

































































































































































































































































































































































text so that they may be kept current or so that new appendices may be added as the horizons of diving
expand. One such appendix is a short and concise guide to first aid and covers most of the situations
which might confront divers at some time when no medical care is immediately available. Another
appendix deals with marine life and its hazards. A further appendix deals with the selection, qualifica-
tion, and training of personnel and is taken from the latest instructions of the Bureau of Medicine and
Surgery and the Bureau of Personnel. (From Preface)

367.
UNITED STATES NAVY.

U.S. Navy diving manual.
Washington, D.C., Government Printing Office, 1973. (NAVSHIPS 0994-001-9010).

The manual has been rewritten, and its format changed. Volume 1 deals with air diving, and its contents
are: 1) History of diving; 2) Underwater physics; 3) Underwater physiology; 4) Operations planning;
5) Air diving operations (scuba); 6) Surface-supplied air diving operations; 7) Air decompression; 8) Div-
ing emergencies; (App. A) Formulas and conversion factors; (App. B) Record keeping and reporting;
(App. C) Sea state chart; (App. D) U.S. Navy-approved diving equipment; (App. E) Selection, qualifi-
cation and training of personnel; (App. F) Ship repair safety checklist; (App. G) Navship Publications;
(App. H) Gauge calibration procedures; (App. I) Dangerous marine animals; (App. J) General safety
checklist; (App. K) Surface-supplied diving operations predive checklist; (App. L) Pressure test for USN
recompression chambers, Volume 2 concerns mixed gas diving, and its contents are: 9) Mixed-gas diving
theory; 10) Mixed-gas underwater breathing apparatus; 11) Surface-supplied mixed gas diving operations;
12) Deep diving systems; 13) Oxygen diving operations; 14) Mixed-gas decompression (App. II-A) Diving
gases; (App. II-B) Cleaning oxygen systems; (App. II-C) Safe handling of gases; (App. 1I-D) U.S. Navy-
approved mixed-gas diving equipment; (App. II-E) Mk 6 Mod O mixed-gas scuba; (App. II-F) Mk 10
Mod 4 mixed-gas UBA; (App. II-G) Mk II Mod O mixed-gas UBA; (App. II-H) Surface-suppli~.d mixed-
gas diving operations - predive checklist. (MFW/UMS)

368.
UNITED STATES NAVY SUPERVISOR OF DIVING.
U.S. Navy recompression chamber operator’s handbook.
Washington, D.C., Department of the Navy, Naval Ships Systems Command, June 1973.

(NAVSHIPS 0994-014-5010).

This concise publication is intended as a quick reference on-station guide, and not as a substitute for the
U.S. Navy Diving Manual section on this subject, which is more complete. This well-organized, pocket-
size handbook discusses chamber operation, recompression treatment, installation and maintenance,
and other uses (such as surface decompression, omitted decompression, and diver candidate tests for

selection). (MFW/UMS)

369.
UNITED STATES NAVY SUPERVISOR OF DIVING.

Handbook: U.S. Navy diving operations.
Washington, D.C., Navy Department, Naval Ships Systems Command, 1971. 197p.

(NAVSHIPS 0994-009-6010).

As part of a continuing effort to maximize the availability of useful information for the fleet diver, the
Office of The Supervisor of Diving has prepared this concise guide for the conduct of diving operations.
Its content is based upon the most frequently used information from the Diving Manual and also intro-
duces several new types of equipment and previously unpublished information on diving. The handbook
has been designed for quick reference by the diver ‘““on station’ and features many new visual forms of
information display. Throughout the handbook illustrations, charts, and diagrams have been used in
place of text matter. Rotary selector charts and calculators have been employed to condense informa-
tion into compact forms and minimize the need for computations and cross-referencing to other sources
of information. Color printing has been used to highlight and separate various sections. Areas, such as
recompression treatment, have been reorganized to simplify instructions. (From Preface)
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370.
VAN DER AUE, O.E., E.S. Brinton and R.J. Keller.
Surface decompression, derivation and testing of decompression tables with safety limits

for certain depths and exposures.
U.S. Navy Exp. Diving Unit, Rep. 145, 32p. 1945.

A total of 282 dives were made in this project. Four of the depth and time limits for surface decompres-
sion quoted in the diving manual were tested. The tables tested were — 100 feet for 85 min.; 130 feet
for 55 min.; 150 feet for 38 min.; and 170 feet for 30 min. Work, rest, wet tank and dry chamber dives
were made in these tests. Work dives in the wet tank using standard decompression were also made as
controls for each of the above depths. Resulting from all dives made were 27 cases of caisson disease
which required recompression and 25 cases of mild caisson disease which did not require recompression.
The incidence of “bends” was higher for the control dives that were decompressed on the standard
U.S. Navy Decompression Table than it was for those that were given surface decompression. Of 81
standard decompression work dives 24.69% terminated with “bends” requiring treatment or “mild
bends™ not requiring treatment. Using the same tables and identical work but with surface decompres-
sion the incidence of “bends” or “mild bends” was 21.43% for 98 dives. Surface decompression work
dives were followed by more “bends’ and “mild bends” than surface decompression rest dives, an in-
cidence of 21.43% for 98 work dives and 10.68% for 103 rest dives. There was no appreciable difference
in the incidence of “bends” or “mild bends” resulting from the dry chamber and wet tank runs for the
100 foot table. Evidence is presented to show the relationship between the site of bends symptoms and
the part of the body exercised. Localized symptoms of bends occur most frequently in that part of the
body which is subjected to the most vigorous exercise while under pressure. (Authors’ summary)

371.
VAN DER AUE, O.E.,, R.J. Keller, E.S. Brinton, G. Barron, H.D. Gilliam and R.J. Jones.
Calculation and testing of decompression tables for air dives employing the procedure of
surface decompression and the use of oxygen.
U.S. Navy Exp. Diving Unit, Rep. 1-51, 56p. 1951.

A series of decompression schedules which employ the procedure of surface decompression and which
utilize the administration of oxygen during the recompression period have been formulated and tested
for service use at depths of 70 to 170 feet inclusive. These tables represent the culmination of 1165
experimental dives performed at the Experimental Diving Unit plus interim testing by 40 additional
dives at the Naval Torpedo Testing Range at Newport, Rhode Island. Final evaluation of the accepted
tables was conducted by the performance of 212 dives in the open sea at Key West, Florida, followed
by 6 additional repeat dives, and by 151 dives in cold water at the Diving Unit, followed by 2 addi-
tional repeat dives. (Authors’ summary)

372.
VAN LIEW, H.D.
Dissolved gas washout and bubble absorption in routine decompression.
In: Lambertsen, C.J., ed. Underwater physiology. Proceedings of the fourth symposium
on underwater physiology, p.145-150. New York, Academic Press, 1971.

It is hypothesized that following decompression the breathing of nitrous oxide (N, O) should act as a
bubble amplifier to reveal silent bubbles since it will diffuse into a N bubble 11 times faster than N,
will diffuse out. Rats were exposed to pressure of 6 atm. abs. for 110 min., then were decompressed at
a rate of 50 ft/min. On completion of decompression one group were left in the cage breathing air while
the others were supplied a breathing mixture of 80% N;0-20% O, . The increased incidence of severe
signs of decompression sickness and of death was two- or three-fold for those exposed to the nitrous
oxide. (CWS/BSCP)

373.

VINCENT, C.E.
The magnitude of pressure fluctuations encountered by divers.
J. Soc. Underwater Technol. 2:16-18; Jan. 1977.
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The author writes in answer to a letter by Dr. O.F. Conran (J. Soc. Underwater Technol. 2:25; Sept.
1976) regarding the possibility of barotrauma and decompression sickness being caused by waves, in
which it is pointed out that decompression tables do not take waves into account, although a 5 m wave
gives a variation of % atm over a diver until he reaches the point where he goes up and down with the
surface waves. The present author feels that this is an exaggeration. Pressure fluctuations are to be
found mostly in shallow water. In deep water, problems occur only when the diver is not free-swimming.
He should allow himself to move as freely as possible and not cling rigidly to a fixed structure. Another
reply to the same letter, by Dr. H.V. Hempleman of the Royal Naval Physiological Laboratory, Alver-
stoke, states that there is a small group of professional divers who do not use bells and who are sub-
jected to unacceptable pressure variations at the 3-meter stop due to surface conditions. Therefore,
the Construction Industry Research and Information (1968) Air Diving Tables have the final stop at
20 feet (6 meters), and the metric version (1972) has it at S meters, thus ensuring better depth keeping,.
(MFW/UMS)

374.
VOROSMARTI, J., Jr., R. de G. Hanson and E.E.P. Barnard.
Further studies in decompression from steady-state exposure to 250 meters.
In: Shilling, C.W. and M.W. Beckett, eds. Underwater physiology VI. Proceedings of the
sixth symposium on underwater physiology, p.435-442. Bethesda, Md., Federation of
American Societies for Experimental Biology, 1978.

This report describes a series of 78 man-exposures which were done to extend the investigations reported
previously by Barnard. The purpose was to produce a single schedule for decompression from steady-
state exposures at all depths down to 250 metres for the atmospheric conditions of 0.22 bar oxygen in
helium with nitrogen content less than 1% of 1 atmosphere. It was found that the equation which
described the decompression from depths down to 180 metres as derived from the early dives in the
series did not provide adequate decompression schedules for deeper depths. Empirical changes to the
slope and/or total time of the decompression curve did not make any significant difference in the
outcome. Using Barnard’s original equation with a partial pressure of 0.4 bar of oxygen was successful.
Thirty-six man-exposures to 250 metres for bottom times of between 1 and 7 days have been conducted
using this schedule. Using the lower oxygen tension at depth appears to have no effect on the outcome
of decompression as long as the higher partial pressure is used throughout decompression. (From Sixth
symposium program and abstracts)

375.
WALDER, D.N.
The effectiveness of the British decompression table.
In: McCallum, R.I., ed. Decompression of compressed air workers in civil engineering.
Proceedings of an international working party held at the Ciba Foundation, London,
1965. p.65-70. Newcastle-upon-Tyne, Oriel Press, 1967.

With tables based on Haldane’s concepts and designed as a compromise between the theoretical ideal
decompression and a practical procedure acceptable to the industry a bends rate of two percent was
accepted as a working basis. On this basis the British decompression tables are successful for neither
type [ or type II bends exceeded this rate on any of the contracts. Several factors may influence the
bends rates: accuracy of data depends on both whether the men report or the medical attendant accepts
the complaint as valid; there is a process of natural selection by which the bends-susceptible individuals
tend to quit; and workers tend to be acclimatized; length of shift is related to the number of cases with
the longer working hours producing more bends; and with the present table the higher the working
pressure the more cases of bends. (CWS/BSCP)

376.

WALDER, D.N., A, Evans and H.V. Hempleman.
Ultrasonic monitoring of decompression.
Lancet 1:897-898; Apr. 27, 1968.
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Decompression sickness is still disturbingly prevalent among divers and caisson workers. Acute decom-
pression sickness has been divided into two types. Type 1, “the bends” is defined as pain usually in the
limbs from which there is no danger of loss of life. Type 2, “other manifestations™ can affect the cardio-
vascular, the respiratory and the central nervous systems. These are dangerous unless treated. This kind
of decompression sickness can develop in man after a very short exposure to pressures as low as 25
p.s.i.z. There is also caisson disease of the bone. If these decompression sickness diseases are results of
bubbles in the body, and if caisson disease of the bone is due to “silent” bubbles, then the logical way
to avoid decompression sickness is to prevent bubble formation or to ensure that the bubbles are kept to
a minimum size. A method has been devised for detecting bubbles in animals using ultrasonic techniques.
Other workers have explored the possibility of exploring and detecting them by the attenuation of an
ultrasonic beam, and by use of an implanted Doppler ultrasonic flow meter. Our method makes use of a
pulsed ultrasonic transducer, which is held by a clip onto a fold of back skin of the animal. This is con-
nected to an ultrasonic transmitter-viewer, which displays on an oscilloscope screen echo pulses repre-
senting the proximal and distal surfaces of the fold of the skin. Illustrations and a further explanation of
the methods are given. (EH/BSCP)

377.
WALDER, D.N.
Bone lesions in divers.
J. Bone Joint Surg. 56B:1-2; Feb. 1974.

In this brief editorial, the author makes some general observations on the incidence of osteonecrosis in
compressed air workers and in divers, as discovered in surveys made during the past few years. Although
the disease has occurred in divers and workers who have observed the currently accepted decompression
tables, it is still generally believed that it is decompression-connected. Japanese divers, who observe no
decompression control at all, have an overwhelming incidence of osteonecrosis (more than 70% in all
with more than ten years of diving experience). This would appear to refute the theory that compression
rate is involved, since the Japanese divers were not subjected to rapid compression. New decompression
tables have been computed by the Construction Industry Research and Information Service, and it is
hoped that their observance will reduce the incidence of osteonecrosis. (MFW/UMS)

378.
WALDER, D.N. and R.I. McCallum.
An objective appraisal of the Blackpool (U.K.) and Washington state (U.S.A.) decom-
pression tables.
In: Trapp, W.G., E.W. Bannister, A.J. Davison and P.A. Trapp. O3. Fifth international
hyperbaric congress proceedings, p.905-911. Bumaby, Canada, Simon Fraser Uni-
versity, 1974.

The incidence of bends during the Dungeness B contract in the U.K. is compared with that in three
major U.S. contracts. Seattle, San Francisco, and Milwaukee. The U.K. tables were more effective in
the first two, but less effective in the third. A different approach to the data resulted in a graph which
indicates that the U.K. tables are considerably more effective. As to bone lesions, it is indicated that had
the U.K. tables been used at Seattle, San Francisco, and Milwaukee, one bone lesion would have oc-
curred, since all but one of the bone lesions that occurred at Dungeness B were at pressures or exposure
times in excess of the U.S. limits. No bone lesions have been reported from the U.S. contracts. Thus,
when bone lesion incidence is used as the criterion, the two tables appear about equal. The authors
strongly recommend a centralized system of data collection, such as the Medical Research Council
Decompression Sickness Panel has set up in the U.K. There is no such uniform system of data collection
in the U.S. (MFW/UMS)

379.
WALDVOGEL, W. and A.A. Buhlmann.
Man’s reaction to long-lasting overpressure exposure. Examination of the saturated
organism at a helium pressure of 21-22 atmospheres.
Helv. Med. Acta p.130-150; Mar. 1968.
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Four subjects breathing a mixture of 2.0-3.5% O,, 93-94% He and 3.0-3.5% N, were exposed in a pres-
sure chamber for 66 hours with a pressure of 23.0 atm, and there was a practically complete saturation
of the organism with a He pressure of 21-22 atm. The experiment was well tolerated. Decompression
followed without complication and lasted 64 hours. No important changes as to body temperature,
blood pressure, pulse rate, hemoglobin concentration, serum electrolytes and serum proteins, ferment
activity, blood corticosteroids and catecholamine excretion were observed either during or immediately
after exposure, We noticed, however, an increase of the urea-concentration without hemoconcentration,
a negative fluid balance and an increased leucocyte count in all 4 of the subjects. (Authors’ summary)

380.
WATT, D.G. and Y.C. Lin.
Doppler determination of thresholds for decompression-induced venous gas emboli in

the awake rat.
Physiologist 21:126; Aug. 1978.

Abstract only. Entire item quoted: Attempts to formulate safe decompression schedules for man have
relied heavily on extrapolation from animal models. The convenience, however, of using small laboratory
animals such as rats has been offset by the difficulties in assessing less than severe decompression sick-
ness (DS). Male Wistar rats (470 + 25g) were prepared with chronic implants of 2mm, 9MHz perivascular
doppler probes on the posterior vena cava with the leads exteriorized. Awake, unrestrained animals were
allowed to saturate on compressed air in a 1 L. plexiglass chamber at a max. pressure (P, ), were rapidly
decompressed by a predetermined pressure (P;) and then monitored for the presence of intravascular
bubbles. The predictable relationship Py = a P, + b, where a and b are constants defining the threshold
for bubble formation, was experimentally verified at pressures from 3 to 10 ATA by determining the
max. P, not producing detectable bubbles. The linear relationship Py = 2,29 P, - 1.37 (r = 0.99, p <
.001) was found for first exposures and P; = 1.64 P, - 0.14 (r = 0.99, p <.001) for repeat exposures.
This method is based on a well-defined end point for DS thresholds, can be used on awake, unrestrained
small laboratory animals and does not result in debilitation or death, thereby allowing construction of
more efficient decompression schedules.

381.
WHYTE, H.E.
A modification of the British decompression table used at the Clyde Tunnels.
In: McCallum, R.I., ed. Decompression of compressed air workers in civil engineering.
Proceedings of an international working party held at the Ciba Foundation, London,
October 1965. p.170-176. Newcastle upon Tyne, Oriel Press, 1967.

The decompression tables used for the workers on the Clyde Tunnels in England were entirely satisfac-
tory for pressures up to 20 p.s.i.g., but the incidence of bends became 4.8% in the first week when
pressure was increased to 27 p.s.i.g. An adjustment was made to use the decompression time for a two
pound increase and the incidence was cut to 0.29%. This amounts to 469 recompressions necessary
following 161,005 decompressions. For some of the other tunnel work the percentage became as high as
1.05%. The experiences in Britain indicate that the 1958 tables need revision. (CWS/BSCP)

382.
WILSON, H.D.
Commercial saturation diving operations.
In: The working diver — 1974. Symposium proceedings, March 1974, Columbus, Ohio.

p.29-39. Washington, D.C., Marine Technology Society, 1974.

The growth rate of scientific development often surpasses man's ability to balance the benefits of new
technology against the proven effectivensss of old techniques and equipment. The diving industry is
faced with such a quandary today with the rapid advance of deeper diving and more complex systems.
This paper identifies the need for closer observation of diving techniques as applied to underwater
problems, addressing the question of when to use what system for accomplishing the job. The needs for
saturation diving, bell diving, surface diving, and observation diving all exist in today’s offshore opera-
tions, and the determination of what approach to use should not be based on a company’s particular
orientation, but rather the compatibility of the equipment as it functions on the job. (Author’s abstract)
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383.

WILLMON, T.L. and A.R. Behnke.
Nitrogen elimination and oxygen absorption at high barometric pressures.
Am. J. Physiol. 131:633-638; 1940.

Excess nitrogen gas absorbed by divers exposed in a compression chamber to a simulated depth of
100 feet is usually eliminated more rapidly when oxygen is breathed at a level between 50 and 60
feet in comparison with higher or lower levels. The retardation in the elimination of nitrogen observed
at the 100-foot depth when oxygen is breathed is attributed to the vasoconstriction and slowed circula-
tion incident to oxygen inhalation. The increased oxygen absorption accompanying oxygen inhalation
at high pressures can be accounted for on the basis of oxygen taken up by the tissues in physical solu-
tion. (Authors’ summary)

384.
WOOD, S.C., J.D. Bloom and A. Messier.
Methemoglobin formation in humans during exposure to hyperbaric oxygen in a stan-

dard Navy decompression treatment table.
U.S. Nav. Submar. Med. Res. Lab., Rep. NSMRL 676, 6p. July 30, 1971.

[The problem was] to test the hypothesis that hemoglobin oxidation (ferro-to-ferri-hemoglobin) will
occur at an increased rate if erythrocytes are exposed in vivo to hyperbaric oxygen at the level en-
countered while breathing O, during Standard Navy Decompression Treatment Tables. The hypothesis
was accepted on the basis of two subjects exposed to hyperbaric oxygen in accordance with decom-
pression treatment Table 6. Both subjects developed methemoglobin concentrations ranging from
6 - 9% of total hemoglobin during decompression from 60 FSW. Pre- and postdive values were 1 to 4%
methemoglobin. The significance of these changes is that oxygen transport to tissues is compromised in
the presence of methemoglobin by a) decreased O, content of arterial blood and b) increased oxygen
affinity of arterial blood. These findings, while preliminary, deserve consideration by submarine medical
officers dealing with decompression treatment or experimental compression of subjects breathing oxy-
gen. Persons susceptible to methemoglobinemia, e.g., those taking antimalarial and certain other drugs
and glucose-6-phosphate dehyodrogenase deficient individuals, should be identified before being ex-
posed to OHP. (Authors’ abstract)

385.
WORKMAN, R.D.
Calculation of air saturation decompression tables.
U.S. Navy Exp. Diving Unit Res. Rep. 11-57, iv. + 43p. June 20, 1957.

To develop a safe decompression table for longer exposures than allowed for on the existing standard air
tables, as a protection for the trapped diver and other emergencies. On the basis of the results of 46 long
exposure dives it was determined that control of slower half-time tissues as the 160 and 240 minute
tissues was required to provide reasonably safe decompression. It was found that the 120 minute tissue
could surface safely with 65 feet absolute inert gas tension and the 160 and 240 minute tissues could
surface safely with 64 feet absolute. The control of the allowable tissue tensions at the decompression
stops was determined on the basis of the relation of change (S) and differential (E) to known safe tissue
tensions at 66 feet and 33 feet absolute for the various half-time tissues. Tables calculated on the basis
of these controls agree well with those dives in this series which caused symptoms in only a few rela-
tively susceptible subjects. It is believed that decompression tables to be safe for all subjects on long
exposures would be unnecessarily long, compared to the decompression requirements of the greatest
number of subjects, The increments of depth and exposure time provided in these decompression
tables will provide safer, more efficient decompression than the present tables in use today. [Recom-
mendations are made as follows:] 1) Approve the decompression tables for field use in emergency
decompression for longer and deeper exposures than provided for by the revised standard air decom-
pression tables. 2) Incorporate the tables presented into Part I of the U.S. Navy Diving Manual now in
preparation. 3) Determine the feasibility of use of the submarine rescue chamber for decompression of
the diver requiring long water stops. Provide oxygen decompression to shorten the shallower stops in the
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rescue chamber. 4) Determine the correlation of susceptibility of subjects in this series to altitude
decompression sickness toward development of a practical susceptibility test for divers. 5) Test short
and long exposures for subjects using decompression schedules based on a constant ratio for each half-
time tissue in an attempt to shorten decompression requirements for long exposures. (From author’s
summary and conclusions)

386.

WORKMAN, R.D.
Oxygen decompression following air dives for use in hyperbaric oxygen therapy.
U.S. Navy Exp. Diving Unit Res. Rep. 2-64, 10p. Dec. 15, 1964.

Two decompression schedules with use of oxygen were tested to provide for 3 and 4 hour air exposures
at 3 atmospheres absolute pressure required for use in hyperbaric oxygen treatment. Schedules for such
long exposures have not been available previously to permit use of oxygen breathing that decompression
time be shortened. Six subjects were exposed to air breathing in a dry pressure chamber at 70 feet
equivalent depth in seawater for periods of 180 and 240 minutes, respectively. Decompression was
carried out with oxygen breathing at 30, 20, and 10 foot stops. All six subjects exposed for 180 minutes
were symptom-free following decompression. Of six subjects exposed for 240 minutes, one subject
developed transient vertigo one hour postdive, which resolved promptly with oxygen breathing at a
depth of 60 feet. Greater than average susceptibility to decompression sickness from such prolonged
exposures in this subject is considered to be a severe test of adequacy for this schedule. Thus, the sched-
ules tested should provide efficient decompression for these prolonged exposures with minimal risk of
symptoms of decompression sickness. No manifestations of oxygen toxicity appeared during the oxygen
decompression periods. Risk of toxicity should be minimal with use of these schedules since the expo-
sure is well within the safe limits for subjects at rest. (Author’s abstract)

387.

WORKMAN, R.D.
Calculation of decompression schedules for nitrogen-oxygen and helium-oxygen dives.
U.S. Navy Exp. Diving Unit Res. Rep. 6-65, 33p. May 26, 1965.

This report presents the theoretical basis for calculation of decompression schedules for nitrogen-
oxygen and helium-oxygen mixtures used in diving. It includes definitions, theory of exponential satu-
ration and desaturation, and theory of limiting values of excess saturation permitted at various ambient
pressures with helium and nitrogen. An attémpt has been made to simplify the presentation of the
calculation procedure to implement the theoretical method. The necessary tables and worksheets used
in calculations are present, together with sample calculations of dive schedules. The discussion describes
and appraises other methods of calculation developed in recent years. (Author’s abstract)

388.
WORKMAN, R.D. and J.L. Reynolds.
Adaptation of helium-oxygen to mixed gas, SCUBA.
U.S. Nav. Exp. Diving Unit Res. Rep. 1-65, 60p. Mar. 1, 1965.

A decompression procedure for use of helium-oxygen mixtures in mixed gas SCUBA to permit repetitive
dives to a depth of 200 feet has been developed employing modified Haldane principles. The repetitive
diving procedure provides a system by which a diver can determine the necessary increase in decom-
pression time in successive dives. The amount of decompression required for use in this system is ob-
tained from 4 tables: 1) decompression table; 2) decompression dive table; 3) surface interval credit
table; and 4) repetitive dive table. A method for use of oxygen decompression at 30 and 20 foot water
stops is also provided. The validity of this procedure is based on tests of 486 dives in which 28 three-
dive series and 68 oxygen decompression dives were made. The procedure as reported is considered
satisfactory and is recommended for further testing under operations conditions in the field before
service-wide use. (Authors’ abstract)
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389.
WORKMAN, R.D.
Underwater research interest of the U.S. Navy.
In: Lambertsen, C.J., ed. Underwater physiology. Proceedings of the Third Symposium
on Underwater Physiology, 23-25 March 1966, Washington, D.C., p.4-15. Baltimore,
Williams and Wilkins Co., 1967.

The recent interests of the U.S. Navy have emphasized the Man-in-the-Sea Program and this has led to
the development of the underwater station; the submersible decompression chamber (SDC); and the
shipboard or decompression chamber (DDC). This operates as a complex and makes for longer working
hours on the bottom, and easier, safer and more pleasant decompression. Several types of additional
equipment have been developed for use by the divers as part of the complex. This type of underwater
work has required modification of the decompression tables and routine. (CWS/BSCP)

390.
WORKMAN, R.D.
American decompression theory and practice.
In: Bennett, P.B. and D.H. Elliott, eds. The physiology and medicine of diving and
compressed air work, p.252-290. Baltimore, Williams and Wilkins, 1969.

Safe decompression is governed by several considerations: a rate of ascent which will not permit the
formation of inert gas bubbles in the tissues of the diver; oxygen exposure low enough so as not to
induce toxic effects; gas density and the development of narcosis; breathing resistance; tissue solu-
bility; operational consideration such as sea states and water temperature; logistics of handling differ-
ent gases aboard ship; and fire hazard of bases such as oxygen and hydrogen. Early development of
decompression procedures rested on the stage decompression method, but with extensive studies on
supersaturation limits in decompression the safe ratio was changed from 2.25 to 1.8 to 1. Further work
indicated that half-time for tissue saturation was such that one could ignore the five and ten minute
tissues almost entirely and allow a safe ratio of 3.2 to 1 for the 20 minute tissues and 2.4 for the 40
minutes tissues but must hold to 1.8 for the 75 minute tissues. A special schedule was developed for
repetitive diving with air by the scuba method. Also special air decompression schedules were developed
for exceptional exposures to great depths. With the advent of the use of helium another set of special
decompression schedules were developed for deep diving with this gas in the breathing mixture. Re-
cently the advent of saturation diving and excursion diving from saturation exposures at depth has led
to further modification of decompression schedules. Decompression using helium-nitrogen-oxygen
mixtures has further complicated the picture. The article gives many decompression tables covering
all of these various situations. (CWS/BSCP)

391.
WORKMAN, R.D.
Experience with modified U.S. Navy helium-oxygen decompression schedules, saturation
decompression and evaluation of divers for aseptic bone necrosis.
In: The working diver - 1974. Symposium proceedings, March 1974, Columbus, Ohio.
p.377-385. Washington, D.C., Marine Technology Society, 1974.

Modified U.S. Navy helium-oxygen decompression schedules have been employed for 768 dives to
depths from 180 to 350 feet with an incidence of 0.5% bends resulting. Bottom times were 80 minutes
at 180 feet to 40 minutes at 350 feet with hard work performed. Thirty-nine saturation operations have
been conducted in 1973 with 234 men under pressure for a total of 2409 days. Four bends occurred in
234 men decompressed for an incidence of 1.7%. Over a period of three years, 400 bone surveys have
been done for diver applicants with only six men determined to have lesions of aseptic necrosis of bone,
all of which occurred in shoulder joints. None of the affected divers had participated in saturation
diving. (Author’s abstract)
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392.
WORKMAN, R.D. and R.C. Bornmann.
Decompression theory: American practice.
In: Bennett, P.B. and D.H. Elliott. The physiology and medicine of diving and com-
pressed air work; Second Edition, p.307-330. Baltimore, Williams and Wilkins Co.,

1975.

“The most crucial, and still controversial, aspect of decompression is the mathematical treatment of
inert gas transport in the body tissues. This must meet two key criteria: it must be capable of dealing
adequately with the limitations imposed by operational diving and it must permit the extraction of
information from diving experience that is of predictive value to increase the probability of successful
decompression under diving conditions in which parameters of pressure exposure, time and composition
of the breathing mixture have been changed.” This survey of the subject covers the following subject
areas: Early development of decompression procedures in the U.S. Navy; Development of the Haldane
method of decompression; Further studies to define supersaturation limits in decompression; Develop-
ment of repetitive dive schedules for air diving; Studies of the rate-limiting process in inert gas trans-
port; Development of helium-oxygen decompression schedules for deep diving; decompression after
saturation diving; Excursion diving from saturation exposures at depth; Deeper working dives with
helium-oxygen, Decompression with helium-nitrogen-oxygen mixtures with constant PO, mixed gas
scuba; Rationale for modifications made to the Haldane method of decompression calculation in the
U.S. Navy; Appendix: Computations for decompression. (MFW/UMS)

393.
YOUNT, D.E., R.H. Strauss, E.L. Beckman and T.O. Moore.
The physics of bubble formation; implications for improvement of decompression

methods.
In: Hong, S.K., ed. International symposium on man in the sea, Honolulu, July 1975,

p.V-167 - V-178. Bethesda, Md., Undersea Medical Society, Inc. 1976.

Crushing of gas nu:iei has been studied quantitatively in gelatin and it has been shown that the number
of bubbles can be greatly reduced by rapid compression or by pressure spikes at the beginning of a dive
schedule. As a result of these experiments, it is now possible to compute mathematically optimal decom-
pression schedules that are safer and faster for gelatin at a given depth and duration than the U.S. Navy
tables. . . . Methods for calculating optimal schedules for gelatin are discussed and experimental compari-
sons with other tables are summarized. In Section III, our first attempts to prepare decompression tables
for humans a priori are described, and the results compared with other well-known procedures. . . . If
the time constants used in calculating decompression tables have any physiological significance, then
presumably the full range is present whether the dive is of short or long duration. It follows that the
same set of time constants should be used universally in any general computational routine. The fact
that the Yount-TEKTITE prescription gives sensible predictions for both the short dive of Table VB-1
and the saturation dive of Table VB-2 suggests that this constraint is compatible with, and perhaps
even required by, the other assumptions of the a priori procedure. While the a priori procedure appar-
ently requires a broad range of time constants, these need not be associated with tissue half times per se.
In particular, it may be possible to generate sensible tables by assuming a broad range of restoration time
constants and, for example, a single tissue type. Justification for such an approach can be found in the
relatively long persistence of the acclimatization observed among compressed air workers. (Authors)

394.
ZAL'TSMAN, G.L.
Features in processes of saturation (desaturation) and oversaturation of organism and
principle of estimating the decompression regimes during extended stay under pressure.
In: Azhazha, V.G., ed. Some results and prospects for the use of underwater habitats in
marine investigations, p.15-24. Moscow, lIzdatel'stvo Nauka, 1973. Translated by
U.S. Joint Publications Research Service, Oct. 23, 1974. (JPRS 63261)
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The author presents experimental data and advances generalizing concepts characterizing the processes
occurring in an organism under conditions of increased pressures. He discusses the principles of estimat-
ing the regimes of safe decompression during brief and prolonged stay under pressure. The classical
method of calculating the regimes according to the Haldane tables has been modified with allowance for
the data presented. In interpreting the saturation processes in an organism, the authors proceeded from
the fact that the dynamics involved in a cell’s penetration by substances chemically neutral to metabolic
processes are described by exponential curves and hence the entire diversity of an organism’s cellular
systems can be represented by a continuous set of exponents. In this way Haldane’s form of reference
tissues is retained but a new physiological content is included in them. (Author’s abstract)

39s.
ZANNINI, D.
Decompression tables used in Italy for caisson work.
In: McCallum, R.., ed. Decompression of compressed air workers in civil engineering.
Proceedings of an international working party held at the Ciba Foundation, London,
1965. p.34-40. Newcastle upon Tyne, Oriel Press, 1967.

Regulations in Italy for accident prevention and the hygiene of compressed air work, established in
1956, deal with daily working time, compression and decompression times, as well as rules covering
working conditions. The work periods may be divided into two periods or may be continuous but
according to USA standards the prescribed decompression times are unsafe. (CWS/BSCP)

396.

ZUNTZ, N,
Zur Pathogenese und Therapie der durch rasche Luftdruckanderungen erzeugten

Krankheiten.

[On the pathogenesis and therapy of illnesses caused by sudden changes in air pressure].
Fortschr. Med. 15:632-639; 1897.
This article discusses the evidence for the efficacy of recompression in the treatment of compressed air
illness, outlines the mechanical nature of the pressure insult, reviews evidence obtained from experi-

mental animals, and recommends a treatment regime consisting of rapid recompression at *high” pres-
sure (3 atmospheres), followed by a gradual reduction in pressure to atmospheric level. (MBK/UMS)
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SUBJECT INDEX

Each of the 406 abstracts has been indexed to indicate the 2 or 3 principal areas of interest. Two points
should be recognized — this is not a detailed or in-depth indexing, and all of the abstracts are indexed as
“decompression” by virtue of inclusion in the study.
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