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- CARBON, TOTAL ORGANIC AND INCRGANIC U

Carbon may exist in sediment and water samples as either
inorganic .or organic campounds. Inorganic carbon is present as carbo-
netes, bicarbonates, eand possibly free carbon dioxide. Specifiz tyges.

iof compouﬁds ;haﬁ are considéred to be included in the orgsnic ca:bén

fraction are nonvolatile drganic compounds (sugars), veletile organic

ccmpounds (mercaptans), partially volatile campounds (oils), an
) *
). 192

particulate carbonacecus meterials (cellulose
~ The basis of the method is the catalytic or chemical

oxidetion of cerbon in carbon-conteining compounds to carbon dioxide

followed by the quantificetion of the carbon dioxide produced.

Alternately, the carton may be reduced to ﬁethane an¢ eppropriately

quantified. It follows, then, thit the distinction between inoréanic

cerbon and organic cerbdon is the method of sample pretreetment. There

ere presently two procedures for defining this separation. One method

is based on sample treatment with & strong acid. Analysis of an | N

untreated‘sample is & measure of total carton while anelysis of the ’ \\/}

ecid-trested fraction is a measure of organiec cardton. Inorganic cardon o

is celculated by subtraction. The second method of separation is

bvased on differential thermal cambustion with organic compounds being

" comverted to carbon dioxide st 500°C to 650°C3’" and inorganic carbon

being converted to carbon dioxide at 950°C to 1300°C.**S

Sample Handling and Storege

Flowcharts for the handling of samples intended for organic
carbton and imorganic cerbon enalysis are presented in Figure 3-€ and -
Figure 3-7. Water and sediment samples to be analyzed for inorganic
carbon may be stored in glass or plastic conteiners. There 18 no
étrective preservative because of the carbon dioxide reserve in the
atmosphere. The only precsution that can be taken for inorganic

% References for this ﬁrdcedu.re can be found on page 3-T6. nR30 | 362 o
o . . \_/
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carbton is to ccompletely fill the sample container et the time of
sampling (exclude all air bubbles), tightly seal the container, and
cemplete the analysis immediately (Figure 3-6).

Weter samples_for’orgapic carbon enalysis should be stored
in glass containers unless substitute containers have been shown not
to affect total orgenic cerbon (TOC) analyses. Samples should be
processed as soon as possible (within 24 hr if possidle) to minimize
change due to chemical or b1o1og1ca1 oxidetion. Atmospheric uptake
of carbon dioxide is less critical since it would be evolved when the
semple is acidified prior to enalysis. Sediment saﬁples for organic
carbon analysis mﬁy be stored in either plastic or glass containers
(Figure 3-7). Air drying of sediments (S2) may lead to low TOC
results due to oxidation or volatilization. Therefore; moistvstorage
(SID) or frozen storage (S3) would be the preferred method of storage.
If samples are frozen, excessive temperstures should not be used to

thaw the samples.
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Procedurs for Water Samples (W1, w2, S1A) o/

Method 1: Infrared Analysis®'’

Apzaratus

Sample homogenizer such as a Waring blender or ultrasonic blender
Magnetic stirrer

Hypodermic syringe

Total cardon analyzer, either a single channel or a dual channel
instrument (Dow-Beckman Carbonaceocus Analyzer Yodel
No. 915, Dohrmann Envirotech DC-50 carbon analyzer,
Oceancgraphy Internaticnal Total Carbon Analyzer, Leco,
or equivalent)

Reagents

Distilled water: the distilled water used in the preparation of
’ standards and dilution of samples should be of the
highest quality in order to have a small blank.

Crganic carbon, stoek solution, 1000 mg/f C: dissolve 2.125 g
anhydrous potassium biphthalate, KHCs HuOs, in distilled
watar and dilute to 1 ¥ in a volumetric flask.

Organic carbon, standard soluticns: prepare standard solution by ‘ )
diluticn of the stock solution as required.

Inorzanic cardon, stock solution, 1000 mg/2: dissolve 3.500 g sodium
bicarbonate, NaHCO3, and 4.418 g sodium carbonate, Na2C0s,
in distilled water in a l-% volumstric flask and make up
to the mark.

Inorganic carbon, standard soluticn: prepare standards fram the stock
solution as required. ‘

Packing for total carbon tude: dissolve 20 g cobalt nitrate,
CO(NOj3)2* 6H20, in 50 ml distilled wvater. Add this
solution to 15 g long-fiber asbestos in a porcelain
evaperating dish. Mix and evaporate to dryness on a
steam bath. Place the dish in a muffle furnace and
tring to 950°C.. After 1 to 2 hr at this temperature,
remove the dish and allow to cool. 3Break up any large
lumps and mix adequately but not excessively. With the
combustion tube held in a vertical positicn, taper joint -
up, put adout 1/2 in. of untreated asdestos in the tude
first, then transfer in small amounts, approximately 1 g
of catalyst into the tube with forceps or twveezers. As
it 13 added, tap or push the material gently with a 1/L-in.
8lass rod. "Do not force the packing. The weight of the
rod itself i3 sufficient to compress the matarial. When

completed, the length of the packing should be aﬂ}f;
6 cm. Test the packed tube by measuring the flow za.?;oct 3§§

3-69 | '
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gas through it at room temperature, and then atv750°c.
The rate should not drop more than 20 percent.

Packing for carbonate tube (dual charnel instrument): place a small wad
of quartz wool or asbestos near the exit end of the
carbonate evolution tube. From the entrance end 243 € +o
12 mesh quartz chips, allowing these to collect against the
wad to & length of 10 cm. Pour an excess of 85 percen®
phosphoric acid, HyPO,, into the tube while holding it
vertically and allow the excess to drain out.

Nitrogen gas, carbon dioxide free.
Procedure o

Turn on the infrared analyzer, recorder, and tube furnaces,
setting the totel carbon furnace et 950°C and the cerbonate furnace at
175°C. Allow sufficient warm-up time for stable, drift-free operation;
ebout 2 hr is required. If used daily, the anselyzer éan_be left on
continucusly. Adjust the oxygen flow rate to 80 to 100 ml/min through
the totel carbon tube. With other instruments, follow manufacturer's
directions to varm up the instrument:

Immediately prior to carrying out csalibrations or anslyses,

‘inject several portions of the eppropriate standard into the tube to dbe

used, until constant readings are obtained. The actusal injection
technique is as follows: finse the syringe several times with the
solution to Ve enalyzed, £1ill, and adjust the volume to be pibeted.
Wipe off the excess with soft paper tissue, taking ceare that no lint
adheres to the needle. RemoveAthe plug from the syringe holder, insert
the sample syringe, and inject the sample intc the combustion tube with
a single, rapid movement 6t the thumb. Leave the syringe in the holder

‘until the flow rate returns to normal, tken replace i§ with the plug.

Successively introduce e convenient sized eliguot (20 to
S0 ul) of each organic carbon standard and & black into the total cerbon
tube and record peak heights. Between injections allew the recorder
pen to return to its baseline. When e dual channel instrument is used,
the standardization procedure must be repeated using carbtonate standards
to calibrate the low temperature channel. .

. Thoroughly mix the sample., Inject a convenient sized

aliquot (20 to SO pl) of the sample into the total carbon tubenaﬁcbo 1367

3-T0



record the peak -height. This result is a measure of the organic carben
conceatration and the incrganic carbon concentration of the sempla,

Thoroughly mix the sample using a Waring blender or an ulira-
sonic homogenizer. Transfer 10 to 15 ml of samﬁle to a 30-ml beaker and
acidify with concentrated HCl to a pH of 2 or less. >Durge the sample.
with carbon dioxide free nitrogen gas for 5 to 10 min. ?Flastic tubing
should not bg used during the purging process unless it has been
previocusly showm that it will not add organic carbon to the sample,

Mix the acidified sampls on a magnetic stirrer. While
stirring, withdraw a subsample frcm the beaker using a hypedermic
needle with a 150-un opéning. Inject the sample into the carbon
aralyzer to be used and record the peak height. This result is a
neasure of the organic carbon concentration of the sample.

Using either clear or filtered water samples, analytical
precision will apprcach 1 to 2 percent or 1 to 2 mg/l carboh, whichever
is greater. Analytical precision for unfiltered water samples will
increase to 5 to 10 percent because of the difficulty associated with
sampling particulate matter and the fact that the needle opening of
the syringe limits the maximum size of the particles that can de
included in the sample.

Calculations _

Dual-channel instrument. Prepare calibration curves:
derived frcm the peak heights obtained with the standard total carboen
and inorganic cardon solutions. '

Determine the concentration of total carbon and incrganic
carbon in the sample by comparing sample peak heights with the calie
bration curves.

Determine the concentration of total inorganic carden in
the sample by subiracting the organic cardoa value from tﬁe total
carbon value.

Single-channel ingtrument. Prepare a calidbration curvs
derived from the peak heights obtained with the standard total carboa
solutions. Datermine the total carden concentration in the saﬁple by
camparing the peak height of the first sample injection wf}R§8 1368

-1



:\,/ calibration curve, ’Determine the organic cerbon concentration ir the
i sample by comparing the peak height of the second sazple injection with
the calibration curve. Inorganic carbon concentrations ere calculated

by subtracting the orgenic carbon concentration from the total carbon
conceatration.

9 - 'AR301369
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Procedures for Sediment Samples (S1D, S3)
—_— AN
Method 1: Sample Ignition

Apparatus

Induction furnace such as the Leco WR-12, Dohrmann DC-50, Coleman CH
analyzer, or Perkin Elmer 240 elemental analyzer

Combustion boats.
Microbalance
Desiccator

10 percent hydrochloric acid: mix 100 ml concentrated HCl with 900 ml
distilled water,

Copper oxide fines,
Benzoic acid.

Procedursa

Dry at T0°C and grind the sediment sampla.

Weigh a cambustion boat and record the weight. Place 0.2
to 0.5 g homogenized sedimenf in the combustion becat and reweigh.
Combustion boats should not be handled with the bare hand during this N\
process.

If total cardon or inmorganic carbon is to be determined,
Cupric oxide fines may be added to the sample to assist in ccmbustion.
Combust the sample in an induction furnace. Record the result as total
carbdon. ' '

If organic carbon is to be determined, treat a known weight
of dried sedimeat with several drops of 10 percent HCl. Wait wmtil
the effervescing is completed and add more acid. Continue this process ‘
until the incremental addition of acid causes no further effervescencs.
Do not add too much acid at one time as this may cause loss of sample : -
due to frothing.

Dry the sample at 70°C and place in a desiccator. Add
Cupric oxids fines, combust the sample in an induction furnace, and
record the result as organic carbdoa.

AR301370
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Calculations
The carbon content of the sample can be calculated as:

o~ . Weight of tube (after-béfore) .
e E sample weight x 27.29

Derivation of factor:

12.011 (molecular weight carbon) o
27.29 = [T7311 (moleculer welght carbon dioxide). 19¢%
When the total sample results are used, the result is
percent carbon in the sample, When scid-treated samples are used, the -

result is percent orgenic certon. Inorganic carbon is calculated as
totael carbon minus organic carbon.

Method 2: Differential Combustion®®®

Apparatus ‘ ]
Sergent prograhmed ﬁicrocombustion appératus or equivalent
Microbelance |

Procedure ‘ .
Alr dry the sedimept sample. Using a mortar and pestle,
grind the sample to pass & IOO-mesh.screeh.

Combust & known weight of sediment at a prograrmed heating
rate of 300° to 950°C in 10 min end then maintein 950°C for 20 min.
Trap the CO; in escarite end record the weight as total carbon. A
sample size should be selected that will produce 25 to 50 mg CO;.

Weigh a seceond portion of the dried sediment. Combust this
sample at a programmed rate of 300° to €50°C in 10 min end maintain
650°C for 20 nin.“ Trap the CO2 in ascarite end record the weight as
organic carbon.

Calculations

The total cerbon concentration, Cy, of the sample (in mg/g)

is calculated as follows:

¢, = (%t) (1)
o
vhere ﬂR30!37|

Xy = weight of COz evolved at 950°C, g

3Tk



g = weight of sample combusted, 2 A -/

The organic carbon, C,, concentration of the sample {in =gz/3)

is calculated as rollovs: :
~ cQ =3 xo &
’ _ %3)

X = weight of CO; evolved at 650°C, zg
g = weight of sample combusted, g

where

Inorganic carbon, Cqs (in mg/g) is calculated as:

2% =6

Method 3: Wet Combustion®®®
A third method has been used for carbon in sedizents. This
is based on the oxidation of the sample with dichromate and back titra-
tion of the sample with ferrous ammoniwm sulfate. References are
provided for the procedure but destails are not given. The procedurs
is similar to the chemical oxygen demand test which is not specific \~4/
for carbon. The wat combuétion ﬁethod is a redox procedure and any
reduced chemicals in the sediment samples (ferrous iron, manganous
zanganese, sulfide) will resct with the dichrcmate. Thersfore, this

pracedﬁre 13 not recommended unless other instrumentation is not
available.

3-75
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7.1
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chioride solution (see Section 5.0), . dep on
-considered- calcareous-or..-noncalrerenus. .. The pH .of. thes .solution {s then

- METHOD 9043
. SOIL pH

r

1.0 SCOPE AND APPLICATION

1.1 Method 3045 1s an- electrometric procedure whirh has been approved -
for measuring pH i1n calcareous and noncalrareous solls.

2.0 SUMMARY OF METHOD

2.1 The-'soil-sample s mixed sither with Type II vater or with a calchn
whether the soil s

measured with a3 pH meter,

3.0 INTERFERENCES
3.1 Samples with very lowor very'hfgh pH may give incorrect readings on

the meter. For.samples with a true pH of D10, the measured pH may bs

incorrectly low. This error can. be wminipized by using a low-sodimm-error
electrode. _Strong.acid solutions, #ith a trus pH of {1, may give incovrrectly

. ’high pH measurements.

3.2 Temperature fluctuations «ill rause measurement evrovs.

- 3.3 Errors will .occur when the electrodes become coated., If an
electrode becomes coated with an oily material that will not rinse free, the

glectrode can either {1) be tieaned with an ultrasonic bath, or (2) de washed -

with detergent, rinsed several times with water, tgl:ce’d in 1:10 HC) s0 that

the lower third of the electrode is subwerged, and thoroughly rinsed with
‘water, : ' :

4.0 APPARATUS AND MATERIALS

4.1 pH Meter with wmeans for temperature compensation,
4.2 Electrodes:
4.2.1 Calome] electrode.
4.2.2 Blass electrode.

glass.

4.5 Beaker: 30-al.

ss—1  AR301374
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4.2.3 A combination ﬂmm be employed fastead of calomel or '
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4.6 VYolumetric flask: 2-Liter.

4.7 Volumetric flask: 1-Liter. - Tl

5.0 REAGENTS

5,1 ASTH Type II water (ASTH D1193): Water should be monftored for
{mpurities.- » : '

5.2 Primary standard buffer salts are available from the National Bureau
of Standards (NBS) and should be used 1n situations where extreme accuracy s
necessary. Preparation of reference solutions from these salts requires some

special precautions and handling, such as low-conductivity dilution water,

drying ovens, and carbon-dioxfde-free purge gas. - These solutions should be
replaced at least once each month.

5.3 Secondary standard buffers may be prepared from NBS salts or
purchased as solutions from commercial vendors. These commercially available
solutions, which have been validated by comparison with KBS standards, are
recommended for routine use. : i

5.4 Stock»calcium chloride solutiunA(CaCl ). 3.6 M: Dissolve 1059 g of
Callp-2Ho0 in Type 11 water in a 2-liter volume%ric flask. Cool the solution,

. dilute 1t to volume with Type II water, and mix 1t well., Dflute 20 mL of this

solution to 1 liter with Type Il water in a volumetric flask and standardfze
it by titrating a 25-mL aliquot of the dfluted sotutfon with standard 0.1 N
AgNO3, using 1 mL of 5% KoCrO4 as the indicator. :

.- 5,5 Calcium chloride (CaCly), 0.01 M: Dilute 50 mL of stock 3.6 M CaC)
1o 1B liters with Type 1I water. If the pH of this solutfon s not between §
and 6.5, adjust the pH by adding a 1fttle Ca(OH)2 or HC1. As a check on the
preparation of this solution, measure fts electrical conductivity. The speci-
fic conduct{vity should be 2.32 + 0.08 mmho per cm at 25°C,

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 A1l samples must be collected using a sampiing plan that addresses
the considerations discussed 1n Chapter Nine of this manual.

6.2 Samples should be analyzed as soon as possibie.

7.0 PROCEDURE
7.1 Calibration:

7.1.1 Because of the wide varfety of pH meters and accessorfes,
detailed operating procedures cannot be {incorporated into this method.
£ach analyst must be acquainted with the operation of each system and
familfar with all fnstrument functions. Specfal attention to care of the

electrodes {s recommended.
| 9045 = 2 RR3013735
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_7.1.2 Each instrument/electrode system- must be calibrated at a
minimum of two points that bracket the expected pH of the samples and are

approximately three pH unfts or more apart. - Repeat adjustments on

successive portions of the two buffer solutions untfl readings are within
0.05 pH units of the buffer solution value.

7.2 Sample preparation and pH measurement of noncalcareous suilsé

7.2.1 To 20 g of sofl in a 50-nL beaker{ add 20 mL of Type II water~

and stir the suspension several times during the next 30 min.

7.2.2 Let the sofl suspension stand for about 1 hr to allow most of
the suspended clay to settle out from the suspension.

7.2.3 Adjust the electrodes in the c]amps of the electrode holder
so that, upon lowering the electrodes into the beaker, the glass
electrode will be immersed just deep enough Into the clear supernatant

solutfon to establish a ?ood electrical contact through the ground-glass
Joint or the fiber-capillary hole. Insert the electrodes into the sample

solution 1n this manner. For combination electrodes, immerse just below

the suspension.

7.2.4 1f the sample temperature differs by more than 2°C from the
buffar solution, the measured pH values must be corrected.

7.2.5 Report thg-reSults as"soil pH measured in water.”

7.3 Sagglé g}egaration and pH measurement of calcareous soils:

7.3.1 To 10 g of sofl in a 50-mL beaker, add 20 mL of 0.01 M CaCl,

(Ste? 5.5) solutfon and stir the suspension several times during the next
30 min. f

7.3.2 Let the soil suspension stand for about 30 min to allow most

" of the suspended clay to settle out from the suspension.

7.3.3 Adjust the electrodes in the clamps of the electrode holder

so that, upon 1lowering the electrodes {nto the beaker, the glass

electrode will be immersed well 1{nto the partly settled suspension and

the calomel electrode will be {immersed just deep enough into the clear
supernatant solution to establish a-A?ood electrical contact through the
ground-glass joint or the fiber-capillary hole. Insert the electrode
into the sample solution in this manner. ‘ ‘

7.3.4 1f the sample teiperature differs by more than 2°C from the
buffer solution, the measured pH values must be corrected.

7.3.5 Report the results as "sofl pH measured in 0.01 M CaCly".

a5 -3 - AR301376
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8.0 QUALITY CONTROL

- 8.1 Duplicate samples and check standards should be analyzed routinely.

8.2 Electrodes must be thoroughly rinsed between samples.

9.0 METHOD PERFORHANCE
9.1 HNo data provided.

10.0 REFERENCES ‘
10.1 HNone required.

9045 - 4 | AR30!377
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METHOD 9081 |
CATION-EXCHANGE CAPACITY OF SOILS (SODIUM ACETATE)

1.0 SCOPE AND APPLICATION

1.1 Method 9081 1s applicable to most  soils, |nh1ud1ng calcareous and
noncalcareous soils. The method of cation-exchange capacity by summation

(Chapman, 1965, p. 900; see Paragraph 10.1) should be employed for distinctly

actd sofls.

2.0 SUMMARY OF METHOD

2.1 The sofl sample 1s mixed with an excess of sodium acetate solution,

- resulting in an exchange of the added sodium cations for the matrix cations.

Subsequently, the sample 1is washed with {1sopropyl alcohol. An ammonium
acetate solutfon 1{s then added, which replaces the adsorbed sodium with
ammonium. The concentration of displaced sodium is then determined by atomic

absorption, emission spectroscopy, or an equivalent means.

3.0 INTERFERENCES

3.1 Interferences can occur during analysis of the extract for sodium

content. Thoroughly investigate the chosen analytical method for potential’
~ interferences.

4.0 APPARATUS AND MATERIALS

4.1 Centrifuge tube and stopper: 50-mL, round-bottom, narrow neck.
4.2 Mechanical shaker, '

4.3 Yolumetric flask: 100-mL.

5.0 REAGENTS

5.1 Sodium acetate (NaOAc), 1.0 N:  Dissolve 136 g of Hac‘Hgoz'
water and diTute 1t to 1,000 mL. The pH of this solution shoula. ¢ 8.2, If

- needed, add a few drops of acetic acid or NaOH solution to bring the reaction

of the solution to pH 8.2. 4 _
5.2 Ammonium acetate (NH40Ac), 1 N:  Dilute .114 =t of glacial acetic

acid (99.5%) with water to a volume of approximately 1 liter. Then add 138 mL -
of concentrated amnonium hydroxide (NH40H) and add water to obtain a volume of
about 1,980 mL. Check the pH of the resulting solution, add more NH40H, as

needed, to obtain a pH of 7, and dilute the solution to a volume of 2 liters
with water.

o081 = 1 AR301380
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5.3 ISOJ"@J‘ a‘COhOI s 99%. | Geststh

L + 6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING -

- 6.1 A1} samples must be collected using a sampling plan that addresses
- the considerations discussed in Chapter Nine of this manual, :

7.0 PROCEDURE

7.1 Weigh 4 g of medium- or fine-textured soil or 6 g of coarse-textured
sof] and transfer the sample to a 50-ml, round-bottom, narrow-neck centrifuge
tube. (A fine soil has D50X of the particles €0.074 mm, medium soil has DS0%
0.425 mm, while a coarse sofl has more than 50X of {ts particles »2 mm.

7.2 Add 33 oL of 1.0 N NaOAc solutfon, stopper the tube, shake it in a
mechanfcal shaker for 5 min, and centrifuge 1t untfl the supernatant 1iquid s
clear.

7.3 Decant the 1iquid, and repeat Paragraph 7.2 three more times.

l : 7.4 Add 33 mL of 99% {sopropyl alcohol, stopger the tube, shake 1t in 2
m$chanical shaker for 5 min, and centrifuge 1t until the supernatant liquid 1s
clear,

7.5 Repeat the procedure described in Paragraph 7.4 two more times.

l | 7.6 Add 33 mL of NHgOAc solution, stopper the tube, shake it in a
‘I~ mechanical shaker for 5 min, and centrifuge ft unt{l the supernatant liquid {s
clear. Decant the washing into a 100-mL volumetric flask. :

“l = 7.7 Repeat the procedure described {n Paragraph 7.6 two more times,

7.8 Dilute the combined washing to the 100-mL mark with ammonfum acetate
solutfon and determine the sodium concentration by atomic absorption, emission

spectroscopy, or an equivalent method.

8.0 QUALITY CONTROL

8.1 All quality control data should be maintained and availabie for easy
reference or fnspection. )

8.2 Employ a minfmum of one blank per sample batch to determine {f
contamination or any memory effects are occurring.

8.3 Materfals of known cation-exchange capacfty must be routinely
analyzed.

,£/: e -2 Rwuwnﬂﬁ3ﬂl38|
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9.0 METHOD PERFORMANCE.
9.1 No data provided.

10.0 REFERENCES

10.1 This method is based on Chapman, H.D., "Cation-exchange Capacity,®
pp. 891-900, 1n C.A. Black (ed.), - Method of Sofl Analysis, Part 2: Chemical
and Microbiological Properties, Am. Soc. Agron., Madison, Wisconsin (1965).
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: | |
Ebasco Services Incorporated | REM IIT 8AS No. |

REM IIT Program ¢ oget | . 1
Zo ement Office
foe T ot o 553 01 O3

Arlingten, VA 22201
Phonat (703) 558-7553

REM IIT TEAM LABORATORY
SPECTAL ANALYTICAL SERVICES

Regiocnal office Request

11 Regional Trﬁnsmittal 11 Telephone Request

: l A}_ Regional Office: NUS-~Pittshuxrch  and Site NamesCroydon TCE
l( B. Regional laboratory Service Coordinator: Greg Zimmerman
' ¢. Telerhone Mumber: _ ( 412 ) 788-1080

l D. Date of Request:_S 22, 1938

LT

l ﬁeaée provide below a description of your request for Special Analytical
Services under the REM IIT Program. In order to most efficiently cbtain
capability for your request, pleass address the following considarations,

’ if applicable. Incomplete or erronecus information may result in delay in
processing your request. Provide response cn additional sheets or attach
supplementary information as needed.

. - | AR30138L
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l
: !\_/ . RCRA, NPDES, etc.):_RI/}‘S
|

k/ 1. General description of analytical service requested: _Mi___@_
M_EMM

2. Definition and mmber of work units involved (specify whether whole
samples or fractions; whether organics or inorganics; whether aguecus
or soil and sediments; or whether low, medium, or high concentrations

oW _cor \tion s0il les,

-

K

Purposa of analysis (specity whether Remedial or Enforcement Action,

f—

- v

4. Data Quality Gbjectives (specify whether screening analysis,
engineering support or conﬁmational analysis) ¢_Engineering Support
DO Ievel ITT

S. Estimated date(s) of eoliecl:ion: Novenber 7 = 11, 1988

|
I~




-—’-\-

e ey Mg aeee

6. Estimated date(s) and method of shirment:_November 7 - 11, 1988,
S eg will be shi oV a i Th da

tive a \ th schedule

C)

7. 2pproximats mmber of days results are required after receipt of
samples by laboratorys_ 40 days

8. 2Analytical protocol required (attach copy if protocol other than:
currently approved under this contract or CLP program)s__ |
BIU = ASTM D 3286-83 All methods are attached,
Percent Ash = ASTM D 2974-84
- =7 " _for Handl Chemi is o
Sediment and W les", EPA, May 1981, -

9. Special technical instructions (if outside protocol requirements, Co \)
specify ccopound names, detection limits, ets.)s_

10. Analytical results required (if knowm, specify format for data sheets,
QA/QC reports, chain-of-custody, documentation, etc.). If not
ccanplated, format of results will be left to discretion of the
laboratory:s_ Data shests, chain-of-custody forms, all calculations,

11. Other instructions (use additional sheets or attach supplementary
information, as needed)s

AR301386

12. Name of sampling/shipping contact:__Greq Zimmerman

P



‘Fhomes__(412) 788-1080
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S
I. DATA REQUIREMENTS -
my/1 PRECISICN DESIRED
EMER DETECTION LIMIT {+ % or Conc.)
BIU Not_Specified Not_Specified ‘
Pexcent Ash ~~~ Nob Specified ~ Not Specified
ToC Not Specified Not Specified
II.  QUALITY CONTROL REQUIREMENTS
J
SAMPLES QONTROL PRECISION DESIRED
__CONTROL, REQUIRED _  _FREQUENCY OF SAMPIES ~_LIMITS (4 or Conc.)
" None 1£4
IIT. ACTION REQUIRED IF LIMITS ARE EXCEETED:
None Specified
AR301388
- .
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q{m’ Deslgnation: D 3286 - 83

Standard Test Method for

P

GROSS CALCRIFIC VALUE OF COAL AND COKE BY THE
ISOTHERMAL-JACKET BOMB CALORIMETER'

The u.mdaro " peyed undn ihg ey Jeagraton D 3224, (he number immediately flolluming the Jenghatiun sndwstes the year of
uepagl avptih ar 1 10e c23e oF reviston Ihe Yeor of 1a) reeiuun. A aumdes 8 pateatheses indxates Ihe year uf tadl reappren o
A WPETKTIDL eOMIUA $e) SASICEICN 3D M-md cN3Ape 1ince the last revinul OF reapproval.

5. chprv
1.3 This test method covers the Jetermination

of the gross calorific value of coal snd coke dy

e isothermal-lackes bomd calorimeter.

1.2 The values stated in Sl units are 10 be
reparded 33 the standard.

1.3 This stunclard may involve hasardous ma-
twrials. operunons, and equipment. This sandurd
dows not purpoet (o address all of the safety prod-
Lo asseciared with dts use. It is the responsibils
ity of whoever uses this stundard 10 consult and

estublish appropriate sgfety and health practices

wnd desernune the upplicadtliy of regulagory: limi-
tatione prive iy use Specific precautionary state-
men1s ace given in Section 9.

2. Applicadle Documaents -

2.1 ASTA Standards:

D121 Defininons of Terms Relating to Coal
and Coke?

D 1346 Methaod of Collustion snd Preparation
of Coke Samples for Laborstory Analysist

D 1193 Specification for Resgent Water?

D013 Method of Preparing Coal Samples for
Analysis’

D173 Test Method for Moisture in the Anale
ysis Sample of Coal and Coke’

D X7 Test Methods for Total Sulfur in the
Analysis Saniple of Coul and Coke?

D M180 Methd for Caleulating Coal and Coke
Anzlyses from As-Determined o Diffeecnt

(34239 Tem Mothod for Sulfue in the Analyus
Sample of Coal und Cuke Uming High
femperature Tube Furnave Combustion
Muethods?

E 1 Spwvification foe ASTM Thermometen®

E 143 Recommended Practive fue S3te Use of
Oxasgen Combustion Bomby'

40

). Terminclogy

3.1 Dddiritions:

3.1.0 calonfic ralur-sthe heat produced by
combustion of » unit quantity of 3 substance
under specified conditions. 11 is expressed in this
test method in British thermal units per pound
(Btu/1d). Calorific value may also be expressed
inculories per gram (cal/glorinhe Iaternational
Systern of Units (S1), joules per mi-n (3/p). when
reqmr:d The unit equivalents are given in Table

302 gruss calorific value (gouss heat of come
Mtettion at consiumt volume), Q, (grossj==ses Def
initions D 121.

3.3 ner calorific value (nct heat of combus.
tivn ol constant pressure), Qp (netj—set Definie
tions D 121,

3.0.4 calorimeter—gs used in this test method,
consists of the bomb and its contents. the calos
nmeter vessel (bucket) with sticrer, the water in
which the bomb Is immersed, snd 1he portions
of the thermameter and the ipnition teads within
the calucimeter vessel,

3.2 Descripuans of -Tenns Spevilic e thas
Stunidard

1240 wwrrevted temperature Hag—the temper.
atute of the culorimeter caused by (he process
that occury inside the bomd: that is the obdservéd

- temperature change corrected for vurfous eiTects

13 noted in 10.4.).

" This tevt Awihod s umbkt ihe pufidn ian of A DS € e
antwce 118 on Coal amd Cvdg and o the dirat Kygwavdein of
Sdnvrmemitoy S50 20 un Meihaie b Anghan

Cuttent edinsn m-ml Aug S\ 1uRS Putbdwd Uit
1YRS COrigeaatly publidnd ia 19 3288 < 13 1 40 revems editusa-
I \nee 84

Y yuuond Mod o8 IS13 Sumbiesh Nl US 0t

Y tumsasd Mond o INDRE Shahinh. Vel 10100

© Jomsndd Jonik o SSEAE Soymdands Vol 14 D8

* tawinel Mok o8 INEAE Ntambo s Vol WY
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NoTi |—=Temperature is measured in either degrees
Celuus o¢ dcgrevs Fahrenhest Thermometer coress
tions should be applied. Temperatures may be recorded
in ohme or other arditrar) yans Insicad of degrees.

Conguistent ynits myst te yied in standardizanion and

ihe gcius! calorific salue determination I arbitrary
umis ather than degrovs Celuus or Faheenhen are used.
the temperature 1niengl over which gll 1as are made
must not vany 5o much that 3n emror greater vhan
OMI°C would he cauted.

3.2.2 encrgy equivalent, heat capocity. or wa-
ter cquivaleni-=the energy required to raise the
1emperature of the calorimeter one srbitrary unit.
This is the quantity 1hat, when muttiplied by the
cortected temperature rise, then sdjusied for ex-
trancous heat effects, and divided by the mass of
the sample, gives the gruss calorific value.

Nuty 2=Energy unns for Quantitics listed mrcugh
out this test method gre such 1hat the numder ofen
units per gram of wmple corresponds eaxctly o
aumber of Biu's per pound of sample. For Brevst) these
are eeferred 10 33 Biu’s. The actual energies are amaller
1h3n 1hose siated b) the miio of the Aumber of pounds
per gram (17433.59). The encrg) equirilent of the
calonmeter has the units (Biu/Ad) times (g/deg). Cone
seruion 1o other units i discusied in Appendin X2.
Time s expresed in minutes Mass is expressed in

nms
4. Summary of Method

4.1 Calorific value it determined in this test

method by burning 3 woighed ample, in oxygen, -

in a calibeated isothermal-jucket bomb calorim.
eier under controlled conditions. The calorimeter
is standardized by burning henzaic scid. The
calonfic value of the sample Is computed from
temperature obscrvations made before, duning.
and aficr combustion, and making proper gllow.
ances for heat contributed by other processes,
and for mermomcter and lhcrmochemtul cor.
rections.

Nove J-O:idmon sfier nmphu of suceptible
fow-rant cop!l or hgrite may result in & reduction of
catarific value. Unnecessary exposure of the sample 1o
;x: from e time of umplm; or delay in snalysis ghatl

avoided.

§. Sigaificance and Une -

.1 The gross calorific value is uaed 10 com. ,

putc the total calorific content of the quantity ¢f

¢oal represented by the sample for payment pur. .
pascs, provided the buyer and the selles mutually

agree upon this.
5.2 The gross calorific value is vsed in com-
puting the calarific value veraus qulfur content to

quirements for industrial fuels.
$.3 The gross calorific value may be used for

i

0 3288 -
evaluating the effectiveness of beneficiation proc-

+ e5383. of for research purposes.

6. Apparatus and Facilitles

6.1 Tost Spinve—A room or area (ree fronr
drafts and that can B¢ képt 41 & reasonably uni-
form temperature for the time required for the

determination. The spparttus shall be ghielded

from direct sunlight and ndiation from other
heat sources. Thermostatic control of room tem-
perature and conteolled relative humidity are
desiradie.

6.2 Combustion Bomd, shall be constructed

of materials that are not affected by the combus-

tion process or products sufficiently o introduce
messurable heat input of alteration of end prod-
vcs. The bomd must be designed so that alr
liquid combustion products ein be completely
recovered by washing the inner surfaces. There

must be no gas Jeskage Guring a dest. The bomd
must be espadle of withstanding & hydrostatic

pressure test of 20 MPs (3000 psig) at room
temperdture without siressing any pant beyond
itz elastic limit.

6.3 Balance~A isSoratory balance having the
capadility w0 weigh the sample 10 the nesrest -
0.0001 5. The balance should be checked penod
k'dly 10 determine its sccuracy.

6.4 Calorimeter Vessel, made of metal with a -
tarnish-resistant coating, and with all outer sur-
faces Mightly polished. lis size shall be such that

" the domb will be completely immersed in water
when the calorimeter s assembled. It shall have
~ a device for nrirring the water thoroughly and ay

8 uniform rate but with minimym heat. input.
Contifivous stifring for 10 min shall not rafse the
calorimeter tempersiure more than 0.01°C
(0.02°F) starting with identical temperatures in
the calorimeter, room, and jackel. The immened
ponlonoflhemmuwlucoupkdwthe
3umde through & material of low-hest tonduc:
vity.

6.8 Jacket. a doudle-walled. nir. or water-filled
Jjacket. The calorimeter ghall be insulated from
the jacket by an air space. The sides. iop. and.
botiom of the calorimeter vesscd shall be apprux.

imately 10 mm from the inner wall of the jocker

W minimize convectinn cyrrents. Mechanival
supparts for the calovimeter vessel shall provide
us ke thermal conduction as pussitle. The

- jacket shall be capable of maintaining the tem.
determine If the coal meews the regulniory re.

perature constant to within £0.1°C (20.2F) of
room temperature 8t & calorimeter temperature
2°C (4°F) below, and 2°C (4°F) or more ahove

AR301391
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awm emperatuee throvghout the determina.

von I a water-filled jachet ss used. it shall have -

3 Joriey for siiering the waler at 3 uniform rate
with mirimurs heat input:

6.8 Thenmemeters, used (o megsure tempeeas
turcy 10 the calorimeter and jackes shait be of
any of 1he following types of combination
thereof: :

8.8.0 Liguid-inGluss  Thesmemeners,  cone-

forming 10 the requirements for ASTM Ther.
mometers $6C. S6F. 116C, or 11TC, 33 pres
wribed in Specification E ). The thermometers
shall be tested for accuracy against 3 known
standard (preferably by the National Burcay of
Standards). For thermometers $6C and S6F, the
¢atibration should de at intervals no larger than
2.0°C or 2.5°F over the entire graduated scale.
The maximum difTerence in correction beween
any 1wo test points shall be ao more than 0.02°C
or 0.08°F. For thermometers 136C and 117C,
the calibration should be at intervals no larger
1han 0.3°C cver the entire calibrated range. The
maximum difference in correction between any
two test points Lhall not be more than 0.02°C.

8.8.0 Hevkanunn Irflerential Theenumnders,
(glav-snckised scale. adjustable) having 3 range
of approximatcly 8°C in 0.01°C subdivisions
reading upwurd and canforming o the roquire.
ments for Thermometer 113C, as proverited in
Spwvrfication F 1. may be used. Each of these
thermuometers shall by tested for agcuray) dgaind
2 Anowd standard tpreferably by the Nauonal
Burvau of Standards) 3t intensals no larger than
1°C over the entire graduated wale. The manse
mum difference in (he correction hetween any
two test points shall not be maore than 0.02°C.

8.8.3 Ovher Thermameters, of an accurscy
eyual to or herter than 0.004°C, such s platinum
rosistance or hncar Iheemistor theemometers see
satisfactory gnd may be used if properly calie
brated. A Wheutstone hridge and palvanometer
capable of meusuring resistance 19 0.0001 9 are
necessary for use with 25 0 platinum resistance
thermometers. ‘

0.7 Thernuanetes Joaeywsriov=A magnificr is
reyuired for reading liquidein-glass thermometers
to une tenth of the smaltent scale division. This
shall have 2 keas and holder designed 50 as 10
introduce no significant erredrs dug to paralfas.

8.8 Sample Holdvr—An open srucible of plate’
tnum, quarts. or scceptable hase-metsl allny,
Bus-metal aifuy crucidles are acceptable if, after
3 few preliminsry firings, the weight does not’

442
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change significantly hetween tests.

- 8.9 Ignitivn Wire—The ignition wire shall he
100 mm of 0.16-mm diameter (No. 4B & S
g38¢) nickel<chromium alloy, (Chromel C) altay,
or iron wice, Platinum wire or palladium, 0.10-
mm diameter (No. JA B & S gagc) may be used,
provided consiant ignition energy is supplied.
The length or mass of ignition wire shall remain
constamy for all calidbrations and calurific value
determinations. ,

6.10 Igrution Circnit, for ignition purposes.
shall pravide 3 8 to 18 V alterniting or direct
current 10 the igaition wire. An ammetes or pilot
light iy required in the circuit to indicate when
currentis flowing. A step-down transformer. con-
nected 10 an aliernating current lighting circuit.
or batterics. may be used. ‘

8.01 Burvt, used for the acid ritration, shalt
have 0.1.my, divisions. . '

8.12 tuemoted Controller and Temperature
Mcarunng Acvessorics, may be used.

7. Reagests -

1.0 Reagems $0oter. conforming 10 Type 1) of
Speciflcation D 119), shall be used for prepara.
tion of reagents and washing of the homb intes
noe.

1.2 Punity of Riugems==Reagent grade chem-
icals shall be used in all tests. Unless otherwise
indicated. it is intended that all reagents shall -
conform 1o the specification of the. Commitiee
on Analyticul Resgents of the American Chemie
cal Socicty, where such specifications are avails
ahle.* Other grades may be used, provided u is
fient ascenained that the reagent is of sullicienily
high purity to permit its use without lessening
the accuracy of the determinstion. A

1.3 Oenzoie Acid (CHCOOH), shall be the
National Bureau of Standards benzose scid. The
crystals shall be pelleted before use. Commer
cially preparcd pellets may dbe used provided they
sre made from National Buresu of Standands
henzoic acid. The value of heal of combustion of
benzoic acid for use in the calibration caleula.
tions shall be In accordance with the value listed
in the Nationa) Bureau of Standards cenificate
issued with the standard, .

T4 Meithid Orange, Mathyt Rod, or Aloiid

S Resgerms Chemnals. Amencan (hemicsl Snery Spasle
catiom” Am Chemical Soe., Washingiua, 130", § or wygestaone
ull the teaiing of resgenls Aot inied By INe Amerse Chemecyl
Aniety, we “Reopem (hamash and Siasndardy® ™ Jneph
Rown 1) Van Nimignd O, Ing. Néen Voek, NY. ond the

_“Unvied States Pharmacopens.”
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Purple Indicator, may be used 10 titrate the acid -

formed during combustion. The indicator used
shall e the same for both calibration and calor-
ifiv value doterminations.

7.8 Oy, shall be Feee of combustible mst.
ter. Only osygen manufactured from liquid air,

guaranteed 10 Be greater than 99.5 % pure,

should be used. Ovygen made by the elecirolytic

process may contdin a small amount of hydrogen:

rendering it unfit without purification.

1.6 Sixhm Curbonate Standund Sidution, 30~
dium carbonate {N2,C0s) should be dried for 24
h at $04°C. Dissolve 0.9 g in waier and dilute
w 1 L. One millilitee of this solution is equivatent
1o 10.0 Bty in the nitne acid (HNO,) titration.

§. Sample -

8.1 The sample shall be the material pulver-
ized 10 pass No. 60 (250-um) sieve, prepared in
sccordance with either Method D 346 for coke.
or Method D 2013 for coal.

8.2 A separate portion of the sample should

be snalyzed simultaneousty for moisture content

in gccordance with Method D 3013 and Test
- Method D 3173, so that cakulations o other

bases can be made.
8.3 Sulfur analysis shall be made in sccord-
ance with Test Methods D 3177,

9. Safety Precautlons

0.t The following precautions ore recome
monded for sale calonimeter operation. Addi-

tiona) precautions are given in Recommended

Pructice E 144, Also consult the calorimeter

cquipment manufaciurer's installstion and op- .

erating ingiructions before using the calonmeter.
9.2 The mass of ¢coal or coke sample and the
pressure of the oxygen admiitted to the bomb
must not exceed the bomd manufacturer’s rece
ommendstions.
9.3 Bomb pans shoul be inspected carefully
after each vse. Threads of the main closure

should be checked frequently for wear. Cracked

of significantly worn pants should be replaced.

The bomb should be returned 10 the manufage

turer occasionally for inspection and possidle
proof firing. _
9.4 The caygen supply cylinder should be

equipped with an approved type of safcty device,
such as u reducing valve. in addition 1o the needle

valve and pressuec gage used in regulating the
oxygen feed 10 the bomb. Valves, mes. and

)

rmt

D 3288 -

ashets must meet industry safety code. Suitable
-reducing vah s und adaptors for 3 to <-MPa (300

1w $00-psi) dischatge pressure are obiainable

feom commercial sources of compregsed gas
equipment. The pressure gage shall be checked
periodically for accurady.

9.8 During ignition of 3 sample. the operator
must Ot permit any portion of her/his body 10
exiend over the calonmeter.

9.6 When combustion aids are employed. ex.
tfeme caution must be exercised not 1o exceed

the homb manufactures’s Rtommendations and -

10 avoid damage to the bomb. Do not fire toose
_ flufly material. such as unpelleted benzoic acid,
_ unless 1horoughly mixed with the coal ample.

9.7 Do not fire the bomb if the homb has been

dropped or turned over aficr loading. or there is

-evidence of gas leakage when the domb is sub-

merged in the calorimeter water.
9.8 For manually operated calorimeters, the
ignition circult switch shall be of the mamentary

doublc-contact type, normilly epen. exceptwhen
held closed by the operator. The swich should

be depressed enly long enough 10 fire the charge.

10. Siandardization

10.1 The catorimeter Is standardized by com.
bustion of denzoic scid. ]
10.2 Determine the energy equivalen of the

cutorimeter for & specific temperature rise as the

average of & series of ten individua) runs made
over g period of rot Jess than Y days nor mere
than $ days. To be geceptable, the standard de-

vigtion of the series sha'l be 6.5 Btu/*C (3.6 Bry/
"F) or tess (sce Tadle 23, For this purpose, any
Individual vest may be discarded only if there is
evidence lndxmiﬂx incomplete combustion. If
this limitation is not met, investigate for the

-source of the problem, correct it, then repcat the

entite serics 1o obtain 3 standard dma\mn within
the acceptadle limits.

- 10.3 Procvdure:
S 10.3.0 chumc the \mghts cf the peliets of
benzpic acid in each series o yicld approximately

the $ame temperatuse rise as that cMained with

the coals tested in the same lshoraton. The usual

puliet 10 the nearest 0.0001 g in the sumple hokder

" in which It is 1o b hurned, and recond the weight

as the mass.

. range of masses is from 0.9 w0 1.3 g Weigh (e ,:

10.3.2 Riasc the homb, inven to dria, gad -

keave undried. Add 1.0 mL of watet 1o the damb

AR30l393
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prear o aswemMy for 2 dowwemination.

10.3 M Connevt o moasueed lengih of ignition

WIRC to A 1gnitien terminals. with enouph slach
o Jllown the IpAIIOR WIRe L mamtain contact
with the simple.

110 3.4 Asemble the bomd 3nd charge it with
ONMRCN 0 L CONSIStent pressure between 2 to 3
MPa 120 1w M iy T pressure must vman

the me fin cach cabibration 3nd caed calonific.

value determination. Admiat the oxygen stowly
it the bomb w0 as not 10 dlow powdend ma.
teritl from e sample holder. 36 the pressure
cavnds the spevified pressure, So not proeced
with 1he combustion Instead. Jetaeh the filing

connevtion and exhaust the bomb in the usual

manner. and discard the sample.

10.0.8 Fill the calveimetor sessel thuchet) with
the measured lor werghed) quantity of water
adjusted from 3.0 10 2.0°C ¢2.0 10 4.0°F) helow
the Jacker temperature. hut aot lower than 20°C
(68 FY (Note 4), Use the sume mass of water in
cach 1est werghed w 20.8 g For 2000.mL calo-
mgten. the proper quanity van e vhainvd by
uw of 3 volumetrie Mk calideated W deliver
AX0 3 (0.8 mL. As the density of water varies
with Iemperature. male suitable correchons if
the water wwmperature varies frum the tempers:
ture at whih the Nash was catibrated. Place the
asembled hamb in the valorimeter sessel. Cheek
that no oxvgen dubbles are Yeaking frum the
Bumd, Place the calorimeter sessel in the jacket:
cuanwet the clivtrades: place the simers, there
muometers, and cover i position. Start the stir-
rorts) and vontinue o operate it (them) theoughe
ous the determenation Examine the thermomes

ters for liquid wporation and currect any sopde .

rativn dxfore procecding, The staring temperoe

ture should be within 20.5°C (20 V'F) of thi

used i the 3nalysis of coal or coke samples,
Non de= e il emperature adjusiment will

casufe 3 Angl temperature shphily adowe that of the.

Javhet for XX00ml. calunmetens. Some operzion prefer
2 Juwet 10inal wmpetatuse s that the final tempersture
s tightly deluw (st of the jacket. This procedure o
alwr STty Whichever prwralure is ud, the unte
pancdure shoukd be used in alt testy, ingluding stan-
Jdardiation. A wnall hegter may e Duil int0 (he cilos
fimercr 10 thas the Jovined anting iemporature can be
casily sitained.

NOTE S Chevh alt liquidein-glass thermometers 31

m cau) fur 3Ry gerecIs, for pxampip, CTXeYd gt

10.3.6 Alluw 3 min for attainmens of equilibe
dum; then record ihe calorimeter temperature at

444
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1.min ingesals for 3 min or unul the rate of
change has been nearly consiant for 5 min. Use
3 mugnifier when using ASTM Bomb (‘a!onmc-
et Thermometers S6C or S8F, and estimate all
of the readings (eseep shene Jueing the rapid.
rise penod) 10 the nesrest 0.002°C ot 0.00%°F.

Estimate ASTM Thermometers 113C. 116C. or

147C readings to 0.001°C, and 25 1 resistance
thesmometer feadings 1o the ncaress 0.0001 42,
Tap mercury thermometers (for instance with a

pencil) just before reading to avoid errors caused

by mercury sticking 10 the walls of the capillary.
Ignite the charge at the stare of the sisth minut¢

‘snd record the time. . and the thermometer

reading. ¢, (Note 6). Take the nexs two readings
0.8 min 3nd | min aler finng because of the

rapid rise. Record subsequent readings 3t bemin

intersals on mc miaute unpil the dilference he.
tween Successive readings has heen constant for
3 min. If the final temperature is above the bath
temperature, the temperature rises 10 3 mavi
mum and then beging to fall. Record the time. £,
ant e ihermumeter reading, 1, after thie raty of
change has become uniform.

Noty 8=The catorimeter water tempcratyre must
be al the same emperature (240.08°C) for eveny detere
minalion, st ihe time of finng. if the Burcau of Mines
mﬂw“l"u: radratiod corration i to he used. See
Annes

10 1.7 Open the cm} and remave the homb.
Refease the pressure 2t a uniform rate. such thoy

Diwand the test if unburned nmpk of 300ty
deposits are found. Wash the interior of the bomb
With distilted water containing the titration indh.
vator until the washings are free of acid. and

titrate the washings with standand sodium care

bonate solution.
10.3.% Rcmove and moasure, of weigh, the
cambhined picces of unburned ignition (firing)

‘the nperation will rrqwrc not less um\ I ma.
Open the hamd and examine the hamb interior.

wire and subtract (rom the original lengh of

weight 1 determine m wire sonsumed in firing.
1P 1he wire is weighed, remove the ball of oaidized

metad from the end of cach piove uf wire befone

weighing.
10.3 Cukulutions:

10.9.0 Tompoauture Rivesstaing Jaws nh-‘

tained 38 prescribeed in 10,16, compute the cut.
rected temporature cise. . 38 foflaws:

1ngagysl,d(, 0, tn

& N1 OAD)
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where: ) )
1= corradted temperature rise, °C or °F,

t, = mtial temperatere reading 3t ume of fie-

ing.
final iemperatyre Peading.
thermomigier, ¢MErgent stem correction.

>~
»

-~
-
n

if eequired (sec Note 7 and Annes ALd),

¢, = thermumeter selling comection. if re»
quired {see Note 7 and Annex AL.)), and

~
»

“aey ALS),

Ny TeaWith alt metvubreinsglass theemometers,

1 TSN jo make commcuons if the total catonfic
value s glicwed By 8 Big or more. This reprosents &
change of 003C or DY in 8 calorimerer sung
approumately 2000 g ol water. Berkmann thermomes
tens al rQuire 8 BeTling correction aad an emergent
stem qvrection (Anncy 413 and Al4) Sohd.stem
ANTM Thermometers 30C 2nd 34F do mot require
emengenl iem ourresuions if 3l tests. including sun-
Jardizavon, are performed within the same $.3°C
(1I'Finteng! I eperating lemperatures range heyond
this linwt. & differential emergent giem gorrechon {An.
nen AL4) must Bie appiicd 10 1he cofrevied temoeratore
e, 1,90 308 tests. inciuding standardization A radistion

corevtion must he made in alt teus. including stan-

dardization.

10.4.2 Therwhenmenl Correrions (s¢ Ap-
pendin X1)=Compute the following for ecch
ten:

©, ® enererion for 1he hent af formation Of

HNO.. in Btu. Each millilitre of stand.
ard N4:00) is equivalent 1o 10.0 Blu,
and

v = gurrection for heat of combustion of fiee

ing wire. in Bty (Note 8).

= 0.4) Pu/mm or .6 Bru/mg for No. M

B & S gage Cheome! C,
= 0.4 au/mm or 3.2 Biy/mg for No. M
B & S gage iron wire.
Niont K=There is a0 correcuon for pumwm um
e wded the ignition encryy 4 consiant,
10.4.3 Compusethe wlonmemcnmycqu:v.
akeny, £, by sumnivting in the following:
bajliner,eplt |
where:
E = calorimeter energy equiv alent (Note 9).

- = heat of cumbustion af hensoic acid, a8
stated in the Nationa) Burvau of Standards

venificate, Biufib in ir,
X = mass iweipht in air) of tenzore acud. g,
& = tiration correction {10.6,.2)
v; = fuse wite cortection (10,4.2), and
¢ & garrected temperature fise (10.4.0)

rodiation gorrection v Nozc 7 and An.-

Nor v-t'nng the units and comections as given
in 10.4.1 and 10.4.2, the energ) equivalent of he
valonmeict 1 such thal the calonfic value of the cus!
wample will de obtained ditectly in Bnosh therma! ynite
per pound when the mass aample 13 taken i grams.
The unics of the energy equivalent are therefoee: (Blu/
th times (g/d¢3).

10.8 Repcat the procedure for a totat of ten
ducrminations. Compute the standard devighon
as illusirated in Table 2. .

38, Restandardization -

101 Make checks on the energy equivalem
value after changing the oxygen supply. afier
changing any pan of the calorimeter. and at least
once a month otherwise. .

CHLLLL If 3 single new determination diflers

from the old standard valye by 6 Biu/"C (4 Bty/

Fi the old gtandard value is suspect. thereby
requining & second test.

11.1.2 The difference between lhe WO new

determindtions must not exvred § Blu/*C (S B/
“F). and the average of the two new determing.
ticns must not differ from (he ofd standard by
marc than 4 Blu/*C (3 Biu/'F). If these require.
menis are met. do nat change the calarimeter
standard.

$0.1.% I oha sequirements given in 10.0.2 are
not met, two mors determinstions must he run.

The eunge of the four valyes must not exceed 14

Btu/*C (2 Btu/°F), and the avcrage of the fous
new determinations must aot differ from the old

standard value by more than 3 Blu/"C (2 Biv/
°F). If these roquirements are met. 6 nol change -

chc calorimeter standard.

19.0.4 $Cthe requirements given in M.0Nare
not met, 8 iR and sixth determination nust be
run. The range of the sis new determinaticns

must not exceed 17 Btu/*C 110 Biu/F) and ihe

syerage of the sia vatues must aot differ trom the
uld starxlard value by more than 3 Bw/"C (3
Bta/*F). If thesc requirements are mes. do ot
change the calorimeter standurd.

148 Ithe nquicements grven in 11.0.4 an
aut met. four moey determinations must e run
o complete a serics of en rum The range of

these ben fesults must pot eacved 20 Blu/*C i)

Btu/'F) and the averiage of the 10a aew valus

must ot differ frum the ol standard by more
- than ¢ Blu/*C 11 Biu/*k) I these requirements
e met. do nat change the valorimeter siandard,

11146 I€3he requis 'menis gisen in 11.).8 are
et ot the average value from the 1on new

s
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salues must de used for the new standard ¢ncrg)
aun abent, prosided that the eandard deviation

o Ihe whies Jovs not eveeed 0.8 B *Ced 6 Blu/

L]
).

112 The summaey of the numencal requine
muenty 3t cach stage of remandanhzanon is given
in Table 3,

12, Procedure fur Coal and Coke Samples {Note
m ‘ '

121 Thoroughly mis the analysis sample of
vl or coke in the sample dottle and carefully
wergh approximatels 1 g of it into the sample
hatder. The sample shall de weighod to the near.

ot 0.I00L g. Make cach determination in accord..

ance with the provedure deseribed in 10.3.2
through 10.3.3,

Nuny 1=For sniheacite. cole. and aul of high
ab wontent. that G not readily durn completely. one
of the Rlkiwing paxedures 3re recommended 1) The
iande of the sample holder is hned completely with
rgeted ashestos in 3 thin layer prossed well down into
the angles. and the sample is then spnakied evenly aver
1he surfny of the ashesios. €33 The mass of the sample
ma) he vaned %o ohtain good ignition. I the mass iy
sancd. # wilt de Revessans 10 recalibrate the calocimeter

v iRzt the water egvisshens wilt he hased on the .ame-

tempxrature nse 3% 1ot obtaincd waith the acw ample
weght. (31 A known amount of heasw acal mas e
muved with the sample. Praper athwangy must be made
o the heat of combutinn of Denang avnd when detere
numing the valiiii satue of (e ample

N H=Far ihe vahvific salue of qoke, 0 A
~ors (o v 3 MPa (X0 im prevuree for holh van-
tartizzzinn and ansly sis.

12 2 Dytermine the sulfur vontent of the sam-
ple dyoamy of the provedures deseribed in Test
Methads 1) 3122,

1N, Cakulstions (Noie b

131 Compuie the enrrevted temperature rise,
L avshownin 10.4.).

1N2 Piwsmuwhemngul € onoen tnons (Appendie
N ti=Compute the following lur coch test:

o ® curnvtion for the heas of formanon of
NGy, Dow Fach mili: © of stamdard
wudium carhbunate is og  Jeat o 100
Btu, _

vy @ gowreption for tvat of vombudion of ig.
mlwn ware. Me,

= 041 Bumm or 2.6 Bu/my i So W3
B & 8 Chewmed € wire,

= (049 Btu/mm or V.2 Mu/mg for No. V-

B8R 8 supe iton wize (Note $1 and
¢ ® voercchun foe dilference beiween beat of

4ih

D2~

formanon of H;S0, from the heat of
faemation HNOW Bru,

® 27 umes pervent of sulfur in sample
tinws weight of ample, g

t4. Calorifle Value tNote |2}

148 Grns Cobntiv Valuee=Caleulate the
gross calorific value tgross heat of combushon at
vonstant volume) Q. (gross) as follows:

Qg s (IR = e, =y = s o

where:

Q. (gross) » gross catonific value Blu/ih,

' 8 corrected temperature nse as gal-
culated in 1M1, )

¥ = gnergy cyunvalent caleulated 1n
10.4.3,

O 3 S COITENIONS 83 preanhed in 132,
and

L = mass of wmple, 3. '

14.2 N1 Calorific Vulue=Calculate the net
calorific value (net heat of combustion 3t 3 cone
stant pressure). (. (net) as follows:

- pinetr @ @ fgroes) = 10304/ x 9y

where:
@, a2y = net culorific value, Bru/i,
Q. tpress) = gross calorific satue, ud, and
i = (ol Mdrogen, %

Nty 1 3e This culkculainn pives cabonthy sdlue in

21:..%. Tor obwuin calivite value 1A 345, we Appendn

1%, Report

15,0 The results of the culunifiv vitlue man he
feported on any of 3 dumber of daw, dilfering
from cach wther in the mannee ™ muistues s
tredted. ' :

18,2 Use the perventage of niasture 1n the
wample passing a No. 60 (250:-um) sieve, Test
Method D 1173, 10 calculate the rosults of the
snalysis sample to 8 Jry hasis,

18.) Prcedures for coaventing ihe value obe
toncd on the gnalysis sample 10 oiher Aawes ape
desentod 1n Method 1D V150,

18, Provivion pnd Bine

163 The Klhowing criterss shoukl e usd i
Jutng the avveptabality of eesults 19845 prodye
Dbty y on splis 60-mesh 12 %00m) amphes,

IS LE Reputability=Duplicate  esulis by
the same laboratony peing the same operutar amd
wmpment. should Aot de vonsidered suspeyt
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unless they differ dy Mare han SO Biu/h on a8

Jry hasis

16.1.2 Roprochucibilinre=The pesults submite -

ted Py we or more laboratorics (different equip-
mynt, operators, date of tesd. and different por.
tom ol the same puip) thould 8ot be considered

O 3288

suspeet unless the two results differ by more than-

(00 Btu/ib on & dry hasis.

18.1.} Dutv==There should be no bias decause
the equipment is standardized with o t‘ompwnd
havmg a hnown heat cfcombusuon

TARIF | Calurifie Votor -

I1Bige st}
Tlairw'e $1R8A )

1Byhe VA g
1808y e LUgetsg

* hicrnatndial B valone
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ANNEX

(Mandatory Informstlan) -

Al. THERMOMETRIC CORRECTIONS--

AL} Thermometer Cutrections—

ALLE His necessany to make the following individ.
vl wocreetons of a0l making the corrections would
resilt i8 30 cquinglent chsepe of 2.0 Biy or more.

ALLY Culibeation Corsition, shallt be made in 3¢~

vurdance with the calibeation cenificate fsenished By -

the calideation authority,

ALLS Senng Correction. necessary for the Becke
mana thermometer. It shall be made in assordance
with 8¢ directions furnished by the ealibration guthore

iy

,M.l.l Ocfferontial Emergenr Stem Correction, the
caleutstion of dillerentisl siem correction depends
UPOA 1he wiy 1he (IMrmometer wis calideated snd how
is is used. Two conditions sre possidie:

AVLAL Thermoneters Calibeated in Tutel tmmen
stom and Used in Purtial fimmyesionsaThis emergent
s1em correction la made g3 follows:

Corection o G, a Ko t)y*t=L =D
whete:
C, » emergent stem comrntion. _
KX 0.00018 for thermometers cafibrated in °C. and

8.00009 for Mermomerers calidrated in °F..
1 ® xalereading 10 which the thermometet was imye

T = mean iemperstyre of emergent stem.
., » il temporature reading snd
5 = (Ieal empertyse reading

Nty AS VaaZroinphe Assume ihe poims 1, 10
which the 1hermomeirr way immened wiy 15°C: i
sattsgh redding. 1. was J8.427°C, its final coacing, ts was
21876, the mean temperature of the emergent Mem.
T. w3 26°C:
hiTerentiat kem correction,

® 00018438 = 24)(38 + 24 = 15 = 28)

= DU06S'C.

ALLAS Therununctves Culibrated and Used in
Fartydd hinsesnm. N ot o Dithermt Tempersines than
e Caltbeated TompennurvesThis eraergent sem cor-
revtion is made 38 follont

Corrquon e (oo Ky =)l = 1
shere.
€, ® emergent stem cortection,
X » 000018 for ihermometers culitested in *C. and
0000V fuor thezmumetens catineated 18 °F.
b = initis] emperuturs rescding. '
i *® fiagl empersture reading.
1, ® pbscrved stem temperature, and
% ® :1:,1:‘ m ure 88 which the \hermometer wed
1Iesled.

Note A).2=Erumple: Assume the initial reading.
4. was $O°F. ihe finat resding. 1 wis 88°F, and that ihe
observed stem temperuture, 1o wis B2°F. and the cals
beation tempersture, 5, wis 11°F, then
Diflerential stem correction. €,

s 0.00009 (36 » 30) (82 = *2)

= 0.008°F. ‘

ALLS Radiation CurrvtinonenThete are used 1o
calevlate heat Joss 10 the water iacket, They are dased
on ke Dickinsos formula' 1he Regnaul-Plaundler
furmula.’ or the U.S. Buresy of Mines method® The
wme method of determining the radiznon correction
mutt be used consisiently in colibration and test mea-
surements,

ALLS.Y Oxkinwun Fovinula:

Comrheon(l=M

where:

€, = ndistion correction,

# o e of rise in lemperature per minvie n (he
preliminany o‘pﬂiod. i

ny » rate of rise of temperature per minute in the fingl
period il temperuture 1 Bulling, 2 is negaine),

4, ® {Iring tempersture. i

4 = fiasl 1emperstyre, deing the first temperatuce
after which the rate of changs is constant,

1 ® Lime st lempPerature, 1. MiN,

b = time n wwmperstyre, 1, ¢ 080 (5, = 1),
min, and

2= umge pi temperature. ¥, min,

ALL.82 Regnunle-Prawndler Yormide

Co» ar, + 58

where: ’

< = rydigton currection.

" o aymber of Mminutes 18 the com.
buslion penod, '

s o nent =)

i) ® el ellidine m:'.

r = prerage ismpernute dunng the
prehiminaty peniod,

* . = pverage temperatuce Junng the fi
asl pend,

ity - .. 0 ® 3UXCWLE tempetatute revonted

o eang s

*Inbimus. 18 0. Rulleun UY Burtaw ob Mamdarh Vod
(TN T
-~ SPreundies, L. Jusukcn e Py (lepegy. ANPY & Nl
129 1560, p 103,

C“Methigds of Anahnag and Jesting Codd sad Coke” § 8
Novsew o8 Momes Bollten 8490 XMMIA, (90° pp 1) *

!
i dax
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dunng the combusiion penod.

and .
ot o gumala i o=,

ALLAY Bureun of Mines Methedl—A 13dle of n ‘
digtion correvnon can e estabinhed 0 that only the'
tnitial 3ngd fing! readings are requited kv Jetermine the .

heat s3tue ol amy fuel This ma) be dune by currying
out 3 wries of 1ests utilizing the pracedure deribed in

Sevnon 10, ysing ihe following conditions. Regulate
. the amwuns of mple Buened 30 that & senes of dees.

mnanons is made in which different temperature rises
are ottained For all determingtions, keep the water

03288

jacket temperature constant. fire the bomb gt the same
imnal lemperature, $nd have the ame ume. / = 4.
clapae 122 8) between the innial and st readings
Derermine the radistion eorrections for esch of the
scnes of emperature fises using the Dickinson method
{see Ab 1.5.0). or the Regrauli-Plaundicr method fxce
AL.1.8.2). These corrections are constani for & given
temperature me, Fram the series of readings 2 ubie or
_ greph is plotled to show nadistion corration venus
temperature rise. Once 1he 1able OF graph is esablished,
the raciation corrections e3n be vbained frum it wnul
there is 2 major change in the squipinenl. »

APPENDINES

(Nonmandatory §nformation) -

1. THERMOCHEMICAL CORRECTIONS-

XUt Enenpy of Formation ot Niteie doid==A 0OTESs
won. ¢ (10.4.2 303 1).31 15 applied for the acid ras
non. This carevtion is tased on the asumptions (1)
that ali the 8cid titrated 15 HNO, formed by the follow.
ing reaction: “ Ny(g) « % 0, (g) + » H O 111« HNO,
i 300 mot M;0) and 1) dhat the enerpy of formation
of HNOw 1a approximately 500 mol of water under
vorh conditions is minus $9.0 LJ7mol.*® ‘

X1.1.0 A canvenient concentration of Na.COy
0.392 ¥ 1209 g N3 0,/1000 m3.) which gives &) = 30
mutuply 1. where § is the volume of Nag0Oy 1n
il The facror 1001004 x $90 « 23201 10
te waed R valvulating valonifiv salue in Big/h For
uther units sev Table X2.1. When H,80, i also present,
@ mant of the currection for 1,50, n cantaned in the
i coerevtion 3nd the remainder in the o corraction.

X1.2 Encegr of Foemutam of Sulfurie dvida=By Gef.
instwn (sce Definitions O 131) che gross calonfic valye
i obtaited when the pnxiuct of the combuystion of
wilfur in the ample is $SO; (g). However, in sciys!
romb combustion proceaes. 3l ihe sutfur 13 found B
HsSO, 1n the bomh nashings. A corretion oy (sze 10.0)
» applicd for the sulfur ihat is convenied w 11,50, Tal

currestion is haved gpon the energy of formation of

11,50, 10 solutions. such 23 will be present in the hamh
st the end of & combustion. This enerpy is wken g3
«398.0 KI/mol."’ A correcuan of 3 times $4.0 L/mo)
of sulfur was spplied in she &) corvection, 10 the addi-
tional eorrection Aecesary is 293.0 = (3 umes $90) =
177 A /mot, or § 83 M3/p of sulfur in the tample (33.2
Jumes worght of ampie in gram qimes percent sutfur
w wamplel. This cauies vy 10 e 2.7 umes weight of
samples in grams timet percent sulfur in samply. The
favwor 307 (= $5.3/2.328) for , fsee 13.2) 16 10 B¢ waed
Ror caleuluting estonific vatye in Buw/Ah. For ather units.
sce Appendis X2, The values ahove sre Pased oA 6 cual
suntaining shout § X sulfur and ahout $ % hydragen.

e

The sssumption is 8150 made that the HySQ, it dissolived
entirgly in the water condensed during comhysiion of
_the wmple.? -

X1.2.1 If 2 lg sample of such & fuel i dyrned. the
resulitng WK, condensed with water furmed an i,
walls of the bomh will have 1 ratio of abovt 1S mud of
water to | mol of H;SO,. For this concentration W
sriengy of the reaction SO () ¢ 2 O (g1 ¢ HO Y @
14:80, (1n 18 mal of H70) under the condition of the

Pomb provess is =395 M/mot ¥ Baung the cakulating

uon 8 ample of cumpargtively Rrge sulfur content
-y the panubdle overall ermon., devause, for small
poreentages of sulfur, e correvtion n smaties. '
N Fuse tlemtnw) Were=Calcylale the etemgy
vonrtributed by durmeng the fuse wire in sccordance
wath the dircvnions furnshed by the syppliet of the wore
‘ot exampie, the energy of the combustion of No W
M & S gaye Chramel ¢ wire ts 6.0 J/mg or appross.
mately DNS Jmm. For caloulanng oy for ue an Cqs 2.
and . 1hawe gne ) @ 0.4) limes length (man) of ware
or oy = 20 nime seght img) of wire, The enerpy
feguingg W ekt & plubiaym wire n conutant oy gach
ev,cnment i the same gmouns of plainum wie n
uwd Ay the encrgy is small. in effcs 8 eentially
caneficd aut 1 1he felationship between e sandard.
teation evfenrenty und the calurific suluc determing.

fions. and o can W neglected. The Gicton Inted ghove

for o 11042 and 1).3) are suitable R cahulating
(ﬂmﬂc salye in Biu/tb For ather units. we Appendia
N\ .

S Cohulutd Mom duts i Nl Buress of Sandanh
Swhnicat Soee 30 4

P ulot flom date e Namna! Burrgy o Nandands
Lwreler NIt

VAU B A ard Parker T "Mudecson Bomh Cabonmcins
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A2 REPURVING RESULTS IN OTHER UNITS

X2 1 Rupsvring Rewudrs in Jles poe Gram

X2.1 1 The goss calondie vatue can he eapressed v
Joules pur gram, calones per gram. or Brinsh (herma)
unity por pound. The relatonships botween these units
Jre peen i Tadle ). o :

.‘P!.n.! Bevause the energy of combustion of (he

i rmy matcrial 13 mepiured ond cemified by the

Satunat Buregy of Standards in joules per gram, the

o’ . and oy’ = corvections. wath units of juyies (e
: Tahe X2.1 .
X2.1.4 For calculaung pross catonflc vatve, substs
wie kq Y fur Eq ¥ A '
QIgros) s ) = " = o' = oy'We (V)
where ihe meanings of 1he symbuls 8 Fa J° re the
same 3s in By 3 eacept that:

mast Araghiforaard usage of the reference matenat Qi (grov) @ calonfic value with units of
wauld lead v the calurific value of the Tuet i jovles | et per gram (werght in ek -
porgrar Tovamy cut thn procedure, we nakechanges  X° = energy tquivalent, with units of

wuthnatia N2.1.Vidrough X2.0.8.

A2 1 Fur cokulating enerty cuuivalent. substitute=
Fgo e lyd

Eo|lillgd » o' & 't (b4 ]

where the meamnps of the symbvh an By 37 are the

i avon Ly S evep that

1" ® civergy oquiralent wuh unin of
Joules per tempersture umt.

I = heat of combystion of referene
matcrial. with umty of joules per
§3m weight s air (J/g from the
cenificate for the NBS ez
aid) and

joules per tempersture unit. 3nd
o' and oy’ ® corrections, wath units of juules (we
JANA R 1)

X2.1.8 Mo,

X081 Repcutumlinye=Duplicss  resulty Dy the
same lahncatory, using the same oprator and cuip
ment. should not he considered suspety unless chey
diffee by mare than 120 §/p

X2.0..2 Roprducitnlisy==The results submiited by
two of more fsbarsiories tdilTerem eguipmen, apers-
tors, date of tess, and differemt porins of the tame
pulp) should not be considered suspevt ualess (he tesults
dilTer &y more than 240 )/3.

BABLE N1 Ahernative Jhormixhemicy] Correctios -

Factors (§ aits in Jovies) )
' Muliphcastun ’ !
Corrvuon Facr Mulligty By

o' 1INOY Dimt MLV NN N LOy
w L0 M2 S percentage of wifur I8 umpte

umes mas of wimple in

grame
o tue sy M )/mm lengthimmrafNe B34S

per Oromed € wire

g e et LId)imm lerphimminfNo. M BA S

ik sile

o' lleg wie) 30J)/mg  man imp) of Chrumel € wire

' tfeeserr 24dimg  memimgioflan el

‘lu_nm-ﬂm:' g ) ondy

e (tcen gr Noa sty Rm rmmw.ﬂnmm tuket mes porsatte ses e AR (e vislrdity A 40y AR 1130 wyaTied 18 AR e
wied umy sewt myminandd 18 1A sigadind Usons of thes wandard see expersdy advrsed 10t deveminatm of 1Ry Talidiey o Sar un b
arved righes gad ihe ik of infagymen of un X Hpiey, oty emirely thew ima s psiing )

1000 viriendatd 18 \iePpNT 0t P ARAR B8 4Ny 1y By 10 repn g sy Ml comminter and mud Ne rivtened vy e vt und
8 mw tvied quber truppencd 8 aiAfrgun Y comments o imiod eitee fo st of (M vandurd o8 2 abbinagd.
stwnbindy wnd sindd N whdrevad s ANEM Hooditnirnes Yowe coneests 8ol e ene oiretid «mudecstnm of 4 wating of ihe
drguor N 1o B ol coomrnsiece whn B s gy wiend 1 v St iR sundt svenmenn dare ma saveed o jow Wuneg v Jeadd
ke v vores hneat i che AN M Covnmuner un Stundutds, 1918 Rane S Phiudiiphig, P4 19109
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f g0. 15 g of powdered K,SO,.

of H;SO,. Place the flask in an

-wi~o and heat gradually. Thea boil
t -solutiosn clears. Continue boil-
x..nonal 30 min. Cool. add about
ater, cool below 25°C, add 25 mL
£°3 and mix o precipitate the
d  pinch of zinc to prevent bump-
fissk. and add 2 layer of NaOH
Micieat to make the conteats
' e. Do not agitate the mixture.
¢ anect the flask to the digestion
denser. Have the tip of the con-
:rsed in the H;BO, solution (this
\ sured) in the receiver and thea
© mix the contents thoroughly.
¢ ammonia has distilled (at least
stillate). Titrate with standard acid
it} icator to violet end point.

: .ar the percentage pitrogea as fol-

A ded) % = 4 x By x 0.14

of 0.1'N 10 0.3 N H,SO, re-
£ titration of the solutiog. and
lity of the H,SO..

1' +the pearest 0.1 % the nitrogen
: as-received sample.

§ Accuracy

ision of this method has mot
aed. Data are being sought that
le ®or use in developing precision

Se validuy of eny patent mghts asserred
oy advised | dacmmamnc/ the validity
el s responsbiluy.

mnmmkmmdmryﬁnm
o7 revision of thus standard er for sddinonal
e careful connderancn &1 & meetng of the
s/ enot recerved ¢ fair heanng you should
u g, Pa 19103
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qmb Designation: D 2974 - 84+

Standard Test Methods for

MOISTURE, ASH, AND ORGANIC MATTER OF PEAT“

MATERIALS‘

Thu standard 18 ssued under the fized designation D 2074: the number immediately following the designation indicates the year of
onginal adoption or. in the case of revision. the vear of last fevision. A number in umnhesa ndicates the vu.rofhn napprosal
A superscnpr epuilon fe) indicates an editonal change since the last revision or reapproval.

1. Scope

1.1 These test methods® cover measurement
of the weight percentage of moisture. ash. and
Organic matter in peat materials, including moss.
humus. and reed-sedge types.

1.2 This standard may involve hazardous ma-
terials. operations. and equipment. This standard
does not purport to address all of the safety prob-
lems associated with its use. It is the responsibil-
ity of whoever uses this standard to consult and
establish appropriate safety and health practices
and determine the applicability of regu!azor) limi-
tations prior 10 use.

2. Summary of Methods

2.1 Method I—Moisture is determined by
drying a peat sample at 105°C. The loss in weight
represents the total moisture content expressed
as percentage by weight of the as-received sample.

2.2 Method I1—This is an alternative mois-

" ture method which removes the total moisture

in two steps: (/) evaporation of moisture by air
at room temperature (air-drying) and (2) the

subsequent loss in weight of the ait-dried sample

at 105°C. This method provides a more stable
sample. the gir-dried sample, when tests for ni-
trogen. pH. cation exchange. sand content. etc..
are 1o be made.

2.3 Ash content of a peat sample is deter-

mined by igniting the oven-dried sample from -

the total moisture determination in a muflle
furnance a1 $50°C. The substance remaining after
ignition is the ash. and this includes mineral

impurities such as sand. The ash content is ex-

pressed as & weight percentage of the oven<dried
sample.

2.4 Organic matter is determined by differ-
ence.

' 3. Appanatus

3.1 Oven, regulated 10 a constant temperature -
of 105 = 5°C.

3.2 Muffle Furnace. regulated to & constant
temperature of $50°C.

3.3 Evaporating Dishes. high silica or porce-
lain. not less than 75-mL capacity.

3.4 Blender, high-speed. :

C3S Aluminum Foil, heavy<duty.

"' 3.6 Porcelain pan. spoons, eic.

4. Preparation of Sample

4.1 Place a representative field sample on a
square rubber sheet. paper. or oil cloth. Reduce
the sample 10 the quantity required by quartering
and place in a moistureproof container. Hork
rapidly to prevent moisture losses.

MOISTURE

. 8, Proctdnre-Methodl

5.1 Mnx the sample thoroughly md place &

.test specimen of at least 50 g in an ignited and ~
weighed (with fitted heavy-duty aluminum (oil

cover) high silica or porcelain evaporating dish.
of not fess than 100 mL capacity. Crush soft
lumps with & spoon or spatula. Cover immedi-
ately with the aluminum foil and weigh to the

nearest 0.01 g. Dry uncovered for 16 h at 105°C.

Remove from the ovcn. cover tightly, cool. and
weigh.

1 These ten methods are under the juradiction of ASTM
Commnee D-18 on Soil and Rock and are the direqk respons-
bility of Subcommuttee D18.38 on Peats and Relared Matenals.

’ﬁug::gluou biished 23 D 2976 = 70. Lam edito
] y Pyl o8 - previous n
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6. Calculation—

6.1 Calculate the moisture content as follows: -

Motsture. % = [(4 = B) x 100}/4

where:

A = grams of as-received test specimen. and

3 = grams of oven-dried test specimen.-
Note=-In geotechnical engineering the moisture

content is commonly expressed as 3 propontion of the

oven-dried mass. Care must be taken to indicate which
system 13 being used.

7. Procedure—>Method 11

7.1 Use Method I} when pH. nitrogen. sand
content. cation exchange capacity. etc.. are 1o be
tested. Mix thoroughly and weigh a 100 to 300-

8 representative sample and spread evenly on a

large flat pan. Crush soft lumps with a spoon or
spatula and let the sample come to moisture
equilibrium with room air. not less than 24 h.

Stir_ occasionally to maintain maximum air ex--

posure of the entire sample. When the weéight is
constant. calculate the loss in weight as percent
moisture removed by air drving. Grind a repre-
sentative portion of the air-dried sample 1 10 2
min in 2 high-speed blender. Use the ground
portion for moisture. ash. nitrogen. etc.. detcr-
minations.

7.2 Thoroughly mix the air-dried. ground
sample and weigh to the nearest 0.013 the equiv-
alent of 50 g of test specimen on the as-received
basis. Determine the grams of air-dried sample
equivalent to 50 g of as-received sample as fol-
lows:

Equivalent sample weight.
g = 50.0 - [(50 x percent moisture removed

in air drying)/100]
Place the weighed sample in an ignited and
weighed (with fitted heavy-duty aluminum foil
cover) high silica or porcelzin evaporating dish
and proceed as in Method 1.

8. Calculaticn
8.1 C_a!culate the moisture content as follows:

D 2874 - .
Moisture. & = (50 - 3y x 2

where:
B = grams of oven-dried sample.

ASH

9. Procedure~

9.1 Place an uncovered (retain cover for
weighing) high silica or porcelain dish containing

the dried test specimen from the moisture deter-

minations in a muille furnace. Gradually bring
to 530°C and hold until completely ashed. Cover
with the retained aluminum foil cover, cool. and

weigh.
10. Calculation »
10.1 Calculate the ash content as follows:
Ash. § = (C x 100)/8

where:

C = grams of ash, and
B = grams of oven-dried test specimen.

ORGANIC MATTER

31. Procedure

11.1 Determine the amount of organic marter
by difference. as follows:

Organic matter. % = 1000~ D

where:

D = weight percentage of ash
REPORT

12. Report

12.1 Report all resulntothenemo 1%.

12.2 Indicate whether moisture contents are
by proportion of as-received mass or oven-dried
mass.

13. Precision and Blas

13.1 The precision and bias of these test meth-
ods have not been determined. Data are being
sought for use in developing a precision and bias
statement.

-

The Amerian Sixren kw Testing and Maserialc 1akes no posisn cespecng the validisy of anv patent nights asseried in connecrion
with amy tem mentnmed m i siandard U sers of itus wandard are expressty advived 1har determinanion of the validuy of aav siuch
putcns righis. and the sk of infingemens of such riehs, are entieely there own responsibiliny

This vandard s subpent 1o revision a1 ans 11me by the responsidle technical commirtee and must de reviewed rrevy five vears and

or wuldrown Yowr comments are iaviied enher for revision of this siandard or fov addimonal

vundurds urd \hould e addressed 10 ASTA Heodguanees Yosuw comments will recerve corchul consideraiion a1 8 meening of the
revpunulie iechanal commintee which vou mav grend If von feel thar v cummems have not recerved & faw hearing vow should
make e s Amma b the ASTM Commuutee on Standards, 1910 Roce 51.. Philadeiphia. Pe 19103
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. CARBON, TOTAL CRGANIC AND INCRGANIC

Carbon may exist in sediment and water samples as either
inorganic or organiec canpouads. Inorganic carbon is present as carbo-
astes, bicarbonates, and possibly free carbon dioxide. Specific <yges
of compounds that are considered to be included in the organic carbon
frection are nonvolatile organicvéampounds {sugars), velatile orgasnic ,
compounds (mercaptans), partially volatile ccmpounds {oils), and
particulate cerboneceous materials (cellulose).!*?*

The basis of the method is the catalytic or chemical
oxidation of carbon in carbon-containing campounds to carbon dioxide
followed by the quantification of the carboq dioxide produced.

‘Alternately, the carbon may be reduced to methane and eppropriately

quantified. It follows, then, that the distinction between inorganic

“carbon and organic carbon is the method of semple pretreatment. There

ere presently two procedures for defining this separstion. One method
is based on semple treatment with a strong acid. Anslysis of an
untreated sample is & measure of total carbon while anelysie of the
acid-treated fraction is a measure of organic carbon. Inorganic cardon
is calculated by subtraction. The second method of separation is

based on differentiel thermal cambustion with organic comﬁcunds being
converted to carbon dioxide at 500°C to 650°C3** and inorganic carben
being converted to carbon dioxide et 950°C to 1300°C.%* %

Sample Handling and Storage

Flowcharts for the handling of samples intended for organic
carton and inorganic cerbon analysis are presented in Figure 3-€ and
Figure 3-7. Water and sediment samples to be enalyzed for inorgenic
carben may be stored in glass or plastic conteiners. There is no
effective preservative because of the carbon dioxide reserve in the
dtmosphere. The cnly precantionithat can be taken for inorganic

* References for this procedure cen be found cn pege 3-T6. AR301L403
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carbon is to completely fill the sample container at the time of
sanpling (exclude all air bubbles), tightly seal the container, and
~ complete the analysis immediately (Figure 3-6).
Water samples for organic carbon_analysis should be stored
in glass containers unless substitute containers have baen shown not
- to affect total organic carbon (TOC) analyses. Samples should be
processed as soon as possible (within 24 hr if possidle) to minimize
change due to chemical or biolegical oxidation, Atmospheric uétake
of carbon dioxide is less critical since it would bte evolved when the
sample is acidified prior to analysis. Sediment samples for organic
§ carbon analysis may be stored in either plastic or glass containers
(Figure 3-7). Air drying of sediments (S2) may lead to low TOC
results due to oxidation or volatilizatioan. Therefore, moist storage
{ (SID) or frozen storage (S3) would be the preferred method of storage.
. : If samples are frozen, excessive temperatures should not be used to
l : thaw the samples.

AR
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Procedure fof Weter Semples (W1, w2, SLA)

Method 1: Infrered Analysic®'’

Apzeratus

Sample homogenizer such as a Waring blender or ultrasonic blender
Magnetic stirrer '

Hypodermic syringe

Total cardon analyzer, either & single channel or a dual channel
- instrument (Dow-Beckmen Carbonacecus Anslyzer odel
No. 915, Dohrmann Envirotech DC-50 carbon analyzer,
Oceanography Internationsal Total Carbon Anelyzer, Leco,
or equivaleut)

Reagents

Distilled witer: the distilled water used in the preparation of
standards and dilution of samples should be of the
highest quality in order to have & small blank.

Organic'carbon. stock solution, 1000 mg/f C: dissolve 2.125 g
anhydrous potassium biphthalate, KHCe HuOu, in distilled
vater and dilute to 1 £ in a volumetric flask.

Organic carbon, standard solutions: prepare standard soluxion by
dilution of the stock solution as reqnired.

Inorgenic cerbdon, stock solution, 1000 mg/2: dissolve 3.500 g sodium
bicerbonate, NaECO3, and Lk.L18 g sodium carbonate, N22CO03,
in distilled wvater in a l-% volumetric flask and make up
to the mark.

Inorgenic carton, standard sclution: prepare standards from the stock
solution as reqnired.

Pecking for total carbon tube: dissolve 20 g cobalt nitrate.
CO(NO3)z * 6H20, in 50 ml distilled water. Add this
solution to 15 g long-fiber asbestos in a porcelain
evaporating dish. Mix and evaporate to drynesg on a
stean bath. Flace the digh in a muffle furnace and
tring to 950°C. After 1'to 2 hr at this temperature,
remove the dish end allow to coocl. Break up any large
lumps and mix adequately but not excessively. With the
combustion tube held in a vertical positicn, taper joint
up, put about 1/2 in. of untreated asdestos in the tudbe
firgt, then transfer in mmall amountsg, approximately 1 g
of catalyst into the tube wvith forceps or tweezers. As
it is added, tap or push the material gently with & 1/k<in.
glass rod. "Do not force the packing. The weight of the
rod itself is sufficient to compress the material. VWhen
completed, the length of the packing should be abou &B 31) | ll 07
6 cm. Test the packed tube by measuring the flow r

3-69
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gas through it at room temperature, and then at 75C°C. « /
The rate should not drop more than 20 percent.

Packing {or carbonate tube (qual channel instrument): place 2 small wad
of quartz wool or asbestos near the exit end of the
carbonate evolution tute. From the entrance end add € ¢35
12 mesh quartz chips, allowing these to collect against the
wad to a length of 10 cm. Pour an excess of .85 percent
phosphoric acid, HyPO,, into the tube while holding it
vertically and allow the excess to drain out.

Nitrcgen gas, carbon dioxide free.
Procedurs N _

Turn on the infrared analyzer, recorder, and tube furnaces,
setting the total carbon furnace at 950°C and the carbonate furnace at
175°C. Allow sufficient warm-up time for stablas, drift-free operation;
about 2 hr i3 required. If used daily, the analyier can be laft on
continuously. Adjust the oxygen flow rate to 80 to 100 ml/min through
the total cardon tube. With other instruments, follow manufacturer's
directions to warm up the instrument: ' )

Imrediately prior to carrying out calidrations or analyses,
inject saveral portions of the appropriate standard into the tube to be \.4)
used, until constant readings are obtained. The actual injection
technique is as follows: rinse the syringe several_times with the
solution tb be analyzed, fill, and adjust the volume to be pipeted.
Wipe off the excess with soft paper tissue, taking care that no lint
adheres to the needle. Remove the plug from the syringe holder, insart
the sample syringe, and inject the sample into the combustion tube with
a single, rapid movement of the thumb. Leave the syringe in the holder
until the flow rate returns to normal, then replace it with the plug.

Successively introduce a convenient sized aliquot (20 to

50 ul) of each organic cardon standard and a blank ianto the total carbon

tube and record peak heighzs; Between injections allov tha recorder
pea to retura to its baseline. When a dual chanpel.insirunent is used,
the sténdardization procedure must be repeated using carbonate standards
to calibrate the low temperature channel. |

Thoroughly mix the sample. Inject a convenient sized
aliquot (20 to 50 ul) of the sample into the total carbon tube and

AR301408
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record the peak-héiéht. Tﬁis result is a ;éaéhre of the crganiec carken
concentration and the inorganic carton conceniraticn of the ssm;lé.

4 Thoroughly mix the semple using a Waring blender or an ultra-
sonic homegenizer. Transfer 10 to 15 ml of sample to a 20-n) beeker and
ecidify with concéntrated HC1 to a pH of 2 or less. Purge the sample

th cerbon dioxide free nitrogen gas for 5 to 10 min. ?Plassic tubing

should not be used during the purging process unless it has been
previously shown that it will not edd orgenic carbon to the sample.

~ Mix the acidified sample on & msgnetic stirrer. While
stirring, wvithiraw a subéample from the besker using a hypodermic
needle with & 150-um opening. Inject the sample intoc the carbon
anzslyzer to be used and record the peak height. This result is a
measure of the organic carbdon concentration of the sample.

Using either clear or filtered wvater samples, analyticel
precision will approach 1 to 2 percent or 1 to 2 mg/l cardon, vhichever
is greater. Anelytical precision for unfiltered water samples vill
increase to 5 to 10 percent because of the difficulty essociated with
sampling particulate matter and the fact that the needle opening of
the syringe limits the meximum size of the particles that can be
included in the sample.

Celeulations

Dualechannel instrument. Prepare celibration curves

derived from the peak heights obtained with the standard total carbon

~ and inorganic carbom solutions.

Determine the concentration of total carbon and inorganic
carvon in the sample by comparing sample pesk heights with the cali-
tration curves, : ‘

Determine the concentration of total irorganic carbon in
the sample by subtfacting the organic carbon value from the tota;
carbon value.
| Single-channel instrument. Prepare & calibration curve
derived from the peak heights obtained with the standard total carbon
solutions. Determine the totel carbon concentratiorn in the semple by
comparing the peak height of the first @ple injection vhth éhﬁ 1 l+09 '

3-T1



calibration curve. Determine the orgaaic carbon concentration in the
sample by comparing the peak heizht of the second sample injection with
the calibration curve. Inorganic carbon concentrations are calsulated

by subtracting the organic carbon concentration froem the total carbon
concentration. ‘

. —
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Procedures for Sediment Samples (S1D, S3}

 Method 1: Sample Ignition

Apperatus

1’nd.tc‘-:l.on furnace such as the Leco WR-12, Dolrmeann DC-50, Coleman CH
enalyzer, or Perkin Elmer 2L0 elemental znalyzer

Combustion boats
Microbalance
Desiccator -

Reagents .

10 percent hydrochloric acid: mix 100 ml concentrated HC1 with 900 ml
distilled water. : ‘

Copper oxide fines.
Benzoic acid.
Procedure

Dry at T70°C and grind the sediment sample.

Weigh a canbustion boat and record the veisht. Plece 0.2
to 0.5 g homogenized sediment in the combustion boat and rewveigh.
Combustion boats should.not be handled with the bare hand during this
process. _ ‘ '

If total carbon or inorganic carbon is to be determined,
Cupric oxide fines may be added to the sample to assist in cambustion.
Combust the sazmple in an induction furnace. Record the result as total
cerbon. : ‘ _
It orgaﬁic carbton is to be determiped, treat a& knowmn weight -
of dried sediment with several drops of 10 percent HCl. Wait until
the effervescing is completed and edd more acid. Contimue this process
until the incremental sddition of ecid causes po further effervescence.
Do not add too much acid at one time as this may ceause loss of sample
due to frothing. '

Dry the sample at 70°C and place in e desiccater. Add
Cupric oxide fines, combust. the sample in an induction furnace, and
record the result as organic carbon.

ﬂR30[hll
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Calculations
The carbon content of the sample can be calculated as:

%c o ¥eizht of tube (after-bafore)

sample weigzht *x 27.29

Derivation of factor: _
12,011 (molecular weight carboh 2
2T-29 = [T7511 (molecular weight carbon dioxide) * 2007
When the total sample results are used, the result is
percent zarbon in the sample. When acid-treated samples are used, the

result is percent organic carbon. Inorganic carbon is calculated as
total carbon minus organié carbon.

Method 2: Differential Combustion®’®

Apvaratus

Sargent programmed amicrocombustion apparatus or equivalent
Microbalance

Procedure

Air dry the sediment sample. Using a mortar and pesil&,
grind the sample to pass a 100-mesh screen.

Conbust a known weight of sediment at a programmed heating
rate of 300° to 950°C in 10 min and then maintain 950°C for 20 min.
Trap the COz in ascarite and record the weight as total carbon. A
sample size should be selected that will produce 25 to 50 mg CO;z.

Weigh a second portion of the dried sediment. Combust this

sample at a programmed rate of 300° to 650°C in 10 min and maintain
- 650°C for 20 min. Trap the CO2 {n ascarite and reccrd the weight as

orgaaic carbdon.

The total carbon concentration, C,, of the sample (in mg/g)
is calculated as follows: ' '

x
c, = (¢) (43)

()

wnere O AR301L12

Xt = weight of Oz evolved at 950°C, g
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€ = velght of sample combusted, g

The organic carﬁoh, C

, concentration of the sample (in =z/s
is calculeted as follows: ’

o

Cy o (*oggg)&z
x

o = weight of COz evolved at 650°C, mg
g = weight of sample combusted, g

vhere

Inorganic cerbon, Cs» (in mg/g) is celeulated as:

CpoCy-Cy

Method 3: Wet Combustion“®®

A third method hasg been used for caébon in sedizents. This
is based on the-oxidaﬁion of the sample with dichromate and back titrae-
tion of the sample with ferrous amonium sulfate. References are
provided for the procedure but details are not given. The procedure
ie similar to the chemi:el‘oxygen demand test vhich is not specific
for carbon. The wet combustion method is & redox procedure and any
reduced chemicals in the sediment samples (ferrous ironm, manganous
manganese, sulfide) vill react vith the dichromate. Therefore, this
procedure is not recozmended unless other instrumentstion is not
available.

AR301LI3
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Ebasco Services Incorporated | REM IIT 8AS No. |
REM III Program : . .
Zone Program Management Office
12000 1Sth Street North
Arlington, VA 22201
Phones (703) 558-=755S

REM IIT TEAM LABORATORY
| SPECTAL ANALYTICAL SERVICES
. Regicnal Office Request -

’1 1l | Regiocnal Transmittal '_L_L Telephone Request

l A. Regicnal Office: NUS-Pittsburoh _ and Site Name:Croydon TCE
B. Regional Laboratery Service Coordinator: Greg Zimmerman
(\/ C. Telephone NMumber:__ ( 412 ) 788-1080 '
l D. Date of Request:_ September 22, 1988

Please provide below a description of your request for Special Analytical
Services under the REM III Program. In order to most efficiently cbtain
capability for your request, please address the following considerations,

|  if applicable. Incamplete or errcnecus information may result in delay in
~ processing your request. Provide response cn additional sheets or attach
supplementary information as needed.

o
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2.
|
|
]
l ’ -
| -
K>

‘ 4.

S.

sed samples for TOC, and Grain Size Distribution.

_ General description of analytical service requested: Analysis of 7 |

Definition and mumber of work units involved (specify whether whole
samples or fracticns; whether organics or inorganicss; whather aguecus -
or seil and sediments; or whether low, medium, or high concentration:

7 _low concentration sediment samples,

Purpose of analysis (specify whethar Remedial or Enforcement ktion,
RCRA, NPFDES, ets.)s_ RI/TS

Data Quality Objectives (specify whethar screening analysis,
engineering support or confirmational analysis):_ Enaineering Surport
DO Igvel IIT,

Estimated date(s) of collection:_ November 14 - 18, 1988

AR3014L16

U oy -



\__J 6. Estimated date(s) and method of shipments November 14 = 18, 1088.
: : es will by overni t air carrier da are
i de on ect schedule,

7. Appmdmtemmberofdaysresultsarerequiredaftex:eceiptof
samples by laboratom_io_@zg

8. Analytical protocol required (attach copy if protocol other than
‘ currently approved under this contract or CLP program)$

Grain Size Distribution - ASTM D 422-63
- =73 from " or Chemical Ar is o
l - - Sediment and Water Samples", FPA, May 168]. '
l »  _All methods are attached.

9. Special technical instructions (if cutside protocol requirements,
~. specify campound names, detection limits, etc.):

10, Analytical results required (if known, specify fommat for data sheets,
| . QA/QC reports, chain-of-custody, documentation, etc.). If not
canpleted, format of results will be Ieﬁ: to dlscretion of the
laboratory: culations

11. Other instructions (use additional sheets or attach sq:plenentuy’
 information, as needed):

- -

AR301417

‘ " 12. Name of sampling/shipping contact:_ Greg Zimmerman



-

Phone:_ (412) 783-1080
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I. DATA REQUIREMENTS

- mgyr o PRECISION DESIRED
—DETECTION ILTMTT _  __ (+ % or Conc.)
Not Specified Not Specified

Not_Specified . Not Specified -

QONTROL PRECTSION DESTRED

|  ___ ewmes
l IROL OF EAMPI + or Conc.
None Specified
l_ ‘
l .
l
' ZIT.  ACTION RPQUIRED JF LYMTTS ARE EXCEEDEDS
! ﬂ‘ one Specified
| o
i AR301L19
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ﬂg]b Designation: D 422 - 83 (Reapproved 1972)""

Standard Method for
Particle-Size Analysis, of Sods

Thus standard s 153ued under the fixed designation D 422

: the number immediately following the designauion indicates the vear of

onginal adoption of. 1 the case of revision. the year of h.u revision. A number 1n parentheses indicates the vear of last reapproval A
superscnpt epulon (o) indicates an edstonal change uince the last revision of reapproval

' Notg-=Section 2 was added editonalhy and subsequent sections renumbered 1n July 1984

1. Scope-

1.1 This method covers the quarmmxve determination of
1he distribution of particle sizes in soils. The distribution of
pamcle sizes larger than 75 ym (retained on the No. 200
sieve) is determined by sieving, while the distribution of

icle sizes smaller than 75 um is determined by a
sedimentation process. using a hydrometer to secure the
necessary data (Notes 1 and 2).

NoTe 1—=Separation may be made on the No. 4 (4.75-mm). No. 40
(428-um). or No. 200 (75-um) sieve instead of the No. 10. For whatever
wuscd.thenzeshﬂlbemdmwdmmem

Nott 2—=Two types of dispersion devices are prowded (l) a
mga .speed mechanical stirrer. and (2) air dispersion. Extensive investi-
gations indicate that air-dispersion devices’ product a more positive
dispersion of plastic soils below the 20um size and appreciably less
degradation on all sizes when used with sandy soils. Because of the
definite advantages favoring 2ir dispersion. its use is recommended. The
results from the two types of devices differ in magnitude. depending
upon soil type. leading 1o marked differences in particle size distribu-
tion. especially for sizes finer than 20 Hm.

2. Referenced Documents

2.1 ASTM Standards:

; D421 Practice for Dry Preparation of Soil Samples for
Panticle-Size Analysis and Determination of Soil
Constants®

E 11 Specification for Wire-Cloth Sieves for Testing
Purposes®
E 100 Specification for ASTM Hydrometers®

3. Apparstus

3.1 Balances—A balance sensitive to 0.01 g for weighing
the material passing a No. 10 (2.00-mm) sieve, and a balance
sensitive t0 0.1 % of the mass of the sample to be weighed for
weighing the material retained on a No. 10 sieve.

3.2 Stirring Apparatus—Either apparitus A or B may be
used.

3.2.1 Apparatus A shall consist of a mechanically oper-
ated stirring device in which a suitably mounted electric
motor turns a vertical shafl at a speed of not less than 10 000
rpm without load. The shaft shall be equipped with a

* This method is under the junsdiction of ASTM Committes D-13 on Soil and
Rock and is the direct respoambility of Subcomminee D13.03 on Texture,
Plasticity. and Density Characteristics of Soils.

Currean edition approved Nov. zl 1963. Originally publuhed 1938, Replaces
D422 -82

2 gnnual Book of ASTM Standards. Vol 04.08.

3 gnnual Book of ASTM Standards. Vol 14.02.

¢ tnnual Book of ASTM Standards, Vol 14.00.

87

replaceable stirring paddle made of metal. plastic. or hard
rubber. as shown in Fig. 1. The shaft shall be of such length
that the stirting paddle w:ll operate not less than %% in. (19.0
mm) nor more than 1% in. (38.1 mm) above the bottom of
the dispersion cup. A special dispersion cup conforming to
either of the desxgns shown in Fig. 2 shall be provided to hold
the sample while it is being dispersed.

3 2 2 Apparatus B shall consist of an air-jet dispersion
cup (Note 3) conforming to the general details shown in Fig.

3 (Notes 4 and 3).

Note 3—=The amount of air required by an m-)et dispersion cup is
of the order of 2 A%/min: some smail 2ir compressors are not capable of
supplying sufficient air 10 operate a cup.

"NoOTE 4—Another air-type dispersion device, known as a dispersion
tube. developed by Chu and Davidson at Iowa State College, has been
shown to give results equivalent 10 those secured by the air-jet dispersior
cups. Whmnuused.soahngofmesmp!embedonem
sedimentation cylinder. thus eliminating the reed for transferring
slurry. When the air-dispersion tube is used, it shall be so mdxcaled in
the repont.

NoTE $—-Water may condense in air lines when not in use. This
water must be renioved. either by using a water trap on the air line, or by
blowing the water out of the line before using any of the air for
dispersion purposes.

3.3 Hydrometer—~An ASTM hydrometer. graduated to
read in either speaﬁc gravity of the suspension or grams per
litre of suspension, and conformmg to the requirements for
hydrometm 151H or 152H in Specifications E 100. Dimen-
sions of both hydrometers are the same, the scale being the
only item of difference.

- 3.4 Sedimentation Cylinder—A glass cylinder essentially
l8 in. (457 mm) in height and 2% in. (63.5 mm) in diameter.
and marked for a volume of 1000 mL. The inside diameter
shall be such that the 1000-mL mark is 36 £ 2cm fromthe
bottom on the inside.

3.5 Thermometer—A thermometer accurate 1o
{0.5°C).

3.6 Sieves—A series of sieves, of square-mesh woven-wire
cloth, conformm. 1o the requirements of Specification E 11.
A full set of sieves includes the following (Note 6):

AR301L20

’Demhdwhn;d:mnarumucn’m a 3 nominal cont fror .
the American Society for Tesung and Matenals, I’uhaSl..Phdaddphu.P\/
19103. Order Adjunct No. 12-404220-00. .

I'F




Metric Equivaients -

n € 001
003

0.049
12¢

0.
$.16

"
127

L)
190

FiG. 1 Detail of Stiming Paddies -

_ No. 10(2.00-mm)
No. 20 ¢850um) -
No. 40 (428-um)
No. 60 (250-um)
No. 140 (106-um)
No. 300 (7Sum)

. Jain 75-mm)
2an. (50-mm)
R Jvsan. (37 5-mm)
i 14, (25.0-mm)
< 2Yen. 119.0-mm)
< i, (9.5-mm)
< £No. 6 {4.75-mm)

NOTE 6--A set of sieves giving uaiform spacing of points for the
;nph.asmuzredm&cucu 17, mybeusadnfdmmd.‘[hsmcoamu
B i ] followm; sieves:

‘%in. (75-mm)
I\/ “1'n. (37.5-mm)

£¥ein. (19.0-mm)
“lgan. (9 S-mm)

No. 16 (L.1&-.mm)
No. 30 (600-um)
No. 50 {300-um)
No. 100 (150-um)
Ne. & (4.7%.mm) No. 200 (7$um)
_.«No. §(2.36-mm)

~ ).74Water Bath or Constant-Temperature Room—A
water bath or constant-temperature room for maintaining
he soil suspension at a constant temperature during the

1ydrometer analysxs. A satisfactory water tank is an insulated

tank that maintains the temperature of the suspension at a

juch a device is illustrated in Fig. 4. In cases where the work

’ ‘onvenient constant temperature at or near 68°F (ZO‘C).__

1s performed in & room &t an automanally eoutrolled .

constant temperature, the water bath is not necessary.
3.8 Beaker—A beaker of 250-mL capacity.

3.9 Timing Device—~A watch or clock with a second )

hand.

» Dispersing Agent '
' 4.1 A solution of sodium hexametaphosphate (sometimes
' called sodium metaphosphate) shall be used in distilled or
* femineralized water, at the rate of 40 g of sodmm
. iexametaphosphate/litre of solution (Note 7).

. Note 7—Solutions of this salt, if acidic, slowly revert or hydrolyze
&k 10 the orthophosphate form with & resultant decrease in dispersive

* temperature of the controlled water bath; or, if the sedimen-

{ ~“~a. Solutions should be prepared frequéntly {at Jeast once & month)

&\/)uswd 10 pH of § or 9 by means of sodium earbonate. Bottles
%®!..

4.2 Al water used shall be cither distilled or
demineralized water. The water for & hydrometer test shall

l

ng solutions should have the date of preparation marked ¢n

. Sl v of wrpermil Mo b

f——— 375 el ———ni

Permanent
Baffle
Rods

2 6 “cliom. ~—

" Shetric Equivaients

R ] 28 378
3 &8 952

FiG. 2 DOispersion Cups of Apperatus

n
mm .

be brought to the temperature that is expected to prevail
during the hydrometer test. For example, if the sedimenta- - {
noncyhndenswbephwdmmewaterbam. lhedxsnlledor
demineralized water to be used shall be brought to the

tation cylinder is used in & room with controlled tempera- |
ture, the water for the test shall be at the temperature of the

differences that are of practical significance and do not
prevent the use of corrections derived as prescribed. :
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FIG. 3 Alr-Jet Dispersion Cupe of Apparatus B

§, Test Sample

> the following schedule:

A Nomina). Diameter of
b : Largest Panticles. Approzimate Minimum
b ia. (mm) Mass of Poruon. 3
% (9.9 500
Y (19.0) 1000
1 Q254 2000
v {38.1) 3000
2 (500 4000
3 (76 5000

5.1.2 The size of the portion passing the No. 10 sieve shall

be approximately 1135 g for sandy soils and approximately 65
g for silt and clay soils. ‘

5.2 Provision is made in Section § of Practice D 421 for

weighing of the air-dry soil selected for purpose of tests, the

- separation of the soil on the No. 10 sieve by dry-sieving and

wad | oF

5.1 Prepare the test sample for mechanical ‘analysis as. - assnsnsnssssnn JJ' %
outlined in Practice D 421. During the preparation proce- 4 @ o

dure the sample is divided into two portions. One portion F4 : ' "-,!,?

.+ contains only particles retained on the No. 10 (2.00-mm)_ -~ - dde
T geve while the other portion contains only particles passing = 4] 2

! the No. 10 sieve. The mass of air-dried slo)il ;:lected for o3 37%== e v 3"
: se of tests, as prescribed in Practice D 421, shall be 3 1 A
afu“;'%ffiem 10 yield quantities for mechanical analysis as _::::‘_:ff"r:z’ 3‘;’7 ‘:’:’:: 1 H
" follows: ) . L adeci b ecacaace 2°Cork Insuloton cocecfe 3\)
“- 8.1.1 The size of the portion retained on the No. 10 sieve Ml 2
"'shall depend on the maximum size of particle, according to % E 3
4, Loy

;_A";

v -8rots Plote 4
i ]

oo ja

- Matrig Equivelents:

3 13 ]
782 1582

insuisted Water Bath

A
22

14

1 ¥
254 B8 %40

Fi. &4

n
mn

2-in. (50-mm), 1%-in. (37.5-mm), 1-in. (25.0-mm), %-in.
(19.0-mm), %-in. (9.5-mm), No. 4 (4.75-mm), and No. 10
sieves, Or as many as may be needed depending on the

- sample, or upon the specifications for the material under

washing, and the weighing of the washed and dried fraction

retzined on the No. 10 sieve. From these two masses the

percentages retained and passing the No. 10 sieve can be-

calculated in accordance with 12.1.

Nott 3—A check on the mass values and the thoroughness of
pulverization of the clods may be secured by weighing the portion
passing the No. 10 sieve and adding this value 10 the mass of the washed
1ad oven-dried portion retained on the No. 14 sieve,

- SIEVE ANALYSIS OF PORTION RETAINED ON NO. 10

(2.00-mm) SIEVE

6. Procedure - .

6.1 Separate the portion retained on the No. 10.(2.00-
mm) sieve into a series of fractions using the 3-in. (75-mm),

test.

6.2 Conduct the sieving operation by means of a lateral
and vertical motion of the sieve, accompanied by a jarring
action in order to keep the sample moving continuously over
the surface of the sieve. In no case turn or manipulate .
fragments in the sample through the sieve by hand. Continue
sieving until not more than | mass % of the residueona
sieve passes that sieve during 1 min of sieving. When

. mechanical sieving is used, test the tho of sieving
by using the hand method of sieving as a ;

89

6.3 Determine the mass of each fraction-on a %
conforming to the requirements of 3.1.- At the end o
weighing, the sum of the masses retained on all the sieves
used should equal closely the original mass of the quantity

et AR 301422
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HYDROMETER AND SIEVE ANALYSIS OF PORTION -
PASSING THE NO. 10 (2.00-mm) SIEVE

Determination of Compositz Correction for Hydrometerv
Reading

7.1 Equations for percentages of soil remaining in suspcn-
sion. as given in 14.3, are based on the use of distilled or
demineralized water. A dispersing agent is used in the water,
however. and the specific gravity of the resulting liquid is
appreciably greater than that of distilled or demineralized
water.

7.1.1 Both soil hydrometers are calibrated at 68’F (20°C),
and variations in temperature from this standard tempera-
ture produce inaccuracies in the actual hydrometer readings.
The amount of the maccuucy increases as the variation

_from the standard temperature increases.

7.1.2 Hydrometers are graduated by the manufacturer to
be read at the bottom of the meniscus formed by the liquid
on the stem. Since it is not possible to secure readings of soil
suspensions at the bottom of the meniscus, readings must be
taken at the top and a correction applied.

7.1.3 The net amount of the corrections for the three:
items enumerated is designated as the composite correction,
and may be determined experimentally.

7.2 For convenience, a graph or table of composite
' correcuons for a series of 1° temperature differences for the

range of expected test temperatures may be prepared and
used as needed. Measurement of the composite corrections
may be made at two temperatures spanning the range of

-~ =xpected test temperatures, and corrections for the interme-

‘e temperatures calculated assuming a stmghz-lme rela-

- “Laship between the two observed values.

y
|

|

7.3 Prepare 1000 mL of liquid composed of distilled or
demineralized water and dispersing agent in the same
proportion as will prevail in the sedimentation (hydrometer)
test.Place the liquid in a sedimentation cyclinder and the
cylinder in the constant-temperature water bath, set for one
of the two temperatures to be used. When the temperature of
the liquid becomes constant, insert the hydrometer, and,
after a short interval to permit the hydrometer to come to the
temperature of the liquid, read the hydrometerat the top of
the meniscus formed on the stem. For hydrometer 1S1H the
composite correction is the difference between this reading
and one; for hydrometer 152H it is the difference between
the reading and zero. Bring the liquid and the hydrometer to
the other temperature to be used, and secure the composite
correction as before. :

8. Hygroscopic Moisture

8.1 When the sample is weighed for the hydrometer test,
weigh out an auxiliary portion of from 10 to 15 g in & small
metal or glass container, dry the sample to a constant mass in
an oven at 230 £ 9°F (110 £ 5°C), and weigh again. Record
the masses.

-

‘/ 9. Dispersion of Soil Sanipie

l
l

| When the soil is mostly of the clay and silt sizes. weigh |
<. a sample of air-dry soil of approximately S0 g When the
soil is mostly sand the sample should be apptoxzmately 100
[ 3

- further. using cither stirring apparatus A or B. If stirming
‘beaker into the special dispersion cup shown in Fig. 2,

- distilled or demineralized water (Note 9). Add distilled or
demineralized water, if necessary. so that the cup is more

tank.

‘between the cup and the control valve. Open the control

-Soils containing large percentages of mica need be dispersed
for only 1 min. Afier the dispersion period, reduce the gage

—

9.2 Place thc sample in the 250-mL beaker and cover wath
125 mL of sodium hexametaphosphate solution (40 g/L)
lSur u&u:‘lhc sotl is thorough!y wetted. Allow to soak for ar
east

9.3 At the end of the soalung period. disperse the sample
apparatus A is used. transfer the soil - water slurry from the

washing any residue from the beaker into the cup with

than half full. Sur for a period of | min.

NoTE 9—A large size s_v_rmgc is & convenient device for handling the
water in the washing operation. Other dewvices include the wash.water
bottle and & hose with nozzle connected o 2 ptenunzed distilled water

9.4 If surring apparatus B (F\g 3) is used. remove the
cover cap and conaect the cup to a compressed air Suppl) by
means of & rubber hose. A air gage must be on the line

valve so that the gage indicates | psi (7 kPa) pressure (Note
10). Transfer the soil - water slurry from the beaker to the
girjet dispersion cup by washing with distilled or
demineralized water. Add distilled or demineralized water, if
necessary, so that the tota! volume in the cup is 250 mL, but
no more. -

~ Note IO-—Tbenmualmmuu of 1 psunquu'edwpreventtbe
soil - water mixture from entering the air-jet chamber whea the mixture
is transferred to the dispersion cup.

9.5 Place the cover cap on the cup and open the air
contro! valve until the gage pressure is 20 psi (140 kPa)
Disperse the soil accordmg to the following schedule:

Dispersion Penod.
thcny Index min
Under § . $
61020 10
Over 20 18

pressure to0 | psi preparatory to transfer of soil - water slurty
w0 ‘the sedimenitation cylinder.

10 Hydrometer Test

"~ 10.1 Immediately after dispersion, transfer the sod watef
slurry to the glass sedimentation cylinder, and add distilled i
or demineralized water until the total volume is 1000 mL.

10.2 Using the palm of the hand over the open end of the |

cylinder (or & rubber stopper in the open end), turn the
cylinder upside down and back for & period of | min 10
complete the agitation of the slurry (Note 11). At the end of
1 min set the cylinder in & convenient location gnd take

hydrometer readings at the following intervals of time |

(measured from the beginning of sedimentation), or as many
as may be needed. depending on the sample or the specifict

tion for the material under test: 2, S, 1 :
1440 min. If the controlled water bath n&x%ﬁ m

tation cylinder should be placed in the bath between the 2
and S-min readings. -

" Note 11=The number of tumns during this minute should ¢
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Any sotl remaumng in the bottom of the eylinder during the first few
-5 should be loosened By vigorous shakmg_ of the cyhnder while it 13

- inthe invened position..
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10.3 When it is desired to take a hydrometer reading.
carefully insert the hydrometer about 20 10 25 s before the
reading is due to approximately the depth it will have when
(he reading is taken. As soon as the reading is taken. carefully
cemove the hydrometer and place it with a spinning motion
in a graduate of clean distilled or demineralized water-  ~

Note 12—t is imporuant to remove the hydrometer immediately
sfter each reading. Readings shall be taken at the top of the meniscus
formed by the suspension around the stem, since it is not possible to
secure readings at the bottom of the meniscus.

10.4 After each reading, take the temperature of the -

suspension by inserting the thermometer into the suspen--
sion.

11. Sieve Analysis - -

11.1 After taking the final hydrometer reading, transfer .
the suspension to 3 No. 200 (75-um) sieve and wash with tap
water until the wash water is clear. Transfer the material on
1he No. 200 sieve to a suitable container. dry in an oven at
230 = 9°F (110 £ 5°C) and make a sieve analysis of the

jon retained, using as many sieves as desired, or required

- for the material. or upon the specification of the material

yader test. ‘
CALCULATIONS AND REPORT

11. Sieve Analysis Values for the Portion Coarser than the
No. 10 (2.00-mm) Sieve

12.1 Calculate the percentage passing the No. 10 sieve by

+ dividing the mass passing the No. 10 sieve by the mass of soil
-, oniginally split on the No. 10 sieve, and multiplying the result
by 100. To obtain the mass passing the No. 10 sieve, subtract
" the mass retained on the No. 10 sieve from the original mass.

12.2 To secure the total mass of soil passing the No. 4
(4.75-mm) sieve, add to the mass of the material passing the
No. 10 sieve the mass of the fraction passing the No. 4 sieve’
and retained on the No. 10 sieve. To secure the total mass of
soil passing the %-in. (9.5-mm) sieve, add to the tota) mass of
soil passing.the No. 4 sieve, the mass of the fraction passing
the %-in. sieve and retained on the No. 4 sieve. For the
remaining sieves, continue the calculations in the same
manager. C

12.3 To determine the total percentage passing for each
sieve, divide the total mass passing (see 12.2) by the total

" mass of sample and multiply the result by 100.

13. Hygroscopie Moisture Correction Futol"

13.1 The hydroscopic moisture correction factor is the
ratio between the mass of the oven-dried sample and the

- tirdry mass before drying. It is a number less than one,

except when there is no hygroscopic moisture.

14. Perceatages of Soil la Suspension ‘
14.1 Calculate the oven-dry mass of soil used

3 in the .
bydrometer analysis by multiplying the air-dsy mass by the

hygroscopic moisture cosrection factor.

9N

- —

@ pa22

TABLE-Y Values of Commection Factor, a, for Differsnt Specific
- Gravities of Soll Perticies®
Specrfic Gravity Comachon Fector &

298 054
290 035
285 098
280 097
278 038
27 099
288 1.00
250 RE-)
253 102
25 1.03
248 1.03

4 For use N SQUATTN 1Or Parcentage of 30i FEMARING N SUSDINSION when USNg
Hydrometer 1324 :

14.2 Calculate the mass of a total sample represented by
the mass of soi) used in the hydrometer test, by dividing the

" oven-dry mass used by the percentage passing the No. 10

(2.00-mm) sieve, and multiplying the result by 100. This

_value is the weight W in the equation for percentage

remaining in suspension. o

_14.3 The percentage of soil remaining in suspension at the
level at which the hydrometer is measuring the density of the
suspension may be calculated as follows (Note 13): For
hydrometer 151H:

P = [(100 000/W) x GIG - G,)XR = G,)

NotE 13-—=The bracketed portion of the equation for hydrometer
151H is constant for 3 series of readings and may be calculated first and
then multiplied by the portion in the parentheses. . -

For hydrometer 152H: )
where: :

P = (Ra/W) x 100

a = correction faction to be applied to the reading of
hydrometer 152H. (Values shown on the scale are
computed using a specific gravity of 2.65. Correction
factors are given in Tabdle 1), .

P = percentage of soil remaining in suspension at the levet
at which the hydrometer measures the density of the
suspension,

R = hydrometer reading with composite correction ap-

~ plied(Section 7), ’ .

W = oven-dry mass of soil in 3 total test sample repre-
sented by mass of soil dispersed (see 14.2), g,

G = specific gravity of the soil particles,and -~ =

G, = ific gravity of the liquid in which soil particles are
suspended. Use pumerical value of one in both
instances in the equation. In the first instance any
possible variation produces 8o significant effect, and
in the second instance, the composite correction for R
is based on a value of one for G,.

15. Diameter of Soll Particles 4
15.1 The diameter of a particle corresponding to the
percentage indicated by a given hydrometer reading shall be
g!acumed ﬁ?r:;ng 10 Stokes’ law (Note 14), on m%f baﬂs::
8 parti this diam -
suspension at the beginning om@mvan ;
10 the level at which the hydrometer is measuring the density—~
of the suspeasion. According to Stokes’ law:

D= {0n98XG = G X L/T

CARBOIFZGT -
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where: R

_ D = diameter ol' parucle. mm,
’ = coefficient of viscosity of the suspending medium (in

' ‘U

l
\

temperature of the suspending medium),

this case water) in poises (varies with changes m ,

. L = distance from the surface of the suspenswn to the -

level at which the density of the suspension is being
measured, cm. (For & given hydrometer and sedimen-
tation cylinder, values vary according to the hydrom-
eter readings. This distance is known as effective
. depth (Table 2)),

T = interval of time from begmmng of sedimentation to
the taking of the reading, min,

G = specific gravity of soi! particles, ancg

G, = specific gravity (relative density) of suspending me-
© dium (value may be used as 1.000 for all practxcal '

PUFPOSCS)
m 14-—Since Stokes’ law considers the terminal velocity of a

single sphere falling in an infinity of iquid. the sizes calculated represent .

medumetetofspheruthnwouldﬁnulheumeuuumewd
particles.

15.2 For convenience in calculations the above equatmn

may be written as follows: ,
D= KJL/I'

where:
K = constant depending on the temperature of the suspen-
‘sion and the specific gravity of the soil particles. Values
of K for a range of temperatures and specific gravities
are givea in Table 3. The value of X does not change for
a series of readings constituting a tut, while values of L
and T do vary.

IS 3. Values of D may be computed with suffi aent accu- -

ncv. usmg an ordinary 10-in. slide rule.

- NOTE - 15—The value of L is divided by Tuu:beﬁ-mdaosala.
menmmbanxnndxawdcnm&ule Without ascertaining the
value of the square root it may be multiplied by K, using eitherthe C- ot
Cl-scale.

16. Sieve Analysis Values for Portion Finer than No. 10

(2.00-mm) Sieve

16.1 Calculation of percentages passing the various sieves
used in sieving the portion of the sample from the hydrom.
eter test involves several steps. The first step is to calculate

the mass of the fraction that would have been retained on the -

- No. 10 sieve had it not been removed. Thnmasaequzlto

the total percentage retained on the No. 10 sieve (100 minus
total percentage passing) times the mass of the total sample
represented by the mass of soil used(ascalcuktedm 14.2),
and the result divided by 100.

16.2 Calculate next the total mass passing the No. 200

sieve. Add together the fractional masses retained on al] the

sieves, including the No. 10 sieve, and subtract this sum from

the mass of the total sample (as calculated in 14.2).
16.3 Calculate next the total masses passing each of the

'r sieves, in & manner similar to that given in 12.2,

/6.4 Calculate last the total percentages pusxng
viding the total mass passing (as calculated in 16.3) by the
total mass of sample (as calculated in ' 14.2), and multiply the
result by 100.

by di-

" TABLE 2 v.&}n&:mcmmumonmmm.m
Sedimentation Cylinder of Specified Sizes’
. Hyorometer 151 Hyoroneter 152K .
Actusl Effective Actudl Eftecove  Achual Enectve
Oepthi, Hyaromgter Depth.  Hydrometer  Qepth,
Reaang L.om Fasang L.on  Resarg L.em
" 1.000 163 [} 163 N 12
- 3.001 160 ] 16.1 2 "
1.002 158 e 160 k & § 109
1.003 155 3 158 k7 10.7
1.004 152 N 158 ] 108
1008 130 H 158
1.008 147 ¢ 153 k' 104
1.007 144 2 152 ” 102
1.008 142 ] 150 B 10.1
1.003 13 ] 1“8e 3 $s
1010 137 10 14.7 4Q 97
101t 134 1" us . 4« 96
1012 13 12 143 42 9.4
1.013 129 13 142 Q 92
1.014 126 " 140 “ 9.1
1.018 123 15 138 45 89
1.016 1729 16 137 48 88
1.017 nae 1} 135 47 [ X3
1.018 118 18 133 48 8¢
1.019 113 19 132 49 83
1.020 "o 20 130 50 8.1
1.021 167 N 129 1 79
1022 108 4 127 52 78
1023 102 a2 128 L] 78
1.024 10.0 1} 124 $4 74
1028 9.7 23 . 22 3 73
1.028 -4 a8 120 &8 71
.07 92 a7 19 s7 70
1.028 (K a8 nry 8 - (1]
1029 8¢ b} ns {1 ] % ]
1030 84 0 1Me & s
1.031 8.1
1.032 78
1.033 78
1.0 73
1035 70
1.006 ¥ ]
1.037 6s
. 1038 62
A vaiuse of effective Gecth are caicutated Rom the squaton:
: Luiy e %l ~(Vya)
where:
L = afiectve depth. om,
be -mmumdhmmumdnunu
. ik for § hyoromater raading, om,
Le = overal lngth Of the Rycrometer Db, &M,
Vg = voume of Pydrometer bub, em?, end
A. = cross-sectionsl ares Of secimentation cyinder, ot
Vauss usat it caicuieting T valuse It Tadie 2 are as bliows:
For Dot hycrometers, 151H and 152
Ly =t40an
V. «§70 ﬂ”‘
78 am?
fam 1511 ,
by -a.'ocn‘:uma\nggo _
s3ionkre oft
For e 1820 - AR301425
L4y = 10.5 cm bor & reeding of 0 gAte -
= 2.3 cm for & resdng of S0 gitre
. 17, Graph
17.1 When the hydrometer analysis is performed, a grapb

92 -
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TABLE 3 Values of K for Use in Equation for Computing Diameter of Particie In Hydrometer Anglysis -
“Tereettae. ‘ . Soscific Gravity of Soll Purdcies _ )
< 25 _ 1™ 1% 280 288 270 273 780 T
18 . 0.07510 001505 - 0.0143y - 0.0148? 001438 0.0t414 001234 00137 001158
W 0.01511 D.01488 001482 - 001439 001417 0.01296, 0.00378 0.01358 001338
13 0.01482 0.01487 0.01443 0.01421 001399 0.01378 0.01359 0.01339 0.01329
19 0.01474 0.01449 0.01425 0.01403 0.01382 0.01381 0.01342 01323 - 001208
20 0.0%458 0.01431 0.01408 0.01388 00185  0.01344 0.01328 0.01307 0.01289
M 0.01438 0.0t414 0.01391 0.01369 001348 001128 0.01309 0.01291 0.00273
2 0.01421 001397 . 001374 0.01353 0.01332 001312 0.01294 0.01278 0.01253
23 0.01404 0.01381 001358 0.01337 0.01317 0.01297 001279 0.01201 0.012¢3
24 001388 001383 0.01342 0.01321 0.01301 0.00282 0.01284 0.01248 0.01229
25 001372 0.01349 0.00327 0.01308 001288 . 001287 0.01249 0.01232 901218
2 0.01387 0.0t338 0.01312 0.01291 p.0272 0.01253 0.01233 0.01218 001201
27 001342 001319 _ 001297 001277 . 0.01258 0.01239 0.01221 001204 001183
28 0.01327 0.01308 0.01283 0.01284 0.012¢4 0.01255 0.01208 0.01181 0.01173
29 0.01312 0.01290 0.01269 0.01249 00120 002 0.01193 0.01178 0.01182
0 0.01293 001278 0.01258 0.01238 o217 0.01199 0.01182 0.01183 0.01149

am——

of the test results shall be made, plotting the diameters of the
particles on a logarithmic scale as the abscissa and the
percentages smailer than the corresponding diameters 10 an

arithmetic scale as the ordinate. When the hydrometet
apalysis is not made oa a portion of the soil, the preparation .
of the graph is optional, since values may be secured directly
from tabulated data,

18. Report-
18.1 The report shall include the following:
18.1.1 Maximum size of particles,

18.1.2 Percentage passing (or retained on) ecach sieve,
which may be tabulated or presented by plotting on a graph
(Note 16),

18.1.3 Description of sand and gravel particles:

_18.1.3.1 Shape—rounded or angular,

18.1.3.2 Hardness—bard and durable, soft, or weathered

and friable,

18.1.4 Specific gravity, if unusually high or low,

13.1.5 Any dxfﬁculty in dispersing the fraction passing the
No. 10 (2.00-mm) sieve, indicating any change in type and
amount of dispersing agent, and

18.1.6 The dispersion device used andthelength of the
dispersion period.

Note 16=This tabulation of graph represents the gradation of the
sampie tested. If particles larger than those contzined in the sampie were
removed before testing, the report shall 10 stats giving the amount and
maximum size. ,

13.2 For materials tested for compliance with definite
specifications, the fractions called for in such specifications
shall be reported. The&unonssz_naﬂenhamheNo 10 sieve
shafl be read from the graph. -

13.3 For materials for which compliance wnh definite

| specifications is not indicated and when the soil ueomposed'

almost entm:ly of particles passing the No. 4 (4.75-mm)
?:l;«e. the results read from the graph may be reported as
ows:

. MMMMMnNo.Cm ........... : ]

(2) Sand, pasting No. 4 sieve and retained 08 No. 200sieve . ......... 3

() Coarse mod, paming No. 4 sievesnd reained 0 ..... .. . %
No. 10 sieve

(8) Medium sand, passing No. 10 seve and retainedon ..., ..., %
No. 40 sieve

(c)g?mmmwmumam .......... %

(3) Stz 0074000888 ... )

(#) CQay size, smaller than 0.00$ mm
Colloids, smalles thag 0.001 mm
18 4 For materials for which compliance. with deﬁmte
specifications is not indicated and when the soil coatains
material retained on the No. 4 sieve sufficient to require a .
sieve analysis on that portion, the results may be reported as
follows (Note 17):

Sieve Size-
iin
2-in.
1¥-in,
1.ia.
%-in.
»-in,
No. 4(4.75-am)
No. 10 (200 am)
No. 40 (435-um)
No. 200 (75-um)

0074 mm
0.008 mm
0.001 m

...............
..............

...............

Notz 17-=No. 3 (2.36-mm) and No. 50 (300-:m) geves may be
substituted for No. 10 and No. 40 sieves.

mmwurmnmmmmmummd patere rights
with a7y Rerm mentionsd in this sarderd. mdmmvnwmmmumﬁﬂﬁﬁ h 2 5
Dpatere rights, & the risk of infringement of such rights, are antirely thell own resporelilty.

This stendard s sudyect 10 revision @ any timg Dy the responsiie chnicel commitieg axd st De reviewsd svery e years ind
17t revised, sither reapproved or wicrewn. Your Somemirts are ivied ek for revision of this standird or Kr additionsl sanderd®

80 shoukd Do acressed 10 ASTM Headquarters. Your comments will /eceive carsil conaideration it 8 meetng of the resporelie
fechnicel committes, which you mey atend. I you feel thet your cormmants have Xt received 8 leir heering you ahoukl make your
views known 1o e ASTM Committes on Stancwrds, wums.nmm 91
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. CARBON, TOTAL ORGANIC AND INCESANIC

Carbon may exist in sediment and water samtles 2s either
inorganic or organic campounds. Inorganic carbon is present as carbo-
nates, bicarbonates, end possibly free carbon dioxide. Specifi:‘:ypes
of compounds that are considered to be included in the organic carbon
fraction ere nonvolatile organic compounds (sugars), volatile organic
compounds (mercaptens), pertially volatile ceampounds (oils), and
particulate carbonaceous materials (cellulose)."z‘

The basis of the method is the catalytic or chemical
oxidation of carbon in carbon-containing campounds to cardbon dioxide
followed by the quantification of the carbton dioxide produced.
Alternately, the carbon may be reduced to methane end eppropriately
quantified. It follows, then, that the distinction between inorganic
cerbon and organic carbon is the method of sample pretrestment. There
&re presently two procedures for defining this geparstion. One methdd
is based on semple treatment vith a strong acid. Analysis of an
untreated sample is a measure of total carbon while analysi? of the
acid-trested fraction is & meesure of organic carbon. Inorganic carbdon
is calculated by subtraction. The second method of separation is
based on differentiel thermal cambustion with organic compounds being
converted to carbon dicxide at 500°C to 650°C3** and inorganic cerben
being converted to cerbon dicxide at 950°C to 1300°C.**°

Sample Eﬁndling and Storage

Flowcharts for the handling of samples intended for organic
carton and inorganic carbten anal&sis are presented in Figure 3-€ ﬁnd
Figure 3-7. Water and gediment gamples to.be enalyzed for inorganie
carben may be stored in glass or plastic containers. There is no
effective preservative because of €he carbon dioxide reserve in the
atmosphere., The only précantion that can be taken for inorganic

hd Reference_s, for this procedure can be tqtmd on page 3-T6. ﬂR 3 0 l '427
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carbon i3 to ccmpletely fill the sample container at the time of
sampling (exclude all air bubbles), tightly seal the container, and
ccmplete the analysis immediately (Figure 3-6).

Water samplea for organic carbon analysis should be stored
in glass containers unless substitute containers have been shown not
to affect total organic carbon (TOC) analyses. Samples should be

‘processed as soon as possidle (within 24 hr if possidle) to minimize

change due to chemical or biological oxidation. Atmospheric uptake
of carbon dioxide is less critical since it would be evolved when the
sample is acidified prior to analysis. Sediment samples for orzanic
carbon analysis may be stored in either plastic or glass containers
(Figure 3-7). Air drying of sediments (S2) may lead to low TOC
results due to oxidation or volatilization. Therefore, moist storage
(SID) or frozen storage (S3) would be the preferred method of storage.
If sanmples are frozen, excessive temperatures should not be used to
thaw the samples.

AR301430

3-68



o

-

Brocedure for Water Semples (W1, w2, S1A)

Method 1: Infrered Analysis®'’
Aozaratus ' '

Sample homcgenizer such ag & Wﬁring blender or ultrasonic blen“e-
Magnetic stirrer

Hypodemic syringe

Total carbon analyzer, either & single channel or a dual channel
instrument (Dow-Beckman Carbonaceous Anslyzer Model
No. 915, Dohrmann Envirotech DC-50 carbton enalyzer,
Oceanography Internationsl Total Cearbon Analyzer, Leco,
or equivalent)

Reagents

Distilled wviater: the distilled water used in the preparation of
stendards end dilution of samples should be of the
“highest quality in order to have a small bleank.

Organic cardon, stock solution, 1000 mg/f C: dissolve 2.125 g _
enhydrous potassium biphthalate, KHCs HuOu, in distilled
vater and dilute to 1 £ in a volumetric flask.

Organic carbon, standard solutions: prepare standard solution by
dilution of the stock soluzion &s required.

Inorgs.n:lc carbon, stock solution, 1000 mg/f: dissolve 3. 500 g sodium
‘ bicarbonate, NaECOs, and 4,418 g sodium carbonate, Na2COs,
in distilled water in & l-f volumetric flask and mske up
to the mark.

Inorganic carbon, standard solution: prepare standards fram the stock
solution es reqnired.

Packing for total carbon tube: dissolve 20 g cobalt nitraxe.
CO(NOg)z * 6H20, in 50 ml distilled water. - Add this
solution to 15 g long-fiber asbtestos in a porcelain
evaporating dish. Mix end evaporate to dryness on a
stean bath. Flace the dish in & muffle furnace and
tring to 950°C. After 1 to 2 hr at this temperature,
remove the dish and allow to cool. Ereak up any large

" lumps and mix adequately but not excessively. With the

ccmbustion tube held in a vertical position, taper Joint

up, put about 1/2 in. of untreated asbestos in the tube

first, then transfer in small amounts, epproximately 1 g

of catalyst intoc the tube with forceps or twveezers. As

it 1s added, tep or push the material gently with a l/L-in.

glass rod. "Do not force the packing. The weight of the

rod itself is sufficient tc compress the material. When
completed, the length of the packing should be sbout 5 or

€ cm. Test the packed tube by meesuring the flov ratf ﬁt3 01 h 3 |
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gas thrcugh it at room tempersture, and then at T50°C.
The rate should not drop more than 20 percent.

Packing for carbonate tube (dual channel instruﬁent): place a small wad

of quartz wool or asbestos near the exit end of the
carbonate evolution tube. Frem the entrance end 2d3 € +>
12 mesh quartz chips, allowing these to collect 2zainst the
wad to a length of 10 ca. Pour an excess of 85 percens
phosphoric acid, HyPO,, into the tube while holding it
vertically and allow the excess to drain out.

Nitrcgen gzas, carbon diocxide free.
Precedura’

Tuwrn on the infrared analyzer, recorder, and tube furnaces,
setting the total carbon furnace at 950°C and the carbonate furnace at
175°C. Allow sufficient warm-up time for stable, drift-free operation;
about 2 hr is required. If used daily, the analyzer can be left on
continuously. Adjust the oxygzen flow rate to 80 to 100 ml/min through
the total carbon tube. With other instruments, follow manufacturer's
directions to warm up the instrument:

Irmmediately prior to carfying out calibrations or analyses,
inject several portions of the appropriate standard into tha tube to be
used, until constant readings are obtained. The actual injecticn
technique is as follows: rinse the syringe several times with the
solution to be analyzed, £i11, and adjust the volume to be pipeted.
Wipe off the excess with soft paper tissue, taking care that no lint
adheres to the needle. Remove the plug from the syringe holder, insert
tha sample 3syringe, and inject the sample into the ccmbustion tube with
a single, rapid movement of the thumd.. Leave the syringe in the holder
until the flow rate returas to normal, then replace it with the plug.

Successively 1ntrcduce‘a convenient sized aliquot (20 to

50 ul) of each organic carbon standard and a dlank into the total carbon

tube and record peask heights. Between injections allow the recorder
pen to return to its baseline. When a dual channel instrument is used,

the standardization procedure must be repeated using cardonate standards

to calibrate the low temperaturs channel. .
Thoroughly mix the sampla. Indecf a convenient sized

aliquot (20 to 50 ul) of the sample into the total carbon tube and ARSO ‘ h32

3-70

\J

RN



record the pesk height. This result is a measure of the organic carten -
concentration and the inorganic carbon concentration of the semple.

Thoroughly mix the sample using & Waring blender or an ultra-
sonic homogenizer, 'Trchsfer 10 ¢o 15 ml of sample to & 30-ml besker and
acidify wvith éoncentrated'HCIvto a pH of 2 or less. Purge thé semple
with carbon dioxide free nitrogen gas for 5 to 10 min. P;astic tubing
should not be used during the purging process unless it has been
previously shown that it  will not add organic carbon to the sample.

Mix the acidified saﬁple on a magnetic stirrer. While
stirring, withdraw é subsample from the besker using & hypodermic
needle with a 150-um opening. Inject the sample into the carben
analyzer to be used and record the peak height. This result is a
measure of the 6rganié carbon concentration of the sample.

. Using either clear or filtered water samples, analyticel
precision will spproach 1 to 2 percent or 1 to 2 mg/l carbon, vhichever
is greater. Analyticel precision for unfiltered water samples will
increase to 5 to 10 percent because of the difficulty essociated with
sampling particulate matter and the fact that the needle opening of
the syringe limits the meximum size of the particleé that can de
included in the sample.

Calculations

Dualechannel instrument. Prepare celibration curves
derived from the peak heights cobtained with the standard tétal carbon
and inorganic carbon sclutions.

Determine the concentration of total carben end inorgenic
carbon in the sample by comparing sample pesk heights with the cali-
traticn curves.

Determine the concentration of total inorganic cerben in
the sample byvéubtracting the orgenic cardbon value from the total
carbon value. _

Single-channel instrument. Prepare a calibration curve
derived from the peak heights obtained wvith the standard total carbon
solutions. Determine the total carbon concentration in the semple by
comparing the peak height of the first sample injection with[}R30 ] 433
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calibration curve. Determine the organic carbon concentration in the
saaple by comparing the peak height of the second sample injection with
the calibration curve. Inorganic carbon concentrations are calculated

by subtracting the organic carbon concentration from +he total carbon
concantration.

AR30143Y
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Procedures for Sediment Samples (S1D, $3)

Method 1: Sample Ignition

A::arétus
Induction furnace such as the Leco WR-12, Dohrmann DC-50, Coleman CZ
enalyzer, or Perkin Elmer 2L0 elemental analyzer

Combustion bosats

~ Microbalance

Desiccator

Reagents

10 percent hydrochloric acid: mix 100 ml concentrated HCl with 900 ml
distilled water.

Copper oxide fines.
Benzolc ecid.
Procedure

Dry at TO°C and grind the sediment sample.

Weigh e canbustion boat and record the veight. Plece 0.2
to 0.5 g homogenized sediment in the combustion boat and reweigh.
Combustion boats should nmot be handled with the bare hand during this
process. '

~ If totsl cerbon or inorganic carbon is to be determined,
Cupric oxide fines may bevadded“to the sample to assist in ccobustion.

Combust the sazple in an induction furpace. Record the result es total

carbon.

If organic carton ig to be determined, treat e known weight
of dried sediment with several drops of 10 percent HCl. Wait until
the effervescing is completed and add more ecid. Continue this process
until the incremental addition of acid causee‘no further effervescence.
Do not edd too much acid at one time as this may cause loss of sample -
due to frothing. | | ' '

Dry the sample at 70°C and place in & desiccator. Add
Cupric oxide fines, combust the gample in an induction furnace, and
record the result as organic carbon.

AR301435
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Calculations

The carbon content of the éémple can be calculated as:

” veight of tube (after-before)
~C = sample weight x 27.29

) , - Derivation of factor:
' 12.011 (molecular weight carbon) 7
27.29 * L57511 (molecular weight carbon dioxide) x 100%
' When the total sample results are used, the result is
percent carbon in the samples. When acid-trgated samples are usaed, the

result is percent organic carbon. Inorganic carbon is calculated as
total carbon minus organic carbon.

Method 2: Differeatial Combustion"’’

Apvaratus '

Sargent programmed microccmbustion apparatus or equivalent
Microbalance

Procedure

Alr dry the sediment sample. Using a mortar and pestle,
grind the sample to pass a 100-mesh screen. ‘

Coembust a known weight of sediment at a programmed heating
rate of 300° to 950°C in 10 min and then maintain 950°C for 20 min.
Trap'the COz2 in ascarite and record.the weight a3 total carbon. A
sample 3ize should be selected that will produce 25 to 50 mg COz.

Waigh a second portion of the dried sediment. Combust this
sample at a programmed rate of 306° to 650°C in 10 min and maintain
650°C for 20 min. Trap the COz2 in ascarite and reccrd the weight as
organic cardon. .

Calculations

The total carbon concentration, Cy, of the sample (in mg/g)

i3 calculated as follovs:

c, = (%) (11

183

where QB30‘“36

Xt = weight of CO2 evolved at 950°C, mg
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g= weight-cf.sample~combusted, g

‘The organic ca}boh, Cc; concentration of the sample (in =g/s)

is éalculated as follows:
' - x
c. _ (o) (3%)
Qo= ( € 7
b4

o = weight of CO2 evolved et 650°C, mg
. 8 = veight of sample combusted, g '

vhere - _

Inorganic cerbon, Cr» (in mg/g) is cealculeted es:

€; o C = C,

Method 3: Wet Combustion'®

' A third method bas been used for cerbon in sediments. This
is based on the oxidation of the sample with dichromate and back titra-
tion of the sample with ferrous emmonium sulfete. References are
provided for the procedure but deteils are not giveh. The procedure
ig similar to the chemical.oxfsen demand test which is not specific
for carbon. The wet combustion method is a redox procedure and any
reduced chemicals in the sediment samples (ferrous iron, manganous
manganese, sulfide) will react with the dichromate. Therefore, this
procedure is not recommended unless other instrumentation is not
available.

AR301137
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