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P°°'“P = Pbegin + [ Pgas - l:)begin ] X [ 1 -2 _te/tht ]

Ppegin Inert gas pressure in the compartment before the exposure time in bar
Peomp Inert gas pressure in the compartment after the exposure time in bar
Poas Inert gas pressure in the mixture being breathed in bar

t, Length of the exposure time in minutes

the Half time of the compartment
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a=2xt,"?

b = 1.005 - t,,7'?

Pamb. tol — (Pcomp - a) xb

Peom is the inert gas pressure in the compartment
P.ob. tol is the pressure you could drop to
aand b are the a and b values for that compartment and the gas in question
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Appendix One

Table 1 — ZH-L16A Half-times, “a” and “b” values for nitrogen and helium

Compartmen Half-time N2 N2 a Value N2b Value Half-time He He aValue Heb Value

1 4 12599  0.5050 1.5 17435 0.1911
2 8 1.0000 06514 3.0 1.3838 0.4295
3 125 08618  0.7222 4.7 11925 0.5446
4 185 0.7562 0.7725 70 1.0465 0.6265
5 27 0.6667 0.8125 10.2 09226 0.6917
6 38.3 0.5933 0.8434 145 08211  0.7420
7 543 05282 0.8693 205 0.7309 0.7841
8 77 04701 0.8910 291 0.6506 0.8195
9 109 04187  0.9092 411 05794 0.8491
10 146  0.3798  0.9222 651 0.5256 0.8703
11 187  0.3497 0.9319 706 0.4840 0.8860
12 239 0.3223  0.9403 90.2 0.4460 0.8997
13 305  0.2971 0.9477 1161 04112 09118
14 390 0.2737 0.9544 147.2 03788  0.9226
15 498 0.2523  0.9602 187.9  0.3492  0.9321
16 635 0.2327 0.9653 2396 0.3220 0.9404

Hi : http://www. vvw. be/duiken/zh116. doc
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Pressure Graph: Workman-style M-values
versus Bluhimann-style M-values
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X
slope = 1.0

Workman AM =
slope

Surface Pressure at Sea Level |

Workman M,, = intercept at

# 2ero depth pressure (gauge)

X

|

I

| Bahimann Coefficient b =

| reciprocal of slope (1/b = slope)

Compartment Inert Gas Pressure, absolute

BGhlmann Coefficient a = intercept at
| zero ambient pressure (absolute)

Ambient Pressure, absolute

Figure1

M B D H ik
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M-value Mathematics

Linear Equations: y=mx +b format

X=(y-b)/ m format

Workman-style: M= AM-Depth + M,

Bihimann-style: Piori-g. = (Pamp./ b) + @

Tolerated Depth = (P - My) /AM
Pamb‘tol. = (Ptlg - a)'b

Workman to Biahimann <— Conversions —

Bihimann to Workman

a= Mo - AM ¢ Psamb. (surface at sea level)

b=1/AM AM=1/b

Mo =a+t I:>amb. (surface at sea level) /b

Buhlmann Definitions:
Pun.i.g. = tolerated inett gas

Workman Definitions:
P = inert gas pressure (absolute)
i ical "tissue®

p yinh
"tissue” compartment
P.i.g. = inert gas pressure
(absolute) in hypothetical “tissue”
compartment

Paw. = ambient pressure (absolute}

Puvew, = tolerated ambient
pressure (absolute)

a = intercept at zero ambient
pressure (absolute)

b = reciprocal of slope of
M-value line
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in hyp:
compartment

M = tolerated inert gas pressure
(absolute) in hypothetical
"tissue” compartment

Depth = depth pressure {gauge)
measured from surface at sea
level

Tolerated Depth = tolerated depth
pressure {(gauge) measured from
surface at sea level

M,, = intercept at zero depth
pressure (gauge); surfacing
M-value at sea level

AM = slope of M-value line
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Table 1: Comparison of M-values tor Nitrogen Between Various Haldanian Decompression Algorithms Table 3; Comparison of M-values for Hefum
American System of Pressure Units - feet of sea water (fsw) Bemeeanmemmﬁm
Workman Brmann ZH-L;; DSAT RDP DCAP WFIIFS Bokmann ZALT6 Amestcon Srsten of Pressige Ungs -
M-values (1965) Mvakes (1983) | M-vaiues (1987 vaoes (1988) Movalues (1990) ot o) e el
A B C Th HT M, AN [CH HI M, AW |[Cj HT H, AN
Cpt HT M, AM [Cpt HT M, AM [Cpt HT My [Cpt HT Mo AM |Cpt HT M, Mo Mo AM Mo_min_fw sope |No thtw_sope Mo mn bw
No. min fsw slope |No. min fsw  slope |No. min  fsw |No. min fsw slope |No. min fsw  fsw  fsw  slope 710 N9 121951 151 15 23557
T 265 119 12185 [1b 188 1219 20964
1 40 1064 1064 1064 1.9082 30 B 1213507 302 1025 1.740
T 5 W4 18 T 5 9908 |1 5 04D 130 (16 60 913613 973 179% 15 B 1513 48 12 127113 477 B4 L9t
2 10 88 16 |2 794 #1 12195 7 10 8263 |2 10 805 105[2 B0 832 832 832 152 RN TR S8 110 | 5 ion 16 i)
3 122 152 1121 3 125 138 738 138 13847 71 16| 6 it 68z 17568
3 20 72 15 |4 185 688 11976] 3 20 6689 4 185 668 668 668 12180 I E] 532 1494] 72053 637 12070
5 265 635 11834 | 4 30 5974 | 3 25 623 1065 270 623 623 608 1.2306 519 1126|8011 598 1162
4 4 56 14 [6 37 513 1.1628] 5 40 567 5 383 585 514 556 1185 CINC N 20 T L I 1 - AL
7 53 532 1M94| 6 60 5144 |4 55 486 106 |7 543 552 541 523 1.1504 e
S 80 54 i3 |8 79 519 11235] 7 80 492 8 770 523 5.1 503 11223 L TRT e ey
B 100 4785 |5 95 454 10A|9 109 499 499 485 1.0009 R 5 4 10 1T 1529 ST 10|
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13 304 426 1030 T 7% M0 10|13 305 M5 M1 441 1059 | Mo Sutoch i e vl 1 =33 ton= L0
T4 367 426 10305 |13 30 4381 [0 385 40 10 |14 390 435 435 431 10418 B e 4: Compariscn of b vailes fof Houm
aripus Decompression Algorithms
15 503 426 1.0395 | 14 480 4340 |10 520 4.0 1.0 |15 498 426 426 424 1.0AW S O o
16 635 426 10395 16 635 418 418 418 1.0559 e O Bifiemn 1L Bettmarn THLTGA
T 670 435 10 Mvaies (1569 Haes (1967 Bhates (1990)
7T - Tialime__ W= Surfacing Nrvalue (scaleved - 1 atm = 33 fsw = : Th HT N, Al [CH HT W, AN [Cp@ W W, AN
Table 2: Comparison of M-values for Nitrogen Between Various Haldanian Decompression Algorithms [0 70 (e g M, o _ooew som (Mo mh o e |
MSﬁemdeessumuris meters of sea water (msw) . b 1£8 T
Workman Bitmann ZH-Ly DSAT ROP DCAP MM11FG Baimann ZHA16 735 DI ia] 2 30 312 1w
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1 7265 M2 1218 iaa 13 I T e e
B 1.1236 2311 18 1692
T 40 324 324 34 1908 T BhI D AR AW
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7 10 268 16 |2 794 272 1.2195] 2 10 2537 [2 10 2465 1.05| 2 80 254 254 254 15352 §® 10 17 079 [ 117069 KilH
3 122 228 12121 3 125 25 225 25 13841 I— L] om 12 03 167 1
3 70 718 15 [4 185 210 1195 | 3 %0 20 4 185 203 203 %3 12180 K E L
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440 170 14 314 168]5 40 10 6 383 18 115 169 11857 5 56 61 & 7w 157 157 |16 2000 159 Torw1]
53 162 11494 | 6 60 1579 | 4 55 1478 106 | 7 543 168 165 159 11504 Cot-Comparnert W1 - Faltime  AM - shpe of Nvake tne
5 80 164 13 79158 1.1235] 780 151 8 770 158 151 162 11223 M= Sistackg -vetue (sea feved = 10 v = 1.0 bar)
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8200 10 |11 985 153 10707 | 11 200 1384 | 7 200 1353 101 [ 11 187 142 W2 140 10731
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a (He+N2) = [a (He)uPHe + a (N2)uPN2] /[PHe + PN2];
b (He+N2) = [b (He)uPHe + b (N2)uPN2] /[PHe + PN2].

An M-value Concept: A solid line drawn through a fuzzy, gray area;
a representative threshold beyond which a high frequency of symptoms
of decompression sickness (DCS) can be expected in a majority of divers

DCS
Bubbles Symptoms Time Risk

M-value

Line T
Safety Margin"l

Actual

Ambient
Pressure A A
Line

* varies ing to indivi i it i ti risk, etc.
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Table 5: Effect of Conservatism Factors in a Commercially-Available Program on Decompression Profiles

Referenced to Bihimann ZH-L16 M-values (ZH-L16A Helium, ZH-L16B Nitrogen)
15/40 Trimix Dive (15% O, / 40% He) to 250 fsw for 30 min. Deco mixes - Nitrox 36% at 110 fsw, 100% O, at 20 fsw

0% Conservatism Factor 50% Conservatism Factor 100% Conservatism Factor

Maximum * Maximum * Maximum *
Deco | Run | Maximum® | %M-value | Deco | Run | Maximum® | % Mvalue | Deco | Run | Maximum® | % M-value
Stop | Time | % M-value Gradient | Stop | Time | %M-value | Gradient | Stop | Time | % M-value | Gradient

(fsw) | (min) (Cpt No.) (CptNo) [ (isw) | {min) | (CptNo.) (CptNo) | (isw) | (min) | (CptNo.) (Cpt No.)
140 35 743% (4) | 29.3% (3)
130 37 76.0% (4) | 31.0% (3)
120 35 816% (4) | 470% (3) | 120 10 77.4% (4) | 33.9% (4
110 | 36 | 858% (4) | 59.4% (4) | 170 | 38 | 845% (4) | 557% (4 | 110 | 43 | 776% (4 | 355% (4)
100 39 79.0% (5) | 39.4% (4) | 100 45 754% (5) | 226% (3)
90 38 89.0% (4) | 69.3% (4) 90 41 82.1% (5) | 46.0% (4) 90 49 76.5% (6) | 26.3% (5)
80 Lyl 89.5% (5) | 69.1% (4) 80 45 83.2% (5) | 49.1% (5 80 53 76.3% (6) | 20.3% (5
70 44 88.3% (5 | 65.6% (5) 70 49 82.2% (6) | 42.5% (5 70 58 77.0% (6) | 22.1% (6)
60 48 89.8% (6) | 67.2% (6) 60 55 83.2% (6) | 45.1% (6) 60 68 78.2% (1) | 24.9% (6)
50 55 91.1% (6) | 72.2% (6) 50 64 83.1% (1) | 44.1% (6) 50 18 76.9% (1) | 176% ()
40 64 90.3% (7) | 67.7% (0) 40 75 83.1% (7) | 428% (1) 40 96 18.4% (8) | 22.5% (0)
30 79 90.7% (1) | 70.7% (1) 30 95 84.5% (8) | 46.0% (1) 30 124 | 783% (8) | 22.4% (8)
20 94 90.9% (8) | 70.7% (8) 20 113 | 84.2% (9) | 47.1% (8) 20 147 | 78.9% (9) | 24.4% (9)
10 119 | 91.1% (9) | 72.2% (9) 10 144 | 85.8% (10) | 51.7% (10} | 10 189 | 81.2% (11) | 32.6% (10)
0 120 | 93.6% (11) | 80.2% (11) 0 145 | 88.6% (12) | 62.6% (12) 0 190 | 84.9% (13) | 46.6% (13)
* Upon Arrival at the Stop
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