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Addendum to the Groundwater Sampling and Analysis Plan for
. Corrective Action and Compliance Monitoring

The Groundwater Sampling and Analysis Plan for Corrective Action and Compliance
Monitoring (SAP) (Radian 1998) addresses collection of groundwater samples at the
International Paper Retail Packaging Facility in Wilmington, North Carolina (the
facility), to satisfy the requirements of the facility’s Hazardous Waste Management
Permit NCDO072 022 726 (Permit). This addendum to the SAP specifies additional
groundwater sampling and analysis activities that will be implemented to evaluate the
performance of the enhanced natural attenuation corrective action at the facility. These
activities include installation of one new monitoring well, collection of additional field
parameter measurements during each groundwater sampling event, and two additional
groundwater sampling events to be performed in conjunction with the initial
implementation of corrective action. Each of these activities is described below.

Installation of Groundwater Monitoring Well MW-34

One additional shallow groundwater monitoring well, designated MW-34, will be
installed to provide additional monitoring of the performance of the enhanced natural
attenuation corrective action system. MW-34 will be installed approximately 75 ft due
west of well MW-9 (Figure 1). MW-34 will be added to the monitoring well network for
corrective action monitoring and will be sampled as specified in the SAP and this
Addendum.

Well MW-34 will be constructed in accordance with North Carolina well construction
standards (NC Administrative Code, Title 15, Subchapter 2C, .0100). The well will be
completed in the upper water-bearing zone and will extend to a total depth of 20 ft or the
contact between the undifferentiated surficial sediments and the siliceous limestone “cap
rock” (Castle Hayne Formation), whichever is less. The borehole for MW-34 will be
advanced using decontaminated hollow-stem auger drilling methods. A drilling
contractor certified in North Carolina will perform the installation, under the supervision
of a qualified geologist. The geologist will log the subsurface lithology based on field
observations of the drill cuttings. The types of deposits encountered will be recorded on
the lithologic logs using the ASTM Standard D-2488 group symbol classification system
in accordance with Exponent SOP-49 (Attachment A). Lithologic logs will also include
descriptions of soil color using Munsell color charts, visually estimated moisture content,
and a textural description of the cuttings. If encountered, the top of the Castle Hayne
Formation will be noted clearly on the log.

Typical construction details for well MW-34 are shown in Figure 2. The well will be

constructed of 2-in. Schedule-40 PVC casing with flush-threaded couplings. The well
will be screened over the lower 10 ft of the total well depth, using a 10-ft section of
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0.010-in. mill-slotted PVC well screen with an end plug. Blank PVC casing will extend
from the top of the screen to the ground surface. Stainless-steel centralizers will be
attached at the top and bottom of the well screen. The annular space will be backfilled
with No. 10-20 Colorado silica or equivalent to approximately 1 ft above the top of the
screen. A 1- to 2-ft-thick bentonite seal will be placed on top of the sand pack. The
bentonite seal will be hydrated with clean water and allowed to set for sufficient time to
ensure a proper seal. High-solids bentonite grout or bentonite chips will be placed from
the bentonite seal to within 2 ft of the ground surface. A surface seal consisting of
Portland cement will be placed from the top of the bentonite to the ground surface. The
surface completion will consist of an aboveground monument with a steel protective
riser. In accordance with North Carolina requirements, a permanent identification plate
will be affixed to the riser indicating the drilling contractor and registration number, the
date the well was completed, the total depth of the well, the depth to the screen, and a
warning that the well is not to be used for water supply and that the groundwater may
contain hazardous materials.

Following construction and a minimum 24-hour stabilization period for the grout and
surface seal, MW-34 will be developed to remove fine-grained materials from within and
around the sand pack. Development will be achieved by pumping and surging until the
discharge water is clear of fine materials, or until a minimum of 10 casing volumes have
been removed, whichever occurs first. All development water will be properly contained
in UN-approved drums and disposed. Following installation, a professional land
surveyor will survey the location of well MW-34 to a horizontal accuracy of 1.0 ft. The
reference elevation will be determined to an accuracy of 0.01 ft.

Collection of Additional Field Parameters

In addition to the three field parameters (i.e., temperature, pH, and specific conductivity)
listed in Appendix A of the facility’s Hazardous Waste Management Permit (NCD 072
022 726), dissolved oxygen (DO) concentration, ferrous and total iron concentrations,
and oxidation-reduction potential (Eh) will be measured at each well sampled during each
groundwater sampling event at the facility, during both the corrective action and the
compliance monitoring periods.

All field parameters will be measured during purging of each well. Flow from the
discharge tubing will be directed into a flow-through cell for the field parameter
measurements. Use of the flow-through cell will minimize groundwater contact with the
atmosphere, which could influence some field parameter measurements (i.e., temperature,
DO, and Eh). Field parameters (pH, temperature, specific conductivity, DO, and Eh) will
be measured and recorded at every purge volume. These parameters will be measured
following the methods described in SOP-56 (Attachment A) using a YSI multimeter
model YSI 600XL (or equivalent), which will be calibrated daily and operated in
accordance with the manufacturer’s recommendations. In addition, a grab sample will be
collected at every purge volume from the discharge of the flow-through cell to measure
iron concentrations and turbidity. Ferrous and total iron concentrations will be measured
using the methods described in SOP-61. Turbidity measurements will be made using a
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DRT-15CE turbidimeter (or equivalent) following Exponent SOP-424. A minimum of
three well volumes, or the number of well volumes required until field parameters-
stabilize within 10% of the previous reading, whichever is greater, will be removed prior
to sample collection. Discharge from the flow-through cell will be directed into a
secondary container and transferred to a UN-approved drum for proper handling and
disposal.

Sampling Schedule

As specified in the SAP, groundwater samples will be collected semiannually in April
and October of each year from six existing monitoring wells (POC-1, MW-9, MW-21,
MW-23, MW-25, and MW-31) during the corrective action monitoring period. The new
monitoring well (MW-34) will also be monitored semiannually during the corrective
action monitoring period. In addition, one groundwater sample will be collected annually
during the corrective action monitoring period, in October of each year, from well
MW-10, completed in the lower water-bearing unit.

Two additional sampling events are proposed during the corrective action monitoring
period for wells MW-9, MW-31, and MW-34 to provide additional performance data
following the initial application of ORC®. These sampling events will be performed one
month and three months after the initial application of ORCP at the facility—proposed to
occur immediately after the April 2000 groundwater sampling event. Therefore, the two
additional sampling events are planned for May and July of 2000. Groundwater samples
collected during these additional monitoring events will be analyzed for the field and
laboratory parameters specified above and in the SAP.
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Figure 1. Monitoring well network, international Paper facility, Wilmington, North Carolina.
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Note: SOP 49 cited within.

STANDARD OPERATING PROCEDURE

LOGGING OF SOIL BOREHOLES

| SOP 48
e

The following procedures for completing the Field Borehole Log Form (Attachment 48-
1) establish the minimum information that must be recorded in the field to adequately
characterize soil boreholes and are to be used for Exponent projects where soil boring
techniques are performed during field exploration. An example of a completed field
borehole log form is attached. These procedures are written for boreholes using
mechanical equipment. All pertinent sections should be used for hand-augured or hand-
dug boreholes.

These procedures include minor modifications to ASTM D-2488-84 (Attachment 48-2) to
emphasize environmental investigations as opposed to geotechnical investigations (for
which the standards were written). Field staff are encouraged to examine ASTM D-2488-
84 in its entirety. Because environmental projects are each unique and specific job
requirements can vary widely, the minimum standards presented may need to be supple-
mented with additional technical descriptions or field test results. However, all field
borehole logs, regardless of special project circumstances, must include information
addressed in this SOP to achieve the minimum acceptable standards required by
Exponent.

HEADING INFORMATION

Project Number: Use the standard Exponent contract number.
Client: Identify the name of the client and the project site location.

Location: If stationing, coordinates, mileposts, or similar are applicable, identify the
location of the project. If this information is not available, identify the facility (e.g., 20 ft
northeast of Retort #1).

Drilling Method: Identify the bit size and type, drilling fluid (if used), method of
drilling (e.g., rotary, hollow-stem auger, cable tool), and the name of the drill rig (e.g.,
Mobil B61, CME 55).
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Diameter: Provide the diameter of the borehole. If the borehole has variable diameters,
provide the depth interval for each diameter.

Sampling Method: Identify the type of sampler(s) used (e.g., standard split spoon,
Dames & Moore sampler, grab).

Drilling Contractor: Provide the name of the drilling contractor.

Exponent Staff: Enter the name(s) of Exponent staff performing logging and sampling
activities.

Water Level Information: Provide the date, time, depth to static water, and casing
depth. Generally, water levels should be taken each day before resuming drilling and at
the completion of drilling. If water is not encountered in the boring, this information-
should be recorded.

Boring Number: Provide the boring number. A numbering system should be developed
prior to drilling that does not conflict with other site information, such as previous
drilling or other sampling activities.

Sheet: Number the sheets consecutively for each boring and continue the consecutive
depth numbering.

Drilling Start and Finish: Provide the drilling start and finish dates and times.

For consecutive sheets, provide, at a minimum, the job number, the boring number, and
the sheet number.

TECHNICAL DATA

Sampler Type: Provide the sampler type (e.g., SS = split spoon, DM = Dames & Moore
split spoon, G = grab).

Depth of Casing: Enter the depth of the casing below ground surface immediately prior
to sampling.

Driven/Recovery: Provide the length that the sampler was driven and the length of sam-
ple recovered in the sampler. This column would not apply to grab samples.

Sample Number/Sample Depth: Provide the sample number. The sample numbering
scheme should be established prior to drilling. One method is to use the boring number
and consecutive alphabetical letters. For instance, the first sample obtained from Boring
MW-4 would be identified as 4A and the second would be identified as 4B, and so on.
Another method for sample identification is naming the boring number with the depth.
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For example, the sample from Boring 1 at 10 ft would be labeled B1-10’. The depth of
the sample is the depth of the casing plus the length to the middle of the recovered sample
to the nearest 0.1 ft. Typically, split spoon samplers are 18 in. long. Samples should be
obtained from the middle of the recovered sample. The depth of the sample with the cas-
ing at 10 ft would then be 10.7 ft.

Number of Blows: For standard split spoon samplers, record the number of blows for
each 6 in. of sampler penetration or the “N” value, which is the sum of the blows in the
last two 6-in. intervals. A typical blow count of 6, 12, and 14 is recorded as 6/12/14 or as
an “N” of 26. Final boring logs will record “N” values. Refusal is a penetration of more
than 6 in. but less than 12 in. with a total blow count of 100 or a penetration of less than 6
in. with a blow count of 50. A partial penetration of 50 blows for 4 in. is recorded as 50/4
in. For nonstandard split spoons (e.g., 5-ft spoon used for continuous sampling), total
blows will be recorded.

Blank Columns: Two blank columns are provided. Project managers are encouraged to
use these columns for site-specific information, usually related to the contaminants of
concern. Examples for a hydrocarbon site would be sheen and OVM readings of the
samples.

Depth: Use a depth scale that is appropriate for the complexity of the subsurface condi-
tions. The boxes located to the right of the scale should be used to graphically indicate
sample locations as shown in the example.

Surface Conditions: Describe the surface conditions (e.g., paved, 4-in. concrete slab,
grass, natural vegetation and surface soil, oil-stained gravel).

Soil Description: The soil description and definition of soil contacts should follow the
format described in SOP 49.

Comments: Include all pertinent observations. Drilling observations might include drill-
ing chatter, rod-bounce (boulder), sudden differences in drilling speed, damaged
samplers, and malfunctioning equipment. Information provided by the driller should be
attributed to the driller. Information on contaminants might include odor, staining, color,
and presence or absence of some indicator of contamination. Describe what it is that
indicates contamination (e.g., fuel-like odor, oily sheen in drill cuttings, yellow water in
drill cuttings).
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Standard Practice for
| Description and
Identification of Soils
(ASTM D-2488-84)




qs‘nj Designation: O 2488 - 34¢'

Standard Practice for

Description and Identification of Soils (Visual-Manuali

Procedure)’

This stanaard 13 135ued unaer tne fixed dengnauon D 2488: the numoer IMmetatety following ne dessgnanon indicates tnhe vear of
SNPRA! 200UOR OF. 1 the case Of EVINION. the vear Of last revinon, A numDer 1n parentheses INGICALES the year of last readproval. A
SUPETICTIDN EPRUON (¢} iNGicates 20 editonNal change NACE e last reviNon or reapproval.

*! NoTE—Secuon 18 was acded ecitonatly 1n Januarv 1989

1. Scope

1.1 This practice covers procedures for the description of
soils for engineening purposes.

1.2 This pracuce aiso describes a procedure for idenufving
soils. at the option of the user. based on the classificauon
system described in Test Method D 2487. The idennficauon
1s based on visual examinauon and manuai tests. it must be
cleariv stated in reporung an igenuticauon tnat it is based on
visual-manuai procegures.

1.2.1 When precise classificauon of soils for engineening
purposes is required. the procedures prescnbed in Test
Method D 2487 shall be used.

1.2.2 In this practice. the idennfication portion assigning
a group symbol and name 1s limited to soii particies smailer
than 3 in. (75 mm).

1.2.3 The identification poruon of this practice is limited
10 naturaily occurning soiis.

Note | —This practce may be used as a descriptve system applied
10 such matenais as shale. claystone. sneils, crusned rocx. cte. (See
Appendix X2\

. 1.3 The descriptive informauon in this practice may be
used with other soii classiiicauon systems or for matenais
other than naturaily occumng soiis.

i.4 This stanaara may invoitve nazardous materiais. oper-
anons. and equipment. This standard does not purport to
address ail of the sarety problems associated with its use. it is
the responsibility or whoever uses this standard to consuit and
establish appropnate safety and health pracuces and deter-
mune the appiicability of regufatorv limitations prior to use.
For specific precautionary statements see Secton 3.

1.5 The vaiues stated in inch-pound umits are to be
regarded as the standard. -

2. Referenced Documents

2.1 ASTM Siandarads:

D 653 Terminology Relating to Soil. Rock. and Contained
Fluids-

D 1452 Pracuce for Soil Invesugauon and Sampiing by
Auger Bonngs-

This pracuce 13 under the runsdicuon of ASTM Communee D-18 on Soil ang
Rock ana 1s the qrect responsiowity of Subcommimee 018.07 on idenutiauon
sag Classification ot Soiis.

T arrent eQizon avoroves Oct 3. (984 Pubhished Decemper 1984 Ongrauv
cuthishea as D 2488 - 66 T. Last previous ecivon D 2488 - 69 (1979).
> annuar Boox or ASTM Sianaaras. Yol 04 08,

D 1586 Method for Penetrauon Test and Split-Barrel
Sampiing of Soils* -

D 1587 Pracuce for Thin-Walled Tube Sampling of Soils?

D2113 Pracuce for Diamond Core Drlling for Site
Invesngation®

D 2487 Test Method for Classificanon of Soils for Engi-
neenng Purposes™

3. Definitions

3.1 Except as listed below. all definitions are in accord-
ance with Terminoiogy D 653.

NoTE 2—For parucles retuined on 2 3-in. (75-mms US. standard
sicve, the followng definitions are suggestea:

Cobbles—parucies of rock that will pass a |2-in. (300-mm) square
opensng and be retauned on a 3-in. (75-mm) ueve. and

Boulders—parucies of rock that wiil not pass a 12-in. {300-mm)
square opeming.

3.1.1 clay—soil passing a No. 200 (75-um) sieve that can
be made to exhibit plasticity (punty-like properues) within a
range of water contents. and that exhibits considerable
strength when air-dry. For classificauon. a clay is a fine-
grained soil. or the fine-grained portion of a soi. with a
plasucity index equal to or greater than 4. and the plot of
plasticity index versus liquid limut falls on or above the “A”
line (see Fig. 3 of Test Method D 2487).

3.1.2 gravel—parucles of rock that wiil pass a 3-in.
{75-mm) sieve and be retained on a2 No. 4 (4.75-mm) sieve
with the following subdivisions:

coarse—passes a 3-in. (75-mm) sieve and is retained on a
Ye-in. (19-mm) sieve.

fine—passes a Ye-in. (19-mm) sieve and is rewained on a
No. 4 (4.75-mm ) sieve.

3.1.3 organic clay—a clay with susficient organic content
to influence the soil properties. For ciassification. an organic
clay is a soul that would be clasaified as a clay, except that its
liquid limit value after oven drying 1s less than 75 % of its
liquid limit value before oven drying.

3.1.4 organic stit—a silt with suificient organic content to
influence the soul properues. For ciassiiicauon. an organuc siit
1 a soul that would be classified as a silt except that its liquid
limit value after oven drying is less than 75 % of its liquid
limit value before oven drying.

3.1.5 peat—a soil composed primaniy of vegetable tissue
In various stages ol decomposition usuaily with an orgame
odor. a dark brown to black color. a spongy consistency, and
a texture ranging from fibrous 10 amorphous.
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GROUP NAME
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3.1.6 sand—parucles of rock that will pass a No. 4
(4.7S-mm) sieve and be retained on a No. 200 (75-umj) sieve
with the following subdivisions:

coarse—passes a No. 4 (4.75-mm,) sieve and is retained on
a No. 10 (2.00-mm) sieve.

medium—passes a No. 10 (2.00-mm sieve and is retained
on a No. 40 (425-um) sieve.

“ine——passes a No. 40 (425-um) sieve and is retained on a
No. 200 (75-umy sieve.

3.1.7 sut—soil passing a No. 200 (75-um) sieve that is
aonplasuc or very slightly plasuc and that exhibits little or no
strength when air dry. For classification. a silt is a fine-
gramned soil. or the fine-grained poruon of a soil. with a
plasticity index less than 4. or the plot of plasticity index
versus liquid limit fails below the *A” line (see Fig. 3 of Test
Method D 2487).

GROUP_SYMBOL

4. Summary of Practice

4.1 Using visual examination and simple manual tests,
this pracuce gives standardized cnitenia and procedures for
describing and idenufying solls.

4.2 The soil can be given an idenufication by assigning a
group symbolfs) and name. The flow charts. Figs. la and 1b
for fine-grained sous. and Fig. 2. for coarse-grained soiis. can
e used to assign the appropnate group symbol(s) and name.
If the soit has propernes which do not distincy place it into
a speafic group. borderline symbols may be used. see
Appendix X3.

NOTE J—It is suggested that 2 distincuon be made between dual
symbols and borderiine symbols.

Dual Svmbol—A dual symbof is two symbols separated by a hyphen.
for exampie, GP-GM. SW-SC, CL-ML uses 10 indicate that the soul bhas
been 1denufied as having the properues of a classificanon 1n accordance
with Test Method D 2487 where rwo symbois are requued. Two

'GROUP NAME

Qreanee 204

<I0% olus No. 2”? <I15% plut No. 200
13-28% slus No. 2oo-<\mgs praver——2= Oreamg 104 wrh song
OL/OH % 1008 <% grover ——== Organee 104 with graves
lmg‘m—<:<|s‘m___—- Sandy oryensg sod
2mm~om<: Z‘s‘m_———.wm“mm

‘m(lm_Q:““m-————oonwm.d

215% wng m———emenemngn Grm'm.d-&“

NOTE—Fercantages 27e 02360 ON ESUMITNG AMOUMS Of fiNes. SN, ANG GrEves 10 The Nearest S <.
Fi@. 1 Flow Chart for idenutying Orgamsc Fine-Grainea Soil (50 % o more fines)
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GROUP SYMBOL GROUP NAME
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svmools are required when the sod has berween $ and 12 % fioes or
»nen the uqwd limit ana plasuaity index vasues piot 1a the CL-ML area
-f the piasuaty chart.

Jorderune Symooi——A borderline svmbol 1s two symbols separated
v a siash. for exampie, CL/CH. GM/SM. CL/ML. A borderine symool
:nould be usea 10 indicate that the sou has deen idenufied as having
sroperues 183t do not distincuy place the soii into 2 specuic group (see
sppenaix X3\

(¥ L]

. Significance snd Use

.} The descnpuve informanon required in this pracuce
-an be useq to describe a soil 1o aid in the evajuzton of its
significant properues for engineenng use.

- 3.2 The descriptive informauon required in this practice
should be used to supplement the classification of 3 soul as
determined by Test Method D 2487.

5.3 This practice mmay b used in idennfying soils using the
classificaton group symbols and names as prescnbed in Test
Method D 2487. Since the names and symbols used in this
oractce o idenufy the soils are the same as those used in
Test Method D 2487. it shall be clearly stated in reports and
all other appropnate documents. that the classification
svmbol and name are based on visual-manual procedures.

¢.4 This practice is to be used not only for identfication
>f souis 1o the field. but aiso in the office. laboratory, or
wherever sou sampies are inspected and described.

3.5 This pracuce has parncular vaiue in grouping similar
so1l sampies so that only 2 minimum number of laboratory
iests neeq be run for positive soil classification.

NOTE 3—T7The ability 10 descnibe and idenufy sous correcuy ts learnea
Jore reacyv unaer tne gUIGANce Of eXpenenced personnet. but it may

1iso be acquued svstemancally by companng numencal laboratory test
resuits for typical sous of each type wath thew visual and manual
charactensucs.

5.6 When descnibing and idenufying soil sampies from a
given boring, test pit. or group of borings or pits. it is not

. necessary to follow ail of the procedures in this pracuce for
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every sample. Soils which appear 10 be similar can be
grouped together: one sampie compietely described and
identified with the others referred to as similar based on
performing oniy a iew of the descripuve and idennuficaton
procedures descnibed in this pracuce.

6. Apparamus
6.1 Required Apparatus:
6.1.1 Pocket Knife or Smail Spatuia.
6.2 Useful Auxiliary Appararus:
6.2.1 Smail Test Tube and Stopper tor jar with a lid).
6.2.2 Smail Hand Lens.

7. Reagents

7.1 Purity of Water—Unless otherwise indicated. refer-
ences to water shall be understood to mean water from a city
water supply or naturai source. including non-potable water.

7.2 Hydrochionc Acid—A small borte of dilute hydro-
chloric acid. HCl, one part HC1 (10 N) to three parts water
(This reagent is opuonal for use with this pracuce). See
Section 8.

8. Safety Precautions
8.1 When prepanng the dilute HCl soiution of one part
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12} Rounded

¢} Subrounoes

concentrated hyvdrochlonc acid (10 V) to three pans of
disuilled water. siowly add acid into water following necessary
safety precautions. Handle with caunon and store sarely. If
solution comes 1nto contact with the skin. rinse thorougaly
with water.

8.2 Caution—Do not add water 10 acid.

9. Sampling

9.1 The sampie shall be considered 10 be representative of
the stratum trom which it was obtained by an appropnate.
accepted. or standard procedure.

NOTE {—Preferaviv. the samphing proceaure snouid be 1denufied as
~3aving oeen CONQUCIES 1N accordance witn Practices D 1452. D 1587, or
D 2113 or Methoa D 1586.

9.2 The sampte shall be caretully idenufied as to ongn.

“OTE 6—Remarxs as 10 the onpn may take the jorm of a bonng
TUmDer Ina sampie aumber 10 comjuncuon wath a Job number. a
zeologic stratum. a pedologic honzon or a jocayon descniption with
7eSDECt 10 @ permanent monument. a gnd system or a stauon numoer
and otTset witn respect 10 a stated centernine and a depth or elevauon.

9.3 For accurate description and identificauon. the min-

:mum amount of the specimen 10 be examined shail be in
accordance with the following scheduje:

TABLE 1 Critena for Oesenbing Angulanty of Coasrse-Graineg
Pertcies (see Fig, 3)

Cescronon Cnteng

inguias amoes nave SParD eoges ang reatvely tiane $i0es win
JNDORSNE Surtaces

Suoanguiar FIMCES A'® MMM 10 anguwr cescnonon DUt nave
“SUNOea e00es

Subrouncea Z3moes nave neanv plang sices but Rave wes-counced
SOMers nd eoges

Zaunceo 33Moes Nave SMOOMIvV curveg 31088 anQ NO e00eS

1d) Subsaguiar
FiIG. 3 Typicai Angutanty of Butky Grains

Maximum Particte Size, Mimimum Speamen Size.

Sieve Opening Dry Wegnt
478 mmNo. 4 100 ¢¢0.25 Iby
9.5 mm (% n.) 200 ¢ (0.5 1)

190 mm (¥ in.) 1.0kg122 1
381 mmtivna 80kg(l18 I

T8 0mmtln 600 kg1i32 ™M

NOTE 7—If rangom 1soiated parucies are encountered that are
significanuly larger than tne partucies 1n the soil mamnx. the soil mamnx
can be accurately descnped ana idenufied in accordance with the
preceeaing schedule.

9.4 If the field sampie or specimen being examined is
smaller than the munimum recommended amount. the
report shall inciude an appropnate remark.

10. Descriptive Information for Soils

10.1 dngufaruv——Desctibe the anguianity of the sand
(coarse sizes oniy). gravel. cobbles. and bouiders. as anguiar,
subangular. subrounded. or rounded in accordance with the
critena in Table | and Fig. 3. A range of anguiarity may be
stated. such as: subrounded to rounded.

10.2 Shape—Descnibe the shape of the gravel. cobbles.
and boulders as flat. elongated. or lat and elongated if they
meet the cntena in Table 2 and Fig. 4. Otherwise. do not
mention the shape. Indicate the fraction of the particles that
have the shape. such as: one-third of the gravel parucles are
flat.

10.3 Culor—Descnbe the color. Color 1s an imporant
property in idenufying orgamic soiis. and within a given
locality it may also be useful in idenufving materals of

TABLE 2 Critena tor Oescnbing Particte Shape (see Fig. 4)

ﬂnmsnmsnuooomuvonovnwmm.m.w
(PMICKNESS refer 10 e Greatest. ntermeciats. and least GiMensons of a bartoe.

respecuvety
Fiat P2rncIes with waom/mcxness > 3
Elongatea Sarhoes with lengiwiotn > )

Fiat ana elonoatea 3arhcies meet ciena for DO Nat aNa eONGCated
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PARTICLE ESHAPE

W=WIDTH
T=THICKNESS
L =LENGTH

L./

FLAT: w/T>13
ELONGATED: L/W >3

FLAT AND ELONGATED:
- meeTs both criterig

FiQ. 4 Criteria for Particie Shape

‘TABLE 3 Critsria for Descnbing Moisturs Condition

Sescnoton Cntorm
ory ADsance Of Morsture, Gusty, ary 10 e touch
ot Oamo tut NO visitee water
Net Visihie fre@ water. usuasy SOt 3 DRIOW water tatie

amilar geolomc ongin. If the sample contains lavers or
patches of varving colors. this shall be noted and all
representauve colors shall be descnibed. The coior shall be
described for moist samples. If the color represents a dry
condition. this shall be stated in the report.

10.4 Odor—Describe the odor if organic or unusuai. Soils
containing a significant amount of organic matenai usuaily
save a distincuve odor of decaving vegetauon. This is
sspectaily apparent 1n fresh sampies. but if the sampies are
ined. the odor may often be revived by heating a moistened
sampie. If the odor 1s unusual (petroleum product. chemical.
ind the like). it shall be descnibed.

10.5 Mousture Condition—Descnbe the moisture condi-
;ion as dry. moist. or weL in accordance with the cniena in
Table 3.

10.6 HCl Reacuon—Descnbe the reaction with HCl as
none. weak. or suong, in accordance with the cntera in
Table 4. Since caicium carbonate 1s a common cemenung
igent. a report of its presence on the basis of the reaction
a1th dilute hvdrochlonic acid is imponant.

TABLE 4 CMMWmoaommm

Descrovon Znteng

- None NO vistug reacton
Neax Same reschon. wit DuDGies TrTING SIOWNY
Strong Violert reacton, with oucties 1OTTNG TMECITENY

TABLE 5 Criteria for Oescnomng Conmmstency

Oescnovon Crterm
Very sont Thurnd wal CONETATe $08 MOre Nan 1 n. (25 mm
Soft Thumd wel peneTste so8 abat 1 n 125 owm
Fim Thumd wal ;NOet 308 A0OUE s n. (6 mem
Harg Thumo will ROt NOSNt SO DUt TRV NOSMISE W TITONSd
Very harg Thumonas wul not oM 308

10.7 Consistencv—For intact fine-grained soil. describe
the consistency as very soft. soft. firm. hard. or very hard. in
accordance with the cnitenia in Table 3. This observauon is
inappropnate for soils with significant amounts of gravel.

10.8 Cementation—0Descnibe the cementation of intact
coarse-grained $oOlis as weak. moderate. or strong, 1n accord-
ance with the cnitena in Table 6.

10.9 Structure—Describe the structure of intact soils in
accordance with the critena in Table 7.

10.10 Range of Parucie Sizes—For gravel and sand com-
ponents. describe the range of parucle sizes within each
component as defined in 3.1.2 and 3.1.6. For exampie. about
20 % fine 10 coarse gravel. about 40 % fine to coarse sand.

10.11 Maximum Particle Size—Describe the maximum
particie size found in the sampie in accordance with the
following informaton:

10.11.1 Sand Size—If the maxymum parucie size is a
sand size. describe as 1ine. medium. or coarse as defined in
3.1.7. For example: maximum parucie size. medium sand.

10.11.2 Gravel Size—{f the maximum parucie size is a
gravel size, descmbe the maximum parucie size as the
smailest sieve opening that the parucie wiil pass. For
exampie. maximum parucie size. 1'% in. (mil pass a 1/2-in.
square opening but not a ¥-in. square opening).

10.11.3 Cobble or Bouider Size—I1f the maximum particle
size is a cobble or boulder size. descnibe the maximum
dimension of the largest parucie. For example: maximum
dimension. 18 in. (450 mm). )

10.12 Hardness—Describe the hardness of coarse sand
and larger parucles as hard. or state what happens when the
particles are hit by a hammer. for exampie, gravel-size
parucles fracture with considerabie hammer blow. some
gravel-size parucles crumble with hammer blow. “Hard”
means parucles do not crack. fracture. or crumbie under a
hammer blow.

10.13 Additionai comments shall be noted. such as the
presence of roots or root holes. difficulty n drilling or
augenng hole. caving of trench or hole. or the presence of
mica.

TABLE 8§ Criteria for Descnbing Comentation

Oescroton Cnteng

Weak Crumpies or Oreaxs Wit RANCNG OF 108 FOEr Dressure
Moderste Crumcmes or Oreans W) CONMONracs INGEr pressure
Stong Wil ROt CTUIMON OF Dreas with ANger resRse
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TABLE 7 Criteria for Descrting Structure
Zescnonon Sntane
I:ratmed LIEMEUNG MYWrS Of varving METendl OF COIOr Wit yers &t
€23t 6 YT TCK: NOte TeCKIesS
—amnated Atlsmatng Byers of varyg Matnml OF cOr wrh the
‘SYSrs 1958 han § M M TweK: NOtE TuCKNess
S-ssure 3reexs aong Cefrve sanes of CTX® wn Mte
‘SUSTANCE 10 TICWNG
Shekensioed FraCuEe WSS AD0SMr DORSNEA Of GIOSSY. IOMEUMes
stated
Slocky Cohatve 508 tat CI D8 DroKen GOWN 1O SMAS ANGUAN
UMOS WINCN rest A5 her Dreekoown
-2nsed NN Of SIMal DOCXSTS Of ATferent SO, suCh &3 small
4nses of SANG SCATArE] UYOUGR & Mase of ary: Note
TCRNeSs
~OMOQeNeous Same cOIr AND ACOAraNce TYOLGNOUL

10.14 A local or commercial name or a geologic interpre-
tauon of the soil. or both. may be added if idenufied as such.

10.15 A classificaton or idenuficauon of the sou in
accordance with other classificanon systems may be added if
idenufied as such.

11. Identification of Peat

11.1 A sample composed pnmarniy of vegetable ussue 1in
vanous stages of decomposiuon that has a fibrous to
amorpnous texture. usuaily a dark brown to black coior. and
an organic odor. snall be designated as a highly orzanic sou
and shall be idenutied as peat. PT. and not subjected 10 the
idennficatuon procadures described herearer.

12. Preparation for ldentification

12.]1 The soil idenufication portion of this pracuce is
based on the poruon of the soil sampje that will pass a 3-in.
(75-mm) sieve. The larger than 3-in. (75-mm) particies must
be removed. manuaily, for a loose sample. or mentally. for
an intact sample before classifving the soil.

12.2 Estimate and note the percentage of cobbles and the
percentage of boulders. Performed visually, these esumates
#1il be on the basis of volume percentage,

NoTE 3—S3ince the dercentages of the pasucie-size distnbuton in
Test Methoa D 2487 are oy dry weignt, ang the esnmates of percentages
‘or gravel. sand. ana fiaes n this pracuce are by dry wewgst it is
recommenaed that the TeDort state that the percentages of cobbies and
~oulders are oy volume.

12.3 Of the fracuion of the soil smailer than 3 in. (75 mm),
estimate and note the percentage, by dry weight. of the

gravel. sand. and fines (see Appendix X4 for suggested
procedures).

NOTE 9—~Since the varucie-size components appear visually on the
-asis of volume. considerable experience 1s required to esumate the
sercentages on the basis of dry weignt. Frequent compansons witn
:aboratory particie-size anasyses should be maae.

.2.3.1 The percentages shall be estimated 1o the ciosest
¥ . The percentages of gravel. sand. and fines must add up
10 100 %

i2.3.2 If one of the components 1s present but not in
sutficient quanuty to be considered § < of the smailer than
I-in. 17 3-mm) poruon. indicate its presence by the term
‘race. tor example. :race of fines. A trace 1S not to be
consiaerea 1n the tow of 100 % for the components.

13. Preliminary ideatification

13.1 The soii is zine grainea if it contans 50 % or more
fines. Follow the procedures for 1denusving fine-grained souis
of Secuion 14,

13.2 The soul is coarse grained if it contains less than 30 %
{ines. Follow the procedures for idenutving coarse-grained
soils of Secuon 15.

14. Procedure for Identifying Fine-Grained Soils

14.1 Select a representative sample of the material for
examinauon. Remove particles larger than the No. 40 sieve
(medium sand and larger) unul a specimen equivaiem to
about a handful of matenal is available, Use this specimen
for performing the dry strength, dilatancy, and toughness
tesis.

14.2 Dry Strengti:

14.2.] From the specimen. select enough material to moid
into a ball about | in. (25 mm) in diameter. Mold the
maternial until it has the consistency of putty, adding water if
necessary.

14.2.2 From the molded material. make at least three test
specimens. A test specimen shall be a ball of matenal about
7+ in. (12 mm) in diameter. Allow the test specimens to dry
In awr. or sun. or by artificial means. as long as the
temperature does not exceed 60°C.

14.2.3 If the test specimen contains naturat dry lumps.
those that are about 2 in. (12 mm) in diameter may be used
in place of the moided balls.

Nort 10—The process of moiding and drving usually produces
higher strengiss than are found in patural dry lumps of soil.

14.2.4 Test the strength of the dry balls or lumps by
crushing between the fingers. Note the strength as none. low.
medium. high. or very high in accorance with the critena in
Table 8. If natural dry lumps are used. do not use the resuits
of any of the lumps that are found to conuin particles of
coarse sand.

14.2.5 The presence of high-strength water-soluble ce-
menting matenals. suchh as calcum carbonate. may cause
excepuonally high dry strengths. The presence of calcium
carbonate can usuaily be detected from the intensity of the
reacuon with dilute hydrochioric acid (see 10.6).

14.3 Dilatancy:

14.3.1 From the specimen. select enough material to mold
into a ball about ' in. (12 mm) in diameter. Mold the
material. adding water if necessary, unuil it has a soft, but not
sticky. consistency.

14.3.2 Smooth the soil ball in the palm of one hand with
the blade of a knife or smalil spatuia. Shake horizontally.

TABLE 8 Criteria for Descnbing Dry Strength
Descrovon Cntens
None The Gry S08CHTEN CIUMDIS NIO DOWON W MEre Cressure
Low

of hancang

The ary soscxnen CrUMDMS NIO DOWOSr with Some finger
presare

The ory spscamen Draaxs N0 DCES OF CNUMDNS with
cCONMOSracm fNger Dressre

The ary soscamen canot De Droken with finQar presmure.
Sostimen wul DIREX MO DWCeS DeTwesn TWLIMD and & Awa
wxtacs :

The Ory SOSCETEN CANNOT D Oroken DETween N8 Thumd aNo &
~ard surtsce

‘f
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TABLE § Critsrm tor Desenong Olatancy

Zescnooon Cmera
Nore NO VeOIS SNNOS N (NG SDeCTTEN
low WO AOOBI'S SIOWAY ON T NIrtace Of the SOSCITEN OUMg
SNMaNG 8NQ CO8S NOT GrSACOSEr OF OISACOSENS SIOWN LOCN
SRIBOZNG
Sacq Nater aCOMNS OUICIIV ON he SLTTacE Of The SOSCITEN AUrTY)

SNAKING N0 GSA00SANS QUICKIV UOON SOUSEDING

TABLE 10 Criteris for Describing Toughness

Sescnovon Crters

W Only sagrt Dressre § reoured to o e tYeas Neer e
paset wret. The $¥een ang !e UMO e weax and Soft

\ieonsn Vadium Oresiulie S feQUres 0 o8 the TYsad 10 near e
pasec wret. The ¥ryead and Tie LN NEve MECUM STINess

Hgn Conmoersnis Cresiusre 8 recured to o8 the Tresd 10 Neer 10
passc sT. The Uwvesa and e UMD Nave very Mgn
sufinees

striking the side of the hand vigorously against the other
hand several times. Note the reaction of water appeanng on
:he surtace of the soil. Squeeze the sample by closing the
jand or pinching the sol between the fingers. and note the
-eacuon as none. siow. or rapid in accordance with the
cntena in Table 9. The reacuon 1s the speed with which
water appears while shaking, and disappears while squeening.

14,3 Toughness: '

14.4.1 Following the completion of the dilatancy test. the
test specumen is shaped into an elongated pat and roiled by
hand on a smooth surface or between the paims into a thread
about s in. (3 mm) in diameter. (If the sampie is 100 wet to
roil easiiy, it shouid be spread into a thin laver and allowed
10 lose some water by evaporauon.) Fold the sampie threads
and reroli repeatedly unui the thread crumbies at a diameter
of about vs in. The thread will crumbie at a diameter of
in. when the soil is near the plastic limit. Note the pressure
‘equired to roll the thread near the plastic limit. Also. note
the strength of the thread. After the thread crumbles. the
sleces should be lumped together and kneaded unui the
‘ump crumbles. Note the toughness of the matenal dunng
xneading.

14.4.2 Describe the toughness of the thread and lump as
‘ow. medium. or high in accordance with the criteria in
Table 10.

14.5 Plasticity—On the basis of observations made during
the toughness test. describe the plasuaty of the maternial in
accordance with the cntena given o Table 1.

TABLE 11 Criteria for Descnbing Plssticity

Sescronon Critarg

NOMOIRSDE A Y, (3T TYRES CAMOt DO rosed &t Aty water COMMernTt

ow The UYssq Can Darsy 0e roteg W The UMD CAMMOt De
fOrmMes when ONEr Tan the claste T

‘Aeoum The TYeao S &Sy 10 rOf and NOt MuCh oMe § NeCAIeg to

reach the CSIC NV, The Svead cannot De rerched snter
reachung T8 DIESUC WTat. The WMD CrUMOS Wnen Oner
TN 8 CASDC MYt

~gn 1 takSS CONNOMNICIS UTE rOSNg ang kNeednd 10 reach e
pastc w1, The Svsas can 0e rerceed severm tmes anar
reachwng 0@ OASUC wrt. The MY can Oe 'orMed without
CUIMONT) wihan Orer than the tagte wret

14.6 Decide wnether the soii is an tnorganic or an organic
fine-grainea soii (see t4.8). If inorganic. follow the steps
given n i4.7.

14.7 Idenutication of [norganic Fine-Grained Soils:

14.7.1 Idenuiy the soul as a tean ciav. CL. if the soil has
medium to high drv strength, no or siow dilatancy. and
medium toughness and plasticity (see Table 12).

14.7.2 Idenusy the soil as a /ar cfay. CH. if the soil has
high to very high dry strength. no dilatancy. and high
toughness and plasticity (see Table 12).

14.7.3 Idenuty the soul as a si/t. ML. if the soil has no o

‘low dry strength, slow to rapid dilatancy. and low toughness

and piasticity, or is nonpiastic (see Table 12).

14.7.4 Identify the soil as an efastic sit. MH. if the soil has
low to medium dry strength, no to siow dilatancy, and low to
medium toughness and plasticity (see Table 12).

Note | |--These properues are simiar 10 those for 3 lean clay.
However, the st will dry quickly on the hang and have & smooth. sikky
feed when dry. Some sous that wouid classiy as MH in accordance with
the criena 1n Test Method D 2487 are visuaily dificult to distingunsh

rom lean clavs. CL. It may be necessary 10 perform laboratory tesung
for proper 1aennficanon.

14.8 Idenufication or Orgaruc Fine-Grained Soils:

14.8.1 !denufy the sou as an organic soil. OL/OH. if the
soil conwains enough organic parucies 1o influence the soil
properties. Organic soils usually have a dark brown to black
color and may have an organic odor. Often. organic soiis wiil
change coior. for exampie. black to brown. when exposed to
the air. Some organic soils wiil lighten 1n color significantly
when air dried. Organic soils normaily wiil not have a high
toughness or plasticity. The thread for the toughness test wall
be spongy. -

NOTE 12—in some cases, through pracuce and expenence. it may be
posmble 10 further idennsy the organic sous as OrganKc Nits Or Orgamc
clavye, OL or OH. Correlanons between the dilatancy, dry strength,
toughpess tests. and laboratorv tests can be maae 10 idesufy organuc sotis
11 cevrain deposits of umilar matenais of known geolope ongpn.

14.9 If the sou is esumated to have 15 to 25 % sand or
gravel. or both. the words "“with sand™ or "with gravei”
(whichever is more predominant) shall be added to the group
name. For example: “lean clay with sand. CL” or “silt with
gravel. ML" (see Figs. 12 and 1b). If the percentage of sand is
equal to the percentage of gravel. use “with sand.”

14.10 Ifthe sotl is esnmated to have 30 % or more sand or
gravel. or both. the words “sandy” or “gravelly” shail be
added to the group name. Add the word “sandy” if there
appears 10 be more sand than gravel. Add the word
~graveily” if there appears to be more gravel than sand. For
exampie: “sandy lean clay. CL". “graveily fat clay, CH™, or
“sandy silt. ML" (see Figs. 1a and 1b). If the percentage of
sand is equal 10 the percent of gravel. use “sandy.”

TABLE 12 Idenufication of Inorgamc Fine-Grained Soils from
Manual Tests

Sail

Symeot Ory Strengm Oiatancy Tougthness

LS None 10 ow Slow 0 rap0 oW OF TYeas cannot O
forrnea

cL Vedum to rgn: None 10 sow Meaum

MM LOwW 0 meorm NONg 10 SIOW oW 10 MeaRsn

CH g 10 very Mon None Hon
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13. Procedure for {deatfying Coarse-Grained Soils (Con-
-ains iess than 50 % fines)

3.1 The soil is a gravef if the percentage of gravet is
esumated to be more than the percentage of sand.

:3.2 The soil is a sand if the percentage of gravet is
ssumated to be equal to or less than the percentage of sand.

3.3 The soil is a clean gravel or clean sand if the
oercentage of fines 1s esumated 10 be 5 % or less.

:$.3.1 Idenufy the soil as a wefl-graded gravel. GW. or as
a well-graged sand. SW., if it has a wide range of parucie sizes
ana substanual amounts of the intermediate parucle sizes,

.3.3.2 Idenufy the soil as a pooriy graded gravei. GP. or as
a pooriy graded sand. SP., if it consists predominantly of one
size {(uniformiy graded), or it has a wide range of sizes with
some intermediate sizes obviously missing (gap or skip

).

15.4 The soil is either a gravel with fines or a sand with
fines if the percentage of fines is esumated to be 15 % or
more.

15.4.1 Idenufy the soil as a clavey gravel. GC. or a clavey
sand. SC. if the fines are clayey as determined by the
procedures in Secton 4.

15.4.2 Idenufy the soil as a sity gravel. GM. or a silty
:and. SM. if the fines are suty as determinea by the
orocedures 1n Secuon 14.

i5.5 If the soil is esumated to contain 10 % fines. give the
soil a dual idennficanon using two group symools.

15.5.1 The first group symbol shail correspond to a ciean
gravel or sand (GW, GP. SW, SP) and the second symboi
shail correspond 10 a gravel or sand with fines (GC. GM. SC.
SM).

15.5.2 The group name shall correspond to the first group
symbol plus the words “with clay™ or “with silt” to indicate
the plasticity charactenistics of the fines. For exampie:
-well-graded gravel with clay, GW-GC™ or “poorly graded
sand with silt. SP-SM™ (see Fig. 2).

15.6 If the specaimen is predominanuy sand or gravel but

" contains an estimated 15 % or more of the other coarse-
grained constituent. the words “with gravei” or “with sand”
snail be added to the group name. For example: “pooriy
zraded gravel with sand. GP™ or “clayey sand with gravel.
SC™ (see Fig. 2).

15.7 If the field sampie contains any cobbles or boulders.
or both. the words “with cobbles” or “with cobbles and
boulders” shall be added 10 the group name. For example:
=silty gravel with cobbles. GM.”

16. Report

16.1 The report shall include the information as to origin,
and the items indicated 1n Table 3.

NoTe 13—Exampte: Clavey Gravel wuh Sand and Cobbles. GC—
About 50 % fine 10 coarse. subrounded to subangular gravet: about 30 %

TARE 13 Checiiist for Oescnotuon of Scile

Group name

Groun svmoot

Poroant ot cODDINS OF DOLAIArS, OF DOT OV voume)
Percarnt of FIvel. SaNG. of fned. OF Mt TYIS (Dy Ory wegin)

Ll ol i

Gravel-—Are. coarse

Sana—4ne. Mmeaum. coarse
. Parvcse snape: (1 a00roonee fist. siongated. flat an0 songswad
MaxsTIsm Oarace K28 OF SETeNmNon
Haraness of CONMS $ang and IrKer DAOes
. Piasussty Of ANeE: NONCWSEC. 10w, MECRAT. Mgn
. Toughness: Ow. MeGUM. figh
. Color (in most conaeton)
. Odor (menmon orsy ¢ Oroanc o UNUSUM)
. Reacuon ww HCE none. weax. syong
For intact samoms:
18. Conmsmncy (fne-grasneg 5088 Ontyk very Soft, Soft, frm. hard, very harg
19, Stwetrw: stztfied, lamremd. fissred. sackenmosd. nees, hOMO.

oeneous

20. Camaruancyt weast, INOCONEIR. STONG

21. Locs name

22. Geologe: rreroretation

23. AScationsl cormments” Dresancs of Toots OF root Rolgd. Dreeance of Mca.
GYDEUTL T, SUTICE COSTNGS ON CONI-GranSd ONICHS. CEVINg O
SIOUGWY) Of SUGEr NOIS OF TENCH $X088. GTECLILY 1 SUGING OF EXCEVENT).
[,

fine t0 coarse. subrounded sand: about 20 % (ines with medium
plasticity. high dry strengis, no dilatancy, medium toughnesss weak
reaction with HCI: originai field sampie had about § % (by volume)
subrounded cobbles. maximum dimenson. |50 mm.

In-Place Conditions—Firm. homogeneous. dry, brown

Geologic [nterpretanon—Aljuvial fan

NOTE 14—Other exampies of soil descrspuons and ideatification are
given in Appendixes X | and X2,

NOTZ | S~—if desired. the percentages of gravel. sand. and fines may
be stated in terms indicating a range of percentages, as follows:

Trace—Paricies are present but esnmated to be lessthan § %

Few—51010%

Litle—1510 25 %

Some==3010 45 %

Mostiy—50 10 100 %

16.2 If. in the soil description. the soil is identified using 2
classification group symbol and name as described in Test
Method D 2487. it must be distinctly and clearly stated in log
forms. summary tables. reports. and the like. that the symboi
and name are based on visual-manuai procedures.

17. Precision and Bias

17.1 This practice provides qualitative information only,
therefore, a precision and bias statement is not applicable.
18. Index Terms

18.1 Classification. soil classificauon. visual classification,
soil descnipnion. clay, sit. sand. gravei. organic soils.
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APPENDIXES

(Nonmandastory information)

X1. EXAMPLES OF VISUAL SOIL DESCRIPTIONS

X1.1 The following exampies show now the informauon
required 1n 16.1 can be reported. The informauon that 1s
inciuded in descnipuons should be based on individual
circumstances and need.

X1.1.1 Well-Graded Gravei wun Sand (GWl—about
7S % fine to coarse. hard. subanguiar gravei: about 25 < fine
1o coarse. hard. subangular sand: trace of fines: maximum
size. 75 mm. brown. drv: no reaction wath HCl.

X1.1.2 Siltyv Sand wun Gravei (SMi—About 60 % pre-
dominantly fine sand: about 25 % silty fines with low
piasticity. low dry strength, rapid dilatancy. and low tough-
ness: about 15 % fine. hard. subrounded gravel. a lew
zravei-size parucles fractured with hammer biow: maximum
size. 25 mm: no reacuon with HCl ( \Iote—rlcid sampie size
smaller than recommended).

In-Place Conditions—Firm. straufied and contains lenses
of silt 1 to 2 in. (2§ t0 30 mm) thick. moist. brown to gray:
in-place density 106 Ib/ft*: in-place moisture 9 %.

X1.1.3 Orgamic Soil (OL/OHi—About 100 % fines with
low piasticity. slow dilatancy. low ary strength. and low
toughness: wet. dark brown. organic odor: weak reacuon
with HCL

X1.1.4 Silty Sand with Organic Fines (SMi—About 75 %
fine to coarse, hard, subanguiar reddish sand: about 25 %
organic and silty dark brown nonpiastic fines with no dry
strength and slow dilatancy: wet: maximum size. coarse
sand: weak reaction with HCl.

X1.1.5 Poorly Graded Gravei with Silt. Sand. Cobbles and
Boulders (GP-GM)—About 75% fine to coarse. hard
subrounded to subanguiar gravei: about 13 % fine. hard.
subrounded to subanguiar sand: about 10 % sxltv nonpiastic
fines: moist. brown: no reacion with HCl: onginal field
sample had about 5% (by volume; hard. subrounded
cobbles and a trace of hard. subrounded bouiders. with a
maximum dimension of 18 in. (450 mm».

X2. USING THE IDENTIFICATION PROCEDURE AS A DESCRIPTIVE SYSTEM FOR SHALE. CLAYSTONE,
SHELLS, SLAG. CRUSHED ROCK. AND THE LIKE

X2.] The idenuficauon procedure may be used as a
descripuve system applied to matenais that exist in-situ as
shale. ciaystone. sandstone. sitstone. mudstone. etc.. but
convert 10 soiis after field or laboratory processing (crusning,
siaking. and the like).

X2.2 Matenais such as shells. crushed rock. slag, and the
like. should be idenufied as such. However. the procedures
used in this pracuce for descnibing the particle size and
plasucity charactenistics may be used in the descripuon of the
matenal. If desired. an identification using a group name and
symbol according to this practice may be assigned to aid in
descnibing the matenal

X2.3 The group symboli(s) and group names shouid be

placed in quotauon marks or noted with some type of

distinguishing symbol. See exampies.

X2.4 Exampies of how group names and symbols can be
incororated into a descnpuve system for matenals that are
not naturally occurnng soiis are as follows:

X2.4.1 Shale Chunks—Retrieved as 2 to 4-in. (S0 to
100-mm) pieces of shale from power auger hole. dry, brown.
no reactuon with HCl. Afier slaking in water for 24 h.
matenal identified as ~Sandy Lean Clay (CL)": about 60 %
fines mith medium plasucity. high drv strengti. no dilatancy.
and medium toughness: about 3§ % fine to medium. hard
sand: about 5 % gravel-size pieces of shale.

X2.4.2 Crushed Sandsione—Product of commercial
crushing operauon: “Poorly Graded Sand with Silt (SP-
SM)™. about 90 % fine 1o medium sand: about 10%
nonplastic fines: dry. reddish-brown. strong reaction wnh
HCL

X2.4.3 Broken Shells—About 60 % gravel-size broken
shells: about 30 % sand and sand-size shell pieces: about
10 % fines: ~Poorty Graded Gravel with Sand (GP).”

X2.4.4 Crushed Rock—Processed from gravel and cob-
bles in Pit No. 7: “Poorly Graded Grave: (GP)™: about 90 %
fine. hard. angular gravel-size parucies: about 10 % coarse.
hard. angular sand-size partcles: dry, tan: no reaction with
HCL

X3. SUGGESTED PROCEDURE FOR USING A BORDERLINE SYMBOL FOR SOILS WITH TWO POSSIBLE
IDENTIFICATIONS.

\3.1 Since this pracuce s based on esumates of parucie
size distnbution and plasucity charactenstics. it mav be
difficuit to clearlv 1denufy the soi as belonmng 10 one
:ategory. To indicate that the soil may fall into one of two

possible basic groups. a borderiine symbol may be used with
the two symbols separated bv a siash. For exampie: SC/CL or
CL/CH.

X3.1.1 A borderline s}mool may be used when the
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sercentage of fines 1S estimated to be between 45 ana 33 <.
Jne symool should be for a coarse-grainea soti win fines
:ng the otner for a line-grainea sou. For exampie: GM/ML
or CL.SC.

X3.1.2 A borderline symbol may be used when the
sercentage of sand and the percentage of gravel are esumated
0 be about the same. For examote: GP/SP. SC/GC. GM/
SM. It is pracucaily imposstble 10 have a soii that wouid have
a borderiine symbol of GW/SW.

X3.1.3 A borderiine symbol may be used when the soil
couid be either weil graded or poorly graded. For example:
GW/GP. SW/SP. .

X3.1.4 A borderline symbot may be used when the soii
could either be a sit or a clay. For exampie: CL/ML.
CH/MH. SC/SM.

X3.1.5 A borderline symbol may be used when a fine-

Zraineq soOli nas properuies that ingicate that it s at the
~ounaary oerween a soti of low compressioility ana a sou ot
high comoressibility. For examote: CL/CH. MH/ML.

X3.2 The order of the boraeriine symbois shouid retlect
similanty to surrounding or adjacent soils. For exampie: souis
in a borrow area have been idenufied as CH. One sample 1s
considered to have a borderline symool of CL and CH. To
show simiianty. the borderline symbol shouid be CH/CL.

X3.3 The group name for a soi} with a borderline symbol
should be the group name for the first symbol. except for:

CL/CH lean to fat clay
ML/CL clayey siit
CL/ML siity clay

X3.4 The use of a borderline symbol shouid not be used
indiscriminately. Every effort shall be made to first place the
soil into a singie group.

X4. SUGGESTED PROCEDURES FOR ESTIMATING THE PERCENTAGES OF GRAVEL. SAND.
AND FINES IN A SOIL SAMPLE

X4.1 Jar Method—The relauve percentage of coarse- and
‘ine-grained matenai may be esumated by thorougniy
snaking a mixture of soil and water 1n a test tube or iar. and
then ailowing the mixture 10 settie, The coarse parucies wiil
1all to the bottom and successiveiv finer partcies wiil be
Jepostted with increasing time: the sand sizes wiil fall out of
suspension 1n 20 to 30 s. The retauve proporuons can be
esumated from the reiative voiume of each size separate.
This method shouid be correlated 10 parucle-size laboratory
determinauons.

X4.2 Visual Method—Menually visualize the gravel size
parucles placed'in a sack (or other container) or sacks. Then.
do the same with the sand size particies and the fines. Then.
mentally compare the number of sacks to estimate the
percentage of plus No. 4 sieve s1ze and minus No. 4 sieve size

present. The percentages of sand and fines in the minus sieve
size No. 4 matenal can then be esumated from the wash test
1X4.3).

X4.3 Wash Test (for relative percentages of sand and

lines)j—Select and moisten enough minus No. 4 sieve size

matenal to form a 1-in (25-mm) cube of soil. Cut the cube in
half, set one-half to the side. and place the other haif in a
smail dish. Wash and decant the fines out of the matenal in
the dish unuli the wash water is clear and then compare the
two sampies and estimate the percentage of sand and fines.
Remember that the percentage 1s based on weight, not
volume. However. the volume companson wiill provide a
reasonable indication of grain size percentages.

X4.3.1 While washing, it may be necessary 10 break down
lumps of fines with the finger 10 get the correct percentages.

The Amercan SoCiety for Tastmg ang Mateness faxes no COSSION reSOCTING ING VRIGAY Of &7V DETENT NGNTS A3IETEC i CONNECHION
~Rl NV RGM MOMTIONST N IN13 STANONY. USHrs Of IS SIANCAIT &r8 SXOFSSIN SOVISEJ INS! CSIMTINNSIION OF tNE YRIOAY Of 8Ny Such
SAIOM NGTS. &NG (N8 NSK Of iNINGEMENT Of SUCH NGTTS. &8 SNTwery (DO OWN reSOONSIDIRY.

This STANCST 13 SUDKCT 1D revisIOn & BTy TYNE OY INE MSOONIIDS (SCIYICE COMMMTSe and MUSt D8 Nevewed #very Iive vears and
of NOL EVTSA. SANF FOCDITVEC OF WRNOTEWN. YOLY COMITEITS &re NIVREQ SANSY 107 revision of IS SIaNcard of for SOCMONns! SIANCETS
NG SHOUIG D8 S0CTe138a 10 ASTM HeeORMNTENS. YOUr COMMENTS Wil r6CSIVe CAreNN CONSIISrstion & 8 Meestng of [Ne resooNsIoe
1OCRAICE! COMIMITES. W/ YO may SITand. If you (881 INSE yOUr COMMENNTS NEve NOt receved & fair NNy you 3Nnoud IMaxe your
views xnown 10 IN® ASTM Commatee on Stancarcs. 1916 Recs SX.. Phiisosioima. PA 19103

LY




qm}’ Designation: O 2573 - 72 (Respprovea 1978)

Standard Test Method for

Field Vane Shear Test in Cohesive Soil’

This stanaard 13 1ssued under the fixed deugnanoa D 1573 the aumbper immadistety (ollowng the dengnanon indicates the vear of
ONgIn2) 34OTTON OF. 1N the case Of TEVINON. e Year Of last reVviNon. A NUMDET 1N DATEALDLIES INAICILES N vear Of last reapproval. A
SUDETICTIDR eP3UON {¢) indicates an eAitonal Change UDCE e lan revinon Or reapprovel. )

1. Scope

1.1 This method covers the field vane test 1n soft. satu-
rated. cohesive soils. Knowiedge of the nature of the soii in
which each vane test is 10 be made is necessary for
assessment of the applicability and interpretauon of the test.

?. Summary of Method

2.1 The vane shear test basically consists of placing a
‘our-bladed vane in the undisturbed soti and rotaung it from
‘he surface to determine the torsional force required to cause
1 cvlindrical surface to be shearea by the vane: this force 15
-nen converted 10 a unit shearing resistance of the cviindncai
surrace. [t is of basic importance that the fricuon of the vane
rod and instrument be accounted for: otherwise. the friction
wouid be improperiy recorded as soil strength. Fricuon
measurements under no-load conditions (such as the use of a
blank stem in place of the vanes. or a vane that allows some
free rotanon of the rod prior 10 loading) are satisfactory only
provided that the torque is applied by a balanced moment
that does not resuit in a side thrust. As torsional forces
hecome greater during a test. 2 side thrust in the instrument
wail resuit in an increase 1n friction that is not accounted for
by initial no-load readings. Instruments involving side thrust
are not recommended. The vane rod may be of sufficient
ngdity that it does not ™wist under full load conditions:
Jtherwise a correcuon must be made for plotting torque-
-otation curves.

). Apparatus

3.1 The vane shail consist of a four-bladed vane as
iilustrated in Fig. }. The height of the vane shall be twice the
diameter. Vane dimensions shall be as specified in Table 1.
Sizes other than those specified in Table 1 shail be used only
with the permussion of the engineer in charge of the boring
program. The ends of the vane may be tapered (see Fig. 1).
The penetranng edge of the vane blade shail be sharpened
having an inciuded angie of 90°.

3.2 The vane shall be connected to the surface by means
of steel torque rods. These rods shall have suificient diameter
such that their elasuc limit is not exceeded when the vane is
stressed to its capacity (Note 1). They shall be so coupled that
‘he shoulders of the male and female ends shall meet t0
srevent any possibility of the coupling ughtening when the
rorque 1s. applied during the test. If a vane housing is used.
ihe torque rods shall be equipped with weil-lubricated

This metnhod 18 uncer the runxticnon of ASTM Commmee D-13 on Sod and
I5cx ana 18 the airect responmtehiv of Subcommunse D18.02 oo Sampung ana
Reatea Fieid Tesung for Sou iavesogabons

Curent esuon aopeoved Jaa. 7. 1972, Published February 1972, Oripaally
sudlishea as D 2573 - 67 T. Lan previous edution O 2573 - 67 T.

bearings where they pass through the housing. These bear-
ings shail be provided with seais to prevent soil from entering
them. The torque rods shail be guided so as to prevent
friction from developing between the torque rods and the
walls of casing or boring.

Notz 1—I{f torque versus rotsnon curves are to be deteemuned, it is
essentiai that the torque rods be catibrated (pnor to use 1o the field). The
amount of rod twist {if any) must be established in degrees per foot per
ung torque. This correcnon becomes progressively more mporwant as
the depthr of the test increases and the calibranon must be made at leasy
10 the maximum depth of tesung antcipated:

3.3 Torque shail be applied to the torque rods. theace 10
the vane, The accuracy ot the torque reading should be such
that it will produce a variation not to exceed =25 Ib/ft? (1.20
kPa) shear strength.

3.4 It is preferable 10 apply torque to the vane with a
geared drive. [n the absence of a geared drive. it is acceprable
10 apply the torque directly by hand with a torque wrench or
equivalent. The duration of the test shouid be controlled by
the requirements of 4.3.

4. Procedure .
4.1 In the case where a vane housing is used. advance the
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TABLE 1 Recommenced Dimenswons of Fieid Yanee*

- Samewr. regne, i Oameer of Vane
Tasng Suze " (mm A mem Thicknees of Btade, n. imm) 200, . (mm
ax 1'% (38.1} 3 (18D '8 (1.6) *2(12.7
ax 2 (50B 4 (101.8) ‘e (1.6) 'q (12.0
NX 2% 163.5) s (a0 '+ 3.9 1 12.0
4n 1101 6 mmé %m®n TA (184.0) y 3.2 ‘2 012.0

4 SelechON Of NE YANE HZ8 & OFECTy MHAted 10 the CONSSIANCY Of INE SO8 DEING tesTed, NAt 1S, NG SOTEr the 08 S WGIr The YaNe CLAMETer.

# 12u0e CAMeter.

housing to a depth which is at least five vane housing
diameters less than the desired depth of the vane up. Where
no vane housing 1s used. stop the hole in which the vane 15
lowered at a depth such that the vane up may penetrate
undisturbed soil for a depth of at least five times the diameter
of the hole.

4.2 Advance the vane from the bottom of the hole or the
vane housing in a singie thrust 10 the depth at which the test
is to be conducted. Take precautions to make sure no torque
is applied to the torque rods during the thrust.

4.3 With the vane in position. apply the torque 10 the
vane at a rate which should not exceed 0.1°/s. This generaily
requires a ume to failure ot from 2 to § min. except 1n very

sort clays where the ume 10 failure may be as much as 10 to

!5 mn. [n sutfer matenais, which reacn failure at smait
deformauons. it may be desirabie to reduce the rate of
angular displacement so that a reasonable determination of
the stress-strain properties can be obtained. During the
rotation of the vane, hold it at a fixed elevauon. Record the
maximum torque. With apparatus with geared drives. it is
desirabie to record intermediate values of torque at intervais
of 15 s or at lesser frequency if conditions require.

4.4 Following the determination of the maximum torque.
rotate the vane rapidly through a minimum of 10 revoiu-
tions: the determination of the remouided strength shouid be
started immediately after compietion of rapid rotation and in
all cases within | min aiter the remoulding process.

4.3 In the case where soil is in contact with the torque
rods. determine the friction between the soil and the rod by
means Of torque tests conducted on similar rods at similar
depths with no vane attached. Conduct the rod fricuon test
at least once on each site: this shall consist of a series of
torque tests at varying depths.

4.6 In apparatus in which the torque rod is completely
isolated from the soil. conduct a friction test with a blank rod
{Note 21) at least once on each site to determine the
magnitude of the fricuon of the bearings. In a properly
funcuoning vane apparatus, this friction should be negligible.

NOTE 2—In some cases it is Not necessary to remove the vane for the
‘ricuon test. As long as the vane 1s not in contact with the soil. that is.

+here 1t s retracted 1IN0 3 casing. the {ncuon measurement 1S not
atTectea.

< 7 Conduct undisturbed and remoulded vane tests at
:ntervais of not less than 2': ft (0.76 m) throughout the soil
profile when conditions will permit vane testing (Note 3). Do
not conduct the vane test in any soil that will permn
Jrainage or dilates dunng the test penod. such as sands or
silts or 1n soils where stones or shells are encountered by the
‘ane 1n sucn a manner as to intluence the resutts.

NoTE 3—This spacing may be vanied onty by the enmineer in charge
of the bonng program.

S. Calculation

5.1 Calculate the shear strength of the soil in the folloying
manner: The turning moment required to shear the soil is as
follows:

f- sx K
where:
T = torque. Ibf-ft (or N-m),
s = shear strength of the clay. ibf/ft® (or kPa), and
K = constant. depending on dimensions and shape of the
vane. ft’ (or m°).

3.2 Assuming the distnbution of the shear strength is
uniform across the ends of a cylinder and around the
penmeter. calcuiate the value of X as follows:

Inch-Pound Units:
Kum(x/1728) % (
Metric Units:
K= (x/10°) x (DPH/2) x (1 + D3]

DPHI2) x {1 +(DI3M]

where:

D = measured diameter of the vane. in. (or cm). and

H = measured height of vane. in. (or cm). o
It is important that these dimensions are checked periodi-
cally to ensure the vane is not distorted or worn.

5.3 As the rauo of length 10 breadth of the vane is 2:1, the
value of K may be simpiified in terms of the diameter so that
it becomes the following:

Inch-Pound Uhnits:
K = 0.0021D°
Metric Units:
K = 0.00000366D°

5.4 Since the value of s is required. it is more useful to

write the equauon as follows:
s=Txk

where:
k = {/K and
T. the torque. is measured so that s can be calqzlatcd. _

5.5 For the tapered vane of Fig. 1. the following modified
equation may be used for the vane constant
Inch-Pound Units:

K= 1/1728 [xD* + 0.37 (2D - ¢°)]

Metric Units:

K=1710° (xD® +0.37(2D° - a*)]
where:

d = rod diameter. in. tcm). For a »:-in. (1.27<m} rod this
reduces to:




{ 02573

_acn-Pouna L nus: 6.1.9 Maximum torque reading for the remouided test.

X =0.0022¢D* - ) 00003 and
‘ s 6.1.10 Notes on any dcvxauons trom stanaard test proce-
\fetric L nus: dure..
K = 1.00000388D° - +1.00000076 '6.2 In addition. record the follovnng observations tor the
bonng:
6. Repont | 6.2.1 Boring number.
.1 For each vane test record the tollowing observations: 6.2.2 Locauon.
Z : £ g::ien:[r:&;::: ' 6.2.3 Log of the soil conditions.
2 A 5 ,
6.1.3 Size and shape of the vane (tapered or rectanguiar). 6.2.4 Rcfmogcc .elc::;xon;h h
6.1.4 Depth of the vane up. _ 6’3'5 Method ot making the hole.
6.1.5 Depth of the vane tip below the housing or bottom 6.2.6 Descniption of the vane. that 1s. housed or not.
of the hole. 6.2.7 Description of the method of applying and mea-
6.1.6 Maximum torque reading, and intermediate read-  SUring the torque. ..
1ngs 1f required for the undisturbed test, 6.2.8 Notes on the dr_w.mg resistance.
6.1.7 Time to failure of the test. 6.2.9 Name of the drilling foreman. and
6.1.8 Rate of remouiding, 6.2.10 Name of the supervising engineer.
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Note: SOP 48 cited within.

STANDARD OPERATING PROCEDURE

FIELD CLASSIFICATION OF SOIL

SOP 49
L

This SOP presents the field classification of soils to be used by Exponent field staff,
which has been adopted ASTM from D-2488-84 (see SOP 48, Attachment 48-2). ASTM
D-2488-84 uses the Universal Soil Classification (USC) system for naming soils. Field
personnel are encouraged to study these procedures. Soil descriptions should be precise
and comprehensive without being verbose. The overall impression of the soil should not
be distorted by excessive emphasis on minor constituents. In general, the similarities of
consecutive soil samples should be emphasized and minor differences de-emphasized.
These descriptions will be used to interpret aquifer properties and other potential
contaminant transport properties, rather than the exact mineralogy or tectonic
environment.

Soil descriptions should be provided in the Soil Description column of the Field Borehole
Log Form (Attachment 49-1) for each sample collected. If there is no difference between
consecutive soil samples, subsequent descriptions can be noted as “same as above” or
minor changes such as “increasing sand” or “becomes dark brown” can be added.

The format of soil descriptions for each sample or identified stratigraphic layer/soil hori-
zon should be as follows:

1. Group symbol—The group symbol should be placed in the Unified
Symbol column

2. USC group name—The USC name should be identical to the ASTM
D-2488-84 Group Name with the appropriate modifiers

3. Minor components

4. Color

5. Moisture

6. Additional descriptions.

Examples of soil descriptions are provided in Table 49-1. The minimum elements of the
soil descriptions are discussed below.
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TABLE 49-1. EXAMPLE OF SOIL SAMPLE DESCRIPTIONS

SM

SW-SM

ML

GW

Silty fine to medium SAND, trace fine gravel and occasional roots, very
dark gray, moist to wet

Fine to coarse SAND with silt, some fine gravel, mottled dark gray and
tan, moist. Sand consists of 20 percent biotite flakes, no bedding
observed

Sand SILT, fine sand, dark gray, moist. Fractures predominantly
vertical, at 1-3-in. spacing.

Fine to coarse GRAVEL with 10 percent medium to coarse sand, trace
woody debris, gray, moist to wet. Reddish brown staining noted within
2 ft of water table. Gravel is rounded and flat. River deposits.

February 1995
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DEFINITIONS OF SOIL TYPES

Table 49-2 presents the USC system. The USC system is an engineering properties sys-
tem that uses grain size to classify soils. The first major distinction is between fine-

- grained soils (more than 50 percent passing the No. 200 sieve [75 ¢m/0.029 in.]) and
coarse-grained soils (more than 50 percent retained by the No. 200 sieve).

Fine-grained soils are classified as either silts or clays. Field determinations of silts and.
clays are based on observations of dry strength, dilatancy, toughness, and plasticity.

- Field procedures for these tests are included in ASTM D-2488-84. If these tests are used,
the results should be included in the soil description. At least one complete round of field
tests should be performed for a site if these fine-grained materials are encountered, pref-
erably at the beginning of the field investigation. The modifiers “fat” and “lean” are used
by ASTM to describe soils of high and low plasticity. The soil group symbols (e.g., CL,
MH) already indicate plasticity characteristics, and these modifiers are not necessary in
the description. Soils with high plasticity can be emphasized by describing them as “silty
CLAY with high plasticity.” Plasticity is an important descriptor because it is often used
to interpret whether an ML soil is acting as either a leaky or competent aquitard. For
example, an ML soil can be dilatent/nonplastic and serve as a transport pathway, or it can
be highly plastic and very impervious.

Coarse-grained soils are classified as either predominantly gravel or sand, with the No. 4
sieve (4.75 mm/0.19 in.) being the division. Modifiers are used to describe the relative
amounts of fine-grained soil in a sample, as noted below:

Description Percent Fines  Group Symbol
Gravel (sand) <5 percent GW, GP (SW, SP)
Gravel (sand) with silt (clay) 5-15 percent Hyphenated names

Silt (clayey) with gravel (sand) >15 percent GM, GC (SM, SC)

The gradation of a coarse-grained soil is included in the specific soil name (i.e., fine to
medium SAND with silt). Estimating the percent of size ranges following the group
name is encouraged for mixtures of silt sand and gravel. Use of the modifiers “poorly
graded” or “well graded” is not necessary because they are indicated by the group
symbol.

A borderline symbol is shown with a slash (GM/SM). This symbol should be used when
the soil cannot be distinctly placed in either soil group. A borderline symbol should also
be used when describing interbedded soils of two or more soil group names when the
thicknesses of the beds are approximately equal, such as “interbedded lenses and layers
of fine sand and silt” The use of a borderline symbol should not be used
indiscriminately. Every effort should be made to place the soil into a single group.

October 1997 49-3 P PS\SOp-44.000C




TABLE 49-2. SOIL CLASSIFICATION SYSTEM
Group
Major Divisions Symbol Group Name

Coarse- Gravel Clean GW Well-graded gravel, fine to coarse gravel
Grained
Soils More than 50 percent of gravel GP Poorly graded gravel

coarse fraction retained on | Gravel with GM Silty gravel
More than No. 4 sieve fines GC Clayey gravel .
50 percent Sand Clean SwW Well-graded sand, fine to coarse sand
retained on More than 50 percent of sand SP Poorly graded sand
No. 200 sieve coarse fraction passes Sand with SM Silty sand

No. 4 sieve fines SC Clayey sand
Fine-Grained Silt and clay Inorganic ML Silt
Soils CL Clay

Liquid limit <50 Organic oL Organic silt, organic clay
More than 50 Silt and Clay Inorganic MH Silt to high plasticity, elastic silt
percent passes CH Clay of high plasticity, fat clay
No. 200 sieve Liguid limit 250 Organic OH Organic clay, organic silt

Highly organic soils PT Peat
Notes: Field classification is based on visual examination of soil in general accordance with ASTM D-2488-84.

Soil classification using laboratory tests is based on ASTM D-2487-83.

Descriptions of soil density or consistency are based on interpretation of blow count data, visual appearance of soils,
and/or test data.

Liquid limit-water content of soil-water where consistency changed from plastic to liquid.

February 1995

49-4

prise\docs\sops\sop-49ta.doc




MINOR COMPONENTS

Minor components, such as cobbles, roots, and construction debris, should be preceded
by the appropriate adjective reflecting relative percentages: trace (0-5 percent), few
(5-10 percent), little (15-25 percent), and some (30-45 percent). The word “occasional”
can be applied to random particles of a larger size than the general soil matrix (i.e.,
occasional cobbles, occasional brick fragments). The term “with” indicates definite
characteristics regarding the percentage of secondary particle size in the soil name. It
will not be used to describe minor components. If a nonsoil component exceeds
50 percent of an interval, it should be stated in place of the group name.

COLOR

The basic color of a soil, such as brown, gray, or red, must be given. The color term can
be modified by adjectives such as light, dark, or mottled. Especially note staining or mot-
tling. This information may be useful to establish water table fluctuations or contamina-
tion. The Munsell soil color chart designation is the Exponent color standard. All color
designations must be accompanied by a description of the moisture content of the soil
when the color designation was made. It is generally preferable to determine color on
moist samples; water may be added to the soil to achieve this moisture content.

MOISTURE CONTENT

The degree of moisture present in the soil should be defined as dry, moist, or wet. Mois-
ture content can be estimated from the criteria listed in Table 3 of ASTM D-2488-84.

ADDITIONAL DESCRIPTIONS

Features such as discontinuities, inclusions, joints, fissures, slickensides, bedding,
laminations, root holes, and major mineralogical components should be noted if they are
observed. Anything unusual should be noted. Additional soil descriptions may be made
at the discretion of the project manager or as the field conditions warrant. The Field
Borehole Log Form lists some optional descriptions, as does Table 13 of the ASTM
standard. The reader is referred to the ASTM standard for procedures of these
descriptions.

CONTACTS BETWEEN SOIL TYPES

The contact between two soil types must clearly be marked on the soil borehole log
because it is very difficult to interpret borehole logs where soil sample descriptions
change over a 5- or 10-ft sample interval if there is no indication of where this change
occurred. If the contact is obvious and sharp, draw it in with a straight line. If it is
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gradational, a slanted line over the interval is appro

priate. In the case where it is unclear,
a dashed line over the most likely interval is used.
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Attachment 49-1

Field Borehole Log Form
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ATTACHMENT 49-3

Soil Profile Form and Code
Key for the Description and
Identification of Sojls using
the USDA Soj/ Conservation
Service Method Described in
the USDA SCS Soj Survey
Manual (430-v, [ssue 7)




Soil type:

Job: Legal Description: T R Sec.
Classification: Date: Site No.:
. . . ponded, very slow, slow .
Arca/location: .Elevation: RunofT: medium, rapid, very rapid Surf. Rk Class: 0, 1, 2, 3, 5, 6, 7
. ) . . 10 o iSt (0 e .
Climate: - - Slope: Moisture: :lr,ym?)isx 10 mo we(t) o % Coarse Frag.
Vegetation: Aspect: N, NE, E, SE, §, SW, W, NW  Groundwater: % Clay:

Parent Material:

Relie: convex, concave, planar

Hydr. Cond.: low, modecrate, high

% Coarser V.FS.:

Physiography: Salt/Alkali; Erosion Type: sheet, rill, guily, wind Control section depth:
excessive, somewhat excessive,
) . well, moderately well, . . .
Current Use: Drainage: somewhat poorly, poorly, Wir. eros. class.: 0, 1, 2, 3, 4 Temperature:
very poorly Wind cros. class.. 0, I, 2, 3, 4
Additional Comments:
Col i %
it Consistency Clay % { % [Stones &
Horizon | Depth | Dry Moist MottlesiTexture] Structure Dry Moist Wet |Reaction|Boundary] Roots | Pores | Films | Gravel | Cobbles |Boulders
0123 123 lo,s0 loyvir soss | eoevsl | acgd | 0123 | 0123 | 0,123
f,m,c vif,m,cvc shh frfi 5,5v eslestr | sw,ib vi,f vifm,c | nmkXk
fdp gr,plsbk,abk | vheh vii,efi po.ps ev m,C V,T1
priclm.sg i
0,123 123 lo,so lovfr soss | eoevsl | acgd | 012310123 10,123
f,m,c vifmcve sh,h fr.fi S8V eslestr | sw,ib vif | vifmc | nmkk
fdp grplsbkabk| vheh { viieli | pops ev mc VT
_prdmsg PP
0,123 123 lo,50 fovir soss | eoevsl | acgd 1012310423 10123
fm,c vif,m,cvc sh,h fr(i S,V eslestr | sw,ib vilf vifmc | nmkk
fdp grplsbk,abk | vheh viicli | pops cv m,c VT]
pr.cl,m,sg p.pv
0123 123 lo,s0 lovit soss | eoevsl | acgd | 0,123 | 0123 | 0,123
f,mc vif,m,cvc sh,h fr.fi 5,5V eshestr | sw,i,b vif | vifmc | nmkk
fdp grplsbkabk{ vheh | vliefi | pops ev mc Vv,T1
prelm,sg PRy
0123 123 lo,so lovir soss | coevsl [-acgd | 01,23 10,123 | 0123
f,m,c vi,f,mcve sh,h fr,ii S,sv eslestr | sw,ib vif vifm,c | nmkk
fdp gr.plsbk,abk | vhch vii,efi po,ps ov mc Vv, Tl
prelmsg P
0,123 123 lo,s0 lovir soss | coevsl | acpd | 0,123 10123 | 0,123
f,m,c vi,f,m,c,ve shh fr.fi 5,5V eslestr | sw,i,b vif vifmec | nmkk
fdp grplsbk,abk | vheh | vfiefi | pops ov m,c VTI
' priclm,sg p.pv
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STANDARD OPERATING PROCEDURE

MEASUREMENT OF FIELD PARAMETERS USING A
FLOW-THROUGH CELL

. SOP56 L

This SOP details the procedures for using a flow-through cell for measuring pH, EMF,
dissolved oxygen, conductivity, and temperature in the field.

REQUIRED EQUIPMENT

Flow-through cell

Flow-through cell repair kit and extra gaskets of multiple sizes

Tygon® or similar plastic tubing

Peristaltic pump (or other pump capable of pumping a constant, relatively low flow rate)

Silicone tubing for the peristaltic pump discharge '

Hose barbs and hose clamps to connect the plastic tubing to the silicone tubing

pH meter and electrode '

EMF (mV) meter and electrode

Dissolved oxygen/temperature meter and electrode

Extra dissolved oxygen probe membrane and filling solution

Specific conductance/temperature meter and electrode

Commercial pH buffers (4, 7, and 10)

ZoBell's solution

Conductivity standard

Electrode filling solution (for an Ag/AgCl electrode)

Platinum electrode polishing paper

Kimwipes® -

Chart with saturated-air dissolved oxygen concentrations at various temperatures for the
elevation of the wells to be sampled

Deionized water
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CALIBRATION AND CARE OF METERS AND ELECTRODES

pH

EMF

Inspect the pH electrode to ensure that it is filled with electrode filling solution. The pH
meter should be calibrated using two pH buffers that bracket the expected pH of the sam-
ple. Follow the manufacturer’s instructions for meter calibration. When not in use, the
pH:electrode should be stored in electrode storage solution. If this is not available, pH 7
buffer solution is acceptable. At no time should the electrode be allowed to dry out.

Inspect the EMF (mV) probe to ensure that it is filled with electrode filling solution.
Rinse the electrode with deionized water and blot dry. Immerse the electrode in ZoBell’s
solution, and wait for the meter to stabilize. The EMF should be between approximately
200 and 250 mV. Record the EMF in the field logbook. Measure the temperature of the
ZoBell’s solution (the conductivity meter may be used to measure temperature), and rec-
ord the temperature in the field logbook.

If the EMF reading is outside the specified range (200-250 mV), clean the electrode by
the following procedure. Eject the filling solution from the electrode by pushing the epoxy
case toward the top of the electrode; the filling solution will come out the bottom. Rinse
the electrode at least twice by filling it and then ejecting the solution. Refill the electrode
with filling solution. Rinse the outside of the electrode with deionized water, and measure
the EMF of the ZoBell’s solution again. If the electrode response is still out of the speci-
fied range, carefully clean the platinum disk on the bottom of the electrode with a Kim-
wipe® or with polishing paper that is provided with the electrode. When the electrode is
being transported and stored, the platinum disk should be protected to prevent scratching.

Conductivity

To calibrate the conductivity meter, rinse the probe with conductivity standard, then
immerse the probe in the conductivity standard. Measure the temperature and the con-
ductivity of the standard. Record these measurements in the field logbook, along with the
expected conductivity of the standard.

Dissolved Oxygen

Inspect the dissolved oxygen probe for integrity. The membrane should be intact and
unwrinkled and no air bubbles should be present beneath the membrane. If the membrane
integrity has been compromised, replace the membrane following manufacturer’s instruc-
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tions. When replacing the membrane, it is imperative that no air bubbles are trapped
beneath the membrane. Different brands of dissolved oxygen meters are calibrated using
different procedures. Refer to the manufacturer’s instructions for the specific dissolved
oxygen meter being used. Check the calibration by measuring dissolved oxygen in water-
saturated air and comparing the measured value against the saturated-air chart for the ele-
vation of the wells to be sampled. The dissolved oxygen probe should be stored in the
calibration sleeve, which should always be kept moist. If the calibration sleeve is not
available, the probe should be wrapped in a damp paper towel. At no time should the
membrane be allowed to dry out. .

MEASUREMENT OF FIELD PARAMETERS

1. The well from which samples are taken should be purged (three casing
volumes) before measuring field parameters. ‘

2. Calibrate the meters at each well (the dissolved oxygen probe usually
only needs to be calibrated once per day), as described above.

3. Insert the probes into the flow-through cell. The gaskets should fit
tightly around the probes, and any flow-through cell openings that do
not contain a probe should be sealed with a plastic disc. The inflow of
the flow-through cell (the flow goes from bottom to top) should be
directed so that it passes directly over the dissolved oxygen probe. If
the inflow is not directed properly, a piece of Tygon® tubing and a wire
(a paper clip will work) can be used to direct the flow. Insert the wire
into the tubing, and insert the tubing into the inflow opening at the
bottom of the flow-through cell. Bend the wire to direct the flow.

4. Connect the outflow from the pump to the bottom of the flow-through
cell. Pump water into the flow-through cell until the flow begins exit-
ing through the top. Loosen the fittings around the probes, and bleed
all air bubbles out of the flow-through cell. _

5. Record the pH, EMF, dissolved oxygen, conductivity, and temperature
in the field logbook about every 5 minutes until the readings-stabilize.
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STANDARD OPERATING PROCEDURE , |

IRON SPECIATION IN GROUNDWATER
S x SOP61 | | |
L]

" |
FIELD SAMPLING AND ANALYSIS

1. Collect the groundwater sample using a peristaltic pump, passing the
flow through an inline, 0.45-um filter and depositing the sample
directly into a 300-mL glass beaker.

2. Allow the beaker to overflow twice its volume to avoid oxygenation of
the sample.

3. Collect the sample from the bottom of the beaker directly into a
HACH Accuvac® vial for both Fe™ and total iron analyses.

4. Zero the HACH DR100® spectrophotometer using groundwater col-
lected from the glass beaker.

5. Calibrate the HACH DR100® spectrophotometer by preparing and
' analyzing standards at 1, 3, and 5 mg/L Fe*, in accordance with the
manufacturer’s operating instructions.

6. Analyze the sample for Fe" and total iron, and record the measure-
ments in the field notebook.

QUALITY ASSURANCE AND QUALITY CONTROL

Quality assurance and quality control samples will consist of duplicates and blanks, both
collected at a frequency of 1 for every 20 samples.
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Standard Operating Procedure

Measurement of Turbidity Using a Portable Turbidity Meter
SOP-424

The HF Scientific Turbidity meter model DRT-15CE is a portable unit that is approved -
by the U.S. Environmental Protection Agency for measuring the turbidity of potable -
water, waste water, and some other liquids. The HF meter provides a linear display of
turbidity throughout all ranges, reporting results in nephelometric turbidity units (NTUs).

Operating Procedure
The procedure for measuring turbidity is as follows:

1. Clean both the Reference Standard cuvette and the sample cuvette with
a lint-free wipe, such as a Kimwipe®.

2. Turn the turbidity meter switch to the “10” range, and place the
Reference Standard into the optical well.

3. Tum the Reference Standard in the optical well until the reference ring
notch matches the white locator pin. If the reference ring is not on the
Reference Standard, turn the reference standard a full 360° and find
the area with the lowest reading. Place the reference ring over the lid
of the Reference Standard so that the notch will match with the locator

pin.

4. Using the “Reference Adjust” arrows on the meter, adjust the display
until it reads 0.02 NTU. The instrument is now calibrated and ready
for use.

5. To measure turbidity in a sample, fill the sample cuvette with sample
to within % inch of the top. Screw the cap on the cuvette and carefully
clean the outside of the cell with a lint-free wipe. Place the cuvette
into the optical cell.

6. Select the appropriate range for the sample (i.e., if the sample is
mostly clear, take the measurement at the 0—10 NTU range setting)
and take the reading from the display. If the sample is more turbid
than the instrument setting, an up arrow will appear in the display,
indicating that the operator should change the range to the next higher
NTU range setting (i.e., 10-100 NTU). .
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7. Between samples, the sample cuvette should be rinsed out with
deionized water, However, if the sample contains solutes that

not to scratch or chip the cuvettes,
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