


























CATEGORY 8: SOIL SAMPLING
Section 8.3

Appendix B-1 Sample Collection Parameters for Metals and Classical Chemistry
Parameters



Appendix B-1
Sample Collection Parameters for Metals and Classical
Chemistry Parameters

Target Matrix Containers | Volume/Mass Special Preservative Holding
Analyte/Method Note(s) Time'
Metals/ICP-AES Water Polyethylene 1 Liter Acidify to pH < 2 w/HNO3 !
or Glass &

Cool to 4°C immediately
after collection.

Soil/ Polyethylene 100 grams Cool to 4°C immediately
Sediment or Glass after collection.
Metals/ICP-MS Water Polyethylene 1 Liter Acidify to pH < 2 w/HNO3 !
or Glass &

Cool to 4°C immediately
after collection.?

Soil/ Polyethylene 100 grams Cool to 4°C immediately
Sediment or Glass after collection.
Mercury/Cold Water Polyethylene 1 Liter Sampling Acidify to pH < 2 w/HNO; 28 days
Vapor AA or Glass devices immediately after collection.
and
sample
containers
must be
free of
mercury.
Soil/ 100 grams Sampling Cool to 4°C immediately 28 days
Sediment devices after collection.
and
sample
containers
must be
free of
mercury.
Cyanide/Spectro- Water Polyethylene 2 Liters Immediately upon collection, !
photometric or Glass add 0.6g ascorbic acid for
Determination® each liter of sample

collected (to neutralize
residual chlorine).

Add NaOH until pH > 12
and

Cool to 4°C immediately
after collection.

1 N L L .
For all metals except for mercury and Cr® the holding time is 6 months. The holding time for mercury is 28 days, and
the holding time for Cr® is 24 hours. This holding time is calculated from the time of sample collection. It is recommended that
samplers ship samples to the lab the same day that they are collected, or as soon as possible thereafter.

2
Note that the sampler may be required to filter the sample through a 0.45-um pore diameter membrane filter at the time
of collection. Use a portion of the sample to rinse the filter flask, discard this portion and collect the required volume of filtrate. Then
preserve as described above. This occurs when the lab will be testing for dissolved elements.

3 Sulfides adversely affect the analytical procedure. The following can be done to test for and neutralize sulfides. Place a
drop of the sample on lead acetate test paper to detect the presence of sulfides. If sulfides are present, treat 25 mL more of the
sample than that required for the cyanide determination with powdered cadmium carbonate or lead carbonate. Yellow cadmium
sulfide precipitates if the sample contains sulfide. Repeat this operation until a drop of the treated sample solution does not darken



Target Matrix Containers | Volume/Mass | Special Preservative Holding
Analyte/Method Note(s) Time'
Soil/ Polyethylene 100 grams Cool to 4°C immediately !
Sediment or Glass after collection.
Hexavalent Water Polyethylene 500 mL Cool to 4°C immediately 24 hours
Chromium/Atomic or Glass after collection.
Absorption
Spectroscopy
Soil/ Polyethylene 100 grams Cool to 4°C immediately 24 hours
Sediment or Glass after collection.
Hexavalent Water 125 mL 100 mL Adjust pH to 9-9.5 by drop- 24 hours
Chromium/lon Narrow Mouth, wise addition of buffer
Chromatography High-Density solution
Polypropylene and
Containers or Cool to 4°C immediately
Equivalent after collection.*
Soil/ Polyethylene 100 grams Cool at 4°C immediately 24 hours
Sediment or Glass after collection
TPH/Fluorocarbon- | Water -do | Glass bottle 1 Liter If more than 4 hours will !
113 Extraction and not collect pass between sampling and
IR analysis composite analysis, preserve by the
samples. addition of 5 mL 1:1 HCA1.
If more than 48 hours will
pass between sampling and
analysis, cool to 4°C
immediately after collection.
Soil/ Glass bottles 100 grams Cool to 4°C immediately !
Sediment after collection.

the lead acetate test paper. Filter the solution through a dry filter paper into a dry beaker, and from the filtrate measure the sample
to be used for analysis. Avoid a large excess of cadmium carbonate and a long contact time in order to minimize a loss by
complexation or occlusion of cyanide on the precipitated material.

4

Note that the sampler may be required to filter the sample through a 0.45-um pore diameter membrane filter at the time
of collection. Use a portion of the sample to rinse the filter flask, discard this portion and collect the required volume of filtrate. Then
preserve as described above. This occurs when the lab will be testing for dissolved elements.



CATEGORY 9: SONIC, HSA, USCS
Section 9.1

Standard Guide for Use of Hollow-Stem Augers for Geoenvironmental Exploration and
Installation of Subsurface Water-Quality Monitoring Devices
























CATEGORY 9: SONIC, HSA, USCS
Section 9.2

Standard Practice for Sonic Drilling for Site Characterization and the Installation of
Subsurface Monitoring Devices.




































CATEGORY 9: SONIC, HSA, USCS
Section 9.3

Standard Practice for Classification of Soils for Engineering Purposes (Unified Soil
Classification System)



(ﬂ!‘]b} Designation: D 2487 — 06

INTERNATIONAL

Standard Practice for

Classification of Soils for Engmeermg Purposes (Unlfled

o Soﬂ Classmcatlon System)1

i v *_ -This standard i§ issuéd under the fixed designation D 2487; the number immediately following the designation indicates the year of
‘ - original adoption or; in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval A
superscript, epsilon. (e) indicates an editorial change since the last revision or xeapprova.l

B

L Scope* v : :

1.1 This practlce describes a system for classifying mineral
and organo-mineral soils for engineering purposes based -on
laboratory determination of particle-size characteristics, 11qu1d
limit, and plasticity index and shall be used when precise
classification is quuued

‘ ‘NOTE 1Y—U3e of thls standaxd will result in 2 single clas31ﬁcatlon group
symbol and group name’except when a soil contains 5 to 12 % fines or
when the plot of the liquid lirit and’ plastlc1ty index values falls into the
cxosshatched area of the plasticity chart. In these two cases, a dual symbol
is used, for example, GP-GM, CL-ML. When the laboratory test results

indicate that the soil is close to another soil classification group, the ,
boxdexhne condition can be indicated with two symbols separated by a’

slash. The first symbol should be the one based on this standard, for
exarhple; CL/CH, GM/SM, SC/CL: Borderline symbols are particularly
useful when the liquid limit value of clayey soils is close to 50. These soils
can have expansive characteristics and the use of a borderline symbol
e ] CH/CL) w111 alert the user, of the assigned cla331ﬁcat10ns of
expans1ve potential

.-1.2. The- group symbol portion of this system is based on
laboratory tests performed -on the portion of a soil sample
passing the 3-in. (75-mm) sieve (see Spe01ﬁcatlon E11).

1.3 As a classification system; this standard is limited to
naturally occurring soils.

Note 2—The group names and symbols used in this test method may,

be used as a desciiptive system’ applied to such material§ - as: shale'

claystone, shells, crushed rock, etc. See Appendix X2.
1.4 This standard is for qualitative application only.

Note 3—When quantitative information’ is required for detailed de-
signs of important structures; this test method must be supplemented by
laboratory tests or other quantitative data to determine performance
characteristics under expected field conditions.

1.5 This standard is the ASTM version of the Unified Soil
Classification System. The basis for the classification scheme

is the Airfield” Classification System developed by A. €asa- -

! This standaxd xs unde: the ]unsdlcuon of AS'IM Comxmttee D18 on Soil and
Rock and is the duect xespon51b111ty of Subcom:mttee D18.07 on Identlﬁcauon and
Classification of Soils..

Current edition appxoved May 1,. 2006 Pubhshed Iune 2006 Ongma.lly '

approved in 1966. Last previous edition approved in 2000 as D 2487 ~ 00.

*A Summary of Changes section appears at the end of this standard.
Copyright © ASTM intemational, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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"". This standard hds beén approved for use by agencies of the Department of Defem'e‘ k ) -
e ) H ! .

D420 Guide to Site Characterization for Engmeenng D

So11 Classification System when several US. Goyemm
Agencies adopted a modified ver sion of the Airfield System

1952:
16 This standard does not purport to address all

responszbzlzty of the user of this standard to establzsh app
priate safety and health practices and determine the applz
bility of regulatory lzmztatzons prior.to use: ... .

1.7 This practice offers a set of instructions for perform
one or more specific operations. This document cannot repl
educatzon or experzence and should be used m con]unctt

be applzcable in all czrcumstances This ASTM standard is )
mtended to’ represent or replace the standard of care by wh

nor should thzs document be applied without considerati
a project’s many unique aspects. The word “Standard” i
title of this document méans only that the document: has:
approved through the ASTM consensus process. - - %

2. Refefenced Documents

2.1 ASTM Standards: ®

C 117 Test Method -for Materials Finer than 75-pm
200) Sieve in Mineral Aggregates by Washing -

C'136 Test Method for Sieve Analysis of Fine and Coat

Aggregates

. C 702 Practice for- Reducing Samples of Aggregat

Testing Size

. sign and Construction Purposes - . :
D 422 Test Method for PaIt:lcle-Slze Analysis, of Soﬂ
D 653 Terminology Relatmg to Soil, Rock, and Contail

_Fluids

2 Casagrande, A., “Classification and Idenuﬁcauon of. Soﬂs,” Transa
ASCE 1948, P 901

? For referenced ASTM standards, Visit. the ASTM webs1te www,astm
contact ASTM Customer Se:vxce at service @astm org. For Armual Book
Standards volume mfoxmauon, :efel to the standard’s Doeument Summary p:

the ASTM website.




an the-No. 200 (75-um) Sieve

r (Moisture) Content of Soil and-Rock by Mass

ants
al-Manual Procedure) .

‘Used in Engineering Design and.Construction "~

anual Procédure)

rposes

Definitions—Except as listed below, all definitions are
ordance with Terminology D 653.

4—For particles retained on a 3-in. (75-mm) U S. standard sieve,
owing definitions are suggested:

les—particles of rock that will pass a 12-in. (300-mm) square
and be retained on a 3-in. (75-mm) U.S. standard sieve, and
ers—particles of rock that will not pass a 12-in. (300-mm) square

clay—seil passing a No. 200 (75-pm) U.S. standard
that can be made to exhibit plasticity (putty-like proper-

ity index equal to or greater than 4, and the plot of
ity index versus liquid limit falls on or above the “A”

th the followmg subd1v1s1ons
Coarse—passes 3-in. (75-mm) sieve and retained on %—m
(19-mm) sieve, and

140 Test Method for Amount of Matenal in So1ls F1ner_,
216 Test Methods for Laboratoty Determination of Wa- -

217 Practice for Wet Preparation of Soil Samples for-—
a1t le—§1ze Analysis and Deterrmnat_;lon Qf So1l Con-.

88 Practice for Descr1pt10n and Ident1ﬁcat10n of So1ls :

740" Practice for Minimuri Requuements for Agenc1es
ngaged in the Testing and/or Inspection of Soil and Rock’

083 Practice for Descnptmn of Frozen So1ls (V1sua1— :

Spec1ﬁcat10n for Wue Cloth and Sieves for Testmg': a

within a range of water contents and that exhibits .
erable strength when air dry. For classification, a clay is.
grained soil, or the fine-grained portion of a soil, with a .

TABLE 1 Soil Classification Chart

4% D 2487 - 06

Fine—passes %—m (19-mm) sieve and retained on No 4

© (4.75-mm) sieve. ‘
: 3.1.3 organic clay—a clay with sufficient organic content to
1nﬂuence the soil properties. For classification, an organic clay
is a soil that would be classified as a clay except that its liquid

_ limit value after oven drymg is less than 75 % of its liquid limit

value before oven drying, ,

3.1.4 organic silt—a silt w1th suﬂic1ent organic-content to
influence the soil properties. For class1ﬁcat10n ‘an organic silt
is a soil that would be classified as a silt except that its liquid
limit value after oven drying is less than 75 % of its l1qu1d limit

_ value before oven drying.

3.1.5 peat—a soil composed of vegetable tissue in vanous
stages; of_ decomposition usually with an organic. odox, ~a
dark-brown to black color, a spongy con‘sistengy,, and a texture

o ranging from fibrous to amorphous.

3.1.6 sand—particles of tock that will pass a No 4 (4 75-

" mm) sieve and be retained on a No. 200 (75-um) U.S. standard

sieve with the following subdivisions:
Coarse——passes No. 4 (4.75-mm) sieve and retamed on No.
: 10 (2.00-mm) sieve,
Medzum——passes No. 10 (2.00-mum) sieve and retalned on
No. 40 (425-um) sieve, and L
Fine—passes No. 40 (425-um) s1eve and retalned on No
200 (75-pm) | s1eve sl e
3.1.7 sili—soil passing a No. 200 (75-um) T . standard
sieve that is nonplastic or very slightly plastic and that €éxhibits
little or no strength when air dry For class1ﬁcat10n, asiltis a
fine-grained soil, or the fine-grained portion of a. soil, with a
plasticity index less than 4 or if the plot 6f: plast1c1ty 1ndex
versus liquid limit falls below the “A” line.
3.2 Definitions of Terms Specifi¢ to This Standard .
3.2.1 coefficient of curvature, " Cc—the- ratio (D30) /
(Dyo X Dgp), where Dy, Dsg, and Dj, are the particle sizes
corresponding to 60, 30, and 10 % finer on‘the cumulatwe
particle-size distribution curve, respectively. ., - - -
322 coeﬁiczem‘ of uniformity, Cu—the tatic D60/D10, Where
Dg, and D, are the particle diameters coiresponding to 60 and
10 % finer on the cumulative pa1t1cle—s1ze dlstnbution curve,
respectively.

4, Summary

4.1 As illustrated in Table 1, this class1ﬁcat10n system
identifies three major soil divisions: coarse-grained soils,
fine-grained soils, and highly organic soils. These three d1v1—
sions are further subd1v1ded into a total of 15 bas1c soil groups

Soil Classmcatlon '

OARSE-GRAINED

a for. ASS|gn1ng Group Symbols and Group Names Using Laboratory Tests? Group. Symbol Group Name“3
Gravels Clean Gravels Cu =4 and GwW Well-graded gravei®
. . 1=Cc=3° ) K i

More than 50 % of Less than 5 % fines®" Cu < 4 and/for GP Poorly graded gravel® -

coarse fraction 1>Cc>3° : S
retained on No. 4 S B

sieve . L NI [ .
Gravels with Fines " Silty gravelZ,5,¢ T

Fines classify as ML - -GM
or-MH .
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TABLE 1 Cohtinued

Soil Classification

Group Symbol Group

. Cntena for Assigning Group Symbols and Group Names Using Laboratory Tests?

More than 12 % fines® Fines classify as CL or

MRS
,urule;1>GC Clayey gréyelPE

. . CH
Sands Clean Sands " Cu=6and SwW Well-graded
R 5 L 1=Cc=3®
50 % or more of Less than 5 % fines’ Cu < 6 and/for spP Poorly graded and
coarse ‘ 1>Cec>3° i
fraction passes No. 4° Sands with Fines Fines classify as ML ‘SM
L .. : sieve . ) S . or MH .

0 . More than 12 % fines’ Fines classify as CL or sC

. L . . CH
" FINE-GRAINED ' Silts and Clays inorganic Pl'>7 and plots on or * CL

SOILS above “A”lineY - .
50 % or more passes Liquid limit less than Pl <4 or plots below ML
the No. . . 50 “A” ling” ¢ :
* 200 séive - v organic Liquid limit — oven oL
N : | rea> . < 0.
. . - Liquid Timit = not dried oL
Silts and Clays inorganic Pt plots on or above CH
: ) ¢ “A”line - T
Liquid limit 50 or more : . Pl plots below “A” line MH ic siltX,
-, organic Liquid Iimit -~ oven OH Organlc clay &
‘ Fie L e s LR
P T T ‘ : quu"d'l'ﬁm not dned Organic ‘silt
HIGHLY ORGANIC Primarily organic matter dark in color, and orgamc odor PT
.. SOILS, S ;

4 Based on the material passing the 3-in. (75-mm) sieve.

Bif fleld sample. contamed cobbles or boulders, or both, add “with cobbles or boulders, or both” to group name.

€ Cu = Dgo/Dyo (Dao) /D1o X Dgy

~ P1f soil contains >15 % sand add “with sand” to group name.

£ Gravels with 5 to 12 % fines require dual symbols:
GW-GM - well- graded gravel with silt .
GW-GC well-graded gravel with clay
GP—GM poorly graded gravel with silt
GP-GC pdorly graded gravel with clay
Fii fines classify as CL-ML, use dual symbol GC-GM, or SC-SM.
Gt fines are organic, add “with organic fines” to group name.
HIf soil contains =15 % gravel add “with gravel” to group namel,
/ Sands W|th 5 t0 12 % fines require dual symbols:
! SW-SM well-graded sand with silt
SW-SC: well-graded sand with clay
SP-SM poorly graded sand with siit
$pisC poorly graded sand with clay -
JIf Atterberg limits plot in hatched area; soil'is a CL-ML, siity clay.
K1 soit contams 15 to0 29 % plus No. 200, add “with sand” or “with gravel,” whichever is predomlnant

- £ I soil contalns 230 % plus No. 200, predominantly sand, add “sand ” to group name.

M i soil contalns =30 % plus No. 200, predominantly gravel add “gravelly” to group name,

NPl = 4 and plots on of above “A” llne A
9Pl < 4 or plots below* A” line.

PPl plots on or above “A” line.

Qpj plot's below “A” Iineu

42 Based on’the results of visual observations and pre-
scribed laboratory tests, a soil is catalogued according to the
basic soil groups, assigned a group symbol(s) and name, and
thereby classified. The flow charts, Fig. 1 for fine-grained soils,
and Fig. 3 for coarse-grained soils, can be used to assign the
appropnate group symbol(s) and name.

5. Slgmﬁcance and Use

5. 1 ThlS standard classifies soils from any geographic loca-
tion ‘intd categories representing the results of prescribed
laboratory. tests to determine the particle-size characteristics,
the liquid limit, and the plasticity index.

5.2 The assigning of a group name and symbol(s) along
with the descripfive information required in Practice. D 2488
can be used to describe a soil to aid in the evaluation of its
significant properties for engineering use.
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5.3 The various grouplngs of this classification syste
been devised to correlate in a general way with the engineeil
betiavior of soils. This standard provides a useful fifst st
any field or laboratory investigation for geotechnical engi
ing purposes.

5.4 This standard may also be used as an aid in trai g
personnel in the use of Practice D 2488. ’ -

5.5 This standard may be used in combination with Pra
D 4083 when working with frozen soils. '

Nortg, 5-—Notwithstanding the statements on precision and bi
tained in this standard: The precision of this test method is depen
the competence of the personnel performing it and the sl,utablhty )
equipment and facilities used. Agencies that meet the criferia of
D 3740 are generally considered capable of competent and objectl
testing. Users of this test method are cautioned that compliance
Practice D 3740 does not in itself assure reliable testing. Reliable tes
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i’
y s%ROUp CE T
MBOL | _ , ._GROUP NAME
. S ; N : <30% plus No. 200<: f;g‘;é;luls N:l 200 " —» Lean clay .
- L0 - . - plus No."200. sand >% gravel—> Lean cla h
P Y: y with sand
. orl;>°7y ::t::::ots——*CL % sand <% gravel—»- Lean clay with gravel
e b . % sand 2% gravelt: <15% gravel ———- Sandy lean clay
o WA E , - >30% plus No. 200 >15% gravel—— Sandy lean clay with gravel
v T R % sand <% gravelt:<15% sand~———p Gravelly lean clay
3 e . 2>15% sand————»- Gravelly lean clay with sand
<30% plus No. 200 T’<15% plus No. 200 Ts»lty clay s
4<PI<T and CL-M L e 15 29% plus No 200?% sand >% gravel —Silty clay with sand
lnérga';llc — > pl-t—m;n or abl:nle v % sand <% gravel = Silty clay with gravel
< ‘lA;'—line. 536% - 200<% sand >% gravelt:<15% gravel —— Sandy silty clay
I - 2! us No. >15% gravel———Sandy silty clay with gravel
% sand <% gravel Y:<15% sand———>»Gravelly silty clay
215% sand———»Gravelly silty clay with sand
- £30% plus No. 2oo<:<15% plus No. 20— > Silt
Ni<torpion: ML 15-29% plus No, 2007 % sand >% gravel—>Silt With sand

below “A"—lme % sand 3% % sand <%.gravel—» Silt with gravel
-, . . o san o QravelY:<15% gravel —— Sandy siit
1,
R >30£ Plu! No. 200< 215% gravel ——=Sandy sitt with gravel
% sand <% { gravel T: <15% sand ———®»Gravelly silt .
>15% sand ———>»Gravelly sift with sand

LL—ovendned
B Orgamc
3 , LL—not dned

) ——P'O Lﬁ»See figure 1b.

3 §30% plus No, 200"<:<15% plus No. 200 —» Fat clay
s 15-29% plus No. 200? % sand >% gravel—»Fat clay with sand
% sand <% grave| —»- Fat clay with gravel

% sand 2% gravel Y:<15% gravel———>»Sandy fat clay B
>30% plusiNo. 200< 215% gravel——Sandy: fat clay with gravel B

) (Pl ‘plots on or-—»CH
. ;above “A"—line

% sand <% gravel ?<15% sand ~~———Gravelly fat clay -
|n°rﬂaﬂlc e IR A T . 215% sand ————»Gravelly fat clay with sand
B e 7 <30% plus No. 200 < -<15% plus No. 200 - > Elastic silt

15-29% plus No. 200?% sand >% gravel—»Elastic silt with saml
% sand 5% ' 3<6 sand <% gravel —» Elastic silt with gravel
san grave v 15% gravel— Sandy efastic silt
>30% plus No, 200< > 15% gravel — > Sandy elastic silt with gravel
% sand <% gravel?: <15% sand——PGravelly elastic silt
: >15% sand_bGravelly elastic silt with sand

Pl plnts below-—»M H
“A’—line

’ ~osganlc ( OH —+>See figqure 1b

<o
LL-not dried

Llevgn'&ried gt
7’5) :
. FIG. 1 FIow Chart for Classlfymg Fme-Gramed Soil (50 % or More Passes No. 200 S|eve)

UP SYMBOL GROUP NAwe
vl<30"’/la plus No: 200-— —><15;:Zplus No. 200 ' » Ol'gallic clay

. 15-29% plus No. ZOOY % sand >% gravel——— Organic clay with sanc d.,
% sand <% gravel— Organic clay with'g

P1>4 and plots on % sand >% gravel<<:<15% gravel ~r—— Sandy organic clay, i
or above “A" -~ line —-—>>30% plus No 200 < >15% gravel-——»Sandy organic clay wlth gravel
: % sand <% gravelY:<15% sand —————» Gravélly organic clay

2>15% sand ———————>Gravelly organic clay with sand

<30% plus No. 200 <:<15% plus No, 200— L » Organic silt -~ F o i 2 %o dE
15-29% plus No, 200~===——" % sand >% gravel—— Organic silt with sand
"9 sand <% gravel——— QOrganic silt wnh gravet

% sand >% gravel - »<15% gravel — ~—Sandy organic silt .
>30% plus No. 200< :i~>15% gravel ‘Sandy org i silt with gravel
% sand <% gravel<:<15% sand —————»Gravelly organic silt R
) >15% sand ———————— Gravelly orgamc silt wnh sand

il

PI<4 or plots
below “A”~line

<30% phus No; 200~ <15% plus No., 200 ‘Orgamc clay
15 29% plus No. 200? % sand 2% grave}—— Organic clay with sand,
% sand <% gravel~—— Organic clay with gravel

) ) . % sand 2% gravel?<15% gravel ——————> Sandy organic cay . ¢
»>30% plus No. 200 <: = >15% gravel~————— Sandy organic clay with gravel

' ! ' =% sand <% gravel ‘<<15% sand ————~———» Gravelly organic clay i
215% sand ————» Gravelly organic clay with sand

Plots on or
above “A”'-line

1 g <30% plus No. 200?<15% plus No. 200 ——— - - » Organic silt :
/ . 15-29% pius No. ZOOY:% sand >% gravel*——F Organic silt with sand
% sand <% gravel' ——"» Organic silt with ‘gravel o
Plots below . : % sand >% gravelTP<1 5% gravel ————— Sandy organic silt Ve
i - 2>30% plus No 200 < > >15% gravel —————> Sandy organic silt with gravel -
‘ % sand <% gravel '<:<15% sand ———————» Gravelly organic silt
215% sand —————— Gravelly organic sllt with sand

FIG. 2 Flow Chart for Classlfymg Organic Fme-Gralned So:l (50 % or More Passes No. 200 Sieve)
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GROUP SYMBOL ‘ GROUP NAME
5% fi nd 1<Cc<3 -»GW - sand T
(5% fines Y:cuz“ e sces : : 2 \2::: sand-———— w::::r:::: :::::: with sand

Cu<4 and/or 1>Cc>3—————— »GP - —~»-<15% sand ~ Poorly graded gravel
- ) \215% sand—— Poorly graded grave! with sand

_p fines=ML or MH*,.—,,PGW'G MY:<15% sand——— Wall-graded grave! with siit
,Cu>4 and 1SCQS3<: . 2>15% sand ———» Well- -graded gravel with silt and sa;

< fi;-wFCL, CH,———»G W-G C-T: <15% sand ———» Well-graded gravel with clay {or sj

GRAVEL d {or CL-ML} 215% sand —» Well- graded gravel with clay and sand.

% gravel >¢——m5-12% fines N {or silty clay ang’; -
% sand ; L
—»finas=ML, or MH——»G P'G M—= e <15% sand — i~ Poorly graded gravel with silt

~Cu<4 and/or 1>cO3< 215% sand ———m Poorly graded gravel with silt and san

fines=CL, CH, ————bG P GC > <15% sand - Poorly graded gravel with clay {or sl
(or CL-ML) " \215% sand———»- Poorly graded grevel with clay and

{or silty clay a f
— flml-ML or MH—-—P-G M —» <15% sand - Silty grave!
— \> 215% sand ———-Siifty gravel with sand
>12% fines - ~——»fines=CL or CH »(3 C -~ <15% sand ——»~ Clayey gravel

— = >15% sand —— - Clayey grave! with sand
T fines=C L-le.,.-‘f”G C-GM <15% sand ——»- Sitty, clayey gravel
- T ::215% sand ~—~—> Silty, clayey gravel with sand

§% fines v..»'(:uzﬁ and 1<Cc<3.
Cu<6 and/or 1>Cc>3

<15% gravel——p Well-graded sand
\215% gravel———» Well-graded sand with gravel

» <15% gravel —» Poorly graded sand
\215% gravel————m Poorly graded sand with gravel

. [ S
fines=ML or MH*»SW 'SMY: <15% gravel — Well-graded sand with sitt
Cu>6 and 1S_Cc£3<
~n

215% gravel ——» Well. -graded sand with silt and gravel
fines=CL, CH, SW SC<:<15% gravel~———> Well-graded sand with clay (or silty
{or CL-ML) 215% gravel ——» Well. -graded sand with clay and grav

SAND
% sand > 5-12% fines. {or siity clay and gray
% gravel : - i
/f|nes-ML ot MH———»SP- SMY:CIS% gravel—— Poorly graded sand with silt
Cu<6 and/or 1>Cc>3& 215% gravel——»- Poorly graded sand with silt and grat
fines=CL, CH, SP SC »<15% grave} - Poorly graded sand with clay {or sil
¥ {or CL-ML) \2_15% gravel - Poorly graded sand with clay and gr
{or silty clay‘an
‘ ——»-fines<ML or MH 0 SM <15% gravel——a= Sitty sand
. . - — ' —2>15% gravel-———- Silty sand with grave!
>12% finé - ——»fines=CL or CH »SC »-<15% gravel—— Clayey sand
\\ 215% gravel———» Clayey sand with gravel
T fines=CLML~————»SC-SM qu% graval———» Silty, clayey sand
2>15% gravel —— Silty, clayey sand with gravel
FIG. 3 Flow Chart for CIaSSIfylng Coarse-Gramed Soﬂs (More Than 50 % Retained on No. 200 Sieve)
depends on several factors; Practice D 3740 provides a means for 7.3 If the field sample or test specimen is smaller th
evaluating some of those factors. ; .. minimum recommended amount, the report shall includ

6. Apparatus appropriate remark.

6.1 In addition to the apparatus that may be required for =~ 8: Classification of Peat
obtalmng and preparing the samples and conducting the, , .'8.1 A sample composed primarily of vegetable tisst
prescribed laboratory tests, a plastitity chart, similar to Fig. 4, various stages of decomposition and has a fibrous to
and a cumulative particle-size dlstnbutlon curve, similar to Fig. - _ phous texture, a dark-brown to black color, and an organi¢
5, are tequired. " should be designated as a highly organic soil and sh :

Note 6—The “U” line shown on Fig. 4 has been empirically deter- classified as peat, PT, and not subjected to the classific
mined to be the approximate “upper limit” for natutal soils. It is a good . . procedures described hereafter.

check against erroneous data, and any test results that plot above or to the 8.2 If desired, classification (?f tyPe of peat can b
left of it should be verified. v » . formed in accordance with Class1ﬁcat10n D 4427.
7. Sampling : ) 9, Preparation for Classification’

7.1 Samples shall be obtamed and identified in accordance 9.1 Before a soil can be classified accordmg to this st
with a method or methods, recommended inGuide D420 orby - generally the particle-size distribution of the minus -
other accepted procedures. (75-mm) material and the plasticity characteristics of the il

7.2 Test Methods D 6913 provides guidance on selectlng No. 40 (425-um) sieve material must be determined. Se¢
size of specimen. Two test methods are provided in this ~ for the specific required tests.
standard. The methods differ in the significant digits recorded. - 9.2 The preparation of the soil specimen(s) and the
and the size of the specimen (mass) required. The method to be for particle-size distribution and liquid limit and pl
used may be specified by the requesting authority; otherwise ~ index shall be in accordance with accepted standard Plzfé :
Method A shall be performed. Whenever possible, the field  dures. Two procedures for prepa.tatlon of the soil spemmens
samples should have weights two to four times la.tger than testing for soil classification purposes are given in Appe: i
shown. X3 and X4. Appendix X3 describes the wet preparation mel
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~Forelassification of fine-grained soils
and fine-grained fraction of coarse-grained
soils. 5 3 .

quuoTnon of 'A"-line
HornZonTat at PI=4to LL 25.5,

then PT=073(LL-20) s
Equation of "U"~line j
. - , 7/ \
Vertical at LL=16 to PI=7 Y C;e‘

then P1=0.9 (LL-8)

“40' . \50 60 76
LIQUID LIMIT (LL)
"~ " FIG. 4 - Plasticity Chart
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and is the preferred method for cohesive soils that have never
dried out and for orga.mc soils.

)

9.3 When reporting soil classifications determined by this .

sta.rfdard the preparation and test procedures used shall be
Ieported or referenced. ' '

9.4 Although the test procedure used in determining the
part1c1e-51ze distribution or other considerations may require a

hydrometer analysis of the material, a hydrometer analysis is -

not necessary for soil classification.

9.5 The percentage (by dry weight) of any plus 3-in.
(75 mm) material must be determined and reported as auxiliary
information.

9.6 The maximum particle size shall be determined (mea-

sured or estimated) and reported as auxiliary information.

s 50 or greater See area identified as CH on Fig. 4.

9.7 When the cumulative particle-size distributioni is re- -

quired, a set of sieves shall be used which include the
following sizes (with the largest size commensurate with the
maximum particle size) with other sieve sizes as needed or
reql_;ired to define the particle-size distribution:

3-in, (75 mm)

" Yaein, (19.0- mm)
NG. 4 (4. 75-mm)* -
No. 10 (2.00- mm)
No. 40 (425-pym)
No. 200 (75-ym)

9.8 The tests required to be performed in preparation for
classification are as follows:

9.8.1 For soils estimated to contain less than 5 % fines, a
plot of the cumulative particle-size distribution curve of the
fraction coarser than the No. 200 (75-um) sieve is required. A
semi-log plot of percent passing versus partical-size or sieve
size/sieve number is plotted as shown in Fig. 5.

9.8.2 For soils estimated to contain 5-to 15 % fines, a
cumulative particle-size distribution curve, as described in
9.8.1, is required, and the liquid limit and plasticity index are
required. .

9.8.2.1 If sufficient material is not available to deternﬁrie the
liquid lirhit and plasticity index, the fines should be estimated

to be either silty or clayey using the procedures described in - -

Practice D 2488 and so noted in the report.

+ 9.8.3 For soils estimated to contain 15 % or more ﬁnes a
determination of the percent fines, percent sand, and percent
gravel is required, and the liquid limit and plasticity index are

4 to 7. See area identified as CL-ML on Fig. 4.

in 11.32.

 limit is 50 or greater. See area identified as MH on Fig. ;

Nlimit after oven dxylng is less than 75 % of the liquid 1
_the-original specimen determined before oven dryin,
“Procedure B of Practice D 2217)

required. For soils estimated to contain 90 % fines or more, the. -

percent fines, percent sand, and percent gravel may be esti-

mated using the procedures described in Practice D 2488 and .
© 7 position of the plast1¢1ty index versus liquid limit plot fall

so noted in the report.

10. Preliminary Classification Procedure

10.1 Class the soil as fine-grained if 50 % or more by dry
weight of the test specimen passes the No. 200 (75-um) sieve
and follow Section 3.1.2.

10.2 Class the soil as coarse-grained if more than 50 % by
dry weight of the test specimen is retained on the No. 200
(75-um) sieve and follow Section 12.
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_a constant weight, typically over night.

‘OH if the liquid limit (not oven dried) is 50 or greater. C

11. Procedure for Classification of Fine-Grained Soil;
(50:% or more by dry weight passmg the No 200 ('\

" um) sieve)
11.1 The soil is an inorganic clay if the position. o
plasticity index versus liquid limit plot, Fig. 4, falls on of d
the “A” line, the plasticity index is greater than 4, ang
presence of organic matter does not influence the liquid lip
determinéd in 11.3.2.

Note 7—The plasticity index and liquid limit; are detemnne
minus No. 40 (425 pm) sieve material, :

- 11.1.1 Classify the soil as a lean clay, CL, if the liqu
is less than 50. See area identified as CL on Fig. 4,
11.1.2 Classify the soil as a fat clay, CH, if the hqu1d

: Nona 8—1In cases where the liquid limit exceeds 110 or the p)
index exceeds 60, the plasticity chart may be expanded by maintai
same scale on both axes and extendmg the “A” line at the indicat

11.1.3 Classify the soil as“a silty clay, CL-ML, i
pos1t10n of the plasticity index" versus 11qu1d limit plot fall
or above the “A” line and the plasticity index is in the r:

- 11.2-The soil is an inorganic- silt if the position
plasticity index versus liquid limit plot, Fig, 4, falls bel
“A” line or the plasticity index is less than 4, and pres
organic matter does not influence the liquid limit as determi

11.2.1- Classify the soil as a silf, ML, if the liquid 1
less than'50. See area identified as ML on Fig. 4.
11.2.2 Classify the soil as an elastic silt, MH, if the i

11:3 The soil is an organic silt or clay if organic math
present in sufficient amounts to influence the liquid I
determined in 11.3.2.

11.3.1 If the soil has a dark color and an organic odo:
moist and warm, a second liquid limit test shall be petf
on a test specimén which has been oven dried at 110 * 5°

11.3.2 The soil is an organic silt or organic clay if the li

©.11.3.3 Classify the soil as an organic silt or organic ¢
OL if the liquid limit (not oven dried) is less than 5
Classify the soil as an organic silt, OL, if the plasticity
is less. than 4, or the position of the plasticity index
liquid limit plot falls below the “A” line. Classify the soi
organic clay, OL, if the plasticity index is 4 or greater

or above the “A” line. See area identified as OL (or CL-
Fig. 4.
11.3.4 Classify the s011 as an organic clay or organ

the soil as an organic silt, OH, if the position of the pla o
index versus liquid limit plot falls below the “A” line. Clas
the soil as an organic clay, OH, if the position of the pla
index versus liquid-limit plot falls on or above the “A
See area identified as OH on Fig. 4.
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fless than 30 % but 15 % or more of the test specimen
d on the No. 200 (75- -um) sieve, the words with
“with gravel” (whichever is predominant) shall be
io the group name. For example, lean clay with sand,
with gravel, ML. If the percent of sand is equal to the
f gravel, use “with sand.”

0 (75-um) sieve, the words “sandy” o

fined on the No. 200 (75-um) sieve and the coarse-grained
is predornrnantly gravel For exarnple sandy lean’ clay,
velly fat clay, CH; sandy srlt ML. If the percent of sand
to the percent of gravel use sandy ’

ocedure for Classrﬁcatron of Coarse-Gramed Soils:=
¢ than 50 % tetained on the No. 200 (75-um) sieve)

Class the soil as gravel if mote than 50 % of the coarse
175 mi) sieve. Gl
lass the soil as sand if 50 % or more of the coarse
i[plus- No. 200 (75 -Jum) s1eve] passes the No 4
mm) sieve.

12 % or less of the test specimen passes the No 200
sieve, plot the cumulative particle-size distribution,
.,.and compute the coefficient of uniformity, Cu, and
“oefficient of curvature, Ce, as given in Eqs 1 and 2.

Cu=DeyDyq -
Ce= (D3o)2/ (D10XDygo) @
Do L D30, and Dy, = the partrcle-srze drameters _correspond-

Q 30, and 60 %, respectlvely, passing on the cumula—
icle-size distribution curve, Fig. 5.

—It may be necessary to extrapolate the curve to obtain theé D,q

-um) sieve, classify the soil as‘a well-vgraded gravel,

If less than 5 % of the test specrmen passes the No
um) sieve, classify the soil as poorly, graded gravel,
orly graded sand, SP if either the Cu or the Cc
- well-graded soils are not satisfied.

more than 12 % of the test specimen passes the No
15- um) sieve, the soil shall be considered a coarse—
d soil with fines. The fines are determined to be either
I silty based on the plasticity index versus liquid limit
Fl.Fig 4. (See 9.8.2.1 if insufficient material available for
) (see Note 7).

t1 Classify the soil as a clayey gravel GC, or clayey
SC if the fines are clayey, that is, the position of the
y index versus liquid limit plot, Fig. 4, falls on or above
" line and the plasticity index is greater than 7.

30 %. or more of the test spe01men 1s retained on the .
1 gravelly” shall -
to the group name. Add the word “sandy” if 30 % or.

f the test specimen is retained on the No. 200 (75 -um)
nd the coarse-grained. portron is predormnantly sand —
e word “gravelly” if 30 % or more of the test specimen -

@ -

If less than 5 % of the test specimen passes the No.

D 2487 - 06

12.4.2 Classify the soil as a silty gravel, GM; orsilty Sand,

- SM, if the fines are silty, that is, the position, of the plasticity

mdex versus liquid limit plot, Fig. 4, falls below the {A” line
or the plasticity index is less than 4. ~
12.4.3 If the fines plot as a silty clay, CL- ML classrfy the
soil as a silty, clayey gravel, GC-GM, if it is a gravel or a silzy,
... clayey sand, SC-SM, if it is a sand.
125 If 5 to 12 % of the test specimen passes the No. 200
(75 -jm) sieve, give the soil a dual classification using two
" group symbols.

.12.5.1 The first group symbol shall correspond to that for a
gravel or sand hav1ng less than 5 % fines (GW, GP, SW, SP),
and the second symbol shall cotrespond to a gravel or sand
havrng mote than 12 % fines (GC GM, SC, SM) ,

12.52 The group name shall correspond to the first” group
symbol plus ‘with clay” ot “wrth silt” to 1ndrcate the plas
characterrstrcs of the fines. For example Well-graded _
with clay, GW GC poorly’ graded sand with silt, SP-SM ( 'e-
=0: 8 2 1if 1nsu.ﬂic1ent materral avarlable for testrng) e

NOIE lO—If the ﬁnes plot as a silty clay, CL- ML, the second group
symbol should be either GC or SC. For’ example a poorly graded sand
with 10 % fines, a liquid Timit of 20 and a plastrcrty 1ndex of 6 would be
classrﬁed as a'poorly graded sand wrth silty clay, SP- 8C :

12 6 If the specrmen is predormnantly sand or gravel but
contains, 15 % or more of the other coarse—gramed constrtuent
the words “with gravel” or “with sand” shall be added to the
group name. For exarnple poorly graded gravel Wlth sand
clayey sand with gravel,

12.7 If the field sample contained any cobbles or boulders or
both, the words *with cobbles 7ot “Wlth cobbles and boulders”

with cobbles, GM.
13. Report e

13.1 The report should 1nclude the group name, group
.symbol, and the results of the laboratory tests. The particle-size
distribution shall be given in terms of percent of gravel, sand,
and fines. The plot of the cumulative particle-size drstrrbutlon
curve shall be teported if used-in classrfyrng the soil. Report
approprrate descriptive information accordmg to the proce—
dures in Practice D 2488. A local or comumercial name or
geologic interpretation for the material may be added at the end
of the descriptive information if identified as such The test
procedures used shall be referenced. : L

Note 11—Example:  Clayey Gravel with Sand and Cobbles (GC)—
46 % fine to coarse, hard, subrounded gravel; 30 % fine to coarse, hard,
subrounded sand; 24 % clayey fines, LL = - 38, PI = 19; weak reaction wrth
HCI; original field sample had 4% hard subrounded cobbles, maximum
dimension 150 mm.. TR o : S

In:Place Condrtrons——ﬁrrn homogeneous dry, brown
Geologlc Interpretatron——alluvral fan,

AR

NorE 12—Other examples of sorl descrrptrons are grven in Appendrx
X1 -

14. Precision and Bias

14.1 Criteria for acceptability depends on the precision and
bias of Test Methods D 422, D 1140 and D 4318.
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15.. Keywords
‘15.1 Atterberg limits; classification; clay; gradatron gravel;

laboratory classification; orgamc soils; sand; silt; soil class1ﬁ—

catron sorl tests

APPENDIXES
(Nonmandatory Ihformatlon)

X1, EXAMPLES OF DESCRIPTIONS i}erG” s"o'r'L CLASSIFIéA’inN

X117 The followmg examples show how the information
requued in 13. 1 can be reported The appropriate descrrptrve
1nformat10n fromPractrce D 2488 is included for illustrative
purpo S Th ditional descrrptrve terms that would accom-
pany the soil classrﬁcatron should be based on the intended use
of the classrﬁcatron and the 1nd1v1dual clrcumstances

X1.1.1 Well Graded Gravel with Sand ( GW)—-—-73 % ﬁne to
coa.rse ' hard, subangula.r gravel 23 % fin€ to coatse, hard,
subangula.r sand; 4 % fines; Cc=2.7, Cu= 124,

©X1.1.2 Szlty Sand with Gravel (SM)—61 % predominantly
fine sand; 23 % silty fines, LL =33, PI=6; 16 % fine, hard,
subrounded gravel; no reaction with HCI; (field sample smaller
than recommended) In-Place Conditions—Firm, stratified and
contains lénses of silt 1 t6 2 in. thick, moist, brown to gray;
in-place density = 106 Ib/ft> and in-place moisture =9 %.

X2 USING SOIL CLASSIFICATION ASA DESCRIPTIVE SYSTEM FOR SHALE, CLAYSTONE SHELLS, SLAG, CR
ROCK, ETC.

X2.1 The group names and symbols used in this standard
may be used as a descriptive system applied to materials that
exist in situ as shale, claystone, sandstone, siltstone, mudstone,
etc.,”but convert to soils after field or laboratory processing
(crushrng, slakrng, etc ). .

X2 2 Matenals such as shells, crushed rock slag, etc
should be identified as such. However, the procedures used in
tl_us»_st_ar_rdard for. .descrrblng the particle size and plasticity
characteristics may be used in the description of the material,
If desired, a classification in accordance with this standard may
be assigned to aid in describing the material.

X2.3 If‘a classification is used, the group symbol(s) and
group names should be placed in quotation marks or noted with
some type of drstlngurshrng symbol. See examples.

X2. 4 Examples of how soil classifications could be
incorporated into a description system for materials
that are not naturally occurring soils are as follows

X2.4.1 Shale Chunks—Retrieved as 2- to 4-in. pieces of
shale from power auger hole, dry; browr, no reaction with HCL
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Xl l 3 OIgamc Clay (0L)—100 % ﬁnes
drred) 32 LL (oven drred) 21, PI (not drred) =1
dark brown, organic odor, weak reactron with HCL

X1.1.4 Silty Sand with Organzc Fines (SM)—74 %
coarse; hard; subangular reddish.sand; 26 % or'ga.nic,an
dark-brown fines, LL (not dried) = 37, LL (oven dried)
(not. drred) 6, wet ‘weak reaction with HCI.

Xl L.5. Poorly Graded Gravel with Silt, Sand, Cobb i
Boulders (GP-GM)—78 % fine to coarse, hard, subrou 9 ]
subangular gravel; 16 % fine to.coarse, hard; subroundé
subangular sand; 6 % silty (estimated) fines; moist, bro
reaction with HCI; original field sample had 7 % har:
rounded cobbles and 2 % hard, subrounded boulders
maximum dimension of 18 in. :

-

After laboratory processing by slaking in water f
materral classrﬁed as “Sandy Lean Clay (CL)"—61 % clajy
fines, LL =37, PI=16; 33 % ﬁne to medlum s
gravel-size pieces of shale.

X2.4.2 - Crushed Sandstone—Product of commeicial
ing operation; “Poorly Graded Sand with Silt (SP-SM)”*
fine to medium sand; 9 % silty (estimated) fines; dry, 1
brown, strong reaction with HC). v

'X2.4.3 Broken Shells—65 % gravel-size broken
31 % sand and sand-size shell pieces; 4 % fines; Cc =
Cu = 1.9; would be classified as “Poorly Graded Grav
Sand (GP)”.

" X2.4.4 “Crushed Rock—Processed gravel and cobble
Pit No. 7 “Poorly Graded Gravel (GP)” 89 % fine

Cu 0.9.
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This appendix describes the steps in preparing a:soil
r testing for purposes of so1l classification using -a
*axanon procedure. : /

”s ples prepaxed in accordance with th1s proceduxe

dsample contains ﬁnes sand, gIavel and plus 3
ticles and the cumulative particle-t Size distribution
iquid limit and plasticity index values aie tequited

Since this classification systemv is limited;;to the
"a sample passing the 3-in. (75-mm) sieve, the plus

’ portlon of the field sample finer than the 3-in.
mm) sieve shall be obtamed as follows. '

and placed‘m the fIactlon passing the 3- -in. (75- mm)

Determine the air-dry or oven-dry weight of the
ed on the 3-in. (75-mm) sieve. Determine the
eight of the fraction passing the 3-in. (75 Im)

*Thoroughly mix the fraction passing the 3-in. (75-
e. Determine the water content, in accordance with
10d D 2216, of a representative specimen with a
dry weight as required in 7.2. Save the water-content
for determination of the particle-size analys1s in
e with X3.8.

Compute the dry weight of the fraction passing the
mm) sieve based on the water content and total (wet)

[

‘Some of the followmg steps may be .omitted when '

D 2487 - 06

X3 PREPARATION AND TESTING FOR CLASSIFICATION PURPOSES BY THE-WET METHOD

X3.7 Determine the liquid lunlt and plast1c1ty index as
follows: - - - ot

X3.7.1 If thé soil disaggtegates read11y, mix on a clean hard
surface and select a representative sample by ‘Guarteritg in
accordance with Practice C 702.

X37.1.1 Tt the soil contains coarse- a,med pa1t1cles coated
with and bound together by tough’ clayey material, .take
extreme care in obta.mmg a representative portion of the No. 40
(425-um) fraction. Typically, a larger portion than normal has
to be selected, such as the minimum weights required in 7:2:

X3.7:1.2, To obtain a répresentative specimen of a basically
cohesive soil, it may be advantageous to pass. the soil through

a ¥a-in. (19-mm) sieve or other convenient size so the.material
can be more easily mixed and then quaxtered or spht to obt i
the representative specimen. =~ ' '

X3.7.2 Process the representative specimen’ ifi accordance

mw1th Procedure B of Practice D 2217, .. . . & by

X3.7.3 Perform the liquid-limit test in accordance with. Test
Method D 4318, except the soil shall not be air dned pnor to
the test.

X3.7.4 Perform the plast1c—111mt test in acc01dance w1th Test
Method D 4318, except the soil shall not be air dned pnor to
the test, and calculate the plasticity index.

X3.8 Determine the particle-size distribution as follows:

X3.8.1. If the water content of the fraction passing the 3-in.
(75-mm) sieve was required (X3.6.3), use the water-content
specimen, for determining the particle-size distribution. Other-
wise, select a representative specimen in accordance with
Practice C 702 with a minimum dry weight as requned in 2,

X3.8.2 If the cumulative particle-size dxstnbutlon inclu ng
a hydrometer analysis is required, determine the pa1t1cle size
distribution in accordance with Test Method D 422 See 9.7 for
the set of required sieves. SN

X3.8.3 If the cumulative particle-size dxstnbut1on w1thout a
hydrometer analysis is required, determine the particle-size
distribution in accordance with Test Method C 136. See 9.7 for
the sét of required sieves. The specimen should be soaked until
all clayey aggregatlons have softenéd and then washed in

" accordance with Test' Method C 117 prior to pexfomnng the

particle-size distribution.

X3.8.4 If the cumulative particle-size distribution is 1ot
required, determine the percent fines, percent sand, and percent
gravel in the specimen in accordance with Test Method C 117,
being sure to soak the specimen long enough to soften all
clayey aggregations, followed by Test Method C 136 using a
nest of sieves which shall include a No. 4 (4.75-mm) sieve and
a No. 200 (75-pm) sieve.

X3.8.5 Calculate the percent fines, percent sand, and per-
cent gravel in the minus 3-in. (75-mm) fraction for classifica-
tion purposes.
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X4. AIR-DRIED METHOD OF PREPARATION OF SOILS FOR TESTING FOR CLASSIFICATION PURPOSES

X4.1' This appendix describes the steps’in: preparing a soil
sample for testing for purposes of soil classification when
air-drying the soil before testing is specified or desired or when
the natural moisture content is.near that of an air-dried state. .

X4.2 If the soil contains orgamc matter or rmneral colloids
that are urevembly aﬂected by aif drying, the wet-prepalatlon
method as descnbed in Appendlx X3 should be used

X437 Since this classification system is limited to the
portion of a sample passing the 3-in: (75-mum) sieve, the plus

3-in. (75-mm) material shall be removed prior to the determi-
natioh of the particle-size chalactenstlcs and the hqmd limit
and plast1¢1ty index.: i s

X4 4(. The portlon of the field sample ﬁner than the 3-in. .
.- (75-mm) sieve shall be obtamed as fOllOWS‘

X4 4.1 Air dry and weigh the field sample.

“X44.2 Separate the field sample into two fractions on a
3+in. (75-mm) sieve.

X4.4.3 Weigh the two fractions and compute the percentage
of the plus 3-in. (75- mm) material in the field sample.

X4, 5 Determine the pamcle-s1ze d1str1but10n and hquld

X5. ABBREVIATED SOIL

'X5.1  In some cases; because of lack of space, an abbrevi-
ated system miay be useful to indicate the soil classification
symbol and name. Examples of such cases would be gtaphlcal
logs databases tables, etc.

XS 2 - Th1s abeev1ated system is not a subst1tute for the full
name and descriptive information but can be used in supple-
mentary presentatlons when the complete description is refer-
enced

X5 3. The abbrewated system should consxst of the soil
clas51ﬁcat10n symbol based on this standard w1th
appropriate lower case letter preﬁxes and suﬂixes
as: T

Prefix . : o Suffix

limit and plasticity index as follows (see 9.8 for whe;
tests are quuued) Tl

a hydrometer analysls is quuued detemune the par
d1stnbut10n in accordance with Test Method D422.8
the set of sieves that is quuued

requued : :

X454 If the cumulatwe pamcle size dlstnbuno !
quu11ed, determine the percent fines, percent sand, and.
gravel in the specimen in accoxdance with Test Method [

shall in¢lude a No. 4 (4 75- mm) sieve and a No. 20
sieve: r
X4 5 S5 If quuued determme the 11qu1d hnnt and

Method D 4318.
CLASSIFICATION SYMBOLS -
s=sandy .. s = with sand
g=gravelly - C L g=with gravel
B " '¢'=cobbles :*

b =boulders -

parentheses. Some examples would be:

Group Symbol and Full Name

CL, Sandy lean clay oy
SP-Sm, Poorly graded, 54nd with silt and gravel

GP, poorly graded gravel with sand, cobbles, and’
boulders

ML; gravelly silt with sand and cobbles

270
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~ . SUMMARY OF CHANGES

In accordance with Committee D18 policy, this section identifies the location of changes to this standard s‘ii;i"cew"'
the last edition (2000) that may impact the use of this standard. -

7
3

ded Test Method D 6913 to Séction 2 and 7.2° -+ (3)Corrécted Example X243 .

ASTM Intemnational takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly adw d thai deierm/nailon of the va/ld/ty of any such paieni nghts and the risk

of infringement of such rights, are entirely their own respon ibil

This standard is subject to revision at any timé by the responsible téchnical committee and muist be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters Your comments will receive careful consideration at a meeting of the
'respons:b/e technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below. e P S

e
T

This siandard is copyrlghted by ASTM Intarnailonal 100 Barr Harbor Drive, PO Box C700, West Cohshoh, ‘ en, PA 1 9428 2959 .

United States. Individual reprints (single or mu/t/ple coples) of this standard may be obtained by contatti
adldress ‘or at?610-832:9585 (phone), 610-832-9555 (fax), or servTce @astm org (e-mall), or through the ASTM website

(wwwastm.org). . S ot b i}

7
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INTERNATIONAL

Designation: D 2488 — 06

'Standard,_Practice for
Description and Identificati
Procedure)’

on

original adoption o1, in the case of ievision, the year of last revi
superscript epsilon (€) indicates an editorial change since the last

This standard has been approved for-use by agencies of the Depa

1. Scope* g i o £

1.1 This practice covers procedures for the description of
soils for engineering purposes. , ; o

1.2 This practice also describes a procedure for identifying .
soils, at the option of the  user based on the classification
system described in Test Method D 2487. The identification is
based on visual examination and manual tests. It must be
clearly stated in reporting an identification that it is based on
visual-manual procedures. ,

1.2.1 When precise classification of
purposes is required, the
D 2487 shall be used.

1.2.2 In this practice, the identification
group symbol and name is limited to soil
3 in. (75 mm).

1.2.3 The identification portion of this practice is limited to
naturally occurring $oils (disturbed and undisturbed).

Note 1—This practice may be used as a descriptive system applied to

such materials as shale, claygtone, shells, crushed rock, etc. (see Appendix
X2).

v soils for engineering
procedures prescribed in Test Method

portion assigning a
particles smaller than

1.3 The descriptive information in this practice may be used
with other soil classification systems or for materials other than
naturally occurring soils. :

1.4 The values stated in inch
as the standard.

1.5 This standard does not
safety problems, if any, asso
responsibility of the user

-pound urits are to be regarded

purport to address all of ther..-
ciated “with. its use. It is the
of this standard to establish appro-
Priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. For specific
Precautionary statements see Section §.

1.6 This practice offers a set of instructions for performing
one or more specific operations. This document cannot replace
education or experience and should be used in conjunction
with professional Judgment. Not all aspects of this practice may

—_—

' This practice is und
Rock and is the direc
Zlassification of Soil

Cutrent edition
pproved in 1966,

er the jurisdiction of ASTM Committee D18 on Soil and

t responsibility of Subcommittee D18.07 on Identification and
s.

approved Nov. 1, 2006. Published November 2006. Originally
Last previous edition approved in 2000 as D 2488 ~ (0,

*A Summary of Changes section app
‘opyright © ASTM Intemational, 100 Barr Harbor Dr
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tandad i i e the fixed desighason D 2488; ¢ fur

. «1 4083 Practice for Descri

ive, PO Box C700, West Conshohocken, PA 19428-2959, United States.

of Soils (Visual-Manual o

g the désignation indicates the year of
indicates the year of Tast reapproval, A

be iminediately followin
A number in parentheses
fevision or reapproval.

riment of Defense. -

beapplzcable in all circumstances. T his ASTM Standarg;
SR O _ . i
intendéd to represent or replace the standard of car ]
the adequacy of a given professional service must be j
nor should this document be applied v Ut considy
\ a project’s many unique aspects, The word “Standa

title of this document mears only that the document h

approved through the ASTM consensus process.

2. Referenced Documents

2.1 ASTM Standards: 2 ,

D 653 Terminology Relating to Soil, Rock, and Co
Fluids

D 1452 Practice for Soil Investi
Auger Borings

D 1586 Test Method for Penetration Test
Sampling of Soils

D 1587 Practice for Thin-Walled Tube S
for Geotechnical Purposes

D 2113 Practice for Rock Core
Rock for Site Investigation .

D 2487 Practice for Classification of Soils for Eng
Purposes (Unified Soil Classification Systern)

D 3740 Practice for Minimum Requirements for Ag
Engaged in the Testing and/or Inspection of Soil
as Used in Engineering Design and Construction

ption of Frozen Soils (Vis

gation and Samp]
and Spli
ampling o

Drilling and Samp

Manual Procedure)

3. Terminolbgy

3.1 Definitions—Except as listed below, all deﬁn,i,ti(;
in accordance with Terminology D 653. :

Note 2—For particles retained on a 3-in, (75-mm) US standa
the following definitions are suggested:
Cobbles—particles of rock that will pass a 12-in. (300-mm
opening and be retained on a 3-in. (75-mm) sieve, and
Boulders—particles of rock that will not pass a 12-in. (300-min,
opening.

2 For referenced ASTM standards, visit the ASTM website, www.ast:
contact ASTM Customer Service at service@astm org. For Annual Book of
Standards volume information, refer to the standard’s Document Summary,
the ASTM website, P

ears at the end of this standard. ls and borderline
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. clay—soil passing a No. 200 (75-um) sieve that can be
exhibit plasticity (putty-like pidperties) within a range
¢ contents, and that exhibits considérable strength when
For classification, a clay is 2 fine-grained soil, ot the
ned portion of a soil, with a plasticity index equal to or
than 4, and the plot of plasticity index -versus liquid

1is on or above the “A” line (see Fig. 3 of Test Method

2 gmvel——particles of rock that will pass a 3-in. (75-
ieve and be retained on a No. 4 (4.75-mm) sieve with the -
g subdivisions: -

—passes a 3-in. (75-mm) sieve and is retained on a
9-mm) sieve. ‘

basses a ¥a-in. (19-mm) sieve and is retained on a No.
mm) sieve.

organic clay—a clay with sufficient organic content to- -
¢ the soil properties. For classification, an organic clay
that would be classified as a clay, except that its liquid
yalue after oven drying is Jess than 75 % of its liquid limit
efore oven drying. " S
organic silt—a silt with sufficient organic content to

after oven drying is less than 75 % of its liquid limit
ore oven drying. . A ‘
cat—a soil composed primatily of vegetable tissue in

tages of decomposition usually with an organic odor,

ous
brown to black color, a spongy consistency, and ‘a
-ranging from fibrous to amorphous.
and—particles of rock that will pass a No. 4 (4.75-
eve and be retained on a No. 200 (75-um) sieve with the
llowing subdivisions: .
passes a No. 4 (4.75-mm) sieve and is retained on”
(2.00-mum) sieve. '
ium—passes a No. 10
0 (425-um) sieve.
asses a No. 40 (425-pm)
0 (75-um) sieve.

sieve and is retained on a

stic or very slightly plastic and that exhibits little or no
o th when air dry. For classification, a silt is a ﬁnefgrained
il/61 the fine-grained portion of a soil, with a plasticity index
Ess‘than 4, or the plot of plasticity index versus liquid limit
all elgw the “A” line (see Fig. 3 of Test Method D 2487).

Jsing visual examination and simple manual tests, this
gives standardized criteria and procedures for describ-
| identifying soils.

The soil can be given an identification by assigning a
0Up symbol(s) and name. The flow charts, Fig. 12 and Fig. 1b
fine-grained soils, and Fig. 2, for coarse-grained soils, can
0 assign the appropriate group symbol(s) and name. If
has properties which do not distinctly place it into a
¢ group, borderline symbols may be used, see Appendix

—It is suggested that a distinction be made between dual
Mhols and borderline symbols. ‘

. are required when the soil has between 5 and 12 %

- slash, for example,

¢ the soil properties. For classification, an organic silt .
that would be classified as a silt except that its liquid.

(2.00-mm) sieve and is retained

silt—soil passing a No. 200 «(75-um) sieve that is_

-4y D 2488 - 06
il

Dual Symbol—A. dual symbol is two symbols separated by a hyphen,
for example, GP-GM, SW-3C, CL-ML used to indicate that the soil has
been identified as having the properties of a classification in accordance
with Test Method D 2487 where two symbols are required. Two symbols
fines or when the liquid

limit and plasticity index values plot in the CL-ML area of the plasticity

* chart.

Borderline Symbol—A. borderlinie symbol is two symbols separated by a
CL/CH, GM/SM, CL/ML. A borderline symbol should
be used to indicate that the soil has been identified as having propeities
that do not distinctly place the soil into a specific group (see Appendix

X3).

. 5. Significance and Use
5.1 The descriptive information required in this practice can

" be used to describe a soil to aid in the evaluation of its

significant properties for engineering use.
5.2 The descriptive information requited in this practice

; "sh’du'lghpf: used to supplement ghe\ﬁ_c,lassiﬁcation of a soil as
__ determined by Test Method D 2487. '

5.3 This practice may be -used in identifying soils using the

" classification group symbols and pames as prescribed in Test
Method D 2487. Since the names and symbols used in this
practice to identify the soils are the same as those used in Test

‘i Method D 2487, it shall be clearly stated in reports ‘and all

other appropriate documents, that the classification symbol and
name aie based on visual-manual procedures.

5.4 This practice is to be used not only for identification of
soils in the field, but also in the office, laboratory, ot wherever
soil samples are inspected and described.

5.5 This practice has particular value in grouping similar
soil samples so that only a minimum number of laboratory tests
need be run for positive soil classification.

Note 4—The ability to describe and identify soils correctly is lf;axncd
more readily under the guidance of experienced personnel, but it may also
be acquired systematically by comparing numerical laboratory test results
for typical soils of each type with their visual and manual characteristics.

5.6 When describing and identifying soil samples from a
given boring, test pit, or group of borings or pits, it is not
necessary to follow all of the procedures in this practice for
every sample. Soils ivhich appear to be similar can be grouped
together; one sample completely described and identified with
the others referred to as similar based on performing only a few
of the descriptive and identification procedures described in
this practice.

5.7 This practice may be used in combination with Practice
D 4083 when working with frozen soils.

Noie 5—Notwithstanding the statements on precision and bias con-
tained in this standard: The precision of this test tiethod is dependent on
the competence of the personnel performing it and the suitability of the
equipment and facilities used Agencies that meet the criteria of Practice
D 3740. are generally considered capable of competent and objective
testing. Users of this test method are cautioned that compliance with
Practice D 3740 does not in itself assure reliable testing. Reliable testing
depends on several factors; Practice D 3740 provides a means  for
evaluating some of those factors. R ‘

6. Apparatus

6.1 Required Apparatus:
6.1.1 Pocket Knife or Small Spatula.
6.2 Useful Auxiliary Apparatus:
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GROUP SYMBOL

<30% plus No. 200 <——’<15% plus No. 200
T 15. -25% plu

CL
< TN 530% plus No. 2oo<:

<3o% plus No. 200 Y:

i

+ 230% plus No, 200 <:

<30% plus No. 200 Y

ML

CH

5 <30% plus No. 200 ?

al

% sand *>% of gravel?
% sand <‘); &avel X
<15% plus No 200 ——
15.25% plus No. ZOOY
% sand '>% of giavel —_—
% sand <% qr!'z?!t:

: : » % sand >% of gravel?:
2>30% plus No. 200 < /

<5% fines<

: — . o Lean clay ;
s No 200 ? % sand >% gravel — Lean clay w L
Ne ¢ % sand <% gravel ———% Lean clay withy
<15% gravel w=————% Sandy lean clayy;
215% gravel ——> Sandy lean clay‘w,th
<15% sand ——» Gravelly lean c».""%w

215% sand ————— Gravelly lean clay 4l

10% fines <<

- —»Silt
% sand >% gravel ————3=Silt with nd
% sand <% gravel —= §iit with gravel p
<15% gravel - ——— Sandy silt:"
2>15% gravel ———————» Sandy silt wit
<15% sand —~—————>» Gravelly s
215% sand ——————» Gravelly silt

215% fines

<5% fines—<

<15% plus No: 200~—— » Fat clay
15-25% plu: No. ZOO-T-P-% sand 2% grayel ———Fat clay w sa
T % sand <% gravel - Y
<15% | gravel
>15% gravel
\ % sand <% grave) <:<15% sand _'—V>G"V€"Yf§t. 10% fines <
215% sand ———————» Gravelly fat clay wi
<15% plu: No 200°- - - Efastic’ silt 1
15-25% plu: No 200 ~ ——— % sand >% gravel ———— Elastic silt with
% sand <% gravel ———> Elastic silt. wuth

IRERE TR

230% plus No. 200

NOTE 1—Percentages are based on estnmatmg amounts of fmes,
FIG. 1a Flow Chart for Identlfymg Inorganic Fine-Grained Soil (50 % or more fines)

GROUP svmaon.

<30% plus No, 200 Y:

OL/ OH
\ >30% plus No, 200 <:

yon ‘-‘.n

2.1 Small Test Tube and Szopper (or jar w1th a 11d)
+2.2 Small Hand Lens. :
Reagents
-1 Purity of Wazer—Unless otherwise indicated, references

. % sand 2% of g vel -

% sand <% gravel —

<15% plus No. 200

15 25% plus No. 200 ?

% sand >% gravol v—b— <15% gravel ———-——5 Sandy organic

% sand <% gravel ?“

NOTE 1—Percentages are based on estlmatmg amounts of flnes sand and gravel to the riearest 5 %,

vater shall be understood to mean water from, a city water

ply or natural source, including non-potable water.

2 Hydrochloric Acid—A small bottle of dilute hydrochlo-
acid, HCl, one part HCI (10 N) to three parts water (This
sent is optional for use with this practlce) See Sectlon 8

safety Precautlons

-1 When preparing the dilute HC1 solutlon of one part
sentrated hydrochloric acid (10 N) to three parts of distilled
21, slowly add acid into water following necessary’ safety
‘autions, Handle with caution and store safely. If solution
s into contact with the skin, rinse thoroughly with water.
2 Caution—Do not add water to acid. St
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‘number and sample number in conjunctién with a job numbet, a geologl

<15% gravel ———Sa
2>15% gravel -——— = Sandy ela
<15% sand ————» Gravelly elas  silt
; 2>15% sand — Graveﬂy Iamc silt
and and gravel to the nearest 5 %.

215% fines -

_>*

i

T GROUP " NAl

m Particle Size,

e Orgamc soil
% sand >% gravel—> Organic soil wvth-
% sand <% gravel ———»~ Organic $0il
i >15% gravel ————— Sandy organic 30i m (1 1(2 m“)
<15% sand -——————>~ Gravelly. organic s
21 5% sand _——-> Guvelly orga

9. Samplmg

19.1" The sample sha.ll be considered to be representatlv
the stratum from which it was obtained by an appropriaf
accepted, or standard procedure.

D 2113, or Test Méthod D 1586,

i

L ) :{A‘
9‘.2_ The sample shall be carefully identified as to origin-: ‘ 02 Shape—Descri

Note 7—Remarks ds t6' the origin may take the foim of a bo Iders as flat, elong;
stratum, a pedologic-horizon: or a location description. with respect 0’
permanent monument, a grid system or a station number and offset
respect to a stated centerline and a depth or. elevation:

pe. Indicate the frac

h as: one-third of tl
' . 0.3 Color—Descri

9.3 For accurate description and identification, the it

mum amount of the specimen to be examined shall bé:

accordance with the following schedule: Cologic origin. If the
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GROUP SYMBOL GROUP NAME

\<15% sand —— Well-graded gravel
>15% sand ———» Well-graded gravel with sand

=(" P 15% sand —» Poorly graded gravel

10% fines

TT—=>15% sand —— Poorly graded grave! with sand

Wel graded . ————>fines=ML or MH -—»GW'GM<:<1S% sand ———>= Well-graded gravel with silt
BN : 215% sand ———- Well.graded gravel with silt and sand

ﬁnes=(_:L orCH

Well-graded gravel with clay .

> Weli-graded gravel with clay and sand
Poovly graded gravel with silt

Poorly graded gravel with silt and sand

GW'GC - san:
Oy ieani
GP'GM <15% sand —

>15% sand ==

Poorly grwed<f|nes'ML or MH .<:
fines=CL or CH ——-———-)G P-GC-<: <15% sand —> Poorly graded gravel with clay

215% sand —_— Poorly graded gravel with clay and sand

»GM

> fines=ML or MH

>15% fines —{»
fines=CL or CH———»GC ==y SISk sand ———> Cavey rave

\ <15% sand — Silty gravel
>15% sand ——» Silty gravel with sand
>15% sand ——» Clayey gravel with sand

<15% gravel ——»- Well.-graded sand

\215% gravel —— ‘Well-graded sand with gravel

» <15% gravel —> Poorly graded sand

s Well gvadod<;

>15% fines ———simm T T

1Y

2~ Minimum Specimen Size,
Dry Weight

100 g (0.25 Ib)
200 g (0.5 Ib)
1.0 kg (2.2 Ib)
8.0 kg (18 Ib)
60.0 kg (132 Ib)

than the pamcles in the soil matrix, the soil mattix can be
cribed and. identified in accordance with the pxeceedmg

ude an appropnate Iemaxk‘,

riptive Information for Soils

ngularity—Describe the angularity of the sand
1zes only), gravel, cobbles, and boulders, as angular,
. ‘subrounded, or rounded in accordance with the
Table 1 and Fig. 3. A range of angularity may be
h as: subrounded to rounded. !

hape—Describe the shape of the gravel, cobbles, and
s flat, elongated, or flat and elongated if they meet
in Table 2 and Fig. 4. Otherwise, do not mention the
dicate the fraction of the particles that have the shape,
One-third of the gravel particles are flat.
“olor—Describe the color. Color is an important
n identifying organic soils, and within a given
may also be useful in identifying materials of similar
rigin. If the sample contains layers or patches of

/ fmes-ML or MH
= fires=CL or CH — > SW-SC -

——vﬁnes=ML or MH ——»SP"SM

= >15% gray el —> Poovly graded sand with gravel
SW SM<:<15% gra | - - Wcil«graded sand with silt
>15% gravel - - Well. .graded sand with siit and gravel
<15% gravel 2275 Well- -graded sand with clay
>15% gravel — Well-graded sand with clay and grave!

<15% gravel ——=» Poorly graded sand with silt
~ >15% gravel — Poorly graded sand with sift and gravel

Poorly graded<
fines=CL or cH ———»SP-SC <:<15% gravel —— Poorly graded sand with clay

>15% gravel ———» Poorly graded sand with clay and gravel

e ——fines=ML or MH

’ ~~——> fines=CL or CH

M \ <15% gravel — Silty sand
>15% gravel ———>- Silty sand with gravel

\ <15% gravel ——> Clayey sand N
215% gravel —> Clayey sand with gravel

Note 1—Percentages are based on estimating amounts of fines, sand, and gravel to the nea:est 5 %
FIG. 2 Flow Chart for Identifying Coarse-Grained Soils (less than 50 % fmes)

TABLE 1 Criteria for Descrlbmg Angulanty of Coarse'vGramed
Particles (see Fig. 3) * - o

Description Criteria

Angular Particles havé sharp edges and relatively plane sides with
unpolished surfaces

Subangular Particles are snm|lar to angular descnptlon but have
rounded edges

Subrounded Particles have nearly plané sides but have well- rounded
corners and edges

Rounded Particles have smoothly curved S|des and no edges -

varying colors, this shall be noted and all representatlve ‘colors
shall be described. The color shall be described for moist
samples If the color represents a dry condition, this shall be
stated in the report. e

10.4 Odor—Describe the odor if orgamc or unusual. Soils
containing a significant amount of organic material usually
have a distinctive odor of decaying vegetation. This is espe-
cially apparent in fresh samples, but if the samples are dried,
the odor may often be revived by heating a moistened sample.
If the odor is unusual (petroleum product, chenucal and the
like), it shall be described.

10.5 Moisture Condition—Describe the moisture condition
as dry, moist, or wet, in accordance with the criteria in Table 3.

10.6 HCI Reaction—Describe the teaction with ‘HCI as
none, weak, or strong, in accordance with the cntera in Table
4, Since calcium carbonate is a common cementlng agent a
report of its presence on the basis of the reaction with dilute
hydrochloric acid is important.




(a) Rounded

P e e {c) Subrounded

TABLE 2 Crltena for Descrlblng Particle Shape (see Fig. 4)

The particié’shajpe shall be described as follows where length, width, and
thickness refer to the greatest, mtermedlate, and least dimensions of a pamcle,
respectively.

Flat L Particles with width/thickness > 3
. . . Particles with Jength/width > 3
Jongated Pamcles meet cntena for both flat and elongated

10 7 Conszstency—For intact fine-grained soil, describe the
consistency as very soft, soft firm; hard, or very hard, in
accordance with' the ‘criteria in-Table 5. This observation is
1nappropnate for soils with s1gmﬁcant amounts of gravel.

+10.8 Cementation—Describe the cementation of intact
coarse-grained soils as weak, moderate, or strong, in accot”
dance with the criteria in Table 6.

10.9. Structure—Describe the structure of intact soils in
accordance w1th the criteria in Table 7.

10 10 Range of Pamcle Sizes—For gravel and sand com-
ponents describe the range of particle sizes within each
component as defined in 3.1.2 and 3.1.6. For example, about
20 % "ﬁne to.coarse gravel, about 40 % fine to coarse sand.

1'0 11 Maxzmum Particle Szze—-Descnbe the maximum paz-
ticle size found in the sample in accordance with the following
mfonnatlon ,

10 11 1 Sand Szze—-—If the maxunum particle size is a sand
size, describe as fine, medium, or coarse as defined in 3.1.6.
For example: maximum particle size, medium sand.
10.112 Gravel . Szze—If the maximum particle size is a
gravel s1ze descnbe the maximum particle size as the smallest
sieve opemng that the. particle will pass. For ‘example, maxi-
mum pa.ttlcle s1ze 11/2 in. (will pass a 11/2-1n square opening
but not a. %—m squa.re opemng)
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(b) Angular

. (d) Subangular:
e = SR FIG. 3 Typlcal Angularlty of Bulky Grains

PARTICLE SHAPE

“

W=WIDTH
T=THICKNESS
L=LENGTH

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

FLAT AND, ELONGATED
- —meets both criterig

FIG. 4 Criteria for Particle Shape

TABLE 3

TAI

1 aving
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JOn°0f the ¢




~ufl

BLE 3 Criteria for Describing Moisture Condition

Criteria

Absence of moisture, dusty, dry to the touch
Damp but no visible water
Visible free water, usually soil is below water table

LE 4 Criteria for Describing the Reaction With HCI -

Criteria

No visible reaction
Some reaction, with bubbles formmg slowly
Violent reaction, with bubbles forring imimediately "~

o

LE 5 Criteria for Describing Consrstency

Criteria

RN

Thumb will pénetrate soil more than 1 in. {25 mm)
Thumb will penetrate soil about 1 in. (25 mm) -.; -

. Thumb will indent soil about % in. (6 mm) .
Thumb will not indent soil but readily indented with thumbnarl
Thumbnarl WI|| not indent soil

£

TABLE 6 Criteria for Describing Cementation

Criteria” 7

‘Grumbles or breaks with handlinig or Tittie fingér pressure ~
Crumbles or breaks with corisiderable finger pressure -
Will not crumble or break with finger pressure ..

"TABLE 7 Criteria for Describing StrUcture

Crrtena

Alternatlng layers of varying material or color wrth Iayers at
least 6 mm thick; note thickness .

Alternating layers of varying material or color with the
layers less than 6 mm thick; note thickness-

Breaks along definite planes of fracture with little . .
resistance to fracturmg

Fracture planes appedr polished or glossy, sometimes *
striated

Cohesive soil that can be broken down into small angular
lumps which resist further breakdown

Inclusion of small pockets of different soils, such as small
lenses of sand scattered through a mass of clay, note
thickness

Same color and appearance throughout

Addrtronal comments shall be noted, such as the
0ce of roots or root holes, difficulty in drilling or augering
ol ’cavmg of trench or hole or the presence of mica.
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10.15 A classification or identification of the soil in accor-
‘dance with other -classification systems may be added -if
1dent1ﬁed as such.

11. Identification of Peat

11.1 A sample ¢omposed primarily of vegetable tissue in
various stages of decomposition that has &' ‘fibrous to amor-
phous texture, usually a dark brown to black color, and ‘an

‘organic odor, shall be designated as a hrghly organic ‘'soil and

shdll be identified as peat, PT, and not sub]ected to the
identification procedures described hereafter. '

12. Preparation for Identification

12.1 The soil identification portion of this pract1ce is based
on the portion of the soil sample that will pass a 3-in. (75~ -Tam)
sieve. The larger than 3-in. (75- -mm) partlcles must -be re-
moved, manually, for a loosesaimple, or mentally, for an intact
sample before classifying the soil.

12.2 Estimate and note the percentage of cobbles and the
percentage of boulders. Performed  visually, these estimates
will be on the basis of volume percentage.

Note 9—Since the percentages of the partrcle—srze d1strrbutron in Test
Meéthod D 2487 are by dry wéight, and the estimates of percentages for
gravel, sand, and fines in this practice are by dry weight, it i récom-
mended that the report state that the percentages of cobbles and boulders
are by volume. '

12.3 Of the fraction of the soil smaller than 3 in. (75 min),

¢stimate and note the percentage, by dry weight, of the gravel,
sand, and fines (see Appendix X4 for suggested procedures)

No1e 10—Since the partrcle-s1ze components appear vrsually on the
basis of volume, considerable experience is requned to esnmate the
percentages on the basis of dry weight. Frequent compansons with
laboratory particle-size analyses should be made.

12.3.1 The percentages shall be estimated to the closest 5 %.
The percentages of gravel sand and ﬁnes must add up o
100 %.

12.3.2 If one of the components is present but not in
sufficient quantity to be considered 5 % of the smaller than
3-in. (75-mm) portion, indicate its presence by the term trace
for example, trace of fines. A trace is not to bé consrdered in the
total of 100 % for the components.

13. Prellmmary Identlﬁcatlon
13.1 The soil is ﬁne grained if it contains 50 % or more

fines. Follow the procedures for identifying fine-grained soils

of Section 14.

13.2 The soil is coarse grained if it contains less than 50 %
fines. Follow the procedures for identifying coarse—gramed
soils of Section 15.

14. Procedure for Identifying Fine-Grained Soils

14.1 Select a representative sample of the material - for
examination. Remove particles larger than the No. 40 sieve
(medium sand and larger) until a specimen equlvalent to about
a handful of material is available. Use this specimen for
performing the dty strength, dilatancy, and toughness tests.

14.2 Dry Strength:
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" 14.2.1 From the specimen, select enough material to mold
‘info d ball about 1 in. (25 mm) in diameter. Mold the material
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 material about ¥4
in. (12 mm) in diameter. Allow the test specimens to dry in air,
or sun, or. by artificial means, as long as the temperature does
not exceed 60°C., ;

14 2.3 If the test specimen contains natura} dry lumps those _—

that are. about Y2 in. (12 mm) in diameter may be used in place
of the molded balls.

Note 11—The process of molding and drying usually produces hlgher
strengths than are found in natural dry lumps of soil. .

+14.2.4.Test the strength: of the dry balls or lumps by
crushrng between the fingets. Note the strength as none; low, - -
medium, high, or: very high in accorance with the criteria in
Table 8: If natiiral dry lumps are used, do not use the results of
any of the lumps that are found to contam partlcles of coarse
sands e ~
14.2:5 The: presence of hlgh-strength water- soluble cement-
ing materials, such-as calcium carbonate,: may ¢ause excep-
tionally high dry strengths. The presence of calcium carbonate
can usually be detected from the intensity of the reaction with
dilute hydrochlonc iacid (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,
addrng water if necessary, unt11 it has a soft, but not sticky,
consistency:, i

143.2 Smooth the s011 ball in the palm of one hand with the
blade of a knifé or small spatula. Shake horizontally, striking
the s1de of the hand v1gorously against the other hand several
times. Noté the reaction of water appearing on the surface of
the sorl Squeeze the sample by closing the ha.nd or prnchrng

slow or rap1d' in accorda.nce with the critéria in Table 9. The
reaction is the speed with which water appears while shaking,
and drsappears while squeezmg
144 Toughnes;’s:

1 4 1 Followmg the completron of the dilatancy test the
test specrmen is shaped into an elongated pat and rolled by
hand on a smooth surface or between the palms into a thread
about %5 in. (3 mm) in diameter. (If the sample is too wet to roll
easily, it should be spread into a thifi layer and allowed to lose
sonie water by evaporatron ) Fold the sample threads and reroll

Voo - TABLE 8. Criteria for Describing Dry Strength
Deseription” " Criteria’;
None The dry specimen crumbles into powder with mere pressure -
of handling
Low o "l'he dry specimen crumbles into powder with some finger
© 7 pressiie
Medium - The dry specimen breaks into pieces or crumbles with
e considerable finger pressure
High The dry’ specimen cannot be broken with finger pressure,
IO - 'Specimen will break into pieces between thumb and a hard
L e surface
Very high The dry specimen cannot be broken between the thumb and a

hard surface

“ the toughness test, describe the plasticity of the mate

.toughness and plastlclty (see Table 12).

to very high'dry strerigth, no drlata.ncy, and high toughnes

" feel whén dry. Sorne’ sils that would classify as MH in accordaric

AL ‘_ TABLE 10 Crltena for Describing Toughness

-+ TABLE 9. Criteria for Describing Dilatancy :

- Description Criteria
None No visible change in the specimen* A%
Slow - Water appears slowly on the surface of the specimen diy; The
o ~'# - shaking and.does not disappear or d|sappears slowly Ui fc
T squeéezing The
Rapid Water appears quickly on the surface of the specimen dun re
P shaklng and drsappears qwckly upon squeezmg ::
‘ ltta |
p!
repeatedly untrl the thread crumbles ata drameter of abou ;‘I
in. The thread. w111 crumble at a diameter of ¥ in. when the
“'is niéar thé plastic limit. Note the i pressure required to
thread near the plastic limit. Also, note the strength of E 12 Identit
‘thread. After the thread crumblés, the pieces should ‘be lur
together “and kneaded until the lump crumbles Not by S
toughness of; the material during kneading. i
1442 Describe the toughness of the thread and 1u None to
low, ‘_medrum ot hrgh in accordance with the criteria in T Medium
10- B Low to 1
14. 5 Plastzczty—On the basrs of observatrons made High to

accordance with the criteria given in Table 11.
14.6 Decide whether the soil is an inorganic or an or
fine-grained s sorl (see 14.8). If inorganic, follow the steps i
in 14.7. ‘
2147 Identzﬁcatzon of Inorganic Fme—Grame‘d Soils
14.7.1 Identify the soil as a lean clay, CL, if the so
medium to high dry strength, no or slow dilatancy, and medi .

:13'—In some¢
to further ic
'L or OH.

- 14.7.2 Identify the soil as a faz clay, CH, if the soil has i

plasticity. (see Table 12).

14.7.3 Identify the soil as a silt; ML, if the s011 has no o both,

dry strenigth, slow to rapid dilatancy, arid low toughn is mor
plasticity, or is.nonplastic (see Table 12). k I examp
14.7.4 Tdentify the soil as an elastic silt, MH, if the so ML” (see ]
low to’ medium dry strength, no to slow dilatancy, and 1¢ , to the pe
medium toughness and plast1c1ty (see Table 12). ~ tht; sth]
QO 5 [

Nore 12—These proper’ues ate sirlar to. those for a le:
However, the silt will dry quickly on. the hand and have a smooth;

the criteria in Test Method D 2487 are visually difficult to distinguist
lean clays, CL. It may be necessary to perform laboratory testin
proper 1dentlﬁcat10n

- The soil
ed to be e

Descnptlon A £ Criteria ‘The soil
Low """ . Only slight pressure is required to roll thé thréad near thé"
o - plastic limjt: The thread and the lump are weak and
'_Medium Medlum pressure is required to roli the thread to near fh
SR plastic limit, ‘The thread and the lump have mediuny st
High .7: * Considerable pressurd is required to roll the thread to nealls

. plastic limit. The thread and the lump have very high ; 10
i stlffness N _ p
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TABLE 11 ,Criteria for Dgscribing, Plastiéity :
- -~

Criteria

A Ye-in. (3-mm) thread cannot be rolled at any water content

The thread can barely bé rofled and the lump cahriot be
formed when drier than the plastic limit

The thread is easy to roll and not mu/c;h time is required to
reach the plastic limit. The thread cannot be rerolied after
reaching the piastic limit. The lurrip crumbles when drier
than the plastic limit )

It takes considerable time rolling and kneading to reach the
plastic limit. The thread can be rerolled several times after
reaching the plastic limit. The fump can be formed without
crumbling when drier than the plastic limit

= 12 Identification of Inorganic Fine-Grained Soils from
Manual Tests

2488 — 06

size (uniformly graded), or it has a wide range of sizes with
some intermediate sizes obviously missing (gap or -skip
graded). . TR
15.4 The soil is either a gravel with fines or a sand with fines
if the percentage of fines is estimated to be-15 % or-more.
15.4.1 Identify the soil as a clayey gravel, GC, or a clayey
sand, SC, if the fines are clayey as determined by the
procedures in Section 14. : e
15.4.2 Identify the soil as a silty gravel, GM, or a silty sand,
SM, if the fines are silty as determined by the procedures in
Section 14. o R
15.5 If the soil is estimated to contain 10 % fines, give the
soil a dual identification using two group symbols. .’ '
15.5.1 The first group symbol shall correspond to a clean
gravel or sand (GW, GP, SW, SP) and the sécond 8ymbol shall

5

‘Dry Strength Dilatancy Toughness

correspond to a gravel ot sand with fines (GC, GM, SC, SM).

None to low Slow to rapid
formed

Medium

Low to medium

High

None to slow
None to slow
None

Medium to high
Low to medium
- High to very high

Low or thread cannot be

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 -characteristics of the fines. For example: “well-
gradéd gravel with clay, GW-GC” ot “poorly graded sand with

or example, black to brown, when exposed to the air.
anic soils will lighten in color significantly when air
1ganic soils normally will not have a high toughness or
aticity. The thread for the toughness test will be spongy.

to further identify the organic soils as organic silts or or
[, or OH. Corelations between the dilatancy, dry strength,

posits of similar materials of known geologic origin.
f the soil is estimated to have 15 to 25 % sand or’
r both, the words “with sand” or “with gravel”
ér'is more predominant) shall be added to the group
r example: “lean clay with sand, CL” or “silt with
ML?” (see Fig. 1a and Fig. 1b). If the percentage of sand
to the percentage of gravel, use “with sand.” "
If the soil is estimated to have 30 % or more sand or
th, the words “sandy”’ or “gravelly” shall be acldgd
p name. Add the word “sandy” if there appears to be
d than gravel. Add the word “gravelly” if there
0 be more gravel than sand. For example: “sandy lean
 wgravelly fat clay, CH”, or “sandy silt, ML” (‘segfig‘.
ig. 1b). If the percentage of sand is equal to the percent
Clsandy”
cedure for Identifying Coarse-Grained Soils -
ritains. less than 50 % fines) .
he soil is a gravel if the percentage ©
d to be more than the percentage of sand.

[

f gravel is

ted to be equal to or less than the percentage of sand.
23 The soil is a clean gravel ot clean sand if the
Kentage of fines is estimated to be 5 % or less.

.1 Identify the soil as a well-graded gravel, GW, or as a
; ded sand, SW, if it has a wide range of particle sizes
i Sibstantial amounts of the intermediate particle sizes.
Identify the soil as a poorly graded gravel, GP, ot as
graded sand, SP, if it consists predominantly of one

13:-In some cases, through practice and experience, it may be
anic

s tests, and laboratory tests can be made to identify organic soils * -

The soil is a sand if the percentage of giavel is

silt, SP-SM” (see Fig. 2). S T

15.6 If the specimen is predominantly sand or gravel but
contains an estimated 15°% or more of the other coarse-grained
constituent, the words “with gravel” or “with sand” shall be
added to the group name. For example: “poorly graded gravel
with sand, GP” or “clayey sand with gravel, SC” (see Fig. 2).

15.7 If the field sample contains any cobbles or boulders, or
both, the words “with cobbles” or “with cobbles and boulders”
shall be added to 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 in Table 13. ' ’

Noie 14—Example: Clayey Gravel with_Sand_and Cobbles, GG+
About 50 % fine to coarse, subrounded to subangular gravel; aboutl?gQ %
fine to coarse, subrounded sand; about 20 % fines with medium plas’ficity,
high dry strength, no dilatancy, medium toughness; weak reaction with
‘HCI; original field sample .had about 5% (by.volume) subrounded
‘cobbles, maximum dimension, 150 mm. : :

In-Place Conditions—Firm, homogeneous,

Geologic Interpretation—Alluvial fan - v :

Note 15—Other examples of soil descriptions and identification are
given in Appendix X1 and Appendix X2. R
" Noie 16—If desired, the percentages of gtavel, sand, and fines may be
stated in terms indicating a range of percentages, a$ follows: a

Trace—Prrticles are present but estimated to-be less. than 5 %

Few—5t0 10 % )

Little—15 t0 25 %

Some—30 to 45 %

Mostly—50 to 100 % .

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

dry, br"p&ﬁ

17. Precision and Bias
17.1 This practice provides qualitative information only,
therefore, a precision and bias statement is not applicable.
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Frpes ¢nad TABLE 13 Checkllst for Description of Soils :

1 Group name
2 Group symbol
3. Percent of cobbles or boulders, or both (by volume)
o} Percent of gravel sand ‘or'fines, or all three (by dry weight)
5.. Particlessize range::
a3 : ‘ __ Gravel—fine, coarse
, . and—fine, medium, coarse
‘6! Partlcle angularity:angular, subangular, subrounded, rounded
. Particle shape: (if appropriate) flat, elongated, flat and elongated
.. Maximum partrcle size or dimension
£ Hardness of coarse sand and larger particles
o Piasticity of finés: nénplastic, low, medium, high
. Dry strength: none, fow, medium, high, very high
12. Drlatancy none; slow, rapid
3 Toughness Iow, medium, hrgh
. Color (in moist condition) /
<. Odor (mention only if organic or unusual) !
16. Morsture dry, moist, , wet.
Reactron wnh HCI none weak strong
For mtact samples
- Consistency (fine-grained soils only): very soft, soft, fmn hard, very hard
rugture: stratified, laminated, fissured, slickensided, lensed, homo-

11.’.

20 Cementation: ‘weak, moderate, strong Sed
21: Local.name; { ' : P
22. Geologic mterpretatlon .
23, Additional comments: presence of roots or oot holes, presence ' of mrca :
 gypsm, ete., surface coatings on coarse-grained particles, caving or .
oughlng of auger hole or. trench sides, difficulty in augering or excavating,

o APPENDIXES
(Nonmandatory Informatlon)

X1. EXAMPLES. OF VISUAL SOIL DESCRIPT IONS

o

X1 1 “The followmg examples show how the 1nformat10n
required in 16.1 can be reported. The information that is
1ncluded in descnptlons should be based on 1nd1v1dual circum-

X1:1. 1 Well-Graded Grayel wzth Sand ( GW)——About 75 %
fine. to: coarse;- haxd subangular gravel; about 25 % fine, to,
coarse, hard, subangulal sand;.tfrace of fines; maximum s1Ze 75
mm, brown, dry; no. reaction with HCI. N
D 45 2. Silty Sand with Gravel (SM. )—About 60 % predorm—
na.ntly fine sa.nd about 25 % silty ﬁnes with low plastlc1ty, low
dIy strength, rapid dilatancy, and low toughness; about 15 %
fine, hard, subrounded gravel, a few gravel-size particles
fractured” with' hammer  blow; maximum size, 25 mm; no
reaction with HCl (Note—Field sample size smaller than
recommended).

In-Place Conditions—Firm, stratified and contams lenses of

silt 1 to 2 in. (25 to .50 mm) thick, m01st brown to gray,
1n—place dens1ty 106 lb/ft3 in-place mo1sture 9 %.

..... 181 clas31ﬁcat10n clay, gravel organic soﬂs sand.
cIass1ﬁcat10n soil descnptmn, v1sua1 class1ﬁcat10n

w""

orafed into a d
irally occurring

* My,
X1 1 3 Organzc Sozl (OL/OH)—About 100% ﬁ_
low plast101ty, slow d11atancy, low dry stIength

B

ated by a slast
A borderl
nes is esti
hould be fi
a fine-grai)
: A borderl

I

'orga'mc and s11ty daIk brown nonplashc ﬁnes w1th
strength a.nd slow d11atér\cy_, wet; maximui size, co

i 1t
¢

rounded to subangular gravel; about 15 % ﬁne,
rounded t6 subangular sand; about’10 % silty nonpla:
moist, brown; no Ieactlon w1th HCl original field sal

in.. (450 mm)
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; sand
tion
1 The identification procedure. may be used as a
ptive system applied to materials that exist in-situ as
claystone, sandstone, siltstone, mudstone, etc., but con-
“soils after field or laboratory processmg (crushrng,
and the lrke)

FRE

ty-characteristics may be used in the description of the
al.-If desired an identiﬁcation using a group name and

‘The group symbol(s) and gioup names should be
quotation marks’ or noted with some type of distin-
ng symbol. See examples.

rorated into a descriptive system for materials that are not
occurring soils are as follows:

>

ce this practrce is based on estrmates of partrcle

borderline symbol may be used with the two symbols
ted by a slash For example SC/CL or CL/CH

ame. For example GP/SP, SC/GC, GM/SM It 1s:
impossible to have a soil that would have a
symbol of GW/SW

SW/SP

2

“Examples of how group names and symbols can be

LA borderlrne symbol may be used when the soil
ther be a silt or a clay. For example: CL/ML, CH/MH,
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X2. USING THE IDENTIFICATION PROCEDURE AS:A DESCRIPTIVE SYSTEM FOR SHALE, CLAYSTONE,
' SHELLS, SLAG, CRUSHED ROCK, AND THE LIKE

X24.1 Shale Chunks—Retrieved as 2 to 4-in. (50 to 100-
mm) pieces of shale from power auger hole, dry, brown, no
reaction with HCI. After slaking in water for 24 h, material
identified as “Sandy Lean Clay (CL)”; about 60 % fines with
medium plasticity, high dry strength, no dilatancy, and medium
toughness; about 35 % fine to medium, hard sand; about 5 %
gravel-size pieces of shale. ;

X2.4.2 Crushed Sandstone—Product of commercial crush-
ing operation; “Pootly Graded Sand with Silt (SP-SM)”; about
90 % fine to medium sand; about 10 % nonplastrc fines; dry,
reddish-brown.

X2.4.3 Broken Shells—About 60 % umformly graded
gravel-size broken shells about 30 % sand and sand—s1ze shell
pieces; about 10 % nonplastrc fines; “Poorly Graded Gravel
with Silt and Sand (GP-GM).”

X2.4.4 Crushed Rock—Processed from gravel and cobbles
in Pit No. 7; “Poorly Graded Gravel (GP)”; about 90 % fine,
hard, angular gravel-size particles; about 10 % coarse, hard,
angular sand-size particles; dry, tan; no reaction with HCL |

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

X3.1.5 A borderline. symbol may be used when .a fine-
grained soil has properties that indicate that it is at the
boundary between a soil of low compress1b1hty and a soil of
high compressibility. For example: CL/CH, MH/ML.

.X3.2 The order of the borderline symbols should reflect
similarity to surrounding or adjacent soils. For example; soils
in a borrow area have been identified as CH. One sample is
considered to have a borderline symbol of CL and CH. To

»show similarity, the borderline symbol should be CH/CL.

X3.3 The group name for a soil with a borderhne symbol
should be the group name for the first symbol, except for:
CL/CH lean to fat clay
ML/CL clayey silt
CL/ML silty clay

‘ X3"4 The use of a borderline symbol sheuld not be used

indiscriminately. Every effort shall be made to first place the
soil into a single group.

oy o =
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1

- X4.1:Jar Method—The relative percentage of coarse- and
fine-grained matetial may be estimated by thoroughly shaking
‘a mixture of soil and water:in:a test tube or jar, and then
.allowing:the mixture to settle. The coarse particles will fall to
the:bottom. and: successively finer particles will be deposited
with-increasing time; the sand sizes will fall out of suspension
i 20 to 30 s. The relative proportions can be estimated from
the relative volume of each size separate. This method should
be correlated to pa1t1cle—s1ze Tlaboratory detemnnauons

by o

'X42" Visial Method—Mentally visualize the gravel size
paltlcles placed in a sack (or other container) or sacks. Then,
do the saffie' with the sand sizé particles and the fines. Then,
mentally cd)mpaxe the number of sacks to estimate the percent-
ageof plus No. 4'sieve size and nnnus No 4 sieve size present.

X5 l “In somé cases, because of lack of space, an abbrevi-
ated system may be useful to indicate the soil classification

symbol and name. Examples of such cases would be graph1cal

logs, databases; tables; eic.

X5.2 This abbreviated system is not a substitute for the full
jame and’ descnpt1ve information but can be used in supple-
kmentaxy presentat10ns when the complete descnptlon 18 refer—‘
éncéd, #

XS 3 The abbreviated system should consist of the soil

classification symbol based on this standard with appropnate
lower‘fcase letter preﬁxes and suﬂixes as:

ETEE

- Tn accordance w1th Com.tmttee Dl8 policy, this section 1dent1ﬁes the locat10n of changes to th1s standaxd sm ¢
“the last ed1tlon (2000) that ; may impact the use of this standaId

(1) Revised footnote numbering in Reference Section.

ASTM International takes no position respecting the validity of any patent nghts asserted in connection with any item mentioned e ‘
. . inthis standard. Users of this standard are expressly advised that determlnat/on of the validity of any such patent r/ghts, and the risk
CLof /nfr/ngement of such r/ghts are entrrely their own responsibility. 2 !

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committes, which you may attend. If you feel that your comments have not recgived a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website .-

(www.astm.org).

* X4: SUGGESTED PROCEDURES FOR ESTIMATING THE PERCENTAGES OF GRAVEL, SAND,
AND FINES IN A SOIL SAMPLE -

X5. ABBREVIATED SOIL CLASSIFICATION SYMBOLS ‘ ’

- SUMMARY OF CHANGES

De:

The percentages of sand and fines in the minus sieéve si S._ta
4 material can then be est1mated from the wash test (X4; kil Fie
X4.3 Wash Test { for relatzve percentages of san This s
fines)—Select and moisten enough minus No. 4 siev ‘s origin:
material to form a 1-in (25-mm) cube of soil. Cut the cube supers
half/ set one-half to the side, and place the other half ina This s;

dish. Wash and decant the fines out of the material in th
until the wash water is clear and then compare the two s
and-estimate the percentage of sand and fines. Remembef
the percentage is based on weight not volume Howev'é

¥

Prefix: Suffix:
s = sandy s = with sand
g = gravelly g = with gravel

¢ = With. cobbles
b = with boulders

pa1enthes1s Some examples would be:
~ Group Symbol and Fuil Name

CL Sandy lean clay i
SP-SM, Poorly graded sand with silt and gravel

GP, poorly graded gravel thh sand cobbles and
boulders ’

ML, gravelly silt with sand and cobbles

(2) Revised classification example in X242 and X2

: M Internatio
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1.0 SCOPE AND APPLICATION

This Standard Operating Procedure (SOP) is applicable to the collection of representative
liquid samples, both aqueous and nonaqueous from streams, rivers, lakes, ponds, lagoons,
embayments, and surface impoundments. It includes samples collected from depth, as well as
samples collected at the surface.

20 METHOD SUMMARY

Sampling situations vary widely, and, therefore, no universal sampling procedure can be
recommended.

However, sampling of both aqueous and non-aqueous liquids from the above mentioned
sourcesis generally accomplished through the use of one of the following samplers or
techniques:

. Dip sampler

. Direct method

. Discrete Depth samplers; e.g., Kemmerer or Van Dorn bottles
. Peristaltic pumps

. Stormwater collection devices

These sampling techniques will allow for the collection of representative samples from
the majority of surface waters and impoundments encountered.

3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE
Once samples have been collected, follow these procedures:

Transfer the sample(s) into suitable labeled sample containers.

Preserve the sampleif appropriate, or use pre-preserved sample bottles.

Cap the container, put it in a Ziploc plastic bag and place it onicein acooler.
Record all pertinent data in the site logbook and on afield data sheet.
Complete the chain of custody form.

Attach custody seals to the cooler prior to shipment.

Decontaminate all sampling equipment prior to the collection of additional
samples.

NougkrwdpE

40 INTERFERENCESAND POTENTIAL PROBLEMS

There are two primary interferences or potential problems with surface water sampling.
These include cross-contamination of samples and improper sample collection.
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. Cross-contamination problems can be eliminated or minimized through the use of
dedicated sampling equipment. Another suitable method can be to work
collecting samples from low to high concentration, should this information be
available. If thisisnot possible or practical, then decontamination of sampling
equipment is necessary. Refer to SOP (#109), Sampling Equipment
Decontamination.

. Improper sample collection can involve using contaminated equipment,
disturbance of the stream or impoundment substrate, and sampling in an
obviously disturbed area.

Following proper decontamination procedures and minimizing disturbance of the sample

site will eliminate these problems.

5.0

6.0

EQUIPMENT/APPARATUS
Equipment needed for collection of surface water samples includes:

Dip sampler

Kemmerer or Van Dorn bottles

Line and messengers

Peristaltic pumps

Stormwater samplers

Sampl e collection bottles

Sample bottle preservatives

Ziploc bags

Ice

Cooler(s)

Chain of custody forms, field data sheets
Decontamination equipment

Maps/plot plan

Safety equipment

Compass

Tape measure

Survey stakes, flags, or buoys and anchors
Cameraand film

L ogbook/waterproof pen

Sample bottle labels

REAGENTS
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Reagents will be utilized for preservation of samples and for decontamination of
sampling equipment. Required preservatives are specified by the analysisto be performed.
Decontamination solutions are specified in SOP#109, Sampling Equipment Decontamination.

70 PROCEDURES
7.1  Preparation
1.

Determine the extent of the sampling effort, the sampling methods to be employed, and
which equipment and supplies are needed.

2. Obtain necessary sampling and monitoring equipment.

3. Decontaminate or preclean equipment, and ensure that it isin working order.

4, Prepare scheduling and coordinate with staff, clients, and regulatory agency, if
appropriate.

5. Perform a general site survey prior to site entry in accordance with the site-specific
health and safety plan.

6. Use stakes, flags, or buoys to identify and mark all sampling locations. If required,
the proposed locations may be adjusted based onsite access, property boundaries,
and surface obstructions.

7.2  Sampling Considerations

The physical location of the investigator when collecting a sample may dictate the
equipment to be used. If surface water samples are required, direct dipping of the sample
container into the stream isdesirable. Thisis possible, however, only from asmall boat, a pier,
etc., or by wading in the stream. Wading, however, may cause the re-suspension of bottom
deposits and bias the sample. Wading is acceptable if the stream has a noticeable current (is not
impounded), and the samples are collected while facing upstream. If the stream istoo deep to
wade, or if the sample must be collected from more than one water depth, or the sample must be
collected from a bridge, etc., supplemental sampling equipment must be used.

Repr esentative Samples

In order to collect arepresentative sample, the hydrology and morphometrics (e.g.,
measurements of volume, depth, etc.) of a stream or impoundment should be determined prior to
sampling. Thiswill aid in determining the presence of phases or layersin lagoons or
impoundments, flow patterns in streams, and appropriate sample locations and depths.

Water quality data should be collected in impoundments to determine if stratification is
present. Measurements of dissolved oxygen, pH, and temperature can indicate if strata exist
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which would effect analytical results. Conductivity and oxidation-reduction potential can also
assist in the interpretation of analytical data and the selection of sampling sites and depths
anytime surface water samples are collected. Measurements should be collected at 1-meter

(maximum) intervals from the substrate to the surface using an appropriate instrument, such asa
Hydrolab (or equivalent).

Generaly, the deciding factors in the selection of a sampling device for sampling liquids
in streams, rivers, lakes, ponds, lagoons, and surface impoundments are:

. Will the sample be collected from the shore or from a boat on the impoundment?
. What is the desired depth at which the sampleisto be collected?

. What is the overall depth and flow direction of river or stream?

. What is the chemical nature of the analyte(s) of concern? Do they float on the

water surface (collect by skimming the surface) or are they miscible (soluble) and
are more likely to be present at depths (collect sub-surface)?

Sampler Composition

The appropriate sampling device must be of a proper composition. Samplers constructed
of glass, stainless steel, PVC of PFTE (Teflon®) should be used based upon the analysesto be
performed. For example, devices which are free of metal surfaces should be used for collecting
samples for metal analyses.

7.3 SAMPLE COLLECTION

7.3.1 Dip Sampler

A dip sampler (Figure 1) is useful for situations where a sampleisto be recovered from
an outfall pipe or aong alagoon bank where direct accessislimited. The long handle on such a
device allows access from a discrete location. Sampling procedures are as follows:

1.
Assembl e the device in accordance with the manufacturer’ s instructions.
2. Extend the device to the sample location and collect the sample.
3. Retrieve the sampler and transfer the sample to the appropriate sample container.

7.3.2 Direct Method

For streams, rivers, lakes, and other surface waters, the direct method may be utilized to
collect water samples from the surface. This method is not to be used for sampling lagoons or
other impoundments where contact with contaminants are a concern.
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Using adequate protective clothing, access the sampling station by appropriate means.
For shallow stream stations, the sampler should face upstream and collect the sample
without disturbing the sediment. Surface water samples should always be collected prior to a
sediment sample at the same location. The collector submerses the closed sample container,
opens the bottle to collect the sample and then caps the bottle while sub-surface. The collection
bottle may be rinsed two times by the sample water. For lakes and other impoundments, collect
the sample under the water surface avoiding surface debris and the boat wake.

When using the direct method, do not use pre-preserved sample bottles as the collection
method may dilute the concentration of preservative necessary for proper sample preservation.

7.3.3 Discrete Depth Samplers

When discrete samples are desired from a specific depth, and the parametersto be
measured do not require a Teflon® coated sampler, a standard Kemmerer or Van Dorn sampler
may be used. The Kemmerer sampler is abrass cylinder with rubber stoppers that |eave the ends
of the sampler open while being lowered in a vertical position, thus allowing free passage of
water through the cylinder. The Van Dorn sampler is plastic and is lowered in a horizontal
position. In each case, a messenger is sent down arope when the sampler is at the designated
depth, to cause the stoppers to close the cylinder, which isthen raised. Water isremoved
through a valve to fill respective sample containers. With a rubber tube attached to the valve,
dissolved oxygen sample bottles can be properly filled by allowing an overflow of the water
being collected. With multiple depth samples, care should be taken not to stir up the bottom
sediment and thus bias the sample.

1 Using a properly decontaminated Kemmerer or Van Dorn bottle, set the sampling
device so that the sampling end pieces are pulled away from the sampling tube,
allowing the water to be sampled to pass through this tube.

2. Lower the pre-set sampling device to the predetermined depth. Avoid bottom
disturbance.

3. When the discrete sampler bottleis at the required depth, send down the messenger,
closing the sampling device.

4, Retrieve the sampler and discharge the first 10 to 20 mL to clear any potential
contamination on the valve. Transfer the sample to the appropriate sample
container.

5. Be sureto use specia attachments available on some discrete samplers to distribute
small volumes at low flow rates; e.g., VOCs at 100 to 200 mL/ min.

7.3.4 Peristaltic Pump Samplers
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Another device that can be effectively used to sample awater column is the peristaltic
pump/vacuum jug system. The use of ametal conduit to which the tubing is attached, allows for
the collection of avertical sample (down to about a 25 foot depth) which is representative of the

water column. Commercially available pumps vary in size and capability, with some being
designed specifically for the ssmultaneous collection of multiple water samples.

The battery-powered “1SCO” sampler is one such peristaltic pump. It isdesigned to
collect discreet samples into 24 polyethylene or glass bottles at preset intervals. Some ISCO
models can be configured to collect samplesinto asingle container. To operate the compositor:

1 Place collection jars in appropriate positions in compositor. Add ice.

2. Connect sample hose and strainer and position in waste stream.

3. Adjust bottle positionto ‘1.

4, Adjust head, tube lengths and width to appropriate settings.

5. Set sample volume; e.g., approx. 300 mL.

6. Set time interval to 60 minutes.

7. Check that pump is functioning in ‘forward' position.

8. Turn switch to auto.

0. After first sampleis collected, check to see that an adequate volume was collected.
10.  Placelid on ISCO and place custody seals over the closures so that no tampering
occurs.

11. If the sampler isnot in a secure area, secure the sampler with lock and chain.

7.3.5 Stormwater Samplers

Recently, commercial stormwater samplers have become available. These samplers
collect a“first flush” samplein one bottle and a“time weighted” composite sample in the second
bottle. Typically the composite sampler is set (by the user) to take a 200 mL sample every 10
minutes until the composite sample bottleisfull. Thusit isactually two separate samplersin
one; designed to meet the regulatory guidelines. It can be triggered (by sensor) to begin
collecting samples by either rainfall or water level increase.

1.

Set the Sampler in an upright position.

2. Be sure the water sensor is plugged into the jack on the lower right side of the
control panel.

3. Check to be sure the two float switches in the bottle cap are properly connected.
Plug the lead from the bottle cap into the socket on the bottom of the controller
housing.

4, Remove the battery charger from the sampler enclosure.

5. Turn on the sampler with the toggle switch on the right side of the controller

enclosure.
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Press the right side sampler button to activate the right side sample pump.

Press the left side sampler button to activate the left side sample pump.

Check to be sure the sample pumps af fully charged.

Verify the sample size to be collected once the storm sampler has been set up. Itis
dependent upon the vertical distance between the water and the sampler.
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8.0 CALCULATIONS
This section is not applicable to this SOP.
9.0 QUALITY ASSURANCE/QUALITY CONTROL

There are no specific quality assurance activities which apply to the implementation of
these procedures. However, the following general QA/QC procedures apply:

. All data must be documented on field data sheets or within site logbooks.

. All instrumentation must be operated in accordance with operating instructions as
supplied by the manufacturer, unless otherwise specified in the work plan.
Equipment checkout and calibration activities must occur prior to
sampling/operation and they must be documented.

10.0 DATA VALIDATION
This section is not applicable to this SOP.
11.0 HEALTH AND SAFETY

When working with potentially hazardous materias, follow U.S. EPA, OSHA and
specific health and safety procedures.

More specifically, when sampling lagoons or surface impoundments containing know or
suspected hazardous substances, take adequate precautions. The sampling team member
collecting the sample should not get too close to the edge of the impoundment, where bank
failure may cause him or her to lose their balance. The person performing the sampling should
be on alifeline and be wearing adequate protective equipment. When conducting sampling from
aboat in an impoundment or flowing waters, follow appropriate boating safety procedures.
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STANDARD OPERATING PROCEDURE

STREAMFLOW MEASUREMENT

Compiled by Forrest John
United States Environmental Protection Agency
Region 6, Dallas, Texas

Introduction

For sites where a flow measurement is
necessary, always measure flow, read the
USGS flow gage, or obtain a flow value at a later
date from the USGS. Measure and record flow
after recording visual observations. Do not
collect water samples in the area disturbed
during a flow measurement. At sites with a
USGS flow gage, observe and record the gage
height to the nearest hundredth of a foot in the
field logbook. Contact the office responsible for
the gage and obtain the flow (in cubic feet per
second) that corresponds to the gage height. If
there is any doubt about the accuracy of the
gage-height reading, sampling personnel should
measure the flow if possible. USGS gage
heights can be measured by one of the three
methods: staff gage, wire weight, or bubble
gage. Staff gages are black and white steel
plates with the appearance of large measuring
tapes bolted to a stable structure. Gradations in
feet, tenths of a foot, and two-tenths of a foot
should be recorded (where the water level hits
the gage) to the nearest hundredth of a foot.
Wire-weight gages house a weight attached by
wire cable to a graduated reel (gradations are
tenths and hundredths of a foot) with a counter
at one end. The weight should be lowered to
touch the surface of the water (causing a slight
ripple). At that position, the counter value should
be recorded to the nearest whole number and
the point indicated by the stylus on the
graduated reel to the nearest hundredth of a
foot. The wire-weight gage could be a movable
type to accommodate braided streams. If the
gage needs to be moved, use the correction
value on the bridge near the repositioned gage
location.

Bubble gages are installed in USGS gage
houses, which are locked with a USGS key. The
bubble gage uses a data logger attached to a
pressure transducer system to indicate gage
height in feet. Gage houses can also contain
stilling wells with staff gages on the inside wall of
the well. If no nearby USGS flow gages can be
accessed to determine streamflow, personnel
should measure flow. A summary description of

the conventional current-meter flow-
measurement procedure is included here for
general guidance (mid-section method to
determine discharge). A current-meter
measurement is the summation of the products
of individual subsection areas of the stream
cross section and their respective average
velocities. In the mid-section method of
computing a flow measurement, it is assumed
that the velocity sample at each vertical
represents the mean velocity in the individual
subsection areas.

Streamflow Measurement

Flow-measurement equipment required includes:
(1) current meter or flowmeter, (2) top-setting
wading rod (marked in tenths of a foot), and (3)
tape measure or tagline (marked in tenths of a
foot). The current meter or flowmeter brands or
equivalent can be: Marsh-McBirney electronic,
Montedoro-Whitney electronic, Price pygmy
(with timer and beeper), Price meter, Type AA
(with Columbus weight) or YSI FlowTracker
Handheld ADV.

Determining the Number of Flow Cross
Sections

The first step in streamflow measurement is
selecting a cross section across the total width of
the stream. Select a straight reach where the
streambed is uniform and relatively free of
boulders and aquatic growth. The flow should be
uniform and free of eddies, dead water near
banks, and excessive turbulence. Determine the
width of the stream by stringing a measuring
tape from bank to bank at right angles to the
direction of flow. Next, determine the spacing or
width of the verticals. Space the verticals so
that no subsection has more than 10 percent
of the total discharge. If the stream width is
less than 5 ft, use vertical spacing widths of 0.5
ft. If the stream width is greater than 5 ft, the
minimum number of verticals is 10 to 25. The
preferred number of verticals is 20 to 30.

Determining the Mid-Point of the Cross
Section



To determine the mid-point of a cross section, for
example, divide the cross section width in half, if
the total stream width is 26 feet with 20 cross
sections and each cross section width is equal to
1.3 feet. Divide 1.3 feet in half and the mid-point
of the first section is 0.65 feet. In this example,
the tape at waters edge is set at zero feet. By
adding 0.65 to zero, the mid-point of the first
section is 0.65 feet. Each subsequent mid-point
is found by adding the section with (1.3 feet) to
the previous mid-point. For example, the first
mid-point = 0.65+0.0 = 0.65 feet; the second
mid-point = 0.65+1.3 = 1.95 feet; the last
midpoint = 24.05+1.3 = 25.35 feet.

Adjusting the Sensor Depth at a cross
Section

Adjust the position of the sensor to the correct
depth at each mid-point. The purpose of the top
setting wading rod is to allow the user to easily
set the sensor at 20%, 60% and 80% of the total
depth. The total depth can be measured with the
depth gauge rod (see Figure 2). Each single
mark represents 0.10 foot, each double mark
represents 0.5 foot, and each triple mark
represents 1.00 foot.

Depths < 2.5 Feet: If the depth is less than 2.5
feet, only one measurement id required at each
measurement section. To set the sensor at 60%
of the depth, line up the foot scale on the sliding
rod with the tenth scale on the top of the depth
gauge rod. For example, if the total depth is 2.0
feet, then line up the 2 on the foot scale with the
0 on the tenth scale.

Depths >2.5 Feet: If the depth is greater than
2.5 feet, two measurements should be taken at
20% and 80% of the total depth. To set the
sensor at 20% of the depth, multiply the total
depth by two. For example, the total depth is 2.7
feet the rod would be set at 5.4 feet. Line up the
5 on the foot scale and the 4 on the tenth scale.

To set the sensor at 80% of the depth, divide the
total depth by two. For example, the total depth
is 2.7 feet the rod would be set at 1.35 feet. Line
up the 1 on the foot scale with the 0.35 on the
tenth scale. The average of the two velocity
measurements is used in the flow calculation.

Measuring Velocity

The wading rod should be kept vertical and the
flow sensor kept perpendicular to the tape rather

than perpendicular to the flow while measuring
velocity with an electronic flowmeter. When
using a pygmy meter, the instrument should be
perpendicular to the flow. Move to the next
vertical and repeat the procedure until you reach
the opposite bank.

Calculating Flow

Once the velocity, depth, and distance of the
cross section have been determined, the mid-
section method can be used for determining the
discharge (formula in fig. 1). Compute the
discharge in each increment by multiplying the
averaged velocity or single velocity in streams
less than 2.5 ft deep in each increment by the
increment width and averaged depth (or single
depth in streams less than 2.5 ft deep). (Note
that the first and last increments are located at
the edge of the stream and have a depth and
velocity of zero.) Add the discharges for each
increment to compute total stream discharge.
Record the flow in liters (or cubic feet or cubic
meters) per second in your field book.
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Q = discharge, D = depth, V = velocity, W = width (Rantz and others, 1982)

Figure 1. Stream cross section illustrating mid-section method to determine
discharge.



Stream

STREAM FLOW (DISCHARGE) MEASUREMENT FORM

Date

Station Description

Time Begin

Time Ended

Meter Type

Observers

Stream Width'

Section Width

Observations

Section
Midpoint
(ft)(m)

Section
Depth
(ft)(m)(cm)

Observational
Depth?
ft-m-cm

Velocity

At Point
(ft/s) (m/s)

Average
(ft/s) (m/s)

Area W x D
(ft*) (m?)

Flow (Q)
VxA
(m¥s) (ft%)

Total Discharge (ZQ)(ft%/s)

'Make a minimum of 10 measurements when the total width is > 5.0 ft., 20 measurements preferred.
*Measure at 60% of depth from surface where < 2.5 ft. deep. Measure at 20% and 80% of depth in waters > 2.5 ft. deep.




Table 2. General Guidelines for selecting equipment on the basis of construction material and target analyte(s)

[/, generally appropriate for use shown; Si, silica; Cr, chromium; Ni, nickel; Fe, iron; Mn, manganese; Mo, molybdenum; CFC,

chlorofluorocarbon; B, boron]

Material

Fluorocarbon ploymers? (other
varies available for differing
applications)

Construction material for sampling equipment

Description

Target analyte(s)

Inorganic

Plastics?

Chemically inert for most
analytes

v

(potential source of fluoride)

Organic

v

(Sorption of some organics)

greatest corrosion resistance.
Comes in various grades.
Used for submersible pump
casing.

(Potential source of Cr, Ni, Fe,
and possible Mn and Mo)

Do not use for surface water
unless encasted in plastic.

Polypropylene Relatively inert for inorganic 4
analytes (not appropriate for Hg) Do notuse
Polypropylene (linear) Relatively inert for inorganic v
analytes (not appropriate for Hg) Do notuse
Polyvinyl chloride (PVC) Relatively inert for inorganic 4 Do not use
analytes (not appropriate for Hg)
Silicone Very porous. Relatively inert v Do not use
for most inorganic analytes (potential source of Si)
Metals
Stainless steel 316 (SS 316) SS-316-metal having the v v

Do not use if corroded?®

Stainless steel 304

Similar to SS-316, but less

v

Glass, borosilicate (laboratory
grade)

Relatively inert. Potential
sorption of analytes

v

Do not use for trace element
analyses.
Potential source of B and Si

corrosion resistant Do not use
Do not use if corroded?®
Other metals: brass, iron, Refrigeration-grade copper or v
copper, aluminum, galvanized  aluminum tubing are used b ¢
i i 0 not use
and carbon steels routlnlely for collection of CFC Routinely used for CFCs
samples Do not use if corroded?®
Glass

!Plastic used in connection with inorganic trace-element sampling should be uncolored or white. Tubing used for trace metal

sampling should be cleaned by soaking in 5-10 percent HCI solution for 8-24 hours, rinsing with reagent water (metals

free) and allowed to air dry in mercury-free environment. After drying, the tubing is doubled-bagged in clear
polyethylene bags, serialized with a unique number, and stored until used.
2 Fluorocarbon polymers include materials such as Teflon™, Kynar™, and Tefzel™ that are relatively inert for sampling
inorganic or organic analytes. Only fluoropolymer should be used for samples that will analyzed for mercury because
mercury vapors can diffuse in or out of other materials, resulting in either contaminated or biased results.
3 Corroded/weathered surfaces are active sorption sites for organic compounds.




Table 3. Summary of grab sample collection methods, preservation, storage and handling requirements

PARAMETERS CONTAINERS SAMPLE PRESERVATION MAXIMUM HOLDING
VOLUME (mL) TIME
WATER

ROUTINE WATER SAMPLE

Alkalinity Cubitainer or Glass 100 Cool to 4 °C, dark 14 days
Total Suspended Cubitainer or Glass 400 Cool to 4 °C, dark 7 days
Solids/Suspended Solids
Chloride (CI) Cubitainer or Glass 100 None required 28 days
Sulfate (SO,) Cubitainer or Glass 100 Cool to 4 °C, dark 28 days
Orthophosphate (OPO,) Cubitainer or Glass 150 Filter ASAP; Cool to 4 48 hours
°C, dark
Nitrate + Nitrite (NO,; + NO,) Cubitainer or Glass 150 1-2 mL conc. H,SO, to 28 days
pH <2, and
Cool to 4 °C, dark
Ammonia (NH,) Cubitainer or Glass 150 1-2 mL conc. H,SO, to 28 days
pH <2, and
Cool to 4 °C, dark
Total Phosphorus (TPO,) Cubitainer or Glass 150 1-2 mL conc. H,SO, to 28 days
pH <2, and
Cool to 4 °C, dark
Total Organic Carbon (TOC)  Cubitainer or Glass 100 1-2 mL conc. H,SO, to 28 days
pH <2, and

Cool to 4 °C, dark

Chlorophyll a Quart cubitainer 1,000 Cool to 4 °C, dark Filter 48 hours
Filters may be stored
frozen up to 30 days

Nitrite Quart cubitainer 50 Cool to 4 °C, dark 48 hours
Total Dissolved Solids Quart cubitainer 250 Cool to 4 °C, dark 7 days
Hardness Quart cubitainer 250 2 mL conc. HNO, to 6 months
pH<2; Cool to 4 °C,
dark
OR

2 mL conc. H,SO, to pH
<2; Cool to 4 °C, dark

ROUTINE WATER SAMPLE COLLECTION PROCEDURE

oLabel container before collection with a uniqgue sample identifier number, Station Location, Date and Sample Type

oPlace an X on the container lid to identify the acidified sample.

-Open containers by pulling apart. Pre-rinsing cubitainers with ambient water is not necessary.

oFill each container with ambient water by submerging container approximately one foot below the surface mid-stream until filled.
oPlace sample on ice immediately. Acidify the X container as soon as possible.

oPlace on ice and ship as soon as possible.

Table 3. Summary of grab sample collection methods, preservation, storage and handling requirements—Continued



PARAMETERS CONTAINERS SAMPLE PRESERVATION MAXIMUM HOLDING
VOLUME (mL) TIME
WATER
NON-ROUTINE WATER SAMPLES
OIL AND GREASE Glass container with 1,000 2 mL conc. H,SO, to pH 28 days
teflon lined lid rinsed <2; cool to 4 °C, dark
with hexane or
methylene chloride
PHENOLS Glass container with 1,000 2 mL conc. H,SO, to pH 28 days
teflon lined lid <2; cool to 4 °C, dark
BIOCHEMICAL OXYGEN Gallon cubitainer > 4,000 Cool to 4 °C; add 1g 48 hours
DEMAND FAS crystals per liter if
residual chlorine
present
CHEMICAL OXYGEN Quart cubitainer 110 2 mL conc. H,SO, to pH 28 days
DEMAND <2; cool to 4 °C, dark
METALS-IN-WATER
DISSOLVED HNO, cleaned quart 1,000 Filter at sample site 6 months
(except Hg) plastic container with 0.45 micron in-line
filter® into ultra-pure?
HNO, preacidified
container to pH<2
DISSOLVED MERCURY HNO, cleaned quart 1,000 Filter at sample site 28 days
plastic container with 0.45 micron in-line
filter* into ultra-pure?
HNO, preacidified
container to pH<2
TOTAL HNO, cleaned quart 1,000 Preacidified container 6 months
(except Hg) plastic container with 5 mL ultra-pure?
HNO, to pH<2
TOTAL MERCURY (Hg) HNO, cleaned quart 600 Preacidified container 28 days
plastic container with 5 mL ultra-pure?
HNO, to pH<2
HEXAVALENT CHROMIUM Plastic or glass 600 Cool to 4 °C, dark 24 hours; must notify

(filtered)

DISSOLVED METALS (includes Hexavalent Chromium)
oPut on powder-free latex, polyethylene, or vinyl gloves using Clean Hands/Dirty Hands technique.

oAssemble pump?®, tubing, and filter.

METALS-IN-WATER SAMPLE COLLECTION PROCEDURES

olmmerse intake tubing directly into water 1ft. and pump approx. 500 mL of ambient water to flush tubing and filter.
oFill precleaned, preacidified container with 600-1,000 mL of filtrate leaving some head space.

TOTAL METALS

oPut on powder-free latex, polyethylene, or vinyl gloves using Clean Hands/Dirty Hands technique.
oAssemble pump, and tubing without filter.
olmmerse intake tubing directly into water 1ft. and pump approx. 500 mL of ambient water to flush tubing
oFill precleaned, preacidified container with 600-1,000 mL of filtrate leaving some head space.

NOTES

lab in advance

*Capsule Filter: 15 mm diameter or larger, tortuous path capsule filters, Gelman Supor™ 12175, or equivalent (Ref. EPA Method 1669).

2Nitric Acid, Ultra-pure, commercially known as Ultrex™, Ultrapure Reagent.

3Pump and pump apparatus—Required for use with the container method. Peristaltic pump—-115 a.c., 12 volt d.c., internal battery, variable speed,
single head, Cole-Parmer, portable, Masterflex L/S™, Catalog No. H-07570-10 drive with Quick Load pump head, Cat. No. H-07021-24, or
equivalent (Ref. EPA Method 1669).




Table 3. Summary of grab sample collection methods, preservation, storage and handling requirements—Continued

PARAMETERS CONTAINERS SAMPLE PRESERVATION MAXIMUM HOLDING
VOLUME (mL) TIME

ORGANICS/PESTICIDES-IN-WATER

VOLATILE ORGANICS Two 40-mL VOA vials 80 Cool to 4 °C, dark; or 2- 14 days
(VOA) 4 drops* HCl to pH<2,
cool to 4 °C, dark for
BTEX
ORGANICS 1,000 Cool to 4 °C, dark 7 days until extraction
1-at. dl i and 40 days after
PESTICIDES & HEBICIDES Wi?h'tgf?j: ﬁﬁgde}:geger Each sample  If chlorine is present, extraction
Organophosphorus Pesticides sample type; must be type requires add 0.1 g sodium
Organochlorine Pesticcides prerinsed with hexane, 1,000 mL in a thiosulfate
Chlorinated Herbicides acetone, or methylene separate
Chloride Containel’

SEMI-VOLATILE ORGANICS

ORGANICS-IN-WATER COLLECTION PROCEDURES

1 abel each container before collection with tag no./uniqgue sample identifier number, Station Location, Date, and “ORGANICS:
Organophosphorus Pesticides, Organochlorine Pesticides, or Chlorinated Herbicides” or “SEMI-VOLATILE” (depending on the
sample type).

oFill to the top. Putin dark and on ice.

oFill quart container(s) to the top. Put in dark and on ice.

BIOLOGICAL

TOXICITY IN WATER Two 1-gallon 8,000 mL Cool to 4 °C, dark 36 hours
cubitainers

TOXICITY SAMPLE COLLECTION PROCEDURES

WATER

oLabel containers before collection with Station Location, Date, and Sample Type.

~Open cubitainer by pulling apart. Pre-rinsing cubitainers with ambient water is not necessary.

oFill each container with ambient water by submerging container approx. 1-ft. below the surface mid-stream until filled.

oPlace on ice and ship as soon as possible.

NOTES

Prior to preserving with HCI, discuss with laboratory personnel; preserved samples may cause damage to analytical equipment. If
sample is analyzed within 48 hours, preservation may not be required.
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Scope and Application

1.1

1.2

This standard operating procedure must be followed when collecting and storing samples
for laboratory analysis.

Samples must be collected in such a way that no foreign material is introduced into the
sample and no material of interest escapes from the sample prior to analysis.

Summary of Procedure

2.1  Acquire sample containers (Refer to Sample Submission SOP # GP007).
2.2 Do all necessary preparation prior to sampling.
2.3  Assemble all equipment (see 4. Equipment and Supplies).
2.4 Collect QA samples.
2.5  Perform field analyses.
2.6 Obtain samples using dip sampler and certified clean collection bottle.
2.7  Store samples at 4°C.
2.8  Submit samples to laboratory (Refer to Sample Submission SOP # GP007).
Comments
3.1 If sample bottles are requested, the 29 Palms Laboratory provides only certified clean
containers.
3.2 Samples collected by/for the 29 Palms Tribal EPA will use only certified clean collection
bottles, including the dip sampler collection bottle.
3.3  These are the sample bottles and preservatives previously received and recommended for
each of the following analyses:
3.3.1 Volatile Organic Carbon- (2) 40 mL amber glass vials containing HCI
3.3.2 Microbiology- 100 mL sterile HDPE containers with sodium thiosulfate tablet
3.3.3 Metals- 500 mL HDPE bottle containing HNO3
3.3.4 Physical Properties- 500 mL HDPE bottle
3.3.5 Total Organic Carbon- 100 mL amber glass containing H2SO4
3.3.6 General Minerals- 1000 mL HDPE bottle
3.3.7 Cyanide- 500 mL HDPE bottle containing NaOH
3.3.8 Radionuclides- (2) 1000 mL HDPE bottles containing HNO3
3.3.9 Organophosphorus/Organochlorine Pesticides- 1000 mL amber glass
3.3.10 Methylcarbamate Pesticides- 1000 mL amber glass (containing chloroacetic acid for
EPA method 8318)
3.4 Disturbance of the sample site is to be avoided and samples should be collected facing
upstream.
3.5  The safety of the sampler must be considered when hazardous substances may be present.

Samplers will wear gloves during sampling and are required to wash hands immediately
following their return from the field.
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Equipment/Supplies
Equipment that is necessary for the collection of surface water samples includes:

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17
4.18
4.19
4.20
4.21
4.22
4.23
4.24
4.25

4.26
4.27
4.28
4.29

Folding chairs

Folding table

Canopy

Tape measure (25 ft.)

Dip sampler with certified clean HDPE 900 mL collection bottle
pH meter with probe

pH standards (4.00, 7.00, 10.00 + 7.00 for ICV/CCV)
Conductivity meter with probe

Conductivity standards (100, 1000 and 10, 000 + 1000 for ICV/CCV- uS/cm)
Batteries (9 volt and AA)

Kimwipes

2 deionized (dI) water bottles

6 250 mL beakers

3 boxes dI water

1 L sterile water

Sample bottle set

Waste water container

Ice chests with frozen blue ice

Latex gloves

Ziploc bags

Packing material

Trash bag

GPS unit

Camera

Logbooks

4.25.1 Surface Water Monitoring

4.25.2 Sample Collection

4.25.3 GPS

4.25.4 HACH pH Meter

4.25.5 VWR EC Meter/HACH Conductivity Meter

2 Waterproof (Sharpie) pens and 2 black ink writing pens
Chain of Custody forms

Sample Team box

Water or Gatorade in cooler
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Procedure

5.1  Prior to sampling, obtain sample bottle set from laboratory or laboratories (see SOP
#GPO007 Laboratory Sample Submission).

5.2  Notify sampling personnel of sampling event plan (date and location).

5.3  Take inventory of standards for field analyses (pH, conductivity, turbidity and dissolved
oxygen).

5.4  Order standards if necessary.

5.5  Take inventory of deionized (dI) water and gloves. Order if necessary.

5.6 Organize sample bottles, labeling each appropriately with indelible marker.

5.7  Each label should include the following information:

5.8  Client name and analyte for which analysis requested.

5.9  Unique sample number and description, including whether it is a grab or composite.

5.10 Date and time of sampling (completed in the field with a permanent marker).

5.11 Initials of sampler (completed in the field with a permanent marker).

5.12 Place colored tape on lids of field blanks and equipment blanks to identify these bottles to
be filled with dI water (sterile dI for microbiology samples).

5.13 Verify presence of preservatives in bottles (see 3.3).

5.14 Enter all relevant information in Sample Collection Logbook #32A.

5.15 Enter all relevant information in laboratory Chain of Custody form(s).

5.16 Prepare sterile water by autoclaving dI water in | L glass bottle for 30 minutes (see SOP
#MP0O01 Autoclave Operation).

5.17 Arrangements with laboratories must be made to transfer samples collected.

5.17.1 Applied Physics and Chemistry Laboratories (APCL) samples are delivered to
Beaumont, where samples are relinquished to a courier within 6 hours of collection
if micro samples are included.

5.17.2 Agriculture Priority Pollutants Laboratories (APPL) samples are shipped via
Federal Express.

5.18 Load red trailer with equipment (see 4.0).

5.19 Purchase Gatorade and batteries for meters if necessary.

5.20 On the day of sampling, prior to departure, prepare ice chests with frozen blue ice to keep
samples at 4° from the time of sampling until they are received by laboratory.

5.21 Once at site, collect GPS data on sample collection location (refer to SOP #SP003 GPS
Data Collection) and record in GPS logbook according to Field Record Template for
Surface Water Sampling.

5.22 Collect flow rate data and record in Surface Water Monitoring Logbook #21A according to
Field Record Template for Surface Water Sampling.

5.23 Set up analysis station, making sure all instrumentation is in the shade.

5.24 Calibrate field analysis meters: pH, conductivity, turbidity and dissolved oxygen (if

applicable- see SOP associated with analysis).
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5.25

5.26

5.27

5.28

5.29

5.30
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Collect field blanks by pouring dI water directly into sample collection bottles designated

for that purpose, using sterile dI water for micro.

5.25.1 Field blanks are included to account for anything in the immediate environment
(contaminants, airborne particulates, etc.) that could affect sample results.

Collect equipment blanks by first pouring dI water into dip sampler collection bottle, then

into sample collection bottle, using sterile dI water for micro.

5.26.1 An equipment blank is a sample consisting of reagent grade water poured into the
transfer bottle prior to sampling, collected and submitted for analysis so that any
contamination present in the bottle can be accounted for.

Analyze surface water sample using calibrated meters, recording results in Surface Water
Monitoring Logbook #21A according to Field Record Template for Surface Water
Sampling.

Record all other information included in Field Record Template for Surface Water
Sampling into Surface Water Monitoring Logbook #21A.

Grab samples of surface water will be collected using the following method:

5.29.1 Do not rinse sample bottle prior to sample collection.

5.29.2 Collect samples in containers provided, filling nearly full without overflowing.

5.29.3 Samples of surface water should be collected from flowing, not stagnant water, if
possible.

5.29.4 If the sample site does not have a current, be careful not to disturb sediment.

5.29.5 Using the dip sampler and collection bottle, carefully place bottle in current facing
upstream and allow filling.

5.29.5.1 If there is no current, create a current artificially by pushing the bottle
forward horizontally.
5.29.5.2 For shallow waters, such as streams, springs, seeps or other types of
discharges, attempt to sample the water without touching any solids.

5.29.6 Carefully remove cap of sample bottle, avoiding contamination by hands or
particles in air by holding on outside surface with inside surface facing down.

5.29.7 Collect sample by carefully pouring out contents of collection bottle into sample
bottle.

5.29.8 Replace cap and store at 4°C in closed ice chests containing frozen blue ice.

5.29.9 Send to laboratory within 6 hours if microbiological samples were collected. (Refer
to Sample Submission SOP- GP007 for more instructions)

Composite samples of surface water may be collected using the following method:

5.30.1 Following the collection of an equipment blank (see 5.22), a single bottle is used to
collect the sample portions over a period of time or over a specified area.

5.30.2 Repeat the collection using the same bottle each time, being careful to avoid
contamination.

Bibliography

6.1
6.2

29 Palms Laboratory Quality Assurance Plan, Section 7.
U.S. EPA Region 9 Laboratory Field Sampling Guidance Document #1225.
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1. Purpose
1.1. In conjunction with water quality testing, stream gaging provides hydrologic information about
local surface waters that may prove useful in many ways. Possible usesinclude:
e Characterizing current water-quality conditions
e Determining input rates of various pollutants into lakes, reservoirs, or estuaries
e Computing the loads of sediment and chemical constituents
¢ Understanding biological effects of contamination
e Setting permit discharge requirements of treated wastewaters
e Setting minimum flow requirements for meeting aquatic life goals
¢ Developing, maintaining, or operating recreational facilities
e Evaluating surface and ground water interaction
¢ Undertaking scientific studies of long-term changes in the hydrologic cycle

1.2. Stream gaging in the field involves measurement of the stream velocity (based on the
revolutions of the stream gage) for each cross-sectional segment of the stream, and compilation
of each segment’ s velocity over the entire width of the stream.

1.3. As with any scientific or mathematical endeavor, the precision and accuracy of the results is
only as reliable as the precision and accuracy of the data. Reliable stream gage data is
dependent on the care and consistency field personnel apply to their field stream gaging
techniques. This Standard Operating Procedure for stream gaging has been prepared to provide
a degree of Quality Assurance and ensure the acquisition of reliable stream flow data by field
personnel.

2. Intended Use and Limitations

2.1. This SOP was prepared for use as part of the Whitewater River Monitoring Project (project)
being conducted by the Tribal EPA of the Twenty-nine Palms Band of Mission Indians.

2.2. It was specifically prepared for use at various locations within the lower portion of the
Whitewater River, from approximately the location of the CoachellaValley Sanitary District
Wastewater Treatment Plant to the mouth of the Whitewater River at the Salton Sea.

2.3. This SOP is designed for use with the equipment available to the Tribal EPA on this project,
notably the Rickly Model 6200 USGS Type AA Current Meter, the Rickly Model 6205 USGS
Pygmy Meter, the companion AquaCalc 5000 Basic Stream Flow Computer, and associated
accessories.

2.4. If adifferent stream gaging system is used, the specific operating procedures described in this
SOP for the stream gaging equipment will not apply.

3. Preparation
3.1. Prior to leaving for the field site, preparations should be made which anticipate weather, safety,
equipment, and other supply needs.
3.2. In addition to apparel appropriate to the climate, the following should be packed for transport to
the site.

4. Equipment
e Current Meters (2 — Rickly Type AA and Rickly Pygmy)
e Top Set Wading Rod Assembly
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¢ Sounding weight and hand line assembly, including sounding weight hanger
e Extrabolts, pins, and pivots

¢ AguaCalc 5000 Basic Stream Flow Computer

e Extra 9 volt battery

e Field copy of SOP for Stream Gaging including Figures and A ppendices

e GPS unit

e Digital camera (optional)

e Flat head screwdriver

e Severa (4to 6) 36" to 48" metal stakes

e Hammer (2 pound+)

e Length of rope long enough to accommodate width of the stream, plus 20 feet
¢ Reel tape measure long enough to accommodate width of the stream

e Second measuring tape with weight tied to one end (for bridge gaging)

¢ Incrementally marked depth rod that exceeds maximum depth of stream (for boat gaging)
e Two small tarps

e Clipboard

e Calculator

e Duffel bags or backpacks for equipment and supplies

e Chair

5. Consumable Supplies
e Several dozen zip ties and cutter
¢ Blank datalog forms (Appendices A-1 and A-2)
e Waterproof pens

6. Safety Gear/Decontamination Supplies

o Waterproof gloves

e Waterproof boots and/or waders (preferably with steel soles)

¢ Protective eyewear

¢ One length of rope to be used as a safety line

e 1-gallon multi-sprayer bottle (with spray wand) filled with a 0.001% bleach/water
decontamination solution

e 1-gallon multi-sprayer (with spray wand) filled with tap water for rinsing equipment and
gear following decontamination.

e 1-galon multi-sprayer bottle (with spray wand) filled with distilled water for rinsing
equipment and gear following decontamination

e Small plastic tarp

e Lightweight ladder for stream access

¢ Personal Floatation Device (if the water is more than knee deep or moving quickly)

e Drinking water

e Sunscreen lotion

* Bug spray

e Umbrella (optional)
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7. Personnel

7.1. A well-organized team need not be extensive, but safety should be the first consideration in
determining the number of personnel needed at a site.

7.2. A minimum of a current meter technician (CMT) and a Data Recorder (DR) are recommended.

7.3. In the cases of deeper streams with stronger currents, or when a boat is being utilized, athird
person may be required.

7.4. Prior to the start of field activities, a Team Leader should be designated, usually the most senior
person at the site.

7.5. A Health and Safety Officer (HSO) should also be designated, usually the Team Leader.

7.6. If hazardous materials may be encountered, a site-specific Health and Safety Plan should also
have been prepared (not included as part of this SOP). If hazardous materials are not expected,
the main duty of the HSO will be related to physical safety hazards, such as fast moving water,
and safe ingress and egress. A Health and Safety Meeting should be held prior to starting the
field work to discuss issues such as likely sources of hazards, mitigation procedures, location
and directions to closest emergency medical center, and appropriate safety apparel.

7.7. Each staff member must be outfitted with safety apparel appropriate to the task. Some examples
of safety apparel include rubber gloves, rubber boots (rubber waders for the CMT), a personal
floatation device (life preserver), and protective eyewear.

8. Site Procedures

The general areas for gaging the stream will have been selected as part of the project setup, but the exact
location of the measurement will need to be selected based on field conditions. Once the location is
selected, gaging the stream is a straightforward process.

Choosing a Transect Location

Stream gaging measurements are performed along a “transect” of the stream, which is essentially a
cross-section of the stream at a specific location. Measurements of the length and depth along the
transect is important because the area of the stream cross-section is an important part of the calculation
of stream discharge rate. The transect location should be chosen based on a variety of general criteria
ranging from point-source outfalls of concern, stream morphology, accessibility, safety concerns, and
location of pre-established gaging stations. Once chosen, a transect location should be documented to
provide a basis for repetition and comparison with previous or future studies.

Stream specific criteria for selecting a transect location include looking for particular characteristics
such as (1) a well defined bank; (2) few obstructions in the channel; and (3) no eddies or still water.
Conversely, turbulent water should also be avoided, if possible. The stream should be free flowing and
unrestricted by obstructions upstream or downstream, which might cause flow diversion or flow backup.
A smooth streambed profile, one of relatively consistent depth across its width, is optimal. The depth of
the stream must be adequate for the immersion of the current meter. Clear away any movable objects
along the profile, which may interfere with the accuracy of the readings by altering the flow of the
stream. Removal of channel obstructions, i.e., woody debris, rocks, or other obstructions, is permissible
provided enough time is alowed for stream flow re-stabilization before flow measurements are
recorded.
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If aseries of readings are to be taken at a particular transect in the future, it is advisable to install a staff
gage in order to provide a relationship between discharge and stream stage over time. A staff gage can
be mounted on a pre-existing structure, such as a bridge abutment, or could be a three to four-foot stake
with a ssmple measuring scale stapled to it or painted on it. This stake would be hammered into the
ground within the bounds of the flowing stream, preferably in calm or still water to provide accurate
readings.

Setup

Once atransect location is selected, the gaging equipment should be laid out as close to the transect as
safety allows.

Lay out two tarps near the area where readings are to be performed, one for equipment, and one
for staff seating and miscellaneous supplies.

Unload equipment and setup the workstation, allowing for easy access to needed materials.

If contaminants are expected (such as pathogens), establish a decontamination area with the third
tarp where staff will be exiting the stream. Place the sprayer bottles with bleach solution and
distilled rinse water in this area. If the banks of the stream are steep, place the ladder against the
bank for safe ingress and egress.

Setting up the Transect

The following procedures describe the process for setting up the transect.

Setup the transect endpoints by driving a stake into the ground on each side of the stream. The
resulting transect should be at right angles to the stream flow.

Stretch the rope across the stream and fasten to each stake, ensuring the rope remains taut and as
near the surface of the water as possible.

Facing upstream, align the zero increment of the tape measure with the left edge of water and
secure the measuring tape to the rope across the width of the stream using zip ties. If available,
fasten the side of the tape measure marked in tenth of foot increments face-up. It may be
convenient to fasten the tape measure to the rope at the specific locations where measurements
will be taken.

Measure the total width of the stream.

Determine the spacing of the stream velocity readings based on the width of the stream. The
reading locations should be equal distances apart, with 20 to 30 readings for streams wider than
20 feet, and at one-foot intervals for streams less than 20 feet wide. To minimize the potential
for mistakes, the spacings should be whole number increments. For example, if a stream is 46
feet wide, a spacing of 2 feet (24 readings including both edges) would be preferred to a spacing
of 1% feet (30 readings). The first and last reading locations for each transect should fall at or
outside of the left and right edges of the water and will have zero flow and zero depth.

If aboat will be used to take the readings because the stream is deep or moving swiftly, the boat must be
stabilized against lateral movement at each transect station. A rope tied to existing secure objects such
as trees, guardrails, or other stationary objects (one on either side of the stream) should be attached to
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the boat through cleats on the boat. The objects should be about as far upstream of the transect as the
width of the stream. The ropes must be independently adjustable on the boat to allow for freedom of
movement along the transect yet stability from downstream or lateral drift. If stationary objects are not
available, vehicles, securely driven stakes, or two secure anchors on each stream bank may be necessary.
Motors should not be used because of the potential for them to affect the velocity readings.

Transect Data Log

The recorder will complete the Transect Data Log (Appendix A-1 or A-2). Prior to taking readings,
record general information such as:

e Global Positioning System (GPS) reading at the first measuring point;

e Streambed conditions (muddy, rocky, etc), by circling the appropriate description(s) on the
Transect Data L og;

e Sketch the transect location and vicinity, citing distance from a fixed object in the vicinity for

repeat visits; width of the stream channel, width of stream flow (edge of water to edge of water),

and spacing between measuring points. Fill in the “distance” column using the selected

spacings, to avoid confusion during the actual measurements;

Date;

Job name, job number, or other project identifiers,

Transect number and location; and,

Personnel.

Equipment Assembly

Make a determination as to which flow meter isto be used, based on depths and strength of flow. The
Type AA Current Meter is not recommended for stream depth less than one foot. The Pygmy Meter
should be used for wading measurements in shallow streams, flumes, and canals where depth of water is
too shallow for the Type AA Current Meter to perform accurately. The Pygmy can only be used with a
wading rod. The Type AA can be used with either awading rod or a cable (hand line), and therefore is
the preferred meter is deep water. The following chart may aid in the selection of an appropriate flow
meter.

Stream Depth (feet) Meter RELATIVE DEPTHS
2.5 and above Type AA 0.2and 0.8
15-25 Either Meter 0.6
03-15 Pygmy 0.6

Relative Depth refers to the depth at which the readings are taken, and are expressed as decimal
fractions of the total depth of the stream at each measuring point, measured down from the stream
surface. For streams less than 2.5 feet deep, the readings are taken at 0.6 of the depth of the stream, and
for streams deeper than 2.5 feet, the readings are taken at 0.2 and 0.8 of the depth of the stream. (For
example, if the stream was 2 feet deep, one reading would be taken at 1.2 feet below the surface of the
stream. If the stream was 10 feet deep, readings would be taken at both 2 feet and 8 feet below the
surface of the stream).
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The streambed profile may include isolated instances of extreme depth or shallowness. It is best to not
change meters to accommodate these few extremes. The flow in an extremely shallow portion of an
otherwise deep stream is not a significant portion of the total flow, so skipping extremely shallow
measurements does not introduce significant error in the readings.

If the water is deeper than four feet, or moving too quickly to ensure solid footing, then the readings
should be taken from a bridge or a small boat using the Type AA Current Meter (including the tailpiece,
hand line, and sounding weight).

Once an appropriate meter has been selected, setup the meter as described below.

Pygmy Current Meter

e In storage and travel mode, the pygmy meter is equipped with a brass pivot (Figure 1, #14) that
restricts the movement of the meter to prevent damage. The brass pivot MUST be removed and
replaced with the stainless steel pivot prior to use. To remove the brass pivot, hold the yolk (#6)
in an inverted position so that the brass pivot is facing up and loosen the setscrew (#15). While
holding the bucket-wheel assembly in place, gently remove the brass pivot and replace with the
stainless steel pivot. Fasten the set screw just enough to hold the pivot and bucket-wheel
assembly in place, and conduct a spin test (below).

e A spin test must be conducted to assure free movement of the bucket wheel (#12). Hold the
bucket wheel axisin an upright vertical position and give the wheel a quick turn by hand to start
it spinning. If operating properly, the Pygmy should spin for about 1% minutes, with a minimum
spin of ¥2 minute before coming to a gradual stop.

e |f the wheel does not spin freely or does not come to a gradual stop, adjust the stainless steel
pivot by first loosening the set screw (#16) and then adjust the pivot adjusting nut (#17) in a
clockwise direction until afree spinis achieved.

e When free spin is achieved, re-tighten the setscrew and re-conduct the spin test. If proper free
spin is not achieved, repeat the steps until the recommended time of free spin and a gradual stop
is achieved.

If necessary, see Appendix B for lubrication and maintenance details (Buchanan and Somers, p.8).

Type AA Current Meter

The Type AA Current Meter contains a brass raising-nut instead of the brass pivot, which servesas a
lock for travel and storage purposes (Figure 2, #15). A spin test must be performed prior to field use.
Turning the brass raising-nut in a clockwise direction will loosen the bucket-wheel assembly for the spin
test. Hold the bucket wheel axisin an upright vertical position and give the wheel a quick turn by hand
to start it spinning. If operating properly, the Type AA should spin for about 4 minutes with a 1%
minute minimum before coming to a gradual stop. If the wheel is not spinning freely, or the stop is not
gradual, hold the meter in an inverted position with pivot (#17) uppermost and follow these steps:

. Release the keeper screw (#19).
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L oosen the pivot-adjusting nut (#18) afew turns.
Release the setscrew (#7).

Fully insert the pivot until all vertical play of the hub assembly is eliminated.
Temporarily tighten set screw (#7)

Tighten pivot-adjusting nut (#18) until it makes contact with the yoke (#8).
Slightly loosen the set screw (#7)

Tighten the pivot adjusting nut (#18) Yaturn

Tighten the keeper screw (#19).

Push pivot inward asfar asit will go and tighten setscrew (#7)

Repeat the steps until the recommended time of free spin and a gradual stop is achieved. If necessary,
see Appendix B for lubrication and maintenance details.

Fastening Flow Meter to Wading Rod

Both the Pygmy and Type AA Flow Meters attach to the wading rod in the same manner:

Slip the yoke stem over the shaft mount, which is found on the dliding rod attachment at the
lower end of the wading rod.

Tighten the setscrew.

Attach the contact wire from the dliding rod to the appropriate contact binding post, #5 for the
Pygmy. The Type AA offers two options, the single-contact binding post (#4), or the penta-
contact binding post (#5). When using the Aquacalc, attach the contact wire to single-contact
binding post (#4). Select the Penta-contact binding post (#5) only if the headset is to be used and
the flow rate is expected to exceed 2.5 feet/second.

For stability purposes, the optional tailfin assembly may be fastened to the bottom of the wading
rod on the tailfin shaft, opposite the yoke stem shaft mount. Assemble the two-piece tailfin by
diding the interlocking fins together, making sure the fins are inserted into the proper channels
of the opposing tailfin piece. Lock the two pieces together by turning the lock (located on only
one of fins) 180 degrees, until the two pieces are securely fastened together. Fasten the
assembled tailpiece to the tailfin shaft at the bottom of the wading rod and tighten the setscrew.
Use of the tailpiece is optiona for Type AA use and is not to be used with the Pygmy flow
meter.

Connecting the AguaCalc to the Wading Rod

Connecting the AquaCalc to the wading rod is the same for both Pygmy and Type AA flow meters:

e Turn off the AquaCalc by pressing and holding the “ Off” key.

e Plug the current meter cable into both the AquaCalc and the wading rod. The round 8-pin
connector on the current meter cable attaches to the AquaCalc’ s pigtail, and the current meter
cable jack connects to the brass receiving post at the top of the wading rod.
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A Velcro strip on the back of the AquCalc attaches to an adjustable platform on the top of the
wading rod once the measuring process begins so that the CMT can use both hands to operate
the equipment.

Connecting the Type AA Current Meter to the Sounding Weight and Hand line

The Type AA Current Meter with attached tailfin piece (see 5.5.3 above) connects to the sounding
weight and hand line via the following steps:

Lay the sounding weight on the ground with its dorsal fin up.

Slide the lower end of the sounding weight hanger into the slot in the top of the sounding
weight and fasten in place by turning in the threaded securing pin in a clockwise direction
until tight.

Slide the sounding weight hanger into the slot on the Type AA Current Meter, with the tailfin
piece facing in the same direction as the sounding weight fins. Screw the meter into place,
hole #15 for a 15-pound weight, and hole #30 for a 30-pound weight.

Slip the top end of the sounding weight hanger into the slot on the connector at the end of the
hand line. Secure the hanger in place with the pin and cotter pin.

Attach the contact wire as described in 5.5.3.

A cable and cable jack is affixed to the hand line. The cable jack connects to the current
meter cable, which then connects to the AquaCalc pigtail as described in 5.5.4. Be sure the
AquaCalc is off before connecting it to the meter.

9. Programming the AquaCalc

The AquaCalc 5000 Operating Instructions manual isincluded as Appendix C (JBS Instruments). Itis
recommended personnel read the manual and become familiar with some basic procedures and
capabilities of the stream flow computer prior to beginning field gaging. The following isasummary of
the basic steps needed for simple data acquisition using the AquaCalc 5000. For more detailed
instructions and additional information, refer to the Operating Instructions manual in Appendix C.

Prior to data collection, afield test of the current meter and AquaCalc is required to ensure proper
operation. Thisinvolves an estimated visual count of bucket wheel revolutions as compared to
revolutions calculated by the AquaCalc.

Turn on the AquaCalc by pressing “On” key. At the date/time screen, press and hold “Erase”
key to erase old data. Press “Enter” to clear the computer memory and select default settings.
The most important default settings, which may need to be changed to accommodate site
conditions, are:

" 0.6 depth reading
] Measure time 40 seconds
= Turbulent flow reset

Meter type Price (Type) AA 1.1 ST2 (ST2 refers to meters made after 1992).
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Redefine settings as needed by pressing “Menu” key to access main menu. From main menu
press“1 (1=TrInfo),” then “Enter” to scroll through available options. Some of these options are
not necessary to data acquisition and are not discussed here. See Appendix C for more details.
Perform afield test to confirm proper connection of meter and AquaCalc.

PONPRE

o

Turn on AquaCalc by pressing “On” key.

Press“Menu” twice to access main menu.

Select 1 for “Trinfo”

A default measurement time of 40 seconds will display. Press “+” and reset
measurement time to 10 seconds. Press “Enter” to accept new setting.

Go to Measurement Display by pressing “Menu” three times. This screen
displays settings for a specific transect.

The default transect and Observation are each #1. Press #3 (Next Observe) and
the display will show Transect 1 at Observation 2.

Spin the bucket wheel slowly enough that a visual count of the revolutions can be
made over a period of 10 seconds. Press “Measurement” key and begin counting
revolutions. An assistant may be helpful as the timekeeper. The visual count and the
AquaCalc count should agree (within the limits of human accuracy).

If the count totals do not agree, check the electrical connections and retest. If they
still do not agree, refer to the Appendix C troubleshooting segment.

Clear the observation by pressing and holding erase until the screen prompts
confirmation of erasure and press Enter (Note: this action erases all observations on
that transect from that observation upward). Reset the measurement time to 40
seconds by following steps 2 through 4 above.

10. Data Collection

Use of Current Meter

The measuring points on each transect are referred to as Observations. The first observation should be
at or to the left of the left edge of the water (when facing upstream). This observation should have a
depth reading of zero, and no velocity measurement is taken. The same applies to the last observation
on the transect, at or beyond the right edge of water when facing upstream. The CMT should position
her/himself downstream of the current meter, if wading or in the boat, beginning the actua first reading
at Observation 2. The CMT should stand at a 45-degree angle to the stream and meter |ocation to reduce
backwash interference with the current meter.

Setting parameters

The CMT programs the AquaCalc with parameters for site specific transects by following these steps:

Turn on the AquaCalc

Confirm that date and time is correct. If itisnot, refer to Appendix C for more instruction.
Press“Menu” key once to access Measurement Display

The default settings are Transect 1, Observation 1, at Observation Depth 0.6.
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0 To edit Transect number, press “Go to Transect #(1)” and change number to the
appropriate number.

Confirm that the Observation number is #2. To edit Observation number, press
“Go to Observe #(2)” and change number to the appropriate number.

Set distance from edge of stream flow by pressing “Set Distance” key and
entering distance in feet to the nearest tenth.

Measure stream depth

o

o

1.

Wading Rod Method:

Place wading rod in stream so that the base plate rests on the streambed; depth

can be read from the marks (slashes) on the hexagonal wading rod (Rod A)

= Three dashes = 1 foot increments

= Twodashes =Y¥2footincrements

" One slash = 0.1 foot increments

Boat Method:

» Measure stream depth by direct reading of incrementally marked
measuring rod resting on the bottom of the streambed.

Bridge Method:

= Lower the weighted measuring tape to the bottom of the stream and make
note of the depth to a set reference point on the bridge.

» Raise the weighted measuring tape to the surface of the stream and make
note of the depth to the same reference point on the bridge.

= Subtract the second depth from the first depth to calculate the depth of the
stream.

If the stream depth is less than 2% feet, proceed to Section 7.1.2 to edit Location
Depth. If stream depth is greater than 2% feet, proceed to Section 7.1.3 to edit
Location Depth.

M easurements taken at 0.6 Settings

For streams less than 2Y% feet average depth, the wading rod method should be used, with one reading
taken at each observation point at 0.6 of the depth of the stream, measured down from the water surface.

1.

2.

To edit Observation Depth setting, press the “Observe Depth” key until “6” appears in the
display window (to indicate 0.6 of the stream depth).

Set depth of water by pressing “Set Depth” key and enter depth in feet to the nearest
hundredth, then press Enter to accept.

After entering depth of stream into the AquaCalc, the wading rod must be adjusted to position
the current meter at the appropriate depth in the stream. The wading rod consists of two parallel
rods, one hexagonal rod that rests on the bottom of the stream, and one round rod to which the
meter is attached. To set the meter at the appropriate depth, the position of the round rod must
be adjusted by pressing the rod release tab (the rubber button with embossed star at top of
wading rod handle) to alow movement of the rod. The cast metal scale at the top of the wading
rod handle is divided into 10 increments, which represent tenths of feet in stream depth. Rod B
is marked incrementally from zero to eight, which represent feet of stream depth. Using the
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actual depth of the stream, align the appropriate foot depth increment on Rod B with the
appropriate fraction increment on the wading rod handle. For example, if the stream is 3.5 feet
deep, aligning the 3 marker on Rob B with the 0.5 marking on the scale on the wading rod will
set the meter at the appropriate depth for a stream 3.5 feet deep (2.1 feet from the top, 1.4 feet
from the bottom). Note that the spacing of the markings are not real-world distances, but are
scaled to allow direct adjustments for stream bed depths.

After the meter is set at the appropriate depth, the stream velocity is measured by pressing
“Measure’. AguaCalc will take 40 seconds (default setting) to count revolutions and calculate a
mean velocity for that Observation. This completes the first observation. The data will be
displayed on the AquaCalc screen, and stored in memory for later use.

At each Observation point along a transect, the data should also be recorded on a Transect
Data Log (Appendix A-1) as a backup. Thisis best accomplished by having the CMT read the
datato the DR. The data obtained at each observation point are:

= Observation number

= Distance value(if not already recorded)
= Stream depth

= Velocity

Upon completion of an Observation, check the readout on the AquaCalc to be sure that all of
the settings were correct and the information was recorded properly. If not, arepeat Observation
must be made.

The CMT now moves to the next Observation point for the next reading. Steps 1 through 7
above, are repeated at each observation point until the entire transect has been measured.

To recap Observation procedures:

1.

Nook~wdN

Confirm that AquaCalc Observation number agrees with transect observation number (location
on transect).

Enter distance along transect into the computer.

Enter depth of stream into the computer.

Adjust rods to put current meter at appropriate height in stream.

Measure velocity.

Record values on Transect Data L og as a backup to computerized version.

Confirm accuracy of reading.

M easurements taken at 0.2 and 0.8

For streams with an average depth exceeding 2% feet, two readings will be taken at each Observation,
one at 0.2 times the depth from the water surface, and the second at 0.8 times the depth from the water
surface. Note: this is twice and half the distance, respectively, from the bottom of the stream as
compared to the 0.6 reading
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. Edit Observation Depth setting by pressing the “Observe Depth” key until “2" appears in the
display window (to indicate 0.2 of the stream depth).

. Measure the depth of the stream and set depth of water by pressing “ Set Depth” key and entering
the total depth of the stream in feet, to the nearest hundredth.

. Adjust the depth of the meter to 0.2 the depth of the stream.

Wading Rod Method

The wading rod must be adjusted to position the current meter at the appropriate depths
in the stream, similar to the procedure discussed above in 7.1.2.3, except that there are
two readings, one at %2 and one at 2 times the depth of the single reading. The wading
rod consists of two paralel rods, one hexagona rod that rests on the bottom of the
stream, and one round rod to which the meter is attached. To set the meter at the
appropriate depths, the position of the round rod must be adjusted by pressing the rod
release tab (the rubber button with embossed star at top of wading rod handle) to allow
movement of the rod. The cast metal scale at the top of the wading rod handle is divided
into 10 increments, which represent tenths of feet in stream depth. Rod B is marked
incrementally from zero to eight, which represent feet of stream depth. Align the
appropriate foot depth increment on Rod B with the appropriate fraction increment on the
wading rod handle, using ¥ the actual depth of the stream for the 0.8 reading, and 2 times
the actual depth of the stream for the 0.2 reading. For example, if the stream is 2.6 feet
deep, align the 1 marker on Rod B with the 0.3 marking on the scale on the wading rod
for the 0.8 reading, and set the 5 mark on Rod B at the 0.2 mark on the scale for 0.2
reading.

Boat or Bridge Method

Measure the depth of the stream at the Observation point by measuring the difference in
distance from a common measuring point (such as the guard-rail on the bridge) to both
the stream surface and the bottom of the stream. Record these values on the version of
the Transect Data Log for use on a bridge or boat (Appendix A-2). Manually multiply
the depth of the stream by 0.2 and 0.8 to obtain the depth at which to place the meter.
Add these distance values to the reading for the distance to the surface of the stream, and
lower the meter to the appropriate depth for each reading starting with the 0.2 reading.

. When al settings have been entered and the meter is at the correct depth, take the first velocity
reading by pressing the “Measure” key. AquaCalc will take 40 seconds (default setting) to count
revolutions and calculate a mean velocity for that Observation. This completes the 0.2
Observation for that location.

. CMT should read the data to the recorder, and then the DR confirms that the data was accurately
recorded on the Transect Data Log (Appendix A-2) by reading the values back to the CMT.
These data are to include:

" Observation number

. The Distance value
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" Stream depth
. Reading depths
" Velocity

Confirm that the AquaCalc has recorded the information accurately. If not, arepeat observation
must be made.

Edit the Observation Depth setting to 0.8 by pressing the “Observe Depth” key until “8” appears
in the display window.
Adjust the depth of the meter to 0.8 of the total depth of the stream.

A. Wading Rod Method
For the 0.8 readings, divide the stream depth by two, and align the resulting number on
Rod B with the mark on the scale on the hexagonal rod, as described above.

B. Boat or Bridge Method
Manually hang the meter at 0.8 times the depth of the stream.

Take the second velocity reading by pressing the “Measure” key. AquaCalc will take 40 seconds
(default setting) to count revolutions and calculate a mean velocity for that observation. This
completes the 0.8 observation for that location.

Confirm that the AquaCalc has recorded the information accurately. If not, arepeat observation
must be made.

Record the readings on the Transect Data Log (Appendix A-2) as a backup to the AquaCalc.
The CMT should read the data to the recorder, and then the DR confirms that the data was
accurately recorded by reading the values back to the CMT. These data are to include:
Observation number

The Distance value

Stream depth

Reading depths

Velocity

The CMT now moves to Observation 3 for the second reading. Repeat steps 1 through 11, above,
at each location along the transect until the entire transect has been measured.

In summary, at each location along a transect:

NoghkwdpE

Confirm that AquaCalc Observation number agrees with actual location.
Confirm that observation depth isset at “2”.

Enter distance into the AquaCalc.

Enter depth into the AquaCalc.

Adjust current meter to appropriate height in the stream (0.2 of total depth).
Measure velocity.

Relate observations to recorder.
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Confirm accuracy of reading.

Edit observation depth to “8".

Enter next depth at same location.

Adjust meter to appropriate height in the stream (0.8 of total depth).
Measure velocity.

Relate observations to recorder.

Confirm accuracy of reading.

Move to the next location aong the transect and repeat this procedure.

11. Decontamination and Maintenance

Any equipment, supplies, or apparel, which has been exposed to potentially contaminated stream water
must be decontaminated. Using the plastic tarp as a makeshift basin, spray these items with the 0.001%
bleach solution. Follow with arinse of tap water and a second rinse of distilled water to remove the
bleach and protect equipment (and skin) from damage. Dispose of the wash water appropriately.

After each transect is completed or sooner if problems occur, perform maintenance on the stream gaging
equipment in accordance with manufacturers recommendations. Maintenance procedures are as follows
(Discharge Measurements at Gaging Sations, Buchanan and Somers, p.8):

Before and after each discharge measurement, examine the meter cups or vanes, pivot and
bearing, and shaft for damage, wear, or faulty alignment. Before using the meter, check its
balance if on a hanger, check the alignment of the rotor axis with a hanger or wading rod, and
adjust the conductor wire to prevent interference with meter balance and rotor spin.

Clean and oil meters daily when in use. If measurements are made in water carrying noticeable
suspended sediment, clean the meter immediately after each measurement. Surfacesto be
cleaned and oiled are the pivot bearing, pentagear teeth and shaft, cylindrical shaft bearing, and
thrust bearing at the cap.

After oiling, spin the rotor to make certain it operates freely. If the rotor stops abruptly, find the
cause and correct the trouble before using the meter. On notes for each measurement, record the
duration of spin. Obvious decrease in spin duration indicates need for attention to the bearings.

The pivot needs replacement more often than other meter parts. Examine the pivot after each
measurement. Replace afractured, rough, or worn pivot.

Keep the pivot and pivot bearing separated except during measurements. Use the raising nut if
provided, or, for pygmy meters, replace the pivot by the brass plug.

Most minor repairs can be made in the field. Repair attempts, however, should be limited only to
minor damages. Thisis particularly true of the rotor because minor dentsin the bucket wheel or
cups can have alarge influence on the meter rating. Unless minor dents in the cups can be
straightened out to “like new” condition, the entire rotor should be replace with a new one.
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Badly sprung yokes, bent yoke stems, misaligned bearings and tail pieces, should be
reconditioned in shops equipped with the specialized facilities needed.

12. Calculations

Calculate the Total Discharge (Q) at a transect location after completion of al readings by pressing
“Calculate Discharge” key on the AquaCalc. For a mathematical explanation of discharge calculation
procedures, refer to Appendix C. The AquaCalc requires Datalink software (supplied with purchase) to
download the data into a PC in either Windows or DOS formats. Field data may be printed from the
Datalink format or imported to Microsoft Excel. The data can be customized in Excel to fit a specific
table format or for electronic data storage.

13. Records

A three-ring project binder isto be maintained as an organized compilation of the project, including the
field Transect Data Logs, printout of the computerized data, Appendices B and C, and alog of
maintenance and servicing of equipment. Entriesin the maintenance log should include:

Date and description of routine maintenance (cleaning, lubrication, battery check)
Date and description of instrument problems and symptoms

Date and description of corrective action taken

Servicing recommendations

14. Review of Standard Operating Procedure
This Standard Operating Procedure for stream gaging isawork in progress and is subject to a minimum
annual review for accuracy, and/or changes in equipment and/or procedure. Documentation of review
by the project Quality Assurance Officer is maintained within this document preceding the Table of
Contents.
15. References
Buchanan, Thomas J., and William P. Somers, Discharge Measurements at Gaging Stations, Book
3, Chapter A8, Techniques of Water-Resource Investigations of the United States Geological
Survey - Applications of Hydraulics, 1984.

JBS Instruments, AquaCalc 5000 Basic Stream Flow Computer Operating Instructions Manual,
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Rickly Hydrological Company, product information and equipment.

United States Geological Survey, Overview of the Stream-Gaging Program, U.S. Geologica Survey
Circular 1123, 1995.

Page 17 of 17



Sampling Procedures

Most samples received by 29 Palms Laboratory will have been taken by the cllient.
29 Palms Laboratory will provide to the client:
1. Appropriate certified clean sample containers that are traceable by lot to sources

Due to extreme weather conditions in the Coachella Valley where 29 Palms Laboratory is located,

2. Labels

3. Shipping containers
4. Chain-of-Custody forms
5. Method specific sampling instructions that include handling, preservation, and storage procedures
All samples should be handled and preserved in accordance with the method of analysis (See table I).
Samples known to be highly contaminated should be shipped according to DOT regulations for the .

transport of hazardous materials.

all samples requiring preservation should be immediately kept on ice in an ice chest at time of sampling.

Care should be taken to ensure that samples remain on ice during delivery to the laboratory.

TABLE | - CONTAINERS, PRESERVATION TECHNIQUES, AND HOLDING TIMES

EPA METHOD SAMPLE MAXIMUM
METHOD NAME CONTAINER AMOUNT PRESERVATION HOLDING TIME
100-Series |Physical Properties

120.1 [Conductance Polyethylene, Glass 100 ml Cool, 4°C 28 Days
150.1 |pH Polyethylene, Glass 25 ml None Analyze Immediately
160.1 [Residue, Filterable |Polyethylene, Glass 100 ml Cool, 4°C 7 Days
200-Series |Total Metals Polyethylene, Glass 100 ml HNO; to pH <2 6 Months
300-Series |Non-Metallics
325.3 [Chloride Polyethylene, Glass 50 ml None 28 Days
340.1 |Fluoride Polyethylene, Glass 300 ml None 28 Days
352.1 |Nitrate Polyethylene, Glass 100 ml Cool, 4°C 48 Hrs.
365.3 |Orthophosphate Polyethylene, Glass 50 ml Filter on site, Cool, 4°C 48 Hrs.
365.3 | Total Phosphate Polyethylene, Glass 50 ml Cool, 4°C, H2SO4 to pH <2 |28 Days
375.4 |Sulfate Polyethylene, Glass 50 ml Cool, 4°C 28 Days
600-Series |Organics
608 [Organochlorine Amber Glass with Teflon-Lined Caps |1 liter Cool, 4°C Extracted by 7 Days
Pesticides 0.008% Sodium Thiosulfate |Analyzed by 40 Days
632 [Carbamate Amber Glass with Teflon-Lined Caps |1 liter Cool, 4°C Extracted by 7 Days
Pesticides 0.008% Sodium Thiosulfate |Analyzed by 40 Days
8000-Series|Organics
8081A |Organochlorine
Pesticides Solid - |8 oz. Glass 50 grams |Cool, 4°C 14 Days
Liquid - |Amber Glass with Teflon-Lined Caps |1 liter Cool, 4°C Extracted by 7 Days
0.008% Sodium Thiosulfate |Analyzed by 40 Days
8141A |Organophosphorus
Pesticides Solid - |8 0z. Glass 50 grams |Cool, 4°C 14 Days
Liquid - |Amber Glass with Teflon-Lined Caps |1 liter Cool, 4°C Extracted by 7 Days
0.008% Sodium Thiosulfate |Analyzed by 40 Days
8318 [Carbamate pH to 5-8 with NaOH or H,SO,
Pesticides Solid - |8 0z. Glass 50 grams |Cool, 4°C 14 Days
Liquid - |Amber Glass with Teflon-Lined Caps |1 liter Cool, 4°C Extracted by 7 Days
0.008% Sodium Thiosulfate |Analyzed by 40 Days
pH to 4-5 with

0.1 N Chloroacetic Acid
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@Q’"-Sit"’nc-‘g T had . " . Water Monitoring

Conductivity, Temperature,
Aqua TROLL® CTD Data Loggers pius water Level Logging

Conductivity measurements can be used to characterize Accurate Results
water quality changes relative to a baseline or to estimate the ' ' .
concentration of contaminants. The In-Situ® Aqua TROLL 100 and *  Use dynamic density compensation to collect accurate water

level data in environments where salinity values may vary.

e Receive factory-calibrated instruments that are validated with
NIST®-traceable standards.

*  Deploy for long-term monitoring. Instruments operate with very
low drift.

Agua TROLL 200 Instruments measure and log conductivity and
temperature. The Aqua TROLL 200 adds water level logging.

Rugged, Compact Design

e Use in harsh environments. Titanium construction resists
fouling and is chemical- and corrosion-resistant. = = =

e Deploy 1.83-cm (0.72-in) diameter instruments into narrow wells. F’ex’b’e commun,cat’o"s
e Integrate into telemetry and SCADA systems. Outputs include

standard Modbus/RS485, SDI-12, and 4-20 mA.

Extended Dep loy ments e  Easily connect to RuggedReader® Handheld PC or PC.
¢ Reduce power consumption. Batteries have a typical life of e Use RuggedCable® Systems with titanium twist-lock

5 years when reading every 15 minutes. 8-36 VDC input is connectors for quick, reliable connections.

compatible with external batteries and solar power. e  Simplify instrument setup, automate site management, and
e Use the TROLL® Shield Antifouling System to reduce biofouling view real-time results with Win-Situ® Software.

and extend deployments by up to 6 weeks.

Applications

Aquifer storage and recovery systems
Coastal deployments—Saltwater intrusion
monitoring, storm surge analysis, and
estuary/wetland research

Remediation site and mine water monitoring
Stormwater monitoring programs




Aqua TROLL® 100 and 200 Data Loggers

Temperature ranges’

Max. pressure for Aqua TROLL 100

Dimensions & weight

Materials
Output options
Battery type & life?
External power
Memory
Data records*
Data logs
Log types®
Fastest logging rate
Fastest output rate
Conductivity Sensor

Methods

Range, accuracy, & resolution

Parameters supported®
Actual conductivity
Specific conductivity’
Salinity®
Total dissolved solids
Resistivity

Density (water salinity)

Pressure/Level Sensor’

Range

Burst pressure

Accuracy & resolution™

Units of measure
Temperature Sensor
Method

Accuracy & resolution
Units of measure

Warranty

P In-Situlnc:

Aqua TROLL 100 and 200 Instruments

Operational: -5 to 50° C (23 t0 122°F)
Storage: -40 to 65° C (-40 to 149° F)
Calibrated: 0to 50° C (32 to 122°F)

500 psi (1153 ft)

Diameter (OD): 1.83 cm (0.72in). Length: 31.5 cm (12.4in)
Weight: 0.5 kg (1.01b)

Titanium body and sensors, Delrin” nose cone, and PVC conductivity cell
Modbus/RS485, SDI-12, and 4-20 mA

3.6V lithium. 5 years or 200,000 readings’

8-36VDC

4.0MB
190,000
50

Linear, Linear Average, and Event

Linear: 1 per minute. Linear Average: 1 per minute. Event: 1 per second
1 per second

Type: Balanced 4-electrode cell

EPA Method 120.1; Standard Methods 2510

Range: 5 to 100,000 pS/cm

Accuracy: +0.5% of reading + 1 pS/cm when reading less than 80,000 pS/cm
+1.0% of reading when reading above 80,000 pS/cm

Resolution: 0.1 pS/cm

Range Units
510100,000 pS/cm pS/cm, mS/cm
510 100,000 pS/cm pS/cm, mS/cm
0to42PSU PSU

0to 82 ppt ppt, ppm

10 to 200,000 Ohms-cm Ohms-cm
0.98to 1.14 g/cm? g/em?

Type: Piezoresistive. Pressure/level are available only on the Aqua TROLL 200 Instrument.

Absolute (non-vented) Gauged (vented)
30 psia: 11 m (35ft) 5psig:3.5m (11.5ft)
100 psia: 60 m (197 ft) 15 psig: 11 m (35 ft)
300 psia: 200 m (658 ft) 30 psig: 21 m (69 ft)
500 psia: 341 m (1120 ft) 100 psig: 70 m (231 ft)

300 psig: 210 m (692 ft)
500 psig: 351 m (1153 ft)

Maximum 2x range; burst > 3x range

Accuracy @ 15° C: £0.05% full scale (FS)"
Accuracy 0o 50° C: +0.1% FS"
Resolution: 0.005% FS or better

Pressure: psi, kPa, bar, mbar, mmHg, inHg, cmH,0, inH,0. Level: in, ft, mm, cm, m

EPA Method 170.1
Accuracy: +0.1° C. Resolution: 0.01° C or better
Celsius or Fahrenheit

2 years. Up to 5-year extended warranties available—please call for details.

TROLL® Shield System
Extends Deployments

When used at coastal and high-fouling sites, the
TROLL Shield Antifouling System fights biofouling
of the Aqua TROLL Instrument and its conductivity
cell. Reduced sensor fouling extends deployments
by up to 6 weeks and improves instrument
accuracy and performance. Use the coiled copper
guard with both the Aqua TROLL 100 and 200
Instruments. Use the copper nose cone with the
Aqua TROLL 200. For optimum performance,
replace the guard every 6 months.

24/7 Support

In-Situ technical specialists assist with instrument
setup, application support, and troubleshooting.
Call for free technical support.

"Temperature range for non-freezing liquids

Typical battery life when used within the factory-calibrated temperature range

31 reading = date/time plus all available parameters polled or logged from device
“1 data record = date/time plus 3 parameters logged (no wrapping) from device

> External power or battery pack is recommended when using Linear Average or Event logging
modes.

¢ Parameters derived from temperature at 25° Cand actual conductivity range of
510 100,000 pS/cm with a £0.5% + 1 pS/cm accuracy

 Derived from Standard Methods 25108

¢ Defined by the Practical Salinity Scale 1978; Standard Methods 25208

* Real-time level compensation based on water density

1 Accuracy with 4-20 mA output option: £0.25% FS

1" Across factory-calibrated pressure range

"2 Across factory-calibrated pressure and temperature ranges

Specifications are subject to change without notice.

Delrin is a registered trademark of E.I. du Pont de Nemours and Company.

NIST is a registered trademark of the National Institute of Standards and Technology.

(€ FC

Call to purchase or rent—www.in-situ.com
221 East Lincoln Avenue, Fort Collins, Colorado, U.S.A. 80524
1-800-446-7488 (toll-free in U.S.A. and Canada)

1-970-498-1500 (U.S.A. and international)
Copyright © 2014 In-Situ Inc. All rights reserved. June 2014 (1K)




EEEEEEEN YSI

The 556 has multiple
language capabilities and
graphing!

A rugged, cost-effective
multiparameter handheld
system designed for the field!

YSI 556 Multiparameter System

Versatile, multiparameter handheld instrument

Rugged and reliable, the YSI 556 MPS (Multiprobe System) combines
the versatility of an easy-to-use, easy-to-read handheld unit with all the
functionality of a multiparameter system.

o Simultaneously measures dissolved oxygen, pH, conductivity,
temperature, and ORP

« Field-replaceable electrodes
« Compatible with EcoWatch™ for Windows' data analysis software

« Stores over 49,000 data sets, time and date stamped, interval or
manual logging

« Three-year warranty on the instrument; one-year on the probes
o GLP assisting, records calibration data in memory

« Available with 4, 10, and 20-m cable lengths

« IP-67, impact-resistant, waterproof case

« Easy-to-use, screw-on cap DO membranes

o RS-232 interface for PC connection

Options to Fit Your Applications!

« Battery Options - The unit is powered by alkaline batteries or an
optional rechargeable battery pack with quick-charge feature.

o Optional Barometer — Internal barometer can be user-calibrated
and displayed along with other data, used in dissolved oxygen cali-
brations, and logged to memory for tracking changes in barometric
pressure. (Choose 556-02)

 Optional Flow Cell - The 5083 flow cell can be used for ground
water applications or anytime water is pumped for sampling.

« Carrying Case - The instrument comes standard with YSI 5061,

a soft-sided carrying case with enough space for the 556, a 20-meter
cable, and calibrating supplies. An optional 5080 hard-sided carrying
case is also available.

« Confidence Solution® - Quality assurance ensured. Quickly check
conductivity, pH, and ORP readings with one solution.



+1 937767 7241

800 897 4151 (U9)
WWW.ysi.com

YSI Environmental
+1937 767 7241

Fax +1 937767 9353
environmental@ysi.com

YSI Integrated Systems
+1 508 748 0366
systems@ysi.com

SonTek/YSI
+1 858 546 8327
inquiry@sontek.com

YSI Gulf Coast
+1 225753 2650
environmental@ysi.com

AM]J Environmental
+1 727 565 2201
amj@ysi.com

YSI Hydrodata (UK)
+44 1462 673 581
europe@ysi.com

YSI Middle East (Bahrain)
+973 1753 6222
halsalem@ysi.com

YSI (Hong Kong) Limited
+852 2891 8154
hongkong@ysi.com

YSI (China) Limited
+86 532 575 3636
beijing@ysi-china.com.

YSI Nanotech (Japan)
+81 44 222 0009
nanotech@ysi.com

YSI India
+91 989 122 0639
sham@ysi.com

YSI Australia
+617 390 17223
acorbett@ysi.com

1ISO 9001
ISO 14001

EcoWatch, Pure Data for a Healthy Planet,
Confidence Solution and Who's Minding
the Planet? are registered trademarks

of YSI Incorporated. Windows is a
registered trademark of Microsoft.

©2009 YSI Incorporated
@ Printed in USA 0709 W11-06
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5563 MPS Sensor Specifications

Dissolved Oxygen
(% saturation)

Dissolved Oxygen (mg/L)

Temperature

Conduivity

Salinity

pH (optional)

ORP (optional)

Total Dissolved Solids
(TDS)

Barometer (optional)

YSI 556 Instrument Specifications

Size

Weight with batteries
Power

Cables

Warranty
Communication Port
Data Logger

Sensor Type Steady state polarographic

Range 0 to 500% air saturation

Accuracy 0 to 200% air saturation, + 2% of the reading or +2% air saturation,

whichever is greater; 200 to 500% air saturation, + 6% of the reading

Resolution 0.1% air saturation

Sensor Type Steady state polarographic

Range 0 to 50 mg/L

Accuracy 0 to 20 mg/L, + 2% of the reading or +0.2 mg/L, whichever is greater;
20 to 50 mg/L, + 6% of the reading

Resolution 0.01 mg/L

Sensor Type YSI Temperature Precision” thermistor

Range -5t045°C

Accuracy +0.15°C

Resolution 0.1°C

Sensor Type 4-electrode cell with autoranging

Range 0to 200 mS/cm

Accuracy +0.5% of reading or + 0.001 mS/cm; whichever is greater (4-meter cable)

+ 1.0% of reading or + 0.001 mS/cm; whichever is greater (20-meter cable)

Resolution 0.001 mS/cm to 0.1 mS/cm (range-dependent)

Sensor Type Calculated from conductivity and temperature

Range 0 to 70 ppt

Accuracy +1.0% of reading or +0.1 ppt, whichever is greater

Resolution 0.01 ppt

Sensor Type Glass combination electrode

Range 0 to 14 units

Accuracy +0.2 units

Resolution 0.01 units

Sensor Type Platinum button

Range -999 to +999 mV

Accuracy +20mV

Resolution 0.1 mV

Sensor Type Calculated from conductivity (variable constant, default 0.65)

Range 0to0 100 g/L

Resolution 4 digits

Range 500 to 800 mm Hg

Accuracy + 3 mm Hg within + 10°C temperature range from calibration point

Resolution 0.1 mm Hg

11.9 cm width x 22.9 cm lenth (4.7 in. x 9 in.)

2.11bs. (916 grams)

4 alkaline C-cells; optional rechargeable pack

4-,10-,and 20-m (13.1, 32.8, 65.6 ft.) lengths

3-year instrument; 1-year probes and cables

RS-232 Serial

49,000 data sets, date and time stamp, manual or logging, with user-selectable intervals

556 Ordering Information (Order all items separately)

55601  Instrument (with 5061 large, soft-sided carrying case)

55602  Instrument with barometer option (with 5061 carrying case)
55634  4-m cable and DO/temp/conductivity

556310 10-m cable and DO/temp/conductivity

556320  20-m cable and DO/temp/conductivity

5564 pH Probe for any 5563 cable

5565 pH/ORP Probe for any 5563 cable

6118 Rechargeable battery pack kit (includes battery, adapter, charger)

614 Ultra clamp, C-clamp mount

616 Charger, cigarette lighter

4654 Tripod (small tripod for instrument)

5060 Small carrying case, soft-sided (fits instrument and 4-m cable)
5065 Form-fitted carrrier with shoulder strap

5080 Small carrying case, hard-sided (fits instrument, 4-m cable, flow

cell, batteries, membrane Kkit, calibration bottles)

5083 Flow cell

5085 Hands-free harness The 5080 carrying case with 556,

5580 Confidence Solution® (insure probe accuracy with a simple field-

5563-4 cable, and 5083 flow cell.

check for conductivity, pH, and ORP)



Microwells Manual

MHE Products  PushPoint Sampler (US Pat. # 6,470,967)
Operators Manual and Applications Guide
Ver. 2.01 2/15/03

Models: PP27, PP14, PPX36, PPX72

Introduction

The groundwater/surface water interface (GSI) has been a research interest of mine for the past decade.
This transitional zone is usually rich in biomass and may play a predominant role in the bioattenuation of
contaminated groundwater entering surface water bodies. Usually these biologic processes have limited
effectiveness in attenuating highly contaminated groundwater, leaving a plume of parent contamination and
metabolic byproducts that eventually expresses itself in receiving waters - usually classified as non-point
sources of pollution because of the uncertainty of the discharge area. Reliance on conventional technology
and techniques to perform a detailed investigation required extensive effort and burdensome equipment.

Sampling at each location usually takes 5 minutes, allowing a small crew to collect dozens of samples in an
afternoon. These samples can be analyzed in the field for real-time information useful in directing field
investigations and research. The work that I have conducted at several contamination sites indicates that
many groundwater plumes discharge in surface water bodies in 2-3' of water depth - accessible to
investigators wearing hip boots or waders. Many plumes, especially Light Non-Aqueous Phase Liquid
(LNAPL) plumes can be delineated by collection of samples in very shallow water or from under beaches.
My initial experience has shown that Dense Non-Aqueous Phase Liquid (DNAPL) contaminant plumes
express themselves in the shallow, near-shore water as well, even though the on-shore depth of the
contaminant mass was deep in the aquifer.

Directions

Look at Figure 1.

As you can see, the PushPoint device is a very simple, precisely machined tool consisting of a tubular body
fashioned with a screened zone at one end and a sampling port at the other. The bore of the PushPoint body
is fitted with a guard-rod that gives structural support to the PushPoint and prevents plugging and
deformation of the screened zone during insertion into sediments. The PushPoint is made of 316 stainless
steel assuring compatibility with most sampling environments. The screened-zone consists of a series of
interlaced machined slots which form a short screened-zone with approximately 20% open area.

Operation of the device is not difficult. One simply holds the device in a manner that squeezes the two
handles towards each other to maintain the guard-rod fully inserted in the PushPoint body during the
insertion process (as shown in Figure 2). Holding the device in this manner, push the PushPoint into the
sediments or beach to the desired depth using a gentle twisting motion. When the desired depth is reached
(or you hit refusal, usually at an aquitard) remove the guard-rod from the PushPoint body without
disturbing the position of the deployed sampler. Once the guard-rod has been removed from the PushPoint,
it SHOULD NOT be reinserted into the device until the bore of the PushPoint has been thoroughly cleansed
of all sand, silt, etc.

Attach a syringe or peristaltic pump to the PushPoint sample-port (see Figure 3) and withdraw water at a
low-flow sampling rate (50-200 ml/min.). The first 20-50 ml of groundwater will be turbid. This is the
"development" water and should be discarded. Once non-turbid aliquots have been withdrawn,
representative samples can be collected for on-site and off-site analysis.



Cleaning and Maintenance

I cannot stress how important cleanliness and linearity are to the working life of the instrument. The
PushPoint was designed as an indefinitely reusable device; potentially able to be reused hundreds of times.
The tolerance between the guard-rod and the bore of the PushPoint is very small. Increases in this tolerance
through abrasion and damage may allow silty material into this annular space, eventually jamming the
guard-rod into the bore - maybe permanently!

Excess wear and abrasion can also be introduced if the guard-rod is inserted frequently when the PushPoint
body is bent. All the small bends should be "undone" prior to reinsertion of guard-rod to avoid scraping the
sides of the bore causing burrs. Before reinsertion of the guard-rod into the cleaned PushPoint, the device
should be "straight as an arrow". Use caution when straightening the screened-zone, it is somewhat delicate
without the guard-rod inside it, and can be broken through repeated bending. Similarly, the guard-rod
should be bend-free and clean when inserted into the bore of the device. When a clean and straight
PushPoint is assembled, the guard-rod should slide fairly easily through the PushPoint bore and its handle
should seat against the sampling port.

Clean the exterior of the guard-rod and PushPoint body and screened-zone with a stiff brush and cleaning
solution (soapy water).Cleaning and decontamination of the bore of the instrument is easily accomplished
using the cleaning adapter provided. Remove the spray nozzle of a "garden sprayer" filled with cleaning
solution. Connect the adapter as shown in Figure 4. Insert the sampling port of the PushPoint to the adapter
and squirt ~ 100 ml of pressurized cleaning solution backwards through the sampler and out the screened-
zone into a waste receptacle. Gently push the guard rod into the bore of the PushPoint to its end to dislodge
any bridged material. Re-rinse the bore with cleaning solution. Follow this with a distilled water and/or
methanol rinse. Reinsert the guard-rod and the device is ready to be used again.

In some instances it may be advantageous to force the cleaning solution through the screened-zone and out
the sampling port. To do so, gently insert the screened-zone of the PushPoint into the cleaning adapter,
making sure not to bend the screened-zone, until the entire screened-zone is within the adapter. The
screened-zone is somewhat fragile. To avoid damage, do not bend the screen-zone during insertion into the
adapter. Squirt cleaning solution through the sampler to a waste receptacle.

Helpful Hints, Information, and Cautions

e  Multiple depths can be sampled in one hole if samples are collected, in order, from deepest to
shallowest. Insert the sampler using a twisting motion until you reach refusal. Remove the guard-rod.
Do not push the sampler further into the sediments once the guard-rod has been removed as this
may damage the screened-zone and plug the device with sediment. Once sampling has been
completed at this deepest depth, the PushPoint can be partially pulled from the hole to a new sampling
elevation. Remember, to prevent screened-zone damage, do not to insert the PushPoint into the
sediments without the guard-rod inserted into the PushPoint body. Alternately, multiple holes can be
used to collect samples from multiple depths at a particular sampling location. If vertical sampling is
performed in one hole, it is recommended that some type be device such as a sampling platform be
used to prevent lateral movement and slippage of the PushPoint as sampling is conducted near the top
of the hole (see Figure 3). This offsets the leverage of the instrument and reduces hole degeneration. A
simple platform would be a plate of steel with a 3/16" dia. hole through its center and would serve the
fundamental purpose of maintaining a rigid hole opening . MHE offers a 8" dia., heavy-duty steel
sampling platform engineered for the precise sampling depth requirements of field research. If repeated
shallow sampling is to be conducted, it may be more convenient to use a shorter sampler (i.e. MHE -
PP14").



If you wish to reuse the PushPoint sampler at a particular sampling location and want to clean the bore
quickly while you're there so that the guard-rod may be safely reinserted, you can use a syringe filled
with surface water or DI water to backflush the bore several times before reinserting the guard-rod.
Use at least 100 ml of water. If you have too much trouble reinserting the guard-rod (i.e. grit), it will be
necessary to use the standard cleaning procedures.

If the screened-zone of the PushPoint becomes plugged while inserted in the sediments due to passage
through "something", it is frequently possible to hydraulically/pneumatically shock the screened-zone
free of adhering material while it is inserted into the sediments. Attach a large-volume (50 ml) syringe
to the sampling port. In a quick motion, pull the syringe plunger most of the way back (creating a
vacuum) and then immediately release the plunger - the plunger will slam to a neutral position, sending
a shock wave through the bore of the PushPoint and may alleviate the problem.

The PushPoint can be used as a piezometer to determine the static head of the groundwater and hence,
the potential direction of groundwater movement. To do this, a tube is connected to the sample port as
shown in Figure 5. A continuous stream of water is established from the syringe (or pump) to the
screened-zone by pumping out any air remaining in the PushPoint /tubing. When the tube is
disconnected from syringe, the static water level in the tube will represent the static water level at the
depth that the screened-zone occupies. In some discharge areas I have found several feet of head
differential, and when the tubing is removed, the PushPoint flows like a miniature artesian well.

It is frequently possible to push the PushPoint through thin lenses of low-permeably material and
collect samples from below them and gather valuable geochemical samples. At many of the sites where
the PushPoint has been used, sampling from just below a layer of fine sand/silt/clay, one occasionally
encounters seemingly large pockets of gas that seem to have coalesced and collected under this less
permeable stratum. Analysis of these pockets may provide additional insight to predominant biological
processes. It is likely true that the concentration of volatile chemicals in the groundwater has
equilibrated with these bubbles which means that their presence in a sampling stream or syringe would
not significantly affect the concentration of dissolved volatile organic chemicals (VOC's). In fact, if
one assumes that equilibrium conditions exist, the concentration of VOC's in the bubbles is directly
related the concentration in the surrounding groundwater. An different condition may exist if the
groundwater is supersaturated with bacterial metabolic waste gasses and the negative pressure exerted
by the pump (or syringe) initiates degassing of dissolved gasses from the groundwater. In this instance,
VOC's would partition from the groundwater to the bubbles as they are formed in the sampling tubing
(this is fairly evident if occurring). The consequence of this condition is that part of the dissolved
contaminant mass has partitioned into the gas phase and unless the gas-phase is captured, quantified
and accounted for, the native VOC concentration of the groundwater is not reflected by analysis of the
groundwater alone. If this condition exists, the degassing effect can be minimized by decreasing the
sampling rate to a rate more easily yielded by the sampled formation. With experience, it is easy to
distinguish which of these conditions (or combination of conditions) exist and to what extent they
affect sample quality.

The internal volume of a PushPoint PP27 is approx. 1.5 ml. A 50 ml syringe full of distilled water,
decon water, methanol, etc. will push about 33 volumes through the bore.

When straightening the screened zone it is sometimes helpful to flush out the bore of the device with a
cleaning solution and then insert the guard-rod to the area of the bend in the screened-zone. Gently
unbend the portion of the screened-zone nearest the rod and carefully advance the rod to the next bend.
After the rod has been fully inserted into the screened-zone perform the final screened-zone,
straightening until the guard-rod slides freely through it.

If the sampling port of the PushPoint is above the static level of the water body, each time you remove
the syringe or pump from the PushPoint sampling port, air will fill the bore of the PushPoint, allowing
the water level in the bore to reach its static head. To avoid this plug of air from entering the
subsequent syringe, attach a pinch clamp and/or a 3-way valve between the sampling port and the
syringe or pump inlet as shown in Figure 7.

I have conducted dye tests (concentrated uranine dye) by injecting concentrated dye under a perforated
1.5' diameter disk through which the PushPoint was inserted from depths of 3" - 12" into sediments.
The goal of these tests was to determine whether or not surface water and dye are drawn into samples
collected in near surface sediments (i.e. whether a cone of depression is formed). The results indicated



that no surface water is drawn into samples even though sampling was conducted with a peristaltic
pump at its maximum rate of 600 ml/min for several minutes.

I usually couple my field investigations with global positioning system (GPS) identification of the
sampling location. If conditions permit, a pin flag can be placed at the sampling location for later
location by GPS - I usually use sub-meter grade GPS for this surveying. GPS can then used in the
future to relocate previously sampled location even if certain site physical characteristics have changed
(eroding shorelines, etc.). If long-term study of a shoreline is planned it will be useful to have an
elevation benchmark established on shore that can be used as a reference. The elevation of the
sampling locations can then accurately measured. This may be helpful in areas where sediment levels
are not stable such as in erosional areas.

Sampling by syringe has many advantages. This is my preferred field method due to its simplicity and
versatility. It is useful to be able to collect several 50 ml syringes full of groundwater, store them on
ice and perform the sample transfer to VOA vial, etc. under more controlled conditions. To transfer
sample to a VOA vial, place the end of the transfer tube (Figure 8) to the bottom of the VOA vial.
Dispense sample into the VOA vial and slowly withdraw the transfer tube from the vial maintaining
the mouth of the transfer tube just below the sample surface. When the transfer tube is almost out of
the vial, continue to dispense sample and leave an "anti-meniscus" of sample above the rim of the vial.
Add several drops of HCI1 (which will displace a few drops of sample) and cap. If VOC samples are to
be collected and/or stored temporarily in a syringe, I recommend 100% polyethylene/polypropylene
("two piece") syringes such as those made by Henke Sass Wolf GMBH (NormJect ®, 50 ml))
configured as shown in Figure 8. From personal experience I have found that small amounts of
aromatic compounds (BTEX) can leach from the rubber parts of the rubber-tipped plunger found in
common medical syringes. Rubber-tipped plunger syringes have less side-wall resistance and work
much smoother than the 100% polyethylene/polypropylene syringes so I use medical syringes for
"development" of the PushPoint. Standard medical syringes also work well for collecting samples for
non-VOC analysis. I utilize handheld meters for pH, conductivity, redox, DO, etc. One can dispense
sample from the syringe into these types of instruments for field measurements. The disposable
syringes may be cleaned and reused several times, but because they are a friction fit; prolonged reuse
results in scoring of the barrel which eventually causes air leaks.

The 50 ml, 100% polyethylene/polypropylene "two piece" syringes mentioned above can be purchased
directly from MHE, configured with tubing, clamp, and stopper as was the example syringe included
with your order, or customized to suit your individual needs. If you would to make your own, the
syringes that I am currently using are purchased from National Scientific. The tubing is Tygon 1/4"OD
x 1/8" ID. Be sure to use some type of clamp at the tubing mouth to ensure a good seal at the sampler
port. The entire syringe assemblies are now available from MHE at a reasonable cost.

Headspace GC analysis of VOC's can be easily accomplished using 100% polyethylene/polypropylene
syringes. Dispense all but 25 ml of the sampled groundwater from the syringe. Refill the syringe to the
50 ml mark with ambient air and then stopper the tubing (and heat the syringe in a water bath if
desired) as shown in Figure 9. Shake the syringe assembly to equilibrate the VOC's in the sample with
the contained atmosphere. Insert a GC syringe needle through the transfer tube into the sample syringe
headspace and withdraw a sample for GC analysis.

Occasionally a small amount sand and silt is withdrawn into the syringe or pump sampling stream,
even after proper "development" of the PushPoint. This may be due to the nature of the geologic
formation. This fine material is probably already at equilibrium with the surrounding groundwater and
tests have shown that its presence should not influence analysis of VOC's in the groundwater sample.
The sample can be transferred to its shipping container without this silt if the syringe is dispensed in
such a manner as to let the solid material settle out in the syringe and not carry over to the shipping
vial.

The PushPoint has been used very successfully for underwater investigations using SCUBA equipment
and a series of 100% polyethylene syringes. Once again, GPS equipment was used for location of the
position that the divers collected groundwater samples of contaminant plume expression in the lake.
Underwater notes (temperature, depth, observations, etc.) can be written directly on the sample
syringes if they are pre-prepared with a strip of Scotch Magic Transparent Tape applied down the
syringe body and writing is done with a soft pencil.



The PushPoint may be used to inject nutrients or dyes into the sediments for field trials of biologic or
geochemical testing or tracing groundwater paths. Simply insert the PushPoint to the desired depth,
and after the guard-rod has been removed, connect a syringe or pump and slowly inject the desired
fluid into the sediments, perhaps followed by a small amount of native groundwater to flush the
instrument.

The PushPoint is constructed of 316 stainless steel as mentioned previously. There are two places
where the stainless parts are silver soldered together, the handle of the guard-rod and the handle on the
PushPoint sampler. If the investigator is collecting samples for metals analysis, the silver solder joint
on the guard-rod may impart trace levels metallic residue to the sampling port mouth. This has never
caused a problem but the possibility exists. The silver solder that I use is Safety-Silv 45 which contains
silver (45%), copper (30%),and zinc (25%). MSDS available upon request. In the unlikely event that
these metals cause contamination of samples, MHE can produce specialty guard-rods that are not silver
soldered. What can I say, these devices were originally built to sample for VOC's.

These devices can be dedicated as semi-permanent underwater monitoring devices. If a PushPoint is
inserted to the desired depth through a plate (such as the sampling platform mentioned earlier) that can
lock the sampler at the correct insertion depth, a vinyl cap can be placed over the mouth of the
sampler, and the sampler can be dedicated to that location so that future samples can be withdrawn
when desired.

It has been useful to carry several samplers in "quivers" made of 2" PVC tubing....one tube for (10-15)
clean/assembled samplers and one tube for used samplers and their separated guard-rods. This
arrangement protects both the investigators and the instruments.

I have been using a Myron 6P Ultrameter available from www.ColeParmer.com for most of my work.
This instrument measures pH, specific conductance, ORP, temperature, and TDS using only a few
milliliters of sample and is perfectly suited to samples dispensed by syringe. The instrument is
waterproof to 3 m. There will soon be a link on the MHEproducts.com web page.

I have been using the Chemetrics Vacu-Vial technique (www.Chemtrics.com) in conjunction with
Pushpoint sampling. I use this for dissolved oxygen and dissolved iron measurements. Many other
analytical tests are also available such as nitrate, phenols, etc.. This analytical technique also works
very well with samples collected in syringes. The sample is dispensed into a plastic cone until it
overflows. The tip of an evacuated ampoule containing the necessary reagents is broken off at the
bottom of the cone allowing the vacuum in the ampoule to pull in a aliquot of sample that has not
contacted the atmosphere. The ampoule is shaken and is then is then placed as a cuvette into a
handheld spectrophotometer. The results are nearly instantaneous and are displayed in ppm. There will
soon be a link on the MHEproducts.com web page.

I hope that users will find many useful and innovative uses for this device. If you have other helpful
information, uses, and advice concerning these samplers, please write or e-mail suggestions to me for
inclusion in future manual revisions. I have finally started a web site: www.MHEproducts.com and have
posted pictures, new products, and the latest version of this manual.

Thanks. MHE

MHE Products

3371 Sherman Rd.
East Tawas, MI 48730
USA

989 362 5179
517 393 0948

e-mail: sales@MHEProducts.com









FlOWTrCICke[@ Standard Features

No other wading discharge device on the
market comes with more useful options
and accessories, making the FlowTracker
a complete, turn-key solution.

The SonTek Deluxe wading rod,
featuring a sturdy grip
and bubble level

Rugged case provided with
optional top-setting rod

FlowPack Velocity Indexing
report software

e | ow-profile 2-D ADV water velocity
sensor on 2m flexible cable (measure
in depths down to 2cm (1 inch))

e Automatic discharge computation
protocols (ISO/USGS mid-section,
mean-section, and Japanese)

e Handheld keypad interface with real-time
display

e\/elocity methods: 1SO, USGS, under ice,
Kreps, 5-point, and multipoint

e Languages supported: English, Spanish,
German, ltalian, and French

e Recorder space: up to 64 discharge
measurements or over 150,000
individual velocity samples

e Data Set Documentation: up to 20 values
of time-stamped user comments
including gauge height and rated flow

¢ QA/QC: automated data review and
discharge uncertainty calculations

e Communication protocol: RS232

e Software: Windows software with diag-
nostic beam-check, recorder access, data
visualization and customizable reports

e Compatible with FlowPack Velocity
Indexing software

e Temperature sensor

e Hard plastic case

SonlTek

YSI incorporated @
SonTek/YSI
9940 Summer Ridge Road
San Diego, CA 92121
Tel: +1 (858) 546-8327
Fax: + (858) 546-8150
Email: inquiry@sontek.com
www.sontek.com

Optional Features

e 2-D/3-D ADV side-looking probe

e 5m flexible cable

e Deluxe SonTek two piece, top-setting
wading rod kit (1.2m/4ft or 2.4m/8ft)
including case and mounting brackets

e Wading rod mounting bracket for
controller/keypad

e Offset mounting bracket for ADV probe

Specifications

e Velocity range: =0.001 to 4.0 m/s
(+0.003 t0 13 ft/s)

e \lelocity resolution: 0.0001 m/s

e \elocity accuracy: +1% of measured
velocity, +£0.25 cm/s

e Sampling volume location: 10 cm from
center transducer

e Power supply: 8 AA batteries

e Typical battery life: 25+ hours continuous
operation (alkaline batteries)

e Weight: 1.8 kg/4.0 Ibs

e Probe width: 130 mm (5.1 inches)

e Handheld controller/keypad: temporarily
submersible to 1m

e Operating temperature: -20° to 50°C

e Storage temperature: -20° to 50°C

SmartQC is a
built-in quality control
feature that gives you the
added assurance your FlowTracker data is
correct. With each measurement, data is
compared to a variety of adaptive QC criteria
to ensure the best measurement possible.

SmartQC is our exclusive promise your
SonTek/YSI system is performing at
optimum standards and that your data is
precise, reliable and exceeds your service
expectations.

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable,
reliable acoustic Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries,
and laboratories. Headquarters are located in San Diego, California. Additional information can be found at
www.sontek.com. SonTek/YS! is an employee-owned company.

SonTek, ADV and FlowTracker are trademarks of YSI Inc., Yellow Springs, OH, USA.
The FlowTracker is made in the USA. Lit. code S01-05-0411

FlowTracker

Handheld ADV,

FEATURING

SmartQ




FlowTracker

Handheld ADV,

Portable. Precise. Practical.

Designed with the field user in mind, this handheld ADV® (Acoustic Doppler Velocimeter) measures
2D or 3D currents, attaches easily to wading rods, and features an automatic discharge computa-
tion using a variety of international methods, including ISO and USGS standards. At the end of the
data run, just press a button and the FlowTracker calculates the discharge for you!

The FlowTracker is the ideal solution if you're looking for:
e Help in challenging outdoor conditions

e A way to avoid recurring calibration/maintenance

e Tough equipment that doesn't break down all the time

¢ Unmatched performance in shallow water and low flows
¢ An easy-to-use interface

e Fewer steps to follow

e Built-in quality checks (SmartQC) so you know your data is right.

The handy FlowTracker keypad is custom-designed for both discharge
measurements and general purpose water velocity. Featuring provisions for
starting edges, multiple channels, and even ice covered water, it is ready for
any environmental situation. In addition, the FlowTracker's intelligent algorithm
automatically prompts you for the proper measurement method based on your
previous measurement stations.

FlowTracker Software Speaks Your Language

The FlowTracker comes with user-friendly, data analysis software that helps you produce
attractive, customizable and professional reports in minutes. FlowTracker software also supports
several languages, making it an ideal solution for international applications.

Example of FlowTracker discharge software and reports

Sound Principles. Good Advice.

FlowTracker in the Field

With rugged construction for any climate and a backlit display easily read during both day and
night, the FlowTracker goes wherever you need it to go.

Wading
Discharge
Measurement
Device

e Natural Streams
* |rrigation Canals
e Mining Channels
e \Water Treatment

e Weirs/Flumes

e Storm Water
¢ Open Channels
e | akes

River Discharge and Flow

The FlowTracker Advantage

It doesn’t matter if you are new to acoustic Doppler technology, or an old familiar friend, the
FlowTracker provides unparalleled benefits you will only find with SonTek/YSI systems. Here is
some of what sets the FlowTracker apart.

e Multi-language instrument and software (English, Spanish, French, Italian, and German)
e Proven velocity precision - accurate to as low as 0.001 m/s (0.003 ft/s) and up to
4.0 m/s (13 ft/s)

e Automatic discharge calculation - International techniques, including ISO and USGS standards

e Record changing gauge heights and rated flows, with comments in each measurement
e Automatic discharge uncertainty calculation to ISO standard. A FlowTracker First!

e Measure velocities in water as shallow as 2 cm (less than an 1 inch)

e Keypad interface with real-time velocity and flow display
e Automatic quality control for accurate data collection

e Two or three dimensional velocity measurement

e Recorded data is shielded from power loss

e | ightweight, rugged, and waterproof

e No calibration required - ever!

e Built-in temperature sensor

Example of typical stance
and technigue when using
the FlowTracker

Spot Current Sampling

2D
side-looking
probe

Irrigation Canals

s/dg%jogmg S OIlTek
probe

YSI incorporated




GEOPROBE® SCREEN POINT 16 GROUNDWATER SAMPLER
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Geoprobe Systems

Geoprobe® and Geoprobe Systems®, Macro-Core® and Direct Image® are
Registered Trademarks of Kejr, Inc., Salina, Kansas

Screen Point 16 Groundwater Sampler is manufactured
under U.S.Patent 5,612,498

COPYRIGHT®© 2006 by Kejr, Inc.
ALL RIGHTS RESERVED.

No part of this publication may be reproduced or transmitted in any form
or by any means, electronic or mechanical, including photocopy, recording,
or any information storage and retrieval system, without permission in writ-

ing from Kejr, Inc.
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1.0 OBJECTIVE

The objective of this procedure is to drive a sealed stainless steel or PVC screen to depth, deploy the screen, obtain a
representative water sample from the screen interval,and grout the probe hole during abandonment. The Screen Point
16 Groundwater Sampler enables the operator to conduct abandonment grouting that meets American Society for
Testing and Materials (ASTM) Method D 5299 requirements for decommissioning wells and borings for environmental
activities (ASTM 1993).

2.1

2.2

2.0 BACKGROUND
Definitions

Geoprobe®: A brand name of high quality, hydraulically powered machines that utilize both static force and
percussion to advance sampling and logging tools into the subsurface. The Geoprobe® brand name refers to both
machines and tools manufactured by Geoprobe Systems®, Salina, Kansas. Geoprobe® tools are used to perform
soil core and soil gas sampling, groundwater sampling and monitoring, soil conductivity and contaminantlogging,
grouting, and materials injection.

Screen Point 16 (SP16) Groundwater Sampler: A direct push device consisting of a PVC or stainless steel
screen that is driven to depth within a sealed, steel sheath and then deployed for the collection of representative
groundwater samples. The assembled SP16 Sampler is approximately 51.5 inches (1308 mm) long with an OD of
1.625 inches (41 mm). Upon deployment, up to 41 inches (1041 mm) of screen can be exposed to the formation.
The Screen Point 16 Groundwater Sampler is designed for use with 1.5-inch probe rods and machines equipped
with the more powerful GH60 Hydraulic Hammer. Operators with GH40 Series hammers may chose to use this
sampler in soils where driving is difficult.

Rod Grip Pull System: An attachment mounted on the hydraulic hammer of a direct push machine which makes
it possible to retract the tool string with extension rods or flexible tubing protruding from the top of the probe
rods. The Rod Grip Pull System includes a pull block with rod grip jaws that are bolted directly to the machine.
A removable handle assembly straddles the tool string while hooking onto the pull block to effectively grip the
probe rods as the hammer is raised. A separate handle assembly is required for each probe rod diameter.

Discussion

In this procedure, the assembled Screen Point 16 Groundwater Sampler (Fig.2.1A) is threaded onto the leading end
of a Geoprobe® probe rod and advanced into the subsurface with a Geoprobe® direct push machine. Additional
probe rods are added incrementally and advanced until the desired sampling interval is reached. While the sampler
is advanced to depth, O-ring seals at each rod joint, the drive head, and the expendable drive point provide a
watertight system. This system eliminates the threat of formation fluids entering the screen before deployment
and assures sample integrity.

Once at the desired sampling interval, extension rods are sent downhole until the leading rod contacts the bottom
of the sampler screen. The tool string is then retracted approximately 44 inches (1118 mm) while the screen is
held in place with the extension rods (Fig. 2.1B). As the tool string is retracted, the expendable point is released
from the sampler sheath. The tool string and sheath may be retracted the full length of the screen or as little as a
few inches if a small sampling interval is desired.

There are three types of screens that can be used in the Screen Point 16 Groundwater Sampler. Two of the these, a
stainless steel screen with a standard slot size of 0.004 inches (0.10 mm) and a PVC screen with a standard slot size
of 0.010 inches (0.25 mm), are recovered with the tool string after sampling. The third screen is also manufactured
from PVC with a standard slot size of 0.010 inches (0.25 mm), but is designed to be left downhole when sampling
is complete. This disposable screen has an exposed screen length of approximately 43 inches (1092 mm). The
two screens that are recovered with the sampler both have an exposed screen length of approximately 41 inches
(1041 mm).

(continued on following page)
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An O-ring on the head of the stainless steel screens maintains a seal at the top of the screen. As a result,any liquid
entering the sampler during screen deployment must first pass through the screen. PVC screens do not require an
O-ring because the tolerance between the screen head and sampler sheath is near that of the screen slot size.

The screens are constructed such that flexible tubing,a mini-bailer,or a small-diameter bladder pump can be inserted
into the screen cavity. This makes direct sampling possible from anywhere within the saturated zone. A removable
plug in the lower end of the screens allows the user to grout as the sampler is extracted for further use.

Groundwater samples can be obtained in a number of ways. A common method utilizes polyethylene (TB25L) or
Teflon® (TB25T) tubing and a Check Valve Assembly (GW4210). The check valve (with check ball) is attached to one
end of the tubing and inserted down the casing until it is immersed in groundwater. Water is pumped through
the tubing and to the ground surface by oscillating the tubing up and down.

An alternative means of collecting groundwater samples is to attach a peristaltic or vacuum pump to the tubing.
This method is limited in that water can be pumped to the surface from a maximum depth of approximately 26
feet (8 m). Another technique for groundwater sampling is to use a stainless steel Mini-Bailer Assembly (GW41).
The mini-bailer is lowered down the inside of the casing below the water level where it fills with water and is then
retrieved from the casing.

The latest option for collecting groundwater from the SP16 sampler is to utilize a Geoprobe® MB470 Series
Mechanical Bladder Pump (MBP)*. The MBP may be used to meet requirements of the low-flow sampling protocol
(Puls and Barcelona 1996, ASTM 2003). Through participation in a U.S.EPA Environmental Technology Verification
study, it was confirmed that the MB470 can provide representative samples (EPA 2003).

*The Mechanical Bladder Pump is manufactured under U.S. Patent No. 6,877,965 issued April 12, 2005.
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3.0 TOOLS AND EQUIPMENT

The following tools and equipment can be used to successfully recover representative groundwater samples with the
Geoprobe® Screen Point 16 Groundwater Sampler. Refer to Figures 3.1 and 3.2 for identification of the specified parts.
Tools are listed below for the most common SP16/ 1.5-inch probe rod configurations. Additional parts for optional rod
sizes and accessories are listed in Appendix A.

SP16 Sampler Parts

Part Number

SP16 Sampler Sheath 15187
SP16 Drive Head, 0.5-inch bore, 1.5-inch rods* 18307
SP16 O-ring Service Kit, 1.5-inch rods (includes 4 each of the O-ring packets below) .............ccuuveenn.. 15844
O-rings for Top of SP16 Drive Head, 1.5-inch rods only (Pkt. of 25) 15389
O-rings for Bottom of SP16 Drive Head (Pkt. of 25) 13196
O-rings for GW1520 Screen Head (Pkt. of 25) GW1520R
O-rings for SP16 Expendable Drive Point (Pkt. of 25) GWI1555R
Screen, Wire-Wound Stainless Steel, 4-Slot* GW1520
Grout Plugs, PE (Pkg. of 25) GW1552K
Expendable Drive Points, steel, 1.625-inch OD (Pkg. of 25)* GW1555K
Screen Point 16 Groundwater Sampler Kit, 1.5-inch Probe Rods (includes 1 each of:
15187,18307, 15844, GW1520, GW 1535, GW1540, GW1555K, and GW1552K)....eeecveeevenernenenns 15770

Probe Rods and Probe Rod Accessories
Drive Cap, 1.5-inch probe rods, threadless, (for GH60 Hammer)

Part Number
12787

15090

Pull Cap, 1.5-inch probe rods
Probe Rod, 1.5-inch x 60-inch*

11121

Extension Rods and Extension Rod Accessories

Part Number

Screen Push Adapter GW1535
Grout Plug Push Adapter GW1540
Extension Rod, 60-inch* 10073
Extension Rod Coupler AT68
Extension Rod Handle AT69
Extension Rod Jig AT690
Extension Rod Quick Link Coupler, pin AT695
Extension Rod Quick Link Coupler, box AT696

Grout Accessories Part Number
Grout Nozzle, for 0.375-inch OD tubing GW1545
High-Pressure Nylon Tubing, 0.375-inch OD / 0.25-inch ID, 100-ft. (30 m) 11633
Grout Machine, self-contained* GS1000
Grout System Accossories Package, 1.5-inch rods GS1015

Groundwater Purging and Sampling Accessories

Part Number

Polyethylene Tubing, 0.375-inch OD, 500 ft.* TB25L
Check Valve Assembly, 0.375-inch OD Tubing* GW4210
Water Level Meter, 0.438-inch OD Probe, 100 ft. cable* GW2000
Mechanical Bladder Pump** MB470
Mini Bailer Assembly, stainless steel GW41

Additional Tools

Part Number

Adjustable Wrench, 6.0-inch FA200
Adjustable Wrench, 10.0-inch FA201
Pipe Wrenches NA

* See Appendix A for additional tooling options.

** Refer to the Standard Operating Procedure (SOP) for the Mechanical Bladder Pump (Technical Bul-

letin No. MK3013) for additional tooling needs.
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Screen Head

SP16 Drive Head O-ring,
Top O-Ring GW1520 only
(15389%) (GW1520R)
SP16 Drive Head
(18307**)
Screen
i (GW1520%%)
SP16 Drive Head
Bottom O-Ring
(13196%)
Sampler Sheath
(15187) \
Expendable Drive
Point O-Ring
(GW1555R¥)
Expendable
Drive Point,
(GW1555K**) PE Grout Plug
(GW1552)

* Included in the SP16 O-ring Service Kit (15844)

See Appendix A for alternative parts.

** Part numbers show most common tool configuration.

FIGURE 3.1
SP16 Sampler Parts
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FIGURE 3.2
Geoprobe® Extension Rods and Accessories

Standard Operating Procedure

Page 7 SP16 Groundwater Sampler



4.1

4.2

4.3

4.4

4.0 OPERATION
Basic Operation

The SP16 sampler utilize a stainless steel or PVC screen which is encased in an alloy steel sampler sheath. An
expendable drive point is placed in the lower end of the sheath while a drive head is attached to the top. O-rings
on the drive head and expendable point provide a watertight sheath which keeps contaminants out of the system
as the sampler is driven to depth.

Once the sampling interval is reached, extension rods equipped with a screen push adapter are inserted down
the ID of the probe rods. The tool string is then retracted up to 44 inches (1118 mm) while the screen is held in
place with the extension rods. The system is now ready for groundwater sampling. When sampling is complete, a
removable plug in the bottom of the screen allows for grouting below the sampler as the tool string is retrieved.

Sampler Options

The Screen Point 15 and Screen Point 16 Groundwater Samplers are nearly identical. Subtle differences in the
design of the SP16 sampler make it more durable than the earlier SP15 system. Operators of GH60-equipped
machines should always utilize SP16 tooling. Operators of machines equipped with GH40 Series hammers may
also choose SP16 tooling when sampling in difficult probing conditions.

A 1.75-inch OD Expendable Drive Point (17066K) and Disposable PVC Screen (16089) provide two useful options
for the SP16 sampler. The 1.75-inch drive point may be used when soil conditions make it difficult to remove the
sampler after driving to depth. The disposable PVC screen may be left downhole after sampling (when regulations
permit) to eliminate the time required for screen decontamination.

Decontamination

In order to collect representative groundwater samples, all sampler parts must be thoroughly cleaned before and
after each use. Scrub all metal parts using a stiff brush and a nonphosphate soap solution. Steam cleaning may be
substituted for hand-washing if available. Rinse with distilled water and allow to air-dry before assembly.

SP16 Sampler Assembly (Figure 4.1)

Part numbers are listed for a standard SP16 sampler using 1.5-inch probe rods. Refer to Page 6 for screen and
drive head alternatives.

1. Placean O-ring on a steel expendable drive point (GW1555K). Firmly seat the expendable pointin the necked
end of a sampler sheath (15187).

2. |Install a PE Grout Plug (GW1552) in the bottom end of a Wire-wound Stainless Steel Screen (GW1520). Place
a GW1520R O-ring in the groove on the top end of the screen.

3. Slide the screen inside of the sampler sheath with the grout plug toward the bottom of the sampler. Ensure
that the expendable point was not displaced by the screen.

4. |Install a bottom O-ring (13196) on a Drive Head (18307 or 15188). Thread the drive head into the sampler
sheath using an adjustable wrench if necessary to ensure complete engagement of the threads. Attach a
Drive Cap (12787 or 15590) to the top of the drive head.

NOTE: The 18307 drive head should be used whenever possible as the smaller 0.5-inch ID provides a greater
material cross-section for increased durability.

Sampler assembly is complete.
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FIGURE 4.1
Screen Point 16 Groundwater Sampler Assembly
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* Included in the SP16 O-ring Service Kit (15844)
** Part numbers show most common tool configuration.
See Appendix A for alternative parts.

4.5 Advancing the SP16 Sampler

To provide adequate room for screen deployment with the Rod Grip Pull System, the probe derrick should be
extended a little over halfway out of the carrier vehicle when positioning for operation.

1.

Begin by placing the assembled sampler (Fig.2.1.A) in the driving position beneath the hydraulic hammer of

the direct push machine as shown in Figure 4.2.

Advance the sampler with the throttle control at slow speed for the first few feet to ensure that the sampler
is aligned properly. Switch to fast speed for the remainder of the probe stroke.

Completely raise the hammer

assembly. Remove the drive
cap and place an O-ring in the
top groove of the drive head.
Distilled water may be used to
lubricate the O-ring if needed.

Add a probe rod (length to be

Probe Cylinder
is Extended

Hydraulic
[ / Hammer

0L [ 1 ¢

determined by operator) and
reattach the drive cap to the

L i Assembled
: Sampler

rod string. Drive the sampler
the entire length of the new rod

with the throttle control at fast
speed.

FIGURE 4.2
Screen Point 16 Groundwater Sampler in Driving Position

Repeat Step 3 until the desired
sampling interval is reached.

Approximately 12 inches (305 mm) of the last probe rod must extend above the ground surface to allow
attachment of the puller assembly. A 12-inch (305 mm) rod may be added if the tool string is over-driven.

Remove the drive cap and retract the probe derrick away from the tool string.

Standard Operating Procedure
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4.6 Screen Deployment

4.7

1.

Thread a screen push adapter (GW1535) on an extension rod of suitable length (AT671, 10073, or AT675).
Attach a threaded coupler (AT68) to the other end of the extension rod. Lower the extension rod inside of the
probe rod taking care not to drop it down the tool string. An extension rod jig (AT690) may be used to hold
the rods.

Add extension rods until the adapter contacts the bottom of the screen. To speed up this step, it is recommended
that Extension Rod Quick Links (AT695 and AT696) are used at every other rod joint.

Ensure that at least 48 inches (1219 mm) of extension rod protrudes from the probe rod. Thread an extension
rod handle (AT69) on the top extension rod.

Maneuver the probe assembly into position for pulling.

Raise (pull) the tool string while physically holding the screen in place with the extension rods (Fig.4.3.B). A
slight knock with the extension rod string will help to dislodge the expendable point and start the screen
moving inside the sheath.

Raise the hammer and tool string about 44 inches (1118 cm) if using a GW1520 or GW1530 screen. At this
point the screen head will contact the necked portion of the sampler sheath (Fig. 4.3.C.) and the extension
rods will rise with the probe rods. Use care when deploying a PVC screen so as not to break the screen when
it contacts the bottom of the sampler sheath.

The Disposable Screen (16089) will extend completely out of the sheath if the tool string is raised more than
45 inches (1143 mm). Measure and mark this distance on the top extension rod to avoid losing the screen
during deployment.

Remove the rod grip handle, lower the hammer assembly, and retract the probe derrick. Remove the top
extension rod (with handle) and top probe rod. Finally, extract all extension rods.

Groundwater samples can now be collected with a mini-bailer, peristaltic or vacuum pump, tubing bottom
check valve assembly, bladder pump, or other acceptable small diameter sampling device.

When inserting tubing or a bladder pump down the rod string, ensure that it enters the screen interval. The
leading end of the tubing or bladder pump will sometimes catch at the screen head giving the illusion that
the bottom of the screen has been reached. An up-and-down motion combined with rotation helps move
the tubing or bladder pump past the lip and into the screen.

Abandonment Grouting for GW1520 and GW1530 Screens

The SP16 Sampler can meet ASTM D 5299 requirements for abandoning environmental wells or borings when
grouting is conducted properly. A removable grout plug makes it possible to deploy tubing through the bottom
of GW1520 and GW1530 screens. A GS500 or GS1000 Grout Machine is then used to pump grout into the open
probe hole as the sampler is withdrawn. The following procedure is presented as an example only and should be
modified to satisfy local abandonment grouting regulations.

1.

Maneuver the probe assembly into position for pulling. Attach the rod grip puller to the top probe rod. Raise
the tool string approximately 4 to 6 inches (102 to 152 cm) to allow removal of the grout plug.

Thread the Grout Plug Push Adapter (GW1540) onto an extension rod. Insert the adapter and extension rod
inside the probe rod string. Add extension rods until the adapter contacts the grout plug at the bottom of the
screen. Attach the handle to the top extension rod. When the extension rods are slightly raised and lowered,
a relatively soft rebound should be felt as the adapter contacts the grout plug. This is especially true when
using a PVC screen.
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FIGURE 4.3
Screen Deployment for SP16 Sampler
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FIGURE 4.4
Grouting the SP16 Sampler With a
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FIGURE 4.5
Grouting the SP16 Sampler With a
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4.8

7.

Place a mark on the extension rod even with the top of the probe rod. Apply downward pressure on the
extension rods and push the grout plug out of the screen. The mark placed on the extension rod should now
be below the top of the probe rod. Remove all extension rods.

Note: When working with a stainless steel screen, it may be necessary to raise and quickly lower the extension
rods to jar the grout plug free. When the plug is successfully removed, a metal-on-metal sensation may be
noted as the extension rods are gently "bounced" within the probe rods.

A Grout Nozzle (GW1545) is now connected to High-Pressure Nylon Tubing (11633) and inserted down through
the probe rods to the bottom of the screen (Fig.4.4). It may be necessary to pump a small amount of clean
water through the tubing during deployment to jet out sediments that settled in the bottom of the screen.
Resistance will sometimes be felt as the grout nozzle passes through the drive head. Rotate the tubing while
moving it up-and-down to ensure that the nozzle has reached the bottom of the screen and is not hung up
on the drive head.

Note: All probe rods remain strung on the tubing as the tool string is pulled. Provide extra tubing length to allow
sufficient room to lay the rods on the ground as they are removed. An additional 20 feet is generally enough.

Operate the grout pump while pulling the first rod with the rod grip pull system. Coordinate pumping and
pulling rates so that grout fills the void left by the sampler. After pulling the first rod, release the rod grip
handle, fully lower the hammer,and regrip the tool string. Unthread the top probe and slide it over the tubing
placing it on the ground near the end of the tubing.

Repeat Step 5 until the sampler is retrieved. Do not bend or kink the tubing when pulling and laying out the
probe rods. Sharp bends create weak spots in the tubing which may burst when pumping grout. Remember
to operate the grout pump only when pulling the rod string. The probe hole is thus filled with grout from the
bottom up as the rods are extracted.

Promptly clean all probe rods and sampler parts before the grout sets up and clogs the equipment.

Abandonment Grouting for the 16089 Disposable Screen

ASTM D 5299 requirements can also be met for the SP16 samplers when using the 16089 disposable screen.
Because the screen remains downhole after sampling, the operator may choose either to deliver grout to the
bottom of the tool string with nylon tubing or pump grout directly through the probe rods using an Injection Pull
Cap (16698). A GS500 or GS1000 Grout Machine is needed to pump grout into the open probe hole as the sampler
is withdrawn. The following procedure is presented as an example only and should be modified to satisfy local
abandonment grouting regulations.

1.

2.

Maneuver the probe assembly into position for pulling with the rod grip puller.

Thread the screen push adapter onto an extension rod. Insert the adapter and extension rod inside the probe
rod string. Add extension rods until the adapter contacts the bottom of the screen. Attach the handle to the
top extension rod.

The disposable screen must be extended at least 46 inches (1168 mm) to clear the bottom of the sampler
sheath. Considering the length of screen deployed in Section 4.7, determine the remaining distance required
to fully extend the screen from the sheath. Mark this distance on the top extension rod.

Pull the tool string up to the mark on the top extension rod while holding the disposable screen in place.
The screen is now fully deployed and the sampler is ready for abandonment grouting. Apply grout to the

bottom of the tool string during retrieval using either flexible tubing (as described in Section 4.7) or an injection
pull cap (Fig.4.5). This section continues with a description of grouting with a pull cap.
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5. Remove therod grip handle and maneuver the probe assembly directly over the tool string. Thread an Injection

Pull Cap (16698) onto the top probe rod and close the hammer pull latch over the top of the pull cap.

6. Connect the pull cap to a Geoprobe® grout machine using a high-pressure grout hose.

7. Operate the pump to fill the entire tool string with grout. When a sufficient volume has been pumped to fill

the tool string, begin pulling the rods and sampler while continuing to operate the grout pump. Considering
the known pump volume and sampler cross-section, time tooling withdrawal to slightly "overpump" grout
into the subsurface. This will ensure that all voids are filled during sampler retrieval.

The grouting process can lubricate the probe hole sufficiently to cause the tool string to slide back downhole
when disconnected from the pull cap. Prevent this by withdrawing the tool string with the rod grip puller
while maintaining a connection to the grout machine with the pull cap.

Retrieving the Screen Point 16 Sampler

If grouting is not required, the Screen Point 16 Sampler can be retrieved by pulling the probe rods as with most
other Geoprobe® applications. The Rod Grip Pull System should be used for this process as it allows the operator
to remove rods without completely releasing the tool string. This avoids having the probe rods fall back downhole
when released during the pulling procedure. A standard Pull Cap (15164) may still be used if preferred. Refer to the
Owner's Manual for your Geoprobe® direct push machine for specific instructions on pulling the tool string.
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Appendix A
ALTERNATIVE PARTS

The following parts are available to meet unique soil conditions. See section 3.0 for a complete listing of the common

tool configurations for the Geoprobe® Screen Point 16 Groundwater Sampler.

SP16 Sampler Parts and Accessories
SP16 Drive Head, 0.625-inch bore, 1.5-inch rods

Part Number
15188

Expendable Drive Points, aluminum, 1.625-inch OD (Pkg. of 25)

GW1555ALK

Expendable Drive Points, steel, 1.75-inch OD (Pkg. of 25)

17066K

Screen, PVC, 10-Slot

GW1530

Screen, Disposable, PVC, 10-Slot

Groundwater Purging and Sampling Accessories
Polyethylene Tubing, 0.25-inch OD, 500 ft.

16089

Part Number
TB17L

Polyethylene Tubing, 0.5-inch OD, 500 ft

TB37L

Polyethylene Tubing, 0.625-inch OD, 50 ft.

TB50L

Check Valve Assembly, 0.25-inch OD Tubing

GW4240

Check Valve Assembly, 0.5-inch OD Tubing
Check Valve Assembly, 0.625-inch OD Tubing

GW4220
GW4230

Water Level Meter, 0.375-inch OD Probe, 100-ft. cable

GW2001

Water Level Meter, 0.438-inch OD Probe, 200-ft. cable

GW2002

Water Level Meter, 0.375-inch OD Probe, 200-ft. cable

GW2003

Water Level Meter, 0.438-inch OD Probe, 30-m cable

GW2005

Water Level Meter, 0.438-inch OD Probe, 60-m cable

GW2007

Water Level Meter, 0.375-inch OD Probe, 60-m cable

Grouting Accessories
Grout Machine, auxiliary-powered

GE2008

Part Number
GS500

Probe Rods, Extension Rods, and Accessories

Probe Rod, 1.5-inch x 1-meter

Part Number
17899

Probe Rod, 1.5-inch x 48-inch
Drive Cap, 1.5-inch rods (for GH40 Series Hammer)

13359
15590

Rod Grip Pull Handle, 1.5-inch Probe Rods (for GH40 Series Hammer) .......cccoveeceecennne

Extension Rod, 48-inch

....... GH1555

AT671

Extension Rod, 1-meter

AT675

Equipment and tool specifications, including weights, dimensions, materi-
als,and operating specifications included in this brochure are subject to

please consult Geoprobe Systems®.

change without notice. Where specifications are critical to your application,
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