

5. Renamed Nimbus II HRIR file according to the file convention. 2 files were removed because they were empty.

6. Ingested and archived into S4PA at GES DISC.
A total of 25 Nimbus II HRIR tapes were not archived at the present time because of missing orbit documentation, or because they were empty or could not be read. Most of the Primary tapes that were rejected have a backup tape to try.
The overall status of the recovery as of June 2, 2009 indicates whether or not a tape could be restored by using a backup tape when the primary tape was missing or was “bad”.  A total of 6 tapes are identified that cannot be recovered.  

1.3  Data integrity

The 2470 Nimbus II HRIR files were checked for any bad records or bytes.  Bad records are identified in the TAP files by a negative record length.  A negative record contains the absolute value of the number of bytes but some of the bytes could not be restored and were filled blank values.  The minus sign is used to indicate a record contains data that could not be restored.  Good records are indicted by a positive record length.  Each 7 bits restored from the Nimbus 2 tapes are stored in a byte (number 0 to 7th bit).  The 6th bit contains the tape parity and the 7th bit set to 1 indicates that a byte could not be restored.  A good byte has the 7th bit set to zero.

In summary:

· 602,650 records were marked as “good” (i.e., record length is positive)

· 467 records were marked as “bad” (i.e., negative record length)

· total number of bad bytes: 24 (i.e., most significant bit is flagged as bad)

· total number of tape parity errors: 913,569 (most of them are as associated with “bad” records (i.e., next most significant parity bit doesn’t match tape parity bit)

· percentage of negative temperatures (out of range, bad values) 2.3%

The Nimbus II HRIR orbits that have five or more bad records will be restored using the backup tapes in the hope that they contain fewer bad records.  Note a few primary tapes have been copied onto several backup tapes.

1.4  Mission Datasets Referenced in Research 

Add discussion and sheet of reference paper, orbit numbers and whether they exist/were found in the collection.
5. Remaining work

Assess science impact of criteria for achieving completeness: fewer than 2% lost files, fewer than 5 bad records per file.

Restore Nimbus II HRIR files that have more than 5 bad records using the backup tapes retrieved from the WNRC.  

Restore Nimbus II HRIR data that were missing from the first recovery batch using the backup tapes retrieved from the WNRC.

Restore Nimbus II HRIR files that have missing orbit documentation records from the backup tape.
Restore the files from the tapes missing in the first recovery batch.
Compare Nimbus II HRIR data files restored from primary and backup tapes and determine which files should be ingested or replaced.
Create a bogus data documentation record for files with missing orbit documentation records that cannot be restored using backup tapes.
Assert the provenance and scientific equivalency of the collection in a final report to be included in the Nimbus II HRIR documentation.  Request JBI destroy Nimbus II HRIR tapes.
6. What could have worked better

Add discussion on processing provenance, metadata sources and naming conventions.
7. Nimbus II HRIR Appendix

Several documents have been generated to provide a full traceability of all the NSSDC tapes recovered,  the names of the Nimbus II HRIR files ingested at the DISC, and general information such as errors detected and orbit information.  
A list of all the NSSDC primary tapes of the entire collection of Nimbus II HRIR data.  The associated backup tape(s)  and the tapes recovered by JBI are listed.

The WFRC accession number and box number for each primary NSSDC tape and NSSDC  backup tape

The correlation between the primary  NSSDC tape names and the name of the files ingested and archived under S4PA at the DISC.

List for each DISC name the errors detected ( number of bad records, number of tape parity errors, and number of byte errors.  In addition, the total number of Nimbus II HRIR measurements are provided as well as the number of measurements identified to be zero or negative.

Provide for each Nimbus II HRIR file ingested at the DISC (one file per orbit) the orbit information documentation record as described in the Nimbus II users' guide.
































