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D I SC LA I ME R

The suggestions made in this paper for the
modification of the multi-level diving technique
are based solely on mathematical evaluation and
have not been subjected to testing for validation.

The use of any multi- level diving technique
should be discouraged until testing has validated
an acceptable technique.

Thi s research was sponsored by Michigan Sea Grant under grant
NA79AA-D-0009,3 from the Office of Sea Grant, NOAA, U. S. Department
of Commerce and funds from the State of Michigan. The work was
conducted at the Underwater Technology Laboratory, University of
Michigan; Lee Somers, PhD., Director.
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INTRODUCTION

Over the past few years people in the diving conrmunity
have been exposed to a new diving technique called S+ep
Diving, or Mu20i -Zeve2 diving. This technique allows
divers to extend their bottom time past the Navy's no-
decompression limits and still surface without any de-
compression. The question to be considered is: is
this type of diving technique safe to the divers who
are practiCing it? The answer to this question could
affect a trend that is becoming more pronounced each
year in the diving community. Already at some Caribbean
resorts this type of diving has become common practice.
These practices warrant further investigation before
they spread into other areas of the diving community.

The step diving or multi-level technique is analyzed
in this paper through mathematical evaluation of certain
multi-level dive profiles. The Navy's model for nitrogen
absorption and elimination in the body is used to check
the nitrogen pressure present in the body tissues when
the diver surfaces. Calculati,ons were run on a Hewlett-
Packard 67 calculator specifically programmed for this
study.

One hundred one multi-level dives were evaluated and
are presented in this paper. It was found that 554 of
the profiles pushed the tissue pressure of nitrogen to
above 975  in at least one tissue group! of the allowed
tissue pressure at the surface. All the rest  except
one! of the profiles raised the pressure to between 90~
and 96'4 of the maximum allowed pressure.

The conclusion made by this paper is that if this
multi-level diving technique is to be used, it must be
accompanied by decompression or safety stops to lower
the nitrogen pressure before surfacing. This is extremely
important for divers in the Caribbean where the nearest
decompression chamber may be 24 hours away. What is
needed the most is testing of these profiles on divers
in controlled laboratory conditions to determine if there
are any symptoms of the bends or asymptomatic bubble for-
mations that develop,
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There are a few major multi-level diving techniques
used in the diving comL|Lunity today. The technique dealt
with in this paper is one presented at Ig-8  Graver 1976!
and is used extensively at many diving resorts.

The simplest way to explain this technique is to run
through a sample profile. The following example will
show how the Navy no-decompression table is read for a
multi-level dive profile. In this technique the diver
must remain within the limits marked on the table with
a heavy line.

First Step'. The diver descends to 110 ft. far 13 min .
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Second Ste: The diver ascends to 70 ft. According
to t e t eory behind this technique the nitrogen absorbed
by the body from a stay at 110 ft. for 13 min. is the
same as if the diver had spent 20 min. at 70 ft.  Fig. 2! .
The diver can now stay at 70 ft. for 25 min. and still
require no decompression. In this example, the diver
stays at 70 ft. f' or 20 min.  Fig. 3!.

The diver then ascends to 40 ft. for 40
rfaces without any decompression  Fig. 4!.min

According to the technique, no decompression was need-
ed  theoretically! and the diver is now in repetitive
group K. If the official Navy procedures were followed,



the dive»ould have been considered a 110 ft. dive for
73 min., requiring l hour and 27 minutes of decompression.
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This example shows the attractiveness of the multi-
level diving technique to the sport diver. The question
is, are we looking at two extremes, where the Navy's
method represents ultra-conservative divin.g and the multi�
leveI technique represents a pushing of the body's tissues
to their limit of nitrogen capacity?
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To find if this is the case 101 multi-level dive
profiles were evaluated. The profiles chosen were
some of the most extreme dives that could be made by
using this multi-level technique. The results of
these dives did show that the tissue pressures were
pushed up to, and in some cases past, their limits.
As is seen by the example above, there is a great
difference between the multi-level diving technique
and the Navy's procedures. This is a large area
within which it should be possible to find a tech-
nique that is acceptable to sport divers, and y'et
does not place them on the verge of the bends.

CALCULATION MODEL 5 PROCEDURES FOR EVALUATION

The Model

Workman developed the model that was used in this
paper to evaluate the nitrogen uptake and elimination
in divers, and on which the U.S. Navy decompression
tables are based  Workman 1965!. This madel divides
the body into six maj or tissue groups, each having a
different rate of nitrogen uptake and elimination.
The groups are, the 5, lo, 20, 40, 80, and 120 minute
tissues. This designation refers to the "half.-time"
of the tissues, or the time it would take the nitrogen
pressure in the tissue group to reach one-half of its
saturated level.



As a diver proceeds through a dive profile, the
nitrogen pressure in the body tissues increases� . If
that pressure is too great when the diver surfaces,
then the nitrogen will come out of solution and cause
decompression sickness. The body can tolerate a cer-
tain amount of saturation in the different tissue
groups at the surface. The pressures that the groups
can tolerate are called M,. M, is different for each
tissue group. According to the Workman model, if the
pressure in the tissue group is lower than its M
value, the diver can surface without needing any de-
compression. If the nitrogen pressure in any one of
the tissue groups is above the M value for that group,
then the diver must take decompression stops in order
to reduce the nitrogen pressure in that group. If,
in this case, the diver does not take a decompression
stop, then the chances of contracting decompression
sickness are quite high.

The formula that was used to calculate the nitrogen
pressure in the tissue groups is:

Pt = Po +  Pa � Po! � - e
� .693t/T.5

!

where:

Total pressure of nitrogen in the
tissue group.

Initial pressure of nitrogen in the
tissue group.

Ambient partial pressure of nitrogen
in the breathing medium.

Time exposed to pressure Pa.

Tissue group, half-time

pt.

Po

Pa

The M, values for the six tissue groups are;

5 min. tissues � 104 fsw* 40 min. tissues - 58 fsw
10 min. tissues - 88 fsw 80 min. tissues - 52 fsw
20 min. tissues - 72 fsw 120 min. tissues - 51 fsw

* The nitrogen pressure is in terms of feet of sea
water pressure.

Another value that was calculated in this paper was,
the percent of the maximum allowed tissue pressure  ': of
M.A.P.! for each tissue group. For any tissue group:

't of M.A.P.

This value gives a better indication of what is hap-
pening to the different tissue groups. We can use it to
predict when the nitrogen pressure in a tissue group is
approaching a dangerous level of saturation.



ir i iberia were used xnselecting the profiles for this study:

l. The profiles were pushed to the limits set by
the multi-level diving technique developed by
Graver  the dark line on the table, Fig. 1-4!.

2. Only one step of the profile was allowed to be
a depth greater than 90 ft.

Maximum dive time allowed was 60 minutes.

4. Minimum dive time allowed was 30 minutes.

Dives consisting of two, three, and four levels were
chosen for this study.

Each profile was recorded directly from the calculator
onto the typed page to reduce any chance of copying error.These results were then checked again to correct any
mistakes.

RESULTS

The results of this study showed that out of the one
hundred one multi-level dives evaluated, 55 of them re-
sulted in nitrogen pressure in at least one of the tissue
groups, above 965 of the maximum allowed tissue pressure.
Of the remaining 46 profiles, 45 of them gave tissue pres-
sures of between 90$ M.A.P. - 965 M.A.P. Only one profile
resulted in the nitrogen pressure, in all the tissue groups,
being below 904 M.A.P.



DISCUSSION F�RECOMMENDATIONS

The results of this study show that the safety of
the multi-level dive technique is marginal in its
present form. They show that the nitrogen pressure in
the tissue groups was raised to a level that is ex-
tremely close to the limits that were set by Workman.
In fact, eight of these profiles pushed the nitrogen
pressure up to and above the M, value for one or more
of the tissue groups. Thus, this technique is not
as safe as it was thought to be. Another factor which
must be taken into account when examining the resulting
tissue pressures is that the limits  M,! set by Work-
man in his model were for Navy divers  males between the
ages of 18 and 25 years old, who are in good physical
condition!. In contrast, the sport diving community
has divers of both sexes, all ages, varying fat content,
and a wide range of physical conditioning. All these
factors have been shown to affect the chances of the
diver developing decompression sickness. If we are
pushing the divers to the limits set for Navy divers,
what are we doing to the female diver, or the 45 year
old sport diver with a pot belly who has trouble swim-
ming a length of a pooL? Lt is because the answers to
these questions are unknown at this time that we feel
the multi-l.evel diving technique presented is unsafe
to the diving community in its present form.

However, multi-level diving techniques which would
provide divers with more freedom from the strict Navy
methods while preventing decompression sickness, could
be developed for the general diving community. This
paper presents some recommendations to modify the
multi-level diving technique. They are based solely
on the calculations performed for this paper and have
not been tested. What they attempt to accomplish is
to keep the nitrogen pressure in all the tissue groups
below the 905 M.A.P. Level. The recommendations are:

a. Change the 120 ft. limit to 12 minutes
 not 15. min !, the 70 ft. Limit to 40
minutes  not 45 min.!, and the 60 ft.
limit to 50 minutes  not 55 min.!. See
Fig. 5.

b. Take a safety decompression stop at 10 ft.
for 5 � 15 min.

c. Try to keep at least one group back from the
limits on the table  circled values in Fig.
5!, especially female divers, older divers,
and less fit divers.

d. When reading the time spent at a step, the
time read should include the time to ascend
to the next step. Ex.-If the diver descends
to 100 ft. for a 15 min. stop then the 15
minutes should include the descent and the
ascent to the next step.



Once again, it should be stres.sed that these recommen-
dations are based on the calculations done for this paper.
What is needed the most in order to develop a multi-level
diving technique is controlled testing of divers who have
been exposed to these types of profiles to determine i f
there are any adverse side effects.
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The community needs laboratory testing of mult.i-level diving
techniques. In the meantime, divers continue to perform a
diving technique that is potentially dangerous for them andtheir diving buddies. It is strongly suggested that any diver,who observes a situation in which people are performing thistype of diving, inform the other divers oF the potential dangers.Tell them not ta push their dives up to the limits, and to takea safety stop at 10 ft. for at least 5 minutes. Hopefully, atested technique that can be used safely by the enti re diving
community, will become available soon, but until that timedivers who are following untested techniques, or are guessing
at what "seems right," are playing with decompression sickness.
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ONE HUNDRED ONE MULT I- LEVEL DIVES

I.imits

In order for a change in depth to be considered a step,
the change must be a decrease in depth of 20 ft. or
more.

Only one step at a depth greater than 90 ft. is allowed
per dave.

C. The maximum depth allowed is 130 ft.

The maximum dive time allowed  not counting decompres-
sion or safety stops! is 60 minutes.

D.

E. The minimum dive time of a profile is 30 minutes.

Times listed with the depths in the profile column in-
clude the ascent time to the next step.

Total dive time listed does not include decompression
or safety stops.

~Ke

Dive Number - prof i les numbered 1 � 101.

Decom ression Code

SS � Safety Stop Needed: Diver should stop at 10 ft. for
5 minutes.

DR - Decompression Recommended: Diver should stop at 10
ft. for 10 minutes before proceding to the surface.

DE - Decompression Essential.: Diver must stop at l 0 ft.
for a full 15 minutes.

't of M.A.P. - Percent of maximum allowed pressure. Gives the
percent of the maximum allowed pressure for the
tissue group at the end of the dive profile.
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E XAMP LE:

ROW 2 ROWS 3-8
TISSUE GROUP PRESSUR

ROW 1

ROW 1:

Row 1 contains three pieces of information:

A. Dive Number  from 1-101!

8, Decompression Code  either SS, DR, or DE, see Key!
C. Dive Time  does not include any decompression or safety

stop time!

ROW 2:

Row 2 contains the dive profile. The times listed for each
depth include the ascent time to the next depth,

ROWS 3-8:

Rows 3-8 contain the information on the nitrogen pressure in
the body tissues. The first line contains the tissue half-
time and the maximum allowed pressure for that tissue group
 eg. 5�04! � the 5 min. tissue group can sustain a maximum
nitrogen pressure at the surface of 104 fsw!. The following
lines contain the nitrogen pressure in the tissue group after
the stop on the same line is completed. The final line con-
tains the percent of the maximum allowed pressure for the
tissue at the end of the dive profile.

In this case profile t29 has been chosen. The dive
profile is as follows:

1. Descent to 110' and ascent to 80' in 15 min.

2. Stay at 80' and ascent to 40' - 5 min.

3. Stay at 40' for 40 min.

We then look at the decompression code which in this case is DR.
This code, according to the key, means that decompression is rec-
ommended and that the diver should stop at 10' for 10 minutes.
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96%X of M.A.P. 83X 99% 83%96/ 74X

110' for 15 min.

90' for 5 min.

60 ' for 15 min.

of M.A.P.

¹24 102. 1.1 82.25 61.30 36 .6645.96 33.28

99.64

76.74

86.62 67.01 50. 21 35. 1039. 23

78. 12 69.63 43.40 38. 29

89%74X 96% 76%97% 84X

¹25 110' for 15 min. 82.25102.11 45.96 33.2861. 30 36.66

90' for 5 min.

50' for 20 min.

99. 64 86.62 35.1067.01 39.2350.21

38. 4367.70 70.83 54.71 43.4240 66. 29

76%83.' X66% 95%93% 84%X of M.A.P.

110' for 15 min.

90' for 5 min.

40' for 40 min.

¹26 36. 66102.11

99.64

82. 25 45.96 33.2861.30

39.23 35. 1086.62 67.01 50.21

39. 7653.94 44.6357.83 59. 48 60.0060

86%94% 78%84%56% 68XM.A.P.

45. 96 33.2836.6682. 25 61. 30110' for 15 min.

80' for 5 min.

60' for 15 min,

102. 11

38. 8949.56 34.8884. 30 65.7595.69DR

43.1155.03 38.0868. 8877. 3076.2535

75%83/95%96%88%74%Z of M.A.P.

$1. 30 33.2845. 96 36. 66

38. 89

110' for 15 min.

80' for 5 min,

50' for 20 min.

¹28 102.11

34.88,49 . 5665. 7584. 3095. 69

38. 2254. 25 43.1465. 6670.2567. 4540

75%83/94%92%65% 80%X of M.A.P.

¹23 110' for 15 min.
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f! 31 102. 1.1 82.25 61. 25 45.96 36.66 33.28

74. 36 68. 3575. 02 55.63 43.83 38. 69

58.7160 63.01 46.0.362.01 56. 23 40 76

89% 80%88% 97%71%57%

lj'32 98. 64 57.59 35 33

44.29

77.68 43.60 32. 36

81. 91 80. 72 71. 37 56.88 38.95

64.0658.82 41.18
60 62.69 57.13 46.62

72%57% 89% 99% 90!

34.69

36 24

39. 3'3

7R/

34. 69

36. 24

39.44

78%

79%

110' for 15 min.

60' for 25 min.

40' far 20 min.

of M.A.P.

110' for 1 3 min.

70' for 25 min.

40' for 22 min.

of M.A.P.

.34 . 69

36. 24

0.16
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49.21 38.64 34. 69
100.13 85. 32 65.57

45.4257.74 39. 90
DE

60

74. 30

59. 75

75.56 70. 15

46.9257.72 41, 3864. 00 65. 09

91%lGOX 82X
58Z 73% 91X

f38
38.64 34.69

LG0.13

66,11

85. 32 65. 57

44. 80 39.60
DR

60

68. 04 65.57

45.22 40.17
53.86 58.90 60.94

52X 95X 87X 79%67X

t39 84.60 39. 92 35.6351.0767.28
DE

60

82. 99

62. 15

55. 89

56.51

43. 36 38.2071.40

63.44 40.8246.14

57% 89X 81X98X 89%

100' for 20 min.

60' for 25 min.

40' for 15 min.

X of M.A.P.

100' for 20 min.

50' for 30 min.

30' for 10 min.

Z of M.A.P.

90' for 25 min.

70' for 10 min,

40' for 25 min.

Z of N.A.P.

94.95

84.76

58.52

49. 21

55.84

54.88
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34. 74 31.9742. 3472.03 54. 89

43. 77DR

60

38. 9065.97 S3. 9662.90

44.02 39. 2161. 23 53.6160.81

85%56X 77X70% 93%85X

845 30. 8333. 0966. 22 50.26 39.42

44.14 38. S7
DE

60

79. 48 56. 4370.37

46.10 40.7363.93 56. 7664. 48

89%73X5SX 98%9OX

f46 30. 8383. 70 33.0950.26 39. 4266. 22

43.6573. 55 54. 90 38. 64
DR 72. 83 66.57

45.1560. 29 63. 34 55. 46 40.0163;8360

87%SSX 96/58X 79%73X

50.26f47 83.70 66.22 39.42 33.09 30. 83

62.3565.60 53. 58 43.5865. 61 38. 78DR

61. 1162.63 53. 39 43.7460.22 38. 9760

85% 93%72%5SX 85% 77%

66.93 51. 6988. 28

7S. 32

81. 37 40.54848 36. 13

69.58 56.6876. 26 44.55 39.22

64.7564.24 56. 9059. 88 46.15 40.7660

99%74X 90%5SX 89% 80%

66.9381. 37 51.. 69 36 j340. 54II49

69,52 66. 25 55. 76 39. 3444.52DR

59.65 61.42 54. 80 44.95 39.9260

S6X68X 95%52% 79%87%

90' for 15 min.

50' for 40 min.

30' for 5 min.

X of M.A.P.

90' for 12 min.

70' for 30 min.

40' for 18 min.

X of M.A.P.

90' for 12 min.

60' for 35 min.

40' for 13 min.

X of M.A.P.

90' for 12 min.

50' for 45 min.

30' for 3 min.

of M.A.P,

SO' for 30 min,

60' for 15 min.

0' far 15 min

X of M.A.P.

80' for 30 min.

50' for 20 min.

30' for 10 ruin.

X of M.A.P.

8S. 28

65.66

57.71

83. 70

81. 41

59. 63

88. 28

66.99

54. 07
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TISSUE GROUP PRESS

/fsc

60



40�8! HU�2! 120�120�2!5 <OF!LE

37.62

40. 15

64.50 47. 77 33.94

35.7469.70 5l.87

47 91

46.80

78. 81 43 .55

41. 38for 30 min

SS% ' 99/ I 90%70% 82%

T
40.15 35.74

44.21 38.87

46. 8 I ~ 41.40

91% 82/

109.02

103.10

67.92

50.90

87! l 79%49%

47.77 37. 62 33 94

39.81 ' 35.5151.21

43.92

46. 59

56 31

56. 79

38.66

41.22

90 ' Sl %98%

47. 77 37. 6264. 50 33.94

39. 81
1

43. 91

35. 51

55. 42

53.76

38.7967.01

44. 84

87 .

39. 9958. 39

of M.A. 82% 79%93%

35. 43t 32.4243. 8733

52. 35 ' 40. 56

56.97 ' 43.94

36. 0'3

38.60

70

12

41.4457.24 46, 9052

91"99! 82/

for 15 min.

for 5 min.

for 1.0 min.

0' for

0' for

0' for

0' for

109.0

103.10 i 90.23

85. 69 87. 53

58. 13 61. 19

56%

TISSUE GROUP PRESSURES

68. 44 51. 21

37.62
I
r 40,15

44.19

45.0H

33.94

35.,4

38.99

40.17
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TISSUE GROUP PRESSURES 2. 36
5.99

9.22

0.21

79X

2. 36

5.55

8.70

0.96

81/
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for 2f75

for

60

94.89

81. 58

79Xof M.A.P.

879 130'

DR 60'

43 X of

94.89 69. 78 39. 36 30. 7132.95
65.63 65.76 53.55 38.6943,48

64X 75X 87X 93X 76X

for 2

for 1

If78 130' for 8 mfn.

70' for 30 e1n.

TISSUE GROUP PRESSURES

50.94

62.49



~120 5L'80 524O 58DIVE

SS

60

37. 62 33.94882 87. 35 64.50

42.96 37.8783. 49 71. 34

83%96%95X 100Z

37. 62 33. 94f83 47. 7787. 35

39. 2544. 6056. 81.DK 75. 92

77%86%98%40 72X S7Z 97X

884 .9437.87. 35 64. 50

.9768.29 65.19

7%45 64X 78% 95X91%

rt86 82. 25 61. 30102. 11 33.28

81. 68 69. 4483. 96 37.27

30 93% 97%81X 74X

2.2

5.0

86%

33.28

I
77X

OK

30

120' for 15 min.

70' for 15 min.

X of M.A.P.

120' for 15 min.

60' for 25 min.

X of M.A.P.

120' for 15 min.

50' for 30 min.

Z of M.A.P.

110' for 15 min.

70' for 15 min.

X of M.A.P.

109 ' 02

84.83

109.02

74. 58

109. 02

66, 25

64.50

69.70

FRKgSURES

47. 77

55. 46

47. 77

54. 99

94% ' 81%

38.86
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GRPUP PRESSURES

120 51

34. 69

49.21 38.6465. 57100.13in, 85. 32

57. 74 45.4270. 1574. 30 75. 56

88%100% 79%72% 86%

49.21 38.64 34. 69f93 100,13 85.32 65.57

53.44 44. 21 39. 4357.84 59.40 59. 65

93% 86X 78%56X 68X 83%

894 84. 60 67. 28

82.99 71,40

82X 95X 100% 97% 84% 75X

f95 94,95 84.60min. 51. 07 39.92 35.63

76. 15 77.41min. 56. 20 44. 01 38,77

74X 88% 97X 97% 85X 77%

896

M.A.P.

t97

DR

60

898 88. 28 81. 37 36. 1351. 69 40.54

76.2675. 32 39 .2256.68 44.55

73X 87X45 X of M.A.P.
77%98X 86%

DR

60

DE

40

DR

45

100' for 20 min.

40' for 40 min,

X of M.A.P.

90' for 25 min.

70' for 10 min.

X of M.A.P.

for 25

for 20

80' for 30 min.

60' for 15 mfn.

94. 95

84. 76

67.28

69.79

66.93

69.58

51, 07

55. S9

39. 92

43.36

38.56

763

34.69 ~

39.90

35.63

38.20
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20�2! 80�2! 120  51!40 �8!10  88!5 �04!PROFILEDIVE

36. 1366. 93 40. 5451. 6981. 3788. 28099

44. 52 39. 3455.7666.25DE 69.5266.99

86 X 78X97X93X50 80XX of M.A.P. 65X

51.694100 36. 1388. 28 81. 37

54.1160.63 39.5558. 15

78X94X85X 86X69XX of M.A.P. 56X

N 101 38. 7356.0169.74 43.9281.26

56. 3964. 85 45.6060.62 40.30DE

80X91X60 88X75XX of M.A.P. 59X

DR

60

80' for 30 min.

50' for 20 min,

80' for 30 ad,n.

40' for 30 min.

70' for 45 min.

40' for 15 min.

78. 93

65. 19

TISSUE GROUP PRESSURES

66.93

60.94

40. 54

44.46




