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INTRODUCTION
To successfully develop decompression tables to prevent or minimize decompression

sickness (DCS), a knowledge of the causal relationship between the dive profile and DCS is
required. While applying survival ahalysis techniques to decompression table development,
Weathersby et al. (1) depended on a large compilation of high quality dive profile and dive
outcome data, but DCS was used merely as a binomial outcome (2-8). Decompression sickness
~ was recorded as either present or absent without any qualitative measure or effort to describe the
protean manifestations of DCS.

Despite the fact that the signs and symptoms of DCS were first documented more than
100 years ago and its clinical characteristics detailed in countless publications, there has been no
comprehensive effort focused on determining the relationship between the dive profile and DCS
manifestations. This report represents the first step toward such an effort. We have compiled the
descriptions of hundreds of DCS cases that occurred after air or nitrogen-oxygen dives in
research trials conducted by the United States, United Kingdom, and Canadian militaries from
1944 to 1997. Unique to this report we also include detailed descriptions of the dive profiles
associated with these cases. We hope and expect that this comprehensive combination will allow
analysis of the relationship between the dive profile and manifestations of DCS.
METHODS

We compiled a list of known decompression trials in U.S., UK. and Canadian military
laboratories by using published summary reports (2, 4), searching peer-reviewed journals and
technical publications, reviewing archived records at the Naval Medical Research Institute
(NMRI) and Naval Experimental Diving Unit (NEDU, Panama City, FL) for the results of

unpublished trials, and communicating directly with investigators when possible. We extracted



descriptions of cases verbatim from reports and, where available, the original logs and other
records of the trials. This is not to suggest that there was always complete agreement on the
DCS manifestation descriptions. If a discrepancy was encountered, all available information was
- included. One example of this is data set EDU1157 (Section I, M), where the descriptions from
the technical report and log books are both included, but indicated separately. For trials that
were not already included in the primary electronic database maintained at NMRI, the dive
profiles were extracted from the same records. In some cases they were transcribed verbatim
from the original dive log and translated into the NMRI database format. For inclusion in this
report the records on both the DCS cases and their complete dive profiles had to be available.
Many of the trials in this report were thoroughly reviewed earlier by Weathersby et al.
(2, 4) and are indicated as such on the cover sheet of the data set. Some of the other data sets
included here were also previously reviewed by Weathersby, but were not included in the
original database (4) because of concerns with data quality. The concerns ranged from degree of
medical surveillance, through undocumented descent times, to uncertainties on depth standard
(diver feet or diver chest). In some cases we were fortunate to find the information necessary to
make these data sets credible and complete for inclusion here. For example, the complete dive
profiles and manifestation descriptions, which were previously missing, were found in the
archived dive logs maintained at NEDU. These early trials included many spectacular dive
profiles that are truly inimitable and could never be considered for research diving today. To
retrieve this valuable information, we included as many of these trials as possible, and were _
enormously gratified with the detailed manifestation descriptions that were found in the original
dive logs. Throughout this report, however, you will see that the DCS descriptions are by no

means uniform; some are intricate and verbose, while others are frustratingly brief.



Some aspects bearing on data quality are summarized in Table 1. Original diving logs
were sometimes recovered to reconstruct pressure profiles, but logging detail varied
substantially. A complete and automated profile record was preferable. (See Weathersby et al.
(4) for some unplanned depth changes). Failing that, descent (increasing pressure) and ascent
rates were taken from logs - or even assumed based on our idea of "standard" rates that might
have applied in that place and time. Automatic recording of gas switches were quite rare. As
discrepancies were identified, access to the original investigator proved invaluable. Table 1 is an
imperfect summary of all the quality issues encountered, but may save some investigators the
need to dig out all the original records again. In general, the presence of more "Y" entries
indicates our greater confidence in the other material tabulated. Ultimate responsibility for future
use of these data sets, as always, with the investigator using the data.

In his original effort, Weathersby developed a set of diagnostic criteria (Appendix A) to
serve as a retrospective tool in determining what symptoms and signs were to be regarded as
DCS. That review was not performed at that time. While we acknowledge that no sef of criteria
for diagnosing DCS is perfect, we elected to use these guidelines now because they provide a
means of imposing some consistency over the 50 years of trials covered in this report. A panel
consisting of 4-8 diving medical officers (DMOs) at NMRI met on an ad koc basis throughout
the compilation of this report, specifically for retrospective diagnosing. Trials that were
analyzed in this way are indicated on the cover page for that data set with the names of panel

participants and the dates of the review.



Table 1. Data Quality
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Categorization of cases as DCS, marginal DCS, or not DCS was done by consensus and if
consensus could not be reached, by simple majority. Marginal cases ("A-2" in Appendix A),
involve symptoms or signs that are thought to be decompression related, but not serious enough
to require recompression therapy (6). No attempt was made to further classify cases by
manifestation. Most importantly, the entire available manifestation description of each DCS case
and marginal event is included here so an investigator may make his or her own judgement as to
the "correct" diagnosis and categorization of the manifestations.

For most of these trials we did not have information on all medical events that occurred
on all dives in the trial; some notable exceptions are NMR97NOD, NMR8697, NMR9209,
NMROSUR90 and NMR94EQOD, although we only include descriptions of events diagnosed as
DCS or marginal DCS in this report. For all other trials we had information only on those events
that were considered decompression related by the original investigators. When the DMO panel
was convened to review cases, a blinding of dive profiles, original diagnoses, and treatment
outcomes was not done. In most cases, changes in diagnosis from the original were made in
favor of DCS. Original diagnoses are included in the descriptions. If a diagnosis was changed
from DCS to a lesser diagnosis, that case description was included (as well in this report) so an

investigator may make his or her own judgement.

RESULTS
This report summarizes 434 cases of DCS and 464 marginal cases after 8578 dives using
air and other nitrogen-oxygen mixtures represented in 48 data sets from trials conducted between

1944 and 1997 (Table 2). It is divided by nine trial types (single air, surface decompression with



oxygen, etc.), then by actual trial represented by its NMRI data set name. Each data set is

presented in five parts:

L.

2.

A cover sheet briefly summarizing the trial that also provides germane references
The manifestation descriptions
The complete dive profile for all DCS events

Graphic representation of each dive with a DCS event

. Key File from the NMRI data base provides a one line summary per profile of every

profile, even those that did not result in a DCS event. A profile here is defined by a
unique depth-gas-time-outcome combination, generally representing a single human
exposure. Multiple replicate uneventful dives of several people could also be
combined as a single "profile" (4). The column headings are, for the most part, self-
explanatory.

In the "Outcome” column: 0.0=noDCS 1.0=DCS 0.5 =Marginal DCS

Depth is represented in feet of seawater (fsw).

Bottom time, Ascent time, and T, & T, times are indicated in minutes.
The values in the "Ascent Time" column are more or less useful, depending on the dive
type (i.e., they are essentially of no use in the repetitive and multilevel dives). The only
information excluded here from the original profile are diver names and/or initials in
the "Data Set Notations" column.

The Profile Number (shown in the first cqlumn of the manifestation description table) can be

used to identify the same dive in Parts 3, 4, and 5. As in Report VII, onset times are represented

using T, and T, and follow the same rules as described there (4). In short, Time T, is the last

time a diver was definitely known to be symptom-free, while T, is the earliest time DCS was

definitely present. Thus, the T,-T, interval serves to bound the actual onset time of symptoms. It

is important to note, however, that the T-times in part 2 and the T-times in part 5 use different

starting points, so they appear different even though they are the same. In the manifestations

descriptions table (part 2) the T-times are calculated from the end of the dive, that is, using the

reach-surface time. In the Key File (part 5), the T-times are calculated from the start of the dive,

that is, the leave surface time. The individual data sets follow.



Table 2. Summary of Data Sets

TYPE OF DIVES DATA SET #
Dives DCS | Marginals
I. SINGLE AIR A. | DC4D 797 19 4
B. | EDU557 568 27 0
C. | EDUSS5A 483 30 0
D. [ UPS290 299 4 0
E. | DC4W 244 8 4
F. | EDU1351NL 143 2 7
G. [ EDUS49LT2 141 26 38
H. | NMR97NOD 103 3 4
I. | EDU545 94 18 7
J. | NMRNSW2 91 5 5
K. [ PASA 72 5 2
L. | SUBX87 58 2 0
M. | EDU1157 46 15 6
Totals 3139 164 77
11. SINGLE NON-AIR A. | NMR8697 477 11 18
B. | EDU1180S 120 10 0
C. | EDU88M 81 4 0
Totals 678 25 18
III. REPETITIVE &
MULTILEVEL (AIR) A. [ PAMLA 236 13 12
B. | EDUSS5AR 182 11 0
C. | DC4DR 142 - 1 0
D. | EDU657 142 4 0
E. | PARA 135 7 3
F. | DC4WR 12 3 0
Totals 849 39 15
IV. REPETITIVE &
MULTILEVEL (NON-AIR) | A. | EDU184 239 11 0
B. | PAMLAOS 140 5 3
C. | PAMLAOD 134 6 0
D. { EDU1180R 128 2 0
E. | EDUS885S 94 4 0
Totals 735 28 3
V. AIR+O,DECOMPRESSION | A. | NMR94EOD 284 17 9
B. | DCSAOD 256 3 2
C. | DCSAOW 46 3 1
Totals 586 23 12




VI. SATURATION A. | ASATARE 165 20 13
B. | ASATNSM 132 18 21
C. | ASATEDU 120 13 27
D. | SUREX(M) 64 5 3
E. | ASATNMR 50 1 0
F. | NMR9209 48 2 5
G. | EDUAS45 26 8 4.
H. | ASATDC 23 8 1
I. [ ASATFRS85 21 0 0
Totals 649 75 74
VII. SUB-SAT A. | EDU849S2 60 13 17
B. | NSM6HR 57 3 2
C. | RNPLX50 57 5 0
Totals 174 21 19
VIII. SUR-D (Air) A. | EDU545SUR 197 27 12
B. | NMRASUR90 64 0 0
Totals 261 27 12
IX. SUR-D (O,) A. | EDU1351SD 1035 20 233
B. | DCSASUR(W) 358 10 1
C. | DCSUREP(W) 69 1 0
D. | NMROSUR90 45 1 0
Totals 1507 32 234
TOTALS 8578 434 464
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APPENDIX A. Diagnosis Criteria: from REVISION 22 NOV 1988, Weathersby, et al.

First step: Separate outcome into 3 categories:

Cat A. Definite DCS (Symptom within 24 hour unless Sat dive)

CatB. Unknown Outcome

CatC. NotDCS
Second Step: Separate Cat A further:

Cat A-1 Definite DCS.Requiring recompression therapy by 1988 standards

Cat A2 Definite DCS.NOT requiring recompression by 1988 standards. Difference between A-1 and A-2

is 1988 perception of whether lack of treatment will lead to morbidity in the diver.
Specific Description:
Cat A-1. Definite DCS requiring recompression.
- Any suspicious symptoms leading to and relieved by recompression

- Joint pain persisting as tabulated below whether recompressed or not:

One Joint Multiple Joints
Pain Mild 60 min + 30 min +
Moderate 30 min + 15 min +
Severe 15 min + 8 min +

- Dyspnea, unless clearly from barotrauma or anxiety hyperventilation syndrome

- Any spinal neurologic symptoms, supported by signs, regardless of duration

- Any brain symptoms, such as visual blurring, “mental sluggishness”, regardless of duration

- Any inner ear symptom, such as unsteadiness, vertigo, hearing loss, unless clearly from
barotrauma

Cat A-2. Definite DCS not requiring recompression.

- Joint pain not persisting as long as tabulated under A-1

- Fatigue, moderate or severe

- Skin itch in immersed air or N,-O, divers (Itch in dry chamber dives and HeO, dives is
probably due to local skin mechanisms that would confuse modeling of primary symptoms)

- Skin rash or mottling, if only symptoms (When combined with non-persistent (A-2) joint pain
becomes A-1).

- Default diagnosis) Symptoms reported as “Mild bends, not requiring recompression” which do
not fit other categorization criteria

Cat B. Unknown outcome; data insufficient for 1988 diagnosis
- Headache, typical and common for this diver
- Vague abdominal pain, not related to trauma or barotrauma
- Vague chest pain, not related to trauma or barotrauma
- Vague symptoms of any kind NOT responding to recompression or oxygen therapy attempted
soon after dive (say 18 hours for non-sat dive).

Cat C. Not DCS
- No post-dive symptoms reported
- Joint pain or fatigue, mild and consistent with recent exercise
- Sharp pain, consistent with joint sprain or impact injury
- Vague symptoms similar to Cat A-2 NOT responding to recompression therapy attempted not
soon after dive
- Skin itch in dry chamber dives and He-O, dives.

12
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SECTION I: SINGLE AIR DIVES

A. DC4D

e 797 dives: 19 DCS, 4 Marginal

e All dives were dry

¢ Dives were conducted during the period 1978-1986

e Exercise was not required of the "dry non-working subjects" (ref. 1).

e This data set is included in the report, Statistically Based Decompression Tables VII.

® Descriptions of DCS manifestations were compiled from the reports referenced below and
hand-written notes made from previous reviews made of the dive logs by P.K. Weathersby
with numerous questions answered by R.Y. Nishi.

1. Nishi R.Y., KE Kisman, IP Buckingham, BC Eatock and G Masurel. XDC-2 digital
decompression computer: assessment of decompression profiles by ultrasonic monitoring, Phase
I: 36-54 msw. DCIEM Report 80-R-32, July 1980.

2. Nishi RY, BC Eatock, IC Buckingham and G Masurel. . XDC-2 digital decompression
computer: assessment of decompression profiles by ultrasonic monitoring, Phase II:  30-75 msw.
DCIEM Report 81-R-02, January 1981.

3. Nishi, RY, BC Eatock, IP Buckingham and BA Ridgewell. Assessment of decompression
profiles by ultrasonic monitoring. Phase III: No-decompression dives. DCIEM Report 82-R-38,
August 1982.

4. Nishi, RY, KE Kisman, BC Eatock, TP Buckingham and G Masurel. Assessment of
decompression profiles and divers by doppler ultrasonic monitoring. In: Proceedings VII
Symposium on Underwater Physiology, AJ Bachrach and MM Matzen eds., 1982.

5. Lauckner GR, RY Nishi and BC Eatock. Evaluation of the DCIEM 1983 decompression
model for compressed air diving (Series A-F) DCIEM Report 84-R-72, Oct 1984.

6. Lauckner, GR, RY Nishi and BC Eatock. Evaluation of the DCIEM 1983 decompression
model for compressed air diving (Series G-K) DCIEM Report 84-R-73, Nov. 1984,

7. Lauckner GR, RY Nishi and BC Eatock. Evaluation of the DCIEM 1983 decompression
model for compressed air diving (Series L-Q) DCIEM Report 85-R-18, Apr 1985.
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SECTIONI: SINGLE AIR DIVES

B. EDUSS7A

o 568 dives: 27 DCS, 0 Marginal

e All dives were wet, “no temperature controls were maintained during the dives. The
temperature was generally comfortable throughout the dive.” (ref 1)

e Dives were conducted during the period June 1956 through November 1956

e Exercise: all divers “worked”; dives were “made with a variety of diving suits and approved
breathing apparatus” (ref 1).

o This data set is included in the report, Statistically Based Decompression Tables I.

e Incidents of DCS were reported as a number only in ref 1; descriptions of the manifestations
were taken from the archived dive logs at NEDU.

1. M. des Granges. Standard Air Decompression Table. Navy Experimental Diving Unit
Research Report 5-57. December 1956.
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SECTION I: SINGLE AIR DIVES

C. EDUSS5A

e 483 dives: 30 DCS 0 Marginal
e All dives were wet; water temperature (+ 2°F) determined by length of the dive:
> 250 min 65 °F
249-190 min 60 °F
179-180 min 55 °F
<79 min 50 °F
e Dives were performed during the period August - December 1984
e Exercise: intermittently at depth on a bicycle ergometer (75 watts) at 55-60 rpm
e This data set is included in the report, Statistically Based Decompression Tables VII.

e Descriptions of the DCS manifestations were provided in reference 1.

1. Thalmann, ED. Air-N,O, Decompression Computer Algorithm Development. NEDU
Report No. 8-85. Navy Experimental Diving Unit, Panama City, FL. August 1986.
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SECTIONI: SINGLE AIR DIVES

D. UPS290

e 299 dives: 4 DCS, 0 Marginal

e All dives were wet; some were in open water, some were in escape chamber facilities.
This data is from a review that covers many different escape trials.

e The period covered in this review report is 1945-1970
o Exercise: none
o This data set is included in the report, Statistically Based Decompression Tables .

e Descriptions of DCS manifestations were taken from reference 1.

1. Donald, KW. A review of submarine escape trials from 1945-1970 with a particular
emphasis on decompression sickness. Medical Research Council, Report #290, Royal Naval
Personnel Research Committee, October 1970.
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SECTIONI: SINGLE AIR DIVES

E. DC4W

e 244 dives: 8 DCS, 4 Marginal

e All dives were wet; water temperatures not reported in the references; may or may not be
available in the original records

¢ Dives were conducted during the period 1978-1986

¢ Exercise consisted of: “wet divers took turns performing, as time permitted, an estimated
100 watts of work on a submerged exercise ergometer set at 50 watts (ref 2)

e This data set is included in the report, Statistically Based Decompression Tables VII.
e Descriptions of DCS manifestations were compiled from the reports referenced below and

hand-written notes made from previous reviews made of the dive logs by P.K. Weathersby
with numerous questions answered by R.Y. Nishi.

1. Nishi R.Y., KE Kisman, IP Buckingham, BC Eatock and G Masurel. XDC-2 digital
decompression computer: assessment of decompression profiles by ultrasonic monitoring,
Phase I: 36-54 msw. DCIEM Report 80-R-32, July 1980.

2. Nishi RY, BC Eatock, IC Buckingham and G Masurel. XDC-2 digital decompression
computer: assessment of decompression profiles by ultrasonic momtorlng, Phase II:  30-75
msw. DCIEM Report 81-R-02, January 1981.

3. Nishi, RY, BC Eatock, IP Buckingham and BA Ridgewell. Assessment of decompression
profiles by ultrasonic monitoring. Phase III: No-decompression dives. DCIEM Report 82-
R-38, August 1982.

4. Nishi, RY, KE Kisman, BC Eatock, TP Buckingham and G Masurel. Assessment of
decompression profiles and divers by doppler ultrasonic monitoring. In: Proceedings VII
Symposium on Underwater Physiology, AJ Bachrach and MM Matzen eds., 1982.

5. Lauckner GR, RY Nishi and BC Eatock. Evaluation of the DCIEM 1983 decompression
model for compressed air diving (Series A-F) DCIEM Report 84-R-72, Oct 1984.

6. Lauckner, GR, RY Nishi and BC Eatock. Evaluation of the DCIEM 1983 decompression
model for compressed air diving (Series G-K) DCIEM Report 84-R-73, Nov. 1984.

7. Lauckner GR, RY Nishi and BC Eatock. Evaluation of the DCIEM 1983 decompression
model for compressed air diving (Series L-Q) DCIEM Report 85-R-18, Apr 1985.
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SECTION I: SINGLE AIR DIVES

F. EDU1351NL

e 143 dives: 2 DCS, 7 Marginal
e All dives were wet; average water temperature was 66.9° F.
e Dives were conducted during the period 1945-46

e Exercise: all divers performed moderately heavy work at depth; “lifting and lowering a lead
bucket, weighing 62 pounds underwater, to and from a submerged table 26 inches high.” (ref 1)

e Manifestations are presented directly from the codes described in Table 1 of reference 1, as

follows:
A - No symptoms
B - Skin itch on surface
B’ - Skin itch at water stops
C - Moderate fatigue
D - Severe fatigue
E - Skin rash. Also includes the following other symptoms during the surface interval:
(a) Mild or transient pains
(b) Chest pains on deep inspiration (mild chokes)
(c) Paresthesias
F - Transient or mild pains not requiring recompression therapy
G - Other symptoms not requiring recompression therapy. Includes:
(a) Chest pains on deep inspiration (mild chokes)
{b) Muscle or joint stiffness with no pain present
(c) Paresthesias
(d) Vertigo
H - Permanent or severe pains requiring recompression therapy
I - Symptoms involving central nervous system. Includes:
(a) Visual disturbances
(b) Vertigo
(c) Paresthesias
(d) Paresis
(e) Paralysis
(f) Severe headache
J - Symptoms involving pulmonary system. Includes:
(a) Chokes
(b) Cyanosis
K - Other

e This data set is included in the report, Statistically Based Decompression Tables I.

e DCS events were diagnosed using the 1988 Weathersby et al criteria for diagnosis at NMRI on
17 December 1997 by CDR Charles Auker
LCDR Chuck Toner
LCDR Dan Valaik
LT Tom Buttolph

1. Van Der Aue, OE, RJ Kellar, ES Brinton, et. al. Calculation and Testing of Decompression
Tables for Air Dives Employing the Procedure of Surface Decompression and the Use of
Oxygen. Experimental Diving Unit U.S. Naval Gun Factory Report No. 13-51. November
1951
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SECTIONI: SINGLE AIR DIVES

G. EDUS49LT2

e 141 dives: 26 DCS, 38 Marginal
e All were dry dives
e Dives were performed during the period May - September 1947

e Exercise: none during the dive. "On completion of the exposure period, they were
decompressed to surface pressure in 4 minutes when half of them were immediately exercised
for the next 2 hour period while the other half rested in bed." (ref 1). The exercised subjects
incurred many more DCS cases than those on bed rest, but all are included in the data set.

"The exercise prescribed consisted of lifiing and returning a 25 pound dumbbell with both
hands from a bench 12 inches high to arms length overhead at a rate of 4 times each minute
for the entire two hour post dive period. The method of lifting this weight was alternated each
minute to distribute the work load of different muscle groups. During one minute the weight
was lifted by keeping the knees stiff, thus exercising chiefly the muscles of the back and upper
extremity. During the alternate minute the weight was lifted and lowered by extending the
[flexing the knees from and to a squatting position, thus chiefly exercising the lower and upper
extremities and keeping the back fairly erect."

e Skin itch was not considered in the calculation of T-times
e This data set is included in the report, Statistically Based Decompression Tables I.

¢ Diagnoses of DCS were initially made by Dr. Van der Aue as seen in ref (1). With the
additional information from the dive logs, re-diagnoses were made in March 1997 using the
criteria established by Weathersby in 1988 (Appendix A). The re-diagnoses were made by
collective decision of the following:

CDR Charles Auker MC USN

LCDR Robert Ball MC USNR

LCDR Charles Toner MC USN

LCDR Daniel Valaik MC USN

LT Thomas Buttolph MC USN

Edward T. Flynn MD (MC USN RET)

e Complete descriptions of DCS manifestations were taken from the dive logs and cross
referenced with the technical report (1).

1. Van Der Aue, O.E., R.J. Kellar, and E.S. Brinton. The Effect of Exercise During
Decompression from Increased Barometric Pressures on the Incidence of Decompression Sickness
in Man. Navy Experimental Diving Unit Report #8-49, March 1949.
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SECTION 1. SINGLE AIR DIVES

H. NMR97NOD

e 103 dives: 3 DCS 4 Marginal
e All dives were wet; water temperature maintained at 70+1°F
e Dives were conducted during the period April - July 1997

e Exercise during exposure alternated 10 minutes on a cycle ergometer at 50 watts with
10 minutes of rest.

e Descriptions of all medical manifestations were taken directly from the medical
folders: pre-dive, post-dive and summary write-ups by attending DMO(s).

1. R Ball and E Parker. A trial to determine the risk of decompression sickness after a
40 feet of sea water for 200 minute no-stop air dive. Aviation Space and
Environmental Medicine, in press.
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SECTION I: SINGLE AIR DIVES

I. EDUS4S

e 94 dives; 18 DCS, 7 Marginal

e Some dives were wet, some were dry. Temperature of the wet dives ranged from 38°F to 64°F
(mean = 51°F)

e Dives were conducted during the period October 1944 - March 1945

e Exercise: dives were both “work™ and “rest”. During the “rest” dives, the divers moved as
little as possible while on bottom. The “work” dives entailed lifting a 70 1b weight (58 lbs
submerge) from a 26” bench 10 times per minute while on bottom (ref 1).

e Diagnoses of DCS were initially made by Dr. Van der Aue as reported in reference 1. With
the additional information from the dive logs, re-diagnoses were made in 07 April 1997 using
the criteria established by Weathersby in 1988 (Appendix A). The re-diagnoses were made by
collective decision of the following:

CDR Charles Auker MC USN

LCDR Robert Ball MC USNR

LCDR Charles Toner MC USN
LCDR Daniel Valaik MC USN

LT Thomas Buttolph MC USN
Edward T. Flynn MD (MC USN RET)

e Manifestation descriptions were available in abbreviated form in reference 1. The detailed
descriptions shown here were taken directly from the dive logs.

1. Van Der Aue, OE, ES Brinton, RJ Kellar. Surface Decompression, Derivation and Testing of
Decompression Tables with Safety Limits for Certain Depth and Exposures. Naval Experimental
Diving Unit, Technical Report 5-45, January 1945.
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SECTION1: SINGLE AIR DIVES

J. NMRNSW2

e Ol dives: 5 DCS, 5 Marginal

e All dives were wet; water temperature 50-65° F

e Dives were conducted during the period May 1988 - January 1989

e Exercise - bicycle at depth 50% (10 minutes on, 10 minutes off)

e This data set is included in the report, Statistically Based Decompression Tables VII.

e Descriptions of DCS manifestations were obtained from the medical files, dive logs and
treatment logs for this protocol.

No report was written upon the completion of this study. These dives were part of a 4-element
study of helium vs. nitrogen and wet vs. dry. E.D. Thalmann was the Principal Investigator of
this NMRI Protocol #88-06 entitled: “Improved Decompression Procedures for Free Swimming
Divers I1”.
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SECTIONI: SINGLE AIR DIVES

K. PASA

e 72 dives: 5 DCS, 2 Marginal

o All dives were wet; water temperatures (+2° F) were determined by time as follows:
e <90 mins 55°F

e 91-200 mins 60°F
e 201-300 mins 65°F
e 301-480 mins 70°F
e > 480 mins 75°F

e Dives were conducted during the period March - June 1991
e Exercise - 50% work/rest cycle at depth on bicycle ergometer
e This data set is included in the report, Statistically Based Decompression Tables VIIL.

e Descriptions of DCS manifestations were obtained from reference 2 and, in some cases, the
medical files.

1. PC Kelleher, ED Thalmann, SS Survanshi, PK Weathersby. Verification Trial of a
Probabilistic Decompression Model. NEDU, Panama City, FL. and NMRI, Bethesda, MD.
UHMS Annual Scientific Meeting 23-27 June 1992.

2. Statistically Based Decompression Tables XI: Manned validation of the LE probablistic
decompression model for air and nitrogen-oxygen diving. ED Thalmann, PC Kelleher, SS
Survanshi, EC Parker, PK Weathersby. Joint Technical Report, NEDU #1-99 and NMRC
#99-01, Naval Medical Research Center, Bethesda, MD. January 1999.
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SECTIONI: SINGLE AIR DIVES

L. SUBXS87

o 58dives: 2 DCS, 0 Marginal

e All dives were wet; performed in open water. Water temperature was not reported, however,
these were open water dives that took place in Norway so it was most likely cold.

e Dives were conducted during the period 13-24 July 1987
e Exercise - none
o This data set is included in the report, Statistically Based Decompression Tables VII

e Descriptions of DCS manifestations were obtained from references 1 and 2.

1. RC Whiteside. Submarine escape trials DEEP ESCAPE 87, 13-24 July 1987. Reported in
FOSM letter 4411/4/23MR of 10 August 1987.

2. JR Haydon and MJ Fox. Medical Report on the Deep Submarine Escape Exercise 1987.
Institute of Naval Medicine Report 8/88; 31 May 1988.

3. RR Pearson. Medical considerations - DEEP ESCAPEX 1987. In: Proceedings of the 7th
Tripartate Meeting on Submarine Medicine, 1989.
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SECTION I: SINGLE AIR DIVES

M. EDU1157

e 46 dives: 15 DCS, 6 Marginal

o All dives were dry.

¢ Dives were conducted during the period November 1956 - June 1957
e Exercise - none; all dives were made with the divers at rest.

e Descriptions of DCS manifestations were obtained from reference 1 and the archived dive
logs at NEDU; names were commonly indicated in the log book notations, but were replaced
in this report with “diver” or “subject”

e This data set is included in the report, Statistically Based Decompression Table I.

¢ Diagnoses of DCS were initially made based on the descriptions by Workman in ref (1).
With the additional information from the dive logs, re-diagnoses were made in October 1996
using the criteria established by Weathersby in 1988 (Appendix A). The re-diagnoses were
made by a collective decision of the following:

CDR Charles Auker MC USN
LCDR Robert Ball MC USNR
LCDR Charles Toner MC USN
LCDR Daniel Valaik MC USN

1. Workman, RD. Calculation of Air Saturation Decompression Tables. Navy Experimental
Diving Unit (U.S. Naval Gun Factory, Washington, D.C.) Research Report #11-57. 20 June
1957
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SECTION II: SINGLE NON-AIR DIVES

A. NMRS8697

o 477 dives: 11 DCS, 18 Marginal

o All dives were wet; water temperatures were 69-72°F, (for some of the 240 minute dives the
water temp was increased to 76°F.)

» Dives were conducted during the period April 1983 - December 1985.

¢ Exercise was performed on a sled ergometer at a standard work rate in a sitting position; 5
minutes of work 3 minutes of rest. For the long dives there was an additional 10 minutes of
rest after each hour.

o This data set is included in the report, Statistically Based Decompression Tables VII.

¢ Manifestation descriptions were taken from reference (1) and the archived medical folders at
NMRI.

1. Weathersby PK, Hart B, Flynn ET, Walker WF. Human Decompression Trial in Nitrogen-
Oxygen Diving. NMRI Technical Report #86-97, September 1986.

2. Weathersby PK, Hart B, Flynn ET, Walker WF. Role of Oxygen in the Production of Human
Decompression Sickness. Journal of Applied Physiology, 63:2380-2387. 1987
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SECTION II: SINGLE NON-AIR DIVES

B. EDU1180S

e 120dives: 10 DCS, 0 Marginal

o All dives were wet; water temperature was maintained between 73-80°F.

e Dives were conducted during the period 1977 - 1978

e Exercise performed at depth on bicycle ergometers; 2 divers simultaneously for periods of 10-
20 minutes (25-50 watts), then rotated with 2 other divers (usually 10 divers per trial). This
rotation continued throughout the dive.

e This data set is included in the report, Statistically Based Decompression Tables VII.

e Manifestation descriptions were taken from reference (1).

1. Thalmann ED, Buckinham IP, Spaur WH. Testing of Decompression Algorithms for use in
the U.S. Navy Underwater Decompression Computer. Phase I. NEDU Tech Report 11-80,
August 1980.
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SECTION II: SINGLE NON-AIR DIVES

C. EDUSSSM

e 81dives: 4 DCS, 0 Marginal
o All dives were wet; water temperature (+ 2°F) set by dive time:
> 250 min 65 °F
249-190 min 60 °F
179-180 min 55 °F
<79 min 50 °F
¢ Dives were conducted during November 1984
o Exercise: intermittently at depth on a bicycle ergometer (75 watts) at 55-60 rpm

o This data set is included in the report, Statistically Based Decompression Tables VII.

o Descriptions of the DCS manifestations were provided in reference 1.

1. Thalmann, ED. Air-N,0, Decompression Computer Algorithm Development. Navy
Experimental Diving Unit Report No. 8-85. August 1986.
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SECTION III: REPETITIVE & MULTILEVEL
AIR DIVES

A. PAMLA

236 dives: 13 DCS, 12 Marginal

e All dives were wet; water temperatures as follows (+2°F):
<90 min 55°F
91-200 min  60°F
201-300 min  65°F
301-480 min  70°F
> 480 min 75°F

e Dives were conducted during the period Feb 91 - Jun 91 (NMRI) and Jul 91 - Jan 92
(NEDU)

e Exercise - at depth on a bicycle ergometer; 10 minutes exercise, 10 minutes rest throughout
the bottom time

e Comments and manifestation descriptions were taken from ref (1) below and in some cases
of the dives performed at NMRI, from the archived medical folders.

1. Statistically Based Decompression Tables XI: Manned validation of the LE probablistic
decompression model for air and nitrogen-oxygen diving. ED Thalmann, PC Kelleher, SS
Survanshi, EC Parker, PK Weathersby. Joint Technical Report, NEDU #1-99 and NMRC
#99-01, Naval Medical Research Center, Bethesda, MD. January 1999.
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SECTION III: REPETITIVE & MULTILEVEL
AIR DIVES

B. EDUSS5AR

182 dives: 11 DCS, 0 Marginal
e All dives were wet; water temperature (+ 2°F) set by dive time:
> 250 min 65 °F
249-190 min 60 °F
179-180 min 55 °F
<79 min 50 °F
e Dives were conducted during the period August - December 1984
e Exercise: intermittently at depth on a bicycle ergometer (75 watts) at 55-60 rpm

e This data set is included in the report, Statistically Based Decompression Tables VII.

e Descriptions of the DCS manifestations were provided in reference 1.

1. Thalmann, ED. Air-N,O, Decompression Computer Algorithm Development. Navy
Experimental Diving Unit Report No. 8-85. August 1986.
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SECTION 1II: REPETITIVE & MULTILEVEL
AIR DIVES

C. DC4DR

e 142 dives: 1DCS, 0 Marginal

o Al diveé were dry

¢ Dives were conducted during February 1984 and October 1986

o Exercise was not required by the "dry non-working subjects" (ref. 1).

o This data set is included in the report, Statistically Based Decompression Tables VII.

e Descriptions of the DCS manifestations were provided in ref (1).

1. Lauckner GR, RY Nishi and BC Eatock. Evaluation of the DCIEM 1983 decompression
model for compressed air diving (Series A-F) DCIEM Report 84-R-72, Oct 1984.
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SECTION III: REPETITIVE& MULTILEVEL

AIR DIVES

D. EDU657

142 dives: 4 DCS, 0 Marginal

All dives were wet, "no temperature controls were maintained during the dives. The
temperature was generally comfortable throughout the dive." (reference 1)

Dives were conducted during November - December 1956

Exercise: All divers “worked”; dives were “made with a variety of diving suits and
approved breathing apparatus” (reference 2).

Descriptions of the dive procedures and facility were provided in reference 2. The

manifestations were taken directly from the dive log (EDU Log #45). The event descriptions
were taken verbatim and diagnosed retrospectively on 17 March 1997 using the criteria
established by Weathersby in 1988 (Appendix A). The re-diagnoses were made by collective
decision of the following:

CDR Charles Auker MC USN

LCDR Robert Ball MC USNR

LCDR Charles Toner MC USN
LCDR Daniel Valaik MC USN

LT Thomas Buttolph MC USN
Edward T. Flynn MD (MC USN RET)

1.

M. des Granges. Repetitive Diving Decompression Tables. Navy Experimental Diving
Unit Research Report 6-57. 09 January 1957.

2. M. des Granges. Standard Air Decompression Table. Navy Experimental Diving Unit

Research Report 5-57. December 1956.
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SECTION III: REPETITIVE & MULTILEVEL
AIR DIVES

E. PARA

e 135dives: 7DCS, 3 Marginal

o All dives were wet; water temperatures as follows (+2°F):
<90 min 55°F
91-200 min  60°F
201-300 min  65°F
301-480 min  70°F
> 480 min 75°F

¢ Dives were conducted during the period June 1991 - January 1992; performed at both
NEDU and NMRI

e Exercise - at depth on a bicycle ergometer; 10 minutes exercise, 10 minutes rest throughout
the bottom time

¢ Comments and manifestation descriptions were taken from reference 1 and in some cases, of
the dives performed at NMRI, from the archived medical folders.

1. Statistically Based Decompression Tables XI: Manned validation of the LE probablistic
decompression model for air and nitrogen-oxygen diving. ED Thalmann, PC Kelleher, SS
Survanshi, EC Parker, PK Weathersby. Joint Technical Report, NEDU #1-99 and NMRC
#99-01, Naval Medical Research Center, Bethesda, MD. January 1999.
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SECTION III: REPETITIVE & MULTILEVEL

AIR DIVES

F. DC4WR

12 dives: 3 DCS, 0 Marginal
All dives were wet; water temperature not indicated in ref (1)
Dives were conducted during February 1984

Exercise consisted of : "wet drives took turns performing, as time permitted, an
estimated 100 watts of work on a submerged exercise ergometer set at 50 watts."
(ref 1).

This data set is included in the report, Statistically Based Decompression Tables VII.

Descriptions of the DCS manifestations were provided in reference 1.

. Lauckner GR, RY Nishi and BC Eatock. Evaluation of the DCIEM 1983

decompression model for compressed air diving (Series A-F) DCIEM Report 84-R-72,
Oct 1984.

Nishi RY, BC Eatock, IC Buckingham and G Masurel. XDC-2 digital decompression
computer: assessment of decompression profiles by ultrasonic monitoring, Phase II:
30-75 msw. DCIEM Report #81-R-02, January 1981.
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SECTION1V: REPETITIVE & MULTILEVEL
NON-AIR DIVES

A. EDU184

e 239dives: 11 DCS, 0 Marginal

o All dives were wet; water temperature 45-65°F "depending on the length of time in the water
and was selected to chill the divers to the point of being uncomfortable without causing dive
aborts." (ref 1)

e Dives were conducted during the period July - August 1980

e Exercise - intermittent at depth on a bicycle ergometer, 75 watts. Exercise periods
alternated 6 minutes work, 6 minutes rest.

e This data set is included in the report, Statistically Based Decompression Tables VII.

e Comments and manifestation descriptions were taken from reference 1, and were further
described through communications between P.K. Weathersby and R.Y. Nishi.

1. Thalmann ED. Phase II Testing of Decompression Algorithms for Use in the U.S. Navy
Underwater Decompression Computer. Navy Experimental Diving Unit, Report No. 1-84.
January 1984.
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SECTIONIV: REPETITIVE & MULTILEVEL
NON-AIR DIVES

B. PAMLAOS

e 140 dives: 5 DCS, 3 Marginal

o All dives were wet; water temperatures as follows (+2°F):
<90 min 55°F
91-200 min  60°F
201-300 min  65°F
301-480 min  70°F
> 480 min 75°F

e Dives were conducted during the period June 1991 - January 1992; performed at both
NEDU and NMRI

e Exercise - at depth on a bicycle ergometer; 10 minutes exercise, 10 minutes rest throughout
the bottom time

e Comments and manifestation descriptions were taken from reference 1 and in some cases, of
the dives performed at NMRI, from the archived medical folders.

1. Statistically Based Decompression Tables XI: Manned validation of the LE probablistic
decompression model for air and nitrogen-oxygen diving. ED Thalmann, PC Kelleher, SS
Survanshi, EC Parker, PK Weathersby. Joint Technical Report, NEDU #1-99 and NMRC
#99-01, Naval Medical Research Center, Bethesda, MD. January 1999. )
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SECTION 1V: REPETITIVE & MULTILEVEL
NON-AIR DIVES

C. PAMLAOD

e 134dives: 6 DCS, 0 Marginal

e All dives were wet; water temperatures as follows (+2°F):
<90min . 55°F
91-200 min  60°F
201-300 min  65°F
301-480 min  70°F
> 480 min 75°F

e Dives were conducted during the period June 1991 - January 1992; performed at both
NEDU and NMRI

e Exercise - at depth on a bicycle ergometer; 10 minutes exercise, 10 minutes rest throughout
the bottom time

e Comments and manifestation descriptions were taken from reference 1 and in some cases, of
the dives performed at NMRI, from the archived medical folders.

1. Statistically Based Decompression Tables XI: Manned validation of the LE probablistic
decompression model for air and nitrogen-oxygen diving. ED Thalmann, PC Kelleher, SS
Survanshi, EC Parker, PK Weathersby. Joint Technical Report, NEDU #1-99 and NMRC
#99-01, Naval Medical Research Center, Bethesda, MD. January 1999.
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SECTION IV: REPETITIVE & MULTILEVEL
NON-AIR DIVES

D. EDU1180R

e 128 dives: 2 DCS, 0 Marginal

e All dives were wet; water temperature 73-80°F

e Dives were conducted during the period 1977-1978

e Exercise performed at depth on bicycle ergometers; 2 divers simultaneously for periods of
10-20 minutes (25-50 watts), then rotated with 2 other divers (usually 10 divers per trial).
This rotation continued throughout the dive.

o This data set is included in the report, Statistically Based Decompression Tables VII.

e Manifestation descriptions were taken from reference (1).

1. Thalmann ED, Buckinham IP, Spaur WH. Testing of Decompression Algorithms for use in
the U.S. Navy Underwater Decompression Computer. Phase I. NEDU Tech Report 11-80,
August 1980.
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SECTION IV: REPETITIVE & MULTILEVEL
NON-AIR DIVES

E. EDUSSSS

e 94 dives: 4 DCS, 0 Marginal
e All dives were wet; water temperature (+ 2°F) set by dive time:
> 250 min 65 °F
249-190 min 60 °F
179-180 min 55 °F
<79 min 50 °F
¢ Dives were conducted during December 1984
e Exercise: intermittently at depth on a bicycle ergometer (75 watts) at 55-60 rpm
e These dives switched between breathing air and 0.7 ATA O, in N,

e This data set is included in the report, Statistically Based Decompression Tables VII.

e Descriptions of the DCS manifestations were provided in reference 1.

1. Thalmann, ED. Air-N,O, Decompression Computer Algorithm Development. Navy
Experimental Diving Unit Report No. 8-85. August 1986.
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V. Air & Oxygen
Decompression



SECTION V: AIR & O, DECOMPRESSION

A. NMRY4EOD

284 dives: 17 DCS, 9 Marginal
e All dives were dry
e Dives were conducted from February - September 1994

e Exercise: bicycle ergometer, workload 100 watts, 10 minutes on, 10 minutes off while on
bottom (20 minutes on, 20 minutes off for dives with long bottom times)

o Descriptions of the DCS manifestations and dive descriptions were provided in reference 1.
Additional description information was incorporated directly from the archived medical
files of the subjects. The descriptions shown here reflect a diagnostic consensus performed
retrospectively by a group of DMOs who met specifically to address confirmation of
diagnoses. Meeting was held on 30 June 1998 at NMRI. DMOs:

CAPT Charles Auker LCDR Robert Ball
LCDR Daniel Valaik LT James Caviness
LT David Dromsky LCDR Charles Toner

1. Survanshi SS, ED Thalmann, EC Parker, DD Gummin, AP Isakov, LD Homer. Dry
Decompression Procedure using Oxygen for Naval Special Warfare. Naval Medical
Research Institute, Technical Report No. 97-03, April 1997.
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SECTION V: AIR & O, DECOMPRESSION

B. DCSAOD

256 dives: 3 DCS, 2 Marginal

All dives were dry

Dives were conducted from May 1979 through February 1987
Exercise: almost none

This data set is included in the report, Statistically Based Decompression Tables VII.

. Descriptions of the DCS manifestations and dive descriptions were provided in

references 1-3.

. Nishi RY, GR Lauckner, BC Eatock, JT Hewitt. Oxygen decompression techniques for

compressed air diving using the XDC-2 decompression computer programmed with the
Kidd-Stubbs 1971 model. DCOEM Report 84-R-19, June 1984.

Lauckner GR, RY Nishi and BC Eatock. Evaluation of the DCIEM 1983 decompression
mode] for compressed air diving (Series A-F) DCIEM Report 84-R-72, Oct 1984.

Lauckner GR, RY Nishi, BC Eatock. Evaluation of the DCIEM 1983 decompression
mode] for compressed air diving (Series L-Q). DCIEM Report 85-R-18, April 1985.
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SECTION V: AIR & O, DECOMPRESSION

C. DCSAOW

46 dives: 3 DCS, 1 Marginal

All dives were wet; water temperature not available

Dives were conducted from 1982 through 1985

Exercise: most dives involved moderate exercise

This data set is included in the report, Statistically Based Decompression Tables VII.

Descriptions of the DCS manifestations and dive descriptions were provided in
references 1-3.

. Nishi RY, GR Lauckner, BC Eatock, JT Hewitt. Oxygen decompression techniques for

compressed air diving using the XDC-2 decompression computer programmed with the
Kidd-Stubbs 1971 model. DCIEM Report 84-R-19, June 1984.

Lauckner GR, RY Nishi and BC Eatock. Evaluation of the DCIEM 1983
decompression model for compressed air diving (Series G-K) DCIEM Report 84-R-73,
November 1984.

. Lauckner GR, RY Nishi, BC Eatock. Evaluation of the DCIEM 1983 decompression

model for compressed air diving (Series L-Q). DCIEM Report 85-R-18, April 1985.
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VII. Sub-Saturation



SECTION VI: SATURATION

A. ASATARE

165 dives: 20 DCS, 13 Marginal
All dives were dry; no excuréions
Dives were conducted from 1984 through 1986
Exercise: none
This data set is included in the report, Statistically Based Decompression Tébles VII.
Descriptions of the DCS manifestations and dive descriptions were provided in
references 1-4.  Additional descriptions were compiled from hand-written notes based

on additional information provided by CDR Dave Smith, MC, USN (during his time
spent at the Institute of Naval Medicine in Alverstoke)

. Bell PY, DW Burgess, TR Hennessy, TG Shields, M. Summerfield. Rescue under

pressure. An investigation into the maximum safe decompression step to a holding
pressure of 2 bar. Report ARE(M) R84004, June 1984.

Bell PY, MS English, DJ Harris, G Nichols, Z Torok, JR Harrison, KT Page, MA
McLeod. Islander 1. An investigation of direct decompression from oxygen/nitrogen
saturation to 1 bar. Report ARE(ESD) R88703, October 1988.

. Bell PY, JR Harrison, K Page, M Summerfield. An effect of CO, on the maximum safe

direct decompression to 1 bar from oxygen-nitrogen saturation. Undersea Biomedical
Research 13:443-455, 1986.

Bell PY. Studies of decompression from oxygen/nitrogen saturation (Islander2). A
preliminary report. Report ARE TM (ASP) 86603, June 1986.
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SECTION VI: SATURATION

B. ASATNSM

132 dives: 18 DCS, 21 Marginal
All dives were dry; excursions were also dry

Dives were conducted over different periods:
Profiles 1-13  November 1983 - May 1984
Profiles 14-17 March 1977 - February 1979
Profiles 18-24 May 1979 - February 1981
Profiles 25-28 September 1982 - January 1984
Profiles 29-41 September 1984 - September 1986
Profiles 42-45 October 1986 - June 1987

Exercise: none except for Profiles 14-17 with 30 minutes on a bicycle ergometer
during excursions

This data set is included in the report, Statistically Based Decompression Tables VII.
Descriptions of the studies and DCS manifestations are provided in references 1-3.

Additional manifestation information was obtained from dive logs, medical records and
notes made by Paul K. Weathersby as provided in reference 4.

. Eckenhoff, RG, SF Osborne, JW Parker, KR Bondi. Direct ascent from shallow air

saturation exposures. Undersea Biomedical Research 13:305-316, 1986

Eckenhoff, RG and Vann RD. Air and nitrox saturation decompression: a report of 4
schedules and 77 subjects. Undersea Biomedical Research 12:41-52, 1985.

Parker, JW. Upward excursion limits from air saturation at 5 ATA. Naval Submarine
Research Laboratory, Report #1127, January 1989.

Weathersby, PK, SS Survanshi, RY Nishi and ED Thalmann. Statistically Based
Decompression Tables VII: Selection and Treatment of Primary Air and N,O, Data.
Joint Technical Report: Naval Medical Research Institute Report #92-85, Naval
Submarine Medical Research Laboratory Report #1182.
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SECTION VI: SATURATION

C. ASATEDU

e 120dives: 13 DCS, 27 Marginal

All dives were dry except for some short wet excursions to evaluate the test helmet (MK 12
SSDS) for noise.

e Dives were conducted over different periods that cover 1979 - 1988:

NEDU Test Plan #
March 1979 79-08
July 1979 79-30

August 1979 79-38
February 1981 81-08
April 1981 81-13
January 1983 82-41
January 1983 83-42
Oct-Nov 1983 83-46
November 1984  84-42

March 1986 86-06
April 1987 77

January 1988 88-01
March 1988 88-03

e Exercise: essentially none. There was no exercise regimen described in the protocol,
however, the activities surrounding the preparations and testing of the helmet in the wetpot
were part of the daily routine.

e This dataset is included in the report, Statistically Based Decompression Tables VII.

e No report was completed and published for this series. Descriptions of the studies and
DCS manifestations were collected from the medical records, log books, personal

communications and summary sheets. Some additional dive information is described in
Report VII.

There are no references that specifically summarize DCS events, however, dives from the Test
Plans indicated above contributed to this data set and ultimately resulted in USN Treatment
Table 7 (E.D. Thalmann). The following technical report also resulted from part of this work.

1. Knafelc ME and MD Curley. Evaluation of a communication beanie for use with the MK
12 SSDS. Naval Experimental Diving Unit, Technical Report No. 4-87. April 1987.
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SECTION VI: SATURATION

D. SUREX & SUREXM

64 dives: 5 DCS, 3 Marginal

All dives were dry in a chamber.

Dives were conducted during the period May 1981 - May 1983

Exercise: none

This dataset is included in the report, Statistically Based Decompression Tables VII. As
indicated there, SUREX represents these dives as they actually occurred. SUREXM
considers each excursion as independent.

The experimental design is described in reference 1. DCS manifestations were
summarized in ref (1) as Type I, Type II or pruritis; marginals were not included.

Additional comments for the DCS cases and the marginal events were obtained from the
medical logs.

. Eckenhoff, RG and Parker, JW. Latency in onset of decompression sickness on direct

ascent from air saturation. Journal of Applied Physiology 56:1070-1075, 1984.
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SECTION VI: SATURATION

E. ASATNMR

50 dives: 1 DCS, 0 Marginal
All dives were dry with some short wet excursions
Dives were conducted during the period June-August 1986, and July 1988.

Exercise: none except on excursions; based on notes only, "moderately heavy workloads while
immersed."

This dataset is included in the report, Statistically Based Decompression Tables VII.

DCS manifestation descriptions were taken directly from the archived medical folders. No
report was ever completed that compiled the results and presented the medical events for these
dives. However, the references (1-8) below resulted from studies that were also performed
during this series. Principle Investigators: E.T. Flynn (1986) and E.D. Thalmann (1988). The
electronic dive profiles were reconstructed through the efforts of P.K. Weathersby using
summary sheets and the original dive logs.

. Deuster PA, DJ Smith, BL Smoak, LC Montgomery, TJ Doubt. Coldex-86: Fluid and

electrolyte changes during prolonged cold water immersion. Bethesda, Maryland: Naval.
Medical Research Institute Technical Report, NMRI #90-133, 1990.

Doubt TJ, DJ Smith. Coldex 86: Physical work capacity during prolonged cold water
immersion at 6.1 msw. Bethesda, Maryland: Naval Medical Research Institute Technical
Report, NMRI #90-135, 1990. |

Doubt TJ, RP Weinberg, DJ Smith, PA Deuster, AJ Dutka, ET Flynn. Coldex-86: Summary of
the experimental protocol and general results. Bethesda, Maryland: Naval Medical Research
Institute Technical Report, NMRI #90-132, 1990.

Dutka AJ, DJ Smith, TJ Doubt, RP Weinberg, ET Flynn. Coldex-86: Event-related potentials
after prolonged cold water immersion: Possible evidence for impairment of cognitive function
with minimal lowering of core temperature. Bethesda, Maryland: Naval Medical Research
Institute Technical Report, NMRI #90-134, 1990.

Weinberg RP, DJ Smith, TJ Doubt, AJ Dutka. Coldex-86: Thermal aspects of long term cold
water immersion. NMRI Technical Report 89-04, 1989.

Doubt TJ, DJ Smith. Lack of diurnal effects on periodic exercise during prolonged cold water
immersion. Undersea Biomedical Research 17(2);149-157, 1990.

Duester PA, DJ Smith, BL Smoak, BL Montgomery, A Singh, TJ Doubit. Prolonged whole body
cold water immersion: fluid and ion shift. Journal of Applied Physiology, 66(1) 34-41, 1989
Smith DJ, PA Duester, CJ Ryan, TJ Doubt. Prolonged whole body cold water immersion:
hormonal and metabolic changes. Undersea Biomedical Research, 17(2): 139-48, 1990.
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SECTION VI: SATURATION

F. NMR9209

48 dives: 2 DCS, 5 Marginal

e All dives were dry.

e Dives were conducted from January - May 1993
e Exercise: none

e No report was completed and published for this series. Descriptions of the studies
and DCS manifestations were obtained directly from the archived medical files and
dive logs. Cases of DCS and marginal cases were diagnosed retrospectively on 22
October 1996 at NMRI using the 1988 diagnostic scoring criteria established by
Weathersby. Participating DMOs in the diagnoses:

CDR C. Auker
LCDR R. Ball
LCDR C. Toner
LCDR D. Valaik
LT T. Buttolph

No references; dives were the result of NMRI protocol #92-09: "Shallow Air
Saturation No-Decompression Dive Series" December 1992.
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SECTION VI: SATURATION

G. EDUAS4S

26 dives: 8 DCS, 4 Marginal

o All dives were dry

¢ Dives were conducted during October 1945 and July 1946.
e Exercise: none recorded.

e Dive descriptions were obtained from dive log (NEDU Log #28 and #29).
Manifestation descriptions were taken from a personal communication from Dr. Van
der Aue to Dr. Behnke (copy obtained from the collection of correspondence and data
given to Dr. Ed Flynn by the surviving son of Dr. Van der Aue after his death). These
dives are also discussed in reference 1.

e Diagnoses of DCS were initially made by Dr. Van der Aue. Re-diagnoses were made
in February 1999 using the criteria established by Weathersby in 1988 (appendix A).
The re-diagnoses were made by collective decision of the following:

CDR Charles Auker MC USN
LCDR Robert Ball MC USNR
LCDR Charles Toner MC USN
LCDR Daniel Valaik MC USN
LT Thomas Buttolph MC USN
LT David Dromsky, MC, USN

1. Behnke, AR. "Early quantitative studies of gas dynamics in decompression." In: The
Physiology and Medicine of Diving and Compressed Air Work. PB Bennett and DH
Elliott, editors. Second edition. Williams & Wilkins Company, Baltimore, MD, 1975.
pp. 392-416. :
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SECTION VI: SATURATION

H. ASATDC

23 dives: 8 DCS, 1 Marginal
- o All dives were dry
e Dives were conducted during 1968 and 1969.
e Exercise: none recorded.
e Descriptions of the DCS manifestations and dive descriptions were obtained from dive

log notes and medical records provided by Mr. Ron Nishi and Mr. Dave Eaton at the
Defence and Civil Institute of Environmental Medicine in Toronto, Canada.

1. Kidd DJ, RA Stubbs and RS Weaver. Comparative approach to prophylactic
decompression. In Underwater Physiology (IV), C.J. Lambertsen, Editor. Academic
Press, New York & London, 1971, pp: 167-177
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SECTION VI: SATURATION

I. ASATFRSS5

e 21dives: 0DCS, 0 Marginal

e All dives were dry

e Exercise: not known

1. Masurel, G. Air saturation at shallow depth. In: DJ Smith and DCB Holt,
editors. Proceedings of the 4th Tripartite Submarine Medical Conference,
Alverstoke, United Kingdom, 1985.

Profile DataSet Outcome #of Depth Bottom Ascent Data Set Notations
# Name Divers Time Time
1 ASATFR 0.0 6 2297 21600 2.0 "7 meters"”
2 ASATFR 0.0 6 2625 21600 2.0 "8 meters"
3 ASATFR 0.0 1 29.53 21600 2.0 "9 meters"
5 ASATFR 0.0 8 29.53 21600 2.0 "9 meters

with O, last 2 hrs"



VIII. Surface
Decompression (Air)



SECTION VII: SUB-SATURATION

A. EDUS849S2

60 dives: 13 DCS, 17 Marginal
All dives were dry
Dives were conducted during April - June 1945

Exercise: none during the dive. After surfacing "half of the group was then exercised for
the next 2 hour period while the other half rested in bed."

"The exercise prescribed consisted of lifting and returning a 25 pound dumbbell with both hands from a
bench 12 inches high to arms length overhead at a rate of 4 times each minute for the entire two hour post
dive period. The method of lifting this weight was alternated each minute to distribute the work load of
different muscle groups. During one minute the weight was lifted by keeping the knees stiff, thus exercising
chiefly the muscles of the back and upper extremity. During the alternate minute the weight was lifted and
lowered by extending the flexing the knees from and to a squatting position, thus chiefly exercising the lower
and upper extremities and keeping the back fairly erect.”

Descriptions of the DCS manifestations were taken from the dive logs and cross referenced
with reference 1.

Diagnoses of DCS were initially made by Dr. Van der Aue as seen in ref (1). With the
additional information from the dive logs, re-diagnoses were made in March 1997 using
the criteria established by Weathersby in 1988 (appendix A). The re-diagnoses were made
by collective decision of the following:

CDR Charles Auker MC USN

LCDR Robert Ball MC USNR

LCDR Charles Toner MC USN

LCDR Daniel Valaik MC USN

LT Thomas Buttolph MC USN

Edward T. Flynn MD (MC USN RET)

1. Van Der Aue, O.E., RJ. Kellar, and E.S. Brinton. The Effect of Exercise During
Decompression from Increased Barometric Pressures on the Incidence of Decompression
Sickness in Man. Navy Experimental Diving Unit Report #8-49, March 1949.
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SECTION VII: SUB-SATURATION

B. NSM6HR

57 dives: 3 DCS, 2 Marginal
o All dives were dry
¢ Dives were conducted during 1989 and 1991

o Exercise: at depth on a bicycle ergometer; workload of 100 watts; 30 minutes work /
30 minutes rest cycle for four exercise periods (2 hr total).

e Descriptions of the DCS manifestations were taken from reference 1.

1. Decompression Sickness Resulting from Lohg Shallow Air Dives. CL Shake, PK
Weathersby, D. Wray and EC Parker. NSMRL Report 1200, Naval Submarine
Medical Research Laboratory, Groton, CT. May 1996.
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SECTION VII: SUB-SATURATION

C. RNPLXS0

e 57 dives: 5 DCS, 0 Marginal

e All dives were dry.

e Dives were conducted in the Spring of 1950.

e Exercise: None

o Descriptions of the DCS manifestations were taken from reference 1. The

descriptions are brief, using the DCS classification established by the investigators;
no times of onset were indicated therefore, no T and T, times are indicated.

1. Crocker, WE, WM Davidson, FC Goodenough. Investigation into the
Decompression Tables Report II: Progress report of the first series of human
exposures. Report prepared for the Decompression Panel of the Underwater
Physiology Sub-Committee of the RN.P.R.C. Royal Navy Publication #50/628, July
1950. '
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IX. Surface
Decompression (0,)



SECTION VIII: SURFACE DECOMPRESSION
(AIR)

A. EDUS45SUR

e 197 dives; 27 DCS, 12 Marginal

e Dives were mixed, wet or dry. Conditions are indicated in column 3 of the manifestation
table that follows.

e Dives were conducted during the period October 1944 - March 1945

e Exercise: During the “rest” dives, the divers moved as little as possible while on bottom.
The “work” dives entailed lifting a 70 Ib weight (58 1b submerged) from a 26” bench 10
times per minute while on bottom (ref. 1).

e Diagnoses of DCS were initially made by Dr. Van der Aue as seen in ref (1). With the
additional information from the dive logs, re-diagnoses were made in 07 April 1997 using
the criteria established by Weathersby in 1988 (appendix A). The re-diagnoses were made
by collective decision of the following:

CDR Charles Auker MC USN

LCDR Robert Ball MC USNR

LCDR Charles Toner MC USN
LCDR Daniel Valaik MC USN

LT Thomas Buttolph MC USN
Edward T. Flynn MD (MC USN RET)

¢ Detailed manifestation descriptions shown here were taken directly from the dive logs.

1. Van Der Aue, OE, ES Brinton, RJ Kellar. Surface Decompression, Derivation and Testing of
Decompression Tables with Safety Limits for Certain Depth and Exposures. Naval
Experimental Diving Unit, Technical Report 5-45, January 1945.
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SECTION VIII: SURFACE DECOMPRESSION
(AIR)

B. NMRASUR90

e 64 dives; 0 DCS, 0 Marginal
e Dives were wet, but water temperatures were not recorded in the log.
¢ Dives were conducted during the period November-December 1990

e Exercise: the log records an exercise regimen of 10 minutes work, 10 minutes rest while on
bottom. However, no description of the work performed was located.

e There were no cases of DCS during this series, so no manifestations are described.

1. No report was published from this dive series.

Profile DataSet Outcome #of  Depth Bottom Ascent  Data Set Notations

# Name Divers Time Time
1 nmrasur90 0.0 3 60.0 179.0 82.9 surd101
2 nmrasur90 0.0 3 60.0 179.4 81.3 surd102
3 nmrasur90 0.0 3 60.0 179.0 84.9 surd103
4 nmrasur90 0.0 3 60.0 180.9 814 ~surd104
5 nmrasur90 0.0 3 60.0 178.8 81.5 surd105
6 nmrasur90 0.0 3 60.0 179.1 53.7 surd107
7 nmrasur90 0.0 3 60.0 179.0 81.7 surd108
8 nmrasur90 0.0 2 60.0 179.1 81.8 surd109
9 nmrasur90 0.0 3 60.0 179.1 81.9 surd110
10 nmrasur90 0.0 3 60.0 179.1 81.9 surd111
11 nmrasur90 0.0 3 60.0 179.1 81.8 surd112
12 nmrasur90 0.0 3 120.0 49.0 98.9 surd201
13 nmrasur90 0.0 3 120.0 49.0 98.7 surd202
14 nmrasur90 0.0 3 120.0 49.1 98.7 surd203
15 nmrasur90 0.0 3 120.0 49.1 98.5 surd204
16 nmrasur90 0.0 3 120.0 49.1 99.0 surd205
17 nmrasur90 0.0 3 120.0 49.1 98.9 surd206
18 nmrasur90 0.0 3 120.0 49.0 98.7 surd207
19 nmrasur90 0.0 2 120.0 49.1 98.2 surd208
20 nmrasur90 0.0 3 120.0 49.1 98.3 surd209
21 nmrasur90 0.0 3 120.0 49.1 98.6 surd210
22 nmrasur90 0.0 3 120.0 49.0 98.4 surd211
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SECTION IX: SURFACE DECOMPRESSION
(OXYGEN)

A. EDU1351SD

e 1035 dives; 20 DCS, 233 Marginal
e Dives were wet; average water temperature was 66.9° F.
e Dives were conducted during the period the period 1945-46

e Exercise: all divers performed moderately heavy work at depth; “lifting and lowering a lead
bucket, weighing 62 pounds underwater, to and from a submerged table 26 inches high.”
(reference 1)

e Manifestations are presented directly from the codes described in Table 1 of reference 1, as

follows:
A - No symptoms
B - Skin itch on surface
B’ - Skin itch at water stops
C - Moderate fatigue
D - Severe fatigue
E - Skin rash. Also includes the following other symptoms during the surface interval:
(a) Mild or transient pains
(b) Chest pains on deep inspiration (mild chokes)
(c) Paresthesias
F - Transient or mild pains not requiring recompression therapy
G - Other symptoms not requiring recompression therapy. Includes:
(a) Chest pains on deep inspiration (mild chokes)
(b) Muscle or joint stiffness with no pain present
(c) Paresthesias
(d) Vertigo
H - Permanent or severe pains requiring recompression therapy
I - Symptoms involving central nervous system. Includes:
(a) Visual disturbances
(b) Vertigo
(c) Paresthesias
(d) Paresis
(e) Paralysis
(f) Severe headache
J - Symptoms involving pulmonary system. Includes:
(a) Chokes
(b) Cyanosis
K - Other

e DCS events were diagnosed using the 1988 Weathersby et. al. criteria for diagnosis at NMRI
on 17 December 1997 by CDR Charles Auker
LCDR Chuck Toner
LCDR Dan Valaik
LT Tom Buttolph

1. Van Der Aue, OE, RJ Kellar, ES Brinton, et. al. Calculation and Testing of Decompression
Tables for Air Dives Employing the Procedure of Surface Decompression and the Use of Oxygen.
Experimental Diving Unit U.S. Naval Gun Factory Report No. 13-51. November 1951
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SECTION IX: SURFACE DECOMPRESSION
(OXYGEN)

B. DCSASUR & DCSASURW

e 358 dives; 10 DCS, 1 Marginal
260 dry dives; 5 DCS; 1 Marginal (DCS8ASUR)
98 wet dives; 5 DCS, 0 Marginal (DCSASURW)
e For wet dives, water temperatures ranged from 12.3° to 20° Celsius.

e Dives were conducted during the period October 1982 - February 1985

e Exercise: the workload for working wet divers described in references 1-4.

Bottom Time % max heart rate work/rest
(min) at surface cycle
) 21 t0 30 70% 5 min/5 min
31 to 60 65% . 10 min/10 min
> 60 50% continuous

e These datasets are included in the report, Statistically Based Decompression Tables VII.

e Descriptions of the DCS manifestations and dive descriptions were provided in references 1-
4. Additional descriptive comments shown here were hand-written (by P.K. Weathersby) on
the computer printouts from DCIEM.

1. Nishi RY, GR Lauckner, BC Eatock, JT Hewitt. Oxygen decompression techniques for
compressed air diving using the XDC-2 decompression computer programmed with the Kidd-
Stubbs 1971 model. DCIEM Report 84-R-19, June 1984.

2. Lauckner GR, RY Nishi and BC Eatock. Evaluation of the DCIEM 1983 decompression
model for compressed air diving (Series A-F). DCIEM Report 84-R-72, October 1984.

3. Lauckner GR, RY Nishi and BC Eatock. Evaluation of the DCIEM 1983 decompression
model for compressed air diving (Series G-K) DCIEM Report 84-R-73, November 1984

4. Lauckner GR, RY Nishi, BC Eatock. Evaluation of the DCIEM 1983 decompression model
for compressed air diving (Series L-Q). DCIEM Report 85-R-18, April 1985.
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SECTION IX: SURFACE DECOMPRESSION
(OXYGEN)

C. DCSUREP & DCSUREPW

e 69 dives; 1 DCS, 0 Marginal
52 dry dives;, 0 DCS, 0 Marginal (DCSUREP)
17 wet dives; 1 DCS, 0 Marginal (DCSUREPW)
e For wet dives, water temperatures ranged from 12.3° to 20° Celsius.

e Dives were conducted during the period February 1984 - February 1985

e Exercise: the workload for working wet divers described in references 1-4.

Bottom Time % max heart rate work/rest
(min) at surface cycle
) 21 to0 30 70% 5 min/5 min
31 to 60 65% 10 min/10 min
> 60 50% continuous

o This dataset is included in the report, Statistically Based Decompression Tables VII.

o Descriptions of the DCS manifestations and dive descriptions were provided in references 1-
3. Additional descriptive comments shown here were hand-written (by P.K. Weathersby) on -
the computer printouts from DCIEM.

1. Lauckner GR, RY Nishi and BC Eatock. Evaluation of the DCIEM 1983 decompression
model for compressed air diving (Series A-F). DCIEM Report 84-R-72, October 1984.

2. Lauckner GR, RY Nishi and BC Eatock. Evaluation of the DCIEM 1983 decompression
model for compressed air diving (Series G-K) DCIEM Report 84-R-73, November 1984

3. Lauckner GR, RY Nishi, BC Eatock. Evaluation of the DCIEM 1983 decompression model
for compressed air diving (Series L-Q). DCIEM Report 85-R-18, April 1985.
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SECTION IX: SURFACE DECOMPRESSION
(OXYGEN)

D. NMROSUR90

e 45 dives; 1 DCS, 0 Marginal
o Dives were wet, but water temperatures were not recorded in the log.
¢ Dives were conducted during the period July 1990

o Exercise: the log records an exercise regimen of 10 minutes work, 10 minutes rest
while on bottom. However, no description of the work performed was located.

e Manifestation description was taken directly from the archived medical records.

1. No report was published from this dive series.
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