PRESERVING CHICAGO
SYMPHONY ORCHESTRA
BROADCAST TAPES
BRENDA NELSON-STRAUSS
ABSTRACT: In the last decade archivists, especially those with music and oral
history collections, have become increasingly concerned about the lifespan of
audio tape, yet few archives have instituted comprehensive preservation policies
for sound recordings. The Chicago Symphony Orchestra Archives, determined
to preserve the sound of the orchestra, embarked on a major audio tape restoration project in 1988. The author describes the difficulties experienced in
collecting, appraising, and restoring the audio tape collection and summarizes
the most current literature on audio tape preservation. In conclusion, she urges
all repositories with recorded sound collections to view recordings as important
musical and historical documents and treat them accordingly.
Introduction
In 1988 the Orchestral Association of the Chicago Symphony Orchestra
(CSO) initiated steps to establish a permanent archives in anticipation of their
1990/91 centennial season. Two consultants were hired, a paper archivist and a
sound archivist, to examine the respective parts of the collection and evaluate
the condition of the records. The results of their reports alarmed the CSO management. Most portions of the collection had been stored improperly for many
years; some for decades. As a result important historical documents, photographs, and audiovisual materials were beginning to deteriorate. The
consultants warned that if remedial steps were not taken immediately portions
of the collection, including the reel to reel audio tapes in the orchestra's radio
broadcast archive, probably would not survive into the next century. Funding
was quickly sought for a full-time archivist and for a major audio tape restoration project. The following is an account of the project beginning with the
appraisal of the audio tape collection, continuing through the restoration process, and concluding with basic recommendations for the storage and handling
of audio tape.
The CSO's decision to place a higher priority on audio rather than paper
preservation might surprise some archivists; others may even think the decision
ill-advised. Undoubtedly such attitudes are due to a general disregard for the
importance of recorded sound by the scholarly community as a whole. During
the last decade, however, attitudes toward sound recordings have been slowly
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changing as scholars begin to realize their value. For example, Henry Fogel,
executive director of the CSO, recently stated:
The history of an orchestra is contained in its sound. Programs, newspaper
clippings, reviews, memorabilia-all of these things are important and have
their role in a significant archive. But the point of an orchestra is the music
it makes, and what the truly interested historian should most want to know
is "what did the orchestra sound like?" 1

Consequently, performing arts archivists must selectively preserve sound
recordings, films, and videos that serve as evidence of an organization's artistic
output and as primary sources for the study of performance practice. Furthermore, other archivists collecting in areas where informational and evidential value is best conveyed through aural and visual means must also incorporate
audiovisual materials into preservation programs.
Appraising the Recorded Sound Collection
Even though the inherent value of sound recordings was obvious to the CSO
management, the decision to place priority on the preservation of audio tapes
over paper records was not made immediately. Careful appraisal was initiated to
determine the general characteristics of the audio holdings. The primary task
was to research and compile a complete listing and history of CSO broadcast
activity-a necessity for accurate appraisal of the collection as a whole, for
determining the significance of individual broadcasts, and for making informed
preservation decisions. As research progressed, a model for appraisal gradually
evolved based on the distinctions between broadcast recordings and commercial
recordings.
On 1 May 1916 the CSO became the first major American symphony orchestra to record commercially under the baton of its own conductor and subsequently released a 78 rpm shellac disc of Mendelssohn's Wedding March on
the Columbia label. Nine years later a CSO concert was aired live over radio
station WMAQ in Chicago, marking the beginning of an almost annual broadcast schedule now spanning sixty-five years and totaling over 1,500 individual
programs. The commercial recordings, however, differ from broadcast recordings in a number of ways that have a direct impact on appraisal and preservation
decisions.
Commercial recordings by definition are mass-produced and distributed by
record companies. Consequently, each disc was pressed in such large quantities
that most of the commercially recorded output of the CSO is still obtainable
from new or used record dealers. Furthermore, the commercial recordings in the
CSO archives, ranging from 78s through CDs, are relatively stable and present
no immediate preservation risk. On the other hand, recordings made for radio
broadcast are instantaneous; that is, the concerts were recorded directly onto
discs or tapes which then serve as one-of-a-kind performance masters. The CSO
Archives holds all broadcast masters made after 1960, but locating any broadcast recording made before 1960 is a difficult task.
In a 1987 Symphony Magazine article, Charles Passy referred to the recent
efforts by various American symphony orchestras to collect their early radio
broadcast recordings as "the great orchestral treasure hunt ... the musical equiv-
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alent of discovering the Titanic." The problem, as described by Passy, is finding
tapes of live broadcasts that aired before the advent of tape-delay in the
late 1950s or, in many instances, finding copies of tape-delayed broadcasts
after the originals have been lost, destroyed, or discarded.2 For example, when
the CSO began broadcasting in 1925 all concerts were aired live over local
stations. Occasionally acetate discs were made by radio stations for distribution to other networks, but only if the show was syndicated-an arrangement
not enjoyed by most orchestras, the CSO included. In the case of the CSO, discs
are known to have been made by one local station in the late 1930s and early
1940s but the contract with the orchestra apparently specified that all discs be
destroyed within a few weeks of broadcast.
In two years the CSO archives has recovered only a few acetate discs of early
broadcasts. Some had been rescued from the dumpster by musicians; others, in
the hands of local collectors, were originally recorded off-the-air by engineers
with access to professional disc-cutting equipment; and a few were located in
radio stations or sound archives. We now reluctantly assume, however, that
most CSO broadcasts made between 1925 and 1940 were never copied to disc.
The majority of extant CSO broadcast recordings date from the early 1940s
onward, after magnetic tape became the principal recording medium and home
taping devices became readily available. To date, several caches of tapes have
been discovered, some made by CSO fans who either placed tape recorders in
front of their radios or brought their machines to concerts (an activity later prohibited). As our collecting activities continue we hope to find more private
audio tape collections that will yield a few choice CSO concert recordings.
Aside from their rarity, research revealed that broadcast recordings are the
most valuable and historically significant items in the CSO sound archive for
several additional reasons. For example, broadcast recordings made before 1960
are especially valued because the majority capture the live performance of the
orchestra. Unlike most commercial recordings or broadcasts of the past three
decades, which are usually edited, prepackaged, and aired several weeks after
the original performance, early live broadcasts were unedited and consequently
reproduce the actual concert sound. Through live broadcast recordings
researchers are better able to study the techniques of conductors and musicians
and evaluate changes in performance practice over the years.3
All radio broadcasts, regardless of their age or degree of editing, are important historical documents for several additional reasons. First, because the 78
rpm commercial recordings were of limited duration holding no more than fourand-a-half minutes of sound per disc side, the disc capacity and not the
conductor's preference often dictated the tempo of a work or movement.
Therefore, researchers studying particular conductors prominent before the
advent of long-playing discs in the early 1950s often discover that broadcast
recordings offer the only accurate example of the conductor's interpretation of a
work. Second, broadcast recordings provide an opportunity for researchers to
hear collaborations that do not exist on commercial recordings. Not only do
conductors and orchestras commercially record just a fraction of their actual
concert repertoire, but many artists and conductors are under exclusive contract
to different labels, making joint recording sessions impossible. Third, broadcast
recordings frequently capture performances, perhaps even world premieres, of
works never commercially released. Finally, though several performances may
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be edited together for modem broadcasts, such editing is not as extensive as that
done by record company engineers. All broadcast recordings provide
researchers with a product more closely resembling concerts and therefore of
greater evidential value than the product of commercial recording sessions.
The results of the appraisal verified the original estimation of the value of
radio broadcast recordings and justified the priority of the audio preservation
project. To date, several other orchestras, including the New York Philharmonic,
the Los Angeles Symphony, and the Cleveland Orchestra, have initiated similar
projects. Like the CSO, most have found the majority of extant radio broadcasts
were recorded after 1940 and consequently most preservation efforts to date
have been concentrated on audio tape. But the "great orchestral treasure hunt"
may now be a race against time due to the limited shelf life of all magnetic tape.
Depending upon storage conditions and the type of tape stock, the life expectancy of audio tape is generally only twelve to twenty-five years. Tapes recorded
any tape dating
prior to 1970 are nearing the end of their lifespan, and certainly
4
from 1960 or earlier may be in immediate danger of failure.
A Brief History of Audio Tape
Since 1988 the CSO has employed Steven Smolian, a sound restoration
expert based in Washington, D.C., to both collect and restore its broadcast tapes.
Often Smolian has achieved amazing results, but, as he has aptly stated, "even
with today's most sophisticated technology, there is only so much that can be
done to correct the various ills that beset something geriatric." 5 "Geriatric" tapes
in the CSO collection included two hundred programs recorded by Chicago
radio station WFMT from 1965 to 1968 as well as the newly recovered 19401965 era tapes, and all are part of the tape restoration project.
Because the CSO tapes span a period of over twenty-five years, a variety of
tape types have been encountered, each posing a different preservation problem
and requiring different handling. In fact, the first step in any tape preservation
project must be the identification of tape configurations-no small problem. In
the past thirty-three years alone, over fifty noncompatible open-reel and cassette
tape formats have been developed that use at least seven different speeds, five
different tape widths, various thicknesses, and a seemingly endless number of
track configurations. There are, however, some common denominators.
The actual recording tape is composed of a strip of iron oxide or other magnetizable particles affixed to a base film by a binder, with plasticizer usually
added to keep the materials supple. There are three basic types of tape bases and
all were encountered during the CSO tape restoration project.
Paper,the first base, dates from the mid-1940s and is similar in appearance to
the material used in brown paper bags. In general use for only a few years,
paper tape is not common and therefore few studies have been conducted on its
physical properties and characteristics. If encountered in archival collections an
archivist should assume the paper base is unstable and transfer the audio signal
immediately to new tape stock using a machine with a gentle tape transport
mechanism.
Acetate replaced paper as a backing in approximately 1949 and may be distinguished from more modern backings by the greater transparency of the
acetate-base film. Because plasticizers added to acetate bases have a tendency
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to evaporate over time, much of the acetate tape in audio collections is now
quite brittle and must be handled with extreme care. Acetate tape is also eight
times more sensitive to humidity than modem tape and during playback a 2,400
foot long reel can actually lengthen by an average of 14 feet and increase playing speed by 23 seconds if exposed to a 60 percent increase in relative humidity.
Excessive humidity will also cause acetate tape to cup and deform resulting in
tape in a collection should
uneven head contact during playback. Any acetate
6
also be prioritized for transfer to new tape stock.
Polyester, one common type of which is called Mylar, was introduced in the
late 1950s and has been the industry standard since 1970.1 Polyester has proved
to be the most appropriate base for archival purposes because it is more stable
during long-term storage than acetate or paper and is not subject to chemical
attack either by inorganic acids or organic solvents. Furthermore, because of its
strength, polyester exposed to stress will stretch long before breaking. 8 Still,
audio collections consisting entirely of post-1960 tape stock are certainly not
immune to problems.
Magnetic tape, even the newer varieties using Mylar, is not a permanent storage medium. Archivists should expect a random portion of their magnetic tapes
to develop a variety of problems over the years no matter how well they have
been stored, and this percentage increases with the passage of time. 9
Unfortunately, audio tapes cannot be examined for preservation problems as
quickly and conveniently as can paper and, unless tapes are played regularly,
problems will probably go unnoticed until tape deterioration is well underway
and the signal already impaired. Though individual auditioning of tapes is a
time-consuming and labor-intensive process, the alternative-automatically
retaping every twenty years-is extremely costly. Furthermore, each subsequent
generation of analog recorded tape will be of lower quality than the original due
to added tape hiss.10 The object of tape preservation, therefore, should be to
extend tape life and reduce or eliminate loss of quality. A thorough knowledge
of factors affecting tape life is an essential starting point.
Problems and Solutions
Various chemical changes can occur which influence the long-term behavior
of magnetic tapes. The most common problem created by chemical reactions is
probably binder breakdown. Because the magnetic coating on audio tapes consists of a binder system that fixes the pigment to the polyester base film, certain
conditions will aggravate binder system failure causing the coatings to flake off
the base film. A recent issue of Mix magazine described the scenario as follows:
You're about to get started on preparing a reissue when you notice that your
source tape was recorded in the late '70s. With mounting apprehension, you
load the tape onto your machine, rewind a bit and press play. Just as you
feared, within 30 seconds you start to hear the familiar squeal of gummy
oxide grabbing the tape as it moves past the heads.... After winding off the
tape, you spend the next couple of minutes ridding your tape path of the
sticky black shed that used to be part of the master."
The "shedding oxide" or "binder breakdown" syndrome has occurred on
many major tape brands due to a process called hydrolysis: polyurethane
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binders absorb water under humid conditions causing urethane molecules to
migrate to the surface forming a gummy substance. Once this process begins,
tapes will be rendered unplayable
within two to fifteen years unless the chemi12
cal reaction is reversed.
Solutions to the problem vary and are quite complex. Agfa, a major audio
tape manufacturer, has invented a special process (Agfa-XT) to restore tapes,
but, with the cost averaging $300 per reel, most do not find the Agfa process an
affordable option. Many engineers, therefore, have resorted to home remedies
that usually involve heating the tape either with blow-dryers or convection
ovens. Though risky, these methods have been used quite successfully at many
studios, but archivists should seek the help of an expert. Because the "cure" is
not permanent and may last for only a few weeks, the flaking tapes should be
transferred to new tape stock immediately.13
Oxide problems seem to vary from tape brand to brand, from year to year,
and possibly even from batch to batch. Though research into the problem is progressing, as yet there is no simple chart available to identify tape brands and
specific batches that are likely to shed oxide. Tapes manufactured as recently as
1975-1987 may be at risk, especially if exposed to humidity at or above 70 percent for even two to three days. 4 Since audio tapes in archival collections are
usually several years old by the time of deposit, the precise conditions of prior
tape storage (including storage before purchase) are seldom known. Archivists
should probably assume that every audio tape in their collections has received
adverse exposure to heat and humidity at some point during its lifespan and
should regularly inspect for evidence of related problems.
Storage and Handling Guidelines
Although inherent chemical and physical properties that affect audio tape
longevity are beyond the archivist's control, most studies conclude that tape life
depends even more on proper storage and handling. Properly stored magnetic
tapes have been known to survive for three to five decades without significant
loss in quality; conversely, tapes may exhibit a number of problems after a relatively short duration if mishandled. The close monitoring of climatic conditions
has already been discussed as a prerequisite for prolonging tape life. General
recommendations suggest temperature settings between 65 to 70 degrees
Fahrenheit and relative humidity between 30 and 40 percent for both storage
areas and all other areas of tape use. It is imperative that temperature and
humidity levels remain constant to prevent expansion and contraction of the
wound tape.
Besides degradation caused by climatic effects, the majority of problems
leading to premature tape failure result from poor engineering practices that can
and should be monitored in the archive, and, to the extent possible, in recording
studios, university departments, and other regular sources of audio tapes
deposited in archives. For example, dirt (including fingerprints, dust, hair,
smoke, and cigarette ashes) is one of the most serious enemies of perfect quality
reproduction because deposits on the tape surface not only weaken the signal
during playback but may have a chemical effect on the tape coating. 5 Problems
can be eliminated completely by enforcing no-smoking policies, practicing
good housekeeping, eliminating food and beverages in tape areas, and wearing
cotton gloves when handling tape.
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Tape deformation, perhaps even more detrimental than dirt, prevents the tape
from lying flat and thus alters the tape's integrity by impairing its ability to
make full contact with the playback heads. Deformation most frequently results
from bad winding leading to excessive or uneven tape tension. Controlling the
quality of tape winding is of central importance to tape life and there are several
basic guidelines to follow.
First, tape recorders must be professionally cleaned and maintained, must
have winding tensions in accordance with recommended standards, and must
have precisely adjusted tape guides. Tape tension that is too high will lead to
overtight winding and tension that is too low will result in cinching, or reel slippage; both cause deformation over time. To test for the latter, hold the spool or
hub tight and pull the end of the tape. If the tape moves, the reel is wound too
loosely and should be rewound immediately.16
Second, never use the fast forward or fast rewind mode as the last step before
storage. Uneven tape wind will almost always result, causing edges of random
portions of the tape to protrude above the rest of the tape pack where they may
fold or stretch along the exposed edge. Instead, run the tape at playing speed or
use "library wind" (a feature on professional-model tape decks) after each use
and store it in the played position (commonly referred to as "tails-out"). All
tapes in archival collections should be examined for evenness of winding and, if
the tape pack does not appear absolutely smooth and even, should be rewound
immediately.17
Finally, the reel and hub contribute to winding quality. Bent flanges on the
reel can cause uneven feed tension during each turn of the reel, resulting in tape
stretching and, consequently, pitch drops. Avoid hubs with threading slots
because the slot leaves a small hole over which the tape will dimple during
winding, causing spoke pressure lines and tape deformation. Plastic reels
deform, break, often have slotted hubs, and therefore are not considered
archivally sound. The preferred solution is to use unslotted metal reel hubs
which are the most durable over time.' 8
Splices in tapes create additional problems. As stated earlier, post-1960 CSO
broadcast masters are usually composites of several concerts with splices at
the editing points; that is, the two pieces of magnetic tape are pieced together
with adhesive tape. Archivists know that all adhesive tape is "inherently evil"
and the same holds true for splicing tape. The adhesive can either dry up causing the tape to come off the reel in pieces, or it can become gummy and bleed
onto adjacent layers. In both cases, careful cleaning is required to remove the
old adhesive. Then the tape must be respliced and copied onto a new splice-free
preservation master tape. 9
Cassette tapes present a variety of preservation problems because of extremely thin tape, internal construction, and low tape speed. Widely used since 1970,
they are ideal for reference copies but are not suitable for long-term storage,
and, if long-term preservation of the signal is desired all cassettes should be
transferred to reels as soon as possible.
Of course the quality of the recording and the tape stock are paramount to
tape longevity. Unfortunately archival tape collections are often recorded by
individuals more concerned with the high cost of audio tape than the overall
quality. They frequently select poor quality tape stock and maximize duration
by recording at slow speeds. For example, the following tape configurations are
poor candidates for long term preservation: tapes 0.5 mil in thickness; speeds
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below 7-1/2 ips (inches per second) for music and 3-3/4 ips for spoken word;
and quarter-track configurations. Recommended guidelines for preservation
masters call for 1.5 mil tapes recorded at 15 ips for music and 7-1/2 ips for spoken word using full- or half-track configurations. In many cases it is better to
transfer inferior tapes as soon as possible and concentrate preservation efforts
on the new masters.
If tapes must be transferred, it is crucial that general archival guidelines be
followed; that is, the transfer copy should be a faithful reproduction of the original. In this era of high-tech equipment and digital technology many engineers
succumb to the irresistible temptation to "improve" the original recording.
Therefore, archivists must closely supervise the process to ensure that the original is reproduced as accurately as possible and the recording methodology fully
documented. If the original sound quality is poor and can be sonically improved
through noise reduction, equalization, or other techniques, archivists may
decide to make two copies-a preservation copy duplicating the original and a
listening copy with sonic adjustments.20
During the CSO tape restoration project, all older masters are being professionally transferred at a speed of 15 ips onto new 1/4 inch tape stock, 1.5 mil in
thickness, of a proprietary brand recommended for long-term archival storage.21
The new masters will be free of leader tape and splices and will be wound onto
archivally preferred 10.5 inch precision reels with metal hubs. Because most of
the post-1960 tapes were recorded using Dolby A noise reduction, the process
will also be used on the preservation copies.22 Two such preservation copies are
being made for each program-one to be stored in the archive and used for
playback, the other to be sent to an off-site storage facility as a cautionary measure. Test tones, a series of pitches at the head of the tape, are added to each reel
to facilitate proper alignment of the playback heads and to indicate playback
levels and high and low frequency equalization.
Eventually reference copies will also be made on cassette tapes for use within
the archives. Professional equipment has been purchased and a part-time audio
technician is employed as necessary to make reference copies and gradually
transfer post-1970 tapes as the need arises. Items requiring special attention will
continue to be sent out for professional restoration.
Both the preservation copies and the original masters will be stored upright in
acid-free boxes equipped with an insert allowing the weight of the reel to be
supported by the hub. Program pages originally stored inside tape boxes will be
removed to prevent acidic vapors and shed particles from compromising the
tape storage. Each new broadcast tape received from the radio station will be
examined for proper winding and transferred to an acid-free box before accessioning.
Conclusion
The cost of tape preservation is high-approximately sixteen to twenty dollars per reel for materials in addition to the hourly rate of the engineer. But with
luck, not to mention funding, the CSO Archives will succeed at preserving the
sound of the Chicago Symphony Orchestra on analog tape until a more durable
preservation medium, possibly a recordable compact disc, has been adequately
tested and proven reliable.

CHICAGO SYMPHONY BROADCAST TAPES

29

The issues associated with audio preservation are vast and complex; an
in-depth discussion is beyond the scope of this paper. 23 I hope this overview
of the CSO tape preservation project offers some encouragement to those with
audio tape collections. True, the preservation of recorded formats is costly,
requires high-quality storage facilities, equipment, state-of-the-art restoration
techniques, and professional engineers. However, all archival recordings were
presumably accessioned because of their perceived value. All audio collections
should be appraised and checked for the various problems outlined above.
Preservation priorities should then be identified, selective portions of the collection added to the institutional preservation policy, and funding sought for
audio preservation and restoration. If this is done, an archive will succeed
at preserving the musical activities, oral traditions, or histories of the communities and institutions it documents. This goal will be accomplished only if
sound recordings are viewed as the equivalent of manuscripts and granted
equal attention and treatment.
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