








































































































DIVING ABOVE SEA LEVEL

near 10% of diver body weight, w,

pv=0.10w (26)

and that the expansion of the wetsuit is some 55% of maximum, Eq. (25)
reduces to

ABy =0.055w [ o 1] 7)
Ph

Approximating ambient pressure at altitude,

28
P, =£: 33(1-0.038R) W
o
with h the elevation in multiples of 1,000 fr, we find
AB,, =0.0019wh (29)

as the approximate buoyancy gain, good to few percent up to 7,000 fz.

FRESH AND SALT WATER

Application of Archimedes’ principle directly to a diver submerged in fresh
and salt water at sea level yields the fresh water buoyancy loss, AB,,,.
Denoting total diver plus gear weight, w, and the corresponding volume of
water displaced at sea level in salt water, v, we have for neutral buoyancy,

with p sea water density. The difference in buoyant forces acting upon an

object of displaced volume, v, in fresh water and salt water is the buoyancy
change (loss)

AB,, =pr(n-1)=W(n-1) D)
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with 1) the fresh water specific density (ratio of fresh water to salt water den-
sity). Taking 1 = 0.975, there results

AB, = —0.025W G2

with the minus sign denoting a buoyancy loss.

GAUGE CALIBRATIONS

Capillary gauges employ pressure ratios to register depths, using a sea level
ratio calibration point, while bourdon and oil filled gauges measure direct
pressure and subtract off sea level atmospheric pressure to register depths.
The mechanics are seen as follows, taking the capillary gauge first.

CAPILLARY GAUGES

In any fluid, capillary gauge readings are dependent on the volume of com-
pressed air in the tube. Out of the fluid, at atmospheric pressure, P, , the vol-
ume of the tube occupied by air, v,,,,, is maximum. At actual depth, d, the
volume of the tube, v, occupied by air is less (because of compression). At
depth, d, the total pressure, P, is simply

P=P +nd (33)
with 77 the fluid specific density. By Boyle’s law, the volumes are related by

Py + 1)Y= By, e

for any specific density, 77, and any surface pressure P,. Capillary gauges are
calibrated for sea level atmospheric pressure, P, = 33 fsw, and in salt water,
1 =1, at some depth, &, so that the volume ratio reduces

Vinax _[33 +8 (35)
¥ 33

—H3—
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In any other fluid, at actual depth, d, the corresponding gauge reading, 8, can
be obtained by substituting the calibration relationship into Eq. (34) and sim-
plifying, with the result

33
= 22 1Ind (36)
2 [ Py 1

For fresh water, 17 = 0.975, as noted, and atmospheric pressure, Py, at eleva-
tion, A, is given by Eq. (10).

BOURDON AND OIL FILLED GAUGES

Other gauges measure absolute ambient pressure and mechanically subtract
off surface pressure to give a reading. Thus, at depth, d, a bourdon or oil
filled gauge in fluid of specific density, 7, senses ambient pressure, P, sub-
tracts off a constant, X, and registers a mechanical response, ¥,

Y=nd+P,-X (37)
If calibrated at depth, 8, in salt water, 1 = 1, for sea level atmospheric pres-
sure, P, =33 fsw, then

Y=86+33-X (38)
Substituting Eq. (38) into Eq. (37) yields the gauge reading, 6, in any fluid,
7}, at actual depth, d, for any surface pressure, P,

§=nd+P,-33 (39
in analogy to Eq. (36) for a capillary gauge.

AIR CONSUMPTION RATES

Denoting the altitude surface consumption rate, ¥, the consumption rate,
%, at depth, d, and implied elevation, o, scales directly with the pressure;
that is, neglecting the 3% density difference between salt and fresh water
for simplicity,

s i

Jt elevation, makes two dives at 4895 f elevation using an oil filled gauge,

Appendix

i [1 i % (40)

The total pressure, P, satisfies a similar relationship in terms of surface pres-
sure, Py,

33 33 ad
P=Ph+d=-a—+d=—a-[l+§ (41)

At any altitude, consumption rates increase rapidly with depth, offsectting
reduced surface rates. The surface rate at altitude, y,, is related to the surface
rate at sea level, i by the relationship

42
xhz%zxo(l—-o.O?»Sh) (32)

for h the usual elevation in multiples of 1,000 ft.

SAMPLE ALTITUDE EXERCISE

Putting all of the foregoing together, consider a diver who leaves a site at 80

and then plans on a destination site at 10,755 ft elevation. The diver weighs
148 [bs and his gear weighs an additional 46 /bs. Gearing up at the dive site
takes 80 minutes. The first dive is to 51 fsw (on the gauge) for 25 minutes,
and the second dive, separated by a 215 minute surface interval, registers 27

Jsw for 65 minutes. Using the US Navy tables and Table 2 directly, the work-

sheet below summarizes all pertinent altitude calculations and decompres-
sion table manipulations impacting the diver, that is, buoyancy changes,
gauge corrections, ascent and descent rate, altitude correction factor, equiva-
lent depths, actual depths, arrival and destination groups, and profile.
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SAMPLE ALTITUDE EXERCISE WORKSHEET

Diver Weight_ 148 Ibs.
Gear Weight _ 46 bs.

AByy 1.3 lbs
ABSC& __4-2_'H1-L

Embarkation Altitude 80 feet
Dive Site Altitude _48935 feet

Correction Factor ___ 1.20 Destination Altitude I0755 feet
Arrival Group D Permissible Group G

Ascent Rate _ 50 ft./min.

D—o1:20-C H—>335->C 15335 -G
Gauge Depth/Time _ 51/25 Gauge Depth/Time _27/65
Correction/Residual Time_+6.5/15  Correction/Residual Time +3.8/25
Actual Depth/Time _57.5/40 Actual Depth/Time 32.8/9¢
Sea Level Depth/Time _ 69/40 Sea Level Depth/Time  39.4/90
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