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Foreword
My undergraduate degree is in mathematics. As graduation approached, several of my math
friends and I discussed why we chose this major and one common theme was that we found it
to be... easy. We were wired to see the world in terms of numbers and symbols, and so
problem solving revolved around the "story" rather than the "formulas."
When I took my divemaster and instructor courses—and my Nitrox gas blending class—I tried
to convey to my fellow students to concentrate on the problems we were being asked to solve
rather than merely on which formula to apply, and many had trouble with that; they couldn't
"see" the problem in symbolic terms, so the formulas were their only lifeline.
The physics of gas is an essential science for SCUBA divers and, yet, most divers don't
understand the science behind our sport. This is just as true for mixed-gas divers, even many
who dive with Nitrox.
This paper was not written to explain gas physics, per se, but to step through the math—
actually, the algebra!—of how gases with varying amounts of oxygen are mixed together to
prepare the specific blend that we request (or are offered). I won't explain how to use Nitrox
but I will attempt to step through the essential formulas used by gas blenders to prepare the
Nitrox. While the various textbooks do a varying job providing the formulas to the reader, most
divers don't read the blender manual and the manuals often skip essential intermediate steps.
I'll try not to.
Suggestions, corrections, and/or any other comments about this manual are welcome.
Gary C. Kessler
Ormond Beach, FL
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Part 1: The Basics
Although not a treatise on physics and gas laws, this section will introduce the scientific basis
for partial pressure blending, one of the most common ways in which Enhanced Air Nitrox gas is
blended. It will introduce Dalton's Law, which shows how a gas comprises its component
elements, and show how it can be applied to the combination of gases to create nitrox mixes.
1.1. Gas Composition and Dalton's Law
All SCUBA divers—particularly those certified to use Nitrox—know that air is composed
primarily of two gases, namely, oxygen (O2) and nitrogen (N2).1
Dalton's Law2 is a law of physics that states, in essence, that the pressure of a gas is the sum of
the pressure of all of its component gases. So, for example, if a gas is composed of elements A,
B, and C, then the total pressure of the gas (P) is the sum of the pressure of the three
component gases:3
PTOTAL = PA + PB + PC
This formula shows that the total pressure is the sum of the individual gas pressures but does
not tell us what percentage of the total pressure each gas contributes to the whole. We can
calculate the fractional pressure of each gas if we know the fraction of the whole that each
component gas occupies. Note that the sum of the fractional percentage (F) of all of the
component gases will come to 100%:
FTOTAL = 100% = FA + FB + FC
For discussion purposes, let's say that we have some gas mixture that is composed of 42% gas
A, 27% gas B, and 31% gas C. This would be denoted:
FA = 42% = 0.42
FB = 27% = 0.27
FC = 31% = 0.31
Armed with this information, we can calculate the fractional pressure of each gas, which is
merely the product of the total pressure of the gas and the fractional percentage of each
individual gas:
PA = PTOTAL  FA
PB = PTOTAL  FB
1

For this discussion, we will ignore the trace elements in air such as argon, carbon dioxide, etc.
Named for John Dalton, who discovered this principle in 1801.
3
Dalton's Law assumes a constant temperature of all of the component gases.
2

3
PC = PTOTAL  FC
As an example, suppose that our theoretical gas is in a tank at a pressure of 900 pounds per
square inch (psi), or 60 bar.4 The fractional pressure of gases A, B, and C would be:
IMPERIAL
PA = 900 psi  0.42 = 378 psi
PB = 900 psi  0.27 = 243 psi
PC = 900 psi  0.31 = 279 psi

METRIC
PA = 60 bar  0.42 = 25 bar
PA = 60 bar  0.27 = 16 bar
PA = 60 bar  0.31 = 19 bar

This is relevant to SCUBA divers because of the composition of air. According to Dalton's Law,
the pressure of air is the sum of the pressure of the nitrogen plus the pressure of the oxygen:
PAIR = PN2 + PO2
SCUBA divers know that the pressure of air at sea level is 14.7 psi (imperial) or 1 bar (metric),
also denoted as 1 atmosphere (ATM). We know that oxygen comprises 20.9% of air; since we
are ignoring trace elements in air, this leaves the remaining 79.1% of air to be composed of
nitrogen (Figure 1.1). The fraction (F) of oxygen and nitrogen in air could then be denoted:
FO2 = 20.9% = 0.209
FN2 = 79.1% = 0.791

Figure 1.1. Fraction of the component gases of air. (The separation of the
O2 and N2 is for readability only; the gases are thoroughly blended in the tank.)

We can now calculate the fractional pressure of oxygen and nitrogen in the air at one
atmosphere:
PO2 = PAIR  FO2
PN2 = PAIR  FN2
4

1 bar = 14.7 psi.
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IMPERIAL
PO2 = 14.7 psi  0.209 = 3.1 psi
PN2 = 14.7 psi  0.791 = 11.6 psi

METRIC
PO2 = 1 bar  0.209 = 0.209 bar
PN2 = 1 bar  0.791 = 0.791 bar

Figure 1.2 shows the fractional pressure concept graphically. Air is a mixture of its component
gases, oxygen and nitrogen. What is true for air is also true for the gases used for SCUBA,
including Nitrox and Heliox;5 all are blends of different gases with different compositions of
each component gas.

Figure 1.2. Fractional pressure of the component gases of air.

This concept will be extended in later sections since SCUBA divers see gases at pressures up to
3000 psi (204 bar) and above. But the composition of a given gas remains the same, regardless
of the pressure.
1.2. Air Plus Oxygen Equals EAN
Enhanced Air Nitrox is simply air with a higher percentage of oxygen than air's 20.9%. A
common nomenclature is to denote EANx, where x is the desired O2 percentage (e.g., EAN32
would be Nitrox with a 32% O2 mix). In EAN, oxygen is used to displace (or dilute) the amount of
nitrogen.
We know that the total pressure of the mix is the sum of the pressures of the component gases;
in this case, the component gases are air and oxygen (Figure 1.3). For some desired pressure
(denoted PD) of a particular EANx mix (denoted MD), we know that:
PD  MD = PO2  100% + PAIR  20.9%
where PO2 and PAIR are the pressure of oxygen and air, respectively.

5

Heliox is a SCUBA gas composed to oxygen, nitrogen, and helium. It will not be discussed further in this paper.
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Figure 1.3. A given EANx mix at a given pressure is a combination of
some pressure of air and some pressure of oxygen.

So, how much air and oxygen do we need to mix to obtain the right blend for our desired EANx?
Let's go back to the formula:
PD  MD = PO2  100% + PAIR  20.9%
If we know the desired gas pressure and EANx mix, then the only things we don't know are the
pressure of oxygen and air. But we do know one more thing; namely, that the total pressure of
the EANx gas will be the sum of the pressures of the component gases, or:
PD = PO2 + PAIR
PAIR = PD - PO2
Armed with this information, we can solve for PO2 as follows:
PD  MD = PO2  100% + PAIR  20.9%
PD  MD = PO2  1.0 + (PD - PO2)  0.209
PD  MD = PO2  1.0 + PD  0.209 - PO2  0.209
PD  MD = PO2  (1.0 - 0.209) + PD  0.209
PD  MD - PD  0.209 = PO2  0.791
PD  (MD - 0.209) = PO2  0.791
PD  (MD - 0.209)
---------------------- = PO2
0.791
Using some real numbers might help make this appear more practical.
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Figure 1.4. Mixing air and oxygen to prepare a 3000 psi mix of
EAN 32.

Suppose we start with an empty tank and want to combine oxygen and air to prepare a 3000
psi (204 bar) tank of EAN32 gas. We know:
PD = 3000 psi = 204 bar

MD = 32% = 0.32

Using our formula and these values, we can calculate:
PD  (MD - 0.209)
PO2 = -------------------0.791
IMPERIAL
3000  (0.32 - 0.209)
PO2 = --------------------------0.791
= 3000  0.111 / 0.791
= 421 psi

METRIC
204  (0.32 - 0.209)
PO2 = -------------------------0.791
= 204  0.111 / 0.791
= 29 bar

Now that we know the pressure of the oxygen, we can calculate the necessary pressure of
regular air using the formula PAIR = PD - PO2 = 2579 psi (175 bar) (Figure 1.5).
We can test these computed values by putting everything back into the original formulas:
IMPERIAL

METRIC

PD  MD = 3000  0.32 = 960 psi

PD  MD = 204  0.32 = 65 bar

PO2 + PAIR  MAIR = 421 + 2579  0.209
= 421 + 539
= 960 psi

PO2 + PAIR  MAIR = 29 + 175  0.209
= 29 + 36
= 65 bar

7

Figure 1.5. The oxygen and air mix required to form EAN32.

1.3. SIDENOTE: What's In An Empty Tank?
Divers are always told to not end a dive with less than some amount of gas in their tank,
generally 500 psi (34 bar). One reason, of course, is that divers are ill-advised to use all of their
air without a reserve. More pragmatically, however, is the fact that if the pressure gets too low,
there is opportunity for moisture to accumulate in the tank.
There are many reasons, however, that a blender may start with an empty tank. Some blenders
empty the tank because it is easier to calculate the required mixture of component gases and,
in some cases, it makes financial sense to start with an empty tank (this is due to the type of
component gases being employed). A tank may also be empty after an annual visual exam.
But is a tank ever really "empty"? Empty implies that there is nothing is the tank; i.e., 0 psi/bar.
But unless there's a vacuum, that's not really the case; we live at 1 ATM of pressure. Therefore,
everything else being equal, an "empty" tank really contains 20.9% O2 at 14.7 psi (1 bar).
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Part 2: Blending A Nitrox Tank
This section will introduce partial pressure blending, one of the most common ways in which
Nitrox gas is blended. Using the basics of Dalton's Law, as described in Part 1, we will derive the
formulas necessary to understand how to mix oxygen and air -- or any combination of gases -to prepare a desired Nitrox blend.
2.1. Partial Pressure Blending
Nitrox -- more formally known as Enhanced Air Nitrox -- is a SCUBA gas blend containing more
oxygen -- and, therefore, less nitrogen -- than ordinary air.6 For a number of reasons beyond
the scope of this paper, Nitrox blends for recreational divers are limited to 40% oxygen (i.e., FO2
= 0.4, aka EAN40).
Although there are several ways in which a Nitrox tank can be prepared, one of the most
common ways is called partial pressure blending (PPB). Understanding Dalton's Law is essential
to understanding PPB, which basically works as follows:
1. Measure the pressure and fraction of oxygen of the gas currently in the tank. This is
called the starting pressure (PS) and starting mix (MS), respectively.
2. Determine the pressure and fraction of oxygen of the gas to be in the tank after filling;
this is the desired pressure (PD) and desired mix (MD), respectively. These values are
supplied to the gas blender by the diver who, in turn, determines these values based
upon their dive plan.
3. The gas blender will employ two gases, called the fill gas and top-off gas, in order to
prepare the desired Nitrox mix. The fill and top-off gases will contain a fixed fraction of
oxygen, denoted MF and MT, respectively. The most common fill gas is pure oxygen (MF
= 100% = 1.0) and the most common top-off gas is air (MT = 20.9% = 0.209).
4. The blender adds some amount of fill gas followed by some amount of top-off gas to the
tank; the pressure of the two gases is denoted PF and PT, respectively. The blending
formulas tell the blender how much fill gas to add to the tank.
5. The blender adds the top-off gas to the tank to achieve the proper desired pressure and
mix.
This exercise in Dalton's Law -- and algebra! -- is shown in Figure 2.1. The tank containing the
desired gas mixture (MD) at the desired tank pressure (PD) is prepared by measuring the
fractional pressure of the gas in the tank at the start (i.e., PSMS) and then calculating the
necessary fractional pressures of the fill gas (i.e., PFMF) and the top-off gas (i.e., PTMT).

6

Nitrox allows divers with a longer no-decompression dive time at a given depth than air because it contains less
nitrogen. The depth, however, is limited by the amount of oxygen due to potential oxygen toxicity. Details in the
use of nitrox, its limitations, and dive planning are covered in Nitrox certification courses. This paper just touches
on how the gas is prepared.
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Figure 2.1. The desired gas mixture (D) is a combination of the
gas at the start (S) plus the top-off gas (T) and fill gas (F).

2.2. A Formula For Blending EANx
The discussion in Section 1 showed how oxygen and air can be combined to form a desired
EANx mix from an empty tank. In real situations, however, we usually add the mixing gases to
whatever is currently in the tank. To create a formula for EANx, then, we need to accommodate
the starting pressure and mix of the tank prior to filling (denoted PS and MS, respectively). The
total pressure of the desired mix, then, is the sum of the fractional pressures of the starting, fill,
and top-off gases:
PD  MD = PS  MS + PF  MF + PT  MT
As before, we have a formula with a bunch of variables. Since we know the starting pressure
and mix (i.e., PS and MS), the desired pressure and mix (i.e., PD and MD), and the mix of the fill
and top-off gases (i.e., MF and MT), we have only two unknowns, namely the pressure of the fill
gas (PF) and the pressure of the top-off gas (PT). And, as before, those two values are related to
each other since we know the desired total pressure and starting pressure:
PS + PF + PT = PD
PT = PD - PS - PF
Our blending formula is slightly more complicated than the mixing formula discussed above
because a) we need to deal with the starting gas and b) our fill and top-off gases might not be
air and oxygen. Nevertheless, the new formula is just as straight-forward (don't worry, we'll use
actual numbers later!):
PS  MS + PF  MF + PT  MT = PD  MD
PS  MS + PF  MF + (PD - PS - PF)  MT = PD  MD
PS  MS + PF  MF + PD  MT - PS  MT - PF  MT = PD  MD
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PF  MF - PF  MT = PD  MD - PS  MS - PD  MT + PS  MT
PF  (MF - MT) = PD  (MD - MT) - PS  (MS - MT)
PD  (MD - MT) - PS  (MS - MT)
PF = --------------------------------------(MF - MT)
Again, now that we know the fill gas pressure, we can calculate the top-off gas pressure:
PT = PD - PS - PF
As before, the formulas will make more sense with real values, so we'll look at three examples.
2.3. Example 1: MD Greater Than MS
In this example, the desired gas mixture (MD) has a higher percentage of oxygen than the
starting mix (MS). Suppose an EAN32 tank currently at 425 psi (29 bar) needs to be filled to an
EAN34 mix at 3200 psi (218 bar). In this case, we know (Figure 2.2):
PS = 425 psi = 29 bar
PD = 3200 psi = 218 bar
MF = 100% = 1.0

MS = 32% = 0.32
MD = 34% = 0.34
MT = 20.9% = 0.209

Figure 2.2. Tank at 425 psi of EAN32 needs to be filled to 3200
psi of EAN 34.

Calculate the required pressure of fill gas using the formula above:
PD  (MD - MT) - PS  (MS - MT)
PF = ---------------------------------------(MF - MT)
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IMPERIAL

METRIC

3200(0.34-0.209) - 425(0.32-0.209)
PF = ------------------------------------------------(1.0 - 0.209)

218(0.34-0.209) - 29(0.32-0.209)
PF = ---------------------------------------------(1.0 - 0.209)

(3200  0.131) - (425  0.111)
= --------------------------------------0.791

(218  0.131) - (29  0.111)
= ----------------------------------0.791

= (419.2 - 47.175) / 0.791

= (28.558 - 3.219) / 0.791

= 372.025 / 0.791

= 25.339 / 0.791

= 470 psi

= 32 bar

Since we started with 425 psi (29 bar) in the tank, this means we add 470 psi (32 bar) of O2,
bringing the tank pressure to 895 psi (61 bar).
PT = PD - PS - PF
PT = 3200 - 425 - 470
= 2305 psi

PT = 218 - 29 - 32
= 157 bar

After the previous step, the tank pressure was 895 psi (61 bar). After now adding 2305 psi (157
bar) of air, we achieve our desired final pressure of 3200 psi (218 bar).
The pressure/mix product of the desired gas is (PD  MD), yielding a value of 1088 psi (74 bar).
Check the calculated fill pressure by summing the partial pressure/mix products of the start, fill,
and top-off gases (Figure 2.3):
(PS  MS) + (PF  MF) + (PT  MT)
IMPERIAL
= (4250.32) + (4701.0) + (23050.209)
= 136 + 470 + 482
= 1088 psi

METRIC
= (290.32) + (321.0) + (1570.209)
= 9 + 32 + 33
= 74 bar
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Figure 2.3. Adding 470 psi of oxygen and 2305 psi of air to a
starting tank of 425 psi of EAN32 will create a 3200 psi EAN34
blend.

2.4. Example 2: MD Less Than MS
In this example, the desired gas mixture has a lower percentage of oxygen than the starting
mix. Nothing actually changes here with respect to the use of the formulas or the process;
that's all the same. Suppose an EAN36 tank currently at 375 psi (26 bar) needs to be filled with
an EAN32 mix to 3000 psi (204 bar). In this case, we know (Figure 2.4):
PS = 375 psi = 26 bar
PD = 3000 psi = 204 bar
MF = 100% = 1.0

MS = 36% = 0.36
MD = 32% = 0.32
MT = 20.9% = 0.209

Figure 2.4. Tank at 375 psi of EAN36 needs to be filled to 3000
psi of EAN 32.

Calculate the required pressure of fill gas using the blending formula:
PD  (MD - MT) - PS  (MS - MT)
PF = ---------------------------------------(MF - MT)
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IMPERIAL

METRIC

3000(0.32-0.209) - 375(0.36-0.209)
PF = ------------------------------------------------(1.0 - 0.209)

204(0.32-0.209) - 26(0.36-0.209)
PF = ---------------------------------------------(1.0 - 0.209)

(3000  0.111) - (375  0.151)
= --------------------------------------0.791

(204  0.111) - (26  0.151)
= ----------------------------------0.791

= (333.0 - 56.625) / 0.791

= (22.644 - 3.926) / 0.791

= 276.375 / 0.791

= 18.718 / 0.791

= 349 psi

= 24 bar

After adding the fill gas, tank pressure is now 734 psi (50 bar).
PT = PD - PS - PF
PT = 3000 - 375 - 349
= 2276 psi

PT = 204 - 26 - 24
= 154 bar

The pressure/mix product of the desired gas is (PD  MD), yielding a value of 960 psi (65 bar).
Check the calculated fill pressure by summing the partial pressure/mix products of the start, fill,
and top-off gases (Figure 2.5):
(PS  MS) + (PF  MF) + (PT  MT)
IMPERIAL
= (3750.36) + (3491.0) + (22760.209)
= 135 + 349 + 476
= 960 psi

METRIC
= (260.36) + (241.0) + (1540.209)
= 9 + 24 + 32
= 65 bar
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Figure 2.5. Adding 349 psi of oxygen and 2276 psi of air to a
starting tank of 375 psi of EAN36 will create a 3000 psi EAN32
blend.

2.5. Example 3: Bleeding The Tank
It is sometimes necessary to remove gas from the tank in order to obtain the desired blend; this
is usually necessary when the desired mix is much lower than the starting mix and the tank
pressure is relatively high. In this example, suppose an EAN36 tank currently at 1500 psi (102
bar) needs to be filled to 3000 psi (204 bar) with an EAN28 mix. In this case, we know (Figure
2.6):
PS = 1500 psi = 102 bar
PD = 3000 psi = 204 bar
MF = 100% = 1.0

MS = 36% = 0.36
MD = 28% = 0.28
MT = 20.9% = 0.209

Figure 2.6. Tank at 1500 psi of EAN36 needs to be filled to
3000 psi of EAN 28.

Calculate the required pressure of fill gas using the standard blending formula:
PD  (MD - MT) - PS  (MS - MT)
PF = ---------------------------------------(MF - MT)
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IMPERIAL

METRIC

3000(0.28-0.209) - 1500(0.36-0.209)
PF = --------------------------------------------------(1.0 - 0.209)

204(0.28-0.209)-102(0.36-0.209)
PF = ---------------------------------------------(1.0 - 0.209)

(3000  0.071) - (1500  0.151)
= --------------------------------------0.791

(204  0.071) - (102  0.151)
= ----------------------------------0.791

= (213.0 - 226.5) / 0.791

= (14.484 - 15.402) / 0.791

= -13.5 / 0.791

= -0.918 / 0.791

= -17 psi

= -1 bar

A negative PF value indicates that the starting mix/pressure is too high to be able to obtain the
desired mix/pressure using the fill gas that we have. Therefore, some of the gas in the tank
must be removed -- or bled off -- prior to blending the desired mix.
We need a new formula in order to determine how much gas to bleed off in order to find the
correct starting pressure (PS) of the current mix. In the general blending formula that we are
using, we can only get a negative value for PF when:
PS  (MS - MT) > PD  (MD - MT)
When that situation occurs, it is necessary to balance the two terms (i.e., make the two terms
equal). The two sides in the equation will be equal only if the term on the left is made smaller
or the term on the right is made larger. Of the five variables in the formula, the only one that
can actually be changed is the starting pressure; to compute a new PS value:
PS  (MS - MT) = PD  (MD - MT)
PD  (MD - MT)
PS = ------------------(MS - MT)
Using the numbers from this example:
IMPERIAL
3000  (0.28 - 0.209)
PS = --------------------------(0.36 - 0.209)

METRIC
204  (0.28 - 0.209)
PS = -------------------------(0.36 - 0.209)

= (3000  0.071) / 0.151

= (204  0.071) / 0.151

= 1411 psi

= 96 bar
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This means that the tank needs to be bled off to 1411 psi (96 bar) and then filled only with the
top-off gas; no fill gas will be needed after the tank is bled down. Thus, in this example, the tank
would be filled with 1589 psi (108 bar) of air.
The values can be checked as before. The pressure/mix product of the desired gas is (PD  MD),
yielding a value of 840 psi (57 bar). Check the calculated fill pressure by summing the partial
pressure/mix products of the start, fill, and top-off gases (Figure 2.7):
(PS  MS) + (PF  MF) + (PT  MT)
IMPERIAL
= (14110.36) + (01.0) + (15890.209)
= 508 + 0 + 332
= 840 psi

METRIC
= (960.36) + (01.0) + (1080.209)
= 35 + 0 + 23
= 58 bar7

Figure 2.7. Tank at 1500 psi of EAN36 needs to be bled down
to 1411 psi and then filled with air to create a 3000 psi blend
of EAN 28.

7

The difference between the expected and actual values is due to rounding error.
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Part 3: A Spreadsheet for Blending
The intent of this paper is to provide a basis for the mathematics behind gas blending
calculations, whether done in the blender's head, using tables, or employing software. The
calculations are a straight-forward application of Dalton's Law although one can argue that lifegiving -- and potentially life-threatening -- gases should not be mixed using arithmetic that is
not being validated! And just as Nitrox-certified divers are trained to check the mix in their
tanks prior to diving, perhaps they should also know how the blending is accomplished and
calculated.
To that end, this section will introduce a spreadsheet and a Web-based calculator for
determining Nitrox gas mixes using the partial pressure blending method.
3.1. Downloading The Spreadsheet
The gas blending spreadsheet described here can be downloaded from:
https://scuba.garykessler.net/resources.html
Scroll down to the EAN Partial Pressure Mixing Calculator to obtain the latest version of the
spreadsheet (v3.1 as of this writing). This page also has a JavaScript version of the calculators
that can run directly from your browser (see Appendix B for more information).
3.2. Opening The Spreadsheet
Open the spreadsheet by doubling-clicking the .xlsx file, as you would any spreadsheet. By
default, the sheet will open to the Gas Mix Calculator (PSI) tab, showing calculations in psi
(Figure 3.1).
The bottom of the page is the Parameters section and has five cells with a yellow background.
With these cells, the user can define:
•

The minimum pO2 (i.e., minimum MS and MD), as a percent. The default is 20.9%, or air.

•

The maximum pO2 (i.e., maximum MS and MD), as a percent. The default is 40%, the
highest recreational Nitrox mix.

•

The fill gas pO2 (MF), as a percent. The default is 100% oxygen.

•

The top-off gas pO2 (MT), as a percent. The default is 20.9% (air).

•

The maximum tank pressure (PD), in psi. The spreadsheet default is 4000 psi.
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Figure 3.1. Gas Mix Calculator (psi) tab.

There are also four data entry fields with a light blue background where the starting pO2 (MS),
starting pressure (PS), desired pO2 (MD), and desired pressure (PD) can be entered. More on
data entry below.

Figure 3.2. Gas Mix Calculator (bar) tab.

The Gas Mix Calculator (bar) tab is an identical spreadsheet page for metric calculations (Figure
3.2). The only difference between the metric and imperial pages is that pressure values are
expressed in bar rather than psi.
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Figure 3.3. Additional information tab.

Finally, the Additional information tab provides summary information about the spreadsheet as
well as contact information for comments, suggestions, etc. (Figure 3.3).
3.3. Data Entry
Data entry in the spreadsheet is straight-forward and no different from entering data into cells
in any other type of spreadsheet. Merely enter the starting and desired pressure and O2 mix,
and the pressure of the tank after adding the fill gas will be displayed. Do note that all
spreadsheet cells are locked except the four data entry cells and five parameter cells.
Some notes are worth mentioning. Data values entered into the four fields must pass a number
of tests to be considered valid:
•

The Starting pO2 and Desired pO2 values -- entered as a percentage -- must not be less
than the min. pO2 parameter or greater than the max. pO2 parameter.

•

The Starting pressure value -- entered in psi or bar -- must not be less than 0 or greater
than the max. psi/max. bar parameter.
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•

The Desired pressure value -- entered in psi or bar -- must not be less than the Starting
pressure value or greater than the max. psi/max. bar parameter.

3.4. Data Entry Examples
Example 1: Normal Data Entry
An EAN32 tank with 360 psi (25 bar) needs to be filled to 3200 psi (218 bar) with an EAN36
blend (Figure 3.4).

Figure 3.4. Normal data entry (psi and bar).

The spreadsheet indicates that this tank should be filled with 100% oxygen (the fill gas) to 921
psi (64 bar), which should take about 10 minutes at the safe fill rate for 100% O2. The tank
should then be topped off to the desired pressure (i.e., 3200 psi or 218 bar) with air.
NOTE that the information here is not indicating that 921 psi (64 bar) be added to the tank but
that the tank should be filled to that pressure. In other words, we actually add 561 psi (32 bar)
to the starting pressure to get to the proper total pressure after the fill gas is added.
Example 2: Common Errors
The spreadsheet will provide an error message if data is entered that either doesn't make sense
or cannot result in a valid result. For example, Figures 3.5 and 3.6 show the error messages that
would appear if the start or desired pO2, respectively, are out of range (i.e., if the pO2 value is
less than the min. pO2 parameter or greater than the max. pO2 parameter).
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Figure 3.5. Starting pO2 entry out of range (psi).

Figure 3.6. Starting pO2 entry out of range (bar).

Figure 3.7 shows the error message that will appear if the starting pressure value is out of
range; i.e., if the starting pressure is less than 0 or greater than the max psi or max bar
parameter. Note that if the starting pressure is out of range by being too high, it is likely that
the desired pressure will also get flagged as an error even though it is valid (Figure 3.8). The
second error message will disappear when the starting pressure value is fixed.
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Figure 3.7. Starting pressure entry less than 0 (psi).

Figure 3.8. Starting pressure entry greater than the max. psi
parameter value, causing the (valid) desired pressure entry to
be flagged as an error (psi).

Figure 3.9 shows the error message when the desired pressure is invalid, in this case with a
value greater than that of the starting pressure.
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Figure 3.9. Desired pressure entry less than starting pressure
entry (bar)

Example 3: Bleeding a Tank
Having a situation where the tank needs to be bled is not an error condition, but provides
information in a slightly different way than previous valid data entry screenshots have shown.

Figure 3.10. Achieving the proper blend requires bleeding the
tank (psi).

Figure 3.10 shows a situation where the tank needs to be drained of gas. In this case, the
starting tank already contains an EAN34 blend at 1700 psi and the diver wants a new blend of
EAN28 at 3000 psi. The spreadsheet is only solving an equation for which there is an answer -- a
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wrong answer! Therefore, the spreadsheet also makes it pretty clear that the tank needs to be
first bled to 1626 psi and then filled only with the top-off gas (i.e., no fill gas will be required in
this circumstance).
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APPENDIX A:
The Spreadsheet and Examples
This Appendix shows spreadsheet screenshots for solving the sample problems given in Section
1.
In Example 1, we start with a 425 psi (29 bar) tank of EAN32 and wish to fill it to 3200 psi (218
bar) of EAN34. The formula shows that 470 psi (32 bar) of fill gas needs to be added to the tank
followed by 2305 psi (157 bar) of top-off gas needs to be added. The spreadsheet does not
show these values explicitly but does the addition for you. In particular, if the tank started at
425 psi (29 bar) and needs 470 psi (32 bar) to be added, then the blender is merely using fill gas
to get the pressure up to ~895 psi (~62 bar), as shown in Figures A.1 and A.2, respectively.

Figure A.1. Example 1 calculation (psi).

26

Figure A.2. Example 1 calculation (bar).

In Example 2, we start with a 375 psi (26 bar) tank of EAN36 and wish to fill it to 3000 psi (204
bar) of EAN32. The formula shows that 349 psi (24 bar) of fill gas needs to be added to the tank,
yielding a tank pressure of ~725 psi (50 bar) after adding the fill gas, as shown in Figures A.3 and
A.4, respectively.

Figure A.3. Example 2 calculation (psi).
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Figure A.4. Example 2 calculation (bar).

Finally, we start with a 1500 psi (102 bar) tank of EAN36 and wish to fill it to 3000 psi (204 bar)
of EAN28 in Example 3. The formula here shows that we need to bleed the tank to 1411 psi (96
bar) and just add top-off gas to the tank. This is shown in Figures A.5 and A.6, respectively.

Figure A.5. Example 3 calculation (psi).
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Figure A.6. Example 3 calculation (bar).
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APPENDIX B:
The Web-Based Calculator
This Appendix describes the Web-based calculator, which can be found at
https://scuba.garykessler.net/resources.html. The Web-based calculator works essentially like
the spreadsheet. This appendix shows a few examples of calculations and error screenshots,
also solving the sample problems given in Section 1.
The web-based version assumes a minimum and maximum blend of 21% and 40%, respectively;
fill gas of 100% oxygen, top-off gas of air, and a maximum pressure of 4000 psi (270 bar). These
items can be changed but it requires changing the JavaScript code. (Please contact the author if
you need to customize the code.)
In Example 1, we start with a 425 psi (29 bar) tank of EAN32 and wish to fill it to 3200 psi (218
bar) of EAN34. The calculator shows that the blender needs to fill the tank to 896 psi (62 bar)
with oxygen, then top-off the tank with air, as shown in Figures B.1 and B.2, respectively.

Figure B.1. Example 1 calculation (psi).

30

Figure B.2. Example 1 calculation (bar).

If the user enters an invalid value into any of the fields, the calculator will show the field with
the error and indicate the nature of the error.

Figure B.3. Error message (invalid desired pressure entry).
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APPENDIX C:
Using the Tables
The spreadsheet and calculator described in this document is meant to provide an alterative to
using the EAN Partial Pressure Fill Tables (Figures C.1 and C.2) and manually doing the math
every time you fill a tank. Using the tables are, in fact, pretty straight-forward and
understanding them actually reinforces what the automatic methods are doing. By matching a
row (pressure) and column (O2 percent) in the table, you learn the amount of oxygen needed to
provide a particular EAN mix. (The tables, by the way, are not as general purpose as the
forumulas that we derived above; the tables assume that the fill gas is 100% O2 and that the
top-off gas is air.)
Doing a Niyrox fill using the tables employs a so-called want/have/need method that
determines how much oxygen to add to a tank given the requirements of the fill and current
content of the tank. Consider this example:
1. A customer brings in a tank and requests a fill of EAN34 at a pressure of 3,000 psi. The
table shows that you want 497 psi O2.
2. You analyze the tank to find that it currently holds 500 psi of EAN32. The table shows
that you have 70 psi O2 already in the tank.
3. Since you want 497 psi O2 and already have 70 psi, you need an additional 427 psi O2.
4. Your tank currently has 500 psi of gas in it and you need to add 427 psi O2. That means
that you need to fill the tank to 927 psi with O2 and then top it off to 3,000 psi with air.
This method is simple enough when the parameters match values that are in the tables. Things
get harder when they don't line up, such as when someone brings in a tank with 463 psi (31.3
bar) and a 31.6% mix. In those circumstances, you need to extrapolate (i.e., estimate) the
proper values to use.
Section 1.2 above derived the basic formula for the values in the tables below, namely:
PD  (MD - 0.209)
---------------------- = PO2
0.791
With this formula, you can determine how much O2 is needed for any EAN mix at any pressure,
and then employ the want/have/need method described above to determine how much O2 to
add to any tank.
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Figure C.1. Enriched Air Nitrox Partial Pressure Fill Table (psi).
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Figure C.2. Enriched Air Nitrox Partial Pressure Fill Table (bar).
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Acronyms and Abbreviations
bar
FX
M
N2
O2
P
psi

One atmosphere of pressure (14.7 psi)
Fractional portion of gas X in a gas mixture (%)
The gas mix, or FO2 in a gas blend (%)
Nitrogen
Oxygen
Pressure (psi or bar)
Pounds per square inch

Start
Desired
Fill gas
Top-off gas

Pressure (psi/bar)
PS
PD
PF
PT

FO2 in Mix (%)
MS
MD
MF
MT
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