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FOREWORD 

The National Oceanic and Atmospheric Administration (NOAA)
has the largest diving complement of any civilian Federal agency.
Under the aegis of NOAA's Undersea Research Program (NURP), the 
agency also directly assists a large cadre of marine research 
scientists to conduct their scientific activities under the sea. 
This research is accomplished using manned submersibles, remotely
operated vehicles, and compressed-air scuba, mixed-gas, and 
saturation mode diving. Additionally, the NURP assists all divers 
of the nation through research undertaken in accordance with the 
terms of Sec. 2l(e) of the Outer Continental Shelf Lands Act of 
1978 (PL 95-372; 43 USC 1331 et seq.). This statute requires
NOAA, under authority delegated by the Secretary of Commerce, to 
" ... conduct studies of underwater diving techniques and equipment
suitable for protection of human safety and improvement of diver 
performance. Such studies shall include, but need not be limited 
to, decompression and excursion table development and improvements
and all aspects of diver physiological restraint� and protective 
gear for exposure to hostile environments." 

The Technical Report series published by the NURP is intended 
to provide the marine community with the results of NURP-sponsored
research sooner than is normally possible through professional
society journals and to do so in greater detail by presenting all 
of the relevant data developed in the course of the research. 
Results reported in NURP's Technical Report series may be prelimi
nary or require further development, refinement, or validation,
and this additional research may be beyond the scope or mission of 
NURP. Results of research or development are reported quickly
through the Technical Report series to enhance the awareness of 
members of the marine science and engineering community. 
Accordingly, the reports in this series do not carry any
endorsement or approbation on the part of the NURP, nor can the 
NURP accept any liability for damage resulting from incorrect or 
incomplete information. 

A research project designed to improve diver performance and 
safety was recently completed for the NURP by scientists from 
Hamilton Research, Ltd., of Tarrytown, New York. In that re
search, the investigators " ... focused on decompression aspects of 
habitat operations, especially excursions, and on breathing mix
tures based on nitrogen as the inert gas." A consequence of this 
research was the development of an-improved diving technology, the 
REPEX tables, for decompression using NITROX gas mixtures in 
saturation habitat operations. This technology includes both a 
computational concept (or model) and explicit operating procedures
(decompression tables). REPEX has had, in the words of its devel
opers, "modest" validation in hyperbaric chamber tests. 

REPEX: Development of Repetitive Excursions, Surfacing
Techniques, and Oxygen Procedures for Habitat Diving, a report
prepared by R. W. Hamilton, D. J. Kenyon, R. E. Peterson, G. J. 
Butler, and D. M. Beers and submitted to NURP under the terms of 
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PREFACE, Volume lA 

Th Is f s a report of a deve 1 opment program to produce a set of new 
procedures for habitat div Ing for the Off f ce of Undersea Research, NOAA,
U.S. Department of Conmerce, under Contract NA-84-DGC-00152. It covers two 
phases of that program, a narrative of how the Procedures were produced, and 
a report on the laboratory testing of the new decompression tables. 

Th f s report accompan f es a compan f on documentl, referred to here as 
Vo 1 ume I B or sf mp 1 y "the Procedures," wh I ch conta f ns the tab 1 es and 
procedures whose development and val ldatlon are detaf led here. The term 
"detaf led" f s not chosen casually and needs some explanation. The 
Procedures are presented as the results of a research program, and that 
document fs not Intended to be a manual; ft Includes much more information 
and many more details than would be needed by a competent crew. Likewise,
this report ts Intended to be a record of the thought processes as well as 
spec ff f c act Ions f nvo 1 ved f n deve 1 op f ng and test f ng the tab 1 es and 
procedures. It too ts more detailed than necessary to understand the steps
Involved. Our objective was to record these details for our client's 
benef It, for our own, and we hope perhaps for a few others. We beg the 
Indulgence of those who may try to wade through ft. 

Habitat diving has an Intrigue that draws Interest wel 1 beyond the 
small group of true users. These findings have Implications fn other areas,
particularly submarine escape/rescue. Perhaps the greatest contribution of 
the program Is something that was necessary fn order to accomplish the task 
but not specified fn the Contract, an algorithm (method) for managing long 
term exposures to hf gh oxygen 1 eve 1 s. We fee 1 we have made a good start 
toward systematizing this problem, which has been with us for many years.
Revisions will be needed as experience develops, but the concept should make 
those relatively straightforward. 

Dur Ing the deve 1 opment process we have drawn on the good offices of 
many colleagues, for which we are grateful. The Procedures have been the 
beneficiary of this Informal review process. We have tried to report our 
progress as things have developed, and Include the presentations and 
pub l f cat Ions w I th the references; we have reached sma 1 l but f nterested 
audiences fn Europe and the Far East as well as North America. 

We acknow I edge the he 1 p of many for the conduct of the tests and 
production of the report, In addition to those whose help Is mentioned In 
the preface to the Procedures. Outstanding among all fs Andre Galerne, the 
owner of IUC where the tests were done. Andre truly believed In the project 

1 Ham f 1 ton RW, Kenyon OJ, Peterson RE. Repex habf tat div f ng 
procedures: Repet It Ive vert f ca I ex curs Ions, oxygen 1 f m I ts, and surfac f ng 
techniques. Technical Report 88-1B. Rockvl 1 le, HO: NOAA Office of 
Undersea Research, Hay 1988. 
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and fts sponsors. Hts staff dfd a superb job of making this a safe and 
eff 1 cf ent ope rat 1 on, and for most of us, an enJoyab 1 e one as we 11 • B 111 
Bensky managed the medical and ethical matters with dispatch, and was 

avaf I ab 1 e at a 1 l hours. Dr. Jose-Anton f o Amat geared hf mse If up for the 
doppler monitoring and spent many extra hours going over tapes a third and 

fourth time before reaching a final decision. The Topside crew at IUC did a 

good job of managing the chant>ers and, when necessary, of fixing them (when
the ECU failed Bill Crowley returned right away from Boston fn case the duty 
crew could not get it back on line). 

But the ones who really dfd the Job were the divers. All were great.

They had some little problems among themselves, but were truly professional 
and effective as far as we were concerned. 

We thank CAPT Claude Harvey and Bill Mooney of NSHRL New London for the 
he I pfu I loan of dopp I er equ I pment and Dr. Br I an Eatock of DC I EH for 
essential advice on setting up the protocol. We enjoyed having the NBC TV 

crew present at the end of Repex II, and were pleased at the quality of the 
press coverage, Including a color photo of the Repex II divers on page one 
of the Gannett Westchester newspapers. 

We appreciated the considerable thought and work put into the proposals
of other laboratories; we could not help but benefit from their qua! lty 
efforts. And we must again thank the NOAA NURP office for their confidence 
In us, and Deborah Jaqulss fn the Contracts Office. And special thanks to 
all those we forgot to mention. 

========z=============== 

The contract report to NURP which has been Incorporated Into this report ts: 

Ham f 1 ton RW, Kenyon DJ, Peterson RE, But 1 er GJ, Beers DH. Repex:
Development of repetftfve excursions, surfacing techniques, and oxygen
procedures for habitat diving. Development and val ldatfon report to the 
Office of Undersea Research, NOAA, U.S. Dept. of Commerce, under Contract 
NA-84-DGC-O0152. Tarrytown, NY; Hamilton Research, Ltd. 
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I. 

ABSTRACT 

Hamf 1 ton RW, Kenyon OJ, Peterson RE, But 1 er GJ, Beers OH. Repex:

Deve 1 opment of re pet ft Ive excursions, surfac Ing techn I ques, and oxygen

procedures for hab I tat d f v Ing. Techn I ca 1 Report 88-1 A. Rockv 11 1 e, HO: 

NOAA Offfce of Undersea Research, Hay 1988. 

The Repex program expanded and f�roved on the basic technology of the 

NOAA OPS project, whfch In 1973 opened up nltrox saturation or "habitat" 

diving by making ft possible for divers to excurse to depths both shallower 

and deeper than their saturation storage depth. From the beginning ft was 

apparent that other capabl 1 ltfes were needed. This program has provided

development of these new procedures and a modest chant>er validation. 

Excurs I on tab 1 es were computed using mod If I cations of the NOAA OPS 

algorithm, adjusted to account for a few decompression problems that have 

occurred; a new H-value matrfx was derived. We justified basing repetitfve 

computations on gas loading because bubble activity depends on gas loading,

and ultrasound data has shown no increase, possibly a decrease, in bubbles 

fn the second of repetitive dives havfng equal stress. We found the dfve 

number In a repet ft 1 ve sequence and the I nterva 1 between d Ives were the 

Important factors, assuming that similar repetitive excursions would be the 
worst case; tables are based on order and Interval. for longer excursions a 

single stop of up to l hr Is used, wfth a preliminary deeper stop of 2 min. 

Three week-long chamber tests covered the storage depth (50, 80, 110 fsw)

and excursion depth (94-240 fsw) ranges In 252 diver-excursions with repre

sentative times and intervals. Divers ranged from 19 to 62 yr and from 100 
mto 235 lb, and Included 4 feales. No DCS resulted from excursions, and 

doppler monitoring found bubbles of Grade II or below. We had pain-only DCS 

at 10 fsw decompressing from 50 fsw after a 12-hr hold following the last 

excurs I on, so changed the decompress f on to start at a "start 1 ng depth"

deeper than the habitat; ft Is based on recent excursions. For example, the 

80 fsw saturation started at 130 fsw; this Is quicker than a 12-hr waft,

which would be Inadequate anyway. Subsequent saturation decompressions were 

okay. Two groups of divers were wel 1 above the Oz 1 lmft, but had only
trivial sYffl)toms, suggesting that the limits are qufte good; the dafty and 

tota 1 doses depend on the durat I on of the exposure. The Procedures are 

ready for provisional use at sea. [Development and validation report to the 

Office of Undersea Research, NOAA, U.S. Dept. of Commerce, under Contract 

NA-84-0GC-00152. Tarrytown, NY; Hamilton Research, Ltd., 30 Sep 1987.) 

SATURATION DIVING / EXCURSION DIVING / HABITAT / DECOMPRESSION TABLES / 

CHAMBER / TABLE VALIDATION / NITROGEN / NITROX / DECOMPRESSION SICKNESS / 

CPTO / OXYGEN EXPOSURE LIMITS/ AIR/ DOPPLER BUBBLE DETECTION 
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11. 
INTRODUCTION: THE HABITAT DIVING CONCEPT 

This chapter discusses the shallow habitat diving concept and the role 
of this project in enhancing it. 

For the sake of simplicity we use the term "habitat diving" to 
describe the concept under consideration here. It has been referred to as 
"NOAA OPS" diving, air or ''nitrox" or nitrogen-oxygen saturation diving, or 
saturation-excursion diving, or combinations of these. The concept 
involves divers l iv i ng--saturated--in a hyperbar i c atmosphere of air or a 
mixture of nitrogen and oxygen, and excurs i ng from the saturation depth 
using air as the excurs I on breathing gas. Excurs Ions are made to depths 
both shallower and deeper than the depth of the habitat, "storage depth," 
the pressure with which the divers are saturated. Our interest here is 
primarily focussed on decompression aspects of habitat operations, 
espec i a 11 y excurs f ons, and in breathing mixtures based on n I trogen as the 
inert gas. 

A. Background of habitat diving 

This section includes a brief review of the history of habitat diving, 
concentrating mostly on nitrogen-based projects. 

I. Early habitat diving 

The roots of habitat diving rest on the early Conshelf experiments 
which began in 1962 (Cousteau, 1964 and 1966; Chouteau, 1969). The first 
major U.S. program was Tektite (Paul i and Co 1 e, 1970; Beckman and Smith, 
1972). These laboratory programs and some undersea habitat operations were 
all tied together by a common limitation that any excursions performed were 
of limited (vertical) distance and duration. The U.S. Navy's Sealab program 
involved two sites and two habitats; both were f n the depth range of 200 
fsw, both used hel iox environments, and both were strictly l imfted in the 
amount of vertical excursion distance the aquanauts were allowed to use on 
excursions. 

A laboratory study by the U.S. Naval Submarine Medical Research 
Laboratory (Larsen and Mazzone, l 96 7) began to work toward expand i ng the 
excursion range. This project, using nitrogen mixes, carried out p 1 anned 
and programmed excursions calculated by the Workman method in u.se by the 
Navy at the time (Workman, 1965). 

2. Review of habitat operations 

Meanwhi 1 e quite a number of sha 11 ow hab 1 tats were i nsta l 1 ed and used 
successfully, a large part of the total in Eastern Europe. These are 
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reviewed in detail in a book dedicated to that subject by James W. Miller 
and Ian G. Koblick (1984). Also, we engaged Or. Miller to do a survey of 
information on decompression practices used by these habitats that were not 
in the book. This is a useful additional reference to these operations; for 
many it gives details of the final saturation decompression. Host of these 
are from re I at i ve 1 y sha I 1 ow depths. With regard to techniques for 
excursions, especially repetitive excursions, the main finding is that the 
work of the NOAA Repex project is needed. There is a problem in using data 
of this sort--even if details are available--because of the small number of 
subjects. If two sport divers make a 24-hr saturation at 30 fsw and surface 
without problems it adds to our perspective, but it by no means guarantees
that the procedure is acceptable. 

3. The NOAA OPS program 

The NOAA OPS program ( for "NOAA OPerat i onS;" Ham i 1 ton, Kenyon, et a 1 ,
1973) made vertical air excursions from a nitrogen-oxygen habitat a reality.
This laboratory study involved four week-long saturations at 30, 60, 90 and 
120 feet of sea water pressure (fswl) with excursions to as deep as 300 fsw. 
In addition, ascending excursions simulated ascents 30 to 65 fsw shallower 
than the habitat depth. 

The descending excursions used in NOAA OPS were without decompression
problems, but divers on ascending excursions noted "niggles" and itching,
which indicated that the time limits were none too short. Likewise there 
was no decompression sickness (DCS) from the saturation decompressions, but 
one of the tables (NOAA OPS II, which became the "SCORE" table) was later 
used for other decompressions and eventually was shown to be inadequate. 

One thing noted in NOAA OPS was an apparent ace 1 f mat f on to nitrogen
narcosis (Schmidt, Hamilton, et al, 1974). This was interpreted as being
about the same as if the storage depth (after a few days) were subtracted 
from the bottom depth in determi n f ng the narcotic effect. That is, for 
divers saturated at 50 fsw excursing to 200 fsw the narcotic effect would be 
about the same as norma 11 y encountered at 150 fsw. Not everyone agrees
that this effect exists; Bennett and colleagues did not see any noticeable 
effect in the SCORE workup dives (Miller, Adams, et al, 1976). This issue 
was recent 1 y reexamined in a NOAA-sponsored workshop on nitrogen narcosis 
which concluded that there probably was an effect but that one should expect 
a benefit of about half the storage depth (Hamilton and Kizer, 1985). The 
effect seems to be more one of learning to cope than a physiological
accommodation. 

fsw = feet of sea water. The fsw is defined as 1/33 standard 
atmosphere, or 3.0705 kPa. See Procedures, p. 13, for details 
on conversfon. Englfsh unfts are requfred by NOAA. 
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4. Laboratory and field operations after NOAA OPS 

Field operations using the NOAA OPS techniques were begun even before 
the report was comp 1 eted. Special tab l es were provided by the NOAA OPS 
investigators to Or. J.W. Miller for use out of the PRINUL habitat fn 
Puerto Rico; these are covered briefly in an appendix to the NOAA OPS 
report. Only ascending excursions were made; on occasion these caused the 
same type of "niggles" or indefinite bends symptoms as had been seen In the 
laboratory. 

Both the U.S. Navy and NOAA took definitive early steps to apply the 
new techno 1 ogy. NOAA used excurs Ions from both the PR I NUL and Hydro lab 
habitats, and the Navy launched a series of experimental dives which began
with SHAD and have been continued through Nisat, Airsat, Surex, and Minisat. 
A major operation involving both laboratory and sea was NOAA's SCORE 
program, which i nvo 1 ved excursions 1 ong and deep enough to require 
decompression stops; these were calculated especially for SCORE by the NOAA 
OPS laboratory team (Freitag, 1975). 

The NOAA activities and the early SHAD dives were compiled in a 
comprehensive monograph (Mi 1 ler, Adams, et al., 1976) which covers most 
developments through early 1975, even including the 10-dive series of 
Tonofond experiments by De Lara in Spain. These were independent but 
remarkably similar to NOAA OPS, although excursions were somewhat shallower 
and longer. There were no bends following excursions, but some qfter the 
saturation decompression. De Lara observed the adaptation to narcosis noted 
in NOAA OPS. 

SHAD I and II were saturations conducted at the Naval Submarine Medical 
Research Laboratory, with air as the habitat atmosphere at 50 and 60 fsw 
(Hamilton, Adams, et al., 1982). Excursions �·ere performed fol lowing the 
NOAA OPS model. SHAD III divers were saturated at 50 fsw and made 8-hour 
daily excursions to 100 fsw, all with air. No decompression problems were 
seen with excursions, but one diver had pal n-on 1 y DCS at 18 fsw 1 n the 
saturation decompression that began 16 hr after the last excursion. The 

divers also showed measurable effects of the oxygen exposures (Adams, 1978;
Dougherty et a 1 . , 1978) . Ni sat I i nvo 1 ved no excursions, but had divers 
living at 198 fsw (7 atm) for a week, breathing a nitrogen-oxygen mixture. 
The divers were sick at first, but recovered on addition of oxygen from 0.21 
to O. 3 atm; it 1 s not certain whether the nausea was due to hypox la or some 
other factor. Later Ni sat exposures involved a switch from nitrogen to 
helium, resulting in some itching and one clear case of "counterdiffusion" 
gas lesion disease. 

The first Airsat dive at NSMRL was simi Jar to SHAD I I I but was based 
at 60 fsw. Later Airsats used longer excursions with decompressions
involving stops, and also overnight saturation with air at 132 fsw 
(Eckenhoff, Hunter, et al., 1981; Eckenhoff, Parker, et al, 1982; Eckenhoff 
and Vann, 1985). The Surex program confirmed and extended the eaflier work 

on ascending excursions, especially as they involve short duration ascents 
to the surface from the depth range 45-60 fsw (Eckenhoff and Parker, 1982;

1984). The Minisat series has determined that a direct ascent from 25.5 fsw 
is not without problems (Eckenhoff, Osborne, et al, 1986). 
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In the PRUNE operation (Miller, Bachrach, and Walsh, 1976) a number of 

excursions were carried out at sea to depths as deep as 265 fsw, and though 

some of them were long, none approached the excursion 1 imits. "Niggles" 

were felt In ascending excursions, and one diver felt narcosis at 265 fsw,

but there were no problems. 

The SCORE program Involved a 2-week air saturation at Duke University

with divers stored at 60 fsw excursing to as deep as 300 fsw. From this it 

was learned that excursfng with air at this depth for up to 60 minutes may

result in  oxygen convulsions, decompression sickness, and minimal 

accl Imation to nitrogen narcosis (Mi 1 ler, Adams, et al, 1976). Excursions 

to 200 and 250 fsw WP.re trouble free. Adjustments to the allowable bottom 

times were made for the at-sea decompressions (the 60 min table was used for 

45 min), and these were carried out successfully despite several operational

prob I ems and one postd Ive precautionary treatment for suspected

decompression sickness. 

The Swedish Navy carried out a deep nitrox saturation, Nisahex, with 

divers saturated at 7 bars (200 fsw, like Nisat I), but this involved 

excursions to as deep as 100 msw with oxygen, helium, and nitrogen "trimix" 

( Muren, Ado I fson, et a 1 , 1984). The expesure was we l I to 1 erated despite 

s I gn if i cant narcosis; there were prob I ems during and after decompressing

from saturation, with one diver treated at 11 msw (36 fsw) and OCS symptoms

developing in 4 of 6 d Ivers sever a I days after surfacing. In another 

experiment ( "Nos ex") carried out at Duke University (Barry, Vann, et al , 

1984) 10 subjects were saturated at 165 fsw for 6 days to assess the degree

of adaptation to nitrogen. Observations on narcosis are not clear cut and 

have not been fully reported, but are generally in agreement with the Nisat 

and Ni sahex impressions. Al though the decompression prof i 1 e was improved 

over that used In Nisahex, DCS was a problem. Four subjects had bends 

before reaching 20 fsw and another in flying 3 days after leaving the 

chamber. 

5. Initial coovnercial development 

Although they showed great interest from the beginning, commercial 

diving companies were slow in picking up on the NOAA OPS technology; it is 

not poss i b 1 e to state their actual activity l eve 1 accurately because of 

1 imited access to information. In due course a commercial adaptation of 

habitat-type diving began to be seen, wherein the divers live saturated in a 

living chamber on deck and excurse to and from the worksite in a pressurized

diving bell. The work done by commercial divers is substantively different 

from what marine sci ent l sts do. Commerc i a I divers usual l y work at one 

location for long hours, while the scientist wants to visit many sites and 

often wants to do that several times a day. This accounts for the fact that 

even though the physiology and decompression techniques are readily adapted, 

it makes more sense for commercial divers to live at the surface. As far as 

we know there have not been any "commercial" operations that have used 

seafloor habitats, but there are now published accounts (some quite brief)

of numerous "commuter" type operations by Cemex (Thornton, 1979), Seaway 
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Diving (Peterson, Hamilton and Curtsell, 1980), and Oceaneering
(Youngblood, 1982), and others. 

The general impression ls that there have been no problems with decom
pression from excurs Ions, but as mentioned the cormierc i a 1 excursions have 
usually been of a different type from those used in at-sea habitat diving
operations; the corrmercial approach is to saturate close enough to the depth
of the worksfte so that long (8-hr) excursions for work can be performed on 
a da i 1 y bas f s without decompression. Bends have occas i ona 1 1 y been 
encountered In or after the decompressions from saturation. Storage (i.e.,
habitat) depths are reperted as 35 to 115 fsw, with worksite depths ranging 
from 72 to 210 fsw. More detail on some of these is given in the section on 
development of the Repex saturation tables, 111.C.l. 

The interest In n f trox saturat l on-excursion diving seems h I gher than 
the act l v f ty, espec i a 1 1 y in the U. K. (Thornton, 1979; Wa 1 der, 1981 ) • An 
ear 1 y pub 1 i cation by the CIR I A Underwater Engg i neer i ng Group ( Hemp l eman, 
Kettle, and Barrett, 1979) cone l uded that the technique was feas i b 1 e for 
corrrnercial work but that not enough was known, especially about repetitive
excursions. A resulting Brftfsh study has looked at this, providing also 
some data on the interval between the last excursion and the beginning of 
saturat f on decompression (Hennessy, Hansen, et a 1 , 1981) . Eventua 1 l y this 
led to development of a set of corrrnercfal nitrox saturation-excursion tables 
sponsored by the U.K. Department of Energy and pub! !shed by CIRIA, the 
British i ndustr i a 1 research assoc I at I on (Hennessy, Hansen, et al , 1985). 
More about these In the discussion. 

B. ObJectfves of this program 

A seaf 1 oor habitat makes it poss i b 1 e for marine scientists to 1 i ve 
close to their work arees, and thus it can Improve their efficiency,
1 og i st i cs, and in many ways the! r personal safety. They can work at 
1 ocat ions both deeper and sha 11 ower than the habitat by means of vert i ca 1 
excursions. These excursions, however, require correct practices In order 
to avoid decompression sickness and other problems; this is usually managed
with procedures that include time-pressure-gas profiles referred to here as 
decompression tables, or Just "tables." In fact, the problems of 
decompression and Its ramifications are the primary motivation for building 
an undersea habitat in the first place. 

The excursion tab 1 es that have been ava i lab le for habitat diving are 
included in the Second Edition of the NOAA Diving Manual (Miller, 1979,
Section 12). The manual Includes tables for both descending and ascending
excursions to depths as deep as 250 fsw for habitats situated at from 30 to 
120 fsw. Although they have been used effectively, even before they were 
issued it was apparent tnat there were some serious limitations. These 
limitations have been discouraging to eager scientists, and they have made 
the habitat system much less cost effective than ft can be. While the 
ranges covered· are pract f ca 1 , the procedures have been severely l i mi t f ng 
primarily with regard to "repetitive" diving; under present rules ft is not 
pessfble for a diver to perform more than one effective excursion dive each 
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day. There are also unnecessary llmitations which were introduced into the 

excurslon tables to avoid oxygen toxicity, and it is not stated clearly in 

the Manua I exact 1 y when or how to use the oxygen procedures. Because 

habitat diving can resu It f n excessive exposure to oxygen un I ess proper 

precautions are fo I I owed, pr act i ca 1 means are needed for managing oxygen 

exposure to control both central nervous system and pulmonary/chronic 

oxygen poisoning. 

Also, more reliable choices are needed for the final decompression from 

saturat f on at the end of each mission, and for the various patterns of 

ascent, Including emergency ascent. In addition to these needed 

operational procedures, methods are required for dealing with the treatment 

of decompression sickness and related diving medical problems that may occur 

in the habitat as a result of the diving operation. 

The Repex procedures (cited in the footnote to the Preface and 

referred to in this report as "the Procedures.") were prepared by Ham l 1 ton 

Research, Ltd. under Contract NA-84-DGC-00152 to the NOAA Office of 

Undersea Research. The program had as tasks a means of perform Ing 

repetitive no-stop excurs Ions, 1 onger excurs Ions using stops, new 

saturation decompression procedures, emergency and norma 1 surfacing 

procedures, and treatment procedures. 
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PART ONE: DEVELOPMENT OF THE REPEX PROCEDURES 

CHAPTERS III ANO IV. 

This chapter and the next discuss methods used for the development of 
the Procedures. Chapter I I I covers the methods used, beginning with the 

development of the computational model and selection of new ascent-limiting
M values. It covers the calculation of excursions from nitrox saturation,
including no-stop, repetitive, and timed excursions, and procedures for use 

after excursions shorter than the a 1 1 owab 1 e ti me. A 1 so described is the 

calculation method that was used in developing the saturation ascent 

procedures. Chapter IV rounds out other deta i 1 s, inc 1 ud i ng oxygen

management, surfacing, treatment, and an assessment of the efficiencies of 

the tables. 

It is worth reiterating that the Repex Procedures are the product of a 

research effort to develop new procedures. They are not diving rules, and 

the Procedures report is not a manual. 

I I I. 

DEVELOPMENT OF THE TABLES 

A. Methods used in computing the tables 

Our met hod was to app 1 y se1 ect ed experience us l ng an es tab 1 i shed 

computat i ona 1 mode 1 operated by a versat i le computer program to generate 

new profiles. 

I. Nature of decompression table development 

The current state of the art of decompression table development

involves a multi-step, iterative process of devising a profile, testing it,

revising the profile as a result of the tests, and repeating the process as 
much as necessary to achieve satisfactory results (Schreiner and Hamilton, 

1987). Usually there is a mathematical algorithm used to generate the new 
profile. Over the years a number of these have been tried, some of them 

highly touted, highly sophisticated, and at one time some were super secret. 

But after a 11 the glitter has worn off what has remained has been an 

iterative, empirical process. 

It is now generally recognized that almost any reasonable computational
theory can be made to work if there are enough var i ab 1 es that can be 

adjusted to fit the observed experience (see, for example, Berghage, 1980).
It is the "experience" or data base that now becomes the key to the process.

(For the record our procedure has for many years recognized this dependence 

on experience, documented in 1971 as Schreiner' s "pragrnat i c approach.") 
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While the mechanisms of decompression biophysics are poorly understood, what 
It takes to make a procedure more conservat Ive is reasonab 1 y we 11 
established (although ft is by no means infallible). The main point is that 
today's decompression table development Is empirical--based on experience-
and that ft also involves a computational step. 

Successful decompression does not fall on one side or the other of a 
hard line. However, ft is taught that if one follows the tables he will not 
get bends and ff he deviates he is certain to be "hit" (it has to be taught 

this way). The human body being decompressed is not so precise. The line,
wherever and however ft may be drawn, marks an acceptable probability of 
avoiding decompression sickness. Because it is based on probability, there 
is never certainty one way or the other. The meaning of this is that no 
practfcal decompression procedure can be counted on to be 1001 rel fable 

under all circumstances of diving and over extensive use. 

We use the word "rel !able" rather than "safe" to define decompression
tables that have a satisfactory level of risk of DCS. 

2. The Haldane-Workman-Schreiner model 

The computat i ona 1 method used ear 1 i er for NOAA OPS was based on the 
mode 1 that Workman derived from Ha 1 dane' s ori gi na 1 concepts, with some 
modifications by Schreiner and Kelley (1971). This fits the general
description of being "Haldanian" or more accurately "neo-Haldanian" because 
the basic tenets of Haldane's "model" (but not his constraints!) are sti 11 
used. The Schreiner modifications apply mostly to the use of different 
inert gases; the methodology is discussed in detail in the NOAA OPS report
(Hamilton, Kenyon, et al, 1973). The model assumes that the body takes up
and gives off inert gas on an exponent i a 1 basis, but at a number of 
different rates. These different rates are considered to apply to different 
"compartments" (sometimes called "tissues"). A compartment is defined as 
that part of the body which has the same time constant, or for these 
ca 1 cu lat ions the same ha 1 f time, for gas uptake and e1 imi nation. These 
compartments and their ha 1 f times are used to do bookkeeping on the "gas
1 oad Ing" of the diver. Decompression f s a 11 owed when the gas 1 oad i ngs in 
al 1 the compartments do not exceed an empirically determined maximum or "M 
value." 

While this method does have a physiological basis, it is not regarded
by some as a true "physiological model" (Hills, 1977; Berghage, 1980), its 
main value is that it can be used to convert previous empirical dive 
experience into future dives. This is what was done for NOAA OPS. From the 
ana 1 ys is of prior dives a new "matrix" of M va 1 ues was constructed, then 
this matrix was used with the Haldane-Workman-Schreiner model to compute the 
NOAA OPS profiles. 

Each of the NOAA OPS experiments was calculated as one long continuous 
profile, such that any effect a previous excursion might have on the gas
loading of a subsequent excursion was taken into account. In that sense the 
excursions were repetitive. The excursions were calculated so a diver 
could stay at each excursion depth for a definite and l i mi ted period of 
time, but that when the time was up he.had to be back at habitat depth; no 
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stops were required during the ascent. For the field tables the diver was 
assumed to have no "residua 1" gas at the start of the excursion, and a 
slight safety factor was included by shortening by five feet the allowable 
excursion distance. These calculations for repetitive dives did not 
consider bubble formation or the destruction of bubble nuclei in arriving at 
the repetitive schedule. 

All decompressions in the NOAA OPS project were completed without 
problems. Some divers during ascending excursions felt itching and 
"n i gg I es" or indefinite mi l d symptoms of bends or decompression sickness 
which went away on return to the habitat. 

3. DCAP: Decompression computation and analysis program 

This section covers the use of DCAP, Hamilton Research's decompression
computation and analysis program. 

a. Description of DCAP 

DCAP is a comprehensive program written in FORTRAN that enables a user 
to calculate a wide variety of decompression tables using ordinary language 
and without the need for conventional computer programing skills (Hamilton
and Kenyon, 1982). It functions by interpreting a "Base Case" consisting of 
a page or more of normal language instructions, setting up a computational
scheme using a number of supplementary files, then calculating the table or 
tables specified in the Base Case. 

All of this functions "outside" of the FORTRAN program, and the files 

can be written in any language; their purpose is to define the terms and 
provide data for the program. The supplementary DCAP files define 
organizational things like print formats, error messages, parameter names,
"statements" or command categories, comments or instructions to be printed 

on the tables, etc., and they set up default values for many items. These 
include definitions of the uni ts to be used; structure of the mode 1 with 

compartment half times, gas names and units to be used; environmental 
conditions such as barometric pressure and values of CO2 and water vapor;
structure of the table to be produced including staging intervals and the 

times to be displayed; display of CPTD; and where to put travel time; any of 
these can be changed in the Base Case. 

The Base Case sets up the dive to be done, and can do a single depth
time-mix dive or "fami 1 ies" of many times, depths, and gas mixes. The 

matrix to be used is either defined or a file containing it is named. Gas 
mixes are defined in either percentages or part i a 1 pressures. Comments 

(instructions) can be inserted in the table In various ways. "Conditional" 
functions allow the use of "if" commands that can invoke action as a result 
of many factors such as depth or time. 

The profile of the dive can be defined in terms of depth, travel (as

either rate or tr ave 1 ti me) , and stops. The diver can be "positioned" 
regardless of gas loadings, or during ascent can be under control of DCAP 

and the ascent constraints. The Position function allows previous dives to 
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be reconstructed, or--in doing an ana 1 ys i s--a diver can be put through a 
specific pressure-time-gas history and then the decompression status can be 
determined. Gas loadings are stored, and can be printed out. The results 
of running a Base Case become a computer file, but DCAP also keeps an "audit 
trail" of what has been done in a Notebook file. 

For Repex DCAP used the Haldane-Workman-Schreiner "Tonawanda II" model 
(Schreiner and Kelley, 1971), but other computational models are possible.
OCAP' s main function is to cal cu I ate decompression tab 1 es, and is not 
restricted to any particular approach. 

A sample Base Case is shown in Appendix 0. This is the printout of a 

run of the Repex II dive, including all excursions. The Base Case is always

kept with the dive output. This one took 3 pages to code a 11 the 
excursions, but normally a Base Case is less than a page. 

b. OCAP configuration for the Repex project 

The main ca 1 cu 1 at ions were made with OCAP version 4. 22, the version 
that runs on the DEC POP 11 /60 mini computer. Two new capab i l it i es were 
added for this program, the calculation of "no-d" or no-stop tables, and the 
printing of tables in a "multiple-schedule" format whereby a number of time
depth combinations can be output on a single line. Later work with OCAP 
after the main table calculations was done with version 5.5+, which runs on 
IBM PC type computers. 

The mode 1 used was one descended from the NOAA OPS project. It is 

based on an eight half-time compartments that progress geometrically from 5 

to 640 minutes, it considers only nitrogen, and it uses the Initialization 
file IN08Fl.OCP; this defines English units, the half times, and other 
default values. 

The matrix used (MF0805.0CP) was developed as part of the program, and 
is described in section III.B.c, below. 

Parameter, Error, Comment, Statement, and Logicals files were as 
defined for version 3.+ (Hamilton and Kenyon, 1985). 

B. Excursion calculation 

I. Development of the model parameters 

Traditionally we have considered that the computational "model" for the 
calculation of decompression tables involves perfusion-limited, exponential 
gas transport and a set of hypothetical tissue compartments and their half 
times. In order to carry out calculations it is als6 necessary to have a 
"matrix" of ascent-limiting constraints. The combination of half times and 
matrix makes up a computational system or algorithm that--operating with 
DCAP or an equ i va 1 ent system--generates the prof i 1 es. The main basis for 
changing either half times or matrix is to accorrrnodate experience from past 
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dives and dive computations; the experience that served as the basis for the 
Repex development is reviewed below. 

a. Selecting the half times 

We developed a new set of half times for these calculations. This was 
done for two reasons. It was orig i na 11 y begun as an effort to develop a 
simplified method for calculating repetitive intervals in the field, but 
this did not prove to be a promising approach. It did, however, lead to the 
use of a sma l l er 7-compartment model at first; this developed into the 
8-compartment model eventually chosen. 

The second reason relates to irregularities in the matrix used for the 
original NOAA OPS development. We felt that with this model the NOAA OPS 
matrix was the best available starting point for calculation of new nitrox 
habitat tables; the NOAA OPS system was developed from dive experience, and 
the excursion tables generated with it have proven to be quite dependable in 
field use. Half times for the NOAA OPS matrix, like the Workman matrix 
before it, were selected in part to make it easier to fit empirical data. 
We could not differ with that wisdom, but we were concerned about the fact 
that the gas loading limits of the NOAA OPS matrix were rather uneven (this
matrix, 32/02, is given in Miller's 1976 monograph and in the original NOAA 
OPS report, 1973). Development of the matrix is discussed in more detail 
1 ater. The requirement to "c 1 ean up" the matrix caused us to choose a 
sequence of half times that progresses smoothly and does not exceed a 
reasonable maximum half time. 

A simple geometric progression of half times was selected. This was 
consistent with earlier experience in the short c�mpartments, but resulted 
in fewer middle and long compartments. Our rationale for this was that 
there is no physiological justification for not expecting the phenomena
relating to decompression to behave in a steady and smooth manner. Even if 
there are discontinuities in specific cases, when the whole system is 
considered the behavior has to be smooth (but not necessarily linear). The 
discontinuities found in the NOAA OPS system, for example, are not a 
representation of biological behavior, they are instead a result of having
limited data. 

We tried at first to make the shortest compartment 10 mi nut es, but 
found right away that this would not a 1 1 ow proper contro 1 of short, deep
excursions. The traditional 5-min first compartment was used. 

The geometric progression of 8 half times starting with 5 min led to a 
640-min compartment as the longest. In the old NOAA OPS matrix the next 
value was 1280 min, and this appears to be incompatible with other aspects
of physiology. The value for the longest compartment we have used for some 
time in our commercial applications of DCAP is 670 min. The long values 
(1280 min) tested in the original NOAA OPS data analysis were found not to 
be meaningful , at least for. the data base involved there. Half ti mes much 
beyond those needed to describe established saturation decompression rates 
have little physiological meaning; at present this is in the neighborhood of 
640-6 70 min. The half ti mes chosen for the present "NOAA Repex" model , 
designated MF0805, are given in Table 111-1. 
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Table 111-1. Comparison of half times 

Half times (in min) used in relevant models. 

Workman, 1965 
5 10 20 40 80 120 160 200 240 

NOAA OPS, Tonawanda 
5 10 20 40 

I I 

80 120 160 200 240 320 480 640 720 1000 1240 

NOAA Repex
5 10 20 40 80 160 240 640 

b. Background of the new matrix 

A key ingredient in making decompression calculations with DCAP or 
other Neo-Haldanian computational models is the "matrix" of ascent limiting
M values. Adjusting the matrix is the mechanism for assimilating
experience from prior dives. 

A matrix is an array of limiting gas loadings for the various compart
ments, and for each of the depths at which the matrix is evaluated. Whether 

or not the constraint 1 imits actually represent rea 1 wor'r' "gas lnading5" is 

not important to the method; the important things are that the matrix 
affords a workable means of limiting ascent, and that it can be adjusted (in 

a limited way) to respond to experience. 

A matrix may have a separate stored M value in each depth-compartment
cell, or it may be defined by a series of linear equations and be calculated 

each time the matrix is used. Each compartment 1 s represented by a "base" 

or starting value and a "slope" or differential that defines the increase of 

the matrix values with increasing depth. If this increase or slope is 

greater than 1 the matrix is said to "expand." The slope is the "a" in a 

linear equation of the form y ;  ax + b, where y represents the M value to be 
determined, x the increment between stop levels, and b the initial value or 

intercept. 

The original NOAA OPS matrix for computing excursions from nitrox 
saturation was deve 1 oped by Schreiner and Kenyon as part of the NOAA OPS 
project. That matrix (designated originally 32/02, currently MF1102 in the 
11-compartment version) was based on Workman's original matrix as adjusted
for the experience gained from about 200 relevant nitrox dives. These 
included some saturation and other nitrox sub-saturation dives from a 
variety of sources; they provided substantial decompression stress and 
included a significant number of cases of decompression sickness. 

The method used for developing a new matrix from an experience data 
base is described in some detai 1 in the NOAA OPS report. It consists 
essentially of examining the gas loadings for various depths considered to 
be significant in the success or fa i lure of the decompression procedures
under consideration, then adjusting the M values as a result of the observed 
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1 oad i ngs. Thi s method was used to produce the matrix that was used to 

deve 1 op the NOAA OPS excursion tab 1 es. This method does not have a firm 
statistical basis, but for the small numbers involved it is an acceptable

tradeoff. 

The NOAA OPS matrix has proven quite successful in terms of the 

relative lack of decompression sickness from the use of excursion procedures

based on it, but it has some interesting characteristics that for some time 

have called for further work. During its development the values in the NOAA 

OPS matrix were adjusted where there was data on which to base an 

adjustment, but in some areas data was lacking and values the same as or 

close to Workman's were retained. Thus the matrix has areas where some H 

va 1 ues show abrupt and 1 arge changes between neighboring depths and 

compartments, and in other cases M values are relative 1 y constant over 

several steps in places where they should probably be changing. 

It seems intuitively comfortable for the values in the matrix to 

progress more or less smoothly and constantly, without abrupt changes.

Thus if specific data causes a matrix value to be lowered (making it require 

more decompression to clear the diver to ascend further) then it is 

reasonable to assume that other matrix values near the one in question

should be lowered as well. 

The NOAA OPS matrix has undergone smoothing on several occasions since 

its original development. It was smoothed "slightly" for the calculation 

of the excursions performed on SHAD I (Hamilton, Adams, et al. 1982) and a 

distinct smoothing was performed for the calculation of the SCORE excursions 

(Freitag, 1975). The changes made for the SCORE project consisted of 

adjusting adjacent values so they would progress even 1 y, but the changes

involved increasing some M values (thus making them less conservative) and 

decreasing others. 

The tests of the SCORE excursions performed at Duke University (Miller,

Adams, et a 1 . 1 976) are significant in that they represent the on 1 y we 1 l 

documented case (that we have been able to find) of decompression sickness 

resulting from a NOAA OPS type excursion. (There is another anecdotal one 

from commercial diving, mentioned below.) The task in SCORE was to perform

long excursions to as deep as 300 fsw from saturation with air at 60 fsw. 

To get a useful bottom time at this depth it was necessary to perform some 

decompression stops on the way back to the habitat. A limited set of staged

excursion tab 1 es was prepared for the SCORE operation. In tests at Duke 

University one definitive and one probab 1 e case of decompress f on sickness 

resulted from a total of 23 diver exposures. To correct this the allowable 

excurs f on ti mes were shortened for the at-sea portion of the SCORE 

operation, but no additional tables were calculated. There was no decom

pression sickness reported from 47 open sea SCORE excursions, although one 

diver was given a precautionary treatment after the saturation decom

pression. 

The NOAA OPS matrix was modified again in 1978, to make ft possible to 

incorporate the es tab 1 i shed va 1 ues for no-stop excursions f nto a diver

carried decompression computer (Hamilton and Kenyon, 1978). This 

mod If i cation i nvo 1 ved converting to a 9 compartment matrix ( 39/01), and 

adjusting the M values down slightly to account for the difficulties 
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mentioned above. Th Is was done to al low the "Decometer" under development
by the US Navy to be used for excursions. To our knowledge that computer
unft has not been tested in the saturation-excursion mode, but it and its 
derivatives have been used extensively in other configurations by the Navy
(Tha 1 mann, 1 983; 1984; 1 985) . 

Another undocumented case reported 1 y involved a diver who had made a 
long excursion to 200 fsw from about 100 fsw. Without more facts we could 
not use this i nformat I on, but the adjustments that were made changed the 
tables in this range · substantial l y in a conservative direction, allowing
less time in the longest, deepest excursions. 

c. Preparing the matrix 

A new matrix was prepared for the Repex project. It was based on the 
NOAA OPS matrix, adjusted and smoothed in the manner discussed above and 
according to the following criteria. 

(a) No M-value limits in the original NOAA OPS matrix were 
exceeded. (See discussion following.) 

(b) Surfacing values (the last stop) were adjusted to 
produce traditional no-stop dive times. 

(c) The increase of M values with depth showed a "break" or 
change in slope at 70 fsw; this was retained. 

(e) An adjustment was made to attempt to account for the 
decompression sickness seen in the SCORE excursions. 

(f) Values for compartments 6, 7, and 8 were lowered (made 
more conservative) from experience in deep heliox bounce 
dives that use air in the final part of the decom
pressio�. 

The first adjustment was to lower the 40 and 80 minute compartments at 
80 fsw, the area that appeared to be most 1 i ke 1 y to be involved with the 
SCORE prob I em. The new matrix was converted to a "base-slope" type; the 
NOAA OPS matrix has a value in every ce 1 l , whereas the "NOAA Repex" matrix 
is the type that is calculated each time it is used. To make this 
conversion we first adjusted the values at 70 fsw to get rid of the 
discant i nu i ty between the 5th and 6th compartments and to cause a smooth 
progression as both stop depths and compartment times increase. This also 
corrected the di scant i nu it i es at 80 fsw and the rather large steps seen 
between 70 and 80 fsw for all the slow compartments. All these adjustments 
were In a conservative direction (because the values derived from experience 
were all lower). 

Next we derived a new set of "surfacing" va I ues for the IO fsw stop.
In a table calculation the gas loading is compared with the M value at 10 
fsw, and the diver is a 1 1 owed to ascend to the surface ( from the I 0-fsw 
stop) when all his compartments have a gas loading equal to or less than the 
1o fsw M value. The 10 fsw va 1 ues are a 1 so used for "no-decompression" or 
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no-stop dives; here the dive time is calculated such that when his time is 
up the diver can ascend to the surface without exceeding the 10 fsw M 
value. To get surfacing values we selected M values that would give a set 
of no-d ti mes s l i ght l y more cons er vat i ve than the USN no-decompression 
limits. To get these we compared values for the USN l fmits and those for 
the new Canadian tables (Nishi and Lauchner, 1984) and took values between 
them. We did not feel it necessary to go quite as cons er vat i ve as the 
Canadian tables, partly because we fee I the USN no-d tables are· quite good
(Thalmann, 1987), and also because the M values at this level play only a 
small role in calculating excursion tables which require the diver to return 
to storage, not the surface. The last three compartments were set at values 
determined in unpublished deep tri-mix table development for commercial 
diving. 

One cell, the value at 10 fsw in the 640 min compartment, was raised 
from 34 to 35 fsw; this one was not actually tested in NOAA OPS and it 
remains more conservative than seems necessary in other app l i cations. It 
would only come into play in a saturation (for which this matrix is not 
intended) or an extremely long decompression. This 35 is consistent with 
the direct-ascent I imit from nitrox saturation of about 24 fsw recently
determined by Eckenhoff and colleagues (1986); 24 fsw is 57 fsw absolute, 
and the PNz of air at that pressure is 45, the "surfacing" va I ue in the 
slowest compartment at 10 fsw. 

Using these values--the adjusted 70 fsw values and those derived from 
the conservative no-d and deep diving limits--we then determined the slopes
that would connect them. A further restriction was that the 640 min 
compartment should have a slope of l over a 11 depths in order to be 
cons i stent with experience from deep dives that use a Ir breathing at the 
end (whether or not it is actually val id). We used "expansion" of the 
matrix for the faster compartments in accordance with established tables for 
a i r di vi ng; that is, the s I opes have a va I ue greater than I . For a I I 
compartments deeper than 70 fsw we used no expansion, a slope of 1. This is 
consistent with the more-or-less established NOAA OPS experience, and with 
results of deep diving. 

The actual adjustments on the matrix were obtained by putting all the 
values into a "spread sheet" computer program (Lotus 1-2-3). This allowed 
us to make a change at one point and Instant I y see its effect throughout
the matrix. 

The resulting NOAA Repex matrix MF0805 is given in Table III-2. 
Although no-d surfacing values were used in developing this matrix, we do 
not consider it appropriate for decompression from deep air diving all the 
way to the surface, and have evidence to support that view (Hamilton, Muren, 
and ROckert, 1987). 



Table l l l -2. NOAA Repex constraint matrix HF0805 

Values In the table are ascent-limiting partial pressures of gas
for the respective half-time compartment and depth. When al 1 
compartments are cleared at a given depth the diver can ascend to 
the next shallower one. Slopes are used for calculation of the 
matrix by the "base-slope" method. 85Jun2J 

Compartment
Half time 

1 
5 

2 
10 

3 
20 

4 5 
40 80 

6 
160 

7 
320 

8 
640 

Slope 0-70: 
Slope 70-200: 
Deeth 

200 

1. 60 
1.00 

319 

1. 45 
1.00 

295 

1.25 
1.00 

270 

1.20 1. 13 
1.00 1.00 
t1 Vgl 1,i!e 

257 248 

1.08 
1.00 

242 

1.02 
1.00 

237 

1.00 
1.00 

235 
190 309 285 260 247 238 232 227 225 
180 299 275 250 237 228 222 217 215 
170 289 265 240 227 218 212 207 205 
160 279 255 230 217 208 202 197 195 
150 269 245 220 207 198 192 187 185 
140 259 235 210 197 188 182 177 175 
130 249 225 200 187 178 172 167 165 
120 239 215 190 177 168 162 157 155 
110 229 205 180 167 158 152 147 145 
100 219 195 170 157 148 142 137 135 

90 209 185 160 147 138 132 127 125 
80 199 175 150 137 128 122 11 7 115 
70 189 165 140 127 118 112 107 105 
60 173 151 128 115 107 101 97 95 
50 157 136 115 103 95 90 87 85 
40 141 122 103 91 84 79 77 75 
30 125 107 90 79 73 69 66 65 
20 109 93 78 67 61 58 56 55 
10 93 78 65 55 50 47 46 45 

0 77 64 53 43 39 36 36 35 

Repex .report. Part One: Table development Page lll-10 

2. Algorithm for repetitive no-stop excursions 

This section covers development of the algorithm for preparing tables 
for repetitive no-stop excursions from saturation. 

a. The dilerrma of calculating reeetitlve dives and the justification
for gas loading 

From the outset, calculation of repetitive dives presents a di lerrma. 
At I east three things about the first dive affect the second dive In a 
repetitive dive sequence. First, the second dive is affected by an 
increased gas loading remaining from the first dive. The other two factors 
have to do with bubbles. We know that a dive can both generate and remove 
bubble nuclei. What we do not know about this phenomenon is the relative 
Importance of these two factors. That is, we cannot tell whether the first 
dive is more effective in generat l ng new bubb I e nuc 1 e i or in or removing 
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existing ones. Other possible factors such as effect on platelets or 
complement are not considered. 

To help resolve this question we engaged Mr. Ron Nishi of DCIEM,
Toronto, to assist in looking for clues in DCIEM's CANDID Diving Data Base 
(Kuehn and Sweeney, 1973). 

We ran into severa 1 prob 1 ems In attempting to ana 1 yze previous
repetitive dives with CANO ID. First, for the dives coded over the years
1965 to 1979, those most easily accessed at the time of our study, a 
repetitive dive sequence is logged as one dive. There is a code in CANDID 
showing which dives involve repetitive sequences, but it is impossible
without producing a plot of the dive profile to determine which ones would 
be relevant. The early experimental diving at DCIEM was dedicated to 
va 1 i dating the Kidd-Stubbs pneumatic ana 1 og decompression device and the 
model on which it was based. One of the advantages of this device was that 
it would permit dives of varying profiles to be performed, presumably with 
the same degree of conservatism. Because most dives tested this capability
with complicated profiles involving a lot of ups and downs, very few done 
during the early years involve a straight descent to the bottom, work at a 
specific bottom depth, fol lowed by a decompression and a second siml lar 
dive. It was not possible in most of the cases we looked at to make a clean 
comparison between different dives. Because of the irregular nature of most 
dives and the fact that we could not easily locate the ones that would have 
been su I tab 1 e for ana 1 ys is, we fe 1 t this approach was not worth pursu f ng 
further in the limited time available. 

The question our ana 1 ys is was to answer was, "When the repet it Ive 
adjustment based on gas 1 oad i ng ana 1 ys Is has been imp 1 emented, does the 
second dive in a sequence have a greater or 1 ess probab i 11 ty of decom
press I on sickness than would the first dive performed alone?" That is, is 
there an effect of bubb 1 es independent of the effect of gas 1 oad Ing? It 
appears that this cannot be answered without knowing the algorithm for 
calculating the second dive in a repetitive sequence, so we have a Catch 22. 

The case for the formation of bubbles or bubble nuclei by a dive, or by
the first dive in a sequence, is illustrated by numerous anecdotal accounts 
of decompression sickness occurring on flying up to 5 days or 1 week 
following the end of a nitrox saturation dive In people otherwise without 
symptoms. It is difficult to explain these Instances of classical pain-only
decompression sickness as a result of anything other than pre-existing
bubbles aggravated by the pressure reduction. The half times that would be 
required to con ta In excess Ive gas in order to create new bubb 1 es from 
dissolved gas would be far beyond any that can be justified by other types
of experimentation and conventional decompression studies. For example, In 
the NOAA OPS experiment an analysis of half times up to 1280 min was 
performed, but it could not be demonstrated that any times beyond about 640 
min p 1 ayed a ro 1 e. Another i 11 ustrat ion is the phenomenon of de 1 ayed 
treatment of decompression sickness or embolism. Patients with serious or 
even debilitating symptoms have been successfully treated by recompresslon
therapy for times ranging from several days to two weeks after the initial 
embolism or pressure exposure. Again It Is difficult to explain this by any
other method than a persistent bubble. Various models show that bubbles can 
exist in body tissue well beyond their lifetime In pure water, for example 
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(Yount, Gi I lary, and Hoffman, 1984; Tikuisis, Ward, and Tucker, 1985), and 
they can redistribute (Gait, Mi lier, et al, 1975). 

Btlh I mann has recent I y reported experiments ( 1987) that show a higher
incidence of mi nor DCS symptoms in the second and third repetitive dives 
ca I cu I ated by means of gas I oad i ng and presumend to be of equa I decom
pression risk or stress. That is, the excess gas in the first dive was 
calculated to be just as high as it was in the repetitive dives. This might
tend to suggest that gas loading is not the reliable index. However, the 
excesses were in slower compartments in the later dives, which tends to 
equate them with longer, deeper dives, and these traditionally are not as 
reliable as shhorter dives. 

We found another approach to the same question. Doppler ultrasonic 
studies were done at DCIEM on repetitive dives which were performed as part
of the testing of their new tab 1 es. We were ab I e to review a number of 
pairs of dives that were generally the same with the second dive calculated 
as repetitive, and in a non-statistical analysis our i�ression was that the 
repetitive dives showed fewer or certainly no more bubbles than the first 
dive in the sequence. Presuming the gas loading calculations treated both 
dives with the same ascent criteria, this provides some evidence that gas
loading analysis ls an adequate method for calculating repetitive dives. 

A re I evant study by Wa 1 i gora and co 11 eagues ( 1986) at NASA I coked at 
low pressure exposures--simulated extravehicular activity--performed in the 
morning and again in the afternoon. The subjects were monitored with 
doppler bubble detection, and the results showed no difference in incidence 
of DCS symptoms, but significantly fewer bubbles in the afternoon EVA. 

Thus, while the evidence Is not strong that there are fewer bubbles in 
the second of an otherwise s i m 11 ar rep_et it i ve pair, it seem safe to say that 
there are usually not more. 

A further ana 1 ys is cons f dered the various bubb I e mode 1 s i nvo 1 ved in 
decompression theory and led to an interesting conclusion. Different 
approaches to the use of bubbles in the computation of decompression tables 
consider bubble size, growth, or number as the important factor. Experi
menta I resu 1 ts w I th these approaches do not revea 1 that any one is more 
correct than the other. However, the role of bubbles can be considered in a 
more general sense as bubble activity, and bubble activity can be shown to 
be proportional to gas tension. Therefore, regardless of the factors of 
bubble geometry, skin permeability, crevice formation, etc., etc., the 
important aspect about bubb 1 es in a decompression computat i ona I mode I is 
that they act as an "effector" for the gas loading. This can be calculated 
in a straightforward way (Tikuisis P, DCIEM, personal communication, 1985). 

The U.S. Navy method for repetitive dives uses gas loading in the 120 
minute compartment, comparing that with the usual l im.it and adjusting the 
decompression time of the subsequent dive by a repetitive group classifi
cation. The repetitive tables provide, for each repetitive group, a 
residual nitrogen time which represents the theoretical amount of gas
resulting from the first dive and affecting the second one. For each 
repetitive group a fixed number of minutes is added to the bottom time of 
the subsequent dive, as a function of the residual nitrogen at the time of 
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the repetitive dive and the depth of the second dive; this residual gas is 

based on the first dive and the duration of the interdive or "surface" 
interval. In the event of a third or subsequent dive the repetitive group
method still continues to work to call for more decompression on successive 
dives. This is a relatively straightforward approach, and since the choice 
of the 120 minute compartment f s remarkab I y appropr fate for the types of 
dive in question, the gas loading in that compartment is effective as the 
controlling gas for a wide variety of dives. 

An alternative approach was taken by Nishi and colleagues fn developing
the DCIEM tables. Here the user again gets a repetitive group, but this 
time uses it as a 'multiplicative factor, so as to increase the theoretical 
bottom time of the second dive and thereby require the use of a more 
conservative table. The 0CIEM procedures were worked out with gas loading
techniques by essentially a "brute force" approach which involved multiple
calculations of calculated first- dive sequences and their effect on 
subsequent d Ives. By this tedious procedure Ni sh i was ab 1 e to deve 1 op a 
consistent set of repetitive groups and mu 1 tip l i cat i ve factors to use for 
finding the equ i va 1 ent bottom time for the second dive. The tab 1 es that 
were deve 1 oped by this technique have been tested and the resu 1 ts were 
considered satisfactory (Ni sh i and Lauchner, 1984) • The DC I EM procedures 
are not 1 i mi ted to a part i cu 1 ar compartment but rather consider a 1 1 the 
constraints that would normally be used. 

Several approaches to calculating repetitive dives have been tried by
the Royal British Navy. Some just i nvo 1 ve ascent al gor f thms such as the 
"combined" dive, which calls for adding the bottom times of the two.dives at 
the deeper depth without regard to the interval. (Leitch, 1971; Leitch and 
Barnard, 1982) . A variation on this by Hemp 1 eman adds fractions of the 
first dive as a function of interval duration. Although a different 
computational algorithm (diffusion in and out of a slab) is used, the 
Hempleman method is still one based on gas loadings (Hempleman, 1975). 

Nashimoto has proposed a similar gas-loading algorithm for repetitive
tables directed primarily at tunnel work, but we do not have results of its 
application (1970). 

Thus we have considerable support for the use of gas loading analysis 

for the calculation of repetitive dives, and it does not seem necessary to 

in vo 1 ve bubb 1 es in the mode 1 except to recognize their re 1 at ion to gas
loadings. That is, decompression from the second dive is determined on the 
basis of the gas picked up on that dive, plus the gas remaining in the body

from previous dives in the repetitive sequence, and no allowance needs to be 
made for bubble nucleus formation or destruction. This argument is directed 
at the repetitive problem; Thalmann has made a good case that bubble (or gas

phase) formation needs to be considered in al 1 decompressions with his 

exponential-linear model (1983, 1984, 1985). 
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b. Repetitive excursion calculations based on gas loading 

Given the choice of gas loading as the decisive factor in a repetitive
dive, the next tasks were those of dev is 1 ng an a 1 gor i thm for ca 1 cu 1 at i ng 
repetitive dtves and a means of putting them into tables for use. 

One preml se we began with is the concept that the worst possible
repetitive dive is one Just like the last one. That Is, a dive to the same 
depth and for a s Im I 1 ar bottom ti me w i 11 tend to 1 oad the same gas
compartments and thus would have the greatest effect on the next dive. To 
check this premise we computed a number of multiple repetitive dive 
sequences having the same bottom times and excursion distances from the same 
storage depth, with the same habitat intervals. We noted that for such a 
sequence of repetitive dives, the bottom time al lowed for a repetitive
no-stop excurs I on seemed to stab i 1 i ze after a few excursions at a va 1 ue 
that did not change with subsequent excursions. 

That ls, it looked as -if the first repetitive dive would normally have 
a shorter a 1 lowab 1 e no-stop bottom t I me than the dive before it in the 
series, but subsequent repetitive dives would allow the same or only a 
slightly shorter no-stop bottom time. 

At fl rst we thought we had a rea 1 1 y sf mp 1 e a 1 gor i thm, but after more 
trials we began to -find excursions that took a number of sequential
excursions tostabl 1 ize the time. From this we more or less arbitrarily
chose 14 as the maxi mum number of dives in a repet it f ve sequence. Some 
rat i ona 1 e for th ls cho i ce i s that th i s is more di ves than wou 1 d be done 
without a break except under except i ona 1 circumstance. In most cases the 
allowable no-d times stabilize long before 14 excursions, and we can be sure 
that if there is a change beyond ·14 it wi 11 be by only a minute or two. 

We then modi f I ed the DEC vers I on of DCAP to print the resu 1 ts of 14 
f nd I vi dua 1 re�et It Ive di ves f n a s i ng 1 e tab 1 e; the modi f i cat ion did not 
affect the computation� only the display. From these tables we determined 
three excurs I on ti mes for each target excursion depth from each storage
depth. The first of these was the time allowed for the fresh diver who has 
made no other previous excursions and Is on the "first II excursion of the 
day. The "second" time is for divers who have made one previous excursion, 

  the "third-and-greater" (designated 11 3+and 11 ) is the no-stop excursion time 
allowed after up to 14 excursions. 

Next sequences were calculated with the same excursion depth and time, 
but by varying the habitat interval--the time elapsed since the end of the 
preceding excursion (this corresponds to the "surface interval" in ordinary
diving). From these we concluded that the interval was a second factor-
a1 ong with the number in the sequence--that had to be considered in the 
tables, and that most such repetitive excursions could be determined on the 
basis of the fnterdfve habitat Interval without regard for the type of dive 

that was done before. This was tested with a number of different combin
ations, and we found that ft held up under widely different combinations of 

dives. The intervals we used ranged from 1/2 to 16 hours. A sample of the 

table printout used to test the 14 sequential excursions is given in Table 

I I I-3. 



This sample shows another choice we made. In order to ensure that 16 

hours was always enough time to start over with a "!st" excursion, we added 

a f i na 1 16-hr i nterva 1 after the sequence of 14 and checked the excursion 

time. In a few cases this time was a few minutes shorter than the initial 
"!st" excursion. Physiologically the difference between 462 and 466 minutes 
is not meaningful in decompression terms, but to be strictly correct we used 
the time of this last excursion as the "!st" excursion time. 

As a conservative factor the habitat P0 was assumed to be 0.19 atm and2  
the "air" breathed by the divers on excursions was assumed to be 2oi oxygen.

The 5-fsw "adjustment made for the NOAA OPS tables was not used. 

Table 111-3. Sample printout of 14 excursions 

Table shows two sequences of excursions to 145 and 150 fsw tried 
for storage depth 85-89 fsw. 14 were done for each interval, but 
only the 1st, 2nd, and 14th were used. The last column Is after a 

16-hr interval and the shortest of these ( 462) is used as the 
first excursion time. 055ROO.H20, MF0805, 85Ju131. 

Excursion depth 145 fsw: 

Stor 1st 2nd 3rd 4th 5th 6th 7th 8th 9th lOt lit 12t 13t 14t 16hr 
intv exc exc exc exc exc exc exc exc exc exc exc exc exc exc 

30 466 135 74 65 65 65 65 65 65 65 6� 65 65 65 463 

60 466 187 118 118 118 118 118 118 118 114 98 98 98 98 463 

120 466 253 202 202 202 202 202 185 181 181 181 181 181 181 463 

240 466 345 313 313 313 313 313 313 313 313 313 313 313 313 463 

480 466 439 432 431 431 431 431 431 431 431 431 431 431 431 462 

960 466 462 462 462 462 462 462 462 462 462 462 462 462 462 462 

Excursion depth 150 fsw: 
Stor 1st 2nd 3rd 4th 5th 6th 7th 8th 9th lOt llt 12t 13t 14t 16hr 

intv exc exc exc exc exc exc exc exc exc exc exc exc exc exc 

30 324 86 78 70 46 46 46 46 46 46 46 46 46 46 324 
60 324 136 119 85 85 85 85 85 85 85 85 85 80 73 324 

120 324 200 163 149 149 149 149 149 149 137 137 137 137 137 324 
240 324 265 246 238 238 238 238 238 238 238 238 238 238 238 324 

480 324 314 314 314 314 314 314 314 314 314 314 314 314 314 324 

960 324 324 324 324 324 324 324 324 324 324 324 324 324 324 324 
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Thus, in summary, the method is based on the presumption that the worst 

impact on a subsequent dive is by a dive of the same type, the same depth

time combination. The prominent effects on repetitive no-stop excursions 

are the nlmt>er a d1ve Is ln a sequence, and the Interval between dives. In 

a sequence of repetitive no-stop dives the allowable time tends to stabilize 
some time after the third dive. Therefore for each excursion distance from 

a given habitat depth we have a first excursion for the fresh diver who has 
made no other previous excurs Ions, a second a 11 owab I e ti me for the next 

(2nd) excursion, and a subsequent t I me ( 3+) at the po Int where the t I mes
have become stab 1 e and no 1 onger change ( taken to be 14 consecut Ive 
excursions). A second factor, the interdive "habitat" interval between
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excursions, was found to apply without regard to the type of dive that went 

before, only to the duration of the interval. 

Sets of excursion times covering the desired excursion depths from the 

des I red storage depths and the various i nterva 1 s (Fig. I I I -3) were 

calculated and the appropriate times were selected for the tables. Table 

samples are given in Appendix C. 

One change from NOAA OPS is that Repex no-stop excursions are ti med 

from the beginning of descent to the beginning of ascent, rather than 

requiring the diver to be back at the habitat by the end of the time. 

How these were displayed as useable tables is given in the next 

chapter (section IV.C), and the "efficiency" of this algorithm compared with 

repetitive sequences calculated specifically is discussed there as well. 

3. "One-stop" excursions for more bottom time 

Even with the abi 1 ity to do repetitive excursions,. the time al lowed 

with no�stop techniques is often not adequate to do the required work. A 

diver can spend a 1 onger t I me at the work site if he or she can make 

appropriate decompression stops on the way back to the habitat. Given the 

calculation setup described above it is a relatively simple and straight

forward task to calculate tables with stops for excursions from a given

storage depth. But when all the available storage depths, bottom depths,

and bottom times are considered it becomes a formidable task to calculate 

them, and an almost insurmountable one to display them. Further, numerous 

stops in the water might be difficult to manage operationally. We therefore 

looked at a relatively simple dive pattern with decompression stops at a 

single stop depth. Our approach was to try for a single decompression stop,

and to supply tables that would give the most possible bottom time with that 

constraint. 

Experimental work at the US Naval Experimental Diving Unit has shown 

that In at least one type of conventional diving it is acceptable to take 

the 10-fsw stop at 20 fsw (Thalmann, 1985). This seems entirely reasonable 

for return to the habitat as well, so we planned the one-stop excursions to 

use a stop between 10 and 20 fsw deeper thAn the habitat, with stops

calculated for the desired distance of 15 fsw deeper. This could be imple

mented by having a "way stat I on" at a depth 10 to 20 fsw deeper than the 

habitat as a stop station for all excursions that need stops. This would 

give the divers a definite stop depth, some protection from cold and 

current, easier c0fl¥llunicatlons, extra gas, and perhaps other advantages. 

We first prepared a set of convent i ona 1 excursion tab 1 es with staged

decompression back to the storage depth, to get an idea of what the normal 

decompression using our standard model and matrix would be, and also to see 

which bottom times could be accessed with no more than an arbitrary one hour 

of decompression time. It appeared from available past experience that this 

would produce bottom times well in excess of most typical requirements. 

We then prepared DCAP Base Cases that would hold the diver at a stop

depth I 5 feet deeper than the storage depth unt i 1 a 11 compartments had 
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cleared the matrix values for 10 feet deeper than the habitat. [To do this 

with DCAP we positioned the di ver at the 15 foot stop 1 eve I w f th a "stage

step" of 15 fsw, and held him there until the M values for the 10 foot stop 

were cleared; this was done by reducing the matrix values by 5 fsw 

multiplied by the slope for that compartment.] 

We chose a specific set of bottom times ranging between 30 and 240 min,

then calculated the stop times at the "one-stop" bottom depth and selected 

only those excursions with required stop times of less than about one hour. 

These were repeated 5 times (like we did 14 times with the no-stops) and 

followed by a 16-hr interval and another run. This last value was the one 

used as the 1st excursion, and the 5th one in the run was the time for the 

2-16 hr interval. We tried this after a run of 14 no-stops and learned that 

to be clear in all cases we had to waft some additional time, hence the rule 

that a one-stop has to follow another by at least 2 hr. 

In this process we noted that a number of additional excursions would 

be possible within these limitations if we could stop for one or two minutes 

at a stop depth 10 fsw deeper than the "one-stop" depth. Reasoning that an 

extra 2-minute stop at that point would be operationally easy and beneficial 

even if not needed, we added the requirement that all one-stop dives have a 

2-minute stop 10 fsw deeper than the main stop depth. This causes a bit of 
momentary confusion with terminology (the "one-stop" excursions all have two 
stops), but is phys i o 1 og i ca 11 y sound and gt ves a great 1 y increased 
ope rat i ona 1 capab i 1 i ty to the over a 11 set of procedures. St i 11 another 
advantage is that these procedures can be presented in a relatively simple 
format. 

Only two intervals are allowed, between 2 and 16 hours, and over 16 

hours; thus at least 2 hours must elapse before a one-stop excursion. The 

rule that no more than 4 one-stop dives can be done without a 16-hour break 

ts based on the number of repeats done for each determination (actually 5).
In counting the maximum number of dives in a sequence we felt the one-stop

excursion could be considered to equal 3 normal no-stop excursions, this is 

in keeping with the general stress level and the number of runs involved. 

Arbitrarily each one-stop is considered as a "3+" excursion in determining

the sequence; the latter point means that if a one-stop dive is the first 

one of the day then the second one has to come from the 3+ table. Also, we 

did not feel the submaximal procedure would be needed with the one-stops

since the decompress.ion time is shorter if bottom time is short. Again we 

say that if finer tuning than this is needed one shou 1 d use an on-site 

computer. 1-

4. Adjusting for sub-maximal repetitive excursions 

The set of repetitive excursion tables greatly increases the capability

of divers working in the nitrox saturation-excursion diving situation. In 

some cases however, the reduction of allowable time for the second and third 

dive in a repetitive sequence is significant. While this penalty is quite

acceptable when the diver has in fact performed the preceding dive in the 

sequence, it might seem quite burdensome if the preceding dive used only a 

smal 1 fraction of the time that would otherwise be allowed. In other words,

the second excursion in a series could be penalized just as much from a 5 
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minute as from a hour first excursion, because there is no finer 
breakdown. Accordingly, we have developed a protocol for adjusting a given

excursion for an excursion before it that has used less than the allowable 
time. 

Intuitively one would think that the proportion of allowable time 
actua 1 l y used wou 1 d reduce the al l owab 1 e ti me for the fo 1 I owing dive in 
the same proportion of the time that would otherwise be allowed. This is 
exactly what happens, and although the calculation involves a certain amount 
of comp 1 ex 1 ty, it is straightforward, 1 i near, and app I i es throughout the 
entire range of one-stop excursions. 

To f ac 111 tate the description of th 1 s process we had to se 1 ect some 
terms. Three excursions are involved, the submaxima1 excursion, the one 

preceding it, and the one fol lowing the submaximal, which we cal 1 by the 
awkward term PoSt-submaxima1. In order to calculate the time al lowed for 
the post-submaximal dive ft is first necessary to figure the Fraction of 

ti me actua 11 y used in the submax i ma 1 excursion, then f I gure the extremes 
poss i b 1 e for the post-submax i ma l , and use the fraction to determine the 
allowable time. The extremes mentionedare the times that would be al lowed 
first if the submaximal dive had not taken place at all, then if it had been 
used to its fu 11 a 11 owed time. To make this adjustment the poss Ible 
excursions have to be looked up in the tables and the calculations performed
using the appropriate allowable times. The method is described in detail in 
the Repex Procedures, and a worksheet is provided in an attempt to 
facilitate calculations. 

We tested this algorithm w I th ca 1 cu 1 ated excursions for a variety of 
conditions. The formula does not al ways get the same answer as a dive 
calculated directly with DCAP, but it is generally close and so far has been 
uniformly more conservative. If there is a problem it is in being able to 
get everything right when making the calculation; this is not easy, and we 

have demonstrated this by making a couple of such errors in the Repex dives. 
We strongly recorrmend that if situations require many of these calculations 
to be made that a direct computation be used instead. 

5. Necessary limits 

This section covers some additional items associated with the 
repetitive algorithm. These include determining the time period to allow a 

diver to start a new repetitive sequence, the maximum excursion time each 
day, and the maximum number of dives in a sequence. There is also a strict 
limit on diving deeper than 200 fsw that is based on CNS oxygen toxicity. 

a. The "get-well" interval 

According to the US Navy Diving Manual a repetitive dive is a second or 
subsequent dive during a 12 hour period. The USN procedures assume that 
after 12 hours a diver is "fresh" again and makes the same decompression

that he would on the initial dive. Most other repetitive tables make about 
the same assumptions. The new Canadian Tables use a "get wel 1" period of 18 
hours. 
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For operational reasons we felt it would be desirable if the start-over 
time could be 16 hours or less. This would al low a ful 1 daily 8-hour work 
shift with the divers starting out fresh each day. 

We tried all the depth-time combinations, and found that for most of 
the repetitive sequences involved a 16 hour period is sufficient for a diver 
to begin counting a new sequence of repetitive dives; the 160 min compart
ment is the longest one that is involved in the no-stop tables. To deal 
with the few cases where a dive cal cu 1 ated to fo 1 low a 16 hour habitat 
period was a few minutes shorter than one in which there was no previous gas
loading, we calculated these tables after a sequence of dives and a 16-hr 
hold, and included the shorter time in the table as the allowable time for 
the first dive. This made the 16-hr interval proper in all cases (Fig. 111-
2) • 

b.e Limits on diving activitye

Two diving activity constraints are imposed on divers using these 
tables. First, the maximum time a diver is allowed to stay in the water in 
the "decompression range" in any 24 hour period is 12 hours. The 
decompression range is any depth enough deeper than the habitat to incur a 
decompression obligation; details of this are discussed in the next chapter
under "oxygen window." The 12 hr limit is a reasonable rule for diver 
endurance alone, but we require it because we felt that although the tables 
were conservative enough for the areas where the various computations had 
been checked, it might still be possible for a diver to get in decompression
trouble in areas beyond those we considered. 

The other constraint is that no more than 14 excursions may be 
performed in a sequence without the diver stopping for at least 16 hr to 
start a new sequence. 

c.e Maximum excursion timee

Where the allowable time is greater than 480 min, we consider it as 480 
min or 8 hr. This is primarily an endurance limit, but should be somewhat 
longer than needed for most scientific missions. This was done to limit the 
scope of the tables to values that would be practical, but it also serves as 
a further general check like the 12-hr inwater limit to cover situations not 
covered by the algorithm. 

d.e Dives deeper than 200 fswe

There is an add it i ona 1 non-decompress f on 1 i mi t. In order to provide
short excursion capability beyond 200 fsw but not to deal with the complex
issue of narcosis to 1 erance, we e 1 ected to use neuro 1 og i ca 1 (CNS) oxygen
toxicity as the 1 imiting criterion. This results in fixed 1 imfts not 
dependent on storage depth or decompression status of 29 min at 220 fsw and 
16 min at 240 fsw. More about how these were determined and used is in 
section IV.O. 
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e. Interval timing 

While it may not be a limit as such, we should mention the philosophy
for timing excursions and intervals. Strictly speaking the interval should 
start when a diver has returned to the habitat, and this is the recommended 
way to do it. However, mission planning can be done more precisely if the 
ascent can come out of the next interval. We elected to do it this way.
For one-stop excursions this is not possible because of the stops. This is 
discussed further in Chapter VI. 

f. Ascending excursion limits 

Two limits pertain to ascending excursions. The time after an 
ascending excursion before another one can be done is 4 hr, and the period
after a descending and before an ascending excursion is 24 hr. These are 
discussed in IV.A. 

C. Calculating the saturation decompression tables 

R.E. Peterson and R.W. Hamilton 

The saturation procedures were developed as a separate task using a 
computational approach that was somewhat different from the DCAP-or i ented 
methods used for the main tables. 

I. Method of calculation 

a. Problems with past efforts 

The saturation decompression procedures for Repex had to cover a wide 
range of storage depths. There is a substantial body of n i trox/a i r 
saturation decompression experience from operations at shallow depths (see
for example Mi l l er, Adams, et al , 1976; Eckenhoff and Vann, 1985), but 
there is only limited published experience in the deeper range. Further,
much of the available very deep experience (>150 fsw) reflects unsuccessful 
saturation decompression (Barry, Vann, et al, 1984; Muren, Adolfson, et al,
1984); many of these decompressions had such a high incidence of DCS that 
they are of limited value in preparing a reliable table. This experience
with the deep exposures is in keeping with the principle that decompression
cal cu 1 at ion parameters which are acceptable in some ti me-depth domains do 
not produce satisfactory results when the depth _ (and time, when not 
saturation) is significantly increased. This is also true in the case of 
bounce dives, when the ti me or depth of exposure is increased (Peterson,
and Greene, 1976; Peterson, Greene, and Lambertsen, 1978; Hamilton, Kenyon,
and Peterson, 1980). Thus an approach had to be found that could be used 
to ca Leu 1 ate re 1 i able schedules for very deep saturation based on 
experience from sha l lower depths ( s i nee that is where the experience is) , 
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but without spoiling the efficiency of new schedules for the shallower 

storage depth range. 

b. Two ascent constraint factors 

The approach selected was to use two factors as ascent constraints, an 
excess nitrogen part i a 1 pressure 1 i mi t (trad it i ona 1 M values), and a 1 so a 

new factor, the nitrogen delta-P:time integral. This approach has been 
employed with satisfactory results to extrapolate from no-stop ascents in 
one depth domain to ascents requiring decompression stops in a deeper depth 
domain (Peterson and Greene, 1976; Peterson, Greene, and Lambertsen, 1978).

Addi ti ona 1 1 y, the nature of this method is such that decompression 
schedules from shallower depths will naturally be more efficient than from 
deeper ones. 

The delta-P:time integral, also called the "t:delta-P" integral, is a 
value equivalent to the area under the curve of excess gas loading or 

"supersaturation" (sum of inert gases > ambient pressure) plotted against
time. This is calculated iteratively over the time of a saturation decom
pression, so it is larger for longer decompressions. 

c. Using empirical data 

Two saturation decompression procedures with rel i ab 1 e track records 
were used to  establish ascent constraints for the decompression

calculations. One was the Hydro-Lab schedule for storage at a depth of 42 

fsw employed extensively in scientific diving operations (Miller, Adams, et 
al, 1976). The other schedule (Table 111-4) was one which has been used 

for final saturation ascents from depths to 115 fsw following a number of 
commercial construction and equipment testing operations. A selection of 

some of the available experience obtained with this schedule and variants of 

it is given in Table 111-5. 

Table 111-4. Commercial table 

Commercial schedule used as basis for computation of nitrox 

saturation decompression procedures. Breathing gas is air. 

Depth

(fsw) 
Ascent Rate 

(min/fsw) 

165-135 6 
135-105 9 
105- 75 12 

75- 60 18 
60- 45 36 
45- 35 40 
35- 25 44 
25- 15 48 
15- 5 50 

5- 0 56 
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d. Table computation 

For both base schedules, the maximum excess nitrogen pressure and the 
delta-P:time integral were computed for a series of half-time compartments
using ordinary exponential, perfusion-I imited inert gas uptake and 
elimination calculation methods (Workman, 1965). The greater value of each 
parameter for each compartment was selected to form the set of decompression
ascent constraints. These are given in Table 111-6. The longest half-time, 
1205 minutes, was selected on the basis of a previous analysis of half-times 
in nitrox saturation decompression procedures (Peterson, Rosowski, and 
Lambertsen, 1973). Three slow half-times in relatively close proximity,
640, 670 and 720 minutes, were selected because each has been used for the 
slowest compartment in other air/nitrox decompression computations. The 

faster half-times are typical of standard perfusion-1 imited, exponential
nitrogen uptake and elimination computations. 

In pr act Ice, the ascent constra I nts for the s 1 ower compartments came 
from the 1 onger, deeper schedu 1 e wh i 1 e the ascent constraints for the 
faster compartments came from the shallower Hydro-Lab schedule. This 
relationship was maintained in the table calculations described here where,
a 1 though saturation schedu 1 es were being derived, the faster compartments
had some influence on the formulation of the shallower tables. 

Table 111-5. Saturation experience 

Shows samples of the dives used for deve 1 oping the saturation 
er i ter i a. The dives are prob 1 em-free un 1 ess otherwise noted. I 
and II refer to different versions of the "conmercial" table. 

Year 
1979 
1979 

1979 
1979 

1979 

Storage 
dpth P02 Number 
fsw atm divers 
45 air 10 

98-121 0.3-0.4 6 

98 0.3-0.4 3 

98 0.3-0.4 4 

98 0.3-0.4 4 

Excsn 
range 

fsw 
65-79 
98-197 

164 
164 

164 

Dive 
days 

6 
12 

5 

5 

7 

Comments 
At sea, (I)
Chamber, some pulmonary
02 toxicity, (I)

Chamber , ( I ) 
Chamber, some pulmonary

02 toxicity, (I)
Chamber 

1980 

1981 
1982 

1983 
1983 
1984 

98-121 0.3-0.4 6 
115 0.35-0.4 6 

70 0.35 6 

100 0.35-0.36 6 
105 0.36 6 

110 0.35 8 

98-197 
149 
96 

120-123 
135-140 

135 

12 
12 
24 

21 
10 

25 

Chamber, ( I I ) 
At sea, (II) 
At sea, (II) 
At sea, ( I I) 
At sea, ( 11 ) 
At sea, ( I I ) 

To compute the decompression schedu 1 es, we ca I cu I ated stop ti mes for 
ho Ids at 5 fsw i nterva Is starting at the depth 5 fsw sha 11 ower than the 
storage depth. The length of the stops was determined by the inspired 

https://0.35-0.36


Repex report. Part One: Table development Page 111-23 

oxygen pressure (POz) and the value of a constant K, which relates ascent 
rate and POz (Vann, 1984; Eckenhoff and Vann, 1985): 

Ascent rate, fsw/hr = K * POz 

or, Ascent rrate, min/fsw = (60/POz) / K 

where POz is the inspired value and "rrate" is the inverse rate. A "small" 
value of K was assumed at the beg inn i ng--so that some ascent constraint 
would be exceeded--and the stops were calculated. Next the maximum delta-P 
for each half-time compartment and the total delta-P:time integral for the 
decompression were a 1 so computed. If any ascent constraint was exceeded, 
the va 1 ue of K was reduced and the process repeated until the fastest 
schedule satisfying all constraints was arrived at. We wrote a BASIC 
program to perform these iterations. 

Table 111-6. Saturation constraints 

Compartment half-times and ascent constraints used for saturation 
decompression computations. 

Half M value Maximum 
time delta-P delta-P:time 

J.!:!l.iDl 
5 

(fsw) 
0.99 

(fsw-min)*
0.48 

10 0.99 0.96 
20 0.99 1.88 
40 1.35 4. I 1 
80 1.8 I 14.39 
120 I. 97 25.32 
160 2.05 37.02 
200 2. I 0 83.81 
240 4.24 487.38 
320 9.55 3508.46 
480 16.98 20131.56 
640 22. 19 41172.85 
670 22.97 45090.67 
720 24. I 5 51587.03 
960 28.49 82348.32 

1205 32.63 113319.14 

* These are meaningful to only 3 or possibly 4 significant figu�es, but more 
are retained because they are available. 

An important difference between this method and those previously used 
is that different over a 1 1 ascent rates are ca 1 cu 1 ated for each starting
depth. 

Other considerations in the calculations of the saturation decom
pression schedules were the management of oxygen during the decompression,
and a 11 owing for the excursion hi story prior - to the start of saturation 
decompression. 

https://113319.14
https://82348.32
https://51587.03
https://45090.67
https://41172.85
https://20131.56
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e. Extra conservatism 

In order to provide extra reliability for field applications and to 
deal with diver-scientists who might be older than the young and relatively
fit individuals who were divers on the base schedules, we considered it 
prudent to introduce some conservatism into the decompression schedu 1 e 
computations. In keeping with the successful NOAA OPS excursion 
computations which have a 5 fsw buffer, an extra nitrogen 1 oad was 
introduced by making the storage PNz 5 fsw greater than that of the depth
for which the computation was being done. 

f. Oxygen exposure 

An independent but related approach to oxygen toxicity management was 
taken for the saturation tables. To minimize saturation decompression times 
and facl 1 itate gas composition logistics, we use air as the decompression 
gas whenever possible. This approach is limited by exposure to the oxygen
in a fr during the decompression, but is a 1 so affected by air excursions 
prior to the saturation decompression. Although a method for managing the 
overall oxygen exposure is part of the Repex Procedures, these saturation 
tables nevertheless are designed to limit the exposure to a tolerable level. 

Experience from comparable nitrox saturation-excursion operations gave 
us some indication of acceptable oxygen doses. Fol lowing air excursions to 
195 fsw from storage at 115 fsw, six divers undergoing an air saturation 
decompression employing oxygen breathing were exposed to a cumulative 
pulmonary toxicity dose (CPTD) of 1420 units in about 41 hours. Four of 
these men experienced typ i ca 1, di st i net symptoms of pulmonary oxygen
poisoning which were generally resolved over the first week postdive.
Following air excursions to 165 fsw from storage at 100 fsw, two of eleven 
divers who underwent saturation decompression on the schedu 1 e mentioned 
above noted severe dyspnea upon heavy exercise after reaching surface. 
These symptoms occurred after exposure during saturation decompression to a 
CPTD of 1180 units over a period of about 38 hours, and disappeared over the 
first 72 hours post-decompression. Because the other nine divers did not 
engage in as strenuous exercise as the two who reported symptoms, it was not 
poss i b 1 e to determine whether or not more of the men were affected in a 
similar way. Following air excursions to 195 fsw from storage at 115 fsw,
six divers experienced no symptoms of pulmonary oxygen poisoning after 
undergoing an air saturation decompression which exposed them to a CPTD of 
920 units over 27 hours. 

Based on the above and other experience in which saturation decom
pression CPTD's of less than 920 units have not producea pulmonary distress 
even though the decompressions were preceded by long, relatively deep air 
excursions, we felt it was reasonable to allow a CPTD of approximately 850 
uni ts for decompressions such as those which have been computed. Thus,
whenever the oxygen dose of a schedule computed with air as the breathing 
gas significantly exceeded this amount, the breathing gas format was changed
and the decompression recalculated. The change was to insert periods of 0.5 
P02 ( which is be 1 ow the CPTD threshold) in decompressions from starting 
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depths 105 fsw and deeper. The method used for reducing the expesure is a 
period of 4 stops--about 12 hr--early in the decompression (after 2 stops)
during which the gas mixture is switched from air to a P0 of 0.5 atm. The2  
rates for those 4 stops were recalculated using the same K. As an 
additional "J-factor," after the "0.5 break" the ascent rate is held 
constant until it becomes time to change to a lower rate. 

The data above are consistent with the Repex oxygen algorithm. The 
1420-unit exposure is clearly above the recommended dose line fn Figure IV-1 
and therefore does not conflict with the criteria of the Procedures as given
in Chapter VII of that report. The 1180 and 920 doses are on or slightly
below the line; if these had been fresh divers without a previous exposure
then symptoms from the I 180-un it exposure over 38 hr would be an argument
that the line is perhaps too generous, and the 920-un it exposure wou Id 
support it. However, these divers had been making daily excursions with air 
tr,at had no doubt set them up with an unknown but possibly significant 
exposure. Unfortunately we do not have the details of those exposures. 

This method of oxygen toxicity management during saturation decom
pressi on--1 imitlng a saturation decompression to no more than 850 units--is 
consistent with the limits given in the Procedures, but ft uses a different 
method of achieving them and is for the most part more conservative. This 
is because the saturation decompression is set not to exceed a fixed oxygen 
exposure but it may be over widely different ti mes. The hi story of the 
diver up to the point where the saturation decompression begins ls not known 
for sure, so it is better to be a bit conservative. It would be acceptable 
on dives calculated in custom form al l the way through to manage oxygen 
exposure during saturation decompression as part of the overall oxygen
management algorithm, and in fact this was intended in its design. 

We assume that the mission planning takes the predicted exposure during
the saturation decompression into account when choosing the average da i l y 
oxygen dose. Perhaps we should develop an algorithm that would permit the 
saturation decompression to be optimized by adjusting the ascent rates 
according to the oxygen status of the divers as they begin saturation decom
pression. This could be done, since the K value determining the slope
( ascent rate) is known. We advise caution in using a K for ascent rate 
determinations that involve a lower oxygen level than the typical ones used 
in determining the K in the first place; these are not as reliable as those 
with a higher oxygen. 

We considered but did not implement an alternative oxygen-limiting gas
format that used a fixed POz of 0.6 atm to 60 fsw and air from that depth to 
the surface. 

g. Accounting for the effect of excursions 

In the commercial schedule given in Table I 11-4, a significant 
descending excursion hi story ( i . e. , recent excursion PNz exceeded maxi mum 
storage PNz) was managed by starting the saturation decompression
immediately after the final excursion at a "starting depth" dependent on the 
excursion depth but deeper than storage. Thus, the starting depth for 
saturation decompression after recent excursions w i l 1 norma 11 y be deeper 
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than the storage depth. Al though this procedure has proven effective and 
eff I c I ent In conrnerc i a 1 and 1 aboratory ope rat Ions dea 1 i ng with 1 ong, deep
excursions prior to saturation ascent, compression .to greater than the 
storage pressure was regarded by NOAA as undes i rab 1 e for use with seabed 
habitats. 

Accord Ing 1 y, we tried another approach which has the practical 
advantage of not requiring compression to pressures greater than the storage
depth. This was the convnon practice of requiring a holding period at the 
storage depth following the last significant descending excursion and prior
to starting the saturation decompression. Unfortunate 1 y, 1 itt 1 e 
quant i tat Ive and no genera 11 y app 1 I cab 1 e data are ava i lab 1 e upon which to 
determ I ne the durat I on of an optimal ho 1 ding period. In order to retain 
operational efficiency fn the derived procedures, the calculations were done 
by first computing the worst-case excursion situation as it affects nitrogen
loading In the s 1 owest compartments, then recomputing the decompression
schedule by the method described fol lowing that worst-case sequence of 
excursions and a holding period of six hours at the storage depth after the 
1 ast excursion. In use during Repex I , however, we doub 1 ed the required
hold at the storage depth following the last significant excursion to twelve 
hours. This was an attempt to compensate for reduced inert gas elimination 
should any phase separation occur as a result of an excursion ascent. 

This resulted in two sets of saturation decompression tabl�s, one for 
divers who have been making excursions, the other for those that have not. 
The K values and resulting ascent times are shown in Table III-7. 

2. Results of Repex I and subsequent modifications 

In the first trial In Repex I the decompression from storage at 50 fsw 
resulted in pain-only decompression sickness in one diver on ascent to 5 fsw 
from 10 fsw (see section Vll-C). Although this represents a meager single
data point, we felt we had to adjust the saturation tab 1 es; two options
seemed reasonable. 

a. Using a 12-hour hold before decompression 

We cons I dered the Repex I hit to be the resu 1 t of fa i 1 ure of the 
procedure to deal adequately with bubble formation by the descending
excursions. In addressing this problem, extension of the 12-hour holding
period was felt to be an Inferior solution because, first, there was still 
no firm basis for selection of the optimal time, and because a significant
Increase in the holding period would greatly reduce operational efficiency,
and because even a relative 1 y 1 arge increase in the ho 1 ding period wou 1 d 
give little assurance of success. 

b. Using recompression after the last excursion 

Thus tne best option was to base the starting depth of the saturation 
decompress.ion on the recent excursion history. Despite the increased 
operat f ona 1 complexity of compression · to depths greater than the storage 



depth, safety and overall operational efficiency considerations made this 
approach the most attractive solution. 

This method was to begin the saturation decompression at a "starting
depth" at or just greater than the PNz of the worst-case air excur-s ion 
depth. The starting depth was determined by a complex iteration process
involving all of the significant no-stop excursions from each storage depth,
unt i 1 the "worst case" gas 1 oad i ng for those excursions from that storage
depth was deterrn i ned. A BASIC program ground these things out In many
multi-hour runs. These starting depths are displayed in the Procedures �ith 
each saturation table. (These calculations had been made before the Repex I 
hit; they were also used to get the starting rates for the "with excursions" 
ascent.) 

Table 111-7. Saturation calculation constants 

The K va 1 ues were ca 1 cu 1 ated us 1 ng M va 1 ues and a t :de 1 ta-p
Integral from previous successful tables; those "with" excursions 
considered worse case effects. Ascent rate, which determines the 
ti me for a decompression, is a product of K and POz. Storage -
depths are for the deeper end of a range, such that the valu�s for 
80 fsw are given for the storage depth range 75-79 fsw. Only the 
"with excurs Ions" va 1 ues were used. Not shown are the s 1 ower 
rates for the last 4 entries (105-120) due to the P02 of 0.5. 

Without excursions With excursions 
Storage

depth
(fsw)

35 

Total 
K time 

(min)
5.9414 95 

Total 
K time 

(min)
4.9647 1180 

40 5.7851 1145 4.9646 1325 
45 5.6536 1275 4.8476 1485 

50 5.6267 1400 4.7935 1645 
55 5.5605 1520 4.6889 1800
60 5.3954 1670 4.6565 1935 
65 5.2574 1810 4.6066 2065 
70 5.1739 1940 4.5887 2175 
75 5.0931 2060 4.5798 2290 
80 5.0015 2180 4.4131 2465
85 4.9517 2295 4.2351 2665 
90 4.6935 2495 4.1716 2820
95 4.5207 2690 4.0448 3000 

100 4.3282 2895 3.8804 3215 
105 4. 16 79 3105 3.�166 3645 
110 3.9784 3325 3. 1779 4460 

115 3.7664 3920 2. 9420 4960 

120 3.3820 4505 2. 7737 5440 

125 3.0816 5100 
130 2.8248 5750 
135 2.6761 6255 
140 2.5308 6800 
145 2.4213 7335 
150 2.3112 7910 
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For the decompression back to storage from the starting depth we 
converted the ascent rates from the original commercial table into the same 
format based on the K value and current POz. This was termed the "precur
sory" table. 

Interestingly, this approach for storage depths deeper than 55 fsw 
requires less time than the 12-hour hold. 

There is no firm basis for the period of 36 hours during which an 
excursion has to be accounted for; this is a judgement cal l that seems 
conservative enough yet operationally tolerable. 

This plan was used in two subsequent Repex trials from storage at 80 
fsw and 110 fsw. In each case the decompression stops deeper than the 
storage depth (the "precursory" table) were taken from the commercial 
schedule given in Table 111-4 with air as the breathing gas. Results from 
these two dives support the concept that such saturation decompressions with 
an initial recompression produce safe ascents. 

3. Final tables with precursory starting depth 

Prior to Repex I we had planned to present two sets of tables, with and 
without excursions. With the decision to start decompression at a deeper
starting depth we settled on one single profile, with or without the 
precursory table as the situation dictates. This requirement applies only
to excursions during the 36 hours preceding the start of decompression,
which gives a l I tt le break to the habitat sitting on a fl at seabed where 
descending excursions are not possible. The 36 hours is arbitrary. 

The last stop on the precursory table is calculated from the K used for 
the main table. 
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IV. 
OTHER PROCEDURES, TABLE DISPLAY, TREATMENT, AND EFFICIENCY 

This chapter gathers together the various other aspects of the Repex
tables, including ascending excursions, the "oxygen window," means of 
control l i ng oxygen toxic f ty, surfacing procedures, and the deve 1 opment of 
the treatment procedures. A description and rat i ona 1 e for the di sp 1 ay of 
the tables is given, and an assessment of the "efficiency" of the tables. 

A. Ascending excursions 

The NOAA OPS program included the development of ascending excursions. 
These have been used in the field, probably more than the descending
excursions. Some reports of vague "awarenesses" of what are probab 1 y
circulating bubbles were noted originally in the lab and have been reported
in some field operations, but general 1 y these procedures have been used 
without problems. 

In another series of experiments designed to determine the amount of 
time a sailor saturated with air in a distressed submarine might have to 
make a transfer to a surface chamber, Eckenhoff and Parker (1982; 1984) have 
performed a number of excursions s i mi l ar to those of NOAA OPS, but with 
cons i derab 1 y more decompression stress. He found an incidence of DCS on 
these excursions of l to 101., which tends to validate the reliability and 
efficiency of the original NOAA OPS data. 

The Contract did not call for any new work on ascending excursions, but 
in order to make the Repex package as complete as possible the original NOAA 
OPS ascending excursion values have oeen included. A new display format has 
been developed (section IV.C, below). 

There are some limits to ascending excursions. The Procedures call 
for an interval of at least 24 hours following a descending excursion before 
an ascending excursion can be made, and a period of 4 hours after an 
ascending excursion before making another one. 

These times are somewhat arbitrary, in that we do not have a method for 
making a precise calculation for this information. The 24 hours is intended 
to be enough time to al low gas loadings to return to "normal", but to be 
substantially longer than the period for being able to start with a fresh 
descending excursion; it is probably not long enough to clear out all bubble 
nuclei. Making the period a full 24 hours tends to discourage having these 
two dive types this close together. Any uncertainty here is helped by the 
fact that an ascending excursion ends with a return to the habitat, and the 
diver can return early if there are hints that symptoms are developing. 

The 4 hr period between ascending excursions is there because an 
ascending excursion, although it is a decompression and tends to lower the 
inert gas 1 oad, may generate bubble nuc 1 e i . Eckenhoff and Parker heard 
doppler bubbles up to 40 min after an ascending excursion in a diver 
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recompressed 10 fsw deeper than storage (1982); we felt this called for a 
period significantly longer and chose 4 hr. 

B. The oxygen window 

A re 1 at i ve 1 y low POz of O. 3 to O. 35 atm is recommended as the gas
f i l 1 i ng the habitat in situations where pu 1 monary oxygen toxicity is an 
issue ( see section IV. D) . Because air has a higher fraction of oxygen
(hence a lower fraction of nitrogen) than the habitat gas, a diver living in 
this "near-normoxic" mixture and excursing on air may have quite a useful 
vertical range without adding to his gas loading, and thus without having to 
be concerned about the effect of the excursion on subsequent decompressions. 

This extra range is referred to, after Behnke, as the "oxygen window." 
It is ca I cu I ated by convert f ng the PN of air to an absolute depth, and 2 
al lowing the diver to descend to that depth without restriction. For 
convenience the range of the oxygen window is displayed with the tables. 
This ranges from +4 fsw (deeper than the habitat) at 30 fsw to +27 fsw at 
115-120 fsw storage. 

For shallow air-filled habitats the oxygen window limits are to the 
same depths as given in the 'Procedures for a near normoxic habitat at the 
same storage depth. 

The oxygen window does not apply to ascents shallower than the habitat. 

C. Method of display 

Decompression tables traditionally have included the schedules or 
prof i 1 es from a range of depths on a sing I e page or "tab I e." However, a 
habitat diving operation is necessarily committed at any one time to a 
single habitat depth. This affords an opportunity to prepare a more 
efficient display of the tables by putting all items relevant to each 
storage depth together. This is what we did; each storage depth covers two 
pages and includes the various tables used from that storage depth plus some 
additional information on management of the breathing gases. Sample pages
for the 50-54, 80-84, and 110-114 fsw range of storage depths are included 
in Appendix C. 

I. Oxygen management 

This section inc 1 udes unit conversions, recommended oxygen I eve Is in 
the habitat atmosphere, and oxygen toxicity dosages. 

a. Units 

The units use the common definitions of I fsw (foot of sea water) = 
1/33 standard atmosphere or 3. 0705 k i l opasca ls, and I msw (metre of sea 
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water) = 1/10 bar or 10 kPa. This makes the conversion between fsw and msw 
slightly different from the equivalent conversions of linear units; l msw = 
3.2568 fsw whereas l metre = 3.2808 feet. 

b. Oxygen levels 

The recommended oxygen levels for the habitat are slightly lower than 
might be used under other circumstances. Since long excursions on air are 
possi b I e at depths deep enough to be a concern with respect to oxygen
toxicity, we recorrrnend keeping the oxygen low in the habitat. Operationally
the oxygen should be as high as can easily be tolerated in order to minimize 
the hazard of possible hypoxia situations, but in this case it should be as 
low as possible to avoid both chronic and CNS oxygen toxicity. A compromise
is the habitat POz of 0.3 to 0.35 given here. 

As is discussed in section IV.D below, habitat diving requires a 
constant survei I lance of the oxygen exposure. To fact I itate this when 
excursing on air in the oxygen window range, typical POz's and CPTU values 
for this range are given. 

2. Ascending excursions 

Here the depths that can be accessed from this storage depth range are 
given in a small chart (thus avoiding the problem of choosing the correct 
depth for Intermediate storage depths). For the absolute target depths in 
the accessible ranges the allowable times are given. 

We considered also displaying a differential depth ("distance") for the 
ascending excursions. While this might be useful information, we could not 
find a way to include it without creating a real possibility for confusion;
the absolute and the relative values fall in the same range. 

3. Oxygen window excursion range 

The oxygen window excursion range is given as a differential depth.
Here a differential had to be used because the oxygen window is based on the 
actual habitat depth, not the depth range. As much as 5 fsw of window would 
be lost in some cases if we used only the range. 

4. No-stop excursions 

The no-stop repetitive excurs I on tab 1 es have to present an a 11 owab 1 e 
excursion time for each useable target depth (range), and these have to take 
into account both the number of the excursion in its sequence, and the 
interval between it and the end of the last excursion. These are In two 
tables, because one would not fit the page, with the target depths across 
the top. Be 1 ow that are three sections for each of the sequenc·e 
s I tuat i ons--1 st, 2nd, and 3+--and within each of these is a set of 
intervals. For many of the tables the full time of 480 minutes is allowed; 
rather than fill In all these numbers the whole zone Is labelled "all 480." 
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At the upper right is the date the table was done and the DCAP Base 
Case filename. This Is part of the "audit trail" for the origin of the 
tables. 

5. One-stop excursions 

Unfortunate 1 y it was necessary to devise yet another type of di sp 1 ay
for the "one-stop" tables. These involve two intervals, a set of target
excursion depths, and several bottom times and stop times for each of the 
depths. Using a separate table for each interval (2 to 16 hr, or over 16 
hr), the stop time is given opposite the bottom time to which it applies;
stops are to be made 10 to 20 fsw deeper than the habitat, preferably 15 
fsw. On 1 y those excursion t f mes are f nc 1 uded that can be reached with a 
decompression ti me no greater than about one hour. Of course a 1 I these 
require a 2-mfnute preliminary stop 10 fsw deeper. 

6. Saturation decompression 

The saturation tables for each storage depth include a small chart for 
selecting the precursory starting depth, a precursory table for travel from 
the starting depth to the storage depth, and a main saturation decompression
tab 1 e for ascent from there to the surface. A sma I 1 tab 1 e of summary
i nformat 1 on is a 1 so inc 1 uded. The K va 1 ue used for ca 1 cu 1 at i ng the main 
table is shown with it. 

The matter of grouping all information that applies to a given storage
depth range on a single pair of pages has created one problem with regard to 
optima I saturation decompression. A given set covers a 5-fsw range, say
from 80 to 84 fsw. This range contains the descending excursion tables for 
80 fsw, which fs the "worst case" or most conservative table to use for that 
range. That is, storage at say 83 fsw wou 1 d be c I oser to the deeper
works i te than storage at 80 f sw, hence wou 1 d be more conservative. The 
reverse is true, however, for ascending excursions and saturation 
decompression; these should use the deeper end of the range. The ascending
excursion tables have been adjusted to be appropriate for the storage depth.
For saturation, ff storage is exactly at an even multiple of 5 fsw, say at 
80 fsw, the saturation decompression for the next sha 1 1 ower range can be 
used, in this example 75 to 79 fsw. This is because the appropriate table 
for the 75-79 fsw range is the 80 fsw tab 1 e, and that tab 1 e is the one 
included for the 75-79 fsw range. If a storage depth is right on the line,
the adjacent shallower table can be used. 

E. Controlling oxygen toxicity 

1. Defining the oxygen problem 

A corollary problem with decompression in air excursion diving is 
oxygen toxicity. Excursions are made with the diver breathing air to depths
and for durations far greater than are poss i b 1 e in air diving -from the 
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surface in the usual way. As a result divers can be exposed to levels of 
oxygen that can be toxic, to the central nervous system specifically, and to 
other body systems. 

CNS oxygen toxic f ty may be summarized brief 1 y. Humans may have 
ep i 1 ept i c-type con vu 1 s ions when exposed to high doses of oxygen part i a 1 
pressure after a few to many minutes of exposure. The levels necessary to 
cause CNS o toxicity depend on the duration of exposure; or, conversely,2 
the necessary ti me for a con vu 1 s ion is a function of the exposure 1 eve 1 . 
Generally doses over of 1.8 or higher POz may, especially with exercise or 
an accumu 1 at I on of COz, 1 ead to a convu 1 s ion after a number of minutes. 
Exposures to higher POz's may cause convulsions even sooner. 

Chronic oxygen toxicity has different manifestations, and generally is 
caused by longer exposures to higher doses of oxygen. A subset of this is 
pulmonary oxygen toxicity; this is the term generally used in referring to 
chronic oxygen toxicity, and is the primary symptom in the broader syndrome.
Exposures to PO 's of more than 0.5 atm for one to several days may Invoke2  
these symptoms. 

This can be dealt with in several ways, mainly by limiting the 
exposure, but to do this properly and st i 11 efficient 1 y requires a good
understanding of the effective limits. 

2. The dilemma posed by current rules 

One set of 1 lmits for oxygen exposure dominates al 1 others at this 
time. This is the set of limits in the U.S. Navy Diving Manual (1981). The 
same values appear twice in the manual, as Figure 9-20, p. 9-18, and as 
Table 14-1, p. 14-2, and they have been in several previous editions. Two 
1 eve 1 s of 1 i mi t are given, for normal use and for "except i ona 1 exposures."
The normal limits start with 30 min at 1.6 atm POz, and carry on to 240 min 
at 1.0 atm. The exceptional exposure limits are more generous, allowing 30 
min at 2.0 atm and 240 min at 1.3 atm. 

Tt1e normal 1 i mi ts present a di I emma. An argument can be made for 30 
min at 1.6 atm as a conservative 1 imit, but at POz's below this level cases 
of CNS toxicity are extremely rare (Vann, 1985; Butler and Thalmann, 1986;
Young, I 971; Lambert sen, 1965; Shi l l i ng, Werts, and Schande 1 me i er, 1976) . 
The limits in the USN chart extend well into the range where chronic oxygen
toxicity is the problem rather than CNS, and the limits are not in keeping
with experience--they are much too conservative. 

There are other problems with the USN limits. One is that in the same 
manua 1 another chart, Table 14-1, sets much 1 ess restrictive 1 i mi ts for 
underwater swimmers breathing pure oxygen. Another difficulty is that there 
is no a 1 gor l thm for dea 1 i ng with an exposure to more than one POz 1 eve 1 
sequentially, nor is there a method given for determining recovery status. 
The second edition of the NOAA Diving Manual has applied the USN limits to 
the NOAA OPS excursion tables, but with uncertain directions on how to use 
them. 
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Despite these problems the USN 1 imits provide a sound basis for the 
management of CNS oxygen toxicity in the Repex Procedures. 

Another method wel 1 suited for the monitoring and bookkeeping of 
chronic oxygen exposure has been developed largely by Dr. Lambertsen and his 
col leagues at the University of Pennsylvania. This method introduces and 
defines the CPTD, Cumulative Pulmonary Toxicity Dose, which is an 
accumulation of pulmonary toxicity Units, CPTU's. The CPTU is equivalent to 
an exposure of one minute to a P0 of one atmosphere; a formula adjusts the2  
un f ts for exposures at other P0 l eve 1 s, because the effect of oxygen is2  
greater at higher P0 's and less at lower ones (Wright, 1972; Shi 11 ing,2  
Werts, and Schandelmeier, 1976). This method has been derived empirically
in much the same way as decompression procedures, by retrospective analysis
of documented laboratory and field exposures, and by human exposures
dedicated to that purpose. 

The problem with CPTD for monitoring chronic oxygen toxicity is that a 
c 1 ear and pr act i cal set of 1 i mi ts for its use has not been determined. 
Another way of stating it is that there is no denominator, no ti me base 
against which to assess the effect of a dose. Our approach is to provide
those limits. 

3. Preventing CNS toxicity 

Although the NOAA OPS procedures go as deep as 250 fsw, NOAA's request
for the procedure development was to be able to excurse to 200 fsw. 
Another relevant fact is that the P0 of air at 200 fsw is 1. 5 atm.2  We 
combined these points to work out a method of controlling CNS toxicity. 

We took the position that below 1.5 atm POz the risk of CNS toxicity is 
extremely low. Since this is the P0 of air at 200 fsw, and since extensive2  
operations deeper than 200 fsw were not requested by NOAA, we chose to apply
the USN "normal" toxicity limits deeper than 200 fsw, and to use a different 
"chronic" technique at 200 fsw and shallower. We elected to prepare tables 
for short excursions to 220 and 240 fsw, limited by allowable oxygen 
exposure. 

l nterpo 1 at i ng the USN tab1 e we determined that a diver cou 1 d breathe 
air on an excursion for 29 min at 220 fsw and for 16 min at 240 fsw. We 
then set the computer to l i m It al 1 excursions not to exceed these ti mes. 
If decompression requires a shorter excursion time, that time appears In the 
table, but if the no-stop or one-stop bottom time could be longer than 29 or 
16 min, the oxygen-limited time appears in the table. 

It is important to note that these times, 29 min at 220 fsw and 16 min 
at 240 fsw are not exceptional exposures, they are routine (and quite
conservative). By the same token, we take the position that substantially
broader limits for air excursions in the range deeper than 200 fsw could be 
devised, and these given here should not be regarded as any sort of upper
1 imit. They are practical for the circumstances, but not optimized for 
efficiency. 
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4. Nature of chronic oxygen toxicity 

Although conservative, the CNS limits are beyond the scope of the main 
tables. For the tables to be of value ft was necessary that some efficient 
means of living with chronic oxygen toxicity be devised. A brief review of 
chronic oxygen toxicity will help justify the approach we have taken. 

First documented in 1899 and henceforth called the "Lorrain Smith 
effect," the primary component of chronic oxygen toxicity is pu I monary.
This consists of Irritation to the lung and airways from breathing oxygen at 
partial pressures above normal for air at sea level. It has been 
es tab 1 i shed that normal I ungs to 1 er ate oxygen at levels be 1 ow O. 5 atm POz 
for indefinite periods (Clark and Lambertsen, 1971), and that even oxygen
injured lungs can recover at that level (Eckenhoff, Dougherty, et al, 1987).
Higher levels cause the irritation over many hours or days. It is hyperoxia 
because it is greater than normal, but it is not necessary that the exposure
be hyperbaric. 

Non-l ung symptoms of high oxygen exposure such as headache, pares
thes i as, fatigue, numb fingertips, and various aches and pains can develop
after several days in divers with no detectable lung problems, but chest and 
airway soreness, coughing, and a reduction in vital capacity are most often 
noted. There have been many studies of chronic or pulmonary oxygen
toxicity, and many of these provide practical data as to tolerance times at 
different levels, as well as information on the various secondary factors 
such as temperature or individual sensitivity. A recent notable study is 
the Predictive Studies 5 series performed at the Institute for Environmental 
Medicine (Lambertsen, Clark, et al, 1984). Another recent and more relevant 
series of studies are those by Sterk and co 11 eagues. These have been 
performed on divers doing diving work, and stress the levels most relevant 
to the Repex project (Sterk and Schrier, 1984; Sterk, 1986; 1987). Another 
source of information Is a substantial amount of undocumented laboratory and 
commercial diving experience that may not be valid for statistical analysis
but is extremely useful for setting practical limits. 

Consideration of all this data permits a few generalizations. Chronic 
oxygen toxicfty--or more properly oxygen poisoning--develops over time and 
comes on faster at higher exposure levels. Recovery takes place when the 
level ls below about 0.5 atm POz, but the rate of recovery at various levels 
of POz is not as well worked out as the onset rates. When an exposure drops
be 1 ow about 0. 5 it is es sent fa 11 y "over" and recovery begins; the part of 
the exposure of greatest importance is that at levels above 0.5. A certain 
amount of exposure ls necessary to cause symptoms, and this is some sort of 
Integral of exposure level and time. 

We cone l uded from a 11 this that an algorithm for oxygen exposure 
management wou 1 d have to consider the average da i l y exposure "dose" over 
time intervals on the order of days, and It would have to be related to the 
total exposure, such as over an entire mission or saturation. 



5. Devising a method related to exposure duration 

We decided that the traditional CPTD formula would afford us the 
"I ntegra 1 over ti me" information hat was needed. CPTO has been around a t
1 ong ti me, is genera 1 l y fam i 1 i ar. and considerable 02 exposure data is 
reported in those units. DCAP, for example, accumulates CPTO units during a 
dive. CPTD takes into account the more intense activity of higher P02's,
and it turns off when P02 goes below 0.5. 

The problem was to match doses in CPTO terms with various exposure
data. We had worked with 1 i mi ts for short exposures such as deep bounce 
dives or DCS treatments lasting a day or so and accumulating 800 to 1000 or 
1200 units. Sterk's total doses over one or two weeks and carctul workups
of the results provided helpful information in that range, and the SHAO II 
exposure gave us data for a 27 day exposure (Dougherty, Frayre. et al , 
1978). 

At first we tried averages for intervals of several days or a week, but 
this did not work because the tolerable dose is constantly changing. It 
soon became apparent that to get maximum efficiency and still stay below a 
toxicity level we would have to account for the whole mission. That is,
the number of CPTU's that can be tolerated is a function of the number of 
days of exposure. It assumes, as mentioned above, that at the end of this 
period the diver will not be exposed (for a few days at least) to oxygen
levels about 0.5 atm POz. 

After several revisions we ended up with the chart given in Table IV-1,
which is the same as Table VIl-4 in the Procedures. It is shown graphically
in Figure I V-1 . The chart has two factors, the total CPTO dose and the 
average daily dose for missions of different lengths. For a single day of 
exposure the dose can be 850 units. If the exposure covers 2 days the total 
goes to 1400, which means an average of 700 CPTU per day, and so on. At 
some point at about 10 days the diver has to be in a steady state situation 
and have an average daily dose of no more than 300 units. The column of 
average daily doses does not mean that an individual can have 850 units the 
first day, 700 the second, and so on. If a mission or exposure has to be 
extended, say from 8 to 9 days, the difference between the totals, here 170 
uni ts, is the correct dose for the 9th day. The dose during saturation 
decompression should also be considered in planning a dive. 

6. Conclusions 

We did not invent this information. The information was developed by 
others It came from experience with oxygen exposure, and was the best that 
we could find. Our only contribution is to. fit it together to show how the 
daily dose can be determined as a function of mission dvration. 

Some uncertainties remain. For one, these data are based on results 
with average, tolerant, people. A sensitive individual may fall well below 
the line in the figure. We did not try to eliminate these and make the line 
below all possible cases, for 3 reasons. First, the more sensitive 
individuals are usually eliminated from diving careers early. Also, to make 
the 1 f ne low enough to include a 11 these would make it operat i ona 11 y 

Repex report: Part One: Procedure development. Page IV-8 



Repex report: Part One: Procedure development. Page IV-9 

ineffective, not much better than what we started with. Thirdly, chronic 
oxygen toxicity develops slowly and can be stopped by reducing the level of 
oxygen; it has so far been found to be comp 1 ete 1 y revers i b 1 e (a 1 though it 
may take days or even weeks for complete recovery if allowed to progress. 
see for examp 1 e Crosbie, Cumming, and Thomas, 1982; Hyacinthe, G i ry, and 
Broussol le, 1981). 

Table IV-1. Allowable daily oxygen doses 

This table gives guidelines for management of long-duration oxygen 
exposure. The da i 1 y dose predicted to be to I erab 1 e is given in 
the second co I umn for various ml ss ion durations; the to 1 erab 1 e 
daily level or average daily dose is a function of how many days 
exposure are involved. Here "miss I on duration" Is the number of 
days of exposure to increased P02. The 3rd co 1 umn gives the 
tot a I a 1 l owab le exposure for the fu 11 missions defined in the 
first two co 1 umns. The dose covers the ent l re period of a dive 
when PO2 > 0.5 atm. (Same as Table VII-4 in Repex Procedures.) 

Exposure
(mission) 
duration, 
{ inc dee) 

1 

Avg 
daily 
dose 

850 

Total 
this 

mission 
850 

2 700 1400 

3 620 1860 

4 525 2100 

5 460 2300 

6 420 2520 
7 380 2660 

8 350 2800 

9 330 2970 

10 310 3100 

I I 300 3300 

12 300 3600 

13 300 3900 

14 300 4200 

15-30 300 as req. 

The data on which the long exposures ( over I 4 days) are based is 
limited to only 2 subjects in SHAD II; we cannot be sure what will happen if 
the exposure is extended beyond 3 0 days (this cou 1 d be needed in, say,
tunnel workers). We have not accounted in any way for other environmental 
and individual variables that might affect the results. 

Since oxygen toxicity is very much an individual matter, we expect that 
tolerant individuals wi 11 be able to increase their daily dose in smal 1 
increments, and that intolerant individuals will have to reduce theirs. 



.J 

---

/ �-----�-- --

, 
•••• 

·: •••• ·, •••• • c ••••• , •••••• , •••• •  , ••••••••••••.•••••.••••••••••••••• 

4000 - _,, 

,// / 
_,, 

J 

_.,--

ALLOWABLE CUMULATIVE 
✓

..,..

3000 - 0 X Y GEN DOSE 
� _, 

c:) __ .,,,,,-/'" ___ ---
.._ .,.,-,- . 
CL _,.,. 

LJ 
/J_,,,,_- - -_..,._J 

a:: 

.._ 200Cl 

,.1000 - 1' 

·--r"/
t AVERAGE DAILY CPTD 

-

/
0 I I I I I I I l I 

0 2 3 4 5 t3 7 8 [� 10 11 12 ·13 14 15 
MISSION DURATION. DAYS 

Repex report: Part One: Procedure development. Page IV-10 

Figure IV-I. Recommended oxygen tolerance limits 

The graph shows the allowable dose in both daily doses (dotted)

and cumulative totals (sol id). The diver ls likely to be free of 

chronic/pulmonary oxygen toxicity symptoms if his total exposure 

stays below the cumulative dose line. 

We fee 1 that a diver cou 1 d to 1 er ate a fu 1 1 treatment for DCS at any

time in one of these missions. However, it could catch him at a point

where his to 1 erance wou 1 d be exceeded s 1 i ght 1 y and some symptoms wou 1 d 

develop. Since the exposure--at least as it relates to diving activities--
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would be over we can expect recovery in plenty of time for decompression or 
a second treatment. 

Although we have directed this algorithm at the habitat diving
situation, it could be of value in other types of diving, and it offers a 
useab 1 e a 1 ternat i ve in cases where the USN procedures are inappropriate.

One possible application is in oxygen decompression of tunnel workers 
(Ki ndwa 1 1 , Ede 1 , and Me 1 ton, 1 983) . Another might be for 1 ong treatment 
with hyperbaric oxygen therapy. 

F. Surfacing procedures 

The procedures for surfacing divers as given in the Procedures, Chapter
V, are more or 1 ess standard operat i ona 1 practices for the various 
situations. This chapter offers rationale for some of the choices. 

1. Ascent in pressurized bel 1 and decompression in DOC 

This is the standard method used in commerc i a 1 and navy diving, and 
offers the most security. The equipment requirements are relatively great
in the usual context of scientific diving. An alternative is to decompress
.in the habitat to sea level or any intermediate pressure, then transfer to 
the surface or surface chamber to complete the decompression. 

2. Surfacing the habitat under pressure 

This method was under consideration during habitat design studies at 
Cata 1 i na Marine Science Center, where a marine ra i 1 way was ava i 1 ab 1 e for 
hauling the habitat from the water into a hanger. It is feasible, but only
where the appropriate facl 1 ities exist, and it balances operational 
complexity and risk against an easy decompression pattern. 

3. Decompression in the habitat followed by swim-up 

This procedure is the traditional one for Hydro-Lab operations, where 
it has worked we 1 1 . It has been used as deep as 100 fsw in the FI SSH 
mission with the Helgeland habitat. NOAA's Office of Undersea Research has 
decided that this procedure can be used from storage/habitat depths no 
greater than 50 fsw. 

We are pleased with this method in the range specified, and have no 
good way to judge its effectiveness from deeper depths, but it appears that 
the limitations are operational rather than physiological. The divers are 
unloading gas from the very slowest compartments at the end of the decom
pression, and the recompression and immediate ascent do not seem to stress 
the same compartments at all, if an analysis like this has any reliability� 
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The alternative mentioned in IV.F.I, above, could be a variation on the 
swimup method, whereby divers transfer to the bell after they have completed
decompression and are transferred to the surface without having to recom
press. There may be operational advantages in completing the decompression
In the habitat for scientists whose equipment and/or specimens would remain 
In the habitat; they could continue working during decompression. 

4. Emergency ascent 

a. Seabed decompression and swim-up from deeper than 50 fsw 

This is the method just discussed, which is limited to 50 fsw for 
operational reasons. For it to be used comfortably deeper 'than this the 
situation has to be under good control. If there is a decompression
consideration it can be assessed by checking if half the time it takes to 
recompress (after the habitat has reached surface pressure) plus the time to 
get out of the habitat is less than the no-stop decompression time for that 
depth; if so, there should be no decompression problem. Even if the limits 
are exceeded there ls no great risk if recompress ion can be started 
invnediately at the surface. For this type of operation there is ALWAYS a 
risk of embolism, and this would be exacerbated in a diver at the end of a 
saturation decompression. 

b. The FLARE method: Direct ascent and surface decompression 

A great deal more operational risk is involved with this method, which 
is the habitat equivalent of surface decompression. It requires the diver 
to make what amounts to an ascending excursion to the surface, enter the 
surface chamber, and be recompressed to storage depth. If this can be 
performed within the ti me a 11 owed for an ascending excursion there is no 
real decompression risk; this means the chamber has to be nearby, ready, and 
fully functional. The ascending excursion tables would allow 7 minutes for 
transfer from a habitat depth of 55 fsw; this could conceivably be done as a 
normal procedure. If, in an emergency, the times are much longer or depths
much greater than those for ascending excursions we have to make an educated 
guess at the times, because we have no real data to go on. Chances are, 
much longer times could be tolerated without lasting injury but perhaps with 
the development of significant symptoms. Again the real physiological risk 
Is embolism, and if the operation can minimize the likelihood of this and 
deal with it in the most expeditious way, the emergency ascent will invoke 
relatively 1 ittle risk to the divers. There is of course the risk that 
something will go wrong with the chamber and delay recompression. 

A relative risk chart is included in section V.D.2.d of the Procedures 
to indicate possible risk involved with different situations. This is only
to give a general picture, and is not to be taken literally. We arrived at 
these times and risk estimates by comparison with ascending excursion data 
from NOAA OPS, SHAO/Nlsat, and the more recent work at NSHRL (Eckenhoff and 
Parker, I 982, I 984) . They are otherwise guesses. Data from "b 1 owup"
experiences is clouded by effects of embolism, but there are stories about 
successfu 1 emergency surfacing from rather deep dives without symptoms by
non-saturated divers. Our philosophy in the risk chart is that a $ltuation 
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(depth/time combination) that would cause symptoms in most people would be 
used only in emergency, but if there is a serious risk in staying in the 
habitat this is real Jy a small price to pay for a better chance at survival. 

c. Speeding up decompression 

The method given here is essentiall y the same one used to get the 
saturation tables. It allows the operation to trade greater risk of oxygen
toxicity for faster ascent. The K va 1 ues are the same as were used to 
prepare the saturation decompression tables. They will decompress at least 
as well at higher oxygen levels as at the levels given in the Procedures,
provided the oxygen exposure can be tolerated. 

G. Developing treatment procedures 

Much of the rationale for the many items in the chapter on treatment of 
decompression sickness and embolism in habitat diving is contained in the 
chapter. This section gives additional corrvnents on the procedures, and 
some indication of where they came from. The corrvnents follow the order of 
the treatment chapter. 

It was not our intent to devise new treatment procedures, but rather to 

incorporate the best of current techniques into the special situation of 
habitat diving. 

These are not ru I es or standards, and this is not a manua I . This 
report describes the development of a set of procedures. It is up to the 
local operation to select and implement the Procedures as rules. When 
something is "al lowed" here it means that it is felt to be physiologfcal ly 
acceptable and in accordance with the limits and limitations of the 
Procedures. 

Our philosophy for managing treatment is to provide the best possible
therapy for the affected diver, but otherwise to make the treatment 
procedure as unobtrusive as possible to the mission and to the work of the 
other divers. Pain-only DCS ls a fact of life in diving, and when ft can be 
established clearly and convincingly that there are no neurological 
manifestations then the treatment can be accomplished and the mission 
continued. On the other hand, until all residual effects are resolved all 
efforts wil I have to be directed to the treatment. 

I. Introductory considerations 

The equipment, etc., needed to conduct a I I treatments that can 
reasonably be anticipated is listed in the Procedures, VI.A. 

One thing that has to be in place in anticipation of treatment is an 
arrangement with a medical doctor trained in diving medicine. Again, it is 
not our intent to dictate how an organization makes its medical 
arrangements. The purpose here is to provide procedures in as much detail 
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and with as much authority as possible, but when a situation is clearly a 

matter of medical judgement, we try to say so and to give guidelines to the 

respons i b 1 e med i ca 1 doctor from that po Int on. We conceive that a diving

operation might have more than one doctor, the first as its advisor or 

"F ac I 1 i ty Doctor, 11 and the second as one or more "Duty Doctors" for a 

particular mission. In accordance with our "non-invasive" philosophy we 

cons f der that a hab I tat div Ing operat I on of th f s sort--inc 1 ud i ng routine 

treatments--can be carr I ed out without the need for an on-s I te doctor as 

long as it Is going well. When problems develop, the advice and possibly

on-site service of a diving doctor becomes an essential part of the 

operation. Throughout the treatment procedures suggestions for I nvo 1 vi ng 

the doctor or doctors are given. 

2. Description of treatment steps 

"Treatment" begins with diagnosis of the condition, next involves 

therapy (mainly with pressure and gases), and then a return to the storage

depth for continuation of the mission or to the surface ff the mission is 

over. The steps are discussed, but the main process is covered in charts 

appearing later. 

In diagnosis the important point is to recognize DCS so that it may be 

treated. Another po f nt i s to recogn I ze neuro 1 og i ca 1 symptoms; the motto 

here is that ff you have found a little, you have found a lot (CJL). Some 

tips on separating DCS from chronic oxygen toxicity are included. 

The basic treatment pattern for DCS after an excursion is to compress

to relief, breathe a session of 6 cycles (20 min on, 5 min off 0 or2  
treatment mix), decompress if rel i eved prompt 1 y, hold 12 hr and breathe 

another session ff necessary. This pattern has evolved from commercial deep

diving experience where divers have had to be treated during long chamber 

decompressions from deep bounce dives. This pattern Is not really in the 

"navy" envelope, where most treatments are either at the surface or In 

saturation. 

3. Role of other divers, and resuming diving (RWH) 

Some of the phi l osophy on these two points has been mentioned. The 

criterion for whether companion divers breathe treatment mix is whether or 

not the return to storage depth or to Join a saturation decompression

requires it. Certainly, if some deviation In procedures is felt to be the 

cause of the DCS then all divers affected In the same way might be given a 

precautionary treatment, but that is a special case. Likewise, any time a 

diver requires a precautionary treatment It should be given, but breathing

treatment m Ix when another d Iver has the bends is not the way to make It 

happen. The "returns" used In this chapter are slow enough for other divers 

to go through al l the pressur I zat ions requ I red on a treatment and st i 11 

decompress back to storage depth on the return tab 1 es w f thout expecting

problems. 

There also would be a significant operational cost if all divers were 

requ I red to breathe treatment mix. It would be acceptable to have enough 
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mix on hand for say two treatments of a given sort, provided more can be 

prepared in a reasonable time. But to have enough for two treatments for 
the whole crew for each of the possible treatment situations would be a 

severe logistics burden. This is not to say this procedure should not be 

done because it is costly or difficult if it is necessary for a safe 

operation, but to point out that there is a better way. Rather than require

companion divers to breathe treatment mix, a better way would be to adjust

the return tables as necessary to make such a practice unnecessary. This is 

the way we believe we have done it. 

A desirable alternative to premixed gases is the use of a closed 

rebreather for administering the right mix to the diver being treated;

enough of these will be needed to deal with all divers who might have DCS at 

the same time. 

Regarding the return of a diver to diving after a treatment, this of 

course is a policy matter, and local policy will prevail over these 

Procedures. Our purpose here is to state that it is physiologically

acceptable to al low a diver pronptly and conpletely treated for pain-only

DCS to dive the next day. Our rule is 24 hours, so as to disallow a diver 

treated in the evening from diving the next morning. Diving the day after 

treated pain-only DCS is standard practice in corrmercial diving, and there 

is no clear evidence to say this is unsafe (Davis, 1980). It is important

that there be no neuro log i ca 1 involvement, so this shou 1 d be determined 

definitively before making a decision to resume diving the next day. 

4. Performing a treatment 

Treatments are directed by 3 flow charts covering the possible habitat 

diving situations. The main chart covers DCS/embol ism in habitat diving;

others cover DCS associated with ascending excursions and handling a diver 

who has surfaced unexpectedly. The main chart TMT guides the user to the 

correct treatment chart, which Includes two charts for after excursions and 

two for saturation. 

The Procedures dea 1 in some deta i 1 w I th the hand l i ng of an 

inadvertently surfaced saturated diver. There is little actual experience

to go on, but we have tried to go through the thought processes in advance 

of need. As mentioned in IV.F.4, above, the risk factors are guesses based 

on what experience was available to us. 

The Chart I SD for this case contains a principle used e 1 sewhere as 
well, the requirement for recompression of 30 fsw or 1/3 of the excursion 

distance (the differential depth) if that is greater than 30 fsw. This is a 

compromise to 1 imit recompression wherever possible, but to make it fully

adequate when the diver's history suggests it may be needed. 

Leaving the special cases and going back to TMT, the general philosophy 

can be seen. Essentially we have two operational situations (after
excursion or in saturation) and two classes of symptoms (pain-only or 

neuro 1 og i cal ) . If a diver has DCS and/or embo l ism after an excursion ·1 t 

ca 11 s for definitive treatment, with adequate recompress ion based on the 

symptoms. During saturation it is most un l i ke 1 y that symptoms w i l l be 
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serious or hard to cure, so less compression is needed. Chart EXI is used 
as an example for discussion. 

We have tried to deal definitively with a sticky question that comes up
in a lot of treatment tables, the statement. "Compress to depth of relief." 
This is a proper procedure, but it is not always easy to tell when "depth of 
rel I ef" has been attained. It is easier if treatment is prompt than in 
divers f Ina l 1 y recompressed many hours after onset. If for some reason 
relief is not apparent and the chamber is pressurized excessively it will 
Invoke a substantial effort in completing the treatment and return, not to 
mention the added risk, and all this may be unnecessary. These procedures
all call for relatively long treatments and slow returns, so an effort is 
made to keep excess pressurization to a minimum. The means used for 
stepping down is to take one eye 1 e of treatment mix at each compression
step, eva 1 uat Ing during the air breaks. The advantages of linking the 
eye 1 es w I th the steps more than overcomes any question about how 1 ong to 
wait before taking another step; even a case that eventua 1 1 y needs many
steps of recompresslon is being given substantial therapy from the first 
step on. 

The Procedures ca 11 for the chamber to be switched to air dur Ing a 
treatment. This is to provide a uniform background for the therapy stage
and to set both the "treatee" and the other divers up for the return. 

Several choices follow from the speed of relief. If relief is prompt
the fastest return is used and the intent is to resume the mission. If it 
takes longer but is complete, a more conservative path (the center one) is 
fol lowed. This path is not likely to see much use, but it offers an 
alternative when things are not bad enough for the right path but it is not 
quite right to fol 1 ow the 1 eft one. If rel i ef is not complete another 
round of treatment mix is called for, after allowing the diver's lungs to 
recover for 12 hr or more. At this point there is also a path to follow if 
it now appears that most likely the diver is not suffering from DCS after 
a11. 

As ment I oned, it is poss I b 1 e for the treatment to be carr fed out 
ent I rely by the d I ve crew w I thout the Doctor if a 11 goes we 1 1 , but the 
Doctor should be located and advised about the treatment. 

The EX2 chart is the heavy one, for the tough situations. The main 
difference fs the 60 fsw of initial recompression as opposed to 30 for EXI. 
The saturation charts fo 11 ow the same pattern but ca 11 for 1 ess 
recompression and return all the way to the surface. 

The charts do not include fluids and drugs as part of the prescribed
therapy. These we feel will be the choice of the Facility Doctor, since 
he/she ls the one who will most likely define the c�ntents of the habitat 
medicine chest and to train the crew In its use. Supportive drugs such as 
fluid replacement, which ls essential for a patient in shock, are of course 
needed, but the efff cacy of many of the popu 1 ar drugs used in serf ous 
DCS/embolfsm cases are controversial, and since the Doctor will be involved 
before they are used and will have favorite ones, we leave that up to the 
operational facility and its Doctor. Further, much of the literature that 
has deve 1 oped about treatment of DCS, the rea 11 y sticky cases, are with 
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divers that are not near a chamber, and there Is often more than a few 
minutes of delay In beginning recompression; the habitat situation should be 
easier if recompression can be started promptly. 

5. The return tables 

For the main return table for going back to storage depth we chose to 
use the Royal British Navy's Table 71 (Ministry of Defence, 1976). This 
table has a history, and even though It has not been possible for us to get 
a definitive box score of its experiences, we felt using it would be better 
than making one up at this point. It has been shown not to be acceptab 1 e 
for full saturation decompression all the way to the surface (Buckingham and 
Thalmann, 1981). This table uses air. 

In presenting the return tables we use the same reciprocal rate used in 
the Rep ex saturation tab 1 es, designated "RRate." The term may be 
uninspired, but this is the useful unit to use for timing a decompression,
in minutes per depth unit. How does one ascend at 1.93 msw/min? 

Another much more conservative table has been derived from cormiercial 
experience and modified for these Procedures. This Is ca 11 ed the 
"Contingency return" table. It can be used with air from 105 fsw, and 
either O. 6 or O.5 POz; the 1 atter enab 1 es a diver with pu 1 monary oxygen
toxicity to decompress and recover from the oxygen poi son i ng at the same 
time. 

One point of term i no 1 ogy. In recent years it has become popu 1 ar to 
refer to "saturation therapy" for cases treated and returned via a 
saturation profile. We prefer to consider that the main part of the therapy
takes p 1 ace during the recompress f on and breathing of treatment mix, and 
that the saturation decompression is a return technique (often considerable 
improvement is noted during the saturation decompression, however) . One 
reason why these methods might properly be called saturation therapy is that 
they are so long only a saturation type decompression can be used. 

G. DCAP analysis of the Repex tables 

This section deals with two checks we made on the finished tables using
the DCAP program. We used the Repex dives (Part Two) for examples. First 
we looked for places where the repetitive, one-stop, and submaximal 
a 1 gor i thms may have broken down. Next we checked the "efficiency" of the 
tables. 

In the process of performing these checks we found a few i ncon
si stenc i es and errors; these are shown on the worksheets and schedules in 
the Appendix. 
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1. Check of table algorithms 

The repetitive algorithms used to prepare the tables (Part One of this 

report) were based on and numerically tested with a number of presumed

worst-case trials, but did not (and could not) involve an analysis of all 

possible situations. As a further check of the repetitive, one-stop, and 

submaxlmal algorithms and how they might work in typical habitat missions, 

we did a minute-by-minute analysis of each of the three Repex dives using

the OCAP program. This did not have anything to do with the Repex dives as 

such, but used them as an example of a field operation that would push the 

tab I es to the I i m It and hence shou 1 d be a good test of the repetitive

algorithms. 

By going through each dive from beginning to end, each excursion was 

calculated for the actual gas loading that would prevail in that situation. 

Using DCAP the diver was stepped through the comp 1 ete ti me-pressure-gas 

prof i 1 e from the beginning of the saturat I on dive up to the end of the 

bottom time of each excursion, then was decompressed back to storage depth.

If, for each spec I ff c situation, the d Iver cou 1 d not return to storage

depth without violating the ascent criteria then DCAP would call for a stop. 

This run showed that all actual excursions were at least as conserv

ative as the basic algorithm used for calculating the tables In the first 

place. 

The OCAP runs a 1 so serve the purpose of presenting a saturation

excursion dive in a format that might be used for planning a field 

operat I on. A samp 1 e of the DCAP run of Repex I I is given in Appendix D, 

along with its Base Case, the set of Instructions used with OCAP. 

2. DCAP check of Repex efficiencies 

Normally decompression tables are arranged in groups, a range of depths

and a range of times for each table or schedule. This creates a situation 

in that only tables at the ful 1 time and depth are fully "efficient" in 

terms of the a 1 gor f thm used to compute them. In practice this adds a 

conservatism that may be an advantage, so it is a tradeoff. The Repex

tables have a number of such built In Inefficiencies, for example that the 

14th excursion Is used for the "3+" dive In the sequence. 

To get an idea of how far we were from the algorithm in different types

of tables, we computed the three Repex d Ives with a 1 1 their excursions, 

etc. , us Ing the "no-d" statement In DCAP. This computes the maxi mum ti me 

an excursion may have without requiring any stops on the way back to 

storage; It assumes Instant compression and decompression. The idea was to 

check the allowable excursion times prepared with the tables to find out how 

they would compare with the same excursions done on a "custom" basis. 

Since the computed time for an excursion depends on the history of the 

diver up to that point, we could not check all excursions in a single pass

because a different time would affect subsequent excursions. To avoid 

having to recalculate the whole dive for each excursion we did only one no-d 

ca 1 cu 1 at ion per schedu 1 e day, as sum Ing that these sma 11 differences wou 1 d 



not affect no-d calculations the following day. We made several Base Cases 
to sequence through each of the three Repex dives. 

For no-stop excursions, the effl c i ency is the Repex ti me ( the ti me 
taken from the tables) divided by the computed no-d time. Post-submaximal 
excursion times were also tested, by dividing the time calculated by hand 
for that excursion by the custom-computed no-d time. There was no point in 
testing the submax i ma I dives for efficiency so we assumed these were fu 11 
and let them serve as additional samples; they were put in as used in Repex
for es tab I i sh i ng the hi story of the excursions that fo 11 owed. The resu I ts 
of this analysis are shown in Table IV-2. 

Table IV-2. No-Stop Excursion Efficiency 

Using the Repex dives as a sample the dive times taken from the 
tables are compared with the same dive computed specifically for 
that exposure history. Submaximal dives were handled as lf they 
were ful 1 time for determining efficiency, but. were counted as 
they were done in Repex for computing the post-submax l ma 1 • a = 
depth advanced to compensate for unsaturated divers; * = fl rst 
dive of day; S = submaximal dive; P = post-submaxlmal dive 

Depth 
143a 

Repex 
Repex no-d Eff'/. 
54 62 87 

Depth 
200 

Repex I I 
Repex no-d 
33 S 37 

Effi 
89 

Depth 
200

Repex 111 
Repex no-d 
105 110 

Effi 
95 

140a 62 70 89 140 290 P 480 60 200 52 64 81 
130* 
145 

one-stop 
17 28 61 

140 
170 

90 360 
79 90 

25 
88 

190 
240

57 118 
12 28 

48 
43 

125 
125 

75 90 83 
42 74 57 

220 
200* 

one-stop 
33 37 89 

180 
200* 

78 250 
105 110 

31 
95 

100* 455 S 475 96 180 35 47 74 200 105 110 95 
115 
160 

149 P 160 96 
21 32 66 

180 
145 

one-stop 
43 217 19 

240 
190

16 33 

57 151 
48 
38 

220 
160* 
145 
135 

11 11 100 
one-stop 

45 S 48 94 
55 P 64 86 

170* 
160 
200 
160 

79 S 91 
98 P 128 

one-stop 
24 87 

88 
77 

28 

200* 
180 
200 
200 

one-stop
78 S 269 
58 P 101 
22 72 

29 
57 
31 

95 
115 

307 480 64 
57 113 50 

190 
190 

one-stop 
41 46 89 

200* 
220

one-stop
29 53 55 

155* 
110 

one-stop 
189 210 90 

180* 
140 

56 
168 S 

65 
458 

86 
37 

240 
200* 

12 
105 

28 
110

43 
95 

200 14 16 88 155 115 P 154 75 240 16 33 48 
110 
105* 

one-stop 
294 S 322 91 

155 
135 

147 
69 

15 
421 

84 
16 

220 29 53 55 

120 57 P 71 80 180* 56 65 86 
170 one-stop 240 

190 
13 

41 
18 

46 
72 

89 
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One-stops were treated a 1 i tt I e d I fferent 1 y. Here we compared the 
total decompression time ( Including the prel lmlnary 2-mln stop) from the 
tables with the time computed for that excursion at that time In the dive. 
These are shown in Table IV-3. 



We did not test the efficiency of dives done at different parts of the 
interval and depth ranges except as they occurred in Repex. Of course the 
efficiency would be less for dives later in the interval, since the table 
time would be the same but the computed time would have the advantage of the 
longer time since the last dive. Likewise it is not really relevant to 
compute efficiencies on the first dives of Repex I when the divers were not 
saturated. 

Table IV-3. One-Stop Excursion Efficiency 

Bottom time, table time (including 2 min preliminary stop),
computed decompression ti me, and efficiency are shown for each 
bottom depth. Where the computed time ca 11 s for two stops they 
are both shown. • = 1st dive of day 

Repex I Repex I I Repex I I I 
Bottm Bot Tab Dec Bottm Bot Tab Dec Bottm Bot Tab Dec 
deeth t t t Effi deeth t t t Effi deeth t t t Effi 

130* 120 16 7 44 220 29 6 2 33 200* 150 60 2 3 
160* 60 17 l, 9 59 180 60 4 0 200* 240 35 19 54 
155* 45 6 2 33 200 60 41 2,8 24 
110 210 62 4 6 190 60 16 4 25 
170 45 20 1, 7 40 
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Since the one-stop tables have just two dive interval ranges, >16 hrs 
and 2-16 hrs, there is a wide spread of calculated efficiencies for these. 
For example, the first one-stop excursion of Repex III has an efficiency of 
31.. The dive interval before that excursion was 8 hrs, placing it in the 
middle of the 2-16 hr range, and thus it is not as efficient. Also, a one
stop dive forces the next one to be 3+ instead of 2nd, which reduces 
efficiency. We did not consider this In making the schedule. 
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PART TWO: VALIDATION TESTING 

CHAPTERS V THROUGH VIII. 

This Part covers the simulated operat i ona 1 exposures that were 

conducted as an integral aspect of the overal 1 program. Methods include the 

planning, facilities, divers and topside personnel, and monitoring that was 

done. Results cover the dives done, results of the monitoring, and decom

pression sickness encountered. The discussion concludes that these limited 

tests were highly successful and support that the Procedures are ready for 

provisional field use. 

V. 

THE TEST PROGRAM 

H)e testing reported here was done as an extension of the original

contract for preparing the tables. It involved design of a frugal test plan

suitable for evaluating the procedures, selection of a facility, planning

dive prof i ·1 es and schedules, preparing monitoring procedures, arranging

operational details, conducting, monitoring, and documenting the dives, and 

preparing this report. 

A.e Rationalee

The new tables were produced using the best data available to us. 

Nevertheless, their basis is empirical and their reliability must therefore 

depend on the vdl idity of past experience and how closely it relates to the 

new techniques. The data base used was relevant and appropriate, but it was 

limited to what had been done and it does not completely cover all aspects

of the new procedures. In keeping with the feel i ngs of the profess i ona I 

community knowledgeable in decompression techno I ogy, both the Office of 

Undersea Research and Ham i l ton Research, Ltd. , took the position that a 

meaningful I aboratory val i dat ion of these new procedures would be highly

desirable. The validation trials were not intended as a "development"

Program where repeated tests are used to ''titrate" the optimal prof i le, but 

rat her a val i dat ion of procedures we presumed would be operati ona 11 y 

acceptable to begin with. 
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B. Objectives 

Our objectives were to put the new procedures to as strenuous a test as 
could be fit into a modest series of exposures. We hoped to test as many
different aspects of the decompression procedures as possible, with as many
"worst case" situations as could be arranged. 

We wanted to cover as we 1 l as poss i b 1 e the range of storage depths

covered by the procedures, for both the excursions and the saturation 
decompression. We wanted it to be done with divers having characteristics 
similar to those of the scientific diver population. Mission durations were 
intended to be realistic, and we wanted daily schedules as intensive as any 
eager scientist might conceive, and activity levels to be equivalent to real 
dives. 

Having divers go under water during the excursions would have added 
some realism and made the testing more valid, but this was judged not to be 
cost effective. We fe 1 t this cou 1 d be compensated in part by having the 
divers exercise during excursions. Likewise, we felt that testing of 
different types of surfacing procedures other than routine saturation decom

pression wou 1 d be counterproductive if it were to be at the expense of 
testing the main procedures. 

No new ascending excursion procedures were prepared as part of the 
Contract, so no plans were made to test ascending excursions. This is Just 
as well for a validation project of this magnitude; to include them would 
have diluted even further its already limited scope. 

Although decompression was the main objective, we wanted the test dives 
to provide oxygen exposures that would eva 1 uate the l i mi ts given in the 
procedures. 

We accepted the def au 1 t position of letting subjective symptoms of 
decompression sickness act as the end point, because there does not seem to 
be a better alternative (see Schreiner and Hamilton, 1987). We also wanted 
the exposures to be assessed with a somewhat objective and genera 11 y 
accepted monitoring method, doppler ultrasonic bubble detection. 

C. Contract arrangements 

The original contract ca 1 led for the development of decompression
tables and procedures to be used in habitat-based excursion diving. This 
resulted in the procedures described in Part One of this report. As this 
work began to converge on draft procedures ready to be evaluated by NOAA and 
potential users, it became clear (and it had always been intended) that some 
sort of operational evaluation would be needed before the tables and 
procedures could be released for field use. 

In response to this need Hamilton Research proposed to arrange for this 
evaluation. A proposed test plan was prepared and reviewed with the diving

simulator facilities in the U.S. that might be able to perform such a test 
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ser·ies. Proposals were obtained. reviewed. assessed, and reported by

Hamilton Research, and a preferred facility was selected by NOAA. After an 

additional procurement competition was he 1 d by the contracting office the 

proposal was accepted, and eventually a contract for the testing was issued. 

A subcontract was made between Hamilton Research and International 

Underwater Contractors for performing the test dives at the IUC's North 

American Hyperbarlc Center. Hamilton Research provided overall planning and 

prepared the profiles to be fol lowed, and handled the analysis and 

documentation. !UC furnished the facility, set it up with gases and 

supplies, arranged for "informed" diver-subjects and topside crew, performed

med i ca 1 exams and diver training. carried out the dives, performed the 

monitoring and logging functions, and carried the necessary insurance. An 

agreement was made to cover the extra cost of treatment of DCS by shortening 

the next dive in the schedu 1 e; IUC accepted the risk for any extra days

should there be a treatment on the last dive, and no contingency fund was 

used. lhe divers themselves carried some of the risk for dealing with DCS,

since they were paid a flat fee for the dive and nothing additional for any 

extra time In the chamber due to a treatment. 

Originally the plan was to perform 4 saturations each of about 7 days

duration, but this was changed later to 3 saturations of about 8 days each. 

The first plan was to replicate two storage depths twice, and all of the 
dive days would have had 8 hours of excursions and a 16-hour overnight

break. After discussions with NOAA and potent i a 1 users we cone 1 uded that 

this was much too structured to simulate a real scientific habitat mission,

and using only two depths did not cover the depth range well enough. Also, 

having a 16 hour break every night meant we would not get to test the 8-hour 

interval. Changing to longer missions made it easier to manipulate the 16 

and 8 hour overnight Intervals. A further factor in deciding to go from 4 

to 3 saturations was due to delays in getting the contract approved, and the 

resulting requirement to adjust the schedule; 3 dives fit better into the 
time avai !able. 



----------
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VI. 
METHODS 

This chapter tells how the three week-long simulated saturation 
missions with multiple pressure excursions were performed at !UC, and 
describes the monitoring that was done. 

A. Development of the test profiles 

I. Criteria for scheduling the dive profiles 

In practice we would expect that work requirements, meals, endurance,
daylight, etc., would cause enough breaks in a scientific diver's routine to 
allow more than the minimum time in the habitat between excursions on most 
occasions. Our task here, however, was to cram as many dives into each work 
day as possible, making each interval the minimum duration that it could be 
and st i 1 I meet the er i ter i a of U1e tab 1 es, and making each dive as 1 ong as 
possible. 

Ground rules were that all excursions would be taken from the Repex
tables as printed, following the appropriate methods for selecting the 
ti mes. Each i nterva 1 wou 1 d be for the shortest duration i'1 an i nterva 1 
range that could be used. That is, for the 2-4 hour interval , 2 hours 
wou 1 d be used. It was al so p 1 anned that the ascent ti me back to the 
habitat from the no-stop excursions wou 1 d be taken from the ti me of the 
next interval, as the tables call for. That is, timing the interval begins
when the diver leaves bottom. Ascent is supposed to be done before the end 
of bottom time in one-stop excursions; there was a minor deviation on this 
latter point on the one-stop dives, discussed in section Vl.A.3, below. 

Each excursion was to be for the longest ti me a 11 owed in that 
situation; with the specific except ion of those cooed as "submaxima 1," 
virtually al 1 were done this way. 

We tried to test all intervals, and as many different excursion times 
and depths as possible. We also wantP.d a few "one-stop" and submaximal 
excursions in each saturation, and once on each dive the diver was to be 
he 1 d at the depth of the deepest part of the oxygen window range for the 
duration of the interval. We intended to avoid as much as possible doing
dives in the oxygen-limited range deeper than 200 fsw, because these would 
not be good tests of the decompression algorithm. 

There are some constraints imposed by the kinds of excursions that can 
be done from each of the storage depths; as storage gets deeper the choice 
of excursion durations diminishes. For example, from 110 fsw there are few 
choices of target depth because so much time is allowed at al 1 of them; if 
long excursions are done it reduces the number that can be tested in a given
saturation, and it may impose too much oxygen exposure. Also, we did not 
try to test a full 8-hour excursion in any case. There were just too few 
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days available to spend even one of them on only one excursion. The pattern

of doing a single 8-hour excursion each day is more typical of commercial 

than scientific diving. 

Another specification was that we wanted each day to start at 0800 and 

end at 1600 or 2400, allowing either an 8 or 16 hour day. The idea was to 

f i I I the days out to exact I y 8 or 16 hours, in order to test both the 

cl ass i cal 8 hour work day, and a 1 so the trad it i ona 1 16 hour work day of 

scientists. Perhaps more appropriate than the work day, was to test both 

the 16 and 8 hr intervals. 

Another parameter which we did not try to control when doing the 

planning was daily or mission oxygen exposure. In Repex I I I we did avoid 

some excessively long and deep excursions that would clearly result in 

excessive oxygen expesure, but general I y we just I et the oxygen fa 11 where 

it would and did not try to control or optimize the exposure. In fact, we 

wanted it to be at least as long as the criteria allowed by the procedures,

ideally a little longer. As it turned out this was achieved, with oxygen 

exposure well over the limit in Repex II and III. 

One of the ground rules of the overall plan was that if there was extra 

time required for treatment that it would be taken off the next dive. This 

was done, with Repex II shortened by one day due to the treatment in Repex

I. 

2. Worksheets 

To put each dive together and st i 11 meet these er i ter i a as much as 

possible was a bit of a challenge, exacerbated by the difficulty of adding

hours and minutes without error. To make it possible we put each dive plan

into a computer "spread sheet" ( Lotus 1-2-3) programmed to add the 

appropriate ti mes. It thus became poss i b I e to make changes--us i ng t I mes 

selected from the tables--in excursion depths or bottom times and see the 

effect on the day's schedule immediately. By switching excursions around we 

were able to meet the time requirements, and for the most part we were able 

to get a fair distribution of the various types of excursion. Sample

worksheets for the Repex dives are included in Appendix A. 

The worksheet columns show the excursion number, the dive day. the 

"number" of that excursion in its repetitive sequence, the duration of the 

interva I before the excursion in both hours and hours and minutes, the 

starting time of the excursion, its depth/time, the stop times if a one-stop

excursion, and the time the excursion was over. Comments identify submax

i ma I and post-submax i ma I excursions, and s i gna I when the divers were to 

remain in the oxygen window during the i nterva 1 between excursions. The 

work sheet took care of adding up the ti mes, and a supp I ementa I routine 

helped to figure the post-submaximal adjustments, but it was stil I necessary

to look up the excursion times and the saturation sto�s in the tables. Some 

errors discovered later are shown in bold face within square brackets. 

The da i l y schedules were put together from the 1-2-3 worksheets and 

issued in the form shown in Appendix B. The schedules also included daily 
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routine i terns such as mea 1 s and the subjective questionnaire, and showed 

each of the periods of monitoring with dopp 1 er u 1 trasound. Discrepancies
that were noted after the dives are shown on the worksheets in square

brackets and are detailed in VI.A.5. 

3. Scheduling results 

It was possible to test at least partially all intervals in each of the 

three dives, but of course we could not do all the depth/time combinations. 

However, we were ab 1 e to di str I bute the test dives reasonab 1 y we I I among

the short, deep and the longer, not-so-deep excursions in all three dives. 

To show how these dives were distributed we circled the times used for no

stop and submax i ma 1 excursions on extracts of the tab 1 e pages, and have 

included this as Figure Vl-1. The circled dives are ful 1-time no-stop

excursions; those done more than once have more circles. Rectangles show 
depth/sequence/interval combinations that were done as post-submaximal dives 

for longer times than shown in the tables, and diamonds show the submaximal 
dives that were for shorter times than the tables. 

The one-stops had the same general patterns of distribution, but there 

are fewer total excursions and we did not do a figure. 

On most days the last excursion ended within a few minutes of 8 or 16 

hours, depending on which day 1 ength was schedu 1 ed, so we were ab 1 e to 
produce the desired daily patterns. 

4. Special first excursions in Repex I 

Because the divers had only been at pressure for 4 hours (and were not 

fully saturated) when they began the excursions in Repex I we did special

calculations for the first two excursions. A new depth was calculated with 
DCAP to give the same no-stop times given in the tables. The first dive was 

for 143 minutes instead of 140, and the second was for 140 min instead of 
135. No further adjustments were made because by the next excursions the 
following day the divers were essentially saturated. 

No adjustments were applied to the other two Repex dives. These 

started eight hours after going to pressure, and the effect of not being

fully saturated had an insignificant effect on the first dives. 

5. Discrepancies in timing 

In putting together the schedule we had to make some choices that 

caused the scedules to deviate from the Procedures, and we made some errors 
in determining the table times. 

There was a compromise in timing the one-stop excursions. Normally the 

ascent from a descending excursion can be absorbed into the interval that 
fol lows it (preferred field practice is to start timing the interval on 

return to the habitat), but to get maximum exposure for the tests we started 



Repex I: Storage Depth. = 50 fsw 
Excn lntrvl 65 70 75 80 85 90 95 05 120 125 
1st >16 hr 480 480 116 -21.2nd 8-16 480 480 116 92 
2nd 4-8 480 480 262 116 91
2nd 2-4 ... A 11 480 ... 480 480 200 I 103 86
2nd 1-2 480 462 142 124 77 68
2nd I 2-1 480 419 13 I 54 --�!l 3+ 8-16 480 480 431 116 9c 
3+ 4-8 480 480 340 16 91 
3+ 2-4 480@ 197 I 15 95 3 8E 
3+ 1-2 427 171 107 78 70 w) 42 
3+ 1/2-1 241 91 72 49 38 30 � 22 

Excn lntrvl 130 135 140 145 150 155 160 170 180 190 200 220 240
1st >16 hr 77 67 54 45 40 35 32 27 23 19 16 11 08 
2nd 8-16 77 67 54 45 40 35 32 27 23 19 16 11 08 
2nd 4-8 77 66 54 45 40 35 32 27 23 19 16 11 08
2nd 2-4 72 @ 53 45 39 35 32 27 23 19 16 11 08 
2nd 1-2 60 51 45 41 37 33 30 25 21 19 16 11 08 
2nd 1L2-I 44 37 34 31 28 26 24 20 I 7 15 14 II 08 
3+ 8-16 77 67 54 40 35 32 27 23 19 16 11 08
3+ 4-8 77 66 54 40 35 32 27 23 19 16 11 08 
3+ 2-4 67 60 53 t 39 35· 32 27 23 19 16 11 08 
3+ 1-2 37 33 30 27 25 23@ 19 1 7 15 @Cw 08 
3+ 1/2-1 19 18 16 [21 @ I 5 14 I 2 10 09 08 07 06 

Repex II: Storage Depth=
Excn lntrvl 130 135 140 145 150 155 220 240 
1st >16 hr 480 480 420 282 199 159 24 16 
2nd 8-16 480 480 397 281 198 157 24 16 
2nd 4-8 480 477 327 250 187 147 24 16 
2nd 2-4 480 382 244 191 159 24 16 
2nd 1-2 480 314 182 I 22 16 
2nd I 2-1 480 271 114 83 18 14 
3+ 8-16 480 480 397 281 198 157 1 I 9 79 24 16 
3+ 4-8 480 410 

i�
@118 ® 56 24 16 

3+ 2-4 426 240 6 129 I 88 78 63 52 24 16 
3+ 1-2 244 132 0 72 63 [gj 45 35 28 16 @
3+ 1/2-1 132@ 59@) 34 28@ 18 15 11 09 

·Repex 111: storage Depth 110 fsw 
Excn lntrvl 130 135 140 145 150 155 160 170 180 190 240 

1st >16 hr 480 480 358 17 16 
2nd 8-16 480 480 337 175 16 
2nd 4-8 480 480 285 164 104 29 16 
2nd 2-4 ... A 11 480 ... 480 480 214 139 93@@ 
2nd 1-2 480 463 144 104 73 29 16 
2nd 1L2-I 480 420 87 69 (sz) 29 16 
3+ 8-16 480 480 337 175 105 29 16 
3+ 4-8 480 480 253 164 104@ 16 
3+ 2-4 480 307 5 29 @
3+ 1-2 480 �I 71 8 5 7 2 27 16 
3+ 1/2-1 480 91 30 &B 14 {([D) 

Figure VI-1. Coverage of the Repex no-stop dives 

The circled times are those tested in the Repex dives; multiple
tests show more than one circle. The submaximal dives (run for 
shorter times) are shown with diamonds, and the fol lowing post-
submaximals (run for longer times) with rectangles. One-stop
dives are not shown. 
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at the end of the bottom time as the Procedures allow. Therefore, when we 

planned the original schedules we did not include in the schedule the ascent 

time back to the habitat from excursions. 

That works fine for the no-stop excursions, but there is a problem with 

the one-stops. The longest part of the ascent time cannot be absorbed into 
the 2-minute preliminary stop, first because the Procedures require that 
the full 2 minutes be taken, but also because ascent may be longer than the 
stop. By the time this was discovered some schedules had been firmed up.
In order to keep the over al l schedu 1 e intact we had to consider that the 

ascent time would be absorbed by the interval that fol lowed the decom
pression stop. 

This caused no problem in the schedule or conduct of the dives and only 
a trivial variance f n the er i ter i a for worst-case exposure, but it did 

force us to have the fol lowing interval absorb the travel time. Accord

ingly, in some cases the interval following a one-stop excursion is not for 
the full time of the interval as stated in the table; it- is shorter by the 

number of mi nut es of ascent ti me. It would have been poss i b 1 e to shorten 

the bottom time of the one-stop excursion instead, but we felt this would 
cause the least deviation. The sample DCAP run for Repex II in Appendix D 

shows it this way. 

As an examp 1 e, consider the excursion to 190 f sw for 60 mi nut es at 
1753 on Day 3 of Repex I I . The excursion is ti med to al l cw the fu l 1 60 
minutes on the bottom. Ascent takes 3 minutes to get to 105 fsw for the 2-

minute preliminary stop. The stop takes 2 minutes, and this is followed by
"instantaneous" ascents to 95 fsw for the 14 minute stop and on to 80 fsw 

for a "4 hour" interval. In order to make the next dive start at 2309 as 

scheduled it was necessary to use a time of 237 min instead of 240 for the 
time at 80 fsw. This is in the right direction for a worst-case exposure,
but it sets a bit of a bad example by al lowing an interval of 237 mi-n to be 

considered as a full 240. We do not want to suggest that it is all right to 
shorten the intervals, even by a few minutes! Consider this a special case 
for these tests only. 

There were also two cases of dives not being calculated correctly, a 
post-submaximal in Repex I (#21, 120/76, which should be 120/58) and an 8-hr 

overnight interval being considered as a 16-hr which affected the following
dive (#7 in Repex II, 180/35, which should be 180/15). 

There was also a discrepancy In the early part of the saturation decom

pression for Repex Ill. The ascent "rrate" of 38 min/fsw was used from 110 
to 95 fsw, whereas 21, 22, and 23 fsw/min should have been used for those 

three stops, making the saturation decompression 240 minutes longer than it 
should have been. 

6. Shortened Repex II 

Because Repex took an extra day due to the treatment, we had to take 
the day off of Repex II. 
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B. Diver subjects 

The d Ivers were se 1 ected by I UC from recent graduates of I UC' s 
Professional Diving School of New York and the local diving corrrnunity. A 
team for each saturation inc I uded 4 pr I mary d Ivers and one standby. A I I 
were determined to be medically fit, and al I, including the standbys
whenever possible, were given the full indoctrination and training. 

1. Description of the divers 

The Individual characteristics of the divers are sulTITlarized in Table 
VI -1 . Nine of the 12 were recent graduates of the Profess i ona I Diving
School of New York, which helped particularly with their fami I iarity with 
the chamber system. Some were employed as divers on an occasional basis, 
some were continuing with other schooling, and others were employed
elsewhere. They were uniformly eager to be involved in a special project of 
this sort. All were in a good to excellent state of physical fitness, but 
one was somewhat overweight. Most make a practice of regular exercise, but 
two keep fit pr I mar i I y by da i I y hard phys i ca I work. They were asked to 
estimate the number of dives they had done; these were not confirmed, and 
some did not answer. 

2. Medical surveillance and ethics 

Candidate divers were given a medical check or their medical records 
were examined before they were selected for a dive; er i ter i a were 
essentially the same as for corrrnercial diving work. Because the tests were 
regarded as operational and the risks of unusual exposure or injury were no 
different from those encountered in routine cormiercial diving (actually they 
were substant I a 11 y 1 ess) it was not considered necessary to perform an 
unusual neurological or biomedical workup. 

Although the dives were considered to be routine operational tests and 
no spec i a 1 medical workup was needed, the divers were nevertheless 
experimental subjects and were briefed on the possible risks involved with a 
saturation exposure in a pressure chamber and on their r I ghts and 
responslbi l ities as subjects. Each signed an "informed consent" form 
i ndi cat i ng that he or she understood and accepted the conditions of the 
dives. The divers were paid a modest amount for each scheduled day's work, 
either in training or in the chamber. No extra pay was to be given in the 
event a dive took longer than scheduled as a result of decompression
sickness. 

As a group they represent a reasonab 1 y good mode 1 of the sci ent i fi c 
diver population one would expect to find on a habitat diving operation, but 
are probably a bit younger and possibly more physically active. 



Tab1 e V 1-1 • Repex diver descriptions 

Reeex I 

Diver 1-1 1-2 1-3 1-4 
Initials RW JB MC PK

Age, yr 
Weight, lb 

Height, ft, in 

Fitness level 

Dai l y exerc i se 
Smoker? 

23 19 32 
200 210 181 

5'9" 5'11" 6' 0" 

Fair Fair Good/exc 

Jog 3 mi Active Hard work 

No No No 

23
135 

5'8"
Exel Int 

l hr+
Yes 

Diving experience 
POSNY graduate? 

Cormiercial (non-scuba), yr 

Scuba/sport, yr 
Approx number of dives 

Previous DCS? 

Yes Yes Yes 

0 1/2 1/2 

6 2 3 

40 

No No Yes 

Yes 
l+ 

6 

Yes 

Previous skin bends No Yes No No 

Reeex I I 

Diver 
Initials 

11-1 11-2 11-3 
HR KL VR 

11-4

KG 

Age, yr 

Weight, lb 
Height, in 
Fitness level 

Dai ! y exercise 
Smoker? 

22 28 44 

128 100 122 

5' 4" 5' 2" 5' 3" 

Exe 11 nt Very good Good 

v. active l Active. 
No No No 

27 

138 
5'7" 

Exel Int 
Active 

No 

Diving experience 
PDSNY graduate? 
Cormiercial (non-scuba), yr 

Scuba/sport, yr 

Approx number of dives 
Previous DCS? 

Yes Yes No 

l 0 0 

3 8 l 1 
150 400 

No No No 

No 

0 

I 
20 

No 

Previous skin bends Yes No No No 

Reeex I I I 

Items: I I I - I 111-2 111-3 111-4 
Initials J£G JKG JG JL 
Age, yr 
Weight, lb 
Height, in 
Fitness level 
Daily exercise 

Smoker? 

38 21 28 
175 175 235 

5' I 0" 6' 0" 5' 9" 

V good V good Fair 

V active Active Some 

No No Yes 

62 
150 
5' 9" 
Good 

Hard work 

No 

Diving experience 
POSNY graduate? 
Commercial (non-scuba), yr

Scuba/sport, yr
Approx number of dives 

Previous DCS? 

Yes Yes Yes 

3 3/4 2 

16 I. 5 9 
900 

No No No 

No 
0 

30 

No 

Previous skin bends No No No No 
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C. Faci 1 ity 

The ''dives" were performed at the North American Hyperbaric Center, an 

affi 1 iate of International Underwater Contractors. !UC is a commercial 
diving and underwater construction company located on City Island, NY. The 
hyperbari c center serves as a treatment faci 1 ity for New York City's

Emergency Medi ca 1 Service, hand 1 i ng carbon monoxide and smoke i nha 1 at ion 
cases, diving accidents, and more routine cases requiring hyperbaric oxygen
therapy. The center has also until a few months before the Repex operation 

been the locus of a major training school for professional divers. 

I. Chambers 

The chamber facility consists of two complexes, each having a vertical 
"wet pot/igloo" chamber 24 feet tal 1 and 10 feet in diameter attached to a 
horizontal living chamber or DOC 16 feet long and 6.5 feet in diameter. The 
living chamber has one compartment 10 feet long and a 6-foot lock, and is 

connected to the igloo by a 3 foot tunnel. One of these complexes was used 
for Repex. The wet pot remained filled with water, but the overhead igloo

chamber was closed off by a plywood and metal floor to reduce the moisture 

load on the environmental control system and to create a comfortable living
working area 10 feet in diameter. Figure Vl-2 shows a cutaway of the 
chambers in their building; the control panel is on the other side of the 

chambers from the location shown on the drawing. 

The pressure rating is equivalent to 1000 fsw. The complexes are 
control led by a fully instrumented control panel having oxygen and carbon 

dioxide ana 1 ys i s, gas management equ i pment, 1 i ght i ng, video, and commun

ications. A Kinergetics environmental control unit in the basement 
maintains comfortable temperature and humidity levels. 

During the Repex dives the other chamber complex did business as usual,

treating patients on an almost daily basis. 

These chambers had belonged for many years to the US Navy's Exper i -

mental Diving Unit in the Washington Navy Yard. They were obtained by IUC 
when the EDU moved to Panama City. 

2. Support facil !ties 

The chambers are housed in a 15,000 square foot bu i 1 ding, which al so 
contains a wet training tank, welding and shop equipment, a medical office, 

c I ass rooms, offl ces, supply storage, a bunk room, and an exercise/weight 
room. The chamber area is air conditioned. The main offices of IUC are 
located in an adjacent building. Another large building houses the 

maintenance facility for IUC's submersibles and ROV's. A barge at the other 
end of the 7. 2 acre yard served as the diving schoo 1 s outdoor training

facility. Helicopters land near the chamber building with emergency cases. 
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NORTH AMERICAN 

HYPERBARIC CENTER 

Figure VI-2. Cutaway of the IUC facility 

The complex used for Repex is the one on the left, which had the 

be l I s i mu l ator I owered out of the igloo and a cover over the 
water. The control pane I is located opposite the DOC' s rather 

than on the lower deck as shown here. 

3. Gases 

Several high and low pressure compressors supply compressed air to the 

complex. Several banks of cylinders and a retired diving chamber serve as 

gas storage. Oxygen was obta f ned from banks of cy 1 i nders. Nitrogen for 
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Repex was obtained as a liquid in standard dewars. Resupply was planned so 
as to match boi !off as closely as possible to normal consumption by the 
operation. Compressed nitrogen was available for backup, and by using this 
on occasion we were able to maintain the rates called for in the dive plan
and Repex tables. Compressor capacity is a weak point of the facility for 
dives of this sort. 

D. Topside crew 

The topside crew consisted of sever a 1 experienced corrvnerc I a 1 diving
supervisors or EMT/life support technicians who acted as shift supervisors,
p 1 us operators who were as a mini mum graduates of POSNY. Many of the 
operators were also Repex divers on other missions. All were quite familiar 
with the system, having done dives fn ft and operated it as well. These 
were supported by mechan f cs, a machinist, and e 1 ectron i cs and mechan i ca 1 
technicians. At least two operators and a supervisor were on hand at all 
times. 

Medical coverage was provided by an experienced Physician's Assistant 
who worked as supervisor on one shift and was on call at other times. He 
was backed up by the emergency department of Bronx Municipal Hospital; the 
hyperbaric center has an established relationship with that hospital (Hamil
ton and Peirce, 1984). An additional physician on the investigative team 
provided occasional advice. 

E. Monitoring 

As this was designed as an operational validation rather than a 
bi omed i ca 1 study, no blood samp l i ng or s i mi 1 ar monitoring was performed.
Our main objectives in this area were first to ensure the safety of the 
divers, then to monitor for decompression sickness, and next to keep track 
of their general condition and tolerance of the exposure. 

!. Doppler ultrasonic bubble detection 

The on 1 y fu 11 y accepted end point of decompression tab 1 e tests is 
decompression sickness, DCS. For these excursions we expected few problems
with DCS, consequently we needed some means of monitoring decompression 
stress in asymptomatic divers. While it is by no means a perfect solution, 
we used doppler ultrasonic bubble detection as a secondary means of 
assessment. Because it could be rnonaqed within the scope of the program we 
chose precordial detection of venous bubbles in the pulmonary artery.
Bubbles detected with this technique do not have good correlation with DCS 
in the same diver at the same ti me, but high bubble scores do seem to 
correlate with tables that have high incidences of DCS. In any case it is 
non-invasive, cou 1 d be done reasonably we 1 1 on these dives, and gives a 
measure of bubble activity which cl early reflects some measure of decom-
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pression stress (Powel 1, Spencer, and von Ramm, 1982; Thalmann, 1984; 
Lauckner, Nishi, and Eatock, 1984). 

Unfortunate 1y dopp l er bubb 1 e detection is part i cu 1ar 1y unre l i able in 
saturation diving, and we felt our most 1 ikely probability for DCS was in 
the saturation decompressions. 

Monitor l ng was done with a Spencer ( Institute for Appl i ed Physiology
and Medici ne, Seatt 1 e) battery powered cont i nuous wave dopp l er unit Mode 1 
1032G operating at 5 mHz and focussed at 5 cm. These units have been shown 
to operate well at pressures in our range, and offer no particular hazards. 
We are grateful to the Naval Submarine Medical Research Laboratory for the 
loan of these units. 

The output jack of the unit in use in the chamber was connected through 
a penetrator to a convnerc i al hi -f i cassette recorder/pl ayer. Each diver 
placed his/her own probe, and both the diver and the topside investigator
l i stened to the signals. Because both were wearing the dopp 1er headsets 
they could not use the normal communications system, so we rigged a light
shining through a vi ewport so that it could be control 1 ed by a househo 1 d 
dlnvner switch operated by the investigator. This way when the probe was not 
right the light was dim, as it got better the light was brighter, and when 
the s i gna 1 was what the investigator wanted he turned it on fu 11 bright.
Th ls greatly s imp 1 if i ed the process; it resulted in good s i gna 1 s, and 
because it made each reading fairly quick neither the divers nor the 
investigators got too impatient with this normally tedi�us activity. 

The recordings and grading were performed by a diving medical officer 
trained by the Spanish Navy, but of relatively limited experience (J.A.
Amat, MO, PhD). He spent a few days with the IAPM and DCIEM training tapes
and reached a point of high scores on these, and reasonable confidence. 
Thus one person did all the recordings and all the grading. Another 
investigator checked many of the scores and had no disagreements with them. 

We chose to monitor every 45 mi nut es after the beginning of decom
pression. Since 4 divers had to use the same equipment we scheduled 
readings at 40, 85, and 130 min after the divers left bottom, and took the 
readings in the next 10 or 15 min following that. The divers took readings
in the same order (1, 2, 3, 4) each time. Each held the probe for 30 sec of 
good recording, then did a deep knee bend and took another "fl ex" reading.
During saturation decompression readings were taken three ti me a day at 
0830, 1430, and 2200. The first impression results of each reading were 
written on a form and the signals were recorded. Each was rechecked later 
and a final score given on the subjective judgement of the analyst. We used 
the Spencer code (Spencer, 1976). 

It was not possible to get all three readings on many occasions. The 
main reason was that in many cases the divers were off on anott1er excursion 
before the third and in many cases before the second reading could be 
obtained. On the nights when diving went until midnight with an excursion 
starting at 0800 the next morning we required only the first two readings.
And on a few occasions equipment problems made the readings either 
impossible or unsatisfactory. After one string of trouble, what we thought 
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was battery prob 1 ems turned out to be a 1 oose spring c 1 i p inside a BNC 
connector. 

We plotted the bubble grades on a scale of 0, I, 2, or 3 (there were no 
4' s) , showing each measurement and each score on a graph with the entire 
dive profile. 

2. Questionnaires and subjective comments 

To get a da i 1 y assessment of both the condition and fee 1 i ngs of the 
divers we used a questionnaire derived from those developed by Vaernes and 
colleagues (Ellertsen, Hammerborg, et al, 1982). It was given to the divers 
at supper ti me and was to be f i 1 1 ed out by bedtime. The questions are 
directed at the types of prob 1 ems divers have been known to have on 1 ong
saturation dives. Some questions are directed at high pressure effects, but 
others cover most of the DCS symptoms likely to be encountered. A sample of 
the questionnaire used is given in the Results section to facilitate 
interpreting the answers. No performance tests were done. 

Severa 1 questions were intended to ca 1 1 attention to any symptoms of 
pu 1 monary oxygen toxicity. and we a 1 so tried to assess the divers' s 1 eep
status. In many comp 1 ex experimental deep dives the divers have been so 
exhausted that it has been impossible to segregate effects of the dive 
environment from those of lack of sleep. 

In addition to the questionnaires the divers were encouraged to tell 
any symptoms to the operators for entry in the log, and there were daily
short conversations with the supervisors and the investigators. There was a 
cursory daily medical check as well. 

F. Doing the dives 

I. Chamber management 

Because there were only two main chambers it was necessary to do some 
manipulations in order to accomplish all the gas changes, etc., and still be 
able to look after the safety of the divers. The basic rule was that all 
ti me spent at habitat depth shou 1 d be at a near-normox i c PO of 0. 32 atm,2 
and a 1 1 ti me spent on excursions shou 1 d be on air. To be rea 1 i st i c the 
changes had to be relatively abrupt, as would occur in a seafloor habitat 
when divers doff and don their breathing gear. This was accomplished with 
no significant deviations. 

Generally the DOC was kept at 0.32 and the Igloo was air. The divers 

wou 1 d make a qui ck transfer, then both atmospheres wou 1 d be corrected if 
necessary. This was good for short excursions, but for longer ones it was 
desirable to have more room, so this change was made at first, then the DOC 
was converted to air (by adding oxygen) and the hatch could be opened making 
both chambers ava i 1 ab 1 e. Sometimes the divers used the mask breathing
system while changes were being made. Any time there was a possibility of a 
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hypoxic atmosphere or the incorrect mix during a switch they went on mask. 
At night the igloo was switched to normoxic and both were available. 

Typ i ca 1 l y the temperature ranged between 70 and 78 F, with relative 
humidity 65-75% (75-85 in Repex I). The divers were comfortable most of the 
time. 

2. Living arrangements 

The four divers slept wherever they were comfortable. There was room,
theoretical 1 y, for four bunks in the DDC, but these were crowded so the 
Igloo was used also. One diver usually used a hammock, and on one dive a 
diver slept in the tunnel between the chambers. 

There was a shower in the igloo, with hot water. A chemical toilet was 
put in the outer lock on request. 

Meals were obtained from local delicatessens and restaurants. This was 
one aspect of the schedu 1 e that was often not done on ti me. Meals were 
scheduled to be eaten at a time when the divers could take a break for a few 
minutes; some were to be eaten during excursions. 

No attempt was made to control or monitor di et, but the divers were 
given al l the fluids they wanted and were encouraged to drink as much as 
they could. One beer was allowed with the evening meal when they were not 
excursing in the evening. 

3. Exercise 

Some exercise was performed during all excursions. The exercise 
consisted of riding an exercise bicycle, or doing situps, chinups, or 
pushups. A 15-minute session of exercise was performed, more or less,
during every full 40-minute period of an excursion. 

During a session three divers exercised at one time, one on each 
exercise, while the fourth maintained co!lYTlunications with Topside. They
rotated Position every 5 minutes over 20 minutes, such that each could do 15 
minutes of exercise during each session. 

This is an area where we expected mot i vat i ona 1 prob 1 ems, but we got
little grumbling and a surprising amount of activity during excursions. We 
did not attempt to quantify or even to monitor the exercise rigorously, but 
we ar� conv i need that the activity levels on al l ex�urs ions was at least 
equivalent to an observation or samp 1 e-co 1 1 ect i ng dive, and was often a 
great deal more. 

4. Fire drills 

To keep divers alert, to remind them constantly of the fire risk in an 
a i r-f i 1 1 ed chamber, and as a form of entertainment the divers were given 
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periodic (~daily) fire/mask dri 1 ls. They were to transfer to the other 

chamber and put on masks as quickly as possible. There was competition, and 

the last one to get through and get on mask was the goat. The times ranged

10 to 15 seconds. The divers liked this activity. 
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VI I. 
RESULTS 

A. Saturation-excursion dives performed 

This section gives summary data and profiles of the three Repex dives, 

and specific information on the individual dives and divers. 

I. Dive sunvnary 

Three week-long saturation dives were done, each with 4 subjects, each 
with as many excursions as could be done between reaching storage depth and 

beginning decompression, but allowing reasonable time for sleep. The 
"statistics" of these saturations are summarized in Table VII-I. 

Essentially everything included in the plan was done, with some 
deviations which are noted in the next section, VII.A.5. The plan gave a 
representative coverage of the various factors considered in the Repex
Hab·i tat Diving Procedures. This inc 1 uded 3 different storage depths spread 
over the range, excursions scattered over the a 1 1 owab 1 e ti me-depth range
from each storage depth, repetitive dives fol lowing all interdive intervals 
in the tables, submaximal dives followed by repetitive dives adjusted for 
the unused time, interdive periods spent in the deepest oxygen window range,
longer excl:rs ions with decompression stops, both 8-hour and 16-hour working
days, and a wide range of oxygen exposures. Divers performed moderate 
exercise on all excursions, doing a 15 minute period of self-paced exercise 

every 40 minutes. No ascending excursions were done. 

Saturation decompression ascent by both 5- and 1-fsw steps was used,

and we tried waking the divers every two hours at night or I ett i ng them 
sleep. Two methods of dealing with excursions were used, holding or using a 
precursory table. 

Graphical profiles of the three Repex dives are given in Figure VIl-1. 
Detailed schedules of each saturation are given in Appendixes A and B. The 
dives were carried out close enough to the schedules that we elected not to 
include a log; the schedules serve that purpose quite wel 1. Unusual events 
are covered in the descriptions of the individual dives in section Vll.A.2,
3, and 4, below. 

The ex cursions were car·ried out without significant incident. 

Compressions were delayed a minute or so on a few occasions for ear 
clearing or to seal a hatch, but in no case enough to affect the decom
pression pattern; all bottom times were essentially as planned. No symptoms

of DCS were noted fol lowing any excursions, but one diver had pain-only
symptoms at 10 fsw in the final saturation decompression from Repex I. rhe 
other two saturation decompressions were clean. 



Table VII-I. Repex dive summary 

Operation: Repex I Repex I I Repex I I I Total 

Saturation depth, 
Number of divers: 

fsw pressure: 50 
4 

80 
4 

1 I 0 
4 12 

Sex: M F M

Number of hours at depth: 
Number of excursions: 

128* 
22 

109 
23 

112 
15 

349 
60 

No-stop 
One-stop
Submaximal 

14 
5 

3 

16 
4 

3 

12 
2 

42 

1 I 
7 

Diver-excursions: 88 92 60 240 
Excursion decompressions**: 
Hours on excursions: 

22 
27 

22 
26 

14 
22 

232 
75 

Diver-hours on excursions: 108 104 88 300 
Hrs in saturation decompression: 
Excursion depth range, fsw: 
Excursion time range, min: 
CPTD, total 
CPTD, daily average (PO2 >0.5)
Days exposure for CPTD average
DCS after excursions 

37.6* 
95-220 
10-307 
1844 

326 
5.7 

0 

53.4 
140-240 

13-240 
2989 

584 
5. I 

0

84. I 
180-240 
12-240 
3321 

529 
6.3 
0 

95-240 
10-307 

0 
DCS, saturation decompression 1 0 0 I 
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Age range 19 to 62 

Weight range 100 to 235 lb, mean 162 lb. 

Notes: 

* Repex I includes an additional JO.I hr to complete prescribed
DCS treatment regimen. 

** On Repex I the divers held at storage depth for 12 hr after the 

last excursion before beginning decompression; on the last 
excursions of Repex II and III the divers did not decompress back 
to habitat depth, but instead started the saturation decompression
from the excursion. 

Meals were not necessarily served at the times given in the schedule. 
It was up to the topside crew on duty to arrange for meals, and there always
seemed to be some excuse as to why ft could not be done on schedule. The 

divers got to order their meals so were generally pleased with the food once 
it arrived. The food system got off to a slow start, so there were some 

rightful complaints during Repex I. 
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Figure VII-I. Profiles of the Repex dives. 
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2. Repex I summary 

Repex I began with the usual startup problems but went to pressure on 
time at 0800, taking 10 min to reach 50 fsw. We had problems with the 
doppler connections and recording, and this occupied the attention of many
of the topside people for the first two days; a better amplifier/recorder 
was installed the second dive day. We were able to get satisfactory
readings in most cases. 

Excursion 21, Day 6, used a post-submaximal time of 76 minutes at 120 
fsw, but the wrong interval was used and the correct time should have been 
57 min. 

To start the saturation decompression the divers were held at storage
depth for 12 hr after the last excursion before beginning decompression.
This decompression was by 5-fsw stage steps. There was a case of pain-only
DCS at 10 fsw; this is covered in VII.C. This caused the decompression to 
be over at 1735 instead of the original time of 0725, a delay of IO.I hours. 

3. Repex II surrrnary 

Repex II started at 2400, taking 45 min to reach 80 fsw. Excursions 
started on time at 0800 and were all done without incident. This dive was 
one day shorter because of the treatment in Repex I. 

The 6th and 7th excursions, the first ones on Day 2, were calculated 
with the wrong interval. The times are the same, 33 min, for a 1st or 3+ 
excursion, but the next dive to 180 fsw should have become a 3+ yet was 
calculated as a 2nd excursion so has the wrong time (35 instead of 15 min). 

Just after the end of the 1 ast excursion on Day 2 the ECU stopped
abruptly. The problem was a loose wire in one leg of the 3-phase supply,
and it was fixed in 2 hr. Otherwise the divers and the apparatus worked 
superbly well. 

The saturation decompression was started at 130 fsw on return from the 
last excursion and was uneventful until the divers stepped out of the 
chamber on 1 ive New York City TV, "Alive at 5," Channel 4. This, 
unfortunately, cannot be claimed as the result of good planning. The 
chambers were scheduled to surface at 1717, and the program runs from 1700 
to 1730 so it fit perfectly and was relatively easy to arrange. Four young 
women, all of them attractive, cooped up in a pressur� chamber for a week 
seemed ·sufficient 1 y newsworthy. 

Perhaps this is the time to rep0rt on a special aspect of Repex II. It 
was a fortuitous mix of personalities that created a most delightful as well 
as effective crew. Two of the girls had known each other beforehand, and 
the other two fit In perfectly with them. They quickly became good friends,
and despite the steady string of demands made on them by Topside, the 
investigators, and the schedule they treated the whole experience as a long 
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pajama party. They picked up on the term "Topside," dubbed thefl)selves
"Bottomside,'' and at times behaved accordingly. There were plenty of pranks
and jokes, but they were always ready when "Dr. Doppler" came around, and 
always did their job. To those of us who had done many such laboratory
dives, this one was really special, the best ever. 

4.e Repex Ill summarye

Repex III started at 2400 and required 32 min to compress. The first 
excursion was at 0800. All were completed without problems. 

The saturation decompression was started at 155 fsw on returning from 
the 1 ast excursion and was completed without incident. The ascent pattern
in Repex Ill used linear ascent." At 22 fsw during saturation decompression
there was a 30 sec excursion to 18 fsw coincident with a lock change. 

In contrast to Repex II, this crew had two clashing personalities, and 
though they did their work in a professional way there was noticeable Inside 
tension by the later stages. 

5.e Deviationse

Except for the treatment at the end of Repex I, we do not know of any
significant deviations from the schedules as given In the appendix. Section 
VI . A. 5 gives some choice made in schedu l i ng that deviate from the table 
rules. and mentions some timing errors made in planning the Repex dives. 

8.e Assessment of excursion _gecompress i_one

I.e Doppler bubble monitoringe

Dopp 1 er ultrasonic monitoring was performed at 4 5 rn i nute intervals 3 
times fol lowing each excursion, except for the ones late at night when only
two readings were taken, or when another excursion began before it could be 
done. Occasional readings were missed because of equipment problems. Each 
reading consisted of listening/recording for 1/2 to I min with the diver at 
rest (standing), then again right after the diver did a deep knee bend. 

Resu I ts of the dopp l er monitoring are given in Figures V 11-2 through
VI l-7. fhe grapr,s are all in the same forrnot, and show two divers each,
with a rest and a "flex" grapr, for each, and a profile of the entire dive. 
fhe graphs show a srnal l tic each time a doopler reading was taken. For 
readings in wnich bubbles were heard there are marks which are l. t. or ,
"grades" t, 1 gh, rnea:,ured against the left axis. r he graphs do not show Grade 
IV oecause th1s 1 evel was not encounterec durino Repex. 
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Figure Vll-2. Repex I doppler scores, Divers 1-1 and 1-2 

Only one doppler reading reached a level of III on the Spencer scale,
but there were several Grade !I's and numerous Grade I's. 

There were a few readings during the saturation decompression that 
resulted in doppler grades of I or higher. These were not high or prevalent
enough to be of concern, but do indicate that a stressful decompression is 
In progress. 

On inspection these levels were exactly what we had targeted, feeling
that significantly lower scores would indicate too conservative tables, and 
the converse, even if no OCS had been encountered we would not have been 
happy with excessive bubble scores. Therefore the doppler readings suggest
that the excursions are about right in decompression stress. 
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Figure Vll-3. Repex I doppler scores, Divers 1-3 and 1-4 

Divers 1-3 and 11-1 seem to be "bubblers," as they have more and higher 
scores than the others. Diver 1-3 had the DCS at the end of saturation 
decompression. 

No pattern is evident in the dopp l er data. In an effort to see If 

there were patterns that could shed some light on the decompression stress 

of different types of excursion we put the doppler results in a data base 

program (Reflex, by Bor 1 and) for ana 1 ys is. The scores were grouped by

first, second, or third doppler run after the excursions, by Repex dive, and 

by combinations. These were plotted for interval time, bottom depth,
differential depth, and bottom time, all against doppler scores (rest and 

flex averaged, recognizing that this is considered by some to be 

statistically invalid; Nishi and Eatock, 1987). Scatter diagrams were 

produced for a variety of combinations. 
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Figure Vll-4. Repex II doppler scores, Divers 11-1 and ll-2 

The results of this analysis showed an almost total lack of correlation 
of any of the plots. There was no point in trying to perform a proper
statistical analysis on plots with the types of scatter seen. Part of this 
is due to the relatively 1 imited amount of data, since there were few high 
scores. The o'n 1 y p 1 ots that showed any hint of a valid relation was a 
s 1 i ght- negative regression of average score against bottom ti me. That is,
the scores were 1 ower for the 1 onger bottom ti mes. This could be 
interpreted to say that the higher dopp 1 er scores were from the shorter 
excursions. These would be the deeper ones, ones that showed the problems
for which the matrix was adjusted in preparing these new tables. 

With pr act i ca 11 y no grades above I I and these well distributed we 
cone l ude that the dopp 1 er bubb 1 e detection supports that these excursions 
were without significant decompression stress. 
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Figure VII-5. Repex JI doppler scores, Divers 11-3 and 11-4 

2. Subjective reactions to excursions 

With the relative barrage of excursions we were nervous at first about 
whether the a 1 gor i thms wou 1 d work. From the subjective responses of the 

subjects in all three dives we saw no reason to question the reliability of 

the excursion profiles. Some mentioned itching after excursions, but it was 
short- I i ved and soon forgotten. Some of the pains were not affected by

going to pressur·e on the next excursion, nor were they exacerbated by
subsequent decompressions. There were a few aches and pains, some with 
characteristics of 0CS. but none stood up as being DCS. Otherwise none 
persisted enough to be even seriously suspected of being DCS. 
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·

Figure VIJ-6. Repex III doppler scores, Divers 111-1 and 111-2 

Nor did the subjects feel any of the subclinical characteristics like 

"n i gg I es" or excessive fatigue. These were not experienced "decompression

divers" (who may speak of feeling bubbles in their circulation), but with 

the intense scene of awareness that prevailed we feel that had these been at 

all prominent they would have been mentioned. Plenty of other more trivial 

symptoms and "awarenesses" were not only mentioned but were blown out of 

proportion. 

No one reported the "extreme fatigue" that often accompanies inadequate 

but asymptomatic decompression. 

We could see no other result than that the excursions were well 

tolerated. 
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Figure VIl-7. Repex III doppler scores, Divers 111-3 and 111-4 

C. Saturation decompression 

l . Repex I DCS 

On ascent from 10 fsw to 5 fsw Diver I-3 reported bilateral knee pain,
with the left knee worse (pain level 4 or 5 out of 10). He was recompressed
within 17 minutes to 15 fsw, went on oxygen, and pain was reduced to level l 
within another 16 min. For the second 20-min cycle of oxygen the chamber 
was compressed further to 20 fsw, and the remainder of the 6 eye l es were 
completed at that depth. Minimal sensations were noted at the end of the 
2nd cycle and were completely gone by the end of the third. The chamber was 
decompressed to 10 fsw at 12 min/fsw, held at· 10 fsw for 2 hr, decompressed
to 5 fsw at 47 min/fsw, then to the surface at 54 min/fsw. These rates are 

-
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those from the 50-54 fsw saturation decompression. There were no further 
symptoms. This treatment was according to standard practice; we were unable 
to use the treatment being developed for the Procedures because it was being
modified and not firm at that time and we felt it would be better to go with 
a more traditional technique. 

Unfortunate 1 y the other 3 divers in Repex I were treated by recom
press ion (but not oxygen breathing) along with Diver 1-3. This could have 
acted as therapy for incipient bends had they been present. No symptoms
other than niggles had been noted by any of them. 

Whether ft had any effect cannot be determined, but in the Repex I 
saturation decompression we failed to brief the night topside crew properly
and on the second night they d Id not wake the divers for their 2-hour 1 y
stretches that had been planned. They had been awakened the first night. 

2. Saturation decompression in Repex II and III 

Nothing e 1 se reported by the other subjects was indicative of DCS 
during the saturation decompressions. In the case of vague symptoms during
saturation decompression we would expect the symptom to get more prominent
with time, not to go away. We therefore conclude that there were no valid 
symptoms of DCS on the other Repex saturation decompressions. 

In Repex I I the saturat I on decompress I on was started at 130 fsw on 
return from the last excurs I on; the divers did not return to the habitat 
ffrst. Saturation decompression was done on the table for 80-84 fsw; ft 
would have been allowed to the 75-79 fsw table, but in view of the DCS in 
Repex I we felt conservative at this point. 

Diver 11-1 felt "pins and needles" for a while at 10 fsw, which cleared 
up and was not present the last 3 hr of decompression. 

The Repex III saturation decompression was carried out in 1-fsw stages
(as an example of l lnear ascent, the "continuous bleed" method), beginning
at 155 fsw on return from the 1 ast excurs I on. It had been intended that 
this dive would have the divers go back to the habitat for 5 min and then 
recompress to the starting depth, but we overlooked putting it on the 
schedule that way. This decompression used the 105-109 storage depth as 
allowed by the tables; this table Is found In Appendix C. 

Due to another error f n prepar Ing the schedu 1 e the 15 fsw of ascent 
between·110 and 95 fsw was at 38 mln/fsw and it should �ave been at 21, 22, 
and 23 mln/fsw. This added 240 minutes of decompression time to the 
schedule. 

Diver I I I-3 noted "smal 1 aches and pains that come and go" during the 
f i na 1 stages of the decompress I on, and I I I -1 noted he cou 1 d fee 1 an o 1 d 
shoulder injury at about 18 fsw. There were a few other niggles. 
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D. Oxygen toxicity 

I. Chronic toxicity 

a. Exposure surrmary 

No attempt was made to control the oxygen exPOsure. Repex I had too 
many short excursions to amass a significant CPTD, but the other two were 
deep enough--mak ! ng the excurs Ions 1 ong and deep enough--to bu I 1 d up some 
oxygen exposure. This 1 ed to exposures that were substant I a 11 y more than 
are allowed by the procedures. From about Day 4 In both Repex II and III 
the dosage was substantially higher than the allowed cumulative exposure for 
a mission of that duration. This Is shown in Table VI I-1 and In Figure
VII-8. 

The total CPTD values in Table VII-1 are calculated by sunrning the CPTD 
uni ts from the moment they began unt I 1 they were no I onger accumu 1 at i ng. 
These units are counted for any minutes during which the P0 exceeds 0.52  
atm, and for a I I three Repex d Ives th Is began at the start of the ff rst 
excursion. Likewise, for all three dives the last unit was counted Just 
before the depth became shallower than 47 fsw during saturation decom
press ion. The CPTD's are counted over the time interval between those 
points. 

The oxygen exposure limits chart (Table VIl-4 in the Procedvres) can be 
interpolated to give an "al lowed" CPTD for a mission of that duration. 
Repex II had hyperoxic exposure over 5.1 days. The chart allows 2300 units 
for 5 days, and the additional fraction of 0.1 day Is 0.1 • (2520-2300) = 22 
for a total of 2322. The CPTD accumulated by the Repex II divers was 2989 
over 5.1 days. For Repex III the divers got 3321 units and the chart would 
allow 2562. These are plotted in Figure VII-8. 

b. Symptoms and comments 

During the early part of the decompression from Repex III Diver 111-4 
had mild substernal pain when asked to breathe deeply and think about it. 
He said he "probably would not have noticed ft" if he had not been queried.
(He probably would have.) Likewise both Divers III-I and 11-2 noted "chest 
tightness" Just before the point where they went from air to the 0.5 nitrox. 

Although the Repex II and III divers had mild but definite symptoms of 
pulmonary oxygen toxicity under examination, these were not the subject of 
complaints, and in general the divers were completely tolerant of them. 

These symptoms we would consider operationally acceptable, and In fact 
it was the level we were shooting for (we hoped for mild symptoms In perhaps 
one diver out of four from the most severe exposures, which are well over 
the 1 irnits). 
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Figure VII-8. Cumulative oxygen exposure of Repex dives 

The solid 1 ine is the allowable dose from Procedures, Table VII-4. 

The dashed lines show the CPTD accumulation of the Repex dives. 

2. CNS toxicity 

The Repex II divers had three 1-hr exposures in the 180-200 fsw range.

The Repex Ill team spent one 4-hour excursion breathing air at 200 fsw and 

several others in the 2 to 3 hour range at that depth, providing some good

add it i ona 1 evidence that this exposure is to 1 erab 1 e. No symptoms of CNS 

toxicity were reported. 
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E. Tolerance of the exposures 

The main focus of the program was to develop decompression techniques, 
but we had the opportunity to assess the physiological effects of the 
exposures--the saturation/excursion dives--as well. This was done by
reports by the divers to the topside control, daily or occasional 
discussions with the medical director or investigators, or by daily
questionnaires, but without blood sampling or performance testing. 

The summaries of the subjective questionnaires follow. Those symptoms
that beiong primarily with the special topics of oxygen toxicity and DCS are 
mentioned in those sections. 

I. Results of questionnaires and comments 

Questionnaires were f i l I ed out for a I l dive days by al l divers. A 
sample of the questionnaire is found in Figure VII-9. The questionnaire
gives the diver the opportunity to mention a feeling earlier in the day that 
might not be present at the time the questionnaire was filled out. They did 

not take advantage of this very much, but it_ does not really matter because 
we wanted to know the things they felt and in the long run did not care much 
when it was present as long as they reported all symptoms. 

To display the answers we put the results into miniature bar charts for 
the four divers on each dive day. These results are given in Figures VIl-10 

to VII-12, and a legend is given as part of Figure VII-98. For each 
question on each dive day there is a place for 4 bars, covering the divers 
in order from left to right. Each bar has 5 poss i b 1 e responses: None, 
slight, some, much, a lot. These are shown by bar heights; no bar at all 
means the question was not answered. 

At the end of the second page of the questionnaire are two questions
intended to look for lung or airway irritation that might signal pulmonary 
oxygen toxicity, and two that seek to determine the amount of sleep at night
and during the day, plus a question asking if they felt well rested. This 
latter question has blocks showing a no-yes answer. To save space we left 
three questions off the charts, ones with on 1 y one answer ( there was at 
1 east one pos It i ve answer to a 1 l of the quest Ions) . These are tremors, 

difficult urination, and numbness or n11mb fingertips. Diver I-2 checked 

slight tremors in the pre-excursion questionnaire on Day I, numbness on Day
8, and difficult urination on Day 3, all at the "slight" level. 



NOAA-HRL-lUC REPEX DIVER STATUS QUEST!ONAIRE 

Oiver__________ Date______ Time: scheduled ____ done 

Circle each item describing your status now. If your condition was different during the 
1 a5t 24 hr, P 1 ease underline the term and te i l when it was most extreme. If the choices 
are not suf�icient, write-in votes are acceptable. If there are two parts to the question
plea-:.e circle 
significance. 

tt,e one tr,ut appl 1es. "Some" means present but not of operational 

Do you now feei ... Euphoric none slight some much a lot When did you?____ 

Narcotized none slight some much a lot When did you? ____ 

Dizziness or faintness none slight some much a lot When did you? ____ 

Headache none slight some much a lot When did you?____ 

Nasal congestion none slight some much a lot When did you?____ 

Upset or unsettled stomach none s 1 i gt,t some much a 1 ot When did you?____ 

Skin itch none si ight some much a lot When did you? ______ 

Difficulty concentrating none siight some much a lot When did you?_____ 

Unusual tiredness or fatigue none slight some much a lot When did you? ____ 

Appetite none slight some much a lot When did you? ____ 

Itching or pain in an ear none slight some much a lot When did you? ___ _ 

11alaise or lack of incentive none slight some much a lot When did you?____ 

Nausea none slight some much a lot When did you?____ 

Coughing spells none slight some much a lot When did you?____ 

Dyspnea or breathlessness none slight some much a lot When did you? ___ _ 

Visual disturbances none slight some much a lot When did you?____ 

Weakness none slight some much a lot When did you?____ 

Sore or dry throat none slight some much a lot When did you? ____ 

Chest tightness none slight some much a lot When did you?____ 

Pain in a joint none slight some much a lot When did you?____ 

Pain, not in a joint none slight some much a lot When did you?____ 

Tremors none slight _some much a lot When did you?____ 

Sleepiness none slight some much a lot When did you?____ 

Sweatiness none slight some much a lot When did you?____ 

Page VI 1-16 

Figure VIl-9A. Sample questionnaire, first page 
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Figur e Vll-10. Questionnaire r esults, Repex I 



��

� �-

_________ 

comfort (C or H)'._.,_,__.,_.,_

+ + + + ---+I �� � + �"D�1= zz + r=-s=-oesn::-,-
1 

f f f f I + + + 1 1 

'• -•-•-•-•-•-•-• concentrating 

i-+-i-+-+-i-+-+-or fatigue 

in an ear :_ :_: 1-:1 __. __. 

__ :_l...L,I_:_:_: :_: of incentive 

a_-o_r----+-o-y_ _ _ _ _ ! pns e t t t t t t t 
breathlessness •-•-•-•-•-•-•-• 

s_--+i -- +-+-+ ..._+-+ _ _� _0;..;:�:..;�,-g�-c�h--=�-'-'�c;.t--= + h _ + --._ a-
tnes

:_:_:.....■ _: ::_._ ......, _.,_ 

+
---

f +
.._ + � � � � � �-�n� s----+!

_.._ 
- +-+ w tas e e

-:-
s1 

,

"A= a 1 11111.. t .. t ... t �p:c:: p-n
..,,. 
ess

-=-::--
----+! ..I.. ..J. t 

-= 

t- t 

Repex 11 Dive Day 

2 3 4 5-6 7 
Euphoria i __ i._l._i_i._i.__i_i 
N�a_r_c_o_t�i z_ed_-�----+I + + + + + + + 

,_..1_1_1_:- ,....,_,._-
1 - 1 -

�Ae-

+
1- 1 - 1 - 1 -f

1 -+
1

++I + + + +a-
faintness�-c�h�e-

= -=---ad-
:_:_1_:-__. 1-_.,_ :.__1 __. :

+ + + + + + + 
:_..:....._:_.:--11--■ :.-1__.1

t t t t 
�a-

-=-
nN-

decongestion
�u�p�s�e�t�,�u�n�s�e�t�t-ie-d�+!

stomach ,
-s�kTn-=--= 

�t�c�h-'-----+

sa,,_......1------1 

tt t ,_,_-

1-

_,....._,- ,_,_-

:_-1 

,_-

_:_,_, __. 

t t t t 
1 __. ,_

t t t! 

t + t t + t t
DI ff I cut ty 

Unusual tiredness! 

, , · ,- ,_..,-
+ 

Appetite __.,_..,_..,_.-
+ + + + ++i._+_._ _or_-_-___g a 

-= =--r�-1ac�-�k--+I + 

�1�t-c�h-i_n-
+

_
+
:_1

+ 
__. 

_-
Qain=-.- --'--=M-a�1a-�- + .+ +1 se-or-

�Na- _-_,t +I +I +I +I +I +f +I_-u_s_e_a _-___-
._,_ - 1 -•-·--·-·-·

! t f t t t t t ,.. -·---·---·---·---·--· Coughing spel ts ,_-

+�v-1 s_u_a�,--���-, I +I +I I +I +I +I +Idisturbances •-•-•-•-•-•-•-• 
�wea- �k_n-_e_s_s_��-�1 + + + + + + +:_ :_:_:_:_1_1_, 
-s-o_r_e_o_r_d�r-y---�-t t t t t t t! 

:_- :_._1_:_._:
+ + + 

:_._:_:_
+I + 

+ + 
+:
+ 

+1
+ 

Pain 1n a Joint 
+++-n-,-not- ��1 n_-a_-.-1-p-a�1 

:_:_:_:_
I f , ' + + f, +,

+---
++ 
..11'

Joint��-�-,-:=--=-=-=,---+,�leep1ness 
:.....■:_:_:

',.._- .a. 
•-1-•
+ +._._,_,_.

+ +�c�r�-
acnes :_:_._ :.a..:...._+:_:_:_: 

Diarrhea or + + 

lemperature dis-
•
! 

II 
-

t 
+1• 

+ 1 I I +I + 

t
,Iconstipation 

1 

am- + ++ps_-_or_-_mu_-_sc_-�1-e--+I 

,_,_,_...,
t t t t

.. ,.....

t 
_-

.a.J,_,_,
+ ++ +I I f IArthralg1a 1n I + + + 

• I I I I

Joints •-•-•-•-•-•-•-•
! t t t t t t tSk-i n tI ngI Ing or

Qaresthesia •-•-•-•-•-•-•-• 
t + f f + +I, +, ,Irr-1 tab-1 1-1 ty 

"0�o�r�e�d�o�mc------+I--
U 

I 1-- I
, , 1._,

+ t-
,
1---1I I --- + + +++-

II 

t 
I 

Jl. t 
I 

II.t 
I I I I._,_._,_.__.,_,__.. 

Deep rapid exhal-! t t f t t t t
ation cause pain•-•-•-•

+ +
- -•

+ 
•-
+ 

•-t 
•
+Or coughing I +I I I I I I I I 

,_,..._,_._, .... •-•-1-1
rr:cc-:--=c-c=-c:-=-r:c-::-=--+I + + f + + +How much sleep +...

a_s_t_n_ig_h_ta :.-:• ■: :• :.-:. ■: ... :l- ___� L--L L L L L L 

.._ 111..·L·,._, .I I I I I 
I I I I I

t • t .t t t 

_-
Sleep during day

(hours)Mw�e,r�1r=-r�e-s�rt-e�d.--�N,,__+,.
Y'--�• • l 

1 1 1 

:...._:-.:.a. 

l- I ._L 
1- 1 - 1 

� L L 
·-

L 

__ 

Repex report: Part Two: Results Page VI 1-19 

Figure Vll-l I. Questionnaire results, Repex II 
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a. Repex I subjective 

On Day 6 Diver I - I was given Domeboro so I ut ion for his I eft ear. He 
mentioned "tightness" in shoulders, wrists. and legs lasting for 2 min 
about 10 min after some of the excursions. 

Diver 1-2 had redness and inflammation in both ears at the beginning, 
was given Cortisporin, recovered well by Day 4. On awakening on Day 4 this 
diver had an elbow pain that did not change on compression to 160 fsw; it 
lasted a few hours, was judged not to be DCS. Decongestants were used. 

Diver 1-3 had few complaints except that he did not like the music. 

Diver 1-4 was hungry all the time, but felt quite good throughout the 
dive. Following Excursion #6 (125/42) he had pain 3 inches above the knee,
it responded to position, went away spontaneously, and was judged to be a 
cramp and not DCS. He used decongestants. He mentioned a "dull ache" on 
the side of his left foot that went away spontaneously after surfacing. He 
I ikes "sat diving" but wants to be paid more (a most reasonable request,
since he was getting about lOt of what a North Sea sat diver would). 

The comments on the questionnaires are dominated by appetite. This is 
partly ind iv i dua 1 , but is re 1 ated to some de 1 ays in gett i ng mea 1 s to the 
Repex I divers promptly. The divers enjoyed the narcosis seen at 160 to 220 
fsw. All had nasal congestion. There was some boredom at the end, and a 
bit of conflict between two of the divers. 

b. Repex II subjective 

On Day 4 at 1830 Diver I complained of a right knee pain that·did not 
persist (an excursion started 15 min later). She also mentioned burping up 
some fluid the same day but had no additional symptoms or nausea. 

Diver 11-2 had pain over her eye on compression on the first and second 
days, due presumab 1 y to sinus squeeze. I I -2 had dry coughing Day 3, not 
characteristic of pulmonary toxicity. 

Diver 11-3 had some problems with muscles due to unfamiliar exercises 
and more than she was accustomed to. Just after starting saturation decom
pression Diver 11-3 noted respiratory symptoms. 

On awakening on Day 2 diver 11-4 reported soreness in the arch of her 
right ·foot and knuckle of the large toe; this and some.other aches and pains 
were due to exercise at depth. On the first few excursions she described 
cracking joints typ I ca 1 of hyperbar i c narcosis. She a 1 so had some ear
c I ear Ing problems. She reported and dopp l er confirmed tachycardia during
doppler readings and on a deep excursion; she felt this was due to difficult 
breathing by mask, also had nasal congestion. (The problem might not have 
been the congestion, but the Sudafed she was taking for it!) 
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They felt good, were mildly narcotized, after initial compression to 80 

fsw. 

The temperament of Repex I I is i l l ustrated by this extract from the 

investigator's log: "Aug 10: ·rhe divers are In excellent spirits, laughing 

and joking among themselves and teasing the topside team. They are 

cooperative. They slept during the 4-hr break, such that they were slow to 

awaken; but they did get up and exercise during the last excursion." 

There were general complaints of tiredness, lack of sleep, and requests

for sleeping late. Some of this was due to the jovial atmosphere which kept

things active when they could have been sleeping. They cal led the igloo the 
"sauna" during the ECU breakdown. Generally, however, both the 

questionnaires and corrments were favorable; they al 1 took the time to say

they were comfortable, happy, and getting along fine. 

c. Repex III subjective 

Diver 111-1 had light headedness the first couple of days, consistent 

with narcosis; he a 1 so mentioned numbness in the 1 i ps. Day 2 at 2036 he 
reported itching on the back of his left hand (I hr after returning from 
200/105). He noted also "the air is thick," and he had a dry, sore throat. 

He mentioned "nasal congestion" occasionally, which he attributed to the gas
density. He mentioned a history of having had a chest tube once for 
p 1 eur i sy. This diver noted chest tightness early in the dive (evidently

from the density) and at the end of the 1 ast day of saturat I on decom

pression, which he cal led "fatigue" and compared it with exhaustion. His 

"visual disturbances" were eye strain. 

Diver 111-2 complained of "heartburn" early on the second day, and this 

condition persisted throughout most of the dive. On Day 5 he was given Alka 

Seltzer, then Mylanta, finally had to be taken off food for a day; with only
cold water and then milk. This was effective. 

Diver I 11-3 mentioned "happiness" on the deep excursions but did not 

fee 1 he had narcosis; he even wrote, "not a bit." Later he ca 11 ed it 

narcosis. He had some ear pain; at first he thought it was due to so many 

pressure changes, later attributed it to a tooth. He had some intermittent 
vague aches, and triceps pain that disappeared after movement. 

At 1422 on Day 2 Diver I I 1-4 notes a level 1/10 dul 1 pain in his right

foot, with numbness, later throbbing; when the foot was elevated throbbing

stopped, and pain was aggravated by use. This seems like classical 

hyperbaric arthralgia, and was clearly not DCS. He had a toothache on Day

2, and exacerbation of chronic neck pain probab 1 y due to s 1 eep i ng 

arrangements; this he also felt on initial compression. He felt some 

dyspnea just before going onto 0.5 PO2. This diver did more exercise during

the dive than he normally does. 

In genera 1 they were happy a I ot of the ti me despite some persona 1 
confl lets. They checked happiness frequently, appetites were good, but they 

were occasionally bored. They al 1 felt sleep was easy during the excursion 
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period; they dreamed more during decompression, and several had nightmares.

They cou Id do more chi nups and pushups ear I y in the exposure than at the 

end, so there was some deconditioning. The temperature was too high on Day

2, and they noted that the igloo was more humid than the DOC. They

requested better lighting because there is a lot of time for reading but it 

was difficult; they said this exacerbated the boredom. More planned

activity would have helped here. 

2. Narcosis 

The Repex I divers felt some narcosis on excursions, but there was no 

real feeling that it disappeared later in the dive. One Repex I diver said 

he felt more narked on the longer, shallower dives. 

The Repex II divers exhibited all sorts of narcotic behavior but did 

not consider that they were narcotized; "I'm still waiting to be narked." 

They laughed and giggled so much all the time it was hard to see changes. 

Divers in III scored more narcosis early, then it disappeared by Day 4. 

It did not seem to be a problem, and except for some euphoria they seemed to 

Perform well during the excursions. It looks as if they became acclimated. 

The divers had narcosis on excursions. They noted some ace 1 i mat ion, 

but not much; according to the opinions at the narcosis workshop there was 

not enough time for the full acclimation, which takes 5 days or so (Hamilton
and Kizer, 1985). 

The vi sua 1 disturbances reported were usua 1 I y related to narcosis or 

tiredness; no one had anything serious. 

3. General subjective summary 

The divers al 1 said they would do it again if there were a reason. 
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VII I . 
DISCUSSION AND CRITIQUE 

Many conclusions have been given earlier with the data. This is a 
genera 1 assessment of the products of the program, the development and 
testing of the Procedures. 

A. The Repex Procedures: How wel I did they work in the lab? 

1. Excursion tables 

In general we feel comfortable that the excursion procedures stood up
well under the limited test program. The total of 252 diver-excursions is a 
fair test; it should be noted that 8 of these (Repex II and III) did not 
i nvo 1 ve excursion decompressions back to storage. The tests are somewhat 
di 1 uted by covering the who 1 e range of storage and excursion depths, but 
they serve the purpose to expose any serious defects in the function of the 
tables. The coverage was quite representative, covering the different types
of procedure as well as the ranges. 

Since the excursions that were done were all taken from the tables at 
face value, with minimal intervals, this provides reasonable support to the 
a Igor i thms used to deve 1 op the repetitive, one-stop, and post-submax i ma 1 
procedures. The analysis with DCAP also supports that these algorithms for 
grouping and generalizing are valid. Two calculation errors were in a non
conservative direction and therefore made the testing more sensitive. 

One unknown that remains is the matter of mixing ascending and 
descending excursions on the same mission. Fortunately, the threat here is 
to the ascending excursions, and more uncertainty can safely be tolerated in 
provisional field use with them than with descending excursions. 

2. Saturation decompression 

Saturation decompression is st i 11 the weak spot in the system.
However, we fee 1 we have made good progress and that the procedures are 
sound and reasonably efficient. Only 8 data points were obtained on the 
final saturation algorithm, but In view of the problem in Repex !--which 
shou 1 d have been the "easy" one--the success of the deeper decompressions
is meaningful. 

The saturation decompression from Repex I used a 12-hour hold after the 
end of the last excursion. This decompression resulted in pain-only DCS in 
Diver 3 on ascending from 10 fsw. This hit at 10 fsw was rather deep and 
ear 1 y, and this ca 11 ed for a substant I a 1 correction. We imp 1 emented the 
precursory table with Repex II, and because we were somewhat impressed by
the Repex I hit we chose to use the 80-85 fsw table. The divers emerged
from Repex I I In exce 11 ent shape, and the ·resu 1 ts from Repex I I I were 
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equally good from an even deeper depth. We feel the tests support the new 
tables quite well. 

The new saturation tables have K values becoming progressively smaller 
and decompression times getting relatively longer as the storage depth
increases. As was intended, the computed schedules are conservative with 
respect to others used previously for practical air/nitrox operations. 

The method of starting the saturation decompression immediately at a 
depth dependent on the recent excursion history appears to be more efficient 
than employing a post-excursion holding period at the storage depth; a good
method of determining a valid but efficient holding period is not yet
available. 

There was a discrepancy in the planning of the Repex I 11 saturation 
decompression, where the last three air stops ( 110, I 05, and I 00 fsw; I I 0 
fsw is the last stop in the precursory table) before the switch to a POz of 
0.5 atm were inadvertently scheduled using the stop times for 0.5 atm 
rather than those for air. The extra time totalled 240 minutes; we never
theless consider the test as supporting the table, but the argument is 
s 1 I ght l y weakened. It cl early wou 1 d have been preferable to run u,ese
decompressions at the absolute minimum time that could have been used. The 
extra time, less than 1/2 %, would not be likely to cause an unacceptable
table to show up without problems. It does not invalidate these trials any 
more than 4 decompressions would be considered to prove that the tables are 
totally reliable. 

The divers in Repex I were not waked up on the second night to stretch 
and move around. No one can tell if this had any effect, but this dive did 
have DCS. Throughout the saturation decompressions the divers were awakened 
two or three ti mes dur Ing the night; this was not done strictly every two 
hours, but It was done adequately. This practice seems to be a matter of 
taste. Some operators do not allow divers to sleep during saturation decom
pression (e.g., USN inserts sleep stops). Others encourage it. We (except
REP) take a middle position that keeping up the circulation more than 
offsets the inconvenience and sleep disturbance, and recommend sleep with 
movement every two hours. In retrospect, this should have been Included on 
the schedule at specific times, in which case it would have been more likely 
to have been followed correctly. 

Another po Int we over l coked Including was the return to storage and 
then recompresslng back to the first precursory stop, one of the options for
starting decompression fol lowing excursions. As it was, we got good results
with the straight decompression, an important step that had to be taken. In
view of the rel iablllty of the excursions from saturation and the "latency"
In ascending excurs Ions conducted to the surface and therefore more
stressful (Eckenhoff and Parker, 1984), It seems that these short excursions 
from a greater depth to the or I g i na l storage depth should be quite eas i l y
tolerated if kept within the 5-mlnute interval recommended. 

Another point not covered properly In the Procedures and not tested is
starting saturation decompression fol lowing a one-stop excursion. It would 
probably be all right to simply begin at the starting depth and Ignore the
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stops, but the only acceptable way is to finish by making a no-stop as the 

last excursion. Only no-stop worst case gas loadings were used for 

calculating the starting depths, and because no testing was done we have no 

other choice here. 

3. Oxygen toxicity limits 

Rep ex I I and I I I gave us a good test over a 1 l of one zone of the 

proposed oxygen exposure algorithm. The same limitations to interpretation

apply here as to the decompression data; this is too few subjects, and the 

range tested is narrow (albeit in the center of the curve). The slight

symptoms noted by Divers I I-2, I I I-1, and I I 1-4 would be tolerable on a 

planned operation, and our subjects were significantly above the limit. 

This strongly suggests that as far as this small number of subjects and 

this narrow exposure range can tell us that the oxygen exposure algorithm

might prove to be acceptable. When we began we felt that if perhaps one 

subject out of four had minor symptoms like these for a dose higher than the 

allowable level then we would be in the right range. The doses incurred by

these divers are enough above the line to allow for a Table 6 treatment. 

Interestingly, no divers reported things 1 Ike numb fingertips that 

characterize chronic high oxygen exposures. 

It seems clear, to the extent that these tests are representative, that 

the proposed oxygen 1 imits are acceptable. 

An oxygen dose with a CPTD in the 800-900 UPTD range has proven to be 
acceptab 1 e for air saturation decompression from nitrox storage, even when 
preceded by an excursion program presenting significant oxygen exposure in 
its own right. This stands on its own, but in future programs it wou 1 d 
make sense to plan the overall oxygen exposure to include the saturation 
decompression. 

Oxygen tolerance is highly individual. As a result the oxygen limits 

may need to be changed to suit the requirements of different dive teams or 

operations, reducing the dose if symptoms develop, or in small steps

increasing it if conditions warrant (under medical supervision). 

4. Treatment and surfacing procedures 

Unfortunately we did not have the treatment procedures ready to test at 

the ti me of the DCS that occurred. However, that "test" would have on 1 y

been of academic interest because adequate procedures are already available 

for this situation. The treatment procedures wi 1 l likely never be tested in 
a true sense, certainly not prospectively. 

lhere is a lot of discussion (if not controversy) going on currently

about tne efficacy of different treatment regimens. As these develop and 

nard data becomes ava i lab le changes in tne present procedures may be 
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indicated. One thing likely to come to pass will be the reduction of the 
magnitude of the compression steps. 

Nothing was learned about the surfacing procedures in Repex. 

5. Tolerance of the exposures 

The exposures were well tolerated. Some divers had a few aches, pains,
and complaints, but no one had any real problems ( except the DCS). Tt,ere 
was a significant amount of "nasa 1 congestion." Some of this no doubt is 
due to breathing gas 3 or 4 times as dense as normal. Dryness in the throat 
can come from mouth breathing, which most were doing because of the nasal 
congestion. 

Diver 1-2 had an ear infection at the beginning of the dive. It was 
judged acceptable for this situation by the medical director and it turned 
out to be, but starting with an infection would never be done in an at-sea 
operation. 

The narcosis was about what was expected. They noted it on initial 
compression to the deeper of the storage depths, and on the excursions 
deeper than 150 fsw or so. They enjoyed it. Those in Repex Ill seemed to 
mention it less later in the dive, suggesting acclimation of some sort, but 
the observations were subjective and not really directed at this question.
It did seem possible for these divers to perform, both at storage and on 
excursions. We saw nothing to throw doubt on the capabilities of divers in 
this type of operation. 

B. Critique of the Procedures: How will they work at sea? 

The question al ways comes up at about this stage in a development 
program as to whether the tables are ready to go to sea. The tests were 

limited, they were not without some problems, and there will of course be 
differences in conditions. Before we tackle this issue consider some 
comparisons and critique. 

1. Comparison with other tables 

There are only two tables for comparison with these, the original NOAA 
OPS procedures on which these were based, and the independently developed

British nitrox tables. 

Busch (1987) has compared the envelopes of the Repex tables with NOAA 
OPS. His findings are general l y what we have discussed in Part One, that 
the deep excursions are shortened and longer shallow ones are now allowed. 
with a general expansion of the work envelope. 

Hennessy et ai 's tables (Hennessy. Hanson, et al, l91:l5l take a 
different, more commercial approach in their- presentation. fheir no-stoo 
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ex.cur-s ion ti mes are comfortably close to ours, and the saturation decom
or ess ion rates of 36 and 48 min/fsw (with POz ot 0.5 and air, respectively,
changi ng at 15 msw) are workable. Their c1pproach to repetitive excursions 
provides a post-excursion waiting period that depends on the storage and 
work depths and shift (bottom) durations. Like ours, they were computed
using gas loadings. The oxygen algorithm specifies 615 units per day, which 
tne work of Sterk and others shows is clearly too much. Hennessy uses his 
own definition of the foot of sea water, but the difference is not important
phys i o log i ca 11 y. Tr1e i r tab·, es lack some of the features of ours such as 
submaximal and one-stop procedures, but in return they are far less complex 
to use. 

2.e Complexitye

Perhaps we are complimenting the genius of our intended users, marine 
scientists, but we have made these tables relatively comp 1 i cated to use. 
The submaximal calculations are tedious and loaded with places to go wrong,
and the norrna 1 use of i nterva 1 s in selecting no-stop ti mes has its share of 
confusing points. To help get this message across we included three errors 
in the Repex schedules. 

3.e Efficienciese

We did an analysis of the "efficiency" of the various table algorithms, 
to see how well the tables let a diver do what his gas loading will allow 
(section IV.G). We did not try to build any conservatism in at this point,
but wanted the tables to stay below the gas loading limit in all cases, but 
as little below as could be practically done. For the most part these were 
quite good, ranging above 80%. In some cases they are lousy, below 10%. We 
are not quite sure why all of these happen, but do know that there are parts
of the tables where a small change in say, excursion depth or time, can make 
a big change in the al l owab le ti me. This is the nature of the model . In 
other cases the low efficiency is due to an inefficient relation to an 
interval . In st i l l other cases, there may be discrepancies in cal cul at ion 
that we did not locate. 

4.e Validity of the Procedures for field usee

The limited results of the Repex tests indicate that all aspects of the 
new procedures will be found to be physiologically acceptable. 

A responsible decompression development plan will follow this type of 
testing with an ongoing "provisional" program covering the use of the new 
procedures in the fie 1 d. Such a program should consist of expert
supervision, qualified crews, adequate equipment, and careful documentation 
of the dives done under fie 1 d conditions, and should be accompanied by
periodic analysis of the results. Revisions of both procedures and tables 
can then be performed when needed. It is not reasonable to expect a new set 
of tables to be considered fully "operational" until they have the 
equivalent of several years of field use. Dt!r i ng this ti me some revisions 
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may be needed. In fact, a set of decompression tables should be triought of 
as a 1 iving thing, constantly being modified and improved as the experience
base grows. 

The treatment procedures are reasonable, based on previous experience, 
and should be put in service. 

The surfacing pr-ocedures were not tested, but in view of past
experience and considering that the normal ones do not involve physiological
"exposures" then they can be used (or, for some, continue to be used). The 
surfacing and emergency procedures should be assessed by experienced habitat 
operators and revised to fit local equipment, operational capabilities, and 
philosophies. 

5. These are interim tables: The computerized approach 

As has been mentioned before, it is Important to note that although
these procedures fill an operational need and will serve to expand habitat 
diving capab i I it i es, they are by no means the last word. As data and 
experience accumulate the algorithm will continue to be improved, and other 
models will be brought into use. 

It has been possible to fit all these decompression requirements into a 
few tables (actually there are 36 pages of tables, plus the instructions) 
that can be read i I y adapted to a manua I for field operations. However,
putting these tables together has required a number of groupings, many
intervals, and more than a few approximations and assumptions. Using the 
tables, and especially the calculation of the time allowed in the excursion 
fo 1 lowing a submax i ma I one, can result in errors. There are som e  
operational 1 imitations that could be improved with better methods of 
displaying the known data. There are some notable inefficiencies. All this 
can best be handled by an on-site computer. This could begin with being
able to calculate upcoming excursions, but it will soon grow to include data 
monitoring, emergency management, and rea 1-t I me contra 1 . Sma l l "pi co" or 
"laptop" computers are available in 1987 that can perform al 1 the  
ca  1 cu  1 at  ions needed for these dives, in a package the size of a large
notebook. They are tolerant of pressure and can be made fire safe. We 
strongly recommend that this be implemented in habitat diving operations. 

With the present computational model and constraints and before getting 
a new laptop, however, It is possible to improve performance by developing 
"custom" excursions for the special missions that do not fit these tables 
precisely. The limited validation testing reported in Part Two was close to 
this type of exposure, so the concept can be cons ldered as ready for 
provisional operational use. This means no further laboratory tests should 
be needed, but the at-sea use shou 1 d have extra care, supervision, and 
safeguards. 

There is a restriction in the relevance of the Repex dives as a test of 
the algorittvn for excursion diving. The tables were calculated with POz 
levels of 0.19 In the habitat and 0.20 for air during the excursions. These 
differences were inserted as a co_nservat ism factor. The exper I men ta 1 d Ives 
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stand alone as validation of the Procedures as used (given the 1 imited 
number of subjects and trials). What they do not do is validate the 
algorithm at face value. That is, to be strict in calculating "custom" 
dives we must use the POz values as they were tested, with computation at 
one level and actual use at another. If these work we l l in practice, as 
they should, then under provisional conditions they could later be moved in 
small steps toward the correct POz levels. 

A feature of the Procedures unt i l Repex I was two saturation decom
pression tables, including one for divers who have done no excursions at 
all. This does make sense since a habitat may be on a flat sea floor where 
deeper excursions are not possible. We consider this approach val id and 
could implement it with additional tables, but it would call for testing or 
at least some controlled use (as "provisional" tables) as it is placed into 
service. 



Repex rep0rt: References Page IX-1 

IX. 
REFERENCES 

A: References for the report 

Adams, G, Williamson R, Harvey CA, Hurray R, Hester R. Shallow habitat air 
diving with excursions between 5 and 250 fswg: a review of four simulated 
dives. In: Shi 11 i ng CW, Beckett MW, eds. Underwater Phys i o 1 ogy VI . 
Bethesda, MD: FASEB, 1978. 

Barry PD, Vann RD, Youngblood DA, Peterson RE, Bennett PB. Decompression
from a deep nitrogen/oxygen saturation dive. Undersea Biomed Res 
11 ( 4) : 114-27, Dec 1984. 

Beckman EL, Smith EM. Tektite 11: Medical superv1s1on of the scientists in 
the sea. Texas Reports Biol Med, Special Issue. 30(3) Fal 1 1972. 

Berghage TE, ed. Decompression theory. UMS 29WS(DT)6-25-80. Bethesda, MD: 
Undersea Medical Soc, 1980. 

Buckingham !PB, T·halmann ED. Saturation therapy for dysbaric injury.
Undersea Biomed Res 8(1,Suppl):13, Mar 1981. 

Busch WS. Constraints and considerations in operational scientific diving
from a saturation habitat, using air and/or nitrox. In: Bove AA, Bachrach 
AJ, Greenbaum LJ Jr, eds. Underwater and hyperbaric physiology IX. 
Bethesda, MD: Undersea Hyperbaric Medical Soc, 1987. 

Bu�ler FK Jr, Thalmann ED. Central nervous system oxygen toxicity in closed 
circuit scuba divers II. Undersea Biomed Res 13(2):193-223, Jun 1986 

Butler FK, Thalmann ED. CNS oxygen toxicity in closed-circuit scuba divers. 
In: Bachrach AJ, Matzen MM, ed. lighth Symposium on Underwater Physiology.
Bethesda, MO: Undersea Medical Soc, 1984. 

BOh I mann AA. Decompression after repeated dives. Undersea Bi omed Res 
14(1):59-66, Jan 1987. 

Chen Baosong. Decompression from nitrogen-oxygen saturation diving. Acta 
Oceanologica Sinica 4(1): 135-42, 1985. 

Chouteau J. Saturation diving: The Conshelf experiments. In: Bennett PB,
Elliott DH, eds. The physiology and medicine of diving and compressed air 
work. London: Bai lliere, Tindall, Cassel I, 1969. 

Clark JM, Lambertsen CJ. Pulmonary oxy9en toxicity: a review. Pharmocol 
Rev 23(2):37-133, 1911. 

Cousteau JY. At home in the sea. National Geographic 125:465-507. 1964. 



Repex report: References Page IX-2 

Cousteau JY. Working for weeks on the sea floor. National Geographic

129:498-537. 1966. 

Crosbie WA, Cumming G, Thomas IR. Acute oxygen toxicity in a saturation 
diver working in the North Sea. Undersea Biomed Res 9(4):315-19, Dec 1982. 

Davis JC, ed. lhe return to active diving after decompression sickness or 

3rter·ia·1 gas embolism. 41 (RW) l I-13-80. Bethesda, MD: Undersea Medical 

Soc., 1980. 

Oes Grnnges M. Repetitive diving decompression tables. NEDU Rept. 6-5 7. 

Washington: USN Experimental Diving Unit, 19�1. 

Dougherty JH Jr, Frayre RL, Mi l 1 er DA, Schaefer KE. Pulmonary function 

during sha l low hab 1 tat air dives ( SHAD I , 1 I , I I I ) . l n: Shi 11 i ng CW,

Beckett MW, eds. Underwater Physiology VI. Bethesda, MD: FASEB, 1978. 

Eckenhoff RG. Nitrogen-oxygen decompression schemes using direct ascent. 

In: Hamilton RW, ed. Decompression from nitrox saturation diving.

Bethesda, MD: Undersea Hyperbaric Med Soc, 1987 (in preparation) 

Eckenhoff RG, Dougherty JH, Messier AA, Osborne SF, Parker JW. Progression

of and recovery from pulmonary oxygen toxicity in humans exposed to 5 ata 

air. Aviat Space Environ Med 58(7):658-67, 1987. 

fckenhoff RG, Hunter WL Jr, Parker JW, Dougherty J�i Jr, Moeller GO, Tappan

l)V, and Jordan Jl. Progress on an air saturation dive series: A I RSAT. 

Undersea Biomed Res 8(1,�uppl J:39, March 1981. 

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

air saturatlon exposures. Undersea Biomed Res 13(3):305-16, 1986. 

Eckenhoff RG, Parker JW. Excursions to the surface as a component of 

emergency decompression from air or nitrox saturation exposures. Rept 992. 
Groton, CT: US Naval Submarine Medical Research Laboratory, 1982. 

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

direct ascent from air saturation. J Appl Physiol 56:1070-75, 1984. 

Eckenhoff RG, Vann RD. Air and nitrox saturation decompression: A report of 

4 schedules and 77 subjects. Undersea Biomed Res 12(1):41-52, 1985. 

Ellertsen B, Hammerborg D, Lindrup A, Roby J, Vaernes R. Central nervous 

react i ans during Deep Ex 81 . NUTEC 7-82. Bergen: Norwegian Underwater 

Technology Center, 1982. 

Freitag, M. Decompression plan for SCORE project. Final report to 

MUS&T, NOAA, under PR 5-13152. Tarrytown, NY: Tarrytown Labs, 1975. 

Gait D, Mi 1 ler KW, Paton WDM, Smith EB, Welch 8. The redistribution of 
vascular bubbles in multiple dives. Undersea Biomed Res 2:42-45, 1975. 



Repex report: References Page IX-3 

Hamilton RW, Adams GM, Harvey CA, Knight DR. SHAD-Ni sat: A composite study

of simulated shallow saturation diving. Rept 985. Groton, CT: Naval 

Submarine Medical Research laboratory, 1982. 

Hamilton RW, Kenyon OJ. DCAP: Decompression computation without a computer
expert. In: Proceedings, I nternat i ona l DI vi ng Sympos I um '82. Gretna,
LA: Association of Diving Contractors, 1982. 

Ham i l ton RW, Kenyon DJ. DCAP /GUS I decompression computation and analysis 
program. Rev 3.1. Tarrytown, NY: Hamilton Research, Ltd., 1985. 

Hamilton RW, Kenyon OJ. Decometer ascent constraints for nitrogen habitat 
diving. Final report to MUS&T, NOAA, under contract Ol-8-MOl-3416. 
Tarrytown, NY: Hamilton Research Ltd., 1978. 

Ham i l ton RW, Kenyon DJ, Frei tag M, Schreiner HR. NOAA OPS I and 11: 
Formu 1 at ion of excursion procedures for sha 11 ow undersea habitats. 
UCRl-731. Tarrytown, NY: Union Carbide Corp., 1973. 

Hamilton RW, Kenyon OJ, Peterson RE. Effect of duration of exposure to M 
values on their validity. In: Berghage TE, ed. Decompre�sion theory. UMS 
29WS(DT)6-25-80. Bethesda, MD: Undersea Medical Society, 1980. 

Hamilton RW, Kizer KW. Nitrogen narcosis. UMS 64WS(NN)4-26-85. Bethesda,
MD: Undersea Medical Soc, 1985. 

Hamilton RW, Muren A, R�ckert H. Analysis of an apparently conservative air 
dive that turned out not to be. In: Lanphier EH, Nashimoto I, eds. Workshop 
on decompression in surface-based diving. Bethesda, MO: Undersea Hyperbaric
Medical Soc, 1987. 

Hamilton RW, Peirce EC II. Hyperbar i c oxygen in emergency medical care. 
UMS 63(HBO-E)I0-28-83. Bethesda, MD: Under sea Hyperbar i c Medi cal Soc,
1983. 

Hempleman HV. Provisional decompression tables for deep air diving, 100 ft-
240 ft. RNPL 1/68. Alverstoke, Hants: RNPL, 1968. 

Hemp l eman HV. Decompression theory: British practice. In: Bennett PB,
Elliott DH. eds. The physiology and medicine of diving and compressed air 
work. Second ed. London: Bail liere Tindal 1, 1975. 

Hennessy TR, Hanson R de G, Hempleman HV, Shields TG. Definitive experiments
to determine decompression rules for multiple air excursions from air
satura.tion storage. Undersea Biomed Res 8( I ,Suppl) :8 Mar 1981. 

Hennessy TR, Hanson R de G, Hempleman HV, Shields TG. Tables for saturation 
and excursion diving on nitrogen-oxygen mixtures. UEG UR31. London: CIRJA 
Underwater Engineering Group, 1985. 

Hemp l eman HV, Kettle MP, Barrett RW. Considerations for oxygen-nitrogen
saturation diving operations. UEG UR 16. London: CIR I A Underwater 
Engineering Group, 1979. 



Repex report: References Page IX-4 

Hills, B.A. Decompression sickness. New York: John Wiley, 1977. 

Hyacinthe R, Giry P, Broussolle, B. Effets sur la fonction pulmonaire de 

plongees profondes. SSA 1981 Trav Scient. 2:1-3, 1981. 

Kindwal 1 EP, Edel PO, Melton HE. Safe decompression schedules for caisson 

workers. Final Report to NIOSH under Grant #5R-01-0H-00947-03. Milwaukee: 

St. Luke's Hospital, Dec 1983. 

Kuehn LA, Sweeney OM. Canadian diving data: A computerized diving data 

bank. Computers Biomed Res 6:266-80, 1973. 

Lambertsen CJ. Effects of oxygen at high partial pressure. In: Fenn WO,

Rahn H, eds. Handbook of Physiology, Sect. 3: Respiration, Vo 1 • I I • 

Washington: American Physiological Soc, 1965. 

Lambertsen CJ, Clark J, Gelfand R, Pisarello J, Jackson R, Marsh R, Cobbs w,

Harner R, Bev i I acqua J, FI etcher D, Montabana D. Predictive Studies V. 

Tolerance of human organs and functions to continuous hyperoxia. Undersea 

Biomed Res 11(1, Suppl):34, 1984. 

Larsen RT, Mazzone WF. Excursion diving from saturation exposures at depth.

In: Lambertsen CJ, ed. Underwater Physiology Ill. Baltimore: Williams and 

W i I kins, 1967. 

Lauckner GR, Nishi RY, Eatock BC. Evaluation of the OCIEM 1983 model for 

compressed air diving (Series A-F). DCIEM 84-R-72. Downsview, ON: DCIEM,

Oct 1984. 

Leitch DR. A review of repetitive diving. Alverstoke, Hants: RNPL, 1971. 

Leitch DR, Barnard EEP. Obs er vat ions on no-stop and repetitive air and 

oxynitrogen diving. Undersea Biomed Res 9(2):1113-29, Jun 1982. 

Miller, J.W., editor. NOAA diving manual. Second edition. Rockville, MD: 

N)AA, US Dept Commerce, 1979. 

Mi lier JW, Adams GM, Bennett PB, Clarke RE, Hamilton RW, Kenyon OJ, Wicklund 
RI. Vertical excursions breathing air from nitrogen-oxygen or air 

saturation exposures. Rockville, MD: NOAA, US Dept Commerce, May 1976. 

Mi 1 1 er JW, Bachrach AJ, Wa I sh JM. Assessment of vert i ca I excursions and 

open-sea psychological performance at depths to 250 fsw. Undersea Biomed 

Res 3:339-49, Dec 1976. 

Miller JW, Koblick I. Living and working on the seafloor. New York: Van 

Nostrand Reinhold, 1984. 

Ministry of Defence. Di vi ng Manual . B.R. 2806. London: Ministry of 

Defence (Navy), 1972. 



Repex report: References Page IX-5 

Muren A, Ado 1 fson JA, Ornhagen H Ch, Gennser M, Hami 1 ton RW. Nisahex: 

Excursions with nitrox and trimix from deep nitrox saturation. In: Bachrach 

AJ, Matzen MM, eds. Underwater Phys i o 1 ogy VI I I . Bethesda, MD: Undersea 

Medical Soc, 1984. 

Nash i moto I • A method of adjusting decompression schedu 1 e for repetitive 

high pressure exposures. In: Wada J, Takash i I , eds, Proceedings of the 

fourth international congress of hyperbaric medicine. Baltimore: Williams 

and Wilkins, 1970. 

Nishi RY, Eatock BC. The role of ultrasonic bubble detection in table 

va 1 i dat ion. In: Schreiner HR, Ham i I ton RW, eds. Va 1 i dat ion of decom-

press ion tables. 74 (VAL)12-31-87. Bethesda, MD: Undersea Hyperbaric 

Medical Soc, 1987. (In preparation) 

Ni sh i RY, Lauckner GR. Development of the DC I EM 1983 decompression mode I 

for compressed air diving. DCIEM No. 84-R-44. Downsview, ON: OCIEM. Sep 
1984. 

Pauli DC, Cole HA, eds. Project Tektite I. ONR rept DR-153. Washington: 

Office of Naval Research, Jan 1970. 

Peterson RE, Greene K. Current work at the Institute for Enviromental 

Medicine. In: Hamilton RW, ed. Development of decompression procedures 

for depths in excess of 400 feet. Report WS 2-28-76. Bethesda, MD: 

Undersea Medical Soc., 1976. 

Peterson RE, Greene K, Lambert sen CJ. Decompression from excursion 

exposures. In: Lambertsen CJ, Gelfand R, Clark JM, eds. Work capability 

and physiological effects in He-02 excursions to pressures of 400-800-1200-

1600 fsw. Predictive Studies IV. Philadelphia: Univ. of Pennsylvania, 

Institute for Environmental Medicine, 1978. 

Peterson RE, Hamilton RW, Curtsell I. Control of counterdfffusion problems 

in underwater dry welding. In: International Diving Symposium '80. Gretna, 

LA: Assoc. of Diving Contractors, 1980. 

Peterson RE, Rosowsk i JJ, Lambert sen CJ. Decompression procedures for 

normoxic nitrogen-oxygen saturation exposures. Philadelphia: Institute for 

Environmental Medicine, Univ. of Pennsylvania, 1973. 

Powel 1 MR, Spencer MP, von Ramm O. Ultrasonic survei I lance of decom

pression. In: Bennett PB, El 1 iott DH, eds. The physiology and medicine of 
diving. San Pedro, CA: Best, 1982. pp 404-34. 

Schmidt TC, Hamilton RW, Moeller G, Chattin CP. Cognitive and psychomotor 

performance during NOAA OPS I and II. Tech. Memo. CRL-T-799. Tarrytown, 
NY: Union Carbide Corp., 1974. 

Schreiner HR, Ham i l ton RW, editors. Va 1 i dat ion of decompression tables. 

74(VAL)l2-3l-87. Bethesda, MD: Undersea Hyperbaric Medical Soc, 1987. (In 
preparation) 



Repex report: References Page IX-6 

Schreiner HR, Ke l I ey PL. A pragmatic view of decompression. In: 

Lambert sen CJ, ed. Underwater Physiology IV. New York: Academic Press,

197 I . 

Shi 11 ing CW, Werts MF and Schandlemeier NF, editors. The underwater 

handbook: A guide to physiology and performance for the engineer. New 
York: Plenum Press, 1976. 

Smith JL. The pathological effects duee to increase of oxygen tension in the 

air breathed. J Physiol (London) 24:19-35, 1899. 

Spencer MP. Decompression limits for compressed air determined by ultra

sonically detected bubbles. J Appl Physiol 40:229-35, 1976. 

Sterk W. Intermittent hyperoxia in operational diving: What are the safe 

limits. In: Schrier LM, de Jong MH, Sterk W, eds. Proceedings of the XIIth 

Annual Meeting of the European Undersea Biomedical Society. Rotterdam: 

Foundation EUBS, 1986. pp 55-64. 

Sterk W. The use of oxygen in decompression. In: Lanphier EH, Nashimoto 

I, eds. Workshop on decompression in surface-based diving. Bethesda, MD: 

Undersea Hyperbaric Medical Soc, 1987. 

Sterk W, Schrier LM. Nitrox-Proeven oosterschelde 1984. Voorlopige 

resu l tat en. Bergen op Zoom, The Nether 1 ands: Vriens Diving Co. BV. Oct 

1984. 

Thalmann ED. Computer algorithms used in computing the Mk 15/16 constant 

0. 7 ata oxygen partial pressure decompression tables. NEDU Rept. 1-83. 

Panama City, FL: US Navy Experimental Diving Unit, Jan 1983. 

Thalmann ED. Development of a decompression algorithm for constant 0.7 ATA 

oxygen partial pressure in he l i um diving. NEDU Rept. 1-85. Panama City,

FL: U.S. Navy Experimental Diving Unit, Apr 1985. 

Thalmann ED. Phase II testing of decompression algorithms for use in the 

US Navy underwater decompression computer. NEDU Rept. 1-84. Panama City,

FL: US Navy Experimental Diving Unit, Jan 1984. 

Thalmann ED. USN experience in decompression table validation. In: 

Schreiner HR, Hamilton RW, eds. Validation of decompression tables. 

74(VAL)l2-31-87. Bethesda, MD: Undersea Hyperbaric Medical Soc, 1987. (In

preparation) 

Thornton, A. The potential of saturation diving techniques in the air 

(oxygen-nitrogen) diving range. J Soc Underwater Technol 5(2):14-17, 1979. 

Tikuisis P, Ward CA, Tucker AS. Re-examining bubble stability--

implications for decompression. Undersea Biomed Res 12(1,Suppl.):18, 1985. 

U.S. Navy Diving Manual. NAVSEA 0994-LP-001-9010. Volume 1. Revision 1. 

Washington: Navy Department, Jun 1985. 



Repex report: References Page IX-7 

U.S. Navy Diving Manual • NAVSEA 0994-LP-OO 1-9020. Volume 2. Revision I . 
Washington: Navy Department, Jul 1981. 

Vann RO. CNS oxygen toxicity risk. Undersea Biomed Res 12(1,5uppl):52-53, 
Mar 1985. 

Vann RD. Decompression from saturation dives. In: Cox FE. ed. 

Proceedings 3rd Annual Canadian Ocean Technology Congress. Toronto: 
Underwater Canada, 1984. 

Walder, D.N. Current limitations of oxygen/nitrogen diving. In: Divetech 
'81, Keynote Address Papers. London: Society for Underwater Technology, 
1981. 

Waligora JM, Horrigan DJ Jr, Conkin J, Jauchem JR. The effect of multiple 
simulated extravehicular activity (EVA) decompressions over a 72-hr period 
on symptom and bubble incidence. Aviation Space Environ Med 56 ( 5) : 483, 
1985. 

Workman RD. Cal cul at I on of decompression schedu 1 es for nitrogen-oxygen and 
he l i um-oxygen d Ives. Research Rept 6-65. Washington: U.S. Navy 
Experimental Diving Unit, 1965. 

Wright, W.B. Use of the University of Pennsylvania, Institute for 
Environmental Medicine, procedure for ca 1 cul at ion of cumulative pulmonary 
oxygen toxicity. NEDU 2-72. Washington: U.S. Navy Exper l mental Diving 
Unit, 1972. 

Yanl in J, Chen Baosong and Zheng Ji chang. [Respiratory function studies 
during nitrogen-oxygen saturation in depth of 20-36.5 meters and air 
excursion simulated diving in depth of 50-70 meters.) Acta Oceanol Sinica 
1(2):323-37, Dec 1979. 

Young JM. Acute oxygen toxicity in working man. In: Lambertsen CJ, ed. 
Underwater Physiology IV. New York: Academic Press, 1971. pp 657-76. 

Youngblood DA. Operat i ona 1 eva 1 uat ion of n i trox saturation, air excursion 
div Ing procedures. OTC 4212. In: Preprints, 1982 Offshore Technology 
Conference. Dallas: Offshore Technology Conf., 1982. 

Yount DE, G i 1 l ary EW, Hoffman DC. A microscopic investigation of bubble 
formation nuclei. J Accoust Soc Am 76(5):1511-21, Nov 1984. 



Repex report: References Page IX-8 

B. Publications and presentations resulting from the Contract 

1. These reports: 

Ham i 1 ton RW, Kenyon OJ, Peterson RE, But 1 er GJ, Beers DH. Repex: 
Development of repetitive excursions, surfacing techniques, and oxygen
procedures for habitat d f v f ng. Techn i ca 1 Report 88-1 A. Rockv i 11 e, HD: 
NOAA Office of Undersea Research, Hay 1988. 

Ham i 1 ton RW, Kenyon OJ, Peterson RE. Repex hab 1 tat d 1 v 1 ng procedures : 
Repet it Ive vert i ca 1 excursions, oxygen 1 lmlts, and surfacing techniques.
Technical Report 88-lB. Rockville, HO: NOAA Office of Undersea Research,
Hay 1988. 

2. Contract reports submitted to NOAA: 

Ham I 1 ton RW, Kenyon OJ, Peterson RE, But1 er GJ, Beers OH. Repex: 
Development of repetitive excursions, surfacing techniques, and oxygen 
procedures for habitat diving. Development and validation report to Office 
of Undersea Research, NOAA, U.S. Dept. of Commerce, under Contract NA-84-

0GC-00152. Tarrytown, NY: Hamilton Research Ltd., 30 Sep 1987. 

Hami Jton RW, Kenyon DJ, Peterson RE. Repex habitat diving procedures: 
Repetitive vertical excursions, oxygen 1 imlts, and surfacing _techniques.
Procedures report to Offf ce of Undersea Research, NOAA, U.S. Dept. of 
Conmerce, under contract NA-84-DGC-00152. Tarrytown, NY: Hamilton Research 
Ltd., 30 Sep 1987. 

3. Presentations with archival publication: 

Ham 11 ton RW, Kenyon DJ, Peterson RE. Deve 1 opment of decompress I on 
procedures for undersea habitats: Repet It Ive no-stop and one-stop 
excursions, oxygen limits, and surfacing procedures. In: Bove AA, Bachrach 
AJ, Greenbaum LJ Jr, eds. Underwater and hyperbar I c phys 1 o 1 ogy IX. 
Bethesda, HO: Undersea Hyperbarlc Hedlcal Soc, 1987. 

Peterson RE, Ham I 1 ton RW. Deve I opment of saturat I on decompress I on 
procedures for nitrogen-oxygen and air habitat diving operations. In: Bove 
AA, Bachrach AJ, Greenbaum LJ Jr, eds. Underwater and hyperbaric physiology
IX. Bethesda, HO: Undersea Hyperbarlc Medical Soc, 1987. 

4. Presentations and published reports: 

Hamilton RW. Special problems of treating decompression sickness In habitat 
diving. In: Busch WS, ed. Proceedings Eighth Heetlng U.S.-Japan 
cooperative Program In Natural Resources (UJNR). Rockville, HD: Office of 
Undersea Research, NOAA, U.S. Dept. of Commerce, 1986. 

Ham I 1 ton RW, Kenyon DJ. New repet it Ive no-stop excursion procedures for 
nltrox saturation diving. In: Busch WS, ed. Proceedings Eighth Meeting 



Repex report: References Page IX-9 

U.S.-Japan cooperative Program In Natural Resources (UJNR). Rockvflle, HO: 
Office of Undersea Research, NOAA, U.S. Dept. of Commerce, 1986. 

Ham 1 l ton RW, Kenyon OJ. Repet 1 t 1 ve decompress 1 on tables for no-stop
excurs 1 ons from saturat 1 on. In: Oernhagen H, ed. Proceed f ngs XI Annual 

Heetlng European Undersea Biomedical Society. FOA Rept. C5002l-Hl. 

Stockholm: Swedish National Defense Research Inst., Aug 1985. PP 191-198. 

5. Presentations and abstracts: 

Ham 11 ton RW, Kenyon OJ. NOAA' s new n I trox saturat f on excurs f on tab 1 es. 

Presented at 1986 conference Canadian Assocfatfon of Dlvfng Contractors,
Toronto, 19-22 Har, 1986. 

Ham 1 l ton RW, Kenyon OJ , Peterson RE • New decompress I on capabI 1 1t 1 es of 
nltrox saturation-excursion ("NOAA-OPS") diving. Presented at International 
SYffl)()sl\.¥1\ Diving Technology, Physiology, Hediclne 1986. Shanghai, PR China,
27-28 Sep 1986. 

Ham I 1 ton RW, Kenyon DJ, Peterson RE, Butler GJ. Repex: SI rw lat I on of 
habitat procedures Involving repetftlve and timed excursions and management
of oxygen exposure. Undersea Biomed Res 14(2,Suppl):35-36, 1987. 

Hamilton RW, Roduner V. Flying high at high pressure. Presented at Beneath 
the Sea, Tarrytown NY, 27-29 Har 1987. 

6. Reports by others: 

Busch WS. Constraints and considerations In operational scientific diving
from a saturation habitat, using air and/or nitrox. In: Bove AA, Bachrach 
AJ, Greenbaum LJ Jr, eds. Underwater and hyperbar I c phys Io 1 ogy IX. 
Bethesda, HO: Undersea Hyperbarlc Medical Soc, 1987. 

7. Paper presented, proceedings in press: 

Haml lton RW. Review and assessment of NOAA's habitat diving development
project. Presented at UJNR meeting, Yokosuka, Japan, 1987 Nov. 



Repex repor t: Ap p e nd ixes: Table of c o nt en t s Page A-i 

A P PENDIXES 

R S E
E T

S
APP EN DI X  A: E PEX WO RK  H

Repex l A-1 
Repex I I A-4 

Repe x  -I I I  A 6 

R SC S
AP PEN DI X  8. E PEX HEDU L E 

Repe I x B-2
Repe I I x B-6

e xp eR

1
 I I I  -B 1 

 
E  A A

E 

P
GE

A P PN DI X . S MPLE T BL AC   S 

Storage dept 50-54 fsh w C-
80-84 fsw 

2 
Storage dept C- 4 h 
Storage depth

1 10-114 fs - w5 1 0 9 f C -
1 0  C 6

-S to r ag e  de pt h  sw 8 

DI PR  R OFIL E
PAP E NDIX .D  XE PE  VD CAP E 

07 2.8 
Repe 8 0  

x I Base Ca e s

0 20 0-
I 2

D-5Repex 1 1  Tab le f ile 



Repex report: Appendix A: Repex worksheets Page A-I 

APPENDIX A. 

Repex worksheets 

These pages are the output of the spreadsheet program, and were used 
to prepare the dive schedules in Appendix B. 

A sample output of a post-submaximal excursion calculation done with 
the spreadsheet Is given at the end of the Repex Ill worksheet. 

-===================================================--=---------- ------- ----

Repex worksheet: General notes: 

This fs a worksheet for calculating excursion times according to the tables;
it is not a dive profile. 

Decompression from excursion depth or last stop begins at time shown 
under "End t." Travel time is taken from the next stop (except I-stops). 

Notes in last colunrl (numbers apply to Repex I only): 

1. The first two dives are calculated specifically rather than taken off 
the tables, to account for the diver's not being fully saturated and to get
maximum stress on all dives. The nominal dive is shown under remarks. 

2. The overn f ght ti me i nterva 1 may vary by a few mi nut es to get dives 
starting at exactly 0800; however, the i nterva 1 is not shortened, f nstead 
the next dive may start a few minutes after 0800. 

3. Dives that follow "one-stop" excursions are considered to be "3+" dives 
even ff they are the second dive in a sequence. 

4. "One-stop" excursions show the decompression time in the "Stops" column. 
All one-stop excursions have a 2 min stop 10 fsw deeper (here 75 fsw) than 
the main stop, which is 15 fsw deeper (here 65 fsw) than the storage depth. 

5. To test the "oxygen window" the divers are to remain at 60 fsw 
breathing air during this 2-hr interval. This is the maxi mum 02 window 
depth; the 10 is the maximum 02 window excursion range: 

50 + 10 (from the 50-55 fsw page set in the manual)= 60. 

6. Days 4 and 5 test the use of a 16-hour day. 

7.  Submaximal excursions ("Submax") are followed by excursions 
("postsubmx") that have extra time because they fol low a submaximal dive. 

8. Saturation decompression is in 5 fsw stages, with times (as given here) 
taken from the 45-49 fsw storage depth page set. After a 12-hr hold, begin
decompression by a descent to 45 fsw. 



86Jul24 NOAA-HRL-IUC REPEX I SATURATION AT 50 FSW 
------------------------------------------

Excn# Day Seq Int lnt,m Start t Excn D Ex t Stops End t Remarks Notes 
------- ------ ---- -------- ----- -------

l 

I l 1st 
2 I 2nd 

3 2 1st 
4 2 3+* 

5 2 3+ 
6 2 3+ 

7 3 1st 

16 

2 

16 
0.5 

2 
I 

16 

0800 Begin compression to 50 fsw 

1200 145 / 54 1254 ( 140/54) 
120 1454 140 / 62 1556 (135/62)
964 0800 130 / 120 + 2 + 14 1016 2,4 

30 1046 145 / I 7 1103 3 
120 1303 125 / 75 1418 02 window 5 

60 1518 125 / 42 1600
960 0800 100 I 59 0859 Submax 7 

8 

9 
10 

3 

3 
3 

2nd 

3+ 

3+ 

2 
I 

I 

120 
60 
60 

1059 

1428 
1549 

115 / 149 

160 / 21 

220 I I l 

1328 Postsubmx 
1449
1600

7 

I I 

12 
13 
14 

15 
16 

17 
18 

4 
4 
4 

4 
4 
5 

5 
5 

1st 
3+* 
3+ 
3+ 

3+ 
3+ 
3+ 

3+ 

16 
4 

0.5 

2 

I 

8 
4 

l 

960 
240 
30 

120 
60 

484 
240 

60 

0800 160 / 60 + 2 + 15 
1317 145 / 10
1357 135 / 55 
1652 95 / 307

2259 115 / 57
0800 155 / 45 + 2 + 4 
1251 110 / 189 
1700 200 I 14 

0917 4 

1327 Submax 3,7 
1452 Postsubmx 7 

2159 
2356 6 
0851 4 
1600 
1714

19 
20 
21 
22 

5 
6 
6 
6 

7 

7 

3+ 

3+ 

3+ 

3+ 

2 
8 

0.5 

2 
12 

120 
494 

30 
120

720 

1914 110 / 210 + 2 + 60 
0800 105 / 189 

1139 120 / 76 

1455 170 / 45 + 2 + 18
0400 45 / 130 
0610 40 I 140 

2346 4,6

1109 Submax 7 
•• 1255 Postsubmx 7

1600 4 
0610 Begin dee 8 
0830

7 
7 

0830 35 / 150 
1100 30 I 160 

1100 
1340 

7 

7 
1340 25 / 175 
1635 20 I 190 

1635 
1945 

7 1945 15 / 210 2315 
7 

8 
8 

2315 10 / 230 
0305 5 / 260 
0725 Reach surface 

0305 
0725 Surface 

------------------------

Total saturation time 140 hours 

Total excursion time 

Total decompression time 

3 I. l hours + Decomp of 2.0 hr on excursions 
27 hours 25 min 

* This excursion 3+ because it is after a one-stop excursion 

[ •• Note: Excursion 21 is in error, should be 58 min instead of 76.J 
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WORKSHEET: NOAA-HRL-IUC REPEX II SATURATION AT 80 FSW 
=================================--=---===-===--===-== Rev B 

Excn# Day Seq Int lnt,m Start t Excn D Ex t Stops End t Remarks 
--- ----- ------- ------ ---- -------- ----- -------

I 
2 
3 
4 
5 
6 

-I 
I 
I 
I 
I 
I 
2 

1st 
2nd 
3+ 
3+ 
3+ 
3+ 

(16)
0. 5 

I 
4 
2 
8 

30 
'60 

240 
120 
482 

2400 
0800 
0844 
1434 
2004 
2323 
0800 

Begin compression to 80 fsw 
200 / 14 0814 Submax 
140 / 290 1334 Postsubmx 
140 / 90 1604 
170 / 79 2123 
220 / 29 + 2 + 4 2358 
200 I 33 0833 

7 
8 
9 

JO 
11 
12 

2 
2 
2 
3 
3 
3 

3+ 
3+ 
3+ 
1st 
2nd 
3+ 

0.5 
4 

0.5 
16 

l 
2 

30 
240 

30 
965 
60 

120 

0903 
1338 
1512 
0800 
0940 
1318 

180 / 35 • 
180 / 60 + 2 + 2 
145 / 43 
170 / 40 
160 / 98 
200 I 60 + 2 + 39 

0938 
1442 02 window 
1555 
0840 Submax 
1118 Postsubmx 
1459 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

3 
3 
3 
4 
4 
4 
4 
4 
5 
5 

3+ 
3+ 
3+ 
3+ 
3+ 
3+ 
3+ 
3+ 
3+ 
3+ 

0.5 
2 
4 
8 
2 
l 
4 

0.5 
8 
l 

30 
120 
240 
490 
120 

60 
240 

30 
488 

60 

1529 
1753 
2309 
0800 
1056 
1251 
1846 
2143 
0700 
0856 

I 60 / 24 
190 / 60 + 2 + 14 
190 / 41 
180 / 56 
140 / 55 
155 / 115 
I 55 / 14 7 
135 / 69 
180 / 56 
240 I 13 

1553 
1909 
2350 
0856 
1151 Submax 
1446 Postsubmx 
21 13 
2252 
0756 
0909 

23 5 3+ 2 120 
5 10 
5 
5 

5 
5 
5 

5 

5 

5 

1109 190 / 41 
1200 130 / 45 
1245 125 / 45 
1330 120 / 45 
1415 115 / 45 
1500 110 / 45 
1545 I 05 / 60 
1645 100 / 60 
1745 95 / 60 
1845 90 I 60 

1150 
1245 Begin dee 
1330 
1415 
1500 
1545 
1645 
1745 
1845 
1945 

5 
5 
5 
6 

6 

6 

6 

6 

6 

6 

1945 85 / 60 
2045 80 / 100 
2225 75 / 105 
0010 70 / 110 
0200 65 / 115 
0355 60 / 125 
0600 55 / 130 
0810 50 / 135 
1025 45 / 145 
1250 40 I 155 

2045 
2225 
0010 
0200 
0355 
0600 
0810 
1025 
1250 
1525 

6 

6 

1525 35 / 165 
1810 30 I 180 

1810 
2110 

6 

7 

2110 25 / 195 
0025 20 I 215 

2425 
0400 

7 
7 

7 
7 

0400 15 / 235 
0755 10 / 260 
1215 5 / 295 
1710 Reach surface 

0353 
1215 
1710 Surface 

----==================== 

Total saturation time 153 hours 10 min 
[• Note: Excn 

7 should be 
Total excursion time 
Total decompression time 

25.9 hours + Oecomp of 1.2 hours 15 min.] 
53 hours 10 min 
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WORKSHEET: NOAA-HRL-IUC REPEX III SATURATION AT 110 FSW 
==============================================----=-=== 

Excn# Day Seq Int lnt,m Start t Excn D Ext Stops End t Remarks CPTD 
------- ------ ---- -------- ----- -------

1 0000 Begin compression to 110 fsw 

1 1 1st 16 0800 200 I 105 0945 184 

2 1 2nd 0.5 30 1015 200 I 52 1107 275 

3 1 3+ 1 60 1207 190 / 57 1304 369 

4 1 3+ 0.5 30 1334 240 I 12 1346 394 

5 1 3+ 1 60 1446 180 / 78 1604 516* 

6 2 1st 16 960 0804 200 I 105 0949 184 
7 2 2nd 8 480 1749 200 I 105 1934 368 

8 2 3+ 2 120 2134 240 I 16 2150 402 
9 2 3+ I 60 2250 190 / 57 2347 496 

10 3 3+ 8 493 0800 200 I 150 + 2 + 58 1130 263 
11 3 3+ 1 60 1230 180 / 40 1310 Submax 325 
12 3 3+ 1 60 1410 200 I 58 1508 Postsubmx 427 
13 3 3+ 0.5 30 1538 200 I 22 1600 466 
14 4 1st 16 960 0800 200 I 240 + 2 + 33 1235 421 
15 4 2nd 2 120 1435 220 I 29 1504 477 
16 4 3+ 0.5 30 1534 240 / 12 1546 502 
17 5 1st 16 974 0800 200 I 105 0945 184 
18 5 2nd 2 120 1145 240 / 16 1201 218 

19 5 3+ 4 240 1601 220 I 29 1630 274 

5 1630 155 / 6 1636 282 
5 1636 154 / 6 1642 290 

5 1642 153 / 6 1648 298 
5 1648 152 / 6 1654 306 
5 1654 151 / 6 1700 314 
5 1700 150 / 6 1706 322 
5 1706 149 / 6 1712 330 
5 1712 148 / 6 1718 337 
5 1718 147 / 6 1724 344 
5 1724 146 / 6 1730 351 
5 1730 145 / 6 1736 351 

5 1736 144 / 6 1742 351 
5 1742 143 / 6 1748 351 

5 1748 142 / 6 1754 351 

5 1754 141 / 6 1800 358 

5 1800 140 / 6 1806 365 

5 1806 139 / 6 1812 372 

5 1812 138 / 6 1818 379 

5 1818 137 / 6 1824 386 

5 1824 136 / 6 1830 393 

5 1830 135 / 9 1839 403 
134 / 9 413•• 5 1839 1848 

5 1848 133 I 9 1857 413 

5 1857 132 I 9 1906 413 

5 1906 I 31 I 9 1915 413 

5 1915 130 / 9 1924 413 

5 1924 129 / 9 1933 413 

5 1933 128 / 9 1942 413 

5 1942 127 9 1951 413 

5 1951 126 9 2000 413 
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NOAA-HRL-IUC REPt:X l l I SA fURA f JON AT 110 FSW

====-�=-==-------------�-==�==-=--==-==-=--= 

Excn# Day Seq Int 
---

lnt,rn 
-----

Startt Excn D 
------- ------

E.x t �tops 
--------

End t Remarks 
-------

CPTD 

5 2000 125 9 2009 413 

5 2009 124 9 2018 413 

5 2018 123 9 2027 422 

5 2027 122 9 2036 431 

5 2036 12 l 9 2045 440 

5 2045 120 9 2054 449 

5 2054 119 9 2103 458 

5 2103 118 9 2112 466 

5 2112 I I 7 9 2121 474 

5 2121 116 9 2130 482 

5 2130 I 15 9 2139 490 

5 2139 1 14 9 2148 498 

5 2148 1 I 3 9 2157 506 

5 2157 1 12 9 2206 514 

5 2206 I 1 I 9 2215 522 

5 2215 11 0 38··· 2253 554 

5 2253 109 38 2331 586 

5 2331 108 38 0009 617 

6 0009 107 38 0047 31 

6 0047 106 38 0125 62 

6 0125 105 38 0203 92 

6 0203 104 38 0241 122 

6 0241 103 38 0319 151 

6 0319 102 38 0357 180 

6 0357 10 I 38 0435 208 

6 0435 JOO 38 0513 208 

6 0513 99 38 0551 208 

6 0551 98 38 0629 208 

6 0629 97 38 0707 208 

6 0707 96 38 0745 208 

6 0745 95 38 0823 208 

6 0823 94 38 0901 208 

6 0901 93 38 0939 208 

6 0939 92 38 1017 208 

6 1017 91 38 1055 208 

6 1055 90 38 1133 208 

6 1 133 89 38 1211 208 

6 12 I I 88 38 1249 208 

6 1249 87 38 1327 208 

6 1327 86 38 1405 208 

6 1405 85 38 1443 208 

6 1443 84 38 1521 208 

6 1521 83 38 1559 208 

6 1559 82 38 1637 208 

6 1637 81 38 1715 208 

6 1715 80 38 1753 227 

6 1753 79 38 1831 246 

6 1831 78 38 1909 264 

6 1909 77 38 1947 282 

6 1947 76 38 2025 299 
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NOAA-HRL-IUC REPEX III SATURATION AT 110 FSW 
--------------------------------------------

--------------------------------------------

Excn# Day Seq 
----- --- ---

Int Int,m Startt Excn D Ext Stop s End t 
--- ----- ------- ------ ---- -------- -----

Remarks CPTD 
-------

6 2025 75 38 2103 316 

6 2103 74 38 2141 332 

6 2141 73 38 2219 348 

6 2219 72 38 2257 363 

6 2257 71 38 2335 378 
6 2335 70 38 0013 392 

7 0013 69 38 0051 14 

7 0051 68 38 0129 27 

7 0129 67 38 0207 40 

7 0207 66 38 0245 52 

7 0245 65 38 0323 64 

7 0323 64 38 0401 75 

7 0401 63 38 0439 86 

7 0439 62 38 0517 96 

7 0517 61 38 0555 106 

7 0555 60 38 0633 115 
7 0633 59 38 0711 124 
7 0711 58 38 0749 132 
7 0749 57 38 0827 140 
7 0827 56 38 0905 147 

7 0905 55 38 0943 154 

7 0943 54 38 1021 160 

7 1021 53 38 1059 165 

7 1059 52 38 1137 170 

7 1137 51 38 1215 174 

7 1215 50 38 1253 177 

7 1253 49 38 1331 180 

7 1331 48 38 1409 182 

7 1409 47 38 1447 183 

7 1447 46 38 1525 184 

7 1525 45 39 1604 184 

7 1604 44 39 1643 184 

7 1643 43 39 1722 184 

7 1722 42 39 1801 184 

7 1801 41 39 1840 184 

7 1840 40 41 1921 184 

7 1921 39 41 2002 184 

7 2002 38 41 2043 184 

7 2043 37 41 2124 184 

7 2124 36 41 2205 184 

7 2205 35 44 2249 184 

7 2249 34 44 2333 184 

7 

8 

2333 33 44 0017 

0017 32 44 • 0101 
184 

0 

·0 0101 31 44 0145 0 

8 0145 30 48 0233 0 

8 0233 29 48 0321 0 

8 0321 28 48 0409 0 

8 0409 27 48 0457 0 

8 0457 26 48 0545 0 
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NOAA-HRL-IUC REPEX I I I SATURATION AT 110 FSW 
:=============================--------------

Excn# Day Seq Int Int,m Start t Excn D 
--- ----- ------- ------

Ext Stops End t 
--------

Remarks CPTD 
-------

8 0545 25 52 0637 0 

8 0637 24 52 0729 0 

8 0729 23 52 0821 0 

8 0821 22 52 0913 0 

8 0913 21 52 1005 0

8 1005 20 57 1102 0 

8 1102 19 57 1159 0

8 1159 18 57 1256 0 

8 1256 17 57 1353 0 

8 1353 16 57 1450 0 
8 1450 15 62 1552 0 
8 1552 14 62 1654 0
8 1654 13 62 1756 0 
8 1756 12 62 1858 0 
8 1858 . I 1 62 2000 0 
8 2000 10 70 2110 0 
8 2 I 10 9 70 2220 0 
8 2220 8 70 2330 0 
8 2330 7 70 2440 0 
9 0040 6 70 0150 0 
9 0150 5 395 0825 0 
9 0825 0 0825 Surface 

=----=================== 
Total decompression time 87 hours 55 min 
Total excursion time 21. 5 hours + decompression 
Total time in saturation 200 hours 25 min; 8 days 8.4 hours 

* Daily CPT0 totals are underlined. 

( •• It looks as if the CPT0 calculation over the depth range 134 to 124 was 
not made, making the calculated total about 40 units low.]

[••• The ascent rate between 110 and 95 fsw was at 38 min/fsw and should 
have been 21, 22, and 23 fsw.] 

Calculation of Post-submaximal times 

Submax t: t:adj - t:min + ((t:max - t:min) * (1-(t:used/t:allowed)))

Postsubmaximal = A+ ((8 - A)*(I-D/C)) 

Postsubmax: 1 hr at 180/40 (78). 
Normal time = t:min A =-

Time w/o excn = t:max 8 = 
Time al lowed = t:al lowed C = 

Post: 200/58 (42-75; 1 hr becomes 2 hr)

42 Time from table for seq and intvl 

75 Time w/o preceding (submax) dive 

78 Time al lowed in submax dive 
Time used = t:used D = 40 Time used in submax dive 
Modified time = 58 
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APPENDIX B. 

Schedules for Repex dives 

These schedules are the ones used to run the dives. Each of the dives 
followed the schedules accurately, with minor exceptions. These are shown 
ln brackets, at the right margin. Repex I had a treatment at the end. See 

section VI . A for schedu 1 i ng er 1 ter i a and Chapter VI I for coovnents on the 
conduct of the dives and the changes to the profile for Repex I due to the 
treatment. 



NOAA-HRL-IUC REPEX I SATURATION AT 50 FSW 
========================================== 

Day Excn# Time 
SCHEDULE OF EVENTS 

Event 
-----------------------------

Remarks 
------- ----------------------

-I 1986 July 28, Monday 

-I 
-1 
-1 
-I 
-1 
-I 
-I 

0800 
1100 
1330 
1400 
1430 
1500 
1530 

Familiarization and habitability
General briefing 
Doppler training, Diver RW 
Doppler training, Diver JB 
Doppler training, Diver MC 
Doppler training, Diver MS 
Doppler training, Diver JG 

1986 July 29, Tuesday 

1 

I 

I 

I 

I 

I 

1 

I 

I 

I 

I 

J 

1 

1 

1 

1 

1 

1 

I 

I 

I 

1 

2 

2 

2 

2 

2 

0700 
0745 
0800 
1030 
1100 
1130 
1200 
1254 
1334 
1419 
1454 
1556 
1636 
1721 
1806 
1900 
2000 
2200 

Diver last-minute medical checks 
Divers enter chamber 
Begin compression to 50 fsw, adjust PO2 to 0.3 atm 
Control u/s (doppler readings on all divers)
Divers fill out subjective questionaire 
Lunch 
Excurse to 143 fsw for 54 min. Rate 30 fsw/min
Decompress to storage depth at 30 fsw/mln
U/s
U/s
Excursion: 140/62
Decompress
U/s
U/s
U/s
Dinner 
Questfonaire
LIGHTS OUT 

2 1986 July 307 Wednesday 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

5 

5 

5 

5 

6 

6 

0600 
0630 
0800 
1000 
1002 
1004 
1018 
1030 
1046 
1103 
1143 
1228 
1303 
1310 
1418 
1458 

1518 
1600 

Divers awakened 
Breakfast 
One-stop excursion: 130/120 + 2 + 14 
Decompress to 75 fsw 
Stop at 75 fsw for 2 min 
Decompress to 65 fsw, stop 14 min 
Decompress to storage
U/s (u/s early) 
Excursion: 145/17
Decompress to 02 window depth, 60 fsw, remain on air 
U/s
U/s
Excursion: 125/75
Lunch 
Decompress
U/s
Excursion: 125/42
Decompress 
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NOAA-HRL-IUC Repex 
Day Excn# Time Event 

SATURATION AT 50 FSW 
Remarks 

2 1986 July 30, continued 

2 
2 

2 
2 
2 
2 

6 
6 
6 

1640 
1725 
1810 
1900 
2000 
2200 

U/s

U/s
U/s
Dinner 
Questionaire
LIGHTS OUT 

3 1986 July 31, Thursday 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

7 

7 
7 
7 
8 
8 
8 
8 
9 
9 
9 

10 
10 
10 
10 
10 

0600 
0630 
0800 
0859 
0939 
1024 
1059 
1215 
1328 
1408 
1428 
1449 
1529 
1549 
1600 
1640 
1725 
1810 
1900 
2000 
2200 

Divers awakened 
Breakfast 
Excursion: 100/59 (submaxfmal) 

Decompress
U/s
U/s
Excursion: 115/149 (postsubmaxfmal) 

Lunch 
Decompress
U/s
Excursion: 160/21
Decompress
U/s
Excursion: 220/11
Decompress
U/s
U/s
U/s
Dinner 
Questionaire
LIGHTS OUT 

4 1986 August 1, Friday 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

1 1 

1 l 
1 l 
l l 
l l 
l 1 
l l 
1 1 

12 
12 
13 
13 
13 
13 
14 

0600 
0630 
0800 
0900 
0903 
0905 
0920 
0940 
1025 
111 0 
1215 
1317 
1327 
1357 
1452 
1532 
1617 
1652 

Divers awakened 
Breakfast 
One-stop excursion: 160/60 + 2 + 15 
Decompress to 75 fsw 
Stop at 75 fsw for 2 min 
Decompress to 65 fsw, stop 15 min 
Decompress to storage
U/s
U/s
U/s
Lunch 
Excursion: 145/10 (submax i ma 1) 

Decompress (no u/s) 
Excursion: 135/55 (postsubmax i ma I) 

Decompress
U/s
U/s
Excursion: 95/307 Entire system at 95 fsw 



NOAA-HRL-IUC Repex SATURATION AT 50 FSW 
Day Excn# Time Event Remarks 

------------------------------------ ----------------------

4 1986 August 1, continued 

4 14 1900 Dinner Maintafn fire safety
4 14 2159 Decompress
4 14 2239 U/s
4 15 2259 Excursion: "115/57
4 15 2356 Decorll)ress
5 15 1986 August 2, Saturday 

5 15 0010 Questlonaire Divers remain actfve 
5 15 0036 U/s
5 15 0121 U/s
5 0135 LIGHTS OUT 

5 0630 Divers awakened 
5 0715 Breakfast 
5 16 0800 One-stop excursion: 155/45 + 2 + 4 
5 16 0845 Decompress to 75 fsw 
5 16 0848 Stop at 75 fsw for 2 min 
5 16 0850 DecOrll)ress to 65 fsw, stop ·4 min 
5 16 0854 Decompress to storag·e
5 16 0925 U/s
5 16 1010 U/s
5 16 1055 U/s
5 1215 Lunch 
5 17 1251 Excursion: 110/189 Whole system at 110 fsw 
5 17 1600 Decompress Maintain fire safety
5 I 7 1640 U/s
5 18 1700 Excursion: 200/14

5 18 1714 Decompress
5 18 1754 U/s
5 18 1839 U/s
5 19 1914 Excursion: 110/210 + 2 + 60 Whole system at 110 
5 19 1930 Dinner Maintain fire safety
5 19 2244 Decorll)ress to 75 fsw 
5 19 2245 Stop at 75 fsw for 2 mfn 
5 19 2247 Decompress to 65 fsw, stop 60 min 
5 19 2324 U/s
5 19 2347 Decompress to storage 

6 1986 August 3, Sunday 

6 19 0009 U/s Divers remain active 
6 0030 Questionaire
6 19 0054 U/s
6 0115 LIGHTS OUT 

6 0630 Divers awakened 
6 0715 Breakfast 
6 20 0800 Excursion: 105/189 (submaximal) Whole system at 105 
6 20 1109 Decompress No time for u/s; keep fire safe 
6 21 1139 Excurs I on: 120/76 (postsubmaxlmal) [Should be 120/58]

6 1215 Lunch 
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Rev B 
NOAA-HRL-IUC REPEX II SATURATION AT 80 FSW 
==================================-====---

SCHEDULE OF EVENTS 

Day Excn# Time Events and Remarks 
-----------------------------------------------------------

-1 1986 August 7, Thursday 

-1 
-I 
-I 
-I 
-1 
-1 
-I 

1300 

2000 
2130 
2300 
2330 
2400 

Familiarization, habitability, and general briefing of 
divers. 

Dinner for divers 
Doppler training 
Final outfitting of chamber 
Divers enter chamber 
Begin compression to 80 fsw ... continued 

1986 August 8, Friday 

0015 
0030 
0045 

Control doppler ultrasound (u/s)
Divers fill out subjective questionaire 
LIGHTS OUT. 

1 

l 

l 

l 

1 

l 

I 

1 

l 

1 

l 

1 

l 

1 

1 

1 

1 

1 

l 

l 

1 

1 

1 

l 

l 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

5 

5 

5 

5 

0630 
0700 
0800 
0814 
0844 
1215 
1334 
1414 
1434 
1604 
1644 
1729 
1745 
1814 
1830 
2004 
2123 
2203 
2248 
2323 
2352 
2355 
2357 

Divers awakened 
Breakfast 
Excurse to 200 fsw for 14 min (submaximal)
Decompress to storage depth at 30 fsw/mln, hold 1/2 hr 
Excursion: 140/290 (postsubmaximal)
Lunch (during excursion) 
Decompress; hold I hour 
U/s
Excursion: 140/90
Decompress; hold 4 hr 
U/s
U/s
Dinner 
U/s
Divers sleep
Excursion: 170/79
Decompress; hold 2 hr 
U/s
U/s
One-stop excursion: 220/29 + 2 + 4 
Decompress to 105 fsw 
Stop at 105 fsw for 2 min 
Decompress to 95 fsw, stop 4 min ••• continued 

2 1986 August 9, Saturday 

2 

2 

2 

2 

2 

2 

2 

5 

5 

5 

5 

0001 
0032 
0045 
0117 
0130 

0630 

0700 

Decompress to storage depth
U/s
Questlonaire
U/s
LIGHTS OUT 

Divers awakened 

Breakfast 
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Day Excn# Time 
---

- - - --
-

II2 TURATION 
NOAA-HRL-IUC REPEX SA2Events and Remarks
-- -- - ---- - ------ --- -- - -- -

AT 80 FSW 

-------- ---- ----- ----- -------- ----

2 
9 i

August ed 
1986 cont2 n u, 

2 
2 

2 
2 

2 

6 
6 
7 
7 
7
7 

0800 Excursion: 2020/33 1/2 hs2 r20833 Decomp2res hold ; 
0903 Excursion: 180/35 ir ho2ld f0938 Dec2 Ofll)ress t , o a298 sw on 
1018 U/s (98 fsw) 

[Should be 8 hr, 3+] 

[Should be 180/15
] 

4 h (02 window
r2 ) 

2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

7 

7 

8 
8 
8 
8 
8 
9 
9 
9 
9 
9 

110 U/s (98 fsw) 3
11152 Lun ch (98 fs

w)
114 U/s 98 fsw)8 (2 (9281200 Lights out, div2er s sleep180/6

+133 One-stop excursion: 8 02
143 Decompress to 105 fsw 8 
144 Stop at 105 fsw for 2 min 

0 
144 Decompress t2 95 fsw, stop 2

2 o l d  28 mi
n2h

144 Decompress to storage;2 o2
4 

151 Excursion: 145/43 12 6 2 r hr o2155 Deco ; 5 mp2 hes s 2 l d
1632 U/s5 172 U/s01805 U/s2
183 Dinner 0 i2000 Questiona2re2

fs w )

+

2 2

mi n

2 2 200 L IGHT S  OUT

3 
, Sunday9 8 6  Augu st 10

12

3 
3 
3 
3 
3 
3 
3 
3 
3 
3
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

e
0630 Divers awak ned
0700 Breakfast i ma 080 Excursion2 170/40 (d 1 0  0 : submax l )
0840 Dec

ompr
es

hr 1 0  s; hol2 l 0922 U/s 1 0  0 
s

u2bmaxl ma09 Excursi2o n 160/98 (pos2t

1 1  4 0  : l ) 2
11 8 l 1 1 press ;  hol d  2 hr2Dec om
11 8 U/s1 1 5
12152l l Lun ch
12 U/s l l 43 2020 + 2 +/60 913 ursionOne-stop exc  : 1 2  141 8  3

8 Decomp2 ress to 105 fsw1 2 1214 Stop at 105 r fsw fo 2 mi2 n
1 2  14

2 1  
23 Decompress to 95 fsw, sto2 p 39 mi1 2  27 mnes o1502 Decomp r s to storage; hl2d 

1 in22 15 3 U/s 1 2  01529 Excursion: 16 0/242 hr1 3  omp rDe c
; h

o d ess155321 3  l2
163321 3  U/s
1718 U/s13 1730 Dinner 
17 Excursion: 190/60 +53

1 4  + 2 1 4
18532 Decom2 press to 10 fsw 

1 4  5
18562 Stop at 102 fs5  w for 2 min1 4  4
18582 ss Decompre2 to 95 fsw, sthopld 1 4 h

mrin1 4
4 D c2 re2omp s t2 storag e 2 o; 

1

e
pex d2i 
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NOAA-HRL-IUC REPEX II SATURATION AT 80 FSW 

Day E;<cn# Time Evente. ,::md Rern.9r-k5 

3 

3 14 1933 
3 14 2018 
3 14 2103 
3 2115 
3 15 2309 
3 15 2350 

4 

4 15 0030 
4 15 0045 
4 15 0115 
4 15 0130 

4 0630 
4 0700 
4 16 0800 
4 16 0856 
4 16 0936 
4 16 1021 
4 17 1056 
4 17 I 151 
4 17 1215 
4 17 1231 
4 18 1251 
4 18 1446 
4 18 1526 
4 18 1611 
4 18 1656 
4 1830 
4 19 1846 
4 19 2113 
4 20 2143 
4 20 2252 
4 20 2332 
4 20 2345 

5 

5 20 0017 
5 0030 

5 0530 
5 0615 
5 21 0700 
5 21 0756 
5 21 0836 
5 22 0856 
5 22 0909 
5 22 0954 

1986 August 10, continued 

U/s
U/s
U/s
Divers optional nap time 
Excursion: 190/41
Decompress; hold 8 hr ... continued 

1986 August 11, Monday 

U/s
Questionaire
U/s
LIGHTS OUT 

Divers awakened 
Breakfast 
Excursion: 180/56
Decompress; hold 2 hr 
U/s
U/s
Excursion: 140/55 (submaximal)
Decompress; hold 1 hr 
Lunch 
U/s
Excursion: 155/115 (postsubmaximal)
Decompress; hold 4 hr 
U/s
U/s
U/s. Divers sleep.
Dinner 
Excursion: 155/147
Decompress; hold 1/2 hr 
Excursion: 135/69
Decompress; hold 8 hr 
U/s
Questionaire ... continued 

1986 August 12, Tuesday 

U/s
LIGHTS OUT 

Divers awakened 
Breakfast 
Excursion: 180/56
Decompress; hold I hr 
U/s
Excursion: 240/13
Decompress; hold 2 hr 
U/s 
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NOAA-HRL- IUC REPEX 1 1  SA T ION AT 80 FSWeURA T
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s
-

nd 
-
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k
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a
--

--- - - - -
-
--

5 o1986 August 1 2, cen tin ued 

25 2e2
5 325 325 3 
5 23 
5 23 
5 
5 
5 
5 
5 
5e
5 
5 
5 
5 
5 
5 
5 
5e
5 

5 

1039 U/s 4 sph
110 Excursion: 190/1. Change at mo e re to a ir.e9 30 fse w 

Decoot:>ere ss o 1ete1150 ld at 130 fsw for 8 + Hoe 45 mine1152 120 ion dBegin sate ura t e e 0 c om ession.p r Lunch.
123e U/s s 0 compres t o  12e 5 fswe124 De

 s 
1335 to 120 fsDecoot:>re

es we0 Decompres s 
 to 115 fs411 we5 

ss to 110 fsDecompere5e1e w 00 Decomperes s to 105 fs154 w 5 1e6 Decompre s4e5 s to 1e0
n r 0 fsw

Di ne ee17e3 0  Decompre s w 174 5  s to 95 f s
18 U/s 3 0  Decompre 0 

ss o 9e fsw 184 5  Deeompress tto 8 5 19e45 
f
sweress c

c
ompe20 to 80 fsw De4 5  200 1 Questlo n al ree

U/s.222200 Deceompres5  to 75 fswes t 2e Lights oet. u and ee c h2230 Diveers wake e u p  ev e hour ry to mo v st re .

6 1 3, 198 6  Augus t  We edn esday

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

0 to r 70 fswe0 10 Decompee s s
ss to 65 fsw 0200 ee

comprD e
press to 60 fs w e0355 Decome t

Decompress o 5
5 

f s0 w 
0
0
7
6 000 Divers aew Br

eaekfaset a kenede0745 
0810 Deco m e to 5pre ss 0 fsw 0830 U/s 
1 5 Decompre2 e 0 Luen ch 

ss to 45 fs w  
1 002 01250 De compress  to fsw

U/es 41400 
1525 Decompress to 35 f s wr 1730 D inne

e

 
omper es1810 cDe s to 30 fsweQuee stioe na

ie
re 2100  21e 0 2e

1

 Dec ompere toU/s ess 25 fs w  
20e0

toe
2230 Lights out. vers wak e D i u p  every ur to move retch.he and se

7 1986 August 14, Thur sdaye

7e
to 20 

s025 Decompre s s we0e omp es to 15 f
w 

5 5  mpress 

ag B-9e

Dee re s fs0400 D t
e
c
coe 10 fs w eo 

7 
07e

Divers ed.awakene
7 
7 08 0 0  
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NOAA-HRL-IUC REPEX 11 SATURATION AT 80 FSW 
Day Excn# Time Events and Remarks 

7 1986 August 14. continued 

7 

7 

0830 
0845 

U/s
Breakfast 

7 

7 

7 

7 

7 
7 
7 
7 

1215 
1430 
1650 
1710 
1715 
1730 

1800 
1930 

Decompress to 5 fsw 
U/s
Final questionaire
Decompress to surface 
U/s
Medical check. clean up
Crew debriefing

Dinner for divers and crew with RWH 
7 
7 

2230 Final scheduled U/s
Divers remain overnight. 

Day 9, 1986 August 16: Divers call in to report condition. 
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-
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-I
-
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f div
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i lit
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l l 
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l 4
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l 
l 
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NOAA-HRL-IUC Repex Ill 
Day Excn# Time Event 

----------------------

SATURATION AT 110 FSW 
Remarks 

-------------- ----------------------

2 1986 August 19, continued 

2 

2 

2 

2 

2 

2 

2 

2 

7 

7 

7 

8 

9 

8 

9 

9 

1934 
2014 
2059 
2134 
2150 
2230 
2250 
2347 

Decompress; hold 2 hours 
U/s
U/s
Excursion: 240/16
Decompress; hold 1 hour 
U/s
Excursion: 190/57
Decompress; hold 8 hours 

3 1986 August 20, Wednesday 

3 

3 

3 

3 

9 

9 

9 

0015 
0027 
0112 
0130 

Questionaire 
U/s
U/s
LIGHTS OUT 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

10 
1 0 

10 
10 
10 
10 
10 

l 1 
11 
1 1 

12 
12 
13 
13 
13 
I 3 
13 
13 

0630 
0700 
0800 
1030 
1032 
1034 
111 0 
1132 
1155 
1210 
1230 
1310 
1350
1410 
1508 
1538 
1600 
1640
1725 
1740
1810 
2000
2200 

Dfvers awakened 
Breakfast 
One-stop excursion: 200/150 + 2 + 58 
Decompress to 135 fsw 
Stop at 135 fsw for 2 min 
Decompress to 125 fsw, stop 58 min 
U/s
Decompress to storage; hold 1 hour 
U/s
Lunch 
Excursion: 180/40 (submaximal)
Decompress; hold I hr
U/s 
Excursion: 200/58 (postsubmaximal) 
Decompress; hold 1/2 hour 
Excursion: 200/22
Decompress; hold 16 hours 
U/s 
U/s
Dinner 
U/s
Questionaire 
LIGHTS OUT. 

4 1986 August 21, Thursday 

4 

4 

4 

4 

4 

4 

4 

4 

4 

14 
14 
14 
14 
14 

14 

14 

0630 
0700 
0800 
1200 
1202 
1204 
1210 

12:37 
1240 

Divers awakened 
Breakfast 
One-stop excursion: 200/240 + 2 + 33 
Decompress to 135 fsw
Stop at 135 fsw for 2 min 
Decompress to 125 fsw, stop 33 min 
Lunch 

Decompress to storage; hold 2 hours 
U/s 
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NOAA-HRL-IUC Repex III 
Day Excn# Time Event 

SATURATION AT 110 FSW 
Remarks 

4 1986 August 21, continued 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

14 
15 
15 
16 
16 
16 
16 
16 

1325 
1435 
1504 
1534 
1546 
1626 
1711 
1756 
1830 
2000 
2200 

U/s
Excursion: 220/29
Decompress; hold 1/2 hr 
Excursion: 240/12
Decompress; hold 16 hours 
U/s
U/s
U/s.
Dinner 
Questlonaire
LIGHTS OUT 

5 1986 August 22, Friday 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

17 
17 
17 
17 
18 
18 
18 
18 
18 
18 
19 
19 

0630 
0715 
0800 
0945 
1025 
1110 
1145 
1201 
1210 
1241 
1326 
1411 
1601 
1630 
1636 
1642 
1648 
1654 
1700 
1706 
1710 
1712 
1718 
1724 

1730 
1736 
1742 
1748 
1754 
1755 
1800 
1806 
1812 
1818 
1824 
1830 
1839 

Divers awakened 
Breakfast 

Excursion: 200/105
Decompress; hold 2 hours 
U/s
U/s
Excursion: 240/16
Decompress; hold 4 hr 
Lunch 
U/s
U/s
U/s
Excursion: 220/29.

Decompress to 155 fsw. Begin saturation decompression.
Decompress to 154 fsw. Remain on air. 
Decompress to 153 fsw 
Decompress to 152 fsw 
Decompress to 151 fsw 
Decompress to 150 fsw 
Decompress to 149 fsw 
U/s

Decompress to 148 fsw 
Decompress to 147 fsw 
Decompress to 146 fsw 
Decompress to 145 fsw 
Decompress to 144 fsw 
Decompress to 143 fsw 
Decompress to 142 fsw 
Decompress to 141 fsw 
U/s.

Decompress to 140 fsw. Dinner. 
Decompress to 139 fsw 
Decompress to 138 fsw 
Decompress to 137 fsw 
Decompress to 136 fsw 
Decompress to 135 fsw 
Decompress to 134 fsw 



Day Excn# Time 
NOAA-HRL-IUC Repex I I I SATURATION AT 110 FSW 
Event Remarks 
------------------------------------ ----------------------

5 1986 August 22, continued 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 

5 

6 

1840 
1848 
1857 
1906 
1915 
1924 
1933 
1942 
1951 
2000 
2009 
2018 
2027 
2036 
2045 
2054 
2103 
2112 
2121 
2130 
2139 
2148 
2157 
2200 
2206 
2215 

2230 

2253 

2331 

U/s
Decompress to 133 fsw 
Decompress to 132 fsw 
Decompress to I 31 fsw 
Decompress to 130 fsw 
Decompress to 129 fsw 
Decompress to 128 fsw 
Decompress to 127 fsw 
Decompress to 126 fsw 
Decompress to 125 fsw 
Decompress to 124 fsw 
Decompress to 123 fsw 
Decompress to 122 fsw 
Decompress to 121 fsw 
Decompress to 120 fsw 
Decompress to 119 fsw 
Decompress to 118 fsw 
Decompress to 1 17 fsw 
Decompress to 116 fsw 
Decompress to 115 fsw 
Decompress to 114 fsw 
Decompress to 113 fsw 
Decompress to 112 fsw 
U/s
Decompress to I 11 fsw 
Decompress to 110 fsw [Ascent rrate 38 mfn/fsw,

Lights out. should be 21 mfn/fsw from 

Decompress to 109 fsw 110 to 105 fsw, 22 mfn/fsw

Decompress to 108 fsw from 105 to 100, 23 from 

100 to 95) 

1986 August 23, Saturday 

6 
6 
6 
6 
6 
6 
6 

6 

6 
6 

6 

6 

6 

6 

0009 
0047 
0125 
0203 
0241 
0319 
0357 
0435 
0513 
0551 
0629 
0707 
0745 
0815 

Decompress to 107 fsw 
Decompress to 106 fsw 

Decompress to 105 fsw 

Decompress to 104 fsw 

Decompress to 103 fsw 

Decompress to 102 fsw 
Decompress to 101 fsw 

Decompress to 100 fsw Adjust chamber PO2 to 0.5 atm. 
Decompress to 99 fsw 

Decompress to 98 fsw 
Decompress to 97 fsw 

Decompress to 96 fsw 

Decompress to 95 fsw 
Divers awakened 

6 

6 

6 

6 
6 

0823 
0830 
0901 
0902 
0939 

Decompress to 94 fsw 

U/s
Decompress to 93 fsw 

Breakfast 
Decompress to 92 fsw 
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NOAA-HRL-IUC Repex I I I SATURATION ATl!0FSW 
Day Excn# Time Event Remarks

------------------------------------ ----------------------

6 1986 August 23, continued 

6 1017 Decompress to 91 fsw 
6 1055 Decompress to 90 fsw 
6 1133 Decompress to 89 fsw 
6 1211 Decompress to 88 fsw 
6 1215 Lunch 
6 1249 Decompress to 87 fsw 
6 1327 Decompress to 86 fsw 
6 1405 Decompress to 85 fsw 
6 1430 U/s
6 1443 Decompress to 84 fsw 
6 1521 Decompress to 83 fsw 
6 1559 Decompress to 82 fsw 
6 1637 Decompress to 81 fsw 
6 1715 Decompress to 80 fsw Change chamber mix back to air. 
6 1730 Dinner 
6 1753 Decompress to 79 fsw 
6 1831 Decompress to 78 fsw
6 1909 Decompress to 77 fsw 
6 1947 Decompress to 76 fsw 
6 2000 Questionaire
6 2025 Decompress to 75 fsw
6 2103 Decompress to 74 fsw 
6 2141 Decompress to 73 fsw 
6 2200 U/s
6 2219 Decompress to 72 fsw 
6 2257 Decompress to 71 fsw 
6 2300 Lights out 
6 2335 Decompress to 70 fsw 

7 1986 August 24, Sunday 

7 0013 Decompress to 69 fsw 
7 0051 Decompress to 68 fsw 
7 0129 Decompress to 67 fsw 
7 0207 Decompress to 66 fsw 
7 0245 Decompress to 65 fsw 
7 0323 Decompress to 64 fsw 
7 0401 Decompress to 63 fsw 
7 0439 Decompress to 62 fsw 
7 0517 Decompress to 61 fsw 
7 0555 Decompress to 60 fsw 
7 0633 Decompress to 59 fsw 
7 0711 Decompress to 58 fsw 
7 0749 Decompress to 57 fsw 
7 0815 Dfvers awakened 
7 0827 Decompress to 56 fsw 
7 0830 U/s
7 0900 Breakfast 
7 0905 Decompress to 55 fsw 
7 0943 Decompress to 54 fsw
7 1021 Decompress to 53 fsw 
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NOAA-HRL-IUC Repex 111 SATURATION AT 110 FSW 
Day Excn# Time Event Remarks 

------------------------------------ ----------------------

7 1986 August 24, continued 

7 1059 DecOfll)ress to 52 fsw 
7 1137 DecOfll)ress to 51 fsw 
7 1215 DecOfll)ress to 50 fsw 
7 1230 Lunch 
7 1253 DecOfll)ress to 49 fsw 
7 1331 Decompress to 48 fsw 
7 1409 DecOfll)ress to 47 fsw 
7 1430 U/s
7 1447 Decompress to 46 fsw 
7 1525 DecOfll)ress to 45 fsw 
7 1604 DecOfll)ress to 44 fsw 
7 1643 DecOfll)ress to 43 fsw 
7 1722 DecOfll)ress to 42 fsw
7 1730 Dinner 
7 1801 Decompress to 41 fsw 
7 1840 DecOfll)ress to 40 fsw 
7 1921 Decompress to 39 fsw 
7 2000 Questlonalre
7 2002 Decompress to 38 fsw 
7 2043 DecOfll)ress to 37 fsw 
7 2124 DecOfll)ress to 36 fsw
7 2200 U/s
7 2205 DecOfll)ress to 35 fsw 
7 2230 LI ghts out 
7 2249 DecOfll)ress to 34 fsw 
7 2333 DecOfll)ress to 33 fsw 

8 1986 August 25, Monday 

8 0017 DecOfll)ress to 32 fsw 
8 0101 Decompress to 31 fsw 
8 0145 DecOOl)ress to 30 fsw 
8 0233 Decompress to 29 fsw 
8 0321 Decompress to 28 fsw 
8 0409 Decompress to 27 fsw 
8 0457 Decompress to 26 fsw 
8 0545 Decompress to 25 fsw 
8 0637 Decompress to 24 fsw 
8 0729 Decompress to 23 fsw 
8 0815 Divers awakened 
8 0821 Decompress to 22 fsw 
8 0830 U/s
8 0845 Breakfast 
8 0913 Decompress to 21 fsw 
8 1005 Decompress to 20 fsw 
8 1102 Decompress to 19 fsw 
8 1159 Decompress to 18 fsw 
8 1230 Lunch 
8 1256 Decompress to 1 7 fsw 

8 1353 Decompress to 16 fsw 

8 1430 U/s 
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NOAA-HRL-IUC Repex Ill 
Day Excn# Time Event 

SATURATION AT 110 FSW 
Remarks 

8 1986 August 25, continued

8 

8 

8 

8 

1450 
1552 
1654 
1730 

Decompress to 15 fsw 
Decompress to 14 fsw 
Decompress to 13 fsw 
Dinner 

8 

8 

8 

8 

8 

8 

8 

8 

1756 
1848 
2000 
2110 
2200 
2220 
2230 
2330 

Decompress to 12 fsw 
Decompress to 11 fsw 
Decompress to 10 fsw. Questlonalre 
Decompress to 9 fsw 
U/s
Decompress to 8 fsw 
Lights out 
Decompress to 7 fsw 

9 1986 August 26, Tuesday 

9 

9 

9 

9 

9 

9 

0040 
0150 
0800 
0825 
0830 
0845 

Decompress to 6 fsw 
Decompress to 5 fsw. Hold at 5 fsw for 395 min. 
If necessary, divers awakened. 
Decompress to O fsw. Surface 
U/s
Medical check 

9 

9 

9 

9 

9 

0900 
1000 
1400 
1430 
2000 

Debriefing, all divers and crew. 
Brunch, divers and available crew. 
Questionaire
U/s
Divers may leave IUC, stay In contact. 

Day 11,1986 August 28: Divers report condition to RWH, GJB, or BB. 
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Reoex report: Appendix C: Sample table pages Page C-l 

APPENDIX C. 

Sample table pages 

Storage depth 50-54 fsw was used for Repex I. The saturation 
decompression was taken from an earlier version of the 45-49 fsw table,
which was changed as a result of this decompression. 

Storage depth 80-84 fsw was used for both Repex 11 excursions and 
saturation decompression. 

Storage depth 110-114 fsw was used for Repex III excursions, and 105-
109 fsw for saturation decompression. The "break" at POz=0.5 was done at a 
different time from the one in the final table set. 



REPEX Habitat Diving Procedures STORAGE DEPTH 50-54 FSW 
Page I of 2 

OXYGEN ttANAGEtlENT AT 50-54 FSW 

Pressure: 50 fsw = 15.35 msw = 153.52 kiloPascals = 2.52 atm abs 

Habitat gas = 0.3 to 0.35 atm oxygen partial pressure 
= 11.9 to 13.9 percent oxygen at 50 fsw 

POz of air at 50 fsw= 0.53 CPTU/hr at 50 fsw= 6 
54 fsW= 0.55 54 fsw= 9 
60 fsW= 0. 59 60 fsw= 14 
64 fSW= 0.61 64 fsw= 18 

ASCENDING EXCURSIONS FRON 50-54 FSW 

Target depth 0- 5- 10- 15- 20- 25- 30-
range, fsw: 5 10 15 20 25 30 35 >=35 

Tl me a I 1 owed: 7 13 18 25 32 42 60 no 1 imit 

OXYGEN WINDOW EXCURSION RANGE Breathing air: Storage depth+ 10 fsw 

NO-STOP EXCURSIONS FRON 50-54 FSW 85Aug 055ROO.K08; .K09 

A 1 1 owab 1 e ti me (min) at each excursion depth (fsw)
Excnl#_ lntrvl 65 70 75 80 85 90 95 100 105 110 115 120 125
1st >16 hr 480 480 455 296 201 158 116 92 
2nd 8-16 480 480 431 294 200 157 116 92 
2nd 4-8 480 480 374 262 189 147 116 91 
2nd 2-4 .•• All 480 •.• 480 480 292 200 162 123 103 86 
2nd 1-2 480 462 205 142 124 91 77 68 
2nd 1L2-l 480 419 13 I 98 85 59 54 50 
3+ 8-16 480 480 431 294 200 157 116 92 
3+ 4-8 480 480 340 253 189 147 116 91 
3+ 2-4 480 307 197 145 115 95 83 75 
3+ 1-2 427 171 107 78 70 57 48 42 
3+ 1/2-1 241 91 72 49 38 30 25 22 

Excnl#_ Intrvl 130 135 140 145 150 155 160 170 180 190 200 220 240 
1st >16 hr 77 67 54 45 40 35 32 27 23 19 16 11 08 
2nd 8-16 77 67 54 45 40 35 32 27 23 19 16 I I 08
2nd 4-8 77 66 54 45 40 35 32 27 23 19 16 11 08
2nd 2-4 72 62 53 45 39 35 32 27 23 19 16 1 I 08
2nd 1-2 60 51 45 41 37 33 30 25 21 19 16 11 08
2nd 1L2-l 44 37 34 31 28 26 24 20 17 15 14 11 08 
3+ 8-16 77 67 54 45 40 35 32 27 23 19 16 11 08 
3+ 4-8 77 66 54 45 40 35 32 27 23 19 16 I I 08
3+ 2-4 67 60 53 45 39 35 32 27 23 19 16 11 08
3+ 1-2 37 33 30 27 25 23 21 19 17 15 14 11 08
3+ 1/2-1 19 19 18 17 16 15 14 12 10 09 08 07 06
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REPEX Habitat Diving Procedures STORAGE DEPTH 50-54 FSW 
Page 2 of 2 

ONE-STOP EXCURSIONS FROtt 50-54 FSW 85Aug D584O0.K08; .K09 

Interval >16 hr 
Excursion depths (fsw) with bottom and stop times (min}

105 110 115 120 125 130 135 140 145 
296 0 201 0 158 0 116 0 92 0 77 0 67 0 54 0 45 0 

210 2 180 7 120 I 120 6 90 5 90 9 60 2 60 5 

240 8 210 15 150 8 150 19 120 14 120 22 90 13 90 17 
240 20 180 19 180 29 150 28 150 37 120 31 120 38 

210 26 210 37 180 38 180 50 150 45 
240 36 

150 155 160 170 180 190 200 220 

40 0 35 0 32 0 27 0 23 0 19 0 16 0 11 0 8 0 

45 2 45 4 45 5 30 2 30 5 20 I 20 2 20 6 10 I 

60 8 60 12 60 15 45 I 0 45 15 30 7 30 10 16 10 

90 24 90 31 90 37 60 21 45 20 

120 45 

Interval 2-16 hr 
Excursion depths (fsw) with bottom and stop times (min}

100 105 110 115 120 125 130 135 140 
197 0 145 0 115 0 95 0 '83 0 75 0 67 0 60 0 53 0 

240 4 210 29 180 41 150 44 120 33 90 7 90 22 90 46 60 3 
240 44 210 60 180 68 150 67 120 57 90 66 

145 150 155 160 170 180 190 200 220 
45 0 39 0 35 0 32 0 27 0 23 0 19 0 16 0 11 0 
60 9 45 2 45 4 45 7 30 2 30 5 20 I 20 2 20 6 

60 19 60 27 60 40 45 18 45 32 30 8 30 11 
60 71 45 48 

240 
8 0 

IO I 
16 I 0 

SATURATION DECOt1PRESSION FRON STORAGE AT 50-54 FSW 86Dec 

Selecting precursory starting depth: 
Max excn last 36 hr 70 75 80 85 90 95 100 105 110 115 >115 
Starting depth to use 55 60 65 70 75 80 85 90 95 100 100 

Precursor� table: Hain Table: k = 4.6889 
Depth Time Stop RRat Gas P02, CPTO Depth Time Stop RRat Gas P02, CPTD 
fsw togo time mn/f mix atm stop � togo time mn/f mix atm stop
100 2595 60 12 air 0.85 44 50 1800 125 25 air 0.53 I I 

95 2535 60 12 air 0.81 41 45 1675 130 26 air 0.50 0 
90 2475 60 12 air 0.78 37 40 1545 140 28 air 0.46 0 
85 2415 60 12 air 0.75 34 35 1405 150 30 air 0.43 0 
80 2355 60 12 air 0. 72 30 30 1255 165 33 afr 0.40 0 
75 2295 95 19 air 0.69 42 25 1090 175 35 air 0.37 0 
70 2200 95 19 air 0.66 36 20 915 195 39 air 0.34 0 
65 2105 95 19 air 0.62 30 15 720 215 43 air 0.31 0 
60 2010 95 19 air 0.59 23 10 505 235 47 air 0.27 0 
55 1915 115 23 air 0.56 20 5 270 270 54 air 0.24 0 

Precursory 13.3 hr CPTD 337 
Main I d + 6.0 hr CPTD 11 
Total I d + 19.3 hr CPTD 348 
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REPEX Habitat Diving Procedures STORAGE DEPTH 80-84 FSW 

Page I of 2 

OXYGEN ttANAGENENT AT 80-84 FSW 

Pressure: 80 fsw = 24.56 msw = 245.64 kilopascals = 3.42 atm abs 

Habitat gas = 0.3 to 0.35 atm oxygen partial pressure 
= 8.8 to 10.2 percent oxygen at 80 fsw 

P02 of air at 80 fsw= 0.72 CPTU/hr at 80 fsw= 30 
84 fsW= 0.74 84 fsw= 33 
98 f-SW= 0.83 98 fsw= 43 

102 fSW= 0.86 102 fsw= 45 

ASCENDING EXCURSIONS FROH 80-84 FSW 

Target depth 25- 30- 35- 40- 45- 50- 55- 60-
range1 fsw: <25 30 35 40 45 50 55 60 65 >-65 

Time al lowed: 0 5 10 16 23 30 37 48 60 no 1 imit 

OXYGEN WINDOW EXCURSION RANGE Breathing air: Storage depth + 18 fsw 

NO-STOP EXCURSIONS FROH 80-84 FSW 85Aug 055ROO.Kl9 

Allowable time (min) at each excursion depth {fsw)
Excn# lntrvl 65 70 75 80 85 90 95 100 105 110 115 120 125 

1st >16 hr 
2nd 8-16 
2nd 4-8 
2nd 2-4 ... Al 1 480 ... 
2nd 1-2 
2nd I 2-1 
3+ 8-16 
3+ 4-8 
3+ 2-4 
3+ 1-2 
3+ 1/2-1 

Excn# Intrvl 130 135 140 145 150 155 160 170 180 190 200 220 240 
1st >16 hr 480 480 420 282 199 159 119 79 56 41 33 24 16 
2nd 8-16 480 480 397 281 198 157 119 79 56 41 33 24 16 
2nd 4-8 480 477 327 250 187 147 118 79 56 41 33 24 16 
2nd 2-4 480 382 244 191 159 123 103 74 56 41 33 24 16 
2nd 1-2 480 314 182 135 121 91 78 61 47 39 31 22 16 
2nd 1L2-l 480 271 114 93 83 60 54 46 35 29 25 18 14 
3+ 8-16 480 480 397 281 198 157 119 79 56 41 33 24 16 
3+ 4-8 480 410 290 224 183 147 118 79 56 41 33 24 16 
3+ 2-4 426 240 168 129 105 88 78 63 52 41 33 24 16 
3+ 1-2 244 132 90 72 63 52 45 35 28 24 21 16 13 
3+ 1/2-1 132 69 59 43 34 28 24 18 15 12 12 11 09 

Repex rePOrt: Appendix C: Sample table pages Page C-4 

T-21 



Ii 

I 

...___ 

Ii 

I 
I 

I 
I 

I 

' 

I 

I 

I 

I 

·1 

I, 
I 

I 

: 

II 

I 

REPEX Habitat Diving Procedures STORAGE DEPTH 80-S4 FSW 
Page 2 of 2 

ONE-STOP EXCURSIONS FROtt 80--84 FSW 85Aug 058400.K20 

I nterva 1 > 16 hr 

Excursion depths {fsw} with bottom and stop times (min} 
150 155 160 170 180 190 200 220 240 

199 0 159 0 119 0 79 0 56 0 41 0 33 0 24 0 16 0 
210 2 180 6 120 I 90 3 60 I 45 I 45 4 29 4 
240 7 210 12 150 7 120 11 90 I 0 60 6 60 12 29 12 

240 17 180 15 150 23 120 24 90 18 90 29 29 22 
210 21 180 31 150 37 120 37 
240 30 210 46 

Interval 2-16 hr 

Excursion depths {fsw} with bottom and stop times (ml n} 
140 145 150 155 160 170 180 190 200

168 0 129 0 105 0 88 0 78 0 63 0 52 0 41 0 33 0
210 8 180 21 150 25 120 19 120 37 90 30 60 2 45 2 45 5
240 20 210 35 180 43 150 44 150 61 120 66 90 57 60 14 60 39 

240 47 180 63 
220 240 

24 0 16 0 
29 4 
29 25 

SATURATION DECOMPRESSION FRON STORAGE AT 80-84 FSW 86Dec 

Selecting precursory starting depth: 
Hax excn last 36 hr 105 110 115 120 125 130 135 140 145 150 >150 
Starting depth to use 85 90 95 I 00 I 05 11 0 I 15 120 125 130 130 

Precursor� table: Hain Table: k = 4.2351 
Depth Time Stop RRat Gas P02, CPTD Depth Time Stop RRat Gas P02, CPTD 
� togo time mn/f mix atm stop � togo time mn/f mix atm stop

130 3225 45 9 air 1.04 48 80 2665 100 20 alr 0.72 50
125 3180 45 9 air 1.01 45 75 2565 105 21 air 0.69 46 
120 3135 45 9 air 0.97 43 70 2460 110 22 alr 0.66 42
115 3090 45 9 air 0.94 41 65 2350 115 23 air 0.62 36 
110 3045 45 9 air 0.91 38 60 2235 125 25 alr 0.59 31 
105 3000 60 12 air 0.88 48 55 2110 130 26 air 0.56 22 
100 2940 60 12 air 0.85 44 50 1980 135 27 air 0.53 12 

95 2880 60 12 air 0.81 41 45 1845 145 29 air 0.50 0 
90 2820 60 12 air 0.78 37 40 1700 155 31 air 0.46 0 
85 2760 95 19 air 0.75 54 35 1545 165 33 air 0.43 0 

30 1380 180 36 air 0.40 0 
25 1200 195 39 air 0.37 0 
20 1005 215 43 air 0.34 0 
15 790 235 47 air 0.31 0 
10 555 260 52 air 0.27 0 

Precursory 9.3 hr CPTD 439 5 295 295 59 air 0.24 0 
Hain 1 d + 20.4 hr CPTD 239 
Total 2 d + 5.8 hr CPTO 678 
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REPEX Habitat Diving Procedures STORAGE DEPTH 105-109 FSW 
Page 2 of 2 

ONE-STOP EXCURSIONS FROtt 105-109 FSW 85Aug 0584O0.K26 

Interval >16 hr 

Excursion depths lfsw2 with bottom and stop times {min}
170 mo 190 200 220 240 

463 0 214 0 128 0 83 0 29 0 16 0 
240 4 150 4 90 2 

180 12 120 8 
210 17 150 19 
240 23 180 26 

210 37 

Interval 2-16 hr 

Excursion depths lfsw2 with bottom and stop times {min)
170 190 200 220 240 1§0 

181 0 110 0 79 0 65 0 29 0 16 0 
240 11 150 17 120 28 90 20 

180 32 150 48 120 53 
210 44 180 66 
240 56 

SATURATION DECOttPRESSlON FROtt STORAGE AT 105-109 FSW 86Dec 

Selecting precursory starting depth: 
Hax excn last 36 hr 140 145 150 155 160 170 180 >180 
Starting depth to use 110 115 120 125 135 145 155 155 

Precursor� table: Hain Table: k = 3.1779 
Depth Time Stop RRat Gas P02, CPTD Depth Time Stop RRat Gas P02, CPTD 
_ffilL � time mn/f mix atm stop ....ffil:L togo time mn/f mix atm stop

155 5035 30 6 afr I. 20 39 105 4585 110 22 air 0.88 87 
150 5005 30 6 air I. 16 38 100 4475 115 23 air 0.85 85 
145 4975 30 6 air I. I 3 36 95 4360 190 38 air 0.50 0 
140 4945 30 6 afr I. I 0 35 90 4170 190 38 0.5 0.50 0 
135 4915 45 9 air 1. 07 50 85 3980 190 38 0.5 0.50 0
130 4870 45 9 air 1.04 48 80 3790 190 38 0.5 0.50 0
125 4825 45 9 afr 1.01 45 75 3600 190 38 0.5 0.69 84
120 4780 45 9 air 0.97 43 70 3410 190 38 air 0.66 72 
115 4735 45 9 air 0.94 41 65 3220 190 38 air 0.62 60
110 4690 105 21 air 0.91 89 60 3030 190 38 air 0.59 47

55 2840 190 38 air 0.56 33 
50 2650 190 38 air 0.53 17
45 2460 195 39 afr 0.50 0
40 2265 205 41 air 0.46 0
35 2060 220 44 air 0.43 0 
30 1840 240 48 air 0.40 0 
25 1600 260 52 air 0.37 0 
20 1340 285 57 air 0.34 0 

Precursory 7.5 hr CPTD 464 15 1055 310 62 air 0.31 0
Hain 3 d + 4.4 hr CPTD 485 10 745 350 70 air 0.27 0
Total 3 d + I1.9 hr CPTD 949 5 395 395 79 air 0.24 0
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REPEX Habitat Diving Procedures STORAGE DEPTH 110-1 1-f FSW 
Page I of 2 

OXYGEN MNAGEHENT AT 110-114 FSW 

Pressure: 110 fsw = 33.78 msw = 337.75 kllopascals = 4.33 atm abs 

Habitat gas = 0.3 to 0.35 atm oxygen partial pressure 
= 6.9 to 8.1 percent oxygen at 110 fsw 

P02 of air at 110 fsw= 0.91 CPTU/hr at 110 fsw= 51 
114 fsw= 0.94 114 fsw= 53 
135 fsw= 1.07 135 fsw= 67 
139 fsw= I. 10 139 fsw= 70 

ASCENDING EXCURSIONS FROM 110-114 FSW 

Target depth 55- 60- 65- 70- 75- 80- 85-
range, fsw: <55 60 65 70 75 80 85 90 >=90 

TI me a 1 1 owed: O 7 13 18 25 32 42 60 no 1 lmlt 

OXYGEN WINDOW EXCURSION RANGE Breathing air: Storage depth+ 25 fsw 

NO-STOP EXCURSIONS FROtt 110-114 FSW 85Aug D55ROO.H25 

Allowable time (min) at each excursion depth (fsw)

Excn# lntrvl 85 90 95 100 105 110 115 120 125 
1st >16 hr 
2nd 8-16 
2nd 4-8 
2nd 2-4 •.• A 11 480 ••. 
2nd 1-2 
2nd I 2-1 
3+ 8-16 
3+ 4-8 
3+ 2-4 
3+ 1-2 
3+ 1/2-1 

Excn# Intrvl 130 135 140 145 150 155 160 170 180 190 200 220 240 
1st >16 hr 480 480 358 176 105 29 16 
2nd 8-16 480 480 337 175 105 29 16 
2nd 4-8 480 480 285 164 104 29 16 
2nd 2-4 ... Al 1 480... 480 480 214 139 93 29 16 
2nd 1-2 480 463 144 104 73 29 16 
2nd 1/2-1 480 420 87 69 52 29 16 
3+ 8-16 480 480 337 175 105 29 16 
3+ 4-8 480 480 253 164 104 29 16 
3+ 2-4 480 307 146 102 75 29 16 
3+ 1-2 480 171 78 57 42 27 16 
3+ 1/2-1 480 91 50 30 22 14 12 
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REPEX Habitat Diving Procedures STORAGE DEPlli 110-114 FS
Page 2 of 

ONE-STOP EXCURSIONS FRON 110-114 FSW 85Aug 0584O0.K27 

Interval >16 hr 

Excursion depths (£sw) with bottom and stop times (min)
180 190 200 220 240 

358 0 176 0 105 0 29 0 16 0 
180 1 120 3 
210 7 150 10 
240 10 180 17 

210 23 
240 33 

Interval 2-16 hr 

Excursion depths (£sw) with bottom and stop times (min)
170 180 190 200 220 240 

307 0 146 0 102 0 75 0 29 0 16 0 
180 3 120 2 120 37 
210 18 150 28 150 58 
240 28 180 44 

SATURATION DECOMPRESSION FROH STORAGE AT 110-114 FSW 86Dec 

Selecting precursory starting depth: 
Max excn last 36 hr 145 150 155 160 170 180 >180 
Starting depth to use 115 120 125 135 145 155 155 

Precursort table: Hain Table: k = 2.9420 
Depth Time Stop RRat Gas P02, CPTD Depth Time Stop RRat Gas P02, CPTD 
fsw togo time mn/f mix atm stop fsw togo time mn/f mix atm stop
155 5555 30 6 air 1.20 39 110 5145 115 23 air 0.91 98
150 5525 30 6 air 1. 16 38 105 5030 120 24 air 0.88 95 
145 5495 30 6 air I. 13 36 100 4910 205 41 0.5 0.50 0 
140 5465 30 6 air I. 10 35 95 4705 205 41 0.5 0.50 0 
135 5435 45 9 air 1.07 50 90 4500 205 41 0.5 0.50 0 
130 5390 45 9 air 1.04 48 85 4295 205 41 0.5 0.50 0 
125 5345 45 9 air 1.01 45 80 4090 205 41 air o. 72 103 
120 5300 45 9 air 0.97 43 75 3885 205 41 air 0.69 91 
115 5255 110 22 air 0.94 99 70 3680 205 41 air 0.66 78 

65 3475 205 41 air 0.62 64 
60 3270 205 41 air 0.59 so 

55 3065 205 41 air 0.56 35 
50 2860 205 41 air 0.53 19 
45 2655 210 42 air 0.50 0 
40 2445 225 45 air 0.46 0 
35 2220 240 48 air 0.43 0 
30 1980 260 52 air 0.40 0 
25 1720 280 56 air 0.37 0 
20 1440 305 61 air 0.34 0 

Precursory 6.8 hr CPTO 433 15 1135 335 67 air 0.31 0 
Hain 3 d + 13.8 hr CPTO 633 10 800 375 75 air 0.27 0 
Total 3 d + 20.6 hr CPTO 1066 5 425 425 85 air 0.24 0 
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Repex repert: App�ndix D: Repex DCAP dive profile Page 0-2 

DCAP VERSION 5.506 87Junl2 RUN ON 87Aug28 AT 14:14:11 

C 
BASE.CASE 078002.B20 

C <----------------------51-------------------------> 
REVISION REPEX II 80 FSW SATURATION. RATES= +-0 

COMPLETE SCHEDULE. USING CODING FORMAT ADOPTED FOR 
ALL REPEX DIVES. PROPER SYNTAX FOR 1-STOPs 
USING AN EXACT RATE INSTEAD OF A TRAVEL TO SORT 
OUT ONE MINUTE DISCEPENCY ON 1-STOP END OF DAY 1 

C 
SET FILE=IN08Fl.DCP 

TITLE=NOAA REPEX II, 80 FSW PROFILE 
AUTHOR=RWH/DJK/DMB
TIME.HEADING=5 
STOP.TIME.INCR=l 
BOTTOM.DEPTH=80 
BOTTOM.MIX=2 
CPTD.PRINT=ON 
STORAGE.DEPTH=80 
SATURATION_MIX=3

NOTEBOOK FILE=DNBREPEX.OCP 
C 

MATRIX FILE=MF0805.0CP 
C MF0805 NOAA Repex, for nftrox excursions 
08=70 BASE=l89 165 140 127 118 112 107 105 
05=70 SLOPE=l.O 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
DB=O BASE=77 64 53 43 39 36 36 35 
DS=O SLOPE=l.6 1.45 1.25 1.2 1.13 1.08 1.02 1.0 

<--8---> C 
MIX l=BELLMIX 

2=AIR 02=21 1. N2=100 BALANCE1. COMMENT=32 
3=.32_P02 02=0.32 ATM N2=100 BALANCE1. COMHENT=27 
4=AIR 02=21 1. N2=100 BALANCE1. 
5=.32_P02 02=0.32 ATM N2=100 BALANCE1. 

<------------------40------------------> C 
COMMENT FILE=CMNT03.DCP 

C 
POSITION DEPTH=O STOP=O MIX=4 COMMENT=22 2ND.COMMENT=25 3RD.COHMENT=33 
SET DAY=l986:220 

CLOCK=0:00 
POSITION DEPTH=O TRAVEL=O STOP=O RATE=O MIX=4 COMMENT=30 
POSITION DEPTH=80 CLOCK.STOP=08:00 MIX=5 COMMENT=38 
POSITION DEPTH=200 STOP=l4 MIX=4 COMMENT=28 
DECOMPRESS DEPTH=80 STAGE.STEP=lO 
POSITION DEPTH=80 STOP=30 MIX=3 
POSITION DEPTH=l40 STOP=290 MIX=4 COMMENT=29 
DECOMPRESS DEPTH=80 
POSITION DEPTH=80 STOP=60 MIX=3 
POSITION DEPTH=l40 STOP=90 HIX=2 
DECOMPRESS DEPTH=80 
POSITION DEPTH=80 STOP=240 MIX=3 
POSITION DEPTH=l70 STOP=79 MIX=2 
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DECOMPRESS OEPTH=80 

POSITION DEPTH=80 STOP=l20 HIX=3 

POSITION DEPTH=220 STOP=29 HIX=2 

DECOMPRESS DEPTH=105 RATE=38.33 TRAVEL=0 

POSITION DEPTH=l05 STOP=2 RATE=O TRAVEL=0 COHHENT=36 

DECOMPRESS DEPTH=95 

POSITION DEPTH=95 STOP=4 COMHENT=37 
DECOMPRESS DEPTH=80 

POSITION DEPTH=80 MIX=5 COMMENT=26 

C BEGIN DAY 2 
SET CPTD=O 
POSITION OEPTH=80 DAY.STOP= 1986:221 CLOCK.STOP=08:00 

POSITION DEPTH=200 STOP=33 MIX=2 

DECOMPRESS DEPTH=80 

POSITION DEPTH=80 STOP=30 MIX=3 

POSITION DEPTH=180 STOP=35 MIX=2 

DECOMPRESS DEPTH=98 

POSITION DEPTH=98 STOP=240 COMMENT=31 

POSITION DEPTH=l80 STOP=60 COMHENT=32 

DECOMPRESS DEPTH=105 RATE=0 TRAVEL=2 

POSITION OEPTH=l05 STOP=2 TRAVEL=O COHHENT=36 

DECOMPRESS DEPTH=95 

POSITION DEPTH=95 STOP=2 COMHENT=37 

DECOMPRESS OEPTH=80 

POSITION DEPTH=80 STOP=28 HIX=3 

POSITION OEPTH=l45 STOP=43 MIX=2 

DECOMPRESS DEPTH=80 

POSITION OEPTH=80 MIX=5 COMMENT=26 
C BEGIN DAY 3 
SET CPTO=O 
POSITION OEPTH=80 OAY.STOP=l986:222 CLOCK.STOP=08:00 

POSITION DEPTH=170 STOP=40 MIX=4 COHHENT=28 

DECOMPRESS DEPTH=80 

POSITION DEPTH=80 STOP=60 MIX=3 

POSITION OEPTH=160 STOP=98 MIX=4 COMMENT=29 

DECOMPRESS DEPTH=80 

POSITION DEPTH=80 STOP=120 MIX=3 

POSITION DEPTH=200 STOP=60 MIX=2 

DECOMPRESS DEPTH=105 RATE=O TRAVEL=3 

POSITION DEPTH=l05 STOP=2 TRAVEL=0 COHMENT=36 

DECOMPRESS DEPTH=95 

POSITION DEPTH=95 STOP=39 COMMENT=37 

DECOMPRESS DEPTH=80 
POSITION DEPTH=BO STOP=27 MIX=3 

POSITION DEPTH=l60 STOP=24 MIX=2 

DECOMPRESS DEPTH=80 

POSITION DEPTH=80 STOP=120 MIX=3 

POSITION DEPTH=l90 STOP=60 MIX=2 

DECOMPRESS DEPTH=l05 RATE=O TRAVEL=3 

POSITION DEPTH=l05 STOP=2 TRAVEL=O COMMENT=36 

DECOMPRESS DEPTH=95 
POSITION DEPTH=95 STOP=l4 COMMENT=37 

DECOMPRESS DEPTH=80 
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POSITION DEPTH=80 STOP=237 MIX=3 

POSITION DEPTH=l90 STOP=41 MIX=2 

DECOMPRESS DEPTH=80 

POSITION DEPTH=80 MIX=5 COMMENT=26 

C BEGIN DAY 4 

SET CPTD=0 

POSITION DEPTH=80 DAY.STOP= 1986:223 CLOCK.STOP=08:00 

POSITION DEPTH=l80 STOP=56 MIX=2 

DECOMPRESS DEPTH=80 

POSITION DEPTH=80 STOP=l20 MIX=3 

POSITION DEPTH=l40 STOP=55 MIX=4 COMMENT=28 

DECOMPRESS DEPTH=80 

POSITION DEPTH=80 STOP=60 MIX=3 

POSITION DEPTH=l55 STOP=l15 MIX=4 COMMENT=29 

DECOMPRESS DEPTH=80 

POSITION DEPTH=80 STOP=240 MIX=3 

POSITION DEPTH=l55 STOP=147 MIX=2 

DECOMPRESS DEPTH=80 

POSITION DEPTH=80 STOP=30 MIX=3 

POSITION DEPTH=135 STOP=69 MIX=2 

DECOMPRESS DEPTH=80 

POSITION DEPTH=80 MIX=5 COMMENT=26 

C BEGIN DAY 5 

SET CPTD=0 

POSITION DEPTH=80 DAY.STOP= 1986:224 CLOCK.STOP=07:00 

POSITION DEPTH=180 STOP=56 MIX=2 

DECOMPRESS DEPTH=80 

POSITION DEPTH=80 STOP=60 MIX=3 

POSITION DEPTH=240 STOP=l3 MIX=2 

DECOMPRESS DEPTH=80 

POSITION DEPTH=80 STOP=l20 MIX=3 

POSITION DEPTH=190 STOP=41 MlX=2 COMMENT=35 

DECOMPRESS DEPTH=l30 TRAVEL=2 RATE=0 

POSITION DEPTH=l30 STOP=53 TRAVEL=0 MIX=4 COMMENT=34 
C 

END 
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NOAA REPEX II, 80 FSW PROFILE DEPTH 
BOTTOM TIME 

80. 
0. 

FSW 
MIN 

RWH/OJK/DMB 
D78002.B20 

87Aug28 BOTTOM HIX AIR 

CLOCK BOTTOM P02 .7 ATH 
DEPTH STOP TIME P02 
FSW 

------

TIME 
-----

HR:MIN MIXTURE ATM COMMENTS 
----------------------------

---------------------------------

00 00 00:00 AIR 0.21 ALL ASCENTS AND DESCENTS AT 30 FSW/MIN.
HABITAT ATMOSPHERE P02 = 0.32-0.33. 
BREATHE AIR ON ALL EXCURSIONS. 00 
DAY 220 1986 

00 00:00 AIR 0.21 COMPRESS TO 80 FSW IN HABITAT 00 
80 

200 
480 
14 

08:00 
08: 14 

.32_P02 0.32 ADJUST ATMOSPHERE TO P02 = 0.32-0.33 ATM. 
AIR 1.48 EXCURSION: 200 FSW FOR 14 MIN:SUBMAXIHAL 

00 
24 

80 
140 

30 
290 

08:44 
13:34 

.32_P02 0.32 _REMAIN IN HABITAT FOR 30 MIN 
AIR 1.10 EXCURSION: 140 FSW FOR 290 MIN:POSTSUBMAX 

24 
357 

80 
140 

60 
90 

14:34 
16:04 

.32_P02 0.32 _REMAIN IN HABITAT FOR 60 MIN 
AIR 1.10 EXCURSION: 140 FSW FOR 90 MIN 

357 
461 

80 
170 

240 
79 

20:04 
21 :23 

.32_P02 0.32 _REMAIN IN HABITAT FOR 240 MIN 
AIR 1.29 EXCURSION: 170 FSW FOR 79 HIN 

461 
575 

80 
220 

120 
29 

23:23 
23:52 

.32_P02 0.32 _REMAIN IN HABITAT FOR 120 HIN 
AIR 1.61 EXCURSION: 220 FSW FOR 29 HIN 

575 
631 

105 02 23:57 AIR 0.88 STOP AT 105 FOR 02 MINS 637 
DAY 221 1986 

95 04 00:01 AIR 0.81 STOP AT 95 FOR 04 MINS 639 
80 

200 

00 
479 
33 

00:01 
08:00 
08:33 

.32_P02 0.32 RETURN TO HABITAT OVERNIGHT 

.32_P02 0.32 
AIR 1.48 EXCURSION: 200 FSW FOR 33 HIN 

639 
00 
57 

80 
180 

30 
35 

09:03 
09:38 

.32_P02 0.32 _REMAIN IN HABITAT FOR 30 MIN 
AIR 1.36 EXCURSION: 180 FSW FOR 35 MIN 

57 
111 

98 240 13:38 AIR 0.83 REMAIN IN 02 WINDOW INSTEAD OF HABITAT 279 
180 60 14:38 AIR 1.36 EXCURSION: 180 FSW FOR 60 MIN 371 
105 02 14:42 AIR 0.88 STOP AT 105 FOR 02 MINS 375 
95 02 14:44 AIR 0.81 STOP AT 95 FOR 02 MINS 377 

80 
145 

28 
43 

15:12 
15:55 

.32_P02 0.32 REMAIN IN HABITAT FOR 28 MIN 
AIR 1.13 EXCURSION: 145 FSW FOR 43 MIN 

377 

428 
80 00 15:55 .32_P02 0.32 RETURN TO HABITAT OVERNIGHT 

DAY 222 1986 
428 

170 
965 
40 

08:00 
08:40 

.32_P02 0.32 
AIR 1.29 EXCURSION: 170 FSW FOR 40 MIN:SUBHAXIMAL 

00 
58' 

80 
160 

60 
98 

09:40 
1 1 : 18 

.32_P02 0.32 _REMAIN IN HABITAT FOR 60 MIN 
AIR 1.23 EXCURSION: 160 FSW FOR 98 MIN:POSTSUBHAX 

58 
190 

80 
200 

120 
60 

13: 18 
14: 18 

.32_P02 0.32 _REMAIN IN HABITAT FOR 120 MIN 
AIR 1.48 EXCURSION: 200 FSW FOR 60 MIN 

190 
295 

105 02 14:23 AIR 0.88 STOP AT 105 FOR 02 MINS 300 
95 39 15:02 AIR 0.81 STOP AT 95 FOR 39 MINS 326 
80 27 15:29 .32_P02 0.32 _REMAIN IN HABITAT FOR 27 HIN 326 
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NOAA REPEX II1, 

RWH/DJK/DMB1078002.1B201
CLO

TIM
C K  
E DEPT1

H ST

80 FSW PROFI
LE 

87A  u1g 281
 

P02 

DEPTH 
BOTTOM TIME1
BOTTOM M IX 

2B OTTO M  P 0 1

8 0.1 FS W 1
0.1 M IN 

A IR  

.7 ATM1
F
SW 

----- - -

16 0  
80 
19 0 1
105 
9 5 1
80 19
0 

801

1801
8014
0

8011551
801551
80135
801

180
082401

80119101

131
01

OP1TI
ME1

- ----

24 
1 20
60
0 2  
1 4
2137 
4 1
00 

490 
5612
0

551
601151240 147 
3069 
00

488 
561601
13120 
41 
531

HR:M N 

I1
- - --- - -

1 5:
:
5317
315

1 8:53 
18:58119:

121
23:

09 23:5 
023:5 

0 
08:0
08:501

6 
10:56 
1 1 : 12:5511

1114:46 
18:421 : 11631
21 :43122:5222:5

21

07:01
 0 017 :56 

0 8 :561 0 9 :091111 : 011:5 9 
0 

12:4
5

MIXTURE A
TM C OMMENTS

---- - ------- --- -- --------- ---- -------- ----
---------- -

I S
A R 1.23 EXCUR1 ION: 160 FSW FO1R 24 MI N.32_P02 0.32 _REM1AIN HABITAT FOR 120 M I NC S I1N

1.42 EX1UR ION: FS1 FORAI R  O 190 W 60 M IN 0.88 ST1P AT 105 FO R  02 MINSAI R 1 1
AIR 0.8 STOP AT 95 FOR 14 MINS 
.321P02 0.32 _1 REMAIN1I1N HABITAT FO R  2137 MI1NAIR 1.42 EXCURSION: 190 FSW FOR I
.32 _P012 0.32 R ETURN TO H A

41 M I 1N 
D 2 3 1 B1 TAT O VERNIG HT 

AY 21 986 .321P02 0.312 _
 AI R  1.316 

EXCURSION: 180 FS W FOR 56 MIN .32 P02_1 0.32 _REMAIN I1 N HABITAT FO1 120 MINI 
 R 

AI R I.IO EXCURS ON: 140 FS W FO 55 MIN: S.32 P02 R UBMA XIMA L 1_1 0.32 _REMAIN IN HABITAT FOR 60 MIN I 
AI R 1.21

0 
EXCURS1ON: 155 FSW FOR 115 MIN:POS T S U.32 P02 BMA X_1 0.32 _REMAIN I1 N HABITAT FOR 240 MIN1AI1 R 1.21

0 
EXCURSION: 155 FSW FO 147 MIN .32 P02 R1_1 0.32 _REMAIN IN HABITAT FOR 30 MIN

AI R 1.07 EXCURSION: 135 FSW FOR 69 M IN 32 P01 21.1 _1 0.32 RETURN TO HABI TDAY 224 1981 A T  OVERNIGHT
2 6.32_P01 0.312 I 

AIR 1.31
6 

EXCURS1 ON: 180 FSW FOR1 56 MIN .321P01 2 
_1 0.32 _REMAIN I1 N HABITAT FO1 60 MIN14 I R AIR 1.71 EXCURSI ON: 240 FSW FO1 MIN321  _1P02 R 13.1 0.32 REMA1N IN HABITA1 T FOR 1 2AI 0 M IN 1.4 2  SWITCH HABITAT MIX TO AIR R  

EXCU
R

SION: 190 FSW FOR 41 M IAIR N AS1.0 BEGI1 N 
4 CENT TO SURFACE1

358
35 8
457462 
47 1
47 15138
538

00 87 87 15
501 0 

299 
299 
490
490
566 
566 

0087
87114

1 14
1811
239 

TOTA TIME1 10 HRS 45 MIND E CO L = 8 S 
M TIME1 = 0 HRS 1 3  M INS1

C = 9. PT D  23

- -
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