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Designation: E 885 - 88

Standard Test Methods for

Analyses of Metals in Refuse-Derived Fuel by Atomic

Absorption Spectroscopy’

This standard is issued under the fixed designation E 885; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 These test methods cover the determination of metals
in solution by atomic absorption spectroscopy (AAS).

1.2 The following sections outline the operating parame-
ters for the individual metals:

Sections

Aluminum, Direct Aspiration 12
Aluminum, Furnace Technique 13
Antimony, Direct Aspiration 14
Antimony, Furnace Technique 5
Arsenic, Furnace Technique 16
Arsenic, Gaseous Hydride Method 17 -
Barium, Direct Aspiration 18-
Barium, Furnace Technique 19
Beryllium, Direct Aspiration 20
Beryllium, Furnace Technique 21
Cadmium, Direct Aspiration 22
Cadmium, Furnace Technique 23
Calcium, Direct Aspiration 24
Chromium, Direct Aspiration 25
Chromium, Furnace Technique 26
Chromium, Chelation-Extraction 27
Chromium, Hexavalent, Chelation-Extraction - 28
Cobalt, Direct Aspiration 29.
Cobalt, Furnace Technique 30 °
Copper, Direct Aspiration 31
Copper, Furnace Technique 32
Iron, Direct Aspiration 33
Iron, Furnace Technique 34’
Lead, Direct Aspiration 35
Lead, Furnace Technique: 36
Lithium, Direct Aspiration _ . : . 37
Magnesium, Direct Aspiration o 38
Manganese, Direct Aspiration _ o 39
Manganese, Furnace Technique 40
Mercury, Cold Vapor Technique ¢4l
Molybdenum, Dircct Aspiration . 42
Molybdenum, Furnace Technique ©'43
Nickel, Direct Aspiration PR 44
Nickel, Furnace Technique 45
Potassium, Direct Aspiration 46
Selenium, Furnace Technique 47
Selenium, Gaseous Hydride 48 .
Silver, Direct Aspiration 49
Silver, Furnace Technique 50
Sodium, Direct Aspiration ' ! 51
Tin, Direct Aspiration 52
Tin; Furnace Technijque™ . - I 53
Titanium, Direct Aspiration 54
Titanium, Furnace Technique ) : 55
Vanadium, Direct Aspiration T ' o . . 56¢ .
Vanadium, Furnace Technique. 157 -
Zinc, Direct Aspiration ) . o 58 .

v ' 59

Zinc, Furnace Technique

I These test methods are under the jurisdiction of ASTM Committee D-34 on ;
Waste Management and arg the direct responsibility of .Subcommittee D34.08 on

Thermal Treatment.

Current edition approved March 25, 1988. Puiblished May 1988. Orlgmally‘

published as E 885 — 82. Last previous editionE 885 - 82.

1.3 Detection limits," sensitivity, and optimum ranges of
the test methods will vary with the various makes and models
of atomic absorption spectrophotometers. The data shown in
Table 1 provide some indication of the actual concentration
ranges measurable by direct aspiration and using furnace
techniques. In the majority of instances, the concentration
range shown in the table by direct aspiration may be
extended much lower with scale expansion and conversely
extended upwards by using a less sensitive wavelength or by
rotating the burner head. Detection limits by direct aspira-
tion may also be extended through concentration of the
sample or through solvent extraction techniques, or both.
Lower ‘concentrations may also be determined using the
furnace techniques. The concentration ranges given in Table
1 are somewhat dependent on equipment such as the type of
spectrophotometer and furnace accessory, the energy source,
and the degree of electrical expansion of the output signal.

1.4 When using the furnace techmques the analyst should
be cautioned as to possible chemical reactions occurring at
elevated temperatures that may result in either suppression
or enhancement of the analysis element. To ensure valid
data with furnace techniques, the analyst must examine each.
matrix for interference effects (see 6.2) and if detected, treat -
accordingly using either successive dilution, matrix modifi-
cation or method of standard additions (see 10.5). ‘

1.5 Where direct aspiration atomic absorpt1on techniques
do not provide adequate sen31t1v1ty, in addition to ‘the
furnace procedure, reference is made to $pecialized proce-
dures 'such as gascous hydride method for arsenic.and °
selenium, the cold-vapor technique for mercury and the
chelation-extraction procedure for selected metals.

1.6 This standard may involve hazardous matérials, oper--
ations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the )espomtbzllty of the user of this standard to establish
appropriate safety and health practices and determine the
applicability of regillatory limitations prior to use. For hazard
statement, see 8.4 and 17.2.3.

2; 'Referenced Documents

2.1 ASTM StandardS‘

D 1193 Specification for Reagent Water ‘

D 3223 Test Method for Total Mercury in, Water?

E 926 Test Methods of Preparing Refuse-Derived Fuel
(RDF) Samples for Analyses of Metals®

2 Al_ufual Book éfASTJVI Standards, Vol 11.01.
3 Annual Book of ASTM Standards, Vol 11.04.

331




- -

TABLE 1 Atomic Absorption Concentrations”

Direct Aspiration

Furnace Technique®:¢

Metal Detection Limit, Sensitivity, Optimum Concentration .Detection Limit, - Optimum Concentration
mg/L mg/L Range, mg/L ug/L Range, pg/L.

Aluminum 0.1 ¢ 1 5 to 50 3 20 to 200
Antimony 0.2 0.5 1to 40 3 20 to 300
Arsenic? 0.002 - 0.002 to 0.02 1 5 to 100
Barium (P) 0.1 0.4 1t0 20 2 10 to 200
Beryllium 0.005 0.025 0.05 to 2 0.2 11030
Cadmium 0.005 0.025 0.05 to 2 0.1 0.5t0 10
Calcium 0.01 0.08 02t07 s e
Chromium 0.05 0.25 0.5t0 10 1 5 to 100
Cobalit 0.05 0.2 05to5 1 5 to 100
Copper 0.02 01 0.2to5 1 5 to 100
Iron 0.03 0.12 03to5 1 5 to 100
Lead 0.1 05 1t020 1. 5 to 100
Lithium v 0.035 . .
Magnesium 0.001 0.007 0.02 to 0.5 e N
Manganese 0.01 0.05 0.1to3 0.2 110 30
Mercury® 0.0002 e 0.0002 to 0.01 . e
Molybdenum (P) 0.1 0.4 1t0 40 1 3 to 60
Nickel (P) 0.04 0.15 03t05 1 5 to 100

. Potassium 0.01 0.04 0.1to2 . e
Selenium® 0.002 . 0.002 to 0.02 2 5 to 100
Silver 0.01 0.06 0.1t04 0.2 1t025
Sodium 0.002 0.015 0.03 to 1 e e
Tin 0.8 4 10 to 300 5 20 to 300
Titanium (P) 0.4 2 5to0 100 10 50 to 500
Vanadium (P) 0.2 0.8 210 100 4 10 to 200
Zinc 0.005 * 0.02 0.05to 1 0.05 02to4

A The concentrations shown are not contrived values and should be obtainable with any satisfactory atomic absorption spectrophotometer.

8 For furnace sensitivity values consult instrument operating manual:

€ The listed furnace values are those expected when using a 20 pL injection and normal gas flow except in the case of arsenic and selenium where gas interrupt is used:

The symbol ( p) |nd|cates the use of pyrolytic graphite with the furnace procedure.
D Gaseous hydride method.
£ Gold vapor technique. -

3. Descriptions of Terms Specifi¢ to This Standard

3.1 detection limit—detection limits can be expressed as
either an instrumental or method parameter. The limiting
factor of the former using acid water standards would be the
signal 'to noise ratio and degree of scale expansion used;
while the latter would be more affected by the sample matrix
and preparatlon procedure used.

3.1.1 The Smentlﬁc Apparatus Makers Association
(SAMA) has approved the following definition: The detec-
tion limit is that concentration of an element whrch would
yleld an absorbance equal to twice the standard deviation of
a series of measurements of a solution, the concentration of
which is drstmctly detectable above but close to blank
absorbance measurement.

3.1.2 The detec‘uon limit values listed in Table 1 and on
individual metal methods are to be considered minimum
working limits achievable with the procedures outlined in
these test methods. :

3.2 optimum concentration range—a range defined by
limits expressed in concentration, below which scale expan-
sion must be used and above which curve correction should
be considered. The range will vary with the sensitivity of the
instrument and the operating condition employed.

3.3 sensitivity—the concentration in milligrams of metal
per litre that produces an absorption of' 1 %:

i

4. Summary of Test Methods

4.1 In direct aspiration atomic absorption spectroscopy, a
sample is aspirated and atomized in a flame. The light beam
from a hollow cathode lamp whose cathode is made of the
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element to be determined is directed through the flame into a
monochromator, and into a detector that measures the
amount of light absorbed. Absorption depends upon the
presence of free unexcited ground state atoms in the flame.
Since the wavelength of the light beam is characteristic of
only the metal being determined, the light energy absorbed
by the flame is a measure of the concentration. of that metal
in the sample. This principle is the basis of atomlc absorp-
tion spectroscopy.

4.2 Pretreatment of a solid sample is necessary for com-.
plete dissolution of the metals and complete breakdown of
organic material prior to analysis (see Methods E 926). This
process may vary because of the metals to be determined and
the nature of the sample being analyzed.

4.3 When using the furnace technique in conjunction
with an atomic absorption spectrophotometer, a representa-
tive aliquot of the sample is placed in the graphite tube in the
furnace, evaporated to dryness, charred, and atomized. As a
greater percentage of available atoms are vaporized and
dissociated for absorption in the tube than the flame, the use
of small sample volumes or detection of Jow concentrations
of elements is possible. The principle is essentially the same
as with direct aspiration atomic absorption except a furnace,
rather than a flame, is used to atomize the sample. Radiation
from a given excited element is passed through the vapor
containing ground state atoms of that element. The intensity
of the transmitted radiation decreases in proportion to the
amount of the ground state element in the vapor. The metal
atoms to be measured are placed in the beam of radiation by
increasing the ‘temperature. of the furnace, thereby causing
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the injected specimen to be volatilized. A monochromator
isolates the characteristic radiation from the hollow cathode
lamp, and a photosensitive device measures the attenuated
transmittal radiation.

5. Significance and Use

5.1 Metals in solution may be readily determined by
atomic absorption spectroscopy (AAS). The method is simple,
rapid, and applicable to a large number of metals in solution.
Solid type samples may be analyzed after proper treatment.

6. Interferences
6.1 Direct Aspiration:

6.1.1 The most troublesome type of interference in atomic’

absorption spectrophotometry is usually termed “chemical”

and is caused by lack of absorption of atoms bound in’

molecular combination to the flame. This phenomenon can
occur when the flame is not sufficiently hot to dissociate the
molecule, as in the case of phosphate interference with
magnesium, or because the dissociated atom is immediately
oxidized to a compound that will not dissociate further at the
temperature of the flame. The addition of lanthanum will
overcome the phosphate interference in the magnesium,
calcium, and barium determinations. Similarly, silica inter-
ference in the determination of manganese can be eliminated
by the addition of calcium.

6.1.2 Chemical interferences may also be climinated by
separating the metal from the interfering material. While
complexing agents are primarily employed to increase the
sensitivity of the analysis, they may also be used to eliminate
or reduce interferences.

6.1.3 Highly dissolved solids in the sample being aspirated
may result in an interference from nonatomic absorbance
such as light scattering. If background correction is not
available, a nonabsorbing wavelength should be checked.
Preferably, high solid content solutions should be extracted
(see 6.1.1 and 11.2).

6.1.4 Tonization interferences occur where the flame tem-
perature is sufficiently high to generate the removal of an
electron from a neutral atom, giving a positive charged ion.
This type of interference can generally be controlled by the
addition, to both standard and sample solutions, of a large
excess of an easily ionized element.

6.1.5 Although quite rare, spectral interference can occur
when an absorbing wavelength of an element present in the

E 885

sample but not being determined falls within the width of the

absorption line of the element of interest. The results of the
determination will then be erroneously high, due to the
contribution of the interfering element to the atomic absorp-
tion signal. Also, interference can occur when resonant
energy from another element in a multi-element lamp or a
metal impurity in the lamp cathode falls within the bandpass
of the slit setting and that metal is present in the sample. This

type of interference may sometimes be reduced by narrowing -

the slit width.
6.2 Flameless Atomization:

'6.2.1 Although the problem of oxide forma‘uon is greatly -

reduced with furnace procedures because atomization occurs
in an inert atmosphere, the technique is still subject to
chemical and matrix interferences. The composition of the
sample matrix can have a major effect on the analysis. It is

333

those effects that must be determined and taken into consid-
eration in the analysis of each different matrix encountered.
To help verify the absence of matrix or chemical interference,
use the following procedure. Withdraw from the sample two
equal aliquots. To one of the aliquots, add a known amount
of analyte and dilute both aliquots to the same predetermined
volume. (The dilution volume should be based on the analysis
of the undiluted sample. Preferably, the dilution should be
1:4 while keeping in mind the optimum concentration range
of the analysis. Under no circumstances should the dilution
be less than 1:1). The diluted aliquots should then be analyzed
and the unspiked results multiplied by the dilution factor
should be compared to the original determination. Agreement
of the results (within + 10 %) indicates the absence of inter-
ference. Comparison of the actual signal from the spike to
the expected response from the analyte in an aqueous stand-
ard should help confirm the finding from the dilution analy-
sis. Those samples that indicate the presence of interference
should be treated in one or more of the following ways. '

6.2.1.1 The samples should be successively diluted and
reanalyzed to determine if the interference can be eliminated.

6.2.1,2 The matrix of the sample should be modified in
the furnace. Examples are the addition of ammonium nitrate
to remove alkali chlorides, ammonium phosphate to retain
cadmium, and nickel nitrate for arsenic and selenium
analysis (1).* The mixing of hydrogen with the inert purge
gas has also been used to suppress chemical interference. The
hydrogen acts as a reducing agent and aids in molecular
dissociation.

6.2.1.3 Analyze the sample by method of standard addi-
tions while noting the precautions and limitations of its use
(see 10.5).

6.2.2 Gases generated in the furnace durlng atomization
may have molecular absorption bands encompassing the
analytical wavelength. When this occurs, either the use of
background correction or choosing an alternate wavelength
outside the absorption band should eliminate this interfer-
ence. Background correction can also compensate for non-.
specific broad band absorption interference. :

6.2.3 Interference from a smoke-producing sample matrix
can sometimes be reduced by extending the charring time at
a higher temperature or using an ashing cycle in the presence
of air. Care must be taken, however to plevent loss of the
analysis element.

6.2.4 Samples containing large amounts of organic mate-
rials should be oxidized by conventional acid digestion prior
to being placed in the furnace. In this way, broad—band
absorption will be minimized.

6.2.5 From anion-interference studies in the graphite
furnace it is generally accepted that nitrate is the preferred
anion. Therefore, nitric acid is preferable for any digestion or
solubilization step. If another acid in addition to HNO; is
required, a minimum amount should be used. This applies
particularly to hydrochloric and to a lesser extent to sulfuric
and phosphoric acids.

6.2.6 Carbide formation resulting from the chemical envi-
ronment of the furnace has been -observed with certain

4 The boldface numbers in parentheses refer to the list of references at the end
of these test methods.
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elements. that form carbidés at high' temperatures. ‘Molyb-

denum may be cited as an:example. When this takes place, .

the metal will bg released very slowly.from:*the carbide as
atomization continues. For molybdenum, one may be re-
quired te atomize for 30 s,or more before the signal returns
to baseline levels. This problem is greatly reduced, and the
sensitivity, increased ‘with the use of; pyrolyt1cally-coated
graphite.. . .

6.2.7 Ionlzatron 1nterferences have to date not been re-
ported with furnace technrques

. 6.2.8 For comments on.spectral 1nterference see 6 L.5.

6.2.9 Contammanon of the sample can be a major source
of error because of the extreme: sensitivities achieved with the
furnace The sample—preparatron work area should be kept
scrupulously cleanr All glassware should be cleaned. -as
directed. Pipet. t1ps have been; known to be a.source, of
contamination. If ¢ suspected, they should be ac1d soaked with,
15 HNO3 and rinsed thoroughly with, .tap and deionized

water. The use of a better grade pipet tip can greatly reduce.

this problem It is very important that special atiention be
given o ‘Teagerit, blanks in both analysrs and the correction. of
analytrcal results Lastly, pyrolytrc graphlte because of the
productron process and handhng, can become contannnated
As many as ﬁve to possrbly ten high temperature burns may
be requlred to clean the ‘tube before use..

7. Apparatus

7.1 “Atomie Absorption Spectrophotometer—Smgle or dial
channel, single- or double-beam instrument having a ‘grating
monochroniator photomult1p11er detector, ad]ustable slits, a
wavelength’' range from 190 t6°800 nm, and provisions for
1nterfac1ng with a strip-chart recorder.

7.2" Buirier—The burner reconimended by the partrcular
instruent “manufacturer should be ‘used. For certain éle-
mients ‘the nitrous 'oxide burnér is required. ’

7.3 Hollow Cathode Lamps—Srnglc element lamps are to
be preferred but ‘multi-¢lement’’ Tamps may be used.
Electrodéless - drscharge lamps may also be used’ when avail-
able. e

7.4 -Graphite Furnace—Any furiiace device capable of
reaching the:specified temperatures is satisfattory. -

1.5 Strip Chart Recorder—<A recorderis strongly recom-
merided for furnace work: so-that theteiwill be a permanent
record, and any problems with the analysis such’as drift,
incomplete atomization, losses during charnng, changes in
sensitivity, etcij.can be easily recogiized.

7.6 Pipets—Microliter with “disposable trps Srzes can
range from 5 to 100 pL as required. : N

1.7 Pressure-reducihgValves—The. supplies oﬁ fuel and
ox1dant shall: be' miaintained at-pressures somewhat higher
than the controlled operatmg pressure’ of the 1nstrument by
suitable valves.

T [ i |

7.8 Separatory Flasks—250 mL or larger, for extract1on :

with jorganic solvents. - - R
7.9 Glassware—All glassware linear polyethylene,
polypropylene or.: Teflony containers, including sampling

bottles; should be washed and rinsed in- the following:order; -

washed with detergent; rinsed with tap water, 1:1 nitric acid,
tap water, 1:1 hydrochlorlde acid, tap water and de10n1zed
distilled water. -

7.10 Borosilicate Glass Distillation Apparatiis.”’
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8. Reagents and Materials - o Ce e

81 Purzty of Reagénts—— eagent grade chermcals shall be
used-in ‘all tests. Unléss otherwise’ indicated, it is 1ntended
that all reagents shall conform to the spemﬂcations of the
Committee on Analytical Reagents of the American Chem-
ical Society, where such specifications are available.’ Other
grades n'iay be.used, provided it is-first: ascertained that the
reagent is of sufﬁc1ently high purity to‘permit 1ts use wlthout
lessening:the-accuracy ‘of the determination; : :

8.2 Purity. of Water—Unless : otherwise 1ndrcated refer-
ences to water shall be understood to mean reagent water as
defined by Type II of Specification D 1193.

8.3 Deionized Distilled Water—Prepare, by passing d1s-
tilled water through a.mixed bed of cation and anion exchange
resins, Use deionized d1st1lled water for, the preparation of all,
reagents, calibration standards, and as dilution: water.

8.4 Nitric Acid (concentrated)—If metal -impurities- are
found o be:present, distill. reagent grade nitric acid in a
berosilicate. glass d1st111at1on apparatus or-usea spectrograde
acrd . , . . : ,

NoOTE 4 Precaution-=Perform drs’ullatron m hood wlth protectrve
sash in; place, ; B

8.4.1 Nitric Acid (1: 1)—Prepare al:l d1lut10n wrth deion-
ized, ‘drstrlled water by adding the concentrated acid to an
equal voliime of water. ‘

8.5 Hydrochloric Acid (1:1)—Prepare a '1:1 solution of
reagent grade hydrochloric acid and déionized distilled water.
If titetal iiputities are found to be present, distill this mixture
from a-borosilicate glass’ dlstlllatmn apparatus or us¢- a
spectrograde acid. -

8.6 Stock Standard Metal Solutzons—Prepare as drrected"
in 10.1 and under the individual metal procedures Commer-
cially available stock standird solutions may be used.

8.7 Calibration Standards_Prepare a‘seriés of standards
of the metal by dilution: of the appropnate ‘stock metal”
solution to covet the concetitration range desired. '~ '

8.8 Fuel and Oxidant—Commercial grade “acetylerie ‘is
genérally'acceptable. Aif may b& supphed from'a compressed
ait line, a labomtory compressor, or froth' a cylinder ‘of
coifiptessed ‘ait, Réagent grade niirotis oxide is also requrred‘
for certain determrnatlons Staridard, commiércially ava1lable
argoni dnd nitrogen aré ‘reQurred for furnace work.

8.9 Special Reagents for the' Extribtion’ Procediire:

8.9.1 Pyrrolidine Dithiocarbamic Aczd (PDCA)S—Prepare
by adding 18 mL of analytrcal reagent grade’ pyrrohdme to
500 mL of chidrofoim in a litré flask.” Cool and add 15 mL
of carbon -disulfide “in smiall portions and with swirlinig.
Dilute to 1 L with:chioroform. The solution can be’used for
several months if storéd in a brown bottlé in a refrrgerator

8. 9 2 Ammomum Hydroxide, 2N—D11ute 3 mL concen-

5‘Reagent: rChemtcals American Chemical Society Specifications, Américan
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed” by the American Chemical Society, sce Analar Standards for Laboratory
Chemicals, BDH Litd., Poole, Dorset, U.K., and the United States Pharmacopeia
and National Formulal YV, uU.s. Ph'nmaceuucal Conventron, Inc, (USPC)
Rogkvillg; MD. - CHC : H

6 The name - pyrrohdme dltlnocarbamlc acid (PDCA), although commonly
referenced in the scientific llterature is ambiguous, Fr om the chemical reaction of
pyrrolidifne and carbon- drsulﬁde 4 miore proper nainé \,vould be l-pyrrohdme ’
carbodithioic acid, PGDA (CAS Registry'No, 25769-03-3): :

7 An acceptable grdde of pyrrolidine _may  be obtamed from= the Aldrich -
Chemical Co., 940 West St. Paul Ave., MrIwaukee, WI 53233.
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trated NH,OH to 100 mL with deionized distilled water.
8.9.3 Bromphenol Blue Indicator (1 g/L)—Dissolve 0.1 g
bromphenol blue in 100 mL of 500 % ethanol or isopropanol.
8.9.4 HCL (2.5 % v/v)—Dilute 2 mL redistilled HCI to
40 mL with deionized distilled water.

9. Sample Handling and Preservation

9.1 See Methods E 926 for sample handling and preserva-
tion procedures.

10. Preparation of Standards and Calibration

10.1 Stock Standard Solutions, are prepared from high
purity metals, oxides, or nonhygroscopic reagent grade salts
using deionized distilled water and redistilled nitric or
hydrochloric acids. (See individual analysis sheets for specific
instruction.) Sulfuric or phosphoric acids should be avoided
as they produce an adverse effect on many clements. The
stock solutions are prepared at concentrations of 1000 mg of
the metal per litre. Commercially available standard solu-
tions may also be used.

10.2 Calibration Standards, are prepared by diluting the
stock metal solutions at the time of analysis. For best results,
calibration standards should be prepared fresh each time an
analysis is to be made and discarded after use. Prepare a
blank and at least four calibration standards in graduated
amounts in the appropriate range. The calibration standards
should be prepared using the same type of acid or combina-
tion of acids and at the same concentration as will result in
the samples following processing. Beginning with the blank
and working toward the highest standard, aspirate the solu-
tions and record the readings. Repeat the operation with both
the calibration standards and the samples a sufficient number
of times to secure a reliable average reading for each solution.
Calibration standards for furnace procedures should be pre-
pared as described on the individual sheets for that metal. .

10.3 Where the sample matrix is so complex that vis-
cosity, surface tension, and components cannot be accurately
matched with standards, the method of standard addition
must be used. This technique relies on the addition of small,
known amounts of the analysis clement to portions of the
sample, the absorbance difference between those, and the
original solution giving the slope of the calibration curve.
The method of standard addition is described in greater
detail in 10.5.

10.4 For those instruments that do not read out directly in
concentration, a calibration curve is prepared to cover the
appropriate concentration range. Usually, this means the
preparation of standards that produce an absorption of 0 to
80 %. The correct method is to convert the percent absorp-
tion readings to absorbance and plot that value against
concentration. The following relationship is used to convert
absorption values to absorbance: . )

absorbance = log (100/% T) = 2 — log(% T)

where: :
% T = 100 — % absorption
As the curves are frequently nonlinear, especlally at hlgh
absorption values, the number of standards should be
increased in that portion of the curve. :

10.5. Method of Standard Additions:

10.5.1 In this test method, equal volumes of sample are

added to a deionized distilled water blank and to three
standards containing different known amounts of the test
element. The volume of the blank and the standards must be
the same. The absorbance of each solution is determined and
then plotted on the vertical axis of a graph, with the
concentrations of the known standards plotted on the
horizontal axis. When the resulting line is extrapolated back
to zero absorbance, the point of interception of the abscissa
is the concentration of the unknown. The abscissa on the left
of the ordinate is scaled the same as on the right side, but in
the opposite direction from the ordinate. An example of a
plot so obtained is shown in Fig. [.

10.5.2 The method of standard additions can be very
useful. For the results to be valid, the following limitations
must be taken into consideration:

10.5.2.1 The absorbance plot of sample and standards
must be linear over the concentration range of concern. For
best results the slope of the plot should be nearly the same as
the slope of the aqueous standard curve, If the slope is
significantly different (more than 20 %) caution should be
exercised.

10.5.2.2 The effect of the interference should not vary as
the ratio of analyte concentration to sample matrix changes,
and the standard addition should respond in a similar
manner as the analyte.

10.5.2.3 The determination must be free of spectral inter-
ference and corrected for nonspecific background interfer-
ence.

11. General Procedure for Analysis by Atomic Absorption

11.1 Direct Aspiration—Differences between the various
makes and models of satisfactory atomic absorption spectro-
photometers prevent the formulation of detailed instructions
applicable to every instrument. The analyst should follow the
manufacturer’s operating instructions for his particular in-
strument. In general, after choosing the proper hollow
cathode lamp for the analysis, allow the lamp to warm up for
a minimum of 15 min unless operated in a double beam
mode. During this period, align the instrument, position the
monochromator at the correct wavelength, select the proper
monochromator slit width, and adjust the hollow cathode
current according to the manufacturer’s recommendation.
Subsequently, light the flame and regulate the flow of fuel
and oxidant, adjust the burner and nebulizer flow rate for,
maximum percent absorption and stability, and balance the
photometer. Run a series of standards of the element under.
analysis and construct a calibration curve by plotting the.
concentrations of the standards against the absorbance. For
those instruments which read directly in concentration set
the curve corrector to read out the proper concentration..
Aspirate the .samples and determine the concentrations
either directly or from the calibration curve. Standards must.
be run each time a sample or series of samples are run..

11.1.1 Calculation for Direct Determination of Liquid
Samples—Read the metal value in mg/L from the calibra-
tion curve or directly from the readout system of the
instrument.

11.1.1.1 If dilution of sample was required:

C+B)
C

mg/L metal in sample = 4 (
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Absorbance

Zero .
Absorbance
A Concentration
" Conc. of Addn 0 Addn 1 Addn 2 Addn3
Sample No Addn Addn of 50% .  Addn of 100%  Addn of 150%
of Expected of Expected ' of Expected
Amount Amount Amount

FIG. 1 Standard Addition Plot

where;
A = mg/L of metal in diluted aliquot from calibration curve,
B ="mL of deionized distilled water used for dilution, and
C = mL of sample aliquot.

11.1.2 For solid samples report all concentrations as
mg/kg dry weight.

11.1.2.1 Dry sample:

mg metal/kg sample = AxVy
where:
A =mg/L of metal in processed sample from calibration
" curve, '

V' = final volume of the proceééed sample in mL, and
D = weight of dry sample in grams.
11.1.2.2 Wet sample s

; AX
mg mctal/kg sample = WP
where:

A - =mg/L of metal m procesSed sample from calibration
curve,

V' =final volume of the processed sample in mL,

W =weight of wet sample in grams and

P =percent solids."

11.2- Special Extraction Procedure—When the conc¢entra-
tion of the mietal is not sufficiently high to determine directly,
or when’ considerable dissolved solids are present in the
sdmple; certain metals mady be chelated and extracted with
organic-solvents. Ammonium pyrrolidine dithiocarbamate
(APDC)® in methyl isobutyl ketone (MIBK) is widely used
for this purpose and is particularly useful for zinc, cadmium,
iron, manganese, copper, silver;‘lead and chromrum+6 Tri-
valent chromiumi does tiot react with APDC unless it has first
been converted to the hexavalent form (2). This procedure is
descrrbed under method for chromlum (chelatron extrac-

& The name ammoniuni pyrrolidiné dithiocarbamate (APDC) is somewhat
ambiguous and should more properly be called ammonium, I-pyrollidine
carbodithioate (APCD), CAS Registry.No. 5108-96-3,
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tion). Aluminum, beryllium, barium and strontium also do
not feact with APDC. While the APDC-MIBK chelating-
solvent system can be used satisfactorily, it is possible to
experience difficulties.

NoTE 2—Certain metal chelates, manganese-APDC in particular, are
not stable in MIBK and will redissolve‘into the aqueous phase on
standing, The extraction of other metals is sensitive to both shaking rate
and time. As with cadmiumi, prolonged eXtraction beyond | min, will
reduce the' extraction efficiency, whereas 3-min of vigorous: shaking'is
required for chromium. Also, when multiple metals are to be deter-
mined either larger sample volumes must be extracted or individual
extractions made for each metal being determined. The acid form of
APDC- pyrrolidine dithiocarbamic acid prépared directly in chloroform
as described by Lakanen has been found to be most advantageous (3). In
this procedure the more dense chloroform layer aliows for easy com-
bination of multiple extractions which are carried out over a broader pH
range favorable to multielement extraction. Pyrrolidine dithiocarbamic

acid in chloroform is very stable and may be stored in a brown bottle in
the refrigerator for months. Because chloroform is used as the solvent it
may not be aspirated into the flame. The procedure described in 11.2.1°
is suggested.

11.2.1 Extraction Procedure with Pyrrolzdme Dithiocar-
bamic Acid (PDCA) in Chloroform:

11.2.1.1 Transfer 200 mL of sample into a 250-mL
separatory fuinel, add 2 drops bromphenol blue indicator
solution (8.9,3) and mix. )

11.2.1. 2 Prepare a blank and sufficient standards in the
same manner and adjust the volume of each to approxi-
mately 200 mL with deromzed distilled water All of the
metals to be determined may be comblned into . single
solutions at the appropriate concentration levels.

11.2.1.3 Adjust the pH by addition of 2N NH,OH solu-
tion (8.9.2) until a blue color persists. Add HCI (8.9.4)
dropwise until the blue color just disappeéars; then add 2.0
mL HCI (8.9.4) in excess. The pH at this point should be 2.3.
(The pH adjustment may be made with a pII meter instead
of using indicator.)

11.2.1.4 Add 5 mL of PDCA-chloroform reagent (8.9.1)
and shake vigorously for 2 min. Allow the phases to separate
and drain the chloroform layer into a 100-mL beaker.

NoTE 3—If hexavalent chromium is to be extrac‘ted; the aquédus
phase must-be readjusted back to a pH of 2.3 after the addition of
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PDCA-chloroform and maintained at that pH throughout the extrac-
tion. For multielement extraction, the pH may be adjusted upward after
the chromium has been extracted.

11.2.1.5 Add a second portlon of 5 mL PDCA-chloroform
reagent (8.7.1) and shake vigorously for 2 min. Allow the
phases to separate and combine the chloroform phase with
that obtained in 11.2.1.4,

11.2.1.6 Determine the pH of the aqueous phase and
adjust to 4.5.

11.2.1.7 Repeat 11.2.1.4 again combining the solvent
extracts.

11.2.1.8 Readjust the pH to 5.5, and extract a fourth time.
Combinc all extracts and evaporate to dryness on a steam
bath.

11.2.1.9 Hold the beaker at a 45° angle, and slowly add 2
mL of concentrated distilled nitric acid, rotating the beaker
to effect thorough contact of the acid with the residue.

11.2.1.10 Place the beaker on a low temperature hotplate
or steam bath and evaporate just to dryness.

11.2.1.11 Add 2 mL of nitric acid (1:1) to the beaker and
heat for 1 min. Cool, quantitatively transfer the solution to a
10-mL volumetric flask and bring to volume with distilled
water. The sample is now ready for analysis.

11.2.2 Prepare a calibration curve by plotting absorbance
versus the concentration of the metal standard (ug/L) in the
200-mL extracted standard solution. To calculate sample
concentration read the metal value in pg/L. from the
calibration curve or directly from the readout system of the
instrument. If dilution of the sample was required use the

following equation:
C+ B)
C
where: v

Z = pg/L of metal in diluted aliquot from calibration curve,
B = mL of deionized distilled water used for dilution, and
C = mL of sample aliquot.

11.3 Furnace Procedure—Furnace devices (flameless
atomization) are a most useful means of extending detection
limits. Because of differences between various makes and
models of satisfactory instruments, no detailed operating
instructions can be given for each instrument. Instead, the
analyst should follow the instructions provided by the
manufacturer of his particular instrument and use as a guide
the temperature settings and other instrument conditions
listed on the individual analysis sheets which are recom-
mended for the Perkin-Elmer. HGA-2100.° In addltlon the
following points may be helpful.

11.3.1 With flameless atomization, background - correc-
tion becomes of high importance especially below 350 nm.
This is because certain samples, when atomized, may absorb
or scatter light from the hollow cathode lamp. It can be
caused by the presence of gaseous molecular species, salt
particles, or smoke in the sample beam. If no correction is
made, sample absorbance will be greater than it should be,
and the analytical result will be erroneously high.

11.3.2 If during atomization all the analyte is not volatil-
ized and removed from the furnace, memory effects will

mg/L metal in samplé =7 (

.2 The Perkin-Elmer HGA-2100 available from Perkin-Elmer Corb.," Instru-
ments Division, Main Ave., Norwalk, CT 06858 has been found suitable. ’
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occur. This condition is dependent on several factors such as
the volatility of the element and its chemical form, whether
pyrolytic graphite is used, the rate of atomization and
furnace design. If this situation is dectected through blank
burns, the tube should be cleaned by operating the furnace at
full power for the required time period as needed at regular
intervals in the analytical scheme.

11.3.3 Some of the smaller size furnace devices, or newer
furnaces equipped with feedback temperature control em-
ploying faster rates of atomization, can be operated using
lower atomization temperatures for shorter time periods
than those listed in this manual.’®

11.3.4 Although prior digestion of the sample in many
cases is not required providing a representative aliquot of
sample can be pipeted into the furnace, it will provide for a
more uniform matrix and possibly lessen matrix effects.

11.3.5 Inject a measured microlitre aliquot of sample into
the furnace and atomize. If the concentration found is
greater than the highest standard, the sample should be
diluted in the same acid matrix and reanalyzed. The use of
multiple injections can improve accuracy and help detect
furnace pipetting errors.

11.3.6 To veufy the absence of mterferencc follow  the
procedure as given in part 6.2.1.

11.3.7 A check standard should be run approx1mately
after every 10 sample injections. Standards are run in part to
monitor the life and performance of the graphite tube. Lack
of reproducibility or significant change in the signal for the
standard indicates that the tube should be replaced. Even
though tube life depends on sample matrix and atomization
temperature, a conservative estimate would be that a tube
will last at least 50 firings. A pyrolytic-coating would extend
that estimate by a factor of 3.

11.3.8 Cualculation—For determination of metal concen-
tration by the furnace: Read the metal value in pg/L from
the calibration curve or directly from the readout system of
the instrument.

11.3.8.1 If different size fumace injection volumes' are
used for samples rather than for standards, -calculate as
follows:

ug/L of métal‘in sample =Z ((%) .

where: : :
Z = pg/L of metal read from cahbra‘uon curve or readout

system,

S = ul volume standard injected into furnace for calibra-
~ tion curve, and :
U = uL volume of sample injected for analy51s

11.3.8.2 1f dilution of sample was required but sample
1njectlon Volume was the 'same as for the following standard:.

pg/L of metal in sample = Z (C -IC—,B>
where:
Z = ug/L metal in diluted aliquot from calibration curve,

10 [nstrumentation Laboratories Model 555 available from Instrumentation
Laboratory, Inc., Analytical Instrumentation =Division, Jonspin . Road,
Wilmington, MA 01887; Perkin-Elmer Models HGA2200 and HGA7613; and
Varian Model CRA-90 available from Varian Associates, Inc 611 Hansen Way,
Palo Alto, CA 94303 have been found suitable:
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B
C

mL of deionized distilled water used for dllutlon and
- mL of sample- aliquot.
11.3.9 For: solid samples, . report all concentratrons as
mg/kg dry weight.
11.3.9.1 Dry sample:

I

mg metal/kg samplé =

where
Z = g/L of metal in processed sample from calibration
curve (see 11.3.8.1),

V' = final volume of processed sample in mllhhtres, and
D = weight of dry sample in grams.

11.3.10 Wet sample:

(1 ieo)"
mg ‘rnetal/kg sample = W
where:
Z = ug/L of metal in processed sample frorn cahbrat1on

curve (see 11.3.8.1),

V= final volume of processed sample in millilitres,
W= weight of wet sample in grams, and
P = percent solids.

12 Aluminum—,—Direct Aspiration

" 12.1 Requirements: '

12.1.1 Optimum Concentratton Range, 5 to 50 mg/L
using a wavelength of 309.3 nm (see Notes 4 and 5).

12.1.2 Sensitivity, 1 mg/L.

12.1.3" Detection Limit, 0.1 mg/L.

'Note 4—The following lines may also be used:
308.2 nm Relative Sensitivity 1
396.2 nm Relative Sensitivity 2
394,4 nm Relative Sensitivity 2.5
Note 5—For .concentrations of aluminum below 0.3 mg/L, the
furnace procedure is recommended.

+12.2" Preparation of Standard Solution:

12:2.1 Stock Solution—Carefully weigh 1.000 g of alu-
minum metal (analytical reagent grade). Add 15 mL of
concentrated HCI to the metal, cover the beaker, and warm
gently. When solution is ‘complete, transfer quantitatively to
a | L-volumetric flask and make up to volume with
deionized distilled water. 1 mL = 1 mg Al (1000 mg/L).

12.2.2 Potassiurn Chloride Sohition—Dissolve 95 g potas-
sium chloride (KCl) in delomzed dlstrlled water and make up
tolL.

12.2.3 Prepare dilutions of the stock solutlon to be used as
calibration standards at the time of analysis. The calibration
standards should be prepared using the same type of acid
and at the same concentration as that of the sample being
analyzed either drrectly or after processing, To each 100 mL
of standard and sample alike add 2.0 mL potassium chloride
solution.

12.3 General Instrumental Parameters:

12.3.1 Aluminum Hollow Cathode Lamp.

12.3.2 Wavelength—309.3 nm.

12.3.3  Fuel—Acetylene:-

12.3.4 Oxidant<Nitrous oxide.

12.3.5 Type of ﬂame—FueI rich. :

12.4 Analysis Procedure—TFor. analysis procedure and cal-
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culation, see “Direct Aspiration,” 11.1.

125 Interferencer——Alummum is partially ionized in the
nitrous oxide-acetylene flame. This problem may be con-
trolled by the addition of an alkali metal (potassium, 1000
ug/mL) to both sample and standard solutions.

13. Aluminum—Furnace Technique

13.1 Requirements:

13.1.1 Optimum Concentration Range, 20-200 pne/L (see
Note 6).

13.1.2 Detection Limit, 3 pg/L.

NotE 6-—The above concentration values and instrument conditions

are for a Perkin-Elmer HGA-2100; based on the use of a 20-uL
injection, continuous flow purge gas and nonpyrolytic graphite. ‘

13.2 Preparation of Standard Solution:

“13.2.1 Stock Solutlon—Prepare as descrrbed under “direct
aspiration' method.”

13.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. Also use these
solutions for “standard additions.”

13.2.3 Dilute the calibration standard to contain 0.5 %
(v/v) HNO,. -

13.3 General Instrument Parameters:

13.3.1 Drying Timé and-Temperature—30 s at 125°C.

13.3.2 Ashing Time and Temperature—30 s at 1300°C.

13.3.3 - Atomizing Time and -Temperature—10 s at
2700°C.

13.3.4 Purge Gas Atmosphere—Argon.

13.3.5 Wavelength—309.3 nm.

13.3.6 Other operating parameters should bé set as speci-
fied by the particular mstrument manufactu1er (see Notes 7
and 8).

Nore 7—Background correction may be required if the sample
contains high dissolved solids.

Note 8—It has been reported that chloride ion and that nitrogen
used as a purge gas suppress the aluminum signal. Therefore, the use of
halide acids and nitrogen as a purge gas should be avoided.

13.4 Analysis Procedure—For the analysis procedure and
the calculation, see “Furnace Procedure” [1.3 (see Notes 9
and 10).

NoTtE 9—For every sample matrix analyzed, verification is necessary
to determine that the method of standard addrt;ons is not required (see
6.2.1).

Note 10—If the method of standard addmons is required, follow the
procedure glven earlier in 10 5.

14, Antrmony—Dlrect Asplratlon

14.1 Requirements: ’

14.1.1" Optimum’ Concentrdtlon Range 1 to 40 mg/L
using a wavelength of 217.6 am (see Note 11).

14.1.2 Sensitivity, 0.5 mg/L. -

14.1.3 Detection Limit, 0.2 mg/L.

NotE 1{—For concentrations. of antimony below 0.35 mg/L, the
fumace procedure is recommended.

14.2 Preparation of Standard Solution:

14.2.1 Stock Solution—Carefully weigh 2.7426 g of anti-
mony polassrum tartrate (analytical reagent grade) and
dissolve in deionized distilled water. Dilute to 1 I with
deionized distilled water, 1 mL = 1 mg Sb (1000 mg/L).

14,2.2 Prepare dilutions of the stock solution to-be used as
calibration standards at the time of analysis. The calibration
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standards should be prepared using the same type of acid
and at the.same concentration as that of the sample being
analyzed either directly or after processing.

14.3 General Instrumental Parameters:

14.3.1 Antimony Hollow Cathode Lamp.

14.3.2 Wavelength—217.6 nm.

14.3.3 Fuel—Acetylene.

14.3.4 Oxidant—Air.

14.3.5 Type of Flame—Fuel Lean.

14.4 Analysis Procedure—For analysis procedure and cal-
culation, see “Direct Aspiration,” 11.1.

14.5 Inlerferences

14.5.1 In the presence of lead (1000 rng/L), a spectral
interference may occur. at the 217.6-nm resonance line. In
this case the 231.1-nm antimony line should be used.

14.5.2 Increasing acid concentrations decrease antimony
absorption. To avoid this effect, the acid concentration 1n the
samples and in the standards should be matched

15. Antimony—Furnace Technique

15.1 Requirements:

- 15.1.1 Optimum Concentration Range 20- 300 ue/L (see
Note 12). , ‘

15.1.2 Detection Limit, 3 ug/L

NoTE 12—The concentration values and instrument conditions are
for a Perkin-Elmer HGA-2100, based on the use of a 20-pL injection,
continuous flow purge gas and non-pyrolytic graphite. Smaller sized
furnace devices or those employing faster rates of atomization can be
operated using lower atomization temperatures for shorter time periods
than the recommended settings.

15.2 Preparation of Staridard Solution:

15.2.1 Stock Solution—Prepare as descrlbed under “d1rect
aspiration method.”

15.2.2 Prepare dilutions of the stock solutlon to be used as
calibration standards,at the time of analysis. Also use these
solutions for “standard additions.”

15.2.3 Dilute the cahbranon standard to contain 0.2 %
(v/v) HNO,.

15.3 General Instrument Parameters

1531 Drying Time and Temperature—30 s at 125°C.

15.3.2 Ashing Time and Temperature—30 s at 800°C.

15.3.3 Atomizing Time . and Temperature—lO s at
2700°C. L

15.3.4 Purge Gas Atmosphere—Argon.

15.3.5 Wavelength—217.6 nm.

15.3.6 Other operating parameters should be set as speci-
fied by the partxcular instrument manufacturer (see Notes 13
and 14). :

NoOTE 13—The use of background correetio11 is recommended.
NoOTE 14—Nitrogen may also be used as the purge gas.

15.4 Analysis Procedure—For the analysis ‘plocedure:and

the calculation, see “Furnace Procedure” [1.3 (see Notes 15,

16, and 17).

Note 15—If chloride concentration’ presents a matrix problem or
causes a loss previous to atomization, add. an excess of 5 mg of
ammonium nitrate to the furnace and ash.using a. ramp accessory.or
with incremental steps until the recommended ashing temperaturc is
reached.

Note 16—For every sample matrix analyzed, verification is, neces-
sary to determine that the method of standald addltlons is not 1equned
(see 6.2.1). :

Note 17—If the method of standard addltlons is required, follow the
procedure given in 10.5.

16. Arsenic—Furnace Technique

16.1 Requirements:

16.1.1 Optimum Concentration Range 5100 pg/L (see"‘
Note 18).

16.1.2 Detection Limit, 1 pg/L.

Note 18—The above concentration values and instrument condi-
tions are for a Perkin-Elmer HGA-2100, based on the use of a 20-pL
injection; continuous flow purge gas and non-pyrolytic graphite. Smaller
size furnace devices or those employing faster rates of atomization can. -
be operated using lower atomization temperatures for shorter time
periods than the above recommended settings.

16,2 Preparation of Standard Solution: .

16.2.1" Stock Solution—Dissolve 1.320 g of arsenic triox-
ide, As,O, (analytical reagent grade) in 100 mL of deionized
distilled water containing 4 g NaOH. Acidify the solution
with 20 mL concentrated HNO; and dilute to 'L,  mL=1,
mg As (1000 mg/L).

16.2.2 Nickel Nitrate Solution, 5 %—Dissolve 24.780 g of
ACS reagent grade Ni(NO,),-6H,O in deionized distilled
water and make up to 100 mL. - .

16.2.3 Nickel Nitrate Solution, | %—Dilute 20 mL of the
5 % nickel nitrate to 100 mL with deionized distilled water.

16.2.4 Working Arsenic Solutions—Prepare dlluuons of
the stock solution to be used as calibration standards at the
time of analysis. Withdraw appropriate aliquots of the stock
solution, add 1 mL of concentrated HNO,, 2 mL of 30 %
H,0, and 2 mL of the 5 % nickel nitrate solution. Dllute to
100 mL with deionized dts’nlled water

16.3 Sample Preparation:

16.3.1 Transfer 100 mL of well-mixed- sample to a 250-
mL Griffin beaker. Add 2 mL of 30 % H,0, and sufficient
concentrated HNO; to result in an acid concentration of 1-%
(v/v). Heat for 1 h at 95° C or until the volume is shghtly less”
than 50 mL.

16,3.2 Cool and bnng back to 50 mL w1th delomzed
distilled water, .

16.3.3 Pipet 5 mL of thls dlgested solutlon into a 10 mL
volumetric flask, add 1 mL of the 1.%:nickel nitrate solution
and dilute to 10-mL with deionized distilled water. The
sample is now ready for injection into the furnace. S

* Note 19—If solubilization or dlgesuon is not required, adjust the
HNO, concentration of the samplé to | % (v/v) and add 2 mL 6f30 % -
H,0, and 2 mL of 5 % nickel. nitrate to-each 100 mL of sample. The
volume of the calibration standard should be adjusted with deionized
distilled water to match the volume change of the sample.

Aot

16.4 General-Instrument Parameters: ‘

16.4.1 Drying Time and Temperature—30 s at 125°C

16.4.2 Ashing Time and Temperature—30 s at 1100°C.

16.4.3 Atomizing Time and Temperature——lo s at
2700°C.

16.4.4 Purge Gas Atmosphere—Argon

16.4.5 Wavelength—193.7 nm.

16.4.6 Other operating parameters should be set as-speci-
fied by the particular instrument manufaclurel

Nortt 20—The use of bdckground correctlon is recommcnded

16.5 ‘Analysis Procedure—For the analy51s procedure and
the calculation, see “Furnace Procedure”.11.3. i ’
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NorEe'21—For-every sample matrix analyzed, verification is neces-

sary to determine that the method of standard additions is not required .

(see 6.2.1).

Note 22—If the method of standard additions is requrred follow the-

procedure given in 10.5.

17. Arsenic Gaseous Hydride Method -

17.1 Scope and Appltcatzon The gaseous hydride method
determines inorganic arsenic when present in'concentrations
at:or about 2 pg/L. The method is applicable:to drinking
water and most fresh and saline waters in the absence-of high
concentrations of chromium, cobalt, copper, mercury, mo-
lybdenum, nickel, and silver.

17.2 Surmnmiary of Test Method

17.2.1 Arsenic in the sample is first reduced to the
trivalent form using SnCl, and converted to arsine, AsHj,
using zinc metal.” The gaseous hydride is..swept into an
argon-hydrogen flamie of 'an atomic absorption. spectropho-
tometer. The working range of the method is 2 to 20 ne/L.
The 193.7 nm ‘wavelength is used.

17.2.2 Organic arsenic must be converted to -inorganic
compounds

NoTE 23: Precaution-—Arsine is a toxrc gas. Precautions should be
made to keep the system closed to the atmosphere

17 3 Except for the perchlorrc acid step, the procedure to
be used for this’ determination is found in Standard Methods
for the Examrnatlon of Watel and Wastewater (4).

18.° Barlum—‘Dlrect Aspira’tion )

18.1 Requtrements

18. 1 1 Optimum Concentranon Range 1-20 mg/L using
a wavelength of 553.6 nm (see Note 24).

18.1.2 Sensitivity, 0.4 mg/L.

18. 1.3 Detection Limit, 0.1 mg/L.

NOTE 24--For concentrations of barium. below. 0.2 mg/L the
furnace procedure is recommended.

18.2 Preparation of Standard Solution:

- 18.2.1 Stock Solttion—Dissolve 1.7787 g barium chloride
(BaCl, - 2H,0, analytical reagent grade) in deionized distilled
water' and diliite to’1 L. 1 mL = 1 mg Ba (1000 mg/L).

18.22 Potassium Chloride Solution—Dissolve 95 g potas-

sium chloride, KCl 1n delonrzed distilled water and make up

tol L. :

.18.2.3 Prepare, dilutions of the stock barium solution to
be used as calibration standards at the time of analysis. To
each 100.mL of standard ‘and sample alike, add 2.0 mL
potassium ‘chloridé  solution. “The - calibration stundards
should be preparéd using the saihé type of acid and the same
concentration as that of the sample being: analyzed either
directly or after.processing. . ) :

8.3 General Instrumental Parameters

18.3.1 Barium hollow.cathode lamp.

18.3.2 Wavelength—553.6 nm.

18.3.3 Fuel—Acetylene. r

18.3.4 Oxidant—Nitrous oxide.

:18.3.5, Type of Flame—Fuel nch

18.4 Analysis of Procedure—For. analysrs procedure and-

calculation, see “Direct Asp1rat10n ” 111,

18.5 Interferences:

18.5.1 . Theuse of nitrous oxide-acetylene flame virtually
eliminates cherhical interference, However, barium is easily
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ionized in this flame, and potassium must be-added (1000
mg/L) to standards and samples alike to. control this.effect.

18.5.2 If the nitrous - oxide flame is not: available and
acetylene-air is used, phosphate, silicon and aluminum will
severely depress the barium absorbance.: This-may be over-
come by the addition of 2000 mg/L lanthanum.

19. Barium—Furnace Technique

19.1 Requirements:

19.1:1 Optimum Concentration Range 10 to 200 pg/L
(see Note 25).

19.1.2 Detection Limit, 2 pg/L.

Note 25—The above concentration values and instrument condi-

tions are for a Perkin-Elmer HGA-2100, based on the use of a 20-puL
injection, continubus flow purge gas and pyrolytic graphite.

19.2 Preparation of Standard Solution:

19.2.1 Stock Solutloh-—Prepare as described under “direct
aspiration method.”

19.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. ‘These solutions
are also to be used for “standard additions.”

19.2.3 The calibration standard ‘should be dlluted to
contain 0.5 % (v/v) HNO,.

NotE 26—The use of halide acid should be avoided.

19.3 General Instrument Parameters:

19.3.1 Drying Time and Temperature—30's at 125°C.

19.3.2 Ashing Time and Temperature—30 s at 1200°C.

19.3.3 Atomizing Time and Temperature—10 s at
2800°C.

19.3.4 Purge Gas Atmosphere—Argon.

NoTE 27—Because of possible chemical interaction, nitrogen should
not be used as a purge gas.

19.3.5 Wavelength—553.6 nm.

19.3.6 - Other Operating Parameters, should be set as
specified by the particular instrument manufacturer.

19.4 Analysis Procedure—For the analysis procedure and
the calculation, see “Furnace Procedure™ 11.3.

Note 28—For every sample matrix analyzed, verification is neces-
sary to'determine that the method of standard additions is not required
(see 6.2.1). '

/NOTE 29—If the method of standard additions is requlred follow the
procedure given in 10.5.

20. Beryllium—Direct Aspiration

20.1 Requirements:

20.1,1 Optimum Concentmlzon Range :0.05 to 2 mg/L
using a wavelength of 234.9 nm (see Notes 30 and 31).

20.1.2 Sensitivity, 0.025 mg/L.

20.1.3 Detection Limit, 0.005 mg/L.

NotE 30--The “aluminon colorimetric method” may also be used
(6). The minimum detectable concentration by this method is 5 pg/L.

NotE 31—For concentrations of beryllium below 002 mg/L, the
furnace procedure is recommended.

20.2 Preparation of Standard Solutlon

»20.2.1 Stock solution—Dissolve 11.6586 g beryllium sul—
fate; BeSO,, in deionized distilled water containing 2 mL
concentrated nitric acid and dilute to 1 L. T mL = | mg Be
(1000 mg/L). .

20.2.2 Prepare. dllutrons of the stock solution to be used as
calibration standards at the time of analysis. The calibration
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standards should be prepared using the same type of acid
and at the same concentration as that of the sample being
analyzed either directly or after processing.

20.3 General Instrumental Parameters:

20.3.1 Beryllium Hollow Cathode Lamp.

20.3.2 Wavelength—234.9 nm.

20.3.3 Fuel—Acetylene.

20.3.4 Oxidant—Nitrous oxide.

20.3.5 Type of Flame—Fuel-rich.

20.4 Analysis Procedure:

20.4.1 For analysis procedure and calculation, see “Direct
Aspiration,” 11.3.

20.5 Interferences:

20.5,1 Sodium and silicon at concentrations in excess of
1000 mg/L. have been found to severely depress the beryl-
lium absorbance.

20.5.2 Bicarbonate ion is reported to interfere; however,
its effect is eliminated when samples are acidified to a pH of
L.5.

20.5.3 Aluminum at concentrations of 500 pg/L is re-
ported to depress the sensitivity of beryllium (5).

21. Beryllium—Furnace Technique

21.1 Reguirements:

21.1.1 Optimum Concentration Range, 1 to 30 pg/L (see
Note 32).

21.1.2 Detection Lzmzt 0.2 pg/L.

NoOTE 32—The above concentration values and instrument condi-
tions are for a Perkin-Elmer HGA-2100, based on the use of a 20-uL
injection, continuous flow purge gas and non-pyrolytic graphite. Smaller
sized furnace devices or those employing faster rates of atomization can
be operated using lower atomization temperatures for shorter time
periods than the above recommended settings.

21.2 Preparation of Standard Solution:

21.2.1 Stock Solution—Prepare as described under “direct
aspiration method.”

21.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. Also use these
solutions for “standard additions.”

21.2.3 The calibration standard should be diluted to con-
tain 0.5 % (v/v) HNO,.

21.3 General Instrumental Parameters:

21.3.1 Drying Time and Temperature—30 s at 125°C. -

21.3.2 Ashing Time and Temperature—30 s at 1000°C.

21.3.3 Atomizing Time and Temperature—10 s at 2800°C.

21.3.4 Purge Gas Atmosphere—Argon.

21.3.5 Wavelength—234.9 nm.

21.3.6 The operating parameters should be set as spemﬁed
by the pamcular instrument manufacturer.

NotE 33—The use of background correction is recommended.
NotE 34—Because of possible chemical interaction and reported
lower sensitivity, nitrogen should not be used as the purge gas.

21.4 Analysis Procedure—For the analysis procedure and
the calculation see “Furnace Procedure,” 11.3. i

NoTE 35—For every sample matrix analyzed, verification is neces-
- sary to determine that the method of standard additions is not required
(see 6.2.1).

NotE 36—If the method of standard additions is required, follow the
procedure given in 10.5. )

22. Cadmium—Direct Aspiration

22.1 Requirements.
22.1.1 Optimum Concentration Range, 0.05 to 2 mg/L

‘using a wavelength of 228.8 nm (see Note 37).

22.1.2 Sensitivity, 0.025 mg/L.
22.1.3 Detection Limit, 0.005 mg/L.

Note 37—For levels of cadmium below 20 pg/L, either the Special
Extraction Procedure given in 11.2 or the furnace techmque is recom-

" mended.
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22.2 Preparation of Standard Solution:

22.2.1 Stock Solution—Carefully weigh 2.282 g of cad-
mium sulfate (3CdSO,-8H,0, analytical reagent grade) and
dissolve in deionized distilled water. 1 mL = 1 mg Cd (1000
mg/L).

22.2.2 Prepare dilutions of the stock solution to be.used as
calibration standards at the time of analysis. The calibration
standards should be prepared using the same type of acid
and at the same concentration as that of the sample being
analyzed either directly or after processing.

22.3 General Instrumental Parameters:

22.3.1 Cadmium Hollow Cathode Lamp.

22.3.2 Wavelength—228.8 nm,

22.3.3 Fuel—Acetylene.

22.3.4 Oxidant—Air.

22.3.5 Type of Flame—Oxidizing,

22.4 Analysis Procedure—For analysis procedure and cal-
culation, see “Direct Aspiration,” 11.1,

23. Cadmlum—Furnace Techmque .

23.1 Reguirements:

23.1.1 Optimum Concentration Range 0. 5 to 10 ug/L (see
Note 38). .

23.1.2 Detectzon Lzmzt 0.1 pg/L.

Note 38—The above concentration values and instrument condi-
tions are for a Perkin-Elmer HGA-2100, based on the use of a 20-uL
injection, continuous flow purge gas-and non-pyrolytic graphite. Smaller
sized furnace devices or those employing faster rates of atomization can
be operated using lower atomization temperatures for shorter. time
periods than the above recommended settings.

23.2 Preparation of Standard Solution: ‘

23.2.1 Stock Solution: Prepare as described under “direct
aspiration method.”

23.2.2 Ammonium Phosphate Solution (40 %)—Dissolve
40 g of ammonium phosphate, (NH,)2HPO, (analytical
reagent grade) in delomzed d1st111ed water and dilute to 100
mL.

23.2.3 Prepare dilutions of the stock cadmium solution to
be used as calibration standards at the time of analysis. To
each 100 mL of standard and sample alike add 2.0 mL of the
ammonium' phosphate solution: The calibration standards
should be prepared to contain 0.5 % (v/v) HNO;.

23.3 General Instrument Parameters. | ‘

23.3.1 Drying Time and Temperature—30's at 125°C.

23.3.2 Ashing Time and Temperature—30 s at 500°C.

23.3.3 Atomizing Time and Temperature—10 s at 1900°C.

23.3.4 Purge Gas Atmosphere—Argon. .

23.3.5 Wavelength—228.8 nm,

23.3.6 Other operating parameters should be set as speci-
fied by the particular instrument manufacturer.

Note 39—The use of background correction is recommended.
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23.4 Analysis Procedure—Forthe analysm procedure and
the calculation see “Furnace Procedure,” 11.3.

-Note 40—Corntamination from the-work area is entrcal in cadmrum
analysis. Use of pipét tips-which are free of ¢cadmium is of partrcular.
importance.

NoTe 41—For every sample matrrx analyzed verrﬁcatron is neces-
sary to determine that the method of standard add1t10ns is not required
(see 6.2.1). -

NOTE .42—If the; method of standard addltrons is requ1red follow the
procedure given in 10.5. .

24. Cadmium—Direct Asplratlon
24.1 Reqmremenz.s

241 I Optimum Concentratzon Range 0.2 to 7 mg/L

using a wavelength of 422,7 nm (see Notes 43 and 44),
24.1.2 Sensitivity, 0.08 mg/L..
24, 1 3 Detectzon let[ 0 01 mg/L.

NOTE 43—Phosphate, tsulfate and :aluminum 1nterfere but are
masked by the addition of lanthanum, Since low.calcium values result if

the pH of the sample. is above 7, both standards and. samples are
prepared in dilute hydrochlorrc acrd solutron Concentratlons of magne-
sium greater than 1000 mg/L also cause' low calc1um values, Concentra-
tions of up to 500 mg/L each of sodrum potaSsmm and n1trate cause no
interference.

NoTE 44—The 239.9 nm line may also be used This line has a
relative sensitivity of 120,

24.2 Preparation of Standard Solution: : '

24.2.1 Stock Solution—Suspend 1.250 g of CaCO; (ana-
lytical reagent grade) dtied at 180°C for 1 hbefore weighing,
in deionized distilled water, and dissolve cautiously with a
minimum of dilute HCI. Dilute to 1000 mL with deionized
distilled water. | mL = 0.5 mg Ca (500.mg/L). . e

24.2.2 Lanthanum Chloride .Solution—Dissolve 29 g of
La,0,, slowly and in small portions, in 250 mL concentrated
HCI (Caution—Reaction is violent). Dilute to 500 mL with
deron1zed dlstrlled water.

24 2.3 pare dllutlons of the stock calcrum solutrons to
be: used as al1brat10n standards at the trme .of analysis; To
each 10 mlL -volume -of. calibration - standard and sample
alike, add-1.0-mL of the lanthanum chloride solution, that is,’
20 mL of standard or sample + 2 mL LaCl’gf"”: 22 ml.

24.3 General Instrumental Parameters. .

- 24.3.1..Cadmium Hollow. Cathode Lamp )
24.3.2 Wavelength———422 7 nm. :
-24.3.3 Fuel—Acetylene. RO

,24.3.4, Oxidant—Air. font

24, 3 5. Type of Flame——Reducrng

24.4 Analyszs Procedure—For analysrs plocedure and cal-
culation, see “Dlreet Aspiration,;” 11.1,. ‘

" NoTE' 45+~Amniofiic * themiéal mterferences can be expECtéd if
lanthanum is not'used in' $amplesiand standards.s - > . ¥ [

.. NoOTE ;46—The nitrous oxide-acetylene flame will prov1de two to five
times greater sensitivity and freedom. from, chemrcal .interferences.
Ionization interferences should, lge controlled by addlng a large amount
of alkali to.the sample and ‘standards. The analysrs appears to be free
from chemrcal suppressrons 1n the nltrous ‘oxide’ acetylene flame (7).

25. Chrommm—Drrect Asplratron

25.1 Requirements:"

.25.1.1 Optimum Concentratlon Range 05 to 10 rrig/L
using a Wavelength of 357.9 nin'(See Notes 47 and 48).

25.1.2 Sensitivity—-0.25 mgJL.: v

25.1.3.Detection Limit—0:05 mg/L: : . .
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Note 47-—The following wavelengths may-also be used;
359.3 nm Relative Sensitivity 1.4, .. . , ,
425. 4 nm Relat1ve Sens1t1v1ty 2,

427.5 nm Relative Sensrtrvrty 3, and
428.9 nm Relative Sensmvrty 4, =
NoTE 48—For levels of chiottiitith between50 anid 200 ug/L, where
the air-acetylene flame cannot be used or for levels below 50 jig/L, either
the furnace procedure or the extraction procedure is 1ecommended

25.2 Preparation of Slandard Solution:

25.2.1 Stock Solution: Dissolve 1.923 g of' chromrum
trioxide (CrO,, reagent grade) in deionized ‘distilled water.
When solution is complete, acidify with redistilled HNO,
and dilute to 1 L with deionized distilled water 1 mL =1 mg
Cr (1000 mg/L).

25.2.2 Prepare dilutions of the stock solution to be used as
calibration staiidards at the time ‘6f analysis. The calibration
standards should be prepared usmg the same type of acid
and at tHe same concentrafion a$ that of the sample berng
analyzed either directly or after processing.

25.3 General Instrumental Parameters:

25.3.1 Chromium Hollow Cathode Lamp.

25.3.2 Wavélength—357.9 nm. ' Y

25.3.3 Fuel—Acetylene.

NoTE 49—The fuel-rich air-acétylene flame: provides greatér sensi-
tivity but is subject to chemical and matrix interference from iron,
nickel, and other metals. If the analysis is performed in a lean flame the
interfererice can be lessenéd but the sensitivity will also Be reducéd.

Note 50—The suppression of both Cr (IIT) and Cr (VI) absorption
by most interfering ions in fuel rich air- acetylene flames is reportedly
controlled by the addition of 1% ammonium bifluoride in 0.2 %
sodlum sulfate (8) A 1% oxrne solutloh lS also’ feported to bc useful

2534, Oxzdant—Nltrous oxide.
25.3.5. Type qf Flame—Fuel rich.

.25.4 Analysis Procedure—For analysis procedure and cal-"
culation, see “Direct Aspiration,” 11.1.

26. Chromrum—FurnaCe Technique

"'26.1 Reégilirements:

26.1.1 Optlmum Concentratzon Range 5 to 100 ug/L (see
Note 5 1.’

26:1.2 Detection Lzmlt 1 ug/L

Nortk: 51—The con¢entration values' and instrument | condmons are
for a Perkin-Elmer HGA-2100, based on the psg; of 20 uL injection,.
continuous flow purge gas and non-pyrolytlc graphlte .

26.2 Preparation of Standard Solution: - - ‘

26.2:1: Stock Solution—Prepare. as described under “dlrect
aspiration method.” - - . .

26.2.2 Calcium Nitrate Solutzon—Dlssolve 11,8 g of cal-
cium nitrate, Ca(NO,),-4H,0O (analytical reagent grade)in
deionized distilled;water and dilute to 100 mL. 1:mL = 20
mg Ca.

26.2.3 Prepare dilutions of the stock clno1n1um solution
to be used“as calibration standards at the time of analysis.
The cahbranon standards should bé prepared to contain
0.5 % (v/v) HNO3 "To each 100 mL of standard and sample
alike, add 1. .mL.of 30 %: H202 and l mL of the: calc1um
nitrate solution. T o i

<
ot

Note 52—Hydrogen peroxide is added to the acrdrﬁed solutron to
convert all chromrum o the trrvalent state Calcrum is added to a level‘
above 200 mg/L where ifs’ suppressive effect bécomes constant up 10.
1000 mg/L. .

i R SR
26.3 General Instrument Parameters G ke
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26.3.1 Drying Time and Temperature—30 s at 125°C.
26.3.2 Ashing Time and Temperature—30 s at 1000°C.
26.3.3 Atomizing Time and Temperature—10 s at 2700°C.
26.3.4 Purge Gas Atmosphere—Argon.
~ 26.3.5 Wavelength—357.9 nm.
26.3.6 Other operating parameters should be set as speci-
fied by the particular instrument manufacturer.

NoTE 53—Background correction may be required if the sample
contains high dissolved solids.

Note 54—Nitrogen should not be used as a purge gas because of
possible CN band interference.

26.4 Analysis Procedure—For the analysis procedure and
the calculation, see “Furnace Procedure” 11.3.

NoTE 55—Pipet tips have been rcpox“[cd to be a possible source of
contamination.

NoTE 56—For every sample matrix analyzed, verification is neces-
sary to determine that the method of standard additions is not required
(see 6.,2,1).

NoTE 57—1If the method of standard additions is required, follow the
procedure given in 10.5. ‘

27. Chromium—Chelation-Extraction

27.1 Scope—This test method may be used to analyze
samples containing from 1.0 to 25 pg of chromium per litre
of solution, '

27.2 Summary of the Test Method:

27.2.1 This test method is based on the cheldtron of hex-
avalent chromium with ammonium pyrrolidine dithiocarba-
mate (APDC) following oxidation of trivalent chromium.
The chelate is extracted with methyl isobutyl ketone (MIBK)
and aspirated into the flame of the atomic absorption spec-
trophotometer.

27.2.2 Hexavalent chromium may also be chelated with
pyrrolidine dithiocarbamic acid in chloroform as described
in 11.2,

27.3 Interferences—High concentrations of other reactive
metals, as may be found in wastewaters, may interfere. The
method is free from interferences from elements normally
occurring in fresh water. '

27.4 General Instrumental Parameters.

27.4.1 Chromium Hollow Cathode Lamp.

27.4.2 Wavelength—357.9 nm.

27.4.3 Fuel—Acetylene,

27.4.4 Oxidant—Air.

27.4.5 Type of Flame—Fuel rich (adjust for 01gamc sol-
vcnt)
v+ 27.5 Reagents: : ‘

27.5.1 Ammonium Pyrrolzdme Dithiocarbamate (APDC)
Solution—Dissolve 1.0 g APDC in dimineralized water and
dilute to 100 mL. Prepare fresh- daily.

27.5.2 Bromp/zenol Blue Indicator Solutzon—Drssolve 0.1
g bromphenol blue in 100 mL 50 % ethanol. -

27.5.3 Potassium Dichromate Standard Solution (1.0 mL
= (0.08 mg Cr)—Drssolve 0.2263 g dried analytical reagent
grade K,Cr,0, in demineralized water and make up to 1000
mL.

27.5.4 Trivalent Chromium Stock Solutzon (1.0 mL =
0.002 mg Cr*3)—Pipet 5.00 mL of the potassium dichromate
standard solution (5.3) into an Erlenmeyer flask." Add ap-
proximately 15 mg Na,SO; and 0.5 mL concentrated HNO;,
Gently evaporate to dryness; strong heating rcoxidizes the

chromium. Add 0.5 mL concentrated HNO; and again
evaporate to dryness to destroy any excess sulfite. Take up in
I mL concentrated HNO; with warming and dilute to
200.00 mL with demineralized water.

27.5.5 Trivalent Chromium Working Solution (1.0 mL =
0.005 mg Cr*3)—Immediately before use, dilute 25.0 mL of
trivalent chromium stock solution (27.5.4) to 100.0 mL with
demineralized water.

27.5.6 Potassium Permanganate (0.1 N)—Dissolve 0.32 g
potassium permanganate in 100 mL demineralized water.

27.5.7 Sodium Azide (0.1 %)—Dissolve 100 mg sodium
azide in demineralized water and dilute to 100 mL.

27.5.8 Methyl Isobutyl Ketone (MIBK).

27.5.9 Sodium Hydroxide Solution (1 M)—Dissolve 40 g
NaOH in demineralized water and dilute to 1 L.

27.5.10 Sulfuric Acid (0.12 M)—Slowly add 6.5 mL
concentrated H,SO, (sp gr 1.84) to demineralized water and
dilute to 1 L.

27.6 Procedure:

27.6.1 Prpet a volume of sample containing less than 2. 5
ng chromium (100 mL maximum) into a 200 mL volumetric
flask, and adjust the volume-to approximately 100 mL. The
pH must be 2.0 or less. Add concentrated HNO; if necessary.

27.6.2 Acidify a litre of demineralized water with 1.5 m[
concentrated HNO;. Prepare a blank and sufficient standards
using trivalent chromium, and adjust volumes to approxi-
mately 100 mL with the acidified demineralized water.

27.6.3 Add 0.1 N KMnQ, dropwise to both standards and
samples until a faint pink color persists. . .

27.6.4 Heat on a steam bath for 20 min. If the color
disappears, -add additional KMnO, solution dropwise. to
maintain a slight excess.

27.6.5 While: still on the steam bath, add sodium a21de
solution dropwise until the KMnQO, color just disappears.
Heat for about 2 min between each addition and -avoid
adding any excess. Continue heating for 5 min after adding
the last drop of sodium azide solution.

27.6.6 Transfer the flasks to a water: bath and coolvto

‘room temperature. -

27.6.7 Remove from the water bath and filter (through
Whatman No. 40 filter paper or equivalent) any sample that
has a brownish precipitate or coloration wluch may 1nterfere
with the pH adjustment.

27.6.8 Add2.0mLof I M NaOH and 2 drops bromphenol
blue indicator solution. Continue the addition of | M NaOH
dropwise to all-samples and standards in which the indicator
change from yellow to blue has not occurred. Add 0.12 M
H,SO, dropwise until the blue color just disappears, then
add 2.0 mL in excess. The pH at this point will be 2.4

.27.6.9 The pH adjustment to 2.4 may also be made wrth a
pH meter instead of using an indicator.

27.6.10 Add 5.0 mL APDC solution and mix. The pH
should then be approximately 2.8. :

27.6.11 Add 10 0 mL MIBK and shake vrgorous]y for 3
min.

27.6.12 Allow the layers to separate and add demlnerahzed

~water until the ketone layer is completely in the neck of the
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flask.

27.6.13 Asprrate the ketone layer, record the 1nst1ument
reading for each sample and standard against the blank
Repeat, and average the duplicate results, - .




27.7 Calculations: ,

27.7.1 Determine the pg/I. Cr in each sample from a plot
of the instrument readings of standards. A working curve
must be prepared with each set of samples. Report Cr
concentrations as follows:

27.7.1.1 Less than 10 pg/L, nearest ug/L and

- 27.7.1.2 10 pg/L and above, two significant figures.

27.7.2 Calculate the mg metal per kg of samples as
outlined in 11.2.

28 Chromlum, Hexavalent—Chelatlon—Extractlon

28.1 Scope:

28.1.1 This test method may be used to analyze samples
containing from 1.0 to 25 pg of chromium per litre of
solution.

28.2 Summary of Test Method: ‘

28.2.1 ‘This imethod is based on the chelation of hexavalent
chromium with ammonium pyrrolidine dithiocarbamate
(APDC) and extraction with methyl isobutyl ketone (MIBK).
The extract is aspirated into the flame of the atomlc absorp-
tion spectrophotometer,

28.2.2 Hexavalent ¢hromium may ‘also be chelated with
pyrrolidine dithiocarbamic acid in chloroform as described
in 11.2.°A pH of 2.3 must: be malntamed throughout the
extraction.

28.2.3 The dlphenylcarba21de colorimetric procedure as
found in “Standard Methods for the Examination of Water
and Wastewater” may also be used (9).

28.3 Sample Handling and Preservation:

28.3.1 Stability of hexavalent chromium is not completely
understood at this time. Therefore, the chelation and extrac-
tion should be carried out as soon as possible. ‘

28.3.2 To retard the chemical activity of hexavalent chro-
mium, the sample should be transported and stored until
time of analysis at 4°C.

28.4 Interferences:

28.4.1 High concentrations of other reactive metals, as
may be found in wastewaters, may interfere. The method is
free from 1nterferences from elements normally occurring in
fresh water.

:28.5 General Instrumental Parameters:

28.5.1 Chromium hollow cathode lamp.

28.5.2 Wavelength—357.9 nm.

28.5.3 .. Fuel—Acetylene.

28.5.4. Oxidant—Air. .

28.5.5 Type of Flame Fuel—rlch (adjust for organic sol-
vent).-

28.6 Reagenls

28.6.1 Awmimonium Pyrrolzdme Dlthlocarbamate (APDC)
Solution—Dissolve 1.0 g APDC in demineralized water and
dilute to 100 mL. Prepare fresh daily. ‘

28.6:2 Bromphenol Blue Indicator Solution—Dissolve 0.1
g bromphenol blue in 100.mL 50 % ethanol..

28.6.3 Chromium Standard Solution I (1.0 mL = 100 pg
Cr)—Dissolve 0.2829 g pure, dried K,Cr,0; in demineralized
-water and dilute to 1000 mL.

:28.6:4 Chromium Standard Solution I (1. 0 mL = 10.0-pg
Cr)——Dllute 100 mL chromium standard solution I to 1000
mkE with demineralized. water. -

28.6.5 Chromium Standard Solullon III (1.0 mL = 0.10
pg Cr)—Dilute 10.0 mL chromium standard solution .II to
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1000 mL with demineralized water.

28.6.6 Methy! Isobutyl Ketone (MIBK).

28.6.7 Sodium Hydroxide Solution (1 M)—Dissolve 40 g
NaOH in demineralized water and dilute to 1 L. .

28.6.8 Sulfuric Acid (0.12 M)—Slowly add 6.5 mL con-
centrated H,SO, (sp gr 1.84) to demineralized water and
dilute to I L.

28.7 Procedure:

28.7.1 Pipet a volume of sample containing less than 2.5
pg chromium (100 mL maximum) into a 200-mL volumetric
flask, and adjust the volume to approximately 100. mL.

28.7.2 Prepare a blank and sufficient standards, and
adjust the volume of each'to approximately 100 mL.

28.7.3 Add 2 drops bromphenol blue indicator solution.
(The pH adjustment to 2.4 may also. be made with a pH
meter instead of using an indicator.)

28.7.4 ‘Adjust the pH by addition of 1 M NaOH solition
dropwise until a blue color persists. Add 0.12 M H,SO,
dropwise. until the blue color just disappears in both the
standards and sample. Then add 2.0 mL of 0.12 M H,SO, in
excess. The pH at this point should be 2.4.

28.7.5 Add 5.0 mL APDC solution and mix. The pH
should then be approximately 2.8.

28.7.6 Add 10.0 mL MIBK and shake Vlgorously for 3
min.

28.7.7 Allow the layers to separate and add demineralized
water until the ketone layer is completely in the neck of the
flask.

28.7.8 Aspirate the ketone layer, and record 'the scale
reading for each sample and’ standard against the blank
Repeat and average the duplicate results. -

28.8 Calculations:

28.8.1 Determine the pg/L Cr*® in each sample from a
plot of scale readings of standards. A working curve must be
prepared with each set of samples. Report Cr*® concentra-
tions as follows: Less than 10 ug/L, nearest pe/L; 10 pg/L
and above, two significant figures.

28.8.2 Calculate the mg metal per kg of sample as outlined
in 11.2.

29. Cobalt—Direct Aspiration

29.1 Requirements: ‘ ]

29.1.1 Optimum Concentration Range—0.5 to 5 mg/L
using a wavelength of 240.7 nm (see Note 58).° -

29.1.2 Sensitivity—0.2 mg/L.

29.1.3" Detection Limit—0.05 mg/L.

NoTE 58—For levels of cobalt below 100 pg/L, either the special
extraction procedure (11. 2) or the furnace technique is recommended.

29.2 Preparation of Standard Solution:

29.2.1 Stock Solution—Dissolve 4.307 g of cobaltous chlo-
ride, CoCl,-6H,0 (analytical reagent grade), in deionized
distilled water. Add 10 mL of concentrated nitric acid and
dilute to 1 L with deionized distilled water. | mL = [ mg Co
(1000 mg/L).

29.2.2 Prepare dilutions of the stock cobalt solution to be
used as calibration standards at the time of analysis. The
calibration standards should be prepared using the same type
of acid and at the same concentration as that of the sample
being analyzed either directly or after processing, - :

29.3 . General Instrumental Parameters: -

29.3.1 .Cobalt. Hollow Cathode Lamp..
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29.3.2 Wavelength—240.7 nm.

29.3.3 Fuel-—Acetylene.

29.3.4 Oxidant—Air.

29.3.5 Type of Flame—Oxidizing.

29.4 Analysis Procedure—For analysis procedure and cal-
culation, see “Direct Aspiration,” 11.1.

30. Cobalt—Furnace Technique

30.1 Requirements:

30.1.1 Optimum Concentration Range, 5-100 ug/L (see
Note 59).

30.1.2 Detection Limit, 1 pg/L.

Note 59—The above concentration values and instrument condi-
tions are for a Perkin-Elmer HGA-2100, based on the use of a 20 pL
injection, continuous flow purge gas and nonpyrolytic graphite. Smaller
sized furnace devices or those employing faster rates of atomization can
be operated using lower atomization temperatures for shorter time
periods than the above recommended settings. '

30.2 Preparation of Standard Solution.

30.2.1 Stock Solution—Prepare as described under “direct
aspiration method.”

30.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. These solutlons
are also to be used for “standard additions.”

30.2.3 The calibration standard should be dlluted to
contain 0.5 % (v/v) HNO,.

30.3 General Instrument Paramelers:

30.3.1 Drying Time and Tempe;alure—30 s at 125°C.

30.3.2 Ashing Time and Temperature—30 s at 900°C.

30.3.3 Atomizing Time and Temperature—10 s at 2700°C.

30.3.4 Purge Gas Atmosphere—Argon.

30.3.5 Wavelength—240.7 nm.

30.3.6 Other operating parameters should be set as speci-
fied by the particular instrument manufacturer.

Note 60—The use of background correction is recommended.
NoOTE 61—Nitrogen may also be used as the purge gas but with
reported lower sensitivity.

30.4 Analysis Procedure—For the analysis plocedure and
the calculation, see “Furnace Procedure” 11.3.

NoTE 62—For every sample matrix analyzed, verification is neces-
sary to determine that the method of standard additions is not quuned
(see 6.2.1).

NOTE 63—If the method of standard additions is required, follow the
procedure given earlier in 10.5.

31. Copper—Direct Aspiration

31.1 Requirements:

31.1.1 Optimum Concentration Range, 0.2-5 mg/L using
a wavelength of 324.7 nm (see Notes 64 and 65).

31.1.2 Sensitivity, 0.1 mg/L.

31.1.3 Detection Limit, 0.02 mg/L.

.NOTE ‘64—For levels of copper below 50 pg/L, either the Special
Extraction Procedure, given in 11.2 or the furnace techmque is
recommended.

NoTE 65—Numerous absorption lines are available for the determl-
nation of copper. By selecting a suitable absorption wavelength, copper
samples may be analyzed over a very wide range of concentration. The
following lines may be used: .

327.4. nm Relative Sensitivity 2,
216.5 nm Relative Sensitivity 7, and
222.5 nm Relative Sensitivity 20. |

31.2 Preparation of Standard S,olulionf J
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31.2.1 Stock Solution—Carefully weigh 1.00 g of electro-
Iyte copper (analytical reagent grade). Dissolve in 5 mL
redistilled HNO,, and make up to 1 L with deionized distilled
water. Final concentration is | mg Cu per mL (1000 mg/L).

31.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration
standards should be prepared using the same type of acid
and at the same concentration as that of the sample being
analyzed either directly or after processing.

31.3 General Instrumental Parameters:

31.3.1 Copper Hollow Cathode Lamp.

31.3.2 Wavelength—324.7 nm.

31.3.3 Fuel—Acetylene.

31.3.4 Oxidant—Air.

31.3.5 Type of Flame—Oxidizing,.

31.4 Analysis Procedure—For analysis procedure and cal-
culation, see “Direct Aspiration”, 11.1.

32. Copper—Furnace Technique

32.1 Requirements:

32.1.1 Opnmum Concentration Range, 5 to 100 pg/L (see
Note 66).

32.1.2 Detection Limit, 1 pg/L. .

Note 66—The above concentration values and -instrument condl—
tions are for a Perkin-Elmer HGA-2100, based on the use of a 20-uL
injection, continuous flow purge gas and non-pyrolytic graphite. Smaller
sized furnace devices or those employing faster rates of atomization can
be operated using lower atomization temperatures for shorter time
periods than the above recommended settings.

32.2 Preparation of Standard Solution:

32.2.1 Stock Solution—Prepare as described under “dlrect
aspiration method.”

32.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. These solutions
are also to be used for “standard additions.”

32.2.3 The calibration standard should be diluted to
contain 0.5 % (v/v) HNO;.

32.3 General Instrument Parameters:

32.3.1 Drying Time and Temperature—30 s at 125°C

32.3.2 Ashing Time and Temperature—30 s at 900°C.

32.3.3 Atomizing Time and Temperature—10 s at 2700°C.

32.3.4 Purge Gas Atmosphere—Argon.” *

32.3.5 Wavelength—324.7 nm.

32.3.6 Other operating parameters should be set as speci-
fied by the particular instrument manufacturer.

Note 67— Background correction may be required if the sample
contains high dissolved solids.

Notk 68—Nitrogen may also be used as the | purge gas.

32.4 Analysis Procedure—For the ana1y51s procedure and
the calculation, see “Furnace Procedure” 11.3.

NoTE 69—For every sample matrix analyzed, verification is neces-
sary to determine that the method of standard additions is not required
(see 6.2.1).

NoTe 70—If the method of standard additions is required, follow the
procedure given in 10.5.

33. Iron—Direct Aspiration

33.1 Requirements:
33.1.1 Optimum Concentration Range, 0.3 to 5 mg/L us-
ing a wavelength of 248.3 nm (see Notes 71 and 72). -

Note 71—The following lines may also be used:
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- 248.8 nny relative sensitivity 2,

27L.9.nm relative sensitivity 4,

302.1 nm relative sensitivity 5,

252.7. nm relatlve sensmvrty 6,.and

372.0 hin relative sensitivity 10.

‘NotE 72—For concentrations of iron below: 0.05-mg/L, either the
Special Extraction Procedure given in 11.2 ok the furnace procedure is
recommended; .

© 33.1.2 " Sensitivity, 0.12 mg/L.

33.1.3 Detection Limit, 0.03 mg/L.

33.2 Preparation of Standard Solution:

33.2.1 Stock Solution—Carefully weigh 1.000 g of pure
iron wire (analytical reagent grade) and dissolve in 5 mL
redistilled HNO,, warming if necessary. Whén' solution is
complete, make up to 1 L with delomzed distilled water 1
mL = 1 mg Fe (1000 mg/L).

33.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of‘analysis The calibration
standards should be prepared using the same type of acid
and at the same concentration as will result in the sample to
be analyzed either dlrectly or after procéssing.’

" 33.3 ‘General Instrumental Paiameters:
33.3.1 Iron Hollow Cathode Lamp.
33.3.2 Wavelength—248.3 nm.

+33.3.3 .Fuel—Acetylene. -

33.3.4 Oxidant—Air.

'33.3.5 Typé of Flame——Omdmmg

33.4 Analysis Procédiire—For analysis procedure and cal-
culation, see “Direct Aspjration,” 11.1.

L

<

34, Iron—Furnace: Techmque '

34.1 Requlremenls

34.1.1 Optimym Concentration Rcmge—S to 100 ug/L
(see Note 73). "

'34.1.2 Detection Lzmzt—l ug/L

!NoTE ‘73—THhe concentration values and instrument conditions are
for a Perkin-Elmer HGA-2100, based on thé use.of a 20 pL-injection,
continuous flow purge gas, and nonpyrolytic graphite. Smaller sized
furnace devices o those employmg faster rates of atomrzatlon can be
operated using lower atormzatlon temperatures for shoner time perlods
than the recommended Settmgs

34 2 Prepamnon of Standard Soluzzon

34.2.1 Stock Solution—Prepare as descrlbed under “direct
asplratlon method.”

34.2.2 Prepare dllunons of the, stock solutxon to be used as
calibration standards at’ the time of analysis. These solutions
ait also to be uséd for “standard additions.”

34.2.3 The calibration .standard ' should be diluted fo
contam 0.5 % (v/v) HNO3

"34.3 General Instrument Paramelers

34.3.1 Drying Tinie and Temperature-=-30 s at 125°C.

34.3.2 Ashing Time and Temperature—30 s at 1000°C.

34:3:3" Atomizing Time and Temperature-~10 s at 2700°C

34.3.4 Purge Gas Atmosphere—-—A1gon
'34.3.5 Wavelenigih—248.3 nm. =~ ' '

34.3.6 Other operating parameters should be set as spe01-
fied by the particular instrument manufacturer, - 4

Note 74—The use of background correction is recommended.
+NOTE 75--Nitrogen mayalso be used as the purge gas.
34.4 Analysis Procediiré=-For the analysis procedure and
the calculation, see “Furnace:Procedure,™:11:3.
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NotE 76—For every sample matrix analyzed, verification is neces-
sary to determine that the method of standard additions is not’ requlred
(see 6.2.1).

Norte 77—1If the method of. standard additions is 1equ1red follow the
procedure gwen in 10 5. v

35. Lead—Direct Aspiration

35.1 Requirements:

35.1.1 Optimum Concentration Range, 1-20 mg/L using
a wavelength of 283.3 nm (see Notes 78 and 79).

35.1.2 Sensitivity, 0.5 mg/L.

35.1.3 Detection Limit, 0.1 mg/L.

~NoTe 78—For levels of lead below 200 pg/L,: either the Special
Extraction Plocedure givenin 11.2 or the furnace technlque is recom-
mended.
* "NOTE 79-+The followmg lines may: also be ‘used:
.217.0 nm Relative Sensitivity 0.4, and
261.4 nm Relative Sensitivity 10.. o

35.2 Preparation of Standard-Solution:
+35.2.1 Stock-Solution—Carefully weigh 1.599 g of lead
nitrate, Pb(NO,), (analytical reagent grade), and dissolve in
deionized distilled watér. When' solution is complete, acidify
with 10 mL redistilled HNO; and dilute to'I- L with deionized
distilled water. [ mL =1 mg Pb (1000 mg/L).

35.2.2 Prepare dilutions of the stock solution to-be used as
calibration standards at the time of analysis. The calibration
standards should be prepared using the same type of acid
and at the same concentration as that of the sample belng
analyzed either directly or aftér ptocessing.

35:.3 General Instrumental Parameters:

35.3.1 Iron Hollow Cathode Lamp.

35.3.2 Wavelength—283.3 nm.

35.3.3 Fuel—Acetylene.:

35.3.4 Oxidant—Air.

35.3.5 Type of ﬁlame——Omdumg

35.4 Analysis Procedure—For analysis procedure and cal-
culation, see “Direct Aspiration,” 11 1. :

NoTe 80—The analy51s of ‘thils metal “is exceptionally sensitive to

turbulence and absorption 'bands in"flie flame. Therefore, somic- care
should be taken, to position the light beam in the most stable, center
portion of the flame. To do this, first ad)ust the burner to maximize the
absorbance reading with a lead standard. Then, asplrate a water blank
and make mijnute adjustments in the burner alignment to minimize the
signal.

36. Lead—Furnace Technique

36.1 Requirements:

36.1.1 Optzmum Conc’entration Range 5to 100 ug/L (see
Note 81).

36.1.2 Detectzon Lzmlt l ug/L S

Note 81—The above concentranon values and instrument condi-
tions are for a Perkin-Elmer HGA-2100; based ofi-the use of 4 20-uL
injection, continuous flow purge gas and nonpyrolytic graphite. Smaller
sized furnace devices or those employing faster rates of atomization can
be" operated using lower atomization- tefperatures for shortéi tlme
pcuods than the-above 1ecommended settings.

36.2 Preparation qf SZan(lard Solution: .

36.2.1 Stock Solution—Prepare as described under “direct
aspiration method.” )

36.2.2 Lanthanum Nitrate Solution-—Dissolve 58.64 g of
ACS reagent grade LayO; in 100 mL concentrated HNO,,
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and dilute to 1000 mL with deionized distilled water. | mL =
50 mg La.

36.2.3 Working Lead Solution—Prepare dilutions of the
stock lead solution to be used as calibration standards at the
time of analysis. Each calibration standard should contain
0.5 % (v/v) HNO;. To each 100 mL of diluted standard, add
10 mL of the lanthanum nitrate solution.

36.3 General Instrument Paramelers:

36.3.1 Drying Time and Temperature—30 s at 125°C,

36.3.2 Ashing Time and Temperature—30 s at 500°C.,

36.3.3 Atomizing Time and Temperature—10 s at 2700°C.

36.3.4 Purge Gas Atmosphere—Argon.

36.3.5 Wavelength—283.3 nm.

NoTE 82—Greater sensitivity can be achieved using the 217.0-nm
line, but the optimum concentration range is reduced. The use of a lead
electrodeless discharge lamp at this lower wavelength has been found to
be advantageous. Also a lower atomization temperdture (2400"C) may
be preferred. . .

~36.3.6 Other operating parameters should be set as speci-
fied by the particular instrument manufacturer. <

Note 83—The use of background correction is recommended.

36.4 Analysis Procedure—TFor the analysis procedure in
the calculation see “Furnace Procedure,” 11.3.

"+ Note 84—To suppress sulfate interference (up to 1500 ppm) lan-
“thanum is added as the nitrate to both samples and calibration standards
(10).

NoTE 85—Since glassware contamination is a severe problem in lead
analysis, all glassware should be cleaned immediately prior to use, and
once cleaned,- should not be open to the atmosphere except when
necessary. }

‘NotE 86—For every sample matrix analyzed, verification is necessary
to determine that the method of standard additions i is not reqlured (see
6.2.1).

Notk 87—If the method of standard additions is requlred follow the
procedure given in 10.5,

37. Lithium—Direct Aspiration

37.1 Requirements:

37.1.1 Optimum Concentration Range—to 0 2 mg/L us-
ing a wavelength of 670.8 nm (see Note .88). i

37.1.2 Sensitivity—0.035 mg/L.

Note 88—The following lines may also be used:
323.3 nm relative sensitivity 235, and
610.4 nm relative sensitivity 3600..

37.2 Preparation of Standard Soluzwn
37.2.1. Stock Solution—Dissolve 5.324 gof lithium carbon-
ate, Li,COy; in a minimum volume of (1+1) HCI and dilute
.to 1 L with deromzed water. | mL = 1.00 mg L1 (IOOO mg/
L).
37.2.2 Prepare dilutions Qf .the stock lithium ‘solution to
be used as calibration standards at the time of analysis The
“calibration standards should be prepared using the sathe type
of acid and at the same concentration as that of the sample
"being analyzed either directly or after processing.. '
37.3 General Instrumental Parameters:
37 3.1 Lithium Hollow Cathode Lamp.”
'37.3.2 ‘Wavelength—670.8 nm.
37.3:3 Fuel—Acetylene, -
37.3.4 Oxidant—Air.
37.4 Analysis Procedure—For analysis procedure and cal-
culations, see-“Direct Aspiration,” 11:1.

38. Magnesium—Direct ‘Aspiration

38.1 Requirements:

38.1.1 Optimum Concentration Range, 0.02 to 0.5 mg/L
using a wavelength of 285.2 nm (see Notes 89 and 90).

38.1.2 Sensitivity, 0.007 mg/L.

38.1.3 Detection Limit, 0.001 mg/L.

Note 89—The following line may also be used: 202.5 nm relative
sensitivity 25.

" NoTE 90—To cover the range of magnesium values normally ob-
served in surface waters (0.1 to 20 mg/L), it is suggested that either the
202.5 nm line be used or the burner head be rotated. A 90° rotation of
the burner head will produce approximately one-eighth the normal
sensitivity.

38.2 Preparation of Standard Solution:

38.2.1 Stock Solution—Dissolve 0.829 g of magnesmm
oxide, MgO (analytical reagent grade), in 10 mL of redistilled
HNOsy, and dilute to | L with deionized distilled water. mL
= 0.50 mg Mg (500 mg/L).

38.2.2 Lanthanum Chloride So/utzon—Drssolve 29 g of
La,0,, slowly and in small portions in 250 mL concentrated
HCI, (Caution—Reaction is violent), and dilute to 500 mL
with deionized distilled water.

38.2.3 Prepare dilutions of the stock magnesium solution
to be used as calibration standards at the time of analysis.
These calibration standards should be prepared using the
same type of acid and at the same concentration as that of

‘the sample being analyzed directly or after processing. To

each 10-mL volume of calibration standard and sample alike
add 1.0 mL of the lanthanum cliloride solution, that is, 20
mL of standard or sample +2 mL LaCl, =22 mL.

38.3 General Instrumental Parameters;

38.3.1 Magnesium Hollow Cathode Lamp

38.3.2 Wavelength—285.2 nm.

38.3.3 Fuel—Acetylene. -

38.3.4 Oxidant—Air,

38.3.5 Type of Plame—Omdlzlng

38.4 Analysis Procedure—For analysis procedure and cal-

culation, see “Direct Aspiration,” 11.1.

NoOTE 91—The interference caused by aluminum at concentlatlons
greater than 2 mg/L is masked by addition of lanthanum. Sodium,
potassium and calcium cause no interference at concentra’aons less than
400 mg/L, .

39. Manganese—Direct Aspirﬁtibn

"39.1 Reqmrements }

39.1.1 Optimum Concentmtton Range 0.1to 3 mg/L usmg
a wavelength of 279.5 nm (see Note 92) ‘

39.1.2 Senmsitivity, 0.05 mg/L.

39.1 37 Detection Limit, 0.01 mg/L. .

NOTE 92—The following line may also be used: 403.1:nm Relative
Sensitivity 10,

39.2 Preparation of Slandard Solutzon

39.2.1 Stock Solution—Carefully weigh 1.000 g of manga-
nese metal (analytical reagent grade), and dissolve in 10 mL

'

~‘of redistilled HNO,;. When solution is complete, dilute tolL
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with 1 % (v/v) HCL. | mL = | mg Mn (1000 mg/L).
139.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration
standards should be prepared using the same type of acid
and at the same concentration as that of the sample bemg
analyzed cither directly or after processing. - o
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39.3 General Instrumental Parameters:

39.3.1 Manganese hollow cathode lamp.

39.3.2 Wavelength—279.5 nm.

39.3.3 Fuel—Acetylene.

39.3.4 Oxidant—air. ,

39.3.5 Type of Flame—oxidizing.

39.4 Analysis Procedure—For analysis procedure and cal-
culation, see “Diréct Aspiration,” 11.1.

Note 93—For levels of manganese below 25 ug/L, either the furnace
procedure or the Special Extraction' Procedure given in 10.2 is recom-
mended. The extraction is carried out at a pH of 4.5 to 5. The

manganese chelate is very unstable and:the analysis must be made
without delay to prevent its solution in the aqueous phase.

40. Manganese——Fui‘nace Technique

40.1 Requirements:

40.1.1 Optimum Concentratzon Range, 1 10 30 ug/L (see
Note 94).

40.1.2 Detection Limit, 0.2 ug/L

NoTE 94—The above' concentration values and instrument condi-
tions are for-a Perkin-Elmer HGA-2100, based on the use of a 20-uL
injection, continuous flow purge gas. and nonpyrolytic graphite. Smaller
sized furnace devices or those employing faster rates of atomization can

¢ operated using lower atomization temperaturés for shorter. time
periods than the above recommended settings.

' 40.2 Preparation of Standard Solution:
40.2.1 Stock Solution—Prepare as described under “direct
aspiration method.,”

T 40.2.2 Prepare dllutlons of the stock solution to be used as
calibration standards at the time of analysis.. These solutions
are also to be used for “standard additions.”

40.2.3 The cahbratlon standard should be diluted to con-
tain 0.5 % (v/v) HNO,.

40.3 General Instrument Parameters:

40.3.1 Drying Time and Temperature—30 s at 125°C.

40.3.2 Ashing Time and Temperature—30 s at 1000°C.

40.3.3. Atomizing Time and Temperature—10 s at 2700°C.

40.3.4 ‘Purge Gas Atmosphere—Argon. .

40.3.5 Wavelength—279.5 nm,

'40.3.6 Other operatrng parameters should be set as speci-
fied by the pamcular 1nstrument manufacturer

NoTe 95—The use of background correction is recommended.
NoTE 96—Nitrogen may also be used as the purge gas.

40.4 Analysis Procedure—For the analysis procedure and
the calculatron see “Furnace Procedure” 11.3.

NOTE 97—For every sample matnx analyzed verification is neces-
sary to determine that the method of standard additions is not required
(see 6.2.1).

NoTE 98—1If the method of standard additions is required, follow the
procedure given earlier in 10.5.

41. Mercury Cold Vapor Technique

41.1 .Scope and Applzcalzon (11)

41.1.1 In addition to inorganic forms of merculy, organic
mercurials may also be present. These organo-mercury com-
pounds will not respond to the cold vapor atomic absorption

-technique unless they are first broken down and.converted to
mercuric ipns. Potassium permanganate oxidizes many of
-these compounds, but recent studies -have shown that a
number of organic mercurials, including.phenyl mercuric
acetate and methyl mercuric chloride, are only partially oxi-

dized by this reagent. Potassium persulfate has been found to
give approximately 100 % recovery when used as the oxidant
with these compounds. Therefore, a persulfate oxidation step
following the addition of the permanganate has been included
to ensure that organo-mercury compounds, if present, will be
oxidized to the.mercuric ion before measurement. A heat
step is required for methyl mercuric chloride when present in
or spiked to a natural system. For distilled water the heat step
is not necessary.

41.1.2 The range of the test method may be varied through
instrument or recorder expansion, or both. Using a 100-mL
sample, a detection limit of 0.2 pg Hg/L.can be achieved.
Concentrations below this level should be reported as <0.2.

NoTE 99-+If additional sensitivity is required, a 200 mL sample with
recorder expansion may be -used provided’the instrument does not
produce -undue noise. Using a Coleman MAS-50- with-a drying tube of
magnesium perchlorate and a variable recorder, 2 mv was set to read full
scale. With these conditions, and distilled water solutions' of mercuric
chloride at concentrations of 0.15, 0.10, 0.05 and 0.025 pg/L, the
standard deviations were +0.027, iO 006, +0.01, and +0.004. Percent
recoveries at these levels were 107, 83, 84, and 96 %, respectlvely

41.2 Summary of Test Method:

41.2.1 The flameless AA procedure is a physical method
based on the absorption of radiation at 253.7 nm by mercury
vapor. The mercury vapor passes through a cell positioned in
the light path of ‘an atomic absorption spectrophotometer.
Absorbance (peak height) is measured as a function of mer-
cury concentration and recorded in the usual manner.

41.3 Sample Handling and Preservation:

41.3.1 Until more conclusiveé data are obtained, samples

.should be preserved by acidification with nitric acid to a pH

of 2 or lower immediately at the time of collection. If only
dissolved mercury is to be determined, the sample should be
filtered through an-all glass apparatus before the acid is
added. For total mercury, the filtration is omitted.

41.4 Interference: v

41.4.1 Possible interferencé from sulfide is eliminated by
the addition of potassium permanganste. Concentrations as
high as 20 mg/L of sulfide as sodium sulfide do not interfere
with the recovery of added inorganic mercury from distilled
water.

41.4.2 Copper has also been reported to interfere; how-
ever, copper concentrations as high as 10 mg/L had no effect
on recovery of mercury from spiked samples.

41.4,3 High chloride .concentrations require additional
permanganate (as much as 25 mL). During the oxidation
step, chlorides are converted to free chlorine which will also
absorb radiation of 253 nm. Care must bé taken to ensure
that free chlorine is absent before the mercury is reduced and
swept into the cell. This may be. accomplished by using an
excess of hydroxylamlne sulfate reagent (25 mL). In addi-
tion, the dead air space in the BOD bottle must be purged

Jbefore the addition of stannous sulfate. Both inorganic and

348

organic mercury sprkes have been quantitatively recovered
from sea water using this technique.

41.4.4 Interference from certain volatile organic materials
that will absorb at 'this wavelength is also possible. A prelim-
inary run without reagents should determine if this type of
interference is present.

Note 100—The possibility of absorption from certain organic sub-
stances actually being: present in the sample does exist. This is
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FIG. 2 Apparatus for Flameless Mercury Determination

mentioned only to caution the analyst of the possibility. A simple
correction that may be used is as follows: If an interference has been
found to be present, the sample should be analyzed both by using the
regular procedure and again under oxidizing conditions only, that is
without the reducing reagents. The true mercury value can then be
obtained by subtracting the two values.

41.5 Apparatus.

41.5.1 Atomic Absorption Spectrophotometer (See Note
101) Any atomic absorption unit having an open sample
presentation area in which to mount the absorption cell is
suitable. Instrument settings recommended by the particular
manufacturer should be followed.

Note 10]—Instruments designated specifically for the measurement
of mercury using the cold vapor technique are commercially available
and may be substituted for the atomic absorption spectrophotometer.

41.5.2 Mercury Hollow Cathode Lamp—argon filled, or
equivalent.!!

41.5.3 Recorder—Any multi-range variable speed recorder
that is compatible with the UV detection system is suitable.

41.5.4 Absorption Cell—Standard spectrophotometer cells
10 cm long, having quartz end windows may be used. Suitable
cells may be constructed from plexiglass tubing, 1 outside
diameter by 4% in. The ends are ground perpendicular to the
longitudinal axis and quartz windows (1-in. diameter by Yi6-
in. thickness) are cemented in place. The cell is strapped to a
burner for support and aligned in the light beam by use of
two 2 by 2 in. cards. One-inch diameter holes are cut in the
middle of each card; the cards are then placed over each end
of the cell. The cell is then positioned and adjusted vertically
and horizontally to give the maximum transmittance.

41.5.5 Air Pump—Any peristaltic pump capable of deliv-
ering | L of air per minute may be used. A Masterflex pump
with electronic speed control has been found to be satisfac-
tory.

41.5.6 F lowmetez—Capable of measuring an air flow of 1
L per minute,

41.5.7 Aeration Tubmg——A straight-glass frit having a
coarse porosity. Tygon tubing is used for passage of the
mercury vapor from the sample bottle to the absorption cell
and return.

41.5.8 Drying Tube—6 by % in. diameter tube containing

! Westinghouse WL-22847 available from any laboratory supply'house has
been found suitable,

20 g of magnesium perchlorate (see Note 102). The appa-
ratus is assembled as shown in Fig. 2.

Note 102—In place of the magnesium perchlorate drying tube, a
small reading lamp with 60 W bulb may be used to prevent condensa-
tion of moisture inside the cell. The lamp is positioned to shine on the
absorption cell maintaining the air temperature in the cell about 10.25°C
above ambient,

41.6 Reagents:

41.6.1 Sulfuric Acid, Concentrated——Reagent grade.

41.6.1.1 Sulfuric Acid, 0.5 N—Dilute 14.0 mL of concen-
trated sulfuric acid to 1.0 L. ‘

41.6.2 Nitric Acid, Concentrate—Reagent grade of low
mercury content.

Note 103—If a high reagent blank is obtained, it may be necessary
to distill the nitric acid.

41.6.3 Stannous Sulfute—Add 25 g stannous sulfate to
250 mL of 0.5 N sulfuric acid. This mixture is a suspension
and should be stirred continuously during use. (Stannous
chloride may be used in place of stannous sulfate.)

41.6.4 Sodium Chloride-Hydroxylamine Sulfate Solu-
tion—Dissolve 12 g of sodium chloride and 12 g of hydrox-
ylamine sulfate in distilled water and dilute to 100 mL.
(Hydroxylamine hydrochloride- may be used in place of

" hydroxylamine sulfate.)

'41.6.5 Potassium Permanganate (5 % solution, w/v)—
Dissolve 5 g of potassium permanganate’ in 100 ‘mlL of
distilled water.

41.6.6- Potassium Persulfate (5 % solution, w/v)-—Dls—

“solve 5 g of potassium persulfate in 100 mL of distilled water.

41.6.7 Stock Mercury Solution—Dissolve 0.1354 g of
mercuric chloride in 75 mL of distilled water. Add 10 mL of
concentrated nitric acid and adjust the volume to 100.0 mL.
1 mL = | mg Hg.

41.6.8 'Working Mercury Solution—Make successive dilu-
tions of the "stock mercury solution to obtain a working
standard containing 0.1 pg per mL. This working standard

-and the dilutions of the stock mercury solution should be

prepared fresh daily. Acidity of the working standard should
be maintained at 0.15 % nitric acid. This acid should be
added to the flask as needed before the addition of the aliquot.
41.7 Calibration:
41.7.1 Transfer 0, 0.5, 1.0, 2.0, 5.0, and 10.0 mL aliquots
of the working mercury solution -containing 0 to 1.0 ug of
mercury to a series of 300 mL BOD bottles. Add enough




distilled water to each bottle to make a total volume of 100
ml.. Mix thoroughly and add 5 mL of concentrated sulfuric’
acid and 2.5 mL of concentrated nitric acid to each bottle.
Add 15 mL of KMnO, solution to each bottle, and allow to
stand at least 15 min. Add 8 mL of potassium persulfate to
each bottle and heat for 2 h in a water bath maintained at
95°C. Cool and add 6 mL of sodium chlonde—hydroxylamme
sulfate solution to reduce the excess permanganate. When
the solution has been decolorized wait 30 s, add 5 mL of the
stannous sulfate solution and immediately attach the bottle
to the aeration apparatys forming a closed system. At this
point the sample is: allowed to.stand quietly without manual
agitation. The circulating;pump, which has previously been
adjusted to a rate of 1 L ‘per minute, is allowed to run
continuously. (An open system where the mercury vapor is
passed through the absorption cell only ofice' may be used
instead of the closed system.)

.41.7.2 The absorbance will increase and reach maximium
within 30 s. As soon as the recorder pen levels: off, approxi-
mately, 1 .min, open the Jbypass: valve and continue; the
‘aeratron untrl the absorbance; returns to its minimum value.
Because:, of: the toxic .nature of mereury: vapor, precaution
must be takiéen to'avoid its inhalation. Therefore; a bypass has
been included in the system to either vent the mercury vapor
into an exhaust hood or pass the vapor ' through some
absorbing. media-such:as follows:,

(a). equal volumes of 0.1 M. KMnO4 and 10 % HZSO4, and

(b) 0.25 % iodine in a 3 % KI solu‘uon

' NOTE 104—D1rect10ns for the drsposal of mer cury-contamlng wastes
are glven in Test Method D 322% 12

4l 7 3 Close the bypass valve, remove the stopper and frit
. from. the BOD bottle and. continue the aeration. Proceed
. w1th the standards and construct a standard curye by plotting
peak’ helght versus mrcrograms of mercury. o
41.8 Procea’are e
.41.8.1; Transfer 100 mL or an ahquot dlluted 10 100 mL
conta1n1ng not. more than. 1.0 pg of mercury, to.a 300-mL
BOD), bottle. Add 5.mL, of sulfunc acid.and 2.5 mL of
: cong:entrated nltrrc ac1d m1x1ng after each addltton Add 15
mL of potassium permanganate solutlon, to'each sample
bottle. For,sewage, sample additional permanganate solu-
tlon if necessary, ‘untrl the purple color pers1sts for at least: 15
min. Add 8 mL of potassrum persulfate to eagh bottle; a,nd
heat for 2 h in-a water bath.at 95°C. Cool and add: 6tmL of
sodlum chlerlde-hydroxylamme sulfate to reduce. the excess
rpermanganate After -a delay of at Jeast 30 s, add 5 mL of
stannous, sulfate and ,mmedlatel)q ttach the. bottle to the
aeratlen apparatus Contrnue as),descubed in.41.7,
" 419 Calculation:
~ 41.9:1 Determjne the peak height of the unknown.from
the chart and :read the mercury. value from the standard
curve . :
41 9, 2 Calculate the mercur;y concentratron in; the sample
hy the formul,a s

oo 1wo o
volume of ahquct in mL

= ) ag Hg/l, (ug Hg in. ahquot) (

~=. N (b e 0
A specrally treated charcoal that wlll al)sorb mexcury vapor 1s also avallable

"43219 Catalog No. 5580-13 or, 580-22.-

41.9.3 Report mercury concentrations as follows: Below
0.2 pg/T., <0.2; between 1 and 10 ug/L, one decimal; above
10 pg/L, whole numbers

42. Molybdenum—Direct Aspiration

42.1 . Requirements: .

42.1.1 Optimum Concentratlon Range, 1 to 40 mg/L
using a wavelengfh of 313.3 nm (see Note 105).
. 42.1:2 Sensitivity, 0.4 mg/L.

42.1.3 Detection Limit, 0.1 mg/L.

NotE 105—For conéentrations of molybdenum below 0.2 mg/L, the
furnace procedure is recommended

422 Preparaaon of Standard Solution:

42.2.1 Stock Solution—Dissolve 1.840 g of ammonium
'molybdate «(NHj)¢Mo0,0,,-4H,0 (analytical reagent grade)
in deionized distilled water and dilute to 1L l mL = | mg
Mo (1000 mg/L). :

-42.2.2dluminum Nitrate Solatzon—Drssolve 139 g alu-

‘minum nitrate, Al(NO;);-9H,0, in 150 ‘mL of deionized
’ drstilled water; heat to effect solutlon Allow to cool and

make up to 200 ml. . ,

42.2.3 Prepare dilutions of the stock molybdenum solutron
to be used as calibration standards at the time of analysis.
The calibration standards should be preparéd usrng the same
type of acid and‘at the samé COncentra‘non as that of the

“sample being analyzed either directly or after processing. To

each 100 mL of standard and’ sample alrke, add 2 mL of the
aluminum nitrate solution.
42.3 General Instrumental Parameters: .-
« 42.3.1 - Molybdenum Hollow Cathoa’e Lamp
42.3:2 Wavelength—313.3 nm.
42.3.3, Fuel—Acetyleng..
42.3.4 Oxidant—Nitrous Oxide.
42.3.5 Type of Flame—Fuel rich: :
42.4 dnalysis Procedure—For. analysrs procedure and cal-

, cula‘uon, see;“Direct Asprratlon ” 1.1

1,42.5 Interferences: - + .

4251 With; the 'recommended n1trous oxrde-acetylene
ﬂame ‘interferences . of . calcium:s and ; othier *ions. may :be
controlled by adding;1000. mg/L of a refractory metal such as
aluminum: (12)., This should ;be: done to. both samples and
:standards alike. P ‘

43. Molyb(lenum—Furnace Techmque

. 43,1 - Requirements:: » IR
43. 1.1 Oplzmam Concentratzon Range 3 to 60 ttg/L (see

-Note106). >

v 43.1:2 Detéctwn lerz 1 ug/L "

‘Nbte lOd—The concentlatlon values and instriiment conditions are
for a Perkin-Elmer HGA-2100, based on the use of a 20-uL injection,
continuous flow plifge gas and pyrolytic graphite.

43.2 Preparation,of Standard Solution:

43.2,1 Stock Solatzon—Prepare as descubed unde1 “direct

agpiration method”.

43.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. These solutrons

“aré also to be used for “standard additions”.

43.2.3 The calibration standard should be diluted to con-
tain 0.5.% (v/v) HNO;. .
43.3 General Instrument Parameters

et

350
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43.3.1 Drying Time and Temperature—30 s at 125°C.

43.3.2 Ashing Time and Temperature—30 s at 1400°C.

43.3.3 Atomizing Time and Temperature—15 s at 2800°C.,

43.3.4 Purge Gas Atmosphere—Argon.

43.3.5 Wavelength—313.3 nm.

43.3.6 Other operating parameters should be set as speci-
fied by the particular instrument manufacturer.

Note 107—Background correction may be required if the sample
contains high dissolved solids.
NotE 108—The use of nitrogen as a purge gas is not recommended.

43.4 Analysis Procedure—For the analysis procedure and
the calculation, see “Furnace Procedure,” 11.3.

NoTE 109—For every sample matrix analyzed, verification is neces-
sary to determine that the method of standard additions is not required

(see 6.2.1).
NoTE 110—If the method of standard additions is requnrcd follow
the procedure given in 10.5,

44. Nickel—Direct Aspiration

44,1 Requirements:

44.1.1 Optimum Concentration Range, 0.3 to 5 mg/L
using a wavelength of 232.0 nm (see Note [11). .

44.1.2 Sensitivity, 0.15 mg/L.

'44.1.3 Detection Limit, 0.04 mg/L.

NoTE 111—For levels of nickel bélow 100 pg/L, either the Special
Extraction Procedure, given in 11.2, or the furnace technique is
recommended.

44.2 Preparation of Standard Solution:

44.2.1 Stock Solution—Dissolve 4.953 g of nickel nitrate,
Ni(NOs3),-6H,0 (analytical reagent grade) in deionized dis-
tilled water. Add 10 mL of concentrated nitric acid and
dilute to 1 L with deionized distilled water. | mL = 1 mg Ni
(1000 mg/L). .

44.2.2 Prepare dilutions of the stock nickel solution to be
used as calibration standards at the time of analysis. The
calibration standards should be prepared using the same type
of acid and at the same concentration as that of the sample
being analyzed either directly or after processing.

44.3 General Instrumental Parameters:

44.3.1 Nickel Hollow Cathode Lamp. .

44.3.2 Wavelength—232.0 nm.

44.3.3 Fuel—Acetylene.

44.3.4 Oxidant—Air.’

44.3.5 Type of Flame——Oxxdlzmg

44.4 Analysis Procedure—For analysis procedure and cal-

culation, see “Direct Aspiration”, 11.1.
‘44,5 Interferences—The 352.4-nm wavelength is less sus-
ceptible to interference and. may be used. The calibration
curve is more linear at this wavelength; however, there is
some loss of sensitivity.

45, Nickel—Furnace Technique

45.1 Requiirements: -

45.1.1 Optimum Concentration Range, 5 to 100 pg/L (see
Note 112).

45.1.2 Detection Ltmzt 1 pg/L.

NoOTE 112—The concentration values and instrument conditions are
for a Perkin-Elmer HGA-2100, ‘based on the use of a 20-uL injection,
continuous flow purge gas and pyrolytic graphite, Smaller sized. furnace

devices or those employing faster rates of atomization can be operated
using lower atomization temperatures for shorter time periods than the
recommended settings.

45.2 Preparation of Standard Solution:

45.2.1 Stock Solution—Prepare as described under “direct
aspiration method.”

45.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. These solutions
are also to be used for “standard additions.”

45.2.3 The calibration standard should be diluted to con-
tain 0.5 % (v/v) HNO,.

45.3 General Instrument Parameters:

45.3.1 Drying Time and Temperature—30 s at 125°C.

45.3.2 Ashing Time and Temperature—30 s at 900°C.,

45.3.3 Atomizing Time and Temperature—10 s at 2700°C.

45.3.4 Purge Gas Atmosphere—Argon,

45.3.5 Wavelength—232.0 nm.

45.3.6 Other operating parameters should be set as spem—
fied by the particular instrument manufacturer.

NoTE 113—The use of background correction is recommended.
NoTE 114—Nitrogen may also be used as the purge gas.

45.4 Analysis Procedure—For the analysis procedure and
the calculation, see “Furnace Procedure”, 11.3.

Note 115—For every sample matrix analyzed, verification is neces-
sary to determine that the method of standard additions is not required

(see 6.2.1).
Norte 116—If the method of standard additions is required, follow

the procedure given in 10.5.

46. Potassium—Direct Aspiration

46.1 Requirements:

" 46.1,1 Optimum Concentration Range—O 1 to 2 mg/L
using a wavelength of 766.5 nm (see Note 117).

46.1.2 Sensitivity—0.04 mg/L.

46.1.3 Detection Limit—0.01 mg/L.

NoTE 117—The 404.4-nm line may also be used. ThlS line has a
relative sensitivity of 500.

46.2 Preparation of Standard Solutzon

46.2.1 Stock Solution—Dissolve 0.1907 g of KCl (ana-
lytical reagent grade), dried at 110°C, in deionized distilled
water and make up to 1 L. 1 mL = 0.10'mg K (100 mg/L).

46.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration

'standards should be prepared using the same type of acid

and at the same concentration as that of the sample being
analyzed either directly or after processing.

46.3 General Instrumental Parameters:

46.3.1 Potassium Hollow Cathode Lamp

" 46.3.2 Wavelength—766.5 nm.

46.3.3 Fuel—Acetylene.

46.3.4 Oxidant—Air.

46.3.5 Type of Flame—Slightly oxidizing.

46.4 Analysis Procedure—For analysis procedure and cal-
culation, see “Direct Aspiration”, 11.1.

Notg 118—In air-acetylene or other high temperature flames
(>2800°C), potassium can experience partial ionization which indirectly
affects absorption sensitivity, The presence of other alkali salts in the
sample can reduce this ionization and thereby enhance analytical
results. The ionization suppressive effect of sodium is small if the ratio of
Na to K is under 10. Any enhancement due to sodium can be stabilized
by adding excess sodium (1000 pg/mL) to both sample and standard
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solutions. - If ‘more stringent- control of: ionization is required, the
addition .of: cesium: should be.considered. Reagent blanks should be
analyzed to correct for potassium impurities in the ‘buffer stock.

Note 119—To cover the range of potassrum values normally
observed in surface waters (0.1 to 20 mg/L), it is suggested that the
burner head be rotdted. ‘A 90° fotation of the burner ‘head provides
approxrmately one—erghth the normal sensrtrvrty

47. Selenlum——Furnace Technique

47.1 Requzrements .

47.1.1 Optimuni Concentration’ Range, 5 to 100 ng/L (see
Note 120).

47.1.2 Detection Lzmtt 2 ug/L

Note 120—The above concentranon values and instrument condi-
tions are for a Perkin-Elmer-HGA-2100, based on the use of a 20-uL
injection, continuous flow purge gas ancl non-pyrolytic graphite. Smaller
sized furnace devices or those employmg faster rates of atomization can
be operated usmg lower atomization temperatures for . shorter trme
periods than the above recommended settmgs

47.2 Preparatzon of Standard Solution:

47.2.1 Stock Selenium Solution—Dissolve 0.3453 g of
selenous acid (actual assay 94.6 % ZSeO3) in deionized
distilled water and make’ up to 200 mL 1 mL =1 mg Se
(1000 mg/L).

47.2.2 Nickel Nitrate Solutzon 5 %—Drssolve 24.780 g of
ACS reagent -grade Ni.(NO,),:6H,0 in deionized distilled
water and make up to 100 mL.

47.2.3 Nickel Nitiiste Solution, 1 %—Dilute 20 mL of the
5 % nickel nitrate to 100 mL with deionized distilled water.

47.2.4 Working Selenium Solution—Prepare dilutions of
the stock solution to be used as calibration standards at the
time of analysis. Withdraw appropriate aliquots of the stock
solution, add 1 mL of cohcentrated HNO;; 2 mL of 30 %
H,0, and 2 mL of the 5 % nickel hitrate solution. Dllute to
100 mL with deionized distilled water '

47.3 Sample Prepardation:

47.3.1 Transfer 100 mL- of well-mixed sample to a 250-
mL Griffin beaker, add 2 mL of 30 % H,0, and sufficient
concentrated HNO; to result in an acid concentration of 1 %
(v/v). Heat for I h;at 95°C or until the volume is. slightly less
than 50 mL. .

473.2. Cool and. brmg back to 50 mL with deionized
distilled water. .- -

47.3.3 Pipet 5, mL of thrs dlgested solutlon into a 10 mL
volumetric ﬂask add 1 mL ofithe 1. % nickel nitrate solution
and dilute to, 10 'mL_with delomzed distilled water. The
sample is now ready for mjectron into the furnace.

NoTe 121—If solubilization ot drgestlon is not"requrred, adjust the
HNO; concentration: of the samiple to'1 % (v/v)-and add 2’ mL of 30 %
H,0, and 2 mL of 5 % nickel nitrate td each-100 mL of sample. The
volume of the calibration standard should be adjusted. with deionized
distilled water to match the volume change of the sample.

47.4 Instrumerit Paramelers: :
47.4.1:Drying Time and Temperature—-30 s at 125°C.
47.4.2 Charring Time and Temperaturé=—30 s at 1200°C.
47.4.3 Atomizing Timeand Temperature—10 s at 2700°C.
47.4.4  Purge Gas.Atmosphere—Argon,
47.4.5 Wavelength-—196.0 nm. ‘.
- 47.4.6 Other-operating paraimeters should be set as spec1~
‘ﬁed by the partrcular 1nstrument manufacturer

NoTE 122<The use of background correction is recommended

47.5 Analysis Procedure—TFor the analysis procedure and
thé ‘calculation see “Furnace Procedure;” 11.3,

NoTE 123—-;Selenium:“'analysls sulfers ‘in'terference “from _chlorides
(>800 mg/L) and sulfat¢ (>200 mg/L). For the analysis of industrial
effluents and samples with concentrations of $ulfate from 200 to 2000
mg/L; both samples and standards should be prepared to contain 1 %
nickel. -

NoTE 124—For every sample matrlx analyzed venﬁcatron is neces-
sary to determine that the method of standard addrtrons is not required
(see 6.2.1).
¢ NoTE 125—If the method of standard addmons is required, follow
the procedure glven in 10.5.

48. Selenium—Gaseous Hydrlde

-48.1 Scope and Application—The gaseous hydride method
determines inorganic selenium when present in concentra-
tions at or above 2 pg/L. The test method is applicable in the
absence of high' concentrations of chromium, cobalt copper,
mercury, molybdenum, nickel, and silver.

48.2 Summary of Test Method—Selenium in the sample
is reduced from the +6 oxidation state to the +4 oxidation
state by the addition of SnCl,. Zinc is added to-the acidified
sample, producing hydrogen and converting-the selenium to
the hydride,:SeH,;. The gaseous selenium hydride is swept
into an argon-hydrogen flame of an atomic absorption spec-
trophotometer. The working range of the test method is 2 to
20 pg/L using the 196.0-nm wavelength.

48.3 Discussion. .

48.3.1 In analyzmg dnnklng water and most surface and
ground waters, interferences are rarely encountered. Indus-
trial waste samples should be spiked with a known amount
of selenium to establish adequate recovery.

+48.3. 2 Organic forms of seleniiim must be converted toan
inérganic form and organlc mattef must be oxidized before
begirining thé analysis. The oxidation protedure given ‘in

.Procedure 4.1 of Method 206 5 should be used (13)

48.4 References*

48.4.1 Except for the perchloric acid step, the procedure
to be used for this determination is found in Standard Meth-
ods for the Exammatton of Water and Wastewater (14).

49, Silver—Direct Aspiration

49.1 Requirements:

49.1.1 Optimum Concentration Range, 0.1 to 4 mg/L
using a wavelength of 328.1 nm (sée Notes 126 and 127).

49.1.2 Sensitivity, 0.06 mg/L.

49.1, 3 Detection Lzmzt 0.01 mg/L.

Norte 126—For levels ;of silver, below 30 ug/L either the Spec1a1
Extractwn Plocedure, grven in 11.2 or the furnace procedure is recom-
mended

‘NoTE 127—The 338.2-nm wavelength may also be used. This has a
relative sensitivity of 2.

49.2 Preparation of Standard Solution.:
49.2.1 Stock Solution—Dissolve 1.575 g of AgNO; (ana-
lytical reagent grade) in deionized distilled water, add 10 mL
concentrated HNO; and make up tol L. | mL=1mgAg
(1000 mg/L).

Nott 128—Silver nitrate standards are light sensitive. Dilutions of
the stock should be discarded after use as concentrations below 10 mg/L
are not sl'lble over ]ong periods of time,

49, 2 2 Plepare drlutrons of the stock solution to be used as
calibration stdndards at the time of analysis. The calibration
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standards should be prepared using nitric acid and at the
same concentration as that of the sample being analyzed
either directly or after processing.

49.2.3 Iodine Solution (1 N)—Dissolve 20 g of potassium
iodide, KI (analytical reagent grade) in 50 mL of deionized
distilled water, add 12.7 g of iodine, I, (analytical reagent
grade) and dilute to 100 mL. Store in a brown bottle.

49.2.4 Cyanogen Iodide (CNI) Solution—To 50 mL of
deionized distilled water add 4.0 mL concentrated NH,OH,
6.5 g KCN, and 5.0 mL of 1.0 N I, sclution. Mix and dilute
to 100 mL with deionized distilled water. Fresh solution
should be prepared every 2 weeks.

49.3 General Instrumental Parameters:

49.3.1 Silver Hollow Cathode Lamp.

49.3.2 Wavelength—328.1 nm.

49.3.3 Fuel—Acetylene.

49.3.4 Oxidant—Air.

49.3.5 Type of Flarmme—Oxidizing.

49.4 Analysis Procedure—For the analysis procedure and
the calculation, see “Direct Aspiration,” 11.1.

Note 129—If absorption to container walls or the formation of AgCl
is suspected, make the sample basic using concentrated NH,OH and add
I mL of (CNI) solution per 100 mL of sample. Mix the sample and
allow to stand for 1 h before proceeding with the analysis.:

50. Silver—Furnace Technique

50.1 Reguirements:

50.1.1 Optimum Concentration Range—1 to 25 ug/L (see
Note 130).

50.1.2 Detection Limii—0.2 pe/L.

Note 130—The concentration values and instrument conditions are
for a Perkin-Elmer HGA-2100, based on the use of a 20-uL injection,
continuous flow purge gas and nonpyrolytic graphite. Smaller sized
furnace devices or those employing faster rates of atomization can be
operated using lower atomization temperatures for shorter time periods
than the above recommended settings.

50.2 Preparation of Standard Solution:

50.2.1 Stock Solution—Prepare as described under “direct
aspiration method.” ,

50.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. These solutlons
are also to be used for “standard additions.”

50.2.3 The calibration standard should be diluted to-con-
tain 0.5 % (v/v) HNO,,

NOTE 131—The use of halide acids should be avoided.

50.3 General Instrument Parameters:

50.3.1 Drying Time and Temperature—30 s at 125°C.

50.3.2 Ashing Time and Temperature—30 s at 400°C.

50.3.3 Atomizing Time and Temperature—10 s at 2700°C

50.3.4 Purge Gas Atmosphere—Argon. -

50.3.5 Wavelength—328.1 nm.
. 50.3.6. Other operating parameters should be set as spec1-
fied by the particular instrument manufacturer

Note 132—Background correction may be requlred if the sample
contains high dissolved solids.

50.4 Analysis Procedure—For the analysis procedure and
the calculation, see “Ful nace Procedure,” 11.3 (see Notes 3,
5, 6, and 7),

Note 133—If adsorption to container walls or formation of AgCl is
suspected, see the Direct Aspiration Method.

NortE 134—For every sample matrix analyzed, verification is neces-
sary to determine that the method of standard additions is not required
(see 6.2.1).

Note 135—If the method of standard additions is required, follow
the procedure given in 10.5.

51. Sodium—Direct Aspiration

51.1 Reguirements:

51.1.1 Optimum Concentration Range, 0.03 to 1 mg/L
using a wavelength of 589.6 nm (see Note 136)

51.1.2 Sensitivity, 0.015 mg/L.

51.1.3 Detection Limit, 0.002 mg/L.

Note 136—The 330.2 nm resonance line of sodium, which has a

relative sensitivity of 185, provides a convenient way to avoid the need
to dilute more concentrated solutions of sodium.

51.2 Preparation of Standard Solution:

51.2.1 Stock Solution—Dissolve 2.542 g of NaCl (ana-
lytical reagent grade), dried at 140°C, in deionized distilled
water and make up to 1 L. 1 mL = | mg Na (1000 mg/L).

51.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration
standards should be prepared using the same type of acid
and at the same concentration as that of the sample being
analyzed either directly or after processing, .

51.3 General Instrumental Parameters:

- 51.3.1 Sodium Hollow Cathode Lamp

51.3.2 Wavelength—589.6 nm.

51.3.3 Fuel—Acetylene.

51.3.4 Oxidant—Air,

51.3.5 Type of Flame—Oxidizing. :

Note 137—Low-temperature flames increase sensitivity by reducing
the extent of ionization of this easily ionized metal. Ionization may also
be controlled by adding potassium (1000 mg/L) to both standards and
samples.

51.4 Analysis Procedure—For analysis procedure and cal-
culation, see “Direct Aspiration,” 11.1.

52. Tin—Direct. Aspiratioit
52.1 Requirements: o
52.1.1 Optimum Concentration Range, 10 to 300 mg/L
using a wavelength of 286.3 nm (see Note 138) »
52.1.2 Sensitivity, 4 mg/L.
52.1.3 Detection Limit, 0.8 mg/L.

Note 138—For concentrations of tin below 2 mg/L, the furnace
procedure is recommended.

52.2 Preparation of Standard Solution:

52.2.1 Stock Solution—Dissolve 1.000 g of tin metal (an-
alytical reagent grade) in 100 mL of concentrated HCl and
dilute to 1 L with deionized distilled water. | mL = | mg Sn
(1000 mg/L). . ‘

52.2.2 Prepare dilutions of the stock tin solution to be used
as calibration standards at the time of analysis. The calibra-

‘tion standards should be prepared using the same type of

acid and at the same concentration as that of the sample
being analyzed either directly or after processing.’

52.3 General Instrumental Parameters:

52.3.1 Tin Hollow Cathode Lamp.

52.3.2 Wavelength—286.3 nm.

52.3.3 Fuel—Acetylene.

52.3.4 Oxidant—Nitrous oxide. -

52.3.5 Type of Flame—Fuel rich.
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. 52.4 Analysis. Procedure—For the analysis procedure. and
the.calculation, see “Direct Aspiration,” 11.1.

53. Tin—Furnace Technique

53.1 Requirements: ’

53.1.1 Optimum Concentration -Range, 20 to 300 pg/L
(see Note 139).
© 53.1.2 Detection Limit, 5 pg/L.

NotE 139—Thé concentration values and instrument conditions are
for a Perkin-Elmer HGA-2100, based on the use of a 20 pL injection,
continuous flow purge gas and non-pyrolytic graphite. Smaller sized
furnace devices or those employing faster rates of atomization can be

operated using lower atomizatioh temperatures for shorter time periods
than the recommended settings:

53.2 Preparation of Standard Solution:

53.2.1 Stock Solution—Prepare as described under “direct
aspiration method”. '

53.2.2 Prepate dilutions of the stock solution to be used as
calibration standards at the time of analysis. These solutions
‘are alsoto be used for “standard additions™.

53.2.3 The calibration standard should be diluted to con-
tain 2 % (v/v) HNO;, =~ :

53.3 Instrument Parameters:

53.3.1 Drying Time and Temperature—30 s at 125°C.

53.3.2 Ashing Time and Temperature—30 s at 600°C.

53.3.3 Atomizing Time and Temperature—10 s at 2700°C.

53.3.4 Purge Gas Atmosphere—Argon.

53.3.5 Wavelength—224.6 nm.

53.3.6 Other operating parameters should be set as speci-
fied by the particular instrument manufacturer.

"Notk 140—The use of background correction is recommended.
NOTE 141—N1trogen may also be used as the purge gas

53 4 Analyszs Procedure—For the analysis procedure and
the calculation see “Furnace Procedure,” 11.3.

NoOTE 142—Tin analysis is sensitive to chloride concentration. If
chloride concentration presents a matrix problem or causes a loss pre-
vious to atomization, add an excess of 5 mg:of amimonium nitrate to the
furnace and ash using a ramp necessary or with, incremental steps until
the recommended ashrng temperature is reached. Extended ashing times
have been reported to’improve precision.

NoOTE 143—For every sample mitrix analyzed, verification is neces-
sary to determine that the method of standard additions is not required
(see 6.2.1).

NoTE 144—If the method of standard additions is required, follow
the procedure given in 10.5.

54. Titanium—Direct Aspiration
“'54.1 -Requiremients:

54.1.1 ‘Optimiim ‘Coricentration Range, 5 to 100 mg/L
using a wavelength' of 365.3 nm (see Note 145).

54.1.2 Sensitivity, 2 mg/L.

54 1. 3 Dezectzon Limit, O 4 mg/L.

NOTE 145—For concentratrons of trtamum below 1.0 mg/L, the
furnace procedure is recommended

54.2 Preparatzon of-Standard Solutzon

54.2.1 Stock Solution—Dissolve 4,008 g of titanium sul-
fate, Tiy(SO,)s, in dilute. HCl and make up to 1 L with
deionized distilled water. I mL =:1 mg Ti (1000 mg/L).

54.2.2 Potassium Chloride Solution—Dissolve 95 g potas-
sium chloride, KCl, in distilled water and ,make up to 1 L.

54.2.3 Prepare dilutions of the stock titanium solution to

be used as calibration standards at the time of analysis. The
calibration standards should be prepared using the same type
of acid and at the same coneentration as that of .the sample
being analyzed either directly or after processing. To each
100 mL. of standard and sample alike, add 2 mL of potass1urn

chloride solution. ,

54.3. General Instrumental Parameters:

54.3.1 Titanium Hollow Cathode Lamp

54.3.2 Wavelength—365.3 nm. :

54.3.3 Fuel—Acetylene.

54.3.4 -Oxidant—Nitrous oxide.

54.3.5 Type of Flame—Fuel rich.

54.4 Analysis Procedure—For the analysis procedure and
the calculation, see “Direct Aspiration,”” 11.1.:

54.5 Interferences—A number of elements increase the
sensitivity of titanium. To control.this problem, potassium
(1000 mg/L) must be added to standards and samples alike
15).

55. Titanium Furnace Technique '

55.1 Reguirements:

55.1.1 Optimum Concentration Range, 50 to 500 pg/L
(see Note 146)..

55.1.2 Detection Limit, 10 pg/L.

Note 146—The above concentration values and instrument condi-
tions are for a Perkin-Elmer HGA-2100, based on the -use of a 20-pL
injection, continuous flow purge gas and pyrolytic graphite.

55.2 Preparation of Standard Solution:

55.2.1 Stock Solution—Prepare as descrrbed under “direct
aspiration method.”

55.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. :

-55.2.3 The calibration standards should be prepared using

the 'same type of acid and at the same concentration as that

of the sathple being analyzed either directly or after process-
ing.
55.3 General Instrument Parameters:
55.3.1 Drying Time and Temperature—30 s at 125°C.
55.3.2 Ashing Time and Temperature—30 s at 1400°C.
55.3.3 Atomizing Time and Temperature—15's at 2800“C
55.3.4 Purge Gas Atmosphere—Argon,
55.3.5 Wavelength—365.4 nm.
55.3.6 Other operating parameters should 'be set as speci-
fied by the particular instrument manufacturer.

NoTE 147——-Background corréction may be required if the sample
contains high dissolved solids.

Nortk 148—Because of possible chemrcal mteractlons, nrtrogen should
not be. used as the purge gas.

.55.4 Analyszs Procedure—For the analysrs procedure and
the calculation, see “Furnace Procedure,” 11.3.

NoTE 149—For every sample matrix analyzed, verification is neces-
sary to determine that the method of standard additions is not required
(see 6.2.1).

NortE 150~-If the method of standard additions is required, follow
the procedure given in 10.5.

56. Vanadium--—-Direct Aspiration

56.1 Reguirements:

56.1.1 Optimum Concentration Range—2 to 100 mg/L
using a wavelength of 318.4 nm (se¢ Note 15 1)

56.1.2 Sensitivity—0.8 mg/L. .
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56.1.3 Detection Limit—0.2 mg/L.

- Note 151—For concentrations of vanadium below 0.5 mg/L the
furnace procedure is recommended.

56.2 Preparation of Standard Solution:

56.2.1 Stock Solution—Dissolve 1.7854 g of vanadium
pentoxide, V,Os (analytical reagent grade) in 10 mL of
concentrated nitric acid and dilute to 1 L with deionized
distilled water. | mL = [ mg V (1000 mg/L).

56.2.2 Aluminum Nitrate Solution—Dissolve 139 g alu-
minum nitrate, AI(NOs);-9H,0, in 150 mL of deionized
distilled water; heat to effect solution. Allow to cool and
make up to 200 mL.

56.2.3 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration
standards should be prepared using the same type of acid and
at the same concentration as that of the sample being analyzed
either directly or after processing. To each 100 mL of standard
and sample alike, add 2 mL of the aluminum nitrate solution.

56.3 General Instrumental Parameters:

56.3.1 Vanadium Hollow Cathode Lamp.

56.3.2 Wavelength—318.4 nm.

56.3.3 Fuel—Acetylene. -

56.3.4 Oxidant—Nitrous oxide.

' 56.3.5 Type of Fiame—Fuel rich.

56.4 Analysis Procedure—For the analysis procedure and
the calculation, see “Direct Aspiration,” 11.1. .

56.5 Interferences—It has been reported that high concen-
trations of aluminum and titanium increase the sensitivity of
vanadium. “This interference can be controlled by adding
excess alummum (1000 ppm) to both samples and standards
16). :

57. Vanadium—Furnace Technique

57.1 Requirements:

57.1.1 Optimum Concentration Range, 10 to 200 pg/L
(see Note 152).

57.1.2 Detection: Limit, 4 ug/L. ,

Notg 152—The above concentration values and instrument condi-
tions are for a Perkin-Elmer HGA-2100, based on the use of a 20-uL
injection, continuous flow purge gas and pyrolytic graphite. Smaller
sized furnace devices or those employing faster rates of atomization can
be operated using lower atomization temperatures for shorter time
periods than the above recommended settings.

57.2 Preparation of Standard Solution:

57.2.1 Stock Solution—Prepare as described under “direct
aspiration method.”

57.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. These solutions
are also to be used for “standard additions.”

57.2.3 The calibration standard should be diluted to con-
tain 0.5 % (v/v) HNO,.

57.3 General Instrument Parameters:

57.3.1 Drying Time and Temperature—30 s at 125°C.

57.3.2 Ashing Time and Temperature—30 s at 1400°C.

57.3.3 Atomizing Time and Temperature—15 s at 2800°C.

57.3.4 Purge Gas Atmosphere—Argon.

57.3.5 Wavelength—318.4 nm.

57.3.6 Other operating parameters should be set as speci-
fied by the particular instrument manufacturer.

NotE 153—Background correction may be required if the sample
contains high dissolved solids.

NoTE 154—Because of possible chemical interaction, nitrogen should

-not be used as the purge gas.

57.4 Analysis Procedure—For the analysis procedure and
the calculation, see “Furnace Procedure,” 11.3.

NotTE 155—For every sample matrix analyzed, verification is neces-
sary to determine that the method of standard additions is not required

(see 6.2.1).
Note 156—If the method of standard additions is requ1rcd follow
the procedure given in 10.5.

58. Zinc—Direct Aspiration

58.1 Requirements:

58.1.1 Optimum Concentration Range, 0.05 to 1 mg/L
using a wavelength of 213,9 nm (see Note 157).

58.1.2 Sensitivity, 0.02 mg/L.

58.1.3 Detection Limit, 0.005 mg/L.

Note 157—For concentrations of zinc below 0.01 mg/L, either the

. Special Extlactlon Procedure or the Furnace Procedure is recom-

mended,

58.2 Preparation of Standard Solutzon

58.2.1 Stock Solution—Carefully weigh 1.00 g of zmc
metal (analytical reagent grade) and dissolve cautiously in 10
mL HNO;, When solution is complete make up to 1 L, with
deionized distilled water. I mL =-1 mg Zn (1000 mg/L).

58.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration
standards should be prepared using the same type of acid
and at the same concentration as that of the sample ‘being
analyzed either directly or after processmg .

58.3 Instrumental Parameters:

58.3.1 'Zinc Hollow Cathode Lamp.

58.3.2 Wavelength—213.9 nm.

58.3.3 Fuel—Acetylene,

58.3.4 Oxidant—Air. .
- 58.3.5 Type of F Iame—0x1dlzmg

58.4 Analysis Procedure—For analysxs procedure and cal-

. culatlon see “Dlrect Aspiration,” 11.1,

- Norte 158—High levels of silicon may mterfere

NoTE 159—The alr—acetylene ﬂame absorbs about 25 % of the energy
at the 213.9 nm line.

Note 160—The sensitivity may be mcreased by the use of low-

~ temperature flames.

NortE 161—Some sample container cap liners can be a source of zinc
contamination. To circumvent or avoid this problem, the use of
polypropylene caps is recommended.

59. Zinc—Furnace Technique

59.1 Requirements:

59.1.1 Optimum Concentration Range—0.2 to 4 ug/L (see
Note 162).

59.1.2 Detection Limit—0.05 pg/L.

Norte 162—The concentration values and instrument conditions are
for a Perkin-Elmer HGA-2100, based on the use of a 20-uL injection,
continuous flow purge gas and non-pyrolytic graphite. Smaller sized
furnace devices or those employing faster rates of atomization can be
operated using lower atomization temperatures for shorter time periods
than the recommended settings.

59.2 Preparation of Standard Solution:

59.2.1 Stock Solution—Prepare as described under “Direct
Aspiration Method.”

59.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. These solutions
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are also to. be used for “standard additions.”
59.2.3 The calibration standard should be diluted to con-
tain 0.5 %, (v/v) HNO;.
59.3 General Jnstryment Parameters
59.3.1 Drying Time and Temperature—30 s at 125°C.
59.3.2 " dshing Tirme and Temperature—30 s at 400°C.
'59.3.3 Atomizing Time dnd Témperature—10 s at 2500°C.
59.3.4 Purge Gas Atmosphere—Argon.
59.3.5 Wavelength—213.9 nm.
59.3.6 Other operating parameters should be set as specn-
fied by the particular instrument manufacturer.

NOTE 163—The use of background correction is recommended.
NoTe 164—Nitrogen may also be used as a purge gas.

59.4 Analysis Procedure—For the analysis procédure and

the calculation, see “Furnace Procedure,” 11.3. -

- NOTE -165~—The analysis of zinc by the graphite furnace is extremely
sensitive and very subject to contarnination from:the work area,
reagents, and pipet tips, Since all these factors affect the precision and
accuracy, zinc should be analyzed by the dlrect aspxratlon procedure
whenevel possxble

‘ NoTE 166--For every sample matrix analyzed, verification is neces-
sary.to determme that the methiod of standard additions is not required
(see 6.2.1).

NoTE. 167—If the method of standard additions is required, follow
the procedure given in 10.5.

60. Precision and Bias

. 60.1 Precision and bias data for the methods déscribed on
RDE are not available at this time.
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Standard Test Method for

Designation: E 1337 — 90 (Reapproved 1996)

Determining Longitudinai Peak Braking Coefficient of Paved
Surfaces Using a Standard Reference Test Tire'

This standard is issued under the fixed designation E 1337; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope ‘

1.1 This test method covers the measurement of peak

braking coefficient of paved swrfaces using a standard reference
test tire (SRTT) as described in Specification E 1136 that
represents current technology passenger car radial tires. Gen-
eral test procedures and limitations are presented for determin-
ing peak braking coefficient independent of surface conditions.
Actual surface test conditions are determined and controlled by
the user at the time of test. Test and surface condition
documentation procedures and details are specified. This mea-
surement quantifies the peak braking coefficient at the time of
test and does not necessarily represent a maximum or fixed
value. :
1.2 This test method utilizes a measurement representing
the peak braking force on a braked test tire passing over a road
surface. This test is conducted with a tire under a nominal
vertical load at a constant speed while its major plane is
parallel to its direction of motion and perpendicular to the
pavement.

1.3 The measured peak braking coefficient obtained with the
equipment and procedures stated herein may not necessarily
agree or correlate directly with those obtained by other surface
coefficient measuring methods.

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

2. Referenced Documents

2.1 ASTM Standards:

E 274 Test Method for Skid Resistance of Paved Surfaces
Using A Full-Scale Tire?

E 556 Test Method for Calibrating a Wheel Force or Torque
Transducer Using a Calibration Platform (User Level)?

E 867 Terminology Relating to Traveled Surface Character-
istics?

E 1136 Specification for a Radial Standard Reference Test
Tire?

! This test method is under the jurisdiction of ASTM Committee E-17 on
Vehicle-Pavement Systems and is the direct responsibility of Subcommittee E17.21
on Field Methods for Measuring Tire Pavement Friction.

Current edition approved Feb. 23, 1990. Published April 1990.

2 Annual Book of ASTM Standards, Vol 04.03.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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F 377 Practice for Calibration of Braking/Tractive Measur-
ing Devices for Testing Tires?

F 408 Test Method for Tires for Wet Traction in Straight-
Ahead Braking, Using a Towed Trailer®

F 457 Method for Speed and Distance Calibration of a Fifth
‘Wheel Equipped with Either Analog or Digital Instrumen-
tation®

3. Terminology

3.1 Definitions:

3.1.1 chirp test—the progressive application of brake torque
required to produce the maximum value of longitudinal brak-
ing force that will o¢cur prior to wheel lockup, with subsequent
brake release to prevent any wheel lockup (tire slide).

3.1.2 For other definitions pertaining to this standard, see
Terminology E 867 and Method F 408.

3.2 Descriptions of Terms:

3.2.1 braking force coefficient, tire—the ratio of braking
force to vertical load.

3.2.2 braking force coefficient, tire, peak—the maximum
value, as defined in 12.2, of tire braking force coefficient that
occurs prior to wheel lockup as the braking torque is progres-
sively increased.

3.2.3 braking force coefficient, tire, slide—the value of the
braking force coefficient obtained on a locked wheel.

3.2.4 braking force, tire—the negative longitudinal force
resulting from braking torque application.

3.2.5 braking torque—the negatively directed wheel torque.

3.2.6 longitudinal force, tire (F,)—the component of a tire
force vector in the X' direction.

3.2.7 tire-axis system—the origin of the tire-axis system is
the center of the tire contact. The X' axis is the intersection of
the wheel plane and the road plane with a positive direction
forward. The Z' axis is perpendicular to the road plane with a
positive direction downward. The Y’ axis is in the road plane,
its direction being chosen to make the axis system orthogonal
and right-hand (see Fig. 1 in Method F 408).

3.2.8 tire forces—the external forces acting on the tire by
the road.

3.2.9 torque wheel (T)—The external torque applied to a tire
from a vehicle about the wheel spin axis. Driving torque is
positive wheel torque; braking torque is negative wheel torque.

3 Annual Book of ASTM Standards, Vol 09.02.
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3.2.10 vertical load (F,)—the downward vertical compo-
nent of force between the tire and the road. .

4. Summary of Test Method

4.1 The measurements are conducted with a standard refer-
ence test tire (Specification E 1136) mounted on a test trailer
towed by a vehicle. The trailer contains a transducer, instru-
mentation, and actuation controls for the braking of the test
tire. See 6.6 for trailer instrumentation.

4.2 The test apparatus is normally brought to a test speed of
40 mph (64 knvh). The brake is progressively applied until
sufficient braking torque results to produce the maximum
braking force that will occur prior to wheel lockup. Longitu-
dinal force, vertical load, and vehicle speed are recorded with
the aid of suitable instrumentation and data acquisition equip-
ment.

4.3 The peak braking coefficient of the road surface is
.determined from the ratio of the maximum value of braking
force to the simultaneous vertical load occurring prior to wheel
lockup as the braking torque is progressively increased.

5. Significance and Use

5.1 Pavement surfaces have different traction charactens-
tics, depending on many factors. Surface texture, binder
content, usage, environmental exposure, and surface conditions
(that is, wet, dry) are some of the factors. )

5.2 The measured values represent peak braking coefficients
for tires of the general type in operation on passenger vehicles,
obtained with a towed test trailer on a prescribed road surface,
under user defined surface conditions. Such surface conditions
may include the water depth used to wet the road surface and
the type of water application method. Variations in these
conditions may influence the test results. :

6. Apparatus

6.1 The apparatus consists of a tow vehicle and test trailer.
The vehicle and trailer must comply with all legal requirements
applicable to state laws when operated on public roads.

6.2 Tow Vehicle—The vehicle shall have the capability of
maintaining a test speed of 40 mph (64 km/h) within +0.5 mph
(£0.8 km/h) even at maximum level of apphcauon of braking
forces.

6.3 Test Trailer—The test wheel shall be equipped with a
sufficient braking torque to produce the maximum value of
braking test wheel longitudinal force at the conditions speci-
fied.

6.3.1 Each of the trailer wheels shall have a suspension
capable of holding toe and camber changes to within #=0.05°
with maximum vertical suspension displacements under both
static and dynamic conditions. -

6.3.2 The rate of brake application shall be sufficient to
control the time interval between initial brake application and
peak longitudinal force to be between 0.3 and 0.5 s.

6.4 Vertical Load—The trailer shall be of such a design as to
provide a static load of 1031 15 1bf (4586 * 67 N) to the test
wheel and on detachable trailers a static down load of 100 to
200 Ibf (445 to 890 N) at the hitch point.

6.5 Tire and Rim—The test tire shall' be the standard
reference test tire (SRTT) for pavement tests, as specified in
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Specification E 1136, mounted on a suitable 14 by 6-in. rim.

6.5.1 When irregular wear or damage results from tests, or
when wear or usage influences the test results, the use of the
tire should be discontinued.

6.6 Instrumentation:

6.6.1 General Requirements for Measuring System—The
instrumentation system shall conform to the following overall
requirements at ambient temperatures between 40 and 100°F (4
and 38°C):

6.6.1.1 Overall system accuracy of *1.5% of applied load
from 200 Ibf (890 N) to full scale; for example, at 200 1bf (890
N), applied calibration force of the system output shall be
determinable within =3 1bf (£13 N).

6.6.1.2 The exposed portions of the system shall tolerate
100 % relative humidity (rain or spray) and all other adverse
conditions, such as dust, shock, and vibrations which may be
encountered in highway operations.

6.6.1.3 Braking Forces—The braking force measuring
transducer shall measure longitudinal reaction force within a
range between 0 and 2000 1bf (0 and 8.9 kN) generated at the
tire-pavement interface as a result of brake application. The tire
force-measuring transducer shall be of such design as to
measure the tire-pavement interface force with minimum
inertial effects. Transducers are recommended to provide an
output directly proportional to force with hysteresis less than
1% of the applied load, nonlinearity less than 1% of the
applied load up to the maximum expected loading, and
sensitivity to any expected cross-axis loading or torque loading
less than 1 % of the applied load. The force transducer shall be
mounted in such a manner as to experience less than 1° angular
rotation with respect to its measuring plane at the maximum
expected loading.

6.6.1.4 Vertical Load—The vertical load measuring trans-
ducer shall measure the vertical load at the test wheel during
brake application. The transducer shall have the same specifi-
cations as those described in 6.6.1.3.

Note 1—Other transducer systems may be used to determine peak

braking coefficients if they can be shown to correlate with the force-

measuring transducer system with the same overall accuracy.

6.6.1.5 Vehicle Speed-Measuring Transducers—
Transducers such as “fifth wheel” or a free-rolling wheel
coupled tachometer shall provide speed resolution and accu-
racy of =1.5 % of the indicated speed or *£0.5 mph (*+0.8
km/h), whichever is greater. Output shall be directly viewable
by the driver and shall be simultaneously recorded. Fifth wheel
systems shall conform to Method F 457.

6.6.1.6 Signal Conditioning and Data Acquisition—All sig-
nal conditioning and recording equipment shall provide linear
output and shall allow data reading resolution to meet the
requirements of 6.6.1.1.

6.6.1.7 All strain-gage transducers shall be equipped with
resistance shunt calibration resistors or equivalent that can be
connected before or after test sequences. The calibration signal
shall be at least 50 % of the normal vertical load and shall be
recorded.

6.6.1.8 A digital data acquisition system shall be employed
to individually digitize the braking force, vertical load, and
vehicle speed analog outputs. The braking force, vertical load,
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and test wheel speed input signals to be digitized shall be
sampled (as close to simultaneous as possible; to. minimize
phase shifting) at 100 samples per. second, for.each channel
from unfiltered analog signals. Vehicle speed can be .analog
filtered, if necessary, to remove noise since this is a steady-state
signal. - :

Note Z—Experience indicates t\hat data sampling at 100 samples per
second of unfiltéred analog skid-trailér data will properly describe the
significant frequencies. To prevent “aliasing,” caution must be exercised

in digitizing skid trailer'data which contains any s1gmﬁcant frequencies
above 50 Hz or other types of analog data.

7. Hazards

7.1 The test vehicle, as well as all attachments to it, shall
comply with all apphcable state and federal laws. All necessary
precautions shall be taken beyond those 1mposed by laws and
regulations to ensure maximum safety of operating personnel
and other traffic. No test shall be made when there is danger
that dispersed water may freeze on the pavement

8. Preparation of Apparatus’

8.1 Preparatzon of Test Tire:

8.1.1 Trim the test tires to remove all protuberances in the
tread area caused by mold air vents or flashes at mold
junctions.

8.1.2 Test tlres should be stored in such a locatlon that they
all have the same ambient temperature prior to testing and
shield them from the sun to avoid excessive heating by solar
radiation.

8. 1.3 Mount the test tire on T1re and R1m Assocmuon (TRA)
recommended rim* (6.5) by using conventional mounting
methods. Caution: Assure proper bead seating by the use of a
suitable lubricant. Excessive use of lubricant should be avoided
to prevent shppmg of the tue on the wheel rim,

8.1.4 Check the test tires for the spec1ﬁed inflation _pressure
at ambient temperature (cold), just pnor to testing. The test tire
inflation pressure shall be 35 = 0.5 psi. (241 = 3 kPa)

9. Calibration

9.1 Vehicle Speed—Calibrate the test vehicle speed indica-
tor at the test speed by determining the time for traversing at
constant speed a reasondbly level and straight, accurately

measured pavement of a length ‘appropriate for the method of
timing. Load the test trailer to its specified operating weight for
this calibration. Record speed variations during a-traverse with
the test system. Make a minimum of three rurs-at each: test
speed to complete the calibration. Other methods of equivalent
accuracy may be used: Calibration of a fifth wheel shall be
performed in accordance with Method F 457. ' o

10. Conditioning

10.1 ‘Pretest Tire Condztzonmg

'10.1.1 Test tire pretest conditioning shall ‘be performed to
precondition all tires prior toinitial testing. Pretest condition-
ing is to be'done only once per tire and prior to any actual test

Loy,

-4 Currént récommendations availablé fiom the Tire and le ‘Association, 3200
Market St., Akron, OH 44313, i "
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measurements. This process is recommended because the new
tire burnish effect may have an influence on the peak braking
coefficient obtained and to minimize test variability caused by
transient, non-preconditioned, tire brakmg performance.

10:1.2 Pretest tire conditioning shall be: conducted on a dry
and level surface. Each tire shall be chirped ten times at 20
mph (32 km/h) under test load. :

10.2" General Test Conditions:

10.2.1 The test surface shall be free -of loose matenal or
foreign deposits.

10.2.2 Do not test when wind condmons 1nterfere with
wetted. test- repeatability. Test results. may -be influenced by
wind speed, or direction, or both. The:magnitude of this
dependence is a function of the.water depth, apphcatlon
procedures, and surface wind protection.

11. Procedure

.-11.1 Warm up electronic test eqmpment as required for
stab111zat1on

11.2 Install an SRTT (Specification E 1136) in the test
position of the test trailer. A tire with a similar loaded radius
and high cornering properties should be used ori thé opposite
side to level the axle and to minimize trailer yaw during brake
torque applications.

11.3 Check and, if necessary, adjust the test trailer-static
weight on the test tire to the specified test load (see 6.4).

11.4 Check, and adjust tire inflation. pressure, as, required
immediately before testing to specified value (see 8.1.4)..

11.5 When testing-on an externally wetted test surface,
offset the trailer test wheel sufficiently to prevent ‘‘tracking” of
the towing vehicle.. Twelve to sixteen in. (305 to 406 mm) is
suggested. :

11.6 Record tire 1dent1ﬁcat10n and other data 1ncludmg
date, time, ambient temperature, test surface temperature, tire
durometer, test surface type, and water depth (if wetted‘siirface
is used). Measure the water depth with a variable-height probe
type device.; N

11.7 Record eleclncal cahbratlon s1gna1s pnor to and after
testing each surface, or as needed to efisure valid data.

11.8 Perform pretest tire conditioning (10.1) if using a new
tire. .

11.9 Conduct test at the required test vehicle speed. It is
recommended that peak braking coefficient measurement tests
be conduoted using the chirp test methodology to minimize tire
damage due to tire sliding. e

11.10 Make at least eight determmanons of the peak braking
coefficient evenly. distributed over the test surface with the test
system at the specified test;speed:

1111\ Lateral  Positioning of Test Vehtcle on Hzghway
Surfaces—Normally, testing shall -be done-in the center of
either wheel track of a traffic lane on a‘highway. The specific
details regarding lane and the wheel-path used should be
provided when repotting. the: data.

11.12: Test, Speeds: .

11.12.1 The. standard test speed shall be 40 mph (64 kin/h),
and tests shall normially be conducted at that speed. Where the
legal maximum speed is less than 40 mph (64 km/h), the tests
may have to be conducted at a.lower speed. Where (thie legal
speed is.considerably in excess of 40 mph (64 km/h), tests may
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(64 km/h). Maintain test speeds within =1 mph (1.5 km/h).

11.12.2 The test speed must be given when the peak braking:

coefficient is quoted. This may be done by adding the numerals -

of the actual test speed in miles per hour in parentheses to the .

coefficient, for example, 0.50(50) indicates the peak braking
coefficient was obtained at a test speed of 50 mph (80 km/h).

12. Calculation

12.1 Data Reduction:

12.1.1 Digitally filter the digitized input analog signals of
braking force, vertical load, and vehicle speed using a five
point moving average technique.

12.1.2 Digital Filtering Methodology—Calculate an aver-
age value for the first five digital data points. Drop the first data
point and add the sixth data point, calculate another five point
average value. Repeat this procedure for all remaining data
points. This sequence is done individually on all the above
digitized input analog signals. The following example compu-
tations illustrate the method wusing one channel.

(ptl + pt2 + pt3 + ptd + pt5)/5 = PT1
(pt2 + pt3 + pt4 + pt5 + pt6)/5 = PT2
(pt3 + pt4 + pt5 + pt6 + pt7)/5 = PT3

A new set of data points (indicated by capital letters) are then
defined to represent the filtered data for each channel (that is,
Avg ptx = PTy).

PT1, PT2, PT3, etc. — braking force
PT1, PT2, PT3, etc. — vertical force

12.2 Determining and Calculating Peak Braking Coefficient.

12.2.1 The peak braking coefficient shall be determined for
each run (brake application).

12.2.2 Using the digitally filtered data (PT1, PT2, PT3,
etc.), scan the longitudinal channel and determine the highest
absolute filtered value (PTy) prior to wheel lock up. Calculate
an average peak braking force value using the highest filtered
value (PTy) and one filtered point directly before (PTy_;) and
directly after it (PTy,,). This three point average is the peak
braking force value developed for this individual lock up.

12.2.3 Determine the vertical load value from its respective
digitally filtered data that corresponds to the highest absolute
value for braking force, from 12.2.2. Calculate an average
vertical load value using this corresponding value and one
point directly before and directly after it. This three point
average is the vertical load value that corresponds to the
average peak braking force for this individual lock up.

12.2.4 Calculate the peak braking coefficient by dividing the
three point average peak braking force, determined from
12.2.2, by the three point average vertical load, as determined
in 12.2.3. The peak braking coefficient should be reported to
two (2) decimal places.

12.3 For each test (11.10) the mean and standard deviation
for peak braking coefficient are calculated from the individual
determinations.

13. Report

13.1 Field Report—The field report for each test section
shall contain data on the following items:

be made at the prevailing traffic speed, but it is recommended-*~ "'~ 13.1.1 Identify test procedure used, ‘-

that at the same locations, additional tests be made at 40 mph " 13.1,2, Location and identification of test section,

13.1.3 Date and time of day,
13.1:4 Weather conditions,
" 13.1.5 Lane and wheel-path tested,
+13.1.6 Speed of test vehicle (for each: test),

" "'13.1.7 Peak braking coefficient (for each test),

13.1.8 Water depth, if wetted surface is used, and

13.1.9 Ambient and surface temperature.

13.2 Summary Report—The summary report shall include,
for each test section, data on the following items insofar as they
are pertinent to the variables or combinations of variables
under investigation:

13.2.1 Location and identification of test section,

13.2.2 Number of lanes and presence of lane separators,

13.2.3 Grade and alignment,

13.2.4 Pavement type, mix design of surface course, condi-
tion, and aggregate type (specific source, if available),

13.2.5 Age of pavement,

13.2.6 Average daily traffic,

13.2.7 Posted speed limit,

13.2.8 Date and time of day,

13.2.9 Weather conditions,

13.2.10 Lane and wheel-path tested,

13.2.11 Ambient and surface temperature, and

13.2.12 Average, high, and low peak braking coefficient for
the test section and speed at which the tests were made. (If
values are reported that were not used in computing the
average, this fact should be reported.)

14. Precision and Bias

14.1 Precision—Data are not yet available for making a
statement on the precision of this test method. When such data
become available, a precision statement will be included in this
test method.

14.2 Bias—There are no standards or references with which
the results of this test can be compared. The function of the test
as indicated above is to be able to make comparisons among
road surfaces tested with the same tire. It is believed that the
results of the test method are adequate for making such
comparisons without an external reference for assessing accu-
racy. It must be noted that surface friction is affected by many
variables such as environmental conditions, usage, age, surface
contamination (externally applied water), etc., and measured
values are only valid until one of these conditions significantly
changes.

15. Recommendations for Tire Use and Operational
Requirements

15.1 When irregular wear or damage results from tests, or
when wear or usage influences the test results, the use of the
tire should be discontinued.

Note 3—Test results such as measured braking force may be influ-
enced by tire groove depth or tread hardness, or both. The magnitude of
this dependence is a function of the water depth, pavement characteristics,
test speed, tire aging effects, and break-in (preconditioning).




.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any iterm mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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Standard Specification for: .

Designation: F 478 — 92 (Reapproved 19995"

In-Service Care of Insulatmg Llne Hose and Covers

This standard is 1ssued under the fixed demgnanon F 478; the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year of last.revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers the in-service care, inspection,
testing, and use yoltage of insulating line hose and covers for
protection from electrical shock.

1.2 The following safety hazards caveat applies only to the
test method portion, Section 7, of" this' specification: This
standard does not purport:to address dll of the sdfety problems,
if any, associated with its use. It is the responsibility of the user
of this -standard to:-establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use; Specific precautlonary statements are given
in Not& 1. - .«

2. Referenceﬁ Documents

. 2.1 ASTM:Standards: -
D 1049 Specification for Rubber Insulatlng Covers
D :1050: Specification for Rubber Insulating Line Hose?
D 2865 Practice for' Calibration of Standards and Equip-
ment for Electtical Insulating Materials Testing>-
F 819 Definitions of Terms Relatlng to Electrlcal Protectlve
Equipment for Workers? .
i 2.2+ ANSI Standards:
C 84.1 Voltage Ratings"for Electric Power Systems and
Bquipment (60 Hz)* = - .. .
2.3 IEEE Standard: o i
'IEEE Standard 4, Technlques for High Voltage Testing®

3 Termmology

3.1 breakdown—the electrical dlscharge or arc occurring
between the electrodes and through the equipment being tested.

— e

L'This specification 4s7 tinder. the . jurisdiction 'of ASTM Committee F<18:on
Electrical ; Protective Equipment .for, Workers -and is the direct. responsibility of
Subcommittee F18 25 on Insulating Cover -up Equxpment .

Current edition dpproved Feb. 11, 1992, Published April 1992." Ongmally
published as F 478 — 76. Last previous edition F 478 — 87.

2 Annual Book of ASTM Standards, Vol 10.03: -

3 Annual Book of ASTM Standards; Vol 10.02.

4 Available from the American National Standards Insutute, 1430 Broadway, o

New York, NY 10018.

% Available from Institute of Electrical and Electronics Engineers, Inc,, 445 Hoes ...

Lane, Piscataway, NJ 08854-4150.

s
i

3.2 bulk storage— the storage of hose or covers together
with one or more layers piled neatly, but without the benefit of
spacers, supports, or special protective containers.

3.3 cover—an eléctrically-‘ihsulated enclosure designed to
be installed temporarily on various types of irregularly shaped
electrical equipment to protect personnel and equipment Work—
ing in the close proximity.

3.4 designated person—an individual who is qualified by
experience or training to perform an ‘assigned task.

3.5 distorted—physically changed from the natural and
original shape, caused by stress.of .any type.

3.6 electrical testing facility—a location with qualified per-
sonnel, testing equipment, and procedures for the inspection
and electrical testing of electrical insulating protective equip-
ment.

37 electrode—the energized or grounded conductor portion
of electrical test equipment which is placed near or in contact
with the material or equipment being.tested. | ‘

" 3.8 flashover—ithe electrical discharge or arc occurring
between electrodes and over or around, but not through, the
équiprie: ‘beinig tested. ‘

3.9 hose—-—an electrlcal insulating tube with a longltudlnal
slit d éd to be mstalled temporarlly oh enérglzed electncal
wirés, :

3.10 ozone=—a véty active' form of oxygen that rhay be
produced by ‘torona, ‘arcing, ‘or ultraviolet idys.

3.11 ozone cutting and checking—cracks produced by
ozone in a material under mechanical stress.

3.12 retest—the tests given after the initial acceptance test,
usually performed at regular periodic intervals or as required
because of physical inspection.

3,13 voltage, maximum use—the a-c voltage (rms) classifi-
cation..of the protective equipment:that designates the maxi-
mum nominal design voltage of the energized system that may
be safely worked. The nominal - design  voltage is. equal to
phase-to-phase voltage on multiphase circuits.

.3.13,1.If there is no multiphase exposure in a system area,

- and-thevvoltage exposure is limited:to phase (polarity on d-c
" systems) to ground potential, the phase’(polarity on d-c

systems) to ground potential shall be considered to be the
nommal des1gn voltage

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3.13.2 If electrical equipment and devices are insulated, or
isolated, or both, such that the multiphase exposure on a
grounded wye circuit is removed, then the nominal design
voltage may be considered as the phase-to-ground voltage on
that circuit.

3.14 voltage, maximum retest—voltage, either a-c rms or
d-c average, that is equal to the proof test voltage for new
protective equipment.

3.15 voltage, nominal design—a nominal value consistent
with the latest revision of ANSI C84.1, assigned to the circuit
or system for the purpose of conveniently designating its
voltage class.

3.16 voltage, retest— voltage, either a-c rms or d-c average,
that used protective equipment must be capable of withstand-
ing for a specific test period without breakdown.

4. Significance and Use

4.1 Compliance with this specification should continue to
provide personnel with insulating line hose and covers of
known and acceptable quality after initial acceptance in accor-
dance with Specifications D 1050 and D 1049. The standards
herein are to be considered as minimum requirements.

4.2 A margin of safety shall be provided between the
maximum use voltage and their class proof voltage in accor-
dance with Specifications D 1050 and D 1049, as shown in
Table 1.

4.3 The user of this type of protective equipment shall be
knowledgeable of and instructed in the correct and safe
inspection and use of this equipment.

5. Classification

5.1 Line hose covered in this specification are designed as
Type I or Type II; Class 0, Class 1, Class 2, Class 3 or Class 4;
Style A, Style B, Style C or Style D. Covers covered in this
standard are designated as Type I or Type II; Class 0, Class 1,
Class 2, Class 3 or Class 4; Style A, Style B, Style C, Style D
or Style E.

© 5.1.1 Type I—High-grade cis-1,4-polyisoprene rubber com-
pound of natural or synthetic origin, properly vulcanized.

5.1.2 Type II—Ozone resistant, made of any elastomer or
combination of elastomeric compounds.

5.1.3 The class designations are based on the electrical
properties in Specifications D 1050 and D 1049. -

TABLE 1 Voltage Requirements Line Hose and Covers

Class

Designation of Voﬁ;(;eusrrens A-C Retest -~ D-C Retest ..
Hose and ma)é" ! Voitage, rms Voltage, avg
Covers
0 1000 5000 20 000
1 7500 10 000 40 000
2 17 000 20 000 . 50 000
3 26 500 30 000 60 000
4 36 000 40 000 70 000

A The maximum use voltage is based on the following equations:
1. Maximum use voltage = 0.95 a-¢ and d-c retest voltage— 2 000,
Classes 1, 2, 3, and 4.
2. Maximum use voltage = 0.95 a-c and d-c reset voltage — 30 500,
Classes 1, 2, 3, and 4.
3. Maximum use voltage 1 0.95 a-c and d-c retest voltage — 18 000, Class 0.

F 478

5.1.4 The style designations are based on the designs and
descriptions in Specifications D 1050 and D 1049.

6. Washing and Inspection

6.1 The recommended sequence of washing and inspection
of contaminated insulating line hose and covers is as follows:

6.1.1 Washing,

6.1.2 Drying,

6.1.3 Inspection,

6.1.4 Marking, and

6.1.5 Packing for storage and shipment.

6.2 The hose and covers may be washed with a soap, mild
non-bleaching detergent, or a cleaner recommended by the
equipment manufacturer. After washing, the hose and covers
shall be rinsed thoroughly with water.

6.2.1 The cleaning agent shall not degrade the insulating
qualities of the line hose and covers.

6.2.2 A commercial tumble-type washing machine may be
used, where practicable, but caution must be observed to
eliminate any interior surfaces or edges that will cut, abrade,
puncture, or pinch the hose or covers.

6.3 The hose and covers shall be air dried. The air tempera-
ture shall not be over 150°F (65.5°C). They may be suspended
to allow drainage and air circulation or dried in a commercial
tumble-type automatic dryer. In an automatic dryer, caution
must be observed to eliminate any ozone-producing lamps and
interior surfaces that will cut, abrade, puncture, or pinch the
hose and covers.

6.4 Insulating line hose and covers shall be given a detailed
inspection over the entire inner and outer surface for punctures,
cuts, severe ozone cutting, or any other obvious condition that
would adversely affect performance.

6.5 The hose and covers shall be marked in accordance with
Section 12. ‘

7. Electrical Tests

7.1 Where the inspection specified in Section 6 indicates
that there may be reason to suspect the electrical integrity of a
line hose or cover, an electrical test shall be performed before
reissuing the line hose or cover for service.

7.2 Both a-c and d-c voltage retest methods are 1ncluded in
this section and either or both methods may be selected for
electrical test.

Note 1—Precaution: In addition to other precautions, it is recom-
mended that the test apparatus be designed to afford the operator full
protection in the performance of duties. Reliable means of de-energizing
and grounding the high-voltage circuit should be provided. It is particu-
larly important to incorporate positive means of grounding the high-
voltage section of d-c test apparatus due to the likely presence of
high-voltage capacitance charges at the conclusion of the test.

7.3 Any electrical retest shall be performed at normal room
temperatures and on clean hose or covers at an electrical testing
facility.

7.4 Electrodes:

7.4.1 The entire area of each hose and cover shall be tested,
as nearly as’practicable, between electrodes that apply the
electrical stress uniformly over the test area without producing
damaging corona or mechanical strain in the hose or cover. The
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electrodes shall be of -such d1mens1ons and-so placed as to
avoid flashover at the edges.

7.4.2 For hose, the inside electrode shall be a metal mandrel
of the size in Table 2. The outer -electrode. should be a
close-fitting wet sponge or wet fgbnc blanket, metal foil, or a
smooth metal form; extending to within 1/zm (13 mm) of the
edge of the lip of the hose, and extending to a distance from the
end of the hose as specified in Table 3. If the hose has a
connector end, the form should extend to within 12 in. (13 mm)
of the connector end. When Style C line hose is tested, the
outer electrode may fit around the outside diameter of the hose,
but not the extended lip (Note 2).

Note 2—These end clearances-are intended to serve as a guide and
under some conditions may have to be increased to prevent ﬂashovel: i

7.4.3 For covers, the electrodes $hall be one of those
described in the following methods: oo

7.4.3.1 Method 1 for Types I and II——Water as inner and
outer electrodes:

T4.3.2 Method 2 for Types I and II-=Wet sponge or wet felt
innei ‘electrode; and wet sponge, wet felt, or metal foil outer
electrode.

7.4.3.3 Method 3 for Type II—Fixed form metal or metal
foil inner’ or outer eléctrodés, or both.

Norte 3—Method .3 electrodes shall not be used with Type I materials
when testmg with alternatmg current due to.the possibility of corona
cuttmg v

7.5 A-C Test:

7.5.1 Voltage Supply and Regulation—The voltage supply
and, control equipment should be of such size and design that,
with the: fest_specimens in the circuit, ,the crest factor (ratio of
peak to mean effective) of the test Voltage shall dlffer by not
more than 5 % from that of a s1nuso1dal wave over the upper
half of the range of the test voltage. The correct rms value of
the sinusoidal voltage waveform applied to the hose or cover
may be measured by one of the following methods:

7.5.1.1 A voltmeter used in conjurction with a calibrated
1nstrument transformer’ connected directly across the high
voltage cireuit, )

7.5.12" A’ ¢alibrated ‘eléctiostatic voltmeter connected di-
rectly across the high voltage circuit,

7.5.1.3 An a-c meter connected in series with appropriate
high voltage type resistors directly across the h1gh voltage
circuit.

7.5.1.4 The accuracy of the voltage measuring circuit.shall
be 2 % of full scale. To ensure the continued accuracy. of. the
test voltage, as indicated by the-test equipment voltmeter, the
test equ1pment shall be callbrated at least annually ih" dccor-

TABLE 2 Line Hose Test Mandrel Size
Recommended Test,Mandrel Size,

Hose Size, Inside Diameter, in.

(mm) ~_ Outside Diameter, in. (mm)
Ya (64) Y6 (4.8)
% (16) %o (14.3)
1 (25 15/46(28.8) *
s 1Va (82) : 1%16(30)
Sy 12 (38) 1%, (81.8)
L2 61) 1% (44.4)

ol (572)

T 214 (63.5)

TABLE 3 Flashover Clearances Between Electrodes”

Class:Desig- A:C Retest +'D-C Retest
nation,. . :
Glove or ] ’ .

Sleeve i in. ‘mm -y - mm

0 3 76 3 T
1 3 76 4 102

2 5 27, 6 152

3 7 178 ) 8 203

4 10 254 127 305

A Flashover clearances are stated in terms of the shortest elecrical alr path
between eléctrbdes arouind the edge of the item belng tested. In those cases
where -atmespheric conditions -make the, specified - clearances impractical, the
distance may be increased by the maximum of 2 in. (51 mm).

dance w1th the latest reyision of Practice D 2865 or IEEE
Standard 4. The crest factor may be checked by the use of a
peak reading voltmeter connected directly across the h1gh-
voltage circuit.

7.5.2" A-C*Rétest—Flecirical retest of a hose or cover shall
be in’ accordance w1th the requlrements of Sect1on 8.

Note 4—ltis recormnended that thc retest voltage be apphed initially
at a low value and. increased gradually at.a constant rate-of-ris¢.of
approximately 1000 V/s a-c until the prescubed test voltage level is
reached. Unless an eléctrical puncture has occurred already, the applied
voltage should be techiced to at least half value at the end of the test period
before opening the fest ciréuit,

7.6 D-C Test:

" 7.6,1 Voltage Supply and Regulation:

“7.6:1.1 The d-c test voltage can be obtained from a source
capable of supplying a d-c voltage whose peak-to-peak a-c
ripple component does not exceed 2 % of the average voltage
value under no-load conditions.

7.6.1.2 The d-c test voltage shall be measured by a method
that providés: the average value of the voltage applied to the
hose or’'covei: Itidis fecommended that the voltage be measured
by the usé of a d-¢'méter connected in'series with appropriate
high-voltage type resistors across the high-voltage circuit; or
by an electrostatic voltmeter of proper range. The accuracy of
the voltage: measuring circuit- shall be: within - £2 % -of full
scale. The test equipment shall be’ calibratéd at least annually,
in accordance with the latest revision of Practice D 2865 or the
latest revision of IEEE Standard 4.

7.6.2 D-C:Retest—Electrical retest of a hose or cover shall
be in accordance with the requirements of Section 8.

tiad

Note 5—It is recommended the d-c retest voltage should be applied in
the same manner as for a-c retest voltage, with the excepuon of a
rate-of tlsé of appiokimately 3000 V/s.'

8. Rejectlon Criteria:

8.1 Any hose or covet that fails to comply with the electrical
retest frequirements as indicated in thig Section shall be rejected.

8.2 Each hose or cover shall withstand the 60-Hz a-c retest
voltage (1ms value) or the d-c retest voltage (average value)
specified in Table 1. The test voltage shall be applied continu-
ously for not less than 1 min and not mote than 3 min,

8.3 Any hose or cover that upon 1nspect1on is found to have
punctures, deep cuts, severe corona or ozone cuttinig, contami-
nation from injurious matenals, of' has lost its normal elasticity,
shall be rejected. :
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8.4 Minor surface corona cutting or ozone checking need
not be cause for rejection.

9. Precision and Bias

9.1 No statement is made about either the precision or the
bias of the test methods in this specification for measuring the
dielectric strength since the results merely state:whether there
is conformance to the criteria for success specified in the
procedure.

10. Repairs
10.1 Hose and covers shall not be repaired. Hose may be
used in shorter lengths if the defective portion is cut off.

11. Field Care, Inspection, and Storage

11.1 The field care and inspection of electrical insulating
line hose and covers, performed by the individual, is an
important requirement in providing protection from electrical
shock. Defective or suspected defective line hose and covers
shall not be used. They shall not be re-issued for use until they
have been inspected and retested at an electrical testing facility,
and meet the requirements of Section 8.

11.2 Before use and installation on energized conductors,
devices, or equipment, line hose and covers shall be inspected
visually for defects and at other times if there is cause to
suspect any damage. )

11.3 Line hose and covers shall be wiped clean of any oil,
grease, or other damaging substances as soon as practicable.
Line hose and covers whose surface becomes otherwise
contaminated shall be set aside and cleaned in accordance with
Section 6.

11.4 Loose bulk storage or packaging may be used for hose
or covers in transit or in temporary holding operations provided

such storage is limited to periods not in excess of 1 month, and
there is not severe distortion.

11.5 Line hose and covers shall be stored without distortion
and mechanical stress in a location as cool, dark, and dry as
possible. They shall be stored or packaged in a suitable
compartment or in containers such as boxes or bags. The area
shall be as free as possible of ozone, chemicals, oils, solvents,
damaging vapors and fumes, and away from electrical dis-
charges and sunlight.

11.6 Line hose and covers shall not have any identifying
adhesive tapes or labels applied to them by other than
authorized personnel. Tape shall not be used to secure line hose
and covers for shipment or storage.

11.7 Line hose and covers with any of the following defects
shall not be used:

11.7.1 Holes other than factory produced openings on the
top, sides, or lips of the line hose or covers, tears and
punctures, serious cuts, and rope or wire burns that extend
more than one third the depth of the thickness of the rubber.

11.7.2 Texture changes: swelling, softening, hardening, and
becoming sticky or inelastic.

11.7.3 Other defects that damage the insulating properties.

11.8 Line hose and cover should be left in service on
energized lines for minimum necessary periods of time as
exposure may result in ozone checking, corona cutting, or
excessive weathering.

12. Marking

12.1 TIf the hose and covers are not readily identifiable as to
class, they shall be marked.

12.2 Hose or covers that have been rejected and are not
suitable for electrical service shall be defaced, cut, or otherwise
marked and identified to indicate that they are not to be used
for electrical service. '

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, Uhited States. Individual
reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at 610-832-9585
(phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (hitp://www.astm.org).
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Designation: F 631 -~ 80 (Reapproved 1985)

Standard Method for Testing

Full Scale Advancing Spill Removal Devices’

This standard is issued under the fixed designation F 631; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This standard provides a method for determining
performance parameters of full-scale advancing oil spill
removal devices in recovering floating oil when tested in a
controlled test facility.

1.2 This standard may involve hazardous materials, oper-
ations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of whoever uses this standard to consult and
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 88 Test Method for Saybolt Viscosity?

D 341 Viscosity-Temperature Charts for Liquid Petroleum
Products®

D 445 Test Method for Kinematic Viscosity of Trans-
parent and Opaque Liquids (and the Calculation of
Dynamic Viscosity)?

D 1298 Test Method for Density, Relative Density (Spe-
cific Gravity), or API Gravity of Crude Petroleum and
Liquid Petroleum Products by Hydrometer Method?

D 2161 Method for Conversion of Kinematic Viscosity to
Saybolt Universal Viscosity or to Saybolt Furol
Viscosity*

D 2904 Practice for Interlaboratory Testing of a Textile
Test Method that Produces Normally Distributed Data®

D 2905 Practice for Statements on Number of Specimens
for Textiles® ‘

D 2906 Practice for Statements on Precision and Bias for
Textiles®

3. Summary of Method

3.1 The spill removal device may be tested in a wave/tow
tank or other suitable facility with a controllable test
environment, Controlled test variables include device ve-
locity relative to the water velocity, oil properties and slick
thickness, wave conditions, and pertinent device variables. It
is essential that the device be operated in a steady-state
condition during the sampling period when oil encounter
rate, recovery rate, recovery efficiency, and device parame-

! This method is under the jurisdiction of ASTM Committee F-20 on Spill
Control Systems and is the direct responsibility of Subcommittee F20.12, on
Removal.

Current edition approved Jan, 3, 1980. Published April 1980.

2 Annual Book of ASTM Standards, Vol 04.04,

3 Annual Book of ASTM Standards, Vol 05.01.

4 Annual Book of ASTM Standards, Vol 05.02.

S Annual Book of ASTM Standards, Vol 07.01.

ters are monitored, measured, and recorded.

4. Significance

4.1 This test method provides quantitative data in the
form of oil recovery rates, throughput efficiencies, and oil
recovery efficiencies under controlled test conditions. The
data can be used for evaluating design characteristics of a
particular advancing spill removal device or as a means of
comparing two or more devices. Caution must be exercised
whenever test data are used to predict performance in actual
spill situations as the uncontrolled environmental conditions
which affect performance in the field are rarely identical to
conditions in the test tank. Other variables such as mechan-
ical reliability, presence of debris, ease of repair, ease of
deployment, required operator training, operator fatigue,
seaworthiness, and transportability also affect performance
in an actual spill but are not measured by this method. These
variables should be considered along with the test data when
making comparisons or evaluations of advancing spill re-
moval devices.

5. Definitions

5.1 oil recovery rate—the volume of oil recovered by the
device per unit of time.

5.2 throughput efficiency—the ratio, expressed as a per-
centage, of the volume of oil recovered to the volume of oil
encountered.

5.3 oil recovery efficiency—the ratio, expressed as a per-
centage, of the volume of oil recovered to the volume of total
fluids recovered.

5.4 advancing oil spill removal device—a device that
removes spilled oil from the water surface when there is
relative motion between the device and the water. The device
may move through the surrounding fluid or it may be
stationary and the surrounding fluid moved past the device.

5.5 data collection period—the period of time during a
test run when the performance data is recorded.

5.6 oil—the fluid distributed on the water of the test
facility and recovered by the spill removal device (see Section
8).

5.7 oil encounter rate—the volume of oil per unit time
actively directed to the removal mechanism.

5.8 oil slick thickness—the average thickness of the oil
slick encountered by the test device.

5.9 full-scale equipment—equipment of the size that is (or
will be) available commercially.

6. Interferences

6.1 The table of results (see 13.1) shall address the
possibility of test facility effects. For example, wall effects
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may interfere hydrodynamically with the device’s perform-
ance.

7. Test Facilities

7.1 At least two types of test facilities, a wave/tow tank
and a current tank, may be used to conduct the test outlined
in this method.

7.1.1 Wave/Tow Tank—A wave/tow tank has a movable
bridge or other mechanism for towing the test device through
water for the length of the facility. A wave generator may be
installed on one end, or on the side of the facility, or both.

7.1.2 Current Tank—A current tank is a water-filled tank
equipped with a pump or other propulsion system for
moving the water through a test section where the test device
is mounted. A wave generator may be installed on this type
of test facility.

7.1.3 Other facilities, such as private ponds or flumes,
may also be used, provided the test parameters can be
suitably controlled and environmental regulations adhered
to. -
7.2 Ancillary systems for facilities include, but are not
limited to, a distribution system for accurately delivering oils
to the water surface, skimming systems to assist in cleaning
the facility between tests, and adequate tankage for storing
the test oils.

8. Test Oils

8.1 Three standard test oils for use with this test method
are defined in Appendix X1. These oils cover a wide range of
properties and are designated with respect to viscosity and
specific gravity as light, medium, and heavy. These oils must
be Newtonian fluids and may be crude, refined, or simulant.

8.2 If it is desired to use an oil with properties that do not
correspond to a standard test oil, a statement must be made
in the table of results (see 13.1) that a standard test oil was
not used. This statement must discuss the effect’ of the
nonstandard oil on test data with respect to the probable
results using the most similar standard test oil.

8.3 The viscosity of oil varies greatly with temperature.
Frequently test oils must be distributed in the test facility at
temperatures different from the water temperature. When
this occurs, the oil generally will approach the surface water
temperature.

8.4 If oils that originally meet the conditions stated in
Appendix X1 are reused, their properties may change and
should be evaluated prior to reuse.

9. Safety Precautions

9.1 Test operations shall conform to established safety
requirements for both test facility operations and oil han-
dling. Particular caution must be exercised when handling
flammable or toxic test oils.

10. Test Device

10.1 The test device shall be deployed in accordance with
facility operating characteristics. The device must be oper-
ated in accordance with the manufacturer’s specified oper-
ating instructions with respect to mechanical operations and
established maintenance routines. Modifications to the de-
vice for testing purposes shall follow the manufacturer’s
recommendations and shall be recorded with the test results.

11. Calibration and Standardization

11.1 At the outset of the test, the independent or control
test parameters are selected. Typical test variables include:

Test oils light, medium, and heavy

Test speed upper and lower limits and speed increments selected as
appropriate

Oil slick thickness appropriate increments for the device being tested

Wave conditions wave characteristics of significant height, average length,

and period and pattern may be varied as appropriate

12. Procedure

12.1 Prior to the test, select the operating parameters,
such as tow speed, wave conditions, test oil, and oil
distribution rate. Then prepare the facility and spill removal
device for the test run. Occasionally, it may be necessary to
preload the device with oil to achieve steady-state operation
within a reasonable period of time. Any preload must be
carefully measured and discharged into the device. Measure
or note immediately prior to each test the following param-
eters describing ambient conditions:

12.1.1 Air temperature,

12.1.2 Water temperature near the surface,

12.1.3 Wind speed,

12.1.4 Wind direction relative to the test device, and

12.1.5 General weather conditions, for example, rain,
overcast, sunny, etc.

12.2 Start the wave generator (if necessary), oil distribu-
tion system, tow mechanism or water flow, and the spill
removal device to begin a test run. Direct the discharge flow
of recovered fluid from the device into a holding tank or
back into the test tank out of the device’s sweep path during
the transient start-up period. After steady-state operation is
achieved, monitor the discharge flow to obtain performance
data. The discharge may be pumped through a flow meter to
obtain a flow rate and sampled periodically to obtain the
oil-to-fluid ratio. Alternatively, the discharge may be di-
verted into calibrated sample tanks from which the flow rate
and oil-to-fluid ratio may be determined. In either case, the
data collection period begins when sampling starts and ends
when sampling stops. During the data collection period or
immediately thereafter, measure and record the following
parameters:

12.2.1 Oil distribution rate,

12.2.2 Fluid recovery rate (oil and water),

12.2.3 Tow speed or current speed,

12.2.4 Wave characteristics,

12.2.5 Length of the data collection period,

12.2.6 Oil encounter rate, and

.12.2.7 Operating parameters of the spill recovery device
such as belt speed, weir setting, pump speed, etc.

12.3 At the completion of the data collection period,
divert the discharge of the spill removal device back into the
holding tank or test tank. Stop the wave generator, tow
mechanism or water flow, oil distribution, and spill removal
device. Analyze samples of the discharge to determine
oil-to-fluid ratio. Analyze samples of the recovered test oil to
determine the following: -

12.3.1 Specific gravity,

12.3.2 Viscosity,

12.3.3 Surface tension,

12.3.4 Interfacial tension with respect to test tank water,
and
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12.3.5 Water content.

12.4 Perform the analyses in 12.3 at the surface water
temperature or in such a way that the values of these
parameters at the surface water temperature can be deter-
mined from the analytical data.

13. Calculation or Interpretation of Results

13.1 Prepare a table of results for the test run containing
the following entries:

13.1.1 Test identification number.

13.1.2 Date and time of day.

13.1.3 Average speed (tow speed or current speed) during
data collection period.

Note—This rate is averaged over the data collection period.

13.1.4 Test oil type (light, medium, heavy, or non-
standard).

13.1.5 Oil slick thickness.

13.1.6 For regular waves, include height, average period
(or length), and whether head or following. For irregular
waves, include significant height, significant frequency, spec-
tral characteristics, and whether head or following.

13.1.7 Oil properties at test temperatures, including spe-
cific gravity, viscosity, surface tension, interfacial tension
with tank water, and initial water content of oil.

13.1.8 Total volume of oil distributed during data collec-
tion period.

13.1.9 Total volume of oil encountered during data col-
lection period.

13.1.10 Total volume of fluid (oil/water) recovered during
data collection period.

13.1.11 Average oil distribution rate (see Note).

13.1.12 Average oil encounter rate (see Note).

13.1.13 Average fluid (oil/water) recovery rate (see Note).

13.1.14 Average oil recovery efficiency (see Note).

13.1.15 Average oil recovery rate (see Note).

13.1.16 Average throughput efficiency (see Note).

13.1.17 Ambient conditions, including air temperature,
surface water temperature, wind speed, wind direction, and
brief statement of weather conditions during test run.

13.1.18 Length of data collection period. )

13.1.19 Volume of oil in device at beginning of data
collection period.

13.1.20 Volume of oil in device at end of data collection
period.

13.1.21 Operating parameters of the device such as belt
speed, weir setting, pump speed, etc.

13.1.22 Brief discussion of interferences or limiting fac-
tors (see 6.1).

13.2 If any of the data required by 13.1 are not applicable
to the device being tested, a statement must be included in
the table of results describing the reasons for omitting the
data.

14. Precision and Accuracy

14.1 Statistical measures of accuracy and precision may
be determined that will indicate the reliability of test results
as well as the degree of standardization in test procedures.
Examples of procedures may be found in Appendix X2.

APPENDIXES

X1. STANDARD TEST OILS

X1.1 General

X1.1.1 The ranges of physical properties for standard test
oils will be as outlined in X1.2 through X1.5.

X1.2 Viscosity

X1.2.1 Light Oil—3 to 10 ¢St (mm?/s) at 60°F (15.6°C).

X1.2.2 Medium Oil—100 to 300 ¢St (mm?/s) at 60°F
(15.6°C).

X1.2.3 Heavy 0il—500 to 2000 ¢St (mm?/s) at 60°F
(15.6°C).

X1.3 Specific Gravity
X1.3.1 Light Oil—0.83 to 0.88.

X1.3.2 Medium 0il—0.90 to 0.94.
X1.3.3 Heavy 0il—0.94 to 0.97.

X1.4 Surface Tension

X1.4.1 All Oils—24 to 34 dynes/cm (mN/m) with dis-
tilled water at 77°F (25°C).

X1.5 Interfacial Tension

X1.6 All Oils—26 to 32 dynes/cm (mN/m) with distilled
water at 77°F (25°C).

X2. DETERMINATION OF PRECISION AND ACCURACY

X2.1 The following properties may be determined by the
ASTM standards listed which are considered for use in this
method for full scale advancing skimmers:

X2.1.1 Viscosity—Methods D 88 and D 445.

X2.1.2 Specific Gravity—Method D 1298.

X2.1.3 Viscosity versus Temperature—Standard D 341.
X2.1.4 Viscosity Conversion—Method D 2161.

X2.1.5 Interlaboratory Testing—Practice D 2904.
X2.1.6 Number of Test Replicates—Practice D 2905.
X2.1.7 Precision and Accuracy—Practice D 2906.
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The American Society for Testing and Materlals takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of Infringement of such rights, are entirely their own responsibiity.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Designation: F 631 - 93

Standard Guide for

Collecting Skimmer Performance Data in Controlled

Enwronments1

This standard is 1ssued under the fixed designation F 631; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This standard provides a guide for determining perfor-
mance parameters of full-scale oil spill removal devices in
recovering floating oil when tested in controlled environ-
ments,

1.2 This guide involves the use of specific test oils that
may be considered hazardous materials after testing is
completed, It is the responsibility of the user of this guide to
procure and abide by the necessary permits for disposal of
the used test oil.

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

2. Referenced Documents

2.1 ASTM Standards:

D97 Test Method for Pour Point of Petroleum Oils?

D445 Test Method for Kinematic Viscosity of Trans-
parent and Opaque Liquids (and the Calculation of
Dynamic Viscosity)?

D971 Test Method for Interfacial Tension of Oil Against
Water by the Ring Method?>

D 1298 Test Method for Density, Relative Density (Spe-
cific Gravity), or API Gravity of Crude Petroleum and
Liquid Petroleum Products by Hydrometer Method?

D 2983 Test Method for Low-Temperature Viscosity of
Automotive Fluid Lubricants Measured by Brookfield
Viscometer*

D 4007 Test Method for Water and Sediment in Crude Oil
by the Centrifuge Method (Laboratory Procedure)*

F 625 Practice for Describing Environmental Conditions
Relevant to Spill Control Systems for Use on Water®

F 808 Guide for Collecting Skimmer Performance Data in
Uncontrolled Environments®

3. Terminology

3.1 Definitions:
3.1.1 advancing skimmer—a device that removes spilled

! This guide is under the jurisdiction of ASTM Committee F-20 on Hazardous
Substances and Oil Spill Response and is the direct responsibility of Subcommittee
F20.12 on Removal.

Current edition approved July 15, 1993, Published September 1993. Originally
published as F 631 - 80. Last previous edition F 631 - 80 (1985).

2 Annual Book of ASTM Standards, Vol 05.01.

3 Annual Book of ASTM Standards, Vol 10,03,

4 Annual Book of ASTM Standards, Vol 05.02.

5 Annual Book of ASTM Standards, Vol 11,04,

oil from the water surface when there is relative motion
between the device and the water. The device may move
through the surrounding fluid or it may be stationary and the
surrounding fluid moved past the device.

3.1.2 data collection period—the period of time during a
test run when the performance data are recorded.

3.1.3 full-scale equipment—equipment of the size that is
(or will be) available commercially.

3.1.4 oil—the fluid distributed on the water of the test
facility and recovered by the spill removal device (see Section
8).

3.1.5 oil encounter rate—the volume of oil per unit time
actively directed to the removal mechanism (m3/h).

3.1.6 oil recovery efficiency—the ratio, expressed as a
percentage, of the volume of oil recovered to the volume of
total fluids recovered.

3.1.7 oil recovery rate—the volume of oil recovered by the
device per unit of time (m3/h).

3.1.8 oil slick thickness—the average thickness of the oil
slick encountered by the test device (mm).

3.1.9 throughput efficiency—the ratio, expressed as a per-
centage, of the volume of oil recovered to the volume of oil
encountered.

4. Significance and Use

4.1 This guide provides quantitative data in the form of
oil recovery rates, throughput efficiencies, and oil recovery
efficiencies under controlled test conditions. The data can be
used for evaluating design characteristics of a particular spill
removal device or as a means of comparing two or more
devices. Caution must be exercised whenever test data are
used to predict performance in actual spill situations as the
uncontrolled environmental conditions that affect perfor-
mance in the field are rarely identical to conditions in the
test tank. Other variables such as mechanical reliability,
presence of debris, ease of repair, ease of deployment,
required operator training, operator fatigue, seaworthiness,
and transportability also affect performance in an actual spill
but are not measured by this guide. These variables should
be considered along with the test data when making compar-
isons or evaluations of spill removal devices.

5. Summary of Guide

5.1 The spill removal device may be tested in a wave/tow
tank or other facility that is suitable for controlling the
appropriate test parameters. Significant testing results can be
obtained using simple test tanks or ponds, particularly when
calm water and low velocity advancing tests are desired as an
economical means to screen and compare devices. Con-
trolled test variables include relative velocity, oil properties
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and slick thickness, wave conditions, and pertinent device
variables. It is essential that the device be operated in a
steady-state condition during the sampling period when oil
encounter rate, recovery rate, recovery efficiency, and device
parameters are monitored, measured, and recorded.

6. Interferences

6.1 The table of results (see 13.1) shall address - the
possibility of test facility effects. For example, wall effects
may interfere hydrodynamically with the device’s perfor-
mance.

6.2 Care should be taken that any containment means
that is not inherent in the skimming device does not affect
the oil distribution to the device.

7. Test Facilities

7.1 Several types of test facilities can be used to conduct
the test outlined in this guide.

7.1.1 Wave/Tow Tank—A wave/tow tank has a movable
bridge or other mechanism for towing the test device through

water for the length of the facility. A wave generator may be-

installed on one end, or on the side of the facility, or both.

7.1.2 Current Tank—A current tank is a water-filled tank
equipped with a pump or other. propulsion system for
moving the water through a test section where the test device
is mounted. A wave generator may be installed on this type
of test facility.

7.1.3 Other facilities, such as private ponds or flumes,
may also be used, provrded the test parameters can be
suitably controlled.

7.2 Ancillary systems for facrlrtles include,: but are not
limited to, a distribution system for accurately délivering oils
to the water surface, skimming systems to assist in.cleaning
the facility between tests, and adequate tankage for storing
the test oils,

8. Test Oils
- 8.1 ‘Test oils for use with this gurde should be Selected to

fall within the parameters specified in Appendrx XI. These :

oils may be crude, refined, or simulated.

8.2 If test oils vary significantly from the recommended

ranges, the test report shall discuss the implications of such

deviations on the performance of the device. @ .. . .4

8.3 The viscosity of oil varies greatly with téemperature.
Frequently test oils must be distributed in the test facility at

temperatures different from the water temperature. When

this occurs, the oil generally will appr oach the qurface water
temperature. !

-8.4 If oils that ongrnally meet the condrtrons stated in-;
Appendix . X1 are reused, their propertres may change and"

should be evaluated prior to reuse.

9. Safety Precautions

9.1 Test operations shall conform to estabhshed safety
(and regulatory) requirements for both test facility operations
and oil handling. Particular caution must be exercised when

a lino flammahla ar tavie tact nile
uuu\.uuxs 1iQilllIAVIV Ul LWUALV WOL ViLo.

10. Test Device

10.1 The test device shall be deployed in accordance with
facility operating characteristics. The device must be oper-

ated in accordance with the manufacturer’s specified oper-
ating instructions with respect to mechanical operations and
established maintenance routines. Modifications to the de-
vice, in any modification from commercial design, shall be
recorded with the test results. .

11 Test Varlables

11.1 At the outset of the test, the 1ndependent or control
test parameters are selected. The test evaluator should
include a discussion of the procedures that were used to
establish calibration and standardization. Data should be
expressed with an indication of vanabrlrty Typical test
variables include:

Test oils as stated in Appendix XI

Test speed
appropriate within £0,1 m/s

*1, 5, and 25 mm and other thicknesses as appropriate

wave characteristics of significant height, average length,

and average significant period and pattern may be

Qil slick thickness
Wave conditions

Wave height ‘0 mm, 150 mm, and 450 mm
Debris
natural debris that may hinder skimmer operation.

Recommended materials include: - p

rope, Y2 in. diameter, cut into lengths ranging from 4

in. to 2 ft; softwood lumber, nominal dimensions 2 by

2 in., lengths ranging from 4 in. to 2 ft; foam sponges,

nominal size 4 to 12 in; broken ice, nominal sizé | to

© '4'in, diameteér; seaweed, lengths up to 5 ft; plastic or

upper and lower limits and speed increments selected as

varied as appropriate to the design of the skimmer ot
_Use various materials to simulate various forms of .

polypropylene

aluminum disposable containers (such-as soda cans); *

sorbeni pads, booms, or sheeis; or oiher suiiabie
materials. Use adequate number of pieces to produce
concentrations at ‘the skimmer inlet area corre-

. ‘sponding to 50 % surface coverage. N

12. Procedure

12.1 Prior to the test, select the operating parameters,
such as tow speed (as applicable), wave conditions, test oil,
and oil distribution rate. Then prepare the facility and spill
removal device for the test run.’ Occasionally, it may be

necessary to nrplnad the device with oil to achieve efpadv- '

state operatron within ‘a reasonable period of time. Any

preload must be carefully measured and dlscharged into the”

device. Measure or note-immediately prior to each test the
following parameters describing ambrent condltrons
12.1.1 Air temperature (°C), ¢ ’
12.1.2 Water temperature near the surface (°C);
12.1.3 Wind speed (m/s), )
12.1.4 Wind direction relative to the test dev1ce, and
12.1.5 General weather conditions, for example, rain,
ct. cninnvy

avarpa ato
UVTIvasy, suiilly, Vi,

12.2 Start the wave éenelator (1f necessary) 011 dlstrlbu- ,

tion system, tow mechanism or water flow (if necessary), and

the spill removal device to begin a test run. Direct the,

discharge flow of recovered fluid from the device into a

holding tank ‘or back into the test tank out of the device’s -
sweep path durlng the transient start-up period. After steady- .-

state operation is achieved, monitor the discharge flow to
obtain performance data. The discharge may be pumped
through a flowmeter to obtain a flow rate and sampled
periodically to obtain the oil-to-fluid ratio. Alternatively, the
discharge may be diverted into calibrated sample tanks from
which the flow rate and oil-to-fluid ratio may be d-:ermined.
In either case, the data collection period begins when
sampling starts and ends when sampling stops. During the
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data collection period or immediately thereafter, measure

and record the following. parameters:

12.2.1 Oil distribution rate (m?/h); :

-12.2.2 Fluid recovery rate (oil and water) (m3/h),

12.2.3 Tow speed or current speed (m/s),

12.2.4 Wave characteristics (see Practice F 625 for envi-
ronmental descriptors and classifications),

12.2.5 Length of data collection period,

12,2,6 Oil encounter rate (m3/h), and

12,2,7 Operating parameters of the spill recovery device
such as belt speed (m/s), weir setting (mm below fluid level),
pump speed (r/min), etc.

12.3 At the completion of the data collection period,

divert the discharge of the spill removal device back into the
holding tank or test tank. Stop ‘the wave generator, tow

mechanism or water flow, oil distribution, and spill removal
device. Depending on the degree and variability of changes
in the oil properties, the test evaluator will deteriine the
required schedule of analysis to provide representative sam-
ples. Analyze representative samples of the discharge to
determine oil-to-fluid ratio. Analyze representative samples
of the recovered test oil to determine the following:

12.3.1- Density (g/mL),

12.3.2 " Viscosity (mm?/s),

12.3.3 Surface tension (mN/m),

12.3.4 Interfacial- tens1on with respect to test tank water
(mN/m), and

12.3.5 Water coritent (percent of total mixture).

12.4 Perform the analyses in 12.3 at the surface water
temperature or in-such a way that the values of these
parameters at the surface water temperature can be deter-
mined from the analytical data.

13. Report

13.1 Prepare a schematlc dlagram of the layout for the test
series. .. ,
13.2 Prepare a table of results for the test run containing
the following entries:

13.2.1 Test identification. number.

13.2.2 Date and time: of day.

13.2.3 Average speed (tow speed or current speed, m/s)
during data collection period.

Note—This rate is averaged over the data collectiqu _pc_riod.

13:2.4-Test oil type. '

13.2.5 Ol slick thickness—Calculation of slick thickness
should ‘include a ‘brief"discussion’ of the method used for
measuring varratron m the thlckness, espec1ally for heavy
oils,

13.2.6 For regular ‘waves, include height, average period
(or length), and whether head or following, For irregular

waves, mclude significant helght srgmﬁcant frequency, spec-

tral characteristics, and whethér head or following. Primary
and secondary (reﬂected) wave basin characteristics shall'be
described. -

13.2.7 Oil: propertles at test temperatures, including den-
sity, viscosity; surface tension, interfacial tension with tank
water, and initial water content of oil.

13.2.8 Recovered oil properties as performed in 12.3,

13.2.9 Total volume of oil distributed during data collec-
tion period. -

13.2.10 Total volume of oil encountered during data
collection period.

13.2.11 Total volume of fluid (orl/water) recovered during
data collection period.

13.2.12 Average oil distribution rate (see Note).

13.2.13 Average oil encounter rate (see Note).

13.2.14 Average fluid (oil/water) recovery rate (see Note).

13.2.15 Average:oil recovery efficiency (see Note).:

13.2.16 Average oil recovery rate (see Note).

13.2.17 Average throughput efficiency (see Note).

13.2.18 Ambient conditions, including air temperature,
surface water temperature, wind speed, wind direction, and
brief statement of weather-conditions during test run.

13.2,19 Length of data collection’ period.

13.2.20 Volume of oil in device at beginning of data
collection period.

13.2.21 Volume of oil in device at end of data collectlon
period.

13.2.22 Operating parameters of the device such as belt
speed, weir setting, pump speed, €tc.

13.2.23 For tests conducted in the presence of debris,
report the following:.

13.2.23.1 Size:and.type of debrls forms used;

13.2.23.2- Approximate: ‘concentration, expressed as sur-
face coverage (percent);

13.2.23.3 Mode of debris handling, or processing, or both;

13.2.23.4 Effectiveness of debris handling, or processmg,
or both; and

13.2:23.5 When: comparing.‘results, - specify reasons for
performance degradation (if any); differentiating between oil
encounter degradation and that of the :skimming mecha-
nism, .-

13.2.24 Brief dlscussmn of mterferences or lxmrtmg fac-
tors (see 6.1). :

13.3 If.any of the data required by 13.2 are not applicable
to the device being tested, a statement must be included in
the table of results describing the reasons for omitting the
data.

13.4 Report qualitative comments on device operatmg
parameters such as mechanical reliability, ease of repair, ease
of deployment, required operator training, operator fatigue,
seaworthiness, and transportability.

14. Keywords
14.1 oil; oil recovery; skimmer
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APPENDIX

(Nonmandatory Information)

X1. STANDARD TEST OILS

X1.1 Values in Table X 1.1 refer to test fluid properties at
test temperatures, Test methods for fluid properties are
specified as follows: viscosity, Test Methods D 445 and
D 2983 (report shear rate for viscosity measurement, should
be in the range of 1 to 10 s™'); density, Test Method D 1298;
interfacial tension, Test Method D 971; pour point, Test
Method D 97. For all test oils (with the exception of
emulsions), maximum sediment and water (BSW) of 0.1 %
(see Test Method D 4007).

X1.2 Of the five viscosity ranges, numbers I, II, and IV
are especially recommended as being indicative, respectively,

of lightly weathered, moderately weathered, and significantly
weathered crude oils.

X1.3 The following lists examples of hydrocarbon oils
that could be used to fall within the specified ranges. This list
is intended for guidance only; it should be noted that
viscosities of all oils will vary greatly with both temperature
and the specific product. Selected oils may be crude, refined,
or simulated, In the case of crudes and light refined products,
it is acceptable and may be desirable to pre-weather the oil in
order to produce a desired viscosity, increase the oil’s flash.
point to a safe level, and produce a more stable test fluid.

TABLE X1.1 Candidate Test Oils

Note—Test oils should be selected to fall within these five categories.

Viscosity, mm2/s Density, g/mL

Oil-Air Interfacial
Tension, mN/m

Qil-Water Interfacial

0,
Tension, mN/m Pour Point,°C

1A 150 to 250 0.90 to 0.93
e 1500 to 2500 0.92 to 0.95
ne 17 000 to 23 000 0.95 to 0.98
Ive 50 000 to 70 000 0.96 to 0.99
VE 130 000 to 170 000 0.96 to 0.99

20 to 30 . <-3

28 to 34

30 to 40 20 to 30 <-3
20 to 40 20 to 40 ‘ <10
20 to 40 20 to 40 . : .
20 to 40 20 to 40 R

A 1) Alaska North Slope crude oil, 10 to 15 % weathered by volume.

2) Fuel oil No. 4 (heavy); can be prepared by blending 40 % fuel oil No. 2 and 60 % fuel oil No. 6.
B Fuel oil No, 5; can be prepared by blending 20 to 25 % fuel oil No. 2 with 75 to 80 % fuel il No. 6.

© Residual fuel oil {that is, fuel oil No. 6 prepared to above criteria).
D Residual fuel oil {that is, heavy cut of fuel oil No. 6).

E Emulsified crude oil, 50 to 80 % water content. The oil may be emulsified by blowing compressed air through water on wh|ch the oll is ﬂoatlng

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in’ connectlon
with any item mentioned In this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103. .
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" Standard Specification for

Designation: F 682 — 82a (Reapproved 1998)

An American National Standard

Wrought Carbon Steel Sleeve-Type Pipe Couplings’

This standard is issued under the fixed designation F 682; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers wrought carbon steel sleeve-

type pipe couplings suitable for joining carbon steel pipes.

1.2 Type I couplings are intended for use on all schedules of
pipe in which the pipe wall thickness does not exceed the wall

thickness of standard weight pipe. Type II couplings are

intended for use on all schedules of pipe in which the pipe wall -
thickness does not exceed the wall thickness of extra strong

pipe.
1.3 This specxﬁcatlon does not cover cast steel couphngs

Note 1—The values stated in mch-pound units are to be regarded as the
standard.

Nore 2—See Appendix X1 for rationale used to develop this specifi- .

cation.

2. Referenced Documents

2.1 ASTM Standards:

A 53/A 53M Specification for Pipe, Steel, Black and Hot-
Dipped, Zinc-Coated Welded and Seamless?

A 106 Specification for Seamless Carbon Steel Pipe for
High-Temperature Service?

A 234/A234M Specification for Piping Fittings of Wrought
Carbon Steel and Alloy Steel for Moderate and High
Temperature Service?

A 370 Test Methods and Deﬁnmons for Mechamcal Testing
of Steel Products®

E 59 Practice for Sampling Steel and Iron for Determination
of Chemical Composition*

2.2  Manufacturer’s Standardization Soczety of the Valve

and Fittings Industry Standard: ‘

MSS SP-25 Standard Marking System for Valves, Fittings,
Flanges and Unions®

©.-2.3 ASME Boiler and Pressure Vessél Code: .~

! This specification is under the jurisdiction of ASTM Committee F-25 on Ships
and Marine Technology and is the direct responsibility of Subcommittee F25 13 on
Piping Systems.

- Current edition approved July 30 '1982. Published October 1982 Orlgmally
published as F 682 80. Last previous edition F 682 —82. -
2 Annual Book of ASTM Standards, Vol 01 oL

3 Annual Book of ASTM Standards, Vol 01.03.

4 Annual Book of ASTM Standards, Vol 03.05.

5 Available from Manufacturer’s Standardization Soclety of the Valve and Fitting
Industry, 1815 N. Fort Myer Dr Arlmgton, Va 27209 ’

Section VIII Unfired Pressure Vessels®

Section IX Welding Qualifications®

2.4 Federal Regulations:

Title 46, Code of Federal Regulatlons (CFR), Shipping,
Parts 41 to 697

2.5 ANSI Standards:

B16.5 Pipe Flanges and Flange Fittings®

3 Classification

3.1 Couplings are furmshed in two types as follows S
3.1.1 Bpe --Couplings (see 1.2),
3.1.2 Type I—Couplings (see 1.2).

Note 3—Type II couplings may be used in place of Type I couplings
for all schedules of pipe in which the pipe wall thickness does not exceed
the wall thickness of standard weight piping through 18 in. or Schedule 40
pxpmg through 16 in. o

4. Ordering Information

4.1 Orders for material under this. spemﬁcanon shall include
the following information:

4,1.1 Quantity (number of couphngs of each size and type),

4.1.2 Name of material (sleeve-type pipe couplings),

. 4,13 Size (nominal, see Table 1 and Table 2 and Flg 1),

4.1.4 Type (see 3.1),
4.1.5 ASTM designation and date of issue.

-5, Materials and Manufacture

5.1 Materials—The couplings shall be manufactured from

material having a chemical composition conforming: to the

requirements of 7.1 and with the mechanical properties of

- Section 9.

5.2 Manufacture—The mmal form of the raw material shall
be at the discretion of the manufacturer except couplings shall

‘not be machined from unformed plate. The material shall be
. such that the finished couplings conform to all of the spemﬁed

requirements (see Appendix X2). . ‘

5.3 Couplings fabricated by welding shall be (a) made by
welders, welding operators, and welding procedures qualified
o o E TR o = ',».‘1,

~—

.- 5 Available from Amencan Soc1ety of Mechamca] Engmeers 345 E. 47th St

New York, NY 10017.

7 Available from Standardization Documents Order Desk, Bldg. 4 Sectxon D, 700
Robbins Ave., Philadelphia; PA 19111-5094, Attn: NPODS.
; 8Avallable from American National Standards Institute, 11 W. 42nd St.,.13th
Floor, New York, NY 10036. .
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TABLE 1 Dimensions for Type | Couplings (See Fig. 1)

) N Dimension A, Inside Dimension B, Qutside Dimension C, Thick- Dimension D,
Nominal Size, in. Diameter, in. (mm)* Diameter, in. (mm)# ness, min, in. (mm) Length, in. (mm)®

Vi 0.589 (15.0) 0.875 (22.2) 0.143 (3.6) 1 (25)

% 0.724 (18 4) 0.992 (25.2) 0.134 (3.4) 1% (32)
A 0.889 (22.6) 1.201 (30.5) 0.156 (4.0) 114 (32)
Ya 1.099 (27.9) 1.401 (35.6) 0.151 (3.8) 114 (38)
1 1.364 (34.6) 1.710 (43.4) 0.173 (4.4) 12 (38)
1Va 1.709 (43.4) 2.057 (52.2) 0.174 (4.4) 12 (38)
11 1.949 (49.5) 2.306 (58.6) 0.179 (4.5) 14 (38)
2 2.424 (61.6) 2.807 (71.3) 0.192 (4.9) 114 (38)
24 2.924 (74.3) 3.444 (87.5) 0.260 (6.6) 114 (38)
3 3.545 (90.0) 4105 (104.3) 0.280 (7.1) 1v% (38)
3% 4,070 (103.4) 4633 (117.7) 0.282 (7.2) 2 (51)

4 4.570 (116.1) 5.164 (131.2) 0.297 (7.5) 2 (61)

5 5.660 (143.8) 6.286 (159.7) 0.313 (8.0) 2 (51)

6 6.720 (170.7) 7.409 (188.2) 0.345 (8.8) 2 (51)

8 8.720 (221.5) 9.527 (242.0) 0.404 (10.3) 214 (64)
10 10.880 (276. 4) 11.875 (301.6) 0.498 (12.6) 214 (64)
12 12.880 (327.2) 13.800 (350.5) 0.460 (11.7) 2% (64)
14 14.140 (359.2) 15.050 (382.3) 0.455 (11.6) 2 (64)
16 16.160 (410.5) 17.050 (433.1) 0.445 (11.8) 2vs (64)
18 18.180 (461.8) 19.050 (483.9) 0.435 (11.0) 215 (64)

ATolerances shall be (7) Sizes through 3 in. incl: +0.000, -0.010 in. (+0.000, -0.254 mm); (2) Sizes 3sthrough 10 in. incl: +0.030, ~0.000 in. (+0.762, ~0.000 mm); and

(3) Sizes above 10 in.: +0.060, —0.000 in. (+1.524, ~0.000 mm).

BTolerances shall be (1) Sizes through 10 in. incl: +0.125, —0.000 in. (+3.175, ~0.000 mm) and (2) Sizes above 10 in.: +1.000, -0.000 in. (+25.4, ~0.000 mm).

CTolerances for all sizes shaii be +0.250, —-0.000 in. {+6.4, —0.000 mm).

TABLE 2 Dimensions for Type Il Couplings (See Fig. 1)

Nominal Size, in Dimension A, Inside Dimension B, Outside Dimension C, Thick- Dimension D,
o Diameter, in. (mm)A Diameter, in. (mm)# ness, min, in. (mm) Length, in. (mm)°

Va 0.589 (15.0) 1.055 (26.8) 0.233 (5.9) 1 (25)

% 0.724 (134 1.156 (29.4) 0.216 (5.5) 114 (32)
1] 0.889 (22.6) 1.369 (34.8) 0.240 (6.1) 1v4 (32)
£Z3 1.098 (27.9) 1.557 (39.5) 0.229 (5.8) 1% (38)
1 1.364 (34.6) 1.876 (47.7)t 0.256 (6.5)t 1% (38)
1% 1.709 (43.4) 2201 (56.4)t 0.256 (6.5)t 114 (38)
1% 1.949 (49.5) 2469 (62.7)t 0.260 (6.6)F 115 (38)
2 2424 61.6) 2,986 (75.8)t 0.281 (7.1t 114 (38)
2% 2.924 (74.3) 3.648 (92.7)t 0.362 (9.2)t 114 (38)
3 3.545 (90.0) 4.340 (110.2)1 0.398 (10.1)t 12 (38)
3 4,070 (103.4) 4.891 (124.2)t 0.411 (10.4)}t 2 (561)

4 4.570 (116.1) 5.444 (138.3) 0.437 (11.1) 2 (51)

5 5.660 (143.8) 6.613 (168.0) 0.477 (12.1) 2 (51)

6 6.720 (170.7) 7.875 (200.0) 0.578 (14.7) 2 (51)

8 8.720 (221.5) 10.125 (257.2) 0.703 (17.8) 214 (64)
10 10.880 (276.4) 12.150 (308.6) 0.635 (16.1) 2% (64)
12 12.880 (327.2) 14,150 (359.4) 0.635 (16.1) 2v5 (64)
14 14.140 (359.2) 15.400 (391.2) 0.630 (16.0) 2V% (64)
16 16.160 (410.5) 17.400 (442.0) 0.620 (15.7) 2 (64)
18 18.180 (461.8) 19.400 (492.8) 0.610 (15.5) 215 (64)

ATolerances shall be (1) Sizes through 3 in. incl: +0.000, —-0.010 in. (+0.000, —0.254 mm); (2) Sizes 3'4through 10 in. incl: +0.030, =0.000 in. (+0.762, —0.000 mm); and

(3) Sizes above 10 in.: +0.060, -0.000 in. (+1.524, —0.000 mm).

BTolerances shall be (1) Sizes through 10 in. incl: +0.125, —0.000 in. (+3.175, ~0.000 mm) and (2) Sizes above 10 in.: +1.000, ~0.000 in. (+25.4, —0.000 mm).

CTolerances for all sizes shall be +0.250, -0.000 in. (+6.4, ~0.000 mm).
T Editorially corrected.

under the provisions of ASME Boiler and Pressure Vessel
Code, Section IX; (b) heat treated in accordance with Section
6 of this specification; and (c) nondestructively tested as
follows:

5.3.1 Sizes 3-in. NPS and Below—Radiographically exam-
ined throughout the entire length of each fabricated weld in
accordance with Paragraph UW-51 of ASME Code, Section
VIIL

5.3.2 Sizes 3Vs-in. NPS Through 16-in. NPS— No nonde-
structive tests required, and

5.3.3 Sizes 18-in. NPS and Above—Any method of nonde-
structive testing may be used provided the tests are conducted
in accordance with the applicable parts of ASME Code,
Section VIII.

6. Heat Treatment

6.1 Couplings Made from Plate or Tubular Products:

6.1.1 Couplings machined from tubular products need not
be heat treated.

6.1.2 Hot-formed couplings upon which the final forming
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FIG. 1 Sleeve-Type Pipe Coupling

operation is completed at a temperature above 1150°F (621°C)
and below 1800°F (982°C) need not be heat treated provided
they are cooled in still air. If the manufacturer elects to heat
treat such couplings it shall be by one of the procedures
described in 6.3.

6.1.3 Hot-formed couplings finished at a temperature in
excess of 1800°F (982°C) shall subsequently be annealed,
normalized, or normalized and tempered.

6.1.4 Cold-formed couplings upon which the final forming
operation is completed at a temperature below 1150°F (621°C)
shall be normalized or shall be stress-relieved at 1100 to
1250°F (593 to 677°C) for 1 h/in. of thickness.

6.1.5 Couplings produced by fusion welding shall be
postweld heat treated at 1100 to 1250°F (593 to 677°C), when
‘the nominal wall thickness at the welded joint is ¥% in. or
greater.

6.2 Carbon Steel Couplings Made from Forgings—
Couplings made from forgings shall subsequently be annealed,
normalized, or normalized and tempered.

6.3 Heat Treatment Procedures—Couplings after forming at
an elevated temperature shall be cooled to a temperature below
the critical range under suitable conditions to prevent injuries
by too rapid cooling, but in no case more rapidly than the
cooling rate in still air. Couplings that are to be heat treated
shall be treated as follows:

6.3.1 Full Annealing—Couplings shall be uniformly re-
heated to a temperature above the transformation range and,
after being held for a sufficient time at this temperature, cooled
slowly to a temperature below the transformation range.

6.3.2 Normalizing—Couplings shall be uniformly reheated
to a temperature above the transformation range and subse-
quently cooled in air at room temperature.

6.3.3 Tempering and Postweld Heat Treatment—Couplings
shall be reheated to the prescribed temperature below the
transformation range, held at temperature for not less than 1
b/in. of thickness at the thickest section, and cooled in the
furnace or in still air.

7. Chemical Requirements
7.1 The couplings shall conform to the requirements as to

chemical composition prescribed in Table 3.

7.2 Weld metal used in the construction of the couplings
shall be mild steel analysis No. Al of Table QW-442, Section
IX of the ASME Boiler and Pressure Vessel Code.

. 8. Product Analysis

8.1 Product analyses may be made by the purchaser from
finished products representing each lot. The chemical compo-
sition thus determined shall conform to the requirements
specified in Table 3.

8.2 In the event the couplings do not conform to the
requirements specified in Table 3, referee analyses shall be
made on additional couplings from the same lot in accordance
with Practice E 59.

9. Mechanical Properties

9.1 The steel shall conform to the requirements as to tensile
properties prescribed in Table 4.

9.2 The yield strength corresponding to a permanent offset
of 0.2 % of the gage length of the specimen under load shall be
determined.

9.3 Tension tests shall be made on material representative of
and in the same condition of heat treatment as the finished
coupling.

9.3.1 Records of the tension tests shall be certification that
the material of the coupling meets the requirements of this
specification provided the heat treatments are the same. If the
raw material was not tested, the coupling manufacturer shall
perform the required test on material representative of the
finished coupling.

9.4 The tests required by this specification shall conform to
those described in the latest issue of Test Methods and
Definitions A 370. :

10. Dimensions and Permissible Variations

10.1 The dimensions and permissible variations for sleeve
couplings to this specification are prescribed in Table 1 and
Table 2. ‘

11. Workmanship, Finish, and Appearance

11.1 Sleeve couplings shall have a workmanlike finish, free
of scale and injurious defects. Ends shall be finished square and
without burrs.

12. Hydrostatic Testing

12.1 Hydrostatic testing is not required by this specification.

12.2 All couplings shall be capable of withstanding, without
failure, leakage, or impairment of serviceability, a test pressure
equal to that prescribed in the specification for the pipe with
which the fitting is recommended to be used.

13. Product Marking
13.1 Identification marks consisting of the manufacturer’s

TABLE 3 Chemical Requirements

Composition, max, %

Carbon 0.30
Manganese 1.20
Phosphorus 0.05
Sulfur 0.06
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TABLE 4 Tension Requirements

Tensile strength, min, ksi (MPa) 60 (414)
Yield Point, min, ksi (MPa) 35 (241)
Elongation in 2 in. or 50.8 mm, min, % 23

symbol or name, the ASTM designation number, type, and size
shall be legibly stamped on each fitting, and in such a position
as not to injure the usefulness of the fitting. SP-25 may be

followed except the word “steel” shall not be substituted for the
ASTM designation.

13.2 Where couplings are manufactured by an activity for
its own use, the marking requirements of 13.1 do not pertain.
14, Keywords

14.1 carbon steel sleeve-type pipe couplings; couplings;
pipe couplings; Type I couplings; Type II couplings

APPENDIXES

(Nonmandatory Information)

X1. RATIONALE USED FOR DEVELOPMENT OF SPECIFICATION F 682

X1.1 This specification has been developed to provide two
types of couplings. Type I is for use on all schedules of pipe in
which the pipe wall thickness does not exceed the wall
thickness of standard weight pipe. Type II is for use on all
schedules of pipe in which the pipe wall thickness does not
exceed the wall thickness of extra strong pipe. Note 3 provides
an option that allows the use of Type II couplings in place of
Type I couplings, if desired.

X1.2 The design criteria for the couplings is based on CFR
Title 46, Subpart 56.70-15(d)3 and 4 as follows:

X1.2.1 For couplings through 3-in. IPS, the clearance be-
tween the system pipe outside diameter and the sleeve coupling
inside diameter has been held to a maximum of 0.080 in. when
considering tolerances to allow these couplings to be used in
Class I piping through 3 in. when not subjected to full
radiography as allowed by CFR Title 46. The inside diameter
of the couplinig is therefore equal to the minimum outside
diameter of the pipe to be joined +0.080 in. with a tolerance of
+0.000, —0.010 in. This provides for a maximum diametral
clearance of 0.080 in.

Note X1.1—The minimum outside diameter of the pipe was deter-
mined by subtracting the largest minus tolerance from either Specification
A 53/A 53M (ABS Grades 1, 2, and 3) or Specification A 106 (ABS
Grades 4 and 5).

X1.2.2 The coupling inside diameter and tolerance in sizes
34 in. and above for use in Class II piping has been taken from
ANSI B16.5, Table 9, for slip-on flanges.

X1.2.3 The minimum length of the coupling has been set at
1 in. This satisfies the USCG requirement of ¥%-in. minimum
depth of pipe insertion when used in Class I piping.

X1.2.4 To meet the USCG requirement that “the fillet weld
shall have a throat dimension of not less than the nominal
thickness of the pipe or tubing being joined,” a coupling
outside diameter of not less than the nominal outside diameter
of the system pipe plus two times 1.4 T has been used. (7 =
nominal pipe thickness.)

X1.2.5 Hoop stress calculations have been performed to
ensure that the strength of the coupling is equal to or greater
than that of pipe being joined.

X1.3 A tolerance of +0.125, ~0.000 in. was established for
the outside diameter of couplings through 10 in. and a
tolerance of +1.000, —0.000 in. for couplings 12 in. and larger.
This allows the use of commercially available tubular products
without machining the outside diameter and limits the maxi-
mum outside diameter thereby allowing designers to determine
the hole size which would be required to pass a coupling
through a penetration.

X1.4 Testing heat treatment requirements have been taken
from Specification A 234/A 234M as discussed with USCG
G-MMT-%42.

X1.4.1 Radiography requirements have been taken from
CFR Title 46, Subpart 56.95 as discussed with USCG G-MMT-
%,

X1.5 Although marking is not specifically required by
USCG, “marking” has been included in the specification to
allow for material control and segregation of the couplings in
industry.
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X2.1 Tubular products listed in Table X2.1 may be used for
the manufacture of couplings without machining the coupling
outside diameter. Other tubular sizes as well as other wrought

F 682

X2. TUBULAR RAW STOCK MATERIAL SIZES FOR MANUFACTURE OF COUPLINGS

TABLE X2.1 Tubular Products Used for Couplings

materials (that is, forging, bars, billets, plate, and so forth, see
5.2) may also be used provided all the requirements of this
specification are satisfied. ‘

Nominal Size, in.

Type | Couplings

Type I Couplings

Va
¥
e
L)
1V
12

1
2%

0.875 OD x 0.563 ID
% in. IPS Sch 160
11in. IPS Sch 160
1.500 OD X 1.062 ID
1.750 OD X 1.250 ID
2125 0D X 1.625 ID
2in. IPS Sch 80

24 in. IPS Sch 80

3 in. IPS Sch 80
4.125 OD x 3.500 ID
4.750 OD X 4.000 ID
5.250 OD X 4.500 ID
6.375 OD X 5.375 ID
7.500 OD X 6.500 ID
9.625 OD X 8.625 ID

12.000 OD X 10.750 ID

14 in. IPS Sch 60
16 in. IPS Sch 100
18 in. IPS Sch 80
20 in. IPS Sch 80

1.062 OD X 0.563 ID
1.188 OD x 0.688 ID
1.375 OD X 0.875 1D
1% in. IPS XX Strong
112 in. IPS Sch 160
2.250 OD X 1.688 ID
2.500 OD x 1.937 ID
3.000 OD X 2.375ID
3.750 OD X 2.875 1D
4,375 OD x 3.500 D
5.000 OD X 4.000 ID
5 in. IPS Sch 120

6 in. IPS Sch 120
8.000 OD x 6.500 ID
10.250 OD X 8.500 ID
12 in. IPS Sch 120
16 in. IPS Sch 160
16 in. IPS Sch 80

'18 in. IPS Sch 80
20 in, IPS Sch 80

The American Society for Testing ahd Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such

patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

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

views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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Designation: F 715 - 81 (Reapproved 1986)

Standard Methods of Testing

Spill Control Barrier Membrane Materials’

This standard is issued under the fixed designation F 715; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 These methods cover laboratory-conducted perform-
ance tests for spill control barrier membrane materials.

1.2 This standard may involve hazardous materials, oper-
ations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of the user of this standard to establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 543 Test Method for Resistance of Plastics to Chemical
Reagents?

D 751 Methods of Testing Coated Fabrics®

D 882 Test Methods for Tensile Properties of Thin Plastic
Sheeting?

D975 Specification for Diesel Fuel Oils*

D 1004 Test Method for Initial Tear Resistance of Plastic
Film and Sheeting?

D2261 Test Method for Tearing Strength of Woven
Fabrics by the Tongue (Single Rip) Method (Constant-
Rate-of-Extension Tensile Testing Machine)®

D2262 Test Method for Tearing Strength of Woven
Fabrics by the Tongue (Single Rip) Method (Constant-
Rate-of-Traverse Tensile Testing Machine)®

2.2 Federal Standard:

Fed. Std. No. 191B Textile Test Methods®

2.3 Military Specification:

MIL-T-6396 C Tank, Fuel, Oil, Water-Alcohol, Coolant
Fluid, Aircraft, Non-Self-Sealing, Removable, Internal®

3. Significance and Use

3.1 Membrane materials are subjected to these tests in
order to provide data that reasonably relate to membrane
response under the actual conditions of spill control barrier
use.

3.2 Although these methods provide data on individual
performance characteristics of membrane materials, all com-
binations of actual conditions of spill control barrier use are

! These methods are under the jurisdiction of ASTM Committee F-20 on
Hazardous Substances and Oil Spill Response and are the direct responsibility of
Subcommittee F20.11 on Control.

Current edition approval Feb, 27, 1981, Published July 1981,

2 Annual Book of ASTM Standards, Vol 08.01.

3 Annual Book of ASTM Standards, Vol 09,02.

4 Annual Book of ASTM Standards, Vol 05.01.

5 Annual Book of ASTM Standards, Vol 07.01.

6 Available from Naval Publications and Forms Center, 5801 Tabor Ave.,
Philadelphia, PA 19120.

not simulated in this sequence of tests.

4. Base Line Tests

4.1 Number of Specimens—Subject seven specimens of
spill control membrane materials to tests prescribed in 4.2
through 4.6. Perform all tests parallel and perpendicular to
the axis of barrier when in use.

4.2 Tensile Strength:

4.2.1 Supported Materials—Fed. Std. No. 191B Method
5102 (cut strip), equivalent to Method D 751.

4.2.2 Unsupported Materials—Dumb Bell Sample,
Method D 882, measured in pound-force per square inch.

4.3 Tear Strength:

4.3.1 Supported Materials—Fed Std No. 191B Method
5134 (tongue tear) equivalent to Methods D 2261 or D 2262.
If standard sample does not achieve true tear or if fabric
design requires roping to achieve high tear, sample size may
be enlarged in order to achieve cord breakage, but all other
procedures must be maintained. Such sample size change
must be recorded in test results.

4.3.2 Unsupported Materials—Graves Method D 1004.

4.4 Adhesion—Fed Std. No. 191B Method 5970, after 5
days at 70°C in water, or Method D 751, after 5 days at 70°C
in water.

4.5 Puncture Resistance—MIL-T-6396 C.

4.6 Hydrostatic Resistance—Fed. Std. No. 191B Method
5512 (Mullen Hydrostatic Test).

4.7 Storage Life—To be determined.

4.8 Mildew—Fed. Std. No. 191B Method 5762 (Mixed
Cidal Spore Test).

5. Weather and Petroleum Sample Tests Related to Base
Line Tests

5.1 Specimen Preparation—Subject samples of spill con-
trol barrier membrane material to. the following prepara-
tions: weather resistance to be followed by resistance to
petroleum products:

5.1.1 Weather Resistance—Fed. Std. No. 191B Method
5804, 500-h exposure.

5.1.2 Resistance to Petroleum Products—Method D 543,
with 96-h exposure to No. 2 diesel stock as prescribed in
Specification D 975, at ambient temperature.

5.2 Weather and Petroleum Sample Test—Perform each
of the following tests within 1 h of the termination of the test
in 5.1.2.

5.2.1 Tensile Strength.

5.2.1.1 Supported Materials—Same as base line test
4.2.1).

5.2.1.2 Unsupported Materials—Same as base line test
4.2.2).

5.2.2 Tear Strength:
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5.2.2.1 Supported Materials—Same as base line test
4.3.1).

5.2.2.2 Unsupported Materials—Same as base line test
4.3.2).

5.2.3 Adhesion—Same as base line test (4.4). Samples
shall be heat-sealed or cemented.

5.2.4 Puncture Resistance—Same as base line test (4.5).

5.2.5 Hydrostatic Resistance—Same as base line test (4.6).

5.3 Interpretation of Results—The results of each test in
5.2 shall be compared with the results of the same test in
Section 4, and a percentage of change shall be noted.

6. Weather and Petroleum Sample Tests Followed by Hy-
drostatic Resistance, Related to Base Line Hydrostatic
Test

6.1 Specimen Preparation—Use the three remaining sam-
ples from 5.1 for the tests in 6.2 and 6.3.

6.2 Weather and Petroleum Sample Tests—Perform each
of the following tests within 1 h of the termination of the test
in 5.1.2.

6.2.1 Abrasion Resistance—Fed. Std. No. 191B Method
5306 (Taber), using a H18 wheel and 1000-gf load, abraded
300 cycles.

6.2.2 Low-Temperature Resistance—Fed. Std. No.
191B Method 5874, at 2 h soak at —29°C with 2.5 kg
mandrel roller weight.

6.2.3 Flexibility—To be determined.

6.3 Hpydrostatic Test—Test for hydrostatic resistance in
accordance with 4.6.

6.4 Interpretation of Results—The results of each test in
6.3 shall be compared with the results of 4.6, and a
percentage of change shall be noted.

7. Precision and Bias

7.1 The precision and bias of test measurements are
addressed in each individual test method cited in Sections 3,
4, and 5.

The American Saciety for Testing and Materlals takes no position respecting the validity of any patent rights asserted in connection
with any Item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of Infringement of such rights, are entirely their own responsibility.

This standard Is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revjsion of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committes, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadeiphia, PA 19103.
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Designation: F 715 - 95

Standard Test Methods for

. rra.l.v :
N

Coated Fabrics Used for Qil Spill. Control and Storage’

This standard is issued under the fixed designation F 715; the qumber immedigtely following the designation indicates the year of

ER BT Se
1..;Scope;.. -.. Sy T L ghe N PR
ali 1+ These estvmethods‘ ¢over’laboratory-conducted per-
formance testsfofitoated fabtits used m sp111 COntrol baruerSt
ofin ‘temporaty: storage devices. . - v i T :
125 Thists standardidoés Hot: purporz: 1o address all of the
safety concernsysif aily; associated: with ity dise It is the:
resp(anszbzlzty of the user ofthis-Standard to eéstablish: appro-:
priate safetyiand-health practices dnid determme the applica-
bilityiof regulatory:limitations prior towse, RS "

2. Referenced Documents

2.1 ASTM Standards:

D86 Test Method. for Distillation of Petroleum Products® -

D93, Test -Methods fot P‘lash Pomt by Pensky-Martens
--Closed Cup-Tester? - .

D 97 Test Method for Pour qunt of Petroleum Products2

D129 /Fest Method for Sulfur in Pretroleum :Products
(General Bomb Method)?- « -

EN

original adoption or, in the case of revision, the year of last revision. A number in paremheses indicates the year of last reapproval A
) §uperscnpt epsrlon (e). mdrcates an edltonal change since the lqst revision or reapproval. . ., ... .

D 1298 l?ractice for Density, Relative:Density, (Specific
e Gravity); ,or -a Pl :Grayity. of. Crude, Petroleum..:and
so:Liquid.Retroleum Produycts by, Hydrometer: Method? -
D 1349, Test- Method : for Hydrocarbon Types in L1qu1d
Petroleum Products :: by Fluorescent Indrcator
, Adsorptxon2 NRRUE . : :
D 1796 Test Method for Water and Sediment in’ Fuel Orlsu
.t by the Centrifuge Method (Laboratory: Procedure)?.
D:2425;Test Method for Hydrocarbon Types.in Middle:
Distillates by Mass Spectrometry?
D 2500 Test Method for Cloud Point of Petroleum Oils2
D 2644 Tolerances for Yarns Spun on the Woolen System?’

» D 3117 Jest Method for Wax Appearance Point of Distil-

late Fuels? ... .

~D4157 Test Method for Abrasron Resrstance of Textrle

Fabrics (Ostillatory Cylifider Méthod)®

G 26 .Practice’ for Operating Light-Exposure Apparatus
(Xenon-Arc Type) With and Without Water for Expo-
sure ‘of Nonmetallic Materrals10 ’

2.2 Federal Standard:

D 130. Test. Method for DCtéthQI‘l of Copper COI'I‘OSIO]J - - Fed:“Std. NO 191A Textrle TCSt Methods“ .

from Petroleum Products by the Copper Strrp Tarmsh 2.3, Mllztary' §'Ziecy"catzon ‘
Test? 5. 1 “MIL-T-6396.E Tank; Fuel, Oil,-Water-Alcohol, Coolant
D287 Test Method for API Gravity of Crude Petroleurn Fluidy N0n-Self Sealrng, Rem‘dvable Internal” :

and Petroleum Products (Hydrometer Method)? =
D445 Test Méthod fof ‘Kinématic™ Viscosity ' of “Trahis-"""" SRR

parent and Opaque Liquids (And the Calculation of 3 Slgmficance and Use

Dynamic Viseosity)3s . .., .- 3.1 Membrane, materials are. subjected to these tests in

D 482 Test Method'for Ash. Froms Petrole‘um roducts2 - order. ouprovide data. that.reasonably.relate to membrane
D 524 Test Method for Ramsbottom Carbén Residue of - response under the actual ‘conditions ofsspill control barrier
Petroleum Products? or storage device use.

D 543 Test Méthod forRﬁ:smtance of Plastics. to Chemlcal", ©.*3:2 Although these test miéthods ptovide data on indi-

Reagents?. i N _ vidual performance of membrarie miaterials, all combina-
D613 Test Method for Cetane Nufnber ofD1esel Fuel 011 ~ tions of actual conditions of sprll control.barrier or storage
D664 Test Method for Acid Number of ‘Petroleins ~ device use are ot simiilated in ‘this sequence of tests.

Products by Potentiometric Titration*

D751 Test Methods for Coated Fabrics® 4. Base Line Tests

D 975 Specification for Diesel Fuel Oils? 4.1 Number of Specimens—Subject specimens of spill

D 1149 Test Method for Rubber Deterioration—Surface  control membrane materials to the tests prescribed in 4.2
Ozone Cracking in a Chamber® through 4.11. Perform all tests in the direction of both the

D 1266 Test Method for Sulfur in Petroleum Products warp and fill of the fabric. The number of specimens to be
(Lamp Method)? tested are as specified in the procedures referenced in 4.2

through 4.11.
4.2 Mass and Thickness—Test Methods D 751.

! These test methods are under the jurisdiction of ASTM Committee F-20 on 4.3 Tensile ren and Elongation at Break—Test
Hazardous Substances and Oil Spill Response and are the direct responsibility of ) ens St gth gal L ea €8

Subcommittee F20.11 on Control.

Current edition approval May 15, 1995. Published July 1995. Originally —
published as F 715 - 81. Last previous edition F 715 — 81 (1994)¢1. 7 Annual Book of ASTM Standards, Vol 07.01.
2 Annual Book of ASTM Standards, Vol 05.01. 8 Annual Book of ASTM Standards, Vol 05.02.
3 Annual Book of ASTM Standards, Vol 08.01. ° Annual Book of ASTM Standards, Vol 07.02.
4 Annual Book of ASTM Standards, Vol 05.04. 10 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 09.02. !! Available from Standardization Documents Order Desk, Bldg. 4 Section D,
S Annual Book of ASTM Standards, Vol 09.01. 700 Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
534
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TABLE 1

Detailed Requirements for Test Diesel Fuel Caterpillar 1G2/1H2

NoTe—Diesel! fuels meeting the detailed requirements in Table 1 are avallab!e from Howell Hydrocarbons and Chemical Incorporated, 1201 South Sheldon Road,

Channelview, TX 77530.

Property ASTM Test Method Requirement

Flash point D83 140°F (60.0°C) min or legal

Pour point D97 20°F (~7°C) max

Cloud point D 2500 or D 3117 Report

Water and Sediment D 1796 0.05 vol % max

Ramsbottom carbon D 524 0.20 mass % max

on 10 % residium

Ash D 482 0.01 mass % max

Distillation D 86 IBP report

: 10 % report

50 % 500-530°F (260-277°C) -
90 % 590-620°F (310-327°C)
EP 650-690°F (343-366°C)

Kinematic viscosity D 445 2.0-4.0 ¢St (2.0-4.0 mm* 2/s)

at 104°F (40.0°C)

Total sulfur D 2644 0.380-0.420 mass %

(must be natural) (Alt. D 129 or D 1266) )

Copper, corrosion D130 No. 2 max

(122°F, 50°C, 3 h)

Acid number (TAN-E) D 664 0.15 mg KOH/g max

Centane number D 613 47.0-53.0

Density D 287 or D 1298 report

AP gravity D 287 (Alt. D 1298) 33-35 API

Cracked stocks none

Hydrocarbon types D 1319 report

Hydrocarbon types D 2425 Component mass %
aliphatic paraffins 45.0-65.0
monocycloparaffins, tetrocycloparaffins report
dicycloparaffins 0.0-15.0
alkylbenzenes 5.0-10.0
indans/tetralins, indenes report
napthalene report
napthalenes 5.0-15.0
acenapthenes, acenapthylenes, tricyclic aromatics report

Methods D 751 for Breaking Strength, Procedure A—Grab
Test Method.

4.4 Tear Strength—Test Methods D 751 for Tearing
Strength, Procedure B—Tongue Tear Method. If standard
sample does not achieve true tear or if the fabric design
requires roping to achieve high tear, sample size may be
enlarged in order to achieve cord breakage, but all other
procedures must be maintained. Such sample size change
must be recorded in test results.

4.5 Adhesion—Test Methods D 751 after 5 days at 70°C
in water.

4.6 Punciure Resistance—MIL-T-6396 E, procedure out-
lined in 4.6.17.

4,7 Abrasion Resistance—Test Method D 4157, abrade
the specimen using a 2.72-kg (6-1b) dead weight load tension
and a 2.72-kg (6-1b) dead weight load using extra coarse, 40
grit sandpaper as the abradant. Cycle continuously to expo-
sure of threads.

4.8 Seam Strength—Test Methods D 751. Perform test
with seam orientation as in device design.

4.9 Seam Adhesion—Repeat adhesion test (see 4.5) for
specimens containing a seam.

4.10 Blocking Resistance—Test Methods D 751.

535

4.11 Mildew—TFed. Std. No. 191A, Method 5762 (Mixed
Cidal Spore Test).

5. Weather and Petroleum Sample Tests Related to Base
Line Tests

5.1 Specimen Preparation—Subject samples of spill con-
trol barrier or storage device membrane material to the
following preparations: weather resistance to be followed by
resistance to petroleum products:

5.1.1 Weather Resistance—Practice G 26, Test Method 2
(also referred to as Test Method B—Alternate Exposure to
Light and Darkness and Intermittent Exposure to Water
Spray), using deionized water and a 7000 watt xenon burner
tube, 500-h exposure.

5.1.2 Resistance to Petroleum Products—Test Method
D 543, with 96-h exposure to Diesel Fuel Grade No. 2, as
prescribed in Specification D 975 and further meeting the
specifications shown in Table 1 (Note). Conduct tests at
ambient temperature.

5.2 Weather and Petroleum Sample Tests—Perform each
of the following tests within 1 h of the termination of the test
in 5.1.2.

5.2.1 Tensile Strength—Same as base line test (4.3).

5.2.2 Tear Strength—Same as base line test (4.4).
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5.2.3 Adhesion—Same as base line test (4.5).

5.2.4 Puncture Resistance—Same as base line test (4.6).

5.2.5 Abrasion Resistance—Same as base line test (4.7).

5.2.6 Seam Strength—Same as base line test (4.8).

5.2.7 Seam Adhesion—Same as base line test (4.9).

5.2.8 Blocking Resistance—Same as base line test (4.10).
~5.2.9 Low Temperature Resistance—Fed. Std. No. 191A,
Method 5874, 2-h soak at —29°C with a 2.5-kg -mandrel
roller weight. Visually examine specimen and report signs of
cracking or flaking. Do not perform hydrostatic resistance
test.

5.2.10 Ozone:Resistance—Test Method D 1149.

6. Precision and Bias 1

6.1 The precision and bias of test measurements are
addressed in each individual test method cited in Sections 3,
4, and 5.

7. Keywords

7.1 barrier; coated fabrics; membrane materials; mem-
branes; oil spill; spill control; storage devices; temporary
storage devices

The American Soclety for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Designation: F 722 — 82 (Reapproved 1998)

Standard Specification for

An American National Standard

Welded Joints for Shipboard Piping Systems’

This standard is issued under the fixed designation F 722; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers typical details of welded joints
commonly used in shipboard piping systems. These joints and
other joints may be used provided the welding procedures used
have been qualified in accordance with the applicable regula-
tory rules and regulations.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 Federal Standards:

Codezof Federal Regulations Title 46, Shipping, Parats 30 to
Coéti(i:zof Federal Regulations Title 46, Shipping, Parts 41 to
Co6:e cz)f Federal Regulations Title 46, Shipping, Parts 140 to
Rullzg for Building and Classing Steel Vessels®

3. Application, Service, Limitations, and List of Weld
Joint Details

3.1 Details of welded joints, including application, service,
and limitation notes, are provided in the appropriate figures, as
follows:

3.1.1 Butt-Welded Joints for Pipes, Valves, Fittings, and
Flanges:

Fig. 1 Butt Joint, Square

Fig. 2 Butt Joint, V-Grooved

Fig. 3 Butt Joint, V-Grooved, Welded Both Sides

Fig. 4 Butt Joint, Double V-Grooved, Welded Both Sides

Fig. 5 Butt Joint, Compound Bevel V-Grooved, Welded
Both Sides

Fig. 6 Butt Joint, V-Grooved, Miter Type

Fig. 7 Butt Joint, V-Grooved, Welded with Bevel End-Type
Backing Ring

! This specification is under the jurisdiction of ASTM Committee F-25 on Ships
and Marine Technology and is the direct responsibility of Subcommittee F25.13 on
Piping Systems.

Current edition approved July 30, 1982. Published August 1982. Originally
published as F 722 —81. Last previous edition F 722 —81.

2 Available from Superintendent of Documents, U.S. Govemment Printing
Office, Washington, DC 20402.

3 Available from American Bureau of Shipping, 2 World Trade Center, 106th
Floor, New York, NY 10048.
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0"T0 178"

3 mm
5 mm

Y in.
Y6 in.

Application—Class Il piping

Systems or Service—For services such as gravity drains (including plumbing),
vents, and overflows.

Remarks—1. Root of weld need not be ground.

FIG. 1 Butt Joint, Square

Fig. 8 Butt Joint, Compound Bevel V-Grooved, Welded
with Bevel End-Type Backing Ring

Fig. 9 Butt Joint, V-Grooved Welded with Bevel End
Lug-Type Backing Ring

Fig. 10 Butt Joint, V-Grooved, Welded with Square End-
Type Backing Ring

Fig. 11 Butt Joint, V-Grooved, Welded with Consumable
Insert Ring

60° MIN

0" To 116"

SEE TABLE 1
7/8"MAX

Ysin. = 2mm
Yin. = 3mm
in. = 22mm

Application—Class Il piping

System or Service—All provided root of weld is visually inspected where
possible to ensure complete weld penetration.

Remarks—1. For services such as vents, overflows, and gravity drains (includ-
ing plumbing) the root of the weld need not be ground.

FIG. 2 Butt Joint, V-Grooved
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60° MIN
SEE TABLE 1

"
o' To /6" 7/8" MAX

Lszz TABLE 1
—t [=— 0" TO 118"

L

2 mm
3mm
22 mm

Vs in.
in.
4 in.

nnwu

Application—Class | and Il piping above 2-in. NPS
System or Service—All
Remarks—1. Internal weld shall be made first and ground, chipped, or cleaned
by some other means to assure sound welds.
2, The “L" dimension should be held to a mihimum to facilitate welding and
inspection on the inside surface of the pipe.
FIG. 3 Butt, Joint, V-Grooved, Welded Both Sides

60°
MIN

0" 70 I/6"

7/5 MAX SEE TABLE 1

i g ESEE TABLE 1

0" T0 is8"

Yisin. = 2mm
Yin, = 3 mm
“%in. = 22 mm

Application—Class | and Il piping above 2-in. NPS
System or Service—All '
Remarks—1. Internal weld shall be made first and ground, chipped, or cleaned
by some other means to assure sound welds.
2. The “L" dimension should be held to a minimum to facilitate welding and
inspection on the inside surface of the pipe.
FIG. 4 Butt Joint, Double V-Grooved, Welded Both Sides

Fig. 12 Butt Joint, Cornpound Bevel V- Grooved Welded
with Consumable Insert Ring

.-Fig. 13 Buit Joint, U-Grooved, Welded with Consumable
Insert Ring

Fig. 14 Butt Joint, V-Grooved, Welded with Consumable
Insert Ring

Fig. 15 Butt Joint, Socket Weld to Socket Weld Valve,
Fitting or Flange Welded on Pipe Nipple- ‘

Fig. 16 Butt Joint, Transition between Unequal Inside and
Outside Diameter Components

3.1.2 Fillet Welded Joints for Valves, Fittings, and Flanges:

Fig. 17 Fillet Welded Sleeve-Type Pipe Coupling

Fig. 18 Fillet Welded Socket Weld Fitting or Valve

Fig. 19 Fillet Welded Socket Weld-Flange

Fig. 20 Double Fillet Welded Slip-On Flange (Forged)

Fig. 21 Double Fillet Welded Slip-On Flange (Plate Type)

Fig. 22 Fillet Welded Slip-On Flange (Plate Type), Single
Bevel
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s/
TN T
OVER 78", \( / “
20°% 20 - 3/4
Ql 0" 10 e \(f\\/{ [ SEE TABLE 1
Ay e |

in. Ve Y] Ya e
mm 2 3 19 22

Application—Class | and |l piping above 2-in. NPS

Systems or Service—All

Remarks—1. Internal weld shall be made first and ground, chipped, or cleaned
by some other means to assure sound welds.

2. The “L" dimension should be held to a minimum to facilitate welding and
inspection on the inside surface of the pipe.

FiG. 5 Butt Joint, Compound Bevel V-Grooved, Welded Both
Sides

60° MIN
o' TO 16!

0" TO 116"

Yiein. = 2 mm
Yin. = 3 mm
Yin. =

22 mm

Application—Class !l piping where use will not cause objectionable pressure
drop or turbulence.

System or Service—All provided root of weld is visually inspected where
possible to ensure complete weld penetration.

Remarks—1. For services such as vents, overflows, and gravity drains (includ-
ing plumbing), the root of the weld need not be ground.

2. Miter segments shall be designed in accordance with ANS| B31. 1, paragraph
104.33, and 46 CFR 56.07-10(f).

FIG. 6 Butt Jomt V-Grooved, Miter Type

3.1.3 Fabricated Joints:

Fig. 23 Fillet Welded Internal Root Connection

Fig. 24 Fillet Welded External Root Connection

Fig. 25 Fillet Reinforced External Root Connection Single
Bevel

Fig. 26 Fillet Reinforced External Root Connection, Single
Bevel, Welded Both Sides

Fig. 27 Fillet Reinforced External Root Connection, Single
Bevel, Welded with Square End Backing Ring

Fig. 28 Fillet Reinforced Internal Root Connection, Single
Bevel, Welded with Square End Backing Ring

3.1.4 Outlet and Boss Connections:

Fig. 29 Fillet Reinforced Boss Connection Without Pilot,
Single Bevel
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60° MIN ;

——l ‘Z —[SEE TABLE 1

2 NY

A \

i A2 y

1/8" FOR PIPES 2" OR LESS
1/16"FOR PIPES OVER 2"

0" TO 18—

78" Max

in. Yie e %e 8
mm 2 3 5 22

Application—Class | and I piping

System or Service—All, except as noted in remarks

Remarks—1. Backing ring may be tack-welded in place to facilitate fabrication.

2. When used in the following services, backing rings shall be removed.

(A) Lube oil service discharge piping from the lube oil pumps to the reduction
gears, HP and LP turbines, and lube oil gravity tank.

(B) Superheated steam outlet piping from the main boilers to the HP and LP
turbines and turbo generators and desuperheated steam from the main boilers to
turbine driven main feed pumps.

(C) Central hydraulic systems.

FIG. 7 Butt Joint, V-Grooved, Welded with Bevel End-Type
Backing Ring

£0° MIN ﬁ_ r

20°¢ 2/ \7/3/4"
m_r '_-LSEE TABLE 1

OVER 7/8"
-—Io“'ro 118"

77 V78R, T T
NN
1 4
4 '——-1/4"1-0 3/8"
in. e V8 Ya ¥ Y s
mm 2 3 6 10 19 22

Application—Class | and Il piping

System or Service—aAll, except as noted in remarks

Remarks—1. Backing ring may be tack-welded in place to facilitate fabrication.

2. When used in the following services, backing rings shall be removed.

(A) Lube oil service discharge piping from the lube oil pumps to the reduction
gears, HP and LP turbines, and lube oil gravity tank.

(B) Superheated steam outlet piping from the main boilers to the HP and LP
turbines and turbo generators and desuperheated steam from the main boilers to
turbine driven main feed pumps.

(C) Central hydrautic systems.

FiG. 8 Butt Joint, Compound Bevel V-Grooved, Welded with
Bevel End-Type Backing Ring

Fig. 30 Fillet Reinforced Boss Connection with Pilot, Single
Bevel

Fig. 31 Fillet Reinforced Boss Connection (Couplet) with
Integral Backing Ring

Fig. 32 Fillet Reinforced External Root Connection, Single
Bevel with Integrally Reinforced Outlet

Fig. 33 Fillet Reinforced External Root Connection Welded
Both Sides, Single Bevel with Integrally Reinforced Outlet

45° MIN

AN

/8" MAX /] { SEE TMBLE 1
V. . VNN

i
i ;a-”'GAP SET BY }
BACKING RING LUG

Y in. = 22 mm

Application—Class | and Il piping

Systems or Service—All, except as noted in remarks

Remarks—1. Backing ring may be tack-welded in place to facilitate fabrication

2. When used in the following services, backing rings shall be removed.

(A) Lube oil service discharge piping from the lube oil pumps to the reduction
gears, HP and LP turbines, and lube oil gravity tank.

(B) Superheated steam outlet piping from the main boilers to the HP and LP
turbines and turbo generators and desuperheated steam from the main boilers to
turbine driven main feed pumps.

(C) Central hydraulic systems.

FIG. 9 Butt Joint, V-Grooved Welded with Bevel End Lug-Type

Backing Ring

J

I/8"MIN FOR PIPES 2" OR LESS
3/i6"MIN FOR PIPES OVER 2

in. e Ve %e %
mm 2 3 5 22

Application—Class | and It piping
Systems or Service—All
Remarks-—1. After welding, backing ring shall be machined flush with inside
diameter of pipe or fitting.
FIG. 10 Butt Joint, V-Grooved, Welded with Square End-Type
Backing Ring

4. Piping Classifications and Butt Weld Reinforcements

4.1 Piping classifications in accordance with Subpart 56.04
of USCG Regulations apply to this specification. For defini-
tions of ABS Group I and II Pipe Connections, see ABS Rules,
Section 30, Paragraph 30.13.

4.2 Maximum thickness of butt weld reinforcements in
accordance with Subpart 56.70, Table 56.70-15, of USCG
Regulations are listed in Table 1.

5. Keywords

5.1 backing ring pipe welds; boss connections; flange
welds; miter joint weld; pipe welds; root connections; sleeve
pipe welds; socket welds; welded joints
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CONSUMABLE INSERT

350
MIN
yehuax SEE TABLE 1 -

116" £ /64
Y / N4
—-ﬂ-—- 1/':12"»11\;~l
in. Y4 42 Yie 7%
mm 0.4 1 2 22

Application—Class | and Ii piping

System or Service—All

Remarks—1.

2. Consumable insert ring shall be centered before welding.

FIG. 11 Butt Joint, V-Grooved, Welded with Consumable Insert
Ring

CONSUMABLE INSERT

SEE TABLE |
{-OVER e

374"
i 77(\ j I\
ms *l/a4 _f JL y y
in. Yea Va2 Vie ¥ 7
mm 0.4 1 2 19 22

Application—Class | and Il piping

System or Service—All

Remarks—1. Internal misalignment of pipes shall not exceed Y4s in. (2 mm).

2. Consumable insert ring shall be centered before welding.

FIG. 12 Butt Joint, Compound Bevel V-Grooved, Welded with
Consumable Insert Ring

Internal misalignment of pipes shall not exceed Vs in. (2 mm).
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20°T
-—<CON$UMABLE INSERT

_ 3/16" RADIUS
§SEE TABLE |

in. Vea Va2 Vie e
mm 0.4 1 2 5

116" 164"

Application—Class | and Il Piping

System or Service—All

Remarks—1. Internal misalignment of pipes shall not exceed Vs in. (2 mm).

2. Consumable insert ring shall be centered before welding.

FIG. 13 Butt Joint, U-Grooved, Welded with Consumable Insert
Ring

40°22.1/20
P Sre——-<CONSUMBLE INSERT

0.000"70 0.020" SEE TABLE |

7 //>\”,(\

-
F CohsomasLE
INSERT

0.020 in. = 0.51 mm.

Application—Class | and Il piping

System or Service—All

Remarks—1. Internal misalignment of pipes shall not exceed Y4z in. (1 mm).

2. Consumable insert ring shall be centered before welding.

FIG. 14 Butt Joint, V-Grooved Welded with Consumable Insert
Ring
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Application—Fittings: See Fig. 18. Flanges: See Fig. 19.
System or Service—See Fig. 18 and Fig. 19.
Remarks—1. Size of weld shall be equal to or greater than “T.”

2. For Class | piping, depth of insertion of the pipe nipple into the fitting shall not
be less than % in. (10 mm).

3. Weld to be deposited in a minimum of two passes unless specifically
approved otherwise in a special procedure qualification.

FIG. 15 Butt Joint, Socket Weld to Socket Weld Valve, Fitting or
Flange Welded on Pipe Nipple

TIDN,

SN 30° MAX

Fﬁi

‘30" MAX

- -

FIG. 16 Butt Joint, Transition Between Unequal Inside and
Outside Diameter Components
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SN

IANNNANNANNNNNRR NN 225

118"
APPROX

Yhe in, = 2 mm

Application—Class | piping 3-in. NPS max where not subject to full radiography
by 46 CFR Table 56.95-10. Class I! piping all sizes.

Systems or Service—All

Remarks—1. Size of weld shalt be 1.4 T min but not less than ¥ in. (3 mm).

2. For Class | piping, depth of insertion of pipe, tube, or fitting in sleeve shall not
be less than 3 in. (10 mm).

3. Weld to be deposited in a minimum of two passes unless specifically
approved otherwise in a special procedure qualification.

4. For Class | piping, the inside diameter of the sleeve shall not exceed the
outside diameter of the pipe, tube, or fitting by more than 0.080 in. (2.03 mm).

5. Couplings may be used with flat or beveled end pipes and fitting.

FIG. 17 Fillet Welded Sleeve-Type Pipe Coupling

7
Sy
| f—e | /16" é
APPROX
NN \\{
%%

Yhein, = 2 mm

Application—Class | piping 3-in. NPS max where not subject to full radiography
by 46 CFR Table 56.95-10. Class Il piping all sizes.

System or Service—All, except socket welds shall not be used where severe
erosion or crevice corrosion is expected to occur.

Remarks—1. Size of weld shall be 1V T min but not less than "4 in. (3 mm).

2. For Class | piping, depth of insertion of pipe or tube into the fitting shall not be
less than % in. (10 mm).

3. Weld to be deposited in a minimum of two passes unless specifically
approved otherwise in a special procedure qualification.

FiG. 18 Fillet Welded Socket Weld Fitting or Valve
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e 1/16"
T KeRrox

YAs in. = 2 mm.

Application— Class | piping 3-in. NPS max for 600# and lower classes and
21%-in. NPS for 800 and 1500# classes. 3-in. size not permitted where subject to
full radiography by 46 CFR Table 56.95-10. Class Il piping all sizes.

System or Service—All, except socket welds shall not be used where severe
erosion or crevice corrosion is expected to occur

Remarks—1. Size of Weld W1 shall be 1.4 T min. for Class Il piping, size of weld
may be limited to 742 in. (13 mm) max.

2. Weld to be deposited in a minimum of two passes unless specifically
approved otherwise in a special procedure qualification.

FIG. 19 Fillet Welded Socket Weld. Flange

Application—Class | and |l piping not to exceed the service pressure tempera-
ture ratings for the 300# and lower classes. Slip-on flanges shall not be used on
Class | piping where subject to full radiography by 46 CFR Table 56.95-10.

System or Service—All

Remarks—1. Size of Weld W1 shall be 1.4 T min. for Class Il piping, size of weld
may be limited to 1742 in. (13 mm) max.

2. Size of Weld W2 shall be equal to “T” or ¥4 in. (6 mm), whichever is smaller.

3. Dimension X shall be equal to T plus Vs in. (2 mm) min. for Class Il piping,
Dimension X may be limited to %in. (10 mm).

FIG. 20 Double Fillet Welded Slip-on Flange (Forged)
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2

wnrl/ '

-

Application—Class |l piping not exceedmg 150 psi (1034 kPa) or 450°F (232°C)

System or Service—All

“Remarks—1. Size of Weld 8a W1 shail be 1.4 "T"* min but may be Ilmlted to 1742
in. (13 mm).

2. Size of Weld W2 shall be equal to “T" or %4 in. (6 mm), whichever is smaller.
8. D|stance X shall be T plus Yasin. (2 mm) min but may be limited to %m (10
mm).

FIG: 21 Double Fillet Welded Slip-on Flange (Plate Type) '
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Application—Class |l piping not exceeding 150 psi (1034 kPa) or 650°F (343°C)

System or Service—All

Remarks—1. Size of Weld W1 shall be 1.4 “T” min but may be limited to 742 in.
(13 mm).

2. Size of Weld W2 shall be equal to “T” or ¥ in. (6 mm), whichever is smaller.

3. Distance X shall be “T" plus ¥4s in. (2 mm) min but may be limited to % in. (10
mm).

FIG. 22 Fillet Welded Slip-on Flange (Plate-Type) Single Bevel

0" 10 18"

Yein. = 3 mm

Application—Class Il piping
System or Service—For services such as vents, overflows, and gravity drains
(including plumbing).
Remarks—1. Size of weld shall be T min.
FIG. 23 Fillet Welded Internal Root Connection
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o' 10 116"

thsin. = 2 mm
Yein. =3 mm

Application—Class |l piping.

System or Service—For services such as vents, overflows, and gravity drains
(including plumbing).

Remarks—1. Size of weld shall be T min.

FIG. 24 Fillet Welded External Root Connection

L)

m 3‘\{— 16"

e in. = 2 mm
Ve in. =3 mm

Application—Class Il piping above 2-in. NPS.

System or Service—All, provided root of weld is visually inspected where
possible to ensure complete weld penetration.

Remarks—1. Reinforcing fillet S shall have a minimum throat dimension of 0.7
T or Ya in. (6 mm), whichever is smaller.

2. For services such as vents, overflows, and gravity drains (including plumb-
ing), the root of the weld need not be ground.

FIG. 25 Fillet Reinforced External Root Connection Single Bevel
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0" 710 116"

2mm
3 mm

Yie in.
Y in.

Application—Class | and Il piping above 2-in. NPS

System or Service—All.

Remarks—1. Reinforcing fillet S shall have a minimum throat dimension of 0.7
T or % in. (6 mm), whichever is smaller.

2. Internal weld shall be made first and ground, chipped, or cleaned by some
other means to assure sound welds.

3. The “L” dimension should be held to a minimum to facilitate welding and
inspection on the inside surface of the pipe. . .
FIG. 26 Fillet Reinforced External Root Connection, Single Bevel,

Welded Both Sides

3/15" FOR PIPES 2-1/2" OR LESS
I#/4°'FOR FIPES OVER 2-1/2

% in. =5 mm
Yain. = 6 mm

Application—Class | and I piping.

System or Service—All.

Remarks—1. Reinforcing fillet S shall have a minimum throat dimension of 0.7
T or ¥4 in. (6 mm), whichever is smaller.

2. After welding, backing ring shall be machined flush with inside diameter of
pipe.

FIG. 27 Fillet Reinforced External Root Conn, Single Bevel,
Welded with Square End Backing Ring
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3/16"FOR PIPES 2-1/2" OR LESS
1/4"FOR PIPES OVER 2-172"

%ein. = 5 mm
Yain. = 6 mm

Application—Class | and Il piping.
System or Service—All.
Remarks—1. Reinforcing fillet S shall have a minimum throat dimension of 0.7

T or ¥4 in. (6 mm), whichever is smaller. .

2, After welding, backing ring shall be machined flush with inside diameter o
pipe.
FIG. 28 Fillet Reinforced Internal Root Conn, Single Bevel,
Welded With Square End Backing Ring

g

s
i

<

L8

[Z

178" T0 3/18"

BORE AFTER
WELDING

Y8 in. = 3 mm, ’
%6 in. = 5 mm

' Application—Class | and Il piping.

System or Service—All

Remarks—1, Reinforcing fillet S shall have a minimum throat dimension of ¥4 in.
(6 mm).

FIG. 29 Fillet Reinforced Boss Conn Without Pilot, Single Bevel
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%6 in. = 5 mm

Application—Class | and Il piping.

System or Service—All.

Remarks—1. Reinforcing fillet S shall have a minimum throat dimension of ¥4 in.
(6 mm).

2. Pilot hole shall be Y2 in. (1 mm) larger than pilot diameter.

3. Final bore after welding shall be a minimum of ¥ in. (3 mm) larger than pilot
diameter.

FIG. 30 Fillet Reinforced Boss Conn with Pilot, Single Bevel

7\ N
i N 4

Y4 in, = 6 mm

Application—Class | and |l piping 2-in. NPS max.

System or Service—All, provided pressure does not exceed 1025 psi (7067 kPa)
max or temperature does not exceed 750°F (399°C) max.

Remarks—1. Reinforcing fillet S shall have a minimum throat dimension of ¥ in.
6 mm).
( 2. Pi)lot hole diameter shall be equal to backing ring OD plus V52 in. (1 mm).

FIG. 31 Fillet Reinforced Boss Conn (Couplet) with Integral
Backing Ring
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YAe in. = 2 mm
Y in. = 3 mm

Application—Class Il piping.

System or Service—All, provided root of weld is visually inspected where
possible t0 ensure complete weld penetration.

Remarks—1. Reinforcing fillet S shail have a minimum throat dimension of % in.
(6 mm).

2. For services such as vents, overflows, and gravity drains (including plumb-
ing), the root of the weld need not be ground.

FIG. 32 Fillet Reinforced External Root Conn, Single Bevel with

Integrally Reinforced Outlet

S
/16" TO 178"

m—

Application—Class | and I! piping.

System or Service—All.

Remarks—1. Reinforcing fillet S shall have a minimum throat dimension of % in.
6 mm).
( 2. In?(ernal weld shall be made first and ground, chipped, or cleaned by some
other means to assure sound welds.

FIG. 33 Fillet Reinforced External Root Conn Welded Both
Sides, Single Bevel with Integraily Reinforced Outlet
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Note 1—For double-welded butt joints, this limitation on reinforcement given above applies separately to both inside and outside surfaces of the joint.

TABLE 1 Maximum Butt Weld Reinforcement, in. (mm)

Note 2—For single-welded butt joints, the reinforcement limits given above apply to the outside surface of the joint only.
Note 3— The thickness of weld reinforcement is based on the thickness of the thinner of the materials being joined.
Note 4—The weld reinforcement thicknesses must be determined for the higher of the abutting surfaces involved.

Note 5—For boiler external piping, use the column titled “above 750°F** for weld reinforcement thicknesses.

Note 6—See 4.2.
- Nominal Wall Maximum Operating Temperature of Piping System, °F (°C)

Thickness of

P e or Tube, 0 10 350 (<18 to 177) to 350 to 750 (177 to 399) to Ab?g’geg;so
Upto s - %6 (5) Y52 (2) Yie (2)
Over Vs to ¥%e %6 (5) Ve (3) Vie (2)
Qver %s to V2 %6 (5) ' %2 (4) Vae (2)
Over Y2 to 1 Y6 (5) %8 (5) Y2 (2)
Over 1102 V4 (6) Va (6) Vs (3)
Over 2 greater of ¥4 (6) or 4 the width of the weld greater of ¥4 (6) or ¥s the width of the weld Yae (4)

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any itern mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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Designation: F 808 - 83 (1988)¢"

Standard Guide for

Collecting Skimmer Performance Data in Uncontrolled

Environments’

This standard is issued under the fixed designation F 808; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

€'NoTte—Sections 3 and 4 were renumbered editorially in April 1988.

1. Scope

1.1 This guide describes methods for collecting data to
measure the performance of skimmers in removing (recov-
ering) oil slicks in uncontrolled environments (that is, other
than in a controlled test facility).

2. Referenced Documents

2.1 ASTM Standards:

D 1298 Test Method for Density, Relative Density (Spe-
cific Gravity), or API Gravity of Crude Petroleum and
Liquid Petroleum Products by Hydrometer Method?

D 1331 Test Methods for Surface and Interfacial Tension
of Solutions of Surface-Active Agents?

D 1746 Test Method for Transparency of Plastic Sheeting*

D 1796 Test Method for Determination of Water and
Sediment in Fuel Oils by the Centrifuge Method (Labo-
ratory Procedure)’

D 2983 Test Method for Low-Temperature Viscosity of
Automotive Fluid Lubricants Measured by Brookfield
Viscometer®

3. Definitions

3.1 data collection period—that period of time during
which performance data are recorded.

3.2 oil recovery efficiency—the ratio of the oil recovery
rate (water-free oil) to the oil slick recovery rate (in percent).

NoOTE 1—The data from this calculation may not be indicative of
performance of the skimmer if the floating oil is contaminated (for
example with water, as in a mousse or emulsion, or with debris or ice
easily ingested by the skimmer). '

3.3 oil recovery rate—the volume of water-free oil re-
moved from the water surface by the skimmer, per unit time.

3.4 oil slick—the oily fluid encountered by the skimmer.
(Most real oil slicks are actually composed of various
proportions of pure oil, water-in-oil (W/O) emulsionn, and
oil-in-water (O/W) emulsions. Therefore, efficiencies and
other performance criteria must be differentiated between

! This guideline is under the jurisdiction of ASTM Committee F-20 on
Hazardous Substances and Oil Spill Response and is the direct responsibility of
Subcommittee F20.12 on Removal.

Current edition approved April 6, 1983. Published July 1983,

2 Annual Book of ASTM Standards, Vol 05.01.

3 Annual Book of ASTM Standards, Vol 15.04.

4 Annual Book of ASTM Standards, Vol 08.02.

5 Annual Book of ASTM Standards, Vol 05.01.

¢ Annual Book of ASTM Standards, Vol 05.02.
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those based on the oil slick itself, and those based on only the
water-free oil contained within the oil slick.)

3.5 oil slick encounter rate—that volume of oil slick per
unit time actively directed to the skimmer.

3.6 oil slick recovery efficiency—the ratio of the oil slick
recovery rate to the total volumetric rate of fluids recovered
(in percent),

3.7 oil slick recovery rate—the volume of oil slick re-
moved from the water surface by the skimmer, per unit time.

3.8 oil slick thickness—the thickness of the oil slick
encountered by the skimmer.

3.9 skimmer—a device that removes oil slicks or free oil
from the water surface. The device may move through the
surrounding fluid or it may be relatively stationary.

3.10 storage efficiency—the ratio of the oil slick recovery
rate to the mean volumetric rate of oil and emulsion
(excluding free water) delivered to storage. Most oil skim-
mers have at least a tendency to further emulsify the
recovered oil and water through the action of pumping, belt
squeezing, or other processing techniques. If the resulting
emulsion is fairly stable, excessive storage capacity in the
on-board or external tanks may be required to accommodate
the increased volume of oily waste. A measure of the
emulsification tendency of a skimmer can be expressed as
the Storage Efficiency as defined herein. For example, if a
skimmer picked up 80 gal/min of oil and stable emulsion
plus 20 gal/min of underlying water (oil slick recovery
efficiency of 80 %) but transferred 90 gal/min of oil and
stable emulsion to storage plus 10 gal/min of free water
(which is subsequently pumped back overboard), the storage
efficiency would be (80/90 gal per min) X 100 = 89 %. As
the storage efficiency would depend to some extent on the
amount of settling time allowed, and on the height and area
of the liquid column in the settling vessel, any measurement
of the storage efficiency must specify these parameters. Thus,
a skimmer with a poor oil slick recovery efficiency (picks up
considerable water), but with a good storage efficiency (does
not emulsify the water picked up), may present no more
storage capacity problems than a skimmer with a good oil
slick recovery efficiency, if the free water can be discharged
back overboard.

3.11 throughput efficiency—the ratio of the oil recovery
rate (water-free oil) to the total volumetric rate of water-free
oil encountered by the skimmer (in percent).

4. Significance and Use
4.1 The data provided by the methods described herein
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can enable performance measurements to be made of the
type obtained in a controlled test facility. However, the
quality and accuracy of the data will depend on the type of
environment in which the data are taken, and the type of
instruments available. Such data will, therefore, be unlikely
to compare in accuracy and reproducibility to similar data
obtained in a controlled test facility.

4.2 The data will be significant if all of them are taken at
approximately the same time and in the immediate vicinity
of the skimmer. All data should be recorded as a function of
time for later correlation with other events.

4.3 The situations in which this guide applies include both
accidental and planned spills in natural waterways where
equipment is to be evaluated under field conditions.

4.4 The guidelines provided will enable personnel at oil
spills to determine the effectiveness of skimmers under field
conditions as well as to gage the quantity of material
recovered. Such information could also be useful in im-
proving future skimmer designs.

4.5 Each datum can usually be obtained by more than
one method, and the method used will depend on the degree
of preparedness of the equipment user, the time available to
take the measurement, and the general conditions under
which the skimmer is used. The methods suggested for
obtaining data are listed in order of preference. The method
actually used to obtain the data should be described.

ENVIRONMENTAL CONDITIONS

5. General

5.1 Environmental conditions existing at the time of
testing in the vicinity of the skimmer are important for both
manufacturers and users in assessing the capabilities of the

equipment. The following sections consider measurement

techniques for important environmental conditions.

6. Wave Height

6.1 Instrumented Buoy—Instrumented buoys, although
relatively sophisticated, generally provide the most accurate
wave data, and are therefore preferred over other wave height
measurement methods.

6.1.1 Free-Floating Buoy—One type of instrumented
buoy that contains accelerometers and electronics to convert
vertical motions of the buoy into recordable signals. Signals
can be recorded as a function of time within the buoy, or
transmitted to a boat or ship by means of cable or radio.
Some buoys can be towed at skimmer speed to collect data in
the immediate vicinity of the skimmer. The results generally
require analysis of the recorded data at a later time to obtain
accurate statistical data on wave heights and periods. Both
swell waves and wind-driven waves are measured.

6.1.2 Spar Buoy—Another type of instrumented buoy
that remains relatively stationary with respect to the waves
and swell, and uses pressure, acoustic, or other types of
wave-height sensors. These buoys are generally not towed,
but signal processing characteristics are similar to other
instrumented buoys.

6.2 Simple Spar Buoy—A simple free-floating spar boy
(not instrumented) constructed of a long buoyant pole with a
weight at one end, and painted with stripes at measured
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intervals, can be used for estimates of wave heights. The
buoy should be made long in comparison to the expected
wind-driven wave height so that it remains relatively sta-
tionary vertically, By observing the heights of a series of
waves against the painted stripes, statistical information on
wave heights can be determined. Swell waves will not be
observed unless the buoy is extremely long, but in general,
swell waves are not significant to a skimmer’s performance
unless the skimmer is incorporated into a relatively large
vessel.

6.3 Visual Estimate—Experienced observers may be able
to estimate a characteristic wave height that experience has
shown to be approximately the average of the highest
one-third of the waves (“significant” wave height). Long
swell heights are usually estimated separately. The use of a
background, such as a dock, offshore structure, large ship, or
other relatively stable reference point may help an observer
to judge the wave heights more accurately.

7. Wave Length, Period, and Direction

7.1 Wave Recording—The data from devices such as
described in 6.1 can be obtained to compute wave periods
and statistical wave lengths. The use of statistical wave data
provides more accurate information than the other methods
listed below. It is best interpreted by trained individuals.
Wave direction cannot be determined with a single-wave
recording instrument.

7.2 Visual Estimate—Experienced observers may be able
to estimate a characteristic wave length and period, that is
related to the “significant” wave described in 6.3. A visual
background such as a large ship, jetty, or similar structure in
the immediate vicinity of the skimmer, would be helpful in
improving the estimate. Wave propagation direction can be
estimated with the aid of a compass, and will generally be in
the approximate direction toward which the wind is blowing,

8. Skimmer Forward Velocity (Towed or Self-Propelled)

8.1 Chip Log—A wood chip or similar floating object is
dropped overboard and the time for the chip to traverse a
known distance along the hull is measured. This distance
divided by the time interval gives a good estimate of the
skimmer speed relative to the surface at that particular
moment. Several measurements should be taken during the
data collection period to obtain an average skimmer speed.
As long as the chip log is not affected by the presence of the
ship’s hull (turbulence, boundary layer effects, wake, etc.), it
will give a good estimate of velocity on the surface where the
oil is present.

8.2 Current Meter—Various types of current meters are
available that can provide an accurate measure of forward
velocity in the O to 3-m/s range common to most skimmers.
The meter can be fixed to, or towed by the skimmer, or the
skimmer-towing vessel. The meter output can be recorded as
a function of time throughout the data collection period. The
velocity measured will be relative to the water surface as
opposed to the land or the bottom, and therefore will
automatically take into account natural currents in the
waterway. Note, however, that current speed on the surface
(as measured by a chip log) may be different than the current
a short distance below the surface, where a current meter
typically would be positioned.

8.3 Towing Vessel Speedometer—The speedometer on
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the towing vessel, or on a vessel moving at the same speed as
the skimmer, can give a reliable velocity estimate if the
speedometer is properly calibrated for low speeds, and is
properly maintained; if not, inaccuracy can be high. Other
ship speed estimates, such as screw rpm correlations are
generally less reliable.

9. Skimmer Motion Relative to Waves

9.1 Wave Probe—Various types of wave-measuring in-
struments (capacitance probes, acoustic devices, resistance
probes, pressure sensors) can be attached to larger skimmers
near the point where relative motion is critical, such as near
a weir lip, oil intake point, etc. The output can be recorded
continuously during the data collection period, and statistical
relative motion information can be calculated at a later time.
Oil coating of the sensor can be a problem with some
devices. In general, the relative vertical motions are the most
significant to skimmer performance, whether generated by
pitching or heaving; therefore, instrumenting for separate
measurements of pitch and heave would not normally be
necessary. The use of measuring instruments, if they are
properly calibrated and not subjected to oil coating or
fouling, can provide the most accurate and complete record
of skimmer motions. ,

9.2 Visual or Photographic Estimates—Relative motion
data can be obtained by observing the water level changes ar
the point of interest on the skimmer. It may be helpful to
paint or affix a measurement scale (grid, yardstick, etc.). A
movie record will facilitate future analysis. (A clock in the
field of view would be helpful.) The direction of the skimmer
relative to the average wave propagation direction can be
estimated visually with the aid of a compass.

10. Skimmer Velocity Relative to the Oil Slick

10.1 For unconfined slicks this is the same as the skimmer
forward velocity, as determined in Section 8. Where substan-
tial holdup has occurred immediately in front of the
skimmer (boom systems and skimmer with herding arms)
the slick may be moving at nearly the same speed as the
skimmer, relative to the water. For use in encounter rate
calculations in accordance with Section 9.2, where the slick
thickness immediately in front of the skimmer is used, the
slick-to-skimmer relative velocity immediately in front of the
skimmer is needed, and is determined as follows:

10.2 Chip Log or Current Stick—The distance that the
floating object moves relative to the skimmer, divided by the
observed time interval will yield the desired velocity. A
current stick must not be deep enough to be influenced by
the water under the slick, nor be tall enough to be influenced
by the wind. This approach is most feasible with manned
skimmers where the observer can get close to the object.

11. Wind Speed and Direction

11.1 Anemometer—This can give wind speed and, in
some models, direction, which can be recorded continu-
ously. Various types are available and most larger vessels
have these instruments on board. Although shipboard ane-
mometers can provide more accurate data than the other
methods described below, they are generally not as accurate
as weather station instruments.
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11.2 Hand-Held Wind Speed Meter—An inexpensive,
hand-held meter is available that uses a rotameter principle
to give instantaneous wind-speed readings. It is sensitive to
wind direction and moisture contamination but can be
useful in estimating average wind speeds. Average wind
direction must be estimated by observation, with the aid of a
compass.

11.3 Visual Estimate—Experienced observers can often
estimate average wind velocities using the Beaufort criteria
for Sea State. However, because the Beaufort wind velocity-
Sea State correlation is a function of the duration and length
of travel of the wind over the water (fetch), the wind speed
estimate is relatively subjective. Average wind direction is
estimated as in 11.2,

12. Surface Water Temperature

12.1 Thermometer—An accurate thermometer placed in
the water, or in a freshly drawn water sample, will give good
results.

13. Air Temperature

13.1 Thermometer—Hand-held thermometer, or outside-
mounted ship’s thermometer.

14. General Weather Description

14.1 A general weather description should include ap-
proximate degree and type of cloud cover, degree and type of
precipitation (rain, snow, hail, fog), visibility, extent of
whitecap formation on waves, general weather condition
(fair, stormy, etc.). The description should cover the entire
duration of the data collection period.

15. Current Speed and Direction (Relative to Bottom)

15.1 Speed can be determined by various types of current
meters, with or without direction indication. Chips or
current sticks, measured relative to a fixed object (buoy,
platform, pile, etc.) are also useful.

OIL SLICK CONDITIONS

16. General

16.1 Data on the oil slick will be among the least precise
data that can be collected, due to the difficulty in conducting
representative sampling. All sampling should be performed
in the vicinity of the skimmer.

16.2 At most spills, data on the oil slick properties will not
be available until some time after the samples have been
taken, because of the analysis procedures required. There-
fore, a thorough sampling program is necessary.

17. Required Critical Data

17.1 Oil Type and Source—This information can usually
be obtained from the spiller or government agencies tasked
with identifying the oil. Several 1-L samples of the oil slick
may be useful for identification purposes later if the type and
source information is not available from others. A suitable
preservative will be necessary.

17.2 Oil Viscosity at Skimming Temperature:

17.2.1 Viscometer—A Brookfield viscometer, a similar
laboratory-type viscometer, or other suitable devices can be
used with oil slick samples collected from the vicinity of the
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skimmer if fluid is non-newtonian. The samples should be
tightly sealed to prevent evaporation, and free water should
be excluded. Samples should be tested at skimming temper-
ature (see 17.5), or at least at two or three other temperatures
so that an estimate of viscosity at the skimmer can be made
(excessive heating must be avoided, however, as emulsion
properties may change). Samples should be tested as soon as
possible iri their original state to minimize property changes
due to emulsion settling, photodegradation, etc. (see Test
Method D 2983). A laboratory viscometer will give the most
controlled, accurate, and reproducible viscosity measure-
ment and therefore is the preferred method. However, if a
delay in measurement is anticipated, one of the other
following methods may be preferred for expediency.

17.2.2 Falling Ball—A rapid and expedient method of
estimating viscosity is to drop a sphere through a thick layer
of oil, and record the length of time for the ball to traverse
the layer.

17.2.2.1 The following equation can be used to determine
viscosity:

u=13 830 d? (Soan — Sei))/(U)

where:

u = viscosity in centipoise,

d = ball diameter in inches,

S = specific gravity (relative to fresh water), and

U = ball falling velocity, inches per second (thickness of

oil layer traversed/time to traverse).
This equation is accurate if the Reynolds number (Re) is one
or less, that is,
Re = (645 d U S,,)/(u)

17.2.2.2 If, after conducting a test and determining a
viscosity, one checks and finds that Re is greater than one,
another ball of smaller diameter or lower specific gravity, or
both, should be used. Different specific gravities result from
different ball materials (for example, copper BB, S = 8.91;
steel ball bearing, S = 7.87; glass or marble ball, S = 2.4 to
2.8). A new ball diameter, dnew, should be selected such
that:

dnew - dold X [Reold Sball — Soit new]/ [(Sball - Soil)old]

17.2.2.3 If the next try with the new ball still gives a
Reynolds number greater than one, the above process can be
repeated.

17.2.2.4 The container used to hold the oil should have
the following features:

(a) Diameter should be greater than 20 times the ball
diameter to keep error to less than 10 %;

() Oil thickness should be sufficient to permit a falling
time of at least 3 s (to minimize stop watch errors), and
preferably more; and

(¢) Container should give some indication of when tra-
versing of the oil layer is completed (a glass bottom; glass
walls with a water layer below the oil so that the ball can be
observed leaving the oil layer; a metal bottom that will
provide a sound when the ball touches it; a glass container
with marks on the side for translucent oils; etc.).

17.2.2.5 In addition, the ball should be released at the oil
surface (not above it), as this method depends upon the ball
reaching a steady-state (terminal) velocity quickly. At least
three measurements should be averaged to obtain a mean
sample viscosity. Calibrating the apparatus with a fluid of
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known viscosity (similar to the sample) will give a better idea
of the errors, and can be used to develop a correction factor
for the data. The oil temperature should be recorded. (Note
that laboratory-quality falling-ball viscometer are available
commercially, as is an inexpensive field-type version for
translucent oils of up to 400 cp viscosity.)

17.2.3 Eye Dropper—another simple and rapid expedient
for estimating viscosity is to allow the oil to flow by gravity
through an eye dropper or similar device and measure the
time of flow. The tubes should be precalibrated with fluids of
known viscosity, or else data can be taken at the scene and
then the tubes calibrated later. Water, diesel fuel, and motor
oils are common fluids that could be used for on-scene
calibration. With viscous oils or emulsions, larger diameter
tubes may be necessary to minimize flow time. As an
alternative, an Ostwald viscometer or suitable cup
viscometer can be used. This type uses the same principle as
the tube, but they are carefully made (of glass) for various
viscosity ranges, and can be purchased already calibrated.
Temperature compensation is difficult, and a fresh sample at
a known temperature should be tested. At least three tests
should be made and the results (time intervals) averaged to
obtain a mean value. All free water should be excluded.

17.3 Oil/Water Content of Oil Slick: This is determined
from periodic grab samples of the oil slick (free water
excluded). Each sample may be allowed to settle in a
transparent, cylindrical vessel until separation of oil, W/O
emulsion, and O/W emulsion phases have occurred. Then,
the volume of each phase can be measured and analyzed for
oil and water content using the extraction technique de-
scribed in Test Method D 1746. With this technique, a
motor-driven or hand-crank centrifuge is usually required to
assist the separation, although in many cases a sufficiently
accurate measurement can be obtained (within 2 to 3 %)
without a centrifuge. One hundred millilitre samples should
be sufficient. (Alternatively, the original sample can be
mixed thoroughly and a composite sample analyzed for oil
and water content by Test Method D 1796.) If gravity
settling indicates that no emulsion is present, use of the
extraction technique will be unnecessary. The fraction of oil
in the slick is computed by summing the oil quantities in
each phase and dividing by the total sample volume.

17.4 Slick Thickness (for example, at entrance to skimmer
or free slick—location must be identified):

17.4.1 Thickness Multiplying Samplers:

17.4.1.1 Two versions of this type of device have been
used. The “cookie cutter” is an inverted funnel or cone
attached to a clear acrylic graduated cylinder with an air
valve at the top. The device is manually pushed through the
surface slick and the collected oil thickness is multiplied by
the area ratio of the conic section as the sample is pushed
into the cylinder. The air valve is then closed so that the oil
layer thickness (in the cylinder) can be read off by raising the
cylinder above the slick surface. Between measurements, the
insides have to be swabbed with kerosene. This system is
most easily used from a Zodiac-type boat (to place the
operator nearer the surface). Two sizes would be useful: (1) a
ten-to-one funnel for slicks 5 to 50 mm thick; and (2) a
one-to-one funnel for slicks 50 to 500 mm thick. About one
sample per minute can be read. Error is estimated to be
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about 10 %, neglecting sample variability due to real thick-
ness variance.

17.4.1.2 A second variation is a rectangular floating
“box”, open on one side, so that when it is floated on the
water surface the inside will flood part way with a small,
representative area of the slick and underlying water. The
box is constructed so that when the open end is closed off
and it is quickly lifted out of the water and turned on its end
(open side up), the slick will be compressed into a much
smaller horizontal area, similar to the “cookie cutter”
principle, therefore multiplying the actual thickness by the
ratio of the original to “new” slick surface areas. Because the
box can be constructed of clear plastic, a calibrated scale can
be imprinted on the side for direct reading. With a 5:1
multiplying ratio, a slick thickness of 0.5 mm or greater can
be determined. Operational problems are similar to the
“cookie cutter” concept. These methods -are gencrally pre-
ferred over the other methods below because of their
simplicity, accuracy, speed of operation (instant results), and
general applicability.

17.4.2 Oleophilic Sorbent Blanket—Oil slicks on the order
of 0.2 to 2.0 mm thick can be monitored by oleophilic
sorbent blankets, which have a preferential affinity for oil in
-the presence of water. Typical blankets made of 80 pores per
inch (ppi), fully-reticulated polyurethane foam; thickness of
Yi-in.; and platform areas between 1 to 16 square feet have
been used successfully in previous full-scale oil spill trials.
The blankets are simply cast on “representative” portions of
the slick, allowed to remain on the surface for a fixed time
period (about 20 s), and then recovered. Water and oil are
extracted by means of a mechanical wringer, and stored for
later assay in pre-labeled containers (or the whole blanket
can be stored in a plastic Ziplock bag). The system is
compact, lightweight, portable, can be used with any conven-
tional small workboat, and is not affected by adverse weather
conditions. No particular training is required for system use,
although it is imperative that the sampling boat be profes-
sionally helmed and that other vessels not cut through the
slick ahead of the sampling boat. Sampling frequency is
limited to about one per minute. The method is somewhat
viscosity sensitive, although for viscous oils a larger pore size
(40, 20, or even 10 ppi) might be used to advantage.

17.4.3 Electronic Devices:

17.4.3.1 A wide variety of electronic instrumentation has
been used to measure slick thickness in the laboratory and
the field, including the following:

(a) Conductivity probes,

(b) Capacitative probes,

(¢) Inductive probes,

(d) Acoustic thickness gauges,

(e) Acoustic interface sensors, and

(f) Viscosity sensors,

17.4.3.2 All of these techniques have proven less than

. satisfactory. They share several or all of the following
deficiencies:

(a) Inability to measure very thin slicks accurately, partic-
ularly in waves,

(b) Problems with coating of sensors with oil,

(c) Difficulty in resolving the frequently ill-defined oil
slick/water interface, and

(d) Poor at-sea reliability.
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17.4.3.3 Potential advantages of electronic systems
follows:

(a) Continuous readings possible,

(b) Remote readout possible,

(c¢) Data could be recorded automatically, and

(d) Personnel need not be in the vicinity of the instru-
ment.

17.4.4 Measuring Sticks—Two variations of this ap-
proach have been used. Such methods are suitable for only
thick slicks, such as the pool of oil collected by an oil boom.

17.4.4.1 Thieving Paste—This is a paste-like material that
is spread onto a measuring stick, and is used to detect the
presence of water in the bottom of fuel tanks. It is useful only
where transparent oils (light oils, gasoline) are encountered,
and where wave action is not severe. The coated measuring
stick is thrust down into the oil, and the depth of penetration
is noted on the stick, When the stick is withdrawn, the paste
will have changed color where it was in contact with water.
The difference between the penetration depth and the color
change is the slick thickness. A small boat is necessary to
perform this check. Oil-in-water emulsions may not be
detected.

17.4.4.2 Floating Measuring Stick—This is a measuring
stick that extends below the oil-water interface, and is floated
vertically in the oil slick with the aid of a stable buoyant
float. The measurement must be taken from below the
interface by a diver. By marking the stick with distinctive
markings, the slick thickness can be read by the diver some
distance from the stick. A series of these sticks, separated
from each other by lengths of line, can be used to measure a
slick thickness profile. Such devices are relatively indepen-
dent of wave conditions.

17.5 Slick Temperature:

17.5.1 Direct Measurement—Dip an accurate thermom-
eter into the oil slick or into a freshly drawn sample from the
vicinity of the skimmer.

17.5.2 Indirect Measurement—In most cases, if the slick
is thin and has been on the water for some time, the water
temperature (Section 12) will suffice for an estimate of the oil
temperature.

17.6 Measurement of Oil Slick Width—A measurement
of the oil slick width is necessary for calculating the oil slick
encounter rate (see Section 24). To permit this calculation,
the slick width should be measured at the same point that the
slick thickness (17.4) and velocity relative to the skimmer
(Section 10) are measured. This may be in the free slick, or in
the thickened region in front of the skimmer if a contain-
ment boom is being utilized. The width must be measured
perpendicular to the surface velocity direction.

17.6.1 Observations—Aerial photographs of the slick and
skimmer together (for reference). provide perhaps the best
means of estimating the width. However, good contrast is
needed to distinguish areas where no slick exists. As slicks
can be thin, patchy and irregular, both the slick thickness
and width measurements may be subject to considerable
error, Other methods, such as infrared photography, and
direct observe estimates, can be helpful in corroborating the
measurements obtained through aerial photography. For
small spills, direct observe estimates alone may suffice.

17.6.2. Distance Line—When containment booms are
used, a rope of known length may be stretched across the

are as
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mouth of the boom and attached to the tow points. The
length of the rope will be the required slick width measure-
ment if slick thickness and velocity data are also measured at
the rope. Problems with this technique are that the rope may
interfere with traffic, and the slick may be quite discontin-
uous at this point.

17.7 Debris Description—An estimate of the quantity and
type of debris (as a function of time) encountered by the
skimmer should be made. Debris includes seaweed, dead
fish, sorbents, twigs, tree limbs, leaves, garbage, etc.

17.8 Oil Slick Specific Gravity—This can be measured
using an appropriate hydrometer (Test Method 1298) in the
field or in the laboratory. The temperature should be noted.
(See 17.2.1 for sampling considerations.)

18. Recommended Additional Data

18.1 These quantities may be difficult to quantify accu-
rately, especially where emulsions and thin slicks are in-
volved.

18.2 Oil Slick Surface Tension—This is best performed in
the laboratory (Test Methods D 1331) using a sample of
freshly recovered oil slick (see 17.2.1 for sampling consider-
ations). The test temperature should be noted, and results at
the skimmer ambient temperature should be obtained, if
possible. Results are subject to error if emulsions are present.

18.3 Oil/Water Interfacial Tension—This is best per-
formed in the laboratory (Test Methods D 1331) using
samples of freshly recovered oil slick and pure water, taken
separately from the vicinity of the skimmer. Alternatively, a
composite oil-water sample can be used, although the
presence of an emulsion at the interface can result in
unreliable measurements. For comparison with other data,
oil (or water-in-oil emulsion) and distilled water should be
used in addition to other measurements. The test tempera-
ture should be noted, and results at the skimmer ambient
temperature should be obtained, if possible.

18.4 General Description of Slick Continuity—Items for
consideration are as follows:

18.4.1 Dimensions and shape of oil patches or windows;

18.4.2 The presence of sheen, black oil, or other color
characteristics of the slick encountered by the skimmer, as a
function of time;

18.4.3 Frequency of encounter of slicks (time in slick,
time between slicks);

18.4.4 Presence and frequency of tar balls, rafts, emulsion
patches, debris; and

18.4.5 any other observations (odors, etc.)

18.5 Slick Boundary Conditions

18.5.1 Items for consideration include the presence of
boundaries such as pilings, beaches (including characteristics
such as rocks, rip-rap, slope, etc.); docks and piers; ships and
other vessels; and containment barriers.

18.5.2 The absence of any boundaries should also be
noted as well as the number of sides restricted (compass
bearings and chart locations may be appropriate).

18.5.3 Other obstructions such as the spacing of pilings,
etc., that affect the ability of the skimmer to maneuver
should be noted.

18.5.4 Vertical restrictions can also be important, as in
the case of low piers or shallow water.

18.5.5 Items such as marsh grass (or marshes themselves),
floating debris, and sorbent can also be considered as slick
boundaries.

18.6 Photographs—Color photographs of the slick should
be taken, if possible. Aerial photographs and other imagery
methods (infrared, etc.) are also useful in describing slick
geometry and characteristics. The effects of sea state and
wind can also be revealed by photographs.

RECOVERED FLUID CONDITIONS

19. Required Critical Data

19.1 Recovery Rate of Total Fluid as a Function of
Time—This should be measured with a calibrated flow
meter suitable for the fluid being recovered. Selection of a
proper flow meter is difficult, however. Typical instruments
are generally subject to variances in physical properties (such
as viscosity, density, conductivity, etc.), particularly when
recovering combined oil, water, and emulsion fluids which
can vary from moment to moment in composition. A
positive displacement type meter is perhaps the best, but
these too may present problems in size and weight, contin-
uous readout capability, and pressure drop. A more cumber-
some alternative to a positive displacement meter is to
measure the time to collect a known volume of the pumped
fluid in a separate container, and then calculate an average
flow rate. If pumping is periodic (as from a sump), a
short-term mean pumping rate should be computed for use
in steady-state rate calculations.

19.2 Total Amount of Fluid Collected—This should be
determined from the dimensions of the volume of fluid
collected in the receiver(s). Less desirably, a collection rate
versus time curve (from 19.1) can be integrated to obtain an
estimated volume collected. Recovered water pumped back
overboard from storage should be determined also.

19.3 Amount of Debris Recovered—This should include a
breakdown by type, if feasible, and the frequency or rate of
collection.

19.4 Oil/Water Content of Recovered Fluid.

19.4.1 Determined From Periodic Samples of the Re-
covery Pump Ouipui—These samples should be collected
from the line leading to the storage tanks (on-board or
external). Each sample should be allowed to settle in a
transparent container of constant diameter for a period of
time (the time period should be recorded; approximately 10
min may be sufficient for the bulk of the settling to occur).
The volumes of pure oil, W/O emulsion, O/W emulsion, and
pure water phases should be recorded. Samples of each
oil-containing phase should then be extracted (Test Method
D 1796) for determination of the oil and water content. One
hundred millilitre samples will usually be sufficient. (Alter-
natively, the entire sample in the settling container can be
re-mixed and a single sample taken to determine the total
amount of oil and water by Test Method D 1796.)

19.4.2 Determined From the Total Volume of Recovered
Fluid Collected—In this case, the entire tank contents are
treated ‘as the “settling container” in 19.4.1, and the proce-
dure described therein is followed. The alternative approach
of re-emulsifying the entire tank contents for extracting a
single composite sample will be virtually impossible, how-
ever. CAUTION: This approach is valid only if no free water
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is separated from the tank contents and pumped overboard
before the contents are analyzed (that is, if the tanks do not
include a separator function). Also, location of interfaces
between phases in skimmer tanks may be very difficult and
subject to considerable inaccuracy. If the tanks are large
compared to the recovery rate, analysis of the tank contents
probably will not represent steady-state skimming perform-
ance. .

20. Recommended Data

20.1 Viscosity of Recovered Fluid—See 17.2 for methods.
Separate phases in the settled samples are best measured
separately. Actual conditions, including technique used and
temperature, should be stated. ‘

20.2 Specific Gravity of Recovered Fluid—See 17.8 for
method. The same consideration of settled samples described
in 20.1 should be applied.

20.3 Interfacial and Surface Tensions of Recovered
Fluid—See Sections 18.2 and 18.3 for methods.

SKIMMER CONTROL SETTINGS

21. General

21.1 A recording of skimmer performance variables is
intended to provide documentation on the way the skimmer
was operated. Preferably, each skimmer would be operated at
maximum efficiency all the time; however, this is unreason-
able to expect. A description of the factors influencing the
skimmer operating conditions is therefore recommended.

22. Critical Data

22.1 All data should be recorded as a function of time in
order to relate it to oil collection data. The ability to obtain
some of these data will depend on installed instrumentation
existing on the skimmer.

22.2 Critical data to be taken include the following as
appropriate:

22.2.1 Pump rate.

22.2.2 Engine speed.

22.2.3 Speed of oil slick pickup device (sorbent belt, disk,
etc.).

22.2.4 Weir depth.

22.2.5 Hydraulic fluid flow rate and pressure.

22.2.6 Pneumatic flow rate and pressure.

22.2.7 Electrical current and voltage.

22.2.8 Door openings, gill door settings, ramps, etc.

22.2.9 Other controllable parameters that affect skimmer
performance (boom hookup, hoses, tanks, etc.). Provide
sketches as appropriate.

22.2.10 Description of performance-limiting skimmer
problems (mechanical, electrical, etc.) encountered during
testing. ’

22.2.11 Significant noncontrollable factors (tank volumes,
separator functioning, location of sample points, etc.).

CALCULATION
23. General

23.1 Throughput efficiency and recovery rate are the two i

most commonly calculated results of skimming tests in
controlled environments. For uncontrolled environments,
where conditions may be rapidly changing, these efficiencies
should be calculated at several times during operations. The
appropriate time upon which to base an efficiency calcula-
tion is when all of the input data were obtained during a
quasi-steady state operating period.

24. Oil Slick Encounter Rate (OSER)

OSER = oil slick thickness (17.4)
X oil slick width (17.6) X skimmer velocity
relative to the oil slick (Section 11)

25. Oil Encounter Rate (OER)

oil slick encounter rate (Section 24)
X sum of oil volumes in oil, W/O
emulsion and O/W emulsion

OER = phases in oil slick sample (17.3)

total volume of oil slick sample (17.3)

26. Oil Recovery Rate (ORR)

sum of oil content in oil, W/O emulsion and O/W

ORR = emulsion phases in recovered fluid sample (19.4.1)

total volume of recovered fluid sample (19.4.1)
X mean pumping rate of total fluid to storage (19.1)

27. Oil Slick Recovery Rate (OSRR)

OSRR = total volume of oil slick sample (17.3)

" sum of oil volumes in oil, W/O emulsion,
and O/W emulsion phases in slick oil sample (17.3)
X oil recovery rate (Section 26)

28. Oil Slick Throughput Efficiency (OSTE)

OSTE = oil slick recovery rate (Section 27)
oil slick encounter rate (Section 23)

X 100 %

29. Throughput Efficiency (TE)

_ oil recovery rate (Section 26)
oil encounter rate (Section 25)

X 100 %

NoTE 2—This value should be the same as 8.6

30. Oil Slick Recovery Efficiency (OSRE)

oil slick recovery rate (Section 27)

OSRE = total fluid recovery rate (19.1)

X 100 %

31. Recovery Efficiency (RE)

- oil recovery rate (Section 26)
total fluid recovery rate (19.1)

x 100 %

32. Storage Efficiency (SE)
SE (10 min)
oil slick recovery rate (Section 27)

mean pumping rate of total fluid to storage
X fraction of free water in settling
container after 10 min settling (9.4.1)

X 100 %
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Note 3—Storage efficiencies based on any convenient settling time
basis may be computed.

GEOGRAPHICAL DESCRIPTION OF OPERATIONS AREA

33. Report

33.1 The report should include data, calculations, photog-
raphy, and other observations.

33.2 Nautical charts or maps of the slick region should be
provided. These should be marked to show the position and

F 808

velocity direction of the skimmer, current, wind, and oil slick
at the times that the data were collected. The point of origin
of the slick should also be indicated.

34. Data Sheets

34.1 A data sheet format is given in Table 1. This includes
all of the data discussed above, and can be used as a checklist
to ensure that significant data are obtained.

TABLE 1 Data Sheet for Skimmer Testing in Uncontrolled Environments
. Method/ . Method/
Conditions R;lnge d Equipment Conditions R;g:l; ed Equipment
Used Used

Environmental Conditions:

Wave height (Section 6)

Wave length and direction (Section
7

Skimmer forward velocity (relative
to the water) (Section 8)

Skimmer velocity (relative to the
oil slick (Section 10)

Skimmer motion relative to waves
(Section 9)

Wind speed (Section 11)

Wind direction (Section 11)

Surface water temperature (Section
12)

Air temperature (Section 13)

Current speed and direction (rel-
ative to the bottom) (Section 15)

General weather description (14.1)

0il Slick Conditions (Where appli-

cable):

Oil type and source (17.1)

Oil viscosity at skimming tempera-
ture (17.2)

Oil/water content of oil slick (17.3)

Slick thickness (at entrance to
skimmer (17.4)

Slick thickness (free slick) (17.4)

Slick temperature (17.5)

Oil slick surface tension (18.2)

Oil/water interfacial tension (18.3)

Oil slick specific gravity (17.8)

Oil slick width (17.6)

Debris description (17.7)

General description of slick conti-
nuity (18.4)

Slick boundary conditions (18.5)

Recovered Fluid Conditions:
Recovery rate (19.1)
Total amount collected (19.2)
Oil/water content (19.4)
Viscosity (20.1)
Specific gravity (20.2)
Debris amount (19.3)
Skimmer Control Settings (As Appli-
cable):
Pump rate
Engine speed
Speed of oil slick pickup device
Weir depth
Hydraulic fluid flow rate/pressure
Pneumatic flow rate/pressure
Electrical current/voltage
Door openings, etc.
Other controllable parameters
Description of performance lim-
iting variables
Significant non-controllable vari-
ables
Calculated Results:
Oil slick encounter rate
Oil encounter rate
Oil recovery rate
Oil slick recovery rate
Oil slick throughput efficiency
Throughput efficiency
Oil slick recovery efficiency
Recovery efficiency 4.2
Storage efficiency
Geographical Description of Opera-
tions Area: Listcharts prepared,
and attach
Photographs, Describe and attach

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a falr hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Standard Specification for

Designation: F 1003 - 86 {Reapproved 1992)

An American National Standard

Searchlights on Motor Lifeboats

This standard is issued under the fixed designation F 1003; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers searchlights for motor life-
boats.

1.2 The values stated in inch-pound units are to be re-
garded as the standard. The values given in parentheses are
for information only.

1.3 The following precautionary caveat pertains only to
the test method portion, Section 7, of this specification: This
standard does not purport to address all of the safety
problems associated with its use. It is the responsibility of the
user of this standard to establish appropriate safety and
health practices and determine the applicability of regulatory
limitations prior to use.,

2. Referenced Documents

2.1 ASTM Standard:

B 117 Test Method of Salt Spray (Fog) Testing?

2.2 Military Standard:

MIL-STD-105D Sampling Procedures and Tables for In-
spection by Attributes?

3. Descriptions of Terms Specific to This Standard

3.1 lot—a manufacturer’s production run for a specific
type of searchlight.

3.2 order batch—size of a specific contract or purchase
order taken from the lot.

3.3 production testing—testing performed during a lot run
of specific searchlights.

4. Materials and Manufacture

4.1 Material:

4.1.1 All materials used in the construction of these
searchlights shall be of a quality suitable for the purpose
intended and shall conform to the requirements of this
specification.

4.1.2 The searchlight shall be constructed of brass, cop-
per-alloy, an equivalent corrosion-resistant material, or a
material that when tested in accordance with Method B 117
for 200 h, does not show signs of pitting, cracking, or
deterioration.

4.1.3 Plastic, when used, shall be of a suitable thermo-
plastic or thermosetting material so molded as to produce a

! This specification is under the jurisdiction of ASTM Committee F-25 on
Shipbuilding and is the direct responsibility of Subcommittee F25.10 on Electrical,
Electronics, and Automation.

Current edition approved Dec. 26, 1986. Published February 1987.

2 Annual Book of ASTM Standards, Vols 02.05 and 03.02.

3 Available from Standardization Documents Order Desk, Bldg. 4 Section D,
700 Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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dense solid structure, uniform in texture, finish and mechan-
ical properties.

5. Requirements

5.1 The height of the searchlight from the base to the top
of the light shall not exceed 19 in. (483 mm).

5.2 The housing of the searchlight shall be capable of free
movement of at least 60° above and 45° below the hori-
zontal, and be able to rotate 360° in the horizontal plane.
There shall be a means provided to lock the searchlight in
any desired position without the use of tools (vertically and
horizontally).

5.3 The searchlight shall be capable of illuminating a light
colored object at night at 55 ft (180 m). The searchlight shall
project a beam of light of not less than 5.5 ft (18 m) in
diameter at a distance of 55 ft from the light source. The edge
of the beam shall be a point where the intensity of the light is
10 % of the maximum intensity. The light source shall have
a candlepower rating of no less than 350 000 cd.

5.4 The searchlight shall be capable of being operated for
not less than 3 h of continuous use and 6 h of intermittent
use.

5.5 The lamp utilized in the searchlight shall be of the in-
candescent, quartz, or other type which would allow for
instant start. The lamps shall be rated for 12 V.

5.6 Each searchlight shall be watertight. The searchlight
shall show no leakage of water following the test method
prescribed in 7.1.

5.7 Each searchlight shall be wired with a 6-ft (2-m) length
of rubber jacketed hard service flexible cord, unless otherwise
specified in 8.3. The conductor size shall be no less than 16
AWG. The cable entry into the searchlight shall be sealed
with a watertight bushing and packing gland. A suitable
clamping device shall be installed in the area where the
cables enter the gland to prevent any force being exerted on
the gland or connections. The free end of this cord shall be
dead-ended unless otherwise specified in 8.3.

5.8 Each searchlight shall be provided with a handle or
handgrip to allow for ease of maneuvering the light into
various positions.

6. Workmanship, Finish, and Appearance

6.1 Searchlights shall be of sturdy construction, and free
from mechanical, electrical, or other imperfections or defects
which materially affect appearance or which may affect
quality, reliability, or serviceability.

6.2 The finished searchlight shall not contain rough edges,
burrs, or other disfigurations and shall be clean, free from
rust, tool marks, and other injurious defects.

7. Test Methods
7.1 Watertightness—The searchlight shall be submerged
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in a saltwater solution (1.04 sp gr) to a depth of 3 ft (0.9 m)
of 60°F (16°C) for 2 h. The light will then be subjected to the
tests of 7.2.1 and be in perfect working order.

7.2 Environmental:

7.2.1 Operational Test—The searchlight shall be operated
continuously for 3 h at rated voltage in an ambient temper-
ature of 77°F (25°C) and be operational after being subjected
to the watertightness test of 7.1. The searchlight shall then be
operated intermittently. The intermittent time periods shall
be 15 min “ON” and 5 min “OFF” for a total 6-h period.
These tests shall be repeated three times.

7.2.2 Impact:

7.2.2.1 Test Conditions—The searchlight shall be placed
in a cold chamber at —40 + 5°F (—40 % 3°C) for 2 h. With
the searchlight stabilized at this temperature, it shall be
immediately subjected to the low- and high-impact tests
specified in 7.2.2.2 and 7.2.2.3. The point of impact shall be
applied to the outside of the case at a point midway between
the ends of the case at 4 points 90° apart and the back plate.

7.2.2.2 Low Impact—The searchlight shall be subjected to
a 12 in.-Ibf (1.3 J) impact using a 1-Ib (0.5-kg) steel ball at
each of the points of impact specified in 7.2.2.1. The search-
light shall then be subjected to the watertightness test (see
7.1). There shall be no evidence of breakage from impact and
no evidence of moisture shall be found in the case.

7.2.2.3 High Impact—The searchlight, after passing the
low-impact test, shall be again placed in the cold chamber at
—40 + 5°F (=40 x 3°C) for 2 h and then immediately
subjected to a 20 in.-Ibf (2.3 J) impact using a 1-Ib (0.5-kg)
steel ball at each of the points of impact specified in 7.2.2.1.
There shall be no evidence of damage to the case or the lens.

7.3 Test for Light Projection—The beam spread of the
searchlight shall be shown to meet the calculations contained
in the IES Lighting Handbook.* This test shall be conducted
at rated voltage.

7.4 Switch Endurance—The contact switch mechanism of
the searchlight shall be tested by operating the switch for
25 000 continuous cycles. A cycle shall consist of movements
from “OFF” position through the full “ON” and
“FLASHING” positions and back to “OFF” position. The
switch shall be operated under normal electrical load condi-
tions, and the lamp and battieres shall be replaced as often as
required to ensure that the switch mechanism is operating
under normal load throughout the 25 000 cycles. Burning
out of bulbs and batteries during the test shall not constitute

4]ES Lighting Handbook (Vol 1, Section 20), is available from Illuminating
Engineering Society, 345 E. 47th St., New York, NY 10017.

failure of this test. Failure of the switch to complete 25 000
cycles shall constitute failure of this test.

7.5 The searchlight, when mounted to a lifeboat, shall be
able to withstand a vertical drop test of the lifeboat with
forces of 10 g and & side impact test of the lifeboat with
forces of 20 g.

8. Packaging and Package Marking

8.1 Product Marking—Each searchlight conforming to all
the requirements in this specification shall be marked with
the name, brand or trademark of the manufacturer, this
ASTM specification number, and any other information as
may be specified in the contract or purchase order.

8.2 Packaging—Unless otherwise specified by the cus-
tomer in the contract or purchase order, the searchlight shail
be packaged, packed, and marked in accordance with the
manufacturer’s commercial practice to ensure acceptance
and safe delivery by the carrier for the mode of shipping and
handling.

8.3 Details pertaining to the cable, cable terminations,
and voltage should be provided by the procuring agency in
the contract or purchase order.

9. Quality Assurance

9.1 Responsibility for Inspection—Unless otherwise speci-
fied in the contract or purchase order, the producer is re-
sponsible for the performance of all inspection and require-
ments as specified herein. Except as otherwise specified in
the contract or purchase order, the producer may use his
own or any other facilities suitable for the performance of the
inspection requirements specified herein. The purchaser
reserves the right to perform any of the inspections set forth
in the specification where such inspections are deemed nec-
essary to assure the searchlights conform to the prescribed re-
quirements.

9.2 The producer shall perform the necesary inspection
and tests to assure that an S-4 inspection level, in accordance
with MIL-STD-105D, is provided. An Acceptable Quality
Level (AQL) of 1 % defective for the operational test and the
switch leakage test, and an AQL of 4 % for any of the other
requirement or test specified shall be provided. Sample
testing shall be in accordance with Table 1.

TABLE 1 Sample Testing

: Para- Para-
Production graph Order Batch graph
Watertightness 71 Light projection 7.3
Operation 7.21 Operation 7.21
Impact 722
Light projection 73
Switch endurance 74

The American Saciety for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such

patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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esignation: F 1006 - 86 (Reapproved 1997)

Standard Specification for

An American National Standard

Entrainment Separators for Use in Marine Piping Applications’

This standard is issued under the fixed designation F 1006; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification provides the minimum require-
‘ments for the pressure-temperature rating, testing, and mak-
ing of pressure containing vessels for entrainment separators.

1.2 The values stated in inch-pound units are to be re-
garded as the standard. The values given in parentheses are
for information only.

1.3 The following safety hazards caveat pertains only to
the test methods portion, Section 6, of this specification:
This standard does not purport to address all of the safety
concerns, if any, associated with its use. It is the responsi-
bility of the user of this standard to establish appropriate
safety and health practzces and determine the applzcabzlzty of
regulatory limitations prior to use.

2.. Referenced Documents

2.1 ANSI Standards:
B 2.1 Pipe Threads (Except Dryseal)? _
B 16.1 Cast Iron Pipe Flanges and Flanged Fittings?
B 16.3 Malleable Iron Threaded F1tt1ngs, Class 150 and
- 3002
B 16.4 Cast Iron Threaded Fittings, Class 125 and 2502
B 16.5 Steel Pipe Flanges and Flanged Fittings? -
B 16.11 Forged Steel Fittings, Socket Welding and
. Threaded? ‘
~B 16.15 Cast Bronze Threaded Fittings, Class 150 and
3002
B 16.24 Bronze Flanges and Flanged Fittings, Class 150
and 300
B 16.25 Buttwelding Ends?
B 16.31 Nonferrous Pipe Flanges?
2.2 ASME Standards:
SA 278 Cast Gray Iron Pressure Vessels3
. SA :395-60 Cast Ductile Iron3
" Boiler and Pressure Vessel Code, Section VIII?
Boiler and Pressure Vessel Code, Section II3
2.3 Manufacturer’s Standardization Society of the Valve
and Fittings Industry Standard:
MSS SP-51 150 LB Corrosion Resistant Cast Flanges and
Flanged Fittings*
2.4 Military Standard:

1 This specification is under the jurisdiction of Committee F-25 on Ships and
Marine Technology and is the direct responsibility of Subcommittee F25.13 on
Piping Systems.

Current edition approved July 25, 1986. Published September 1986.

2 Available from American National Standards Institute, 11 W. 42nd St., 13th
Floor, New York, NY 10036.

3 Available from American Society of Mechanical Engineers, 345 E. 47th St.,
New York, NY 10017.

4 Available from Manufacturer’s Standardization Society of the Valve and
Fittings Industry, 127 Park St., N.E. Vienna, VA 22180.
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MIL-F-1183 Fittings Tube, Bronze, Cast (Silver Braz-
ings)®

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 entrainment separator—a mechanical device in-
serted in a pipeline which by centrifugal force, baffles, or
other means will separate a liquid from a gas (vapor).

3.1.2 hydrostatic test—the act of filling an entrainment
separator vessel with water and applying internal pressure to
all parts of the vessel.

3.1.3 master gage—the calibrated gage used to verify the
accuracy of the test gage. This gage shall be recalibrated
traceable to the National Bureau of Standards.

3.1.4 pressure rating—the maximum working pressure of
an entrainment separator when operated at a specific tem-
perature.

3.1.5 proof test—the act of filling an entrainment sepa-
tator vessel with water and applying internal pressure to all
parts of the vessel for the purpose of causing yielding of the
vessel and bursting of the vessel.

3.1.6 temperature ratings—minimum and maximum
temperatures at which the entrainment separator may be
operated while at specific pressures.

3.1.7 test gage—the pressure gage that is used to check the
internal pressure of the entrainment separator. The test gage
shall be calibrated at least annually or at any time it is sus-
pected to be in error by a calibrated master gage.

4. Materials and Manufacture

4.1 The pressure-temperature ratings established under
this specification are based upon the manufacturer’s usage of
high quality materials produced under regular control of
chemical and physical properties by a recognized process.
The manufacturer shall be prepared to submit certification
of compliance, verifying that his product has been so pro-
duced and that it has been manufactured from material with
chemical and physical properties at least equal to the require-
ments of the appropriate standard or specification listed in
4.3 of this specification or Section II of the ASME Boﬂer and
Pressure Vessel Code.

4.2 For materials not having values of allowable stress
tabulated in Section VIII Division I of the ASME Boiler and
Pressure Vessel Code, allowable stresses shall be determined
in accordance with the procedures outlined in Appendix P of
Section VIII, Division 1 of the ASME Boiler and Pressure
Vessel Code.

5 Available from Standardization Documents Order Desk, Bldg. 4 Section D,
700 Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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4.3 Materials of construction shall be suitable for the ser-
vice intended.

4.4 Bolting materials shall be at least equal to those listed
in Table 1B of ANSI B16.5. Bolting materials shall not be
used beyond temperature limits specified in the governing
codes.

5. Requirements

5.1 Entrainment separators covered in this specification
shall be designed according to the lowest pressure-temper-
ature rating of any individual component, or as established
by proof tests.

5.2 The design pressure-temperature of entrainment sepa-
rators covered in this specification will be established by the
manufacturer using one of the following methods:

5.2.1 Design calculations in accordance with the require-
ments prescribed in the ASME Boiler and Pressure Vessel
Code, Section VIII, Division 1, Part UG of Subsection A and
the applicable part of Subsection C.

5.2.2 Proof test in accordance with the requirements of
UG 101 (m), UCI-101, or UCD-101 of Section VIII, Divi-
sion 1 of the ASME Boiler and Pressure Vessel Code.

5.2.3 Where any part of the entrainment separator vessel
cannot be designed within the scope of the ASME Boiler and
Pressure Vessel Code, Section VIII, Division 1, Design Sec-
tion, the pressure-temperature rating must be determined
through proof and hydrostatic tests using the following for-
mulas to determine the allowable operating limits of pressure
and temperature. Operator safety should be considered when
conducting these tests.

P = (Pyr/4) X (S,/S,) (For Steel Vessels)
= (Pyy/4) X (Ty/T,) (For Cast Iron Vessels)

where:

P = maximum allowable working pressure (psig) at de-
sign temperature,

Py = hydrostatic test pressure (psig) at test temperature,

S; = stress value at design temperature (psi),

S, = stress value at test temperature (psi),

T, = specified minimum tensile strength (psi), and

T, = actual tensile strength test specimen (psi).

5 2.3.1 Stress values S; and S, are determined from Sec-
tion VIII, of the ASME Boiler and Pressure Vessel Code.

5.2.3.2 The value of Py to be used in determining the
maximum allowable working pressure shall be the maximum
pressure to which the entrainment separator was subjected to
without permanent deformation or rupture.

5.2.3.3 Test water temperature® and entrainment sepa-
rator temperature must be at equilibrium before hydrostatic
test pressure is applied.

5.2.3.4 All possible air pockets must be purged while the

6 Test water temperature to be no less than 60°F (10°C), but not to exceed 125°F
(52°C).

294

entrainment separator vessel is being filled with water. Ade-
quate vents shall be provided at all high points of the vessel.

5.2.3.5 External equipment not to be pressurized with the
entrainment separator should be isolated or disconnected
before applying the hydrostatic test pressure.

5.2.3.6 Hydrostatic test pressure shall be applied gradually
to the entrainment separator and held stationary at each
increment for a sufficient time in order that visual inspection
can be made for leaks or deformation of the vessel. The final
value of hydrostatic test pressure that is not in conflict with
5.2.3.2 is called Py

5.3 Pressure-temperature rating and construction of all
pipe connections shall be in accordance with the following
standards or specifications: ANSI B2.1, ANSI B16.1, ANSI
B16.3, ANSI B16.4, ANSI B16.5, ANSI B16.11, ANSI
B16.15, ANSI B16.24, ANSI B16.25, ASME SA-278, ANSI
B16.31, MSS SP-51, and MIL-F-1183.

6. Test Methods

6.1 All entrainment separators must be pressure tested in
accordance with the following:

6.1.2 Each entrainment separator shall be tested by sub-
jecting it to an internal hydrostatic test procedure, which at
every point in the separator is at least equal to 1.5 times the
maximum allowable working pressure, multiplied by the
lowest ratio of the stress value for the design temperature.

Test Pressure = 1.5 X maximum allowable pressure

stress value at test temperature
stress value at design temperature

6.1.2.1 The hydrostatic test pressure shall be held sta-
tionary for a suitable time necessary for observation and
inspection of the separator. The minimum time of test shall
be no less than 1 min.

6.1.2.2 A test gage, as defined in this specification (see
Section 3) shall be connected directly to the entrainment
separator.

6.1.2.3 For compliance with ASME Codes leading to
ASME certification proceed with steps as outlined in Section
VIII, Division 1 of the ASME Boiler and Pressure Vessel
Code for Standard Hydrostatic Tests.

7. Packaging and Package Marking

7.1 Each entrainment separator shall have a securely
attached nameplate or other permanent marking indicating
the following:

7.1.1 Manufacturer’s name and trademark,

7.1.2 Pressure-temperature rating,

.3 Manufacturer’s serial number,

Year built,

Size (end connection pipe size),

Flow direction,

National board number, where applicable,
ASME code stamp, where applicable, and

7.1
7.1
7.1
7.1.
7.1
7.1
7.1.9 ASTM designation and year of issue.

4
5
6
7
8
9
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The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revisfon of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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Designation: F 1007 ~- 86 (Reapproved 1996)¢!

Standard Specification for

An American National Standard

Pipe-Line Expansion Joints of the Packed Slip Type for

Marine Application’

This standard is issued under the fixed designation F 1007; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

€ Nore—Keywords were added editorially in November 1996.

1. Scope

1.1 This specification covers the design, manufacturing,
and testing of packed slip type expansion joints utilized in
pipe lines for accommodating axial thermal growth or
contraction from the pipe-line carrying fluid.

1.2 The values stated in inch-pound units are to be
regarded as the standard. The values given in parentheses are
for information only.

2. Referenced Documents

2.1 ASTM Standards:

A 53 Specification for Pipe, Steel, Black and Hot-Dipped,
Zinc-Coated Welded and Seamless?

A 216/A 216M Specification for Steel Castings, Carbon,
Suitable for Fusion Welding, for High-Temperature
Service3

A 285/A 285M Specification for Pressure Vessel Plates,
Carbon Steel, Low- and Intermediate-Tensile Strength*

B 650 Specification for Electrodeposited Engineering
Chromium Coatings on Ferrous Substrates®

2.2 ANSI Standards:

B 16.5 Steel Pipe Flanges and Flanged Fittings®

B 16.25 Buttwelding Ends®

B 31.1 Power Piping®

2.3 ASME Standards:

Section V Nondestructive Examination’

Section VIII, Division 1 Pressure Vessels’

Section IX Welding and Brazing Qualifications’

2.4 AISI Standard:

C-1018 Carbon Steel®

3. Classification

3.1 The expansion joints shall be of the following types,
styles, classes and forms:

1 This specification is under the jurisdiction of Committee F-25 on Ships and
Marine Technology and is the direct responsibility of Subcommittee F25.13 on
Piping Systems.

Current edition approved July 25, 1986. Published September 1986.

2 Annual Book of ASTM Standards, Vol 01.01.

3 Annual Book of ASTM Standards, Vol 01.02.

4 Annual Book of ASTM Standards, Vol 01.04.

5 Annual Book of ASTM Standards, Vol 02.05.

6 Available from American National Standards Institute, 11 W. 42nd St., 13th
Floor, New York, NY 10036.

7 Available from American Society of Mechanical Engineers, 345 E. 47th St.,
New York, NY 10017,

8 Available from American Iron and Steel Institute, 1000 N.W. 16th St.,
Washington, DC 20036.
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3.1.1 Type I—Injectable semi-plastic packing type, de-
signed for injecting packing under full line pressure.

3.1.2 Style I—Internally-exterpally guided with guides
integral with stuffing box.

3.1.3 Style II—Internally-externally guided with guides
integral with stuffing box and with low-friction inserts at the
guide surfaces.

3.1.4 Class I—Single joint, single slip.

3.1.5 Class II—Double joint, double slip.

3.1.6 Form I—Weld end.

3.1.7 Form II—Flanged end.

3.1.8 Form III—Other.

4. Ordering Information

4.1 Expansion joints shall meet all the requirements of the
latest issue of this specification. Where possible, the expan-
sion joint shall be the manufacturer’s standard commercial
product. Additional or superior features that are not prohib-
ited by this specification but which are a part of the
manufacturer’s standard product, shall be included with the
expansion joint being offered. A standard commercial
product is a product that has been sold or is currently being
offered for sale on the commercial market through advertise-
ments or manufacturer’s catalogs, or brochures, and repre-
sents the latest production model.

4.2 Purchase order or inquiry for expansion joints to this
specification shall specify the following:

4.2.1 Title, number, and latest revision of this specifica-
tion.

4.2.2 Style, class, and form required.

4.2.3 Materials, other than standard as specified (see
Section 8).

4.2.4 Service conditions shall specify the following:

4.2.4.1 Maximum and minimum operating temperature,
CF).
4.2.4.2 Maximum operating pressure, (psig).

4.2.4.3 Fluid handled.

4.2.4.4 Corrosive conditions, if applicable.

4.2.5 Total axial expansion or contraction.

4.2.6 ANSI pressure class, facing and drilling for flanged
end joint and pipe schedule or wall thickness of ends for weld
end joint.

4.2.7 If base is required for support or main anchor on
Class I expansion joint.

4.2.8 Drain connection, if required.

4.2.9 Service connection if required, noting location and
type of connection.
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4.2.10 Slip protectors, if required.

4.2.11 Adjustment rods for field extension or compression
of the slip if required.

4.2.12 If hot-dip galvanizing of parts is required.

4.2.13 Spare parts, accessories, and special tools, if re-
quired.

4.2.14 Hydrostatic testing and test pressure, if required.

4.2.15 Radiographic or other nondestructive testing of
weld joints if required. -

5. Materials and Manufacture

5.1 Materials:

5.1.1 Materials of constructlon shall conform to the
requirements as specified in this specification (see Section 8)
and shall be new and free from defects that would adversely
affect the performance of individual components or assem-
blies.

5.1.2 As specified in this specification and as required, the
expansion joint shall be provided with flanged or welded end
connections, limit stops, stufﬁng boxes with integral guides,
base, drain connection, service connection, slip protectors,
and adjustment rods.

5.2 Manufacture:

5.2.1 General—Unless otherwise required by this specifi-
cation, the manufacturer’s standard shop practices for the
fabrication of the expansion joint is acceptable, provided
these practices conform to the requirements and recommen-
dations of this specification.

5.2.2 All Welding—Welding procedure quahﬁcatlons,
welder performance qualification, welding materials, pre-
heat, and post weld heat treatment if required, shall be in
accordance with ANSI B31.1 and ASME Code Section IX. -

5.2.3 Identification—Each completed expansion joint
shall have a name plate made from a corrosion resistant
material permanently attached showing as a minimum the
following: ~

5.2.3.1 Manufacturer’s model number and joint size,

5.2.3.2 Design pressure and design temperature range, =
5.2.3.3 Nominal traverse or movement per slip,

5.2.3.4 Type of packing and service fluid, and

5.2.3.5 Date of manufacture. ,

6. Joint Descriptions *

-~ 6.1 Styles:

6.1.1 Style I—The slip of the expanswn joint shall be
guided with the body of the expansion joint by internal and
external guides that are integral with the stuffing box.
Semi-plastic packing shall be injected into the stuffing box
and may be contained within the stuffing box chamber by
ring type packing. All packing shall be of the self-lubricating
type. The expansion joint and semi-plastic packing shall be
suitable for the safe injection of the packing under full line
pressure to stop leakage. Provisions for packing injection
shall be by devices located radially about the stuffing box and
designed to permit a maximum evacuation of packing at the
bottom of the packing device when the injector is fully
engaged. The number of devices with injectors for each
stuffing box shall be in accordance with the manufacturer’s

standard practice. The design of the packing ' injection
devices shall be such as to ensure no blowback of injectable
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packing or the service fluid when injecting pacldng under full

'line pressure. -

6.1.2 Style II——The expansion joint shall be the same as
Style I except low friction corrosion resistant material or
inserts shall be used for internal and external guiding to
prevent slip scoring from pipe misalignment, or vibration
and to prevent corrosion of the guide surfaces.

6.2 Classes:

6.2.1 Class I—The expansion joint shall have slip at only
one end of the joint. Class I expansion joints may or may not
require a base.

6.2.2 Class II-—The expansion joint shall have slip at both
ends of the joint. Class II expansion joints shall require a
base.

6.3 Forms:

6.3.1 Form I—Welded End: The expansion Jomt shall
have provisions at each end of the Joint for field welding to
the adjoining pipe line.

6.3.2 Form II—Flanged End: The expansion joint shall
have flanges at each end of the joint for bolting to the mating
flanges of the adjoining pipe line.

6.3.3 Form ITI—The expansion joint shall have other end
connections as spe<:1ﬁed for attaching to the adjoining pipe
line.

7. Design :

7.1 The expansion joint shall be designed to conform to
applicable sections of the latest edition of ANSI B31.1 and
other applicable documents as noted in Section 2.

7.2 Compresson Force—Unless otherwise specified, the
force to compress or extend the slip of the expansion joint
shall not exceed 1000 Ibf/in. (175 100 N/m) of nominal pipe
diameter. '

8. Construction

8.1 Slip—The slip shall be manufactured from steel pipe
conforming to Specification A 53, Grade B, or a rolled and
welded cylinder from Specification A 285/A 285M, Grade C
plate, or equal with the longitudinal weld seam 100 %
radiographed. The minimal wall thickness of the pipe or
rolled cylinder shall be equivalent to Schematic 80 pipe for
all sizes to 14 in. (356 mm), inclusive and Schematic 60 for
sizes 16 to 24 in. (406 to 610 mm) to preclude slip collapse
due to external loadmg of the 1njectable packing. Heavier
wall pipe may be required for expansion joints subjected to
pressures above 600 psig and for pipe sizes above 24 in. (610
mm) diameter. ‘

8.1.1 Chrome Plate—The shp of the expansmn joints
shall be chrome plated with engineering chrome in accor-
dance with Specification B 650, Class 50.

8.2 Stuffing Box—The stufﬁng box with integral mternal
and external guides shall be machined from Specification
A 53, Grade B Pipe, or AISI C-1018 seamless tubing or cast
steel in accordance with A 216/A 216M, Grade WCB. A
rolled and welded cylinder from Specification A 285/-
A 285M, Grade C plate, or equal may be used provided the
longitudinal weld seam is 100 % radiograph examined in
accordance with ANSI B31.1 and ASME Code Section V.

8.3 Traverse Chamber—This chamber, also referred to as
the “E.J. Body,” shall be machined from Specification A 53,
Grade B seamless steel pipe having a wall thickness smtable

1411




for the design service conditions. A rolled and welded
cylinder from Specification A 285/A 285M, Grade C, or
equal steel plate of suitable thickness for the design service
conditions may also be used if the longitudinal weld seam is
100 % radiograph inspected to ANSI B31.1 and ASME Code
Section V.

8.4 End Connections—The end connections of the expan-
sion joint (see Section 6) shall be flanged, weld end,
combination of both or others as specified. Flanges shall
conform to ANSI B16.5 and be of the size, material, pressure
class, and facing specified. Weld ends shall be beveled for
welding to conform to ANSI B16.25 and be of the size,
material and nominal wall thickness as specified for the
mating pipe.

8.4.1 Body End Connection for Class I Expansion Joints:

8.4.1.1 Form I—Weld End: The reduction of the body
size to the pipe line size shall be accomplished by a formed
reduction of the traverse chamber (body) or by a reducer butt
welded to the traverse chamber (body) that meets the
requirements of ANSI B31.1 and the ASME Code Section
VIII, Division 1.

8.4.1.2 Form II—Flanged End: Forged flanges shall be
attached to the body by butt welding only and shall be in
accordance with the requirements of ANSI B31.1 and the
ASME Code Section VIII, Division 1.

8.5 Limit Stops—Limit stops may be of the external or
internal type manufactured from a suitable material and
designed to withstand the full line pressure thrust load in the
event of a pipeline anchor failure.

8.6 Internal and External Guides—See 8.2.

8.6.1 Low Friction Internal and External Guides—The
low friction internal and external guides or inserts shall be
made from noncorrosive materials with appropriate differen-
tial hardness to also prevent scoring or binding of the slip.

8.7 Base:

8.7.1 Expansion Joint Without a Service Connection—
When a base is specified for Class I expansion joints, the base
shall be designed for use as a main anchor. Class II expansion
joints shall have a base that is suitable as an intermediate
anchor. The base shall be of cast or fabricated steel that
conforms to the applicable ASTM standard and shall be
suitably attached to the joint and drilled in accordance with
the manufacturer’s standard practice.

8.7.2 Expansion Joint With a Service Connection—Class 1
and Class II expansion joints with a service connection shall
be provided with a main anchor base and all anchor loading
data (forces and moments) shall be made available to the
manufacturer to assure adequate anchor design. The base
shall be of cast or fabricated steel that conforms to the
applicable ASTM standard and shall be suitably attached to
the joint and drilled in accordance with the manufacturer’s
standard practice.

8.8 Service Connection—Unless otherwise specified, a
service connection, when required shall be the manu-
facturer’s standard design and shall meet the applicable
requirements of the ASTM, ANSI, and ASME Codes. The
service connection shall be supplied with end connections as
specified (See 8.5).

8.9 Drain Connection—When required, a drain connec-
tion shall be attached to the body of the expansion joint and
shall be the manufacturer’s standard unless otherwise speci-
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fied. The drain connection shall meet the requirements for
fitting connections as specified in ANSI B31.1.

8.10 Packing—Unless otherwise specified, the packing
shall be the manufacturer’s standard type packing and shall
be suitable for the specified service conditions.

8.11 Other Materials of Construction—Where the expan-
sion joint is to transfer corrosive fluids, or be installed in a
corrosive atmosphere, corrosive resistant materials as speci-
fied may be substituted for the carbon steel components,
especially the sliding slip.

9. Drawing Requirements

9.1 Drawings—When specified, dimensional sketches or
drawings sufficiently detailed to describe the expansion joint
to be supplied, shall be submitted with bid proposals. The
inch-pound system of measurements shall be used to dimen-
sion drawings. Drawings shall note that the design of the
components or products is in full compliance with this
specification.

10. Cleaning and Surface Preservation

10.1 Cleaning—The internal and external surfaces of the
expansion joint shall be cleaned of dirt, oil, grease, and other
foreign material using a suitable cleaning solvent. Extreme
care shall be utilized to ensure the interior is free of any slag,
steel chips, or other similar materials that could lodge
between the slip and the body and score the slip surface.

10.2 Surface Preservation—Unless specified, no preserva-
tion will be required on the internal surface of the expansion
joint. All external surfaces except the chrome plated slip
surface, flanged faces, and weld bevel surfaces shall be
painted in accordance with the manufacturer’s standard
practice. Weld end joint surfaces for field welding shall be
coated with “deoxaluminate” preservative.

11. Packaging and Package Marking

11.1 All openings shall be suitably sealed to protect the
opening connection surfaces and prevent entrance of foreign
materials.

11.2 Unless otherwise specified, the exposed chrome
plated surface of the slips shall be protected in accordance
with the manufacturer’s standard practice.

11.3 Unless otherwise specified, the completed expansion
joints shall be suitably attached with steel strapping or hold
down bolting, to wood skids or crates in accordance with
standard commercial practice for domestic shipments.

12. Quality Assurance

12.1 Inspection—Unless otherwise specified the con-
tractor shall perform inspections as required to assure
compliance with this specification. The procuring agency
may establish inspection requirements, and it is the contrac-
tor’s responsibility to provide access to his facilities for the
procuring agency’s inspection of material, work in process,
and quality assurance testing or results as required.

12.2 Material Certification—Certified material test .re-
ports or certificates of compliance shall be required for all
pressure retaining material. To maintain traceability, all
pressure retaining material shall be metal stamped or other-
wise suitably marked with heat treat numbers or other
identification codes. If metal stamping is used, the indenta-

1412



I - oo

tions shall not exceed Y52 in. (0.8 mm) or infringe on
minimum wall thickness. A round-nose, low-impression type
stamping die shall be used.

12.3 Nondestructive  Testing—When required all
nondestructive testing shall be performed by qualified per-
sonnel in accordance with qualified acceptable procedures.

12.3.1 Radiography—Radiographic examination of welds
shall be in accordance with ANSI B31.1 and Secton V of the
ASME Code.

12.3.2 Visual Examination, Magnetic Particle, and
Liquid Penetrant Examination—Whenever required, these
examinations shall be in accordance with ANSI B31.1 and
Section V of the ASME Code.

13. Keywords

13.1 axial thermal growth; expansion joint; fluid pipe line;
marine technology; packed slip expansion joint; pipe line;
ship

The American Soclety for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any ftem mentloned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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Designation: F 1014 -~ 92

Standard Specification for
Flashlights on Vessels

An American Nationat Standard

This standard is issued under the fixed designation F 1014; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the specific year of issue which has been adopted by the Department of Defense.

1. Scope

1.1 This specification covers three types of flashlights (see
Section 4).

1.2 The values -stated in inch-pound units are to be
regarded as the standard. The values given in parentheses are
for information only.

1.3 The following precautionary caveat pertains only to
the test method portion, Section 9, of this specification: This
standard does not purport to address all of the safety
problems, if any, associated with its use. It is the responsi-
bility of the user of this standard to establish appropriate
safety and health practices and determine the applicability of
regulatory limitations prior to use.

2. Referenced Documents

2.1 Military Standard:

MIL-STD-105D Department of Defense Standard; Sam-
pling Procedures and Tables for Inspection by Attributes?

2.2 UL Standard:

UL Standard No. 7833

3. Terminology

3.1 Descriptions of Terms Specific to This Standard:

3.1.1 lot—a manufacturers production run for a specific
type of flashlight.

3.1.2 order batch—the size of a specific contract or
purchase order taken from the lot.

3.1.3 production testing—the testing performed during a
lot run of specific flashlights.

4. Classification

4.1 The three types of flashlights covered in this specifica-
tion are classified as follows:

4.1.1 Type I—Flashlights for use in lifeboats and liferafts.

4.1.2 Type II—Flashlights for use in hazardous locations
where fire or explosion hazards may exist due to the presence
of flammable gases or vapors, flammable liquids, combus-
tible dust, or ignitable fibers or flyings.

4.1.3 Type III—Flashlights for use in lifeboats and
liferafts and suitable for hazardous locations.

! This specification is under the jurisdiction of ASTM Committee F-25 on
Shipbuilding and is the direct responsibility of Subcommittee F25.10 on Electrical,
Electronics, and Automation.

Current edition approved Aug. 15, 1992, Published October 1992. Originally
published as F 1014 - 86. Last previous edition F 1014 - 86 (1992).

2 Available from Standardization Documents Order Desk, Bldg. 4 Section D,
700 Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

3 Available from Underwriters Laboratories, 333 Pfingsten Rd., Northbrook, IL
60062.
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4.2 Type I flashlights-shall be manufactured in accordance
with Sections 2 through 11. Type II flashlights shall meet the
requirenients in Sections 11 and 12. Type III flashlights shall
meet the requirements in Sections 2 through 12.

5. Materials and Manufacture

5.1 Materials—All materials used in the construction of
these flashlights shall be of a quality suitable for the purpose
intended and shall conform to the requirements of this
specification.

5.2 Manufacture—Plastic, when used, shall be a suitable
thermoplastic or thermosetting material so molded as to
produce a dense solid structure, uniform in texture, finish,
and mechanical properties.

6. General Requirements

6.1 Each flashlight shall be a three-cell light.

6.2 Each flashlight shall provide a concentrated beam of
light. When used in this specification, a concentrated beam
of light is light projected in a nearly parallel beam and is used
to illuminate objects at considerable distances.

6.3 The flashlight shall show no leakage of water and shall
be in perfect working order following the test prescribed in
9.2.

6.4 The proportions and design of each flashlight shall be
such that the assembled unit complete with lamp and cells
shall be capable of withstanding, without breakage or mate-
rial distortion of any part and without upsetting the lamp
focus, the test specified in 9.6. Damage of lamp filament or
shifting of filament within the lamp as a result of this test
shall not be cause for rejection of the flashlight if the
flashlight operates when the spare lamp is used.

6.5 Each flashlight must be furnished with two lamps.
One of these lamps is a spare and must be contained within
the body of the flashlight, either in the end cap or reflector
head area. :

6.6 All metal parts of each flashlight shall be made of
corrosion-resistant material. All copper or copper-alloy parts
coming in contact with rubber shall not corrode or disinte-
grate the rubber.

6.7 The construction of each flashlight shall be such that a
metallic contact outside the case cannot close the battery
circuit and cause the light to come on.

6.8 Each flashlight shall be provided with means to
prevent it from rolling.

7. Physical Requirements
7.1 Dimensions—Each flashlight shall not exceed 11% in.
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(292 mm) in length and shall have a lens ring diameter of no
more than 2% in. (63.5 mm).

7.2 Case, Lens Head Ring, and End Cap:

7.2.1 The flashlight case must be suitable to receive three
commercial D-size dry cells. The exterior of the flashlight
shall have molded flutes or ribs to provide a satisfactory

-gripping surface when wet. Cells must be held in the case

under sufficient pressure to ensure good contact and to
prevent breaking of the circuit when the flashlight is tested in
accordance with 9.1.2. The flashlight must be constructed so
that the cells are readily replaceable.

7.2.2 The case, ring, and cap, need not be made of the
same material but cooperating threaded surfaces should be of
the same type material.

7.3 Lens—The lens shall be of good quality, laminated,
shatter-proof glass or clear plastic, free from bubbles, striae,
wrinkles, or other defects and blemishes that would affect the
light distribution. The lens shall be secured to the lens head
ring by a suitable retaining ring or other device so as to
prevent it from being dropped when the lens head ring is
unscrewed.

7.4 Reflector—The reflector may be of metal or plastic
and must have sufficient rigidity so as not to become
distorted when the flashlight is completely assembled with
cells and lamp. It must have an essentially parabolic re-
flecting surface, highly polished and resistant to corrosion

and discoloration. The reflector shall be 13% + % in. (44 £ 6

mm) in diameter.

7.5 Lamps—The lamps shall be appropriate for use with
alkaline or carbon-zinc batteries. Each lamp must have a
lamp life of at least 15 h at the rated battery voltage.

7.6 Lamp Holder—The lamp shall be firmly positioned in’

the reflector. It shall be so positioned that the lamp, when

‘assembléd in the holder, shall have its filament located at the

focus of the reflector, with the accuracy necessary to produce
a concentrated beam of light as specified in 9.7. It shall have
sufficient rigidity so as not to become distorted when the
flashlight is completely assembled with cells and lamp.
Means shall be provided to protect the lamp from damage by
battery impact and for conveniently removing and replacing
the lamp. The mounting adjustment shall have sufficient
stability to retain the focal adjustment of the lamp under a
condition of vibration, and when the flashlight is tested in
accordance with 9.1.2. :

7.7 Switch—The switch shall be conveniently located and
securely attached to the flashlight. It shall be provided with a
permanent “ON” position, a manually operable signaling or
“FLASHING” position, and a locked “OFF” position. It
shall be provided with means to prevent accidental closing of
the lamp circuit. The switch parts and switch contact strip
shall be adequately insulated so that it will be impossible for
metal-clad cells to close a circuit when the switch is on the
“OFF” position. The flashlight shall be designed with a
switch guard. Contact springs shall be of phosphor bronze,
spring brass, or other corrosion-resistant equivalent material.

7.8 -Suspension Member—Each flashlight shall be
equipped with a suitable suspension ring or clip. The ring or
clip shall be tested as specified in 9.8.

8. Workmanship
8.1 Flashlights shall be of sturdy construction and free of

mechanical, electrical, or other imperfections or defects that
materially affect appearance or that may affect quality,
reliability, or serviceability. The finished flashlight shall not
contain rough edges, burrs, blemishes, or other disfigure-
ments and shall be clean, free from rust, toolmarks, pits, and
other injurious defects.

8.1.1 Threaded parts shall be smooth and close fitting and
shall be capable of being easily moved by hand relative to
each other. Threaded parts shall not jump or change
adjustment when being put together or when subjected to the
tests in Section 9.

9. Test Methods

9.1 Switches:

9.1.1 Switch Leakage—With the lamp and reflector re-
moved, insert fresh batteries into the flashlight. Connect a
voltmeter across the switch and battery or the switch and
battery contacts, as appropriate, in such a way as to read the

battery voltage through the switch. With the switch in the-

“OFF” position, read the voltage. Any distinguishable deflec-
tion of the meter hand when the meter is set in the voltage
range, nearest the battery voltage, shall constitute failure of
this test.

9.1.2 Operation—Insert batteries into the flashlight and
operate the switch five times in each of the three switch
positions. Shake the flashlight vigorously in each “ON” and
“FLASHING” switch position. The flashlight must not go off
when shaken vigorously while the switch is in the “ON” or
“FLASHING” position. ,

9.1.3 Switch Endurance—Test the contact switch mecha-
nism of the flashlight by operating the switch for 25 000
continuous cycles.' A cycle shall consist of movements from
“OFF” position through the full “ON” and “FLASHING”
positions and back to “OFF” position. Operate the switch

under normal electrical load conditions, and replace the"

lamp and batteries as often as required to ensure that the
switch mechanism is operating under normal load

throughout the 25000 cycles. Burning out of bulbs and

batteries during the test shall not constitute failure of this
test. Failure of the switch to complete 25 000 cycles shall
constitute failure of this test.

9.2 Watertightness—Test the flashlight as follows:

9.2.1 Submerge the assembled flashlight in a salt water
solution (1.04 sp gr) under a head of 1 ft (0.3 m) for a period
of 24 h at a water temperature of 65°F (18°C). Remove the
flashlight and wipe off the excess water. The total water
absorption shall not exceed 5 % weight. The flashlight shall
be capable of being disassembled and reassembled without
undue difficulty upon completion of the test and shall be in
perfect working order.

9.3 Impact:

9.3.1 Test Conditions—Place the flashlight, without bat-
teries installed, in a cold chamber at —40 + 5°F (—40 + 3°C)
for 2 h. With the flashlight stabilized at this temperature,
immediately subject it to the low- and high-impact test
specified in 9.3.2 and 9.3.3. Apply the point of impact to the
following: :

9.3.1.1 The outside of the flashlight case at a point
midway between the ends of the case on a side 90° from the
switch,
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9.3.1.2 The switch (in the “ON” position and in the
“OFF” position),

9.3.1.3 The lens cap, and

9.3.1.4 The end cap.

9.3.2 Low Impact—Subject the flashlight to a 12-1bf-in.
(1.4 N+-m) impact using a 1-Ib (0.4-kg) steel ball at each of
the points of impact specified in 9.3.1. Provided the flash-
light remains intact, next subject the flashlight to the
watertightness test (see 9.2). There shall be no evidence of
breakage from impact or moisture in the case.

9.3.3 High Impact—After the flashlight passes the low-
impact test, again place the flashlight in the cold chamber at
—40°F # 5°F (—40 % 3°C) for 2 h, and then immediately
subject it to a 20 Ibf-in. (2.3 N-m) impact using a 1-lb
(0.4-kg) steel ball at each of the points of impact specified
above. There shall be no evidence of damage to the case, the
lens, or the end cap.

9.4 Environmental:

9.4.1 Heat and Humidity—Place the flashlight, with dry
cells, on a horizontal surface and subject to dry heat at 150 =
5°F (65.6 = 3°C) for 16 h, followed by an 85 = 5 % relative
humidity at 100 £ 2°F (38 + 1°C) for 6 h. The flashlight shall
be compared with untested flashlights for dimensional sta-
bility, crazing of surface, and then tested to determine that
the flashlight operates in accordance with 9.1.2.

9.5 Corrosion—Subject the flashlights, without dry cells,
to salt spray for 200 h. Then wash the flashlight with fresh
water, dry, and then test to determine that the flashlight
operates in accordance with 9.1.2. There shall be no evidence
of corrosion.

9.6 Rough Use—Drop the flashlight, complete with dry
cells, lamps, and lens, 5 ft (1.5 m) in free fall onto a
vinyl-asbestos tiled concrete floor. Drop the flashlight twice
in a horizontal position upon the switch, with the switch in
the “ON” position, twice in a horizontal position upon the
switch, with the switch in the “OFF” position, twice in a
vertical position upon the head of the flashlight, and upon
the base of the flashlight. Do not tighten parts once the test
has begun. There shall be no evidence of damage to any part
of the flashlight. Then test the flashlight in accordance with
9.1.3.

9.7 Light Projection—The flashlight must project a con-
centrated beam of light not less than 5 in. (127 mm) nor
more than 11 in. (279 mm) in diameter when located 5 ft
(1.524 m) from a screen. The plane of the screen must be
perpendicular to the optical axis of the flashlight.

9.8 End Cap Ring—The end cap ring shall support a
weight of 25 Ib (11.3 kg) for 1 min without evidence of
distortion.

10. Marking, Packaging, and Packing

10.1 Product Marking—Each flashlight conforming to all
the requirements in this specification shall be marked with
the name, brand, or trademark of the manufacturer, this
ASTM specification number, the type of flashlight (Type I,
Type II, or Type III), and any other information as may be
specified in the contract or purchase order.

10.2 Unless otherwise specified by the customer in the
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TABLE 1 Sample Testing
Order Batch

. Switch leakage (9.1.1)
. Operation (9.1.2)

. Rough use (9.6)

. Light projection (3.7)
. End cap ring (9.8)

Production

. Switch leakage (9.1.1)

. Operation (9.1.2)

. Switch endurance (9.1.3)
. Watertightness (9.2)

. Impact (9.3)

. Heat and humidity (9.4.1)
. Corrosion (9.5)

. Rough use (9.6)

. Light projection (9.7)

. End cap ring (9.8)

COWONOOPAWN =
OB W =
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contract or purchase order, the flashlight shall be packaged,
packed, and marked in accordance with the manufacturer’s
commercial practice to ensure acceptance and safe delivery
by the carrier for the mode of shipping and handling.

11. Quality Assurance Provisions

11.1 Unless otherwise specified in the contract or pur-
chase order, the producer is responsible for the performance
of all inspection and requirements as specified herein. Except
as otherwise specified in the contract or purchase order, the
producer may use his own or any other facilities suitable for
the performance of the inspection requirements specified
herein. The purchaser reserves the right to perform any of
the inspections set forth in this specification where such
inspections are deemed necessary to ensure that the flash-
lights conform to the prescribed requirements.

11.2 The producer shall perform the necessary inspection
and tests to ensure that an S-4 inspection level, in accordance
with MIL-STD-105D, is provided. An Acceptable Quality
Level (AQL) of 1 % defective for the operational test and the
switch leakage test, and an AQL of 4 % for any of the other
requirements or tests specified shall be provided. Sample
testing shall be in accordance with Table 1.

12. Flashlights for Use in Hazardous Locations on U.S.
Flag Merchant Vessels

12.1 Details such as dimensions, construction criteria,
battery configuration, and voltage shall be provided by the
procuring agency in the contract or purchase order.

12.2 Flashlights that are to be used in hazardous locations
shall conform to the requirements of Underwriters Labora-
tories (UL) Standard No. 783, or equivalent standard, and to
the following requirements.

12.3 Flashlights that are to be used in hazardous locations
shall be listed by an independent testing laboratory that is
concerned with product evaluation, that maintains periodic
inspection of production of listed flashlights, and whose
listing states that the flashlight has been tested and found
suitable for use in the hazardous location specified (that is,
Class and Group designation). The testing laboratory must
be acceptable to the appropriate regulatory bodies or the
procurement agency.

12.4 Flashlights that have been listed by a testing labora-
tory meeting the criteria in 12.3 shall affix a label, symbol, or
other identifying mark to the flashlight that shall indicate
that the flashlight is suitable for use in the hazardous
location.
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The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will recelve careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Standard Specification for

Designation: F 1020 - 86 (Reapproved 1996)¢!

An American National Standard

Line-Blind Valves for Marine Applications’

This standard is issued under the fixed designation F 1020; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

€1 Nore—Keywords were added editorially in November 1996.

1. Scope

1.1 This specification provides the minimum require-
ments for design fabrication, pressure rating, and testing for
line-blind valves.

1.2 The values stated in inch-pound units are to be re-
garded as the standard. The values given in parentheses are
for information only.

1.3 The following safety hazards caveat pertains only to
the test methods portion, Section 5, of this specification:
This standard does not purport to address all of the safety
concerns, if any, associated with its use. It is the responsi-
bility of the user of this standard to establish appropriate
safety and health practices and determine the applicability of
regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standard:

A 53 Specification for Pipe, Steel, Black and Hot-Dipped,
Zinc-Coated Welded and Seamless?

2.2 ANSI Standards:

B16.5 Pipe Flanges and Flanged Fittings, Steel-Nickel
Alloy and Other Special Alloys?

B31.1 Power Piping?

2.3 MSS Standards:

SP-6 Finish for Contact Faces of Pipe Flanges and
Connecting End Flanges of Valves and Fittings*

SP-25 Marking System for Valves, Fittings, Flanges, and
Unions*

SP-55 Quality Standard for Steel Castings for Valves,
Flanges and Fittings, and Other Piping Components
(Visual Method)*

2.4 ASME Standard:

ASME Boiler and Pressure Vessel Code, Sections II, VIII,
X3

3. Descriptions of Terms Specific to This Standard

3.1 blank—a solid one-piece circular unit inserted into a
pipeline to prevent flow.

1 This specification is under the jurisdiction of ASTM Committee F-25 on
Ships and Marine Technology and is the direct responsibility of Subcommittee
F25.13 on Piping Systems.

Current edition approved Sept. 26, 1986. Published November 1986.

2 Annual Book of ASTM Standards, Vol 01.01.

3 Available from American National Standards Institute, 11 W. 42nd St., 13th
Floor, New York, NY 10036.

4 Available from Manufacturer’s Standardization Society of the Valve and
Fittings Industry, Inc., 127 Park St., N.E. Vienna, VA 22180.

5 Available from American Society of Mechanical Engineers, 345 E. 47th St.,
New York, NY 10017.
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3.2 line-blind valve—an assembly consisting of a spectacle
plate, bolting, and body, the purpose of which is to provide a
convenient means to align a piping system to an open or
positively closed configuration. The assembly is designed to
provide a simplified method of changing over the flow
control spectacle plate without the necessity of plate removal
from the valve body.

3.3 spectacle plate, (also spectacle blind)—a figure-eight
shaped unit with one end open for flow and the other solid to
prevent flow.

4. Materials and Manufacture

4.1 Materials:

4.1.1 Materials for spectacle plates, bolting, and body
shall be those contained in ASME Section II. For the purpose
of stress calculations, ASME Section VIII values shall be
used.

4.1.2 All welding shall be done with procedures and
welders qualified in accordance with ASME Section IX; and
80 % weld efficiency factor shall be used.

4.1.3 All castings shall be visually inspected and accept-
able in accordance with MSS-SP-55.

4.2 Manufacture:

4.2.1 The spectacle plate shall be designed in accordance
with ANSI B31.1, paragraph 104.5.3.

4.2.2 The calculations of 4.2.3 and 4.2.4 shall ensure that
a line blind is designed for the gasket material, of all that can
be used with the line blind being designed, that imposes the
most critical bolt-load conditions as a result of its gasket
factor, m, and gasket or joint-contact-surface unit seating
load, y.

4.2.3 The bolting shall be either of the following:

4.2.3.1 Modify the external loads in accordance with
Section 6 as determined using ASME Section VIII, Division
1, Appendix 2.

4.2.3.2 The equivalent in cross-section to that of ANSI
B16.5 flange bolting of equivalent nominal size and pressure.

4.2.3.3 In no case shall bolts have a nominal diameter less
than % in. (12.7 mm).

4.2.3.4 The material class shall be an approved ANSI
B16.5 material or equal in tensile strength.

4.2.3.5 Cast bolting shall be x-rayed or have an 80 %
efficiency factor applied.

4.2.4 The body shall be calculated using ASME Section
VIII, Division 1, Appendix 2 with consideration for the size
and material of bolting in the appendix, the bolt load
satisfying Note 2 of paragraph 2-5 of Appendix 2.

4.2.5 The spectacle plate and mating body facings shall be
in accordance with MSS-SP-6.

1422



e

e e — .

e S

|
i
i

5. Testing

5.1 Each valve body shall be hydrostatically tested to the
shell test pressure in accordance with ANSI B16.5, Table 3.
A valve supplied to the WOG standard shall be tested up to
the nearest ANSI Class.

5.2 Each valve shall be tested for leakage at pressure 1.5
times the cold water rating of the valve rounded upward to
the next higher 25 psi (170 kPa) increment. Acceptance
criteria shall be that no leakage occurs during a 10-min “hold
time” at pressure.

6. Calculations

6.1 Bolting calculations from ASME Section VIII, Divi-
sion 1, Appendix 2 shall be modified to account for an
externally applied load due to piping. Add to the minimum
required bolt load for the operating conditions, W,,,, an
external moment bolt load, H,, such that the modified total
cross-sectional area of the bolts shall be as follows:

Alml = (Wml + Hx)/Sb

where:

H, = SZ/d,,

Z = 10(D,* - D*/D,)/32,

Di = ,Do - ztp,

t, = PD,/(2(0.875)S)), but not less than 0.25 in. (6.4
mm), and

dy, = C/M+2(G,? - GHNG? — GA)3IL.
6.1.1 All terms are identical to those defined in ASME
Section VIII, Appendix 2 with the addition of the following:
6.1.1.1 A4’,,, = modified total cross-sectional area of bolts
at root of thread or section of least diameter under stress,
required for the operating conditions, square inch. (square
millimetre).
6.1.1.2 H, = external moment of bolt load, Ibf (N).
6.1.1.3 0.875 = assumed pipe wall tolerance factor.

6.1.1.4 S = ASME allowable stress of the pipe material at
design temperature, psi (kPa), (for purposes of meeting this
specification, 15 000 psi (103.4 MPa) from Specification
A 53, Grade B, Type S shall be acceptable).

6.1.1.5 Z = section modulus of pipe shell, cubic inches
(cubic millimetres).

6.1.1.6 D, = nominal outside diameter of pipe, inches
(millimetres).

6.1.1.7 D; = calculated inside diameter of pipe, inches
(millimetres).

6.1.1.8 £,
(millimetres).

6.1.1.9 d, = moment arm of external moment on bolts
and gasket, inches (millimetres).

6.1.1.10 G, = outside diameter of contact surface of
gasket, inches (millimetres).

6.1.1.11 G; = inside diameter of contact surface of gasket,
inches (millimetres).

6.2 The selection of bolts to be used shall be made such
that the actual total cross-sectional area of bolts, 4;, will not
be less than A4, where 4,, is taken as the greater of 4’,,,; an
AmZ' N

7. Product Marking

7.1 Each valve must have the following markings in
accordance with MSS-SP-25:
7.1.1 Manufacturer’s name and trademark.
.2 Appropriate pressure class.
Size of end connection.
ASTM designation of materials.
ASTM designation and year of issue of this specifi-

calculated pipe wall thickness, inches

7.1
7.1.3
7.1.4
7.1.5
cation.

8. Keywords

8.1 blind valve; line-blind valve; marine technology;
piping system; ship; valve

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your.
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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Standard Specification for

Designation: F 1120 — 87 (Reapproved 1998)

An American National Standard

Circular Metalllc Bellows Type Expansion Joints for Piping

Applications’

This standard is issued under the fixed designation F 1120; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification establishes the minimum require-
ments for the mechanical design, manufacture, inspection, and
testing of circular metallic bellows-type expansion joints used
to absorb the dimensional changes resulting from piping
thermal expansion or contraction, as well as the movement of
terminal equipment and supporting structures.

1.2 Additional or better features, over and above the mini-
mum requirements set by this specification, are not prohibited
by this specification.

1.3 The layout of many piping systems provides inherent
flexibility through natural changes in direction so that any
displacements produce primarily bending or torsional strains,

‘within acceptable limits. Where the system lacks this inherent

flexibility the designer should then consider adding flexibility
through the use of metallic bellows-type expansion joints.

1.4 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

. 2. Referenced Documents

2.1 ANSI Standards:

B16.5 Pipe Flanges and Flanged Fittings?

B16.25 Butt Welding Ends?

B31.1 Power Piping Code®

2.2 ASME Standards:

Section VIII, Division 1, Pressure Vessels®

Section IX, Welding and Brazing Qualifications

2.3 EJMA Standard:

Standards of the Expansion Jomt Manufacturer’s Associa-

tion*
2.4 - Pipe Fabrication Institute Standard.:

! This specification is under the jurisdiction of ASTM Committee F-25 on Ships
and Marine Technology and is the direct responsibility of Subcommlttee F25 13 on
Piping Systems. .

Current edition approved Dec. 31,.1987. Published February 1988

2 Available from American National Standards Institute, 11 W. 42nd SL 13th
Floor, New York, NY 10036.

3 Available from American Society of Mechanical Engmeers, 345 E.-47th St.,
New York, NY 10017.

4 Available from Expansion Joint Manufacturer’s Assocmnon, 25 N Broadway,
Tarrytown, NY 10591. The Standards of the Expansion Joint Manufacturer’s
Association are a collection of standards developed by this mdustry and published
in one Volume, herein called EJMA Standards.

ES-3 Fabrication Tolerances®

3. Terminology Definitions

3.1 Expansion joint definitions shall be in accordance with
those in the EJMA standards.

3.2 double expansion joint—expansion joint consisting of
two bellows joined by a common connector.

3.3 Discussion—The common connector is anchored to
some rigid part of the installation by means of an anchor base.
The anchor base may be attached to the common connector
either at installation or at time of manufacture. Each bellows
acts as a single expansion joint and absorbs the movement of
the pipe section in which 1t is installed independently of the
other bellows.

3.4 gimbal expansion joint—expansion joint designed to
permit angular rotation in any plane by the use of two pairs of
hinges affixed to a common floating gimbal ring. '

3.5 Discussion—The gimbal ring, hinges, and pins are
designed to restrain the thrust of the expansion joint as a result
of internal pressure and extraneous forces, where applicable.

3.6 hinged expansion joint—expansion joint containing one
bellow designed to permit angular rotation in one plane only by
the use of a pair of pins through hinge plates attached to the
expansion joint ends. ‘

3.7 Discussion—The hinges and hinge pins are designed to
restrain the thrust of the expansion joint as a result of internal
pressure and extraneous forces. Hinged expansion joints
should be used in sets of two or three to function properly.

3.8 pressure balanced expansion joint—expansion joint de-
signed to absorb axial movement or lateral deflection, or both,
while restraining the pressure thrust by means of tie devices
interconnecting the flow bellows with an opposed bellows also
subjected to line pressure.

3.9 Discussion—This type of expansmn joint is intended for
use where a change of direction occurs in a run of piping. The
flow end of a pressure balanced expansion joint sometimes
contains two bellows separated by a common connector, in
which case it is called a universal pressure balanced expansion
joint.

3.10 single expansion joint—simplest form of expansion

) joint, consisting of single bellows construction, designed to

5 Available from Pipe Fabrication Institute, 1326 Freeport Rd Pittsburgh,

" PA15238.
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absorb all movement of the pipe section in which it is installed.

3.11 swing expansion joint—expansion joint designed to
absorb lateral deflection or angular rotation, or both, in one
plane.

3.12 Discussion—Pressure thrust and extraneous forces are
restrained by the use of a pair of swing bars, each of which is
pinned to the expansion joint ends.

3.13 universal expansion joint—expansion joint containing
two bellows joined by a common connector for the purpose of
absorbing any combination of axial movement, lateral deflec-
tion, and angular rotation.

3.14 Discussion—Universal expansion joints are usually
furnished with control rods to distribute the movement between
the two bellows of the expansion joint and stabilize the
common connector.

4. Ordering Information

4.1 An expansion joint is a unique product and must be
specifically designed for the intended service. It is the respon-
sibility of the piping system designer to supply sufficient
engineering data necessary for the complete design. The
information compiled by the piping system designer must be
complete and contain all pertinent data detailing the conditions
under which the expansion joint is expected to operate.

4.2 Orders for each expansion joint shall include the fol-
lowing information:

4.2.1 Title, designation number, and latest revision of this
specification.

4.2.2 Size—The nominal pipe diameter or specific ducting
diameter.

4.2.3 Type of Expansion Joint—single, double, universal,
guided, hinged, gimbal, swing, or pressure balanced.

4.2.4 Flow Characteristics:

4.2.4.1 Flow Medium—indicate whether the medium is gas
or liquid.

4.2.4.2 Flow velocity, medium density, or viscosity, or
combination thereof.

4.2.4.3 Flow direction.

4.2.5 Pressure in psig (N/mm?*)—design, operating, and test
pressures.

4.2.6 Temperature in °F (°C)—design, operating, and instal-
lation temperatures.

4.2.7 Movement—axial (extension, compression); lateral
(single plane, multiplane); angular; torsional (to be avoided).
Differentiate between start-up, operational, or field installation
tolerance movements.

4.2.8 Materials—Material types (including that for the bel-
lows) shall be specified by the purchaser (see 5.1 for material
restrictions).

4.2.9 Internal Liner—Liner shall be specified when needed
because of flow velocity or other flow conditions. Specific
criteria for liners is shown in Section C-3 of the EIMA
Standards (see 6.6).

4.2.10 External Cover—To protect personnel having close
access to the bellows, when thermal insulation is to be added in
the field, or when external mechanical damage is possible (see
6.5).

4.2.11 End Fittings—The type of end connections such as
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flanged, threaded, or others to match the mating piping or
terminal equipment.

4.2.12 Accessories—Specify what accessories are required
and the conditions under which they operate. Consider items
such as insulation lugs, tie, limit, or control rods, pantographic

. linkages, trunions, gimbals, drains, purge connections, anchor

bases, and interply monitoring devices.

4.2.13 Dimensional Limitations—If space limitations exist,
specify the maximum overall length, maximum outside diam-
eter, minimum inside diameter, and installation tolerances.

4.2.14 Operating Forces—Specify calculated bellows
spring forces and pressure thrust forces if they are required for
subsequent anchor design or other piping systems analysis. If
there are maximum allowable values, these must also be
specified.

4.2.15 Installation Position—horizontal, vertical (flow up
or down). Specify if liner drainage holes are required.

4.2.16 Cycle Life Requirements—Specify an anticipated
number of thermal cycles over the intended life of the
expansion joint.

4.2.17 Testing Requirements—Specify testing requirements
in addition to the hydrostatic test required by 9.4 (for example,
vacuum testing, testing at operating temperature).

4.2.18 Inspection Requirements—Specify inspection re-
quirements in addition to the inspection required by Section 9
(that is, radiographic, fluorescent penetrant, or mass spectrom-
eter).

4.2.19 Piping Code Requirements—Specify any piping or
design code that must be used as the basis for design in
addition to those specified in 5.2.

4.2.20 Special Requirements—Specify the magnitude of
special system conditions such as vibration, shock, or hydraulic
surge.

4221 Shipping Requirements—Specify whether special
packing is required including protection for extended outside
storage, export handling, or special lifting considerations for
heavy or large assemblies.

4.2.22 Piping Drawing—In addition to specifying the above
information it would be beneficial to provide a drawing of the
proposed piping system.

4.2.23 Supplementary Requirements—Specify any addi-
tional requirements not identified herein.

4.3 Fig. 1 and Fig. 2 should be used as a guide in ordering
expansion joints to this specification.

5. Materials and Manufacture

5.1 Materials:

5.1.1 Pressure-containing parts shall be manufactured from
material specifications and grades listed in Section VIII,
Division 1, of the ASME Code or ANSI B31.1. End connection
material shall have in service properties similar to the bellows
material. Flanges shall meet ANSI B16.5.

5.1.2 All other materials of construction shall be of the type
specified by the user and shall conform to an ASTM or ASME
material specification. Materials not identified by the ordering
data shall be of the manufacturer’s standard and of the same
quality used for the intended purpose in commercial practice.

5.1.3 Materials used shall be free from defects that would
adversely affect the performance of the expansion joint.
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COMPANY: DATE / /
SHEET OF
PROJECT: INQUIRY NO.
JOB NO.
ITEM NO./EJ TAG NO.
1 | QUANTITY 3&
2 | NOMINAL SIZE/LD./JO.D. (IN) REFERENCE
3 | EXPANSION JOINT TYPE 1
4a MEDIUM GAS/LIQUID
d  nroMaTion | VELOCITY (FT/SEC) 6147
4c - FLOW DIRECTION
s | DESIGN PRESSURE, PSIG 6. 19,
6 | TEST PRESSURE. PSIG 83,135
7a DESIGN (°F)
76| TEMPERATURE MAXIMUM/MINIMUM (°F) 6.13
% INSTALLATION (°F)
8a MAXIMUM AXIAL COMPRESSION (IN))
8| INSTALLATION AXIAL EXTENSION (IN.) 6.7.8.
8c MOVEMENT LATERAL (IN.) 141
8d ANGULAR (DEG.)
9a AXIAL COMPRESSION (IN.)
9b MAXIMUM AXIAL EXTENSION (IN.) 6713
9 DESIGN LATERAL (IN.) g
9d MOVEMENTS ANGULAR (DEG.)
% NO. OF CYCLES
10a AXIAL COMPRESSION (IN.Y
10b OPERATING AXIAL EXTENSION (IN.)
10¢ FLUCTUAT]ONS LATERAL (IN) 84 '
10d ANGULAR (DEG.)
10e NO. OF CYCLES
1la BELLOWS 5,6.45
11b MATERIALS LINERS 77.78
e OF COVER 3.7.72
11d| CONSTRUCTION  Foipr SPECIFICATION
ile FLANGE SPECIFICATION 3.43
12 | RODS (TIE/LIMIT/CONTROL) 3,4.41
13 | PANTOGRAPHIC LINKAGE 4
14 | ANCHOR BASE (MAIN/INTERMEDIATE) 1.2.17
15a DIMENSIONAL OVERALL LENGTH (IN.)
15b LIMITATIONS OUTSIDE DIAMETER (IN.)
15¢ INSIDE DIAMETER (IN.)
16a SPRING RATE AXIAL (LBS./IN.)
16b T IMITATIONS LATERAL (LBS/IN.) 54
16c ANGULAR (IN-LBS./DEG.)
17 | INSTALLATION POSITION HORIZ/VERT. 8. 141
18a BELLOWS |LONG.SEAM | ..
18b WELD NDE | ATTACH.
18¢ QUALITY PIPING NDE
18d ASSURANCE DESIGN CODE REQRD.
13¢| REQUIREMENTS gyl DATA REQRD.
18¢
18g

19

VIBRATION AMPLITUDE/FREQUENCY

FIG. 1 Standard Expansion Joint Specification Sheet
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Company Date

Proposal No.

Project Inquiry/Job No.

Sheet of

ITEM NO.

20. PURGE, INSTRUMENTATION CONNECTION
2la. FACING

21b. O.D. (IN.)

2lc. ID. (IN.)

21d. THICKNESS (IN.)

2le. B.C. DIAMETER (IN)

21F NO. HOLES

2g. SIZE HOLES

21h. HOLE ORIENTATION

SPECIAL
FLANGE DESIGN

ISOMETRIC PIPING SKETCH:

FIG. 2 Supplemental Specification Sheet (To Be Used With Standard Expansion Joint Specification Sheet)

5.1.4 All material incorporated in the work covered by this  is not allowed under this specification.
specification shall be new. The use of rebuilt or used products 5.1.5 Materials for hinge or gimbal hardware, or other

404

1429



sliding parts, shall be chosen to minimize galling of the
contacting parts.

5.2 Manufacture:

5.2.1 Expansion joints shall be designed and fabricated in
accordance with requirements set forth in the ordering data and
the EJMA Standards.

5.2.2 Nonstandard flanges shall be designed and fabricated
in accordance with Appendix 2 of Section VIII, Division 1, of
the ASME Code. Flanges machined from plate shall not be
used at pressures exceeding 150 psi (1034 kPa) and tempera-
tures exceeding 450°F (232°C). Hubbed flanges machined
from plate or bar stock shall meet the requirements of
Appendix 2, Paragraph 2-2(d) of Section VIII, Division 1, of
the ASME Code.

5.2.3 All welding shall be accomplished in accordance with
ANSI B 31.1.

5.2.4 Welding personnel and welding procedures shall be
qualified in accordance with the applicable sections of Section
IX of the ASME Code.

5.2.5 All fabrication details not covered by the referenced
codes and standards shall be taken from the appropriate ANSI
standard. If no standard applies, accepted industry practice
shall govern.

5.2.6 The bellows shall be of tested and proven convolution
geometry.

6. Other Requirements

6.1 The details of design, material supply, fabrication, and
testing of the complete product are the responsibility of the
manufacturer unless specific details are requested by the
purchaser.

6.2 The specified normal operating movements (axial, lat-
eral, and angular) shall be available concurrently. The specified
lateral and angular movements shall be available on either side
of the expansion joint centerline. ,

6.3 Internal sleeves, external covers, and all attached hard-

ware shall be constructed so as not to interfere with adjacent
parts when the joint is in the fully deflected position.
. 6.4 Universal expansion joints shall be designed and fabri-
cated to be self-supporting and not require any external
structure for the support of the center pipe spool piece and its
contents.

6.5 Expansion joints to be installed in systems above 150°F
(66°C) shall have an external cover. When external mechanical
damage is possible, a cover shall be fabricated to protect the
joint and personnel. '

6.6 Internal sleeves shall be installed in expansion joints
when the fluid velocity of the system, where the expansion
joint is to be installed, is greater than the values listed in
Section C-3.1 of the EJMA Standards and where the flow
velocity exceeds 75 % of the velocity calculated using Section
C-3.1.4 of the EJMA Standards.

7. Dimensions and Permissible Variations

7.1 Dimensional tolerances on completed expansion joint
assemblies shall be in accordance with Section D-2.9 of the
EJMA Standards and Standard ES-3 of the Pipe Fabricating
Institute.

8. Workmanship, Finish, and Appearance

8.1 The quality of workmanship shall be such as to produce
a product that is in accordance with the requirements of this
specification and ensures the proper functioning of all parts of
the unit.

8.2 The bellows shall be manufactured and carefully
handled to prevent surface flaws or deep scratches from being
generated. The surface condition of the completed joint assem-
bly shall be free from injurious surface discontinuities and any
contaminants that would affect the operation of the assembly.

8.3 On completion of fabrication, and before shipment, the
manufacturer shall clean the inside and outside of the com-
pleted assembly of all loose scale, grease, dirt, sand, rust, weld
spatter, cutting chips, and any other foreign matter by any
suitable means. The inside of the assembly shall then be
nspected for cleanliness. All openings where practicable shall
be suitably closed to prevent the entrance of foreign matter
after cleaning and during shipment. The use of chlorinated
solvents is prohibited.

9. Inspection

9.1 The responsibility for quality control rests with the
manufacturer. However, all phases of fabrication may be
subject to review by a representative of the purchaser.

9.2 The inspector representing the purchaser shall have
access at all times, while work on the contract of the purchaser
is being performed, to all parts of the manufacturer’s plant that
concern the manufacture of the product ordered. The manufac-
turer shall afford the inspector all reasonable facilities to satisfy
the inspector that the product is being furnished in accordance
with this specification. Inspection shall be made at the place of
manufacture before shipment, unless otherwise specified, and
shall be scheduled not to interfere unnecessarily with the
operations of the manufacturer. This requirement applies to all
subcontractors.

9.2.1 Acceptance of a particular phase of manufacturer of an
assembly by a purchaser’s representative shall not be consid-
ered a waiver of any of the requirements of this specification
and shall not relieve the manufacturer of the responsibility of
furnishing a satisfactory product.

9.3 When the bellows is formed from a longitudinally
butt-welded cylinder, the longitudinal weld(s) shall be 100 %

-liquid penetrant examined on the outside and inside surfaces (if
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accessible) before forming. Liquid penetrant examination on
all accessible inside and outside weld surfaces shall be repeated
after forming. All other welds essential to pressure containing
or restraining shall be liquid penetrant examined. Ferromag-
netic materials may be examined by magnetic particle inspec-
tion instead of liquid penetrant at the manufacturer’s option.
Liquid penetrant and magnetic particle inspection shall be in
accordance with Section D-3.1.2 of the EJMA Standards.

9.4 All pressure retaining components shall be hydrostati-
cally tested to 1.5 times their design pressure as outlined in
Section D-3.1.6 of the EJIMA Standards. Moment restraint,
simulating piping rigidity, shall be used if necessary. The
expansion joint shall be vented before hydrotest. Test pressure
shall be held for 10 min.
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9.4.1 Unless otherwise specified, potable water is accept-
able for hydrotesting.

9.4.2 All piping and bellows shall be thoroughly drained
after hydrotesting.

9.4.3 Pneumatic testing may be substituted for hydrostatic
testing at the manufacturer’s option. When substituted, pneu-
matic testing shall be accomplished in accordance with Section
137.5 of ANSI B31.1.

9.5 A dimensional inspection of the completed expansion
joint assemblies shall be performed in accordance with Section
D-2.9 of the EJMA Standards and Standard ES-3 of the Pipe
Fabricating Institute.

9.6 A visual examination of the completed expansion joint
shall be made.

10. Rejection and Rehearing

10.1 Expansion joint assemblies or parts thereof indicating
fabrication not in accordance with the manufacturing drawings
and procedures, or this specification, shall be subject to
rejection and shall be resolved in accordance with the manu-
facturer’s quality assurance program (see Section 14).

10.2 All repairs shall be in accordance with the specified
code and other applicable specifications.

10.3 Expansion joint assemblies or parts thereof accepted
by the purchaser’s representative at the place of manufacture
that subsequently reveal imperfections not previously detected
or which by subsequent tests or analysis show nonconformance
with this specification are subject to rejection.

11. Certification

11.1 When specified in the purchase order or contract, the
manufacturer’s certification shall be furnished to the purchaser.
It shall state that each expansion joint has been manufactured,
tested, and inspected in accordance with this specification and
the requirements have been complied with. When specified, a
report of any test results shall be furnished.

11.2 When specified, certification of the conformance to the
requirements of this specification may be made by a third party.

11.3 ASTM/ASME mill test reports are required for pres-
sure retaining and containing components.

11.4 No records are required for pipe fittings or flanges
provided they are made and marked in accordance with an
acceptable standard (such as ANSI). Certificates of conform-
ance are required when the markings are missing or are
removed during fabrication.

12. Product Marking

12.1 Each expansion joint shall be provided with a perma-
nently attached corrosion resistant nameplate indicating as a
minimum the following information:

12.1.1 Manufacturer’s name.
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12.1.2 Manufacturer’s model number.

12.1.3 Design Conditions—pressure, temperature, move-
ments.

12.1.4 This specification number (indicating compliance
thereto).

12.1.5 Purchaser’s specified component item number, if
ordered.

12.2 When an expansion joint is supplied with an internal
liner, a permanent arrow indicating the direction of flow shall
be plainly visible on the outside of the expansion joint.

12.3 Impression stamping directly on bellows material is
not permitted.

13. Packaging and Shipping

13.1 The expansion joint shall be containerized or shipped
on pallets with all materials strapped down and prepared for
shipment in such a manner that the quality, cleanliness, and
finish shall be maintained during shipment.

13.2 Yellow painted shipping bars shall be furnished to
maintain proper shipping length and alignment, and designed
not to interfere with the installation of the assembly. The
shipping bars shall be removed after installation and before
piping system test. Expansion joints with tie rods can be
provided with tie rod spacers instead of shipping bars.

13.3 Installation instructions shall be supplied in a weath-
erproof envelope with each expansion joint assembly.

13.4 When the expansion joint is to be transported to the job
site by ship, it should preferably be sent as below deck cargo.

13.5 All external surfaces shall be treated and painted in
accordance with the manufacturer’s standard practices, unless
otherwise specified. Paint shall be suitable for service tempera-
tures.

14. Quality Assurance

14.1 The manufacturer shall have a current certificate of
authorization to manufacture ASME Section VIII, Division 1,
Pressure Vessels to assure an adequate quality assurance
program that is applicable to all phases of manufacturing,
including materials supplied by subcontractors.

14.2 Nothing in this specification shall relieve the manufac-
turer of the responsibility for performing, in addition to the
requirements of this specification, such analyses, tests, inspec-
tions, or other activities that the manufacturer considers nec-
essary to ensure that the design, material, and workmanship are
satisfactory for the service intended, or as may be required by
common usage or good practice.

15. Keywords

15.1 expansion joint; metallic bellows-type expansion
joints; piping systems; piping thermal contraction; piping
thermal expansion
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements are for use when desired by the purchaser. Other
requirements not identified in this specification may be included by agreement between the

manufacturer and the purchaser.

S1. Documents for Approval and/or Records

S1.1 Manufacturing drawings.

S1.2 Welding procedures and qualifications.

S1.3 Applicable nondestructive examination procedures.

S1.4 Heat treatment procedures or temperature charts, or
both.

S1.5 Complete engineering design analysis calculations for
the metallic bellows or hardware, or both.

S1.6 ASME partial data forms.

S2. Qualification Testing

S2.1 When specified, the manufacturer shall furnish a first
article test assembly to determine conformance with this
specification. The test assembly shall consist of the bellows
and appropriate end connections. Liners, covers, tie, limit or
control rods, hinges, gimbal rings, and other similar devices
need not be provided on the first article test unit, unless they
are necessary for the performance of the specific test(s)
verification.

S2.2 When specified, cyclic endurance testing (fatigue test-
ing) shall be performed for the required number of complete
cycles. The test shall be performed under pressure at ambient
temperature and the assembly need be cycled in axial move-
ment only.

S2.2.1 During the test, the pressure in the assembly shall be
adjusted to simulate, as closely as possible, the maximum
design pressure of the unit being qualified. The pressure may
vary from this value during each cycle.

S2.2.2 A single test bellows can be used instead of a
multiple bellows assembly being qualified.

$2.2.3 In determining the qualifying extension or compres-
sion, or both, the equivalent axial movement caused by lateral
deflection and angular rotation shall be included. The equiva-
lent axial movement shall be computed in accordance with the
EJMA Standards and shall be algebraically added to the
specified values of axial movement.

S2.3 The purchaser may require that the expansion joint be
certified as passing shock requirements. The shock require-
ments shall be specified by the purchaser.

S2.3.1 The purchaser may require that the expansion joint
be certified as passing vibration requirements. The vibration
requirements shall be specified by the purchaser.

$2.3.2 When specified, other qualifying tests shall be per-
formed on a first article test unit under the requirements of the
puichaser’s contract.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
ifnot revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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Standard Specification for

Designation: F 1121 — 87 (Reapproved 1998)

An American Nationa! Standard

International Shore Connections for Marine Fire

Applications’

This standard is issued under the fixed designation F 1121; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers the design and manufacture of
international shore connections to be used with marine fire
fighting systems during an emergency when a stricken ship has
a system failure.

1.2 International shore connections are portable universal
couplings that permit connection of shipboard firemain systems
between one ship and another or between a shore facility and
a ship when their respective system threading is mismatched.
Both the ship and the facility are expected to have a fitting such
that in an emergency can be attached to their respective fire
hose and bolted together to permit charging the ship’s system.
It must be portable to accommodate hose to hose connection
and allow assistance from any position.

1.3 The international shore connection is required by inter-
national treaty®? to be carried onboard all passenger and cargo
vessels of 500 gross tons or more, regardless of firemain size,
engaged in international voyages, and is recommended for all
vessels that would be expected to render assistance. It is also
intended to be provided at shore facilities that would be used to
supply water to a ship’s firemain system.

1.4 Fabrication either on board a vessel, in a shipyard, or
other shore facility is not precluded by this specification.

1.5 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Ordering Information

2.1 The purchase order or inquiry for an international shore
connection shall include the following as applicable:

2.1.1 Material of construction.

2.1.2 Title, number, and latest revision of this specification.

2.1.3 Maximum operating pressure (psig) (when above 150
psig, see 4.2).

! This specification is under the jurisdiction of ASTM Committee F-25 on Ships
and Marine Technology and is the direct responsibility of Subcommittee F25.13 on
Piping Systems.

Current edition approved Dec. 31, 1987. Published February 1988.

2 Amendments to the International Convention for the Safety of Life at Sea,
Chapter II-2, Regulation 19, “International Shore Connection,” 1974.

3 International Maritime Organization Assembly Resolution A, XII 470, Jan. 4,
1987. This document is available from International Maritime Organization, 4
Albert Embankment, London, U.K. SE1 7SR.
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2.1.4 Preservation (coating) requirements (if any, see 7.2).
2.1.5 Diameter and threading to be provided in the coupling.

3. Materials and Manufacture

3.1 The international shore connection may be machined
from forgings, castings, plate or bar stock, or may be fabricated
out of more than one piece.

3.2 The material shall be brass, bronze, or other suitable
corrosion-resistant material. When fabricated out of more than
one piece, the flange may be steel and the coupling a
corrosion-resistant material. Aluminum shall not be used.

3.3 Nuts, bolts, and washers shall be a corrosion-resistant
material.

4. Other Requirements

4.1 Design:

4.1.1 The connection shall consist of a flat face flange and a
threaded coupling. Threading shall be specified by the pur-
chaser.

4.1.2 The dimensions of the international shore connection
shall be in accordance with Fig. 1.

4.2 The maximum allowable working pressure (MAWP)
shall be at least 150 psig (1 N/mm?).

4.3 The international shore connection shall be supplied
with four bolts, % in. (16 mm) in diameter, at least 2 in. (50
mm) in length, and threaded at least to within 1 in. (25 mm) of
the bolt head.

4.3.1 The bolts shall be supplied with four corresponding
nuts and eight washers.

4.4 The international shore connection shall be supplied
with a flange gasket suitable for the MAWP and seawater
service.

5. Workmanship, Finish, and Appearance

5.1 The quality of workmanship shall be such as to produce
a product that is in accordance with the requirements of this
specification. Completed units shall be free from imperfections
or defects that materially affect appearance or that may affect
serviceability.

6. Inspection

6.1 Each finished international shore connection shall be
visually examined and dimensionally checked to ensure it
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[

Diameter and threading to
be specified by user.
(See Note 1,)

b~ A,
—

Note 1—Fire hose coupling may be used.
Note 2—For 1%4-in. fire hose coupling, the radius will be %4 in.
Note 3—1 in. = 25.4 mm.

FIG. 1 International Shore Connection

corresponds to this specification.

7. Packaging and Preservation

7.1 Unless otherwise specified, the international shore con-
pection shall be packaged for shipment in accordance with the
manufacturer’s standard commercial practice.

7.2 Preservation of the international shore connection, by
the. manufacturer or user, shall be satisfactory for preventing
deterioration of the connection during long-term storage on
vessels or at shore facilities.

8. Quality Assurance ‘

8.1 The manufacturer shall use quality assurance procedures
that ‘assure manufacture of high quality international shore
connections that are designed in accordance with this specifi-
cation.

9, Keywords

9.1 fire fighting systems; international shore connections;
hose-to-hose connection; marine fire applications; portable
universal couplings; shipboard firemain systems; stricken ship

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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Standard Specification for

Quick Disconnect Couplings’

Designation: F 1122 — 87 (Reapproved 1998)

An American National Standard

This standard is issued under the fixed designation F 1122; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers the manufacturing data re-
quired to produce a variety of styles and sizes of quick
disconnect couplings for marine use that ensure interchange-
ability and safety of operation.

1.2 In general, quick disconnect couplings are hose and pipe
end fittings that permit quick mechanical attachment by means
other than bolted or threaded fittings. The method of attach-
ment is a male coupling half (adapter) that fits into a female
coupling half (coupler) of the same size. By closing attached
cam handles, the coupling halves seal, permitting fluids to be
transported under pressure through the quick disconnect cou-
pling.

1.3 The values stated in this specification are in inch-pound
units with SI units given in parentheses. The values of each
system may not be exact equivalents. Therefore, each system
should be considered separately.

1.4 The following safety hazards caveat pertains only to the
test method described in this specification: This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
fo use.

2. Referenced Documents

2.1 ANSI Standards:

B2.1 Pipe Threads®

B16.5 Pipe Flanges and Flanged Fittings, Steel-Nickel Al-
loy, and Other Special Alloys?

B16.24 Bronze Pipe Flanges and Flanged Fittings?

B16.42 Ductile Iron Pipe Flanges and Flanged Fittings?

B31.1 Power Piping Code?

2.2 MSS Standards:

MSS-SP-6 Standard Finish for Contact Faces of Pipe
Flanges and Connecting End Flanges of Valves and
Fittings®

! This specification is under the jurisdiction of ASTM Committee F-25 on Ships
and Marine Technology and is the direct responsibility of Subcommittee F25.13 on
Piping Systems.

Current edition approved Dec. 31, 1987. Published February 1988.

2 Available from American National Standards Institute, 11 W. 42nd St., 13th
Floor, New York, NY 10036.

3 Available from Manufacturers’ Standardization Society of the Valve and
Fittings Industry, Inc., 1815 N. Fort Myers Dr., Arlington, VA 22209.
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MSS-SP-25 Standard Marking System for Valves, Fittings,
Flanges, and Unions®

MSS-SP-55 Quality Standard for Steel Castings for Valves,
Flanges, and Fittings and Other Piping Components (Vi-
sual Method)?

2.3 ASME Standards:

Section VIII, Division 1, Pressure Vessels*

Section IX, Welding and Brazing Qualifications*

3. Definitions of Terms Specific to This Standard

3.1 adapter—one half of a quick disconnect coupling that
fits into the coupler and seals against an elastomer gasket
positioned inside the coupler.

3.2 cam handles—handles that are assembled to the coupler
half which by closing engages the adapter sealing the coupling.

3.3 coupler—one half of a quick disconnect coupling that
receives the adapter. This half contains the sealing gasket and
cam handles (see Fig. 1).

Nore 1—See Fig. 2 for a description of typical coupler pipe fittings.

4. Classification

4.1 Quick disconnect couplings shall consist of the follow-
ing types:

4.1.1 Standard Class—This type is to be designed for a 4:1
burst factor of safety.

4.1.2 Class I—This type is to be designed for a 5:1 burst
factor of safety.

4.2 Both Standard Class and Class I will be called quick
disconnect couplings in the body of this specification unless
otherwise specified.

5. Ordering Information

5.1 Purchase orders for quick disconnect couplings under
this specification shall include the following applicable infor-
mation:

5.1.1 Class.

5.1.2 Size and type of each coupling half-end connection.
(Example—2- by 1%%-in. NPT).

5.1.3 ASTM material designation and date including alloy
specifications for the following:

5.1.3.1 Adapter and coupler halves,

5.1.3.2 Cam handle, and

* Available from American Society of Mechanical Engineers, 345 E. 47th St.,
New York, NY 10017.
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"Adapter" "*Cam Handle" Locked Position

Half
Fig. 2

"Coupler"

“Pull Ring"
Cam Handle

“Gasket'

Fig. 13

/

/
/
//\_
/ "Cam Handle"

{
l )] ) Unlocked Position
d

i /\

FIG. 1 Typical Coupler Assembly

5.1.3.3 Cam handle pivot pin.

5.1.4 Product or fluid in applicable system.

5.1.5 Shipping instructions.

5.1.6 Any special requirements, such as testing, coatings,
and threads.

6. Materials and Manufacture

6.1 Materials:

6.1.1 Pressure-retaining parts shall be manufactured from
material specifications and grades listed in Section VIII,
Division 1, of the ASME Boiler and Pressure Vessel Code or
ANSI B31.1.

6.1.2 All other materials of construction shall be of the type
specified by the user and shall conform to ASTM, ASME, or
Metal Power Industry Federation material specifications. Ma-
terials not identified by the ordering data shall be of the
manufacturer’s standard and of the same quality used for the
intended purpose in commercial practice.

6.1.3 All material incorporated in the work covered by this
specification shall be new. The use of rebuilt or used products
are not allowed under this specification.

6.1.4 Gaskets are to be produced from a compressible
elastomeric material and shall be compatible with the fluid to
be transferred (see 5.1.4).

6.2 Manufacture:

6.2.1 Adapters and couplers are to be produced as castmgs
or forgings. Cam handles may be produced by casting, forging,
or sintered metal processes. Established commercial process-
ing methods are to be used to produce these parts, provided
chemical and physical properties are consistent with those
cataloged for the specified materials,

6.2.2 Pipe threads on the service end of couplers or adapt-
ers, when specified, shall meet ANSI B2.1. -

6.2.3 Flanges on the service end of couplers or adapters, .

when specified, shall meet ANSI B16.5, B16.24, or B16.42.

Fig. 5 e Fig. 3

"'A"-Adapter with female pipe threads | '‘B"-Coupler with male pipe threads

Fig. 9 —
ig T Fig. 3 Fig.4 e Fig.9
A

] )
N

iy

o

"E'"-Adapter with male hose shank *'C"-Coupler with hose shank

Ay

Fig. 7 Fig. 3 Fig. 4 .
T g [e] .‘T Fig. 6
- NS SR .\a

AN

“F"’-Adapter with male hose shank

Fig. 12 e Fig.
g - ig. 8 Fig. 4 =5 Fig. 12

A oy

“W'-Adapter dust plug

“V"'-Coupler dust cap

Fig. 11 = Fig. 3 Fig. 4 T Fig. 10

"PF-A"-Adapter with pipe flange “PF-C"-Coupler with Pipe flange

FIG. 2 Adapter/Coupler Types (End Dimensional Data Located in
Tables Indicated by Arrows)

6.2.4 Flanges shall be finish machined to specifications
shown in MSS-SP-6.

6.2.5 Cam handles assembled to the coupler are to have a
safety locking device to ensure against the handles being
opened unintentionally or vibrating open. This locking device
must require a separate, deliberate effort in the opening
operation over the standard handle operation.

6.2.6 Cam handles shall be manufactured to contain the
adapter within the coupler under rated pressure with no leakage
occurring. The cam action shall not distort the couplers
rendering the coupler unusable. The force required to close the
cam handles shall be adequate to prevent leakage, but shall be
easily attainable through hand operation by an average strength
person. Handles should not need to be hammered closed.

6.2.7 Welding procedure qualifications, welder performance
qualifications, and welding materials shall be in accordance
with ANSI B 31.1 and Section IX of the ASME Code. Brazing
or soldering shall not be used. Where radiography is required
(see 12.1), all welds shall be butt welds.

7. Other Requirements
7.1 All couplings shall have a maximum allowable working
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pressure of not less than 150 psi (1034 kPa).

7.2 Maximum allowable working pressure (MAWP) for a
Standard Class coupling shall be 25 % of its burst pressure.

7.3 Maximum allowable working pressure for a Class I
coupling shall be 20 % of its burst pressure.

7.4 Burst pressure shall be determined in accordance with
Section VIII, Division 1 of the ASME Code.

8. Dimensions

8.1 The dimensions and tolerances required to ensure inter-
changeability of adapter and coupler halves, of common sizes,
shall be as given in Figs. 3-15.

8.2 Sizes as listed in the tables correspond to NPS for piping
systems.

9. Workmanship, Finish, and Appearance

9.1 Couplings are to be produced with quality workman-
ship. Casting surface quality is to be in accordance with
MSS-SP-55. Machined surfaces are to be finish machined to a
125-pin, (3175-pmm) (AA) finish or better with no porosity
showing.

+.000 ’>
-.006

sharp corner,

to be broken (-.152%

as minimum

requirement F
lDl

—y E
(+.000) l
IGI
30°
\Qopttonal 1’ ‘B

9.1.1 Couplings are to be free of burrs or sharp edges.
Machined surfaces are to be free of nicks or scratches that may
affect the sealing capabilities of the couplings.

9.1.2 Surfaces are to be sound with good appearance and
true pattern. Internal surfaces, if not machined, shall be
smooth, as expected from good quality casting, and free from
any flaw that would render the part unsafe for its intended use.

9.2 Cam handles are to be smooth, having no burrs or sharp
edges. Cam closing surface is to be continuous, providing an
increasing axial pull on mating adapter until proper seating
against the gasket occurs.

9.3 Defective parts are not to be repaired by welding,
brazing, or any other method, to fill porosity or other flaws in
the casting.

9.4 Gaskets are to be produced having parallel sealing faces.
Faces are not to contain any imperfections that will allow
leakage to occur at working pressure.

10. Number of Tests
10.1 A prototype coupling of each size of each particular

J

dia.
groove® A'

‘ dia.
J* wmin.

r wall

MARRARAILINTLINYY “‘L

'H' rad,

Note 1—Unidentified tolerances; fractional = *Yes (+0.4), decimal = +0.000/-0.005 (+0.000/-0.127), angular = +2° (+0.035 rad)

Dimensions, in. (mm)

Size
A B o] D E F G H J
1.264 1.035 172 27/32 0.471 1 0.378 Ve Y2
Yo 32.1) (26.3) (31) (21) (12) (25.4) (9.6) (1.6) (2.4)
1.264 1.035 17/52 Va2 0.471 1 0.378 e a2
Ya (32.1) (26.3) (31) (24.6) (12) (25.4) (9.6) (1.6) (2.4)
1.446 1.144 1% 1%2 0.565 1546 0.378 a2 Y2
1 (36.7) (29) (34.9) (27.8) (14.3) (33.3) (9.6) (2.4) (2.4)
1.792 1.388 12%2 1Ya 0.690 1% 0.441 e Y8
1Va (45.5) (35.2) (43.6) (31.7) (17.5) (39.7) (11.2) 3) 3)
2.106 1.690 2Ve2 1% 0.690 1% 0.441 8 e
112 (53.4) (42.9) (51.6) (39.7) (17.5) (41.3) (11.2) (3) ()]
2.484 2.065 21%2 11848 0.848 1% 0.441 % s
2 (63.1) (52.4) (61.1) (49.2) (21.5) (47.6) (11.2) 3) 3)
2.985 2.545 27 2718 0.848 11¢4e 0.441 8 552
2V (75.8) (64.6) (73) (61.9) (21.5) (49.2) (11.2) 3) 4
3.604 3.202 312 3% 0.895 2 0.503 s 532
3 (91.5) (81.3) (88.9) (78.6) (22.7) (50.8) (12.8) 3) 4)
4.708 4.307 41932 4% 0.895 216 0.503 V3 2
4 (119.6) (109.4) (116.7) (104.8) (22.7) (52.4) (12.8) 3) (5.6)
5.728 5.312 5% 5% 0.897 2 0.503 a "2
5 (145.5) (134.9) (142.9) (130.2) (22.8) (54) (12.8) (3) (5.6)
6.929 6.362 6% 6%2 0.963 2V 0.659 s 2
6 (176) (161.6) (173) (156.4) (24.5) (57.1) (16.7) (3) (5.6)

FIG. 3 Adapter End Dimensions
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IAI o
dia.

|

|

upt

HF"
details dia.
sizes 4"
thru 6" only

el

dia. groove

|

&

. "D" min. wall

Note 1—Unidentified tolerances; fractional = *Y4 (*+0.4), angular = *2° (tO.d35 rad), decimal = %0.005 (£0.127)

Dimensions, in, (mm)

Size

A B c D E F
1.274 ) Va 12784 a2
2 . (32.3) (6.3) (36.1) (2.4)
1.274 Ya 12744 Y2
Ya (32.3) (6.3) (36.1) (2.4)
1.464 Co %2 - 119%2 Ya2
1 (37.2) (7.1) (40.5) (2.4)
1.810 %2 2 Yo
1Va (46) (7.1) (50.8) (3)
2.123 %2 2Vs Ve
1% (53.9) 7.1) 67.1) ®)
2.508 %2 2146 Ve
2 (63.7) (7.1) (68.3) %)
3.009 %2 3%s a2
2%z (76.4) (7.1) (81) 4)
3.628 %32 32532 a2
3 (92.1) (7.1) (96) 4) e
4,732 %2 41%1e /- Y2 32%s2
4 (120.2) (7.1) (125.4) - (5.6) (2.4) (99.2)
5.762 %2 53Va2 /a2 Yoz 45V
5 (146.1) (7.1) (151.6) - (5.6) (2.4) (121.8)
6.948 %42 T%a a2 Ya2 52939
] (176.5) (7.1) (181.4) . (5.6) (2.4) (150)

FIG. 4 Coupler End Dimensions

design shall be tested to determine conformance to this
specification.

10.2 Each coupling shall be tested as outlined in production
testing of 11.2. '

11. _Test_ Methods

11.1 Prototype testing of each size of each particular design
shall be as follows. Maintain the indicated test pressures for at
least 1 min without leakage.

11.1.1 Pressure test to twice the MAWP after having been
cycled (connected, closed, opened, and disconnected) three
times. ,

11.1.2 Pressure test at MAWP while applying a moment of
1000 in:-1bs (113 N-M) to one coupling half attempting to twist
it loose. Reapply MAWP after the moment is removed.

11.2 Production Test—Hydrostatically test each coupling to
1.5 times MAWP. ‘ :

11.3 The test apparatus for 11.2 is to be a state-of-the-art
device, designed to apply internal pressure to the coupling
halves with gasket in place. Dye the fluid used to .apply the

-hydrostatic pressure to facilitate observation of leakage should

leakage occur.

12. Inspection
12.1 Nondestructive examination of welds shall be per-
formed as required by ANSI B31.1. Additionally, 100 %

radiography of all welds is required for couplings equal to or
greater than 4-in. (100-mm) nominal diameter and when the

" nominal wall thickness is greater than 0.375 in. (9.4 mm).

413

12.2 The manufacturer is responsible for the inspection and

testing of each coupling and assuring conformity to this

specification. Samples selected for inspection, at least one
coupling from each lot of 100 or fraction. thereof, are to be
dimensionally checked 100 % to verify adherence to this
specification. Couplings having threads are to be inspected
using proper thread gages. The entire lot of couplings is to be
visually checked for porosity and other flaws that could
adversely affect usability of this product.

~12.3 The manufacturer shall afford the purchaser’s inspector
all reasonable facilities necessary to satisfy him that the
material is being furnished in accordance with this specifica-
tion. Inspection by the purchaser shall not interfere unneces-
sarily with the manufacturer’s operations. All examinations
and inspections shall be- made at the place of manufacture,
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B o

‘A'simin.
'B T
on any flat
57 y
'55‘[ 8 l
female

NPT threads
per A.N,S.I. B2.1

11"

lC!
minimum across flats

sizes %" thru 5"

A .
chain boss, may be rotated or

or point 3/16"dia.

/ hole

I"— Min.
I|[1'

Y 'C' hub
4 dia.
A

'El A

'E' number
number of of lugs
flats

size 6" only

Note 1—* Chain boss to be provided at the manufacturer’s discretion; number of flats or lugs provided are at the manufacturer’s discretion.

Unidentified tolerances; fractional * Y52 (£0.8)

Dimensions, in. (mm)

Size
A B C (minimum) D (minimum) E
%s a2 1.259 e 8
K23 (14.3) (5.6) (32)
%e a2 1.259 - 8
Y (14.3) (5.6) (32)
%ha a2 1.441 e 8
1 (14.3) (5.6) (36.6)
%e a2 1.787 e 8
1Va {14.3) (5.6) (45.4)
%e a2 2.100 . 8
12 (14.3) (5.6) (563.3)
%8 /a2 2.479 ce. 8
2 (14.3) (5.6) (63)
Ya %e 2.980 . 8
22 (19) (7.9) (75.7)
¥ %16 3.599 v 8
3 (19) (7.9) 91.4)
1 1332 4.703 s 8
4 (25.4) (10.3) (119.5)
1 1932 5.723 A 8
5 (25.4) (10.3) (145.4)
1%1e NA 6.924 Ya 2
6 (27) (175.9) (19)

FIG. 5 Adapter Female Threads End

unless otherwise agreed upon.
12.4 Other tests, when agreed upon, shall be made from
material of the lots covered in the order.

13, Certification

13.1 When specified in the purchase order or contract, the
manufacturer’s certification shall be furnished to the purchaser
stating that the samples representing each lot have been
manufactured, tested, and inspected in accordance with this
specification and the requirements have been met. When
specified in the purchase order or contract, a report of the test
results shall be furnished.

14, Product Marking
14.1 Each adapter and coupler shall be marked in accor-

414

dance with MSS-SP-25 including the following:
14.1.1 ASTM designation of this specification.
14.1.2 “C1T" if it is a Class I adapter or coupler.

15. Packaging and Package Marking

15.1 The couplings shall be packed according to the manu-
facturer’s standard practice, providing reasonable care to
prevent lost or damaged parts in shipment.

15.2 Containers and packages shall be marked or tagged to
adequately identify the contents or purchaser’s order number.

16. Quality Assurance

16.1 The manufacturer of the quick disconnect couplings
shall maintain the quality of the couplings that are designed,
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D -

"Alwd-min. A
. - 'D' number .

of flats

% l 'B' min

| j\/ hub
- female
NPT-threads ] - .
per A.N.S.I. B2.1 '
lBl

dia
min. across
flats

Note 1—* Number of flats or lugs provided is at the manufacturer’s discretion.
Unidentified tolerance; fractional *¥52 (+0.8)

D

sizes 1/2" thru 5" size 6" only

Size Dimensions; in. (mm)
A B (mini- C (mini- D
mum) mum)
“Yoq ' 1% . 8
1 (17.1) (30.2)
Ya 1Va N 8
Ya (19) (37.7)
Ya 1% 8
1 (19) (38.1)
Ya 2 8
1Va (19) (50.8)
o 2% 8
1% (22.2) (67.9)
. s 2% 8
2 (22.2) (69.8) )
1%32 3%e - 8
2% (29.4) (84.1)
1962 31%e e : 8
3 . (29.4) (100) :
1% 4196 . ’ 8
4 (34.9) (125.4)
1% 6 ' ces 8
5 (44.4) (1562.4) )
1Vs 7%e ' Ya 2
6 (81.7) (182.6) (19)

FIG. 6 Coupler Female Thread End

tested, and marked in accordance with this specification. At no
time shall a coupling be sold with this specification designation
that does not meet the requirements herein.

415
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R - 12

- [P Y

v
"B lee-' C ' Achain boss maybe rotated ,.3__
" or on flat or point 16 dia. hole
‘ minimum
321 |(min.) 8 1EY
l . l ‘D' min
" min. -
5716 I hub
\?ﬁﬁ’ ——r f 4 dia.
/ ! male
A— _l._ . NPT-threads
' per ANSIB2.1
S}
] D 1 A
min. across 'F' number s
flats of flats F' number
of lugs
sizeg 1/2" thru 5" sizes 6" only
Note 1—" Chain boss and number of flats or lugs provided is at the manufacturer’s discretion.
Unidentified tolerance; fractional *VY52 (£0.8)
Dimensions, in. (mm)
Size
A B C (minimum) D (minimum) E (minimum) F
%e %64 % (1.259) Ces 8
N (14.3) (5.2) (15.9) 32)
%s ¥4 £ 1.259 vee 8
Y (14.3) (5.2) (15.9) (32)
% 134 s 1.441 . 8
1 (14.3) (5.2) (22.2) (36.6)
(14.3) E7 s 1,787 e 8
1Va (5.2) (22.2) (45.4)
%e 13454 A 2,100 e 8
1% (14.3) (5.2) (22.2) (53.3)
%e 18/g4 %48 2.479 N 8
2 (14.3) (5.2) (23.8) (63)
Ys %4 1%4e 2.982 cee 8
2% (19) (7.5) (33.3) (75.7)
Ya 19/84 1he 3.599 e 8
3 (19) (7.5) (36.5) (91.4)
1 27/a4 19%e 4.703 e 8
4 (25.4) (10.7) (39.7) (119.5)
1 27/a4 1% 5.723 cee 8
5 (25.4) (10.7) (44.4) (145.4)
1 e 1% 6.924 Y 2
6 (25.4) (44.4) (175.9) (19)

FIG. 7 Adapter Male Thread End
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male
+— MPT-threads
per ANSIB2.1.

4

Size Dimensions, in.
(mm)
A
|
54 !
Y2 (15.9)
%
Ya (16.9)
/s
1 (22.2)
. %
1Va (22.2)
: s
1% ' (22.2)
1%/18
2 (23.8)
1%41e
2V (83.3) i
17/e i
3 . (36.5) |
1%1e . i
4 (39.7)
1%
5 (44.4)
1%
6 (44.4)

~ FIG, 8 Coupler Male Thread End _ |
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mye

M
(:1.6) (:3.2)(:1.6)

min.

+1/16 (+1.6

(-0)
(1.6)

—_ 'B'

- -2
A=)
‘D' Min.
32 (#1.6) (£3.2)(+1.6 116 (+1.6)
A chain +I/16° +1/8 +1/16 e £1/16 +1/8 *1/16 s
boss E F E  lee— -0 - ‘E’
1 (1.6)
/?R 1
T '
K &\W’—r t
IAI '
~j : 'B'  Dpia, 4 -
k ; Dia.
NS = l
1.

IAI
dia

T 'C' min. wall Barb 'C' min. wall
_."H' die,
flange type-C only
type-E only

Note 1—* Chain boss provided at the manufacturer’s discretion.
Note 2—Additional barbs may be provided at the manufacturer’s discretion.
Unidentified tolerance’s = +V52 (+0.8)

Dimensions, in. (mm)

Size
A B C D E F G H
1952 s Y2 1548 Ya Ya 1Ya s
V2 (15.1) (12.3) (2.4) (83.3) (6.3) (19) B1.7) (9.5)
27/32 RN ) 2 Ya Y 1Va Ys
Ys (21.4) (18.6) (2.4) (50.8) (6.3) (19) 81.7) (9.5)
1544 6334 %2 2Va % Ya 1% 78
1 (27.4) (25) (2.4) (57.1) (9.5) (19) 41.3) (11.1)
112 11544 8 2Vs Y% 1348 2 The
1Ys (34.1) (31.3) ()] (57.1) (9.5) (20.6) (50.8) (11.1)
119%2 134 Ve 2% % %e 2%e /e
1% (40.5) (37.7) (3) (60.3) (9.5) (20.6) (58.7) (11.1)
2%s2 1332 Y8 2% % 18 216 /e
2 (53.2) (50) 3) (69.8) (9.5) (28.6) (68.3) (11.1)
2% 234 %32 3% he 1% 3Y1s %e
21 (66.7) (63.1) (4) (79.4) (11.1) (34.9) (81) (14.3)
3% 23132 52 4 Y 196 32832 %16
3 (79.4) (75.4) (4) (101.6) (12.7) (39.7) (96) (14.3)
4% 33132 2 4Ya o 134 47 %6
4 (104.8) (100.8) (5.6) (107.9) (12.7) (44.4) (123.8) (14.3)
5% 5 2 4, Yo 1% 6%e %
5 (130.2) (127) (5.6) (114.3) (12.7) (44.4) (166.7) (15.9)
6% 6 a2 5 Yo 2% 7% Y4
6 (155.6) (152.4) (5.6) (139.7) (12.7) (66.7) (181) (19)

FIG. 9 Hose Shank End
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min
et —
min.
wall —__ I
- E Flange
data per
PSS A.N.S.1,
1 me.s
T s16.s
< B16.24
B16.42
{9'#§T)_2;>iE§ l }{
= | \ —
AT ___]
dia
inside
min.
Dimensions, in. {(mm)
Size
A B o}
e 2% Yaz
Y2 (17.5) (66.7) (2.4)
13%e 2% ¥Ya2
Ya (20.6) (66.7) (2.4)
1 3%1e Yaz
1 (25.4) (77.8) (2.4)
1%he 4 Y]
1a (33.3) (101.6) (3)
1%e 4 o
1% (39.7) (101.6) 3)
11848 4, Ve
2 (49.2) (107.9) 3)
2% 4 a2
2% (58.7) (107.9) (4)
27 4% a2
3 (73) (117.5): 4)
3% 4% a2
4 (88.9) (117.5) (5.6)
4% 5 a2
5 (111.1) (133.3) (5.6)
5% 6% a2
6 (139.7) (168.3) (5.6)

F

G

. 10 Flanged Coupler ANSI Class 150
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J B16.42

Flange

vata

per A.N.S.1,
B16.5
B16.24

Note 1—Chain boss to be provided at the manufacturer’s discretion.

Size

Dimensions, in. (mm)

A B ]
%2 1% Yaz

Y2 (15.1) (44.4) (2.4)
e 1% Ya2

Y (17.5) (44.4) (2.4)
Y6 2% Ys2

1 (20.6) (54) (2.4)
1" 2% ]
1Y (25.4) (60.3) (3)
1%2 2% Vs
1% (32.5) (66.7) 3
12152 2% 8
2 “2.1) (69.8) @)
2Ve 21%e )
2% (52.4) (71.4) ()
21%e 27 /a2
3 (68.3) (73) G)]
3e 27 /a2

4 (93.4) (73) (5.6)
411e 32 a2

5 (119.1) (88.9) (5.6)
5116 312 a2

6 (144.5) (88.9) (5.6)

FIG. 11 Flanged Adapter ANSI Class 150
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- F 1122

.A. ———'—.——-—4 » 'cl
min. 3/8%(9.5 £5/64 (22) — g

wall min. 77327(5.6)
v]: \

1/167(1.6)
min.

dia,
17743132 (22.0) _//
€
(6.7)
dia. hole /
Size Dimensions, in. (mm)
A Note 1—Unidentified Tolerance; Fractional = * Y64 (+0.4)
. . . Minimum Gas-
Yoo Sine Dimensions, in. {(mm) ket Compres-
Ve 24 A B c sion for Proper
;/32 Sealing
3,
" @9 1% z 2 0.030
; 2.4) N (34.9) (22.2) (5.6) (0.762)
A 1% /] /a2 0.030
1V @) Ya (34.9) (22.2) (5.6) (0.762)
A 1%4e 11418 a 0.030
114 @) 1 (39.7) @7) (6.3) (0.762)
Y 11546 12%4 2 0.030
5 @) 194 (49.2) (34.5) (6.3) (0.762)
S 2%e 1% Va 0.030
o1 @ 112 (55.6) (41.3) (6.3) (0.762)
a2 2% 2 a 0.030
3 @) 2 (66.7) (50.8) (6.3) (0.762)
oo 3% 2% Ya 0.080
4 (5.6) 2% (79.4) (60.3) (6.3) (0.762)
Y 32%2 3 Vs 0.025
5 (5.6) 3 (94.5) (76.2) (6.3) (0.635)
Tz 47% 4 Va 0.025
6 (5.6) 4 (123.8) (101.6) (6.3) (0.635)
52%32 478 Va 0.025
FIG. 12 Adapter Chain Boss End 5 (150) (123.8) (6.3) (0.635)
7he 6 Va 0.025
6 (179.4) (152.4) (6.3) (0.635)
FIG. 13 Gasket
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'A' Max :

\S

'B' dia. min.

Pull Ring Hole

Note 1—Unidentified tolerance: fractional *¥64 (£0.4)

Size Dimensions, in. (mm)

A =]
17 a2
V2 (47.6) 4)
17% ‘ 542
Ys ) (47.6) 4
' 17 i 2
1 (47.6) @
3 a2
1Ys (76.2) 4)
) ' a2
1% (76.2) ) (4)
- %4
2 SooTeRy. @
O P %2,
2V, (76.2) (4)
3 0 e Ya

3 ~ (82.5) h (6.3) '
3va . Va
4 (82.5) . (63)
: . 3va Ya
5 Dl (82.5) (6.3)
4% . . Va

6 s .(114.3) (6.3) \

F1G.;14 Cam Handle

1-5/16 dia

(33.3)

‘B
number
of turns

No 12 gage
0.103 dia
(2.7) wire

‘A’ gap

Nore 1—Unidentified tolerance: *Yie (+1.6); decimal _t0.00Z

(*0.05)
Dimensions, in. (mm)
Size
A
%e
V2 (4.8)
%he
Ya (4.8)
%e
1 (4.8)
%e
1Va (4.8)
Y1s
12 (4.8)
%he
2 (4.8)
%e
212 (4.8)
Va
3 (6.3)
Va
4 (6.3)
Ya
5 6.3)
Ya
6 (6.3)

FiG. 15 Pull Ring, Cam Handle

wae American Soclety for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights; -and the risk of infringement of such rights, are entirely their own responsibility.

)

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and

if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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Standard Specification for

Designation: F 1123 — 87 (Reapproved 1998)

Non-Metallic Expansion Joints'

An American National Standard

This standard is issued under the fixed designation F 1123; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification provides the minimum requirements
for construction, materials, performance, and dimensional
requirements of arch-type non-metallic expansion joints.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 The following safety hazards caveat pertains only to the
test method described in this specification. This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 ASTM Standards:

A 395 Specification for Ferritic Ductile Iron Pressure-
Retaining Castings for Use at Elevated Temperatures?

D 1418 Practice for Rubber and Rubber Latices—
Nomenclature?

2.2 Federal Standard:

Code of Federal Regulatlons Title 30, Chapter I, Mine
Safety and Health Administration*

2.3 ANSI Standards:

B16.1 Cast Iron Pipe Flanges and Flanged Fittings®

B16.5 Steel Pipe Flanges and Flanged Fittings®

B16.24 Bronze Flanges and Flanged Fittings®

" 3. Terminology

3.1 Definitions:

3.1.1 floating metallic ﬂange lype—expanswn joint having
the tube, fabric phe_s and cover brought up from the joint body
to form a bead.

Note 1—This bead is molded into a groove in the metallic flange.

! This specification is under the jurisdiction of ASTM Committee F-25 on Ships
and Marine Technology and is the direct responsibility of Subcommittee F25.13 on
Piping Systems.

Current edition approved Dec. 31, 1987. Published February 1988.

2 Annual Book of ASTM Standards, Vol 01.02.

3 Annual Book of ASTM Standards, Vol 09.01.

4 Available from Superintendent of Documents, Government Printing Office,
Washington, DC 20402.

3 Available from American Society of Mechanical Engineers, 345 E. 47th St.,
New York, NY 10017.

- Retaining rings are not required with this design.
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3.1.2 integral rubber flange type—expansion joint having
the tube, fabric plies, and cover brought up from the joint body
to form a rubber flange.

Note 2—Additional plies or other reinforcement may be used in the
flange to meet service conditions. Retaining rings must be used with this
design.

3.1.3 maximum allowable working pressure (MAWP)—
manufacturer’s recommended maximum continuous operating
pressure (Ib/in.? (Pa)).

3.1.4 non-metallic flanged expansion ]oznt—ﬂex1b1e con-
nector fabricated from natural or synthetic rubber and fabrics,
usually with metal reinforcement, to isolate vibration and noise
and provide stress relief in piping systems caused by thermal
changes and other system movements.

4. Ordering Information

4.1 Orders for products under this specification shall include
the following information:

4.1.1 Inside diameter of connecting pipes (joint ID).

4.1.2 Face-to-face dimension that is the flange-to-flange
dimension into which the expansion joint is to be installed.

4.1.3 Maximum and minimum operating pressure in
pounds-force per square inch gage (pascals).

4.1.4 Maximum and minimum operating temperature in °F
°C).

4.1.5 Flange drilling in accordance with the appendix titled
“Common Flange Dimension/Drilling Chart’* of the Technical
Handbook on Rubber Expansion Joints and Flexible Pipe
Connectors® (herein referred to as the Technical Handbook) or
in accordance with special customer requirements.

4.1.6 Fluid to be handled.

4.1.7 This ASTM specification designation.

4.1.8 Movement data requirements (including shock or
vibratory excursions if applicable).

4.1.9 Design certification burst test if required (see 9.1).

4.1.10 Hydrostatic or special tests if required (see 9.2).

4.1.11 Certification of expansion joint if required (see Sec-
tion 12).

4.1.12 Certified detailed drawing of the expansion joint if
required (see 12.2).

$The Technical Handbook on Rubber Expansion Joints and Flexible Pipe
Connections is available from Fluid Sealing Association, 2017 Walnut St., Phila-
delphia, PA 19103.
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5. Materials and Manufacture

5.1 Expansion joints shall be fabricated with an elastomeric
tube reinforced with multiple plies of woven cloth or tire cord
covered with synthetic rubber. The inner tube shall be a natural
rubber, synthetic rubber, or blend of synthetic rubber that meets
the requirements of this specification. The woven cloth or tire
cord shall be nylon, polyester, fiberglass, or aramid. Cotton is
not acceptable. The reinforcing fabric shall be impregnated
with a compatible friction stock. Additional reinforcement to
the fabric may be provided in the body of the expansion joint
and may be solid metal rings or wire imbedded in the synthetic
rubber. Tensile properties of the wire, if used, shall be as given
in 5.2. Body rings, if used, must be welded before being
installed in the expansion joint body. Welds must be 100 %
penetration.

5.1.1 The list of elastomers used in expansion joints and
rubber pipe in accordance with the Technical Handbook® lists
acceptable natural rubber and synthetic elastomers for con-
struction of non-metallic expansion joints.

5.2 Reinforcing wire shall have properties that allow the
expansion joints to meet the requirements of this specification.

5.3 All expansion joints shall be manufactured with a cover
of Hypalon or Neoprene (Chloroprene), in accordance with
Practice D 1418. This cover material must consist of 100 %
Hypalon or Chloroprene (not blended with any other elas-
tomer) plus normal additives to provide for curing and a
durometer between 50 and 75 on the Shore A Scale. Neoprene
and Hypalon are selected as the best fire-retardant elastomer of
the common types used for expansion joints. This material
shall be certified flame resistant as outlined in 10.3.

5.4 Integral Flanges—The tube, fabric plies, and cover
shall be brought up from the joint body to form an intregal
flange. This rubber flange shall extend beyond the bolt holes of
the retaining ring, :

5.5 Floating Metallic Flanges—The metal ﬂanges shall
have a groove to accept the molded bead in the body at each
end of the expansion joint bellows.

5.6 Arches—Arches may be either straight sided or long
radius depending on the manufacturer’s standard construction.
The arch size and shape determine the movement capability of
the joint. Minimum movement capability of single arch joints
shall be in accordance with the Technical HandbookS table
titled “Expansion Joint Movement Force/Spring Rate Capabil-
ity.”” Movement capability information for multiple arch de-
signs shall be available from the manufacturer.

5.7 Metallic Flanges:

5.7.1 Flanges shall be drilled in accordance with the Tech-

. nical Handbook® appendix titled “Common Flange Dimension/

Drilling Chart” or in accordance with the customer order as
required, to match the mating flanges.

5.7.2 Metallic flanges shall meet the material requirements
and pressure-temperature ratings in accordance with ANSI
B16.1, B16.5, or B16.24.

5.8 Retaining Rings—Retaining rings for the integral flange
type are installed behind the flanges and are drilled to match
the flange drilling. The sections supplied for each flange should
be split at the bolt holes to ensure a proper seal at all points
when the bolts are tightened. The edge next to the rubber flange

423

shall be broken or bevelled to prevent cutting the rubber
flanges. Retaining rings must be a minimum thickness of % in.
(9.5 mm) and shall be made of steel or ductile iron. Carbon
steel shall be galvanized. Ductile iron shall be in accordance
with Specification A 395.

6. Other Requirements

6.1 All expansion joints shall be designed for a minimum
burst pressure of four times the maximum allowable working
pressure. The design shall be based on analytical or experi-
mental test of expansion joints of similar construction, class,
type, and size. The design shall be certified by tests if ordered
(see 4.1.9).

6.2 Performance Requirements—Single arch expansion
joint movement shall not exceed the limits of the Technical
Handbook® table referred to in 5.6 unless the manufacturer
certifies that a proposed design can exceed the listed minimum
movement capability to meet a special requirement greater than
the minimum listed. Multiple arch-joint movement shall be of
the manufacturer’s certified design.

6.3 Pressure Rating—Expansion joints shall be limited to
the pressures listed in the table “Pressure Characteristics of
Rubber Expansion Joints’” of the Technical HandbookS.

7. Dimensions and Permissible Variations

7.1 Expansion joints shall be dimensioned in accordance
with the Technical Handbook® table titled “Expansion Joint
Movement/Force/Spring Rate Capability.”’

8. Workmanship, Finish, and Appearance

8.1 Tube—The tube shall be free from cuts and breaks or
severe abrasions. Small depressions and indentations are ac-
ceptable as long as the surface of the elastomer is not broken

8.2 Integral Rubber and Fabric Flange:

8.2.1 The face of an integral rubber and fabric flange shall
be free of cuts or obvious breaks and shall be covered with
rubber. The most critical portion of the flange is from the inside
diameter of the joint out to the bolt holes.

8.2.2 Bolt holes shall be drilled cleanly through the rubber
flange. The retaining rings shall be checked for proper align-
ment with bolt holes.

8.2.3 The outer edge of the flange shall be sealed with
rubber, so that moisture from the atmosphere cannot attack the
reinforcing fabrics.

8.2.4 The surface of the rubber flange against which the
retaining rings are installed shall be covered with rubber. The
surface may be irregular and building form tooling marks are
not objectionable.

8.3 Expansion Joint Cover and Body—The cover of a joint
does not contribute to the strength of the joint. Its purpose is to
keep fluids from the atmosphere or surroundings from being
absorbed into the body plies of fabric. Surface blemishes, such
as flash, nylon wrap markings, grooves, and other indentations
in the cover, over the arch, or in the body area, are not harmful
as long as the body fabric is not exposed.

9. Number and Type of Tests

9.1 Prototype Test:
9.1.1 When required by the purchaser, an expansion joint of
each size and type shall be burst tested to determine its




maximum allowable working pressure (see 10.1).

9.1.2 The outer covering material of the expansion joint
shall be tested to determine its self-extinguishing characteris-
tics (see 10.3).

9.2 Production Test—When required by the purchaser, an
expansion joint shall be hydrostatically tested to 1.5 times its
maximum allowable working pressure at its rated maximum -
operating temperature (see 10.2).

10. Test Methods

10.1 Burst Test—Fill each joint to be tested with water
before the application of pressure, allowing all air in the joint
to escape. Apply pressure at a uniform rate until failure of the
joint occurs. Consider the pressure at which any fluid leakage
first occurs as the bursting pressure of the joint. The maximum
allowable working pressure of the joint shall be less than or
equal to ¥4 the bursting pressure determined by this test.

10.2 Hydrostatic Test—Fill each joint to be tested with
water before the application of pressure, allowing all air in the
joint to escape. Apply pressure at a uniform rate up to the test
pressure. The joint shall show no sign of leakage at the test
pressure.

10.3 Flame Resistance Test—Test four spemmens of the
joint, ¥4 by 6 in. (12.7 by 152.4 mm) by the thickness of the -
expansion joint, in accordance with 30 CFR 18.65(b) through
(d). Consider the expansion joint flame resistant if the tests of
the four specimens meet the test reqmrements in 30 CFR
18.65(e).

11. Inspection

11.1 Inspection of the material shall be agreed upon be-
tween the purchaser and the suppher as part of the purchase
contract. ‘
12. Certification

12.1 When specified in the purchase order or contract, the

manufacturer’s certification shall be furnished to the purchaser
stating that samples representing each lot have been manufac-
tured, tested, and inspected in accordance with this specifica-
tion and the requirements have been met. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

12.2 When specified in the purchase order or contract, a

‘certified drawing detailing the expansion joint shall be pro-
vided.

13. Product Marking

13.1 Each expansion joint shall be permanently marked or
tagged with the following information:

13.1.1 Manufacturer’s name or trademark

13.1.2 Nominal diameter.

13.1.3 Manufactured date (month and year).

13.1.4 Maximum allowable working pressure and tempera-
ture (psi/°F (Pa/°C)).

13.1.5 Face-to-face dimension.

13.1.6 ASTM designation and year of issue of this specifi-
cation.

14. Quality Assurance

14.1 The manufacturer of the expansion joint shall maintain
the quality of the joints that are designed, tested, and marked in
accordance with this specification. At no time shall a joint be
sold with this specification desxgnatlon that does not meet the
requirements herein.

15. Keywords

15.1 arch-type non-metallic expansion joints; expansion
joints

The'American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any itern mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights; and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five-years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views Kriown to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,

ETEEN

424

1455






1457



Designation: F 1155 — 98

Standard Practice for

An American National Standard

Selection and Application of Piping System Materials’

This standard is issued under the fixed designation F 1155; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision, A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice is intended as a guide to shipbuilders,
shipowners, and design agents for use in the preparation of
piping system material schedules for commercial ship design
and construction.

1.2 The materials and limitations listed in Tables 1-28 meet
the minimum requirements of the U.S. Coast Guard and the
American Bureau of Shipping and should be considered to be
the minimum acceptable materials in regard to material,
design, and testing. This document is not intended to limit the
selection of material strictly to those listed. Other equal or
superior materials may be used provided that they are accept-
able to the regulatory bodies and classification societies.

2. Referenced Documents

2.1 ASTM Standards:

A 53 Specification for Pipe, Steel, Black and Hot-Dipped,
Zinc-Coated Welded and Seamless?

A 105/A105M Specification for Carbon Steel Forgings for
Piping Applications®

A 106 Specification for Seamless Carbon Steel Pipe for
High-Temperature Service?

A 134 Specification for Pipe, Steel, Electric-Fusion (Arc)-
Welded (Sizes NPS 16 and Over)?

A 139/A 139M Specification for Electric-Fusion (Arc)-
Welded Steel Pipe (NPS 4 and Over)?

A 178/A 178M Specification for Electric-ResistanceWelded
Carbon Steel and Carbon-Manganese Steel Boiler and
Superheater Tubes?

A 179/A 179M Specification for Seamless Cold-Drawn
Low-Carbon Steel Heat-Exchanger and Condenser Tubes?

A 181/A 181M Specification for Carbon Steel Forgings, for
General-Purpose Piping?

A 182/A 182M Specification for Forged or Rolled Alloy-
Steel Pipe Flanges, Forged Fittings, and Valves and Parts
for High-Temperature Service?

A 192/A 192M Specification for Seamless Carbon Steel
Boiler Tubes for High-Pressure Service?

A 193/A 193M Specification for Alloy-Steel and Stainless

! This practice is under the jurisdiction of ASTM Committee F-25 on Ships and
Marine Technology and is the direct responsibility of Subcommittee F25.13 on
Piping Systems.

Current edition approved April 10, 1998. Published July 1998. Originally
published as F 1155-88. Last previous edition F 1155-88 (1993)tepsiv 11,

2 Annual Book of ASTM Standards, Vol 01,01,
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Steel Bolting Materials for High-Temperature Service?

A 194/A 194M Specification for Carbon and Alloy Steel
Nuts for Bolts for High-Pressure and High-Temperature
Service?

A 213/A 213M Specification for Seamless Ferritic and Aus-
tenitic Alloy-Steel Boiler, Superheater, and HeatExchanger
Tubes?

A 214/A 214M Specification for Electric-ResistanceWelded
Carbon Steel Heat-Exchanger and Condenser Tubes?

A 216/A 216M Specification for Steel Castings, Carbon,
Suitgble for Fusion Welding, for High-Temperature Ser-
vice

A 234/A 234M Specification for Piping Fittings of Wrought
Carbon Steel and Alloy Steel for Moderate and High
Temperature Service?

A 242/A 242M Specification for High-Strength Low-Alloy
Structural Steel*

A 249/A 249M Specification for Welded Austenitic Steel
Boiler, Superheater, Heat-Exchanger, and Condenser
Tubes?

A 283/A 283M Specification for Low and Intermediate
Tensile Strength Carbon Steel Plates*

A 307 Specification for Carbon Steel Bolts and Studs,
60 000 Psi Tensile Strength’

A 320/A 320M Specification for Alloy Steel Bolting Mate-
rials for Low-Temperature Service?

A 335/A 335M Specification for Seamless Ferritic Alloy-
Steel Pipe for High-Temperature Service?

A 351/A 351M Specification for Castings, Austenitic, Aus-
tenitic—Ferritic (Duplex), for Pressure—Containing Parts®
A 387/A 387M Specification for Pressure Vessel Plates,

Alloy Steel, Chromium-Molybdenum#*

A 395 Specification for Ferritic Ductile Iron Pressure-
Retaining Castings for Use at Elevated Temperatures®

A 515/A 515M Specification for Pressure Vessel Plates,
Carbon Steel, for Intermediate- and Higher-Temperature
Service*

A 536 Specification for Ductile Iron Castings®

A 563 Specification for Carbon and Alloy Steel Nuts®

B 61 Specification for Steam or Valve Bronze Castings®

3 Annual Book of ASTM Standards, Vol 01,02,
4 Annual Book of ASTM Standards, Vol 01.04.
% Annual Book of ASTM Standards, Vol 15.08.
S Annual Book of ASTM Standards, Vol 02.01.
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B 62 Specification for Composition Bronze or Ounce Metal
Castings®

B 88 Specification for Seamless Copper Water Tube®

B 466 6Speciﬁcation for Seamless Copper-Nickel Pipe and
Tube

B 467 Specification for Welded Copper-Nickel Pipe$

D 2996 Specification for Filament-Wound “Fiberglass’’
(Glass-Fiber-Reinforced Thermosetting-Resin) Pipe’

D 2997 Specification for Centrifugally Cast “Fiberglass”
(Glass-Fiber-Reinforced Thermosetting-Resin) Pipe’
D 4024 Specification for Machine Made “Fiberglass”
(Glass-Fiber-Reinforced Thermosetting Resin) Flanges’
F 682 Specification for Wrought Carbon Steel Sleeve-Type
Pipe Couplings®

F 683 Practice for Selection and Application of Thermal
Insulation for Piping and Machinery®

F 704 Practice for Selecting Bolting Lengths for Piping
System Flanged Joints®

F 722 Specification for Welded Joints for Shipboard Piping
Systems®

F 1476 Specification for Performance of Gasketed Me-
chanical Couplings for Use in Piping Applications®

F 1548 Specification for the Performance of Fittings for Use
with Gasketed Mechanical Couplings Used in Piping
Applications®

2.2 ANSI Standards:®

B16.5 Steel Pipe Flanges and Flanged Fittings

B16.9 Factor Made Wrought Steel Buttwelding Fittings

B16.10 Face to Face and End to End Dimensions of Valves

B16.11 Forged Steel Fittings, Socket Welding and Threaded

B16.15 Cast Bronze Threaded Fittings Class 125 and 250

B16.18 Cast Copper Alloy Solder Joint Pressure Fittings

B16.22 Wrought Copper and Copper Alloy Solder Joint
Pressure Fittings

B16.24 Bronze Flanges and Flanged

B16.28 Wrought Steel Buttwelding Short Radius Elbows
and Returns

B16.34 Valves Flanged, Threaded and Welding End

B16.42 Ductile Iron Pipe Flanges and Flanged Fittings

B18.2.1 Square and Hex Bolts and Screws Inch Series

B18.2.2 Square and Hex Nuts (Inch Series)

B31.1 Power Piping

B36.10 Welded and Seamless Wrought Steel Pipe

B36.19 Stainless Steel Pipe

2.3 Manufacturer’s Standardization Society of the Valve

and Fitting Industry Standards:*°

SP-67 Butterfly Valves

SP-72 Ball Valves with Flanged or Butt-Welding Ends for
General Service

SP-80 Bronze Gate, Globe, Angle and Check Valves

SP-83 Carbon Steel Pipe Unions, Socket-Welding and
Threaded

7 Annual Book of ASTM Standards, Vol 08.04.

8 Annual Book of ASTM Standards, Vol 01.07.
9 Available from American National Standards Institute, 11 W, 42nd St., 13th

Floor, New York, NY 10036.

10 Available from Manufacturer’s Standardization Society of the Valve and

Fittings Industry, 127 Park St.,, N.E. Vienna, VA 22180.
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2.4 Other Documents:
ASM]li1 Boiler and Pressure Vessel Code, Sections I and
vin
ABS’ Rules for Building and Classing Steel Vessels!?
Title 46, Code of Federal Regulations, Parts 41 to 69'3
NVIC 11-86; Guidelines Governing the Use of Fiberglass
Pipe (FGP) on Coast Guard Inspected Vessels'?
MIL-F-1183 Fittings, Pipe, Cast Bronze, Silver-Brazing'®

3. General Requirements

3.1 Shipboard piping systems shall be in accordance with
ANSI B31.1 except as modified by 46 CFR Part 56 of the U.S.
Coast Guard regulations and Sections 36 and 44 of the ABS’
Rules.

3.2 Piping systems shall be classed in accordance with 46
CFR 56.04.

3.3 Valves shall be in accordance with 46 CFR 56.20.

3.4 Valves for Class I systems shall be in accordance with
46 CFR 56.20-9(b) and if larger than 2-in. NPS shall not have
socket weld ends.

3.5 Resilient seated valves shall be in accordance with 46
CFR 56.20-15. .

3.6 Dimensions of ductile iron gate, globe, angle, and check
valves shall be in accordance with ANSI B16.34 and shall use
the adjusted pressure temperature ratings of ANSI B31.1,
Appendix E.

3.7 Flanges for flanged valves and fittings and their com-
panion flanges shall be in accordance with 46 CFR 56.25 and
56.30-10.

3.8 Bolting shall be in accordance with 46 CFR 56.25-20.
Practice F 704 shall be used as a guide for determining flange
bolting lengths.

3.9 Socket weld joints shall be in accordance with 46 CFR
56.30-5(c) and 56.30-10(b), Method 4, and shall not exceed
3-in. NPS for Class I and II-L service.

3.10 Threaded joints shall be in accordance with 46 CFR
56.30-20 and shall not exceed 2-in. NPS for Class I systems.
3.11 Flared, flareless, and compression tube fittings shall

be limited to 2-in. OD or below and shall be in accordance
with 46 CFR 56,30-25.3.12

3.12 Brazed socket type joints shall be in accordance with
46 CFR 56.30-30 and 56.75.

3.13 Gasketed mechanical couplings and fittings for use
with gasketed mechanical couplings shall be in accordance
with 46 CFR 56.30-35.

3.14 Flexible pipe couplings of the compression or slip-on
types shall be in accordance with 46 CFR 56.30-40.

3.15 For restrictions on the use of welded tube and pipe, see
46 CFR 56.60-2(b).

3.16 Ferrous pipe used for saltwater service shall be pro-
tected against corrosion in accordance with 46 CFR 56.60-3(a).

3.17 All welding of Class I and II piping shall be in
accordance with 46 CFR 56.70 and Specification F 722.

11 Available from American Society of Mechanical Engineers, 345 E. 47th St.,
New York, NY 10017,

12 Available from American Bureau of Shipping, Book Order, 45 Eisenhower
Dr., Paramus, NJ 07652,

12 Available from Superintendent of Documents, U.S. Govemment P<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>