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INTRODUCTION

The 6th Tripartite Conference on Submarine Medicine and Information Exchange
Program B-52 were held at the Naval Submarine Medical Research Laboratory,
Groton, CT, USA, on 1-4 June 1987. Over 40 people participated bringing
medical and operaticnal expertise from submarine forces of France, the United
Kingdom and the United States.  Observers were present from two allied
countries expecting to increase their involvement with submarines: Canada and
Australia. Observers were also present from the US National Academy of Science
panels forming an external study of submarine atmospheres.

This volume contains a summary of the technical presentations and a flavor
of the vigorous discussion they provoked. Full manuscripts were kindly
provided by many of the speakers, and these papers are enclosed.

We are grateful to CAPT D. Knight, MC, USN, LCDR J. Bowman, MSC, USN,
Dr. K. Bryant, Mr. J. Parker, and Ms. D. Johnson for assembly of these
materials.
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AGENDA
Mon 1 June
0830 Welcome, Opening US: CAPT Harvey
0835 Opening Remarks CAPT Bumgarner

UK: SURG CDR Kalman
FR: MCA Giacomoni

SUBMARINE ESCAPE and RESCUE
Chairman SURG CAPT Pearson

DSRV - MOSUB Pressurized Operations
UK Scenario: CDR Whiteside
UK Sub Air Quality: SURG CDR Kalman
US Scenario: CDk Carson, CDR Adkisson
COFFEE
Discussion on Operations

Decompression Requirements
UK Experiments (Islander II): Dr. Withey
US Experiments (AIRSAT 5,6): Mr. Parker
LUNCH

Decompression Requirements (continued)
Chairman: CDR Adkisson
Fr Experiments: M. Masurel
US Statistical Analysis: CDR Weathersby
US Procedures Selection: CAPT Harvey
Discussion on Decompression

Escape Complications
UK Survival after escape (Mk IX SEIS): SURG CAPT Pearson
Canada Experience with exposure: Dr. Ackles
UK Drugs with escape: SURG CDR Kalman
UK Depressurization systems: Dr. Withey
Discussion on Escape
Future Plans

Reception and no-nost dinner

Tuesday, 2 June

SUBMARINE AIR QUALITY

Momtoring and Control
Chairman: CDR Weathersby

UK Atmospheres Profiling/Hydrocarbons:
Mrs. Dikben, SURG CDR Kalman
US CAMS-II Evaluation: Dr. Wyatt
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0930 COFFEE

0945 US Atmosphere Control Manual: Mr, Thill

1005 UK Atmosphere Control Manual: Mr. Adams

1025 Fr Atmosphere Control: M. Dumas

1030 US Procedures for Submarine Divers: CDR Weathersby
1050 Fr Molecular Sieve Applications: M. Bodilis

1115 LUNCH

Monitoring and Control
Chairman: CAPT Knight

1340 UK Molecular Sieve Applications: Mr. Adams
1355 Fr Equipment pollution hazard: M. Bodilis
1410 Discussion on analysis and control
1430 COFFEE
Fire Emergencies on Submarines
1440 US Laboratory Experiments: Dr. Carhart (read by CAPT Knight)
1510 US Low 02 Proposal: Capt Knight
1525 Fr HALON 1301 use: M. Bodilis
1535 Fr HCN, CO Interactions: M. Hee
1600 Discussion on fire

Wednesday, 3 June

CLINICAL ISSUES
Smoking
Chairman: CAPT Bumgarner

0830 Fr Controlled studies: M. Hee
0845 UK Research on CO/Smoking: Dr. Smith
0910 Fr Devices for smoke removal: M. Hee
1005 US Position on smoking: (Capt Bumgarner)
1015 COFFEE
1030 Fr Position on smoking: MCA Giacomoni
1040 Discussion cn smoking
Other clinical
1115 US Computer Diagnosis: Dr. Moeller
1135 Discussion of clinical issues
1200 LUNCH
1400 TOUR of U.S. Atmosphere Control/Analysis Equipment
Bldg. 88 SUBASE (Host: CWO Thaden, USN)
CAMS-1 CO/H2 burner
C02 scrubber Oxygen generator
1540 Fr Life support stores: M. Bodilis
NATO STANAGS 1184 and 1206
1555 US Position: CAPT Bumgarner
1510 UK Position: SURG CDR Kalman
1625 Fr Position: MCA Giacomoni
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Thursday, 4 June

0830 Perspective Submarine Psychological Prcoblems: CAPT Scott
0845 Introduction to Submarine Psychology: Dr. Giannandrea, LCDR MC
0930 Submariner Psychological Screening Process: Dr. Wallace
0950 Effects of Exposure to Suicide Within Submarine Service: Dr. Bryant
1035 Comprehensive and Contextual Analysis of Conflict Within Submarine
Community: Dr. Rogers, LT MSC
1130 General Discussion
1215 Research Recommendations
1245 Plans for next meeting
1300 Secure
iv
— s e




ATTENDEES:

United States

CAPT R. Bumgarner,

MC, USN Naval Medical Command (Project Officer)

CAPT H. Scott, MC, USN Naval Hospital, Groton

CDR G. Adkisson, MC, USN Submarine Development Group One

CDR J. Carson, MC, USN Submarine Development Group One

LCDR R. Barnes, USN Submarine Development Group One

CDR R. Garrahan, USN Naval Sea Systems Command {SEA-0OC3)
Mr. J. Thill Naval Sea Systems Command (SEA-56Y14)

Mr. J. Lawrence
Mr. K. Tondreau
LT P. O'Brien, USN
Mr. T. Daley

CDR A. Manalaysay
Mr. D. Chandler
CAPT E. T. Flynn

Naval Sea Systems Command (SEA-PMS-393)

Naval Sea Systems Command (SEA-PMS-395)

Chief of Naval Operations (OP-231)

Naval Ship System Engineering Station

Naval Medical Research and Development Command
Naval Medical Research Institute

Naval Medical Research Institute

Dr. J Wyatt Naval Research Laboratory

CDR H. Schwartz, MC, USN Navy Experimental Diving Unit

CAPT C. Harvey, MC, USN Submarine Medical Research Laboratory
CAPT D. Knight, MC, USN Submarine Medical Research Laboratory

CDR P. Weathersby,
Dr. A. Callahan
Dr. G. Moeller
Mr. J. Parker

MSC, USN  Submarine Medical Research Laboratory
Submarine Medical Research Laboratory
Submarine Medical Research Laboratory
Submarine Medical Research Laboratory

LCDR D. Southerland, MC, USN Submarine Medical Research Laboratory

Dr. K. Bryant
LT P. Rogers, MSC,

Submarine Medical Research Laboratory
USN Naval Hospital, Groton, CT

LCDR Giannandrea, MC, USN Naval Hospital, Groton, CT

Dr. Wallace

United Kingdom

Naval Hospital, Groton, CT

SURG CDR C.J. Kalman, RN Institute of Naval Medicine (Project Off.)
SURG CAPT R.R. Pearson, RN Institute of Naval Medicine

Dr, D.J. Smth

Institute of Naval Medicine

SURG CAPT D.J. McKay, RN Flag Officer (Submarines)

CDR R.C. Whiteside, RN Flag Officer (Submarines)

LT CDR D.B. Dougherty, PN Flag Officer (Submarines)
Adams

Mr. C.
Dr. W.R. Withey
Mrs. P.R. Dibben

France

MCA L. Giacomoni
PCA C. Dumas

M. H. Bodilis
M. J. Hee

M. G. Masaurel

Chief Naval Architect
Admiralty Research Est. (Physiol. Lab)
Admiralty Research Est. (Holton Heath)

CERTSM (Project Officer)
CERTSM
CERTSM
CERTSM
CERTSM




Australia (Observer)
SURG LIEUT CDR A. Robertson RAN

Canada (Observers)

Pr. K.N. Ackles Defence and Cival Institute of Environmental
Medicine
Dr. D.M. Kane Defence and Civil Institute of Environmental
Medicine
Mr. C.L. Allen Canadian Defence Liaison, Washington
U.S. National Academy of Sciences (Observers)
br. F. Marzulli National Research Council
Dr. K. Taylor General Motors Research Lab
pr. R.F. Henderson Lovelace Research Institute
Dr. T.H. Risby Johns Hopkins University
Dr. M. First Harvard School of Public Health
\Z1
R =

Muthan |



SUMMARY OF CONFERENCE
SUBMARINE. ESCAPE AND RESCUE

CDR Whiteside opened the session for the UK by defining Escape and Rescue:

Escape - in which survivors make their way to the surface without the direct
help of any cutside agency.

Rescue - in which survivors are collected by a vehicle which mates with the
escape hatch and transfers them dry to the vessel.

Although there can be no assurance of 100% survival after a submarine
accident, there can be sensible limits of insurance for many likely accident
situations. All UK submarines are fitted with a mating ring compatible with the
Deep Submergence Rescue Vehicle (DSRV). One third of all UK submarine operate in
the relatively shallow depths of the continental shelf surrounding the British
Isles. The most likely accident is a collision with the submarine at periscope
depth. Escape is possible, but the degree of risk to the survivor is less when
rescued. It is less likely that the submarine will be too deep for escape, hut
still above crush depth. Additionally there is the possibility that the internal
pressure of the submarine will be greater than one bar. It is not safe to make
escapes from even the shallowest depths 1f the pressure in the distressed
submarine (DISSUB) 1s greater than only 1.8 bar.

The reasonable maximum submarine internal pressure on which to base Royal
Navy (RN) escape and rescue policy and systems is somewhere between 1.8 and 4 bar
absolute. RN submariners are trained to wait as long as possible before escaping
and to remain in the DISSUB until recovery forces are on the scene; that is,
unless internal conditions are such that remaining in the DISSUB is not possible.
The RN does not regard salvage of the whole submarine as a means of saving life.
The RN bhas been working on a simple, hand-held computer program tc help the
senior survivor make the critical decision on whether to escape or wait to be
rescued.

As for the mother submarine (MOSUB) rescue scenario with the DSRV, no RN
SSBNs have a compartment designed for use as a compression compartment, but
investigation has revealed that the forward escape compartment could be
pressurized to 2 bar. Since the USN CNO has issued a directive holding
compression procedures in abeyance in USN MOSUBS, the only system in NATO that
can carry out a pressurized rescue is the DSRV working from a UK MOSUB. It could
be done today. The RN has taken the lead in the MOSUB scenario by including an
airlock for new TRIDEN1's in the compression compartment bulkhead thus enabling
replenishment and personnel transfer during decompression cycles. This is a
great advantage over USN 637 SSNs (the designated USN MOSUB) and RN RESOLUTION
class SSBNs which do not have this capability.

The RN has established that the maximum DISSUB pressure that can be handied
1s 2.9 bar. This is the maximum pressure from which saturated survivors can
safely be step decompressed toc 2.0 bar (the maximum capability of the “0SUB
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compression compartment).  This compartment can accommodate approximately 72
people which is the maximum the DSRV could deliver between battery charges,
making three rescue trips with 24 survivors on each. It is expected that the
rescue and decorpression for the maximum possible number of survivors (184 men)
would take just over 8 days if all went smoothly. This added to the estimated
4-5 days to commence the operation from the first notification, results in a very
long and demanding scenario for all concerned. In 1989, there is scheduled to be
a joint US/UK DSRV flyaway exercise which wall prove the whole concept.

Other discussion pointed out that the RN also is working on a system for
decompressing the DISSUB by hoses from the surface. This could result ain
lowering the internal pressure to at least 2.9 bar, from which pressurized rescue
could then be effected or, better yet, to carry out a normal unpressurized
rescue.

Surgeon Commander C. J. Kalman, RN, discussed air quality issues in escape
and rescue. Both such evolutions would be accomplished using air from the
submarine high pressure air system (HPA). This air differs significantly from
that used for normal diving and recompression chamber operations. During normal
submarine operations the cyclic use of compressors returns air from the submarine
atmosphere to the HPA bottle groups. Thus the submarin. atmosphere and the HPA
bottle groups reach equilibrium and gaseous contaminants present in the submarine
will likewise be present in the HPA system. This system is a relatively closed
system which is infrequently cleaned.

The requirement to compress the MOSUB compartment to 2 bar prior to the
instigation of each decompression run produces a minimum figure of 50% HPA within
the compartment at any one time. The longest exposure times within the
compression compartment will be for those attendants locked in prior to
compression (Resolution Class only) and for the first batch of rescuees who must
wait for two further transfers to arrive via the DSRV prior to decompression.
The periods of exposure are estimated to be 16 hours between the initial
compression of the compartment and the arrival of three DSRV loads. This is
followed by a hold of 30 hours at 2 bar prior to decompression at 0.5 meters per
hour (20 hours! resulting in a total time of some 66 hours. The 30-hour hold is
the best estimate available for avoidance of decompression sickness during the
final decompression for rescuees saturated at the "worst case" DISSUB pressure.

In a detailed analysis, the greatest personal exposure involved in the RN
MOSUB scenario has been identified and a worse case conservative estimate of
effective toxic levels produced. Simple comparison between such levels and the
published national industrial levels indicate, with the exception of halocarbons,
no grossly unacceptable exposure. Therefore, the Biomedical Subcommittee of
SCOSER endorses current RN MOSUB policy with the following modifications:

1. HPA system halocarbon samples taken prior to MOSUB deployment should
indicate levels below 250 vpm (vapor parts for million) and that a MPC (maximum
permissible concentration) of 250 vpm should be maintained 1in the MOSUB
throughout the operation.

2. HPA system total organics samples taken prior to MO§PB deployment
should indicate levels below the SGM0332 specified limt of 20 mg/m”.
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3.  The Biomedical Subcommittee accepts the on-going task of monitoring
submarine atmosphere control limits to confirm continued endorsement of MOSUB
policy.

4. If endorsed by the Biomedical Subcommittee, any trials would need to be
subject to ethical considerations.

CDR Carson & CDR Adkisson presented the US prospective as seen by the
medical support group with the DSRV. The DSRVs are capable of internal
pressurization in the range of 0.8 to 5 ATA, and in a rescue can carry a maximum
of 28 personnel (four crewmen and 24 rescuees) operating to a depth of 5000 feet.
The rescue scenario begins with the notification that a submarine has been
disabled. It is estimated that a response could be mounted in as little as 24

hours to 48 hours, with rescue operations underway, on site, in two to three
days.

The general mission sequence 1S:

A suomarine is bottomed at less than collapse depth.

SubOpAuth initiates submarine rescue program.

Rescue units assembled in area of distressed submarine.

Distressed submarine is located with DSRV. Assistance in determining
the DISSUB location will normally be provided by ships at the site and
frem shore, Passive, distressed submarines can possibly be located by
previously released buoys, o1l slick, debris, or echo from search
sonar.

5. First mating of DSRV with distressed submarine has been completed.

6. Rescue operation completed.

o B

In a pressurized rescue scenario, 1f communications with the DISSUB are
intact, the DSRV will be pressurized to the internal pressure of the DISSUB by
mating with the MOSUB prior to transiting to the DISSUB. After returning to the
forward compartment of the MOSUB which has been pressurized to the internal
pressure of the DSRV, the rescuees will be transferred to the MOSUB forward
compartment. This procedure can be repeated two or three times depending on the
battery life of the DSRV. As the battery charge falls belecw 30%, the DSRV will
return to the after escape trunk of the MOSUB for replenmishment.

Following the transfer of all survivors, the MOSUB will begin controlled
decompression of its forward compartment until the pressure reaches one bar.
Replenishment of supplies can be accomplished by utilizing the DSRV as a shuttle
between the after and forward hatches thereby providing food, water, medical, and
other necessary supplies.

Theoretically, the MOSUB forward compartment can hold the entire DISSUB crew
(assuming the maximum survivability of 120-180 men). Despite crowded conditions
and reduced habitability aboard the MOSUB, survival is possible. Several
SHIPALTS have been promulgated modifying the US 5SN-637 class submarines so they
could act as MOSUBs for the DSRV. These included modification of the bow
compartment for use as a decompression chamber, providing facilities to accept
the DSRV flyaway equipment and the ability to perform various hotel services for

3




the DSRV. Several of 637s were modifisd, at least partially, and documents

indicate that pressurization may have been accomplished to 4 bar under test
conditions.

The only practical means of forward compartment pressurization is using the
MOSUB’s air banks thus raising several issues:

1. Initial pressurization with normoxic air requires monitoring for
pulmonary oxygen toxicity.

2. Normoxic aitr at increased pressure presents additional hazards and
special fire precautions will be required until the oxygen level has
been reduced, presumably by human respiration.

3. Potentially toxic materials stored in the forward compartment will have
to be removed prior to pressurization.

4. Heads and potable water systems have pressure limitations of roughly
2.3 (cross connects) and 3.7 (system) bar respectively. Proper lineup
of ship's sanitation to prevent inadvertent decompression of the
forward compartment is necessary.

A mating ring enabling the mating of the DSRV with the deck decompression
chamber (DDC) on an ASR (surface ship with chambers) is currently undergoing
design. This would facilitate the pressurized transfer from the DSRV to the
chambers. Studies at NSMRL examined safe surface intervals for personnel
transfer which could be used until such time as the mating ring is available.
Additionally, a DSRV venting/equalization valve installation has been planned for
the upcoming modernization period. This will provide the capability for
controlled venting of the DSRV.

biscussion following this presentation focused on DSRV type vehicles
belonging to Japan and Sweden; and on the physical compatibilities (mating rings)
among the different vehicles.

Dr. R. Withey presented results of UK experiments on decompression problems
in submarine escape. Islander-2 was designed to investigate the maximum safe
direct decompression step to 2 bar from oxygen/nitrogen saturation and from
oxygen/nitrogen/carbon dioxide saturation; and the minimum duration of the hold
at 2 bar before a subsequent decompression to 1 bar can safely be completed. A
total of 79 submariner volunteers were exposed to the Islander-2 profile. The
comptession rate was 1.5 bar/minute. The atmosphere at saturation was either 0.4
bar oxygens/balance nitrogen, or 0.38 bar oxygen/0.02 bar carbon dioxide/balance
nitrogen, depending on the phase of the experiment. The direct decompression to
2 bar was carried out at a rate of 0.5 bar/minute, and the atmosphere was changed
to air. The decompression from 2 bar was carried out at a rate of 0.5 msw/hour
in accordance with RN Table 72. Subjects were held at exactly 1 bar
(1rrespective of atmospheric pressure) for 24 hours before being released from
the hyperbaric chamber.

Twenty subjects with no €O, were decompressed from 3.2 bar with 3 cases of
decompression sickness (DCS). %t was concluded that the maximum "safe" direct

decompression step to 2 bar is 1.2 bar, i.e., from 3.2 bar to 2 bar. A holding
time of 24 hours at 2 bar is insufficient to ensure a subsequent safe
decompression to 1 bar, as indicated by later cases of DCS. With C.02 bar o, in
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the saturation gas, 59 exposures were conducted at pressures of 2.9 to 3.2 bar
with 8 cases of DCS. In light of these cases it was concluded that the maximum
"safe" direct decompression step to 2 bar is 0.9 bar, i.e., 2.9 bar to 2 bar.

The final recommendations for the purposes of planning the rescue of
survivors from a distressed submarine with a raised internal pressure and
probably elevated 0, were:

1. A maximm safe direct decompression to 2 bar is from 2.9 bar.

2. A holc of at least 30 hours 1s required at 2 bar before commencing
decompression to 1 bar.

In a further discussion, Dr. Withey posed some questicns for future work by
all countries. They included:

- confirm the required hold time at 2 bar

- clarify effects of CO.

- establish safe steps %rom higher saturation pressure
- consider effects of lower (e.g. 17%) 0, concentrations
- consider oxygen toxicity

- create an appropriate mathematical model

US decompression experiments were described by Mr. J. W. Parker. The Naval
Submarine Medical Research Laboratory initiated a series of chamber dives to
establish the safe upward excursion limits from a worst case scenario where the
DISSUB has an internal pressure of 5 ATA. This work was accomplished in two
phases. The AIRSAT-5 series was designed to arrive at this limit in a nitrogen-
oxygen (NITROX) atmosphere with a PO, of 0.4 ATA, This was done to eliminate the
problems of pulmonary oxygen toxicity (POT). The mitrox equivalent of 5 ATA (132
fswg) is 4.36 ATA (111 fswg). The divers would be held at the excursion depth
for 24 hours before commencing decompression to the surface.

The first two dives in the series involved an upward excursion to 3.12 ATA
(70 fswg). With N=6, there were no symptoms of decompression sickness (DCS), so
it was decided to alter the design to make the upward excursion to 2.82 ATA (60
fswg), where two dives were carried out without DCS. It was then decided to make
the excursion five feet shallower to 2.67 ATA (55 fswg). The result was three
out of four cases of DCS. The decision was then made to return to the 2,82 ATA
upward limit and two additional dives were conducted. This time there were 3
cases of DCS at this excursion depth. The next series of three dives examined
the upward excursion from 4.36 ATA to 2.97 ATA (65 fswg). With nine subjects
there were no cases of DCS after the upward excursion. There was, however, one
case of DCS (Type 1) at 1.42 ATA (14 fswg) which occurred during the subsequent
decompression to the surface. It was felt, however, that this was not due to the
upward excursion, but due to the later saturation decompression.

Nov that the upward excursion limit on nitrox had been established, the next
series of dives (AIRSAT-6) would study the upward excursion limit on compressed
air from S5 ATA (132 fswg) to the air equivalent of the depth established
previously in AIRSAT~5. This 1s 3,24 ATA (74 fswg). However, in order to reduce
the effects of POT, the initial compression would be to 4.4 ATA (111 £swg).
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After 60 hours at this depth, the atmosphere was changed to compressed air
(PO,=1.05) and the depth increased to 5 ATA (132 fswg). This depth was
mai%tained for 12 hours after which an immediate decompression to 3.24 ATA was
accomplished. The subjects remained at this depth for 24 hours prior to
commencing decompression to the surface. In the three dives with 13 subjects
total, there were no cases of DCS during the 24-hour hold after the upward
excursion, nor were there any cases of DCS during or after the subsequent
decompression to the surface.

In the MOSUB scenario, then, it can be recommended that the forward
compartment need be compressed only to 3.27 ATA (75 fswg) in order to receive
survivors rescued by the DSRV from a DISSUB with an internal pressure of 5 ATA
{132 fswg). As a caveat, this does take into account any toxic contaminants
which may have been present in the DISSUB atmosphere prior to rescue.

G. Masurel described French experiments in pressurized rescue. This paper
discussed a hypothesis for the rescue of personnel, who have been trapped in a
pressut -zed submarine for some period of time. The discussion centered on the
proble.: of rescuing personnel who have become saturation divers, by proxy, and
how to most easily get them decompressed without running inordinate risks of
decompression sickness. Where the UK proposed pressurizing the submarine’s
escape compartment to 2.0 ATA, the French propose pressurizing it to only 1.6
ATA. This pressure requires less air to maintain pressure and is less harmful
to equipment within the compartment. To test the hypothesis, minipigs were
subjected to pressures of 2.5. 3.0, 3.5, and 4.0 ATA for 24 hours and to 2.5,
2.7, and 3.0 ATA for 48 hours. 1In all cases, pressure was reached in 2 minutes.
At the end of the pressurization period, the animals were depressurized to 1.6
ATA within 2 minutes, and held at that pressure for 24 hours. They were then
returned to 1.0 ATA within 2 minutes. Doppler ultrasonic bubble detectors were
implanted on the pulmonary arteries of the minipigs.

The experiments showed that the pigs could be safely ‘rescued’ from
pressures up to 3.5 ATA after a 24 hour stay, put in the escape chamber at 1.6
ATA for 24 hours and then safely returned to 1.0 ATA, without symptoms of DCS.
Additionally, the minipigs could be 'rescued’ from a pressure of 2.75 ATA after a
48 hour stay, using the same protocol, without problems with DCS. Under the
pressurized conditions, however, one must also consider Pulmonary Oxygen Toxicity
(POT) as a danger. With pressurization in a Disabled Submarine (DISSUB) caused
by HP or ULP air leaks, there is an increased danger of POT because of the
increased PO,. However, this danger decreases as the number of survivors in the
compartment %ncreases, as the air is breathed down faster. In the event that
flocding is the cause of the increased pressure within the DISSUB, hypothermia
becomes the major prcblem for the survivors. Additional experimentation will be
carried out to attempt to reach a good compromise between operational
requirements aboard the MOSUB and realistic probabilities of pressurized rescue.

CDR P. Weathersby discussed the relevant statistical issues., Decompression
15 a variable event. Some people get decompression Sickness (DCS) and others
don’t. A major question is; How does one predict who will get DCS or, in a
group, how many will get DCS? It’'s impossible to predict the response of a
single individual, but a prediction can be made on population response, using
probabilistic models evaluated with the statistical concept of Maximum
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Likelihood. Unfortunately, any analysis requires a very large number of
experim s to get a very precise prediction. A series of mathematical models
has been developed which can utilize different known dive profiles and outcomes
to predict the probability of DCS, at some defined confidence limit. The models
have been evaluated with about 2000 dives, most of which do not have profiles
similar to submarine escape and rescue. Sometimes several variations of the
model will work well with available data, and then give different predictions for
new dives, for example in predicting the 1% DCS depth of a saturation exposure
with return to 1 atmosphere. The statistical modeling approach will allow some
predictions of hazard to be made under scenarios that are too unlikely or too
dangerous to allow direct human testing.

CAPT C. Harvey outlined the selection of proper procedures in submarine
rescue. The twe major methods will utilize either a surface rescue ship (ASR) or
a Mother Submarine (MOSUB) to transport the Deep Submersible Rescue Vessel (DSRV)
to the site of the distressed submarine (DISSUB). 1If the ASR is used, the
survivors must be brought to the surface and then physically exit the DSRV and
cross the deck of the ASR to enter the decompression chamber. On the other hand,
if a MOSUB is used, the survivors enter the DSRV from the escape hatch on the
DISSUB and ride it to the MOSUB, where they enter the MOSUB via an escape hatch
into a pressurized forward compartment, which doubles as a large decompression
chamber. Two questions must be addressed if using a MOSUB, however: What
pressure will be found in the rescue compartment of the DISSUB, and what is the
minimum pressure you can use in the MOSUB? This presentation dealt with NSMRL's
development of a Flow Chart which will cover every scenario for submarine rescue
and be a sort of ’cookbook’ for decompression of survivors., The Flow Chart will
show all scenarios, decision points, known procedures, and will point out
procedures that need additional work. An example of a scenario was presented and
traced through the Flow Chart. Discussion focused on the need to get this Chart
finished and distributed to the cognizant commands.

In a general discussion, two questions were thrown out for further study, in
the area of decompression requirements- Can decompression be speeded up? And
what % of oxygen should the DISSUB be brought to 1initially and during the
decompression phase? Also asked was, what levels of carbon dioxide can be
tolerated by the survivors? There was no consensus answer to these questions.
Dr. Masurel was asked if the worst case scenario, all high pressure air banks
ruptured, was used to set the pressure in the DISSUB in his presentation. He
stated that 3 ATA was the maximum pressure considered, which is very close to
that used by the US and the UK. He was also asked if any future human studies

were planned for step-wise decompression. There are none currently being
planned.

Some comments were made to clear up some perceived confusion, particularly
by 'operators’, of some of the basics of decompression. The oxygen level, both
in the PISSUB and in the DSRV or the MOSUB compression chamber, is kept below 25%
by volume because of fire considerations. In the DISSUB, anything over 0.7 ATA
oxygen becomes a problem because of potential POT. The best oxygen level is
partially based on the source of the oxygen. If the oxygen in the DISSUB 1s
coming from the bleeding of air banks, you want to minimize the additional
pressure and its increased DCS risk because the air is 80% nitrogen. However, if
the oxvgen 1s coming from chlorate candles or from an oxygen bank, there is no
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reason to keep the oxygen level very low, as there isn’'t additional nitrogen
coming into the atmosphere. Reiterating, during the decompression, about 0.7 ATA
is the most desirable amount of oxygen to have in the atmosphere.

Some discussion occurred on the concept of a small microclimate {an enclosed
area where oxygen can be breathed down, with attendant carbon dioxide scrubbing).
The remainder of the large rescue compartment would have a higher PO,, but the
microclimate could be used for injured personnel or for persorinel who are
exhibiting symptoms of POT.

A question arose as to the effect of pulmonary oxygen toxicity on
decompression. Rescue pressures used by the UK, and mentioned by the US, are
such that if air is pressurizing the DISSUE, the oxygen levels are not high
enough to have a toxic effect on the survivors. Oxygen should be minimized to
levels compatible with life and health within the DISSUB, and maximized during
decompression, since this will hasten the reroval of nitrogen by replacing some
of the inert gas in the atmosphere. A suggestion was also made to standardize
the terminology used in describing the pressure within the submarine, using the
tissue partial pressure of nitrogen, instead of total pressure and the partial
pressure of oxygen, since everyone uses diffecent terms, such as ’'bar’ or ‘feet
of seawater’ or 'mm of Hg'. If everyone used the partial pressure of nitrogen
that exists within the submarine and the absolute pressure you’re going to, the
graphs and tables relating to DCS problems would make moce immediate sense.

Until there is a decision made as to whether any risk of pulmonary oxygen
toxicity will be tolerated among survivors, the question concerning the effect of
POT on decompression is moot. If no risk of POT or of DCS will be tolerated,
very long decompressicn times, with low oxygen levels, must be used. 1In this
case, nitrogen isn’t a problem, since the decompression time is so long. If
you're willing to tolerate some decompression risk, the time factor can be
shortened.

Does oxygen have any direct effect on decompression or does only nitrogen?
The results of a large human diving experiment at NMRI have shown no evidence
that oxygen has any effect on decompression risk. If some of the survivors are
showing symptoms of POT, how will the decompression affect them? No human
studies have been attempted to answer this question, nor is it felt that any can
be done, due to ethical reasons; but animal studies have shown that POT symptoms
predispose one to decompression problems. That is, the decompression is not as
innocuous for them as it would be for someone who has not shown POT symptoms.

After the discussion period, SURG CAPT Pearson turned to survival after
escape. This presentation was a discussion of the UK’'s Submarine Escape and
Imersion Suit and its latest modifications. The suit was injtially developed in
the 1950's, with fleet introduction in the 1960’s. It has progressed and been
modified since then, with the Mark VIII in fleet use now, Several significant
1nadequacies have been uncovered with the suit and improvements are currently
underway. These improvements are in three major areas: thermal protection,
splash protection, and seakeeping. In the area of thermal protection, the main
thrust has been to relieve the problem of cold diuresis and the thermal effect of
the urine collecting in the suit. Initially, a ‘nappie’ was going to be used, as
a method of collecting the urine. Now in use is a penile sheath with a one-way
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valve, that allows the urine to be vented from the suit into the water. The
sheath is being used in lieu of two-sided penile tape, to attach the vent tube to
the penis. Apother imprcvement is the modification of the suit into a double
compartmented configuration. This allows the back of the suit to maintain a
layer of air between the skin and the suit, which is important since the person
is in a supine position in the water. In additicn, for those persons,
particularly engineering personnel, who won’t have time to don additional
clothing prior to escape, an undersuit of thermal underwear (Flexalon or
Thinsulate) is being made available, to be worn while on station. For splash
protection, the splash screen from the UK’s general immersion suit has been added
to the Mark VIII. The screen also veduces the carbon dioxide build-up to
tolerable levels. Not much design work has been done to improve the seakeeping
capabilities of the suit, however. The improvements in this area are coming from
pharmacological research.

Testing has been done, using skin temperature probes, rectal probes, ECG,
etc., showing that an individual can survive for 24 hours under adverse condition
while wearing the suit. The next improvement must come in the area of hand
protection, as the neoprene gloves currently available as part of the suit are
unsuitable. The Mark IX wall contain these improvements as well as providing
extra buoyancy behind the neck.

K. Ackles briefly described the Canadian experience with exposure. Canada
is not doing much in the way of submarine escape research, as they already
utilize the British escape system and the British escape suits. However, some
work was done several years ago related to survival suits (quick-donning) for
airplane passengers and crew. A variety of suit types were tested in 10°C water,
for periods up to 3 hours. Some description of the methods of analysis and
results was given.

SURG CDR Kalman discussed the use of drugs with escape. The British have
looked for some time at the problem of survivors left in the water for long
periods of time (up to 24 hours) prior to rescue. One of the major complaints is
seasickness. The survivors leave a stable platform and suddenly find themselves
in a medium of continuous motion. Seasickness sets in very rapidly, even in what
must be called gentle seas. The standard prophylaxis has been oral administra-
tion of hyoscine. 1wo problems have been found with this, however. The first is
that as soon as the seasickness sets in, the person vomits, usually throwing up
the hyoscine tablet with the rest of the stomach contents. Second, the h-oscine
doesn’t last for the 24 hours that may be necessary to await rescue. For these
reasons, a regimen of sublingual and transdermal hyoscine is being looked at.
The sublingual application is very fast-acting, while the transdermal
application is long-lasting. Another advantage of this regimen is that upon
rescue, the transdermal patch can be removed, thereby stopping the therapy.

In addition to seasickness, the topic of thermal stress, particularly cold
from diuresis 1s a problem. The initial thought was to give ADH to stop or at
least control the diuresis, but this led to later problems with fluid balance.
This problem is still being studied. Animal work is planned to look at the
effects of pre-breathing oxygen, using anti-platelet drugs to reduce the
reactivity of blood, and steroids to help reduce edema, caused by exposure.
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Dr. Withey touched on the UK Depressurization Systems. This presentation is
an update on work being done at the Admiralty Research Establishment’s
Experimental Diving Unit, on methods of reducing the pressure in a DISSUB,
without harming the survivors. They are planning experiments on the use of hoses
attached to the external salvage fittings of a DISSUB and run to the surtace,
where the pressure can be reduced through a valve system. Ventilation at
constant pressure can also be provided. The system testing is scheduled to be
dorie with the DISSUB at a depth of 200 m. using 300 m. of hose. The pressure can
be controlled to a tolerance of 0.01 bar/hour. The hoses are available, and the
studies are scheduled to begin during 1988.

k. general discussion period followed. A comment was made that relative to
the urine collection probiem and the use of the penile sheath, persons in the
construction industry, particularly persons who work up on tall buildings, have
had the same problem for years. They have found a low cost solution, but it was
not discussed in detail.

The UK and Norway are sponsoring a submarine escape exercise in July 1987,
using the Mark VIII SEIS. The exercise will take place in a fjord in Norway and
invitations are going out to other countries to send observers. The following
countries are furnishing subjects for the exercise, which will be from up to 180
m. depth: UK, Norway, Australia, Holland, Sweden, West Germany, and Italy.

Some conments were made concerning the use of hoses to ventilate and
decompress a DISSUB. The biggest worry was that the partial-pressure of oxygen
would fall to unacceptably low levels during ventilation, while maintaining the
necessary pressure within the DISSUB. The UK has a resupply capability, and they
are certain that they can maintain the partial-pressure of the oxygen while
ventilation takes place.

A comment was made about the use of the sublingual and transdermal hyoscine
during escape. The transderm is rated for only 12 hours of use. However, the
company that makes them is sure they will work for the required 24 hours. There
was some discussion of the use of transderm sccpolamine, as is used by the US. A
potential problem is scme data showing mild (NS symptoms in divers using
scopolamine. The question was asked whether it is worth mild CNS symptoms, if
the scopolamine protects the survivors from seasickness. The answer given was
that the CNS involvement is probably preferred to the seasickness.

A final question was asked concerning whether or not there might be a DCS
component to the rapid onset of seasickness among survivors, surfacing from a
depth of 100 m. The answer given was that from that depth, the chances of DCS
are minimal, so that probably isn’t a concern.

SUBMARINE AIR QUALITY

The UK overall approach to submarine atmosphere monitoring was presented by
Ms. Dibben and SURG CDR Kalman. Increased medico-legal requirements have led to
the adoption of new monitors which are not yet installed in the fleet. A CAMS
(mass spectrometer) will measure 12 selected gases continuously. A portable
total organic monitor (photoionization detector) and a portable total aerosol
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monitor (based on infrared scattering) will be used selectively but frequently.
Organic analysis will also be provided on-shore. Each submarine will carry a
supply of adsorbent tubes (Tenax) that will sample the ship’s atmosphere, and
then be sealed. Later, on-shore, the tubes will be subject to thermal desorption
and quantitative identification by GC-MS (sensitive range to C1 }. Spectra
will be stored and statistical profiles generated on 20- 3(9 compounds of most
interest. The list of priority compounds could be readily changed.

Mr. Thill presented a status report on the pending major revision of the
U.S. Submarine Atmosphere Control Manual. Equipment descriptions and especially
the atmospheric contaminant limits were outdated. The new draft manual will
incorporate several significant changes:

More emphasis on the submarine CO’'s responsibility for materials control,
painting limitation, and smoking

Major revision of atmosphere contaminant limits based on US National
Academy of Science recommendations

- Inclusion of new sections on gas free engineering and heat stress
considerations

Ready reference sections on response to atmosphere casualties and
emergencies

The new manual is expected to be in final form in about 1 year.

Mr. Adams described the UK Atmosphere Control Manual, BR 1326. The document
1s not just a handbook but also serves to present design policy and technical
specifications. Chapters are devoted to atmosphere control equipment, and
several annexes describe atmosphere limits for contaminants, ventilation
considerations, analysis stores 1lists, and reporting requirements.
Responsibility for the document is vested in a single Submarine Air Purification
Committee that represents operational, medical, engineering and marine
architectural viewpoints. Material control procedures place new items into one
of several categories based on toxicity and fire characteristics., About 8 new
materials per month are added to the 750 already categorized. Operation of major
atmosphere control equipment 1s described in the manual. Oxygen is provided by
electrolysis units (nuclear subs) or chlorate candles (conventional subs}.
Carbon dioxide removal is by monoethanolamine (MEA) adsorption or molecular
sieves (nuclear) or soda lime (conventional). Hydrogen and CO are catalytically
burned. Filters, precipitators and charcoal beds are also used. For major
analysis, two instruments are in use: a gas chromatograph (Rye) and a mass
spectrometer (CAMS). Multiple portable/backup analyzers and shore based analysis
is also specified. Formal test procedures are listed for both harbour and at-sea
evaluation of atmosphere control for new and re-fitted submarines.

The French delegates presented information on a rarely studied contaminant
in submarine atmospheres - phenol. Potential sources of phenol and its
derivatives are cigarette smoke, sanitary disinfectants, and photographic
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supplies. Studies were performed on extracts from main submarire charcoal beds.
Caustic and acid-ether extraction treatments are followed by capillary gas
chromatography. Positive assays were reported for phenol, m-and p-cresol, and
two dimethylphenols. Further investigations are planned.

CDR Weathersby described a recently approved procedure to verify that
submarine air banks are suitable for breathing by divers. The standard U.S.
shore laboratory analysis for divers’ air is not suitable because the submarine-
and its air bank - atmosphere is complicated and changes composition more rapidly
than shore installations. The new procedure assumes a CO, scrubber in place and
then requires routine monitoring of 8 substances using the ship’s CaMS and
detector tubes. A photoionization detector (PID) reading is also required.
Depending on the PID reading, from 0 to 24 other detector tubes need to be used.
The procedure has proved workable in several operations but several improvements
are foreseen for procedures, instruments, and administration.

M. Bodilis and MCA Giacomoni presented the French Navy experience with (13x)
molecular sieves for CO, removal. Tests began in 1964 and eventually led to sea
trials on & SSBN in 1?969. Labcratory experiments in regeneration by vacuum
heating and RF heating led to their rejection as impractical, in favor of
conductive heating regeneraticn. Water vapor had to be removed first by
compression, condensation by cooling, and adsorption on activated alumina.
Catalytic burners are also required. At sea trials used 2/3 of the air in the
purification process with the other 1/3 used to regenerate the parallel molecular
sieve unit. Cycle times were about 1.5 hours. Overall unit costs were 135
K-watt electrical, 7.5 metric ton, 15.1 cubic meter volume per unit (2 units per
SSBN). The bulky size led to a second generation plant, despite 15 years
satisfactory operation at-sea.

The newer unit combines the Hzo—alumina and C0,-molecular sievg operations
to save space and cooling water, ‘and uses a low temperature (100°C) platinum
catalytic burner. Its operation appears satisfactory also. Further work is ain
progress.

Mr. Adams described UK experience with molecular sieves for CO, removal. In
the late 1970’s a system using a temperature swing desorption on “4A/10A sieve,
after 3A drying, was installed on TRAFALGAR class SSN's. The units controlled
co, satisfactorily but were large, complex, and not energy efficient. Pressure
swing sieve systems were given extensive engineering evaluation but were
discarded due to problems of large size and N, contamination of the CO, effluent
stream to be pumped overboard. In fleet use,”the temperature swing units worked
satisfactorily but required additional units when the CC, rose continuously when
only 1 unit was on-line. The sieve has been rejected 2Eor newer submarines in
favor of monoethanolamine scrubbers similar to U.S. submarines.

M. Bodilis and MCA Giacomoni presented an cverview of how atmosphere control
equipment can paradoxically increase the hazards of a submarine atmosphere.
Non-nuclear French submarines at various times used the o, adsorbents: KO
based superoxide - which tended to explode; NaOH - which was véry corrosive; the%
sodalime - which produced an offensive dust. Present sodalime is specially
prepared to avoid at-sea bulk handling and now allows the elimination of particle
filtration. Conventional oxygen delivery was by o, banks then chlorate candles.
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Candle problems with 0, and acids are now minimized by a pyrotechnic primer and
a sodalime blanket.

Nuclear submarine problems are different due to higher availability of
electric power and to longer mission duration (up to 90 days). Oxygen generation
is similar in all 3 navies, and is kept safe by shut-down limits on H., and 0, and
strict training of personnel. Carbon diox:ide and freon removal “on hot” 13X
molecular sieve can produce acid gases (from freons) or €O {from hydrocarbons) so
2ll effluent must be sent thru catalytic burners. Cata]gst on these burners is
platinum (vs the U.S. hopcalite) and operates near 1007C. Activated charcoal
(260 kg in 3 kg canisters) and electrostatic precipitators - with attendant
ozone problems - complement the system.

Dr. Carhart had a paper read by CAPT Knight on US laboratory experiments.
Fire safety in submarines can be enhanced by operating at oxygen concentrations
below 21%. There are three important consequences of using low oxygen
concentrations for achieving passive fire protection:

#1 FIRE PREVENTION. The term "oxygen index" may be defined as an oxygen
concentration below which a given material, once ignited, will not
propagate a fire. Although the reported index is test dependent, being
particularly sensitive to the geometry of the test procedure, there are
oxygen concentrations below which a test materaal will not burn.
Gasoline does not burn in 12% oxygen, balance nitrogen.

#2. REDUCTION IN EASE OF IGNITION AND GROWTH OF FIRES. Nineteen percent
oxygen reduces the burning rates of paper and kerosene by 20%, yet an
increase in the partial pressure of oxygen (PO,) at the same oxygen
concentration in the gas mixture will generally %ave lesser effects on
the burning rates. The total heat released by cellulose and
hydrocarbons is 20% less in 19% oxygen than in 21% oxygen. Nineteen
percent oxygen also increases the minimum ignition energy needed to
ignite methane and ethane by 33% and 40% respectively.

#3. ADDITIONAL TIME FOR REACTING TO AND EXTINGUISHING FIRES., There are few
fires where corrective action is not taken soon enough to avoid
disastrous results. Additional time to react {approximately 30% extra
time) may permit the necessary steps taken to prevent a disaster. 1In
closing, it is easy to reduce the oxygen concentraticn aboard a
submarine. This need not be detrimental to the crew since it is the
PO,, not the oxygen concentration, that is essential for ensuring
adéquate life support. How far the oxygen concentration should be
reduced should be answered by the medical comwunity.

Captain Knight presented the US low O, Proposal. In theory, submarine crews
couid live and work in 11% oxygen if the barometric pressure were adjusted to
maintain the partial pressure of oxygen (PO,) above 122 torr. Studies at the
Naval Subwmarine Medical Res arch Laboratory have shown that the oxygen saturation
of arterial hemoglobin is not reduced by exposure to 17% oxygen (PO, = 130 torr)
despite significant reduction in the flammability of ignited candlés. Nor are
tests of human visual and mental function degraded by the exposure of seated
subjects to 11.5% oxygen (PO, = 88 torr)., Further experimental work is needed to
determine the safe, minimum > for multiday exposures aboard submarines.
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M. Bodilis presented the French use of HALON 130i. Halon 1301 is not used
as a fire extinguishant on board French submarines, but approximately 1 kilogram
of Halon 1301 is used as a propellant gas. Calculations showed that atmospheric
dilution would be rapid. Tests showed that the compound was very stable in the
atmosphere control equipment. Even at 300°% only small amounts of chlorine,
bromine, €0, and 00, were produced in a laboratory regeneration system.

Initial discussicn focused on the low oxygen work. Although the mean score
for a group cf test subjects may show ro change of physiological function in an
atmosphere of lowered PO,, cne or more of the test subjects might have losses of
function which are of prgctical significance. This raises the question, "vhat
percentage of the crew suffers degradation of function in an hypoxic atmosphere?"
It would be more appropriate to determine what the reduction of PO, does to the
function of individuals rather than the group.

Canadian tests of standing steadiness and vestibular evoked responses have
shown that vestibular function is degraded at an altitude of 8,000 ft (PO, = 120
torr), but not at 12,000 ft (PO, = 101 torr). This suggests that the Central
nervous system may be impaired by mild hypoxia.

Other potential problems are:

~ Cigarettes that do not burn well in lowered concentrations of oxygen may
release more toxic chemicals into the mainstream or sidestream smoke.

- The reductions of barometric pressure that occur in submarines may further
reduce the PO, in an atmosphere of lowered oxygen concentrations.

- If lowered concentrations of oxygen retard the growth of fires, they might
also delay ine recognition of fires. A delay in recognition would offset
the alleged advantage of lowered oxygen, which i1s to allow crews more time
for extinguishment before a fire grows to an unmanageable size.

- A gradual reduction in oxygen concentration would allow the crew to
physiologically adapt to their lowered ambient PO,. If done very
gradually, more fire protection would exist at the end of the patrol than
in the beganning.

The UK medical scientists do not intend to recommend lowering the PO, below
the Royal Navy’s current limit of 137 torr. The US would like to determine the
limiting Po2 for operational situations such as snorkeling. Neither Navy has
apparently established the lower limit of PO, for physiological tolerance.

Discussion of other fire issues was limited. Halon 1301 is fitted in UK
submarines for use in high risk areas such as ships’ galleys. Regarding material
flammability, it may be better to develop fire resistant materials for use in

submarine construction than to predispose crewmembers to hypoxia by lowering the
oxygen concentration.
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CLINICAL ISSUES

MCA Giacomeni addressed the question: Why is smoking not allowed on board
French submarines? Cigarette smoke is potentially toxic due to the presence of
alkaloids (eg nicotine), asphyxiants (eg CO), irritants, and carcincgens.
Sidestream smoke is even richer in these pollutants than mainstream smoke.
Studies were begun in the 1960’s to prepare for the possible use of tobacco smoke
on board French nuclear submarines. A survey of submarine crews showed that
between 1963 and 1986 the number of smokers has decreased from 88% to 61% of the
crew. The daily consumption of cigarettes has also declined from 15.6 to 13 per
man.  Since 1indoor &air contains greater concentrations of particulates and
gaseous pollutants when cigarettes are smoked 1in underventilated rooms,
submarines were assessed for the capacity to remove 132 liters of CO and 83 grams
of tars released daily into the sealed atmosphere. It was determined that the
planned life-support system would be adequate for this purpose. Policy
eventually dictated that smoking would be banned to avoid exposing non-smokers to
the nuisance smoke.

Dr. Hee discussed the additivity of hydrocyanic acid and carbon monoxide.
French scientists have been interested in estimating the acute toxicity of
thermolysis products by completing three research objectives:

#1. Determine the time-concentration relationships of hydrocyanic acid

(HCN) and carbon monoxide (CO) on amimal models.

#2. Describe the laws governing the combined effects of HCN and CO.

#3. Define the limit values for man. The time to incapacitation was
studied by exposing mice and rats to mixtures of CO and HCN. Tame-
concentration curves were plotted from separate exposures tc the gases.
Rats were more sensitive to HCN than mice, but both species were
equally sensitive to CO. Both species were exposed to 6 different
mixtures of HCN (36-150 ppm) and CO (700-5100 ppm) and observed for
time to incapacitation. The combined effects or CO and HCN were
additive. Data from the rats were extrapolated to humans on the
assumption that the ratio of minute ventilation to body weight was 6-
fold higher in rats. After additional adjustments accounted for level
of activity and more conservative times, the recommended concentrations
for 15-minute exposures of humans were CO = 2000 ppm and HCN = 30 ppm.

Dr. Hee then presented work on particulate and gaseous pollution from
tobacco smoking. Although crews do not smuke onboard the French submarines, an
experiment was conducted to characterize the pollution of confined spaces with
tobacco smoke. This paper, the first of two, reported the effects %f various
removal devices on the composition of the polluted atmosphere. A 50 m” room was
contaminated by the smoking of 24 cigarettes at a rate of 2 every ten minutes.
The following removal strategies were tested: diffusion through an open door;
open-circuit, forced convection; and, three types of closed-circuit filtration
systems. Without the removal strategies, there was a change in the distribution
of particle sizes with the passage time. The numlxerz of small particles
(0.12-0.17 micrometers) dropped from 10° to approximately 10° particles per liter
air during the first hour. At the same time, the number of larger particles
(0.42-1.17 micrometers) increased. Other subpopulations of particles (0.17-0.42
and 1.17-6.12 micrometers) remained constant over the 3-hr period. The total
population remained constant and in excess of 106 particles per liter air.
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Technical problems prevented the reporting of nicotine levels. After % hrs, the
main gaseous pollutants were methane-equivalent hydrocarbons (177 mg/m”), CO (26
ppr), NO (1 ppm), toluene (.7 ppm), NO,, formaldehyde, acetaldehyde, acrolein,
and acetone. The concentrations of , NO, hydrocarbons and formaldehyde
decreased with time, suggesting transfer between gas and particulate phases or
the selective absorption onto biological or chamber surfaces. The strategy of
diffusion nonselectively removed 50-75% of all rollutants. None of the filters
removed CO and only absolute filters were capable of temoving the particles. The
electrostatic filters were not very effective due to the range of particle sizes.

in Dr. Hee's second paper the goal was to estimate the efﬁfct of tobacco
smoke on nonsmokers. Six smokers and 4 nonsmokers sat in the 50 m” chamber while
the smokers produced tobacco smoke at a rate of 0.24 cigarettes/ m”/hour.
Several test sessions were used to evaluate the effects of filtering systems on
the biological effects of tobacco smoke. Smoking was permitted between test
sessions. The fully polluted atmosphere caused a maximal blinking frequency of
the eyelids, a maximal nuisance index, and a minimal nasal resistance. The non-
polluted atmosphere had the extreme opposite effect on these biological
measurements. Treatment of the polluted air with filters was beneficial. The
incremental change in the carboxyhemoglobin concentration was 1% and the increase
in the urinary excietion of nicotine was 60-80 micrograms/day. Comparisons
between data from the smokers and ron smokers suggested that non smokers inhaled
the equivalent of smoke from 1 cigarette during their confinement in the polluted
chamber .

Dr. Smith presented UK research on CO and smoking. The advantages of
curtailing smoking are the reductions in fire risk, atmosphere pollution,
"passive" smoking, and carbon monoxide burden to the CO/H, burners. Multiday
exposures to CO (75, 50, and 15 ppm) were studied at thé Institute of Naval
Medicine. There was no statistically significant deterioration of mental
function in any environment, but the subjects’ capacity for exercise decreased in
relation to the blood level of carboxyhemoglobin (HbCO). Changes of the P-wave
axis of electrocardiograms occurred in 7% of the subjects exposed to 50 ppm CO
and 2% of those exposed to 15 ppm CO. One man, a heavy smoker, developed changes
of the S-T segment on his electrocardiogram during exposure to 15 ppm CO. An
extensive medical evaluation after the experiment failed to demonstrate an
underlying cause for the temporary ST change. In another laboratory study, 24
subjects inhaled 500 ppm CO for one hour, resulting in an increase from a HbCO of
0-4.6% to a HbCO of 6.6-11,5%. Only one subject showed a reversible shift of thz
P wave axis from 70° to 0°. During a submarine patrol, 5 of 31 men experienced
reversiole changes of their P wave axis from 40-60° to 0-40°. 1In a second patrol
study, 50 men were studied during a multiday exposure to 7 ppm CO. The P-R
interval was slightly prolonged in 4 men. Nine men (6 non smokers and 3 smokers)
experienced a reversible change in the P wave axis during the first half of the
patrol. The true incidence of changes in P wave axis cannot be determined until
a large number of subjects (n > 1000) can be studiel.

CAPT Bumgarner presented US policy on smoking. Public and professional
concerns for the health effects of smoking began in 1950 with the publication of
a paper on the pathological consequences of tobacco smoking. In 1985, the
sutgeon General of the US published his opinions about the detrimental effects of
"active" and "passive" smoking. Recent attempts have been made in the US to
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banmish smoking from passenger aircraft. The Secretary of the Navy has
established guidelines for creating a healthy working environment. One guideline
15 the restriction of smoking from work sites where smoke will risk impairing the
health of non-smokers (SECNAVINST 5100.13A, 17 JUL 86). Today, appronimately 10%
of the submarine officers are smokers. The senior enlisted submariners have a
highar percentage of smokers (50-75%) than the jumior enlisted men (30%). Aboard
submarines, tobacco smoke has adverse effects on both the people and the
equipment. Several recommendations have been considered for reducing the smoke
pollution aboard nuclear submarines. One strategy is to banish smoking
throughout the shap, with the realization that some crewmembers would devolunteer
frem the Submarine Force. Nicotine chewing gum mught be a suitable substitute
for use by smokers during patrol. As an alternative, designated smoking areas
might be established within the ship. Another strategy would be to remove
smokers from submarines. This is unrealistic, since it would reduce the number
of operating crews by 30%! Proposed U.S. policy guidance 15 attached as an
Appendix.

LCDR Southerland presented US work on computer diagnosis. Medical
evacuations are hazardous operations which endanger the participants and
compromise the security of the submarine. Each medical evacuation costs
approximately $250,000. The US Navy has been developing the use of computer~
assisted medical diagnosis for approximately 20 years. In the past 5 years, a
computer program has been deployed aboard submarines to assist the hospital
corpsman 1n diagnosing the cause of abdominal pain. At the present time, there
1s an insufficient number of cases of abdominal pain which have been managed by
the computer program. One explanation for this 1s the lack of computer time
available to the corpsmen. The planned deployment of IBM compatible computers
will improve the capability for use by corpsmen. Programs for managing chest
pain, psychiatric emergencies, and dental emergencies have been written for use
at sea. Each program will contain a treatment module when it is ready for
deployment. 1In the future, validity studies will be conducted using an alternate
source of patients from mil:tary hospitals.

smoking i1ssues led to a lengthy discussion period. No speaker or member of
the audience spoke in support of the practice of cigarette smoking aboard nuclear
submarines. Rather, all discussion was oriented toward reducing or banning
smoking from submarines.  Some thought it would be useful to compare the
atmospheres of a smoking and nonsmoking crew during submerged operations. Others
thought the existing data are convincing with respect to the detrimental health
effects of tobacco smoking. In order to implement changes in policy, a
convincing summary of scientific data should be presented to the policy makers.

Regarding the French studies of tobacco pollution, the chamber study may not
represent the reality of smoke pollution aboard submarines. The particle growth
which occurred in the chamber might have resulted from high humidity or
agglomeration. The lower humidity aboard US submarines 1s associated with
smaller particles in lower concentrations [the submarine data are 20 years old
and have not been revised by mote current information). Caution must be taken in
calculating the "equivalent cigarette" for sidestream smoke from measurements of
HbCO and atmosphere pollution. With respect to the removal studies, the US Navy
should consider using a high efficiency particulate filter --such as the F1
filter 1n the chamber study-- to reduce the smoke aerosols in the occupied
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compartments of the ship. Unfortunately, the high efficiency filters require
more space than the electrostatic precipitators (ESP‘s). The US Navy currently
uses a dual-stage ESP with an efficiency of 60-70%towards the end of patrol.
Tobacco smoke fjeaves a varnish-like collection of tars on the collecting plates.
A single stage ESP has higher efficiency, but the higher voltage generates more
ozone. Ozone is readily removed by charcoal filters. The charcoal filters in
current use are characterized by an inefficient flow of air thrcugh the charcoal;
nonetheless, the filters work well.

In other points of discussion, it was suggested that in the absence of other
ECG defects, the reported UK changes of the P-wave axis do not seem to be
clinically significant. Dr. Smth’s work has established the basis for limiting
long-term exposures to 15 ppm CO in submarine escape scenarios. In the emergency
situation, the maximum permissible concentration 1is based on the time-
concentration curve for HbCO = 30%. The ratio of nicotine to cotinine does not
distinquish between particulate and gaseous sources of nicotine. Platelet
adhesiveness might serve as an indicator of exposure to tobacco smoke.

PSYCHOLOGICAL ISSUES

Dr. Scott, the Commanding Officer of the Naval Hospital, Groton, provided
introductory remarks as to the importance of considering the psychological health
of the submarine service. Drawing on personal experience, Dr. Scott related
several incidences where he reviewed every hospital case involving psychiatric
problems.  Although absolute incidence in the submarine population of severe
psychiatric disorders is at or below average of other populations, this small
percentage of individuals accounts for a significant number of service men. 1In
particular, individuals with less obvious personality disorders should be
1dentified and treated. The problems these individuals cause are in the areas of
work performance and interaction with their fellow service men, officers, and
medical personnel.

A more extensive screening program that goes beyond the identification of
overt psychiatric disorders should be undertaken to identify individuals with
maladaptive traits for performance in the submarine environment. Every effort
should be made to screen individuals who come into the submarine force. A
thorough screening procedure for severe psychiatric and personality disorders
would avoid later administrative problems in separation of problem personnel.
Primary savings would be in the area of training costs and staff time 1n
evaluating and processing unfit individuals.

§

i

Dr. Giannandrea presented a brief description of the history and development
of the submarine. Ke pointed out that the history of submarine service personnel
has been marked by the risk of injury and death from the submarine environment.
Many of the early attempts to develop submarines lead to fatalities. The
character of the early submariner was shaped by recognition of the hazardousness
of his sea duty. Individuals who adapted to subma.ine duty were attracted to
these risks and the close fellowship with other submariners. It is ain this
context that submarine psychiatry must be understrod. Dominant psychological
mechanisms come into play in the demwal of the risk of submarine duty. The
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submarine is a crew serviced weapon that demands adaptation of the person to the
environment. The submarine is formed along rigid specifications so that it is
the individual who must adapt. In other occupations it is the environment that
1s changed to suit the individual,

The tendency to deny the dangers that are found in submarine duty as well as
the long tedious, and physically demanding tasks make submariners vulnerable to
psychiatric breakdown. The psychological mechanism of denial of danger and a
high degree of affiliation with other men protect submariners from becoming
psychiatric casualties. However, these traits also isolate these individuals
from other non-submarine groups and denies them insight into their emotional
lives. When severe situational problems arise in their personal lives they
usually do not cope with these problems on a realistic basis. Rather, they
employ the form of defense most successful in adapting to long arduous submarine
missions, denial. Thus, many psychological problems are not dealt with openly.

The system of referral and record keeping in the military also views the
need for psychological help as a blemish on the submariners record. They are
expected to be more than human in dealing with day to day difficulties. When
individuals are seen at the clinic, many problems have gone undetected for a long
period of time and a change in the persons’ situation, usually the failure to
perform adequately, brings them for evaluation at the crisis point. Treatment at
this point 1s usually difficult and results in the loss of trained personnel
which would be avoidable had the problems been detected at an earlier time.

Dr. Wallace presented selected case histories of individuals referred for
psychiatric tireatment at the Naval Hospital Psychiatric Climic. He illustrated
both the need for more adequate screening procedures of 1incoming personnel and
the need for earlier detection of psychological problems in personnel who have
served with the submarine service for many years. Changes in individual's lives
relating to divorce, financial difficuities, or mstreatment may lead to
psychological casualties that could have been avoided.

Dr. Bryant presented recent research on the incidence of suicide referrals
to the psychiatric clinic.

The social impact of completed suicide on the behavior of others was studied
withan the natural setting of four military groups within the submarine service.
This study began after three completed suicides occurred over a short period of
time (within one month) in Nuclear Power Training Unit, Naval Submarine Support
Facility, and Basic Enlisted Submarine School. A 3-year baseline period was
reviewed for the time period prior to the suicides. The review focused on
referral information for those individuals evaluated for the presenting
complaints of suicidal gestures, thinking, or preoccupation versus other symptoms
or signs of psychopathology. The 3-year baseline data were then compared to a 6~
month period after the single completed suicides for each study group. In
addition, a fourth command, consisting of all individuals referred from submarine
commands (Active Duty Submarine) in which there were no completed suicides during
the study period, was compared to the three commands in which a suicide had
occurred. Finally, a structural equations model was used to identify tne effects
of suicidal thinking on total patholegy across commands.
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Ciear-cut, yet diverse, effects for exposure to the completed suicide were
found for all groups. A significant increase in suicidal thinking after exposure
to suicide was most prominent for basic enlisted submarine personnel. A linear
increase in suicidal gestures was found over the total period for the RKuclear
Power Training Unit, and a seasonal effect was obtained for the Naval Submarine
Support Facility. In contrast to the commands exposed to suicide, Active Duty
Submariners decreased referrals during the post-suicide period. When
autoregressive functions were estimated within a structural equations model,
increases in suicidal thinking within basic enlisted submarine school affected

_later pathology in other commands. Prior suicidal thinking (lagged by 1 month)

in submarine school predicted increased total pathology in the Nuclear Power
Training Unit and Basic Enlisted Submarine School as well as decreased referrals
for Active Duty Submariners over the total study period. These results were
discussed in terms of the effects of exposure to suicide and organizational
responses to suicide risks.

Dr. Rodgers described the wide range of stresses that a submariner must
undergo. She catalogued these into a general framework. Through an
understanding of the unique sources of stress in a submariners life, such as
deployment and returning home to reunite with one's family, effective
interventions could be made at a community level.

A British and French discussion, following this session emphasized
leadership over psychological assessment.

APPROPRIATE NATO STANAGS

M. Bodilis presented recent French work on life support stores. NATO STANAG
(Standardization Agreement) 1295 concerns storage containers for these stores.
The standard containers were developed by the UK but will not fit through the
escape hatch in French submarines so the French have not ratified the STANAG.
However, French work with the containers has shown the feasibility of efficiently
packing the containers with chlorate candles for oxygen generation and textile
wrapped sodalime for carbon dioxide absorption. Thus prepared, each container
would provide several day life support for large numbers of crew without recourse
to power or to any other materials.

SURG CDR Kalman forcefully presented the UK position on two related STANAGS:
1184 arnd 1206. For background, he stated that STANAGs are formulated by a NATO
Navy Medical Working Party with no particular submarine experience. The
submarine expertise is found at the Tripartite Meeting and in the Submarine
Escape and Rescue Working Party (chaired by MCA Giacomoni), which has published
useful standards such as S/MER,1301. The two STANAGs (1184 and 1206) concern
atmospheric constituents in submersibles during routine (1206) and emergency
(1184) operations. He pointed out that the definitions were vague, that the
gases and levels already differ in importance and approach among different
nations, that no monitoring methods were specified, and that the medical safety
value of the documents was minimal.
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In discussion, it was added that the naval architectural value of the
documents was also low. No alternative medical justification for 1184 and 1206
was proposed. Country leaders met separately for further discussion. They then
issued a joint statement (enclosed) recemmending the withdrawal of STANAG 1184
MED(U) and 1206 MED(U) but supporting 1301 SMER.

CONCLUDING ACTIVITIES
There was an exchange of momentos among project officers and the host
facility. Most prominent among them was a special carving with unusual pedigree
presented by the UK (citation included with full papers).

A Joint Project Officers’ Statement was issued regarding NATO STANAG’S on
submarine atmospheres.

The next Tripartite Meeting was scheduled for Oct-Nov 1988 in the United
Kingdom. {The date was subsequently deferred to May 1989).
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Joint IEP B52/AngloFrench DRG Area 8 (Submarine Medicine)
Project Officers Statement

Date: 4 June 1987

Venue* Tripartite Meeting of 1 to 4 June 1987
Naval Submarine Medical Research Laboratory, Groton,
Connecticut, USA

Present: Captain R. L. Bumgarner, MC, USN, US Project Officer IEP-B52
Medicin en Chef A. L. Giacomoni, French Coordinator A/F DRG Area 8
Surgeon Commander C. J. Kalman, R.N., UK Project Officer IEP-BS52 &
joint coordinator, A/F DRG Area 8
Dr, D. J. Smith, Joint UK Coordinator, A/F DRG Area 8

Subject. STANAG 1184 MED(N) and STANAG 1206 MED(N)
I  Agreement It is the unanimous opinion of the undersigned that

1. The medical requirement for NATO standardization of design
criteria for atmospheric contamination in submarines during
normal operations could not he substantiated

2. No medical evidence exists to justify the provision of a NATO
standardization agreement to Commanding Officers for
submarine atmospheres in emergency situations

3 In the event that an emergency results in a disabled
submarine coming to rest on the seabed, the NATO
standardization as laid down {n STANAG 1301 SMER is vital if
satisfactory escape and rescue procedures are to be achieved

I1. Recommendation. That the NATO Medical Working Party withdraws
STANAG 1184 MED(N) and STANAG 1206 MED(N) from circulation

2
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J. KALMAN A L —6TACOMONI -
urgeon Commander, RN &/
R. L BUMGARNE D J SHIT

Captain, MC, UpN

22




Ty Tadion Roms teof DT L Kalwen PNV

()

In 1901 if there kad been a geeting adout anything to do with the Mavy in
the world, the dominant party would have been the United Kingdom. The Royal
Navy was alwost supreme, The only exception to that was the matters which
we talk about teday. The French already had a significant interest in
submarines and had operated them successfully for years, The Americans also
had picked up submarine experience. Prior to 1901 the Royal Navy, along the
lines of the comuents of our psychiatric representative, said that really
the submarine was not a unit which the all powerful force would like to see
{ntroduced., However, by 1901 it Lecame clear that our capital ships needed
exercise with submarines and therefore we decided to get one for ourselves,
We turned to a gentleman who in fact had designed submarines because he
wished to destroy British power and British Naval power..... an American of
Irish descent, IT says a lot for hia cheracter that he was preparad to come
and sell them to us for financial profit, So we built a submarine {n 1901
and with the true modesty that comes from absolute power, we called it
HOLLAND I deapite the fact that you must have had four or five already.

1901 was an awful long time ago as shown in pictures of the launch of
HOLLAND I in 1901, What sort of ships were flying about at the time? There
is a fairly famous painting that actually shows HOLLAND II and the time that
we are talking about.

The beginning of medical interest in submarines goes back to the Germans in
fact, but was closely followed by the French. To correct some of the things
aaid, the early submarines had very large medical interests., There was no
propulsion requirement to change atmosphere in a man-powered submarine, you
could sit on the bottom for ever, The requirement to change atmosphere was
that the men required it., The later classes of submarines lost that
requirement once we were committed to regular ventilation and we no longer
had the major interest in submarine medicine that had existed before. The
British, however, produced a significant change with their first submarines,
the HOLLANDs, because, I suppose, their propulsion system was so uncertain,
They increased the ship's company by three (mice). HNow you might giggle at
this, however, during our most recent hydrocarbon work there ave a number of
papers to say that you can train gerbils to react to almost individual
organic contaminants and therefore, perhaps the mouse in a gasoline-driven
submarine was not a bad monitor. It is also said that it was selected
largely because the submariners don't like the taste of feathers. In fact,
at that time seamen were paid the grand sum of a shillinrg a day and the
mouse's wages were similar, a shilling a day, and they were 1isted on the
ship's log as crewmembers 3o that the crew actually spent three shillings a
day on mouse food and various other luxuries that they were allowed to take.

To finish the story of the HOLLAND then, in 1913 having spent a long and
distinguished service career, it was decided that she was for the scrap
yard. On towing around for final breakup, in a storm she broke her tow, No
one was on board, no one decided to go back for her and she sank,

Sixty-nine years later, in 1982, we brought her to the surface, The longest
dive of any Royal Naval submarine, She flew the union jack put on her by
Royal Naval divers while still underneath the sea, in a picture taken some
hours after she broke the surface. Quickly she was chemically treated, and
ve now {ind her at the submarine museum close to HMS Dolphin in Gosport in
Hampshire. A quite smazing dive and 2 quite amazing submarine, After
sixty-nine years on the bottom, they took out her batteries, scraped the
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terminals clean and they took charge. The battery tank of that submarine
was made of the ancient British shipbuilding mate~ial teak. A small
quantity of that has become available to us. What would you do with that
teak? It may not be quite as rare as moon dust now sir, but there i« more
aocon up there than there is of HOLLAND's wood.

Quite clearly what we would wish to do is produce for cur submarine medicine
colleagues a true -epresentative of a submarine medicine task. To do that
task is another submarine escape and rescue story I suppose because the
first officer in command of the submarine escape training tank at

H4S Dolphin, Matthew Todd an ex-craft captain, is also a skilled woodcarve~
and furniture -estorer, So we gave him the wood and, si-, what we made is
always going to be obvious. I ~athe~ believe that it should live here si-
because that is where it belorgs and I will present it to you as the project
office». Guard him well si~, he is your bi~thright,

24




e —————— AT

DSRV-MOSUB PRESSURISED OPERATIONS - THE UK SCENARIO

BACKGROUND . COR R.C. Whiteside RN
1. For the benefit of some of the observers present, may I start by

getting a couple of definitions clear to save any confusion later on? In
NATO-speak there are two distinct methods of saving life after a submarinme
disaster. They aré:-

Escape in which survivors make their way to the surface without the
direct help of any outside agency and

Rescue in which survivors are collected by a vehicle which mates with
. the escape hatch and transfers them dry to the vehicle's mother
vessel. oF

2. Obviously there can be no assurance of onz hundred percent survival
after a submarine accident, but there can be sensible limits of insurance.
The guiding principle we use in the UK is to provide good insurance for the
more likely accident situations and some, at least, for the less likely.

3. The UK's escape method utilises a one=- or two-man tower (to allow very
rapid pressurisation) combined with a hooded suit which allows the escaper to
breathe normally throughout his ascent. The system has been proved at sea
from 180 metres.

4. For rescue all UK submarines are fitted with a mating seat round each
of their escape tower upper hatches. They can thus accept rescue by DSRV or
any other submersible that is fitted with a mating skirt. They are not,

however, fitted with the hatch batl necessary for rescue by the McCann Bell.

S. The UK 1s surrounded by a large expanse of coatinental shelf; over one
third of our submarines' operating time is spent in these relatively shallow
waters some of which are very crowded. We accordingly conclude that the most
likely = or should I say the least unlikely accident - is a collision in
which the submarine is either oa the surface or at periscope depth and as a
result of which it sinks in a depth of water from which escape is possible,

6. So why bother with Rescue then? For some very good reasons. Firstly,
the degree of risk to the individual survivor is less 1f he can be rescued
than if he has to make an escape. Secondly, it is not beyond the bounds of
possibility that one of our submarines may be disabled on the bottom in a
depth of water too deep for escape but above hull collapse depth. In this
situation rescue is the only hope. And thirdly, even in depths of water
shallow enough for escape = if there is an elevated pressure in the DISSUB's
escape compartment escape may not be safe, and rescue may be the only way to
provide the good insurance required by our guiding principle,

7. To elaborate on this third poiat for a moment. To make an escape from
a hyperbaric atmosphere is to undergo a step decompression to 1.0 bar (the
rate of ascent in the UK suit is some three mefres per second). The correla-
tion between the absolute pressure in the DISSUB and the depth from which
escape is possible is shown on this slide (1). This is a predicted curve
based on a very limited aumber of points established by observation. What 1t
shows, though, is that it is not safe to make escapes from even the
shallowest depth if the pressure in the DISSUB is more thaan only 1.8 bar, I
am sure that there is almost bound to be some elevation of the pressure 1n
the DISSUB's escape compartuent due to ingress of water or air before the
bulkhead could be shut down or due to high pressure air leaks or whatever?
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8. In the UK ve have been trying for the last year or more to make up our
winds what a reasonable maximum pressure might be upon which to base our
escape and rescue policy and systems. It is very difficult to arrive at an
answer with any degree of confidence as accidents could vary sc widely.

HWhile almost any pressure up to ambient at DISSUB depth is clearly possible,
work to date does indicate that the answer mazy be somewhere between 1.8 and 3
to 4 bar absolute.

9. After an accident in depths from which escape is possible, UK sub-
mariners are trained to wait as long as possible before escaping. We hope to
get recovery forces to the disaster scene before they escape and to be able
to sustain them in the DISSUB uatil the DSRV can arrive to rescue them.
However, if laid down limits of oxygen, carbon dioxide, carbon monoxide or
absolute pressure are reached before recovery forces arrive, the survivors
will make their escape and take their chances on the surface. Since this
situation is a distinct possibility, we say that while rescue is the pre~
ferred method of saving life, escape is the most likely. In passing I can
add that we do not regard salvage of the whole submarine as a means of
saving life.

10. In order to help the Senior Survivor to make the critical decision on
vhether to escape or wait to be rescued, we have been working on a simple hand
held computer program to complement or even replace the present instruction
cards. The program will also help him to utilise his CO2 absorption units

and cannisters to the best effect and tell him his endurance based on the
number of survivors and life support stores remaining. It will be comple-
mented by a more sophisticated program which can be taken to the scene in'a
ship of the recovery force and used by escape and rescue specialists to give
the Senior Jurvivor even better advice., There is still some way to go with
this schenme.

THE UK SCENARIO

11. When the American Deep Submergence Rescue System was introduced in the
early seventies, we in the UK were quick to jump on the bandwagon. We
decided that we would configure all our RESOLUTION Class SSBNs as mother sub-
warines ~ on the grounds that, thanks to their operating cycle, one of them
would always be available if a disaster occurred. We knew that the DSRV was
capable of being pressurised to 5.0 bar and that the Shipalts for converting
the 637 class SSNs as MOSUBS included making their forward compartment
capable of pressurisation to 4.0 bar. No compartment in our SSBNs had been
designed for use as a compression compartment but on investigation we deter-
mined that the forward escape compartment could be pressurised to 2.0 bar
which is better than nothing. (The RESOLUTION Class suffers from one disad-
vantage in common with the 637s = there is no airlock in the bulkhead so

that the only means of replenishment during a decompression would be by using
the DSRV).

12, In the meantime, CNO had issued a directive to hold the decompression
procedures in abeyance in US MOSUBs. This was for a aumber of reasons:~

- lack of adequate decompression tables for air saturation.

- worries about pulmonary oxygen toxicity among the survivors awaiting
rescue and

- fire hazards in the forward compartment which contains a diesel
engine and fuel amongst other things.
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13. Although cur American colleagues have done a good deal of work towards
realising their aim to be able to carry out pressurised rescue, as far as I
know their procedures are still in abeyance. Up to 1985 ve Brits imagined
that we had the capability, but 1 think we would have found it very difficuit
to carry out a successful decompression had we been called upon to do so.
However during 1986, we produced the so called RESOLUTION MOSUB Scenario
which is intended as an aid to the development of practical procedures for
MOSUB operations and to the ideatification of material changes that may be
necessary. Also last year 1 worked with COMSUB DEVGRU ONE and OP23 to prod-

uce pressurised rescue mating procedures for the DSRV working from a UK
MOSUB.

14. As a result of this work the present situation is that the only system
within NATO that can carry out pressurised rescue is the DSRV working from

a UK MOSUB, and indeed if the requirement arose, we could and would do it today.

15. We have included the MOSUB task in the 5taff Requirement' for our
TRIDENT submarines now building. They will have the great advantage over the
637 SSNs and our RESOLUTION Class SS5BNs, that they have an airlock in the
compression compartment bulkhesd which will allow replenishment and persoanel
transfer during decompression cycles,

16. The UK Scenario postulates a worst credible case of one of our SSBNs on

contractors sea trials with a maximum of 184 men onboard all of whom survive the
sinking which occurs on the edge of the continental shslf ir an area up to 480nm

from the MOSUB loading and departure port. By the time the rescue starts the
survivors are saturated at a maximum pressure of 2.9 bar (I'll explain the
reasoning for this figure in a moment), This pressure in the DISSUB is steady
and cannot be reduced by internal or external means. All rescuees will there~
fore require decompression.

17. I don't want to bore you with the whole scenario, but only those parts
of it that relate to the decompression. The maximum DISSUB pressure we can
cope with is, as I said 2.9 bar. This is the maximum pressure from which
saturated survivors can safely be step decompressed to 2.0 bar (the maximum
capability of our MOSUB compression compartment) as shown by our Islander
series of experiments. Following the latest set, Islander 11, in the first
half of 1986, we have arrived at the decompression profile shown on this
slide (2) and it is round this that the whole scenario is built.

8. Our MOSUB compression compartment is in fact the submarine's forward
escape compartment which only has a limited amount of space. Conveniently,
it can accommodate a few more than 72 people which 1s the maximum the DSRV
could ever deliver between battery charges, making three rescue trips with 24
survivors on each. So the whole time table looks something like whats' on
this slide (3). In the jargon we have developed, each DSRV rescue trip deli-
vers a batch of 24 survivors {or less), the two or three trips between DSRV
battery charges make up one rescue cycle, and all the survivors of one cycle
constitute a wave. You may have noticed that these are only two rescue trips
in the first cycle. This is to allow the DSRV more time and battery capacity
to make his initial location and survey of the DISSUB,
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19. As you can see, the decompression for the maximum possible number of
survivors would take just over 8 days if all went smoothly. Add to this the
length of time it might take for the MOSUB and DSRV to read the DISSUB posi-
tion from call out - about another 4} days - and you have a very long aad ?
demanding operation for all concerned. What could we do to shorten the

decompression phase? From a physiologists point of view, the hold and {

decompression must not be speeded up for fear of injuring the subjects while
from an operators point of view, the quicker they can be accomplished the
better. As an operator, I would welcome any safe reduction in the hold and
decompression so I am glad that we will have an opportunity to discuss these
after coffee.

20. We have done some trials this year to provide fine control of the bleed
decompression in the MOSUB using a specially fitted valve in conjunction with .
a digital pressure sensor and count down clock. This worked really well, and
will form part of the MOSUB equipment package which we are putgjhs together.

1}
21, One last point - 2.9 bar may not seem a very high maximum pressure
from which we can safely carry out pressurised rescue, hut in the contex: of
the results of the studies I mentioned earlier on, it is not too bad.
However, the UK is working on a system to decompress the DISSUB by hoses from
the surface. No easy matter, but if we are successful, it will be possible
either to bring the pressure to below 2.9 bar and then carry out pressurised
rescue along the lines we have discussed or, better, to decompress all the
survivors in the DISSUB right back to 1.0 bar and then carry out a normal
unpressurised rescue.
22. So, to sum up -~ using the DSRV and a UK MOSUB, we have a pressurised
rescue capability today but it is limited to a maximum DISSUB pressure of 2.9
bar. The safe decompression profile would make the operation very slow,
anything that can safely be done to speed it up would be beneficial.

23. Finally, we have a bilateral US/UK DSRV flyaway exercise scheduled for
1989. I am due to leave the Navy in the autumn of that year and as my swan-
song its my ambition during that exercise to carry out a real-life
pressurised rescue to prove the eatire system. I hope I can count on the
support of everyone here in achieving that ambition,

28




" ot

My

)
S
?

dePTH (METRES SwWG

<
|

150

100

SIAE )

W
RN

RN
\\\ NOT
N SAFE
SAFE \\\
TO AN |
ESCAPE \
\
\

ro

12 14 3 r2 2o
DISSUE PRESVRE. (Ef}ﬂ) .

29




v remeRRn e s

e g it g s b b

o
N
V)
NOISSD ¥IHOITQ 3LE WORD (S1n0H) FHIL
oS oy 0% o7 ol Q
) L ) 3 $ i Q.8
gng5Siq AN/
@UYYOEYS SAONNYOG
anSoN al
NS WA
Z34snyIL No AQQmw
NOISSFAINOIFQ
d3LS
C7oH s
FA0SS IS
-/
100%&«3

N




RESOLVUTION MOSUB 3CEMNARIO _
DE(oMpRESSION ©OF IFF SURVIVORS

ELAPSED

7(—’;75125)

o
3

33

+1.4
ébo

6%
76
126
/2.8
136
144

194

_F/,ESr BITH OF THIR) WAVE DEUVERE)

Lt
e Y s

SILDE 3

ty ¢

ACTIVITY

N —
- - petd
e 0 D

d/35v8 LOCATED . DSRY DELIVELS FIRST BATeH

OF 24 SURVIVORS TO MeSU8 CoMPREISION COMPARTMBNT .
3Econd BATLH ©F 3URivoes beuuae&b

HELD FOoR 30 toues . ) ¥

Y
dECoMPRESSE) ForR Zp HovES

 EipsT 8aTeH OF SEcon) WavE deLIvEes)

SEcond BATH DdELVEES)
THIRY BATCH DELYELS)

HEL) AMd DEOMPRENED &1 Houed

SEond RAred -
THRY BTl
THIRY WABVE HELY A1) DEOMPRESSEN SOMueS

DEWOHPRESIow OF )8F SurvIveRS ComMPLETE)
IN JUST oveRe ¥ dAYS

#

31




INM REPORT NO. 3/87

IRSTITUTE OF NAVAL MEDICINE
ALVERSTOKE, GOSPORT, RANTS PO12 2DL

THE RR MOSUB SCENARIO, STANDARDS OF AIR PURITY

BY

SURGEON COMMANDER C J KALMAN, ROYAL NAVY

Approved by:

YT 777

R R PEARSON

Surgeon Captain Royal Navy
Head of Undersea Medicine Div

R ¥ F PAUL

Surgeon Captain Royal Navy
Medical Officer in Charge

MARCH 1987

3?2




s

[l

-

-~

1.

JHTROPUCTION

1. The submarine rescue systes endorsed by the Btaadiag
Cocmittee on Subcarine Escape and Rescue (SCOSER) involves the
traasfer of rescuees frox the disabled subzarine (DISSUR) to a
motker submarine (MOSUB) vis the US Favy Deep Subcergence Rescue

. L
Vebicle (DSRV). ¥

1.2 Vithin credible sceparios, it is acknovledged that the
rescuees may be saturated at iocreased pressure. Ic this event,
they vill be maintained st that pu.nuu in the DSRV dnring
traasfer and then delivered to a pre-dedicated compartment within
the ¥OSU3 maintained at 2 bar pressure for subsequent

deccnpression. .

1.3 Despite the fact that rescue under pressure bas long been

, included a3 ap option in Royal Navy plans, currently no

specialist panel exists withic the MOSUB to facilitate the
pressurisation of either DSRV or NOSUB compression cowpartaent.
It is envisaged, however, that both such evolutioons would be
accooplisted using aitr from the HOSUB Bigh Pressure Air (EPA)

system,

1A Subzarine BPA differs significantly from the standard laid
down for pormal diviog and recompression chamber operstions. The
current i@!g{:tion to use such air vitbin the RK HOSUB scenario

therefore requires bicmedical exasination. {
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1.

2.) TYee sim of this paper iy to:=

a. 1destify the levels of contaminants within aubrarine
APA.
b, Exacine tbe K HOSUB scensario and identify the level and

durstion of sxposure of persoumnel to submarine BPA at the

vorious pressures. v
\
¢. By the covpsrison of a. and b., derive the potential
effectave toxic exposure iovolved in the current POSU3

scenario 2od thus exacize the acceptadbality of present

policy for consideration by the Bionedicsl Sub-comnittee of

$CoSIR,

LEZVELS OF CON HAKTS ¥1 BPA S 1]
3.0 The HPA systen supplies sir to & nunber of subnarise systecs
which, vben used, results in some increate in acbient sudbsarine
pressure. Duriog morssl submarioe operstion, systec conteots are
ssintaived by the cyclicsl vse of compressors vhich returs srr
from the subsarine atmoapbere to the HPA bottle groups. At ses,
therefore, the subnarine stmosphere and BPA bottle groups reach
equilibriveo and gasecus contacinants present 1o the subzarine

vwill likevise be presest in the RPA ecystez.

3.2 Maintenance of suboarine atnosphere control standzrds is
schieved by vay of s three pronged policy of complete svoidance
of certaio agents, paseive cootrol by limitation of quantity for
otbers and active coatrol by removal for still more. The

mechsnisa of cootrel is laid down witbis BRID26 and 1326A. Where
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spplicadle, 8 wniguely sebasrine ceilisg level ie leid dova for
certain agente &5 8 basis for control measures, Such levels are
listed a3 Msxioum Permissible Concentrstionz for 90 days
continuovs exposure (FPCop) and sre included is thie paper as
coluen 1 of Aosex A. Real time snd retrospective analyses of

subcarine atmospheres coofirw that these linits can be

maictaioed.

3.3 Despite gaseous exchange with the subcarine atcosphere {pars
3.1}, the HPA system represents 3 telatively closed systec which
is infrequently cleaned. The requirecent to use such air for the
Subxarine Energency Breathing System (ZBS) at 1 ber pressor

determived the need to promulgate & standard of purity and

tomonitor bottle group air., SGNM0332 lists this standard and

details are included as column 1 of Aupex B, Analysis of the
results of BPA sanples forvarded to the Subnarine Exvirooaeotal
Chemical Unit (SECU) over the pest year indicate the standard is

currestly saintained, maximum and mean results are included as

columns 2 & ) of Annex B,

3A Io an effort to identify the maximuz levels of contawinants

vhich could be presest w:ithio the BPA to be used for

pressurzsation 1o the MOSUX scenario, it is considered

appropriate to sssume MPCg, concentrations except where SGH 0332

levels 1ndicate a lovering of thas standard. It is apparent that

mch lovering only affects the leve)l of carbon monoxide.
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4.

LEVILS AXD JORATION OF LXPOSURL

4.5 TYoe MOSUR cospression chaaber in en SSBF bas the ability to
scconnodate up to 77 men and can be compressed to I dar with
sbips HPA. The mid s0d aft spheres of the DSRY can sccomzodate
up to 24 survivors oo each trip and zust be pressurised fros
KOSUR HPA through open hstches. The current “vorst case” NOSOR
scenario inovolves the rescue of a maxicuo of 154 :uer‘vivon
saturated at s pressure of up to 2.9 bar. The nunbers i;zvolvcd
Tequire a total of eight transiers by DSRV from DISSUB to MOSUB
decompression conpartneat, ticed to provide rescuees in three
vaves, decompression of each vave being completed prior to
transfer of the pext. The figure of 2.9 bar represents the
current best estimate zvailable for s mazizuo DISSUR pressure st
which the transfer phase will not result in decompression
sickoess. In the absence of an identified maxinun creditsble
accident pressure vithin the DISSUB it is ackoowledged that
attenpts at rescue might have to be wade at pressures greater
than the stated figure and thus o higher level of 3.3 bar bas
been used to derive maxipum potential toxic exposures in this

paper,

&£.2 The Decoupression Comparteent

The requirement to compress the MOSUB compartoent to 2 bar prior
to the instigation of each decompression run, produces a wimiouc
figure of 50Z HPA vithin the conpartment at apy one time. The
longest exposure times wathin the ompression compartment wall be
for those asttendants locked in prior to compression {Resolution

Class only) and for the first batch of 24 rescuces vho must vait




for the remsisder of their wave (2 further trensfers) to arrive
wis the ISRV prier to deconpression. The pericds of exposure are
estimated to be 16 hours betveen the initisl compression of the
corpartneat end the arrival of three DSRY loads, folloved by
bold of 30 br at 2 bar prior to deconpression at 0.5n per br (20
br) resulting in a totsl tine of sooe 66 br. The 30 br hold is

the best estioate” available for svoidance of decompression

N
sickness during the finzl decozpression for rescuees saturated at

the “worst case” DISSUS pressure.

4.3 The DSRV

The requirenent for 3 transfer trips, imvolving charging to 33
bar folloved by decompression to 2 bar prior to ecach
decorpression run produces a wvorst case figure of §6X HOSUR HPA
vithin the vid and aft apheres during any trip. Bavieg completed
3 gransfers, it is intended that the DSRV will return to its
crzdle for depressurisation and battery charging prior to its
provision with a fresh attendant re-pressurisation and deployment
for sobsequent decompression cycles if required. The longest
exposure time within the DSRV will be for the attendant who must
nake three transfer trips wvwith rescuees before undergoing
decotpression with that batch. The attendants exposure period 1s

estinated to be a maximuw of 16 hr, vithin the DSRV.

4.4 Yo examiniog pars 4.2 end 4.3 it is clear that a
conservative assumption should be made that persconel exposed in
this scenzrio vill breath 1001 HOSUB HPA. The maxioum exposute
for sty individual is identified as being for the DSRV attendant

who asy experience some 16 br  at 33 bar vithin the DSRV bdefore
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s further 30 br st 2 $ar and subrequant decompraasion over 20

pours witbin the NOSUB. Thiz exposure sbould therefore fore the
basie of oy examination regsrding tbe scceptability of the

scensrio and is shovn graphically as Aonex C.

’
EFFECTIVE TOXIC EXPOSURE

5] Alterations in absolute pressure and the con:entut":.’;:nx of
'
other agents wmay cause alteration io the possible toxic effects
exerted by 3 nucber of contacinants. Waithin this paper, agents
vill be considered in three groups reflecting the type of chaoge
the scenario may produce ip their toxic effect.
s, TFor gaseous agents vith effects based either on.
reactivity or solubility, toxic exposure should be expressed
in terans of partial pressure and hepce the elevated
pressures proposed in the scenario will czuse increszsed
effect. Since any examination of scceptability must cowpare
such exposure wvith industrial limits wormally expressed in
terms of coocentration by volume or mass per unit volume, it
is considered more appropriate in this paper to cossider
such agents using the concept of “effective concentration’,
such a figure being produced by the multiplication of
absolute concentration (by voluze) by the sbsolute pressure
io bars.
b. In coosidering carboo womoxide, toxic effcc. is wot only
dependant on its ovn partisl pressure, but will also very in
inverse proportion to the partial pressure of orygeo Tbe

HOSUB scenario involves botbh variations in total pressure
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and oxygeo coscantrstion which most e zoneldered therefore
ic the examination of the toxic effect of CO. Vithis this
paper an effective concentration will be derived as
described in pare S.le. To take account of tbe effect of
oxygen, & corrected “effective coozentration” will de
produced by the division of the effective coocentration in
vpo by the partial pressure of oxygen io bars n?? then
dividing the result by five. 3

i.e. 1. actual CO(vpc) x absolute pressure (bar) =
effective CO(vpr)

2. Zeﬂec:ive Ccolv) ~ pbz(bar-‘rs = corrected effective CO{vp)
¢. For aerosols, toxic effect is determived in the main by
aerodynamic disneter snd is largely independant of pressure.

o correction is therefore spplied to levels of agects
controlled on the basis of serosel bazard, the specified
MBCgy (wt/vol) being considered s reasonsdle index of
toxic effect.

5.2 lo the UK, the Beslth and Safety Executive pudlasbed

Occupational Exposure Limits (OEL"s) currently form the

nationally promulgated levels for industrial toxizology and these

licits vill be used as the basis of cocpariscn vithio this paper.

It is anted, hovever, that OEL"s are tioe veighted average (TWA)

lirats for 40 hr o week exposure for 50 veels per year and are,

therefore, not directly suited to compare vith 2 single, once 1n

a lafe-time exposure of 66 hr. Short ters exposure limits (STEL)
levels are also published if applicadble. Liets of relevant TWA
and STEL OEL"s are 1ncluded 31p Avnex A 23 colunos 3 and &, The ?

Asericav  Cooference of Covernmentsl Industriel Hygienists slso
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gudlish 1imits wnder the zitla of Thresbold Limit Values (TLV3),
sach 1imizs include the fdectification of Ceiling (C) levels
which sre tot permitted to be exceeded for certain sgents. Io
each case vhere & ceiling level is so specified for so agext
considered vithin this paper, the sctual level is equal to tde 40
br/veek TWA OEL. The addition of * in coluwmn 3 of Anvex A
indicates the dual definition of the level both as TLV(C) 2od WA
i

0. \

9.3 As previously stated in paragraph 3,2, the majority of
subcarine atmosphere contaminants are controlled passively and
therefore their slov accumulation over many deys has slready
been considered with regerd to the submorine’s sbility to
naintais HPCgq levels. With the exception of those sgents listed
within SGM0332, it is not considered that these contaminants
would build up any more rapidly duriog the MOSUB scensrio and
their consideration in terms of an absolute concentration of the
¥2Cgq level (Anoex A column 1 or 2) throughout the exposure would
sppear sppropriate. Wbile the effective exposure for certaia
sgents vill, of course, vary vith the pressure changes of the
vorst case profile (Anvex €), in an effort to nake nore direct
cozparison vith OBls, pezn and maxioum effective concentrztion
figures have been derived over the entire vorst case, 66 bour

exposure, and are included in Anzex A as columns 5 and 6.

5A With regard to those agents actively controlled vithin e
subnarine, such simple treatment ss outlined in paragraph 53 may
wot be applicable. Cootrol equipment may be located outside the

tecoDpression compartment and therefore HPC% levels may not be
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gusrsntzed, Such agents can be considered im three grorps:
@. Both DSRY and MOSUB compression facility have the
ability to regulate sud maictsiv oxyges and carbon dioxide
Jevels betveen 18id dovn parameters. HNeither gas will

therefore be considered further.

b. Halocarboos, used in the subzarice as refrigerants
acd for fire faghting systecs, a.e sssumed to leak slovly.

Tnus, they are monitored rowtinely and Yept withio VPC

levels by ships husbandry, 1In the evert of major leakige in
excess of the KPC's, then action cust be taken Within the
HOSUB scensrio, no busbandry avd monitoring could take place
and therefore sources of these contacinants are removed fron
the compression compartment. Likewise, possible sources of
hjdrogan are pot locsted within the facility. In the wvorst
casé, hovever, MOSUB BPA could contsin these agents at
HPCgy levels sund sipilar treatment as outlined for

contamicants in para 5.3 is applicable to these agents also,

¢. With regard to carbon monoxide, the satuz2tion is rore
conplex, sarce no recoval systems are fitted 1o exther KOSUB
compression compartment or DSRV. Throughout the rescue
scepario, CO levels vill contioue to rise by endogenous
production 10 both vessels and, in addition, from the
burning of chlorate candlea 1n the HOSUB facility es the
weans of oxygen production Using the assusptions listed as

Aonex D, a corrected effective €O concentration profile has




beer derived for the identified worst csoe axposure (para
4.4) and {s given st Anvex 2. Likevise, mesn s2d mazincs
corrected effective CO levels are included in columns 5 and
¢ of Aonex A. It should be pointed out that the fev
prolonged XX triasls in subosrine escsape compartments bave
failed to demoustrate predicted rises in CO and it is
presuped that this is due to tbe developnent';of an
equilibriun between etmosphere and exposed personne‘i. Ina
paper such 25 this, seeking endorsenent for & policy, it was
considered that theoretical levels should be included as the

basis for comsideration

COMPARISON WITH TMDUSTRIAL LIMITS

6.1 Examination of Aonex A indicates that on no occasions are
ceiling or American Couference of Governzertal Industrial
Bygienists (ACGIH) propulgated Threshold Limit Values (TLVs)
exceeded. In additior, in the vast majority of cases wvhere
HPC90'I bave been specified for agents, the vorst case mean
exposure level estinction for the MOSUB scenario does not exceed
the TWA OLL ard the estimated waxiomum esposure does not exceed
STEL OEL"s. For a tingle gzroup of zgents the STEL levels are
exceeded aad these are considered below.

The Balocerboos

I current clasces of submarine, R}2 is the price

refrigerant gas and a KPCgq (para $.3b) is maintsinedat s

level of 500vpz on the bssis of thermal degradation and

tozicity. Io future classes of sudnarines, both R12 and

R114 vall be used aund, in sddition, & Halon 13¥] fire
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fighting system will be installed. Although sinilar MPCy)"s !
of 500vpn will be adopted for these agents, their similar i
toxicology and breakdovwn deternine the peed for a totsl
Halocarbon MPCgy of 500vps made vp of 811 three agents. Toe
nesn effective exposure estimation indicates a level close
to OEL TWA level. Bovever, the estinsted maxipun elffective
concentration of 1650vpn is some 400vpn asbove “e STEL.
There has been cornsiderable recent interest in the
toxicology of fluro-cerbons and, 1n particular, broochospesc
has been demonstrated experimentally for certain agents at
levels a8 lov g6 1700vpo in bunmans. In the MOSUB scensrio,
it is considered that 65 hr exposure at 1650 vps is
unacceptable and HPA sacples prior tc HOSUB deployzent
should confirm total helocarbon levels below 250vpm and that
8 HPC of 250vpr should be maintained in the HOSUB for the

duratiot of the operation

ACENTS WITHOUT SPECIFIED INDUSTRIAL LIMITS

1.1 Exsmination of Annex A denonstrates instances where no
industrial linit is available for comparison vath & specified
¥PC. Such agerts are considered below-
a. Butanolarine (2acino-2metbyl propanlol)
In vaev of this agents specific gpplication with UK
subzarioes, xt wvas considered applicable to specify a KPC,
hovever vith a melting point of 31°C and a boiling point of
165%¢ it is considered that even i the unlikely event that
au airborne level did exist for & period, the agent vould

not remair in that form within the BPA systewm &nd thus

BN




K2 Mm EE

—~

further exanination vithin this peper is »ot varracted
b. Bydrocarboos (Tots) organics and Toullumnic:)
Within UK sobmarines a detsiled organic fioger priot bas
been built up over the yesars s0d, on that basis, control of
levels is bated on individual MPC's for certain agents, vith
the sajority of trace contscinsnts considered in terms of,
essy to estimate, gross levels of total orgn‘n'ics and
arotatics. Such levels bave oo industrial equivalents. The
figures 11sted in coluwns S aod 6 of Annex A represent mean
and caxinut effectave erposures based on the assunption that
the specified MPC levels coosist entirely of gaseous
bydrocarbors. The estimates produced in this manner are
considered to represent unacceptable exposure. In facta
significant proportion of the hydrocarbons measured by
current mcoitoring techniques are in aeroscl form and thus
require no effect correction with regard to fluctuations in
pressure. This situstion is dewonstrated clearly by the
setting sod maintenance of SGHO332 levels for submarine HPA
st 502 of the total organic HPC. Consideratiom of the
specified aGN0332 level of 20::5/1:3 produces mean and maxiouo
effective exposures of 43:3/::3 and 66cg/m3 respectively for
the RX KOSUB scemario. These levels are considered
acce,.able for s single epergency exposure of 66 hours and
conpare favourably with US Raval Subuarine limits for total
orgamcs of 70 ngiuj. It is recommended, therefore, that BPA
sauples taken prior to MOSUB deploywment should confirs total
bydrocarbon levels to be within the current standard as laid

dovo an SGMD3Y2,




RISCUSSIO

8.] Direct comparison between TWA 40 br per week exposure over &
vorking lifetine and a level for a single, once inalife-tine,
lifesaving exposure of 66 br, is difficult. It vas suggested
that if 0o ceiling industrial levels vere exceeded and, in the
vorst case, estimated mean effective exposure vas below or equal
to TWA OEL, and the estimate maxizun effective exposure vt;‘ belov
or equal to STEL OEL, then such sxposure would be considered
acceptable for this ecergency situation. The abserce of sose
toxic effect could not be guarsnteed by such & policy,
particularly for those agents vith thresbold-less effects,
hovever in comparisos with the risks of not sttempting rescue, a

single emergency exposure would be justified.

8.2 This paper demoustrates that, for the most part, the
tuggestion (para 7.1) bas been proved correct and that the
exceptiont represent mo significant bazard or thst they could be
dealt vith by wodification to the scenario. On that basis the
possibilities of installing further removal equipment either in
the conpartoent itself or on line in the BPA system has not been

exatined though these possibilities erist and should be borne in

mine 1f futuwe re-exanination deconstrates a significant toxic

bazard,




y.  SORANSION :
9.] TYhe grestest personal exposure involved in the RN XOSUB
scecario hss been jdentif;sd and 2 worse case couscrvative
estimate of effective toxic levels produced. Simple conparisen

betveen such levels snd the published mational industrisl levels

indicate, vith the euception of halocsrbons, no grossly

upacceptable exposure. Tberefore, bionedical endorsenert of
{3
currest RK KOSUE policy with modificatiop is possidle. ¥

10. RECO'CZINDATIONS

10.] Tbe Biocedical Subcomaittee of SCOSER endorses current RN !

NOSUB policy with the follivag modification.

a. HPA systec hilocarbon saaples taken prior to MOSUT deployment
should indicate levels belov 250vpm and that & KPC of 250vpm |

should be maiotained in the MIS05 throughout the operation. I

b. HPA systec tots]l orgioics sanmples taken prior to MOSUB
deployment should indicate fevels belov the SGMO332 specified !

linit of 20 wg/w.

10.2 The Biocedical Sub-committee accepts the oo-going task of

monitoring suboarine atmosphere control limits to cenfiro

continued endorsement of MOSUB policy.

10.3 If endorsed by the Bidoedical Subcomnittee, amy trials vould

nveed to be subject to ethical conmsideration.

£7.880
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s, SCENARIO' FOR' DSRV ESCAPE UNDER PRESSURE

CDR Carson
crR Agkisson

‘Submarine Development Group ONE, located- in San Diago, California, is
wshed by thg,dhief«nf Naval Operntibns to "possess and mnintnip Y
borldwide daep acean search, location, ‘recovery  and  rescue
capability.” One of dits primary functiovns is maintainance of the U.S
Navy ‘s submaring rescue SYLLEmS .

Submarine  rescue poses unique problems for the navies of the world.
Recovering wen  from tha depths of .a hostile eavironnent challenges
current  capabilitics, The U.5. Navy maintaing two sysiens ‘for
submarine  escape, the MeCunn Submarine Regcue Chamber and the Deep
Submergencae Rescue Vehicles (DSRVUs) .,

In 12789, fifuwy ning sailors wore reseued from the USS SQUALUS (55 192)
utilizing the McaCann Chamber, This system is capable of installation
and doployment  aboard a variety of military and commercial ships to
affoct 2 one awnosphere roscue from depihs aos great as 850 feet.

DEEPRP SUBMERGENCE RESCUE VEHICLES MYSTIC and AVALON wore developed 25
an improved wethod of rescuing the arew of a submarine immobilized on
the  sea floor, DSRY 1 MYSTIC was brought on line in 1971 and DSRY 2
AVALON ruported shortly aftecwards. The DSRV’s primary tasking is to
rescue personnel from 2 1,8, Navy submarine should it become disabled
during scatrinls. Suecondarily, thuy are tasked with providing =a
vorldwide roesaue capabilityg for U.5.  or foreign subrnarines on a 24
hour noticu, They are wanked, on an as available basis, to support
advancas in deop ocean reseacch and exploration.,

Shuulq a subaarine be bottomed at leoss than collapse dupth, the DSRY
systam iy aetivated. Two posgibilities exist; either the submarine
hay  malnwained  its  durwcetural ipteﬁritg and its personnel  &re nt
norewd  lmouphoerice pressace of L bar ar,  the submarioe huld has boeen
damagedd ond sone internal prossurization hos veaurrad,

The  pousibility of a PRESSURIZED RESCUE presents the most  formidable
¢hallenge FTor ithe submarine comaunity. The DSRVs are capable of
internal  pressurization in the range of 0.8 to & ATA and in a rescue
can  carry  a waxisum of 28 pecrsonnel, 4 arewnen  and 24 poaseuees,
aperating o a depuh of 5000 feoet. A reseue scenario begans  wath
noiificavion shat a subaarine has bewen disabled. The {following is an
ovurview of a  propused operational  scenario, wiilizing o  mothor
submarine  to  transpoei e DHRY,  highlightieg arcas  that  require
FTurther evidduasion mnd westing.

PRESSURIZLD NCSCUE SCEHARIG:

Conural Mission Sequancee Dagram

1 2 a q B &b
G submir e SubOpaAuvh Noscue auis Disveouned  Firono mawang  Roseug
15 Do inreluwes  acponblaod Luabmacing of DLHRV with  Opaerawcon
o ety Whan gubmwarine S aren of loanwaed disereaued Complated
Lullapue | ST TH divtronsad withh DSRY subk has boean

A 47

T

.

g

Bty - e SR S+ AL W AT ST Tt T




ot

depth program submarine campleted
ALATIN RESPONSE LOCALIZATION RENDEZUOUS/ RESCUE
PHASE PHASE PHASE MATING PHASE  puasE

From the time of hbti?;hntion. estimated times to Gompleze luading and
transport to the search arpa are:

Hissiun'prupurqtinn. arew alert and oquipment readiness 1.0 hour

Londing the DSRY an a C-56 aircraft 4.0 hours

Loading rem&ining equipment on, the C-143- 2.0 hoursyg
Unloading the. DSRY from the C-~3n 2.0 baurs
Unloading remaining equipment from the -C~141 2.0 hourg

Transferring DSRY o the support ship

()  AsR
{b) MDSUB

Qo wn

0 hours
»0 hours

It dis ustimaved that a response could-Be mounted in as little as 24 to
48 hours, with rescue aperaticns underway)’ on site, in 2 to 3 days.

PREDOCKING PROCEDURES : N

Predocking procedureos include all crew assignments and instructions,
prapiarations for onloading rescue mission equipment aboard thae MOsLE,
nnd a geturminatinn, if possible, of whether deconprossion of rescuces
will ‘e required. If  required, preparations will baegin fTor
pressarization of the MOSUB’S forward conpariment . Proceduras,  for
pressurization  listed  in NAUSER 0900~LP-102-6010 are not eurraently
varifiocd bui could be ptilized in an émergencg.

»

DOCKSTDE PROCEDURES ;

Guneral  submarihe praeparations will be made for undorway as  well as
preparations for londing tho DSRY. Once propared, the DSRY will be
loadad and undergo checkaut and sarvicing as necassary,

Whilae ducksida'prucmdures boegin, arrangements will be made for apecial
support, supplios and operatlonal swafd us reqQuired.
UNDERWAY PROCEDURES:

Thae PMOSUR and DSRY letve port and tronsis to the accident sitw, The
PRETY L4 minned during transit Lo conducs predive checks, The  MOSLEB
reduces lan spaed o 5 knots to dive and will later  roesume  trans g

Sefredad Submerged  wransit is favared over a sirface trangit  due  wo
wiighe and speod considerations,

LOCATION PROCEDURSS ;

D e e




Ausistanue in  determining  the DISSUB loention will wnormally  be
provided by chipns at the site and from shore. Pagsive, distresscd

ssubima

o,
b.
c.
d.

DSRV

Once
Those
inter

NSRY

Once
and ¢

DSRY

Bnnod
to be
a Fi
apeni
openi
atmos

Matin
depen

rines cun possibly be located by the following means:

Previously released bouys
0il slick

‘Debris

Echo from- search sonar

PRELAUNCH PROCEDURES:

localization has oceurred, DSRV' prelaunch procedurass will begin.
consist of completing prelaunch checkout, transferring to
nal DSRV pouwer and disconnecting charging. cables from whe MOSUB

LAUNCH PROCEDURES:

all preparations arce completa the DSRVU and MOSUB will separatc
he DSRY will head for the DISSUR.

MATING WITH DISSUB:

on the possible paosition of a disabled submarine it is necassary

able tn mate over a range of +/- 45 degrees. In ordor Lo create
rm gseal the mating surfaces have to be compatible and a means of
ng the subparine hatch from the outside is requiced., Prior to
ng the bateh, there has to be a means of monj toring the internal
phaere to identify hazardous gases or an increasad pressurae,

0, will be accomplished using either the forward or  after  hatch
ding upon which offers the most favorable approach and landing

DSRU/MOSUB COMMUNICATIONS:

The
MOSUB
2elap

InfTor
arriv
«whach
DISSU

_DSRY

only voice communication channel available for use betwaen the
and  the DSRV on  the submarged wission is  the underwater
bone.  Thas provades voice and contintous wave (CW) communication

mation flow from DSRAYV o MOSUB is required for departure,
al, cuordination, and emerguency assistance. Other possible datn
can be communicatad arae, insteumentation readings, condition of

B ancluadang decompreassion requirements and condivion of rescuees

RECOVERY:

The DSRY will be  rezovered at she aft batah  of  thae  MOSUBR  for

ropla
Aandae
forwa

The

Yhan
and

nishnent  and  transfer  of  roescuees  if decomprossion is  now
atad and For replenishaene alone after offlovading resouaas at the
rd hateh LT decomproossion 1e requiced.

hirae phases of recovery includa, randezvouns,  appeoach and mate

maLing it conplate, the rescuecn will be veansferred o the MOSUD
vhe DSRV will begin duu replonishment procaduraes  in preparation
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for iin agri trip. This sequence will be repeated until all porsonnad
have been rescuad.,

RISCUEE TRAMSFER AND DSRV REPLENISHMENT (PRESSURIZED) :

Whan  precsurizacion has  occurred and a decompression obligation
incurred, the DSRV will nate with the forward hatch prior to

replenishuent at the afe hatch, Spacicl proceduras will be  followed
%o prepare the forwvacd compariment far pressurization, control the
avnogsphere, and during the mating procedura, If compunications with

thae DISSUB are intact the following sequence ig proposed:

The DSAV will mate to the after hateh of the MOSUB, She will open
hatches  to  the sub below and prassurirze anternally through a lineup
with the afrer escape trunk., The after escape trunk is isolated from
the rest of the ship prior to prassurization. Once the DSAV  has
uttained the same pressure as the DISSUB she will shut all hatches and

prepare tu sake the first trip, The DSRVU will transit and mate with'

the DISSUB hatch that offers the most favorable landing position.
With pressure equalized the DSRU will open her midsphere hatch,

Dapuending  upon injuries and the condition of survivors whe DSRV  will
transfer 2 maximum of 24 people for trancit back to the MOSUB, The
D5RV  will go to the forward hatch o offload survivors. The forward
ascape orunk will be pressurized to match bhe interpal pressure of the
Dsnu, nee nated the DSRU will opon hatehes, transfer personneol and
prepars to make her next wrip to the DIqsUE. She will repeat this
procedure two or theese times dapending on battery life.

A% the battery charge falls below 80%, the DSRU will return to  the
afier eswaape trunk of the MOSUB for roplenishmant., The mid/afisphere
operacars,  having beon under dncereasod preﬁﬁd%e for a number of hours
will  have w0 remaan waith the survivors in thn forward Qompartmoent.,

The havebes will have o Le controlled by people oparating conirols

Trom inside the escape trunks. This is not of contern in the forward
conpuriment  but roquires putiing an additional person under  proossure
o whe afier escape trunk. The axposure, howsver, is of short

duration, and does aot inpuse a deocompression obligation.

The: DOSIYV 4ill mate with she alfwer hatch whaich has  boeoen pressurized,
AN anside npurntur will be required to open vhe submarine and DSRY
hovelics  wnd swfindby while a controlled depressurization back to 1 bur

(AT An aX¥fornatlve method of opening the midsphore hatah exasts
PiTothe  datarnal prassere is not excessive, The aft sphoers  dan  bo
isvlocwed and the wid and forward uphere aqualirzed at which point  one
@l el DSNV operators will apen the hauwch. Nurnal replenishment may
shun prosaed., When complewe, a socond midsphore oparasor will board
e DSV, Lressurization will seeur and whae procauss ropeated This

bt nuee of evenis will continue until all pursonnael have been  waken
Ot G DIBSUR

Followany wransfer of all HUrvViIvors, the MOSUR will bLugan  controlled
dectnpeousion of its forward compartment until pressure reachoes 1 bar

Tasp i uhment of uupplics can be accomplishod by utilizing the DSRY ag
w o shivd e Lwtween  whe nfter and fur&nrd hatehos thereby providing

4
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food, water, medical and uiher necacsary supplies.
DECONMPRESSION:

"hg;1olog;callu we can afelg deonmpress a arew from a depth as great
as 132 feat. The Naval Submnrine Mpd1c11 Researeh Laboratorg in New
andnn has siudiad decampress;on limits and surface excursions and,
while requiring further togting and formal approval, the AirSat 4
dacompraession profile appears acceﬁtablg for emergency use.

Decomprassion  will be earufullg mon;tored “for sxgn of decompression
sickness with apprapriate adJustnnntv to degnmpregsann as necessary.

DECOMPRESSION FACILITIES:

The- stvorage coapacity of existing ASRs and MOSUB  compartments for
decompression  purposes is limited, The dual decompressicn chambers
aboard an ASR can hold an es timated sixty mon, I one assumes maximum
survivability of 120 to 180 ‘men, tWo to threc decompression cycles
will be required. Theéoraetically, the MOSUB forward compartment can
hold the entire DISSUBR craw. Despite crowded conditions and reduced
habitability aboard the MOSUB, sqﬁvival is possible.

Several SHIPALYS were promulgated which modificd the U.S. &37 Class
subsarines so they could act as MOSUBs For the DSRV.. Thouse included
modification of the' bow compartment for uwse as & decompression
chambor, providing facilities to accept ithe DSRY flyaway equipment and
the ability to perform various hotel services For the DSRV.

Several of the 637 class were modificd, ot loeast  partially, and
documentb indicnte that pressurization may have been accomplished to 4
bar under t0st conditions. This teuiting should be ropuated but these
ships could be called on Lo serve as MOSUBS for a prossurized rescua.

PRESSURIZATION: - .
The only practical means of forvard compartmant pressurization is by
using the MOSUB s air banks. This presents additional issues,

Initial prensurization with pormoxic ale requires monitorang  for
pulmonary  oxygen woxicity similar o the problem initially seen  with
DISSUB prLsﬂu}i?atxnn Purae  nitrogoen  banks might be  used {for
pregsurization if circunstances allawed, . -
Narmoxic alr at increased prassure prosents additional  hazards  aod
wpecral  fire proacastions wall be roequired wuntal the Oxygen  levael s
raduced, Muthodys o control sourcas of Lgndvion or capadly roeduee che
02 leval should be invastigatod.

Pureneially woxic matarialy storoed dn wha forward compar anent will be
vampved  prioer Lo pressurization and a liswing  of  those materials
should Lo proparecd.

SUPPORT ANR HOTEL SERVICES .
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Providing adequate supplies, sanitary facilities and atmospherc
contrul will require careful on site planning. In ot situation where
she forward compariment is5 completely isnlated from  the after
compartnent, supplies and equipment for an exioended decompression are
necessary  and will be supplied in advance. Emergency  replenishment
can  take place utilizing the DSRY dtself, transfering supplies from
afi to forward areas,

The heads pnd  potable water systems have pressure  limitations of
roughly 2:3 (cross connects) and 3.7 (system) bar respectively. Water
can be supplied dupring the early phases of deceper decompressions but
consideration must be given to proper line up of the ship’s sanitarices
%0 prevent inadvertent decompression of the bow compartment,

MATING RING FABRICATION:

Transfer of personnel under prossure was an initial daesign feature of
whe ASR/DSRY platform. A mating ring to allow the DSRV and the Deck
Docompregssion  Chamber (DDC) aboard the ASR to be mated for transfer
under pressure is currently undergoing design. Additional studies at
New London  examined safe surface intervals for personnel iransfer
bewwaen DSRV and the DDCs aboard the ASRs for use until  the

mating
ring has beon completed.

DGRV PRESSURE EQUALTIZATION/UVENTING:. '

A PSRV venting/equalaration valve installation has been planned
the upcomaing modernization period.
of controlled venting of the DSRV,

for
This will provide the capabaility

DISHSUR ATMOSPHIRE CONTROL

Cuasual iy situations anvolving an internal precssurizatvion willd rcquirp
wonrioring of both oxygen and carbon dioxide. To decrease levels of
C02, LIOH acrubbers would be utilized I+ electrical  power io
unavailable, current procodures call foe spreading the CO2 absorbant,
wlong horazontal  suefaces and allowiang natural  air  conveciion  and
conduction o lower the CO2 content, Manual CO2 scrubbors are being
swudsed and havl had mixed reviews, Additaonal acthods for  lowering
CO2 partaal pr%ﬁcuru are being swudied.

SUMMARY
The Decp Subwergonee Moncue Vehiaeles Mystic and Avalun convinue wo b

Wi bogd meihiod of escape Fron o desabled submarine at o doop dep b,
Dospawey wechnical WFMenTveey Whe araginal concept of rescue wadey

proseaee an viable The knowledge gaaned in the past several  yoares
Doy meken v posuablc Lo plan for a0 fully preusurazed  reacu
Opv T dvIOn Fhee  praoasanaazed sransfoer conducted as part 0f  Operavzon

Oedgemore gn 1900 wan an imprenyive Firse anep Wer e Jooksng aw Lhe

prtoenibilivy of o Fulle aeonouea zed seemacao i vhe ooar fruuere

6
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PRESSURIZED RESCUE
G. MASUREL

CERTSM = DCAN - TOULON NAVAL (FRANCE)

Rescue of submarine crew members entrapped in a2 distres-
sed submarine under pressure by means of a DSRV can be

sometinmes limited.

In particular, the pressure within the submarine amust
not exceed 5 ATA, that is the upper DSRV pressurization

limic,

More over, the DSRV is not fitted with any uweans of
decompression. The survivors must therefore be vapidly
decompressed in order to be transferred to am ASR chamber
where they will be immediately recompressed before being
decoumpressed according to applicable decompression schedu-
les. They can also be transferred to the pressurized

escape compartment of a MOSUB.
ECKENHOFF (1984) clearly indicated the conditions of such

a rescue. He strongly recommended the transfer to a mother

submarine as a much safer rescue means.
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Op this recommendation there may be two different

approaches to the vescue problem as follows :

H

1) which is the escape compartment pressure
required for the transfer of survivors

having stayed at 5 ATA for long periods?

2) for a given escape compartmeat pressuriza-
tion value as determined according to tech-
nical considerations, up to which pressure
is it reasonable to consider rescuing survi-

vors without running pessible decompression

risks?

For the first approach there soon appears a discrepancy
between decompression requirements and submarine tech-

nical capabilities (such as air storage, crew isolation
requirements, strength of some equipment within the

escape compartment).

As regards the second approach, both the RN and the USN
have chosen to study rescue limitations with an escape

compartment pressuvized at 2 ATA.
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We have a different opinion as to the escape compart-

zent pressurization :

On the one hand, we believe if js more realistic to
pressurize an escape compartment at 1.6 ATA because
this requires almost half as less air. It also raises
no problem as regards the strength of buile~-in equip-
ments in the e¢scape compartment and makes it possible
to exchange both crew members and equipments through

the locks of our nuclear sudbmarines.

On the other kand, there 1s no need for any further
decompression procedure, Indeed, a simple pressure
equilibration wmakes it possible to return to surface

after a long enough period.

Therefore, we decided to verify our hypothesis in anirils
fitted with Doppler detectors inplanted on their pulmo~-

nary arteries,

The experimental animals were minipigs of the Pitmap-

Moore

stratn, more than six years old, from our own breeding

e e Ay e 8

farm. 4s the latter was out of stock,we could not select
our animals and we used the only available at the time of

the experimentation,
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There are two males and two females, They were not
deprived of food since they were initially intended

for breeding stock.

For instance, the males weights ranged between 110 and
120 kg (242 and 265 Llbs), These animals had a very
thick hide on their backs (between 40 and 50 wx in
thickness). Such a hide weighed about 1/4 of the total

animal weight,

The females weighed around 130 kg (287 1bs) with a rather
heavy mass of facg estimated at 30 kg (66 1bs). Such an
adiposity confronted us with great difficulties as regards
nitrogen saturation problems because of fat affinity for
nitrogen. This animal model may therefore be criticized
since it may distort the results. But such a distortion
contributes to a greater safety as the limits set with
this model will certairnly be nearer the mark for a popu~

lation not well defined,
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Exposures

Our animals were subjected to 2 types of exposures.(Tabl,1)

On the one hand, they were exposed for 24 hours to pres=-
sures of 2.5, 3, 3.5 and 4 ATA reached within 2 minutes,
At the end of 24 hour-periods the animals were decompres-
sed to 1.6 ATA within 2 minutes for a maximum period of

24 hours. They were then returned te the atmospheric pres-

sure within 2 minutes,

On the other hand, the animals were exposed for 48 hours
to pressures of 2.5, 2.7 and 3 ATA according to the same

compression and decompression procedures,

Materials

The Doppler ultrasonic bubble detectors we used were spe-
cr1fic ones, The detection system included a continuously-
transaitting 5 MHz detector, a suitable filter, a cali-
bration system and an integrator., Signals were processed
by an HP 9825 computer delivering real-time plots of
bubble flows estimated in arbitrary units, These units

enable a comparison between different hyperbaric exposures.

The chamber was the CERTSM chamber especially adapted for

animal saturation dives,
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Results
DA LLEA

Bubble detection results are presented in the form of
bubble flow graphs which make it possible to decide
that decompression is safe, as shown in Figure 1

or, on the contrary, that it is necessary to recompress
when the bubble flow is approximating to 800 A.U.

That 1s the maximum permitted bubble flow in this type
of animal. Such a continuous detection enables us to
come as close as possible to a serious decompression
accident and to rapidly take action should if severe

risks appear.(Fig.2)

On the whole, results are gathered in Figures:3.4.5.6.
These figures are clear enough and speak for themselves.
They show the profiles of the exposures carried out for
each animal as well as the recompression performed as

required by bubble profiles.

Results are summarized in the table 2, It can be seen that
in the most favourable hypothesis of a very rapid rescue
within a 24 hour period - which is unfortunately not

likely to happen = this rescue remains possible up to




In the least favourable and most likely hypothesis,
the rescue of submarine crew members can be carried

out up to 2.75 ATA

Discussion
g1scussion

Taking into account the results obtained both by the
RN (BELL, 1981) and by the USN (ECKENHOFF, 1984), and
assuming with the latter that there ought to be a

linearity between exposure and rescue pressures within

the depth range being considered we can draw the curve

shown in Fig.7

It can be seen that to a stop at 1,6 ATA corresponds a saturation
pressure of 2.65 ATA. We can confirm this result within 0.1 ATA in

the minipig.

Morcover, if we consider these results in the context of
an actual accident we have to think that pressure'within
the escape compartment may be due to two main causes !
either HP or LP air leaks, or a rapidly checked water

leakage,
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In the first case the important air volume will consti=
tuce sufficient air stcres for the Pio2 to decrease
slowly. Under these conditions symptoms »f oxygen toxicity
will probably occur within a time interval which will be
all the shorter as the pressure is high. ECKRENHOFF (1984)
has reminded us that at 2.8 ATA 1in air atmosphere corres-
ponding to 0.6 ATA of PO2 the first symptoms appear within
24 hours with a certain subsequent recovery. However, the
oxygen toxicity threshold limit is then nearly reached and
the severity of the symptoms increases rapidly above

2.8 ATA (Fig.8).

All this leads us to conclude that it is not possible to
stay under pressure without risks and that survival under
these conditions is not easy. However, the gathering of a
great number of survivors within the submarine escape com=-
partment shall be an advantage as regards oxygen toxicity
risks, The Pioz will decrease all the more rapidly = and
so will the oxygen toxicity risk - as the ratio of the

compartment velume to the survivors' number will be small,

In the second case the increase in pressure is due to a
checked flooding of the escape compartment., It is to be
reminded that above 3 ATA the compartment flooding will
be such that escape locations emerging from water will

be relatively reduced.
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Then the cold will be a problem of prime importance.
Survival under such conditions seems 30 precariocus that
one may wonder whether it is reasonable to imagine any

survival at a pressure above 3 ATA.

Wi-hin these limits the carrying on of our experimentation
ey

will show whether a transfer to 700 mbar would be suffai-

cient and a good compromise between operational require-

ments aboard the mother submarine and realistic probabi-

lities of pressurized rescue.
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Presented at :

Tripartite Meeling on Submarine Medicine, Groton CT, June 1987

Submarine Air for Divers

P.K. Weathersby, E.T.Flyan. R.S. Lillo
NSMRL and NMRI

Navy divers breathe compressed air for the bulk of their diving
operations. Air purity is established by adherence to standard
procedures and use of standardized equipment, both supported by years
of field experience. The major expected source of contamination is
from faulty compressor opera;ion since “"clean" outside air is available
as a gas supply. A semiannual check of all Nuvy diving commands is
mandated by the Diving Manual and checks whether compressor probleas
exist. Air samples are sent to a central contract laboratory and
checked against the following standard:

Oxygen : 20-22 %
Carbon dioxide : < 1000 ppm
Carbon Monnxide : < 2Q ppnm
Total hydrocarbons : < 25 ppm

(less methane)
Particulates/mist : < 5 mg/cu.m.
Odor : Not objectionable
Thousands of samples are processed every year and the failure rate is
low.

Normally, Navy diving is not allowed breathing air drawn from a
submarine high pressure air bank. Why is the submarine air suspect?
First, since the air banks are frequently bled into the ship and then
recompressed, the air banks tend to approach an average cf submarine
itnterior air rather than outside "fresh" air. Thus the banks may
contain levels of the thousands of compounds st were present in
the submarine atmosphere at one time or anothe. A second concern is
that the air banks vary over time in their concer. ation of
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contaminants. The following data comes from the banks of a single
submarine repeatedly sampled over an 8 month period:

Dry Deck Shelter Laboratory Analyses (1985-86)
Carbon dioxide: 06.01 to 0.59 %
Carbon Monoxide: 1.2 to 3.9 ppm
liethare: 2.0 to 11.8 ppm
Freon-1i4: 6.1 tc 14.2 ppm
Freon-12: 0.1 to 12.0 ppm

It is clear that the concentrations change by more than a factor of 10,
although in this case mostly within a safe range. The exception is
carbon dioxide which if breathed by a diver at 99 fsw or 4 ATA would

be 0.59%x4 or about 2.4% surface equivalent (18 Torr); a definitely
unhealthy level.

Use of compressed submarine aitr for divers presents hazards that
pose more problems than breathing the same air by the submarine crew.
First, as illustrated by the CO2 example, toxicity of a ygas sample
increases with its partial pressure, and thus directly with depth
for a given air sample. 1In addition, underwater tasks are normally done
in small groups or even alone, so the ability to observe or communicate
with a potentially toxic individual is very lamited.

Recently 4 program was started that required compressed submarine air
for “ivers use -~ the Dry Deck Shelter. A CO2 scrubber with LiOH
absorbent was placed in the divers air supply line in anticipation of
the chron.ically elevated la2vels in operating submarines. However, a
monitoring capability was desired to ascertain whethe: other substances
might be present in unacceptable levels; and this capability was needed
in a deployed submarine. For limits, the OSHA values for 40 hour
workweek exposure was seiected as more appropriate than the submarine
atmcspnere guidelines for 90 days. A pressure correction factor of 4

was chosen in tbe expectation that little if any diving would exceed
99 fsw or 4 ATA.

The major problem was specification of a monitoring procedure that
would be feasible on board yet would allow reasonable assurance of
safety. An attempt was made to conserve time if the air appeared
either very dirty or very clean, 1If the purity was questionable, the
procedure allowed some flexibility in deciding the identity, and thus
the hazard of the single questionable substance rather than adopting an
arbitrarily conservetive rule.

The procedures required use of the ship's CAMS, a photoionization
detector, and a number of detector tubes:

Interim DDS Air Purity Guidelines Procedures
1. Use CAMS-1 or Detector Tubes for:

Carbon monoxide Freon 113
Carbon dioxide Freon 114
Ammonia Freon 12
Hydrazine Vinyl chloride

2. Use photoionization detector for organic compounds:
if <5 ppnm Gas O.K.
if > 50 ppm Gas Unsatisfactory
if Between Use detector tubes and individual
limits for 24 compounds, as needed
3. Repeat as air bank changes (but carbon dioxide often)
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The tubes, manufacturers, and limits were provided for the following:

Chlcrcbenzene Cumene (Isopropyl benzene)

Cyclohexane Ethyl benzene

Heptane Hexane

Isopropyl alcohol Methyl bromide

Methyl chloride Methyl chloroform
(chloromethane) {1,1,1-trichloroethane)

Methyl ethyl benzene

Methyl ethyl ketone Methyl isobutyl ketone
(2-butanone) (4-methyl 2-pentanone)

Napthalene Nonane

Octane Phenol

Toluene 1,1,2-Trichloroethane

Trichloroethylene 1,2,4-Trimethyl benzene (pseudocurene)

Xylenes

In operation, this monitoring required about 30 min te accomplish.
Since the application is new, the ships were provided with stainless
steel sample bombs for subsequent laboratory analysis of the air.
Results of those analyses have been summarized above. As we learn
more about the normal and abnormal components of submarine air, the
recommended procedures will undoubtedly change.

A number of problems exist with these procedures now. First, the
analysis looks at only a modest number of potential contaminants so
other potentially important ones remain unexamined. This concern
will decrease as more analytical information becomes available.

Next, the array of different devices required makes adequate training
for the procedures difficult. The monitoring is in batch mode

rather tu.an real-time. This aspect is not dangerous for most organics
since the same compressed air bank will be in use. However, the

C02 scrubber has an unknown lifetime and unknown reliability so we
would prefer a real time CO2 monitor. Also, there is

a natural conflict between the diver who would lika to determine that an
air bank is clean and then "lock" it for his own use, and the

submarine commander who wants his air banks available for maximum
operational flexibility. Finally we have not yet determined the
particulate load in the air, arising from the bank or related ezuipment
and modified by passage through the scrubber.




PROPHYLACTIC DRUGS KALMAN
INTRODUCTION

It has long been US policy to supply motion sickness prophylaxis for use
prior to submarine escape. Recently the UK has decided to extend its interest in
the possibilities for administration of drugs prior to escape and has identified
a number of areas which it believes future research is indicated.

Initial Evaluation

At the initial stage it was suggested that a number of complications of
submarine escape and subsequent survival on the surface might be susceptible to
prophylactic drugs administered prior to leaving the submarine.

Conditions:

1) Decompression Related - Decompression Sickness

\ Cerebral Arterial Gas Embolism
2) Motion Sickness

3) Thermal Stress - hypothermia

\ hyperthermia
4) Dehydration

Motion Sickness

All those trials of the UK Submarine Escape Immersion Suit (SEIS) version
vhich have included any examination of its surface capabilities have amply
demonstrated the abiality of this device to induce motion sickness of very rapid
onset. In addition the process of updating the suit involved the formulation of
an agreed statement of requirements which specified a surface survival period of
24 hours in Northern Atlantic winter conditions. Compariscn of current policy of
the oral administration of a single dose of hyoscine with the requirement of
rapid onset of protection and sustained 24 hour protection clearly found current
policy lacking. A number of agents were considered for future use.

Anti Motion Sickness Drugs
1. anticholinergics
2. Antihistamines
3. Sympathomimetics
4, Combinaticns

In general it was agreed that mild sedation was the preferred side effect
particulary within the compartment prior to escape and certainly stimulation was
not desirable. Although the eifects of any of the drugs on pressurization and
ascent phase was largely unknown it was again agreed that mild sedation was
probably the preferred option. Recent work at INM had again demonstrated the
superiority of anti-cholinergics over antihistamines and it was considered that a
single agent provide the simplicity required for submarine escape situations thus
attention focused on Hyoscine, In order to cope with the new statement of
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requirement the form of administration was considered. The required spread of
onset cculd be obtained by an initial sublingual dose. However the 24 hour
duration offered 2 separate possibilities. Firstly, a sustained release
preparation is currently being developed in the UK, and secondly transdermal
absorbtion could be used. It was considered that transdermal absorbtion had the
significant advantage that treatment could be brought to an end as soon as the
escaper had been picked up. Transdermal hyoscine was known to be effective if
the patch was applied prior to the onset of symptoms. Thus the simultaneous
administration of a sublingual dose and a 24-hour patch appeared to be the
preferred option and will be further evaluated shortly.

Fluid Balance

The discussion about thermal stress prophylacs and fluid balance were
combined by the suggestions that anti antidiuretic such as ADH could be
administered to reduce urine loss. The Mark 8 SEIS is equipped with a "nappy"
to absorb urine and this has long been shown to significantly reduce the thermal
qualities of the suit. Preliminary examination indicates that fluid balance
prior to, during and subsequent to escape is fairly complicated with a number of
physiological response going on at the same time.

Prior to ¥scape Restriction
0.5 liters/man/day (nil for first 24 hours)

During Escape ? Decompression Sickness
Decrease plasma volume

On the surface 1) Diuresis
/b N\

/ | \
Immersion  Stress Cold

2) Motion Sickness
Vomiting
Increase in ADH levels

3} Thermal Habitability
Sweat

Without further work it was considered that the relative importance of the
different responses was currently unknown, and certainly the effect of added
administration of ADH would not be accurately predicted nor could it be
considered beneficial. This decision led to the need to produce a significantly
improved urine system for the Mark 9 SEIS and the trialing of the urine dump
systen.

Deccmpression Related Problems.

M bewildering nurber of agents continue to be suggested for the treatment of
or prophylaxis against either decompression sickness, arterial gas embolism or

76




P

both; some of which may have some apolication in the submarine escape situation.

The current UK posit
namely:
Oxygen
Steroids
Antiplatelet drugs

ion is to concentrate future research on 3 such agents




REQUIREMENT
\

MOTION SICKNESS

Rapid onset

up to 24 hours duration

Current Policy 300 - 600 ugm HYOSCINE

Future Possibilities

1. Anticholinergics
2. Antihistamines
3. Sympathomimetics

4. Combinations

Conclusions

eg
eg
eg

—-——-— hyoscine
-———— cinnarizine. cyclizine

-——- amphetamine, ephedrine

1. Mild sedation preferred

2. Hyoscine most effective agent

PREFERRED OPTION FOR EVALUATION

HYOSCINE

SUBLINGUAL

+ simultaneous TRANSDERMAL PATCH
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FLUID BALANCE

PRIOR TO ESCAPE = RESTRICTION
0.5 LITERS/MAN/DAY (NIL FOR 24 HOURS)

DURING ESCAPE ? DECOMPRESSION SICKNESS
J, IN PLASMA VOLUME

ON THE SURFACE 1) DIURESIS
/ N\ .
/ | \
IMMERSION  STRESS COLD

2) MOTION SICKNESS
VOMITING

7 ADH LEVELS

3)  THERMAL HABITABILITY
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ATMOSPHERE PROF ILING OF ORGANICS ON SUBMARINES: THE UK APPROACH

by

P R DIBBEN
Adniralty Research Establishment, Holton Heath, POCLE, Dorset, UK

The UK medical authorities have a requirement to identify and quantify the
organic species in submarine atmospheres. This would provide a data base for
medical studies, and would enable a watching brief tc be kept on the levels
of toxic and potentizlly hazardous specles to which submarines are subjected.
It would also aid in the setting of Maximum Permissible Concentrations
(MPCs). In recent years the application of new technology in the development
of the next generation of sampling and analysis methods has enabled to
chenist to approach more closely to the medical objectives.

At present there are few organic compounds which can be wonitored in real
time, viz Freon 12, monoethanalamine (MEA), 1,1,l-trichloroethane, but in
future it will be possible to monitor, in addition Freons 1i4 and 13Bl,
benzene, total aromatics, and total aliphatics using the Central Atmosphere
Monitoring System (CAMS). Some portable equipment will also be available for
monitoring species in real time not covered by CAMS, eg Otto Fuel. Two
portable instruments will be introduced; a photoionisation detector (HNU PID)
to monitor total organics and a nephelometer (GCA Miniram) to monitor total
acrosols. The frequent use of these on each submarine will enable ships
crews to be aware of any atmogphere contamination problems at an early stage,
so that remedfal action may be taken. The use of the CAMS, the total
organics monitor (TOM) and the total aerosol monitor (TAM) will flag when to
take organic or acrosol samples for retrospective analysis.

New methods have beend eveloped for the sampling and retrospective analysis
of organic vapours. The atmosphere {s drawn, by means of a Draeger puop,
through 0.12 g of the porous polymer, Tenax, contained in a glass tube. The
tubes are then sealed and returned to the laboratory with all relevant
details. The trapped organics are then thermally desorbed, using a Perkin
Elmer ATD 5€, and analysed by high resolution gas chroratography and mass
spectronetry {Finnegan 51060 MS/DS). The method has been automated to enable
a rapid and efifclent service to be provided to the Navy and the medical
authorities., During the development of these techniques, ARE performed sea
trials to evaluate them, and it became clear that the number of organic
specles that could be identified was large (ie »200). Clearly, it would not
be practical to monit:. all these species for every atmosphere sample. In
consultation with the medical authorities, a short list of 20~30 target
compounds was suggested as those species currently of most interest, and
therefore to be routinely monitored. This list may be amended as and when
required. The data system will generate a quantitation report listing the
target compounds and thelr concentratfons along with details, such as where
and when the sawple was taken. These reports will be transferred from the
GC/MS/DS to an IBM computer based data system for storage and jrocessing.
The detatls of data manipulation and statistical analysis required are still
to be dectded.
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clustion, the advantages of this approach to atmosphere profiling of
organics will be that:

In con

1. There wiil be real time monitors (TOM and TAM) to allow sabrarines .
to achlieve better ataosphere control, locate sources of contamination
and take resedial action.

2., TOM, TAM and CAMS will be used to flag when to take atmosphere
savples for retrospective analysis.

3. The automated retrogpective anlaysis provides a quicker and more
effective service to the Fleet,

4, The formation of a data base allows statistical analysis to be
performed on 20-30 target species.

5. A retrospective search facility will be available for compounds of
interest for medical reasons.
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Nuclear Submarine Almospher'e Control Maaual (ACM)
Revision:
Change Highlights
Bachkground:

lo 1985, the Naval Sea Systems Command began a revision of the ACM. The
reviston was intended to correct several shortcomings, including:

o The absence of a critical review of atmosphere constituent timits since the
ACM’s original publication.

o Incomplete or out of date cquipment information and references.
o Lack of references/procedures for heat stress or gas free engineering.

o Lack of strongly-worded warnings regarding the management of materials that
can contaminate ship atmospheres,

0 Lack of casualty-control reference material 1n an €asy to access format.

The following outline describes the changes that have

been made to the manual. now
due for publication within the year
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1.0 [Introducts

Changes in this section will include:

3. A summary of new material appéaring 1n the manual, to nclude a description
of “ the format changes and reasons for such changes. amplified gwidaace to
Commanding Officers 1n the area of matessal control procedures. 2nd 2
discussion of technical changes which have an ‘mpact on submarine operations.

o A discussion of the change in scope of the manual to place more emphasis on :
medical/toxicological considerations.

.

2,0 Fundamenta] Congcepts and Definitions

No changes.

3.0 Characteristics of the Submarine Atmosphere

This section will not be substantially changed However, the section contains
tabular data on submarine atmosphcre constituent/contaminant species and the himits
applied to each which have been verified by technical reviews conducted by the National
Academy of Scicnces and the Navy submarine medical ¢stabhishment
4.0 at Stress an ag Free Engincerin

This new section addresses policies governing heat stress and gas free engineering,

5.0 Atmosphere Control and Analysis Systems

This section combines the former sections on atmosphere control equipment
(Section 40), ventilation (Section 5.0), and atmosphere analvsis (Section 6.0) nto a
single sectron dealing with systems and equipments used to mamntawn air quahity within
acceptable limits. No material has been deleted and new information has been added on
the CAMS II, OGP, and Gas Management System

6.0 Material Contro! Program

This section 13 to be updated to reflect recent changes to the program used to test
and certufy for use aboard submarines those matenials which may pose a hazard as
atmosphere contaminants.

7.0 mergen rocedures and ual nsiderations

This new section provides a quick reference for use by the submarine crew n
combatting casualties involving atmosphere control equipment malfunction or damage,
such as a carbon filter bed fire, spills of atmosphere contaminants, and acute ¢xposure
of personnel to atmosphere contamunants, This section will be tabbed for case ot
reference  Although principaily directed at the Medical Department Representative, thes
section will augment the body of casuvalty infe-mation available to the entire crew

80 Records, Reports, and Logs
This section wil not be substantially changed Additions will include rev.se”

sheets for use with CAMS IL a Gas Management Syvstem log sheet, and moditiirr
the Atmosphere Control Report necessary to reficct each ship's equipment cort e«
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PRESENTATION TO IEP:B52 TRIPARTITE SUBMARINE MEDICAL CONFERENCE, KEW LONDON,
1-5 JUNE 1987
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BR1326 - AIR PURIFICATION IN'SUBMARINES

INTRODUCTION
em————— —k ,9‘,,“/;,,., Conbesl Mearsd

1. Mr Chairman, Ladies and Gentlemen, BR1326[§S to air purification in the

Royal Navy what the Bible is to an evangelical preacher. It provides guidance

and direction, and specifies standards of performance almost as demanding as
those in Deuteronomy Chapter 5. Like the title of BR1326 suggests, the scope
is extremely wide and in the limited time available it would be impossible

to cover every subject in only the most superficial manner. Therefore,

VUGRAPH 1

1 propose to use BR1326 as a vehicle for describing how the Royal Navy controls

submarine atmospheres, but I recognise that this is a medical conference
and therefore I do not propose to deal in too great a detail on those aspects
concerned with the technical make-upL ir purification equipment.

BR1326

2. In our heirarchy of documentation there are those documents connerned
with procuremenc”ectivities and those that are concerned with the in-service
support task. Design policy standards represent the top level approach to
achieving a requirement, with Naval , British, International

or Defence Standards specifying the technical requirement. Books

of Reference, or BRs, deal with technical aspects of specific equipments

or systems that are introduced into service. BR1326 is an unusual document
in that it performs the three-fold role of being a Design Standard, a
Technical Specification and a Technical Handbook.

3. This apparent anomaly is quite supportable when it is appreciated that
the air purification system, and I use the word system in its wider sense,

is a complex syx&on,and one which results from the interaction of numerous
other systems. To be comprehensive, BR1326 must include details of everything
that contributes to air purification, but must not duplicate information

that is contained in other documents. From this next Vugraph you will see

the subjects contained in BR1326.
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4. At first sight you might well think that 'BR1326 does in fact cover

all that is necessary to provide an afr purification system. However,

thé BR.is only a general manual where information is more properly

covered in other handbooks, but it provides detailed information where

the subject is not adequately covered elsewhere. This basically divides

the chapters into.two types. Firstly, those chapters dealing with

equipment such as electrolysers; scrubbers, and burners, etc, give 2 good

general technical description of the hardware and provide details

of the physical characteristics,cogether with different types of

equipment fitted in the respective submarine classes. The reader

is then referred to the Equipment Handbooks for more detailed

information. This approach covers those subjects boxed in'mneton

the Vugraph. The second group of chapters shown boxed in green are

those where either existing handbooks do not contain a satisfactory

level of information, or are considered to be inappropriate as sources

of information. In this way material in the green boxes represents

the fundamental core of BR1326, whilst that materizl shown boxed in f“’f"
provides supplementary information. VUGRAPH 3 OFF

5. In addition to the main subject chapteré there are seven Annexes
containing information on: VUGRAPH 4 ON

(1) Maximum Permisgible Concentrations and Explosive Limits.

(a) There are MPC's set for 90 day, 24 hour and 60 minute
exposure levels. Not all substances have all three Mft's
specified, and for those substances whe~e three MAC's arve
specified for several of these the seme iimit is quoted
for 90 day, 24 hour, and 60 minute exycsures. Compounds
ueasured on board in real time tend tu have three MAC's,
There are 23 compounds in this group.

(b) For compounds monitored retrospectively only the MPC
90 day is specified. This group of 15 sub: tances includes
the heavy metals.

(¢) Lastly there are those compounds for which MPC's are
set and contaminant levels are controlled by design,

ie restricting the use of materials during buildinrg, refit,
maintenance and whilst on patrol.
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(d) Where the presence of explosive gas mixtures are suspected
-guidance -is,.given on how to calculate a Lower Explosive

Limit given the measured concentrations of each gas constituent
of the mixture.

(e) Within this Annex informaticn is also provided on the

toxic physiological effects of contaminants and oxygen at
varying exposure levels.

(2) Reduction cf Contaminant Levels in Submarines - gives equations

and graphs to assist ships staff in calculating the time taken

to reduce contaminant levels given a certain LP blower or diesel
throughput. The algorithms are particularly useful in the event
of a fire, or contaminant excursion where contaminant levels

reach or exceed emergency MPC exposure levels,

(3) Relevant Publications.

This section lists some 65 related
references to sources of information likely to be required.

In this way BR1326 acts as a gazeteer and from the information
provided, or the references listed, there is an exceedingly
comprehensive coverage of all relevant publications.

(4) The Schedule of Atmosphere Analysis Equipment - details

the official on-board allowances of fixed and portable equipment,
including Draeger chemical detection tubes. When an item may be used

for routine, post-fire or escape monitoring separate allowances
are declared.

(5) The Tables of Test Gases - Currently there are 12 different
types of test gas cylinder in use. These tables provide details
of the gas specification, colour coding for bottles, stores

identification details and quality assurance certification.

(6) The Annexes dealing with Control Logs and Air Purification Tests
provide instruction on the completion and diastribution of atmosphere
log veports, and the programme of key events leading to the final

Sea Acceptance Test. I shall say more about the reporting and

gea test functions later. VUGRAPH & OFF
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ORGANISATIONAL

6. At this point it is appropriate to describe how the Ministry
of Defence is organised to provide for good atmosphere control.
In many respects we are fortunate in that despite the diversity
of interests involved on the subject there 1is only one committee
dealing with this particular subjsct.
of a record!

This must be something

7. The Submarine Alr Purification Committee, or SAPC, is
responsible for establishing and maintaining standards of
performence. The Chief Naval Architects, Assistant Directcr of Submarines is
the Chairmen, and representatives from all Sea Systems Controllerate

submarire projects, air purification equipment and instrumentation
speclalist sections attend.

Institute of Naval Medicine,

Medical advice is provided from the
Scientific advice on new technologies
and analytical techniques is provided from the Admiralty Research
Establish at Holton Health andLghemical Defence Establishment

at Porton Down. The Submarine Environmental Chemistry Unit,
currently based in Rosyth, report on the results of air purification
tegts, Whilst, lastly the Flag Officer Submarines represents

the operator and provides a valuable direct line of communication
between the SAPC and the submarine squadrons.

8. BR1326 embodies the standards of the SAPC and defines the
performance requirements of that Committee. As such, the BR

is used by the Naval Staff in developing Staff Requirements for
new submarines, and for submarine updates. Compliance with BR1326
is specified in contracts with shipbuilders and dockyards. Much
care 1s taken to ensure the accuracy and relevance of the
information contained in BR1326 and amendments are carefully

vetted before being incorporated, Major revisiong have to be

agreed by the Submarine Air Purification Committee, whereas minor
changes are dealt with out of committee.

9.  Through its sponsorship of BR1326,and the feedback on achieved
Dcrformance,the Submarine Air Purification Committee is {nvolved

in all phases of the submarine acquisition process.
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PHILOSUPHY OF AIR PURIPICATION

10. As 'you are all too wéll aware, the control and monitoring of
contaminant substances 1s necessary to-maintain the environment within
safe 1imits. -Control’is'achieved.by two methods. Firstly, there is passive !
control exercised by avoiding or. Liniting toxié materiais, Secondly, sctive control is
by the production and removal’ of substanées using dedicated plant. The
initial:starting point.in-the process 1§ the declaration of the Maximum
Permissible. Concentration for those substances of interest, and as

I have stated earlier there are some 57 substances for which MPC's

are currently declared. These MPC's do not represent the totality

of substances identiffed in.the submarine ‘atmosphere, which is nearer
to 200 subs%ances, "but the MPC's are for substances which are likely

to occur at-concentrations approaching the limiting value.

11. Passive Control - is achieved by controlling the materials used
in the build, day-to-day operation and maintenance of submarines.
Vhenever a new material is proposed for use in a submarine it is

submitted for formal t. This a t examines the
toxicological, occupatiomal hygiene, and where appropriate the fire
risk of the materials. The fire tests characterise the materials
performance in terms of the flammability, oxygen, smoke and toxicity.

12. The occupational hygiene and toxicity assessment is undertaken
by the Institute of Naval Medicine, and the fire testing is undertaken
by commercial laboratories. The results of the tests are incorporated
into two documents. These are:

a. BR1326(A) - Materials Toxicity Guide.

b. NES 705 Selection of Materials on the Basis of Their Fire
Characteristics.

13. BR1326(A) classifies materials into 5 categories. These are: VUGRAP!{(5’ON

Class 1  Prohibited items.

Class 2 May be used during construction and refit only. Not to
be carried under closed boat conditions. The materials
nust be cured, diluted, or enclosed.
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Clachs 3° May be-used during maintenance periods and DEDs. Not to

be ‘carried during closéd boat conditions. Again as for

Class 2 the material must-be cured, diluted or enclosed.

Class 4 -Restricted item. May be carried at sea for use in
specified circumstances.

Class 5 Permitted for use at sea in approved quantities,

14, The materials listed in BR1326(A) are presented in 14 Tables
which are related to the application that the material is nomally used for;
ie adhesives, detergents, paints, jointing compounds and sealants

etc. There are over 750 materials listed in BR1326(A) and currently
new paterials are being submitted at the rate of 8 per month. Wherever
possible our policy is to put the onus on the user to demonstrate

that an existing and proven material is not suited for his application.
However, it must be recognised that materials is a constantly changing

field and increasingly commercial forces will dictate the availability
of suitable materials.

15. Active Control. Leaving Passive Control, I will now briefly
discuss how active control is achieved.

Oxygen Generation - In nuclear submarines oxygen is provided by

use of electrolysers. Currently the majority of submarines are
fitted with High Pressure Electrolysers..

A new Low Pressure Electrolyser using solid polymer electrolyte
developed by General Electric has now been developed and the first
units are in service. The Low Pressure Electrolyser is a
significant improvement on the High Pressure Electrolyser being
lighter, smaller, cheaper and much less complex.

Chlorate candles are used to provide oxygen in conventional
submarines and for escape purposes in all submarines.
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Carbon .Dioxide - For.nuclear.submarines regenerative gcrubbers are
used.,‘ 4!;1;3r11er submarines used mon-ethanolamine or MEA, whiist molecular
sieve scrubbers were Aintroduced into earlier Trafalgar-Class attack
submarines. However, new type MEA scrubbers similar to the US

Mk III VITOK units are to be fitted into new submarines and the
Temperature Swing Molecular Sieve Plants are to be replaced.

As with oxygen, conventional submarines rely on consumable
chemicals; namely soda lime for routine air purification, and all
gubmarines use soda lime for escape purposes.

Carbon Monoxide - is removed together with hydrogen using catalytic
burners operating at 235° Centigrade, although Temperature Swing

.Molecular Sieve Scrubbers have a low temperature burner integrated
into the plant.

Aerosols are taken out using filters and precipitators and vapours
are removed on the activated charcoal beds.

REQUIREMENTS FOR ATMOSPHERE ANALYSIS AND MONITORING

i6. The recent major revision of BR1326 conducted in June 1986 lays
down the Submarine Air Purification Committee's requirements for
instrumentation and monitoring routines. There are three types of
instrumentation used.

Firstly - fixed atmosphere analysers
Secondly - Portable and back-up instruments
and Thirdly - supplementary instruments for occasional use.

17. Currently there are two fixed analysers in service. The Vugraph VUGRAPH 31 ON ,
shows the characteristics. The Pye analyser {s a gas chromatograph and

measuras hydrogen, oxygen, carbon dioxide, Refrigerant 12 and carbon

monoxide levels. The CAMS is the latest instrument which is a masgs

spectrometer and in addition to measuring the same substances as the Pye

also measures Refrigerant R114, Halon, Benzene and the aliphatic and

aromatic organic compounds. VUGRAPH ;ZOFF
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18. The Portable air moritoring and Standby back-up instruments provided
are used to detect hydrogen, oxygen, Refrigerant R12 and R114, there is a
refrigerant leak detector, an Otto fuel monitor. Draegar Gas Detector

Tubes are used extensively and 10 different detection tubes are routinely

carried, together with Bacharach MEA detector tubes.

19. The supplementary instruments used are basically for obtaining samples
¢l organics, gaseous or aerosol contaminants for retrospective analysis

at the Submarine Environmental Chenistry Unit. The supplementary
instruments are also embarked if it is suspected that a particular
contaminant is giving problems either generally throughout the submarine

or localised in one particular avea. In such instances the instruments

are embarked and the crew are given specific instructions on the use and
siting of these instruments. The samples thus obtained are returned

to the Subnarine Environmental Chenistry Unit for analysis and

subsequent report.

20. A range of new portable instruments is currently being procured for
routine on-board usage for the monitoring of aerosol and organic vapour
levels. A new gas chromatograph mass spectrometer facility is being
installed at the Submarine Environmental Chemistry Unit for the routine
retrospective analysis of organic samples obtained in Tennax tubes.

21, As regards the on-board monitoring routines the Pye Analyser is not
suitable for continuous on-line monitoring. 8 hourly checks are
conducted in a designated compartment. At twice weekly intervals

all compartments connected to the analyser are monitored. Portable
instruments are used concurrently to provide a check on the Pye output.
Weekly checks are conducted to monitor the efficiency of regenerative
equipment. Every 3 months a comprehensive search is conducted for
unsuspected contaminants using the full range of Draegar tubes carried.
22, The CAMS will provide 24 hour continuous coverage to the designated
compartments and has an integrated alarm facility. It is also
sufficiently flexible that it can be programmed to monitor a particular
compartrent continuously in the event of a problem arising.

23. The monitoring routinsis for organics and aerosols are conducted
using retrospective analysis. Extensive post-build and refit samples
are obtained from each major watertight compartment. These are
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supplemented by the requirement for submarines to submit routine charcoal
and-aercsol sumples at.each patrol taken .during a period of 7 days
continuous dived state.

¥
SATS/HATS.

24, Before concluding this presentation I would briefly 1like to mention
the initiatives that have been taken to formalise a system of Harbour

and Sea Acceptance Tests for alr purification. The June 1986 Revision ?
of BR3126 defines the objectives as shown on this next Vugraph. These
are: VUGRAPH £ ON

a. To demonstrate the ability of the air purification equipment
,to maintain the submarine atmosphere within the specified limits
and below the 90 days MP€ whilst maintaining normal submerged
ventilation conditions for a minimum of 7 days.

b. To assess the performance of the atmosphere analyser and
standby instrumentation to monitor the ships atmosphere. VUGRAPH ég OFF

25. Currently the tests apply to nuclear submarines, but will be
extended to cover conventional submarines within the next 12 months.
The tests consists of 3 phases:

Firstly, the Harbour Acceptance Test - is carried out towards the
end of build, or refit whilst alongside. The HAT is really a
quality assurance check to give confidence before proceeding to
the SAT 1 and 2. All equipment must have been satisfactorily

commissioned, the crew will have been trained in the operation and

maintenance of regenerative equipment and analysis instrumentation,

and the materials used in the build of the submarine or in the

refit will have been checked against the toxicity index, BR1326(A). *

Secondly Sea_ Acceptance Tests are undertaken once the submarine is
in commission. SAT(1) is undertaken by Ships Staff during a 48 hour
dived period with the normal ventilation line up. The first

24 hours is a stabilisation period, and test measurements are taken
in the second 24 hour period. The performance efficiency of
electrolysers, scrubbers, catalytic burners, refrigerant removal

units and precipitators is measured. Atmosphere measurements are

9% -
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taken every two hours using the fixed analyser and portable
{nstruments, and aerosol, organic vapour and MEA samples are taken
for retrospective analysis ashore.

The SAT(2) is a 7 day continuous dived test comprising a 2 day
stabilisation period, followed by a 5 day test period. A 2 or

L

“~

3 man test team is embarked for the duration as the work involved

is beyond Ships Staff resources. The measurements and samples

P i

taken 'are similar to those recorded during the SAT(1), with

additional emphasis being placed on trace contaminant
identification, and source location.

The final SAT(2) Test Report is sent to Flag Officer Submarines as

‘ the accepting authority. Deficiencies in performance will lead to
the submarine being designated as operationally defective. This
means that urgent support action is taken and remedial work is
undertaken as a matter of priority. A situation could arise
vhere the submarine may not be allowed to sail until the defect is
corrected. The feedback loop for the requirement to conduct Sea
Acceptance Tests which are specified in-BR1326 is completed when the
Submarine Air Purification Comm;ttee endorses the achieved results
and agrees the recommendations for follow-up action.

CONCLUDING

26. 1 have used BR1326 as the central theme for this presentation, bdbut
have concentrated in some detail on those aspects where BR1326 has a
unique position in the overall documentation structure. It provides
physiological advice and technical description, it acts as a stores
provisioning schedule, it iays down mandatory procedural requirements
for monitoring and testing submariie atmospheres, and provides the basis
for a contractual agreement. In short, BR1326 is the focal document for
alr purification in the Royal Navy.

27. I have a copy of BR1326 with me, together with copies of the HATs

and SATs forms and these are available for examination after the session.
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BR 1326 CONTENTS
SCOPE OF MAIN CHAPTERS

DEFINITIONS AND UNITS

PHYSIOLOGY OF RESPIRATION

PHILOSOPHY OF AIR PURIFICATION

ATMOSPHERE ANALYSIS AND MONITORING
REMOVAL OF GRGANIC VAPOURS AND ODOURS
REMOVAL OF DUST AND AEROSOLS IN NUCLEAR
SUBMARINES

REMOVAL OF HYDROGEN IN CONVENTIONAL
SUBMARINES

PROVISION OF OXYGEN BY OXYGEN CANDLES

REMOVAL OF CARBON DIOXIDE BY CHEMICAL
ABSORBTION '

REMOVAL OF CARBON DIOXIDE IN NUCLEAR
SUBMARINES

PROVISION OF OXYGEN BY ELECTROLYSIS
REMOVAL OF CARBON MONOXIDE, HYDROGEN
AND REFRIGERANT GASES
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- REVEALING THE PRESENCE OF PHENOLS
. / IN A SUBMARINE'S ATHMOSPHERE

PCA CLAIR - M. ABRAN and PCCA DUMAS

Phenol, also called phemic acid is a whitish, water soluble solid
obtained by the distillation of coal. It is used and its derivatives too
(cresols, pyrocatechol, resorcinol, bhydroquinol) in synthetic chemistry and
especiaily in the making of plastics ; 1ts derivatives are also used as
desinfectant under the name of "GRESYL” and they exist 1in cigarette smoke.
During a stay in a confined space, the 2intoxications due to these compounds
can happen not only throuwh the pulmonary tract but also through undamaged
skin as some authors have shown (PIOTROWSKY J.K.), intoxication by ingestion
1s the result of different accidental circumstarces.

In the system, phenol and its superior homoloques, are combined in
the form of sulphate, glucurcnate and are excreted endily through the urinary
system unchanged or combined or through the pulmonary. The manifestations of
chronix aintoxication, due to the free circulating phenol, are cutaneous,
digestive, nervcus, renal ang hepatic. The recommended TLV 2n 1579 by ACGIH
1s for phenol 5 ppm (19 mg/m”) for 8 h/day and 40 h/week.

The presence on board submarines of plastics the disinfection of
"torlets” with "gresyl”, the use of hydroquinol-based photographic fixing
solution, etc... and the potential hazards led us to look in the atmosphere
for the presence of such or such phenolic compounds.

It 1s from the active charcoal used in the purifying of the
atmosphere that we have conducted our investigation. A known amount of actave
charcoal, between 25 and 100 g, from the main filters 1s desorbed with
Soxhlet and with methyliscbutylcetone as solvent, then the organic phase
obtained s treated by 1IN Soda and stirred ; the phenolates thus formed
change 1nto an aqueous phase which 1s acidified with hydrochloric acid 1N,
thus the phenolates change back into phenol and are extracted with ether
whach 1s analysed by gas chromatography. The chromatograph used s the 5880 A
HEWLETT-PACKARD model, fitted with a flame 1onization detector. The column,
chosen for an optimization of the separation, is a capillary column CP SIL 43
CB, 25 cm long, 0.32 of inside diameter and the thickness of the film as
0.22 4m. The vector gas 15 helium, its flow in the column is 4 ml/mn for an
entry pressare of 15 psi. The analysis is done 1n temperature programnation
as follows : a first stage of 8 minutes at 115 *C, than an aincrease in
temperature of 4 *C per minute up to a final stage at 190 °C.

That optimum chromatography on the capitllary column CP Sil 43
enabled us to get the satisfactory separation of 15 phenolic compounds as
shown 1n chromatogram N.1, We shall note the satisfactory separation of meta
and paracresol (peaks N.4 and 5), which 1s practically impossible to achieve
on a classical column or a non polar capillary. However, 1in spite of a
thorough study of the chromatographic parameters (oven temperature and
pressure of vector gas), 1t was impossible for us to separate the 2.3 and 2.5
of methylphenol gathered under peak N.7.
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Applying that separation to the desorbed active charcoal previcusly
purified by the described method, enables us to show the phenol
(chromatrogram N.2), as well as mumercus other chromatographic peaks which
are difficult to identify for sure without caliing on mass spectremetry).

In that perspective, we set up a coupling GEC MS (Chromatograph Delsi
7000 - Finnigan Mat Ion Trap 700) which enabled us to show in the charcoal
desorbed the following compcunds :

- phenol
. - meta and para cresol
- 2.3 and 2.5 dwmethylphenol.

Chromatogram N.3 represented by the whole ion current of the mass
detector gives a less satisfactory resolution than that cbtained on plotting
MN.1 which comes from a sample flame ionization detection ; 1indeed meta and
paracresol are not separated on chromatogram N.3. We are working now on the
optimization of the separation of phenols with the system of coupling.

We cannot yet quantitatively estimate phenols in the atmosphere.
However, 1t s possible to determine the quantity of phenol found in the
actave charcoal which varies between 0.06 and 0.1 Mg/g of charcoal. For the

other identified phenols, the amount found 1s in the order of the ug/g of
charcoal.

That method enabled us to show the presence of rhenols, m+ p
Cresols, dimethylphenol 1in the active .charcoal desorbed of one of our
submarines. We are now going to study a sampling system adapted to a
quantitative proportiomng. According to the amounts found, we shall look for

the eventual sources to determine after investigation whether it is possible
to remove some,
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Presented at :
Tripartite Meeting on Submarine Medicine, Groton CT, June 1987

Decompression Analysis for Submarine Rescue

P.K. Weathersby, J.R. Hays, B.L. Hart,
S. Survanshi, L.D. Homer, E.T.Flynn
NSMRL and NMRI

A general problem in recommending any decompression procedure is
the inherent variability of decompression sickness (DCS) itself.
An observation made in every decompression trial is that not all
individuals within a group with exactly the same exposure will develop
DCS, and that repeated exposures of the same individual on different
days will not produce the same outcome every time. The physical and
biological bases for this variability are simply unknown and are
likely to remain so.

In abandoning the hope of making an absolute prediction for an
individual, we can examine the behaviour of groups of men and consider
the probability of suffering DCS, labelled p(DCS). With enough
information, this probability can be established for conditions of
interest; and procedures recommended with an acceptable degree of safety
in terms of the procedure’s p(DCS). The practical problem is with
gathering enough information. Each known exposure has only a single bit
of binary (yes/no) information, and many bits are required to have any
confidence in our knowledge of the actual probability. Some examples
are shown below.

Uncertainty in Single Repeated Trial
DCS cases Trials % DCS Confidence Limits, % DCS

0 5 0.0 0.0 - 52.2
0 20 0.0 0.0 - 16.8
0 180 0.0 0.0 - 2.0
1 50 2.0 0.1 - 10.7
5 250 2.0 0.6 - 4.6
20 1000 2.0 1.2 - 3.1

The column % DCS is the raw incidence observed, Because of the known
variability of DCS, we cannot be sure that this raw incidence is
precisely the underlying incidence, and in fact it seldom is.

The confidence limit entries above are taken from tabulated 95%
confidence limits on a binomial distribution (1). If we only need to be
90% or 80% certain of the actual range, then correspondingly narrower
confidence limits are available.
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The first set of entries shows the uncertainty expected for trials that
do not result in any DCS. As the trial size increases, the uncertainty
decreases. If the trial was only 5 safe dives, the incidence might be as
high as 52% DCS; if it extended to 20 safe dives, we could be confident
that the schedule would not produce over 17% incidence in the long run.
About 180 dives free of DCS would be required to feel confident that the
schedule in question is actually safer than 2% DC5, and nearly 400
repeated safe dives would be needed to convince us that the schedule is
safer than 1%. Clearly, tables accepted after only 5 or 10 safe dives
do not provide any real assurance of actual safety. The next set of
entries show the results of several hypothetical trials that actually
did result in DCS. 1In each case the raw results are 2% DCS, but the
confidence range again shrinks with the effort of more dives,

With a total trial size of 250 dives we would be confident that the actual
incidence was under 5%; over 1000 dives would be needed to ascertain
that our observed 2% was actually no higher than 3%.

Submarine escape/rescue questions are unlikely to ever command the
resources to conduct 100 or more trials on each procedure we need to
consider. However, with the appropriate analysis, many of the
necessary dives can be obtained from other sources. The analysis needs
to be able to acept non-replicated dives and combine them in estimating
p(DCS) for similar procedures. Some of the sensitivity is lost compared
to the hypothetical choice of each procedure tested dozens to hundreds
of times. However the same "ballpark" is present: 20-50 dives can reassure
us that the procedure is better than 10%; several hundred are required
to assert confidently that the schedule is better than 2%.

What analysis can provide this ability? First is a mathematical
model that relates important aspects of the procedure (depths and times
at depth as a minimum) to a predicted p(DCS). We have explored a class
of models called "risk models" expressed as:

p(DCS) = 1.0 ~ exp { - r dt ) <1>

In egn. <1>, the term r is one of several possible definitions of
instantaneous risk, of which eqn. <2> was found to be satisfactory:

r =a { PtN2 - Pamb ) / Pamb <2>

Risk was thereby defined as proportional to a (calculated)
supersaturation: tissue nitrogen pressure, PtN2, minus the

current ambient pressure, Pamb. Normalization by Pamb was found useful
in early analysis of helium saturation data (4). PtN2 was calculated by
assuming different versions of gas exchange kinetics; either a few
traditional monoexponential "tissues" or some slightly more complex
formulations that better described gas exchange in real animal tissues
(2). Parameters such as ‘a’ in equation <2> and the necessary kinetic
constants such as tissue half-times are estimated from all the data we
have been able to assemble. The actual estimation used maximum likelihood
in a manner described elsewhere (3,4).
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This approach was developed at NMRI through the last several years.
The first application demonstrated an ability to describe animal
dose-response curves as well as human single-step decompression in
helium-oxygyen saturation diving (4). Next was an analysis of over 2000 air
dives performed in American, British and Canadian naval laboratories (2).
Data quality and comparability were serious issues in that study. The
most successful model from that analysis was used in an optimization scheme
to produce sets of standard air schedules with both 5% and 1% expected
levels of p(DCS) (5), and was also used in straightforward prediction mode
to compare relative safety of air decompression by present U.S. Navy,
Royal Navy, and Canadian Forces decompression tables (6). Most recently,
saturation decompression was examined.

The data involved in submarine rescue are of the form of saturation
decompression from an oxy-nitrogen dive. About 250 well described
exposures of this type were assembled from reports and additional
information from NSMRL, NEDU, ARE(PL) and Duke (7). These were studied
with several versions of equation <2> to find the most appropriate
gas exchange model. As is common, several formulations worked well
to describe the data. Next, another 1700 air dives, including the
published UK submarine escape trials (8), were added so we now
operated on nearly 2000 man-dives. Again several gas exchange
versions worked well. After analysis, a number of new saturation
decompression tables with a target DCS incidence of 1% were preduced.
Though they have not been tested on humans, they represent a careful
prediction based on a large volume of human data.

What other uses can be made of this methodology? Figure 1 has 2
sets of predicted p(DCS) for air saturation and immediate return
to 1 ATA. The dotted lines around each curve indicate the statistical
uncertainty in the predictions that follow from limitations of the
available data. The two sets of curves arise from 2 different gas
exchange definitions, (one with an absolute threshold of pN2) which both
fit the nearly 2000 dives equally well. For fitting the models,
experiments were available in the 25-29 fsw range, but very few higher
or lower. They agree well on predictions in the region where actual
data were available, but diverge at both deeper and shallower depths.
Thus the region below 23 fsw constitutes a real extrapolation into
untested conditions. The important question of what is 1% p(DCS) depth
for air saturation has uncertainty due to both statistical limitations
in the original data and due to uncertainty over which model is better in
this extrapolated region. The combined uncertainty places our 1% DCS
answer in the range of 10 to 19 fsw.

We expect this analytical method to be used more extensively in
examining other submarine rescue scenarios, especially those too
unlikely or too hazardous to justify direct human testing. As more
experimental data become available and are added to the analysis, our
ability to make reliable predictions will achieve greater confidence.
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PRESENTATION TO [HE US/UK/FRANCE TRIFARTLIS MEETING ON SUBMARINE MEDICINE
NEW LONDON, USA 1-5 JUNE 1987

ROYAL NAVY EXPERIENCE WITH MOLECULAR SIEVE CO5 REMOVAL PLANT VUGRAPH 1

INTRODUCTION

1. Mr Chairman, Ladies and Gentlemen, first generation nuclear submarines
controlled carbon dioxide using MEA scrubbers. There is no doubt that this
type of scrubber performed a useful job of work, although the shortcomings
were apparent to operators on both sides of the Atlantic. The MEA plant
required frequent attention to maintain the correct chemistry, the electric
boiler heaters were prone to failure, MEA carry-over in the CO, discharge
reduced compressor life, and the MEA contamination of the exhaust air created

th medical and engineering problems.

2. Molecular sieve technology offered the potential for developing an
efficient scrubber, amenable to continuous automated operation, and with the
significant benefits of clean carbon dioxide and exhaust air discharges.

In 1970 the Royal Navy initiated the development of the Temperature Swing
Molecular Adsorber, or TSMA, as a replacement for the Foam Bed scrubber.
Initial pilot scale process trials confirmed that it was possible to remove
carbon dioxide from typical background levels of 1.5%, whilst restricting
the quantity of nitrogen discharged overboard to acceptably low levels.
Typically 0.2% of the discharge.

3. A navalised prototype plant was produced and after successful land-based

proving trials it was installed in an SSN for sea trialsin 1976. This plant,

the Mk 1 TSMA was deslgned to remove 50 cubic feet per hour of carbon dioxide

for a background concentration of 0.75%. At this time the Maximum Permissible
Concentration was 1.0%.

LR In parallel with the fitting of the Mk 1 TSMA it was decided to build

an improved TSMA with increased performance at reduced carbon dioxide
concentrations and incorporating a low temperature carbon monoxide and hydrogen
burner, as a means of overcomfng severe corrosion problems that were being
encountered at the time with the high temperature catalytic.burners. This
{improved design TSMA could renove 50 cublc feet per hour of carbon dioxide
agaiast a 0.5 per cent background level.
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5. The improved Mk 3 TSMA was designed to be installed in the TRAFALCAR
- class SSNs. Two TSMAs along with two MK 5 High Pressure Electolysers were
to be the planned equipment fit.

TSMA DESCRIPTION VUGRAPH 2

6. This next vugraph shows the simplified process flow schematic, along
with major process pararmeters. Air is compressed to 7 bar, and then cooled
and dehumidified. The drying section consists of 3 beds each containing 3A
sieve. Two dryer beds are on line at any one time and remove the moisture.
The third bed is being regenerated. From the dryer beds the air, warm from
adsorption is again cooled and flows through the two carbon dioxide adsorbing
beds in use, where carbon dioxide and freon are removed on a mixture of 4A/10A
sicve. The air then flows through the carbon monoxide burner and is then
cooled. From here the air flow divides, scme being passed through an air
dryer heater to the regensrating dryer bed, and thence to exhaust back to

the submarines atmosphere. The remainder of the air flow i{s routed to the
adsorber bed that was regenerated during the previous cycle, and cools it.

The outlet from the cooled adsorber is divide& into two flows. One flow passes

to the hydrogen burner, whilst the other by-passes the hydrogen burner.

7. The plant solely uses chilled water to cool the process flow and the
carbon dioxide compressor. Control valves are pneumatically operated, and

control cubicles are solid state electronics.

8. The next VUGRAPH shows a Mk 3 TSMA main unit, not shown are the control VUGRAPH 3
cubicies and carbon dioxide compressor assemblies.

MAIN COMPRESSOR
VACUM PUMP
ONE ADSORBER BED
AIR DRYER BEDS ON OTHER PLANT
48 PROCESS VALVES REQUIRING CYCLING
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3. OTespile schieving success in devcloping the Mk 3 TSMA Ministry of Defence
engineers were only too well aware that the TSMA was a large, heavy, complex
and costly plant that was not energy efficient. Therefore, at the same time
as the Mk 3 TSMA was being produced a development programme was infitiated

to seek significant improvements in key areas of performance. The route

followed was to investigate the pressure swing adsorption process.

PSMA DESCRIPTION

10. Pressure swing refers to the difference in carbon dioxide partial pressure
in a molecular sieve bed between the adsorption and the desorption cycles.

If carben dioxide contaminated air is pressurised and the carbon dioxide

removed in the adsorption. phase, the carbon dioxide will then desordb from

the sieve if the pressure in the bed {s reduced to a value below that during
which adsorption took place. If the right combination of adsorption and
desorption pressures can be chosen then all the energy used to heat, cool '
and re-heat air in the TSMA process could be saved. In addition the overall
process design would be considerably simplifiqd.

1. Small scale pilot plant trials showed the concept to be feasible and
in 1978 a breadboard plant designed to remove 70 cubic feet per hour of carbon
dioxide at 0.5 per cent background was commissioned.

12. The VUCRAPH shows a process schematic for the PSMA system. Ailr is VUGRAPH &
compressed to 1 bar and dehumidified, before being ducted to a hydrogen burner.

The air then passes to a leading dryer bed containing 3A sieve before having

the carbon dioxide removed {n the leading carbon dioxide removal bed. The

carbon monoxide is then removed at low temperature and the lean, dry air
regenerates the saturated dryer bed and leaves the plant at a normal humidity,

approximately 70 per cent relative.

13. The sccond stage saturated carbon dioxide hed is desorbed by a

combination of vacuumassfsted by a low level purge flow of lean alr taken

from the outlet of the lesding carbon dioxide removal bed. The effluent fronm
the second stage desorption bed is sdsorbed onto the third stage leading cardon
dioxide Pemoval bed. To ecnsure full saturation of this bed, and reduce the

nftrogen belng discharged it fs necessary to route the break through tafl
gas back to the plant inlet,
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The saturaied lhird stuge bed is then desorbed ¥ *he third stage vacuum punp

feeding to the carbon dioxide discharge compresso.,

14. This next VUGRAPH shows the 70 cubic foot 72 ,our breadbeard plant. VUGRAPH 5
The two large lower drums are the dryers, with tke gecond stage carbon dioxide
removal beds above them. The main blower {s sit2a at the rear bottom right

hand corner of the plant, with the third stage Zeaa and vacuum pump sited above

the blower..

15. The PSMA was a simpler plant than the TSMA, iyt despite 2 years intensive
effort it was not possible to get the percentage surity of the carbon dioxide
discharge up to a staisfactory level. The third S'age wag removed and a
temperature swing stage substituted. This solved «he problem of excessive
nitrogen in the carbon dioxide discharge, but des:zn studies for the required
100 cubic foot per hour plant showed the voluze = be unacceptable.

In addition we had little confidence that parazesi.ally scaled design
predictions could be achieved. Accordingly the 54 programme was terminated.

THE REVIEW

16. The cancellation of PSMA was not seen as a disagter. After all the TSMA

was fully developed and being ordered for the TRATALGAR class subrarines.

This class of SSN was to be the first class requirsq) go achieve

0.5% carbon dioxide MPC. Two TSMAs each with a Teumoval capability of 50 cubic
fect per hour at 0.5% were to be fitted into each ingt, The TSMAs were to

be operated co-currently, as was the practice for YpA scrubbers. In the event
of a TSMA being down the remaining plant would ceoninye to run, but carbon
dioxide background levels would rise. This was not gn ideal situation, as
originally the two TSMA fit was for a 1.0% backsrs.und level with single plant
running. However, there was some concern when 2= i980 it was discovered that unlike

the MEA plants which increased carbon dioxide re=c/nl capability as atmospheric back-

ground levels increase, the TSMA reaches a physf:a: 1imit due to the thermal interia

of the plant. It could not be cycled faster than o fi{xed maximum rate. This

meant that irrespective of whether the MPC was 0.31 op 1.0% three TSMAs were

required. The particular characteristic of TSMA is shown on the next VUCRAPH

compared to the characteristic of a MEA packed Sseun plant. VUGRAPH 6

17. You can imagine the hiatus that this revela:i .y ¢reated so late in a

class build programme. However, the extra room 2~1 power was found and the
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TRAFALGAR class went to sea on time.

18. Clearly there was nced to review the way ahead for carbon dfoxide removal.
TSMA worked, but apart from removing the MEA associated problems it did not
offer many advantages. PSMA had been cancelled, and offered no promise of
improvements. Therefore, qmine gystems were re-examined and it was decided

to build a packed tower MEA scrubber based on the US Mk 3A VITOK unit. This
design offered known performance and low technical risk. The next VUGRAPH VUGRAPH 7 o
ghows the comparitive merits of TSMA, PSMA, the foam bed scrubber and the

packed tower scrubber. It is quite obvious that even when the additional
catalyticburners are taken into account the MEA option is by far the most

attractive. You could afford to devote extra volume, chilled water and power

to clean up the MEA in the discharges and still show overall benefits.

INSTALLATIONS

19. DRuring the time that we were reviewing the options for scrubbers, the

new low pressure solid polymer electolyser completed development, and went

into production. A comparison of installation options for oxygen production,

carbon dioxide removal, and carbon monoxide and hydrogen removal showed a

low pressure electolyser and packed tower systeam to be superior in all respects

to the high pressure clectrolyser and TSMA options. The next VUGRAPH VUGRAPH 8
shows clearly the benefits. Note: that our experience now shows that the

low temperature removal of carbon monoxide does not deal with organic vapours,
hydrocarbon aerosols and other contaminants. A catalytic burner would

therefore be a requirement in support of any TSMA option.

20. Because of the operational and technical advantages our new submarines
will have packed tower MEA scrubbers, with low pressure clectrolysers and
catalytic burners. Submarines currently fitted with TSMA will have them
removed at first refit and replaced with MEA packed tower plants. .

PERFORMANCE AT SEA

21. The Royal Navy is now committed to a return to MEA for carbon dioxide
removal, Often the wisdom of hindsight shows us that the basis for our past
decisions was sometimes overly optimistic. In submarine designs such
optimism commits us to an inferfor technical solutfion that may have to be
accepted throughont the 1life of the submarine.
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I would like to be able to report that the TSMA was a victim of changed

requireaents, and that other things heing equal was superior to the foam bed
scrubbers that it was designed to-replace. Unfortunately this is not the

case. The final VUGRAPH shows a summary of the performance of foam bed and VUGRAPH 9
SMA scrubbers. The figures in brackets relate to the early single Mk 1 TSHA

plant that was put to sea for development experience and is still at sea.

22. Even a}lowing for the inferior reliability, and greater repair time of
the foam bed compressors the overall availability of the Mk 3 TSMA is inferior
to that of the foam bed scrubber. Sceptics might consider the comparison as
unfair as the foam bed is a fully developed plant, with lots of operator
experience to support it. Whilst the TSMA represents a new development, and
the learning curve has to be climbed. I do not subscribe to such charitable
comment. There is no justification in putting an under-developed plant to
sea. The improvements between Mk 1 and Mk 3 TSMA show the gains that were
made, and I have no confidence that even given sufficient time and resources,
the TSMA could be made to have the same availability as the old foam bed

scrubber.

.

23. No doubt the new packgd tower MEA ;crubber will have problems during

its initial time in service. However, the technology is simple and the
identification and rectification of defects i{s inherently less difficult than
with a TSMA plant. I would expect that were I to be here in 7 years hence
1P a review of availability were to be conducted then I would predict

that we would see a rising trend as the benefits of the new MEA packed tower
plant became apparent.

24, Our experience with molecular sieve has been challenging, and not
entirely wasted. The knowledge gained has provided a useful experience into
the design and operation of this type of plant. There are applications on
surface ships where sieve technology could be quite usefully applied, but
unless there i3 a step change in adsorption technology, or new and severe
medical controls on the use of MEA I do not see the Royal Navy reversing the
decision to discard molecular sieves in favour of MEA scrubbers for the future
control of carbon dioxide in our nuclear submarines.
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POLLUTION OF THE ATMOSPHERE OF SUBMARINE
HAZARDS DUE TO AIR REGENERATION SYSTEMS
=000~~~
H. BODILIS - L. GIACOMONI

DY, 7, S

1 - GE: TION OF SUBMARINES

The purpose of air regeneration in submarines is not only
to allow life on board by doing away with noxious products, mainly
carbon dioxide, and supplying oxygen. It 1is also to Kkeep an
atmosphere whose composition is as close as possible to that of
normal air. That second purpose 1is difficult to attain and one
cannot consider for instance to go down to the normal value of CO:
in air (0.03 %), for to balance the hourly production of 100 men one
would have to purify perfectly 8,000 m® of air during that time !

That is  why compromise solutions between those two
purposes have been sought and air regeneration systems have been
studied and designed for submarines so that :

1) In a normal situation men can stay in a confined
atmosphere for months without feeling the least physiological
disconfort :

2} In a degraded situation (case of accidental pollution)
they can rapidly get rid of the resulting toxic products and bring
their levels down to values inferior to those for long period C.M.A.
(90 days).

However air regenerating systems 1n  submarines can
paradoxically cause, while working, vearious pollutions different
from those they are supposed to get rid of,

We shall examine the various risks of producing toxic
products by air regenerating systems 1in conventional and nuclear
submarines and the solutions found or being experimented.

2 —~ CONVENTIONAL SUBMARINES

Conventional submarines have little energy, that is why
21r regenerating systems use non~regenerable products.

Despite the ‘simplicity of the processes used, they can
cause incidents and air pollutions. That 1s why they have sometimes
been changed or improved.
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a) €O: removal :

On board the first french submarines removing COs»
was done with a mixture of superoxydes (oxyliths containing KO.
mainly). The bad quality and impurities of the industrial product
used were it to be at the origin of numerous incidents (violent
explosionsjwhich, in 1917, caused it to be forbidden.

It was replaced ‘by soda (Na OH) but because of
handling difficulties of this very corrosive product it was
discarded and replaced in 1938 by sodalime. That product, mixture of
Ca (OH)= (82 %) NaOH (3 %) and Hz0 (15 %) is little toxic. little
caustic, of easy use and much cheaper than the other classical
absorbents. Used dynamically in containers placed on fans it retains
up to 200 litres of COz per kilogram. Moreover in survival
conditions it can bhe wused statically and gives thus excellent
results.

However, its friability which produced some dusts in
the air on board, was a serious problem.

Two solutions were found :

1) The industrial manufacturing process was replaced by
longer semi-industrial process in which the soda and water are added
at the end of the manufacturing and not during the hydration phase
of the quicklime ; - '

2) The product 18 no longer handled on board and the
storage cells are directly used on the fans.

Those two solutions allowed the elimination of all

dust filters whose progressive clogging led to a reduction of the
air processed by the regeneration units.

b) Oxygen production :

¥/ On board french submarines, oxygen was supplied
until 1956 by compressed oxygen in gas cylinders (250 bars) situated
outside the pressure hull. That bulky and dangerous solution was
replaced by a “candle"” composed of four cubic blocks of a mixture
whose main component 15 sodium chlorate. The combustion lasts
30 minutes and the released volume of oxygen is 2 m®.

The risks while using this candle 1is the production
of CO, Clz, HC! and dusts. For CC they have been limited through a
maximum reduction of organic products in the pyrotechnic primer. For
Clz and HCI they were eliminated by putting sodalime round the
blocks.Finally, a filter allows the retention of dusts formed during
combustion.

These last few vears two slight problems of
operation have been noticed. The first being the emission of CO due
to the deposit of oils and fats on the outside walls of the candle
which reach temperatures higher than 300°C during combution. So it
was necessary to wrap the candles for them to remain clean while
stored on board. The second type of incident 18 very rare and 1is
caused by a too violent priming which punctures the wall and
releases directly without filtering oxygen full of chlorine and
dusts.
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3 - NUCLEAR A S

With.nuclear submarines, patrols can last up to 90 days,
therefore the problems of air reggneration are much more complicated
than on board conventional submarines.

Their energy not being limited, for the scrubbing of CO:
they are equipped with regenerable products reused in a cyciic way
and with water electrolysis for the production of the necessary
oxygen.

~ a) Oxygen production :

The problems raized by oxygen production plants are
known, the plants or at least their operation principles having been
used in our 3 navies. The risks they present are due to hydrogen or
electrolyte aerosols leaks (potassium solutions) or to mishandling.

A very strict training of personnel, the setting up
around these units of hydrogen and oxygen anai,sers which interfere
directly on their operating (stop at 1 % Hz and 23 % O=) have
avoided all serious incident.

b) Removal of CO-

French nuclear  submarines are fitted with awr
decarbonation plants which use molecular sieves. We shall examine
their characteristics in another lecture. Here, we shall only see
the advantages and eventual disadvantages of the system. Molecular
sieves, especially the 13X type, allow an excellent removal of not
only CO: but also of various other air pollutants particularly
freons, some 1light hydrocarbons and the water-scluble products not
energically retained by active charcoal. The advantages of the
molecular sieve were examined at the N.R.L. 1n the sixties and
confirmed in CERTSM during tests in laboratory and on board
submarines.

Air pollution from plants using molecular sieves can be
due on Dboard submarines to the simultaneous presence of water and
freons on the sieve during the sequences of operation of the plant
where it is to be heated. It can also be due to the passage, on the
heated sieve, of air containing some freonsor hydrocarbons.

In the first case, the acids produced (HF and HCl) are
responsible for the degradation of the sieve and the production of
dusts. In the second, acid formation 1is low, but the freons or
hydrocarbons degrade 1into toxic products (this 1s particularly true
with freon 11). The thermal decomposition of the organic products on
the hot sieves may be incomplete and thus allow the formation of
carbon monoxyde. In the case of acetylene, the production of CO 1is
particularly important. Therefore it 1s absolutely necessary to

process all the air which comes out of the molecular sieve with the
catalytic burner.

To avoid those problems, decarbonation plants must
compulisorily be designed according to the following principles
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. ~a) The _air which reaches the molecular s:eves columns
in_adsorption must be completely dehydrated (legs than 5 ppm of
water)

b) The _gaseous halogenated compounds 1likely to the
thermally degraded at_the temperatures met iaside the plant must be
totally eliminated before reaching the columng containing hot

molecular sieve or alumina, in_regeneration :

c) The whole amount of air processed by the
decarbonation plants must pass on the catalvtic burner,

- ¢) €O _and hydrogen removal

The removal of carbon monoxyde and hydrogen is done by
the catalytic burner whose active product is platinum oxyde
deposited on corundum (alumina). The weight of the platinum oxyde
represents 1 % of the weight of the catalyst. The CO and Hz
catalysis is complete at 50°'C. For safety, the operating temperature
is set at 100°C.

It 1s to be noted though that at such a temperature of
operation, there may be a risk of incomplete combustion with
formation of CO (particularly with acetylene). In that case one only
needs to set operating temperature at 150°C the transformation of
acetylene in CO» being then complete.

d) Actival charcoal :

Active charcoal is used in canisters made of 3 cm thick
perforated sheet metal containing 3 kg of product each. They are
distributed on board in filters containing a number of varying
superimposed canisters which purify the air (1,500 m® per hour) at
polluting sources (galley, toilets...). A filter, called main
filter, is placed at the entrance of each decarbonation plant, 1t
contains 15 canisters.

The amount of active charcoal use on board an SSBN, 1s
260 kg. The filter canisters are replaced every 30 days. The
distrabution of filters on board and of the stores of new and old
products avoids all risks of fire which 1s the main problem with
this product.

e) Electrostatic filters :

SSBN's are fitted with nine electrostatic filters (fave
in the propulsion room). The efficiency of the filtering with thas
gystem 18 remarkable and keeps the pollution in dusts and aerosols
low,

However the operation of those filters may present a
disadvantage. It is the production of ozone which may be reduced to
its minimum by a judicious choice of the polarities of the filters.
Coming out of the filters, the ozone concentration is generally two
to eight times superior to the fixed 90 days CMA for that product
(0.04 ppm) .

123

s v




The fast degradation ot this product aliows to keep the
ozoné content of inhabited rooms and watch station between 0.0l and
0.02 ppm.

Only the ozone concentration in the atmosphere of some
watch stations of the propulsion is above the fixed 90_days CMA when
the four filters of the room are operating. Stopping two of the
filters, which "is often possible (very low particulate pollution)
allows going back to acceptable concentrations.

.4 - CONCLUSION

As a conclusion, universally efficient air regeneration
systems do not seem to exist. The systems must be chosen in relation
to the particular environment in which they wzll_be useq. Especially
on board a submarine where each component, be it f9r its design or
modification, must be studied not only for its main operation bhut
also for its interference with the whole of the components of the
air regeneration system as soon as 1t may alter the quality of the
atmosphere on board.
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"6180-432:HWC:blf
IMPACT OF LOW O ON FIRE SAFETY IN SUBMARINES
Homer W. Carhart, Head
Navy Technology Center for Safety and Survivability

Naval Research Laboratory
Washington, D. C.

Introduction -

The thesis of this presentation is to show that fire safety
in submarines can be enhanced by operating at oxygen
concentrations below 21%. The "old wives tale" that a life-
sustaining atmosphere is a fire-sustaining one (and vice versa)
is not true. Fortunately, for us, we can take advantage of this

fact.

Three consequences of low oxygen will be discussed: (1) some
materials that burn in air (at 21% Oj) might not burn at all in
low oxyaen: (2) even if a material does burn, ease of ignition and
fire growth can be reduced markedly; and (3) we can buy additional
time for reacting to and extinguishing the fire. We will not
discuss the rapid extinquishment of a fire by nitrogen pres-
surization, which is a closely related topic but which falls under

the category of active firefighting, not passive fire protection.
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Oxygen Index -

ASTM D-2836 is a procedure for measuring Oxygen Index. This
is defined on the first vu-qraph. Fundamentally, what this states
is that under the conditions of the test, there is a concentration
of oxygen below which a given material, once ignited, will not
propagate a fire. The second vu-graph gives examples of oxygen
indices for common materials. The fact that red oak, plywood,
etc. have values above 21% (i.e., it might be implied they would
not burn in air, when we all know they do) is because in the ASTM
procedure, the sample is ignited at the top. This forces the fire
to propagate downward - but, because of the buoyancy caused by
gravity, most fires don't like to go in this direction. There-
fore, they self-extinquish at an oxygen level higher than would

occur for upward propagation.

However, even though the numbers are high, the concept is
still valid, and there are oxygen concentrations below which a
given material will not bura regardless of the geometry of the
test procedure, or that in the real world. In the case of a
hydrocarbon mixture - gasoline - the U.S. Bureau of Mines demon-
strated decades ago that this lowest value was 12% Oj when

nitrogen was used as a diluent, and 14% Oy for a COj diluent.

If, as shown on the third vu-graph, one assumes a bottom

oxygen value of 14%, a linear relationship would indicate that we

might get as much as 30% enhancement in fire protection with as
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little a drop in the ambient concentration of oxygen of only 23%.
This would be fantastic, if numerically true. 1t is recognized

that this calculation here is very unscientific, but it does

e 3 o,

indicate that enhanced protection could be considerable even with :
a small change in Oy levels. The choice of 19% here is totally

arbitrary on the part of the author, and was chosen because

cigarettes will still burn, and submarines have often operated at

this level with no untoward effects reported.

The bottom line is that where possible materials with high
oxygen indices can be chosen and used, or if these already exist
on submarines, they will not be part of the fuel load at low
oxygen levels in case of a fire - whereas at 21% O they would

be.

Impact of Low O» on Fire Properties -

Examination of vu-graph No. 4 shows the effect on burning
rate of paper as a function of oxygen concentration. These data
are for horizontal burning. It is quite apparent from the steep
slope that the burning rate is very sensitive to oxygen con-
centration, a drop of 2% (from 21 to 19) reduces the burning rate

by about 20%. The critical factor here is concentration of

oxygen, not total pressure or partial pressure of oxyaen. This 1s
shown in the £ifth vu-qraph in which one sces that even at 75 psia %

(5 atm.) total pressure, the burning rate of the paper increases
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very little over that at atmospheric pressure - but, the graph

also shows the marked effect in going from 21 to 31 to 41 percent

3
A
L
¥

oxygen.

Vu-graph No. 6 shows the effect of burning rate for *
: kerosene, a Class B fuel, as a function of oxygen concentration.

In this case, the effect of total pressure is more marked than for

that of paper, a Class A material, but again the impact of small
changes in concentration of oxygen have a large effect on burning

rate.

It's interesting to note in this vu-graph that extrapolation
of the data to zero burning rate gives values that are in the 12%
ball park which matches the 12% lowest oxygen value found by the
Bureau of Mines. Again, it is recognized this treatment is not
highly scientific, the vagaries of fire behavior being what they
are, but the graph does show once more that these trends can have

a real impact.

Another fire property of consequence that is affected by low
oxygen is total heat release. This is shown in vu-graph No. 7,
where for cellulose and hydrocarbons, a drop to 19% oxygen
decreases total heat release by close to 20% - again a significant

amount. On the other hand, adiabatic flame temperatures are

affected but little.
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Concentration of oxygen also has a marked impact on the
amount of energy needed to ignite a flammable mixture. Classical

data from Lewis and von Elbe (also published from the Bureau of

WA et

Mines) has been replotted in vu-graph No. 8 for methane and *
| ethane. Note that the curves are not cnly exceedingly steep as
shown, but are even plotted on a logarithmic basis for the energy
component, showing the surprisingly high sensitivity of ease of
ignition as a function of oxygen concentration. Extrapolation of
these curves to 19% oxygen gives increases of 33 and 40% in the
minimum energy needed to ignite methane and ethane respectively.
It is recognized that in the real world of a submarine, most
potential ignition sources would have energies orders of magnitude
greater than the sub-millijoule values given here, but the trend
is still eyecatching in its effect and does tell us that this

phase of fire behavior is indeed very oxygen sensitive.

Another fire property affected by oxygen levels is auto-
ignition - sometimes called spontaneous ignition. Vu-graph No. 9
shows the effect on a number of hydraulic fluids. These data are
taken from the NFPA Fire Handbook. Again it is seen that for six
of the fluids the curves are very steep as we pass through 21%
oxygen. Pseudo-quantification to 19% is not truly valid here
because of the nature of autogeneous ignition. The process is
much too complex to be described by the simplistic curves shown

here (even though they are widely publicized) This is partly ;

borne out by the data for MIL H-5606A, which show that its
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ignition is unaffected by oxygen concentration. But at least
these overall data do show that potentially a marked effect can

exist.

Vu-graph No. 10 shows data for the lower pressure limits for
ignition of filter paper as a function of percent oxygen. If
these data are plotted on semi-log paper, as shown in vu-graph No.
11, it indicates that by extrapolation to 19%, an increase of
about 16% in total pressure is required (i.e., from 400 to 460
torr). Further reduction of 03 level to 17% gives an additional
increase of 18% (i.e., from 460 to 540 torr). It is interesting
to note that extrapolation to 760 torr (i.e., sea-level pressure)
gives a value of 14% oxygen as the limit. One has to wonder 1if
this is a mere coincidence. The value 14% is too close to the

other values we have seen earlier for other fire property limits.

In spite of the apparent complexities and vagaries of fire
behavior, the author firmly helieves that nature is not capricious
and that she is really trving to tell us something here. The
problem seems to be that we haven't become smart enough yet to ask

her the right questions, and it's not her fault that we don't

understand what's going on, but ours.
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Response Time -

In.a most practical real-world sense, the impact on fire

e o A et WS Vo it

protection in submarines by lowering the oxygen level will help us

to "buy time"” to react and take corrective action. 1If one plots

almost any fire property with time, be it fire growth, total heat

e A A KN iy A TR o e sy

release, evolution of noxious products, temperature rise, etc., an
exponential type curve is obtained, as illustrated by the heavy
line in vu-graph No. 12. This is characteristic of a wide range x
of fires, from the fatal Apollo fire of two decades ago to that of
dropping a cigarette on the sofa before going to bed. The main
difference is only on the time scale. In the Apollo fire, in
which the author was one of the principal investigators, the time
from ignition to rupture of the capsule was only 15 seconds - the
fire was almost explosive because the atmosphere was 100% oxygen
at 16 psia. On the other hand, the cigarette might have been
dropped on the sofa at 10 o'clock and it isn't until three in the

morning that the house catches fire.

In most real world situations, a fire is spotted in its
incipient stages and action is taken to quench it before it "bends
the knee" on the curve. Thus, most fires don't make the news-

papexs. But there are the few where corrective action is not
taken soon enough, or cannot be taken at all, and the fire bends
the knee and a disaster results. If we could buy just a little
more time to react, maybe then the necessary steps could be taken

and the end result would be only an incident instead of a catas-
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trophe. In the vu-graph, the dotted line shows a gain of 30%.
Intuitively, as well as in reality, this would have to be a very
significant factor in preventing a disaster. In discussing this
with professional fire fighters, they would dearly love to have
more time in which to react. It would surely make their efforts

so much easier and so much more effective.

Impact on People -~

This paper is aimed at a discussion of the effects of low 03
on fire itself. The physiological effects of low Oz belong in the
realm of the medical community. However, the author wishes to
emphasize that: (1) Fires are primarily dependent on oxygen
concentration {(i.e., mole fraction, or percent of oxygen) whereas

life is dependent primarily on partial pressure of oxygen. The

two are not synonymous and must not be confused with each other.
(2) Fires are very sensitive to very small changes in oxygen
concentration, whereas humans are very tolerant of wide changes in
oxygen partial pressure. This latter point is illustrated in the
last vu-graph, which shows a wide range of environments in which

humans can exist and perform their duties.

These two points are the reasons why we can rcap the very
real benefits of being able to reduce fire hazards markedly in a

closed environment, with precious little, if any, effect on human

performance - merely by reducing the oxygen concentration. How

N e ——— ——————————_ I 4




much it could be reduced should be answered by the medical
community - to a value such that there is no decrement in per-

} formance. However, the more it can be reduced, the greater the
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fire protection. In a submarine, reducing the oxygen is easy - no

special equipment or engineering changes need be made. On closing ;

ot g 0m

the hatch, one waits until the oxygen is "breathed down"” to the

desired value before adding fresh. Simplicity itself! 4

Anectdotally, the author remembers well being asked about

smoking in the Sea Lab capsule years ago - an experiment in which

we were involved in monitoring the atmosphere. The concentration
of oxygen in the capsule was about 4%, the total pressure was
about 7 atmospheres so the partial pressure of oxygen was about
0.3 atm. The author told CAPT Bond at the time that smoking would
be impossible, but the aquanauts took tobacco with them anyway,
and found, much to their disgust, that they could not even strike
a match. Yet, they lived and functioned in this atmosphere for

weeks. Percent oxygen does indeed make a difference!
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UXYGEN INDEX

THE LOWEST CONCENTRATION OF OXYGEN WHICH WILL JuST
BARELY SUPPORT PROPAGATION OF COMBUSTION FOR A
GIVEN SUBSTANCE.
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18.2

FILTER PAPER

18.6

COTTON

18.9

RAYON

22,0

SUGAR

2.7

RED 0AK

23.8

WOOL.

3/4 * pLYWOOD

4.3

29.2

3/8 " prLYWOOD
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REDUCED PROPAGATION RATE

[

*0XYGEN INDEX FOR HYDROCARBONS IS CA. 14% (1.e., BeLow 14% !

02 HYDROCARBONS WILL NOT BURN). :

oSUBMARINES NORMALLY OPERATE AT CA. 21% 0z, A DIFFERENCE OF 7%.

o]F SUBMARINE IS OPERATED AT 19% 02, THIS DROPS 0y BY 2%, OR
2/7 OF THE 7%. (CA. 30%).

oWOULD THIS REDUCE PROPAGATION RATE BY 2/7 (30%)?
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The Naval Submarine Medical Research Laboratory's Studies
of Huan Fesponses to Fire-Retardant Atmospheres

CAPT Douglas R, Knight, MC, US Ravy

Deployed submarine crews must quickly extinguish fires in order to prevent
serious bumns and smoke-inhalation., Otherwise, fire victims may require
medical skills and supplies that exceed the capabilities and resources of the
survivirg crewnarbers.,

It's well known that efforts to catbat or escape fires are usually futile
vhen flames develop in oxygen-rich atmospheres, for the simple reason that
lethal temperatures are produced within 60 seconds of carbustion's onset
(1-3). But even, in an atmosphere of 20% oxygen-80% nitrogen, dangerous
tamperatures can evolve in an astoundingly short period of time. Brgineering
studies (4) of submarire hull insulation fires have indicated that flames
raise the air tmpex;ature to dangerous levels more quickly when the ship is
suberged that when it 1s moored at the dock. This is illustrated in figure
1, vhich shows that high temperatures evolve more quickly when the hatches of
the fire charber are closed than when they remain opened. fThe difference
between 30 seconds to skin injury (batches closed) and 90 seconds (hatches
open) could mean the difference between death and survival of fire fighters.

Submarine fire-safety may be wrproved by the use of a fire-retardant
atmosphere in occupled spaces.  Low concentrations of oxpjen can protect
hanans fran fire-damage by reducing the rate and spread of camustion, but
care must be taken to avoid the hypoxic effects of oxygen-lean atmespheres.
In theory, crews could live and work in 11% oxygen (Et)2 .11) provided the

baranetric pressure 1s adjusted to maintain the partial pressure of oxygen
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(902) above 122 torr (figure 2). Eleven percent oxygen should prevent most
types of fires, since 15% oxygen retards the ocarbustion of paper ard 13%
oxygen extinguishes pentane flames (2, 4, 5).

Studies at the Naval Submarine Madical Research Lahoratory (NSMRL) are
defining the safe, minimum POZ at nomcbaric pressure and the maximum
barametric pressure for use without risk of nitrogen narcosis/decanpression
s1ckness.

The author had the unusual opportunity of cbserving flaming cambustion in
an inhabited envirommental charber, where the reduction of oxygen
oconcentration fram 21% to 19% dimimshed the melting rate of candles by one
order of magnitude (figure 3). Seventeen percent oxygen diminished the
burning rate by an additional order of magnitude without lowering oxygen's
saturation of hemoglobin below that existing with 21% oxygen (figure 3).

Other studies at the NSMRL have evaluated man's visual function and mentat
perfomance during 1-4 hours of breathing 11.5-17% oxygen (8). These
concentrations caused seated subjects to experience a physiclogical state of
moderate hypoxia without adverse symptams. Mzasurements of the hemoglcbin
saturation (figure 4) showad that 11.5% oxygen (PO2 88 torr) induoed a state
of hypoxia that would be expected to degrade scotopic vision (6, 7). It was
therefore surprising to observe that the threshold intensity for scotopic
vision was no different at 11.5% oxygen that at 21% oxygen (table 1). It is
also interesting to note that human peripheral vision (figure 5) and timed

canpatation (figure 6) were not reduced by 11.5% oxygen (l’()2 88 torr).
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Althougn studies at the NSMRL indicate that 17% oxygen (P()2 130 torr) is
safe for use aboard submarines, further experimental work should be conducted

to detemmine t'e safe, minimmn P02 for miltiday exposures aboard submarines,
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LEGENDS

Figure 1. THE AOCELERATION OF AIR TEMPERATURES IN CLOSED-SPACE FIRE.
The data were adapted fram reference 4.

Figure 2. THEORETICAL LIFE-SUPPORT ZONE FOR CHRONIC EXPOSURE TO

NITROGEN-OXYGEN GAS MIXTURES.

The solid curves are isobars for PO,; the dashad line 1s an 1sobar
for Bi,; and the dotted curve is a bordérline between FO,'s which
supporf the carplete catbustion of filter paper and thosé which only
permit incovplete cambustion (S). PN, <1064 torr should permit no-stop
decanpression without risk to decarpréssion sickness. PO, >122 torr
does not cause hypoxic impairment of perfommance by US mGy—divers.
The mole fraction of oxygen (FO,) at the intersection of these partial
pressure curves, .11, theoreticglly suppresses flaming canbustion
without wpairing human performance,

Figure 3. The percentage saturation of arterial blood by oxygen (tep gragh)
is canpared with the melting rate of buming candles (bottom graph).
The melting rate of a candle 1s the change of candle length divided by
the burning time. Atmospheric properties: 0.9% carbon dioxide, 72°F,
50% rh, and 760 torr baravetric pressure.

Fiqure 4.

Figure 5. PERIPHERAL VISION, A Goldman perimeter was used to collect the
expermental conditions after approximately 7 sessions of training.

Figure 6. TIMED OOMPUTATION - The ordinate 1s the nurber of correct answers
out of 30 arithmetic problams. There was a time-limit for each
problenm.
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TABLE 1 Sootopic vision threshold, (@/1:12)

902, 160 torr POZ’ 131 torr 902, 88 torr

4.16 4.05 4.8

160




e e e ———————_——pom et

.

e A—————————~ N ——yoy ¢

USE OF HALON 1301 (FREON 13 B1)
ON BOARD FRENCH SUBMARINES
~==000-~-

H. BODILIS -~ L. GIACOMONI

==000===

1 - ORIGIN OF HALON 1301 IN A _SUBMARINE'S ATMOSPHERE

The use of halon 1301 is very little on board french
submarines. The amount on board 1s around one kilogram (1.8 Kg) and
is only used as & propellent gas (1).

Studies have however been made to determine what happens
to halon in case of leakage on board then dur:ing passage through

decarbonation plants and the catalytic burner used in the atmosphere
regeneration system.

The circonstances of a pogsible leakage on board have been
experimented. They 1mply a previous increase of the temperature of
halon to 265°C. The test showed that in such & situation the whole
of the released amount of halon was found diluted with other gases
formed in the capacity where it has been vaporized, then emitted in

the board atmosphere without having been thermally degraded while
this heating at 265°C.

2 - HALON AND AIR PURIFICATION EQUIPMENT

The risks of thermal degradation halon 1301 may then
undergo on the adsorbing beds of the regenerating system (alumina,
molecular sieves and platinum catalyst) which purifies the air on
board in wich 1t is diluted., have also been studied. The tests are
not numerous for 1t was rapidly shown that amongst those used on
board hialon 1301 was the most reliable for thermal stabilaty.

For those tests, a mixture of 4,000 ppm of halon 1in air
goes at a a flow of 100 liters per hour though a 18 mm diameter
Pyrex tube containing successively 50 grammes of various products
(alumina, 13X or SA molecular sieve, platinum catalyst). The
measurements 'were made at 150°C and 300°C (2.

At 150°C, there 1s no decomposition of halon 1301. At
300°C, 1t 1s very low, for example after a 60-minutes passage on the
13X molecular sieve, 7 % of the i1njected freon did not come out,
after 400 minutes only 2 % were missing The capacity of the sieve
for CO: was measured before and atter the test :n the same
conditions using the CERTSM automatic test set up (3), 1t decreases
from?7 % to 4.6 %. Besides, 1its analys:3 shows the presence or
0.006 % bromide and 0.08 % fluorine (percentage in proportion to
100 grammes of molecular sieve). Those products were not detectable
in the new molecular sieve analysed before the test. Finally, the
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vace gaseous products detected during the test when coming out

of the tuhes were in decreasing order COz, CO, HF and BRa,

3 - CONCLUSION

On the problems caused by halon 1301 in the submarine
atmosphere, the CERTSM experience is limited. It only allows to
state that this product is very stable, and the conditions which
might lead to its thermal degradation are very rarely met in the on
board equipment it can go through. On the other hand. its thermal
degradation at higher temperatures during fires 1S better known
particulary by our colleagues of the Air Force who have studied it.
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ADDITIVITY OF HYDROCYANIC ACID AND CARBON MGNOXIDE
INCAPACITATING EFFECTS ON ANIMAL XODELS.
J.HEE

FREBAIBBRILERNRLNENY

As part of our studies to estimate the acute toxicity of thermolysis
products we were induced to determine the acute toxicity peculfar to major
constituents of these products, including hydrocyanic acid and carbon monoxide.
The purpose of this study was to determine tize/concentration relationships for
a given effect on animal models, to find out laws goveraing the combination of
the effects of both gases and to put forward limit values applicable to =man.

) This paper only deals with tba results concernfng gas incapacitating erfects.

1. MATERIALS AND XETHODS.

OQur study was carried out simultaneously in two animal gpecles, nanely
rats and mice.

The experizental exposure device, as shown in figure i, nainly included a
5§50 L airtight chanber equipped with two honogenizing fans, a pollutant gas
inlet and a clesed-circuit analyzing system comprising two specific {nfrared
absorption analyzers

Four rats were put In separate squirrel wheels connected to a computerized
data acquisition system which made it possidle to measure, for each animal, the
duratfon and quantity ot work done cfther as a scpontancous activity ¢ in the
absence of any stizulation) or as a conditioned activity (conditioning sound
stinvlation) or even as a stimulated activity ("absolute stizulation in the
fors of electric shocks in the animal legs).

Besides, six mice were installed in szmall separate plethvsnographs in such
a way that only their bhead .werc expoced to the chamber atmosphere. The
recording of pressure variations within the plethysmographs made {t peosibdle

165

| |

s

H




e e o —————
H

s o et e e

274

not only to meastre the animal respiratory frequency but alse to detect the
mice agitatfon phases and thercfore to find out the moment when the spontaneous
motor activity disappears.

Each test Included three periods :
~ a S-nin control period in pure air
~ a 15-min fntoxication period, and
- a 10-nin recovery period after pollution removal.

As far as pure gases are concerned the concentration ranges studied were
as follows : from 30 to 172 ppm for hydrocyanic acid and from 700 to 6400 ppm
for carbon monoxide. Moreover, six different mixtures of both gases were tested
at the concentrations listed fn table 1.

2. RESULTS.

This paper will give only the results relating to nean times-to-
incapacitation for mice (Tia) and rats (TIm). For the rats we also tock into
account the time within which 50 per cent of the animals grew incapicitated
(T150).

2.1. The recults for hydrocyanic acid are diagrammatically shown in figure
2. From the mean times-to-{ncapacitation it can be deduced that mice appear to
be less sensitive to hydrocyanic acid than rats. As a matter of fact, the times-
to-incapacitation of G00 seconds, that {s 15 ninutes, is reached with 102 ppz
in mice and with 22 ppr in rats. .

2.2, Vith carbon nmonoxide, the differences between both specfes are less
parked as can be seen in figure 3. The concentrations correspanding to a nean
tines-to-incapacitation of 900 sec amount to 719 ppm in rats and 890 ppm ¢n
nice.
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2.3. The mean times-to-Incapacitaticn observed with the different gas :
: i - mixtures are gathered in Table 2. '

3. DISCUSSION. '

These results enable us to try to answer the first purpose of our study,

nanely the determination of the concentration likely to {ncapacitate a man
within 15 nminutes. As far as the quantity of {nhaled toxic poliutant is directly
: related to the respiratory flow and, assuning an ideatical extraction
coefficient, the dose can be calculated per kg of body weight, taking into
. account the respiratlion per wnit of weight, that is 0.53 L/kg In rats and 0.09
L/kg in man. Therefore, it can be deduced that this doce varies 6 times less
rapidly in nman than in rats. This allow us to think that the dose reached
within 15 minutes In man corresponds to that obtained in rats within 2 ninutes
; and 30 seconds.
» 1f, for safety's sake, we do not consider the time-to-incapacitation but
% the deconditloning time, as the first symptom o¢ behaviour degradation, we can
N calculate a critical concentration of 4,388 ppm of CO or 60 ppnm of hydrocyanic
i acid. Vhen a moderate activity results in doubling the respiratory flow, these
values nust be divided by 2 to set limits applicable to man, namely 2,000 ppo
for CO and 30 ppm for hydrocyanic acid.
{ Several authors haved proposed different ways to determine the laws
governing the conbination of effects produced by mixtures of both poison gases.
H The proposed solutions have given different results as regard the additivity of
o such effects. Vith the time/concentration relationsbip for each compound it is

<

pessible to calculate “iso-effect equivalences® between the different gases,
. according to the model put forward by LYNCH 1976).

Thus, {n a CO+HCN nixture it s possible to express the HCN concentration
in “CO equivalent concentratfon”, to add this value to the existing CO
concentration and, to calculate the expected effect of the gas mixture. It the
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observed value 1o scystesatically lower than the <a'culated value, the mixture
effect can then be consadered as a synergetic effect. In tbe contrary case, the
mixture has antagonistic effect. Finally, if values are equivalent, the
prevailing hypothesis s that of a =imple additivity of the gas etfects,

Figure 4 s diagran showing the correlation between observed and
calculated valves fo~ the 6 nixtures studled. It shews that, despite a very
slight tendency toward syneigy, the ¢loseness of the points to the identity line
corroborates the hypothesis of additivity of carbon monoxide and hydrocyanic
acid effects.

4. CONCLUSION.

Thus, our animal model makes it possible to deterntne incapacitating
concentrations in man of major pollutants such as carbon nonoxide and
hydrocyanic acid during acute exposures It also pernmits to confirnm that both
poison gases in mixture bave an additive effect on the notor behavicur as well
as on lethality, although they have ditferent mechanisms of acttion.
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Revolving wheels for rats
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Figure 1 Device for exposing animals to carbon

monoxide and hydrocyanic acid.
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Table 1

Composition of the six gas mixtures.

Mixtures | [CO] ppm | [HCN] ppm

A 700 142
B 1250 140
C 1350 73
D 3700 60
E 3800 150

F 5100 26
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Figure 2 Time-to-incapacitation in rats ( Timo, TI50 « )
and mice ( Tlawu ) versus hydrocyanic acid

concentration.
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Figure 3 Time-to-incapacitation in rats ( TImo, TI50 o)’
and mice ( Tla w ) versus carbon monoxide .

concentration.
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Table 2 — Average time~to~incapacitation observed

with mixtures of hydrocyanic acid and carbon monoxide.

Time—to— incap. (s)
Mixture |[[ CO J|[ HCN ]

ppm ppm| Rats (n) Mice (n)
Al 700|  142| 190 (3) | 240 (5)
Bl 1250  140| 153 (6) | 240 (5)
C| 1350 73| 315 (5) | 900 (10)
D| 3700 60| 195 (6) | 360 (5)
E| 3800] 150 161 (6) | 420 (10)
F| 5100 26| 197 (4) | 300 (5)
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Figure 4 Correlation between observed and calculated
times-to~incapacitation in rats ( Tlm )} and

mice ( Tla ) exposed to 6 mixtures ( A-F ) of
CO and HCN.
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PASSIVE AND ACTIVE EXPOSURE TO CIGARETTE SHOKE

' . UNDER CONTROLLED COMDITIONS.

v J. HEE

. ¥ F222222222231

As part of an experimental study of atmnsphere pollution by tobacco

spoke we have tried to show the acute effects cf a spoky atmosphere and

to correlate thke observed effects with cont-olled environmental
parareters.

The other purpose of the study was to estimate the non
spokerc'exposure to toba co smoke and to compare it with the

spokers® exposure.

1. MATERIAL AND METHODS.

1.1, As a reminder, this study was carried out within a 50-m3
1 cliratic chamber in which 6 smokers and 4 non smokers were alternately
seated at a table. During the first two hours of each 3-hour test
period, the smokers took turns at smoking 1 cigarette every 30 minutes,
for a total of 24 cigarettes (full flavour tipped cigarettes). This test
protocole thus ensured a continvous snoke production corresponding to
} 0.24 cigarette/n3/hour during the first two bhours. After this smoking
period the subjects remained cone more hour {n the chamber, i{n the
absence of any new smoke production.
. It is to be noted that smokers were allowed to smoke their usual
| cigarettes when not under test, except for one subject (S 10) who smoked
only the 4 cigarettes allocated during each test.
Five test sltuations were thus examined as follows :
- total confinement without smoke production (TC),
- total confinement with smoking (test C/$),
- diffusion ventilation by permanent opening of a door (test D/S), N

- confinerent and centrifugal filtration with active charcoal (test
F3ec/8),




- confinement and absolute filter (F1/8).

1.2. The subjects were exposed to thke following measurepents :
- nasal resistance measured by means of a rhincmanopeter in 8 subjects
(58 +349,
- estimaticon of the irritant effect of a smoky atmosphere

. according to the eyelid blinking frequency as automatically
recorded {3 8 subjects (5 S + 3 ¥9),

. according to answers given to a questionnaire (10 subjects),
~ measurexent of the carboxybemoglobin amount in all the subjects before
and after each test, as a function of carbon monoxide concentration in
end tidal air after a 20-second apnea.

~ measurement of urinary excretion of nicotine per 24 hours.
2. RESULTS.

2.1. Nasal resistance variations against a control value measured
before each test are given in 'Flgure 1. There is a gradual nasal
resistance increase in total confinement without tobacco smoke pollution
(T/C tast). This {ncrease is higher in smokers than i{n non-smokers and
it ccmpletely disappears in the presence of smoke (tests C/S ard F1/8).
Intermediate variations are observed when keeping the chanber door open
(D/S test) and using active charcoal ftlter F3. Such variations nust
howe'. « be interpreted very carefully. As a matter of fact, the
resistance measured at time t0 and used as control value was, on
average, lower in control test TC. Therefore, at the end of the tes., 1t
was not significantly different from resistance measured at the end of
test F1/8.

2.2. Average vartations of the eyelid blinking frequency as observed
in 8 subjects are given in Figure 2 which is a schematic representation
showing tbat naximum increase 1s reached after 1 h 45 min of exposure.
Compared with the effect of smoke tn total confinexent (C/S), the use of
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filter Fl paradoxically tends to aggravate signs of ocular irritation.
. But the us2 of the active charcoal centrifugal filter (F3ac/S) and the
opening of tbe chamber deor (D/S sitvation) both tend to reduce eye

irritation signs. However, such differences are not statistically
significant.
Subjective feelings such as tbey appear fron answers to

questionnaires (see Fig. 3) corroborate the objective measurements and

e St ot o

show that nuisance 15 essentlally caused by eye irritation.

A comparison betwecn these results and pollutaant analyses show that
the particulate phase {s not, or only lightly, {nvolved in the
irritating effect. The latter 1s more closely correlated with the

q formaldehyde concentration than with all other analysed gas components.

! 2.3. Fig. 4 is a graphical representation of average variations in
carboxyhemoglobin concentration. It enables us to make a comparison
between smokers and non-smokers as well as between different test
conditions.
; As expected the increase in COHb s bigher in smokers than in non
, smokers : 5.2 times higher in the D/F test and 2.5 times higher in the
' other tests, In actval fact, these relationships are an underestimate of
‘ the relationship between smoke quantities respectively inhaled by botk
groups of subjects. All things being equal, the absorption of carbon
monoxide actually decreases as the initial COHb increases. Now, the
carboxyhemoglebin level ocefore the tests was ranging between 3.8 and 6.0
%, on an average, in smokers. and only between 0.7 and 1.2 %, on an
average, in non-smokers. This a well-known phenomenon which s
corroborated by the fact that the carboxyberoglobin increase in subject
10 (smoker), who had an inftial carboxyhemoglobin level of 1 % or so,
was always higher than the average increase in other smokers.
Consequently, from the carbon monoxide intake ft can be deduced that
{n three hours of total confinement non szoking subjects {nhaled the

equivalent of 1 to 1.2 actively smoked cigaratte. As 2 reminder, the

atrosphere pollution levels in our tests were $ to 4 times afgher than
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pollutant concentrations usually observed {n the swmokiest public placec.
The variations of carboxybemoglobin levels observed in non spokers as a
function of test specifications are closely related to carbon monoxide
concentrations in air. It can be seen that the atmosphere pollutien has
a noticeable effect even on smokers despite their high initial
intoxication level.

2.4. The urinsry excretion of nicotine is a specific criterion of
tobacco smoke absorption. Therefore, a comparison was essential between
smokers and non smokers to form another estipate of passive spoke
intoxi{cation.

Average results expressed in micrograns per 24 hours are graphically
shown {n Fig. 5. Because of differences in values the results are given
on a logar{thmic scale. Subject 10 who smoked saly the 4 test cigarettes
per day was deliberately set apart from the other smokers. Considering
the urinary nicotine excretion of ¢this smoker after the total
confinement test (that is, 340 Pg) and, assuning that the excreted
quantity 1s proportional to the absorbed amount, it can be calculated
that non smokers would have fnhaled the equivalent of 0.75 to 0.90
cigarette, depending on whether passive absorption by the smokers is
disregarded or not.

From both the average daily consumption of cigarettes (all brands
being considered) and the average urinary excretion of our smokers it is
possible to calculate a urinary nicotine excretion of 86 y8 per
cigarette swoked, On the basis of this value the non-smokers would have
inhaled the equivalent of 0,73 cigarette in total confinement. Such a
value s close to the value given by the f{rst calculation. The absolute
filter F1 reduces this value to 0.2 cigarette while the active charceal
flter (F3ac) and diffusion ventilation (D) reduce it to 0,1 and 0,06
cigarette, respectively.

A5 we ealready told you in our previous paper, our nicotine
concentration reasurements {n afr are unfortunately not reliable enough
for us to correlate non smokers' urinary excretion with the nicotine
toncentration in the atrosphere. However, in order to clarify the
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question it should be noted that after three hours of total
confinecent the average nicotine concentration in air was 359 pg/n3. If
we extirmate that each subject inhaled approximatively 1 =3 of air during
the test and we assure that a total nicotine amount was abtsorbed, we
will then underestimate the passive inhkalation by a factor of 2, taking
into account previgus calculations and nicotine concentration in the
smoke main stream of our cigarettes (0.9% ©mg). Thus, subject to
validation of nicotine concentrations in air, the values measured in the
atmosphere do not seem to permit a correct estization of szoke
quantities passively inhaled by norn smokers.

Finally, we would like to specify that nicotine was the best tobacco
snoke impregnation tracer under our experimental conditions, because of
its short half-life. However, many authors have already shown that for
chronic exposures it is better to determine the quantity of cotinine, a
rajor metabolite of nicotine, whose half-life 1is longer. Such
quantitative analyses are to be carriéd out either {n plasma or in

urines rather than in saliva.

3. COXCLUSION.

Our experizental study has led us to come to the following
cenclusions :
- The tobacco smoke pollution of the atmosphere results in a nuisance
that rainly affects the eyes.
- The particulate phase filtration tends to aggravate the ocular
irritation whose intensity appears to be correlated with forzaldehyde
cancentration in alr.
- A three-hour stay in a smoky atmosphere whose average pollution level
18 3 to 4 times higher than in the smokiest public places is equivalent
to a smoke inhalation of 0 75 to 1 cigarette.
- In the absence of additional carbon rmonoxtde pollution the

carboxyheroglobin nessurement is a good criterion ror estimating

s s o ————
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exposures tobacce smoke. In the presence of carbon zonoxide
extrapcilution, it will be better to determine either the nicotine
concentration for acute exposures, or the amount of cotinine for chronic
exposures. Suck a deatermination will be made either in urines or in
plasma

= The quantity of passively inhaled smoke can be estimated in "cigarette
equivalent®” {f we consider tbat a cigarette corresponds to a 1 % or so
Increase in CCHb and to a 60 to 80 txg increase in the urinary nicotine
excreted per 24 hours.
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A Variation ( blinks/min )

Time

( hours )

Figure 2 Mean variation of eyelid blinking frequency
( b/min ) with respect to the value measured

before each test.

Significance * 0,05 xx 0,01 *x%x 0,001
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P', LATE AND- . . :
INFLUENCE OF \VARIOUS REMOVING DEVICES

J. HEE

. he problen of theiervxromuental pollut.lon from tobacco smoking and
its- effects on'non smokers is now a question of current interest. What may be
worryzng under: usual lafe. envirommental cond:.uons is cbviously all the more
worrymg in cohfiried or sam.~confined spaces as is more and more often the
case with battleships.

'merefore although smokmg is forbidden on board French submarines
we decided to characterize the tobacco smoke pollution from both qualitative
and quantitat::l.ve points of- view. We also decided to estimate the.eftects of
various removing devices on different types of smoke constituent parts, as

well as.the 1nf1uence of -such a pollution on- non-smokers. The latter point
will be dealt w:.th in another paper.

l-m'rmu,sammms

To.avoid any intergerence with another source of-pollution our study
was carried out in a 50 -m tighticlimatic chamber. This chamber could be
either ‘ventilated, with open or closed-circwt ventilation, or not
venLnated.

ngarette smoke was given off continuously over a 2-hour period,
either naturally by six smoking volunteers or' by means of a BORGWALDT smoking
machine of the Hamburg‘II tiype, at the. rate of 2 cigarettes every 10 minutes
(a total of 24 c:.garettes) For theé first case 10 subjects were present in
the chamber. For the second case, there were only two subjects.

Lach smoking test was prolonged by.l hour after the smoking end, :.e.
a total test period of 3 hours.

Three control tests-were performed in total confinement. One control
‘test was carried out with smokers (C/S) and the two other tests with the
smoking machine, either with (Cb/M) or without air stirring (C/M).

Three ventilation removal tests were carried out. In test D/S
ventilation was ensured by simple diffusion (by permanently keeping the
confined chamber door open). During the other two tests, ye used open-circuit
forceg ventilation with two different flow rates : 170 m”/hr {(test v2/M) and
250 m>/hr (test V1/M), respectively.

Finally, three types of closed-circurt filtration systems were tested
as follews :.a:99.999 DOP absolute filter (Fl).erther with {test Fl ac/M) or
without an additicnal active charcoal filter (test F1/S with smokers : test
F1/4 with the smoking machine) ; an electrostatic filter F2 and a centrifugal
filter F3 connected, or not, to an additional activated charccal filter.

186

- e e

o e b v e 2% AT

T

g 4 WP
g

%,

’

B L Sy S

© e e A

- AT Y s A

AT UV




(Eh

PRI S

oy,

s R A

VAo

:
¢
;
!

|

Ventilation = or filtration'- was appl:.ed continuously from the very
start. of ‘the experzment.

Pollution analysis related 'more particularly to :

- aérosols measured By weight using a piezcbalance ard 1n particle
- ‘number using-a Tager corpuscie ‘counter ;

~ hicotine, 'whGse Concentration is determined by gas chromatography
aftér gas ‘'scruber trapping-;

‘ " - carbon monoxide, determined by means of an infrared analyzer ;
-~ nitrogen oxides analyzed-by chemrluminescence ;

formaldehyde determined-by colorimetry ;-

total hydrocarbonic prégiyct§~ahalyzed by flame ionizaticn ;

- some organic campounds (acetaldehyde, acrolein, acetone, toluene,
etc.) determined by gas chromatography after trapping in a solide
sorbent.

2 - RESULTS

' As we don’t have time to enter into all the details of the results,
this paper will summarize the main pornts to be noted.

As far as particulate pollution is concerned, we can see that smoke
production is accompanied by a sigmficant change in the particle size
spectrum which does .not correspond to what is generally observed with
cigarette smoke. It is.indeed usually considered that the size of nascent
smoke micelles ranges from 0. 1 to.0.3 pm. However, in total confinement (see
fig. 1) a maximum increase in particles between 0.42 and 0.62 pm can be
observed. This increase concerns parncles which grow all the bigger as tame
elapses. Simultaneously, there is a drop in very fine particles (less than
0.17 pm in size). Al) such results may be accounted for by micelle
coalescence phenomena. They show that time must be taken into account to
characterize tcbacco smoke pollution. From a quantitative point of view (see
fig. 2), there are some discrepanc;e.: according as pollution is expressed in
parncle number, by total volume or by weight. This can modify the
hierarchical order between different situations. On the whole, it should ke
renanbezed that the absolute filter Fl achieves a smoke removal at least
equivalent to that performed by open-circurt ventilation. As for the
electrostat:xc filter FY, it is markedly less eificient and particle size
analysis shows that this filter is only effective for particles bigger than
0.62 um in diameter. Last of all, the centrafugal filter 15 even less
effective,

3

187

[ « -~

o s o it ot w wm s e

RV




o

e AN S o

This papef will not give the -results of ‘the analysis of nicotine
concentrations’ in--the  atmosphére, because of significant .discrepancies
resulting: not from the analysis proper but more likely-from our sampling
methed, "As ‘a matter-of fact, the effectivenessiof our trapping 'process 1in
.acidified. ethanol. is.not the samesaccording as nicotine is found in the
‘particillate’ ‘of Vapour ‘phase ‘of the smoke. Moreover, the proportion of
nicotine in the particulate or vapour. form may also vary widely as a function
of smoking ‘or removal’ conditions., However, to let you from a correct estimate
of 'the’ impdrtance Of ‘nicotine pollution, it should be mentioned: that the
avérage.nicotine concentration in the atmosphere amounted to 360 wg/m’ during
the total confirement test carried-out with smokers.

As regards gasecus, pollution all the.results cbtained at the end of
the smoking test period in total confinement.are.given in table 1. This test
can be regarded as a-control test. In fact, the concentration variations with
time’ are’ different from one compound to the other. There is a gradual
incredse in the corcentrations:of all constituents-during the smoking period.
But in the following period, there occurs either a. stabilizaticn No,,,
acrolein, acetoné, toluene) or.a more or less important decrease’ (in 0O, NO,
hydrocarkon compounds, formaldehyde). Such different-variations are connected
with transfers between gaseous and particulate phases of ‘the smcke as well as
with selective absorptions. by the smokers and the ‘chamber walls. The
variations with time of the relation-ships between the various constituents
confirm how difficult it is to select good tobacco smoke pollution tracers.
Besides, we found out that relation-ships between the various constituents
vary according as smoke is ‘produced by smokers or. by a smoking machine. It
was, however, not possible-to detérmine whether this was related to the smoke
source or to the different number of subjects-within the chanmber.

) Lastly, we could show that the putting into service of removing
devices had various effects on gaseous components. Such effects are
graphically represented in fig. 3 and 4 which correspond to tests carried out
with smokers and with a smoking machine, respectively. The first figure shows
that a significant proportion (50 to 75 %) of gaseous pollutants can be
removed merely by keepirg the chambér door open (D/F test). Such a smoke
removal method as well as air purification by open-circuit ventilation are
odbviously not seléctiVe. The active 'charcoal centrifugal filter (F3 ac)
‘removes a significant proportion of toluene and, to a lesser extent, of other
organic compounds, except formaldehyde which is not retained on this filter,
The absoluté filter F1 is a remarkably efficient aerosol filter but its
effectiveness is only moderate for acrolein and toluene. Besides,
formaldehyde tends to increase. However, it may be asked whether at least
part of the pollutant removal ascribed to filter Fl is not actually carried
out by ‘absorption by the-many subjects (10) present in the chamber. Indeed,
in tests performed by only two subjects with the smoking machine (see fig.
4) the filter Fl does not reduce acrolein and, a pmoticeable increase in
toluene can be cbserved, A tendency toward an increase in formaldehyde is
observed again and even-intensified. The addition of activated charcoal to
this filrer brings about a complete change in the situation. It 2induce a
significant decrease in measured organic compounds, except in acetaldehyde
(ethanal). The effects of the electrostatic filter (F2) and of the
centrifugal filter (F3) are mainly characterized by a quite important
increase in formaldehyde and toluene. As expected, the various filters have
pracflcally no influence on carbon mohoxidé.
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From thx.s experimentation, ‘we'can come'to the folldwing conclusions.

3.1 7 Even in the absence of. any undesired pollu::ion it 1s dxfficult
to characterize tebacco smoke pollution because of transfers between
particulate and gaseous phases. Owing to such transfers, the measurements are

dependent upon t:.me

3.2 - In the particulate phase, the smoke pollution. can be
characterized both by an increase in the number of particles.ranging between
0.40 and 0.60 pm in size and by a drop in' the number of micelles finer than

0,17 pm.

3.3 - The determination of the mnicotine concentration in the

atmosphere, which is obvxously the most specific tracer of tabacco smoke
'pollutxon, Still gives rise to methodological problems.

3.4 - Carbon monoxide remains the most stable tracer. Unfortunately,
it is not specific of tcbacco smoke.

3.5 - Because of smoke particle size range, the electrostatic filters
have not-proved-very-effective. Only absolute filters are capable of removing
aerosols produced within this particle size range.

3.6 - Particulate filtration ma.y paradoxically induce an increase in
the concentratlon of some compounds in the gaseous or vapour phase. This 1s
particularly trfue for-formaldehyde and toluene.

3.7 - The use of activated charcoal, whose adsorption is selectave,
cannot completely solve the problem of organic pollution caused by tcbacco
smoke.
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Particle number variations with time in
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Table 1

Main gaseous pollutants after two hours smoking

in ‘confined atmosphere — 24 cigarettes in 50 m3

Compound

Concentration ( ppm )

Carbon monoxide
Gaseous hydrocarbons
Nitrogen monoxide
Nitrogen dioxide
Formaldehyde
Acetaldehyde
Acroleine

Acetone

Toluene

25.7
177*
1.05
0.22
0.28

0.33
0.1

0.45

0.74

* mg/m3 of methane
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Figure 3 — Effects of different removal processes

on the concentration of tobacco smoke pollutants

( tests withsmokers )
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The question of the eventual, use of tobacco.on board French nuclear

-submarines was rarsed at the begmm.ng of the 1960's. The importance of the

smokmg‘ habits in the french populauon being taken into account and since
recruiting submariners was on a voluntary basis, the 1mportance of the
question seemed cbvious.

At the time, doctors and biologists of CERTSM got in touch with SEITA,
firm with the monopoly in France for tobacco production and distribution, to
carry out studies to know the tokicogical impact of tcbacco better and if
possible to reduce it.

There were different successive works :

- to assess the :.mportance of the problem by estimating the smolxxrg
habits of future submarine crews ;

- to get an estimation of the atmospheric pollution due to smoking and
the hazards or harmful effects on non-smokers ;

- to study the means to reduce eventually that polliution.

It is to be noted that in that latter field works were taken as far as
develcping an hypotoxic cigarette which led to the French production of low-
tar cigarettes.

1 - TOBACCO CONSUMPTION BY THE SUBMARINE CREWS :

For the habits of our submariners we gathered in table 1 the result cf
two surveys conducted at an interval of 23 years.

In 1963, the crews of our submarines had 88 % smokers who smoked an
average of 15.6 cigarettes a day.

In 1986, only 61 % were smokers and smoked on average less than 13
cigarettes a day.

The evolution of the .smoking habits cn board our submarines has
followed that of the French population who tends to reduce its consumption and
generally to give up the brown-tcbacce untipped cigarette for the blond-
tobacco tipped full flavor cigarette and even, lately, for the low-tar cor
ultra low-tar cigarette.

RIS TIRF

N«

bl

"

A, s o

JP

e

PR,

e — S

b= TN

st —— £

[




o — 2

2 - COMPOSITION OF “TOBACCO, SHOKE

'robacco smoke is ccmposed essentially. 6of;‘ the association of a-
particulate phase making a dense" aerosol' (about 10° micelles per -ml) with a
diametre between-0.1 and 0.8 m- and a gas phase.

The.toxic harmful chemicals to be considered in the smoke are divided
in 4 groups ;

.= the alkaloids.group, mainly composed of nicotine, is present in both
phases ;

- Carbon monoxxde, present in the gas phase ;

- a group of irntating substances containing aldehyde, ketonic and
acid compounds all, water soluble and, present, in both. phases H

-~ a group of polycylzc carbohydrates and various substances with a
‘reputation for being carcinogemc.

When a cigarette is smoked those various substances are distributed in
several fractions whichy muSt be taken into account as scon as one is
interested in environmental pollution by tcbacco :

- The mainstream makes up the fraction directly inhaled by the smoker ;

- The sidestream produced by the spontaneous combustion of the
cigarette other than the puffs, spreads directly in the atmosphere ;

- Part of the mainstream which is exhaled by the smoker and which,
according to a recent study, could be as much as 50 % of the inhaled smoke
cleared of the greater part of its water soluble components.

Obvicusly, the sidestream*and’ the exhaled smoke are.at the origin of
the atmospheric pollution and the eventual exposure of non smokers.

Table 2, '‘borrowed from M, W. FIRST shows that the sidestream is on
average two to for times richer in pollutants than the mainstream. Fortunately
for non smokers it is diluted into the air and eventually purified by ar
regeneration systems.

3 - ASSESSMENT OF ENVIRONMENTAL POLLUTION BY TOBACCO SMOKE :

To assess the importance of environmental pollut:.on by tebacco smoke,
CERTSM conducted numerdus measurement campaigns on site in places where pecple
smoke. The results of those measurements show that with an appropriate
ventilation poliution by smoke remains usually moderate and is for the non-
smoker just a "nuisance" rather than an cbvious toxic hazard.

As an example, some data have been taken from a more recent study
carried out.in a high-rise building in the region of Paris, inside rooms 1in
which the smoking habits of the people were different.

For the particulate pollution of these rocoms, we see that (figure 3)
the prescice of smokers, cbjectified by the measurement of the amount of

nicotine in air, goes with a higher particulate pollution distrabuted as far
as its particle size is concerned, along a particular profile (figure 4).
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‘The very low pollut:.on of the- "open space" ‘room 1s explained 1n spite

-of the presence of: smokers by the dimensions andthe good ventilation of the

!‘Odﬁ.

For the gasedus 'pollution, we can see (figure 5) that, for example,
the amounts of carbon’monoxide; aldehydes and formic acid are generally higher
in rooms with smokers.

However, in all cases, whether it be ‘for vapors or particles we can
see that the measu:enents done in that buildmg where the air is conditioned
and recycled are far lower than the exposure limit valies usually accepted by
work hygienists.

4 - TOBACCO POLLUTION AND SUBMARINES :

The 1963 survey showed for an SSBN a likely daily consumption of 15.43
cigarettes. The evaluation done then, of the resulting atmospheric polluticn,
supports (taking into account the type of cigarette smoked then) the
evaluation which can be done from our table 1 and the indicatiocns we have for
the smoke exhaled by smokers. That is to say the daily release in the
atmosphere of the sub of 132 liters of carben monoxide and 83 g of tars (i.e.
several kilograms for an SSBN matrol).

To purify those pollutants the planned air processing systems on board
submarines should be adequate. The organic products either in gas or
particulates phase could be removed by active charcoal filters, electrestatic
precipitators and molecular sieves of the decarbonation plants, the catalytic
burner being able to remove easily the carbon monoxide. As for the capacity
and therefore the volume of that equipment, the planned supplementary demand
because of tcbacco pollution was one of the arguments whach helped justify the
attitude finally adopted to forbid smoking. However, if it is true trat French
SSBN's make do now with an amount of active charcoal (about 200 kg) lower than
that on beard Bratish and US subs the amount of pollutants generated by
tcbacco dees not seen to be enough to justify really that difference.

A more serious argument was that related to the prcblem raised by the
purifying of tobacco smoke at the source, during an eventual intensive smoking
in exiguous compartments (crew station of officer's room for ainstance). The
necessary air renewing intensity for that purafying calling than for an
important increase of the ventilation flows.

5 = CONCLUSION

In fact, the attitude finally adopted by French specialists to advise
against smoking on board nuclear submarines does not come from technical or
mathematical arguments, but rather, thanks to numercus studies and the
acquired knowledge, from an early awareness, at a time when social groups were
not yet aware of it, of the hazard to smokers, the disconfort or feal canger
imposed on non smokers and the eventual creaticn of local nuisances difficult
to remove thus leading inevitably to that disconfort.
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. CERTSH has nevetrtheless gone on being interésted in the problen raised I Ll

! by. the use of tobacco in a confined’ atmosphere and- the futire lectures of D. i ) :

! J. ‘HEE will precise the paruculars. % <

.~ ¥ NS

( 1 -

i Today the op:.mon of ,doctors and: hygie—nsts lead-to an ever grow:ing , i

; popular consensus to’ adnit smokmg as bemg one of our worst- habits. ‘ S

o &

H § The tenptatibn ‘would be great to praise-ourselves with a decisions ki

' ; which is justified’ today by the evolution of mentalzues and habits 1f we did v

not remember those two.arguments which are.very- J.mpor;ant and may be the
reasonfor -the.decision : on one hand, the long. estabhshed habit not to smoke
for safety reasons on bord our. diesel electric submarines and on the other M
hand, the:last arguments but by far not the least, the fact that our first g
C.0. on an SSBN was himself a convinced non smoker.
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4.5, POLICY GUIDANCE CONCBRNING TOBACCO SHOKING ON SUBHARINES
The rather sobe:lng facts of tobacco smoking effects.smust be
considered Hith,:eqard to the subnarine artificial atlo:phete~
The benchmark 1950 ° repozt, by-.E" ‘L.. Wynder:and E: "A. G:aham. one
of the 100 : nost san1£1cant nedzcal articles ever publxshed has
left littles open. honest sczent1£1c -or. medical doubt about the

»deletezxous health, eitects of tobacco, smoking. Since- 1964 the

suzqeon Genezals ot the U.S. have reported annually to the natxon
the nount1nq and ove:uhelminq evidence of tobacco's ill effects.
This year, 1988. ce:eb:ovascular accidents, ptokes, have been
confirmed to be a :esult of tobacco use, and have been added to
the familiar 'list of tobacco assocxated dxseases.

Over 300,000 deaths a year in the U S., 15% of all U.S.
deaths, are caused by tobacco, not 1nc1ud1ng deaths due to fires
caused by ciga:ette smokxng (1500) ‘or deaths due to involuntary or
passive inhalation of ° tobacco emoke (uncalculated).

The £ollowing bibliogfaphy, paragraph ‘4.5.1, provides basic
information on tobacco effects for commanders. commanding officer
and their medxcal‘ottxcers - the cited sou:ces are pertinent and
factual, and it is the spec1£1c responszbllxty of each squadron,
group and force medical officer to :assist commands with the Navy
Tobacco .Prevention Program, as stated in the basic instruction,
SECNAV Instruction 5100.13A, and- amplified specifically for the
Medical Department in CNO msg 0619572 NOV 87. 1t is particularly
poignant that there is no other more preventable set of morbid,
although often latent diseases than those caused by tobacco and
its chemical and metabolic pzoducts. 1t is the purpose of the
Navy program to enhance the saiety and well-being of the crews and
ships by taking advantage of the opportunity that our medical and
scxent1£1c knowledge affords us.

What can been done regarding tobacco.use-on submarine? A
review of some facts is apropos. Sound studies sponsored by DOD
and the Navy demonstrate that about 28. percent of our ‘Navy
recruits smoke on entrance to the Navy, and the percentage grows
to 49 percent upon the sailors' integration into Navy crews. The
smoking problem must be, has been, attacked as each recruit enters
the Navy. ‘It must be continued after the member joins his or he:
ship. The Medxcal Department should be actively involved in that
educational effort, by command direction.

Pundamental to all of the anti-smoking efforts is an

Enclosure (1)
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acknowledgement&by\each person that tobaccoﬁcontaxns the addicting
d:uq nicotxne. :Nicotine is legal.«althouqh ‘it .and the other
chemical ‘congeners of; tobacco k 11 nore people than any othe:
cause in.society, except: .unrelateéd ca:dxovascula:<dxsease and,
pezhaps, cancer. Thus, the Sec:etary of the Navy. in SECNAV
Insczuction 5700, 13A xssued the 1mpe:at1ve- »SmoKingsshall be
permitted onlx .to the extent that it does not(endange: life or
pzopetty, or. risk impairing non-smokets"health."

The last’pa:t ‘of. the- SECNAV statement reflects an 1nteg:a1
matter ‘that has«been contested, but ig" now ‘accepted-
scxent1f1ca11y, is the effect of passive ‘tobacco- smoke
inhalation. Again, the U.S. Surgeon General has issued a rather
profound statement on the mattez. “...1nvoluntaty smoking is a
cause of disease, 1nc1ud1ng lung cancer, ‘in healthy non-smokers.

A s1mple sepa:at1on -of smokers and non-smokers within the same air
space may reduce, but does not eliminate, ‘the exposure of
non-smokers' to ETS (environmental tobacco smoke) " When the facts
are coupled with the guidance noted above, ‘the issues on smoking
aboard submarines come into ‘better--focus.

Given the two facts that' (1) passive iinhalation is dangerous,
and that (2) 40 to 50 pe:cent of the atmospheric contam1nants on
our best atmosphe:lcally con:rolled submarines, the Tridents, are
derived from tobacco, it becoimes rather clear -that the issue is
more serious than apparent, because the injury is paid for many
years later, as a rule. Tobacco smoking also impedes wound
healxng and it also degrades. -performance. How can tobacco smokxng
be pe:mxtted on a submarine? The ptaqmatic answer is: it is
virtually impossible to opetate our submarines without tobatco

smokers since they comprise 15 to 40 percent of each crew. This,
in turn, makes great the need for education on tobacco effects and
the encouragement of abstinence from its use, as has bteen
supported by the CNO msg 211052Z-OCT 87. As a digression, with
regard to electrical and electronic equipment, it has been
estimated: that 35.to 50 .percent of the superficial corrosion on
conductor :contacts is due to. the residue of tobacco aerosols. The
residue is a dull, pale yellow-brown film visible on “white"
surfaces inside a submarine. The residue plates out and corrodes
mate:xals, and .cause adaptive changes of physiological mechanisms
in our bodies, -as well. About the only "good statement"
concernan tobacco smoking is that the addicted user must have
nicotine for relaxation, especially while under stress.

There is no easy solution to the tobacco problem, aboard
submarines as elsewhere, despite the facts, regulations and

. Enclosure (1)

205

T R e oot ok g

gt

.




e e A

e

e o r———

——

m e wem e - e

R 17 W e

2

guidance. The ‘eventual solution can only be the abstinence from
tobacco use,. but the attainment of that goal, as part ot the

-submarine atnosphere control program. depends on individual

attitudes and p051t1ve commandwleadersh1p Some .commands have
been:quite successiul. Append1x D provxdes 2 realistic pzactxcal

:sample 1nst:uct10n*reqa:d1ng the use of tobacco aboard submarlnes.

«

4.5.1. SELECTED'BIBLIOGRAPHY.ON- TOBACCO- SMOKING FOR- COMMANDERS ,
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USE OF CONTAINERS TO PROVIDE LIFE SUPPORT

‘STORES TQ DISTRESSED SUBMARINES:
—==000-~~
H. BODILIS; L. GIACOMONI

~~=00¢c~~~

.REMINDER_AND DEFINITION OF NEEDS

The possible uses of sodalime under static conditions to fix the
carbon dioxide of escape compartments of submarines in survival
situation were treated during the fourth and fifth tripartite
meetings in 1984 and 1985 (2 and 3).

It was then shown. that :

a) CO= 1is, very efficiently fixed by sodalime used in static
(about 200 1litres per Kg). Besides the capacity of the
product 1s not altered if the compartment is overpressured.

b) The minimum contact surface between the sodalime bed and the
air of the comparment was defined with tests as 0.85 m= under
a 5.6 cm thick bed (that is approximately 20 kg of sodalime)
to ensure the absorption of the COz produced by one man
during 192 hours (8 days) (cf. Curve 1).

c) For safety reasons, the recommended exchange surface to be
used on board submarines was set at 1.70 mz per man which
gives, for the necessary 20 kg, a bed thickness of 2.8 cm.

In this survival situation, oxygen is supplied partly by the
reserve of air on board whose concentration can be lowered
without any risk, from 21 % to 15 %, then by the chemical
generators (chlorate candles).

With their stocks. French submarines can ensure the survival of
70 men an  each escape compartment for 8 days. When the
compartment is  not overpressured, the limiting factor of
survival is the decrease of oxygen partial pressure. In case of
overpressure, the increase of carbon dioxide partial pressure
would then be limiting factor.

That is why, it was ccnsidered., in case of having to lengthen
survival duration, to supply the submarine with complementary
regeneration products with the help of containers sent on board
through the escape trunks. The STANAG 1295 (1) project gives
the characteristics of the container defined by the Royal Navy.
We have studied here the capacity it offers for the transfer of
regeneration products under a form which can be directly used
ingide the escape compartment. We shall consider, as a
calculation unit, a 48-hour complementary survival in an escape
compartment of 70 men.
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Varlous tests on board submarines in climatic chamber and

in antinuclear shelters -have set the mean consumption of
oxygen per man and ‘per .hour at 20.4° ‘litres. To ensure that
need, we have in France a candle wich produces 2 m© of
oxygen,; the consumption of 98:men/hour.

The French candles are presented in a metal casing and
have an electric ignition, thus their use does.not call on
a specific combustion device. One only needs-to set them
on a metallic surface and ignite them with a portable
igniter. Finally, 'the mass of the candles is 11 kg and its
wolume 8.2 litres.

ix CO= eeds in sodalim

The tests carried out at CERTSM show that in survival
conditions, with a minimum activity in cold atmosphere
(about 1500 kiiocalories) and men wearing warm clothing,
the COz production is 16.3 litres per man per hour. To fix
that COz, sodalime can be used in two ways :

The first (cf. Curve 2)° 1s to set out, as soon as the
survival period begins, the whole cf the available stock
of product. Then the value of CO: changes in the way, shown
by Curve 2. It falls very rapidly as soon as the product
is set out, stabilizes then rises progressively back to
the initial COz concentration. Plastic gauze bags, divided
into 2.8 cm thick rolls allow the vield of the sodalime
shown in chapter one which corresponds to a low
consumption (103 grammes per man per hour).

The second is to distribute progressively the bags
containing the sodalime so that to keep a constant COx
concentration close to the initial one. Curve 3 gives an
example of this wuse. It shows that after 48 hours the
sodalime fixes 159 litres of CO:x per kilogram. We were
able to check that both conditions of use lead to similar
yields and an identical need in sodalime (102.6 g per man
per hour).

Remark

During the 8 days survival period allowed by the use of
the stocks on board, the first solution which brings about
a4 very progressive increase of C0zx, seems to be more
favourable for physiological adaptation (3).
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3 - CONTAINERS FOR' THE TRANSFER OF LIFE_SUPPORT PRODUCTS
‘3.; - Inaide dimensions

The. STANAG 1295 proaect defznes -the following dimensions
for the contaxners :

Minimum inside.diametre : 300 mm
Disposable inside height : 1200 mm
That is -to-say an ava1lable volume of 85 litres.

3.2n~,£1111ng the gongainer

In the avazlable volume, we can put a maximum of 3 candles
which have to be stacked, their dimensicns not allowing a
side-by side disposition. With those three candles each
producing 2 m® of oxygen, the container can therefore meet
the need- in oxygen of 294 men/hour. The volume occupied by
those candles is 25 litres. The corresponding amount of
sodalime, about a little under 31-kg, put in the bags,
will occupy 52 litres. That is to say a total occupied
volume of about 77 litres out of the available 85 litres.

OTES :

a) Prench submarines’ w;ll soon have a candle with the same
dimensions as that of 2 m® now being used, but it will
produce 3 m®, its weight will be 13 kg. If those
candles are uséd, the amount of sodalime for three
candles (about 72 litres) will not fit in the
container. It would &hen be more practicle to make do
with two candles (294 men/hour) and the corresponding
52 litres of 'sodalime. A vacant volume of about
16 litres would then be left in the container, it could
be used té transfer other indispensable products
(medecine or fcod for instance).

b) The use of sodalime in plastic gauze bags is well
suited to the filling of the container. The gauze bags,
whose height must be a little wunder that of the
container (1.2 m), are squeezed against the candles
which are stacked against the wall of the container
(that disposition 1is better than which would place the
candles in the axis of the container).

4 ~ HYPOTHESES OF APPLICATION TO FRENCH SUBMARINES

As an example we calculated the number of containers to be
transfered to keep in survival for 48 hours the 70 men
theorically inside an escape compartment. The number 1s

12 containers, that is at least 1 container every 4 hours. It 18
only a school hypothesis since the bottom hatch of the escape
trunks chambers on French submarines is too narrow for the
container defined by the Royal Navy.
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Table 1 shows:the necessary Tumbér of conta:ners»and the volume
and we1ght of products it must contain to ensure the- survival of
70 men for 48 hours. A compar1son .between candles 2 m* and 3 m*
’is.alse presented (columns’z and 3).

The use of 3 w candles does. not. lower the number of containers
to be used, however it ‘gives.a: :mich- greater available vacant
Volume than the '2 m® candle solution. That volume can .be used to
“embark-products other’ than those ‘needed‘for air regeneration
(food, medecine) .

5~ CONCLUSION"

< e

France dit not ratify STANAG 1295. Determining the necessary
amounts of regeneration products, to' ensure complementary
survival duration allows. however. .a-better. understanding. of the
problem and the proposal of solutions for the submarines of the
Navies which-can use-the- container defined by the ROYAL NAVY.

NOTE :

A recent draft STANAG (Ref 4) gives ‘the basis of data %o
determine -sodalime and candles to be stored in a submarine
escape compartment for air regeneration purposes under survival
conditions.

A
<

They are as follows :

Oxygen consumption 18.7 f@treéghour(men

@

Carbon dioxide production 17 litres/hour/men

The retained values to determine the life support stores in
French submarines and in containers are not very different
(respectively 20.4 litres for oxygen, and 16.3 litres for carbon
dioxide). It 1is obvious that the candles can supply this lower
consumption of oxygen defined by the STANAG. On the other hand
the series of test (Ref 2 and 3) has shown that the carbon
dioxide absorption efficiency of sodalime used in plastic gauze
bags is excellent, and there is no probiem to retain a carbon
dioxide production increasing up to 20 litres per hour and per
men.
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TABLE 1

Number'-of- containers. -volume and weight of products
to ensure life support in each ‘escape compartment
: T 'cf. a_French submarine. :

. 1 Container \yﬁzfﬂcapd;énban - 2-x candle 3 m®
2 Number - T a2 12
3 Available volume 85 litres 85 litres
4 Candles (Volume) 25 litres 17 litres
"5 Sodalime (Volume) 52 litres 52 litres
‘6  Occupied volume, 77 .litres 69 litres
7 Vacant volume 8 litres 16 litres
8  Maximal weight
container + stores 130 kg 130 kg
9  Empty container
(Weight) 40 kg 40 kg
16 Candles (Weight) 33 kg 26 kg
11 Sodalime (Weight) * 3l kg 31 kg
12 “Stores EWeight) 64 kg 57 kg
13 Container + stores
(Weight) 104 kg 97 kg
14 Vacant weight 26 kg 33 kg
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STANAG 1295
NT PROVIDE LIFE SUPPORT" STORES-
T0. SED_SUBMARINES.

CONTAINER
1) INSIDE DIMENSIONS : Diametre : 300 mm
) ' ’ - Height s 1200 mm

Volume 85 1
2) FILLING

Volume Weight Vacant volume

. , (litres) (kg) (litres)
3 candles (2 m®) 25 33
Sodalime 52 31

77 64 8
2 candles (3 m®) 17 26
Sodalime 52 31

69 57 16

APPLICATION TO_FRENCH SUBMARINES

Containers to ensure the survival of 70 men for 48 hours : 12
(one every 4 hours).
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2)

3)

4)

. REFERENCES

STANAG 1295

Minimum requirements for pressure tight containers for the
supply of Life Support Stores to distressed submarines.

H. BODILIS
Static absorption into Sodatime

4~+ Tripartite Submarine Medecine Conference )
INM ALVERSTOKE, May 1984

H. BODILIS . .
Utilisation de la chaux*sodée en condition de survie

S*m= Conférence sur la Médecine Appliquée aux Sous-Marins.
CERTSM -~ TOULON - Juan 1985

STANAG 1301 (EDITION 1)
MAS (NAVY) 042 S/MER/1301 - 23 March 1987

Submarine escape and rescue. Minimum conditions for survival
in a distressed submarine prior to escape or rescue.
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AN INTRODUCTION TO- SUBMARINE PSYCHIATRY
I. Ibtroduction and Brief History

Ay Two Important Principles
-B. Leonardo da Vinci Workbooks

C. First Prototype
1. Cornelius vcn Drebbel - 1620
2. Demonstration on the Thames
D. First Tested Prototype in Combat
l. The Turtle - American Revolutionary War
2. David Bushnell
3. Ezra Lee and the HMS Eagle
E. The Chronology of Robert Pulton’s Nautilus
1. France 1801 - Napoleon
2. Britain - Admiral St. Vincent
3. United States - Steam <Engine
F. First Successful Use in Combat
1. H.L.Hunley -
2. The Confederate cause in the American Civil war
3. Charleston Harbor- Sinking of the U.S.S. Housatonic 17 Feb 1864
G. U.S.5. Holland

1.First submarine in the u.S. Fleet
H. Diesel Submarines

1. w.w,1
2, W.W. I
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I. The Nuclear Submarine

1. The U.S.S. Nautilus
Z. The U.S.S. George-Washington-first ballistic submarine

1l. The Working Environment and- the:-Mission
A; General Environmental Conditions

B. No Escape

1. Diving tower as symbol
C. Inactivity
D. Boredom

E. The family-gram

111.The Submarine Crew

A. General Issues

1. Winston Churchill quote
2. "crew served weapon®
3. a large special forces unit

B. Secrecy

1. "loose lips still sink ships”
2. Secrecy equals safety
. 3. PRP certification
4. Influence on medical care delivery

C. Group Cohesiveness

1. Example of team work
2, Rituals underway
a. Dolphin ceremony
b, scapegoating
c. Sub-group competition

219

RS

e S R A e M s A WP 1




NV

Iv.

TS I e b Sttt g e e o

I

~3-

Di Tolérance of Space Réatrigtiop‘aﬁ@ Personal Living

l. Living cdnditions
2. Privacy
3. 'sleep . \
4. Transitional object restriction
a. Family-grams
b. Kohut research
(1) Self objects
(2) Self esteenm

E. Time and Time Managenment

1. Critical decision-making'
2. Drills
3. “idle” time
4. Meal time
4. Ritualization
b. Social function
¢. Weight problems

F. Perceptual Changes

1.vVisua)
2.0lfactory and gustatory

G. Physical fitness

H. Humor, sexual behavior and physical contact

1. Anecdotal experience
2. Sexual humor
3. "Half-way” ritual
4. The pin-up
S. Pranks
4. Trimming party

I. The Independent Duty Corpsman

The Submwarine Psychiatry Literature

A. General comments and introduction
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B. .Catedories- of studies.

1. -Psychological

2. Syndromal

3. ‘Individual-adaptational.
4. ‘Psychological Screening.

C. Selected. Subjects

1. Submariner’s-wives -syndrome
2. Separation experience
- 3. Phobia-counterphobia
4, Family coping strategies
S. Screening process
6. Sexuality and adaptation
7. Adaptation to eXotic:environment studies
8. Medical officer anecdotal reports

V. Conclusions

A. Summary

B. Questions and answers
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4 +++"MORE AND MORE, THE MOS1 USEFUL CRITERION OF MENTAL ILLNESS
APPEARS NOT OXLY TO BE RELATED YO THE INCIDENCE AND SEVERITY OF
PSYCHOPATHOLOGICAL STMPTOMS BUT ALSO, AND PERHAPS MORE IMPORTANTLY,
‘70 THE DLGREL [0 WHICH THIS SYMPTOMATOLOGY KisULIs IN SoCAlL

DYSFUNCTIONING OR, IN EXTREME CASLS, SOCIAL INCAPACIIATION, M3

'SOCTAL=-DYSFUNCT IONAL' CRITERION OF MENTAL HEALIY? 1S FARTIGCULARL
APROPOS TilE PROBLEM GF ADSUSTMERD OF TRE 106 to 140 NUCLEAR SUBRXINE
CREWMZMBLRS CONFINED IN CLOSE PROXIMIFY TO FACH OTHER FOR FXTENIED

SUBMERGED MISSIONS OF 60 DAYS oR NORE."

Weybrew, B. & Noddin, B. (i979) Milltary Medisine
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OPERATIONAL SUBMARINES AND NUMBER OF BILLETS
‘ BY TYPE OF SUBMARINE .
>
; 3
. SSBN SSH SS P
: NUMBER OF OPERATIONAL SUBMARINES 42 104 6% ’
NUMBER OF SUBMARINES UNDER CONSTRUCIION 3 8 0 ‘ PG
po
i
BILLETS
OFFICERS 128 12 10 .
ENLISTED 138« 3} s ‘
ESTIMATED TOTAL IN SUBMARINE SERVICE 12,500 12,05 | 750 ;
¥
12 SUBMARINE TENDER CREVS RN . .
FINAL TCTAL ' 37,930

* This {ncludes 5 S5 and 1 NR
*aMyltiply this twice since cach SSBN has a blue and gawd crow asslgned.
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CONTEXTS UNDER CONSIDERATION ?
i
1 THE INDIVIDUAL
11 FAMILY/ SIGNIFICANT OTHER(S)
| 111 IMMEDIATE ENVIRONMENT
IV GREATER SYSTEM
V  GREATER COMMUNITY
!
. 1
¢ ;
¥
» -
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DISTRIBUTION OF RATING OR SKILLS CATEGORIES
WHICH MAKE = UP THE SUBMARINE CREW

SPECIALTY ssB¥  ssN 8s
‘ (Xe150)% (N=125)% (N=125)%
|
ADMINISTRATIVE/EXECUTIVE DEPARTMENT &
i
ENGINKERING DEPARTMENT 65%
H
WEAPONS DEPARTMENT 81
SUPPLY DEPARTMENT 82
OPERATIONS/NAVIGATION DEPARTHENT 137
MEDICAL/DENTAL  DEPARTHENT i

* These ave groass estimates since billet allowance and the on-board count vary

Percentage distributions are often misalon dependans and fluctuate accordingly.
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A DEFENIFION OF. PERSONALITY

N T T T

+oo"THE PROGRESSIVE FINAL INTEGRATION OF ALL SYSTEMS O RESPONSE THAT

REPRESENT AN INDIVIDUAL'S ADJUSTMENT TO HIS [HER] VARIOUS ENVIORNMENTS."

Gordun W, Allport
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INDIVIDUAL
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Psychological
Peychophysiological
Medical /Psychiatric

THE

l.
2,
3.

1
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I FAMILY/STGNIFICANT OTHER(S)

g SR T
s S RN

Consider strengths and weaknesses within this context

23
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11T DIEDIATE ENVIRONMENT:

1, Morale
&, Leadership.Capabilicy

2. Stressors

8
be
“Ce
d.
e.
f.
8o

h.
‘1
1)

Confinement

Restriction

Stimulus Invariance

Revitalized Ambient Atmosphere

Threat of Hyperbaric Exposure

Threat of Radiation Exposure

Interruption of Diurnal Pericdicity -
Civcadian Rhythm Disturbance

Sustained Effort

Sleep Deprivation

Fatigue

3. Demographic Data

e
b.

Co

Sex

Kace

Age
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1} GREATER SYSTEMS

- 1. Imdi.ute Command Structuve
e | 2. Training
. X b. Opcrational

N ¢, Internal Organizational Dynamics ‘
: ! 4. Goals '
‘ e, Efficacy

: ! 2. Greater Military/Service Structure : )
! ’ a. Rank Structure
b. Inhevent and explicit expuctations i .
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GREATER COMMUNITY

City
State
County
World

i.
2.
3.

4.

o mm——— . ————
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vs.
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IRTRA
INTRA
INTRA
INTRA
INTRA

INDIVIDUAL

PAMILY !
IMMEDIATE ENVIRONMENT
CREATER SYSTEM

CREATER COMMURITY
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1,
2,
3
4,
S
6,
7.
8.
9.
10.

«

POSSIBLE OCCASSIONS O CONFLYCT

Contextual Ynterphases

INDIVIDUAL
INDIVIDUAL
INDIVIDUAL
INDIVIDUAL

Faumny

FAMILY

FAMILY

IMMEDIATE ENVIRONMENT
IMMEDIATE ENVIRONMENT
GREATER SYSTEM
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vs.
VS,
vs,
Vs,
vs.
Vs,
vs,
Vs,
Vs,
Vs,

FAHILY '
HCLOTALE WORK LRVIROSMEVT |
GREATER SYSTHY
GREATER COMUINITY
IMMEDIATE ENVIRONMENT
GREATER SYSTEN
GREATER COMUNITY
GREAFER SYSTEM
GREATER COMNUNITY
GREATER COMMUNITY
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BIOLOGICAL ADAPTATION IS A COMPLEX FUNCTION OF

4 A e e S ———

($)] THE NATURE AND SEVERITY OF THE IMPOSED ENVIRONMENTAL
STRESSES

' AND

1¢)) THE ADAPTIVE CAPACITY OF THE PERSONS iNVOLVED

Weybrew, B, (1971) NSMRL Report No. 686
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CASE A

A 20 Y.0. MARRIED WHITE MALE ATTACHED TO AN SSBN REPGRTED THAT HE

HATED THE NAVY SINCE HE FIRST ENLISTED. HE STATED THAT HE HAD COPED

NITH THE SERVICE W{IHOUT SIGRIFICANT INCIDENT UNTIL LIS FIRST MAJOR

DEPLOYMENT. HE REPORTS THAT HE HAS "HELD BACK FOR 100 LONG" AND
NOW FEELS DEPRESSED. HE FELT THAT HE WAS “ABOUT TO IXPLODE," BUT
DID NOT WISH TO CAUSE TROUBLE FUR KITHER HIMSELF OR THE NAVY. HE
INDICATED THAT HE HAD A PARTICULARLY DISTRESSING 85 DAY DEPLOYMENT.
HE DID NOT LIKE THE ATMOSPHERE AND DOYS NOT VWISH TO I PLOY AGAIN.

SICNIFICANT HISTORY

FAMILY HX OF ALCOHOLISM AND PATIENT ALCOHOQL ABUSE SINCE AGE !#.

DIAGNOSIS

SUBSTANCE USE DISORDER, ALCOHOL ABUSE

1
4
e
20 !
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CASE B

IA 21 Y.0, SINGLE WHITE MALE ET3 1IN A NUCLEAR POWER TRAINING PROCRAM
i
WAS DISENROLLED AFTER A SUICIDE ATTEMPT WITH OVER THE COUNTER MEDICAT:ION.

g 'HE" STATED THAT HIS PEROFRMANCE STARTED TO DECREASE AFIER HE BECAN T0

RUMINATE ABOUT HIS “MISERABLE CHILDHOOD". HE STATED THAT HIS ROOMMATES !

|
? (PARENTS SEEMED TO MAVEZ GOOD RAPPORT WITH THEIR SON AND THE PATIENT
i ‘REALIZED THAT HE HAD NOT HAD COOD PARENTS BECAUSE OF FREQUENT EVISODES

; OF VERBAL AND PRYSICAL ABUSE UNTIL HIS SOPHOMORE YEAR OF HIGH SCEOCL,

HE STATED THAT HE MAD BREEN 7% BEHIND IN THE PROGRESS CURVE SINCE THARRSGIV NG
(HE WAS INTERVIEWED 3 MONTHS AFTER THANKSGIVING), AND OFTEN THOUGHT

OF SUICIDE, HE FINALLY DECIDED TO OVERDOSE AFFER HE FAILED TO GET 29 POIRTS
FOR HIS DAY OF TRAINING. THOUGH HE [MPROVED SLLGHTLY AFTER DISLNROLLMLNG,

RHE CCCASSIONALLY HAD SUICIDAL RUMINATION,

OTHER HISTORY: FELT BERATED AND BELYTILED bY SOME ul' HIS SUPERIORS.

DIAGNOSES 3

-

. Major Affective Disorder, Deprescion, single epfsode
, 2. Neurotic Depressfon, chronic, futermittent

3. Mixed Poysonality Disorder-w/ ohseseional and passive-dependant
features

4. Benign high frequency tremor/ Henlgn nystolic murmur
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CHARISNATIC QUALITIES OF SUBMARINE OFFICERS AND PLTTY OFPFICERS §

"...NLL’ONING THE FIRST SUCCESSFUL PASSAGL BENEATII THE FOLAR ICE CAP Y THE
!

SUBMARINE NAUTILUS IN 1958, THE MEDICAL OUFICER STATED *THAT THE EFFECTIVENESS
OoF T”KC'Rﬂ DURING THE TREACHEROUS CROSSING VAS IN LARGE MEASUP . .iiE RESULT

OF THE ){AN!IER IN WHICH THE OFFICERS AMD PETTY OFFICERS CHANSSLLED AND INTEGRATLD
INDIVIDU'AL CREW MEMBER EFFORT INTO TEAM EFFORT S0 THLY THE ULSS{ON CAME 10

A TRIUMPHANT CONCLUSION,'
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CHARISMA. ..

'THOUGH DIFFICULT TO ASSESS,LEADERSHIP POTENTIAL OF THE KIND TYPICALLY FOUND
IN SUBMARINE CREWS QUITE LIKELY HAS COMPONENTS ORIGINATIM, BOTH FROM BATURF

AND NURTURE.

WHATEVER THEIR SOURCE, THESE PERSONAL QUALITIES APPEAR TO BE ESSENTIAL FOR

THE MAINTENANCE OF SUBMARINE CREW EFFECTIVENESS DURING LONG SUBMERGED MISSIoNs. '

Weybrew, B. (1971) NSMRL Report No. 686
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FOCAL INTERVENTION POLSNTS

1 PRE-SELECYION / POST-SELECTION

§ i A, FORMAL PSYCHOLOGICAL TESTING AND

: FVALUATION

. B. [EVALUATION BY INVITRO SIMULATION

z;: C. TFORMAL PZER EVALUATION {
ia

IDEALLY FAMILY AND SICNIFICANT OIHERS SHOELD
BE INCLUDED IN PRE~SELECTION EVALUATION,

[,

+ Sue bbb ntio d o st
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111 FOCUS ON SUBMARINE ENVIRONMENT
R .
MAN-MACHINE SYSTEN
. -

1. REEXAMINE AND CHANGE AS INDICATED
A. DEPLOYMENT SCHEDULYS

AND/OR

2, THPROVE METHODS OF COPING WITH DEPLOYMENT
AND/OR ENVIRONMENT VIA SPECIFIC TRAINING

‘ A, BIOFEEDBACK
3. HYPNOTHERAPY
C. ASSERTIVENESY TRAINIKG
D.  LEADERSILIP AND MANAGEMENT TRAIRIRG
E. STHESS MANAGEMUNT

3. THMPROVE LFABERSHYDP
Ao INCREASE SEHSITIVITY TO AN SIDE
OF MAN-MACHINL SYSTEM

I PPV LT IPe) . 247
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11 INCREASE FAMILY SUPPORT f {
|
1. FORMAL ORIENTATION TO DUTTES OF ; )
i »
SERVICE MEMBER M :
2. DEVELOPMENT OF INCREASED SUPPORT FOR FAMILY i '
. {
1.E. RFSETTLEMENI OF COMMAND UNITS ! ;
) 1
3. DEVELOPMENT OF MEGHANISMS FOR UNIFYING, , '
EDUCATING, AND SUPPORTING FAMILIES. . ,
1.E. MGLTIPLE FAMILY GROUPS
GOALS: EDUCATION ;’
VENTTLATION OF FEARS AND '
WORRIES
SUPPORT
;
.
|
{
|
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", o THE YIRST ESSENTIAL OF A SUCCESSFUL MILITARY
LEADER IS TO BE ABLE TO UNDERSTAND AND COMPREHEND
THE EMOTIONS AND THE SPIRIT WHICH LIVE IN THE
HEARTS AND SOULS OF THE MEN HE COMMANDS."

Majoy General John A. LeJeune, USMC
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probaﬁility

PUTURE CHANGEY

state of nature

course of action

gradual change

rapidly

discontinuous change

linear and sequential

succeed

{fol)

holistic and intuftive

PPy

succacd

suceecd

faginniy, R, {Xarch, 19806)
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' .PROMETHEUS AND SYSYPHUS VS. ORPHEUS AND NARCISSUS

o Ube or PABASL

P




