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An Amerlcan Natlonal Slandard

Distillation of Petroleum Products at Atmospheric Pressure’

This standard is lssued under the fixed designation D 86; the aurnber immediately following the designation Indicates the year of original
adoption of, In the case of revision, the year of last revislon, A number in parentheses indicates the year of last reapproval. A superscript
epallon () Indicatas an edltorial changs since the last revision or reapproval,

This dard has been

1. Scope*

1.1 This test method covers the atmospheric distillation of
petroleum products using a laboratory batch distillation unit to
determine quantitatively the boiling range characteristics of
such products as light and middle distillates, automotive
spark-ignition engine fuels, aviation gasolines, aviation turbine
fuels, 1-D and 2-D regular and low sulfur diesel fuels, special
petroleum spirits, naphthas, white spirits, kerosines, and
Grades 1 and 2 bumer fuels.

1.2 The test method is designed for the analysis of distillate
fuels; it i not applicable to products containing appreciable
quantities of residual material.

1.3 This test method covers both manual and automated
instruments.

1.4 Unless otherwise noted, the velucs stated in SI units are
to be regarded as the standard. The values given in parentheses
are provided for information only.

1.5 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 1o establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 All standards are subject fo revision, and parties to
agreement on this test method are to apply the most recent
edition of the standards indicated below, unless otherwise
specified, such as in contractual agreements or regulatory rules
where earlier versions of the method(s) identified may be
required.

2.2 ASTM Standards: *

! This test method Is under the judsdiction of ASTM Committee DUO2 on
Peiroleum Products and Lubriconts nod is the direct responsibility of Subcommiites
D02.08.0A on Distillation.

In the IF, the equivalant test method is published under the designation IP 123,
It is under the jursdiction of the Standardizaden Committee,

Current editlon approved Jan, 15, 2007, Published February 2007, Orglnally
approved in 1921, Last previous edidon spproved In 2005 as D B6-05,

2 For teferenced ASTM standords, visit the ASTM webslte, www.astm.org, or
contact ASTM Customer Service at service@astm.org, For Anal Book of ASTM
Standards volume information, refer to the standard's Document Sunimary page on
the ASTM wehalte.

1P} d far use by agemcles of the Depariment of Defense,

D 97 Test Method for Pour Point of Petroleum Products

D 323 Test Method for Vapor Pressure of Petroleum Prod-
ucts (Reid Method)

D 2892 Test Mecthod for Distillation of Crude Petroleum
(15-Theoretical Plate Column)

D 4057 Practice for Manual Sampling of Petroleum and
Petroleum Products

D 4177 Practice for Automatic Sampling of Petrolenm and
Petroleum Producta

D 4953 Test Method for Vapor Pressure of Gasoline and
Gasoline-Oxygenate Blends (Dry Method)

D 5190 Test Method for Vapor Pressure of Petrolesm Prod-
ucts (Automatic Method)

D 5191 Test Method for Vapor Pressure of Petroleum Prod-
ucts (Mini Method)

D 5842 Practice for Sampling and Handling of Fuels for
Volatility Measurement

D 5949 Test Method for Pour Point of Petroleum Products
(Automatic Pressure Pulsing Method)

D 5950 Test Method for Pour Point of Petroleum Products
(Automatic Tilt Method)

D 5985 Test Method for Pour Point of Petroleum Products
(Rotational Method)

E 1 Specification for ASTM Liquid-in-Glass Thermometers

E 77 Test Method for Inspection and Verification of Ther-
mometers

E 1272 Specification for Laboratory Glass Graduated Cyl-
inders

F 1405 Specification for Laboratory Glass Distillation
Flasks

23 Energy Institute Standards:®

IP 69 Determination of Vapour Pressure—Reid Method

IP 123 Petroleum Products—Determination of Distillation
Characteristics

IP 394 Determination of Air Saturated Vapour Pressure

IP Standard Methods for Analysis and Testing of Petroleum
and Related Products 1996—Appendix A

? Available from Energy Institute, 61 New Cavendish St, London, WIG 7AR,

U.K,, hitp:ffwww.coergylnst.org.uk.

. *A Summacy of Changes section appears at the ead of this standard,
Copyright ® ASTM Intamatianal, 100 Barr Harbor Drive, PO Bax C700, Wast Conshohocken, PA 18428-2958, Unlied States,
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TABLE 1 Preparation of Apparatus

Group 1 Group 2 Group 9 Group 4
Flask, mL 125 125 125 125
ASTM distillation thermometer 7C (7F) 7C (7F) 7C (7F) BC (8F)
IP distillation thermomeler range low low low high
Flask support board B B c c
diameter of hole, mm =3 a8 50 50
Temperature at start of tast
Flask “«c 13-1B 13-18 13-18 not above
°F 55-65 6565 B55-66 amblent
Flask support and shisld not above not above noj abova
amblent amblent amblert
Receiving oylinder and 100 mL.
charga
°C 13-18 13-18 13-184 13-amblent*
°F 55-85 55-65 55-654 55-amblent?

A Sag 10,3.1.1 for exceptions.

3. Terminology

3.1 Definitions:

3.1.1 charge volume, n—the volume of the specimen, 100
mL, charged to the distillation flask at the lemperature speci-
fied in Table 1,

3.1.2 decomposition, n—of a hydrocarbon, the pyrolysis or
cracking of a molecule yielding smaller molecules with lower
boiling points than the original molecale.

3.1.2.1 Discussion—Characteristic indications of thermal
decomposition are evolution of furnes and erratic temperature
readings that usually decrease after any attempt is made to
adjust the heat.

3.1.3 decomposition poini, n—the comected thermometer
reading that coincides with the first indications of thermal
decomposition of the liquid in the flask.

3.1.3.1 Discussion—The decomposition point, as deter-
mined under the conditions of this test method; does not
necessarily correspond to the decomposition temperature in
other applications,

3.14 dry point, n—the corrected thermometer reading that
is observed at the instant the last drop of liquid (exclusive of
any drops or film of liquid on the side of the flask or on the
temperature sensor), evaporates from the lowest point in the
distillation flask.

3.1.4.1 Discussion—The end point (final boiling point),
rather than the dry polat, is intended for general use. The dry
point can be reporled in connection with special purpose
naphthas, such as those used in the paint industry. Also, it is
substituted for the end point (final boiling point) whenever the
sample is of such a nature that the precision of the end point
(final boiling point) cannot consistently meet the requirements
given in the precision section.

3.1.5 dynamic holdup, n—the amount of material present in
the neck of the flask, in the sidearm of the flask, and in the
condenser tube during the distillation.

3.1.6 emergent stem effect, n—the offset in temperature
reading caused by the use of total immersion mercury-in-glass
thermometers in the partial immersion mode.

3.1.6.1 Discussion—In the partial immersion mode, a por-
tion of the mercury thread, that is, the emergent portion, is at
a lower temperature then the immersed portion, resulting in a
shrinkage of the mercury thread and a lower temperature
reading,

3.1.7 end point (EP) or final boiling point (FBP), n—the
maximum corrected thenmometer reading obtained during the
lest

3.1.7.1 Discussion—This usually occurs after the evapora-
tion of all liquid from the bottom of the flask. The term
maximum temperature is a frequently used synonym.

3.1.8 front end loss, n—loss due to evaporation during
transfer from receiving cylinder to distillation flask, vapor loss
during the distillation, and uncondensed vapor in the flask at
the end of the distillation.

3.1.9 initial boiling point (IBP}, n—the corrected thermom-
eter reading that is observed at the instant the first drop of
condensate falls from the lower end of the condenser tube.

3.1.10 percemt evaporated, n—ihe sum of the percent re-
covered and the percent loss.

3.1.11 percent loss (or observed loss), n—one hundred
minus the percent total recovery.

3.1.11.1 corrected loss, n—percent loss corrected for baco-
metric pressure,

3.1.12 percent recovered, n—the volume of condensate
observed in the receiving cylinder, expressed as a percentage of
the charge volume, associated with a simultaneous temperature
reading.

3.1.13 percent recovery, n—the maxiroum percent recov-
ered, as observed in accordance with 10.18,

3.1.13.1 corrected percent recovery, n—the percent recov-
ery, adjusted for the difference between the observed loss and
the corrected loss, as described in Eq 8.

3.1.13.2 percent total recovery, n—ihe combined percent
recovery and residue in the flask, as determined in accordance
with 11.1.

3.1.14 percent residue, n—the volume of residue in the
flask, measured in accordance with 10.19, and expressed as a
percentage of the charge volume.

3.1.15 rate of change (or slope), n—the change in tempera-
ture reading per percent evaporated or recovered, as described
in 13.2.

3.1.16 temperature lag, n—the offsct between the tempera-
ture reading obtained by a temperature sensing device and the
true temperatre at that time.

3.1,17 temperature measurement device, n—a thermometer,
as described in 6.3.1, or a temperature sensor, as described in
6.3.2.
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3.1.18 temperature reading, n—the temperature obtained by
a lemperature measuring device or system that is equal to the
thermometer reading described in 3.1.19,

3.1.18.1 corrected temperature reading, n—the temperature
reading, as described in 3.1.18, corrected for barometric
pressure.

3.1.19 thermometer reading (or thermometer result), n—the
temperature of the saturated vapor measured in the neck of the
flask below the vapor tube, as determined by the prescribed
thermometer under the conditions of the test.

3.1.19.1 corrected thermometer reading, n—the thermom-
eter reading, as described in 3.1.19, corrected for barometric
pressure.

4. Summary of Test Method

4.1 Based on its composition, vapor pressure, expected IBP
or expected EP, or combination thereof, the sample is placed in
one of four groups. Apparatus arrangement, condenser tem-
perature, and other operational variables are defined by the
group in which the sample falls.

42 A 100-mL specimen o6f the sample is distilled under
prescribed conditions for the group in which the sample falls,
The distillation is performed in a laboratory batch distillation
unit at ambient pressure under conditions that are designed to
provide approximately one theoretical plate fractionation. Sys-
tematic observations of temperature readings and volumes of
condensate are made, depending on the needs of the user of the
data. The volume of the residue and the losses are alse
recorded. i

4.3 At the conclusion of the distillation, the observed vapor
temperatures can be corrected for barometric pressure and the
data are examined for conformance to procedural require-
ments, such as distillation rates. The test is repeated if any
specified condition has not been met.

4.4 Test results are commonly expressed as percent evapo-
rated or percent recovered versus corresponding temperature,
either in a table or graphically, as a plot of the distillation
curve.

5. Significance and Use

5.1 The basic test method of determining the boiling range
of a petroleum product by performing a simple batch distilla-
tion has been in use as long as the petroleum industry has
existed. It is one of the oldest test methods under the jurisdic-
tion of ASTM Committee D02, dating from the time when it
was still referred to as the Engler distillation. Since the test
method has been in use for such an extended period, a
tremendous number of historical data bases exist for estimating
end-use sensitivity on products and processes.

5.2 The distillation (volatility) characteristics of hydrocar-
bons have an important effect on their safety and performance,
especially in the case of fuels and solvents. The boiling range
gives information on the composition, the properties, and the
behavior of the fuel during storage and use. Volatility is the
major determinant of the tendency of a hydrocarbon mixmure to
produce potentially explosive vapors,

5.3 The distillation characteristics are critically important
for both automotive and aviation gasolines, affecting starting,
warmn-up, and fendency to vapor lock at high operating

Thermometer
Distillin
Flas| Bath Cover
Heat = '“\\3
Raslstant-|
Boards
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Shield-, Blotting
Fapa[]
Bumer-f—— || O 0
: Gas Ling
.
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Suppi‘lrt-——_ :f ~'

FIG. 1 Apparatus Assembly Uslng Gas Burner

temperature or at high altitude, or both. The presence of high
boiling point components in these and other fuels can signifi-
cantly affect the degree of formation of solid combustion
deposits.

5.4 Volatility, as it affects rate of evaporation, is an impor-
tant factor in the application of many solvents, particularly
those used in paints.

5.5 Distillation limits are often included in petroleum prod-
uct specifications, in commercial contract agreements, process
refinery/control applications, and for compliance to regulatory
rules,

6. Apparatus

6.1 Basic Components of the Apparatus:

6.1.1 The basic components of the distillation unit are the
distillation flask, the condenser and associated cooling bath, a
metal shield or enclosure for the distillation flask, the heat
source, the flask support, the temperature measuring device,
and the receiving cylinder to collect the distillate.

6.1,2 Figs. 1 and 2 are examples of manual distillation units.

6.1.3 In addition to the basic components described in 6.1.1,
automated units also are equipped with & system to measure
and automatically record the temperature and the associated
recovered volume in the receiving cylinder.

6.2 A detailed description of the apparatus is given in Annex
A2,

6.3 Temperature Measuring Device:

6.3.1 Mercury-in-glass thermometers, if used, shall be filled
with an inest gas, graduated on the stem and enamel backed.
They shall conform to Specification E1 or IP Standard
Methods for Analysis and Testing of Petroleum and Related
Products 1996—Appendix A, or both, for thermometers ASTM
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TCMAP 5C and ASTM 7F for the low range thermometers, and
ASTM 8C/P 6C and ASTM 8F for the high range thermom-
eters,

6.3.1.1 Thermometers that have been exposed for an ex-
tended period above an observed temperature of 370°C shall
not be reused without 2 verification of the ice point or checked
ag prescribed in Specification E 1 and Test Method E 77.

Nota 1—At an observed thermometer reading of 370°C, the tempera-
ture of the ‘bulb {s approaching a crtical range in the glass and the
thermometer may lose itz calibration,

6.3.2 Temperature measurement systems other than those
described in 6.3.1 are satisfactory for this test method, pro-
vided that they exhibit the same temperature lag, emergent
stem effect, and accuracy as the equivalent mercury-in-glass
thermometer.

6.3.2.1 The electronic circuitry or the algorithms, or both,
used shall include the capability to simulate the temperature lag
of a mercury-in-glass thermometer.

6.3.2.2 Alternatively, the sensor can also be placed in a
casing with the tip of the sensor covered so that the assembly,
because of its adjusted thermal mass and conductivity, has a
temperature lag time similar to that of a mercury-in-glass
thermometer.

Norg 2—In a region where the temperarure is changing rapidly during
the distillation, the temperature lag of a thermometer can be a8 much as 3
seconds,

6.3.3 In case of dispute, the referee test method shall be
carried out with the specified mercury-in-glass thermometer.

6.4 Temperature Sensor Centering Device:

6.4.1 The temperature sensor shall be mounted through a
snug-fitting device designed for mechanically centering the
sensor in the neck of the flask without vapor leakage. Examples
of acceptable centering devices are shown in Figs. 3 and 4,
(Warning—The use of a plain stopper with a hole drilled
through the center is not acceptable for the purpose described
in 6.4.1.)

Nom 3—Other centerdng devices are also acceptable, as long as they
position and hold the temperature sensing device in the proper position in
the neck of the distillation column, as shown in Fig. 5 and described in
10.5.

Nore 4—When running the test by the mannal method, products with

pertect centering
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In neck of without O-ring
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perfluoro elastomer {

FIG. 4 Example of Centering Device Designs for Stralght-Bore
Neck Flasks

Tv:FT: =Y W

T

e >
FIG. b Position of Thermometer in Distillation Flask

a low IBP may have one or more readings obscured by the centering
device, Sce also 10.14.3.1.

6.5 Automated equipment manufactured in 1999 and later
shall be equipped with a device to automatically shut down
power to the unit and to spray an inert gas or vapor in the
chamber where the distillation fask is mounted in the event of
fire.

Nors 5—Some causes of fires are breakage of the distillation flask,
electricnl shorts, and foaming and spilling of liquid sample through the top
opening of the flask,

6.6 Barometer—A pressure measuring device capable of
measuring local station pressure with an accoracy of 0.1 kPa
(1 mm Hg) or better, at the same elevation relative to sea level
as the apparatus in the laboratory. (Warning—Do not take
readings from ordinary aneroid barometers, such as those nsed
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TABLE 2 Group Characterlstics

Group 1 Group 2 Group 8 Group 4
Sampla
characterlstics
Distillale typo
Vapor prassura at
37.8°C, kPa =656 <655 <65.5 <B5.5
100°F, pal =95 <8.5 <3.5 <9.5
{Tast Methoda
D323, D 4953,
D 5190, D584,
D 5482, |IP 69 or
|P 394)
Distliiation, IBF "C =100 >100
oF =212 »212
EP°C =250 =250 >250 »250
°F =482 =482 >482 »482

at weather stations and airports, since these are precorrected to
give sea level readings.)

7. Sampling, Storage, and Sample Conditioning

7.1 Determing the Group characteristics that correspond to
the sample to be tested (see Table 2), Where the procedure is
dependent upon the group, the section headings will be so
marked,

7.2 Sampling:

7.2.1 Sampling shall be done in accordance with Practice
D 4057 or D 4177 and as described in Table 3.

7.2.1.1 Group 1—Condition the sample container to below
10°C, preferably by filling the bottle with the cold liguid
sample and discarding the first sample, If this is not possible
because, for instance, the product to be sampled is at ambient
temperature, the sample shall be drawn into a bottle prechilled
to below 10°C, in such a manner that agitation is kept at a
minimum, Close the bottle immediately with a tight-fitting
closure, (Warning—Do not completely fill and tightly seala
cold bottle of sample because of the likelihood of breakage on
warming.)

7.2.1.2 Groups 2, 3, and 4—Collect the sample at ambient
temperature. After sampling, close the sample bottle immedi-
ately with a tight-fitting closure,

7.2.1.3 If the sample received by the testing laboratory has
been sampled by others and it is not known whether sampling
has been performed as described in 7.2, the sample shall be
assumed to have been so sampled,

7.3 Sample Storage:

7.3.1 If testing is not to start immediately after collection,
store the samples as indicated in 7.3.2, 7.3.3, and Table 3, All
samples shall be stored away from direct sunlight or sources of
direct heat,

7.3.2 Group I—Store the sample at a temperature below
10°C,

Note 6—If there are no, ar inadequate, facilities for storage below
10°C, the sample may also be stored at a temperature below 20°C,
provided the operator ensures that the sample container is tightly closed
and leak-frec.

7.3.3 Group 2—Store the sample at a temperature below
10°C.

Nots 7—If there are no, or inadequate, facilities for storage below

10°C, the sumple may also be stored at a temperature below 20°C,
provided the operator ensures that the sample container is tightly closed
and leak-free.

7.3.4 Groups 3 and 4—Store the sample at ambient or lower
temperature. ,

7.4 Sample Conditioning Prior to Analysis:

7.4.1 Samples shall be conditioned to the temperature
shown in Table 3 before opening the sample container.

7.4.1.1 Groups I and 2—Samples shall be conditioned to a
temperature of less than 10°C (50°F) before opening the
sample container.

7.4.1.2 Groups 3 and 4—If the sample is not fluid at
ambient temperature, it is to be heated to a temperature of 9 to
21°C above its pout point (Test Method 1> 97, D 5949, or
D 5985) prior to analysis. If the sample has partially or
completely solidified during storage, it shall be vigorously
shaken after melting prior to opening the sample container to
ensure homogeneity.

7.4.1.3 If the sample is not fAuid at room temperature, the
temperature ranges shown in Table 3 for the Aask and for the
sample do not apply.

7.5 Wet Samples:

1.5.1 Samples of materials that visibly contain water are not
suitable for testing. If the sample is not dry, obtain another
sample that is free from suspended water.

7.5.2 Groups 1 and 2—If such a sample canuot be obtained,
the suspended water can be removed by maintaining the
sample at 0 to 10°C, adding approximately 10 g of anhydrous
sodium sulfate per 100 mL of sample, shaking the mixture for
approximately 2 min, and then allowing the mixture to seitle
for approximately 15 min. Once the sample shows no visible
signs of water, use a decanted portion of the sample, main-
tained between 1 and 10°C, for the analysis. Note in the report
that the sample has been dried by the addition of a desiccant,

Noms 8—Suspended water in hazy samples in Groups | and 2 can be
rerooved by the addition of anhydrous sodium sulfate and separating the
liquid sample from the drying agent by decanting without statistically
affecting the results of the test.*

7.53 Groups 3 and 4—In cases in which a water-free
sample is not practical, the suspended water can be removed by
shaking the sample with anhydrous sodium sulfate or other
suitable drying agent and separating it from the drying agent by
decanting. Note in the report that the sample has been dried by
the addition of a desiccant.

8. Preparation of Apparatus

8.1 Refer to Tuble 1 and prepare the apparatus by choosing
the appropriate distillation flask, temperature measuring de-
vice, and flask support board, as directed for the indicated
group. Bring the temperature of the receiving cylinder, the
flask, and tbe condenser bath to the indicated temperature.

8.2 Make any necessary provisions so that the temperature
of the condenser bath and the receiving cylinder will be
maintained at the required temperatures. The receiving cylin-
der shall be in a bath such that either the liquid level is at least

4 Supporting data hava been fled at ASTM Internotional Headgquarters ond may
be obtained by requesting Research Report RR: DO2-1455.
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TABLE 3 Sampling, Storage, and Sample Condilioning

Filed: 01/31/2018

Group 1 Qroup 2 Group 3 Group 4
Temperature of sampla botile C <10
*F <50
Tomperatura of slored sampla c <i0* <10 amblent amblant
L <50* <50 amblent amblant
Temperature of sample after ‘C <10 <10 Amblent or Amblent or
conditioning prior 10 analysis @ 1o 21°C above pour point®
F <50 <50 Amblent or Amblent or
48 to 70°F above pour polni®
IF sample ks wet resample dry In accordance with 7.5.3
W esample is still wal® diy In accordance wilh 7.5.2

Page 37 of 460

4 Under certaln circumetances, samplos oan also bo slored at temperalures below 20°C (68°F). Sae alsn 7.9.2 and 7.3.3,

#if gample Ia (semi}-salid at ambilent tempaiure, see also 10.3.1.1.

Zf sampla Is known 1o be wet, rosampiing may bo omilted, Dry sampla In accardance with 7.5.2 and 7.5.3,

as high as the 100-mL mark or the entire receiving cylinder is
surrounded by an gir circulation chamber,

82.1 Groups 1, 2, and 3—Suitable media for low lempera-
ture baths include, but are not lmited to, chopped ice and
water, refrigerated brine, and refrigerated ethylene plycol.

8.2.2 Group 4—Suitable media for ambient and higher bath
temperatures include, but are not limited to, cold water, hot
water, and heated ethylene glycol,

8.3 Remove any residual liquid in the condenser tube by
swabbing with a piece of soft, lint-free cloth attached to a cord
or wire.

9. Calibration and Standardization

9.1 Temperature Measurement System—Temperaiure mea-
surement systems using other than the specified mercury-in-
glass thermometers shall cxhibit the same emperature lag,
emergent stem effect, and accuracy as the equivalent mercury-
in-glass thermometer. Confirmation of the calibration of these
temperature measuring systems shall be made at intervals of
nol more than six months, and after the system has been
replaced or repaired,

9.1.1 The accuracy and the calibration of the elecironic
circuitry or computer algorithms, or both, shall be verified by
the use of a standard precision resistance bench. When per-
forming this verification, no algorithms shall be used to correct
the temperature for lag and the emergent stem effect (see
manufacturer’s instructions).

9.1.2 Verification of the calibration of temperature measur-
ing devices shall be conducted by distilling toluens in accor-
dance with Group 1 of this test method and comparing the
50 % recovered temperature with that shown in Table 4.9

9.12.1 If the temperature reading is not within the values
shown in Table 4 for the respective apparatus being used (see
Note 10 and Table 4), the temperatire measurément sysiem
shall be considered defective and shall not be used for the test,

Nore 9—Toluene is used as a verification fluld for calibration; it will
yield almost no information on how well an electronic measurement
system simulates the température log of a liquid-in-glass thermometer.

9.12.2 Reagent grade toluene and hexadecane (cetane),
conforming to the specifications of the Committes on Analyti-

* Supponilng dotn have been filed at ASTM Intercatonal Headquorters aod may
be obtained by requesting Research Report RR: DO2-1 580,

cal Reagents of the American Chemical Society,5 shall be used.
However, other grades may also be used, provided it is first
ascertained that the reagent is of sufficient purity to permit its
use without lessening the accuracy of the determination.

Nom 10—At 101.3 kPa, teluene is shown in reference manuals as
boiling at 110.6°C when measured uslng a partial immersion thermometer.
Because this test method pses thexrmomelers calibrated for total jmmer-
sion, the results typically will be lower and, depending on the thermometer
and the sitvation, may be differcat for cach thermometer, At 101.3 kPe,
hexadecans is shown in reference manuals as boiling at 287.0°C when
measured using o partial immersion thermometer. Because this test
method uses thacmometers calibrated for total immersion, the results
typically will be lower, and, depending on the thermometer and tho
sltuation, may be different for each thermometer.

9.1.3 A procedure to determine the magnitude of the tem-
perature lag is described in Annex A3.

9.1.4 A procedure to emulate the emergent stem effect is
described in Appendix X4,

9.1.5 To verify thc calibration of the temperature measure-
ment system at elevated temperatures, use hexadecane, The
temperature measurement system shall indicate, at 50% recov-
ered, a temperature comparable to that shown in Table 4 for the
respective apparatus under Group 4 distillation conditions.

Nome 11—Because of the high melting point of hexadecane, Group 4
verification distillations will hove to be caried out with condenser
temperatures >20°C.

9.2 Automated Method:

9.2.1 Level Follower—For an automated distillation appa-
ratus, the level follower/recording mechanism of the apparatus
shall have a resolution of 0.1 mL or better with a maximum
error of 0.3 mL between the 5 and 100 mL points. The
calibration of the assembly shall be verified in accordance with
manufacturer's instructions at intervals of not more than threg
months and after the system has been replaced or repaired.

Nom 12—The typical calibration procedure involves verifying the
output with the receiver containing 5 and 100 mL of material respectively.

9,22 Barometric Pressure—At intervals of not more than
six months, and after the system has been replaced or repaired,

LI r

g lr, Amgricen Chemlcal Society Specifications, Amedonn
Chemical Scciety, Washipgton, DC. For suggestions an the testing of reagents not
listed by the American Chemical Soclety, see Analar Standands for Laboratory
Clunnicals, BDH Lid, Poolo, Damat, UK., und the United Stares Pharmacopela
;'l.ng Natignal Fennulary, U.S. Phammacopelinl Convention, Ine, (USPC), Rockville,
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TABLE 4 True and Min and Max D B6 50 % Recovered Bolling Points eyt

MaE‘_d . Aulomaled
Diatinatlon Distillation Dlstilletion Distlation
condiions min conditlohs cenditions min condltions max
D85 50% max D 85 DB S0 % DBss0%
holling palmt 50 % bolling bolling point bolling point
puint
ASTMAP trus Group 1, 2, and Group 1, 2, Group 1, 2, and Group 1, 2,
Tolusne boliing point 3 and 3 3 and 3
1108 105.9 111.8 108.8 100.7
ASTMIP true Group 4 Group 4 Group 4 Group 4
Hexadecane boliing point
287.0 2722 2831 277.0 280.0

“ The manual and automatad temperatures show In this tabla ano ho velues for the 85 % tolerance Interval for the 99 % population coveraga. The proposed lolerance
is approximately 3 X elgma. Information an the values In this table can be found in AR:DO2-1580.

the barometric reading of the instrument shall be verified
against a barometer, as described in 6.6,

10. Procedure

10.1 Record the prevailing baromeltic pressure,

10.2 Groups 1 and 2—Fil a low range thermometer pro-
vided with a snug-fitting cork or stopper of silicone rabber, or
equivalent polymeric material, tightly into the neck of the
sample container and bring the temperature of the sample to the
temperature indicated in Table 3.

103 Groups I, 2, 3, and 4—Check that the temperature of
the sample is as shown in Table 3. Pour the specimen precisely
to the 100-mL mark of the receiving cylinder, and transfer the
contents of the receiving cylinder as completely as practical
into the distillation flask, ensuring that none of the liquid flows
into the vapor tube.

Nore 13—Itis important that the difference hetween the temperature of
the specimen and the temperature of the bath around Lhe receiving cylinder
is a6 small as practically possible, A differenes of 5°C can make a
difference of 0.7 mL.

10.3.1 Groups 3 and 4—If the sample is not fluid at ambient
temperature, it is o be heated (o a temperature between 9 and
21°C above its pour point (Test Methods D97, D 5949,
D 5950, or D 5985) prior to analysis. If the sample has partially
or completely selidified in the intervening period, it shall be
vigorously shaken afler melting, and prior to sampling, to
ensmie hornogeneity.

103.1.1 If the sample is not fluid at ambient temperatures,
disregard the temperature mnge shown in Table 1 for the
receiving cylinder and sample. Prior to analysis, heat the
receiving cylinder to approximately the same mperaturs es
the sample. Pour the heated specimen precisely to the 100-mL
mark of the receiving eylinder, and transfer the contents of the
receiving cylinder as completely as practical into the distilla-
tion flask, ensuring that none of the liquid flows into the vapor
tube.

Nors 14—Any mainrial thut eveporstes during the oransfer will con-
ribute to the loss; &y matedial that remiing in the receiving cylinder will
contribute to the observed recovery valume at the tims of the IBP.

104 If the sample can be expected to demonstrate irregular
boiling behavior, that is, bumping, add a few boiling chips to
the specimen. The addition of a few boiling chips is acteplable
for any distillation.

10.5 Fit the temperature sensor through & snug-fitting de-
vice, as described in 6.4, to mechanically center the sensor in
the neck of the flask. In the case of a thermometer, the bulb is
centered in the neck and the lower end of the capillary is Jevel
with the highest point on the bottom of the inner wall of the
vapor tube (see¢ Fig. 5). In the case of a thermocouple or
resistance thermometer, follow the manufacturer’s instrnctions
as to placement (see Fig, 6).

Nore 15—If vocunm grease is used on the mating surface of the
centerlng device, use the minirmum amount of gresse that is practical.

10.6 Fit the Mask vapor lube, provided with a snug-fitting
cork or rubber stopper of silicone, or equivalent polymeric
matenal, tightly inlo the condenser tube. Adjust the flask in a
vertical position so that the vapor tube extends into the
condenser tube for a distance from 25 to 50 mm. Raise and
adjust the flask support board to fit it snugly against the bottom
of the flask.

10.7 Place the receiving cylinder that was vsed to measurs
the specinen, withouot drying the inside of the cylinder, into its
temperature-controlled bath under the lower end of the con-
denser tube. The end of the condenser tube shall be centered in
the receiving cylinder and shall extend therein for a distance of
at least 25 mm, but not below the 100-mL mark.

10.8 Initial Boiling Point:

10.8.1 Manual Method—To reduce evaporation loss of the
distillate, cover the receiving cylinder with & piece of blotting
paper, or similar material, that has been cut to fit the condenser
tube snpgly. If a receiver deflector is being used, start the
distillation with the tip of the deflector just touching the wall of
the receiving cylinder. If a receiver deflector is not used, keep
the ddp tip of the condenser away from the wall of the
receiving cylinder. Note the start ime. Observe and record the
IBP to the nearest 0.5°C (1.0°F). If a receiver deflector is not
being used, immediately move the receiving cylinder so that
the lip of the condenser touches its inner wall,

10.8.2 Automared Method—To reduce evaporation loss of
the distiliate, use the device provided by the instrument
manufacturer for this purpose. Apply heat to the distillation
flask and contents with the tip of the receiver deflector just
touching the wall of the receiving cylinder. Note the start time.
Record the IBP to the nearest 0.1°C (0.2°F),
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FIG. 6 Example of Recommended Placement of Pi-100 Probe
Relative to Distillation Flask Sldearm for Automated D B6
Distillation [nstrument

10.9 Regulate the healing so that the time interval between
the first application of heat and the IBP is as specified in Table
5

10.10 Regulate the heating so that the time from IBP to 5 or
10 % recovered is as indicated in Table 5.

10.11 Continue to regulate the heating so that the uniform
average rate of condensation from 5 or 10 % recovered to 5 mL

residue in the flask is 4 to 5 mL per min. (Warning—Due to

the configuration of the boiling flask and the conditions of the
test, the vapor and liquid around the temperature sensor are not
in thermodynamic equilibrium. The distillation rate will con-
sequently have an effect on the measured vapor temperature.
The distillation rate shall, therefore, be kept as constant as
possible throughout the test.)

Nore 16—When testing pasoline samples, it {s not uncommon to see
the condensate suddenly form non-miscible liquid phases and bead up on
the temperature measuring device and in the neck of the boiling flask ata
vapor temperature of around 160°C. This may bs accompanied by a sharp
(about 3°C) dip in the vapor temperature and a drop in the recovery rate.
The phonomenon, which may be due to the presence of teace water in the
sample, may last for 10 to 30 & before the temperature recovers and the
condensate starts flowlng smoothly again. This point is sometimes
colloquially referred to as the Hesitation Point.

10.12 Repeat any distillation that did not meet the require-
ments deseribed in 10.9, 10.10, and 10.11.

10.13 If a decomposition point, as described in 3.1.3, is
observed, discoatinue the heating and proceed as directed in
10.17,

10.14 In the interval between the IBP and the end of the
distillation, observe and record data necessary for the calcula-
tion and reporting of the results of the test as required by the

specification involved, or as previously established for the
sample under test. These observed data can include tempera-
ture readings at prescribed percentages recovered or percent-
apes recovered at prescribed temperature readings, or both,

10.14.1 Manual Method—Record all volumes in the gradu-
ated cylinder to the nearest 0.5 mlL, and all temperature
readings to the nearest 0.5°C (1.0°F).

10.14.2 Automated Method—Record all volumes in the
receiving cylinder to the nearest 0.1 ml, and all emperature
readings to the nearest 0.1°C {0.2°F).

10,14.3 Group 1, 2, 3, and 4—In cases in which no specific
data requirements have been indicated, record the IBP and the
EP (FBP) or the dry point, or both, and lemperature readings at
5, 15, 85, and 95 % recovered, and at each 10 % multiple of
volume recovered from 10 to 90, inclusive,

10.14.3.1 Group 4—When a high range thermometer is
used in testing aviation turbine fuels and similac products,
pertinent thermometer readings can be obscured by the center-
ing device. If these readings are required, perform a second
distillation in accordance with Group 3. In such cases, reading
from a low range thermometer can be reported in place of the
obscured high range thermometer readings, and the test report
shall so indicate. If, by agreement, the obscured readings are
waived, the test report shall so indicate.

10.14.4 When it is required to report the temperature
reading at a prescribed percent evaporated or recovered for a
sample that has a rapidly changing slope of the distillation
curve in the region of the prescribed percent evaporated or
recovered reading, record temperature readings at every 1 %
recovered. The slope is considered rapidly changing if the
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TABLE § Conditlons Durlng Test Procedure

Group 1 Group 2 Group 3 Group 4
Temperatura of couling bath® G 01 0-5 0-5 0-60
°F 32-34 3240 38-40 32140
Temperature of bath around h{¢) 13-ia 13-i8 18-18 i3
recaiving cylinder F 6565 55-85 55-65 *5
of charge
lemperalure
Tirme from first applicaiion of heal to
Initlal bolling paint, min 510 510 510 515
Time from Inillal bolling point
to 5 % recovered, & &0-100 B0-100
to 10 % recovared, min
Uniform average rale of condansation
from & % recovered to 5 mL
In flask, mU'min 4-5 45 4-5 4-B
Tima recorded from 5 mL resldue o
end polot, min 5 max 5 max 5 max 5 max

4 the proper condsnser bath temperature will depend upon tha wax cantent of the sampla and of its dialfllallon fractions. The test Is generally performed using one single
condenser lemperalura, Wax formation In the onderiser can be deduced from (4) he prasenca of wax particies in the distillate coming off the drip tip, {£) & higher distillalion
loss ihan what would be expected basad on tha Inltial bolling paint of tha speciman, (&) an erriie meovary rate and {d) the presence of wax particles during the removal
of residual liquid by swabbing with a ini-free dolh (see 8.3}, The minimum termperature that parmiis saiisfactory cperation shall be used. In genaral, a balh temperature

intha 0 te 4°C

range Is sultable for kerosine, Grade No. 1 fuel ofl and Grade No. 1-D diesal fuel oll. In soms cases Invalving Grade Na. 2 fuel oll, Grade No. 2-D diesel

fuel oll, gas olls and simliar distillates, It may ba necessary to hald the condanser bath temparatura In tha 38 1o 60°C ranga.

change in slope (C) of the data points described in 10.14.2 in
that particular area is greater than 0.6 (change of slope (F) is
greater than 1.0) as calculated by Eq 1 (Eq 2).

Changs of Slope (C) =
(G — C)(Va— V1) — (Cs = C(V, — V) -
Change of Slope (F) =
(Fy= Fi(Vy = V) = (Fy = F)H(Va — V)
(2)
where
C, = temperature at the volume % recorded one reading

prior to the volume % in question, °C,

C, = temperature at the volume % recorded in question,
oC'

C; = lemperature at the volume % recorded following the
volume % in question, °C,

F; = temperature at the volume % recorded one reading
prior to the volume % in guestion, °F,

F, = temperature 2l the volume % recorded in question, °F,

F3 = temperature ot the volume % recorded following the
volume % in question, °F,

V, = volume % recorded one reading prior to the volume %
in question,

Vo = volume % recorded at the volume % in question, and

Va = volume % recorded following the volume % in

question,
10.15 When the residual liguid in the flask is approximately
5 mL, make a final adjustment of the heat. The time from the
5 mL of liquid residue in the flask to the EP (FBP) shall be
within the limits prescribed in Table 5. If this condition is not
satisfied, repeat the test with appropriate modification of the
final heat adjustment.

Note 17—Sinee it is difficult to determine when there is 5 mL of
boiling liquid left in the flask, this Hme is determined by observing the
amount of liquid recovered In the receiving cylinder, The dynamic holdup
has been determined to be approximately 1.5 mL at thls point. If there are
no front end losses, the amount of 5 mL in the flask can be assumed to

10

correspond with an amount of 93.5 mL lo the receiving cylinder. This
amount hes to be adjusted for the estimated amount of front end loss.

10.15.1 If the actual front end loss differs more than 2 mL
from the estimated value, the test shall be rerun.

10.16 Observe and record the EP (FBP) or the dry point, or
both, as required, and discontinue the heating.

10.17 Allow the distillate to drain into the recelving cylin-
der, after heating has been discontinued.

10.17.1 Manual Method—While the condenser tube contin-
ues to drain into the graduated cylinder, observe end note the
volume of condensate to the nearest 0.5 mL at 2 min intervals
until two successive observations agree. Measure the volume
in the receiving cylinder accurately, and record it to the nearest
0.5 mL.

10.17.2 Automated Method—The apparatus shall continu-
ally monitor the recovered volume until this volume changes
by no more than 0.1 mL in 2 min. Record the volume in the
receiving cylinder accorately to the nearest 0.1 mL.

10.18 Record the volome in the receiving cylinder as
percent recovery. If the distillation was previously discontin-
ued under the conditions of a decomposition point, deduct the
percent recovered from 100, report this difference as the sum of
percent residue and percent loss, and omit the procedure given
in 10.19.

10,19 After the fiask has cooled and no more vapor is
observed, disconnect the flask from the condenser, pour its
conlents into a 5-ml graduated cylinder, and with the flask
suspended over the cylinder, allow the flask to drain until no
appreciable increase in the volume of liquid in the cylinder is
observed, Measure the volume in the graduated cylinder to the
nearest 0.1 mL, and record as percent residue.

10.19.1 If the 5-mL graduated cylinder does not have
graduations below 1 mL and the volume of liquid is less than
1 mL, prefill the cylinder with 1 mL of a heavy oil to allow a
better estimate of the volume of the material recovered.

10.19.1.1 If a residue greater than expected is obtained, and
the distillation was not purposely terminated before the EP,
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check whether adequate heat was applied towards the end of
the distillation and whether conditions during the test con-
formed to those specified in Table 5. If not, repeat test.

Nom 18—The distillation residues of this test method for gasoline,
kerosine, and distillate diesel are fypically 0.9-1.3, 0.9-1.3, and 1.0-1.4
volume %, respectively.

Note 19—The test method is not designed for the anslysis of distillate
fuels containing appreciable quantities of residual material (see 1.2).

10.19.2 Groups 1, 2, 3, and 4—Record the volume in the
5-mL graduated cylinder, to the nearest 0.1 mL, as percent
residue.

10.20 If the intent of the distillation is to determine the
percent evaporated or percent recovered at a predetermined
comrected temperature reading, modify the procedure to con-
form to the instructions described in Annex A4,

10.21 Examine the condenser tube and the side arm of the
flask for waxy or solid deposits, If found, repeat the test after
making adjustments described in Footnote A of Table 5.

11. Calculations

11.1 The percent total recovery is the sum of the percent
recovery (see 10.18) and the percent residue (see 10.19).
Deduct the percent total recovery from 100 to obtain the
percent loss, !

11.2 Do not correct the barometric pressure for meniscus
depression, and do not adjust the pressore to what it would be
at sea level.

Nore 20—The observed barometric reading dogs not have to be
corrected to o standard temperature and to standard gravity, Bven without
performing these corrections, the corrected temperature readings for the
sume sample between laboratories at two different locatlons in the world
will, in general, differ less than 0.1°C at 100°C. Almost all data obtained
carlier have been reported at barometric pressures that have not been
corrected to standard temperature and to standard gravity.

11.3 Correct temperature readings to 101.3 kPa (760 mm
Hg) pressure. Obtain the correction to be applied to each
temperature reading by means of the Sydney Young equation
as given in Eq 3, Eq 4, or Eq 5, as appropriate, or by the use
of Table 6. For Celsins temperatures;

G, = 00009 (1013 — P) (273 + 1) (3)
€, = 0.00012 (760 — P) (273 +1,) @
For Fahrenheit temperatures:

Cy= 000012 (760 — P) (460 + 1) )

where:

£ = the observed temperature reading in °C,

7 = the observed temperature reading in °F,

i‘,_. and C; = corrections to be added algebraically to the
observed temperature readings,

P, = barometric pressure, prevailing at the time and
location of the test, kPa, and

P = baromeiric pressure, prevailing at the time and

location of the test, mm Hg.
After applying the corrections and rounding each result to
the nearest 0.5°C (1.0°F) or 0.1°C (0.2°F), as appropriate to the

11

TABLE 68 Approximate Thermometer Reading Correction

a
Temperature R Correction® per 1.3 kPa (10 mm Hg)

Differenca in Presaure
°C °F °C F
10-30 50-86 0.35 0.63
30-50 86122 038 088
50-70 122158 0.40 072
70-80 158-194 0.42 0.78
80-110 194-230 0.45 0.B1
110-130 230-268 047 0.85
130150 266302 0.50 0.88
160-170 302-338 0.52 0.84
170-160 338-374 0.54 0.88
1890210 374410 0.57 1.02
210-230 410446 0.59 1.07
230-250 446482 0.62 1.1
250-270 482-518 0.64 115
270~280 b18-564 0.88 1.20
290-310 554-530 0.69 1.24
310~-330 590628 0.71 1.28
330-350 826-662 074 1483
350-870 662-698 0.78 147
370380 696-734 078 1.41
590~410 734~T70 0.81 148

A Valugs o be addad when baromelric pressure ls balow 101.3 kPa (760 mm
Hp) and to be sublracted when barometrlc pressure Is above 101.3 kPa.

apparatus being used, vse the corrected temperature readings in
all further caleulations and reporting.

Nome 21—Temperature readings are not comected o 1013 kPa (760
mm Hg) when product definitions, specifications, or agreements berween
the parties involved indicate, specifically, thet such correction is mot
required or that corection shall be made to some other base pressure.

11.4 Correct the actual loss to 101.3 kPa (760 mm Hg)
pressure when temperature readings are corrected to 101.3 kPa
pressure. The corrected loss, L, is calculated from Eq 6 or Eq
7, as appropriate, or can be read from the tables presented as
Fig. X3.1 or Fig. X3.2.

L, = 0.5 + (L~ 0.5)1 + (101.3 ~ P,)/8,00} 6
L, = 0.3 + (L — 0.5)/{1 + (760 — F)/60.0} M
where:
L = observed loss,
L. = comected loss,
Py = pressure, kPa, and
P = pressure, mm Hg,

Nomw 22—Fg 6 ond 7 sbove have been derived from the data in Table
7 and Egs 5 and 6 in Test Method D 86—95 and carlier versions, It is
probable that Eq 6 and 7 shown were the orginal empirical equations from
which the tabls end equations in the Test Method D 86 — 95 and earlier
versions were derived.

11.4.1 Calculate the corresponding corrected percent recov-
ery in accordance with the following equation:

R, =R +(L-L) (8)

z
8

percent loss or observed loss,
carrected loss,

percent recovery, and
corrected percent recovery.

S
o

=l
n
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TABLE 7 Data Polnts for Datermining Slops, Sg or Sg
Siope at % =1 5 10 20 a0 40 50 60 70 80 50 95 EP
Ty ol % o a 0 10 20 30 40 50 80 70 80 80 95
Tuat % 5 10 20 30 40 50 60 70 80 90 20 95 Vin
Vi Vi 5 10 20 20 20 20 20 20 20 20 10 5 V=05

11.5 To obtain the percent evaporated at a prescribed
temperature teading, add the percent loss to each of the
observed percent recovered at the prescribed temperature
readings, and report these results as the respective percent
evaporated, that is:

P.=P,+L ®

5

observed loss,

. = percent evaporated, and

. percent recovered.

11.6 To obtain temperature readings at prescribed percent
evaporated, and if 0o recorded temperature data is available
within 0.1 volume % of the prescribed percent evaporated, use
either of the two following procedures, and indicate on the
report whether the arithmetical procedurs or the graphical
procedure has been used.

11.6.1 Arithmetical Procedure—Deduct the observed loss
from each prescribed percent evaporated (o obtain the corre-
sponding percent recovered, Calculate each required tempera-
ture reading as follows:

wieg
wnn

~

T =T, +(Ty—T) (R — RM(Ry — RY (10)

where

R = percent recovered corresponding to the prescribed
percent evaporated,

Ry = percent recovered adjacent to, and higher than R,

R; = percent recovered adjacent to, and lower than R,

T = temperature reading at the prescribed percent evapo-
rated,

T, = temperature reading recorded at Ry, and

T, = temperature reading recorded at R;.

Values obtained by the arithmetical procedure are affected by
the extent to which the distillation graphs are nonlinear,
Intervals between successive data points can, at any stage of
the test, be no wider than the intervals indicated in 10.18. In no
case shall a calculation be made that involves extrapolation.

11.6.2 Graphical Procedure—Using graph paper with uni-
form subdivisions, plot each temperature reading comected for
barometric pressure, if required (see 11.3), against its corre-
sponding percent recovered. Plot the IBP at 0 % recovered,
Draw a smooth curve connecting the points. For each pre-
scribed percent evaporated, deduct the distillation loss to
obtain the corresponding percent recovered and take from the
graph the temperature reading that this percent recovered
indicates, Values obtained by graphical interpolation proce-
dures are affected by the care with which the plot is made.

Note 23—See Appendix X1 for numerical examples illustradng the
arithmetical procedure.

12

11.6.3 In most automated instroments, temperature-volume
data are collected at 0.1 volume % intervals or less and stored
in memory. To report a temperature reading at a prescribed
percent evaporated, neither of the procedures described in
11.6.1 and 11.6,2 have to be used. Obtain the desired tempera-
ture directly from the database as the temperature closest to and
within 0.1 volume % of the prescribed percent evaporated,

12, Report

12.1 Report the following information (see Appendix X5 for
examples of reporis):

12.2 Report the barometric pressure to the nearest 0.1 kPa (1
mm Hg).

12.3 Report all volumetric readings in percentages.

12.3.1 Manual Method—Report volumetric readings to the
nearest 0,5, and all temperature readings to the nearest 0.5°C
(1.0°F).

12.3.2 Awtomated Method—Report volumetric readings to
the nearest 0.1, and all temperature readings to the nearest
0.1°C (0.2°F) or less.

12.4 After barometric corrections of the temperature read-
ings have been made, the following data require no further
calculation prior to reporting: IBP, dry point, EP (FBP),
decomposition point, and all pairs of corresponding values
involving percent recovered and temperature readings.

12.4.1 The report shall state if the temperature readings
have not been corrected for barometric pressure.

12.5 When the temperature readings have not been cor-
rected to 101.3 kPa (760 mm Hg) pressure, report the percent
residue and percent loss as observed in accordance with 10.19
and 11.1, respectively.

12,6 Do not use the cormected loss in the calculation of
percent evaporated,

12.7 It is advisable to base the report on relationships
between temperature readings and percent evaporated when the
sample is a gasoline, or any other product classified under
Group 1, or in which the percent loss is greater than 2.0.
Otherwise, the report can be based on relationships between
temperature readings and percent evaporated or percent recov-
ered. Bvery report must indicate clearly which basis has been
used.

12.7.1 In the manual method, if results are given in percent
evaporated versus temperature readings, report if the arithmeti-
cal or the praphical procedure was used (see 11.6).

12.8 Report if a drying agent, as described in 7.5.2 or 7.5.3,
was used.

12.9 Fig. X 1.1 is an example of a tabular report. It shows the
percent recovered versus the corresponding temperature read-
ing and versus the corrected temperature reading. It also shows
the percent loss, the corrected loss, and the percent evaporated
versus the comected temperature reading,
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TABLE 9 Repeatability and Reproducibliity for Groups 2, 3 and 4 (Manual Method)

Repeatabifity® Raprodueibiliy®
C °F _C °F
B8P 1.0+40.9585 1.940.355, 2.8+0,9354 5.0+40.938,
5—085% 1.040.4155 1.8+0.415¢ 1.8+1.335; 3.9+1,335,
FBP 0.7+0.3685 1.3+40,365, 3,140,425, 5,740,428,
% volume al 0.7+0.92/3, 0.741,88/5; 1.5+1.78/5¢ 1.53+3.20/8¢

temperature reading

A Calculate S, or S¢ from 13.2.

13.3.2.1 GROUP I—The difference between two single and
independent results obtained by different operators working in
different laboratories on identical test material would, in the
normal and correct operation of this methad, exceed the values
calcolated from Tuble 9 in only one case in twenty.”

13.3.2.2 GROUPS 2, 3, and +—The difference between two
single and icdependent results obtained by different operators
working in different laboratories on identical test material
would, in the normal and correct operation of this test method,
exceed the values calculated from the data in Table 9 in only
one case in twenty.?

13.4 Automated Method:

13.4.1 Repeatability:

13.4.1.1 GROUP I—The difference between successive
results obtained by the same operator with the same apparatus
under constant operating conditions on identical test inaterial
would, in the long tun, in the normal and correct operation of
this test method, exceed the values calculated from Table 8 in
only one case in twenty.

13.4.1.2 GROUPS 2, 3, and 4—The difference between
successive results obtained by the same operator with the same
apparatus under constant operating conditions on identical test
material would, in the long run, in the normal and correct
operation of this test method, exceed the values calculated
from Table 10 in only one case in twenty.

13.4.2 Reproducibility:

7 Preclalon data obtained from RR study oo both manual and Automated D 86
units by North Amerlcan and TP Laboratories.

*Tabke 9 has been derved from the nomographs In Flgs. 6 and 7 in ASTM
D B6-97.

JAT785

13.4.2.1 GROUP ]—The difference between two single and
independent results obtained by different operators working in
different laboratories on identical test material would, in the
normal and correct operation of this test method, exceed the
values calculated from Table 8 in only one case in twenty.”

13.4.2.2 GROUPS 2, 3, and 4—The difference between two
single and independent results obtained by different operators
working in different laboratories on identical test material
would, in the normal and correct operation of this test method,
exceed the values calculated from Table 10 in only one case in
Lwenty.

13.5 Bias:

13.5.1 Bias—Due to the use of total immersion thermom-
eters, or temperatute sensing systemns designed to emulate
them, the distillation temperatures in this test method are
somewhat lower than the true temperatures. The amount of
bias depends on the product being distilled and the thermom-
eter used.

13.5.2 Relative Bias—There exists a bias between the
empirical results of distillation properties obtained by this test
method and the true boiling point distillation curve obtained by
Test Method D 2892. The magnitude of this bias, and how it
relates to test precision, has not been rigorously studied.

13,53 Relative Bigs—An interlaboratory study® conducted
in 2003 using mannal and autornated apparatus has concluded
that there is no statistical evidence to suggest that there is a bias
between manual and automated results.

i4. Keywords

14.1 batch distillation; distillates; distillation; laboratory
distillation; petroleuvm products
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TABLE 8 Repeatability and Reproducibility for Group 1
Manual Manual Automated Automated
El\-;ﬂpol«:a;:ﬁ Repeatability Raproduclollity Repeatabllity* Reproducibility*
ain
“c °F °c F °C °F G T

IBP a3 8 6.8 10 3.9 y 3 72 13
5 1.5+0.868 8.440.8B85 8.141.7485 5,6+1.745p 2.140.678¢ 3.840.67S 4.4+2.050 7.942.08;
10 1.2+0.865, 2.240,865; 2.0+1.745, 3641745, 1.7+0.678; 3.0+0.675¢ 3.3+2.054 6.0+2.055
20 1.2+0.885¢ Z.LHUBESE 2.041.7455 3,641,745, 1.140.67S¢ 2.0+0.675¢ 9.342.05¢ 6.0+2.08;
30-70 1.2+0,865, 2,240,888, 2.041.745¢ S.6+1.748: 1.1+0.678¢ 2.040.878¢ 264205 4.742.05
80 1.240.8654 2.240.868, 2.041.748; 3.6+1.7455 1140675, 2040675, 1.742.08¢ 3.042.08¢
a0 1.2+0.868; 2.2+0.885¢ 0.8+1,7484 1.4+1.748, 1.1+0.6785 2.0+0.678r 0.742.08q 1.242.08¢
95 1.240.865, 2.240.868, 1.14+1.7484 1.84+1.745, 2.6+0.875¢ 4.5+0.675p 2.6+2.08¢ 4.7+2.05¢
FBP 3.9 T 7.2 13 4.4 [} 8.8 16

A 8¢ or Sk Is the averags slope (or rate of change) calculated In accordanca with 13.2.

13. Precision and Bias

13.1 Precision:

13.1.1 The precision of this test method has been deter-
mined by the statistical examination of interlaboratory test
results obtained by 26 laboratories on 14 gasolines, by 4
laboratories on 8 samples of kerosine by the manual procedure,
3 laboratories on 6 samples of kercsine by the automated
procedure, and 5 laboratories on 10 samples of diesel fuel by
both the manual and automated procedures, Table Al.l lists
which tables and figures are to be used for the different fuel
groups, distillation methods, and temperature scales.

13.1.2 The following terms are used in this section: (I} r =
repeatability and (2) R = reproducibility. The value of any of
these terms will depend upon whether the calculations were
carried out in °C or °F.

13.2 Slope or Rate of Change of Temperature:

13.2.1 To determine the precision of a result, it is generally
necessary to determine the slope or rate of change of the
lemperature at that particular point. This variable, denoted as
S¢ or 8, is equal to the change in temperature, either in °C or
in °F, respectively, per percent recovered or evaporated.

13.2.2 For Group 1 in the manual method and for all groups
in the automated metbod, the precision of the IBP and BP does
not require any slope calculation.

13.2.3 With the exception stated in 13.2.2 and in 13.2.4, the
slope at any point during the distillation is calculated from the
following equations, using the values shown in Table 7:

Se (or S} = (Ty = T/ (Vy — V) an

where:

Se = is the slope, "C/volume %,

Sy = is the slope, °FE/volume %,

Ty = is the upper temperature, °C (or °F),

T, = is the lower temperature, °C (or °F),

Vy = is the volume % recovered or evaporated corre-
sponding to Ty,

V. = i3 the volume % recovered or evaporated corre-
sponding to T, and

Vep = is the volume % recovered or cvaporated corre-

sponding to the end point.
13.2.4 In the event that the distillation end point occurs prior
to the 95 % point, the slope at the end point is calculated as
follows:

Sc (o Sg) = (Tgp — Ty) / (Vep — Vigg) (12)

where:

Tgp or Ty is the temperature, in °C or °F at the percent
volume recovered indicated by the subscript,

Vep Or Vygp is the volume % recovered,

13.2.4.1 The subscripts in Eq 12 refer to:

EP = end point
HR = highestreading, either 80 % of 30 %, prior to the end
point.

13.2.5 For poiats between 10 to 85 % recovered which are
not shown in Table 7, the slope is calculated as follows:

Sc (or 8p) = 0.05 (T yerny = T v=10) a3)

13.2.6 For samples in Group 1, the precision data reported
are based on slope values calculated from percent evaporated
data,

13.2.7 Far samples in Group 2, 3, and 4, the precision data
reported (Table 8) are based on slope values calculated from
percent recovered date,

13.2.8 When results are reported as volume % recovered,
slope values for the calcolation of precision are to be deter-
mined from percent recovered data; when results are reported
as volume % eveporated slope values are to be determined
from % evaporated data.

13.3 Manual Method:

13.3.1 Repeatability:

13.3.1.1 GROUP I—The difference between successive
results obtained by the same operator with the same apparatus
under constant operating conditions on identical test material
would, in the long run, in the normal and correct operation of
this test method, exceed the values calculated from Table 9 in
only one case in twenty.

13.3.1.2 GROUPS 2, 3, and 4—The difference between
successive results obtained by the same operator with the same
apparatus under congtant operating conditions on identical test
material would, in the long run, in the normal and correct
operation of this test method, exceed the values calculated
from the values in Table 9 in only one case in twenty.

13.3.2 Reproducibility:

13
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TABLE 10 Repeatablility and Reproducibliity for Groups 2, 3 and 4 (Automated)

” . | Paproducibility®
cil o Repeatabllity* o ty
' °F G °F

IBP 35 B3 8.5 16.3

2% a5 8.3 2.6+1.928; 4.7 +1.928,
5% 1.1 +1.0884 2.0 +1,088, 2.0+ 2,835, 3,6 + 2,585,
10% 1.2 + 1.425, 2.2 4 1,425, 3.0+ 2845, 5.4 + 2,845,
20-70% 1.2 + 1,428, 2.2+ 1428, 2.9+ 3,978 5.2 +8.075¢
80 % 1.2 + 14250 22 41.425x 3,0 +2.845¢ 5.4+2.645,
80-85 % 1.1 +1.088, 2.0+ 1,085 2.0 + 2638, 3.6+ 2.538;
FBP as 6.3 10.6 18.9

# 8¢ or S¢ Is the average slops {(or mte of changa) caleulated In accordance with 13.5.

ANNEXES

(Mandatory Information)

Al. REPEATABILITY AND REPRODUCIBILITY DEFINITION AIDS

Al.l Table Al.l is an aid for determining which repeat-
ability and reproducibility table or section, is to be used,

TABLE A1.1 Summery of Alds for Dafinillon of Repealabllity and Reproduclbility

& - i Table or Bectlen 1o Use
i Sy . Repeatablilly Repraducibility

1 Manue) “c Table 8 Tabla 8

o Table 8 Table 8
1 Automated C Tabla 8 Table 8

°F Table 8 Table 8
2,34 Manual b H Table 8 Table @

°F Table 9 Table 8
234 Automated “C Tabla 10 Takls 10

by i Table 10 Tabie 10

A2, DETAILED DESCRIPTION OF APPARATUS

A2.1 Distillation Flasks—Flasks shall be of heat resistant
glass, constructed to the dimensions and tolerances shown in
Fig. A2.1 and shall otherwise comply with the requirements of
Specification E 1405, Flask A (100 mL) may galso be con-
structed with a ground glass joint, in which case the diameter
of the neck shall be the same a8 the 125-mL flask,

Notz A2,1—For tests specifying dry point, speclally selected fosks
with bottoms and walls of uniform thickness are desirable.

A22 Condenser and Condenser Bath—Typical types of
condenser and condenser baths are illustrated in Figs. 1 and 2,

A22.1 The condenser shall be made of seamless noncorro-
sive metal tubing, 560 = 5 mm in length, with an outside
diameter of 14 mm and a wall thickness of 0.8 to 0.9 mm.

More A2.2—Brass or stainless steel has been found to be a sultable
material for this purpose.

A2.2,2 The condenser shall be set g0 that 393 = 3 mm of the
tube is in contact with the cooling medium, with 50 = 3 mm
outside the cooling bath at the upper end, and with 114 £ 3mm
outside at the lower end. The portion of the tube projecting at
the upper end shall be set at an angle of 75 * 3° with the
vertical. The portion of the tube inside the condenser bath shall
be either straight or bent in any suitable continuous smooth
curve. The average gradient shall be 15 * 1° with respect to
the horizontal, with no 10-cm section having a gradient outside
of the 15 * 3° range. The projecting lower portion of the
condenser tube shall be curved downward for a length of 76
mm and the lower end shall be cut off at an acute angle.
Provisions shall be made to enable the flow of the distillate to
ron down the side of the receiving cylinder. This can be
accomplished by using a drip-deflector, which is attached to the
outlet of the tube. Alternatively, the lower portion of the
condenser tube can be curved slightly backward to ensure

JAT787
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contact with the wall of the receiving cylinder at a peint 25 to
32 mm below the top of the receiving cylinder. Fig, A2.3 isa
drawing of an acceptable configuration of the lower end of the
condenser tube.

A2.2.3 The volume and the design of the bath will depend
on the cooling medium employed. The cooling capacity of the
bath shall be adequate to maintain the required temperature for
the desired condenser performance. A single condenser bath
may be used for several condenser tubes,

A23 Metal Shield or Enclosure for Flask. (Manual units
only).

A2.3.1 Shield for Gas Burner (see Fig. 1)—The purpose of
this shield is to provide protection for the operator and yet
allow easy access to the burner and to the distillation flagk
during operation. A typical shield would be 480-mm high,
280-mm long and 200-mm wide, made of sheet metal of
0.8-mm thickness (22 gauge). The shield shall be provided
with at least one window to observe the dry point at the end of
the distillation.

A23.2 Shield for Electric Heater (see Fig, 2)—A typical
shield would be 440-mm high, 200-mm long, and 200-mm
wide, made of sheet metal of approximately 0.8-mm thickness
(22 gange) and with a window in the front side. The shield shall
be provided with at least one window to observe the dry point
at the end of the distillation.

A24 Heat Source:

A24.1 Gas Burner (see Fig. 1), capable of bringing over
the first drop from a cold start within the time specified and of
continuing the distillation at the specified rate. A sensitive
manual coatrol valve and gas pressure regulator to give
complete control of heating shall be provided.

A2.479 Fleciric Heater (see Fig. 2), of low heat retention.

Nore A2.3—Heaters, ndjustable from 0 to 1000 W, have been found o
be suitable for this purpose.

A2.5 Flask Support:

A25.1 Type 1—Use a Type 1 fask support with a pas
burner (see Fig. 1). This support consists of either a ring
support of the ordinary laboratory type, 100 mm or larger in
diameter, supported on a stand inside the shield, or a platform
adjustable from the outside of the shield. On this ring or
platform is mounted a hard board made of ceramic or other
heat-resistant material, 3 to 6 mim in thickness, with a central
opening 76 to 100 mm in diameter, and outside line dimensions
slightly smaller than the inside boundaries of the shield.

A2.5.2 Type 2—Use a Type 2 flask support assembly with
electric heating (see Fig. 2 as one example). The assembly
consists of an adjustable system onto which the electric heater
is mounted with provision for placement of a fask support
board (see A2.6) above the electric heater. The whole assembly
is adjustable from the cutside of the shield,

16

A2.6 Flask Support Board—The flask support board shall
be constructed of ceramic or other heat-resistant material, 3 to
6 mm in thickness. Flask support boards are classified as A, B,
or C, based on the size of the centrally located opening, the
dimension of which is shown in Table 1. The flask support
board shall be of sufficient dimension to ensure that thermal
heat to the flask only comes from the central opening and that
extraneous heat to the flask other than through the central
opening is minimized. (Warnlng—Asbestos-containing mate-
rials shall not be used in the construction of the flask support
board.)

A27 The flask support board can be moved slightly in
different directions on the horizontal plane to position the
distillation flask so that direct heat i applied to the flagk only
through the opening in this board. Usnally, the position of the
flask is set by adjusting the length of the side-arm inserted into
the condenser.

A2.8 Provision shall be made for moving the flask support
assembly vertically so that the flask support board is in direct
contact with the bottom of the distillation flask during the
distillation. The assembly is moved down to allow for easy
mounting and removal of the distillation fask {rom the unit.

A2.9 Receiving Cylinders—The receiving cylinder shall
have a capacity to measure and collect 100 mL. The shape of
the base shall be such that the receiver does not topple when
placed empty on a surface inclined at an angle of 13° from the
horizontal.

A2.9.1 Manual Method—The cylinder shall be graduated at
intervals of 1 mL and have a graduation at the 100-mL mark.
Construction details and tolerances for the graduated cylinder
are shown in Fig, AZ4,

A2.92 Automated Method—The cylinder shall conform to
the physical specifications described in Fig, A2.4, except that
graduations below the 100-mL mark are permitted, as long as
they do not interfere with the operation of the level follower.
Receiving cylinders for use in automated units may also have
a metal base.

A2.9.3 If required, the receiving cylinder shall be immersed
during the distillation to above the 100-mL graduation line in
a cooling liquid contained in a cooling bath, such as a tall-form
beaker of clear glass or transparent plastic. Altemnatively, the
receiving cylinder may be placed in a thermostated bath air
circulation chamber.

A2.10 Residue Cylinder—The graduated cylinder shall
have a capacity of 5 or 10 mL, with graduations into 0.1 mL
subdivisions, beginning at 0.1 mL, The top of the cylinder may
be flared, the other properties shall conform to Specification
E 1272.

JA788
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dimensions In mm

Approx. 76

et e e ———

Lower End of Condenser Tube
FIG. A2.3 Lower End of Condenser Tuba

Dimensions ln mm

25448

19152135

Note—1 to 100 mL in 1 mlL graduations; tolerance * 1.0 mlL.,
FiG. A2.4 100 mL Graduated Cylinder
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A3. DETERMINATION OF THE DIFFERENCE IN LAG TIME BETWEEN AN ELECTRONIC TEMPERATURE
MEASUREMENT SYSTEM AND A MERCURY-IN-GLASS THERMOMETER

A3.1 The response time of an electronic temperature
measuring device is inherently more rapid than that of a
mercury-in-glass thermometer. The temperature measuring
device assembly in general use, consisting of the seasor and its
casing, or an electronic system and its assaciated software, or
both, is 80 designed that the temperature measuring system will
simulate the temperature lag of the mercury-in-glass thermom-
eter.

A3.2 To determine the difference in lag time between such
a temperature measuring system and a mercury-in-glass ther-
mometer, analyze a sample such as gasoline, kerosine, jet fuel,
or light diesel fuel with the electronic temperature measure-
ment system in place and in accordance with the procedures
described in this test method. In most cases this is the standard
distillation step performed with an automated unit,

A3.2.1 Da not use a single pure compound, a very narrow
boiling range product, or a synthetic blend of less than six
compounds for this test.

A32.2 Bestresults are obtained with a sample that is typical
of the sample load of the laboratory. Alternatively, use a
full-range mixture with a 5 to 95 % boiling range of at least
100°C.

A33 Replace the electronic temperature measuring device
with a low range or a high range mercury-in-glass thermom-
eter, depending on the boiling range of the sample.

A34 Repeat the distillation with this thermometer, and
manually record the temperature at the various percent recov-
ered as described in 10.14,

A35 Calculate the values for the repeatability for the
observed slope (AT/AV) for the different readings in the test.

A3.6 Compare the test data obtained using these two
temperature measuring devices. The difference at any point
shall be equal to, or less than, the repeatability of the method
at that point. If this difference is larger, replace the electronic
temperature measuring device or adjust the electronics in-
volved, or both.

Ad. PROCEDURE TO DETERMINE THE PERCENT EVAPORATED OR PERCENT RECOVERED AT A PRESCRIBED
TEMPERATURE READING

Ad4.1 Many specifications require specific percentages
evaporated or recovered at prescribed temperature readings,
either as maxima, minima, or ranges. The procedures to
determine these values are frequently designated by the terms
BExxx or Rxxx, where x is the desired temperature,

Nots Ad.1—Regulatory standards on the certification of reformulated
gasoline under the complex madel procedure require the determination of
E 200 and E 300, defined as the percent evaporated fuel at 93.3°C (200°F)
aod 14B.9°C (300°F), respectively. E 158, the percent evaporated at a
distillation temperature of 70°C (158°F), Is also vused in describing fuel
volatility characteristics. Other typical temperatures are R 200 for kero-
sines and R 250 and R 350 for gas oils, where R 200, R 250, and R 350
are the percent recovered fuel at 200°C, 250°C, and 350°C, respectively.

A4.2 Determine the barometric pressure, and calculate the
correction to the desired temperature reading using Eq 3, Eq 4,
or Eq 5 for 1 =xxx°C (or ¢=xxx°F).

A42,1 Manual Method—Determine this correction to
0.5°C (1°F).

Ad22 Automated Method—Determine this correction fo
0.1°C (0.2°F).

A4.3 Determine the expected temperature reading to yield
xxx°C (or xxx°F) after the barometric correction. To obtain the
expected valve, add the absolute value of the calculated
correction to the destred temperature if the barometri¢ pressure
is above 101.3 kPa, If the barometric pressure is below 101.3
kPa, subtract the absolute value of the calculated correction
from the desired temperature,

Ad.4 Perform the distillation, as described in Section 10,

while taking into account A4.5 and A4.6.

A4.5 Manual Distillation:

A4.5.1 In the region between about 10°C below and 10°C
above the desired expected temperature reading determined in
A4.3 record the temperature reading in intervals of 1 volume
%.
A4.5.2 If the intent of the distillation is to solely determine
the value of BExxx or Rxxx, discontinue the distillation after at
least another 2 mL of distillate have been collected. Otherwise,
continue the distillation, as described in Section 10, and
determine the observed logs, as described in 11,1,

Ad.5.2.1 If the intent of the distillation is to determine the
value of Exxx and the distillation was terminated after about 2
mL of distillate was collected beyond the desired temperature,
allow the distillate to drain into the receiving graduate. Allow
the contents of the flask to cool to below approximately 40°C
and then drain its contents into the receiving graduvate. Note the
volume of product in the receiving graduate to the nearest 0.5
mL at 2 min intervals until two successive observations agree.

A4.5.2.2 The amount recovered in the receiving graduate is
the percent recovery. Determine the amount of observed loss
by subltracting the percent recovery from 100.0.

A4.6 Automarted Distillation:

A4.6.1 In the region between about 10°C below and 10°C
above the desired expected ternperature reading deterniined in
Ad.3, collect temperature-volume data at 0.1 volume % inter-
vals or less.

JA792
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A4.6,2 Continue the distillation, as described in Section 10,
and determine the percent loss, as described in 11.1,

A4l Caleulations:

A4.7.1 Manual Method—If a volume % recovered reading
is not available at the exact temperature calculated in A4.3,
determine the percent recovered by interpolation between the
two adjacent readings, Either the linear, as described in 11.6.1,
or the graphical procedure, as described in 11.6.2, is permitted.
The percent recovered is equal to R

A4.7.2 Automated Method—Report the observed volume to
0.1 volume % corresponding to the temperature closest to the
expected temperalure reading. This is the percent recovered, or
Rxxx,

A4.7.3 Manual and Automated Methods—To determine the
value of Exxx, add the observed loss to the percent recovered,
Rxxx, as determined in A4.7.1 or A4.7.2 and as described in Eq
9. . ]

A4.73.1 As prescribed in 12.6, do mot use the corrected
loss.

A48 Precision:

A4.8.1 The statistical determination of the precision of the
volume % evaporated or recovered at a prescribed temperature
has not been directly measured in an interlaboratory program,
It can be shown that the precision of the volume % evaporated
or recovered at a prescribed temperature is equivalent to the
precision of the temperature measurement at that point divided
by the rate of change of temperature versus volume %
evaporated or recovered. The estimation of precision becomes
less precise at high slope values.

A4,82 Caleulate the slope or rate of change in temperature
reading, Sc(or Sp), as described in 13.2 and Eq 1! and using
temperature values bracketing the desired temperature.

A4.83 Calculate the repeatability, r, or the reproducibility,
R, from the slope, Sq (or Sg), and the data in Table 8, Table 9,
or Table 10.

A4.8.4 Delermine the repeatability or reproducibility, or
both, of the volume % evaporated or recovered at a prescribed
temperature from the following formulas:

"volume % = riS¢ (S5 (A4.1)

Eyolume %o = RISe(Sp) (A4.2)

where:

"yolume % repeatability of the volume % evaporated or

recovered,

reproducibility of the volume % evaporated

or recovered,

repeatability of the temperature at the pre-

scribed temperature at the observed percent

distilled,

reproducibility of the temperature at the

prescribed temperature at the observed per-

cent distilled, and

= rate of change in temperature reading in °C
(°F) per the volume % evaporated or recov-

Ryolume %

f 2

Sc(SF)

A4.8.5 Examples on how to calculate the repeatability and
the reproducibility are shown in Appendix X2.

APPENDIXES

(Nonmandatory Information)

X1, EXAMPLES ILLUSTRATING CALCULATIONS FOR REPORTING OF DATA

X1.1 The observed distillation data used for the calculation
of the examples below are shown in the first three columns of
Fig. X1.1.

X1.1.1 Temperature readings corrected to 101.3 kPa (760

mm Hg) pressure (see 11.3) are as follows:
comection (°C) = 0.0009 (101.3 = 98.6) (273 +¢) (X1L.1)
correction (°F) = 0.00012 (760 — 740) (460 + 7) (X1.2)

X1.12 Loss comrection to 101.3 kPa (sece 11.4) are as
follows. The data for the examples are taken from Fig. X1.1.

corrected Jass = (0.5 + (4,7 — 0.5)/ (X1.3)
{1 + (1013 — 98.6)/8.0} = 3.6

X1.1.3 Recovery correction to 101.3 kPa (see 11.4.1) are as
follows:

corrected recovery = 94.2 4 (4.7 — 3.6) = 95.3 X1.4)

X1.2 Temperature Readings at Prescribed Percent Evapo-
rated:

21

X1.2.1 Temperature reading at 10 % evaperated (4.7 %
observed loss = 5.3 % recovered) (see 11.6.1) are as follows:

Tyoe (°C) = 33.7 + [(40.3 — 337) X1.5)
(53 — SY(10 — 5)] = 34.1°C
Tiog (°F) = 92.7 + [(104.5 — 92.7) 1.6

(5.3 — 5)(10 — 5)] = 93.1°F

X1.2.2 Temperature reading at 50 % evaporated (453 %
recovered) (see 11.6.1) are as follows:

T5ee(°C) = 93.9 + [(108.9 — 93.9) x1.7)
(453 — 40)/(50 ~ 40)] = 101.9°C .
Tyae (°F) = 201 + [(228 — 201) (X1.8)

(45.3 — 40)/(50 — 40)] = 215.3°F
X1.23 Temperature reading at 90 % evaporated (85.3 %
recovered) (see 11.6.1) are as follows:
Ty (°C) = 181.6 + [(201.6 — 181.6)
(85.3 — 85)/(90 — 85)] = 182.8°C

(X1.5)
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Ty (°F) = 358.9 + [(394.8 — 358.9) (X1.10) Saapie 103
Date atnlyreds Barcmetrie preasuree 98.4 kPa
(85.3 — 85)/(90 — 85)] = 361.0°F :-ﬂp::nt Kot Analyst:
TEeS
X1.2.4 Temperature reading at 90 % evaporated (85.3 % Baronetric pressura
obeeryved wd ccodurs
recovered) not corrected to 101.3 kPa pressure (see 11.6.1) are g oAb PR TR, (o i Lo O
as follows: % 740 v g 760 m ¥y x Tiia
recoversd  *C F *r P eveporated °¢ “F
Toos (°C) = 180.5 + [(200.4 — 180.5) (X1.11) 18?255 s 26,2 M2 5 26,7 80.0
Topg (°F) = 357 -+ [(302 — 357) 0(1.12) 20 345 130 32:’ 3.5 %0 alr 1502
30 7.0 168 Th.8 1667 4D 8.9 184.9
el s g1 B ogioen 2 omn oo
Nors X1.1—Results calculated from *C data wmay fot cotrespond P i e rade §§:I JER 3 T
exactly to results caleulnted from °F data because of errots ih rounding. - B S
90 305 2016 3M.8 95 2074 3963
3 = e 262 20
recovered, ¥ 4.2 95,3
resaidue, i . 1.1
losa, X 47 3.4

FIG. X1.1 Example of Test Report
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X2. EXAMPLES OF CALCULATION OF REPEATABILITY AND REPRODUCIBILITY OF VOLUME % (RECOVERED OR
EVAPORATED) AT A PRESCRIBED TEMPERATURE READING

X2.1 Bome specifications require the reporting of the
volume % evaporated or recovered at a prescribed temperature.
Table X2.1 shows the distillation data of a Group 1 sample as
obtained by an antomated unit.

X2.2 Example Calculation:

X2.2.1 For a Group 1 sample exhibiting distillation charac-
leristics as per Table X2.1, as determined by an automated unit,
the reproducibility of the volume evaporated *volume %, at
93.3°C (200°F) is determined as follows;

X2.2.1.1 Determine first the slope at the desired tempera-
ture:

Se% = 0.1 (T gy — T gy
= 0.1(94 — §3)
=11
Sp% = 0.1(T gy ~ T i)
= 0.1 (201 — 182)
=19

X2.2,2 From Table 9, determine the value of R, the repro-
ducibility at the observed percentage distilled, In this case, the
observed percentage distilled is 18 % and

R=33+20(5)
=33+2.0x%1.1
=55

R=6.0+20(S0)
=60+20X19

x2.1)

(X2.2)

=938
X2.2.3 From the calculated value of R, determine the value
of volume, as described in A4.8.4,
R volume % = RI(Sc)
= 5.5/1.1
=50
R volume % = RASg)
=08/19
=51

(X2.3)

TABLE X2.1 Distillatlon Data from a Group 1 Sample Automated

Distillation
z Volume (mb)
Distillation Polnt
Temperalure® C  Temperature *F Recoverad al
Resovared, mi 59.3°C (200°F)
18.0
10 84 183
20 94 202
30 103 217
40 112 233
Valuma (mLo
Distillation Polnt
Temperature® G Temperature® F Evaporated at
Evaporated, mL 93.3°C (200°F)
18.4
i0 83 182
20 B4 201
30 103 217
40 m 232

X3. TABLES OF CORRECTED LOSS FROM MEASURED LOSS AND BAROMETRIC PRESSURE

X3.1 The table presented as Fig. X3.1 can be used to
determine the corrected loss from the measured loss and the
barometric pressure in kPa.

23

X322 The table presented as Fig. X3.2 can be used to
determine the corrected Joss from the measured loss and the
barometric pressure in mm Hg.
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SUMMARY OF CHANGES

Subcommittee D02.08 has identified the location of selected changes to this standard since the last issue
(D 86-05) that may impact the use of this standard. (Approved Jan. 15, 2007.)

(1) Deleted “natural gasolines” from 1.1. (3) Added Fig. 6.
(2) Deleted “Group 0” from the entire standard.

Subcommitiee D02.08 has identified the location of selected changes to this standard since the last issue,
(D 86-04b), that may impact the use of this standard. (Approved July 1, 2005.)

(1) Replaced Table 4 with new values. (4) Added Appendix X35, and cross-reference in Section 12.1.
(2) Revised 9,1.2-9.1.2.2, 9.1.5, and Notes 9-11.
(3) Added 13.53 and footnote reference to the research

report.

ASTM International takes no pasiion respecting the validlty of any patent rights assented in connection with any ftem mentioned
I this standard. Users of this standard are exprassly advised that delermination of the validity of any such palent rights, and ihe risk

of Infingement of such righls, are entirely iheir own responsibility.

This standand Is subfect to revision at any lime by ihe responsible lachnical commitiea and musi ba reviewed every five years and
ot evised, elthar reapproved ar withelrauan. Your comments are lnvited either for revislon of ihls standard or for additional standards
ard should ba addreszed to ASTM Intemational Hesdquarters. Your commenia will receive carelul consideration at a mealing of the
respansibie technical committag, which you may attend. If you feel that your commants have not racefved a fale heardng you shoud
make your vievs known to the ASTM Comimities on Standaids, at the address showr below,

This standard Is copyrightad by ASTM Intemational, 100 Barr Harbor Drive, PO Box Cro, West Conshahocken, FA 18428-2853,
United States. Indhvidual reprints (singls or multiple copies) of this siandard may ba oblained by conlacting ASTM al the abava
address or al 610-832-9585 (phons), 610-832-9555 (fax), or service@astm.ory {e-mai); er thraugh the ASTH websfig

fwwwastm.ong).
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“Percent Evaporated" Report Form  Lsborarory: PRERIOE et Ui s o M
Date; hmiient barceneblc prassure at the start of
Time the test
Operator: ohma of cordlensate observad In the
receiving cylinder at any point In the
diskilation, expressed as a pa'cantaus aof the
arge volume, n connection with
arieclss tempersture reading
Teperatura measurdng devics readings
Ambienl temperaure (°C) which are correcled to 101,3 kPa
Almospherie pressure kPa) arometic pressue
Condenser termparature [*C
——+—mT e s ufttt:‘wcmt recavered and the
around receiving tifnder (°C)
i ermmtura measuring device readings at
; Temparatire g parcaniages ed m‘hd Ehkted
Percent TCnnm::l Time or Percant Rnailnlis :l — = G;m 5 l::ﬂﬂ =
emperature preserlbo [Greap O: tes
Recouered) | peadnypcy | Lo [Evapomcd 1 Grop 1,263 Sto 10 mintes
= evaporatzd £0) Group 4: 5 ta 15 rinutes
I5P ]  [Grop 1&2 60 o 100 seronds
5 5 time from first applcaton of heat o
0 10 10% recovered = 3 to 4 minutas
15 15 0,1,2 3844 t05mfmh
pii] 0 riform avrage rata from 5% recavered to 5
2 o]
1] i Voliin of conlernsats cbsarvad in fha
] B - ateiing cylinder when the Smi canditions
40 40 B e reacked
4
9? ; = S .~ Vokme of cerdensata obsaived In the
3 j 7 receving Cinder when tha frnal bailng
ot s chsaved
E0 L~ 60 bl
] Pl . .~ TMaxinun parcent recovered
70 - B ] e |
76 I Sl i Voluma of restug In the fask expressad as
&0 / A a parcentaga of the charge valume
o < < o il orbined Percent Recovery and Percert
L 1-‘4’ L =" Resihia nthe sk
5 mi reslgus L .
% J ol 1~ [fima fiom & ml I flosk 1o FBP =< & minutes
FBP = 1~ FBP
e 100 mins the Toldl Rcover
Percent Recovery l f .i//L y |
Parcent Resiue T
Parcant Tolal Reeovsty J,.n*""‘_.___ Mt Revery copeactec A bammerc
Percenl Loss e Corected Logs
Correcied Percont Recovery Corrected Total Recoery]™ . ercent Loss conected for baromatic 1
Commants: fﬂd Percent Recovary and Percent

Resida in the flask comected for barometric

FIG. X5.2 Percent Evaporated Report Form
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Date:

Tima

E

Cperator,

Filed: 01/31/2018

Page 57 of 460

f’liminant tempeialre at the start of the j
test

et haometi presss At the st of |
the test

Vokime of condensata observerd in the
raceiving cylinder at ary paint In the
distilation, expressad as a percertags of the
charme voluma, in cornection with
stntltansols terrperature reading

- Tempecaties Momwing devica readngs |
Ambion tempetsture (°C) which ara tonectad to 101,3 kPa
Admospheric prassure (kPa)

Condenser tempeature (*C) harometric prassure
Temparatum of the bath G 1 O% 3 5 to 10 minutes
arountd recelving eylinder C) / Group :' 5 to 15 minutes
P TE:-:::::;:: Time T Group 1R 21 60 to 100 seconds J
Recoverad | paading (0 et ) @ to 5 il 7 min Lnifor avrags rate from Sva|
=3 racavarsd ta 5 miin flasi
&
10 Urikine af cordensats Gossived i the
1a recelving cylinder wher tha Sl corditians
20 ara reathad
25 e e -
30 \okrme of condansate observed In the
a5 recalving cylindar when tha final bollng point
40 . s obseived
25 A // T :
s — 7 ‘Ma:rmun arcent recoveracl _]
g = 3 Vakime of residus n the fask expressed as a
= — = — parcentage of the charge volume
70 A X
5% = e = mm;aa Pﬂ?f:;?k Recovery and Percent
B& i = lmaﬁumsmrnnashmmpm:sm.mﬂ
£ ml reeidue = |10u TS Totd Recovery
=6 o B e _|
FEP ] e _~~"FOICATT RECOVArY COMectad for barcnetr J
G e et pressue
= Ranm;” — /'Pﬂr:ent Loss carrected for baiometric —l
Percenl Residus ‘,/
Porceni Tolsl Racovery |, =" "
Percend Loss S Comeciod Loss .~ |combined Percent Racovery and Percent

Corrected Percent Recovery

Corrected |otal Recovary

Comments:

FIG. X5.1 Percent Recovered Report Form
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X4. PROCEDURE TO EMULATE THE EMERGENT STEM ERROR OF A
MERCURY-IN-GLASS THERMOMETER

X4.1 When an electronic or other sensor without an
emergent stem error is used, the output of this sensor or the
associated data system should emulate the output of a mercury-
in-glass thermometer. Based on information supplied by four
manufacturers of automated Test Method D 86 equipment, the
averaged equations shown in X4.2 and X4.3 have been
reported to be in use.

X4.1.1 The equations shown in X4.2 have limited applica-
bility and are shown for information purposes only. In addition
to the correction for the emergent stem, the electronic sensor
and associated data system will also have to emulate the lag in
respense time observed for mercury-in-glass thermometers,

X4.2 When a low range thermometer would have been
used, no stem correction is to be applied below 20°C. Above
thls temperature, the correction is calculated using the follow-
ing formula:

ASTM1C T, = T,— 0.000162 X (T, —~ 20°C)* (X4.1)

X4.3 When a high range thermometer would have been
used, no stem correction is to be applied below 35°C. Above
this temperature the correction is calculated using the follow-
ing formula:

ASTM 8C T,,, = T, — 0.000131 X (T, — 35°C)° (X4.2)

where:

T, = emulated temperature in °C for low range thermom-
eters,

T,, = ecmulated temperature in °C for high range ther-
mometers, and

T, = true temperature in °C,

X5. EXPLANATORY REPORT FORMS

X5.1 Fig. X5.1 and Fig. X5.2 show report forms.

25
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From:; Carl Malamud
Sent:  Sat 1/04/2014 12:01 PM (GMT -8)
To: Rebecca Malamud

Bee:
Subject: Re: SVG and MathML {India and NFPA / Q4)

ok. this works for me. You're not spending a fot on contractars, | just needed to know that. {If you were spending $3ka
month on contractors, that obviously would have been an easy place for me to save money. At $1k/month, it's noise.)

Keep uploading to the dropbox. But, do let me know what's coming so that | don't dive in and process things and then see
moere showing up the next day.

The app is sort of interesting, but doesn't help me in my core work, which is showing that we make the standards better.
I'm happy to look at it, Il tweet it, but it isn't something I'd use.

All the docs you see are, in theory, double-keyed. Of course, they may cheat and do OCR first and then do their QA. In
any case, | won't be paying for double-key work for the foreseeable future.

What | “am* getting, at least from india, is full and accurate text inside of the PDF files. So, setting that text Into HTML isa
posstble path. :

But, for now, let's take January and February and get as much svg/math done as possible.

Let’s also make sure we've done any NFPA docs that are in HTML but notin SVG. Also, we can do any ASTM or
ASHRAE docs as well as those are helpful o me in my suit. And, India is useful,

Definitely keep plowing away on that stuff ... that's the kind of output that makes it much easier for me to try and raise
money ko keep you going for the rest of the year. (The book work is also very valuable to me, but | can't raise money for

that. )

The summer thing may or may not happen ... I wouldn't count o'n it though. Right now, just raising my salary, my
overhead, and your $60k is a challenge. f think I'll be able to do it, but I'm definitely running on fumes.

On Jan 4, 2014, at 11:48 AM, Rebecca Malamud <wehchick@invisible.net> wrote:

>> |l take the cnes you just sent in and get them ready. Send me the next batch when they're ready.

>> | really wish this stuff were on a reasonable schedule. Nothing for 3 months and then a whole bunch of transactions as
a flurry. Doesn't work for me,

>

> | could just upload the files to your server directly ... would that be easier for you?

>

>> You didn't answer my previous question, which was how much of the $5k a month that I'm sending you is being tumed
around as salary for your contractor? 'm digging really deep to find money for you post-February and | need to
understand where my monay is going if 'm going to keep digging for you. |'m happy with the work, but | don't understand
the finances.

-

> | suppose | could break everything down, however 1 use my contractor(s) on other things as well. If | had to gauge a
rough ballpark estimate, | would say that about $850 - $1200 is paid out monthly to outside contractors trained through my
program ta do the work. | don't think that is unreasonable, and | do much of the work as well plus manage the project. |
have to figure out how to manage my time effectively so | ¢can work on other things related to my business. You
mentioned not having the "Codes of the World" summer program this year, and if that is a strain for you then lets not do
the SYG/MathML track.

>
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> | also mentioned that my MathML coder is warking on an app. | was writing it up if you want to see it. It isn't ready for
prime time but it promises to speed up production on that front. Of course, | notice that more and more of the equations
are in the code now. | presume it is being keyed in unless that process has switched over to OCR. | found a couple of
mistakes that appear to be OCR-related like the one helow:

>

> <Screen Shot 2013-12-30 at 9.28.54 AM.png>

>

>> | just went through pracessing the previous batch. If | knew there were more, | would have waited an hour. Basically
just doubled my work.

>

> | thought you were expecting more India ... sorryt

-]

> Becky

=

>

>

> On Jan 4, 2014, at 11:19 AM, Card Malamud <car@media.org> wrote:

>

>> | just went through processing the previous batch. If | knew there were mare, | would have waited an hour. Basically
just doubled my work, -

>

>> Il take the ones you just sent in and get them ready. Send me the next batch when they're ready.

>>

>> | really wish this stuff were on a reasonable schedule. Nothing for 3 months and then a whole bunch of transactions as
a flurry. Doesn't work for me,

> .

>> You didn't answer my previgus question, which was how much of the $5k a month that I'm sending you is heing tumed

around as salary for your contractor? I'm digging really deep to find money for you post-February and | need to
understand where my money is golng If I'm going to keep digging for you. I'm happy with the wark, but | don't understand

the finances,

>

>>On Jan 4, 2014, at 11:15 AM, Rebecca Malamud <webchick@invisible.net> wrote:

> B

>»> Hi -

-]

>>> | just placed six new docs in teh Dropbox folder - | just finished proofing them. | thought we would have 11, but some
of them were more complex than anticipated (is.3025.04.1983_008_01.svg ... it's the CIE1931 color gamut).
25>

»>> | can finish the five in the queue if you like to reach the promised quota of 11 ... do you want me to do that?
>>>

>>> Becky

S5

e e |

>>>On Jan 3, 2014, at 2:18 PM, Rebecca Malamud <webchick@invisible.net> wrote:

55 ’

>>>> Yes - | should have the next delivery at 5PM today ...

SH>> ‘

50>

=>>> 0n Jan 3, 2014, at 2:01 PM, Car Maiamud <can@media.org> wrote:

o= 0 ]

>>33> Hj -

S>

»>>>> Just checking that this is still happening? If so, I1] work on it this weekend.
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I

>»>5> CGarl

kS

>>=>> On Dec 31, 2013, at 3:02 PM, Rebecca Malamud <webchick@invisible.net> wrote:
b= )

>>>>>> Afl are completed {both diagrams and MathML), with the exception of nfpa.nec.2011 - we have about 12 more
diagrams to complete on that and we should have that completed by Friday. If you look at the diagrams, you will see that

many are very complex. All have been proofed against the original JPG.
e e e

e

b

g

2>

>

b

-

P
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ANSI/ASHRAE/IESNA Standard 90.1-2004
(Includes ANSI/ASHRAE/IESNA Addenda listed in Appendix F)

Energy Standard for
~ Buildings Except

- Low-Rise Residential
~ Buildings

I-P Edition

‘ . See Appendix F for approval dates by the ASHRAE Standards Committee, the ASHRAE Board of Directors, the
i IESNA Board of Directors, and the American National Standards Institute.

5 This standard is under continuous maintenance by a Standing Standard Project Committee (SSPC) for which the
[ Standards Committee has established a documented program for regular publication of addenda or revisions,
2 including procedures for timely, documented, consensus action on requests for change to any part of the standard.
I The change submittal form, instructions, and deadlines may be obtained in electronic form from the ASHRAE Web
| site, http://www.ashrae.org, or in paper form from the Manager of Standards. The latest edition of an ASHRAE
Standard may be purchased from ASHRAE Customer Service, 1791 Tullie Circle, NE, Atlanta, GA 30329-2305.
E-mail: orders@ashrae.org. Fax: 404-321-5478. Telephone: 404-636-8400 (worldwide), or toll free 1-800-527-
4723 (for orders in US and Canada).

© Copyright 2004 ASHRAE, Inc.

ISSN 1041-2336
Jointly sponsored by

The )
LIGHTING
) AUTHORITY ‘
lituminating Engineering Society of North America www.ansi.org
www.iesha.org

and Air-Conditioning Engineers, Inc.

K 1791 Tullie Circle NE, Atlanta, GA 30329
| www.ashrae.org

|
I
|
. X American Society of Heating, Refrigerating
i
|
K
|
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~ Includes ANSI/ASHRAE/IESNA Addenda listed in Appendix F

Energy Standard for
Buildings Except
Low-Rise Residential
Buildings
Sl Edition

See Appendix F forappraval dates by the ASHRAE Standards Cormittée, the ASHRAE Board of Directors
the TESNA Board of Directors, and the American National Standards [nstitute,

This standard i iniderconliniois mainténance by:a Standing Standard Projset Committea (S8POY for whick
the Standards Committes has established a documented program. for ragular publication of addenda or-revi-
siong, incliding procedures Tor timely, documented, consenalis astibn on fequests Tor change fo any part of
the standard. The change: submittal form, instructions, and deadliines may be obtained in ‘elactronie form from
- the ASHRAE Web site, hitn:/ww.ashrae.org, or in paper form from the Manager of Standards. The latest edj-
L tionof an ASHRAE Standard. may be.purchased from ASHRAE Customer Servica, 1791 Tullie Circle, NE, - ..
AlEna, GA J0329-2305. E-maik. orders @ashrasony. Faxi404-321-5478, Telsphong. 404-636-8400 (ward-
- wide), or toll free 1-800:527-4723 (forarders in US and Canada).

- ©Copyright 2007 American Sogiety of Heating, Refrigerating: and AirConditioning Engineers, tnig. ...
ISSN 10412336
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ANSI/ASHRAE/IES Standard 20,1-2010
{Supersedes ANSYASHRAENESNA Standard 90.1.2007)
Inchides ANSYASHRAENES Addenda listed in Appendix F

Standard

|-P Edition

See Appendix F for approval dates by the ASHRAE Standards Committes, the ASHRAE Board of Direchors, the 1ES Board of
Direcrors, and the American Mational Stardards Institue,

This stanclard is under continuous maintenance by a Standing Standard Project Cormmittes (35P0) for which the Standards Can
miteee has established a documented program for regular publication of addenda or revisions, including procedures for timely,
gdocumented, consensus action on requests for change to any part of the standard. The changs submittal form, instructions, and
deadlings may be obtained in electronic form from the ASHRAE Web site {(wwhw.ashrae.org) or in paper form from the Manager
of Standards, The latest edition of an ASHRAE Standard may be purchased from the ASHRAE Wb site {wwwiashrae.org) or from
ASHRAE Costomer Service, 1791 Tullie Circle, NE, Avanta, GA 30339-2305, E-mail; orders@ashyae.org. Faxs 40432 1-5478,

www.asHI ae.org permissions,
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Public Safety Standards of the United States Date Z/ 2 c/ / r
Witness
‘lainia of Codes |
MATAR VD

Public Safety Standards
United States (Federal Government)

In order ta promote public education and public safety, equal justice for all, a better informed citizenry, the rule of law,
world trade and world peace, this legal document is hereby made available on a noncommercial basls, as It is the right
of all humans to know and speak the laws that govem them. (See also State and Local codes.)

STQNDlRD ‘I’EAR DRGAN!Z&TIDN TITLE CFR AUTHQRITY

SM 0222 1995 M Corporatlm Organochlonne 40 CFR 138, S(a] Table
Pesticides and PCBs
in Wastewater Using

Empore Disk
AA CONSTRUCT | 1971 Aluminum Association Aluminum Construction | 24 CFR 200, Subpart S
Manual
AA 1967 Aluminum Association Aluminum Construction | 24 CFR 200, Subpart S
Manual
AA DATA 1982 Aluminum Association Aluminum Standards 49 CFR 178.65(b)(2)
and Data, Seventh
Edition
AAMA 101-182 1897 American Architectural | Voluntary 10 CFR 434.402.2.2.4
Manufacturers Specifications for
Association Aluminum, Vinyl (PVC)
and Wood Windows
and Glass Doors
AAMA 605 1998 American Architectural | Voluntary 40 CFR 59.401
Manufacturers Specification,
Assaciation Performance

Requirements and Test
Procedures for High
Performance Organic
Coatings on Aluminum
Extrusions and Panels

AAMA 1002.10 1893 American Architectural | Aluminum Insulating 24 CFR 200.938
Manufacturers Products for Windows
Assaciation and Sliding Glass
Doors
AAMA 11027 1989 American Architectural Voluntary 10 CFR 440 Appendix A
Manufacturers Specifications for
Assaociation Aluminum Storm Doors
AAMA 1503.1 1988 American Architectural | Voluntary Test Method 24 CFR 3280.508(e)
Manufacturers for Thermal
Assaciation Transmittance and
Condensation

Resistance of
Windows, Doors and
Glazed Wall Sections

AAMA 1702.2 1995 American Architectural Swinging Exterior 24 CFR 3280.405(e)(2)

htlps:/law.resaurce.org lpublus/cfrimanifest.us.html 1176
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AAMA 1704

AAMD
AAMVA
CDLIS.2.0
AASHTO

AASHTO

AASHTO

AATCC 118

AATCC 124

ABYC A-O1

ABYC AQ7
ABYC A-16
ABYC A-22
ABYC E-O01

ABYC E-09

ABYC H42

ABYC H-22
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1973
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1993

1973

1997

1993

1973
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1889

1866
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Public Safety Standards of the United States

Manufacturers
Association

American Architectural
Manufacturers
Assaciation

American Association
on Mental Deficiency

American Association
of Motor Vehicle
Administrators

American Association
of State Highway and
Transportation Officials

American Association
of State Highway and
Transportation Officials

Ametrican Assoclation
of State Highway and
Transportation Officials

American Association
of Textile Chemists and
Colorists

American Association
of Textile Chemists and
Colorists

American Boat and
Yacht Council

American Boat and
Yacht Council

American Boat and
Yacht Council

American Boat and
Yacht Council

American Boat and
Yacht Council

American Boat and
Yacht Council

American Boat and
Yacht Council

American Boat and

Passage Doors
Voluntary Standard for
Utllization in
Manufactured-Housing

Voluntary Standard
Egress Window
Systems for Utilization
in Manufactured-
Housing

Classification in Mental
Retardation

Commercial Driver
License Information
System (CDLIS) State
Procedures

Standard
Specifications for
Highway Bridges

A Palicy on Geometric
Design of Highways
and Streets

A Guide for
Accommodating
Utilities Within
Highway Right-of-Way
Qil Repellency:
Hydrocarbon
Resistance Test

Appearance of Durable
Press Fabrics After
Repeated Home
Laundering

Marine Liguified
Petroleum Gas
Systems

Boat Heating Systems

Electric Navigation
Lights

Marine Compressed
Natural Gas Systems

Bonding of Direct
Current Systems

Direct Current (DC)
Electrical Systems on
Boats

Ventilation of Boats
Using Gasoline

DC Electric Bilge

JA820

Page 78 of

24 CFR 3280.404(b)

42 CFR 483.102(b)(3)(i)

49 CFR 384.231(d)

24 CFR 200, Subpart S

23 CFR B25.4

23 CFR 645.211

10 CFR 430 Subpart B,
App. J1, 2.6.4.5.1

16 CFR 1615.32(a)(1)

46 CFR 184.240(a)

46 CFR 184,200

46 CFR 25.10-3(a)(2)
46 CFR 184.240(b)
46 GFR 28.345(b)

46 CFR 183.340(b)(4)

46 CFR 28.340(c)

48 CFR 182.500(b)
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ABYC h-24

ABYC H-25

ABYC H-32

ABYC H-33

ABYC P-01

ABYC P-4

ACGIH

ACGIH

ACI 318

ACI

ACRI 210-240

ACRI 310/380

ACRI 320

ACRI 325

ACRI 330

ACRI 340-360
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1998
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1998

2004
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Yacht Council

American Boat and
Yacht Council

American Boat and
Yacht Council

American Boat and
Yacht Council

American Boat and
Yacht Council

American Boat and
Yacht Council

American Boat and
Yacht Council

American Conference
of Gavemmental
Industral Hygienists

American Conference
of Govemmental
Industrial Hygienists

American Concrete
Institute

American Concrete
Institute

Air Conditioning and
Refrigeration Institute

Air-Conditioning,
Heating and
Refrigeration Institute

Air-Conditioning,
Heating, and
Refrigeration Institute
Air-Conditioning,
Heating, and
Refrigeration Institute

Air-Conditioning,
Heating, and
Refrigeration Institute

Air Conditioning and
Refrigeration Institute

JAS821

Pumps Operating
Under 50 Volts

Gasoline Fuel
Systems

Portable Gasaline Fuel
Systems for
Flammable Liquids

Ventilation of Boats
Using Diesel Fuel

Diesel Fuel Systems

Safe Installation of
Exhaust Systems far
Propulsion and
Auxiliary Engines

Marine Inboard
Engines

Guidelines for the
Selection of Chemical
Protective Clothing,
Third Edition
Industrial Ventilation
Manual

Building Code
Requirements for
Reinforced Concrete

Manual of Concrete
Practice, Part 1

Unitary Air-
Conditioning and Air-
Source Heat Pump
Equipment

Packaged Terminal Air-
Conditioners and Heat
Pumps

Water Source Heat
Pumps

Ground Water-Source
Heat Pumps

Ground-Source Closed-
Loop Heat Pumps

Commercial and
Industrial Unitary Air-
Conditioning and Heat
Pump Equipment

46 CFR 182.455(c)

46 CFR 182.130

46 CFR 182.470(c)
46 CFR 182.130

46 CFR 182.130

46 CFR 182.420(b)

46 CFR 153.933(a)

40 CFR 63.2984(e)

30 CFR 250.901(d)(1)

24 CFR 200, Subpart S

10 CFR 431.96

10 CFR 431.96, Table 1

10 CFR 434.403

10 CFR 434.403

10 CFR 434.403

10 CFR 434.403

Page 79 of 460
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ACRI 385

ACRI 1200

AERA

AFPA

AGA 3.1

AGA

ARHA A135.4

AHA A1358.5

AHA A135.6

AHAM DW-1

AHAM HLD-1

AHAM HRF-1

AHPA

Al MSH1
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Air Conditioning and
Refrigeration Institute

Air Conditioning and
Refrigeration Institute

American Educational
Research Association

American Forest and
Paper Association

American Gas
Assaciation

American Gas
Association

American Hardboard
Assaciation

American Hardboard
Association

American Hardbhoard
Association

Association of Home
Appliance
Manufacturers
Association of Home

Appliance
Manufacturers

Association of Home
Appliance
Manufacturers

American Herbal
Products Assaciation

Asphalt Institute

Commercial and
Industrial Unitary Air-
Conditioning
Condensing Units

Performance Rating of
Commercial
Refrigerated Display
Merchandisers and
Storage Cabinets

Standard for
Educational and
Psychological Testing

National Design
Specification for Wood
Construction With
Supplemental Design
Values for Wood
Construction

Orifice Metering of
Natural Gas and Other
Related Hydrocarbon
Fluids: Part 1

Purging Principles and
Practices

Basic Hardboard

Prefinished Hardboard
Paneling

Hardboard Siding

Household Electric
Dishwashers

Performance
Evaluation Procedure
for Household Tumble
Type Clothes Dryers

Househaold
Refrigerators,
Combination
Refrigerator-Freezers,
and Household
Freezers

Herbs of Commerce

Thickness Design--Full
Depth Asphalt
Pavwement Structures
for Highways and
Streets
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10 CFR 434.403

10 CFR 431.66(a)(3)

34 CFR 668.148(a)(2)()

24 CFR 3280.304(b)(1)

40 CFR 75, Appendix D

49 CFR 193.2615

24 CFR 3280.304(b)(1)
24 CFR 3280.304(b)(1)
24 GFR 3280.304(0)(1)

10 CFR 430 Subpart B

10 CFR 430 Subpart B

10 CFR 430 Subpart B

21 CFR 101.4(h)

24 CFR 200, Subpart 8
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AlHA

AIMIM MS841

AIMM IT2.18

AIMM/PIMA 1T9.2

AMM/PIMA
Im.11

AIMM IT9.23

AIMM/PIMA
IT9.25

AIMM M31

AlMM MS5

AlMM MS14

AlMM ME19

AlMM MS23
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1996

1996

1998

1998

1996

1998

1996

1992

1996

1993

1998
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American Industrial
Hygiene Association

Association for
Information and Image
Management

Association for
Information and Image
Management

Assaclation for
Information and Image
Management

Association for
Information and Image
Management

Association for
Information and Image
Management

Association for
Information and Image
Management

Association for
Information and Image
Management

Association for
Information and Image
Management

Assaociation for
Information and Image
Management

Assaciation for
Information and Image
Management

Assaociation for
Information and Image
Management

JA823

Laboratory Ventilation
Workbook

Dimensions of Unitized
Microfilm Caniers and
Apertures (Aperture,
Camera, Copy and
Image Cards)

Photography—Density
Measurements—Part 3:
Spectral Conditions

Photographic
Processed Films,
Plates, and Papers—
Filing Enclosures and
Storage Containers

Imaging Materials—
Processed Safety
Phatographic Film-
Storage

Imaging Materials—~
Polyester Based
Magnetic Tape—
Storage

Imaging Materials—
Optical Disc Media—
Storage

Recommended
Practice for
Alphanumeric
Computer-Qutput
Microforms--
Operational Practices
for Inspection and
Quality Control

Microfiche

Specifications for
16mm and 35mm Rall
Microfilm

Standard
Recommended
Practice—Identification
of Microforms

Standard
Recommended
Practice—Production,
Inspection, and Quality
Assurance of First-
Generation, Silver
Microforms of
Documents

42 CFR 52b.12(c)(10)

36 CFR 1238.10(a)(1)

36 CFR 1238.14(d)(2)

36 CFR 1238.10(a)(1)

36 CFR 1234.14(b)(1)

36 CFR 1234.14(b)(2)

36 CFR 1234.14(b)(3)

36 CFR 1238.14(c)

36 CFR 1238.10(b)

36 CFR 1238.10(a)(1)

36 CFR 1238.12(c)

36 CFR 1238.14(d)(2)

Page 81 of 460
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AlMM ME32

AIMM M543

AIMM MS45

AIMIM TR34

ALCIDE
9B0342EA

AMCA 210

JSTD-102

TELCO FAQ

ANSI A10.3

ANSI A10.4 (pd)
ANSI A10.4
(html)

ANSI A10.5 (pdf)
ANSI A10.5
{html}

ANSI A14.1 (pdf)
ANSI A14.1
{html}

ANSI A14.1 (svg)
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1996

1998
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1996

1895

1999

2011
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1970

1963

1969

1980
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Association for
Information and Image
Management

Association for
Information and Image
Management

Association for
Information and Image
Management

Assaciation for
Information and Image
Management

Alcide Corporation

Air Movement and
Control Association

Alliance for
Telecommunications
Industry Solutions

American Telephone
and Telegraph

American National
Standards Institute

Ametican National
Standards Institute

American National
Standards Institute

Ametrican National
Standards Institute

Micrarecording of
Engineering Source
Documents on 35 mm
Microfilm

Standard
Recommended
Practice=Operational
Procedures—Inspection
and Quality Control of
Microfilms and
Documents

Recommended
Practice far Inspection
of Stared Slilver-Gelatin
Microforms for
Evidence of
Deterioration

Sampling Procedures
for Inspection by
Attributes of Images in
Electronic Image
Management and
Micrographic Systems

Determination of
Sodium Chlorite: 50
ppm to 1500 ppm
concentration

Laboratory Methods of
Testing Fans for
Ratings

Joint ATIS/TIA CMAS
Federal Alert Gateway
to CMSP Gateway
Intetface Text
Specification

Practical Information
for Telephonisis

Safety Requirements
for Powder Actuated
Fastening Systems

Safety Requirements
for Workmens Hoists

Safety Reguirements
for Material Joists

Ladders—\Wood—Safety
Requirements

JA824

36 CFR 1238.10(a)(1)

36 CFR 1238.14(d)(1)(i)

36 CFR 1238.22(d)(1)

36 CFR 1237.28(d)(2)

21 CFR 173.325(g)

10 CFR 430 Subpart B,
App. M

Warming, Alert and

Response Netwark

(WARN) Act of 2006

29 CFR 1926

29 CFR 1926

29 CFR 1926

29 CFR 1917

Page 82 of 460

6(78

PRO_00166187



Case 1:13-cv-01215-TSC Document 118-13 Filed 11/19/15 Page 16 of 170

USCA Case #17-7035

Document #1715850

Filed: 01/31/2018

Public Safety Standards o the United States

Page 83 of 460

ANSI A14.2 (pdf) 1990 American National Ladders—Portable 29 CFR 1917
ANSI A14.2 Standards Institute Metal-Safety
{html}
ANSI A14.2 (s\vg)
ANSI A92.2 (pdf) 1969 American National Vehicle Mounted 29 CFR 453
ANS| AR2.2 Standards Institute Elevating and Rotating
{nhtml} Work Platforms
ANSIB7.1 (pdf) 1970 American National Safety Code for the 29 CFR 1928
ANSI B7.1 {html) Standards Institute Use, Care, and
Protection of Abrasive
Wheels
ANSI B20.1 (pdf) 1957 American National Safety Code for 29 CFR 1926
ANSI B20.1 Standards Institute Conveyors, Cableways,
(html} and Related Equipment
ANSI B20.1 (sva)
ANS| B30.6 (pdf) 1969 American National Safety Code for 29 CFR 1926
ANS| B30.5 Standards Institute Derricks
(htrnl}
ANS| B30.6 (svg)
ANS| B36.19 1979 American National Welded and Seamless | 24 CFR 3280.705(b)(1)
Standards Institute Wrought Steel Pipe
ANSI B56.1 (pdf) 1969 American National Safety Standard for 29 CFR 1926
ANSI B586,1 Standards Institute Powered Industrial
(html) Trucks
ANSI B58.1 (sw)
ANSI N14,1 2001 American National Packaging of Uranium 49 CFR 173.420(a)(1)
Standards Institute Hexafluoride for
Transport
ANSI 01.1 (pdf) 1961 American National Safety Code faor 29 CFR 1928
ANSI 01.1 (html} Standards Institute Woodwaorking
Machinery
ANSI 81.4 1983 American National Specifications for 7 CFR 1755.522(s)(3)(v)
Slandards Instilute Sound Level Melers
ANSI S1.11 2004 American National Specification for 49 CFR 227
Standards Institute Octawe, Half-Octave,
and Third Octave Band
Filter Sets
ANSI 81.25 1991 American National Specification for 49 CFR 227.103(c)(2)(iii)
Standards Institute Personal Noise
Dosimeters
ANSI S1.40 1984 American National Specification for 49 CFR 229, Appendix |
Standards Institute Acoustical Calibrators
ANSI| 81,43 1997 American National Specifications for 49 CFR 227.103(c)(2)(il)
Standards Institute Integrating-Averaging
Sound Level Meters
ANSI £3.22 (pdf) 2003 American National Specification of 21 CFR 801
ANSI| £3.22 Standards Institute Hearing Aid
(htmnl} Characteristics
ANSI 2351 (pdf) 1968 American National Specifications for 29 CFR 1926
hitips:/Maw resource.org ipublusicfr/manifestus. hirmt 7
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ANSI Z35.1 (htinl)
ANS| Z35.1 (sw)

ANSI Z35.2 (pdf)
ANSI Z35.2 (htrnl)
ANSI Z35.2 (svg)

ANSI 249.1 (pcf)
ANS! 249.1 (html)

ANSI Z87.1 (pdf)
ANS| 287.1 (html)
ANS! Z87.1 (swy)

ANS| 788.2 (pd)
ANS] Z88.2 (htm)
ANSI Z88.2 (svg)

(
ANS| Z89.1 (pdf)
ANSI 289.1 (html)

ANSI 2B9.2 (pdf)
ANSI 289.2 (html)

ANSI 290.4 (pdf)
ANSI 290.4 (html)

ANSI Z245.1 (pdh
ANS| 2245.1
(html}

ANS| 2245.1 (swg)

ANSI 2245.2 (pdf)
ANS| 2245.2
(html)

AQAC
AOACG

APA 87-1

APHA Method
2120 (pdf)
APHA Method
2120 (html)

APHA Method
2130 (pdf)
APHA Method
2130 (html)

APHA Methad
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Standards Institute

American National
Standards Institute

Amaerican National
Standards Institute

American National
Standards Institute

American National
Standards Institute

American National
Standards Institute

American National
Standards Institute

American National

Standards Institute

American National
Standards Institute

American National
Standards Institute

AOAC International

AOAC International

American Pyrotechnics
Association

American Public Health
Association

American Public Health
Assaociation

American Public Health

Accident Prevention
Signs

Specifications for
Accident Prevention
Tags

Safety in Welding and
Cutting

Practice for
Occupational and
Educational Eye and
Face Protection

American National
Standard for
Respiratory Protection

Safety Requirements
for Industrial Head
Protection

Industrial Pratective
Helmets for Electrical
Workers

Protective Headgear far
Bicyclists

Mohile Refuse
Collection and
Compaction-Safety
Requirements

Stationary
Compactors--Safety
Requirements

Official Methods of
Analysis (Volume 1)

Official Methods of
Analysis, 1980

Standard for
Construction and
Approval for
Transportation of
Fireworks and
MNowelties

Standard Methods for
the Examination of
Water and Wastewater

Standard Methods for
the Examination of
Water and Wastewater

Standard Methods for

JAS826

29 CFR 1926

29 CFR 1928

29 CFR 1910

30 CFR 250

29 CFR 1926

29 CFR 1926

16 CFR 1203

40 CFR 243

40 CFR 243

9 CFR 318.19(b)
21 CFR 131.150(c)

49 CFR 173.56()(1)

40 CFR 141.121

40 CFR 141.121

40 CFR 136.3(a)

Page 84 of 460
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2320 (pdf)
AFPHA Method
2320 (html)

APHA Method
2510 (pdf)
APHA Method
2510 (htmil)

APHA Method
2550 (pdf)
APHA Method
2550 {(html)

APHA Msthod
2580

APHA Method
3111 (pdf)
APHA Method
3111 (html)

APHA Method
3112 (pdf)
APHA Methad
3112 (rtmi)

APHA Method
3113 (pdf
APHA Methaod
3113 (htrm)

APHA Method
3114

APHA Method
3120

AFHA Method
3500-AS

APHA Method
3500-CA (pdf)

APHA Method
3500-CA (html)

APHA Method
3500-CD (pdf)

APHA Method
3500-CD (html)

APHA Method
3500-CR

APHA Method
3500-CU

APHA Methad
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1992

1992

1892

1992

1992

1992

1892

1892

1992

1892

1992

1892

1892

1992
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Association

American Public Health
Association

American Public Health
Association

American Public Health
Association

American Public Health
Association

American Public Health
Association

American Public Health
Assaciation

American Public Health
Association

American Public Health
Assaoclation

American Public Health
Association

American Public Health
Assaciation

American Public Health
Assaciation

American Public Health
Association

American Public Health
Association

American Public Health

JA827

the Examination of
Water and Wastewater

Standard Methods for
the Examination of
Water and Wastewater

Standard Methods for
the Examination of
Water and Wastewater

Standard Methods for
the Examination of
Water and Wastewater

Standard Methods for
the Examination of
Water and Wastewater

Standard Methods for
the Examination of
Water and Wastewater

Standard Methods for
the Examination of
Water and Wastewater

Standard Methods for
the Examination of
Water and Wastewater

Standard Meathods for
the Examination of
Water and Wastewater

Standard Methods for
the Examination of
Water and Wastewater

Standard Methods for
the Examination of
Water and Wastewater

Standard Methods for
the Examination of
Water and Wastewater

Standard Methods for
the Examination of
Water and Wastewater

Standard Methods for
the Examination of
Water and Wastewater

Standard Methods for

40 CFR 141.121

40 CFR 141.121

40 CFR 141.121

40 CFR 444.12

40 CFR 444.12

40 CFR 444.12

40 CFR 444.12

40 CFR 444.12

40 CFR 444.12

40 GFR 136.3(a)

40 CFR 444.12

40 CFR 63.404(a)

40 CFR 444.12

40 CFR 136.3(a)

Page 85 of 460
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3500-MG (pdf) Assaciation the Examination of
APHA Method Water and Wastewater
3500-MG (html)
APHA Method 19492 American Public Health | Standard Methaods for 40 CFR 444,12
3500-PB (pdf) Assoclation the Examination of
APHA Method Water and Wastewater
3500-PB (html)
APHA Methad 1892 American Public Health | Standard Methods for 40 CFR 136.3(a)
3500-ZN (pdf) Association the Examination of
APHA Methnd Water and Wastewater
3500-2ZN (himl)
APHA Mathod 1892 American Public Health | Standard Methods for 40 CFR 136.3(a)
4110 (pdf) Assaciation the Examination of
APHA Method Water and Wastewater
4110 (htmi)
APHA Method 1992 American Public Health | Standard Methods for 21 CFR 165.110(b)(4)(iii)
4500-CIO2 (pdf) Assaciation the Examination of M7y
APHA Mathod Water and Wastewater
4500-CIO2 (html)
APHA Method 1992 American Public Health | Standard Methods for 21 CFR 165.110(b)(4)
4500-CL Association the Examination of

Water and Wastewater
APHA Method 1992 American Public Health | Standard Methods for 40 CFR 136.3(a)
4500-CN Association the Examination of

Water and Wastewater
APHA Method 1992 American Public Health | Standard Methaods for 40 CFR 136.3(a)
4500-F Association the Examination of

Water and Wastewater
APHA Method 1992 American Public Health | Standard Methads for 40 CFR 444,12
4500-H Association the Examination of

Water and Wastewater
APHA Method 1892 American Public Health | Standard Methods for 40 CFR 136.3(a)
4500-NC2 Association the Examination of

Water and Wastewater
APHA Method 1992 American Public Health | Standard Methods for 40 CFR 136.3(a)
4500-NQ3 Assaociation the Examination of

Water and Wastewater
APHA Method 1892 American Public Health | Standard Methods for 40 CFR 136.3(a)
4500-03 Assaciation the Examination of

Water and Wastewater
AFPHA Meathod 1992 American Public Health | Standard Methaods for 40 CFR 136.3(a)
4500-P Association the Examination of

Water and Wastewater
APHA Method 1892 American Public Health | Standard Methods for 40 CFR 136.3(a)
4500-52 Assaciation the Examination of

Water and Wastewater
APHA Method 1882 American Public Health | Standard Methods for 40 CFR 141.121
4500-51 Association the Examination of

Water and Wastewater

hitps:/law.resource.org /publusfcfrimanifest.us.himl 10/76
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APHA Meathod
4500-5042

APHA Method
5540

APHA Method
6651

APHA Method
9215

APHA Method
9221

APHA Method
9222

APHA Mathod
9223

API 2INT-MET

AP 5L

AP 5L1

APl BA

API BD

APLAZF

APIRP 14C

APIRP 14F
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1992

1892

1892

1992

1992

1892

1992

2007

2004

2002

2004

2008

1994

2001

2008
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Public Safety Standards of the United States

American Public Health
Association

American Public Health
Assaciation

Ametican Public Health
Assaciation

American Public Health
Association

Ametican Public Health
Assocliation

American Public Health
Association

American Public Health
Association

American Petroleum
Institute

American Petroleum
Institute

American Petroleum
Institute

American Petroleum
Institute

American Petroleum
Institute

American Petroleum
Institute

American Petroleum
Institute

American Petroleum
Institute

JA829

Standard Methods for
the Examination of
Water and Wastewater

Standard Methods for
the Examination of
Water and Wastewater

Standard Methods for
the Examination of
\Water and Wastewater

Standard Methods for
the Examination of
Water and Wastewater

Standard Methaods for
the Examination of
Water and Wastewater

Standard Methads for
the Examination of
Water and Wastewater

Standard Methaods for
the Examination of
Water and Wastewater

Interim Guidance cn
Humricane Conditions in
the Gulf of Mexico

Specification for Line
Pipe

Recommencded
Practice for Railroad
Transpartation of Line
Pipe

Specification for
Wellhead and
Christmas Tree
Eqguipment

Specification for
Pipeline Valves

Specification for Shop
Welded Tanks for
Storage of Production
Liquids

Recommended
Practice for Analysis,
Design, Installation,
and Testing of Basic
Surface Safety
Systems for Offshore
Production Platforms

Recommended
Practice for Design and
Installation of Electrical

40 CFR 136.3(a)

40 CFR 141.121

40 CFR 141.121

40 CFR 141.121

40 CFR 136.3(2)

40 CFR 136.3(a)

40 CFR 136.3(a)

30 CFR 250.801(a)(6)

49 CFR 192.113

43 CFR 192.65(a)

30 CFR 250.806(a)(3)

49 CFR 195.116(d)

49 CFR 195.264(b)(1)

30 CFR 250.1628(c)

30 CFR 250.114(c)

Page 87 of 460
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Systems for Offshare
Production Platforms
API17J 2008 American Petroleum Specification for 30 CFR 250.1002(0)(4)
Institute Unbonded Flexible
Pipe
API B0 2000 American Petroleum Guidelines for the 49 CFR 192.8(a)
Institute Definition of Onshare
Gas Gathering Lines
AP| 510 2006 American Petroleum Pressure Vessel 30 CFR 250.803(b)(1)
Institute Inspection Cade
ARl B20 2002 American Petroleum Design and 49 CFR 195.264(e)(3)
Institute Constructlon of Large
Welded Low Pressure
Storage Tanks
AP B50 2007 American Petroleum Welded Steel Tanks for | 195.132(b)(3)
Institute Qil Storage
AP1 8651 1997 American Petroleum Cathodic Protection of 49 CFR 195.565
Institute Aboveground
Petroleum Storage
Tanks
APl 852 1997 American Petroleum Lining of Aboveground 49 CFR 195.579(d)
Institute Petroleumn Storage
Tank Bottoms
APl B53 2003 American Petroleum Tank Inspection, 49 CFR 195.432(b)
Institute Repair, Alteration, and
Reconstruction
APL 1104 1999 American Petroleum Standard for Welding 49 CFR 195.214(a)
Institute Pipelines and Related
Facilities
AP 1130 2002 American Petroleum Computational Pipeline | 49 CFR 195.444
Institute Monitoring
APl 1162 2003 American Petroleum Public Awareness 49 CFR 192.616(a)
Institute Programs for Pipeline
Operators
AFI 2000 1998 American Petroleum Venting Atmospheric 49 CFR 195.264(e)(2)
Institute and Low-Pressure
Storage Tanks
AP| 2003 1998 American Petroleum Protection Against 49 CFR 195.405(a)
Institute Ignitions Arising Out of
Static, Lightning, and
Stray Currents
AP| 2350 2005 American Petroleum Overfill Protection for 49 CFR 195.428(c)
Institute Storage Tanks in
Petroleun Facilities
APl 2510 2001 American Petroleum Design and 49 CFR 195.205(b)(3)
Institute Construction of LPG
Installations
APIRP 14G 2007 American Petroleum Recommended 30 CFR 250.803(b}9)(v)
hitps:/law.resource org fpubius/crimanifest.us.htrl 12176
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Institute Practice for Fire
Prevention and Control
on Open Type Offshore
Production Platforms
ARLIC 1996 Avian Power Line Suggested Practices 7 CFR 1724.52(@)(1)()
Interaction Committee for Raptor Protection
on Power Lines: The
State of the Art in 1996
APSP 16 2011 Assaciation of Pool Standard Suction 16 CFR 1450.3
and Spa Professionals Fittings for Use in
Swimming Pools,
Wading Pools, Spas,
and Hot Tubs
ARMA 1984 Asphalt Roofing Residential Asphalt 24 CFR 200, Subpart S
Manufacturers Roofing Manual
Association
ASHRAE 15 1994 American Soclety of Safety Code for 49 CFR 173.306(e)(1)(i)
Heating, Refrigerating Mechanical
and Air Conditioning Refrigeration
Engineers
ASHRAE 1993 American Soclety of Fundamentals 10 CFR 434.402.2.2.5(a)
Heating, Refrigerating
and Air Conditioning
Engineers
ASME B16.9 2003 American Society of Factory Made Wrought | 49 CFR 195.118(a)
Mechnical Engineers Steel Buttwelding
Fittings
ASME B30D.2 2005 American Soclety of Safety Requirements 29 CFR 1926
(pdf) Mechanical Engineers for Overhead and
ASME B30.2 Gantry Cranes
(htrnl)
ASME B30.2
(sva)
ASME B30.5 2004 American Society of Safety Requirements 29 CFR 1926
{ndf) Mechanical Engineers for Mobile and
ASME 830.5 Locomotive Cranes
{html)
ASME B30.7 2001 American Society of Safety Requirements 29 CFR 1926
(pdf) Mechanical Engineers for Base-Mounted
ASME B30.7 Drum Hoists
(htrnl)
ASME B30.14 2004 American Society of Safety Requirements 29 CFR 1926
{pdf) Mechanical Engineers for Side Boom Tractors
ASME B30.14
{htmi)
ASME B30D.14
(v9)
ASME B31.4 2002 American Society of Pipeline Transportation | 49 CFR 195.110(a)
Mechnical Engineers Systems for Liquid
Hydrocarbons and
Other Liquids
hitps; /law.resource.org/publus/ofr/imanifest.us.hirm! 1376
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ASME B31.8

ASME B3188

ASME B31G

ASME LPV

ASQC Q9001

ABQC Q8002

ASQC Q9003

ASQC Q8004-1

ASSE 1001

ASSE 1006 (pdf)
ASSE 1006
(html}

ASSE 1007 (pdf)
ASSE 1007
(html)

ASSE 1008 (pdf)
ASSE 1008
(htri)

ASSE 1016
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American Society of
Mechnical Engineers

American Society of
Mechanical Engineers

American Society of
Mechanical Engineers

American Society of
Mechanical Engineers

American Society for
Quality Control

American Society for
Quality Control

American Society for
Quality Cantral

American Society for
Quality Control

American Soclety of
Sanitary Engineering

American Society of
Sanitary Engineering

American Society of
Sanitary Engineering

American Soclety of
Sanitary Engineering

American Society of
Sanitary Engineering

Gas Transmission and
Distribution Piping
Systems

Managing System
Integrity of Gas
Pipelines

Manual for Determining
the Remaining
Strength of Corroded
Pipelines

Code for Unfired
Pressure Vessels

Quality Assurance in
Design, Dewelopment,
Production,
Installation, and
Sendcing

Quality Systems —
Maodel for Quality
Assurance in
Production,
Installation, and
Senicing

Quality Systems -
Model for Quality
Assurance in Final
Inspection and Test

Quality Management
and Quality Systems
Elements-Guidelines

Performance
Requirements for Pipe
Applied Atmospheric
Type Vacuum
Breakers

Plumbhing
Requirements for
Residential Use
(Household)
Dishwashers

Performance
Requirements for
Home Laundry
Equipment

Performance
Requirements for
Household Food
Waste Disposer Units

Performance
Requirements for
Individual Thermostatic

JA832

49 CFR 192.619(a)(1)()

49 CFR 192.903(c)

49 CFR 192.485(c)

49 CFR 173.32(c)(4)

33 CFR 96.430(a)(2)(ii)

24 CFR 200.835(d)(4 )i}

(A)3)

24 CFR 200.935(d)(4)(ii)

(A)4)

24 CFR 200.935(d)(4)(il)

(A)6)

24 CFR 3280.604(b)(2)

24 CFR 3280.604(b)(2)

24 CFR 3280.604(b)(2)

24 GFR 3280.604(b)(2)

24 CFR 3280.604(b)(2)
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ASSE 1023 (pdf)
ASSE 1023
(html)

ASSE 1025

ASSE 1037 (pdf)
ASSE 1037
(html)

ASCE 7

ASTM A36

ASTM A36

ASTM A47

ASTM AB2

ASTM A100

ASTM A106

ASTM A134

ASTM A179

ASTM A184
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American Society of
Sanitary Engineering

American Society of
Sanitary Engineering

American Society of
Sanitary Engineering

American Society of
Civil Engineers

American Society for
Testing and Materials

American Society for
Testing and Matenals

American Socisty for
Testing and Materials

American Soclety for
Testing and Materials

American Soclety for
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