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CHAPTER 1
INTRODUCTION

Using The Manual

The methods described in this manual are used by the Pennsylvania State University
Soil Characterization Laboratory to analyze and characterize the soils of Pennsylvania.
This manual has the following two major objectives:

(1) To document the procedures used in the Soil Characterization Laboratory, and
provide a reference for consistency in analysis.

(2) To provide sufficient detail for each method so that newcomers in the laboratory
(graduate students, hourly-wage workers, etc.) will be able to understand
and perform the analyses.

All newcomers should first become familiar with the general laboratory procedures
and conduct (Chapter 2). Safety, courtesy to others, and quality control are essential to
the operation of the laboratory and the successful completion of laboratory analyses. The
analyst should also be familiar with the equipment used in the laboratory. Operating
procedures for laboratory equipment are provided in the procedures or in appendices.

In addition to detailed steps for analysis, each chapter includes background
information on the procedure, a list of required materials, equipment, and reagents, and an
overview of the procedure. The list of materials, equipment, and amount of reagents
needed allows the analyst to plan ahead to ensure that sufficient materials are on hand to
complete the characterization. The procedure overview includes an estimate of the time
required for the analysis so that the analyst can effectively budget the time in his or her
schedule.

Results of the laboratory analyses are entered into a soil characterization database
system (Ciolkosz et al., 1992). This system includes a program that converts the raw data
into final laboratory data. The laboratory input forms (Appendix A) are tailored for the
database system. The calculation program is illustrated in Appendix B and each chapter
provides an explanation of the calculations used to obtain final laboratory data.

Soil Characterization at 'the Pennsylvania State University

The Pennsylvania State University has been involved in soil characterization since
1957. Prior to 1957, three counties (Lancaster in 1955, Chester in 1956, and Erie in
1956) were sampled and characterized by the Soil Conservation Service (SCS). Since
1957, soil characterization in Pennsylvania has been a joint SCS-Penn State program. Soil
sites are selected and described jointly, while the sampling and analyses are done by the
staff of the Penn State Soil Characterization Laboratory. The soil characterization data
(profile and site descriptions, and physical, chemical and mineralogical data) have been
published for all the sites sampled except for recent years (see Table 1.1 for a listing of all
published data).



Table 1.1. Listing of published soil characterization data for Pennsylvania.

Date Reference

1968 Characteristics, Interpretations and Uses of Pennsylvania Soils: Dauphin
County. Petersen et al. Penn State Agr. Expt. Sta. Prog. Rept. 306.

1969 Characteristics, Interpretations and Uses of Pennsylvania Soils: Northampton
County. Cunningham et al. Penn State Agr. Expt. Sta. Prog. Rept. 295.

1970 Characteristics, Interpretations and Uses of Pennsylvania Soils: Warren
County. Ciolkosz et al. Penn State Agr. Expt. Sta. Prog. Rept. 306.

1970 Characteristics, Interpretations and Uses of Pennsylvania Soils: Huntingdon
County. Ranney et al. Penn State Agr. Expt. Sta. Prog. Rept. 300.

1971 Characteristics, Interpretations and Uses of Pennsylvania Soils: Armstrong
County. Cunningham et al. Penn State Agr. Expt. Sta. Prog. Rept. 316.

1972 Characteristics, Interpretations and Uses of Pennsylvania Soils: Bradford
County. Ranney et al. Penn State Agr. Expt. Sta. Prog. Rept. 320.

1972 Characteristics, Interpretations and Uses of Pennsylvania Soils: Bedford
County. Ciolkosz et al. Penn State Agr. Expt. Sta. Prog. Rept. 323.

1972 Characteristics, Interpretations and Uses of Pennsylvania Soils: Bucks
County. Petersen et al. Penn State Agr. Expt. Sta. Prog. Rept. 324.

1972 Characteristics, Interpretations and Uses of Pennsylvania Soils: Butler
County. Cunningham et al. Penn State Agr. Expt. Sta. Prog. Rept. 326.

1972 Laboratory Characterization Data and Field Descriptions of Selected
Pennsylvania Soils. Cunningham et al. Penn State Agronomy Series
No. 25 (All data prior to publication of the Agr. Expt. Sta. Series).

1974 Characteristics, Interpretations and Uses of Pennsylvania Soils Developed
From Cherty Limestone Material. Ciolkosz et al. Penn State Agr. Expt. Sta.
Prog. Rept. 341.

1974 Characteristics, Interpretations and Uses of Pennsylvania Soils Developed
From Colluvial Materials. Cunningham et al. Penn State Agr. Expt. Sta.
Prog. Rept. 344.

1976 Characteristics, Interpretations and Uses of Pennsylvania Soils Developed
From Redbeds and Calcareous Materials. Ciolkosz et al. Penn State Agr.
Expt. Sta. Prog. Rept. 355.

1977 Characteristics, Interpretations and Uses of Pennsylvania Soils Developed
From Acid Shale. Cunningham et al. Penn State Agr. Expt. Sta. Prog.
Rept. 362.

1983 Characteristics, Interpretations and Uses of Pennsylvania Minesoils.

Ciolkosz et al. Penn State Agr. Expt. Sta. Prog. Rept. 381.




In addition, the data for Lancaster, Chester and Erie Counties have been published
by the SCS (SCS, 1974). Presently there are no plans to publish data acquired since the
above-listed publications. The data in these publications and all subsequent and future
data will be a part of the Penn State Soil Characterization Database. This system,
described by Ciolkosz and Thurman (1992), is a very user-friendly computerized database.
Site and profile descriptions, as well as the physical, chemical and mineralogical data, are
included within the database.

Revisions to the Laboratory Manual

This manual supersedes other manuals published by the Laboratory (Ciolkosz and
Pletcher, 1974; Ciolkosz et al., 1988). Additional soil characterization sampling and
analysis methods are available in Soil Survey Investigations Staff (1991), Page et al.
(1982), Klute (1986), Singer and Janitzky (1986), and Franzmeier et al. (1977). Some
methods and procedures have been changed or discontinued during the past 37 years.
Table 1.2 gives a listing of these changes.

Standard Samples

Standard samples have been run as a part of the routine flow of samples through
the characterization laboratory since 1980. One standard sample is included with each
sample characterization run. The data for these standards are presented by Ciolkosz and
Cronce (1986) and Ciolkosz and Dobos (1991).

Table 1.2. Changes In Soil Characterization Methods (See Ciolkosz and Pletcher, 1974,
and Ciolkosz et al., 1988, for details of these methods).

Method

Change

Core bulk density

Available water

Exchangeable Ca
in calcareous soils

Cation determinations
in calcareous soils

Mehlich method for
cation determinations

Cation exchange
capacity (CEC)

Discontinued: used on soils sampled prior to 1967; for soils
sampled in 1966 cores and one clod were taken. Core bulk
density data from 1955-1962 were on a moist basis and were
not corrected for rock fragments. All bulk density data since
1966 are on a moist (1/3 atm) basis and are corrected for rock
fragments.

All 1/3-atm water data from 1955-1965 were from cores and
were not corrected for rock fragments. Core 1/3-atm water
data were corrected for rock fragments in 1966. All data
since 1966 are on clods and and corrected for rock fragments.

Discontinued: used on soils sampled prior to 1966.

Discontinued: used on soils sampled prior to 1966.

Discontinued: used on soils sampled prior to 1966.

The pH 7.0 NH,OAc method has been used for some CEC
analyses.



Table 1.2. Changes In Soil Characterization Methods (continued).

Method

Change

KCl extractable Al

Nitrogen, Kjeldahl

Organic carbon,
Walkley-Black method

CBD-extractable Fe

CBD-extractable
Al and Mn

Field pH
(portable meter)

Weight basis

Method of extraction

Soil monoliths

Percolation tests

Very fine sand

Yuan method used on soils sampled prior to 1966.
Colorimetric method used 1966-1991. Since 1992, Al is
determined by atomic absorption.

Diécontinued: used on soils sampled prior to 1973.

Discontinued, except for soils high in carbonates; used on all
soils sampled prior to 1967; from 1967 to 1980 the Fisher
induction furnace method was used; since 1980 the Leco
furnace method has been used.

Fe was analyzed by titration on soils sampled prior to 1966,
and by the o-phenanthroline colorimetric method between
1966 and 1991. Since 1992, Fe is determined by atomic
absorption.

Not analyzed on samples prior to 1992.

Discontinued: lab data included field measurements of pH with
a portable pH meter from 1958-1970. Since 1970, only
colorimetric field pH measurements are made; these are
included in the pedon description.

All data prior to 1964 was based on air-dry weight of the soil;
oven-dry weights are now used.

The mechanical vacuum extractor has been used for extracting
cations, KCI extractable aluminum, and exchangeable acidity
since 1980.

Discontinued; used in the past in conjunction with
characterization (see Ciolkosz and Pletcher, 1974).

Discontinued; procedure, data summarized by Matelski (1975).
Since 1974 the very fine sand fraction (100-50 um) has been

separated into very fine sand 1 (100-74 um) and very fine
sand 2 (74-50 um) fractions.
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CHAPTER 2
FIELD SAMPLING AND SAMPLE PREPARATION
i lection

The key to successful soil characterization is in site selection and sample collection.
The purpose of any soil sample is to obtain information about the characteristics of a soil
(SSIS, 1991). The site should be representative of the soil or feature being studied and be
located away from roads, fence rows, old farmsteads, and any other features that may
cause aberrant soil properties (SSIS, 1991).

Sampling schemes include duplicate or paired pedons located 1.5 to 30 km (1 to 20
mi) apart in different mapping delineations, transects across the landscape, satellite
pedons, and random pedons selected from the same or different mapping units. The
sampling scheme used will depend on the nature of the study and the tests being
undertaken. No attempt is made to discuss these schemes in detail here. The reader is
referred to Mausbach and Wilding (1991), Petersen and Calvin (1986), and SSIS (1991)
for more detail on sample selection and statistical analysis.

Descriptions of the site and the soil are essential in understanding and interpreting
the data. See SSS (1990, 1991) for conventions in soil and site descriptions.

Sampling Pedons

ampling Materials and Equipmen

1. Backhoe, shovels, or other means to excavate a pit. (While a bucket auger or probe
can be used, it may be difficult at times to determine whether the sample is truly
representative of a particular horizon. Whenever possible, sample from a pit large
enough to expose an entire pedon.)

2. Sample bags, 4 liter plastic, with tags and labels.

3. Sieve, 19 mm (3/4 in) openings.

ampling Pr ure (adapted from SSIS, 1991

Sample freshly dug pits or, if the excavation has already been opened, cut back to
expose a fresh soil face. The pit should be at least 1 by 2 m across and extend either (a)
2 to 3 m deep, (b) into the C horizon if it is deeper, or (c) to bedrock if it is shallower.
Describe the exposed soil and mark horizons for sampling. Some pedons have cyclic
variations that are larger than the pit and may require supplemental borings or excavations
for a complete evaluation.

Care must be taken in describing soils which have weathered rock in the lower part
of the profile. Observations in soils weathered from schist rock in the Piedmont of
southeast Pennsylvania found that the sidewalls of pits dug with a backhoe were disturbed
by the bucket as it dragged across the face of the pit. The resultant morphology of the
lower part of the soil differed significantly in the sidewalls than in the headwall of the pit.

Sample each horizon, working from the bottom of the pit to the surface to minimize
contamination. First sample clods from the center of the horizon for bulk density and
related fabric analyses first (see Chapter 7 for the sampling procedure). Next take a 3- to
5-kg bulk sample (fill approximately three-fourths of a 4 liter bag) representative of the
horizon.



In laterally uniform pedons, sample a 30- to 50-cm wide vertical section. For
horizons that are discontinuous or vary greatly in thickness or degree of expression, collect
samples from different parts of the pedon or pit face. Estimate the proportions of any
contrasting soil materials, noting this in the pedon description, and sample the components
separately, if reasonable. Split large horizons (> 30 cm thick in the upper pedon or > 60
cm in the lower pedon) into arbitrary subhorizons, considering soil classification
requirements in locating subhorizon boundaries.

mplin ils with Rock Fragments > 19 mm (3/4 in) in Diameter

Rock fragments are particles 2 mm or larger in diameter that are not attached to
bedrock. Unlike the term "coarse fragments,” which excludes stones and boulders larger
than 254 mm (10 in) in diameter, rock fragments include all sizes that have horizontal
dimensions less than the size of a pedon. The largest size rock fragment that can be
included in a sample depends on the size of the sample. As a general rule of thumb, a
sample should be 100 to 200 times the size of the largest particle sampled. For a 3- to 5-
kg sample, the largest size rock fragment sampled is 19 mm (3/4 in).

Record in the pedon description and on Page 1 of the Lab Input Form (see Appendix
A) the volume percentage estimates of rock fragments >254 mm (10 in), 76 to 254 mm
(3to 10in), 19 to 76 mm (3/4 to 3 in), and 2 to 19 mm (2 mm to 3/4 in) in diameter.
Volume estimates of the <2 mm fractions may also be recorded. Sieve out all rock
fragments > 19 mm in diameter and bag the <19 mm field sample.

Labelling Samples

Mark the depth, horizon symbol (e.g., Ap), and pedon code number on 2 tags. Put
one tag in the bag and tie the second tag to the outside of the bag. Label clods with a tag
clipped to the hairnet. The pedon code number (e.g., S92-PA-014-010-01) includes the
year sampled (92), state code (PA), county number from Table 2.1 (14), pedon number
within the county(10), and horizon number in numeric order from the surface down(01).
All organic (O) horizons are included in the numbering sequence.

Laboratory Preparation

Soil samples are air-dried, sieved to <2-mm, mixed to homogenize the soil, and
subsampled for analysis. The remainder of the sample is stored. The 2 to 19 mm rock
fragments are separated and weighed for later calculations (Chapter 6). This process
creates a lot of dust and is done in a preparation room separate from the analytical
laboratory. Wear a dust mask, eye protection (goggles), and protective clothing while
working in the dusty environment.

Materials and Equipment

Drying trays and brown paper for spreading and drying samples
Wooden rolling pin and rubber roller

Sieves, <4.7 mm and <2 mm

Balance

Sample splitter

Sample cartons, pint and gallon size

Qo hWN =



Table 2.1. County numbers used in the pedon sample code numbers for Pennsylvania.

No. County No. County No. County
1 Adams 24 Elk 47 Montour
2 Allegheny 25 Erie 48 Northampton
3 Armstrong 26 Fayette 49 Northumberland
4 Beaver 27 Forest 50 Perry
5 Bedford 28 Franklin 51 Philadelphia
6 Berks 29 Fulton 52 Pike
7 Blair 30 Greene 53 Potter
8 Bradford 31 Huntingdon 54 Schuylkill
9 Bucks 32 Indiana 55 Snyder
10 Butler 33 Jefferson 56 Somerset
11 Cambria 34 Juniata 57 Sullivan
12 Cameron 35 Lackawanna 58 Susquehanna
13 Carbon 36 Lancaster 59 Tioga
14 Centre 37 Lawrence 60 Union
15 Chester 38 Lebanon 61 Venango
16 Clarion 39 Lehigh 62 Warren
17 Clearfield 40 Luzerne 63 Washington
18 Clinton 41 Lycoming 64 Wayne
19 Columbia 42 McKean 65 Westmoreland
20 Crawford 43 Mercer 66 Wyoming
21 Cumberland 44 Mifflin 67 York
22 Dauphin 45 Monroe
23 Delaware 46 Montgomery

Procedure

Spread the field samples out on trays (or sheets of brown paper) and air-dry at 25-
35°C (normally 3 to 7 days). Roll the sample with a wooden rolling pin to break up clods,
taking care not to destroy rock fragments (use a rubber roller for easily-crushed rock
fragments). Pass the rolled sample through sieves to separate the <2 mm, 2 to 4.7 mm,
and 4.7 to 19 mm fractions. Continue rolling and sieving until only rock fragments that do
not slake in water or sodium metaphosphate dispersant remain on the sieves. Weigh each
size fraction and record the weights on page 1 of the Lab Input Form. These weights will
be used to calculate the percentages of the various fractions (Chapter 6).

Thoroughly mix and pass the <2-mm fraction through a sample splitter, collecting
enough to fill a properly-labelled pint-size sample carton. This subsample will be used for
laboratory analyses. Place the remainder of the sample, along with the bagged rock
fragments, in a labelled gallon carton for storage. Label the pint and gallon cartons with

the soil number (e.g., S92-PA-014-010-01), depth and horizon.
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CHAPTER 3
GENERAL LABORATORY PROCEDURES AND CONDUCT

Introduction

The Soil Characterization Laboratory serves several functions. The laboratory is
committed to assisting graduate students and faculty in basic soils research, characterizing
soils in conjunction with the Cooperative Soil Survey, and advancing the knowledge of soil
science through various activities within the laboratory. This commitment includes making
the laboratory facilities available to graduate students and faculty who need to do certain
basic soil characterization analyses and performing various analyses for others. The
amount of assistance given, however, is determined at any particular time by the existing
workload priorities and available resources.

Safety, courtesy to others, and quality control are essential to the operation of the
laboratory and successful completion of laboratory analyses. These general guidelines and
procedures are intended to ensure the safety of all persons who use the facilities, the
efficient functioning of the laboratory, and the maintenance of quality control. Adherence
to these rules of "laboratory etiquette” are particularly critical when several persons may
be utilizing the facilities simultaneously. Failure to do so will result in a loss of laboratory
privileges (such a decision, made by the laboratory director as approved by the soil
characterization project leader, can be made at any time, with or without prior notice).

The following guidelines of common sense conduct for safety, consideration and
cooperation are expected of people working in the laboratory. The list is not all-inclusive
and further guidelines for conduct may be added as situations arise.

General Considerations

1. For scheduling purposes, notify the laboratory director at least one (1) week in
advance of when you wish to do work in the laboratory. Provide information on the
number of samples and type of analyses involved, the estimated duration of
laboratory utilization, and the purpose and use of the data to be generated.

2. The laboratory is available only for those basic soil characterization procedures that
are described in this manual and are impractical to do elsewhere.

3. Determine what chemicals, reagents, and materials will be required to complete the
analyses. Check the available inventory and order needed supplies through the
laboratory director. Plan ahead to allow enough time for the supplies to arrive.

4, Items in the laboratory may be borrowed only with the consent of the laboratory
director (a sign-out system is used).

5. Return all tools, equipment, glassware, chemicals, and other items to their proper
place immediately after you finish using them.

6. Include sufficient time in your schedule to clean-up the same day. Do not leave a
dirty work space or dirty glassware - you are responsible for your own clean-up.

7. Work study or hourly workers are not available to assist graduate students in the
lab unless directed to do so by the laboratory director.
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Safety

1.

Know where the first aid kit, showers, eye-wash station, fire extinguisher, and
other safety items are located before you need them.

Be aware of the particular safety hazards of the chemicals (printed on the
containers) and equipment (check the operating manual) used in the analyses and
take all appropriate precautions. Inspect equipment before using to make sure it is
in good repair. Replace any damaged parts before using.

Always wear rubber gloves, a protective apron, and an eye and face shield when
handling acids or bases. Thoroughly wash hands after handling reagents.

Mix all reagents that involve acids, bases, volatiles, or other noxious chemicals
under a fume hood. Never leave reagents open in the general work area.

Clean up any spills immediately. For spills involving concentrated reagents or toxic
chemicals, notify the laboratory director and University safety personnel
immediately. Use water and sodium bicarbonate to neutralize spilled acids.

Always use a pipette bulb to draw reagents into a pipette. Pipetting by mouth may
be hazardous: acids and bases can cause severe internal damage if swallowed;
metal salts are toxic and may be fatal if ingested. Similarly, keep all food and drink
away from the work area to prevent contamination.

Wear protective gloves and use tongs, and heat-resistant holders when working
around an oven, hot plate, hot water bath, or burner. Keep flammable materials
away from an open flame.

Soil Samples

1.

Process (mixing, sieving, grinding, splitting) all bulk samples in a preparation room
and not in the laboratory. Any procedure that creates dust will be done in a
separate processing room or under an exhaust hood.

Clearly label all samples (see Chapter 2).

Place the samples in a temporary storage space assigned by the laboratory director.
Remove the samples once the analyses are completed. Samples may be stored in
the lab for over 1 month while not being analyzed only with the consent of the lab
director and only as space allows).

To keep the work space and equipment open for use, take samples out of the
storage area only when you are weighing them out for an analysis. Store samples
that are pending analysis or between treatments in an area designated by the
laboratory director.

Laboratory Reagents and Chemicals

1.

Remove chemicals and reagents from the cabinets only as required to prepare
reagents or perform an analysis. Return the chemicals to storage as soon as you
finish using them. Chemicals and reagents are generally stored in alphabetical order
and should be returned their proper place.

1



Notify the director when any chemical appears to be in short supply so that it can
be restocked for future use.

Use only distilled and deionized water (D&D H,0) to prepare reagents, perform
analyses, and provide a final rinse for glassware. Use deionizing columns to provide
a supply of D&D H,0 with less than 2 ppm salts (as NaCl), adjusting the flow rates
through the column to meet this water quality standard.

Label all mixed reagents, standard solutions, etc., to identify exactly what it is, who
prepared it, and when it was prepared. Keep the solutions in a designated storage
area, taking them out only when needed and putting them away in a timely manner.

When the analysis is complete, properly dispose of all mixed reagents and clean and
put away the containers.

To avoid potential contamination, never return any reagent or chemical to its
original container once it has been removed.

r

Remove labware from the storage cabinet or drawer only as needed. Labware may
be kept in a temporary storage area only when it is being utilized.

Use a non-permanent magic marker or grease pencil to mark glassware. Do not
mark on the rough circles or leave permanent markings on the glassware. Use a
marking tape to label plasticware; avoid marking directly on the plasticware.

Clean and put away all labware immediately after the analysis is completed (within
one day). Remove all markings and tape. Clean the labware with a brush in hot
soapy water. Rinse three times with hot tap water and then three times with D&D
H,0. Use an HCI solution to remove stains, films, or precipitates. After cleaning,
soak pipettes, extract storage bottles, and glassware that will be used for sensitive
chemical analysis in 0.5 to 1 N HCI and rinse the acid-washed labware three times
with D&D H,0. Place the clean labware on a drying rack and put away
immediately after drying. Unwashed or partially cleaned glassware should not be
left behind.

Discard permanently stained or streaked, cracked or broken glassware.
Wash the mechanical extractor tubes in a separate sink to prevent contamination

with the silicon lubricant. Leave the label markings on the tubes and clean them in
the manner as you would clean other labware.

Equipment

1.

Before using any equipment in the laboratory, become familiar with the operating
procedure. Only use the equipment for its intended use.

Inspect and maintain all equipment being used for analysis. This includes replacing
damaged, worn or broken parts, cleaning, oiling and lubricating machinery, greasing
stopcocks, etc. Repair and/or report any equipment breakage to the laboratory
director immediately.
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3. Clean the equipment with a damp sponge immediately after use. Clean any spills
immediately.

4. Shut off all equipment not in use. Relevel balances, set to zero and shut off after
cleaning. Leave the pH meter on standby/off. Turn off all gases and bleed the
pressure from the lines.

5. Keep liquid or other spillable materials away from any piece of electronic equipment.

Workspace

1. Use only the area(s) in the laboratory designated for a particular analysis.

2. Clean up all spills, broken glass, paper, soil, etc. inmediately.

3. At the end of each day, clean the work space with soapy water and a sponge, and
mop the area if necessary.

4. Rinse and clean the sink after use.

5. Keep all cabinet and cupboard doors closed.

6. Do not tamper with, rearrange, discard or otherwise disturb anything in the

laboratory that does not belong to you.

Quality Control

1.

Pay close attention to the procedures and follow the steps closely. A major source
of error comes from inconsistencies in reagent preparation and sample treatments
between runs. Variability between different analysts for the same procedure can be
minimized if each analyst closely adheres to the procedure as written.

2. Always use clean glassware and materials. When in doubt, clean them again.

3. Run a laboratory standard soil sample with each run and compare the results with
published data (Ciolkosz and Dobos, 1991). Repeat any runs in which the standard
falls outside a standard deviation of the published mean.

Reference
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CHAPTER 4
MOISTURE CORRECTION FACTOR

Background and Theory

Soil properties are typically expressed on the basis of an oven-dry weight. Since
air-dry samples are analyzed, a moisture correction factor is used. For some procedures,
such as bulk density, moisture retention, and particle size, the oven-dry weight is
determined as a part of the process. In other procedures, particularly the chemical
analyses, a correction factor must be calculated.

A representative sample of air-dry soil is weighed, dried at 105°C for 24 hr, and
weighed again to obtain the oven-dry weight. The air-dry weights of samples used in
subsequent analyses can be converted to an oven-dry weight by using the appropriate
moisture correction factor.

Materials and Equipment
1. Balance, sensitive to 0.001 g

2. Oven
3. Drying cans

Procedure

1. Weigh the drying can and record the CAN WEIGHT to the nearest 0.001 g on page
6 of the Laboratory Data Input Form (see Appendix A).

2. Add a representative sample (10 to 20 g) of <2-mm, air-dry soil, recording the can
plus air-dry soil weight (CAN + ADSOWT) to the nearest 0.001 g.

3. Dry the soil plus can at 105°C for a minimum of 24 hr.

4. Remove the oven-dry samples and cool them in a dessicator.

5. After the samples have reached room temperature, record the can plus oven-dry soil
weight (CAN + ODSOWT) to the nearest 0.001 g.

Calculations

1. The moisture correction factor (MC) is calculated by adding the moisture content of

the air-dry soil, expressed as a fraction of the oven-dry weight, to 1:

MC =1+ (air-dry soil wt. - oven-dry soil wt.)

oven-dry soil wt.

2. The air-dry soil weight is divided by the moisture correction factor (MC) to obtain
the oven-dry weight.

3. Calculations for the moisture correction factor and air-dry to oven-dry conversions
are included in the soil characterization laboratory database program (Appendix B).
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CHAPTER 5
PARTICLE SIZE, <2 mm -- PIPETTE METHOD

Backaground and Theory

The distribution of sand, silt, and clay in the soil affects many important soil
properties and behavior, including water and gas movement in the soil, water and nutrient
retention, and erodibility. Particle size distribution is a powerful tool in the study of soil
genesis and morphology, particularly in determining the potential existence of argillic
horizons and the continuity of parent materials.

Organic matter, which binds together soil particles, is destroyed and the soil
particles are dispersed. Sand-sized particles are separated by sieving and silt- and clay-
sized particles are determined by the pipette method. Stokes' Law -- particles of similar
density but different size will settle out of suspension at different rates -- provides the
basis for the pipette method (Day, 1965; Tanner and Jackson, 1947). The settling rate,
V, (cm/sec) calculated by Stokes' Law is:

X2g(Pg-Py)
V= ——
18m

where X is the particle diameter (cm), g is the acceleration due to gravity (cm/sec?), Pg is
the particle density (g/cm3), P_ is the liquid density (g/cm3), and m is the liquid viscosity
(dyne sec/cm?2). Thus all silt-sized particles in a suspension will have dropped below the
sample depth after a certain period of time, leaving only clay-sized particles in their original
concentration. The assumptions and limitations of Stokes' Law can be found in most soil
physics textbooks.

The pipette analysis should be carried out in a vibration-free room with a constant
temperature. Vibrations and temperature fluctuations will affect the settling rate of
particles, leading to errors in determination.

The percentages of total clay (<2 um); fine (2-5 um), medium (5-20 um), and
coarse (20-50 um) silt; and very coarse (1.0-2.0 mm), coarse (0.5-1.0 mm), medium
(0.25-0.5 mm), fine (0.10-0.25), and very fine (0.05-0.07 and 0.07-0.10 mm) sand are
routinely determined in the soil characterization laboratory. Although the coarse (0.2-2um)
and fine (< 0.2 um) clay contents are not routinely determined, a procedure is included for
this separation. Fine clay data can be helpful in determining the presence of illuviated clay
and, thus, an argillic horizon (SSIS, 1992).

Materials and Equipment

Fleakers, 300 ml, tared to nearest 0.01 g, stoppered lids and watch glass covers .
Hot plate

Filter candles, Pasteur-Chamberlain, fineness "F"

Filtering apparatus (Figure 5.1)

Oven

Balance, capable of reading to nearest 0.001 g

Reciprocating shaker

Sedimentation cylinders, 1000 ml .

Pipette weighing bottles, polypropylene, 60-70 ml, tared to nearest 0.001 g

CEONOORWN =
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10. Sieve, 300 mesh (0.046 mm), 76-mm (3 in) diameter brass, with a funnel mounted

on a ring stand

11.  Lowry pipette, 25 ml automatic, with vacuum and rack (Fig. 5.2)
12. Nest of 76-mm diameter sieves, Nos. 18 (1.0 mm), 35 (0.5 mm), 60 (0.25 mm),

140 (0.105 mm), 200 (0.074 mm), and 300 (0.046 mm)

13. Sieve shaker

14. Beakers, 250 ml, or weighing pans, tared to nearest 0.01 g
Chemicals and Reagents

1. Hydrogen peroxide (H,05), 30%.
2. Hydrogen peroxide (H,0,), 10%. Mix one part 30% H,0, with two parts H,0.
3. Sodium acetate (NaOAc) buffer (pH 5.0), only for samples with a pH > 6.0. Mix
136 g of NaOAc-3H,0 and 27 ml of glacial acetic acid (HOAc) per liter. Adjust to
pH 5.0 with either HOAc or NaOAc.
4, Dispersing agent (sodium hexametaphosphate solution). Mix 35.7 g of sodium
metaphosphate (NaPO3) and 7.9 g of sodium carbonate (Na,;CO3) per liter.

5. Use distilled and deionized H,0 throughout the procedure.
Overview of the Procedure

Step
Treat with Ho09

Candle/ filter samples

Dry in oven, weigh
Add dispersing agent, shake

Pass sample through a 300-
mesh sieve

Pipette <20 um, <5 um,
<2 um fractions

Dry sand, pipette samples in
oven

Weigh dried pipette samples

Sieve sands, weigh fractions

Resuilt

Destroys organic matter
binding soil

Removes dissolved minerals,
organic matter

Oven-dry soil wt.
Disperses soil particles

Separates sand from silt,
clay

Samples silt, clay fractions

Removes water

Oven-dry silt, clay wts.

Sand fractions

Approx. Time

4-6 hr

2-3 hr

overnight
overnight

1-2 hr

full day (1 hr/
pipetting)

overnight

1hr

3-4 hr

A typical sample run consists of 11 samples and 1 standard (12 total). Allow 1 to
2 days for the pretreatment to remove organic matter and dissolved minerals. The
samples are dispersed overnight and the pipetting procedure takes a full day for one run.
The sand fractions can be sieved at any time after drying.

Separation of the fine clay (<0.2 um) fraction consists of centrifuging an aliquot of
the silt and clay suspension. Allow an additional 2 to 3 hours after the final pipetting for
this step (this can be done the following day).
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Removing Organic Matter

1.

Weigh 10 g of air-dry soil into a pre-weighed fleaker (record as FLK WT on page 2

- of the Laboratory Data Input Form; see Appendix A).

For O and A horizons with a pH of 6.0 or higher add about 20 ml of pH 5.0 NaOAc
buffer. This step is not necessary for soils with lower pH values or for subsoils.

Add 25 ml of 10% H50, to the sample and cover the fleaker with a smooth
watchglass. Let the sample sit without heating until the initial reaction ceases.

Heat the samples to 80-90°C on a hot plate. When the reaction stops bubbling,
add 25 ml of 10% H,0,. Cover with a watch glass. Remove any samples that
begin to boil over from the heat, and use a glass rod or water from a squirt bottle to
break up the bubbles.

After the reaction subsides, add 5 ml of 30% H,0, to the fleaker. Continue to
heat the samples until the reaction subsides, taking care that no samples boil over.
NOTE: For problem samples, treat the sample in a larger beaker and then
transfer the sample to the fleaker after the initial violent reaction.

Continue this treatment until the reaction subsides. B and C horizons (except Bh
horizons) will not require additional treatment. A horizons may require 1 to 2
additional treatments (until lighter in color).

Removing Dissolved Mineral and Organic Components

1.

e.

Clean all soil particles from the watchglass and the sides of the fleaker with a
rubber policeman and H,0.

Fill the fleakers half-full with H,0 and place in the filtering apparatus. Place the
filter candles into the fleakers and fill the fleaker up to its neck with H,0.
NOTE: Soak the candles beforehand to wet the ceramic material. This
speeds up the initial candling.

Apply a vacuum to the filter candles as follows (see Figure 5.1):

a. Turn on the vacuum source and open the vacuum valve.

b. Turn the 3-way flow valve so that the direction arrow points toward the
collection bottle and away from the candling rack.

c. Connect the filter candles to the vacuum and open the candle valves.

d. Continue to apply suction with the vacuum until approximately 50 ml of H,0

is left in the fleaker (rates will vary with texture and condition of the candle)
and then close the valve to that fleaker.

After candling, backflush the samples to remove soil from the filter candle:

a. Fill the wash bottle at least 1/3 full with water.

b. Adjust the wash regulator to 12.5 cm of Hg (5 psi). Do not exceed 5 psi or
the hoses may blow off.

c. Turn the 3-way flow valve so that the flow direction arrow is pointing
toward the candles.

d. Open the candle valve for one sample and allow water to be forced through

until the candle "sweats" to the top.
Use water and rubber policeman to dislodge soil from the candle. Once the candle

is clean, close the candle valve and backflush the next sample.
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Figure 5.1. Filtering apparatus.
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8.

Reverse the direction of the 3-way flow valve so that the flow direction arrow
points towards the collection bottle. Repeat the candling (steps 2 through 4) and
backflush (step 5) process at least two more times, stirring the sample before
candling. The sample should be dispersed and not settle out of suspension when
fresh water is added to the fleaker. Do not refill the fleaker after the last backflush.

Remove the samples from the candling rack and clean the soil from the fleaker neck
and sides (easier done now than after drying in the oven).

Dry the samples at 105°C for 12 hours after the H,0 has evaporated.

Dispersing the Sampl

1.

Cool the oven-dry samples in a desiccator, and weigh them to the nearest 0.01 g.
Record the fleaker plus soil weight (FLK PSOWT) on the Lab Input Form.

Add 10 ml of dispersing agent to each fleaker, fill them to the 200 mi mark with
distilled water, and cap tightly with a rubber fleaker lid.

Shake the samples overnight (minimum 6.5 hr) at low speed (120 oscillations/min)
on a reciprocating shaker. Load 12 fleakers end to end (4 wide, 3 long), tightly
securing the samples with the adjustable bar (fleakers that are not fastened
securely may come loose and break during shaking).

eparating the Sand From the Silt and Clay Fraction

Remove the samples from the shaker (an early start is recommended since the
pipette procedure takes all day to run from start to finish).

Place a 300-mesh sieve in a large glass funnel on a rack and place a numbered
1000-ml sedimentation cylinder underneath the funnel.

Shake the sample in the fleaker, remove the lid and rinse the soil from the lid into
the sieve in the funnel. Pour the remainder of the sample onto the sieve, rinsing the
fleaker with water to wash out all of the sample.
NOTE: Wet the sieve beforehand to allow water to pass through more
readily. If the water does back up, hold the sieve firmly in the funnel
and tap on the side of the funnel.

Wash the sample on the 300 mesh sieve with water until all of the <300-mesh
sample passes through (water passing through the sieve will be clear) and fill the
cylinder to the 1000 ml mark.

Cover the cylinder with a watch glass and move it to the pipetting rack for analysis.
Transfer the sand retained on the 300-mesh sieve into a 250-ml beaker by inverting
the sieve and rinsing the sand into the beaker. Allow the sand to settle and pour
off the clear water.

Dry the sand and beakers overnight at 105°C. The dry sands can be sieved at any
time (See Sieving the Sand Fractions).

Continue until all of the samples are sieved. The silt and clay fractions will now be
in the sedimentation cylinders ready to pipette.
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Preparing For the Pipette Procedure

1.

Before pipetting the samples, you should become familiar and comfortable with the
pipette apparatus (Figure 5.2) and the procedure. Practice with water samples until
you can quickly raise and lower the pipettes, operate the two way valve on the
Lowry pipette, and adjust the rate at which the pipette takes up the sample. You
should be able to perform the rapid sequence of steps involved in pipetting the
samples in a smooth, error-free manner.

Adjust the rate at which the pipette draws up a sample (refer to Figure 5.2):

a. Open the vacuum source and adjust the vacuum regulator to 10 centibars.
b. Close all pipette valves.
c. Open the valve of one pipette and draw water from a beaker, measuring the

time it takes to fill the pipette. Adjust the vacuum until the pipette draws a
25-ml sample in about 12 sec.

Position the sedimentation cylinders so that each cylinder is accessible by a pipette.
Keep a watch glass on top of each cylinder except when stirring or pipetting.

Adjust the sample depth to 10 cm on the clamp scale.
Keep an extra cylinder of water nearby to rinse the stirrer between samples.

Fill a small beaker (50-100 ml) with acetone and a second beaker with water to
rinse the pipette between samples.

Record the temperature of a cylinder containing water (equilibrated to the
temperature of the pipette room) to determine the settling times for the <20-um
and <5-um fractions and the sampling depth for the < 2-um fraction (Table 5.1).
NOTE: Use a worksheet similar to Table 5.2 to note the temperature and
settling times and set up a schedule for stirring and pipetting (5-
minute intervals for stirring and sampling work well) and keep track of
sample and pipette bottle numbers.

For each sample, weigh three weighing bottles to the nearest 0.001 g (this should
be done in advance) and record the <20-um (BWT 20UM), <5-um (BWT 5UM),
and <2-um (BWT 2UM) bottle weights on the Lab Input Form.
NOTE: The plastic bottles will crack over time with continued oven-drying.
Inspect the bottles and discard any that show signs of cracks.

Pipette 10 mi of dispersing agent into each of three pre-weighed bottles. Dry the
bottles overnight at 105°C, cool in a desiccator, and weigh them to determine the
weight of the sodium hexametaphosphate in the bottles. This weight is divided by
40 (dilution factor equal to a 25-ml aliquot from a 1000-ml solution) to determine
weight of the dispersing solution in each sample aliquot. The average of the three
values is recorded as BLANK WT on the Lab Input Form.

Timing the Pipetting Sequence

The pipetting sequence of lowering the pipette into the suspension, taking a

sample, pouring the sample and a rinse into a weighing bottle, and cleaning the pipette is
described for one sample. During the initial pipetting (<20 um sample), you are faced
with an overlap in steps, stirring with one hand while adjusting the pipette and sampling
with the other. Advanced planning and practice are essential.
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Table 5.1. Sampling times for 20-um and 5-um fractions, 10-cm sampling depth, and

depths for 2-um fractions, 6.5 hr sample time.

Temp. 20 um 5 um 2 um Temp. 20 um 5 um 2 um

time time depth time time depth
oc min : sec min : sec {cm) oC min : sec min : sec (cm)
16,0 5 : 23 86 : 23 7.17 23.0 4 : 27 71 : 10 8.77
16.2 5 : 22 85 : 57 7.21 23.2 4 : 26 70 : 49 8.81
154 5 : 20 85 : 31 7.25 234 4 : 24 70 : 31 8.85
156 5 : 19 85 : 03 7.29 236 4 : 23 70 : 12 8.89
15.8 5 : 17 84 : 37 7.33 23.8 4 : 22 69 : 53 8.93
160 5 : 15 84 : 11 7.37 240 4 21 69 : 32 8.97
16.2 5 : 14 83 : 46 7.41 242 4 : 20 69 : 14 9.01
164 5 : 12 83 : 20 7.45 244 4 : 18 68 : 55 9.05
166 5 : 11 82 : 56 7.49 246 4 : 17 68 : 37 9.09
16.8 5 : 09 82 : 32 7.53 248 4 : 16 68 : 18 9.14
170 5 : 08 82 : 1 7.57 250 4 : 15 67 : 58 9.18
17.2 5 : 06 81 : 49 7.61 25.2 4 : 14 67 : 41 9.22
174 5 : 05 81 : 25 7.65 254 4 : 13 67 : 23 9.26
176 5 : 05 81 : 02 7.69 256 4 : 12 67 : 05 9.30
17.8 5 : 02 80 : 38 7.73 258 4 : 10 66 : 46 9.34
180 5 : 00 80 : 14 7.77 260 4 : 09 66 : 27 9.39
18.2 4 : 59 79 : 50 7.81 26.2 4 : 08 66 : 10 9.43
184 4 : 58 79 : 28 7.86 26.4 4 : 07 65 : 53 9.47
186 4 : 56 78 : 04 7.89 26.6 4 : 06 65 : 36 9.51
188 4 : 55 78 : 40 7.93 26.8 4 : 05 65 : 18 9.56
19.0 4 : 54 78 : 18 7.97 27.0 4 : 04 64 : 59 9.60
19.2 4 : 52 77 : 55 8.01 27.2 4 : 03 64 : 43 9.64
194 4 : 51 77 : 32 8.05 274 4 : 02 64 : 25 9.69
196 4 : 49 77 : 10 8.09 276 4 : 00 64 : 08 9.73
19.8 4 : 48 76 : 48 8.13 27.8 3 :59 63 : 51 9.77
200 4 : 47 76 : 26 8.16 280 3 : 58 63 : 35 9.81
20.2 4 : 45 76 : 03 8.20 28.2 3 :57 63 : 17 9.86
204 4 : 44 75 : 41 8.25 284 3 : 56 63 : 01 9.90
206 4 : 42 75 : 19 8.29 286 3 : 55 62 : 45 9.95
208 4 : 41 74 : 58 8.32 28.8 3 : 54 62 : 29 9.99
210 4 : 40 74 : 36 8.36 290 3 : 683 62 : 13 10.03
21.2 4 : 38 74 : 14 8.41 29.2 3 :52 61 : 56 10.07
214 4 : 37 73 : 52 8.45 294 3 : 51 61 : 40 10.12
216 4 : 36 73 : 32 8.49 296 3 :50 61 : 24 10.16
21.8 4 : 34 73 : 10 8.563 29.8 3 : 49 61 : 09 10.20
220 4 : 33 72 : 51 8.57 30,0 3 : 48 60 : 54 10.25
22.2 4 : 32 72 : 29 8.61 30.2 3 : 47 60 : 38 10.29
224 4 : 31 72 : 10 8.65 304 3 : 46 60 : 23 10.33
226 4 : 29 71 : 49 8.69 306 3 : 45 60 : 08 10.38
22.8 4 : 28 71 : 39 8.73 30.8 3 : 45 59 : 52 10.42
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Table 5.2. Example worksheet for the pipetting procedure, 12-sample run at 23.6°C, with
(a) 4-minute and (b) 5-minute sampling intervals.

Date 5/14/92 <20 um time 4:23
Temp (am), °C _23.6 < 5 um time 1:10:12
Temp (pm), °C _23.6 < 2umdepth _8.89cm

(a) Pipetting sequence with a 4-minute interval between starting times.

Sample Begin : Stop Lower <20 um <5 um <2um

No. Stirring Stirring Pipette time time time

1 8:59 am 9:00 9:03:23 9:04:23 10:10:12 3:30 pm

2 w03 9:04 9:07:23 . 9:08:23  10:14:12 3384
3 w07 9:08 9:11:23  9:12:23  10:18:12 338
4 enn 912 9:16:23  9:16:23  10:22:12  3:42
5 915 9:16 9:19:23  9:20:23  10:26:12  3:46
6 919 920 9:23:23  9:24:23  10:30:12 3850
7 %23 9:24 9:27:23  9:28:23  10:34:12 3854
8 927 9:28 9:31:23  9:32:23  10:38:12 358
s w31 932 9:35:23  9:36:23  10:42:12 402
0 93 9:36 9:39:23  9:40:23  10:46:12  4:06
1M e3s 9:40 ©943:23  9:44:23  11:80:12 410
12 943 9:44 9:47:23  9:48:23  11:84:12 414

(b) Pipetting sequence with a 5-minute interval between starting times.

Sample Begin Stop Lower <20 um <5 um <2um

No. Stirring Stirring Pipette time time time

1 8:59 am 9:00 9:03:23 9:04:33 10:12:51 3:30 pm

2 904 9:05 9:08:23  9:09:33  10:17:51 335
3 909 910 9:13:23  9:14:33  10:22:51 340
4 91s 915 9:18:23  9:19:33  10:27:51 345
5 919 920 9:23:23  9:24:33  10:32:81 350
6 924 9:25 9:28:23 9:20:33 10:37:51  3:85
7 @20 9:30 9:33:23  9:34:33  10:42:81 400
8 934 9:35 9:38:23  9:39:33  10:47:51 405
9 939 9:40  9:43:23 9:44:33  10:52:81 410
10 944 9:45 9:48:23  9:49:33  10:57:81 415
1M 949 9:50  9:53:23  9:54:33  11:02:581 420
12 94 955 9:58:23  9:60:33  11:07:51 428
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Table 5.2 illustrates a 12-sample pipetting sequence for 23.6°C with 4 and 5
minute starting intervals. With a 4-minute interval, you will be lowering the pipette to the
10-cm depth with one hand while stirring a second with the other. You will finish stirring
in time to take the sample. With the 5-minute interval, you will be taking the sample with
one hand while stirring a second sample with the other. The 4-minute interval allows
sufficient time to take the sample, add a rinse to the bottle, and wash the pipette,
provided you work quickly; the 5-minute interval allows more time between sampling.
Choose the interval with which you feel most comfortable. After the first pipetting, the
samples will not have to be stirred again.

Pipetting the <20 um Fraction

1. Stir the sample in the sedimentation cylinder for approximately 1 minute.
NOTE: If the suspensions have been sitting for > 24 hours, stir each sample
for 6 to 8 minutes before starting the process.
NOTE: Stir the samples with an up and down motion. Avoid circular
motions which may cause a whirlpool that affects particle settling.

2. Record the time at which you stop stirring (this is the starting settlement time).
The < 20-um settling time (10-cm sample depth) from Table 5.1 is added to the
starting time to determine the sampling time.

3. Lower the pipette with the main clamp (Fig. 5.2) so that the tip touches the top of
the water in the cylinder. One minute before the sampling time, lower the pipette
to the 10-cm depth with the scale clamp. Do not take the sample yet.

4. At the appropriate sampling time, open the pipette valve and draw a sample into the
pipette. Close the valve and raise the pipette out of the cylinder.

5. Transfer the contents of the pipette into a labeled pipette weighing bottle. Add one
rinse of water to the bottle.

6. Dry the pipette by rinsing with acetone, returning the acetone to its beaker (the
acetone can be reused until it gets cloudy). Open the pipette valve to draw in air.
Close the valve when the drops of acetone inside the pipette evaporate.

7. Continue stirring (rinse the stirrer between samples) and pipetting until each cylinder
has been sampled.
NOTE: To prevent potential contamination, cover the sedimentation
cylinders with a watch glass except during stirring or pipetting.

8. Dry the pipetted samples overnight at 105°C, cool in a desiccator, and weigh them

to the nearest 0.001 g. Record the oven-dry bottle plus <20-um sample weight
(BP 20UMWT) on the Lab Input Form.

Pipetting the <5 um Fraction

NOTE: The pipetting procedure is exactly the same as that for the <20-um fraction,
except that the samples are not stirred again.

1. Lower the tip of the pipette until it touches the top of the suspension.

Approximately 1 minute before pipetting time (as determined from Table 5.1), lower
the pipette to a 10-cm depth below the top of the liquid.

23



2. Pipette and rinse as described in Steps 4 to 6 above Repeat until all cylinders have
been sampled.

3. After this second pipetting, shut off the vacuum pump (the <2-um pipetting is not
for several hours).

4. Dry the pipetted samples overnight at 105°C, cool in a desiccator, and weigh them
to the nearest 0.001 g. Record the oven-dry bottle plus <5-um sample weight (BP
5UMWT) on the Lab Input Form.

Pipetting the <2-um Fraction

NOTE: For the <20-um and < 5-um fractions, the sample depth is kept constant
(10 cm) and the sample time is determined based on the cylinder water
temperature. For the < 2-um fraction, a sample time (6.5 hr) is selected and
the sample depth is determined based on the water temperature.

1. Adjust the depth on the pipette clamps as indicated in Table 5.1. If the
temperature has changed since the first pipettings, use the average of the
temperatures to determine the sampling depth.

2. Turn on the vacuum and take the pipettings exactly the same way as with the
earlier fractions, omitting the stirring step.

3. Dry the pipetted samples overnight at 105°C, cool in a desiccator, and them weigh
to the nearest 0.001 g. Record the bottle plus oven-dry <2-um sample weight (BP
2UMWT) on the Lab Input Form.

arating the Fin | <0.2-um) Fraction

NOTE: Separating the fine clay (< 2-um) fraction from total clay is not part of the
routine soil characterization analyses. However, because the fine clay
content is useful in soil genesis studies, these steps are included. The
procedure is based on Jackson (1969) as described by SSIS (1991). The
calculations for fine clay at the end of this chapter are not part of the soil
characterization database program (Appendix B).

1. After completing the <20-um, <5-um, and < 2-um fractions, stir the sample
thoroughly for 5 minutes to bring the soil particles into suspension. Allow the
suspension to settle for 15 min.

2. Pour the suspension into a 500-ml centrifuge bottle to a level that is 13 cm from
the center of rotation. Measure the 13-cm distance from the center of rotation as
follows:

a. Place the centrifuge bottle in a holder in the centrifuge.

b. With the centrifuge bottle and holder extended horizontally, measure a 13-
cm distance out from the center of the centrifuge (this will be approx:mately
equivalent to the top of the bottle holder).

c. Mark this distance on the centrifuge bottle.

3. Stopper the bottle and shake the suspension. Remove the stoppers and load the

centrifuge bottles into the centrifuge. Make sure that the loads are evenly balanced
in the centrifuge.
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4, Record the temperature of the suspension in the bottle. This will be used to
determine the centrifuge time (Table 5.3).

5. The centrifuge time is calculated from an equation modified from Stokes' law
(Jackson, 1969):
tmin = (63.0 x 108 x n x log(rs™")) / (R2 x D2 x dp)
where
tmin = centrifuge time, minutes
n = viscosity, poises (Table 5.3)
S = distance from center of rotation to liquid surface (13 cm)
r = distance from center of rotation to sample depth (13 + 3 cm)
R = centrifuge rpm (1500)
D = particle diameter (0.2 um)
dp = difference in specific gravity between particles and liquid (Table 5.3)

Table 5.3. Centrifuge time for the <0.2-um clay fraction (SSIS, 1991).

Temp. (°C) Viscosity (n) Spec. grav. diff. (dp) Cent. time (min)

20 0.01005 1.502 42.2

21 . 0.00981 1.502 41.2

22 : 0.00958 1.502 40.3

23 0.00936 1.502 39.2

24 0.00914 1.503 38.4

25 0.00894 1.503 37.6

26 0.00874 1.503 36.7

27 0.00855 1.503 35.9

28 0.00836 1.504 35.1

29 0.00818 1.504 34.3

30 0.00801 1.504 33.6
6. Centrifuge at exactly 1500 rpm for the time period determined from Table 5.3.
7. After centrifuging, lower a lowry pipette to a 3-cm depth in the supsension and

follow the pipetting procedure to withdraw a 25-ml aliquot. Transfer the aliquot
and a rinse to a pre-weighed pipette weighing bottle.

8. Dry the samples overnight at 105°C, cool in a dessicator, and weigh them to the
nearest 0.001 g.

Sieving the Sand Fractions
1. Remove the sands from the oven and cool them in a dessicator.

2. Assemble two complete nests of sieves, cleaning the sieves with a fine-haired
brush and inspecting for holes or rips. Replace damaged sieves.
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