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ADSTRACY

A decomprassion tadle was developad to provide safe, efficlent decorpression from exe—
posures of 40 fzet for 720 nminutea to 300 feet for 180 minutes at oultadbla incremonts of
depth, On the basls of the results of L6 long exposwrs dives it was determined thnat con~
trol of such slowar half-time tlssues as the 160 and 240 ninunbte tissues wan required to pro-
vide reasonabdly safe decompression., The control of the allowable tiague tensions at the de-
conpression stops was datarmined on the basia of the relation of change (S) 2nd differential
() to known cafe tiasue tensions at 66 feet and 33 feet ebiolute for the varions half-tloa
tilsgnes, Decompression time required for loang exposurea calculaied on these controls is
much greater than provided by the precent Air Saturation Tabls. Tho tables vresented pro=
vide anfe decompression for all bubt subjests more suaceptidle thon usual to decompression
sicimess from leng exposured,

SUMMART

PRODT.RY

To dovelop a safe decorpresslon table for longer cxposures than ollovwed for on ths
existing standard air tadlea, na a protection for the trappad diver and other emergencless

FLNDINGS
(1) Control of 160 ard 240 mlnutes half-time tissuen 1a necessary for lonz exposure dives,

(2) Morked individual variation is susceptibility to decompression siclmess following
long exposures was observed, .

(3) Decompression tire for gafe decompreossion from lonz exposures is rpuch greater than
provided by the present Alr Saturatinon Tabls (Table V)(5).

(L) Roentzenologlc stuldy of the long boneas of ell subjects moking dives in this series
revealed no evilance of agsepbtlc necrozia devzloped as a result of prolongel exposures or ine-
edequate docorvrasalon,

RICO:LENDATIONS

. (1) Approve the decompression tables for field use in enmergency decompression for longer
end deeper exposures than provided for by the revised standard alr decompression tables,

(2) Incorporate the tables presented into Part I of the U,S, Navy Diving Mznual now in
prepacabion,

(3) Debermine the feasibility of uss of the submarine reseue chaabar for decompression
of the diver requiring loag vater stopss Provide oxysen decorpression to shorten the
shallaver stopa ln the rescue chanber,

(4) Determine the correlation of susceptibility of subjecis in this series to altitude
deconpression sickness toward developnment of a practical susceptibility test for divers,

(5) feat short and long exposures for subjects using decompresslon schedulea based on

o conntant ratlo for each half-time tlsaune in an attempt to shortea decompreasion requirs-
nents for long exposureaa,
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ADMIVISTRATITE INFORMATION
Reft (&) EDU Research Report 1-357 of 15 Aumaat 1956,
(b) FDU Research Rspori 5-57 of 3 December 1955,

Referenca (&) licted all the admlnistrative details leading up to the development of ths
single dlve tablea,

Referenca {b) documented furiher study required in their testing and the resulis obiainad.
This project reports the teating and revislon of the method for calculation of decom-
praaslon sch2dules for dives longer and deeper than diving operations will nornally require,
It provides decospreaslon schedules for these dives,

Manpower requirenents for this project were as follows:

DESCRIPRION HANUOURS
PE3T DIVES 1507
CALCULATION OF SCHEDULES 680
SUMMARIES AMD ANALYSIS 200
DRASTING 60
PRFPARATION OF REPORT 100
DUPLICATION OF REPRT 90
TOTAL 2637

Costs were charged to project order 300 38/57, Work comnsnced 23 Noverder 19,6 and
completed 20 June 1957, This report is issuzd in the Besearch Report serles, with un-
reatrieted distrldublon, 1t is the final report of the project,
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1, IUTHOLUCTICH
1ol Inkroluscion

1.1.1 Attesnis bto provide adejuats Gecowpression for long exnosures at draner deptha hava nob
met vith ualform adccass in peeven .ing drcorpreantion sickness, %he ‘ﬂ~i r:l1dans dezompsesslon
tables alm2d at eliainating the risk of serisus symdptonms whila reducling tho chanco of Lenda

to o nminimua (1)}, Thesz early workers in the fisld recognized the probability of slower
tissnes roqulring contzrol than was prorzided for in Lheir caleculabiona.

1.1.% Purther evidence %o sugport thls view appesrs in the raport of caleulabiona and testing
of the preegeni U,5. Yavry standaxd dscospression tabls (2)e Morksd reduetion in allowable sur
facing ti=-iz teastona for slower tiasuaen woaz required to proviides reazonably sefe deconmpression
Trom Leng epoaures at desper depths, Fihsnsive testing of dscomprsssion schedules presentsd
fa v Regearch Report 5-57 (3) valldatas tho necessidy of progressive reduction of allowabla
%Llsisae tensions for each slower halrf-tims tissue upon surfacinz, Furither reductioa was made
vith increacsd nxblaat pressurs at the dscorpression stons,

ev
143
v

1.1,3 In vleu of such recent advasces in decompressioan theory 1% was apverent thab decom=
presslon provided bty the prasent U.S, Navy decompression tablea (&,5) for longer end deeper
exposures is lnndequate to prevent decoupression slckness,

1,2 Ohjactive

1,2,1 The objechive of this project is to develop a safe dscocpression tadle for longer exe
pauu;d“ shan alloved for on the exisiing standard alr decompreasion tnble, ps & protaction for
the trapped dives and obher energencias,

1.3 Scong ' =

1.3.1 Tae eslculation, testing, aaalyals, and revision, if reguived, of deconpression
schedules for long exponuraes ab sulinble incremsuts of depth eund exposnrs tizs to provide
safe and efficlent drcomdression for thesa dives,

2, DESCRIPTICT

2ol Generel

21,1 If for scue enupe 2 diver has to spend an umasual anound of $im: a% & great depth, tha
divirg supervieor should have avnileble & decospraession schedele, vhich 4f used, will provids
reasonadle safety {rom decomproasion alckmasas, The hazards of the sinuadion may force the
diving supervisor bto teka other actlon, but be chould be able to place as mich truabt in an
enegrgency schelule as any other, The schedulea for "optimun® znd Praxinua® $ize glven in the
present Sionderd Aly Tabls, onl the vchedules in the procent Afr Sztursation Tabls, do not
lend themselves to any cuch confidenca,
2,2 Pregunt mathed

- P ¢

2,21 Th2 sreasni U.8, Navy Alr Saturetion Dezompression Table (5) prevides for ths energency
sltuation of the trapped diver whea2 exposure is longer than ‘llo':i Ior on the exiating
stonderd air deconpressioa table, Analyeis of thia toble in besey of the preagsnt methed of

conpuaintion of deconpression uca-‘u 8 reveals that it providas what is rnrsi.ﬂrad to be

sdequats d”ro“ncedzion for approximately 180 minubes cxponurs Yor dives %o 140 feel in depth
LDacampression provided for dﬁﬁaar dives is rdeguate for propartisastely ]nuﬁ exposure bina,
Therelora 4% is not reasonebtla to assume thal edequabe decompressien 1o svovided by theas
schednlea For lengsr or Czﬂpar £YDOGIATEY,
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2.3 [;-‘-,-H’, \n? e

2,3.1 A reviced staniard alr decompressiny bg preosmted dn EDU Reseavch Penort 5-57 (3)
a provida oafe decorpraasicon for &lves wn o 190 fact for &0 minuntes. Divea botwena 200 and
= thot
D

-
T T T YT Y AR e g

~—300 Test vars teslod and revorted as o povt of thoet study, nud ere to be imeindsad wi*h the re-
mainder of the *1v~1 in the preseab sunly for acczpiance na the second half of ihe revissd o
U._, Navy Stealard Alr Decoumpressien Table, 13 is eonsides red that air dlves to g eutﬂr deptha 3
an 170 faat for 60 pinubes will uot Le o uard ef routin: di?;ﬂg procedure, ond should bz in : 3

o sepzraia tahle of dives to longer and desper expisurac, .

2,3.2 Inforattion has baea gainad as %o the neel for redustion of 2]llowable tissue tensions
Al d22p2r decompresaions shons for the various h2lf-bime tissues (3)s Applicntion of this in-
formation t9 the caleculatiosn of air saturaticn decompression tebles was made and the resulp-

ing dzca-nreasion schedunles tested to determine tasir safsty,
£ -

-

& re

at resi, This was done bacausz of She mnay heura of caconnrassion raquired in 2ddition %o
tee long exposura ab dapth, Von Dar Aus, reperimng on the resulis of a series of long ex-
posure dives czde 0% EDY in 1947, found that work had 1ittle effect on the oubcomz of dives
of long durabion (6). Thus it is belleved that tiscus Lensions of inert £as resulting from
these dives ore repressntative of long exposwtces in alr or water, ut work or rest,

Z2eh,1 The test dives In this serlss wsre mede in the recompression chamber with the divers
21

WA L

2eh,2  The ascant ratewas §0 feat por winuba to each of the required stova, &s provided for
tha first half of the ravisal tadles,

2.66,3 A1l dives in this soriss ware conducted at 140 Teet for incrensing inerements of ex-

posure Uime. 1L0 feel wag chese as a modinn depih on air representntive of alr diving opro=-
cauureq, which are seldon in excens of 199 fert, YWhile making vossible a large greadicnl for "
~ nitrogea uvptaka,. it avoided some.linl the problens of nitrozen narcosis and breathing re=-

elstance at greater dopiha,

T Al TR AT A

(}

2.k, Sudjects who developed dessipression sielm ¢ requiring recormdression were not permitied J
— Lo dive for a period of Lwo weoln, Thls was na ab omdb t0 avoll the possibility of tisane
injury predisuosing to further sy ﬂtoﬂa from later dives,

24,5 OSeorial x-rays were taken of the
to dziernine whether or not aszntle bo
or inadequate decoapression,

1ong bones of the legs of all subjects in this serilea
8 rosls hal been produced by thesa long exposurea

2,5 Backeround

-

pression tavles, Their tro resulted ina general cclcuiation vreesduve known as the

2,5.1 WBoycott, Dancat and Haldane (1) provided a ratismal tasls for caleulation of decom-
) e
"daldone mzthod® of ealenisd anression schedules, Their basic tenchts were:

(1) %o never allow ths commtel nitrogen pressure in the tissues %o be more then twico
the amblent nressure,

oSk

-

{2) To make the fullest uae of the veraiscible difference in pressure to hasten the
2iion of nitrogea from the tissue

s

a of none tissuss producing de-
atd, Vhat we ho -a eimed at is
le at the same tim: reducing the

saturation and degaturati
slawvar thr\.". th2v hod rx::

Yo

They recosnized that the r f
comprasgion sickness was possibly
to cempletely obvinte the ricic o
chance of bends to a minimum," {

J--;.:)
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5 mimbe $isone 5.511
10 nlvwnte tissue o531
20 ninuto tizoue b P
LG minute tissue 2.0:1
75 minute $ilssue 1.8:1 to 2,0:1°

atien of decorpressien tables, they ignored the 5 and 10 minute tissues and voed a

: or the 20 rminute tissus, 2nd 2,0:1 for the LO and 75 mirulc $issuese Zheir
tlion raxioum ezfe purfecing tlosus tenslons made vosaible rmore efficicat docon-
lu that decper etopa thon necessary ere avoidzd, and the fullest uos 1s made of tha
12 difference In prescurs,

L=}
oy

Bohnlka (8) «

-

1l in a series of siudics on dogs oald

mination on 2 quaatitastive tazlss Fronm data obtei
rmman svbjects he consluded: '

(1) that nitrogen nbsorption ia proportlonnl to the partial preszure of nitrozen ia tho
lungs

(2) that with the same pressure hesd, the rats of nitrozeon absorpiion ls egual to tha
rate of nitrogen elimiraticen

(3) thet the ticme for complete nitrogen elinmination, and percents

pze rate of nlirgran
elinination, for corresvonding nerleda of tine are the snewo irrespective of the gquoabis, of
nitrogen absorbed by the bedy,

Howvever, the preclae enl-point of nitrezen eliminnticen could not be
than 1 273, with the result thal the longest tissus to be censidered in calculaticn of decom
pression tablea appesred to be one thich was €3 X 25 deoaburated ab the end of & hourz, Thiz
led Linm to concludz th=f it wsz unlikely thod compreszed adr illness following leng civejuces
to kish precsures reculted from on urn

natlen, Fxperimental values for the nitregea elinlistien curve gave further support ts th

estization of the btine required for pitresen elinie
o

a2
ruiviple tissue theory of calculation doveleped by Haldone by demenstrabing the variztion in
c¢isteibution of bleed flow in relatlon to the distridution of nitrozen in btheo boly,

2.5, Theo prasent U.S, Mavy Stardord Ay Decompressicn PTable was ezlculeted by using ths
20, k0 end 75 winube tissues (2, 9)s The tlssus rntics for the 5 zed 10 pinute tizcuss
appeared to be a0 high that they vere not rormally brought into control, The pattern of ce-
duction ugsed in the rotios was somewhat irregular, tut the followinz velues were spplicd

to fit emoirical results:

20 minute tlssue 2,45:1 to 2.8:1
L0 mimmte tissue 1,751 to 2:1
75 winute Lissue L7551 60.25%

Tesbz of schedules calculated by the thrae tiosus robh

2d Indieated that the ratiocs hed (o ba
reluced to the lower valucs after prolenged expoaur: ; ot

grecter daptha,

2,5.5 Van Der Aus ot sl (10) did extensive testirg of these decompreanion tables in carcying
ot tests of surface decompransion using aire They revorted that 24 percent of 81 sudjects
develovzd "bends" or "mild bends" when standsrd dscompressicn was uaed for working dives of
Jone duration,

mde o nobebla conftribublon to decowpression ealenlation by pubtsing nizrogen

T
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2.5.6 They further enalyzed avalleble

data to find lozlesl values for tiasun ratios, As a

rozult of cnleuwlation anl extensive teating of a eeries of surfece decormpression schedules

wing oxyzen (11), they found:

(1) tirt tissue ratlos must be reduced considerable for 21l components in longer desper

~ dives

(2) that the fast timoues someti-es control deep stops even with high tissue ratioa

(3) that the surfacing ratlos could bs increased to the following values:

5 minuto tissue
10 minuts tissue
20 minute tiassus
40 minute tissua
75 uminute tissue
120 minuta tisague

25,7 Ezductlon of tissue ratioa with

depth sppenrs to be ossential for calculatlon of safe

dzcompresslion tables by the Ealdane method (11, 15)» There ere several rmathematical-phyaical

evaluations to susport this concepls
tween "decormpression ratio for symptom

Raterman (12) derived a mathematical relatiorship be-

threchold® and "body saturation with air before da=

compresslon®”, Easlcally it results in a smooth reducticn of tissue ratio with ineresasing
prensura, Plceard (13) discussed the matheratical probability of a reduction in allowabls
nupersaburation as the totnl nass of disszolved gas incresses with increasing preasure, Cal-
culation of decompresaion tables using a tenth-powsr relutionship beiween tissua ratio and
tiseus pressure, with the surfacing ratios indicated by Ven Der Ave {(11) was described in

EDU Research Report 1-57 (14).

2,5.8 Testing and revision of these taodles in terms of the experimental results is reporsed
in EDU Hesearch Report 5-57 (3)s The allowabtle surfacing ratios required modification as

followa:

5 nminute tissue
10 pinute tissue
20 minutse tissue
L0 ninute tissue
80 minute tiasus
120 minute tissue

The projected depth ratlos were ncceptmbla as far a3 they were 2ble to be tested, but for
the slover tissues testing was possidle only to the depths of the following stopa:

LO minute.tlnsue
80 nminute tissue
120 minute tlssus

40 foot atop
10 foot atop
surfacing

Therefore, the present series of tests of longer exposureas will determine the adequecy of
thess prejected allowable tlssue tenaions at stops 23 deep as 70 feet for the 120 ninute

half-time tissua,

3» PROCEDURE

3.1 Initial calculabion and testing of decompresaicn tables

J3+2.1 Decompression tables were calculated for o depth of 140 feet for exnosure times of
90, 120, 180, and 240 minutes by the method deseribed in ¥DU Resenrch Repord 5-57 (Fiz. 1,

Table 1),
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Fo)e2 The validlity of these tables was %ested by cxnoslng & serles of 6 subfenia, 2 on each
teat, in the recompresslon chnmbare, The aubjecka wers deconpressed in sccordence wizh tha
caiculnted schedulen, Cnly two subjects were exponsd %o tha calioviased febie for 250 plnuies
expoaure, a8 ayiphtond requiring recomprescion cccurrad in bolh zudjecia folloulng dezempreaslon
in cacordance with thle tables

Je2 PFurther calculatlon anl teatinz of deocomprasnloa tablexn '

3,2.1 Eyvaluasioz of the caleculatlons for the 240 minule sxposure indlcated thnt further row
ducticsn of the nllowable tlasus tenslons a% tho stopn was in orders This tablo vas recale-
culaked whith the allownable tlssue tenslons abt the ntops based on the presasurs-dimmeler re=
Jationship of decreasing bubble dlanoier with Increassd amblent pressuro, propos=zd by Duffner
{25) (Fig, 2. Table 1B). This table added 68 ninubtes decompresalon tlma to the previous
tzbla Festsd, and decransed the a2llowable tlssuo tenalons at each stop for tha varlous hald-
time Biacuen, Four dives vere made on this table,

3.2.2 As tha pressure-diagstar controla did nodt prove gafs, furthar evaluation as to tha
duelacth In the conbrola was necassnry, A revlew of thzos 3yo tables ahowesd tha 120 minuta
tlssue te ba controlling for four and elx sbops, reapsciively. The poasidiliiy of control
paasing to & slover half-time tisauz, az 160 and 240 minudes half-tlnme, presenisd iiself,
The 160 ead 240 minuge tlssues would requive 16 end 2% hours, rvespectlvely, to desaturaia %o
atmogpherlc preswires

3.%263 A tnble wvas caleulated for 140 foet for 180 ninutza oa ths basis of the presaurse
Qirasber control with the 160 minuis tissus alfowed to surfasa wiith 65 fee’ abaoluls enslon
of nitrogans (Fig. 2, Table 13), Six dives ware nada wiih dsconmpresnsion according %o thila
table. Bazed on the resulta of these dlvas, it was Telt tha 160 minube %issus was still
surfecing with too grest an exce=aa $1ssue tension of nitrogen, Thia was reducsd to 64 fead
2llowable inart gas {lasus tension,

3.2,k VWhile the pressurs-diameter controls were consldersd to be conssrvative comparad io

the J controls iested inltlally, it was posslble tha% loass of efficloncy in desaturation

wsould occeuws due to n reduction of the maxisunr allowable differentlal azciinz mt each glops

Thus a coatrol was determined &s & maan between ths J snd pressure-~diamster controls for

each half-time tissuwa. (Fig, 3, Tadle 10}, [t did not oxcead 3hs maximin safs tlssuz tensiona
at any astop for safe dives, A 240 minule dive was calculated end tested with thls control, .

Je7:5 Az this diva 414 no$ prove safe, it was decided t0 rescalculets it using the moza con~-
savehive pressurs-diamelsr controln with the 160 minuse $issue surfacing at 64 feet abaoluba,
This table added 65 minutes decompresaion time %o the praviouvs tadlo calculated on the
pressure-tlanster control for 240 minutes exposurs, This tabls did not prove safe when testhsd
for two dives,

33 Further evaluailon of safs purfecins tlssus tensions

3.3.1 In ordsr ©o paln any further informatioa on tha safe surfacing tissus tenslona of
inert gas for the longer hall-time tigsuas, & gsavrch of the files al 7OU reverled rocords of
& number of long dives madse betwesn 1937~1945 which hed not Doea pravionsly reported, Many
of thzse dives wera mads at depihd batwean 30 30 99 fest for exposures up to 36 hours, Unw
fortunstely, the number o? divea at sach depth and time of exposure was ot considered
sufficlent to give valid data, Thers 13 ohviously a wids frdiridual voriation ln suscepii-
bility to dscompresalon alskness from longz exposures aa evidencsd in these dives, Tha 160
wminuge tissue surfecnd safoly with 69,3 feeb sbaoluie of nltrozen iension, tha 120 minuia
tisnue with 70,4 feet, and the 240 minuis tlasue with 69,9 feat in somna of thoza dives, Yol
there were dives which caused sympboma requiring treatment with puch lover valuss thaa thasa,
Jt does no% appear that 66 feah ebsolube L1y safe for sucfacing the 120, 160 and 240 minuia
tis ueca. Fo evidencs of eyrpboms was found for divas ia which the 120 winuis tlssue sucfaced
at 65 Zeey absolubts, Llkewise the 160 mlnute tlssue appears to purfase nalely wita 64 feak
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abselubtn, Hovever, thare were o a2 Lol wure safo in which tho X120 a2nd 1460
“lnute tlgsucs were baloew $h end pinuts sdeons wag from 64 te 70 featb

P o]

__osolule, While fhero sz variation in tne sefe vialuea for the 120 exd 160
minuts Silssuzs, the | ; tene for the ZLO miond

must gueabicn the exintaanze of & : ragulriag costrol slower then tha 2450 plause tlague in
many stbjectis, npa 1t srould be aafe to surfzes these with nuch greater values than allowadle
for the 120 and 160 minuby tivsusa, Theo 240 misuia tlzcuea were caleulatzd for the 240
ninube ayposursa In this serica and found to sucfaze from TFlad, Th.l, £9 nad 69,5 feet

respectivaly, {Tadble 3F).

e tlsausz geums wide ladead, Ona

3.3,2 GSluca the third and fourth divea for 240 mirutes 6tlll ceussd sympboms, it was dacided
to control the 2L0 minube fisgus a% 64 Teet an well, Tha 120 minute exposura whilch ceused no
syrphoma requiring trevoment spurfaced with the 240 minute tlsave at 63,3 fest absolute, A

w o{ the recorda of long dives showad no evidance of symphoms with the 2540 minulaz tlssus
fzat, the 120 minuita tisaus abl 65 feet sad the 160 minuts Gissue at 64 feet,

3.3.3 The maximun tiesus teezlons ab 3he stops Tor the various half-Size tlssues wers da-
ternined for dives in this series which wara free of symptoma, 4 regular decresase of chanpa
(S) vatwzen the tissus tenslens ab succeasively deeper shops appesred for ench half-~tims
tissne, A grarhical representatlon of this data alded in projecting the allowabls tlasus
tensions 2t the deeper stops (Fige 5, Table 1D). A t20le was enlenlabted on the basls of these
controla for 240 minubtes erpcoonve, and slx dlves node Yo test 1t,

3.3s0t To deternino 4f the 21lownble tlasue tenslona nt tha varlous sSops ralated to deaoity
increase ag a function of incransing amdbleat nresswrz, kuoewva safe tissuz tansions at 33 feat
were chosen, The allewable lasue tencienu ob the desper stops wero then prejectsd uaiag
prossure-rolume raduelinon of changs (S) allowanls ed 33 feet, consldering this to be 0,5 of
tha chanza oceurring in 10 atrospherea incraased pressure, Change (S) at 65 feet would ba
0,223 end at 99 feat, 0,235, Thezs pointa werz plothsed %o delermine the tlssue tensions
allowable at each stop for each half-ilme tissue, (¥Fiz. 6, 8; Tabls 1E)e Thess values rew
lated wall to the empirical values used for the shaliower stops, end projected the allowabla

issua Yenslons for the decper sbops 25 & function of change (8) et 2 aitmospharas atsolute
_ad ambleny przasure, This s an atlendt o maintain conatant the densliy of inerd gen in
ternmg of knowa safe dlffereatinl pressure, A dive for 360 ninules exposure at ihd feat was
caleulatel on the basls of these conirols for testing. o attempd was made %o control a 320
nlnude tissu2, a5 it was consldered thal longer half-hiwe tissues than 280 ninnies do no
exlat to require control in many subjecis, 1t was caloulnied to surfeco a% 59 Test absolule
on thls dive with tha 240 minute tissus surfocing et 64 feed ohanlube. YHkis would requira
103 ninnbes alditional time at tha L0 foobt stop te rsduce 4Lt Lrom 89 to 64 Teat shsolute,
Six dives wers pade to Uesh thla schedule,

38353 Further graphleal study of the relationabip of change {(S), differential (), end
allowzble tiasue tension ab the 2topas was carried ouy for ithe pressure-~volume conbrols,
(Fig. 6, 7)s It was deternincd thabt for deaper sheps, the incremsnts of change (S) decreasad

rarkedlye This resulted in o negative curve of differential (B) for the decper stopas. (Pig.7).

Since an ircreasing differential is allowadle as deed as the 80 foob sbop for the 240 nlaubs
tlssuo, and the 110 foo% stop for the 40 pinubts tiesue, it is losicel to Aszsuse that the curve
of allowable change (S) will at laast become asyrploratic ab 1l. (Fiz. 9)e This would &sllow
for som2 inerensing increment of allou~ble diffecential (B) in doternining allowzbls tizsus
teacion a% the varlous stops, (¥ig, 10). Aa the rabs of change in dsnalty of inerd gas in
thz tissuesa decreasecs narkelly after the first 2 eiwozpheres of increased pressure (Boylets
law), it is lozien) to asaszme that allowable differrntlsl chould 2b least hnve a slight
positive rate of change in its curve £3 1t relates to the depth of stons, (Fize. 10). A curve
of change (3) beconing asymotomatic at 11 for each half-tlze tissue inaures thia, (Fige 9).

3.306 A rrachieal salutlen for aexmiman Allowable tlszus preasure at the vaclious sloos for

ench half-tim2 tlssuo wog peds on the basin of the survea of chanpa (8) and differential (E)

allowthln far thess st (¥iq, 11)s Thoe roaulting a1 niloweble tisgsue
! noaarg in tabls 19, Rg bule solutian Y anly the degper stops al which no
2 ropenpad ing Bha 1233 bun zeorles of divan far 2828 and 360 winuten, 1% 1s felt
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that thip projection of ths curves for thesas stops 1s loglcal and gale. It will increanss

tha efficlancy of decompresmion In the wwmesassarily desp oteps are avolded, vhich would in-
creasa tha daconprasalon time required io dzsaturate slow tinsues sexpoaed to hignae presaures
for longer times than nszcessarye

J.b Calcwlatlon of final dacomprassion bablss

3alio1 Calculatlon of tha finel decompression tadles was carrled out by tha sama method and
controla projected in 3.3.6, A graphical solution was mads of %ims in full ninutes reguired
to reluce =ich tlssue tenslon to that allowable at sach atop. This was preparsd in tabular
fora for tus 40, 80, 120, 160 e£nd 240 pinube tiosues to facilitals the calenlaklon of ths
large number of docowpression tables required,

3.%4:2 DLnacospresslon tables caleulated were pa follows:

L0 feat 360, 480, 720 minutas
60 feet 240, 360, 480, 720 minates
80 Fes’ 180, 240, 340, 480, 720 minubtea
100 feet 180, 240, 360, 480, 720 minuisa
120 feet 120, 180, 250, 350, 430, 720 ninujes
140 feeat 90, 120, 180, 240, 360, 480, 720 mlinutes
170 feet %0, 120, 180, 2,0, 360, LBO mlnutes
200 Test 90, 120, 180, 240, 350 ninutes
" 250 feel 60, 90, 120, 1890, 240 ninutes

300 feoy 60, 90, 120, 180 minutes

Ls RISULTS
Le1 General
L,1,1 The results obtained from a total of 45 long exposure dives performed in the conducsh
of this project are recordsd in detail in tadlez 2 and 4. Theae ra2sults will be discueasd

in order of sequence according to the various controls of 2llowsbls tissua tenslons usezd,

h,2 Teablng of comuted tables

L,2.1 J controly (Duyer) (14)

(1) ¢f six subjects exposed for 90 minutes, two of the three subjects in the first set
had pruritis (itching of skin) during decompression, One of thess hed pariked rash over the
thorax, Juckebs were worn by the divers during ascent after this, to avold skin cooling with
tho drop in chamber temperature, None of the three subjects in ths second 83t oxperienced
pruritls, rash or othar symptons,

(2) Five of alx subjects exposed for 120 minutes wers symptom-fress Ons subjecl had
pruritis during decompression and 4} hours later experisnced dull paln in hie lefi knes last-
ing several houra, This subaided withoub recompreasion.

(3) Four of elx subjects expossd for 180 minutes had no corplainis, Two cubjezts hal
pruritis during decompression. One complained of pain in en anklo 1% hourz nofier surfacing,
wilch subsided without treatment, The other subjoct with pruritis hod onszst of imes pain 6
houra after surfacing. Treabtment was carrled out on treatment tadle two (4) withoul rew
currence or residual symptomss

() Both subjects expos2d for 240 minutes presented symotons within 20 ninutes of ter
surfacing wnlch required treatament on troatment table three (L)e Bolh subjects had knan

pain, One alao complained of dizzlness, and prevented limitation of visual fields and nystasms,
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The eother subject preasented decrexaed miacle streasth in hoth lezs, Yhero Jers noa residua
syopboma or rocurrence after treat-ent,

£ T S T T TR

252 Proessure~diannter controls

i

{

axd

(1) Four subjects made dives on the necend trizl of the 240 minute exposure, “Tha first
two aubjects had onsat of transient dull lez pain geoveral hours after aurfacing, which mub-
eidad ppontansously withoul treatment, Aftcr the nzxt exoosare on this table ona subjech
corplalned of ankle and knee pain; the other, upper abdominal pain, The onsst of symploma
was within 10 minutes after surfecing, Both subjects wers trented on treatment table two,
Tha subject with ankle and kneo paln hal a recurrenca cf theae symmtoma four hours laters
Treatment of thls recorrence was carriad out on treatmand table thres with freadom from re- :
aldual syrptoms and further recurrence, The sudject who complained of ecbdominnl vain presented fois
genarallzed wmiscle tendernesa and eplgnetric tenderness 6 to 8 hours afier treaimead, dub . 1.4
this clearcd without furthsr recompression, -

{?) six dives vere mado e8 a second trial of 180 minutes exposure with the 160 uninute
583300 permitted to surface with a cormputed teasion of 656 fesd nbsolute of inert gas. Ons
subject complalned of knne pain four hours after surfaecing, fTreatment was carried out on
treatmeat table two with no residusl sympioms or rescurrencs,  Threz other subjects complalnsed
of nild knes pain which subsided spontaneously,

5.2,3 Mean betwaen J and pressure=lianeter controls

(1) Two dives weve mods 03 o third trial of e 240 minuts exposure with the 160 minuts
tissua surfacing with a computed tenstion of 64 feet absolute, Cne Giver developed mottled
raszh over the abdomen on coaingz to the 30 foot ston. Thig disappeared during the stop, bub
racurral on coming te the 20 and 10 foot stons. Upon reaching the 10 fooi stop, he complained
of severs pain In his right hip and knees The otlier subjeel was locked into the izloo to
finlsh decompresaion es he was syrpton-free,

T

- {2) The subject with sympbema wos treated on treatment table thres and wes syepton-Tres .
n surfacinz. However, he ageln complained of pnrln in his right knee 18 hours after surfocing = &
—<rom treatments He was recompressed and retreated on treatment tadle thrze, tu{ hed no ro-
1i=f after 30 minutes a% 165 feot, He had persiptencs of pain until finiching 30 nminutes of
oxysen breathing at 60 and 50 feet, respectively, Tha pain was compledely relieved after
finishing an additlonal 30 minutes of oxyzgen breathinz at 40 feet, Ke hod no residual symptonms,
(3) The othar subject commlainad of pain ian both kneea and lower back ten houcs after
purfacing from the dives He was recompressed slowly to 165 feat with no improvement of
srrmioms,  In fact he noted onset and progressive incrazaes of pain in his right nld-thigh
dvring recompression, He had no coupleint of pain in this area bafore recompression. 1% was
necessary to sive him 100 mgm of Pemerol for relisf of thia aevere pain, even thouzh pxessure
had been decreased to 60 feed without improvemsnt in an attempt to decresnaz & possible tlssue
squeeze around the bubble (15)s It was then posalble to reconmresa hinm very slowly to 185 i
feet and carry oul treatment on treatment table three, He noted residual pain in his right |
thigh, but had no recurrenca of symptoms,

I,2.4 Pressure-dianeter control

(1) @wo dives were pads for a fourth trial of 2 2,0 nimite exposure wiih the 160 minute
tlesue purfacing with & computed tenslion of 6L feet abaolute, One subject complained of
dull -pnin in his left knee, thigh and {oot 20 minutes after surfacing, le was treated on
treabmwent table threa in view of the recurrences of symptoms previously eacountered in treat=-
inz decomnpresslion sickness occurring from these long exposures lesz than L to 6 hours after
surfacing, He hal no residual symptons or recurrence afier treatmant, prid

P

(2) The second subject remained pympiom=free for 11 hours after surfacinz, then com-
plaired of dull vain in his 1efi shoulder. Mo was treated on treatment table two but had
1itile reliel of the dull pain vntil he had fialghed 30 minutea of oxrgen breathing at 60 and
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50 feeb, respectively. Ko was glvea oxysen for 2 hours ab 30 rsei, ond 1 hour at 20 foab
end nt 10 feet in eddition to insure completo resslution of hin sywmobtomas

14.2,5 Regnlor decrease of change (S) based on known safe tigsns tenalons.
£ i &

(1) six dives wore made on & control basel on a greohical enalynis of allowable incrementa
of change (S) betwzen atops with both the 160 and 240 minunte tissues swfeacing with a computed
tension of 6 feeb nbsolute, This was the fifth trial for a 21,0 rinute eXDOBUT2,

(2) Wo subjects complainsd of syvptoms after the firsh two 2ives, Oas of thesa subjacis
had syrptona requiring treatment after the second trisl of 180 ninutes axposure,

(3) Tho second dive produced knes mad hip pain in one subjszt two hours afier surfocing,
Ho wns trcated uvnevenifully on treatment table three. Thia subject cosplained transient knes
pain alker the 120 minute dive which produced no syirptoms in other sudjecis, Ph2 other audject
on this dive was free of symptoms. He experlenced sympioms requiring treatment after tha
firat trial on thz 180 ninute dive,

1

(L) The third dive in this serles produced knss paln in ong subjezey aboub 20 pilnubes
after surfecirg, He wos trented unsventfully on treatment tebls three, This subject had
knee pain requiring trentrent after the first and third 4rlals on the 240 minute diva, Tha
other subject who wos sympiom-free following this dive, bad sympboms requiring treatmens
coming on 10 hours after surfacing from the h4ih trial of the 250 minube dive, :

(5) The two sudjects experlencing symptoma during this series of dives opparently havs
body components requiring control slower than the 240 pinute tissue, The 320 minutz tissua
on thie dive surfaced with a computed tenslon of 65.6 fest sbuoluie, It wo 1d roguire 33 move
rninites ot the 1C foob ptop to reduce this to 64 feel zhyolube, Thers ia a poosibility thaj
even slower tlssues wmlght need. $o be conaldersd for subjects poriicularly suscepntib's o
syrpioms after long erxpoavrea, Tuls would reguire much lenzer decorpressicn then is needed
for the average subjects Thus %o have &mn efficient doconpresasicn tabls for long expoaures
it nay be necessery to accept the possibility of symotoms occurriang in a few susceptible
subjecte, -

L.2,6 Preasure-volume reduction of change (S) based on know safe tissus tenslons at 33 feeb,
Six dives were nade to test a 360 minute exposure calculated va these conirolse Four subjechs
were ssymploratlc following thase dives, One pubject co-plained of dull paln in onz knes
which lasted several hours, but subsided without trestment, £noiher subjeel experiencad pain
in his right knee and left enkle, 6 houra after surfacing from the dive, He was treated on
treatment table three with no residus) symptomz or recurrznca, 2Another subject who was
eymptom-free on the fifth trial of the 240 minute exvosure was also aaysptormatic on this dliva,
None of the subjects had eny symptoms during the decompression phase of this dive,

1,3 Pesclts of long bone x-rays

4,3,1 Anterc-poaterior ard laternl x-rays of lonz bones of the legs of all subjects making
dives in thls perles were rade at the stort, upon completion of the dives, and after a 2
nonth interval, This was done to rule out the possidility of as:pbtic bone neerosis davelon—
“ing 23 a rosult of prolonged erxposures to increaned presnure or inedeguate decompressicen

(15, 16, 17, 18, 19), Xo evidence of mseptic bone neecrosls or other bany pathelozy appeared
on thess filma, This is In accord with ths report of Behnke &nd ielham (15) who fourd no
characteristic lealons in roentgenologic study of divers at differant perioda following bends
arising from experlirental dives,

5. DISCUSSIQU

5.1 Reuults of test dives

5.1s1 In the course of carryins oul the test dives For long expasures in this projesct, 1t
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becans opnarent thad conalderadicn of alower Lol S
“or dlves of deptha and exposure times umally sacountersd in alr diviags Until this re-~

—qulremsnt vng fully appreciated, furth 1 of wllouvable fissue tensions ab the da-
corpression stops was of no avail In preveniing syupbems of deconprasslon sicknepa,

tlieuen wns rejulired than is noceasary

5.1.2 Interprstation of the resulis of thess exporincctial dives wan further complicited by
cenaideradble individunl varistion in suscepltibility to decenpresslon sickne:s among the mub-
Jecty exposed to idenbiesl decompressicn sohedules, The enly subject o have minor syopboas,
of six subjects expased on tho 120 nirute schedule, had mede J1 dives withous symptoms during
the conduct of the expericeatal dives for th2 rvevined standard air decomurescion tablss, EHe
also hal symptoms reguiring trealtmsnt afisr the f1fth trial of the 240 minute exposure, Th
only otner subject having eymptoma after this fifth trial, developed symploms during ths
decorpression pericd on the third trial a2t 24,0 minutes exposure, The otuer subject who rew
quired trzatrant afier the $hird trisl did not develop symptoms uatil 10 howrs after surfacing,.
It is rermrrkabls that of twvo subjects regquiring treatment alter the firpt and sescond trilals

of th2 1% ninute expesure each rade the other trial without symploma regulrinz treatmen’,

501.3 A further implicablon of ths wide range of individual variation bo aymptocs following
long exposurea is that to privide rensonadly efficient deczompresaion for such dives, it moy

be necessary Lo accept the poszsibility of gympioms oceurring in the more suszeptidle subjects,
If a 320 pinute tissns wvare to be controlled on these dlvea, it would s34 many houra of de-
comprasalen time to that vhich is alveady very long, WThis may very well be decomoresalon nod
regalrid. by maod of the did:rs, In visy of recurrence of symptoms when shorter treatnand
todles were uged with lezss thon 6 hours interval after surfacing, at least treatment tadbla
three with uce of oxygen will be requirsed to ftreat symptoma ocevnrring after decospression from
long exposures (20),

5.1.4 Several atterpts swiere wmade to relate the allowable tl:asue tensicns a2t the deconpressicn
stops to ambieny prassure, The validity of the final controls rests on the fact thab sympioma
did not occur during tne decempression ctopn, Due to the lenpth of thase stops and further
veductlon of pressure, it is believed that sympboms will occur before surfeeing If $the cone
rols upon wirleh they are based are unsafe. It remaing to be proven %hat more lidernl controlas
“Tthan those prescutly wsed are pernissidle, The present coatrols used for celeulation of the
final tables are based on lnown safe tiszue tensions % 65 feet absolute, 2nd upoa surfacing,
The curve of change (S) (Fis. 9) becoren cosyvptobic ad 11 for each half-time tissne, this
parnitiing a positive rate of change of differentisl prascure ab the various stops. (Flze 10).
This results in A repid decrease of zllowable tissue tension with the greateszt increase in
density of gas in the first 2 atmospher2 iacreased presswre (Flze 11), and m less rxapid ds-
ereaso wilh smeller increases in density with further pressure increase (13, 15). Walle de=
creace of allowadle tissue tension in this nranner 1s quite conservative, it is desiradle to
avoid the possidility of onset of symptors &t any of the water stopos nffer long exposurea, Ii
remaing to be proven, however, that & constent rate of increase of differential resuliling
from constent ratios of tiesue tension to ambient pressure 'zro vnassfeo,

501.5 Von Der Aus (21) studied exposures of 12 hours at 99 font with immedinte ascent to 33
feet vhere 12 to 24 nours were epent In decompression before surfacing. Unon reaching 33
feet, & 2:1 ratio resulted in ell tiasues threagh the 120 pinute tissus, with a 1,97:1 ratlo
occurring in the 160 and 240 minute tisaus, Yo symnboma cthor than mild i%ching occurred st
tha 33 foo! stop, but dscompression siclnean did occur vuon swrfacing in sevoral cubjecta,
Thiz would indicate that no reduction of ratio ef the stops is vequired for the slevw tissues,
but that surfacing with a 2:1 ratio for them is unsafe, (Piz. 12), Dives stuiled in TOU
Reperi 5-57 were asynptomasle with the 10 mimute 4issue at 2,8:1 ond the 20 rinude tissue at
2,0::1 at the 60 foot ston, Therafore the evidenca for reduction of tlssue ratios at the
deeper obops i not altogather convineing,

5.1,6 TFor routine air dives, reductica of tissue ratios from thoze alloved for surfacing decs
not result in excessivs dacermpression time requiremsnss, However, it ia spsavent that raxwimm
differentizl presaure (5) is not ntilized in keeplng with =fficient decorprossion metheoda,
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Dacorpressien tlme required s much grealer for long expouures when dzpth ratlos are reduced,
meug AL Ven Der Auste work can be validabted four Czoper dlves it would resnlt In great saviag
in decomprocaion bine for lovg exposurea, This will rewaln to be preven in Tulure projocts,

5,1.7 It is now apparent thzt previcus frilure to provlde adequate decompression for the
longer, Ge2par exposuren, oven with rorked reductlon of the sloweat tiscuss consrolled (75
ninute halif-tixe), wne due to failure to consider the 120, 160 and 240 minute half-time
tiscues in decormression calculaticns, Computation of decanpression with a2 rotle es con-
gertabive &3 1,75:1 for the 40 2and 75 pminute tissues (1, 2, 7. 10) did no% result in safe
decoupresaton for longer ezpssures, aa csntrol of the 120, 160 and 240 mluuie Tissues at 1.9%
(61, £ant ebaolute) 1z even more conaervativa,

551,08 Pleeard's methematical-physical evaluatlon of bubble formatien (13) augzeats marked
reduction of allownble tissue tension at each deeper stop to malntein e constont differential
prezsure ecting upon tissnues at any depths This resulis in a pressure-volumz-denaiiy control
of wllowable tissue tension by Hoylels law to maintain the probability of budble formablon
conabant, Co-trol curves of tissus tensions at the various stops calculated on this basia
ppo2ar b0 e vestly more congervative than empirical coaivols baszd on kaown safe Llasua
tenstons derived from experinental diveza,

5.1,9 The constant differential control used by Rashbass {22) with aaturstion-desaturation
calculated by Eill'a asclubtien of Flek's equation (23) has not resulted in tablea which ars
considerod adequate in the usual ronge of depihs nnd exposure tim2s used in alr diving.
Satursation by the eauation uszd ia consldered to ba 93,5 percaal atb 6 hours for the whole
bedy, As desaturation would aluso de 68,5 perceni In 6 hours for the whole body with tho sanms
differential, longer dives requiring co-irol by the 120, 160 and 240 minutz tiesues will not
bz safas with this method, Inert gas uptake is aluc consideradly less by Flckls eguation thaa
for the 5, 10, 20 ond 40 minute tissues for exnosures from 20 to 48D minuiea, DRive  calw
culated by the present U,S. Yavy modificotion of the Ealdans metnod (3, 24) using the dew
conprasalen tables derived by Rasnbass (22) reveal surfacing tissuz tensions vihich ars con~-
sidered in excess of safe valucn, This is even more apparent for the longer exposurede

6. CGICTUSIONS

6.1 Conclusions

€6.1.,1 0 the basig of the rezulis of ké long exoosure dives it was deberminsl that control

of slower half—%tine tlssues as the 160 and 240 nintte tissues was required to provide reason=-
ably safe decompresaion, It wag found that the 120 minute btissue could surface safely with 65
feob absoluts jnert gas tension cnd the 160 and 240 minute tlssuen could surfscs safely with
6l feet nhsolute, -

6.1,2 The control of the 2llowable tissue iensions at the deconpreasslon stops waa dejernined
on the basie of the relation of chenge (5) and differential (E) o known safe tlssue tenslons
at 60 feet and 33 feeb ebsolute for Lhe various half-time btissues,

6.1,3 Tabvles caleulabed on the bacle of these controls agres wall with thoae dives in this
serles whlch cansed syrmtems in only a few relatively suscepntidle subjects, 1t ia believed
that decompression tnbles to be safe for all subjects on long exposures would be uvanecesacrily
long, conpared %o the decowpression requirerzats of ths greatezi number of subjects.

6,1,4 The incremants of depih and exposure time provided in these decompression tadlea will
provide safer, mere efficient decomoression than the presend tadbles in vas todays

6.2 Recormmendntions
6,2.1 That the decompression 4ables presented be accepted for usse in emergency desconpreasion
for lenger end deeper exposures thian provided for by the revised stacdard alr decompression

tulen oresented in DU Hagearch Renort 5-57.
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6.2,2 The feasibllliy of usa of the subrarine rescus chombar be tested for Jlecompresslon of
the dlver roquicing long wabtar stops. Thls 15 %9 b2 used as an emergency measura to prevent
loas of body hent of the diver durlng his deco:prazsion in the water, If this proves prac-
ticable, ithe poasibility of uwse of oxyrzea decownpression to decreass the leagth of the
shallowar decorpresaion atops should be %estad by using a denand-supdly wmask with oxyeen
cylinders in the rescue chasher, Oxrypen decompression stops can be caleulnted and teated
for vae with thess tables,

6.2.3 The relatlve suscepiibility of divers to altituvle decorpression siclmess should be
tested by using the subjecita of this experireat for altiinde exposures, If thers 1 a gocd
correlation bebween suscentibiliby to decompression sickness after long exposurea at increased
pressure ond altitude decompression, 2 safe, preretical susceptiility teab would be provided
for evaluntion of the basic suscentibilidty of dlvers to decompression siclmess, This would
prove 2 valuable ald in evaluation of sudject susceptibility for decompreazlon table beating,

6,2, Test both shori and long ervosuras for subjects uaing decompreasion tables based on a

censbant ratio for each half-time tlssue as tried by Van Der Aus (21). Tais would dehermins

1f reduction of tissu~ ratios is reoguirad with increcsed ambisab pressure, I2 this roductlon
is not require, deccmpression tilme could de morkedly decreased for bthe longer exposures.

7o FIGURES
7o) Fimurea

(1) Pirure 1 -~ Mazimum allowable final tissue pressures determined by tenth-power ra=-
lationship (J factor) between tiusue ratio snd iissue pressurs, )

(2) Pigure 2 - Maxismum nllowadls final tissne pressures deternsined by a pressure-diamster
rolatioaship to amblient prezsure abaolute,

(3) Figure 3 ~ Maxirmn allowable final tlssue preasoures derived as & mean batween J and
pressura-dlaneter controlse

(&) Pigure 4 - Decreass of ehanzy (S) In regular increments bassd on mown safe tlssuo
preasuras at shallowaer decospresasion stops,

(5) Fisure § - Maxinun allowablae final tissue vressures based on regular increments of
decreage in changs (8) for !mown safe tlssue pressures at shallower decompression stopss

(6) Fisure 6 - Preasure-voluma relation to change (S) based on maximn safe tigsue
preasures abt 33 footl ston used to delermine allowable final tissue prassurss,

(7) Figure 7 - Moximua allownble final tissue pressures based on pressura~volume reo-
1ation to change (S) allowsble at 66 feet (abs) ~ comparlson of allouadle differenticl (E).

(8) Figure 8 « loxiema allowable final tlssue preasures determinsd by pressurc-volums
ralation to change (S) based on marxiimin safe tissue prassures at 65 feed (aba),

(9) Pizure 9 - Dacrense of change (S) on basis of S/E relntionship and allowa¥ls
difrerentinl with change (8) becoming zsymptotic at 11,

(10) Figure 10 =~ Maximum allowadbls final tissue pressures based on allowadle diffesential
(E), S/= relaticns ip with chanze (S) asysptotic at 11,

(11) Fisure 11 - Maximum allowsble final tissue pressures based on allowadble differentinl
(), S/E relatioaship with changs (S) asympbtotic at 11,

. {12)4Fizure 12« Faxiirtn allewable final tlssue pressuras based on allowadle differontial
(B)-40 and 240 ninuate tissues related o 2.00:1 ratlo of tissus presaara absolute to nmblent
vriseure nhuolute,
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B, TABIES

8,3 Tablz 1 ~ Allownble final tisaue pressuves ab stogs for wich half-time flasus for tea’
dives in this aerles,

(1) Table 1A ~ J control of final tlssue pressura
(2) Table 18 -~ Pressura-dlameter control of finrl tlssus prassure

(3) Table 1C -~ Moon between J and pressure-dianeter curves for control of final tlsaua
Droseuress .

(&) fable 1D -~ Final tigssus pressures based on regular increzenta of dacreass im change
(5) for faown safe tissue rressures at shallower stopd,

(3) Tedble 1Y - Pressure-volune relation to chanze {S) bmsed on moximum aafe tlosus
prassures at 33 feat (guzge).

(6) Table 1¥ ~ Finnl tissue vressures debermined on baais of S/E relationship, with S
beconing asymptotic at 11,

(7) Tabla 2 - Exposure time and decompreasion tiue at stopa for tha varioms test dives
in thils ecerlca,

Table 3 -~ Final tiasue pressure in feetl of nltrogen (absolute) for esch half-time tlssus

for ths varlious diven in this seriesz,
(8) Tavle 3A4 - Forty minute half~time tissue
(9) Table 38 ~ Eighty ninute half-time tissus
(10) Tadble 3C -- One hundred twenty half-time tlssus
(11) Table 3D ~ One hundred eixty half-time tlassuve
(12) 2adle 3E = Twoe hundred forty half-time tigsue
(13) 2adnle b - Summory of results obtained from long expesures at L0 fest,

(14) Tabla 5 - Pable of time funchiions for deiermination of tlasus pressura in 160 and
250 minute tissues during exnosurez up to 150 minutes, .

(15) Padls 6 « Vavy standard alr decompression bable - second half,
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TABLE 1~ Allowable final tissve oressure ot deconnressicn stons for each
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PAZLE 1B- PRESSURE-DIAMETER RYDUCTION QF FINAL TISSUY PRESSIE
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TABLE 1C- MEAN BETWERN J and PRESSURE-DIAMEPER CULRVES FOR GOUTROL OF FINAL

STOPS PISSIY H.*T,T*:"*’J.‘Il-i u

(foet) | 40 Min.| 60 uin, .| 120 Min, | 160 in.

90 193 179 176 172

80 183 166 162 159

70 168 153 149 W6

60 151, 133 135 133

50 139 125 122 120

| by 123 111 109 107

30 107 97 95 93

S| 2 91, 82 | 8o 79
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ABLE 1Y~ PINAL TISSUZ PRESSURE DETEWMINED ON BASIS OF S/.Tﬂ RELATIOQNSHIP

WITH S BRECOMING ASYMPTODIC AT 11%

STOPS PISSUE FAL®-TINE |
(feel LO }in, | 80 Mia. | 120 hiu,| 180 Min, | 240 Min,
140 245 229 222 219 215
130 230 218 211 208 204
| 120 223 207 200 197 193
110 212 195 189 186 182
100 201 185 178 175 171
90 190 174 167 164 160
80 179 153 156 153 149
70 167 152 145 142 138
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50 142 128 122 119 116
Lo 123 115 110 107 104
30 112 101 97 91 92
20 9l 85 82 80 79
10 7 67 65 6 61
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Toble 33 - Dighty minute half-time tissus
(1s6) | (2ad) | (1st) | (2nd) | (3ra) | (ktn) | (5th)
Dive 140/90 |140/120 |[140/180 |140/180. |140/240 |120/240 | 140/250 |1L0/240 [140/2L0 |140/360
Exposure| 105.6 123.5 143.5 143.5 15545 155:5 15545 15545 155.5 167
Ascent | 108.9 | 123.6 | 143.Lk| 143.5 | 155.2 | 155.4 | 155.3 | 155.4 | 155.3 | 1€6.8
90 1657
co 12,2 150.9 150.9 155.3
70 138 140 152.7 | 140 152.7 | 1k2.7
60 11,1 130.9 184,9 125.8 137.9 128 13,7 122,5
50 108,7 | 120.2 | 129.9 | 119 129.9 | 111 124,3 | 116 123,7 | 106.1
40 08,1 | 113.8 | 114 105.8 | 108.9 95.3 | 105.2 95.1 | 102.1 §C49
30 97.9 | 98 S3.5| 89.6| 88.3| 8.3 82.9| 78 82.6 | 723
20 81.9 78.5 7342 69.2 70,9 6745 65.56 632 €3.9 58,9
10 61.5 58.5 56.1 537 5541 55.L 5046 51.2 17 1 o2
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Table 3 ¢ - Cne hundred tweniy minute half-time tissue
(1st) (2nd) (1st) (2nd) (3rd) (Lth) (5th)

DIVE | 140/90 | 140/120| 1£0/180 | 10/180 |1L0/240 | 140/240 | 140/2L:0 | 1L0/2L0 ”Hnohmwo 140/360
Exposure | 89.6| 103 23,4 | 123.4 | 138 133 136 138 133 156
Lscend 90 | 103.2| 123.5| 123.5| 138 138 138 138 138 | 156

20 | 155.5

80 | 123.2 136.2 136.2 | 149.9
70 | | 121,8 131 137.8 | 131 136.8 | 12

€0 12267 118.7 | 132.9 122,9 | 130.1 124,3 132.5 1 127.¢

50 90 102,21 | 117.4 | 112,5 | 124,5 | 113 122 116.6 | 120.8 _ Lk

40 88.5 99. | 108.7 | 10&.7 | 110.9 | 101 108.9 | 101 106 98.3

30 85.9 91.5 95.3 933 952 89 00.7 85.9 90 &l.5

20 77.5 79.5 7945 76.5 79.. | 76 7445 7143 7243 65.7

10 64 64 6L 61.7 63.9 63.9 58.6 58.3 52.9 50.7
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Table 3D - One hundred sixty minute half-time tissue
(1st) _ (2nd) |. (1st) _ (2nd) (3r6) (Lth) {5th) ﬂ_
DIVE | 140/SC| 120/120| 140/180 T_r__obmo_ 140/240 | 140/2L0 | 160/2£0 | 140/250 | 160/240 | 1L0/360 _
Exposure| 78.2 | 89.7 | 109 | 109 123 | 123.4 | 123.4 | 1234 | 123.4| 1 |
Ascent | 78.3 89.9 | 109.2 w 109.2| 123.5 123.5 123.5 | 123.5 123.5 1k JM@
g0 | __ _ 109.3 | 122:9 123 140.6 _
70 ” _r | 109 120,5 | 123 1206 | "123 | 135.6 _
60 _ __ 108.9 _ 107.7| 120.9 | 116 119.1 116.9 | Hmo.,w.__ 127 ﬁ
50 | 78.5 89.6 | 106.3 _ 04,5 | 116 109.7 | 15| 12 | 3] 17
LO 7842 88.4 | 101.3 99.7 107.2 101 106.€ 101 104 103.5
30 77 | 8k 92.6 92 95.8 91,6 93 89- 92 o
20 72.3 | 76.5 81.3 79 83.2 30.7 7 76 77 72
10 63.2 | 65.2 | 68.3| 66 69.6 | 9.7 | éu 64 58.1| 559
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Table 3E - Two hundred forty minute half-time tissuec
(1st) (2nd) {1st) (2nd) (3rd) (Lih) (5:2)
DIVE  |140/90 (1L0/120 |1:0/180 |140/1E0 |1L0/240 |1k0/240 {140/240 |1k0/2u0 [140f260 [1L0/360
Dxposure 6L.9 | i 597 FaT? 103 103 103 103 103 123
Ascent 6541 Thu2 89.8 §9.8 | 103.1 103.1 103.1 103,1 103,1 | 123.3
0 | 123.5
80 9041 103,k 1034 122,1
70 90.5 103.4 | 103.1 103.4 103.1 120.5
50 89.8 | 90,6 | 102.5 | 102.2 | 102,2 | 102.5 | 102.6 | 116.8
50 £5.1 k| 89,4 89,9 | 100.8 | 99.7 | 100.5 | 100.6 | 10v.2 | 111.3
B0 | 65.3 y/ON? 87.7 8.1 96.9 95 96.6 95.1 95.7 | 103
30 m 65.4 73.1 83.8 8L.5 87.4 89.8 89.2 37.9 50 | o2
20 | 62 69.7 | 77.5 | 77.1| 802 | 82| 0.2 789 | 79 79
10 | 57.6 63.3 69.2 68,4 71.3 Pk 69 6945 6L Sl
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20.

at the decompression stops was determined on the basis of
the relation of change (S) and differential (E) to known
safe tissue tensions at 66 feet and 13 feet absolute for
the various half-time tissues. Decompression time required
for long exposures calculated on these controls is much
greater than provided by the present Air Saturation Table.
The tables presented provide safe decompression for all but
subjects more susceptible than usual to decompression
sickness from long exposures.
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