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INTERNATIONAL
Standard Test Method for
Determining the Carbon Dioxide Loss of Beverage

H 1

Containers
This standard is issued under the fixed designation F1115; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 The objective of this test method is to determine the
carbon dioxide (CO,) loss from plastic beverage containers
after a specified period of storage time.

1.2 Factors contributing to this pressure loss are volume
expansion and the gas transport characteristics of the package,
including permeation and leakage.

1.3 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:*
D1129 Terminology Relating to Water
D1193 Specification for Reagent Water

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 automated CO, analyzer—an electronic unit that will
pierce the roll-on closure and automatically read pressure and
temperature and calculate volume of gas (Procedure B). There
are multiple manufacturers of these instruments.

3.1.2 carbonation volume—the volume of CO, (at 0°C, 1
atm pressure) that is dissolved in the carbonated water, divided
by the volume of the liquid (based on water volume at 3.98°C
equals 1.000 g/cm?). The conversion of pressure to carbonation
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Permeation.
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volumes should be made using a carbonation volumes table. A
table for carbonated water would not necessarily apply to
liquids containing additional substances, such as carbonated
beverages containing sugar.

3.1.3 finish—the threaded part of the bottle which receives
the cap.

3.1.4 initial pressure—the equilibrium pressure in the test
bottles as measured at 24 h after filling with carbonated water.
(The filled bottles are allowed to stand for 24 h to obtain
temperature equilibrium with the test environment and to allow
time for pressure adjustment and equilibration of the CO, in
the headspace and liquid).

3.1.5 manual pressure tester—a unit that manually pierces
the closure and measures container pressure; an attached
thermometer is then used to measure temperature (Procedure
B).

3.1.6 pressure monitoring device—a pressure gage or trans-
ducer assembly with support electronics for indicating internal
pressure level of the bottle. This device is used with brass
closure fitting-equipped bottles.

3.1.7 sample—a set of bottles produced on the same equip-
ment in a single run and using the same material and process
conditions. Bottles should represent normal thickness distribu-
tion.

3.1.8 shelf life—the number of weeks a sample set of bottles
retain a specified carbonation level, or a percent of the initial
level.

3.1.9 support ring—a protrusion below the bottle finish
which is used to support or stabilize the bottle during filling
and capping.

3.1.10 temperature monitoring device—a thermocouple
with support electronics (same equipment as described in
7.2.2). A precision glass thermometer may be used, provided a
bottle filled with noncarbonated water is used as a control in
each sample set (Procedure A).

3.2 For other terms used in this test method, refer to
Terminology D1129.

4. Summary of Test Method

4.1 Test bottles are filled with carbonated water or beverage
and, after closure application, are exposed to test environments
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for specified time periods. By periodically measuring the initial
and final carbonation levels in the container, the carbonation
loss and carbonation transfer rate can be calculated.

5. Significance and Use

5.1 Two procedures, A and B, are outlined in this test
method. Procedure A is used most often for development of
various beverage container designs to determine the functional
characteristics of the package in regard to shelf life. Procedure
B is recommended for use in beverage filling operations as a
quality control tool in maintaining the desired CO, fill pres-
sure. A loss of CO, will affect product taste.

5.1.1 Procedure A involves the use of sensitive pressure and
temperature monitoring equipment where a high degree of
accuracy is essential, for example, a micro-pressure transducer
and thermocouple for measuring pressure and temperature of
the package in a closed system. Alternatively, this procedure
may also use bottles closed with roll-on aluminum caps
containing rubber septums. The septum is pierced with a
hypodermic needle attached to a pressure transducer to obtain
pressure readings. This procedure should be confined to
laboratories that are practiced in this type of analytical testing.

5.1.2 Procedure B is more widely used when measuring the
carbonation level of the package due to the simplicity of the
technique. A simple Manual pressure assembly or an Auto-
mated CO, Analyzer is utilized.

6. Interferences

6.1 The following conditions can interfere with the test
results:

6.1.1 CO, leakage at closure due to defective bottle finish or
improper sealing of closure apparatus,

6.1.2 CO, leakage due to improper equipment set-up,

6.1.3 Change in ambient temperature, upsetting the equilib-
rium of the headspace and dissolved CO, gas,

6.1.4 Measurement of pressure before the bottle and liquid
have reached ambient temperature,

6.1.5 Inaccurate thermocouple device used for measuring
the liquid temperature,

6.1.6 Excessive air in the bottle headspace or dissolved in
the liquid,

6.1.7 Inaccurate or erratic pressure monitoring device,

6.1.8 Ambient humidity in the test area,

6.1.9 Age of bottles, and

6.1.10 Excessive bottle-to-bottle variation in the material
distribution, which may result in a wide variation from bottle to
bottle within the sample population.

7. Apparatus

7.1 Procedures A and B:

7.1.1 Bottle Stand, optional.

7.1.2 Height Measuring Device, capable of measuring to
within 0.001 in. (optional).

7.1.3 Top Loading Balance, capable of weighing to 2500 g
with an accuracy of +0.01 g (optional).

7.1.4 Outside Diameter Measuring Device, T tape or similar
device (optional).

7.1.5 Carbonated Water or Beverage Dispensing Equip-
ment.

7.1.6 Micrometer or Ultrasonic Thickness Gage, capable of
measuring to within 0.001 in. or less (optional).

7.2 Procedure A:

7.2.1 Machined Metal Cap (see Fig. 1).

7.2.2 Temperature-Measuring Device, capable of accurately
measuring temperature in increments of 0.1°C or less in a
range from 18 to 32°C (65 to 100°F).

7.2.3 Pressure-Monitoring Device.

7.2.4 Fillpoint-Level Syringe Assembly (see Fig. 2).

7.3 Procedure B:
7.3.1 Pressure- and Temperature-Measuring Device.

8. Reagents and Materials

8.1 Water carbonated to a level sufficient to ensure a
minimum carbonation level of 4.5 volumes in the filled bottles.
Reagent water conforming to Type IV of Specification D1193
or better shall be used.

8.2 Carbon Dioxide, compressed (CO,).
8.3 Leak-Detecting Solution.

9. Conditioning

9.1 Test bottles must be conditioned at 23°C (73.4°F) = 2°C
and 50 £ 5 % relative humidity for at least 72 h and tested at
the same conditions unless other conditions are agreed upon by
the parties involved.

9.2 Bottles may be tested with or without base cup attached.
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FIG. 1 Machined Metal Cap for PET Beverage Bottle Testing
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Note 1—Dimensions are in inches and millimetres. Other styles of suction bulbs may be used, including an in-line bulb for use with flexible tubing
attached to the gage. The assembly must be adjusted for the specified fill point (from the top down) for the specific bottle size and style being evaluated.
The gage may be adjusted using a preset syringe adjusting device or other measuring devices such as the vertical height gage (see 7.1.2). The gage should
be set 0.050 in. (1.27 mm) less than the specified value to compensate for the extra liquid withdrawn due to the effect of surface tension.

FIG. 2 Fillpoint Level Adjustment Syringe

10. Procedure A 10.1.3 Check calibration of monitoring equipment.
10.1 Apparatus Preparation: 10.2 Record weight and dimensions of empty and filled
10.1.1 Assemble and calibrate pressure- and temperature- bottles (optional).

monitoring equipment.
10.1.2 Pressure test assembly at 60 psi using leak detecting
solution.

10.2.1 Weigh each empty bottle to at least 0.01 g.
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10.2.2 Measure the outside diameter of each empty bottle
using a © tape. Measure at the center of the label panel, or other
previously agreed upon location(s).

10.2.3 Measure the height of each empty bottle to the
bottom of the support ring using a vertical height gage or
similar equipment.

10.3 Filling Bottles:

10.3.1 Using a carbonating unit or similar equipment, fill
containers to the nominal fill level with carbonated water
cooled to 5°C (41°F) or below, preferably 1°C (34°F). Samples
must be carbonated to no less than 4.5 volumes CO,. Use Table
X1.1 or another table agreed upon by the parties involved to
determine CO, content by measuring pressure and temperature
with the equipment described in Section 7.

10.3.2 Using a fillpoint-level syringe, draw liquid level
down to the specified fillpoint.

10.3.3 Immediately after the fillpoint-level adjustment, ap-
ply the pressure monitoring apparatus tightly to the bottle. DO
NOT AGITATE THE BOTTLE. A brass closure fitted with a
micropressure transducer or pressure gage (see Fig. 3) and a
thermocouple capable of reading within increments of 0.1°C
and 1.0 psi, respectively, or a roll-on aluminum closure fitted
with a rubber septum have been found satisfactory for this
purpose.

10.3.4 Fill a minimum set of five bottles for each sample.

10.3.5 If the testing device used does not have a temperature
sensing probe inside the bottle, fill another bottle with cold
noncarbonated water to use as a temperature control for this set
of bottles. This bottle should be kept with this set during
storage, agitation, and testing. Its temperature shall be used for
the temperature of each bottle in the set when determining
carbonation level.

10.4 Pressure Adjustment and Equilibration of Filled
Bottles:

10.4.1 Allow filled bottles to come to ambient storage
temperature, and let stand for 24 h in the test environment.

10.4.2 After bottles have equilibrated for 22 h at ambient
temperature, agitate the bottles for at least one min using hand
shaking or mechanical agitation to ensure proper equilibration
of headspace and dissolved CO,. Shift pressure or add CO, gas
as required to adjust the carbonation level to 4.0 volumes
*0.05 volumes according to a carbonation volumes table. The
starting CO, level is critical.

10.4.3 After a total of 24-h equilibration, again agitate the
test bottles and determine their carbonation level. If any bottle
has a carbonation level of 3.95 volumes or less, discontinue
testing of that bottle.

10.5 Measurements:

10.5.1 Before filling bottles for the carbonation level test,
measure wall thickness profile using suitable equipment to
determine the quality of the material distribution (optional).

10.5.2 Twenty-four hours after filling, agitate each test
bottle to equilibrium pressure for at least 1 min to obtain the
initial values as outlined below:

10.5.2.1 Equilibrium pressure of each bottle,

10.5.2.2 Temperature of each bottle or the control bottles,

10.5.2.3 Carbonation level (from a carbonation volumes
table),

10.5.2.4 Bottle height to the bottom of the support ring
(optional), and

10.5.2.5 Bottle outside diameter (optional).

10.5.3 Repeat measurements, and agitate bottle for at least 1
min prior to measuring pressure and temperature at 3 days, 1
week, 3 weeks, 6 weeks, 8 weeks, 12 weeks, and 16 weeks. If
attached pressure transducers or gages are used, pressure and
temperature may be measured more frequently (for example,
weekly) either to allow early prediction of shelf life or to obtain
a more precise measure of the end point.

10.5.4 If the attached septum method is used, a set of six
glass control bottles of the same capacity must be tested along
with the plastic bottles. Average loss of these bottles must be
subtracted from the loss of the plastic bottles to compensate for
CO, lost from the septum.

11. Procedure B

11.1 Apparatus Preparation:

11.1.1 Ensure proper calibration of the automated CO,
analyzer or manual apparatus using appropriate manufacturer’s
guidelines.

11.1.2 Pressure test assembly to ensure no pressure leakage
will occur.

11.2 Test Initiation:

11.2.1 This test method usually involves filled product
containers selected from a commercial beverage location.
Select a random sample of at least 50 bottles.

11.2.2 If commercially filled and capped bottles are not
available, fill the bottles with either carbonated water or
product and apply aluminum roll-on closures using a capper.

11.2.3 Using the automated CO, analyzer, manual
apparatus, or similar device, pierce the closure and measure the
pressure and temperature of at least six bottles.

11.2.4 Agitate each bottle for at least 1 min until the
equilibrated pressure and temperature is achieved. This is
indicated when the maximum pressure is reached.

11.3 Measurements:

11.3.1 Follow the procedure given in 10.5.2 and 10.5.3.

11.3.2 A sample size of at least 50 bottles is needed for a
long-term test. Since each bottle is destroyed at each test
interval, a minimum of five bottles are needed at each interval
outlined in 10.5.3.

12. Calculation

12.1 Calculate the percent of CO, retention for each bottle
after each measurement (based on an initial carbonation level
of 100 %). Calculate the mean average of the CO, volumes to
determine the percent CO, retention of that sample.

12.2 Plot this data as volumes of CO, or percent carbon-
ation retention versus time from the initial reading on rectan-
gular coordinate graph paper and draw a smooth curve through
the data points.

12.3 Obtain shelf-life time from the graph by noting the
time (in weeks) at which the carbonation level drops below the
specified minimum carbonation level.
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Rubber Septum, or a Pressure Gage,
0 to 100 psi, 1 % accuracy

such as Ashcroft 25-1009A02L or
other pressure/temperature sensing device

Tank Valve _—
NAPA 90-290 m ——————— Y in. NPT Brass Tee

or equivalent

Machined Brass
Cap (Fig. 1) \

1.125 in. OD by 0.625 in. ID by 0.125 in. Thick—
Rubber Gasket, Garlock White Neoprene
Style 2612-W or equivalent or other
suitable rubber gasket material

SEALANTS

Gage to Brass Bell Reducer:
Teflon Tape-Type Pipe Sealant
Other Brass to Brass Joints:
Epoxy Resin Cement (for ex-
ample, Smooth-On’s Metalset A4)

FIG. 3 Pressure Monitoring Assembly

12.3.1 As a guideline, tests on 2-L bottles should be 12.5 Calculate the percent change for each bottle dimension
continued for at least 16 weeks; a 15 % carbonation loss can be measured, based on the initial values (optional).
used as a guideline to determine the accepted performance (see

Fig. 4). 13. Report
12.4 Alternatively, standard statistical methods may be used 13.1 The report shall include the following:
to analyze this data and obtain the shelf life. 13.1.1 Number of bottles in the sample.
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FIG. 4 Example of Carbonation Retention as a Function of Time
for 72-L PET Bottles

13.1.2 Nominal bottle capacity, size, and style.
13.1.3 Initial weight, empty and filled, of each bottle, and
thickness profile (optional).

13.2 Measurement values for each bottle at each time
interval.

13.2.1 Overall height to bottom of support ring (optional).

13.2.2 Height to liquid level (optional).

13.2.3 Outside diameter (optional).

13.2.4 Pressure of each bottle.

13.2.5 Temperature of each test bottle or temperature of
each control bottle.

13.3 Calculated values at each time interval.

13.3.1 Mean average sample carbonation level, obtained
from a carbonation volumes table.

13.3.2 Mean average sample percent carbonation loss from
the initial value.

13.3.3 Mean average percent carbonation retention of each
sample.

13.3.4 Mean average percent change of each dimension
measured on each sample as defined in 3.4 (optional).

13.4 Graph of average percent carbonation retention versus
time for each sample.

13.4.1 Shelf life obtained from this graph.

13.4.2 Slope of the line.

13.5 Type of carbonation volumes table used, if different
from Table X1.1.

13.6 Pressure and temperature measurement device used.
13.7 Type of closure used.

13.8 Conditioning and testing environment if other than
specified in 9.1.

14. Precision and Bias

14.1 Testing—The data given in Table X1.1 were obtained
using Procedure A of this test method. Only one laboratory
participated in the data collection. From a single lot of
polyethylene terephthalate (PET) more than 100 preforms were
molded, stretch blown into 2-L bottles, and then evaluated for
carbon dioxide pressure loss. Twelve bottles were randomly
selected from the group for the evaluation. Measurements were
taken initially and weekly during 16-week test period until a
15 % carbonation loss was observed. Another lot of PET was
also molded at a later date into more than 100 Y2-L preforms
and stretch blown into bottles in a similar fashion as the before
mentioned 2-L bottles. Eighteen bottles were randomly se-
lected from this group and evaluated for their carbon dioxide
pressure loss by the method. The measurements for this set
were taken initially and weekly for 10 weeks until a 15 %
carbonation loss was observed. All of the testing was carried
out at ambient conditions in the laboratory with a temperature
range of 20 to 25°C and 50 * 5 % relative humidity.

14.2 Variability—Since only one laboratory participated in
the evaluation, the repeatability and reproducibility could not
be calculated. However, from the data obtained, the expected
standard deviation could be calculated. As would be expected,
the 2-L bottles gave more variation in the measurement and
indicated a standard deviation of 1.455. The 2-L bottles has a
standard deviation of 0.817. There was a slight upward trend
noted for the standard deviation of the 2-L set with respect to
increasing carbonation loss while the standard deviation of the
15-L set remained fairly constant.

APPENDIX

(Nonmandatory Information)

X1. CARBONATION VOLUMES TABLES

X1.1 Table X1.1 gives carbonation volumes.
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TABLE X1.1 Volumes of Carbon Dioxide Gas (at STP) Dissolved per Volume of Water (at 3.98°C)®

PSIG—= 0 1 2 3 4 5 [ 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 PSIG
TEMP TEMP
°F °F
o5 48 51 .55 .58 .62 65 B9 72 75 .79 B2 86 B9 .93 96 100 1.03 1.07 110 113 117 120 1.24 127 131 134 137 141 144 148 151 105
o4 48 52 .55 .59 62 66 69 73 76 B0 B3 B7 90 94 97 101 104 108 141 115 118 122 125 1.29 132 136 139 143 146 150 153 104
103 49 53 56 60 63 67 70 24 77 81 B85 88 92 95 99 102 106 109 113 116 120 123 127 130 134 137 141 144 148 151 155 103
w2 50 53 57 60 B4 BB 7175 78 B2 0BG 8% 93 9 100 L04 107 L11 114 118 121 125 1.28 132 136 139 143 146 150 153 157 102
o1 50 .54 .58 .61 65 69 72 76 80 B3 87 S0 .94 98 1.01 105 109 112 116 119 123 127 130 134 137 141 144 148 1.52 155 159 101
w0 51 55 58 €2 €6 0 73 77 81 B4 88 92 95 99 103 106 110 114 117 121 125 128 132 135 139 143 146 150 154 157 161 100
99 52 .56 59 63 .67 71 .74 78 82 B85 89 93 .97 100 LO04 108 111 115 119 1.22 126 130 134 137 141 145 148 152 156 159 163 99
98 53 .56 .60 .64 .68 72 .75 .79 83 87 %0 54 98 102 105 109 113 117 1.20 1.24 128 132 135 139 143 146 150 1.54 158 161 165 98
97 5 57 Bl 65 69 73 .76 80 B4 B8 %2 85 .99 103 107 111 114 118 122 1.26 130 133 137 141 145 148 152 156 160 163 167 97
9 54 58 62 66 70 74 77 81 85 8% 53 97 101 104 L08 112 116 120 1.24 127 131 135 139 143 147 150 154 158 162 166 169 96

9 55 59 B3 &7 71 75 79 82 86 50 .84 58 1.02 106 1.10 1.14 118 1.21 125 1.29 133 137 141 145 149 152 156 160 1.64 168 172 95
94 5% 60 64 68 72 6 B0 B4 88 92 95 .99 103 107 111 115 119 123 127 131 135 139 143 147 151 154 158 162 166 170 174 94
1 57 Bl €5 w9 73 77 Bl 85 B9 83 57 101 105 109 113 117 121 135 129 133 137 141 145 145 153 157 161 1.64 168 172 176 93

92 57 .62 B6 70 74 7B B2 86 90 54 58 102 1.06 1.10 114 1.18 1.23 1.27 131 135 139 143 147 151 155 159 163 167 171 175 179 92
91 58 62 67 71 5 79 B3 87 91 85 100 104 108 112 116 120 1.24 1.28 132 137 141 145 149 153 157 161 165 169 173 177 181 9N
90 59 63 B8 2 76 B0 B4 B9 93 57 101 105 1.09 1.14 L18 122 126 130 134 138 143 147 151 155 159 1.63 167 171 176 180 184 90
89 64 B9 73 77 Bl 86 50 94 58 103 1.07 L11 115 119 1.24 128 132 136 140 145 149 15 157 161 166 170 174 178 182 186 B9
88 &1 &5 70 74 78 B3 87 91 95 100 104 108 113 117 1.21 135 130 134 138 142 147 151 155 159 164 168 172 176 1.81 185 189 88
87 62 66 71 75 79 B4 BB 93 97 101 1.06 110 114 119 1.23 127 132 136 140 145 149 153 157 162 166 170 175 179 183 187 192 &7
86 63 B7 72 7% Bl B5 80 54 98 1.03 107 112 116 1.20 125 1.29 134 138 142 147 151 155 160 164 168 173 177 182 186 19 155 86
85 64 68 73 77 82 86 91 95 100 1.04 1.09 113 118 122 127 131 136 140 144 149 153 158 162 167 171 175 180 1.84 1.89 193 197 85
84 65 0 74 79 B3 88 82 97 101 106 110 115 120 124 1.29 133 138 142 147 151 156 160 165 169 174 178 182 187 191 19 200 84
83 6 71 75 &0 B4 B9 54 98 103 108 112 117 121 126 131 135 140 144 149 153 158 162 167 172 176 1.81 185 150 1.94 199 203 83
82 &7 72 76 B 86 91 .85 100 105 109 114 119 1.23 128 133 137 142 146 151 156 160 165 170 174 179 183 188 1593 1.97 202 206 82
81 68 73 78 8 87 92 97 101 106 111 116 120 1.25 130 1.35 139 144 149 153 158 1.63 167 172 177 182 186 191 19 200 205 210 81
B0 69 74 79 B4 B9 93 88 103 108 113 117 122 1.27 132 137 141 146 151 156 1.61 165 170 175 1.80 184 1.89 194 1599 2.03 208 213 &80
79 0 75 B0 .85 90 95 1.00 105 110 114 119 124 1.29 134 139 144 149 153 158 1.63 168 173 178 182 187 1952 197 202 206 211 216 79
78 72 77 82 87 91 9 101 1.06 111 116 121 126 131 136 141 146 151 1.5 161 166 171 175 180 185 190 155 200 2.05 210 215 219 78
77 73 78 B3 88 93 98 1.03 108 113 118 123 128 133 138 143 148 153 158 163 168 173 178 183 188 193 158 203 208 2.13 218 223 77
76 74 79 & 89 95 1.00 105 110 115 120 125 130 135 141 146 151 156 1.61 166 171 176 181 186 191 19 2.01 206 211 216 221 226 76
B 75 80 86 91 9 101 107 112 117 122 127 132 138 143 148 153 158 163 169 174 179 184 189 194 199 205 210 215 220 2235 230 75

74 76 B2 B7 82 98 103 1.08 114 119 124 129 135 140 145 1.50 156 161 166 171 177 1.8 187 192 157 203 208 213 218 223 229 234 74
B9 94 99 105 110 116 121 126 132 137 142 148 1.53 158 164 169 174 1.80 185 150 195 201 206 211 217 222 227 232 238 73
72 .79 85 .90 96 101 107 112 117 123 128 134 139 145 150 156 161 166 172 177 183 188 193 199 204 209 215 220 226 231 236 242 72
82 897 1.03 108 114 119 125 131 136 142 147 153 158 164 169 175 180 1.86 1.91 197 202 208 213 218 224 229 235 240 246 71

=
w
=]
)
%]

62
61

101 108 114 121 127 134 140 147 153 160 166 172 179 185 192 198 204 211 217 224 230 236 243 249 255 262 268 274 281 287
103 110 116 1.23 130 136 143 149 156 162 1.69 176 1.82 1.89 1.95 202 2.08 215 221 228 234 241 247 254 260 267 273 279 286 252

71 81 86
70 82 .88 93 .99 105 110 116 1.22 127 133 138 144 150 155 161 166 172 178 183 189 154 200 205 211 217 222 228 233 239 244 250 70
69 83 89 .95 LO01 106 112 118 124 1.29 135 141 147 1.52 158 164 169 175 1.81 186 152 158 203 209 215 220 226 232 237 243 248 254 69
68 B85 .91 .97 102 108 114 1.20 1.26 132 137 143 149 155 161 166 172 178 184 190 155 201 207 213 218 224 230 236 241 247 253 258 68
67 86 .92 98 104 110 116 1.22 1.28 134 140 146 152 1.58 1.64 1.69 175 181 187 193 199 205 210 216 222 228 234 240 245 251 257 263 67
66 88 .94 100 1.06 112 118 124 130 136 142 148 154 160 166 172 178 184 190 196 202 208 214 220 226 232 238 244 250 256 262 267 66
65 90 %6 1.02 108 1.14 120 1.27 133 139 145 151 157 1.63 1.69 175 1.82 188 1.94 2.00 2.06 212 218 224 230 236 242 248 254 260 266 272
6 91 .98 1.04 L10 116 123 129 135 141 148 154 160 166 172 179 1.85 191 197 203 210 216 222 228 234 240 246 253 259 265 271 277

93

85

96

65
64
99 106 112 119 125 131 138 144 150 157 163 169 176 1.82 1.88 194 201 207 213 220 226 232 238 245 251 257 263 270 276 282 63
62
61

60 98 1.05 112 119 125 132 139 145 152 159 166 172 179 186 192 199 205 212 219 225 232 239 245 252 258 265 271 278 285 291 258 60
59 1.00 1.07 114 1.21 1.28 135 141 148 155 162 1.69 175 1.82 185 1.9 203 209 216 223 230 236 243 250 256 263 270 277 283 290 297 303 59
58 1.02 1.09 116 1.23 130 137 144 151 158 165 172 179 186 193 2.00 206 213 220 227 234 241 248 254 261 268 275 282 289 295 3.02 309 58
57 104 111 118 126 133 140 147 154 161 168 175 182 189 19 2.03 210 217 224 231 238 245 252 259 266 273 280 287 29 3.01 308 315 57
56 106 1.13 121 128 135 143 150 157 164 L71 179 186 193 200 2.07 214 2322 229 236 243 250 257 264 271 278 286 293 300 3.07 314 321 56

55 1.08 116 123 131 138 145 153 1.60 167 175 1.82 189 197 204 211 219 226 233 240 248 255 262 269 277 284 251 298 305 3.13 320 327 55
54 111 118 126 133 141 148 156 163 171 178 1.86 1.93 201 208 215 223 230 238 245 253 260 267 275 282 289 297 304 311 319 326 333 54
53 113 120 128 136 144 151 159 166 174 182 1.89 157 205 212 220 227 235 242 250 258 265 273 280 288 295 303 310 318 325 332 340 53
52 115 1.23 131 1.3% 146 1.54 162 170 178 185 1.53 201 209 216 2.24 232 240 247 255 263 270 278 286 293 301 3.09 316 324 331 339 347 52
51 117 1.25 133 141 149 157 165 173 181 189 157 205 213 221 229 237 244 252 260 268 276 284 291 299 307 3.15 323 330 338 346 354 O51

50 1.20 1.28 136 144 152 161 169 177 185 183 2.01 209 217 225 233 241 249 257 265 273 281 289 297 305 313 321 329 337 345 353 361 50
49 122 131 139 147 156 164 172 181 1.89 157 2.05 214 222 230 238 246 255 263 271 279 2.8 255 303 312 320 3.28 336 344 3.52 360 368 49
48 125 133 142 150 159 167 176 184 193 201 210 218 226 235 243 252 260 268 277 285 293 301 310 318 326 335 343 351 3.59 367 376 48
47 128 136 145 154 162 171 180 1.88 197 205 214 2323 231 240 248 257 265 274 282 291 299 308 316 325 333 342 350 358 367 375 383 47
46 130 1.39 148 1.57 166 175 1.83 192 201 210 219 2327 236 245 2.5 262 271 280 288 257 3.06 3.14 323 331 340 349 357 366 374 383 351 46

45 133 142 151 160 169 178 187 19 205 214 223 232 241 250 259 268 277 286 294 3.03 312 321 330 338 347 356 365 374 382 391 400 45
44 136 145 155 164 173 182 151 201 210 219 228 237 246 255 264 274 283 292 301 310 319 328 337 346 355 364 373 382 390 39 408 44
43 139 149 158 1.67 177 186 156 205 214 224 233 242 252 261 270 279 289 298 3.07 3.16 3.26 335 344 353 362 371 381 3590 399 408 417 43
42 142 152 161 171 181 190 200 2090 219 229 238 248 257 267 276 286 295 304 314 3.23 333 342 352 361 370 3.80 389 3598 408 417 426 42
41 145 155 165 175 185 195 2.04 214 224 234 243 253 263 273 282 292 302 311 321 330 340 350 359 369 378 388 397 407 416 426 435 41

40 149 159 169 179 189 199 2.09 219 229 239 249 259 269 279 288 298 3.08 318 3.28 338 348 357 367 377 387 3596 406 416 426 435 445 40
39 152 1.62 173 1.83 193 203 214 224 234 244 254 265 275 285 295 305 315 325 335 345 355 365 375 385 395 405 415 425 435 445 455 39
38 155 166 177 187 198 208 219 229 239 250 260 271 281 291 302 312 322 333 343 353 363 374 384 394 404 414 425 435 445 455 465 38
37 159 170 181 191 202 213 224 234 245 256 2.66 277 287 298 3.09 319 330 340 351 3.61 372 382 393 403 413 424 434 445 455 465 476 37
36 163 174 185 1.9 207 218 229 240 251 261 272 283 294 305 3.6 326 3.37 348 3.59 370 3.80 391 402 412 423 434 444 455 465 476 48 36

35 167 178 189 200 212 223 234 245 256 268 279 2590 301 312 323 334 345 356 367 378 389 400 411 422 433 444 454 465 476 487 4598 35
34 171 1.82 154 2.05 217 228 240 251 262 274 2.85 257 3.08 319 3.31 342 353 364 376 3.87 398 409 421 432 443 454 465 476 487 498 509 34
33 175 187 198 210 222 234 245 257 269 280 252 304 315 327 338 350 362 373 385 396 408 419 430 442 453 465 476 487 49 510 521 33
32 179 191 203 215 227 239 251 263 275 287 299 311 323 335 347 358 370 382 394 405 417 429 441 452 464 476 487 499 510 522 534 32
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PSIG == 31

TEMP

°F
105
104
103
102
101

100
99
98
a7
96

95
94
93
92
91

90
89
88
87
86

85
84
83
82
a1

80
79
78
77
76

75
74
73
72
71

70
69

67
66

65

63
62
61

59
58
57
56

55
54
53
52
51

50
49
48
47
46

45
44
43
a2
41

40
39
38
37
36

35
34
33
32

155
1.56
1.58
160
162

164
167
1.69
171
173

176
178
180
183
185

1.88
1.91
1.93
1.96
1.99

2,02
2.05
2.08
211
2.14

217
221
224
2.28
231

235
239
243
247
2.51

2.55
2.60
2.64
2,69
273

278
2.83
2.88
293
299

304
3.10
3.16
3.22
3.28

3.34
341
347
3.54
EX

3.69
3.76
3.84
392
4.00

4.08
4.17
4.26
4.35
4.45

4.55
4.65
4.75
4.86
4.97

5.09
5.20
533
5.45

PSIG —e=31

32

1.58
1.60
1.62
1.64
1.66

1.68
1.70
1.72
1.75
1.77

1.79
1.82
1.84
1.87
1.89

1.92
1.95
1.97
2.00
2.03

2.06
209
212
216
219

2.22
2.26
2.29
2.33
2.36

240
244
248
2,52
2.56

261
2,65
2.70
274
2.79

2.84
2.89
2.94
3.00
3.05

311
347
3z
329
3.35

34
3.48
3.55
362
369

3.76
3.84
392
4.00
4.09

4.17
4.26
4.35
4.45
4.54

4.64
4.75
4.85
4.96
5.08

5.19
5.31
5.44
5.57

33

161
1.63
1.65
1.67
170

172
1.74
1.76
1.78
181

1.83
1.86
1.88
181
1.83

1.96
1.99
2.02
2.05
2.08

211
2.14
217
2.20
2.23

2.27
2.30
2.34
2.38
241

245
2.49
253
2.58
2.62

2.66
27
275
2.80
2.85

2.50
2,95
30
3.06
312

317
323
3.29
3.35
342

3.48
3.55
362
3.69
377

3.84
392
4.00
4.09
4.17

4.26
4.35
4.44
4.54
4.64

4.74
4.84
4.95
5.07
5.18

5.30
5.42
5.55
5.68

33

34

165
167
169
171
173

175
1.78
1.80
1.82
1.85

1.87
1.50
182
1.55
1.597

2.00
2.03
2.06
2.09
212

215
2.18
221
225
2.28

2.32
2.35
2.39
243
2.46

2.50
2.54
2.59
2.63
2.67

272
.76
2.81
2.86
2.91

2.96
3.01
3.07
312
3.18

329
3.30
3.36
3.42
3.49

3.56
3.63
370
377
384

3.92
4.00
4.08
417
4.26

4.35
4.44
4.53
4.63
4.73

4.84
4.94
5.05
5.17
5.29

541
5.53
5.66
5.80

35

168
170
172
174
137

179
1.81
1.84
1.86
188

191
193
196
199
201

2.04
207
2.10
213
2.16

219
223
2.26
229
233

2.36
240
244
248
2.51

255
260
264
268
273

277
2.82
287
292
297

3.02
3.07
313
3.19
3.24

330
336
343
349
3.56

3.63
370
377
384
392

4.00
4.08
4.17
4.25
4.34

4.43
4.53
4.62
4.72
483

4.93
5.04
5.15
5.27
5.39

5.51
5.64
5.77
5.91

35

36

172
174
1.76
1.78
1.80

1.82
1.85
1.87
1.90
1.92

195
197
2,00
203
205

2,08
211
2.14
217
2.20

2.24
227
2,30
234
237

241
245
2,49
2,52
2,56

261
265
269
273
2.78

283
2.87
292
297
3.03

3.08
313
3.19
3.25
331

3.37
343
349
3.56
3.63

370
377
3.84
392
4,00

4,08
4,16
4.25
4.33
4.43

4.52
4.61
471
4.81
4,92

5.03
5.14
525
5.37
5.50

5.62
575
5.89
6,02

37

175
177
179
181
1.84

1.86
1.88
1.91
1.93
1.96

1599
2.01
2.04
2.07
210

212
2.15
2.18
2.22
2.25

2.28
231
235
2.38
242

2.46
2.49
2.53
2.57
2.61

2.66
270
274
279
2.83

2.88
2,93
2.98
3.03
3.08

3.14
3.19
3.25
33
3.37

343
3.50
3.56
3.63
370

377
3.84
3.92
4.00
4.07

4.16
4.24
4.33
4.42
4.51

4.60
4.70
4.80
4.91
5.01

5.12
5.24
5.35
5.48
5.60

573
5.86
6.00
6.14

37

]

178
181
1.83
1.85
1.87

1.90
1.92
1.95
1.97
2.00

2.02
2.05
2.08
211
214

217
2.20
2.23
2.26
2.29

2.32
2.36
2.39
243
247

2.50
2.54
2.58
2.62
2.66

271
275
279
2.84
2.89

2.94
2.99
3.04
3.09
314

3.20
3.26
i3
3.37
343

3.50
3.56
3.63
3.70
377

3.84
351
3.599
4.07
4.15

4.24
4.32
4.41
4.50
4.59

4.69
4.79
4.89
5.00
5.11

5.22
534
5.45
5.58
5.70

5.84
5.97
6.11
6.25

39

182
1.84
1.86
1.89
191

193
1.96
1.98
2m
2,03

2,06
209
212
215
218

221
2.24
2.27
2,30
233

237
2,40
244
247
251

255
2,59
263
267
271

276
2,80
285
289
294

299
3.04
3.09
3.15
3.20

3.26
3.32
3.37
344
3.50

356
3.63
370
377
3.84

391
399
4.07
4.15
4.23

4.31
4,40
4.49
4,58
4.68

4.78
4.88
4.98
5.09
5.20

5.32
543
5.55
5.68
581

5.94
6.08
6.22
6.37

39

40

185
187
150
182
1.54

1.97
1.99
2.02
2.05
2.07

2.10
213
2.16
219
222

2.25
2.28
2.31
2.34
2.38

241
2.45
2.48
252
2.56

2.60
2.64
2.68
.72
.76

281
285
2.90
2.95
3.00

3.05
3.10
3.15
3.20
3.26

332
3.38
344
3.50
3.56

3.63
3.69
3.76
3.83
39

3.98
4.06
4.14
4.22
4.30

4.39
4.48
4.57
4.67
4.76

4.86
4.97
5.07
5.18
5.29

541
5.53
5.65
5.78
5.91

6.05
6.19
6.33
6.48

41

189
191
193
1.96
1598

2.00
2.03
2.06
2.08
211

2.14
217
2.20
223
226

2.29
2.32
2.35
2,39
242

245
2.49
253
257
2.60

2.64
2.68
273
237
2.81

2.86
2.50
2595
3.00
3.05

3.10
3.15
32
3.26
332

3.38
344
3.50
3.56
3.63

3.69
3.76
3.83
3.90
3.98

4.05
4.13
4.21
4.30
4.38

4.47
4.56
4.65
4.75
4.85

4.95
5.05
5.16
527
5.39

5.51
5.63
575
5.88
6.02

6.15
6.30
6.44
6.59

41

42

192
1.94
197
199
202

2.04
207
2.09
2.12
2,15

2.18
2.20
223
227
230

233
2.36
2.39
243
246

2.50
2.54
257
261
265

2.69
273
277
2,82
2.86

291
2.96
3.00
3.05
3.10

315
32
3.26
332
3.38

344
3.50
3.56
3.62
3.69

376
383
3.90
397
4.05

4.12
4.20
4.29
437
4.46

4.55
4.64
473
4.83
4.93

5.03
5.14
5.25
5.36
5.48

5.60
572
5.85
5.98
6.12

6.26
6.40
6.55
6.71

42

Ay F1115 - 16

TABLE X1.1 Volumes of Carbon Dioxide Gas (at STP) Dissolved per Volume of Water (at 3.98°C)®

43

195
198
2,00
203
205

2,08
2.10
213
2.16
2.19

221
2.24
227
2.30
234

237
240
2.44
247
2,51

2.54
2,58
262
266
270

2.74
278
2.82
2.87
291

2.96
3.01
3.05
311
3.16

3.21
3.26
332
3.38
343

349
3.56
362
3.68
375

3.82
389
3.9
4.04
412

4.19
4.28
4.36
4.44
4.53

4.62
472
4.81
491
5.02

5.12
523
5.34
546
5.57

5.70
5.82
595
6.09
6.22

6.37
6.51
6.66
6.82

43

44

199
201
2,04
2,06
209

n
2.14
2.17
2.19
2,22

225
2.28
231
234
238

241
2.44
2.48
2.51
2.55

2.59
262
2,66
270
274

278
283
287
292
296

3.01
3.06
311
3.16
3.21

3.26
3.32
3.38
3.43
349

3.55
362
3.68
375
382

3.89
396
4.03
4.11
4.18

4.26
4.35
443
4.52
461

470
4.80
4.89
5.00
5.10

5.21
5.32
543
5.55
5.67

579
592
6.05
6.19
6.33

6.47
6.62
6.78
6.93

44

45

2.02
2.04
2.07
2.10
212

215
2.18
2.20
2.23
2.26

2.29
232
235
238
242

245
2.48
2.52
2.55
2.59

2.63
2.67
27
275
279

2.83
2.87
2.92
2.96
301

3.06
3.11
3.16
32
3.26

332
3.37
343
3.49
355

361
3.68
3.74
381
3.88

3.95
4.02
4.10
417
4.25

4.34
4.42
4.51
4.59
4.69

4.78
4.88
4.98
5.08
5.18

5.29
5.40
5.52
5.64
576

5.89
6.02
6.15
6.20
6.43

6.58
6.73
6.89
7.05

45

46

205
2,08
210
213
216

218
221
2.24
227
2.30

233
2.36
239
242
246

2.49
2.52
2.56
2.60
2,63

267
271
275
279
283

2.88
292
297
301
3.06

kRSN
316
321
326
332

337
343
349
355
3.61

367
3.74
3.80
387
394

4,01
4.09
4.16
4,24
4.32

441
4.49
4.58
4.67
4.76

4.86
495
5.06
5.16
5.27

5.38
5.49
561
573
5.85

5.98
6.11
6.25
6.39
6.53

6.68
6.84
7.00
7.16

46

47

209
211
2.14
216
219

222
225
2.28
231
2.34

237
2,40
243
246
250

253
2.57
2,60
2,64
2,68

232
276
2.80
284
288

292
297
301
3.06
31

316
321
326
332
337

343
3.48
3.54
3.60
3.67

373
3.80
3.86
393
4.00

4,08
4.15
4.23
431
4,39

4.48
4.56
4.65
4.74
4.84

4.93
5.03
5.14
5.24
5.35

5.46
5.58
5.70
582
5.94

6.08
6.21
6.35
6.49
6.64

6.79
6.94
711
7.27

47

48

2.12
2.15
217
2.20
223

225
228
2.31
234
237

240
244
247
2.50
254

257
2.61
2.64
2.68
272

276
2.80
284
288
293

297
3.02
3.06
3.11
3.16

321
3.26
331
337
342

348
3.54
3.60
3.66
a2

379
3.86
3.92
4.00
4.07

4.14
4.22
4.30
4.38
4.46

4.55
4.63
472
4.82
491

5.01
5.11
5.22
5.32
5.43

5.55
5.66
579
591
6.04

6.17
6.31
6.45
6.59
6.74

6.89
7.05
7.22
7.38

48

49

2.16
2.18
221
223
226

2.29
2.32
2.35
2.38
241

244
247
251
254
258

261
2.65
269
272
276

2.80
2.84
288
293
2.97

3.02
3.06
ERS
3.16
321

3.26
331
337
3.42
3.48

3.53
3.59
3.66
372
378

3.85
382
3.99
4.06
4.13

4.21
4.28
4.36
445
4.53

4.62
471
4.80
4.89
4.99

5.09
5.19
5.30
541
5.52

5.63
575
5.87
6.00
6.13

6.26
6.40
6.54
6.69
6.84

7.00
7.16
7.33
7.50

49

50

2.19
222
2.24
2.27
2.30

233
2.36
2.39
242
2.45

2.48
2,51
2.55
2.58
262

2.65
2.69
.73
.77
2.80

2.85
2.89
293
297
3.02

3.06
in
3.16
s
3.26

331
3.36
342
347
353

3.59
3.65
in
377
3.84

391
3.98
4.05
4.12
4.19

4.27
4.35
4.43
4.51
4.60

4.69
4.78
4.87
4.97
5.06

5.16
5.27
5.38
5.49
5.60

572
5.84
5.96
6.09
6.22

6.36
6.50
6.64
6.79
6.94

7.10
7.27
7.43
7.61

51

2.22
2,25
2.28
2.30
233

236
239
242
245
249

2,52
2,55
2,59
262
266

2,69
273
277
2,81
285

289
293
297
302
3.06

i
316
321
3.26
331

3.36
341
347
353
3.58

364
370
377
383
3.90

397
4.04
411
4.18
4.26

4.33
441
4.50
4.58
4.67

4.76
4.85
4.94
5.04
5.14

5.24
5.35
5.46
5.57
5.68

5.80
5.92
6.05
6.18
6.31

645
6.59
6.74
6.89
7.05

7.21
7.37
7.54
772

51

52

2.26
2.28
231
234
2.37

2.40
243
246
249
2.52

2.56
2.59
2.62
2.66
270

2.73
2.77
2.81
2.85
2.89

2.93
2.97
3.02
3.06
311

3.16
3.20
3.25
3.30
3.36

341
3.46
352
358
3.64

370
3.76
3.82
3.89
3.96

4.02
4.09
4.17
4.24
4.32

4.40
4.48

4.65
4.74

4.83
4.92
5.01
511
521

5.32
543
5.54
5.65
577

5.89
6.01
6.14
6.27
6.42

6.55
6.69
6.84
6.99
7.15

7.31
7.48
7.65
7.83

52

53

2.29
2.32
235
237
240

243
2.46
249
2.53
2.56

2.59
263
2.66
270
274

237
2.81
285
2.89
293

297
3.02
3.06
in
315

3.20
3.25
3.30
3.35
341

346
3.51
3.57
3.63
3.69

375
3.81
3.88
3.94
4.01

4.08
4.15
4.23
4.30
4.38

4.46
4.54
4.63
471
4.80

4.90
4.99
5.09
5.19
5.29

5.40
5.50
5.62
573
5.85

5.97
6.10
6.23
6.36
6.50

6.64
6.79
6.94
7.09
7.25

7.42
7.59
776
7.94

54

2.32
2.35
2.38
241
244

247
2.50
2.53
2.56
2.60

.63
.67
270
274
237

281
2.85
2.89
293
297

3.02
3.06
ENS
315
3.20

3.5
3.30
3.35
3.40
3.45

3.51
3.57
3.62
3.68
374

3.80
3.87
3.93
4.00
4.07

4.14
4.21
4.29
4.37
444

4.53
4.61
4.69
478
4.87

4.97
5.06
5.16
5.26
5.36

5.47
5.58
570
5.81
5.93

6.06
6.18
6.31
6.45
6.59

6.73
6.88
7.03
7.19
7.35

7.52
7.69
7.87
8.05

54

55

2.36
2,38
241
2.44
247

250
2.54
257
2,60
263

267
270
274
278
281

285
2.89
293
297
3.02

3.06
311
315
320
335

329
3.34
3.40
345
3.50

3.56
362
367
373
3.80

3.86
3.92
3.99
4.06
413

4.20
4.27
4.35
443
4.51

4.59
4,67
4.76
4.85
4.94

5.04
513
523
533
544

5.55
5.66
577
5.89
6.02

6.14
6.27
6.40
6.54
6.68

6.83
6.98
713
7.29
7.45

7.62
7.80
7.98
B.17

(continued)

56

239
242
245
248
251

2.54
2.57
2.60
2.64
2.67

271
274
278
282
285

2.89
2.93
297
3.02
3.06

3.10
3.15
3.19
324
329

334
3.39
3.44
3.50
3.55

EX
367
373
379
3.85

391
3.98
4.05
4.11
4.19

4.26
4.33
4.41
4.49
4.57

4,65
474
4.83
4.92
5.01

5.10
5.20
5.30
541
551

5.62
574
5.85
5.97
6.10

6.22
6.36
6.49
6.63
6.77

6.92
7.07
7.23
7.39
7.56

773
781
8.09
8.28

56

57

242
2.45
2.48
2,51
2.54

2,58
261
2.64
2,67
271

274
278
2.82
2.86
2.89

293
297
3.02
3.06
310

3.15
3.19
324
329
334

3.39
344
349
3.55
3.60

3.66
372

517
527
5.38
5.48
5.59

5.70
5.82
5.93
6.05
6.18

6.31
6.44
6.58
6.72
6.86

7.01
717
7.33
7.49
7.66

7.83
8.01
8.20
8.39

57

58

2.46
249
2.52
2.55
258

261
264
2.68
271
275

278
2.82
2.86
289
293

297
3.0
3.06
3.10
3.14

3.19
3.24
328
333
338

343
348
3.54
3.59
3.65

37
3377
383
3.89
3.95

4.02
4.09
4.16
4.23
4.30

4.37
4.45
4.53
4.61
4.69

4.78
4.87
4.96
5.05
5.15

5.24
5.34
545
5.55
5.66

578
5.89
6.01
6.14
6.26

6.39
6.53
6.67
6.81
6.95

7.11
7.26
7.42
7.59
7.76

7.94
8.12
8.30
8.50

58

2.49
2.52
2,55
2.58
261

2,65
2.68
271
2.75
2.78

2.82
2.86
2.89
253
297

3m
3.06
3.10
3.14
3.19

3.23
3.28
333
338
343

3.48
3.53
3.59
3.64
370

3.76
3.82
3.88
394
4.01

4.07
4.14
4.21
4.28
4.36

4.43
4.51
4.59
4.67
4.76

4.84
4.93
5.02
5.12
5.21

531
541
5.52
5.63
574

5.85
5.97
6.09
6.22
6.34

6.48
6.61
6.75
6.50
7.05

7.20
7.36
7.52
7.69
7.86

8.04
8.22
841
8.61

59

60

2,52
2,55
2,58
262
265

2,68
271
275
278
2,82

2.86
2.89
2,93
2,97
im

3.05
310
3.14
3.18
323

3.28
3.32
3.37
342
3.47

3.52
3.58
363
3.69
375

381
3.87
393
39
4.06

413
4.20
4.27
4.34
441

4.49
4.57
4.65
4.73
4,82

491
5.00
5.09
5.18
5.28

5.38
5.49
5.59
5.70
5.81

5.93
6.05
6.17
6.30
6.43

6.56
6.70
6.84
6,99
7.14

7.29
7.45
762
7.79
7.96

8.14
833
8.52
872

60

PSIG

TEMP
°F
105
104
103
102
101

100

98
97
96

95

93
92
91

90
89

&7
86

85

83
a2
81

&0
79
78
77
76

75
74
73
72
71

70
69

67
66

65

63
62
61

60
59
58
57
56

55

53
52
51

50
49
48
47
46

45

43
42
41

40
39
38
37
36

35

33
32

PSIG



PSIG —= 61
TEMP

°F

105 256

104 259

103 262

102 265

101 268

00 272
99 275
98 279
97 282
96 2.86
95  2.89
94 293
93 297
92 30
a1 3.05
90 3.09
89 314
88 318
87 323
86 3.27
8 332
84 337
83 342
82 347
81 3.52
80  3.57
79 362
78 368
77 374
76 3.80
75 388
74 392
73 398
72 405
71 411
70 4.18
69 4.25
68 432
67 440
66 447
65  4.55
64 463
63 471
62 479
61  4.88
60 497
59 5.06
58 515
57 525
56  5.35
55 545
54 556
53 566
52 577
51 5.89
50 601
49 613
48 625
47 638
46 6.51
45 6.64
4 678
43 693
42 7.08
41 7.23
40 738
39 755
38 771
37 789
36 806
35 825
34 843
33 863
32 883

PSIG —=51

62

2.59
262
265
2.69
272

275
.79
2.82
2.86
2.89

293
297
301
3.05
3.09

313
3.18
3.22
3.27
331

336
34
3.46
3.51
3.56

3.62
3.67
3.73
3.79
384

391
3.97
4.03
4.10
4.16

4.23
4.30
4.38
4.45
4.53

4.61
4.69
4.77
4.86
4.94

5.03
5.12
5.22
5.32
5.42

5.52
5.63
5.74
5.85
5.96

6.08
6.20
6.33
6.46
6.59

6.73
6.87
7.01
7.16
7.32

7.48
7.64
7.81
7.98
8.16

8.35
8.54
8.74
8.94

62

63

262
266
269
272
275

279
2.82
2.86
2.89
293

297
3.01
3.05
3.09
3.13

317
3.22
3.26
331
336

3.40
345
3.50
3.56
361

3.66
372
378
383
3.89

3.96
4.02
4.08
4.15
4.22

4.29
4.36
4.43
4.51
4.59

4.66
475
483
4.92
5.00

5.10
5.19
5.28
5.38
5.49

5.59
570
5.81
5.92
6.04

6.16
6.28
6.41
6.54
6.67

6.81
6.95
7.10
7.25
7.41

7.57
774
791
8.08
8.26

8.45
8.64
8.84
9.05

63

64

2,66
269
232
275
279

282
2.86
2.89
293
297

301
3.05
3.09
313
317

321
3.26
3.30
3.35
340

3.45
3.50
3.55
3.60
3.65

371
3.76
3.82
3.88
394

4.00
4.07
4.13
4.20
4.27

4.34
441
449
4.56
4.64

4.72
4.81
4.89
498
5.07

5.16
5.25
5.35
545
5.55

5.66
577
5.88
599
6.11

6.23
6.36
6.49
6.62
6.75

6.89
7.04
7.19
7.34
7.50

7.66
783
8.00
8.18
8.36

8.55
875
8.95
9.16

65

2,69
272
276
2.79
2.82

2.86
2.89
293
297
301

304
3.08
313
317
321

3.25
3.30
334
339
344

349
354
3.59
3.64
370

375
381
3.87
383
399

4,05
4.12
4.18
4.25
432

4.39
447
4.54
4.62
4.70

4.78
4.86
495
5.04
513

5.22
5.32
5.42
5.52
5.62

573
5.84
5.95
6.07
6.19

6.31
6.43
6.56
6.70
6.84

6,98
712
7.27
7.43
7.59

7.75
7.92
8.10
8.28
8.46

8.66
8.85
9.06
9.27

65

66

72
276
279
2.82
2.86

2.89
2.93
2.97
3.00
3.04

3.08
312
3.16
s
3.25

3.29
334
3.39
343
3.48

3.53
3.58
3.63
3.69
374

3.80
3.86
3.92
3.98
4.04

4.10
4.17
4.24
4.30
4.37

4.45
4.52
4.60
4.68
4.76

4.84
4.92
5.01
5.10
5.19

5.28
5.38
5.48
5.58
5.69

5.80
5.91
6.02
6.14
6.26

6.38
6.51
6.64
6.78
6.92

7.06
7.21
7.36
7.52
7.68

7.85
8.02
8.19
8.38
8.56

8.76
8.96
9.16
9.38

67

276
279
282
2.86
2.89

293
296
3.00
3.04
.08

312
316
3.20
3.24
3.29

3.33
3.38
343
347
352

357
363
3.68
373
379

3.85
3.90
3.96
4.02
4.09

4.15
4.22
4.29
4.36
443

4.50
4.57
4.65
473
4.81

4.90
4.98
5.07
516
525

5.35
5.45
5.55
5.65
576

5.86
5.98
6.09
6.21
6.33

6.46
6.59
672
6.86
7.00

7.14
7.29
745
7.61
.77

7.94
811
8.29
8.47
8.66

8.86
9.06
9.27
9.49

67

68

279
2.82
286
2.89
2.93

296
3.00
3.04
3.08
312

3.16
3.20
324
3.28
333

3.37
342
347
3.52
357

362
367
372
378
3.83

3.89
395
4.01
4.07
4.14

4.20
427
4.34
4.41
4.48

4.55
463
4.71
4.79
4.87

4.95
5.04
5.13
5.22
5.31

5.41
5.51
5.61
572
5.82

593
6.05
6.16
6.28
6.41

6.53
6.66
6.80
6.94
7.08

7.23
7.38
7.53
7.69
7.86

8.03
8.21
8.39
8.57
876

8.96
9.17
9.38
9.59

68

69

2.82
2.86
2.89
2.93
2.96

3.00
3.04
3.07
ERS]
3.15

319
3.4
3.28
332
3.37

XD
3.46
351
3.56
361

3.66
n
377
382
3.88

354
4.00
4.06
4.12
4.18

4.25
4.32
4.39
4.46
4.53

4.61
4.68
4.76
4.84
4.93

5.01
5.10
5.19
5.28
5.38

5.47
5.57
5.68
5.78
5.89

6.00
6.12
6.23
6.36
6.48

6.61
6.74
6.88
7.02
7.16

731
7.46
7.62
7.78
7.95

812
8.30
8.48
8.67
8.86

9.06
9.27
9.48
9.70

70

2.86
289
293
296
3.00

3.03
3.07
RSN
3.15
319

323
327
332
3.36
34

345
3.50
3.55
3.60
365

370
376
3.81
3.87
392

3.98
4.04
4.10
4.17
4.23

4.30
437
4.44
4.51
4.58

4.66
4.74
4.82
4.90
4.98

5.07
5.16
5.25
5.34
5.44

5.54
5.64
574
5.85
5.96

6.07
6.19
6.31
6.43
6.55

6.68
6.82
6.96
7.10
7.24

7.39
7.55
771
7.87
8.04

B8.21
8.39
B.58
877
8.96

9.17
9.37
9.59
9.81

70

71

2.89
292
296
299
3.03

3.07
RSN
315
3.19
323

3.27
331
336
3.40
345

3.49
3.54
3.59
364
369

374
3.80
3.85
3.91
3.97

4.03
4.09
4.15
422
4.28

4.35
4.42
4.49
4.56
4.64

471
479
4.87
4.95
5.04

5.13
5.22
5.31
5.40
5.50

5.60
570
581
591
6.02

6.14
6.26
6.38
6.50
6.63

6.76
6.89
7.03
7.18
7.32

7.48
7.63
7.79
7.96
8.13

8.30
B8.49
B8.67
8.86
9.06

9.27
9.48
9.70
9.92

71

72

292
296
299
3.03
3.07

310
3.14
3.18
322
3.26

331
335
339
344
348

3.53
3.58
363
368
373

3.79
3.84
390
395
4.01

4.07
4.13
4.20
4.26
4,33

4.40
4.47
4.54
4.61
4.69

4.37
4.84
493
5.01
5.10

5.18
5.27
5.37
5.46
5.56

5.66
576
5.87
5.98
6.09

6.21
6.33
645
6.57
6.70

6.83
6.97
711
7.26
741

7.56
7.72
7.88
8.05
8.22

8.40
8.58
8.77
8.96
9.16

9.37
9.58
9.80
10,03

72

Ay F1115 - 16

TABLE X1.1 Volumes of Carbon Dioxide Gas (at STP) Dissolved per Volume of Water (at 3.98°C)?

73

2.96
2599
3.03
3.06
3.10

3.14
3.18
32
3.26
3.30

334
339
3.43
3.48
3.52

3.57
362
3.67
372
378

3.83
3.88
3.94
4.00
4.06

4.12
4.18
4.24
4.31
4.38

4.45
4.52
4.59
4.66
4.74

4.82
4.90
4.98
5.06
5.15

5.24
533
5.43
5.52
5.62

572
5.83
5.93
6.04
6.16

6.27
6.39
6.52
6.64
6.78

6.91
7.05
719
734
7.49

7.64
7.80
7.96
8.13
8.31

8.49
8.67
8.86
9.06
9.26

9.47
9.69
9.91
10.14

73

74

2.99
3.03
3.06
3.10
3.14

317
RS
3.25
3.29
334

338
342
347
3.52
3.56

361
3.66
in
376
382

387
393
3.98
4.04
4.10

4.16
4.23
4.29
4.36
4.43

4.50
4.57
4.64
4.71
4.79

4.87
4.95
5.03
5.12
521

5.30
5.39
5.48
5.58
5.68

5.79
5.89
6.00
6.11
6.23

6.34
6.46
6.59
6.72
6.85

6.98
712
7.27
741
7.57

7.72
7.88
8.05
8.22
8.40

8.58
8.77
B.96
9.16
9.36

9.57
9.79
10.01
10.24

74

75

3.02
3.06
3.09
313
317

3.21
3.25
3.29
333
337

3.42
3.46
3.51
3.55
3.60

3.65
370
375
3.80
3.86

39
397
4.03
4.09
4.15

4.21
4.27
4.34
441
4.47

4.54
4.62
4.69
437
4.84

4.92
5.01
5.09
5.18
5.26

5.35
545
5.54
5.64
5.74

5.85
5.95
6.06
6.18
6.29

6.41
6.53
6.66
6.79
6.92

7.06
7.20
7.34
7.49
7.65

7.81
7.97
8.14
8.31
8.49

B8.67
8.86
9.05
9.25
9.46

.67
9.89
10.12
10.35

75

76

3.06
309
313
317
3.20

3.24
3.28
333
3.37
341

345
3.50
355
3.59
3.64

3.69
374
379
3.85
3.50

3.96
4.01
4.07
4.13
4.19

4.25
4.32
4.39
4.45
4.52

4.59
4.67
4.74
4.82
4.90

4.58
5.06
5.14
523
5.32

541
5.51
5.60
5.70
5.80

5.91
6.02
6.13
6.24
6.36

6.48
6.60
6.73
6.86
6.99

713
7.28
742
7.57
773

7.89
8.05
8.22
8.40
8.57

8.76
8.55
5.15
9.35
9.56

9.77
10.00
10.22
10.46

77

3.09
312
3.16
3.20
3.24

3.28
332
3.36
3.40
345

3.49
3.54
358
3.63
3.68

373
378
3.83
3.89
354

4.00
4.06
4.11
417
4.24

4.30
4.37
4.43
4.50
4.57

4.64
4.72
4.79
4.87
4.95

5.03
511
5.20
5.29
5.38

5.47
5.56
5.66
5.76
5.87

5.97
6.08
6.19
6.31
6.43

6.55
6.67
6.80
6.93
7.07

7.2
7.35
7.50
7.65
7.81

797
8.14
831
8.48
8.66

8.85
9.04
9.24
9.45
9.66

9.87
10.10
10.33
10.57

77

78

312
316
3.20
3.23
3.27

331
3.35
3.40
344
348

353
357
3.62
367
372

377
3.82
3.87
393
398

4.04
4,10
4.16
4.22
4.28

435
441
4.48
4.55
4,62

4,69
4.76
4.84
4.92
5.00

5.08
517
5.25
5.34
543

5.53
5.62
5.72
5.82
5.93

6.03
6.14
6.26
6.37
6.49

6.61
6.74
6.87
7.00
7.14

7.28
743
7.58
773
7.89

8.05
8.22
8.39
8.57
875

B8.94
9.14
9.34
9.54
9.76

9.97
10.20
10.43
10.67

79

315
319
323
3.27
33

3.35
3.39
343
348
3.52

3.57
361
3.66
371
3.76

381
3.86
391
397
4,03

4.08
4.14
4.20
4.26
433

4.39
446
4.52
4.59
4.67

4.74
4.81
4.89
4.97
5.05

513
522
531
5.40
549

5.58
568
5.78
5.88
5.99

6.10
6.21
6.32
6.44
6.56

6.68
6.81
6.94
7.08
7.21

7.36
7.50
765
7.81
7497

B.13
8.30
B.48
B.66
B.84

5.03
9.23
943
9.64
9.85

10.07
10.30
10.54
10.78

79

80

3.19
3.22
3.26
3.30
3.34

3.38
3.43
3.47
3.51
3.56

3.60
3.65
370
375
3.80

3.85
3.90
3.95
4.01
4.07

4.12
4.18
4.24
4.31
4.37

4.44
4.50
4.57
4.64
4.71

479
4.86
4.94
5.02
5.10

5.19
5.27
5.36
5.45
5.54

5.64
574
5.84
5.94
6.05

6.16
6.27
6.38
6.50
6.63

6.75
6.88
7.0
7.15
7.29

7.43
7.58
773
7.89
8.05

8.21
8.39
8.56
B.74
8.93

9.12
9.32
9.52
973
9.95

10.18
10.41
10.64
10.89

80

81

322
3.26
3.30
3.34
3.38

342
3.46
3.50
3.55
3.59

3.64
3.69
3.74
379
3.84

3.89
3.54
4.00
4.05
4.11

4.17
4.23
4.29
4.35
4.41

4.48
4.55
4.62
4.69
4.76

4.84
4.91
4.99
5.07
5.15

5.24
5.33
5.42
5.51
5.60

570
5.80
5.90
6.00
6.11

6.22
6.33
6.45
6.57
6.69

6.82
6.95
7.08
7.22
7.36

7.50
7.65
7.81
7.97
8.13

8.30
8.47
8.65
8.83
9.02

9.21
9.41
9.62
9.83
10.05

10.28
10.51
10.75
11.00

81

a2

3.25
3.29
333
337
3.41

345
3.50
3.54
3.58
363

3.68
372
377
3.82
3.87

3.93
3.98
4.04
4.09
4.15

4.21
4.27
4.33
4.39
4.46

4.53
4.59
4.66
474
4.81

4.88
4.96
5.04
5.12
5.21

5.29
5.38
547
5.56
5.66

575
5.85
5.96
6.06
6.17

6.28
6.40
6.51
6.63
6.76

6.89
7.02
7.15
7.29
7.43

7.58
773
7.88
8.04
8.21

8.38
8.55
873
8.92
.11

9.30
9.50
9.71
0.93
10.15

10.38
10.61
10.85
1110

83

3.29
332
3.36
3.40
345

349
3.53
3.58
3.62
3.67

in
376
381
3.86
391

3.97
4.02
4.08
4.13
4.19

4.25
431
4.37
4.44
4.50

4.57
4.64
4.71
4.78
4.86

4,93
5.01
5.09
5.17
5.26

5.34
543
5.52
5.62
571

5.81
5.91
6.02
6.12
6.23

6.34
6.46
6.58
6.70
6.82

6.95
7.08
722
7.36
7.50

7.65
7.80
7.96
812
8.29

8.46
8.64
8.82
5.00
9.19

9.39
9.60
9.81
10.02
10.25

10.48
10.71
10.96
11.21

83

84

332
336
340
344
348

3.52
3.57
3.61
3.66
370

375
3.80
3.85
3.90
395

4.01
4.06
4.12
4.17
4.23

4.29
4,35
4.42
4.48
4.55

4.62
4.69
4.76
4.83
4,90

4,98
5.06
5.14
5.22
5.31

5.40
549
5.58
5.67
577

5.87
5.97
6.07
6.18
6.29

6.40
6.52
6.64
6.76
6.89

7.02
7.15
7.29
7.43
7.58

773
7.88
B.04
8.20
8.37

8.54
872
8.90
9.09
9.28

9.48
9.69
9.90
10.12
10.34

10.57
10.81
11.06
11.31

B84

85

3.35
3.39
3.43
347
3.51

3.56
3.60
3.65
3.69
374

379
3.84
3.89
3.94
3.599

4.04
4.10
4.16
4.21
4.27

4.33
4.40
4.46
4.53
4.59

4.66
4.73
4.80
4.88
4.95

5.03
511
5.19
5.27
5.36

5.45
5.54
5.63
573
5.82

5.92
6.03
6.13
6.24
6.35

6.47
6.58
6.70
6.83
6.96

7.09
7.22
7.36
7.50
7.65

7.80
7.96
811
8.28
8.45

8.62
8.80
8.599
9.17
9.37

9.57
9.78
5.99
10.21
10.44

10.67
10.92
11.16
11.42

85

(continued)

86

3.38
342
3.46
3.51
3.55

3.59
364
368
373
378

382
387
392
398
4.03

4.08
4.14
4.20
4.26
4,32

4.38
4.44
4.50
4.57
4.64

471
4.78
4.85
492
5.00

5.08
516
5.24
533
541

5.50
5.59
5.69
578
5.88

5.98
6.08
6.19
6.30
6.41

6.53
6.65
6.77
6.89
7.02

715
7.29
743
7.57
772

7.87
B.03
B8.19
B.36
B8.53

870
8.88
9.07
9.26
9.46

9.66
9.87
10.09
10.31
10.54

10.77
11.02
11.27
11.53

a7

3.42
3.46
3.50
3.54
3.58

3.63
3.67
372
376
381

3.86
391
3.96
4.01
4.07

4.12
4.18
4.24
4.30
4.36

4.42
4.48
4.55
4.61
4.68

475
4.82
4.90
4.97
5.05

5.13
521
5.29
5.38
5.46

5.55
5.64
574
5.84
5.93

6.04
6.14
6.25
6.36
6.47

6.59
6.71
6.83
6.96
7.09

7.22
7.36
7.50
7.64
779

7.95
8.11
8.27
8.43
861

B.78
8.97
9.15
9.35
9.55

9.75
9.96
10.18
10.40
10.63

10.87
11.12
11.37
11.63

&7

a8

345
349
353
357
3.62

3.66
EN
375
3.80
3.85

390
395
4.00
4.05
411

4.16
4.22
4.28
4.34
4.40

446
452
4.59
4.66
4.73

4.80
4.87
4.94
5.02
5.10

5.17
5.26
5.34
543
5.51

5.60
5.70
5.79
5.89
599

6.09
6.20
6.31
6.42
6.53

6.65
6.77
6.90
7.02
7.15

7.29
743
7.57
7.72
7.87

8.02
B.18
B8.34
8.51
B.69

8.86
9.05
9.24
9.43
9.63

9.84
10.05
10.27
10.50
10.73

10.97
11.22
11.47
11.74

89

348
3.52
3.57
3.61
3.65

370
374
379
3.84
3.88

3.93
3.99
4.04
4.09
4.15

4.20
4.26
4.32
4.38
4.44

4.50
4.57
4.63
470
477

4.84
4.91
4.99
5.06
5.14

5.22
531
5.39
5.48
5.57

5.66
575
585
5.94
6.05

6.15
6.26
6.37
6.48
6.59

671
6.83
6.96
7.09
7.22

7.36
7.50
7.64
779
7.94

8.09
8.25
B.42
8.59
837

8.95
9.13
9.32
9.52
972

9.93
10.14
10.37
10.59
10.83

11.07
11.32
11.58
11.84

89

90

3.52
356
3.60
364
3.69

373
378
3.82
3.87
392

3.97
4,02
4,08
4.13
4.18

4.24
4.30
4.36
4.42
4.48

4.54
4,61
4,68
4.74
4.81

4.89
4.96
5.03
5.11
5.19

5.27
535
5.44
5.53
5.62

571
5.80
5.90
6.00
6.10

6.21
6.31
6.42

665

6.77
6.90
7.02
7.15
7.29

7.42
7.56
771
7.86
.01

817
8.33
8.50
B.67
8.84

9.03
9.21
9.41
9.60
9.81

10.02
10.24
10.46
10.69
10.93

1117
1142
11.68
1185

90

PSIG
TEMP
°F

105
104
103
102
101

100
98
a7
495
a3

a9z
a1

87

ZRBER

79
78
7
76

75
74
73
72
71

29883

65

62
61

59
58
57
56

55
54
53
52
51

50
49
48
47
46

45

43
42
41

40
39
38
37
36

35
34
33
32

FSIG



PSIG —=91
TEMP

°F

105 3.55

104 359

103 3.63

102 3.68

101 3.72

100 3.77
99 3.81
98 386
97 3.91
9% 396
95 40
94 4.06
93 411
92 417
91 4,22
90 428
89 434
88  4.40
87 446
86  4.52
B85 4.59
84 465
83 4.72
82 4.79
81 4.86
80 493
79 5.00
78 508
77 5.16
76 5.24
7% 532
74 5.40
73 549
72 5.58
71 5.67
70 5.76
69 5.86
68 5.95
67  6.05
66 616
65 626
64 637
63 6.48
62 6.60
61 6.71
60  6.83
59 696
58 709
57 7.22
56 735
55 749
54 7.63
53 7.78
52 793
51 8.08
50 824
49 8.40
48  8.57
47 BI5
46 892
45 911
44 930
43 949
42 9.69
41 9.90
40 10.11
39 1033
38 1055
37 10.78
36 1102
s 1127
34 1152
33 1178
32 1205

PSIG —=91

92

3.58
3.62
3.67
EN
375

3.80
3.85
3.89
3.94
3.99

4.04
4.10
4.15
4.21
4.26

4.32
4.38
4.44
4.50
4.56

4.63
4.69
4.76
4.83
4.90

4.97
5.05
513
5.20
5.28

5.37
5.45
5.54
5.63
572

5.81
5.91
6.01
6.11
6.21

6.32
6.43
6.54
6.66
6.77

6.90
7.02
7.15
7.28
7.42

7.56
7.70
7.85
8.00
8.15

831
8.48
8.65
.82
9.00

9.19
9.38
9.57
977
9.98

10.20
10.42
10.64
10.88
11.12

11.37
11.62
11.89
12.16

92

93

361
3.66
370
3.74
379

3.83
3.88
393
3.98
4.03

4.08
4.13
4.19
4.24
4.30

4.36
4.42
4.48
4.54
4.60

4.67
4.74
4.80
4.87
4.95

5.02
5.09
5.17
5.25
5.33

542
5.50
5.59
5.68
577

5.86
5.96
6.06
6.16
6.27

6.37
6.49
6.60
6.71
6.83

6.96
7.08
721
7.35
7.48

7.62
7.77
7.92
8.07
8.23

8.39
8.55
872
890
5.08

9.27
9.46
5.66
9.86
10.07

10.28
10.51
10.74
10.57
11.21

11.47
11.72
11.99
12.26

93

G4

3.65
3.69
373
378
382

3.87
3.82
397
4.01
4.07

4.12
4.17
4.23
4.28
4.34

4.40
4.46
4.52
4.58
4.64

4.71
4.78
4.85
4.92
4.99

5.06
5.14
5.22
5.30
5.38

5.46
5.55
5.64
573
5.82

5.92
6.01
6.11
6.22
6.32

6.43
6.54
6.66
6.77
6.89

7.02
7.14
7.28
741
7.55

7.69
7.83
7.98
8.14
8.30

8.46
8.63
8.80
8.98
9.16

9.35
9.54
9.74
9.94
10.16

10.37
10.60
10.83
11.07
11.31

11.56
11.82
12.09
12.37

94

95

3.68
372
377
381
3.86

350
395

4.05
4,10

4,15
4.21
4.26
4.32
4.38

4.44
4.50
4.56
4,62
4.69

4.75

4.89
4.96
5.03

5.11
5.19
5.26
5.34
5.43

5.51
5.60
5.69
578

5.97
6.07
6.17
6.27
6.38

6.49
6.60
6.71
6.83
6.95

7.08
7.21
7.34
7.47
761

7.76
7.90
B.05
8.21
837

8.53
870
8.88
9.05
9.24

943
9.62
9.82
10,03
10.24

10.46
10.69
10.92
11.16
11.41

11.66
11.52
12.19
1247

95

96

37
375
3.80
3.84
389

394

4.04
4.09
4.14

4,19
4.25
430
436
442

4.47
4.54
4.60
4.66
4.73

4.79
4,86
4.93
5.00
5.08

5.15
5.23
531
5.39
5.47

5.56
5.65
5.74
583
592

6.02
6.12
6.22
6.33
643

6.54
6.66
6.77
6.89
7.01

7.14
7.27
7.40
7.54
7.68

7.82
797
8.12
B.28
8.44

8.61
8.78
B.95
9.13
9.32

9.51
9.70
991
10.11
10.33

10.55
10.78
11.01
11.25
11.50

11.76
12.02
12.30
12.58

96

a7

374
379
383
3.88
3.92

397
4.02
4.07
4.12
4.17

4.23
4.28
434
4.40
4.45

4.51
4.57
4.64
470
477

4.84
4.90
4.97
5.05
5.12

5.20
5.28
5.36
5.44
5.52

5.61
570
579
5.88
5.97

6.07
6.17
6.27
6.38
6.49

6.60
6.71
6.83
6.95
7.07

7.20
7.33
7.46
7.60
7.74

7.89
8.04
8.19
8.35
8.51

8.68
8.85
9.03
9.21
9.40

97

98

378
3.82
3.87
391
3.96

4.01

4.11
4.16
4.21

4.26
4.32
4.38
4.43
4.49

4.55
4.61

4.74
4.81

4.88
4,95
5.02
5.09
5.17

5.24
532
5.40
5.48
5.57

5.65
574
5.84
5593
6.02

6.12
6.22
6.33
6.43
6.54

6.65
6.77
6.89
7.01
7.13

7.26
739
7.53
7.67
7.81

7.95
811
8.26
842
8.58

8.75
8.92
9.10
9.29
9.47

9.67
9.87
10.07
10.28
10.50

10.73

11.20
11.44
11.69

11.95
12.22
12.50
12.79

98

99

381
3.85
3.90
3.95
3.99

4.04

4.14
4.19
4.25

4.30
4.36
4.41
4.47
4.53

4.59
4.65
4.72
4.78
4.85

4.92
4.99
5.06
5.13
5.21

5.29
5.37
5.45
5.53
5.62

5.70
5.79
5.88
5.98
6.08

6.17
6.28
6.38
6.49
6.60

6.71
6.83
6.95
7.07
7.19

7.32
7.45
7.59
773
7.87

8.02
8.17
8.33
8.49
8.65

8.82
9.00
9.18
9.36
9.55

9.75
9.95
10.16
10.37
10.59

10.81
11.05
11.29
11.53
11.79

12.05
12.32
12.60
12.89

9

100

3.84
3.89
3.93
3.98
4.03

4.08
4.13
4.18
4.23
4.28

434
439
445
451
457

4.63
4.69
4.76
4.82
4.89

4.96
5.03
5.10
5.18
5.25

533
541
5.49
5.58
5.66

575
5.84
5.93
6.03
6.13

6.23
6.33
6.43
6.54
6.65

6.77
6.88
7.00
713
7.25

7.38
7.52
7.65
7.79
7.94

8.09
8.24
8.40
8.56
8.72

8.90
9.07
9.25
9.44
9.63

9.83
10.03
10.24
10.45
10.67

10.90
11.14
11.38
11.63
11.89

12.15
12.42
12.70
12.99

100

101

3.87
392
397
4.01
4.06

4.11
4.16
4.21
4.26
4,32

4,37
443
4.49
4.55
4.61

5.00
5.07
5.15
5.22
5.30

5.38
5.46
5.54
5.62
571

5.80
5.89
5.98
6.08
6.18

6.28
6.38
6.49
6.60
6.71

6.82
6.94
7.06
7.18
7.31

7.44
7.58
772
7.86
8.00

8.15
831
8.47
B.63
8.80

8.97
9.15
9.33
9.51
9.71

991
10.11
10.32
10.54
10.76

10.99
11.23
11.47
11.72
11.98

12.25
12.52
12.80
13.10

101

Ay F1115 - 16

TABLE X1.1 Volumes of Carbon Dioxide Gas (at STP) Dissolved per Volume of Water (at 3.98°C)® (continued)

102

391
3.95
4.00
4.05
4.09

4.14
4.19
4.25
4.30
4.35

441
447
4.52
4.58
4.65

471
4.77
4.84
4.90
4.97

5.04
5.11
5.19
5.26
5.34

542
5.50
5.58
5.67
576

5.85
5.94
6.03
6.13
6.23

6.33
6.43
6.54
6.65
6.76

6.88
7.00
712
7.24
7.37

7.50
7.64
7.78
7.92
8.07

8.22
B8.37
8.53
870
8.87

9.04
9.22
9.40
9.59
9.79

9.99
10.19
10.40
10.62
10.85

11.08
11.32
11.56
11.81
12.08

12.34
12.62
12,91
13.20

102

103

3.94
3.98
4.03
4.08
4.13

4.18
4.23
4.28
4.34
4.39

445
4.50
4.56
4.62
4.68

475
4.81
4.88
4.94
5.01

5.08
5.16
523
5.31
5.38

5.46
5.55
5.63
572
5.80

5.89
5.99
6.08
6.18
6.28

6.38
6.49
6.59
6.70
6.82

6.93
7.05
718
7.30
743

7.56
7.70
7.84
7.98
B8.13

8.29
B4
8.60
8377
8.94

911
9.29
9.48
9.67
9.86

10,07
10.27
10,49
10.71
10.93

11.17
11.41
11.65
11.91
1217

1244
1272
13.01
13.30

103

104

3.97
4,02
4.06
411
4.16

4.21
4.26
4.32
4.37
443

4,48
4.54
4.60
4.66
472

478
4.85
4.92
4.98
5.05

512
5.20
527
5.35
543

551
5.59
5.67
576
5.85

5.94
6.03
6.13
6.23
6.33

643
6.54
6.65
6.76
6.87

6.99
711
7.23
7.36
7.49

7.62
776
7.90
B8.05
8.20

8.35
8.51
8.67
B8.84
9.01

9.18
9.37
9.55
9.74
9.94

10.14
10.35
10.57
10,79
11.02

11.25
11.49
11.74
12,00
1237

12.54
12.82
13.11
13.41

104

105

4.00
4.05
4.10
4.15
4.20

4.25
4.30
4.35
4.41
4.46

4.52
4.58
4.64
4.70
476

4.82
4.89
4.96
5.02
5.09

5.17
524
532
5.39
547

5.55
5.64
572
5.81
5.90

5.99
6.08
6.18
6.28
6.38

6.48
6.59
670
6.81
6.93

7.04
717
7.29
742
7.55

7.68
7.82
7.97
8.11
8.26

8.42
8.58
8.74
8.91
9.08

9.26
9.44
9.63
9.82
10.02

10.22
10.43
10.65
10.87
1110

11.34
11.58
11.83
12.09
12.36

1263
12.92
13.21
13.51

105

106

4.04
4.08
4.13
4.18
423

4.28
433
4.39
4.44
4.50

455
461
467
474
4.80

4.86
493
5.00
5.06
5.14

5.21
5.28
5.36
5.44
5.51

5.60
5.68
577
5.85
5.94

6.04
6.13
6.23
6.33
6.43

6.53
6.64
6.75
6.86
6.98

7.10
7.22
7.35
7.48
7.61

774
7.88
8.03
8.18
8.33

8.48
B.64
8.81
B.98
9.15

9.33
9.51
9.70
9.90
10.10

10.30
10.51
10.73
10.96
1119

11.43
11.67
11.93
12.19
12.45

12.73
13.02
13.31
13.61

106

107

4.07
4.12
4.16
421
4.26

432
437
4.42
4.48
4.53

4.59
4.65
471
477
4.84

4.90
497
5.03
5.10
5.18

525
532
5.40
548
5.56

5.64
572
5.81
5.90
5.99

6.08
6.18
6.28
6.38
648

6.58
6.69
6.80
6.92
7.04

7.16
7.28
7.40
7.53
767

7.80
7.95
8.09
B8.24
8.39

8.55
871
8.87
9.05
9.22

9.40
49.59
5.78
9.97
10.17

10.38
10.60
10.81
11.04
11.27

11.51
11.76
12.02
12.28
12.55

12.83
13.11
1341
1372

107

108

4.10
4.15
4.20
4.25
4.30

4.35
4.40
4.46
4.51
4.57

4.63
4.69
4.75
4.81
4.87

4.94
5.01
5.07
5.14
5.22

5.29
5.36
5.44
5.52
5.60

5.68
577
5.86
5.95
6.04

6.13
6.23
6.33
6.43
6.53

6.64
6.74
6.86
6.97
7.09

7.21
7.33
7.46
7.59
7.73

7.86
8.01
8.15
8.30
8.46

8.61
8.78
8.94
9.11
9.29

9.47
9.66
9.85
10.05
10.25

10.46
10.68
10.50
1112
11.36

11.60
11.85
12.11
12.37
12.64

12.92
13.21
13.51
13.82

108

109

4.13
4.18
4.23
4.28
4.33

4.38
4.44
4.49
4.55
4.60

4.66
4.72
4.78
4.85
4.91

4.98
5.05
511
5.18
5.26

533
541
5.48
5.56
5.65

573
581
5.90
5.99
6.08

6.18
6.27
6.37
6.48
6.58

6.69
6.80
6.91
7.03
7.14

7.27
7.39
7.52
7.65
7.79

7.93
8.07
8.21
8.37
8.52

8.68
8.84
.01
9.18
9.36

9.54
973
9.92
10.12
10.33

10.54
10.76
10.98
11.21
11.44

11.69
11.94
12.20
12.46
12.74

13.02
13.31
13.61
13.92

109

110

4.16
4.21
4.26
4.31
4.36

4.42
4.47
4.53
4.58
4.64

470
4.76
4.82
4.89
4.95

5.02
5.08
5.15
522
5.30

5.37
545
5.53
5.61
5.69

577
5.86
5.95
6.04
6.13

6.23
6.32
6.42
6.53
6.63

6.74
6.85
6.96
7.08
7.20

7.32
7.45
7.58
771
7.84

7.98
8.13
8.28
8.43
8.58

8.74
8.91
9.08
9.25
9.43

9.62
9.80
10.00
10.20
10.41

10.62
10.84
11.06
11.29
11.53

11.77
12.03
12.29
12.56
12.83

13.12
1341
1371
14.02

110

111

4.20
4,25
4.30
4.35
4.40

4,45
4.51
4.56
4.62
4.68

4.74
4.80
4.86
4.92
4.99

5.05
512
5.19
5.26
5.34

541
549
5.57
565
573

5.82
5.90
599
6.08
6.18

6.27
6.37
647
6.57

6.79
6.90
7.01
7.13
7.25

7.38
7.50
7.63
777
7.90

8.04
B.19
834
8.49
8.65

8.81
8.98
9.15
G.32
9.50

9.69
5.88
10.07
10.27
10.48

10.70
10.92
1114
11.37
1161

11.86
1212
12.38
12,65
12,92

13.21
13.51
13.81
14.12

111

112

4.23
4.28
4.33
4.38
4.43

4.49

4.60
4.65
4.71

437
4.83
4.90
4.96
5.03

5.09
5.16
5.23
5.30
5.38

5.45
5.53
5.61
5.69
578

5.86
5.95
6.04
6.13
6.22

6.32
6.42
6.52
6.62
6.73

6.84
6.95
7.07
7.19
731

7.43
7.56
7.69
7.82
7.96

8.10
8.25
8.40
8.55
8.71

8.87
9.04
9.21
9.39
9.57

9.76
9.95
10.15
10.35
10.56

10.77
11.00
11.22
11.46
1170

11.95
12.20
12.47
12.74
13.02

1331
13.60
13.91
14.23

112

113

4.26
4.31
4.36
4.41
4.47

4.52
4.57
4.63
4.69
4.75

4.81
4.87
4.93
5.00
5.06

5.13
5.20
5.27
5.34
5.42

5.49
5.57
5.65
573
5.82

5.90
5.99
6.08
6.17
6.27

6.37
6.47
6.57
6.67
6.78

6.89
7.00
712
7.24
7.36

7.49
7.61
775
7.88
8.02

8.16
831
8.46
8.62
8.78

8.94
9.11
9.28
9.46
9.64

9.83
10.02
10.22
10.43
10.64

10.85
11.08
11.30
11.54
11.78

12.03
12.29
12.56
12.83
13.11

13.40
13.70
14.01
14.33

113
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114

4.29

4.39
4.45
4.50

4.55
4.61
4.67
4.72
4.78

4.84
4.91
4.97
5.04
5.10

517
5.24
531
5.38
5.46

5.54
5.61
5.69
5.78
5.86

5.95
6.04
6.13
6.22
6.32

641
6.51
6.62
6.72

6.94
7.06
717
7.29
741

7.54
767
7.80
7.94
8.08

8.22
837
8.52
8.68
8.84

9.01
9.17
9.35
59.53
2.71

9.90
10.10
10.30
10.50
10.71

10.53
11.16
11.39
11.62
11.87

12.12
12,38
12.65
12.92
13.21

13.50
13.80
14.11
14.43

114

115

433
438
4.43
4.48
4.53

4.59

470
476
4.82

4.88
4.94
5.01
5.07
5.14

5.21
5.28
5.35
5.42
5.50

5.58
5.66
574
5.82
5.90

5.99
6.08
6.17
627
6.36

6.46
6.56
6.67
6.77

6.99
711
7.22
7.35
747

7.60
773
7.86
8.00
8.14

B8.28
843
8.59
8.74
8.90

9.07
9.24
9.42
9.60
9.78

9.97
10.17
10.37
10.58
10.79

1101
11.23
1147
11.71
11.95

12.21
12.47
12.74
13.01
13.30

13.59
13.90
14.21
14.53

115

116

4.36
441
4.46
451
457

4.62
4.68
4.74
4.79
4.85

4.92
4.98
5.04
5.11
5.18

5.25
532
5.39
5.46
5.54

5.62
5.70
578
5.86
5.95

6.04
6.13
6.22
6.31
6.41

6.51
6.61
6.71
6.82
6.93

7.04
7.16
7.28
7.40
7.52

7.65
7.78
7.92
8.06
8.20

8.34
8.49
8.65
881
8.97

9.14
9.31
9.48
9.66
9.85

10.04
10.24
10.44
10.65
10.87

11.09
11.31
11.55
11.79
12.04

12.29
12.56
12.83
13.10
13.39

13.69
13.99
14.31
14.63

116

117

4.39
4.44
4.49
4.55
4.60

4.66
471
4.77
4.83
4.89

4.95
5.02
5.08
5.15
5.22

5.28
5.36
5.43
5.50
5.58

5.66
574
5.82
5.90
5.99

6.08
6.17
6.26
6.36
6.46

6.55
6.66
6.76
6.87
6.98

7.09
7.21
7.33
7.45
7.58

7.7
7.84
797
8.11
8.26

8.40
8.55
871
8.87
9.03

9.20
9.37
9.55
973
9.92

10.11
10.31
10.52
10.73
10.94

1116
11.39
11.63
11.87
1212

12.38
12.64
12.92
13.20
13.49

13.78
14.09
14.41
1473
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118

4.42
4.47
4.53
4.58
4.63

4.69
4.75
4.80
4.86
4.93

4,99
5.05
5.12
5.18
5.25

5.32
5.39
5.47
5.54
5.62

570
5.78
5.86
5.95
6.03

6.12
6.21
6.31
6.40
6.50

6.60
6.70
6.81
6.52
7.03

7.14
7.26
7.38
7.50
7.63

7.76
7.89
8.03
8.17
8.31

8.46
861
8.77
8.93
9.10

9.26
9.44
9.62
5.80
9.99

10.18
10.38
10.59
10.80
11.02

11.24
11.47
1171
11.85
1221

12.46
12.73
13.00
13.29
13.58

13.88
14.19
14.51
14.83

118

119

445
451
4.56
461
4.67

472
478
4.84
4.90
4.96

5.02
5.09
515
5.22
5.29

5.36
543
5.51
5.58
5.66

574
5.82
5.90
5.99
6.08

6.17
6.26
6.35
6.45
6.55

6.65
6.75
6.86
6.97
7.08

7.19
731
743
7.56
7.68

7.81
795
8.09
8.23
8.37

8.52
8.67
8.83
8.99
9.16

9.33
9.50
9.68
9.87
10.06

10.26
10.46
10.66
10.88
1110

11.32
1155
1179
12.04
12.29

12.55
12.82
13.09
13.38
13.67

13.97
14.28
14.60
14.93

119

PSIG
TEMP
°F
105
104
103
102
101

ZRBER ®gz88

FAF I8

25825 %233

ER

45
43
42
a1

40
39

37
36

32

PSIG
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; http.//www.copyright.com/
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