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Introduction 
 
The UT Videogame Archive at The Dolph Briscoe Center for American History (CAH) 

seeks to preserve materials related to all aspects of videogame design and production. 

Included in the archive are materials donated by George Sanger, creator of music  

and sound for numerous videogames. Calling himself “The Fat Man,” Sanger often 

collaborated with a group dubbed “Team Fat.” He also started the now annual Project 

Bar-B-Q, an interactive music summit held in and around Austin, Texas, and Project 

Horseshoe, a “think tank” that aims to solve some of game designʼs more difficult 

problems. 

The bulk of the Sanger collection contains audio recordings, track charts, and 

production and promotional material from many of the videogames to which Sanger  

and Team Fat contributed. Also included are audio recordings, reports, and flyers  

from Project Bar-B-Q and Project Horseshoe; documentation related to Sangerʼs Fat 

Labs, Inc. soundcard testing service; and early materials which chart Sanger's unique 

career path.  

As our project for Professor Pat Gallowayʼs class INF 392K “Problems in the Permanent 

Retention of Electronic Records,” we attempted to migrate digital audio from 16 ADAT 

tapes from various projects into WAV format for long-term preservation. Our collection 

items also included some 3.5” floppy disks and CDs. For our migration processes, we 

built on work done with this collection by previous INF 392K groups, and our initial 

attempts tested the processes, equipment, and specific instructions developed by last 
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yearʼs group, in order to determine the long-term viability of the solutions that were 

successful for them. 

In this document, we will outline our preparations and how we envisioned our project 

succeeding, describe what went wrong and how we attempted to solve these problems, 

and give recommendations and advice to future groups working on the migration of 

ADAT tapes and other digital migrations. We faced a lot of challenges during the course 

of the semester—some from which we were not able to fully recover our project—and 

we hope that future groups can learn from our mistakes. 

PART I: Project Set-Up 
 

A. Collection Assessment 
 
Our materials came from various projects that Sanger worked on, including the military 

simulation games U.S. Navy Fighters, The Balkan Cauldron, and Sensor Combat – 

Korea. Other materials correspond to the game Battle Arena Toshinden, the Trilobyte 

“Mars” Project, the Project Bar-B-Q conference held in 1996, and some “Fat Archive” 

tapes containing copies of assorted finalized masters. All of the tapes, CDs, and floppy 

disks were photographed and inventoried (see Appendix A). No intellectual property 

determinations were necessary since the materials are being restricted to Briscoe 

Center users and approved visitors. 

We were allowed the use of Sangerʼs ADAT player, which he donated to the CAH, as 

well as a computer donated to the CAH by Justin Kovar, a former School of Information 
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(iSchool) student who previously worked on materials from Sangerʼs collection. The 

computer had the necessary PCI card and ADAT software installed that we needed to 

migrate the tapes. It ran Windows 98 in order to support the software, and had a USB 

outlet for easy file retrieval. 

In addition to the collection materials and equipment, we were given a published manual 

for the ADAT machine, a book of instructions for using the equipment and software that 

was created by Justin Kovar, and a test ADAT tape also created by the previous group. 

All of the materials were kept in the Digital Archeology Lab at the School of Information 

during the migration process. A complete inventory of the collection materials for this 

project is included in Appendix A. 

B. Migration Set-Up 
 
Our data was initially stored as pulse-code modulation (PCM) data on S-VHS tapes 

(Alesis Digital Audio Tapes, or ADAT), and our goal was to transfer them to WAV 

extensible files to be ingested into the UT Digital Repository (UTDR). Our initial set-up 

used Justin Kovarʼs computer, which we dubbed “Justin I,” using the software, ADAT 

Connect, as the audio software for recording the transfers, and an Alesis ADAT/PCR 

card, both included in the computer. The digital signal from the ADAT machine was sent 

to Justin I via a lightpipe cable that could handle the simultaneous transfer of the eight 

separate tracks. 
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C. Storage and Metadata 
 
Our plan, developed with Dr. Pat Galloway of the UT iSchool and Zach Vowell, Digital 

Archivist at the Dolph Briscoe Center for American History, was to store the successfully 

transferred files in the UT Digital Repository (http://repositories.lib.utexas.edu/) under 

the Dolph Briscoe Center for American History subcommunity. Below that there is a 

collection for the George Sanger Papers. Both project documentation and the materials 

for the various projects will be stored under this subcommunity, with a collection for 

each project. Within these collections, each tape, floppy, or CD is considered an item. 

Each item consists of a bitstream, extracted files, a JPEG image of the object (showing 

the original labels on the carrier), and the accompanying metadata. Each collection also 

has a scope and content note and a folder containing the PDFs of scans of the paper 

documents related to the specific game. Zach Vowell created this collection structure in 

UTDR in anticipation of our ingest. 

We utilized Qualified Dublin Core to record most of the metadata for objects. The 

metadata was entered manually during ingest due to the limited number of materials 

being added to the repository. We included the following metadata for each item: 

Dublin Core Element Value 

title [varies] 

creator Sanger, George 

date.created [varies; YYYY-MM-DD] 

subject Video Game Music 
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description.department Dolph Briscoe Center for American History 

language.iso eng 

source Sanger (George) Papers 

type Sound 

rights.restriction Restricted 
 

D. Restrictions 
 
The issue of open access is complicated by the large number of people and companies 

involved in the creation of any video game. Since the ADAT tapes we preserved are 

related to a number of different games (some of which are not even “games” but tactical 

training exercises), each with different sorts of restrictions on their products, it is best to 

restrict access to the digital files we produced in this project, limiting access only to the 

Center for American Historyʼs reading room. There, collection administrators will grant 

access to patrons on an individual basis, in a controlled environment. These restrictions 

are necessary to observe the intellectual property rights of the creators of the material, 

which are, for legal/copyright purposes, the companies that developed and produced 

the games, rather than George Sanger himself. 

PART II: Attempts, Problems, and Solutions 
 

A. Initial Migration 
 
After bringing all of the items from the CAH to the Digital Archeology Lab at the iSchool, 

we followed the provided manual written by Justin Kovar to set up our equipment. We 
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did a test migration using our test tape to ensure everything was working properly and 

were able to successfully migrate the files. Unfortunately, that was the last time that 

computer, Justin I, would work. Several problems developed, including the computer 

turning itself on randomly, and not recognizing either the keyboard or mouse. After 

failing to diagnose the problem even with the help of the iSchool IT staff, we were faced 

with the task of building a new computer. 

We were able to find a legacy computer at the iSchool, into which we could transfer the 

PCI card and hard drive from Justin I. We obtained confirmation from Zach Vowell that 

this would be acceptable, since Justin I was officially property of the CAH, and we 

carried out the transfer of hardware with the assistance of Carlos Ovalle, Computer 

Systems Development Specialist for the iSchool. 

Finally having a working setup, we were able to proceed with the tape migration. We 

created a preservation master folder for each tape. Each folder held all eight tracks from 

one ADAT tape, even in cases where Sanger left individual tracks blank. We proceeded 

to transfer all 16 tapes and, to all outward appearances, the transfers seemed 

successful. 

B. File Retrieval 
 
Before we could ingest our files to the digital repository, we had to retrieve them from 

our new computer (which we named Justin II). This presented unanticipated challenges. 

Justin II had a USB outlet, but was not able to read any external hardware connected by 

USB. An attempt to download the needed USB drivers from another computer to install 
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onto this one proved fruitless since the CD drive in Justin II was not able to recognize 

any discs. Furthermore, file sizes were larger than we had anticipated and prohibited us 

from using floppy disks to move our files. Each ADAT tape folder was just over 1.62 

gigabytes, for a combined 24.1 gigabytes total. Generally, it is not considered sound 

practice to put legacy equipment (such as Justin II) online, and the advice we received 

was to avoid doing this if at all possible. 

Finally, Carlos Ovalle was able to come up with a solution. We put Justin II, containing 

all of our files, on a network with one non-legacy computer capable of being able to 

connect to the Internet for uploading files onto the server and/or ingest into UTDR. First, 

Carlos installed network drivers on Justin II to get it working. He then set up local 

network functionality for both machines by connecting them through a router and putting 

them in the same Windows group. Finally, he was able to network share the ADAT 

folder in which all of our files were saved, and the C drive on the second computer so 

that one could write to the other. We were able to transfer all 24 gigabytes to the new 

computer in under three hours. 

C. Transfer Failure 
 
When we could finally listen to our transferred files, we had a shock: it became apparent 

that all of our files had recorded silence. This was extremely frustrating because, after 

seeing that the files were the right size and had appeared to transfer successfully, we 

spent hours transferring all of our tapes. We see now some things we could have done 

to prevent this from happening (this is discussed further in the “Recommendations” 

section below). With only a week left in the semester to complete our project, we 
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realized that there had been some sort of problem occurring in the chain of transfer, 

somewhere between the digital output from the ADAT machine (level monitors on the 

front of the machine showed us that there was output from every tape) and input into the 

ADAT software (we now realized that we should have seen movement from monitors 

within the software, but they had remained solid black throughout our transfers). With 

our IT team (Justin Kovar, Carlos Ovalle, and Quinn Stewart), we went back to the 

drawing board to troubleshoot and attempt to start our process all over again. 

D. Digital and Analog Solutions 
 
Justin Kovar and Quinn Stewart both examined our transfer chain and could not 

determine at what point the digital signal was failing. Quinn even brought a fourth 

computer, a Mac, into our workstation and tried using ProTools 5.1 to pick up the 8-track 

digital signal, but it was unsuccessful. With our problem eluding the combined expertise 

of our knowledgeable and hardworking IT team, we decided to look into a completely 

different kind of solution. 

This new attempt involved patching the analog signal from the ADAT machine into a 

computer running Windows XP, using the sound editing software Audacity. We could do 

this using two analog mono cables, patching two tracks at a time through a soundcard 

and into the computerʼs left and right inputs. The result was a stereo transfer of two 

tracks, which we would have to do four times in order to achieve a full transfer of all 

eight tracks of an ADAT tape. While this solution seemed to raise some questions about 

sound archival practice for audio media (discussed further in the section “Conclusions,” 

below), it seemed to be our best chance of transferring anything at all, and it also 
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seemed an interesting solution to consider for archival practice. It was worth a shot, and 

we began to transfer our first tape using this procedure. 

E. ADAT Machine Failure 
 
For the first time, we succeeded in transferring data from an ADAT tape into a WAV file 

that we could see and hear. Finally, success at the eleventh hour! 

However, although we could not imagine what else could go wrong with our project, we 

were to have one more roadblock that would prove fatal to our efforts. The day before 

our project was due, after transferring half of one track in mono, we stopped the transfer 

and rewound the tape to try using two cables for stereo input, and when we tried to play 

the tape again, we got an “Error 7” message on the ADAT machine itself. Turning to the 

ADAT machine manual as well as online forums, we determined that if we continued to 

get this error message for multiple tapes (which we did), it meant that the tape heads 

needed cleaning. We researched this and found that we would need a special ADAT 

machine-cleaning cartridge. We began to despair, but in a last-ditch attempt contacted 

George Sanger himself and found that he had a cleaning cartridge we could borrow! We 

immediately drove to his studio to pick up the cleaning cartridge. 

At George Sangerʼs studio, we spoke with him about the many challenges we had faced 

and he came up with more potential solutions, lending us a few small pieces of 

hardware that might be useful in further attempts to retrieve the digital signal. However, 

he said, analog audio is much better than no audio! We left with the cleaning cartridge 

and hopes for the best. 
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Upon return to the Digital Archaeology Lab, we followed the instructions for cleaning the 

machine, and attempted to transfer another tape. It did not work, and we continued to 

get the “Error 7” message. At this point, having no other ADAT machine to try, and no 

ideas nor time to attempt to fix this one, we decided to close the curtain on our attempts 

and reflect on our semester-long experience, focusing on what had been successful as 

well as what we had learned from our many challenges and failures. 

PART III: Outcomes 
 

A. Successes and Failures 
 
At the end point of the given time span for this project, we were left with some work 

accomplished but many problems unsolved. We ran out of time to attempt to repair the 

ADAT machine or find a new one we could use, so we were not able to successfully 

transfer any tapes, even with our analog solution. We do believe that if the machine had 

not failed, the tapes could have been successfully transferred using the analog signal. 

This will be left to a future group to continue to research and execute. 

On the other hand, we did successfully inventory and photograph our materials, create a 

collection structure, scan the paper documents, and image the floppy disks in our 

collection. The floppy disks were imaged on the Dracula computer in the Digital 

Archaeology Lab, and we were able to retrieve files from the images. All of the digital 

files we did succeed in creating were ingested to the UTDR in our determined collection 

structure. The only thing lacking is the files from the ADATs themselves, and we hope 

that a future group will be able to continue what we have started, take a fresh look at our 
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unsolved problems, succeed in transferring the ADAT tapes by some means, and add 

them to our collection structure in the places we have created for them. 

B. Recommendations for Future Work 
 
From all of our challenges, we are left with a few recommendations for future groups 

who might continue our work. First, we should have begun with a well-defined, big 

picture of the workflow for our whole project. We started by attempting to transfer our 

files; we should have started by envisioning the entire process, and realizing that once 

we had transferred the files, we would have no way to retrieve them from Justin II. Each 

change we made in our workflow as we went along affected future steps, and we should 

have thought through this at each step of the way. Instead, we were left problem-solving 

and trouble-shooting at every single step of the process, on the defensive against 

everything that could, and did, go wrong. 

This big-picture view of the workflow should also have included ways of monitoring the 

transfer process, and double-checking what had been completed. After our initial file 

transfers, we saw that our files were the right size, and to all appearances seemed to 

have transferred correctly. However, with audio, it is extremely important to actually 

hear that the transfer has worked — we should have foreseen that transferring files onto 

Justin II left us no way of doing so without being able to retrieve them. If we really could 

not figure out any way to listen to the files, we should have at least opened them up in a 

sound-editing software and looked at their individual waveforms. This we actually could 

have done, had we thought it through and realized that we should. 
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We did some research on the ADAT format, and throughout our project and our many 

problems, we learned that there is a lot of value in reading online forums where people 

recount their problems with a particular format, piece of equipment, or process, and 

offer each other solutions. More study of this kind of resource — especially when 

dealing with a largely unfamiliar format — might have helped us to envision some of the 

things that could go wrong and to be prepared with possible solutions at hand. For 

example, a machine that had not been cleaned for eleven years (and had the 

documentation to confirm this) could foreseeably face some problems. It would have 

been wise to preemptively clean the machine or to have cleaning supplies on hand, as 

the ADAT machine requires very specific cleaning supplies that have to be special-

ordered. We found extensive documentation in online forums about how best to clean 

the ADAT machine, and we could have used this, had we had more time to track down 

the necessary supplies. 

Essentially, the biggest lesson we learned was not to have faith that anything would just 

work as it was supposed to. Our advice to future groups is to monitor, check, and 

double-check—and be prepared for roadblocks! 

As part of our project documentation, we have included the file that resulted from our 

attempt at transferring one ADAT tape from the Project Bar-B-Q collection using the 

analog signal before the ADAT machine stopped working altogether. It starts off 

normally enough, but soon starts to speed up, and finally gets choppy at the end. 

Perhaps this can provide future groups with some clues as to what went wrong with the 

ADAT machine and how to fix it. 
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C. Conclusions 
 
Going the analog route is a possible solution, with some clear benefits—especially for 

aging collections in archives with less resources. Using the analog signal from the 

ADAT machine might be preferable for an archive that does not have a team of IT 

people, because analog input and equipment is more straightforward to understand and 

to troubleshoot for the typical archivist. With the analog input, we were able to use 

Audacity, a free and widely available open-source software, instead of the archaic 

ADAT Connect which required us to run Windows 98 on a legacy computer. For an 

archive with a limited budget for equipment and staff, using free software on a modern 

computer could present a better solution. 

However, before recommending the analog route as a real solution, more research 

would have to be done into the significant properties of our materials and whether any 

significant properties would be lost through this process. For one thing, in our current 

setup, we can only do analog in stereo, with two tracks transferring simultaneously 

instead of all eight. For some tapes that contain four separate 2-track masters, this is 

not a problem. For other tapes that hold an 8-track mix, it would be quite difficult to 

synchronize the eight tracks once they have been transferred two at a time. This may 

result in a loss of information. It could be possible to set up an 8-track simultaneous 

analog transfer, but this is something we would have to look into further. 

We think that digitally capturing the analog signal at a high sample rate and bit depth 

could be an archivally sound way to capture digital audio, but we would have to consult 

with more sources and experts about this aspect of our solution as well. Taking a digital 
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signal, transferring it to analog, and transferring it back to digital likely would not be the 

generally recommended thing to do, but that does not necessarily mean that it would not 

serve the same purpose as preserving the straight digital signal; at this point we just 

cannot answer that question conclusively. But, to paraphrase George Sanger himself, 

“Analog audio is infinitely better than no audio,” and once the ADAT machine is repaired 

or replaced, we do recommend that this collection continues to be transferred before the 

media is obsolete or begins to degrade. If a digital solution is not available, continuing 

with analog is preferable to giving up on long-term preservation of this collection. 

With more time, we would research these issues while continuing to research and 

attempt more digital solutions. Ideally we would like to find ways to improve upon 

previous solutions—which seemed to work fantastically for previous work on ADAT 

transfers—and find ways to ensure that those solutions could continue to be viable. This 

might, for some elements of the process, involve starting from scratch… perhaps in the 

future there will be a Justin III with all “new” parts and software! 
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Appendix A: Inventory 
 
folder name format commercial format label - media (front) label - media (spine) label - packaging 

FAT ARC 5 ADAT AMPEX SVHS 

 

FAT ARC 5 | Zombies | Jr. 
Encyclopedia | 1830 | 
Communist Surf Music 
(zhadnost) | Tiny Hero (incred 
shr) | "USP unused "Library 
Card" | Savage Empire (1990) 5 Archived to HD 1/08 

 16 pages     
      
Battle Arena 
Toshinden ADAT AMPEX SVHS TOS 01 TOS 01 2/6/96 formatted  

 data CD TDK CD-R63 
Toshinden | 12/26 | 12/21 
Ver.  Toshinden PC 12/21 

 3.5 in 
floppy disk 3M High Density 

TOS I'm Your... NEW 
MASTER 4/11/96 A   

 3.5 in 
floppy disk 

Verbatim DataLife 
MF 2HD 

TOS 2.EXE plus (updated 
files only) 4/11/96   

 3.5 in 
floppy disk 3M High Density 

TOS.EXE  TOS.ZIP The Zip's 
that shipped 3/29/96 Archive   

 3.5 in 
floppy disk Dysan (?) 

Govet Wonk Disk 4-11-96 
TO99FX25.WAV (6 on 6) 
201F6.MID 206F6.MID 
206FA.MID 

  

 3.5 in 
floppy disk 3M (?) 

1 of 2 Toshinden Master A 
3/27/96 Old   

 3.5 in 
floppy disk 

Verbatim DataLife 
MF 2HD 

2 of 2 Toshinden Master B 
3/27/96 old tosfat1.sbk & 
waves 

  

 3.5 in 
floppy disk 

Verbatim DataLife 
MF 2HD 

TOS master 2/18 old as of 
3/28/96   

 3.5 in 
floppy disk 3M (?) 

TOS 3-29-96 Old GM 
TOSSFX021 TOSSFX030 
slave to rhythm 

  

 3.5 in 
floppy disk 3M High Density 

TOSFAT1.SBK 3/29/96 G.B. 
Archive   
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 26 pages     
      
Trilobyte 
"Mars" project ADAT 

Maxell Professional 
SVHS  MAR 1  

 2 pages     
      
U.S. Navy 
Fighters: Tape 
Logs 12 pages 

    

      
U.S. Navy 
Fighters: 
Audio 
recordings 
[ADAT 1 of 3] ADAT Maxell SVHS USP #1 USP #1 

 

 ADAT AMPEX SVHS USP #2 USP #2  1 + 2 = mix of USP 1  
      
U.S. Navy 
Fighters: 
Audio 
recordings 
[ADAT 2 of 3] ADAT AMPEX SVHS 

 

USP 3 

 

 ADAT AMPEX SVHS  USP 4 | F2 4.03 6/19/96  

 ADAT AMPEX SVHS  USP 5 Careful: Tape chewed 
at :30: - :32:00  

      
U.S. Navy 
Fighters: 
Audio 
recordings 
[ADAT 3 of 3] ADAT AMPEX SVHS 

 

USP 6 

 

 ADAT AMPEX SVHS  USP 7  
 ADAT FUJI H471S  USP 10 goes with USP 6  
      
Project BBQ 
1996: Tape 
Logs & 
ADATS ADAT 

Maxell Professional 
SVHS 

 

BBQ 1 | 4.03 #1 

 



  19 

 ADAT 
Maxell Professional 
SVHS  BBQ 2 | 4.03 #2  

 ADAT 
Maxell Professional 
SVHS  BBQ 3 | 4.03 #2  

 3 pages     
      
"Sensor 
Combat - 
Korea" ADAT 

Maxell Professional 
SVHS 

SCK 2 | Mono 6 | 16 bit st. 7-
8 | horns & choir 1-4 SCK 2 

 

 3.5 in 
floppy disk ? 

MIDI+WRK  GEN-MIDI  SCK 
1   

 

game CD 

 

Korean NightmareKorean 
Nightmare | Sensor Combat | 
Air Force Information Warfare 
Center | Information Warfare | 
Version 1.0 AFIWC/OSX & 
BTG Windows 95/NT 4.0 

 

Korean Nightmare | 
Sensor Combat | Air 
Force Information 
Warfare Center | 
Information Warfare 

 18 pages     
      
The Balkan 
Cauldron,  
Part II ADAT 

Maxell Professional 
SVHS 

 
BKD 1 

 

 data CD Sony CDQ-74BN 
BKD 2 - Mode Audio (2-10) 
See Word Doc   

 

data CD Sony (?) Sensor Backup 10-14-97 

 

Sensor | Balkan 
Cauldron backup 10-
14-97. Mixed mode 
CD. Data Track 1. 10 
Songs T 2 - 11. | 16 bit 
Music  16 bit 22k 
mono  8 bit 11k mono  
FX 16 bit  Voices 16 
bit  Logic + Midi files  
Sound Scope Backup 

 3 pages     
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