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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) is part of the Rocky Flats Environmental Restoration 

(ER) Program Sampling Analysis Plan (SAP). The SAP includes the Quality Assurance Project 

Plan (QAPjP) and SOPS, which are program-wide documents that are not project-specific. These 

program-wide documents have been reviewed and approved by the Environmental Protection 

Agency (EPA) and the Colorado Department of Health (CDH) for ER activities at Rocky Flats. 

Project-specific requirements are described in individual project work plans that include a Field 

Sampling Plan (FSP). The FSP will include or reference the applicable program SOPs. 

Procedural details not covered by the program-wide SOPs will be provided in SOP addenda 

(SOPAS). In general, an SOPA will conform with the original SOP but will be project-specific. 

The SOPAS will be an attachment to the FSP and must accompany the FSP and SOPs during field 

operations. 

The project-specific SOPAS, if required, will be prepared by the subcontractor designated to 

prepare the work plans. 

Over the period of the last few years, it has become apparent that a standardized procedure is 

needed for logging alluvial and bedrock material. This need has arisen because each 

subcontractor has slightly different procedures and criteria for logging borehole material. 

Beginning in 1991, all subcontractors will use the procedures that are covered in this SOP. 

By applying these techniques and procedures, it will be possible to standardize the logging of 

alluvial and bedrock materials. In addition, the number of errors and the amount of relogging 

will be reduced. This will allow lithologic descriptions to be compared from year to year and will 

enable the environmental restoration staff on the Rocky Flats Plant (RFP) site to make 

interpretations based on reliable data. 
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On the RFP site, "alluvial material" includes alluvium, colluvium, fill, and agronomic soils. 

Samples of alluvium, colluvium, fill, and agronomic soils are to be chsified and described using 

the Unified Soil Classification System (US.CS.) and enhanced by Item 10.1 in ASTM D2488, 

"Description and Identification of Soils (Visual-Manual Procedure)." Bedrock material, regardless 

of the degree of weathering, is to be clasdkd and described by using many of the procedures and 

techniques described in Compton's "Manual of Field Geology" (1%2) and additional material 

covered in this SOP. 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

The EG&G project manager has the overall responsibility for implementing this SOP. The 

subcontractor's project manager will be responsible for assigning project staff to implement this 
SOP and for ensuring that the procedures are followed by all subcontractor personnel. 

All personnel performing these procedures are required to have the appropriate health and safety 

training as specified in the site-specific Health & Safety Plan. In addition, all personnel are 

required to have a complete understanding of the procedures described within this SOP and 

receive specific training regarding these procedures, if necessary. 

Only qualified personnel will be allowed to perform these procedures. Required qualifications 

vary depending on the adivity to be performed. In general, qualifications are based on education, 

previous experience, on-the-job training, and supervision by qualified personnel. Personnel who 

log alluvial boreholes must study the RFP Alluvial Reference Set that contains examples of all 15 
sample classifications within the U.S.C.S. System. Personnel who log bedrock boreholes must be 

qualified geologists or geologic engineers, who have received special permission to log bedrock 
holes. All of the loggers must study the Core Reference Set that contains 15 representative 

samples of the stratigraphic d o n  in the RFP area. In addition they must also study the Alluvial 
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Reference Set. The subcontractor’s project manager will document personnel qualifications 

related to this procedure in the subcontractor‘s project Quality Assurance (QA) files. 

AU project staff are responsiile for reporting deviations from this SOP to the individual‘s project 

manager. The subcontractor’s project manager wil l  report deviations and noncOnformances to 

the EG&G project manager. 

When field conditions require deviations from the SOP or SOPA, a Procedural Deviation Notice 

(PDN) will be authorized by an EG&G Eh4AD logging supervisor. An EG&G ER Department 

Administrative Procedure outlines the PDN approval process. 
> 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

ASTM. Method for Particle - Size Analvsis of Soils: Soil and Rock Dimensions. Stone and Geo- 

Svnthetics. Vol. 04.08. Sec D422. 1989. 
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Manual Proceduresk Soil and Rock Dimensions. Sto ne and Geo-Svnt hetiq. Vol. 04.08. Sec. 

D2483. 1989. 

Blatt, H., Middleton, G., Murray, R. Qrih of Sedimentarv Rocks. Prentice-Hall. 1972. 

Compton, Robert R. Manual of Field Geolggll. John Wdey & Sons, Inc. 1962. 
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in Geotechnical Engineering, #60. Elsevier. 1989. 
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Krumbein, W.C., Pettijohn, FJ. Manual o f Sedime ntarv PetromaDhy. Appleton-Century-Crofts. 

1966. 

Unified Soil Classification System. &pe ndlx . A. - Characte ristics of Soil G rows PertaininP tp 
Embankme nts and Foundah '011s. ADDendk B: Characte ristics of Soil GrouDs Pertainine to Roads 

md  Airfields. (U.S.) Army Engineer Waterways Experiment Station. Vicksburg, MS. 1960. 

5.0 CLASSIFICATION/DESCR ITION 

5.1 UNIFIED SOIL CLASSIFICATION SYSTEM (US.CS) 

The U.S.C.S., as used in this SOP, has been modified from the Army Corps of Engineers' 

Technical Memorandum No. 3-357, "The Unified Soil Classification System" (1960). The liquid 

limit, dilatancy, and dry strength are not included because they are neither practical to do in the 

field nor applicable to hydrogeologic 10- A reprint of the U.S.C.S. is enclosed in Appendix 

A. 

5.1.1 Basis of Classification 

The U.S.C.S. historically has been used to rlasrifv "soils" based on their textural properties, liquid 

limit, and organic content. In the past the term "soil" has been used by engineers as a catchall 

term that includes all unconsolidated material. Because engineers are concerned with how the 

soil behaves as a construction material, this all-inclusive approach has send them quite well. 

However, in this SOP, the U.S.C.S. will be applied only to alluvium, colluvium, !ill, and agronomic 

soils. This has been done to separate unconsolidated cover material from bedrock that has well- 

defined sedimentologic and depositional patterns, regardless of the degree to which the bedrock 

has been weathered. In the RFP area, it is more important to determine the possible paths of 
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groundwater movement based on geologic processes than it is to determine the engineering 

properties of weathered bedrock based on its physical behavior. 

I 

5.1.2 Texture 

5.12.1 Grain Size Sui le 

The U.S.C.S. has a grain size scale that is divided into four main categories: (1) cobbles, (2) 

gravel, (3) sand, and (4) fines. The gravel, sand, and fines are subdivided into coarse and fine 

gravel; coarse, medium, and fine sand; and silt and clay. 

Table 3.1-1 is a summary of the U.S.C.S. grain size scale as well as the Wentworth, Atterberg, and 

U.S. Department of Agriculture grain size scales (Krumbeiin and Pettijohn 1966, and Compton 

1%2). 

Neither the U.S.C.S. nor the U.S. Department of Agriculture grain size scales have a common 

base. However, both the Wenhvorth and the Atterberg grain size scales are geometric series with 

a base of 2 and 10, respectively. 

Finally, it should be noted that the division between sand and silt varies from scale to scale. This 

makes it somewhat difficult to compare the U.S.C.S. grain size analyses with analyses based on 
other scales. Most geotechnical laboratories show only the U.S.C.S. grain size ranges on the 

graph paper. Figure 3.1-1 is a modified graph that shows both the U.S.C.S. and Wentworth grain 

size ranges. ASTM D422, "Particle-Size Analysis of Soils," should be used to perform the grain 

size analyses but should be modified to include a 230 sieve. 
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TABLE 3.1-1 

Grain Size scales (&eter[mm]) 

@mmnent 

Cobbles 

V.C. Gravel 

C. Gravel 

M. Gravel 

Wentworth 

256-64 > 76.2 

64-32* -- I 
76.2-19 32-16* -- I -- 

20-2* I 16-8* 

8-4* 

4 2  

19-4.76 II F. Gravel -- I -- 

Granule 

V.C. Sand - I 2-1 2-1 

1-05 4.76-2 C. Sand 

M. Sand 2-.42 0.5-0.25 

F. Sand .42-.074 0.25-0.125 

V.F. Sand 

silt 

0.125-0.0625 

0.0625-0.0039 < ,074 

I < 0.0039 

Variable Base 2 

*Pebbles 

(40114s) (gcaeQ1) (02/27/91) 
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It is important to mention that a degree of error is inherent between all versions of grain size 
estimates made in the field and those that are ma& in the laboratory. The field data are based on 

volumetric (visual) estimates while the laboratory data are derived from weight measurements. In 

addition, it must be stressed that sieves and grain size charts should be used regularly whenever 

estimates are being made. 

5.122 Graded Material 

The concept of graded material is used to describe the number of grain size ranges that are present 

within the central portion (approximately 80 percent) of the grain size distribution for samples with 

less than 5 percent fines (silt and clay). If a sample contains predominantly one or two grain- size 
ranges (such as medium and fine sand), it is poorly graded and has a symbol (p). If a sample 

contains several grain size ranges (such as fine gravel, coarse sand, medium sand, and fine sand), 

it is well graded and has a symbol 0. 

0 

Field values may be checked after the grain size analyses have been calculated and plotted. The 

uniformity coefficient is a useful value that may help determine whether a gravel or a sand is well 

graded. The formula for the uniformity coefficient iS: 

uc = D6O/D10 

where the D values are read directly from the grain size plots and represent the amount of material 

that is h e r  by weight. Well-graded gravels have a value greater than 4, and well-graded sands have 

a value greater than 6. 
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5.13 

5.13.1 

5.132 

Field Estimates d Plasticity 

The plasticity characteristics of fine-grained alluvium or the fine fraction of a coarse alluvium should 

be determined per the procedures covered in the U.S.C.S. (Appendix A). The following paragraph 

and paragraph excerpts are taken from the US.C.S in Appendix A 

"Particles larger than about the No. 40 sieve size are removed (by hand), and a specimen of soil 

about the size of a l/Zinch cube is molded to the consistency of putty. If the soil is too dry, water 

must be added, and if it is sticky, the specimen should be spread out in a thin layer and allowed to 

lose some moisture by evaporation. The sample is rolled by hand on a smooth surface or between 

the palms into a thread about 1/8 inches in diameter. The thread is then folded and rerolled 

repeatedly. During this manipulation, the moisture content is gradually reduced and the specimen 

stiffens, finally loses its plasticity, and crumbles when the plastic limit is reached. After the thread 

crumbles, the pieces should be lumped together and a slight kneading action continued until the 

lump crumbles. The higher the position of the soil above the 'A' line on the plasticity chart. . . the 

stiffer are the threads as their water content approaches the plastic limit and the tougher are the 

lumps as the soil is remolded after rolling." 

Low Plasticity 

Alluvial samples with a low plasticity "form a weak thread and . . . cannot be lumped together into 

a coherent mass below the plastic limit." 

Medium Plasticity 

Alluvial samples with a medium plasticity "form a medium tough thread (easy to roll) as the plastic 

limit is approached but when the threads are formed into a lump and kneaded below the plastic 

limit, the soil crumbles readily." 
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5.133 Hi& Plasticity 

Alluvial samples with a high plasticity form a stiff thread "as their water content approaches the 

plastic limit and the tougher are the lumps as the soil is remolded after rolling." 

5.1.4 US.CS. Sample Classification 

The sample classifications of the U.S.C.S. are illustrated in Figure 3.1-2. In order to classify 

alluvium, colluvium, fa and agronomic soils, it is necessary first to estimate the percent of all the 

grain size ranges in the sample and determine the plasticity of the fines if they comprise more than 

50 percent of the sample. With this information, enter Figure 3.1-2 from the left and progress to 

the right matching the textural, plasticity, and organic characteristics of the sample. 

The progression through Figure 3.1-2 is an "if/then" sequence of decisions that ultimately leads to 

the proper sample classification. Two examples follow 

0 Example 1 Seventy-five percent of the material is greater than the No. 200 

sieve; 53 percent greater than the No. 4 sieve (gravel); 22 percent 

is sand; and 25 percent is fines (10 percent' silt and 15 percent 

clay). The proper classification for this sample is a clayey gravel 

with some silt and sand (GC). 

0 Example 2 Eighty-five percent of the material is smaller than the No. 200 
sieve; 5 percent is gravel; 10 percent is sand; 30 percent is silt; 

and 55 percent is clay that has a low to medium plasticity. The 

proper classification for this sample is a silty clay with a trace of 

gravel and some sand (CL). 



SOIL TYPES 

Major 
Divisions 

Coarse 
Grained 

Soils 

More than 50"/0 

of material is 

Gravel 
and 

Gravely 
Soils 

MOreman50% 
of coarse frac- 
tion retained 
on no. 4 sieve 

Sand 
and 

Sandy 
Soils 

More than SPA 
of -38 hac- I larger than no. 

200 sieve size 
tion passed 

no. 4 sieve + 
Fine 

Grained 
Soils 

More than 50% 

of material is 
smaller than no. 
200 sieve size 

Silts 
and 

Clays 

Highly Organic 

Description 
. -  Well graded gravels or gravel-sand 

GW '? 0 mixtures,littteornofines. 
Clean 
Gravels a , Uc>4(labonly) 

(< 5% 
fines) 

Gravels 
with 
Fines 

(> 12% 
fines) 
Clean 
Sand 

rwelly 

Clayey sands, sand-clay 

Organic silts and organic 
silty days of b w  plasticity 

Peat, hums. swamp soils with 
heh organic contents Soil 

Inorganic silts, micaceous or 
dialunaceous fine sand or silty boils 

l n a ~ i c  clays of high 
plebticity, fat clays 

mic days of medium to high 
phticity. organic silts 

Note: Dual Symbols are used to indicate borderline soil dassifications 
whose fines knge from 5 to 12%. D W a D s R L E ~ l l V ~  

Unified Soil Classification System 
Modified from Water-Well Design and Construction; Development in 
Geotechnical Engineering, 60,' by R.L. Harlan. K.E. Kdn and 
E.D. Gutentag; Elsevier, 1989. 
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Sample descriptions should be ma& in the following order: 

0 

0 

0 

0 

0 

0 

0 

0 

Main textural classification with modifiers 

Color 

Grain size 
Grading 

Angularity (ASTM D2488) 

Plasticity 

Composition 

Bedd;ng 

Moisture content 

Top of bedrock, if present 

5.15 Problems With the US.CS. 

The following are problems that are intrinsic to the U.S.C.S. An obvious problem with the U.S.C.S. 
is that a change of one or two percent in coarse or fine material on either side of the 50 percent 

boundary may cause the sample classification to vary considerably. For example, a clayey gravel 

(GC) or a clayey sand (SC) could easily change to a gravelly clay or a sandy clay with low plasticity 

(CL) or a sandy clay with high plasticity (CH). Clearly a classification system that is this sensitive 

is subject to errors, especially in the field. 

Another problem is that it is all but impossible to determine a liquid limit in the field. For the 

purposes of this SOP, the liquid limit has been replaced by field estimate of plasticity (see Sub- 
section 5.13). 

The U.S.C.S. also lacks the textural property of angularity that helps to determine the maturity of 

a sediment. 
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52.1 

5 2 2  

522.1 

Finally the U.S.C.S. is a purely descriptive dasi6cation that has been designed for construction 

purposes and concentrates heavily on the physical properties of clay. Because of this, the U.S.C.S. 
has 15 sample classifications and is very cumbersome. 

BEDROCK DESCRIPTIONS 

AU bedrock material should be classified and described by using the procedures and techniques 

described in Compton (1%2) and additional material covered in this SOP. 

Basis of Classification 

Compton classifies sedimentary rocks on the basis of their texture, fabric, and composition. Rock 

descriptions such as conglomerate, sandstone, siltstone, and shale (claystone and mudstone) are 

textural classifications based solely on grain size. When other properties like sorting, roundness, 

bed thickness and contacts, cross-stratification, color, composition, cement, porosity, and fossil 

content are included, it is possible to make interpretations of where, how, and under what 

conditions the sediments were deposited. 

Textural Parameters 

Grain Size Scale 

The Wentworth grain size scale is divided into six main categories: (1) cobbles, (2) pebbles, (3) 

granules, (4) sand, (5) silt, and (6) clay. The pebble and sand categories are subdivided into very 

coarse, coarse, medium, and fine pebbles; and very coarse, coarse, medium, fine, and very fine sand 

(see Table 3.1-1). The scale is a geometric series With a base of 2. 

(401143) (gsolech.1) (02/27/91) 
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Unlike the U.S.C.S. in which the sand/& boundary OCCUTS at 0.074 mm, the sand/silt boundary 

occurs at 0.0625 mm in the Wentworth scale. Since geotechnical laboratories generally plot grain 

size analyses on graph paper that is compatible with the U.S.C.S., it is important to ensure that they 

also include the range of Wentworth grain size intervals on the graph paper (Figure 3.1-1). 

5 2 2 2  Deereeo f Sorting 

Sorting is a measure of the extent to which a sediment has been winnowed or reworked during 

transport. It also is a good indicator of the maturity of a sediment, the energy of the transporting 

agent, and the environment of disposition. 

In order to determine the degree of scoring, Compton (1%2) states, "an estimate is made of the 

range of grain sizes that include the bulk (here 80 percent) of the detrital materials." It is then 

neceSSary to count the number of size ranges that are contained in the 80 percent sample (see Table 

3.1-1). The n h b e r  of size ranges is then compared with Figure 3.1-3 to determine the degree of 
sorting that describes the sample best. 

5 2 2 3  Decree of Rounding 

Rounding is a measure of the amount of abrasion a grain has undergone. However, it is 

generally used to describe sediments that are much finer than sand, because grains finer than sand 

tend to have elastic collisions that do not affect the shape of the grain. Two properties that must 

be considered when estimating the degree of rounding are (1) the composition and (2) the original 

shape of the grain. Rounding, like sorting, is a measure of the maturity of a sediment. The shapes 

shown in Figure 3.1-4 should be used to estimate the degree of rounding of individual grains. 



FIGURE 3.1-3 
Tennsfor degrees of sorting. The numbem indicatethe number of $zedasses 
induded by the great bulk (80 percent) of the material. The drawings represent 
sandstones as seen with a hand lens. Silt and day-&e materials are shown 
diagramaticalty by the fine stipple. Taken from Compton, 1962. 

FIGURE 3.1-4 
Temrs for degree of rounding grains 85 seen wfth a hand lens. After Powers, 
M. C., 1953, 'Journal of Sedimentary Petroiogr, v. 23, p. 118. Courtesy of the 
Sodety of Economk Paleontologists and Mineralogists. Taken from Compton. 1962. 

521200-FOP 
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522.4 Porosity 

Porosity is not always an easy property to estimate in the field because the bedrock can be 

drastically altered during drilling and coring as well as by weathering. Generally, samples exhibit 

more porosity than the rock actually contains. 

Porosity should be expressed as a percentage. An accurate estimate is important because the 

amount of porosity can give a general indication of the permeability of a rock. 

5 2 3  Estimate of Abundance 

Figure 3.1-5 is composed of several drawings that represent the field of View commonly seen 

through a microscope or hand lens. Each circle contains a number of black areas. Below each 

circle is the actual percentage of black area that the circle contains. All loggers should review 

Figure 3.1-5 until they are adept at estimating the percentages that are contained in the circles. 

523.1 Division of Abundance 

Quite often it is necessary to determine the relative abundance of a variable. In these cases, the 

use of the terms trace, some, and abundant has a utility. The ranges for each are given in Table 

3.1-2. 
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TABLE 3.1-2 
RANGE OF ABUNDANCE 

Division Ranee of Percent 

Trak 
Some 
Abundant 

>O to 5 
6 to 25 
26 to 100 

These terms generally follow a "with" statement; such as, Sandstone; light olive gray (5Y6/1), very 

fine to fine grained, with a trace of carbonamus material. 

52.4 Color 

Color can convey a great deal of information. It helps to identify the components of the sediment 

or rock as well as the cement. In addition, color can provide a fairly accurate idea of the current 

chemical environment from which the sample was taken. For example, at RFP, highly weathered 

(oxidized) sandstones are commonly brownish-orange while unweathered sandstones are light olive 

To ensure that the color descriptions are accurate and standardized, each sample should be 

described while it is wet by using the Geological Society of America "Rock-Color Chart" (1984). 

If the sample has dried, it should be moistened with clean water from a squirt bottle. Care should 

also be taken to remove sunglasses when a color determination is being made. 
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5 2 5  Rock Classification 

Clastic rocks are primarily classified on the basis of their most frequent grain size. The majority 

of rocks at RFF' are claystone, siltstones, and sandstones; however, hybrids of these end members 

are quite common. The second and sometimes third most frequent constituents act as modifiers 

and precede the major rock name in the description; such as, silty sandstone or clayey siltstone. 

If, however, a rock is composed of 80 percent or more of one constituent, then it should be 

described solely as that rock type. The secondary textural modifiers should then be described in 

the description following a "with" statement. Figure 3.1-6 shows a l l  the rock classifications and their 

lithologic symbols that should be used while logging bedrock samples. 

52.6 Cement 

The nature of the cementing medium should be described whenever possible. Typical cementing 

agents are clay (argillaceous cement), silica, and calcium carbonate (caliche). 

52.7 Friability 

The tendency of a rock to crumble is related to how well it is cemented and the extent to which it 

has been weathered. Table 3.1-3 shows the degree of friability. 



SANDSTONE CONGLOMERATE CLAY STONE SILTSTONE 

- -7 /' 
- 6 -  
L - -  0 . 0 .  

CLAYEY 
CONGLOMERATE 

CLAYEY 
SILTSTONE 

SILTY 
CLAYSTONE 

CLAYEY 
SANDSTONE 

El 
- - -  

SANDY 
CLAYSTONE 

:;:;..:I 
/ 

SANDY 
SILTSTONE 

m m m m m  

m m m  1. 
m / m  

m O m 0 a  

SILTY 
CONGLOMERATE 

1 

SILTY 
SANDSTONE 

0 . .  

m m m  

m ! m  

CALICHE SILTSTONE 
w/ CALICHE 

SANDSTONE 
wl CALICHE 

CONGLOMERATE 
wl CALICHE 

IRONSTONE 
or IRONOXIDE 

MODULES 

CLAYSTONE 
w/ IRONOXIDE 

MODULES 

COAL SANDSTONE 
wl CARBONACEOUS 

MATERIAL 

* ~ w I . J I u z ~ . ~ ~  LITHOLOGIC SYMBOLS FOR COMMON CLASTIC ROCKS 
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DEGREE OF FRIABILITY 

Term Definition 

Highly Friable 

Moderately Friable 

Slightly Friable 

Non-Friable 

Crumbles readily into individual 
grains upon minor disturbance 

Will crumble into individual grains 
with extensive rubbing 

Can be broken into individual grains 
by scraping it with a pocket knife 

Cannot be broken into individual 
grains by any of the methods 
described above 

5 2 8  Composition 

It is not the objective of this SOP to classify sedimentary rocks on the basis of their mineral content 

by using tertiary diagrams with quartz/chert, feldspar, and lithic fragments at each pole. Since 

Compton wrote the "Manual of Field Geology" in 1%2, several classifications have been published. 

Two of the most widely used classifications are those published by Earl McBride in 1963 and Robert 

Folk in 1974. Blatt, et al., (1972) presents an excellent evaluation of these and other classifications. 

For the purpose of this SOP, the geologist is concerned with describing only accessory minerals, 

fossils, and other components that distinguish one rock from another. The descriptive term(s) 

should follow a "with" statement; such as, silty sandstone; light olive grey (5Y6/1), very fine grained, 

with some pink feldspar rock fragments. 
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52.9 Bedding and Internal Structure 

In sedimentary rocks, bedding is related to differences in texture, composition, and color, and 

reflects changes in the environment of deposition and/or the source material. Depending on the 

depositional processes that are involved, bedding boundaries may or may not represent a specific 
moment in time. 

Compton classifies bedding as repeated sequences of beds, shapes of individual beds, and cross- 

bedding (cross-stratification). Repeated bedding is produced by cyclic changes in the sedimentary 

processes. Individual bed shapes are classified as tabular, lenticular, linear, wedge-shaped, or 

hegulp. Cross-stratification is classified on the basis of its external and internal characteristics. 

External forms of cross-stratification are tabular, wedge shaped, and trough shaped. Internal 

descriptive terms that are commonly used are graded, massive, laminated, and tangential (Figure 

3.1-7). Other internal features not related to bedding are ripple marks, flow structures, burrows and 

tubes, load casts, and desiccation cracks (mud cracks). 

52.10 Fractures and Slickensides 

Fractures should be described whenever they are present. Fractures occur naturally in bedrocks and 

should not be confused with breaks induced by coring and handling. The characteristics that should 

be noted about the fracture are: 

Whether the fracture is opened or healed 

The composition of the material filling the fracture, if any 

The angle of the fracture from the horizontal 

The apparent displacement of bedding across the fracture 

Whether slickensides are present and the angle of any striations from the 

horizontal 

L 



. .  

cross-bedded rodrs. (A) Tabdarse8wllh e pasterns. (B) Wedge sets, 
showing considerable erosion between each set. (C) Tabular b lentiarlar sets 
with tangential patterns; typically, these are laminated marine beds. 
(D) Symetrical trough sets with distinctly linear axes: typically, these are 
largescale fkrvial features. The arrows bnlicate c u m  directions. 
Taken from Compton, 1962. 
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52.11 Moisture Content 

The core should be described as dry, moist, or saturated, and the depth to the top of the 

saturated interval should be recorded. If a static water level can be measured, it should 

be noted also. 

52.12 Lithogic Description 

Lithogic descriptions should be made in the following order: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Main rock type with modifiers 

Color 

Grain size 

Degree of sorting 

Degree of rounding 

Porosity 

Cement 

Friability 

Composition 

Bedding and internal structure 

Fractures and slickensides 

Moisture content 

Top of bedrock, if present 

6.0 LOGGING 

This section describes the field procedures used while logging. 
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It is the responsibility of the logging personnel to ensure that all of the materials and equipment 

needed for logging are at the site. 

6.1 LOGGING EQUIPMENT 

The following is a list of equipment that is necessary to properly log the alluvial and bedrock 

material. 

e 

Core Reference Set 
Alluvial Reference Set 
Rock-Color Chart 
Logging forms 
Hand lens 
Nos. 4 , 4 ,  ux), and 230 sieves (&inch) with lid and base 
Six-foot metal measuring tape in tenths of a foot and tenths of an inch 
Core boxes (2 feet long, 5 columns each 2-1/2 inches wide) (such as, Boise 
Cascade No. 17-505 top and bottom) 
Wood blocks (2-1/2 inches x 3/4 inches) for marking depths and sample locations 
Jars for cuttings 
Wentworth and/or Amstrat grain size charts 
Knife 
Acid (10 percent Hcl) in squirt bottle 
Water in squirt bottle 
Markers (black, waterproof) 
Protective clothing and equipment (see Health & Safety Plan) 
Pens (black, waterproof) 
Flashlight 
Hammer 
Clipboard 
Table 

L 
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0 Duct tape 
a Paper towels 
0 Plastic wrap 

6.2 COREBOXES 

The core boxes should be similar to the boxes described in Subsection 6.1 above. Each core box 

and lid should be marked with the following information: 

b Well name 

b Location 

b Surface elevation 

b Depth 

b Project number 

b Logger's initials 

b Date 

After samples have been containerized, the remaining core will be placed in marked core boxes and 

transported to the core storage facility. In addition to markings, the core boxes will be labeled and 

stored according to the results of field monitoring (organic vapor detectors and radiological 

screening) conducted during drilling and Coring activities. (See SOP 1.8, Handling of Drilling Fluids 
and Cuttings and SOP 1.16, Field Radiological Measurements.) 

Core boxes suspected of containing low-level radioactive substances only will be labeled with a 

"White I" radioactive label. Core boxes suspected of containing volatile organic or mixed substances 

wiU be labeled with a Department of Transportation "Other Regulated Material Class E" (ORM-E) 
label. (See SOP 1.10, Receiving, Labeling and Handling of Waste Containers.) If the suspected 

contamination is mixed substances, the core box will also be marked with the words "SUS RAD" 

for suspected radioactive contamination. 
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63.1 

632 

The core boxes will be then transported to the appropriate storage facility. 

CORES AND CUTl'INGS 

Scanning the Core 

After an interval of core has been cut and the sampler has been opened, the core will be scanned 

for hazardous and radioactive contamination. The field use of monitors for the detection of volatile 

organics and radionuclides is discussed in SOPS 1.8, Handling of Drilling Fluids and Cuttings; 1.15, 

Use of Photoionizing Detectors and Flame Ionizing Detectors; and 1.16, Field Radiological 

Instruments. 

Percent Recovery 

If the core is safe, the a r e  should be consolidated in the sampler and slid out onto the plastic wrap 

that has been placed in the core box Immediately following this, the core should be measured to 

the nearest tenth of a foot, and this measurement, along with the interval that was cut, should be 

recorded on the logging form. Figure 3.1-8 is an example of a completed logging form. W@ 
blocks with footage values marked on them in black waterproof ink should be placed at each end 

of the core. If only cuttings were collected, a representative sample should be collected every 2 feet, 

and this sample should be placed in a labeled jar in the core box 

633 Logging 

The core or cuttings should be logged according to all of the procedures previously covered in this 
SOP. 

i 
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63.4 Photographing the Core 

Any and all photographing procedures must conform to plant security controls. Each box of core 

should be photographed with a 35 mzu camera after it has been logged and before the core is 

sampled. If the core is photographed at RFP, the camera will have to be cleared and left on site 

until the project is completed. In addition, all of the film must be processed by RFP. An 

identification tag and a Kodak color patch should appear in each photograph. The identification 

tag should contain: 

e The well name 

0 Footage values of the core in the box 

The box number of the total number of boxes for that borehole, such as 0 

Box 1 of 7 

0 Date core was taken 

e Project number 

6 3 5  Sampling 

Samples that are taken for grain size analyses and permeameter tests should be removed only after 

the core has been logged and photographed. At the time a sample is taken, a wood block with the 

following information must be placed in the core box at the point the sample was removed: 

e Sample number 

e Depth 

e Purpose 

0 Date 

e company 

This information should be marked on the wood block with a black waterproof marker. 
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7.0 DOCUMENTATION 

A permanent record of the implementation of this SOP will be kept by documenting all information 

required by the SOP on the Borehole Log Form. Drilling activities will also be documented on the 

hollow-stem auger or rotary and core drilling Field Advities Report Forms (see SOP 3.2, Drilling 

and Sampling Using Hollow-Stem Auger Techniques, and SOP 3.4, Rotary Drilling and Rock 
Coring). 

The logger will primarily be responsible for each aspect and each procedure. 

(401143) (ptcrh.1) (02/27/91) 
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Preface 

The purpose of t h i s  manual is t o  describe and explain the use of 

the "Unified So i l  Classification System" in order tha t  ident i f icat ion 
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of s o i l  types w i l l  be on a common basis throughout the agencies using 

t h i s  system. 

The program of mili tary a i r f i e l d  construction undertaken by the 

Department of the Army i n  1941 revealed a t  an ear ly  stage that  exis t ing 

s o i l  c lass i f icat ions w e r e  not entirely applicable t o  the work inlplved. 

I n  1942 the Corps .of Engineers tentat ively adopted the "Airfield 

Classification" of so i l s  which had been developed by D r .  Arth- 

Casagrande of the Harvard University Graduate School of Engineering. 

AS. .a  result og experJenc,e.gained since . . .  that time, . the  or iginal  c lass l -  . .  
f ica t ion  has been expanded and revised i n  cooperation With the Bureau 

of ReclamatFon so that it applies not only t o  airfields but also t o  

.embanhents, foundations,.and other engineering features. 

Acknowledgaent i s  made t o  D r .  Arthur Casagrande, Professor of 

Soill4echanics and Foundation Engineering, Harvard University, f o r  

permission t o  incorporate in th i s  manual considerable information frca 

the paper "Classification and Identif icat ion of Soils" published In 

Transactions, American Society of C i v i l  Engineers, volume 113, 1948. 

This manual w a s  prepared under the direction of the Office, Chief of 

Engineers, by the Soils Division, Waterways Experiment Station. 
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UNIFIED SOIL CLASSIF'ICATIOm SYSTEM 

, Introduction 

Need for a classification system 

1. The adoption of the principles of s o i l  mechanics by the engi- 

neering profession has inspired numerous attempts to devise a simple 

classification system that will tell the engineer the properties of a 

given soil. 

ence based on certain properties of soils such as texture, plasticity, 

strength, and other characteristics. A few classification systems have. 

gained fairly wide acceptance, but it is seldom that any particular sys- 

tez has provided the ccnqlete information on a s o i l  that the engineer 

. 

As a consequence, many classifications have come into exist- 

- . -  I 

- 
. . .  : - .. , , (  < :. .'k. 

. ~ .  - ..* 

. . I .  .. 
. >+' .. f . . : " '  . .. . ._ . _. . . . ..: .-. i , , ; .. . %. -.,. . . >.;.-" .. 

needs . .' nearly every engineer who pkctrces' soil-mechanics will add 
judgment and prsonal experience as modifiers to whatever soil classifi-v 

cation system'he uses,, so that it may be said that there are as d y  

classification systems as there'are engineers using them. ~ V ~ O U S ~ Y ,  . ' 

. . .  . :_ I . _  . . .. .I; :.,';.L, :>.;.- ~ -.. , . ;;. ... .s. . f '  - .: .. * . .  ...' . ?. . ...;I .;.: . , ... .. , , . .' : . _ . . .  : , - . ! . . " : . . : .  - ,  

. .  . . .  

within a given agcncy, where designs and plans are reviewed by persons 

entirely removed from a project, a common basis of s o i l  classification is 

necessary so that when an engineer classifies a soil as a certain type, 

this classification will convey to another engineer not familiar with the 

region the proper characteristics and behavior of the material. Further 

than this, the classification should reflect those behavior characteris- 

tics of the soil that'are . .  pertinent to the project under consideration. 
. .  

. .  
Basis of the unified soi l  '- . . .  . .  
classification system 

. .  . .  

2. ;,+.The unified soilt-clas'siflc.ation _ . _  sys'tth is based' on the 
,; .? -... 

.. , 
. .  

. .  
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identification of 

ti& and on t h e b  

nature separately 

.c 

so i l s  accordiiq t o  the i r  textural and p las t ic i ty  quali- ' 

L. grouping with respect t o  behavior. 

as sand, gravel, or  any other single component, but 

Soi ls  seldom exis t  i n  

are usually found as mixtures with varying proportions of par t ic les  of 

different sizes; each component par t  contributes i t s  characterist ics t o  
~ . -  - 

.., 

the s o i l  mixture. 

those characterist ics of the s o i l  t ha t  indicate how it w i l l  behave as an 

The unified s o i l  c lass i f icat ion system is based on 

~ 

engineering construction material. 

found most useful for  this purpose and form the basis of s o i l  identifica- 

The following properties have been 

tion. They can be determined by simple tests and with experience can be - 
P L 

eb;timated w i t h  some accuracy. 

Percentages of gravel, sand, and f ines  (fraction passing 
No. 200 sieve). 

- 
4- - a. 

- C. P las t ic i ty  and campressibility characteristics. 

In' the unified a011 classification system the s o i l  is given a descriptive 

namg and a l e t t e r  symbol indicati& i ts  principal characteristics. 
j -  

- /  

.. 

.. . .  . ... 3. 

Purpose and scope of manual 
. .  

3. It is the purpose of this m&al'to describe the.various s o i l  
. .  . . . .  

. .  .. ,. . . .  
.. . .. -. 

groups in ietaii' a n i ' t o  discuss the meth& of 'identifiCation i n  &der 

tha t  a uniform classif icat ion procedure &y be followed by a l l  who use 

the system. 

accomplished by visual .examination .Ad laboratory tests as a means. of 

basic identification. ' This procedure is .described In, the main text of 

t h i s  manual.  he classif icat ion of the so'ils in ' these groups ticcordik . - : . 

:c 

4 . .. . . . .. . f -  .. 
Placement of the sp i l s ' in to .  the i r  respective groups is 

.. . . .. . .  

. .i.. . . , 

. .  . . . .  -+. ' , . ; ' 
, . . , .  . .  

. .  . 

. _  
t o  the i r  'engineering behavior' for.  vqrioua types .of ;. construction,. such as 

... . . .  . .  . . _  
. .  

I .  ; . , .  

.. . 

. .  

0 
. .  . .  

, z  ..- , .:.:./ ' . .  
... ._ . 
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embankments, foundations, roads, and airf ie lds ,  is  treated separately i n  

appendices hereto which Kill be issued as the need arises. It i s  rec- 

ognized that  the unified classification system in i ts  present form may 

not prove ent i re ly  adequate i n  all cases. 

the classification of so i l s  in  accordance with this'system have some de- 

However, it i s  intended that  

gree of e las t ic i ty ,  and that the system not be followed blindly nor re- 

garded as completely rigid. 

Definitions of s o i l  components 

b 

4. Before so i l s  can be classified properly i n  any system, includ- 

ing the one presented in . th i s  manual, i t . is  necessary t o  establish a 

basic terminology for  the various so i l  components and t o  define the terms 

used. 

"sand," and "f ines ,  (siltLor clay)" eye used t o  designate the size ranges 

of so i lpa r t i c l e s .  

into the groups presented below. 

various size ranges have been arbitrarily-se;t. a t  certain U. S. Standard >.* 

sieve sizes i n  accordance with the following tabulation: 

In  the unified so i l  classification the names "cobbles, 'I "gravel, 

+- 

The gravel and sand ranges are further subdivided 

The limiting boundaries between the I 

. 

Component Size R a n g e  

Cobbles ~bove-3 in. 

Gravel 3 in. t o  No. 4 (4.76 nrm) 
3 in. t o  3/4 in. 
3/4 in. t o  No. 4 (4.76 mm) 

T 

Coarse gravel 
Fine gravel 

Sand " No. 4 (4.76 mm) t o  No. 200 (0.074 m) 
Coarse sand No. 4 (4.76 mm) t o  No. 10 (2.0 mm) 
Medium sand No. 10 (2.0 mm) t o  No. 40 (0.42 mm) 
Fine sand t g ,  No. 40 (0.42 mm) t o  No. 200 (0.074 mm) 

Fines (silt or clay) Below No. 200 (0.074 m) 

- 

" . . .  , . .  - ,  .. :,..; > , .  . _ L  ' 
These ranges are s h o k  graphically on the grain-size sheet, plate 1. .. In '  

= .  . , > .  . .  
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the finest soil component (belw No. 200 sieve) the terms "silt" and 
. r .  

"clay" are used respectively to distinguish materials exhibiting lower 

plasticity fram those with higher plasticity. The minus No. 200 sieve 

material. is "silt" if the liquid limit and plasticity index plot belw 

the "A" line on the plasticity chart (plate -.. 2), and is "clay" if tbt 

liquid limit and plasticity index plot above the "A" line on the chart 

( a l l  Atterberg limits tests based on minus Ho. 40 sieve fraction of a 

soil). 

and for organic silts, but is not valid for organic clays since these 

latter soils plot below the "A" line. 
i ponents. can be used as nouns or adjectives in the name of a soil, a8 

e&ained later . 

The foregoing definition holds for inorganic silts and clays 

The name8 of the basic soil com- 

;4 

i 
. .  
. . I  

! I .  

I 
:. .:-:,+ g ~ h e  Classification System i. ,%. ' . f. 

... 4, 

::., .' 5 .  A- short discussion of the unified so i l  classification sheet, 
I. - table 1, is presented in order that the succeeding detailed description 

R I ... 
may be more easily understood. 

ally to the identification of soils regardless of the intended engineer- 

ing uses. 

major divisions of'the classification and the group symbols that distin- 

guish the indiedual soi l  types. 

soil types found in each group are sham in column 4. 

dures for identifying soils by general characteristics and f ram perti- 

nent tests and visual observations are shown in column 5. The desired 

descriptive information for a complete Identification of a soil is pre- 

sented in-columa 6. 

This sheet is designed to apply gener- 
>" 

The first three columns of the classification sheet show the 

H a t e s  of typical and representative 
(k 

The field proce- 

- _ I  

L' 

In column 7 are presented the laboratory 
. . . .  .- 

1 .. . . .. . . -  . .  
. I - ;  . ..... '.. . ' 

- L  
'. . . . .. .. :. . . .  . . .  

. .  
. .  . .  ;-, 

. .  . I - .  . 

. .  
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. 
classification c r i t e r i a  by whicvthe various s o i l  poups are identified 

and distinguished. Table 2 shows an awrilirvy schematic method of clas- . 

si- soils from the results of laboratory tests. The application and 

use of this chart art discussed in greater detail under a subsequent 

heading in th i s  manual. 
5". 

Soil POUPS and S ~ b O l S  

6. &.lor divisions. Soils are p imar i ly  divided into coarse- 

grained soils, fine-grained soils, and highly organic. soils. On a 

textural basis, coarse-grained soi ls  are those' that have 50 per cent or 

-- .:, . .  . ,  . 
. I '  

grained so i l s  'are  those that have' more than 50 per cent passing the 

No. 200 sieve.  . Highly organic soils ' are in general readily . .  identified ' ' .:: 

into , . .. by&ual$examination.. The' c&se-grained.,'so.ilss, -. 
, . .  ., . ., . are . subdivided ,I 

. .  ., . 
,, , .. 
. .. 

I . .  
gravel and gr (symbol G )  ,'> and sinas.' and sandy sofls ( S F -  

. .. 
5' , ! . ' ..) 

bo1 S)  . 
:.lmt;. symbol'.L is' used for soi ls  , v l t h ~ ' . l i ~ d . . l i m i t s  ,of.,;50.,.~d less,  

Fine-gained soils are: subdikded on the basis of the l i q d d  * 

. .  , I . .  
'. 

, . 

and symbol H for  soils with liquid limits & excess of 50' (see plate 2). 

Peat and other highly organic soils are designated by the symbol Pt and 

are not subdivided. 11 

7 .- Subdivisions, coarse-mained .soils. In general practice there ', 

is  no clear-cut boundary between' gravelly soils and sandy soils, and as .- 

far as behavior is- conct&d &e exac<point of division is relat ively un- 

important. For purposes of identification, coarse-grained soils are \*' 

classed as gravels (G)' if the greater percedtage of the coarse fraction 

(retained on NO. 200 Level is largir  thaa the no. 4 sieve and as sands 
. ..:.. : 

. .  . , ...., . , 
. (. . .  

' (S) If the.greater portion of the coarse fraction ifi .f iner d 'the  NO.'"^ 
.., ' . \.. , . . .  . '  . ,.l_ 

.:.? . .. . 
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sieve. 

The gravel (G) and sand .(s) groups arc  each divided into four secondary . 

groups as follows: 

Borderline. cases, .may. be.' c lass i f ied as belonging t o  both groups . . 

. .  ~. 
:. , 1 .  

a. Well-graded material w i t h  l i t t l e  or no fines. Symbol W. 
~~ 

- 
.~ - ~. 

. .  
~~~ ~~~ ~~ ' . ~ . _  

Groups GW and SW. 

Poorly-graded material with l i t t l e  or no fines. 

Coarse material w i t h  aonplastic,fines or f ines  with . .  low 
plast ic i ty .  Symbol M. Groups GM and SM. 

. _. -' ~ ~~. = = ~- ~~ . . 
~~ 

b. - Symbol P. 
Groups GP and SP. . . .  

- C. 

d. Coarse material with plast ic  pines. Symbol C. Groups GC 
and sc. : . .  . 

8 .  Subdivisions, fine-Wained boils. The fine-grained soils a re  
p 
.:,. 

. .  . .  

subdivided into groups: based on whether they have a relat ively low (L) 

0% high (a) l iquid limit. 

follows : 

. 
. '  e.: 

. :. 
These two groups are  further . .  subdivided a s  

*. . 

. . .  . . a . .  
. . .  

(i;. 

',- .: ..! ; e .  :. . 7-:. '.' 
. : 

.: .., 
' v & ,,:4...;: .-+. .,..,:.:: ? ..$ '..;:< 

Inorganic.,'siits and viry fine .&ndy sOils; ' s i l t y  or clayey 

. .  
. .  ..% 

. .  

a. 
., .. 

3 - . h- 

' i? 
f ine sands; micaceous'and diatomaceous so i l s ;  e las t ic  
silts. Symbol M. Groups ML and MH. 

. >  

. . . . .  
3. 

f 
. . .  E .; . -  .... b. Inorganic. clays., .... Symbol C,... Groups,CL.,and CH, . .  

5 . .: . t .  . .  
. 8 . .  

: A .  . .: - C. Organic silts and clays. Symbol 0. Croups OL and CH. 

Discuss'ion of Coarse-grained Soi ls  

. . .  . .  
- ._ . .  

-. 
. .  . . . .  

. .  
i r  

6 '  9. mese groups comprise well-graded gravelly a d  sandy so i l s  

having little or no nonplastici.fines.(less than 5 per cent . .  passing the 
. . . . . . .  .. :. . .  / I  . 

... . . '  . - .. \ .  

. ._. 
, .  

No. 200 sieve). The presence. of the fines must . .  not noticeably change 
. .  

the strength characterist ics of .the ckse-gra ined  fraction and must not 

interfere  with i ts  free-draining characterist ics . . . . . . .  ..' . If . ' the material con- - . 
. .  

. .  . -, .. 
-4; 

. .  
. . . .  c .. 

.? 

. .  ' i  .... 
- .  

. . . . . . .  i_  

. -  
, ., . :. 

. . .  . . . .  . . . .  
tains le& than 5 per cent fines..,.that exhibit plast ic i ty ,  . 

this .. !. . 
. .  

_.# 
:; 

. . . .  . .  . .  
-. , . a .  

"L. 
, -. . 
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information should be cval&ted and the s o i l  c lass i f ied as discussed sub- 

sequently under "Laboratory Identification." I n  areas subject t o  frost  

action, the material should not contain more than about 3 per cent of 

s o i l  grains smaller than 0.02 llpll in size. 

so i l s  are shown on plate 3. 

GP and SP group 8 

Typical examples of GW and Stl 

10. P o o r l y - w d  gravels and sands containing l i t t l e  or no non- 

plast ic  fines ( l e i s  than 5 per cent passing the NO. 200 sieve) m e  

classed in  the GP and SP groups. The materials may be classed as uniform 

3. gravels, uniform-sands,, or.. nonunifom mixtures of .very. coarse material , 

and very f ine sand, with intermediate sizes lacking (sometimes called 

__ - 
. . -8: z> $ + 

f 

skip-graded, gap-graded, or  step-graded). The latter group often results ' 

m shuwn on plate 4. 
. . . 

GM and SM txroups 

U. In general, the GM and SM groups comprise gravels or sands with 
t 

fines (more than P per cent passing the IVO. 2oO sieve) having law or no ' I  

plast ic i ty .  

sieve f'raction) of soils in . the group should p lo t  below the "All line on 

The p las t ic i ty  index and l iquld l i m i t  (based on minus No. 40 
c .  
* I  

--s .. 

L * In the preceding t\j, paragraphs soi ls  of the GW, GP, SW, and SP 
groups were defined as haw less than 5 per cent passing the No. 200 
sieve. Soils which have between 5 and 12 per cent passing the No. 200 
sieve are classed as-."'borderline" and are discussed in paragraph 33 
under that heading . ' 

I ,& 

. .  
. .  . 

. .  . . .. . : :  
._.. 
:a,, 

? . .  
. . ,  .. . .  . -. 
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the p las t fc i ty  chart. 

significant and both well- and poorly-graded materials are included. 

Some of thc  sands and gravels in this group will hnve a binder composed 

of natural cementing agents, so proportioned that the m i x t u r e  shows neg- 

l ig ib le  'swelling o r  shrinkage.- Thus the:. dry strength of such materials 

The gradation of the materials is not considered 

. I ,  , 

is provided by a small amount of soil binder or by cementation of cal-  

careous material or  iron oxide. The fink fraction of other materials 

in the GM and SM groups may be composed of silts or rock flour types 

having l i t t l e  or no p las t i c i ty  and the mixture will exhibit no dry 
. .  

strength. Typical examples of tGes of GM and.sM' soils , .  are , .  shown on 
. ., ' . . C. - .  . .  . :,.. . . . . . .  . .  , i  . .  ,e:" 

p&te 5. 

GCz and SC groups 

8'- 12. In general, . .  $he  ... c&prise":grsvelly . > .  or s h d y  . .  .; . . . . . . . . . . .  . .  ..... 3 ::-I ' 7  _ '  , . '  . 9,::. . .... .... 
. . _ _  . .  

soils with f ines  (more than 12 per cent passing; the No. 200 sieve) which 

have e i ther  low I ,  or high plast ic i ty .  The p las t ic i ty  index and l iquid 
-z 

. pit of. soils (.fraction:passing.the. No.., 40- sieve) in .the group should . 
. . .  

. .  

r 

plot  above the "A" l ine  on the p las t ic i ty  chart. 

materials I s  not considered significant and both well- and poorly-graded 

The gradation of the 

materials are included. The p las t ic i ty  of the binder fraction has more 
4; ._ 

influence on the behavior of the soils than does variation in  gradation. 

The f ine fraction is generally composed of clays. Typical examples of 
. . . .  ' 'C 

L .  

CC and SC soils are sham on p w t e  6. . 

. Discussion of Fine-mained Soils ' . 

'2. , . . !. 
. . .  . . .  .r '  ~, . . .  .. , 

. .,r 
i i  

. . . .  -.. : . - . . . .  

. .  . I .  . 

. .  i*, 

.. .: 
. .  

. -  
- .  .;;. : . . .  :. . .  

:.. -.. . .  . .  

. iJL and MH nroups 

. . .  

.... . . r  

r '  
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PredcmCrZrantly s i l t y  materials &micaceous or diatamaceaus soils. The 
a ;  

I _  

symbols L and H represent low and high liquid limits, respectively, and 
1 -  

an arbitrary dividing line between the two is set  at  a liquid Wt of 

50. The soils in the ML and MH &a are sandy silts, clayey silts, 

or inorganic silts with relatively lav plasticity. Also included are . . '  
I ,  

> 

1 loess-type SOU and rock flours. Micaceous and diatomaceous soils 

g e n e r a l l y ' h a U ~ v i ~ i n  the MH group but may extend in to  the ML group 
1 

when their liquid Unlt is less than 50. The same is true for certain 

+ OL and OH Rroups 
I 

15. The soila in the OL a;ad OH groups are characterized by the 

presence of organlc matter, hence the 8-01 0. 

are classified in these g~ovps. The materials have a plasticity range 

that correspo& VLth tbe ML and MH groups. ~ y p i c a l  examplii of OL and 

Organic silts and clays- 
L 

'* 
? 

I 

' 'r; :c 
1 .  

1 .  

OH soils &e preeen&d kn plate' 9. " ~ 

. *  I 

. .  
. .  
'' . . .  

. .  . .  
. . .  . .. 

. .  7 .  1. . .  
a .  ,. 

3 '  . ... . 
. .  

1 
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OrRaniC Soils . . .  Discussion of H1-y 

. .: . 5: . ?. . . . .  

- 16. The highly organlc soils usually are very compressible and 
'- . 

have undesirable construction characteristics. 

and are classified into one group w i t h  the symbol Pt. 

swamp soils wit+ a highly organic texture me typical so i l s  of the 

group. 

They are not subdivided 

Peat, h w ,  and 

Particles of leaves, grass, branches, or other fibrous vegetable 

matter are common components of these soils.  

.+: 17. The unified soil classif icat ion is 80 arranged that most so i l s  
i :: 

may be classifled.  into: a t  least the three p r h a r y  groups (coarse grained, 
,.* :+,: . $3.. ..I .... 2; .,.A.:;d,:.'l . . . . . .  :,; . .  . .  1 : t' . . . . .  ...., . # >  ,; , . . . . .  8 . .  . .  

fine, grained, and highly organic) by means of visual examination and 

siqrple field tests. ,Classification into the . .  subdivisions can also be . -  
3 *. 3 .  

. .  
. .: m e by.visual examination with .s'ome . .  degree- cS: success.. . .  . More positive . . .  

, 9 . .  

identification,may be made by means of labors.tory tests on the materials. 

However, in many' instances a tentative class.~fictt t ion determined in the 

f i e l d  is of great benefit and may be all the lderLtification tha t  I s  

necessary, depending on the purposes. far which th& so i l s  in question are 

. .  . -  . . . .  .! . . .  

;. ' ,a ..' ~ : . t . . . . . .  
" i  . . .  

. 
be used. Methods of general Identification of .:oils are discussed ... 

. . . .  

ini the fol lar ing paragraphs, and a laboratory testing procFdure is pre- 

sented. 

. 
* .  . .  - . . . . . .  

7 . .  . - .  

It I s  emphasized that the . . .  , two methods of ,identification are 
_..  . .  

never ent i re ly  separated. . .  ' _  Certain . . . . .  characterist ics . . .  - .  can oqly be ... .., 1 .: ..estimated ' 

. . . . .  
. .  

by 'visual examination, and in ,borderline cases it Kky be: necessary , .  :to,. ' , . 

verify tde classification- by laboratory tes.!:s .. . . . .  Coiiversely; ' the f ie ld  . .  ... 

, . I : .  . . . . . . . . . . . .  . .  
. .  . _  . .  . .  . .  

.. ~ 

. .  .... , :i . .~ ;.I 

i 
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methods are entirely practical  far prelimlmsy laboratory identification 

and may be used t o  advan- in grouping so i l s  in such a manner that  

only a minimum number of laboratory tests need be run. 

General. Identification 
> 

18.  he easiest  way of learning field identification of so i l s  i s  't 

b under the guidance of experienced personnel'. Without such assistance, . ' 

field idtntification may be l e k d  by systematically comparing the 
I 

numerical test results for  typical so118 in each group with the "feel" 
. .  

.I. . 
. . . .  %.:. liI..._I. ...... ... .w . i  . . .  of.;the .naterial.while,...field identification.pFocedures,.ar,e being perfomed., 

f. 
.... 

. L  

k ; t 
si'. : " 1 

Coarse-mined soils. ' 

.'f 
:t ... . .  

' .  19. Texture and composition. In field identification of coarse- . . i  3 -  

. . . .  

a t '  

The durability of 'the bains :of a coarse-grained soil may' require a 

careful examination, depending on the use t o  which the soil is t o  be 
i 

put. Pebbles ahd sand @alns'consistiq of sound rock are easi ly  iden- 
,I 

tifieti. Weathered Aterial is recognized from i ts  discolorations and 

s 
the relative eke  Ath which the graLina can be crushed. Gravels con- 

sisting of weathered granitic rocks, quartzite, etc., are not necessax- 

i l y  objectionable for construction purposes. On the other hand, coarse- 
. . .  . .  grained SOUS containing fragments of shaiey rock may be unsuitable be- 

;. p 
< cause alternate &ti& "bd dry& may result in t h e i r  partial or cm- 

. .  :$; &' " ' . . .  < ; . .  . 
.I ,. 

.I . 

s -e& can be identified by a 6lsking test. 
: .' 

. . .  . I  . _  
. .! plete; di'sintegraiion., 

. .  . ,  
. . . .  . . ! . .  



The particles are f i r s t  thoroughly oven- or sun-dried, then submerged 

in w a t e r  fo r  a t  least  24 hours, and finally their  strength is tested 

and compared with the original strength. Some types of shales w i l l  com- 

pletely disintegrate when subjected to  such a slaking tes t .  

20. Examination of fine fraction. Reference t o  the identification 

sheet (table 1)  shows that classification criteria of the various coarse- 

grained soil groups are based on tpe Rplaunt of material passing the no. 

200 sieve and the plasticity characteristics of the binder fraction 

(passing the No. 40 sieve). Various uethods may be used to  estimate the 

percentage of material passing the No. 200 sieve; ,the choice of method 
& 
TAU depend on the skill of the technician, the eqyipment at hand, and 
2.. - 
the time available. One method, decantation, consists of mixing the 
i 

I 

soil. with water in a suitable container and pourlnli off tps turbid mix-, 

ture of water and fine soil ;  success~ve decantatlo? willirdove prac- 

t ically all of the fines and leave only the sand and gravel sizes in the 

.. .. ' ..! c , _. . -. . ' '. 1 .. , !.* -c ,,.I *: .... . _ I  *.< f ...$I :+.-... . Q b: ::,. . ,',??' :: I:' . 
. ... ! . . 1 ! '  .- ., . .  

i '  
. .., . . .. .,. I. . 

? ". . 

, .  

ntainer. A ylsual camparison .of the residue . w i t h  the original..material. , , . , ' .  
..k .f 

. .  . . .  . .. . .. v. _. . : .  ... . '  

w i l l  give some idea of the aEloullt of fines present'. Another useful meth- 

od is t o  put a mixture of so i l  and water in a t e s t  tube, slabe it thor- 
. .  . .  . .  . . .  

.I., 

: I.; 

oughly, and a l l o w  the. mixture t o  sztt le.  The coarse ;?articles w i l l  f a l l  
-: j . '8 ., .:. . L . 

t o  the bottm and successively f k e r  particles will be deposited with 

increasing time; the sand sizes will f a l l  out of c;uspension in 20 t o  30 
6 

s-econds. If the assumption is made that the I so i l  weight is proportional 

to  i ts  volume, this method may be used t o  estimate the amount of fines 

present. A rough estimate of the amount of fines may be made by spread- 

ing the sample out on a level, suyface and making 'A'visua~ estimate of 
. . .' 

. . .  
. .  .... ,-% 
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.. 

usually be'detected by rubbing a sample between the fingers; si l t  or clay 

par t ic les  feel smooth and stain the fingers, whereas the sand feels g r i t t y  

and does not leave a stain. 

purpose, and consists of bi t ing a portion of the sample between the 

teeth. 

s t ick  t o  the teeth whlle g i l t  does not. 

than about 12 per cent of the material passing the No. 200 sieve, the 

sample should be separated as well as possible by hand, or by decanta- 

t i on  and evaporation, r e m o h  all of the gravel and coarse sand, and 

the character i s t i c  s..of 

mixed w i t h  water and its &strength and plas t ic i ty  characteristics are 

examined. - 

si f icat ion shegt, table ,l;' e y a h t i o n  0 5  of so i l s  according,to d r y  strength , 1 

and plas t ic i ty  c r i t e r i a  is discussed h~ succeeding p a r e p h s  in connec- 

t ion w i t h  fine-grained soils. Identification of active cementing agents ; 

other than clay usually is not possible by. visual. and manual e&nation, 

The "teeth test" i s  sametimes used for  this 

Sand feels  Wittywhereas s i l t  and clay do not; clay tends t o  

If there appears t o  be more 

fine- - .  fraction determined.. The binder is 

Cri ter ia  for dry strength are  shown i n  column 5 of the clas- 

- 
t 

since such agents may require 'a cur& period-of days or even weeks. In ' 

the absence of such experience the soils should be classified tentatively 

into their  apparent groups, neglecting any possible development of 
1. I 

strength because of cementation. 

Fine +?rained so i l s  
, : r c  

21. The principal prqcedures for f i e  
8 .  

d identification of fine- 

*. grained soi ls  are the test for  dilatancy (reaction t o  shaking), the 

examination of p l a s t i c i ty  characteristics, and the determination of dry 
..he 

strength. In sadition; observations of color and odor 'are of value, 
. .  . .  . .  

. . .  (.' : I  , . . . i- . . . \  .. % . . . ,.. :- - .  . ..; 

. *  particularly for organic soils . 
'I...! ' . ; , . 

Descriptio& of' the'. f i e ld~~ident i f ica t ion  . ' 
' 

. .  
. .  

. .  . .. . 
I. 

. .  

. ,  
. .  

. . f. . .  
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procedures are presented in the folluwing paragraphs. The dilatancy, 

plasticity, and dry strength tests are .. performed on the fraction of the 

so i l  finer than the Ro. 40 sieve. Separation of particles coarser than 

the No. 40 sieve is  done most expediently in the field by hand. However, 

separation by hand probably Vill be-most effective for particles- coarser- 

than the 100. 10 sieve. 

t o  No. 40 fraction but it is,believed that any particles in this size 

range remalnlxg after hand separation would have l i t t l e  effect on the 

Somz effort  should be made t o  remove the No. 10 

f ie ld  identification procedures. . 

. 22. Dilatancy. The . . .  soil i s  prepared for  t e s t  by removing . . I .  particles 

k g e r  than about the No.. 40 sieve size (by hand) and adding enough yater, 

if'necessary, t o  make the s o i l  , soft . _  but not sticky. .*.. The pat of moist  soil 

. should have, a volyne . . ..Pf .about 142 c a i c  inch. ' The. &t of . s.011 4' . is .;.. . -  alter-  ..-* .--.e, ; r.: ...> -., ..-.--. ! ._. . .:&. - . , . ,E,-.. . .  "e .? 
'na-ely shaken horizontally in the open'palm of one: hand, which is struck 

dgorously against the other hand several times, and then squeezed between . . .  

. . .  . . i _  

. .  
. .  .? . . 

. .  
. _  

' . q5 . .  

t 
f ' .  

. 

. -  . .  .-. 

9 

l&e fingers. A,fine-grained soil that I s  nonplastic or exhibits very l o w  

plasticity w i l l  become livery and show fYee water on the surface while 

being shaken. 
. 

Sqpeezing will cause the.water t o  Usappear from the sur- 

face and the sample t o  st iffen and f h U y  crumble under increasing 

finger pressure, like a b r i t t l e  material. 

right, -_ shaking the broken pieces w i l l  cause them t o  liquefy again and 

f l aw  together. A distinction may be made between rapid, sluw, or no re- 

action t o  the shaking test, depending on the speed w i t h  which the pat 

changes i ts  consistency and the water on the surface appears or dis- 

r .  
If the'vater content is  ju s t  

P 

- .  e*- 

ahpears. Rapid reaction t o  the shak- t e s t  is for nonplastic, 
+' 

..r 

.:b 

..:; : .? 

.'* 

. .  

:, 
. . . .  I .  ~. 

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



I . .  

. . .  . .  

p a r t i c u k l y  of the rock-flour ty&, also for  diatomaceous earth '  (MH) . e 
, The reaction becomes somewhat more sluggish w i t h  decreasing uniformity 

of gradation (and increase in p las t ic i ty  up t o  a certain degree). Even a 

s l igh t  content of colloidal clay w i l l  impart t o  the s o i l  some p las t ic i ty  
f . 

and slow up maierially th$?eaction t o  the shaking t es t .  Soils which 

react  in this manner are somewhat Elastic inorganic and organic si l ts  

(ML, OL), very lean clays (CL), and some kaolin-type clays (ML, Ma). EX- 

. 

tremely slow or no reaction t o  the shaking t e s t  is characteristic of a l l  

typical clays '(CL, CH) .as well a s  of highly plast ic  organic clays (a). 
.-.;' ....... .. .: i...::.-.: ... ',. .!$ 1: . . .  . . . . .  ..I . . . .  . . .  .: . 23 .'6 .P las t ic i ty  characteristics .... Examination . .  . .  .of the,. p las t ic i ty  .......... ;:.. .... ,_ . . .  

L 

.:e . .  . .  . . '  . .  
.$' characteristics of fine-grained soils', or  of the fine fraction of coarse- 3 . :  -> ,: 
. . . .  . . . .  grained soils is made w i t h  a small moist sample of the material. 
.. P a r t i -  ... . .  
. . . .  

I ;.... . i <' I .,? . . .  3: ., 

kles.  ' Gger 

specimen of s o i l  about'the size' of a 1/2-in.' cidbe is molded t o  the con- 

,about he;:No'. sieve 'size: are ' removed (by hand) and a e 
.,! 

. . . . .  . . .  . . . .  I . . ., . . .. : .... 

. .  . .  

sistency of putty. If 'the s o i l  is too dry, water must be added and i f  .:. 

. . .  . .  I :  8 
'* . . . . .  .: . .  it is' -sticky,. 'the specimen' should-be. spread out .  in a ..thin layer  and " . .  ........ . . . . .  ... 

. . .  
. . .  allowed to  lose some moisture by evaporation. The samp1e"is rolled by . . .  
, *  :.. . .  

hand on'a smooth surface or between the .pabp.into a thread about 1/8 in. ' -.. 
in diameter . ,., The thread is then folded and r,erolled repeatedly. 

t h i s  ma&ulation the moisture content is gradually reduced and the speci-' 

. .  

During 
. . .  . .  

0 

men stiffens, f inal ly  loses i ts  plasticity,  and crumbles when the plastic 

lhit is reached. After the thread crumbles, the pieces should be lumped 

together and a sl ight  kneading action continued until the lump crumbles. 

The higher the position of a soil above- the "A" l ine  on the plast ic i ty  

chart, plate 2 (CL, CH), the s t i f f e r  are the threads as their water con- 

t en t  approaches the Blastic limit and the tougher are the lumps as the 

I 

i 

0 

. .  
I 

E . .  . .  
. .  

. .  
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s o i l  is remolded after rolling.., Soils s l igh t ly  above the "A" l ine  (CL, 

CH) form a medium tough thread (easy t o  r o l l )  as the, plast ic  l i m i t  is 

approached but when the threads are formed into a lump and kneaded below 

the p las t ic  limit, the s o i l  crumbles readily. 

(ML, MH, OL, OH) f O f m  a tie& Wead and, with the exception of the OH 

Soils below the "A" line 

soi ls ,  cannot be lurmped together into a ooherent mass below the p las t ic  

l imit .  P l a s t i c  soils containing organic material or, much'mica (well. 

below the "A" l ine)  form threads that are very sof t  and spongy near the 

p las t ic  limit. The binder fraction of coarse-pained soils may be ex- 

amiPed In the same manner a+fine-pdned soils.  
1K 

I n  general, the binder 
ci 

$action of coarse-grained so i l s  w i t h  s i l t y  fines (GM, SM) will exhibit 

p l a s t i c i ty  characterist ics similar t o  ,the KL soi ls ,  and that of coarse- 
6 

.: grained,: so118 tj 

' - .  ;. 24. Dry strength. ..;. The resistance of a piece of dried s o i l  t o  

f i n e d G W m  wil l  be S b -  t o  the . .  CL soi ls .  
. .  v.. $'-''--.'. > 3 ' .  '. . +*-. ..:. . I  .I.' ~ '.+, $ 2  !r ' . 

.t 'f 

c,i&shing by finger pressure is, an indication of the,,character of the 

@ o i ~  frac<lon of a sbil., TO initiate!. the ,test, particles larger , . 

'&an the No. 40 sieve size are removed frcan;.the s o i l  (by hand) !. 

specimen is molded to the conr:istency of putty, adrliag water if neces- 

I .  

?,><< 

and a 
. L . ,  

sary- The moist pat of s o i l  LS allowed t o  dry (in A ,  oven, sun, or a i r )  
. ,  .) . . e  

:. .- : 

and is then crumbled between the fingers. Soils w i t h  s l igh t  dry strength 

crumble readily'with very l i t t l e  finger pressure.! All nonplastic ML and 
'b 
MH soils have almost no dry strength. Orgsnic silts and lean organic clays 

of low p las t ic i ty  (OL), as well as very fine sandy soi ls  (SM), have 

slight dry strength. 

finger pressure to pw&r the sample. -st clays'of the CL group and 

Soils of medium dry strength require considerable 
.. 

-I/  

. .- 



f ract ion of gravelly and sandy soils having a clay binder (GC and SC). 
0 -  

Soils  w i t h  high dcy strength can be broken but cannot be powdered by 

finger pressure. H i g h  dry strength is indicative of most CH clays, as 

well as some organic clays of the OH group having very high l iquid limits 

and located near the A - l i n e .  

undisturbed s ta te  may be Purnished by a cementing material such as cal-  

In same instances high dry strength i n  the 

, ,  

I;. 
. .. ,.. ,::  I , . 

cium carbonate or ' iron oxide: 

25. Color. I n  f i e ld  s o i l  surveys color is often helpful in d i s -  

tinguishing between various s o i l  strata, and to  an engineer with suffi- 

cient: preliminary..experience ,with..the .local soibs,:;,color.. may .also..be . . ,. . . . .: ._ .. : I 

.l : : . .  

. .  
- .~ 

, 

e:. useful for identifying indvidual  soils. The color of the moist, s o i l  !!.. 

' '.. ' '. 

. .  
. -  

. .  
should be L e d :  in identificat1on;as s o i l  color may change markedly on 

21 
.. . 

. .  '.. 
: - . :  ...; . 

so i l s  containing organic colloidal matter (OL, OH) . In contrast, brighter 

colors, including medium and l ight  gray, olive green, bruwn, red, yellow,. 

u 

1. yj: . -  

t; 

and w h i t e ,  are generally associated with inorganic soils.' Use of the 

Mumell s o i l  color charts and plates, prepared for the U. S. Department 

. of Agriculture by' the Munsell Color Company,,Baltimore, Maryland, is 

. -  

e 

suggested in the event more precise soil color descriptions are desired 
t 

26. Odor. Organic so i l s  of the OL and OH groups usually have a 

distinctive odor which, with experience, cah be used as an aid i n  the 

o r  t o  f ac i l i t a t e  uniform nnming of s o i l  colors. 

t .  

identification of such materials. This odor is especially apparent from 

. '  fresh samples. It p a d d y  dlminlshes"on exposure to  a i r ,  but can be 
.,. . I .  . I  . .  

_. )" 

. .  
i. , 

. .  . :;!; ' ~ 

. . .  . . .  1' ,.. 

: . revived by heating,.a . . .  . .  wet . sample. : . .  . .  . . : , . ...: 

. . .  



Highly organic so i l s  

'' 27. The f i e l d  identification of h i m y  organic soils (group Pt)  is 
i: 

re la t ive ly  easy Inasmuch as .these soils are characterized by undecayed or  

pa r t i a l ly  carbonizedparticles of leaves, s t icks ,  grass, and other vege- 

table matter which impart t o  the soil a typical fibrous texture. 

I 

The 

color ranges generally from various shades of du l l  brawn t o  black. 

d i s t i nc t  organic odor I s  also characterist ic of the Soil. 

t en t  is usually very hlgh. Another aid in identification of these so i l s  

may be the location of the s o i l v i t h  respect to topography: 

A 

The water con- 

low-lying, 

swampy areas usually contain highly organic soi ls .  
_ .  . , .  . .  . .  . .  . 

1 
'1 :L Laboratory Identification ' . 

28 . !&e identif  ication 
. ,+,$,$<, ' 0  . ':. . ,;. . 'j 

:by determining the gradatSon 

rids. 

c&ve is usU8ui  plotted as per cent f i n e r ,  (or, . passing). . .  by weight against 

ci,.logarithmic scale of grain size  in millimeters. Plate 1 is a typical 

grain-size chart. P las t ic i ty  characterist ics are evaluated by means of 

the l iquid arid p las t ic  l imits  tests on the ' so i l ' f r ac t ion  f iner  than the 

lo .  40 sieve. 

f s o l l s  in the laborawry Is+.accomplished 
' - 9  . ,  

s t i c s  of the mate- 
. .. 

The.gradation is determined by sieve analysis and a grain-size 
2. . . ... 

g .  ! 

,.. . .. - . *; 

L I 

A suggested laboratory method of identification is pre- 

sented schematically in the chart shown as 'table 2 and is discussed i n  

the succeeding paragraphs. It should be recognlzed that although a def- . 
&te procedure for Identification is outlined on the 

torytechnician engaged in classificationmay be able 

in h i s  work after he becomes thoroughly familiar with 

each s o i l  group. 

# 
3 ". 

e- 

chart, the labora- 

t o  use "short cuts" 

.the c r i t e r i a  fo r  
!: 

'1 
..-.:. . 

* .  I , .  . 3  

. .  

e 
I 
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i. 1 
Identification of major soil noups 

0 
29. Reference t o  the identificatian procedure d a r t ,  table 2, shows 

that the first  step in the laboratory identification of a so i l .  is  t o  

determine whether it is coarse grained, fine grained, or highly organic. "+ 
I .  ... 
i- This may be do& by v i s u a l  examination in most cases, using the procedures 

.- . *  
. .  ... 

outlined' for field identification. . .  

very fine s a n b  or coarse silts, ' it 

sentative , d r y  sample over a No. 200 sieve and determine the percentage 

I n  same borderline . .  cases, as. with 
. .  . L  

. I  

be necessary t o  screen a repre- 
. .  . .  

' .  . .  
I passing. Fif ty  per 'cent or less passing . -  the No. 200 sieve ident i f ies  

. . . .  , .  

. .  , _  

y '  ' 

' . 

:I the s o j Z  as:; coarse -grained,. and.-more ;than .50 per..cent identifies.  the S O i X -  .,._ 

as fine graikd. The percentage limit of 50 has been selected a rb i t r a r i l y  

for  convenience in identification as it is obvious that a numerical dff- 

............ 
.. ;:. i.' . 

. .  

i . :. .', 

I i s  established, the identification procedure is continued in accordance ' 

... . . .  . . .  
- _  I ' .  E .  

,>;. Identification of s~bgroups, 
coarse-aralned soils 

.. ; I 

.. 

coarse-grained soils and the gradation c u r v e ~ i s  plotted on a grain-size . '- 

chart. 

be desirable t o  suppl&ent,the sieve analysis w i t h  a hyhrameter analysis ' 

in order t o  define the grabt ion  c m e  below. the lo .  200 sieve size. 

liminary identification is made by determining the percentage I .  of material 

in the gravel (sbove'No. 4 sieve) '& sand (No,.' 4 t o  No. 200 sieve) sizes. 

30. I Gravels (G) or sands (S). : ' A  complete sieve analysis is run on 
' . : .  . 

T ..' 
... 

!: . 

~ 

For same soils containing's substantial amount of fines, it may 
. . .  . . .  

. . .  . : . .  

Pre- 
; i .. 

. . .  . . . . .  
:. .. . . .  . . .  . . . . . .  I .  . . . .  . . . . . . . .  . . > : . ! , >  

. -  . , . .  . .  . 

... . . . .  . . . . . . .  . .  . . .  I : .  : 
. i  :: 

e ' ? ,  -. . ,  . .  
. -  

a .  ..... ..If there i s  a greate.r,:,percentage . .  of gravel than sand ., the '. materia . is 
. .  

. .  . .  

a, . .  2 . ,  

. .  
. .  

. .  
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classed as gravel (G); if there is a greater percentage of sand than 

s a v e l  the material is classed as sand (S). 

between these groups is purely arbitrary for convenience In following 

the system. 

Once again the distinction 

The next identification step is t o  determine the amount of 

material passing the Ro. 200 sieve. Since the subgroups are the same 

for gravels and sands, they w i l l  be discussed Jointly in the following 

paragraphs . 1 

3l .  GGf, SW, GP, and SP group 8 .  These groups comprise nonplastic 

soils havlng less than 5 per cent pass- the NO. 200 sieve and in which 

the fine fraction does not interfere with the soils' free-draining prop- 

ep ie s .  

shape of the grain-size curve. Materials that are well graded are clas- 

. & .  q - 3  
If the above cr i ter ia  are met, an examination is made of the 

t -  

. . sifled as GW or.;SW* pporly-graded materials are c1as;sified;as GP or SP. 
. .. '- . :;,.;, _ ,  .: '1 : .'F _ I  ?&;' ..r: ., r..fi.. _. .. ;. .. ._ , _.: . _  . . .  . 'Z ' 

The grain-size distributions of well-graded materials generally plot as 

smooth and regular concave curves w i t h  no sizes lacking or  no excess of 
P'  

t e r i a l  in any!size range (plate 3); the uniformity coefficient (€0 per v> I 

cent grain diameter divided by the 10 per cent grain diameter) of well- 

graded gravels is greater than 4, and of well-graded sands is greater 

than 6. 

qualification &A order to  be classed as well graded. 

In addition, the gradation curves should meet the following 
J i  

L.'. 

between 1 and 3 
D€o D10 

where D30 = grain diameter a t  30 per cent . .  passing 

D& = grain diameter a t  60 per cent passing, 
. .. . . . .  . .  

. .  - _ .  

I.:. . 

. .  . .  . 
3: 

D10 = grain diameter a t  10 per ceht passing f 

The foregoing expression, teime.d. a coefficient of curvature, insures 
I . : 

':,  : . -  . ..- 
, . .  , :..: 

. : . a  , .~ 
:9 . . .  

, .  
.. . . , a , '  .. . 

. .  
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that the'  grading curve will have h concave cumatwe within relatively 

narrow llmlts for  a given D& and D10 combination. 

meeting the foregoing criteria are classed as p o r l y  graded. 

poorly-graded soils (GP, SP) are those ha- nearly straight l ine  gra- 

dations (plate' 4, fig. 1, curve 3), convex qadations, nearly ver t ical  . 
(uniform)'&adations (plate I ,  fig. 1, curve I), and gradation curves : 

With "humps" t sa ica l  of skip-graded materials (plate 4, fig. 1, curve 2). 

All gradations not 

Thus, 

I -  

32. GM, SM, GC and SC groups. The soils in these groups are com- 

posed of those materials having more than a 12+ per cent fraction passing ; 

the No. 20Q sieve; .they may or may not exhibit plasticity,  For identi- 

fication, the llquld and plastic limits tests are required on the frac- 

, .  

S 1. 

t ion finer than the No. 40 sieve. The t e s t s  shouJ.d.be run on representa- 
, _ . . *  : , . ! .  _ ,  , I (  

. . t ive  . s m ' l e s e f  &is$ . I  ' mahrlal', . .  'and . .  ndt on air- br oven-dried. .. ... . '  so i l s  . ,' + .  . 
I _  

. '. 
1 . .  '4 , ?-. . '. 

This- precaution is. desirable as'drslng affects the limits values to '  sane.? , .f 

c : .  
, extent 'as will be expklnbd further in the discus'sion of fine-grained .,; 

. :. ' I  . . . .  

. _ _ . .  . 
'.> . , '  . ... . .  , . -,,..., : ,  '. :, : .~~;soi ls .  Ma&&' .i$';whicl?the '.. liquid' limit'~.and.~plasticity -index..:plot;. '., * . ... 

. I , ,  

, _  

.. 1 

4 , . ' - '  ' below the; "Ai' line' on 'the plas t ic i ty  char t  (plate 2) k i c l a s s e d  as ' 

GM or',sM (plate 5 ) . '  Gravels and sands in which the liquld l i m i t  and 

. plastlcity;.in& plot above :$he "A": . ,.. l lne  on .. ,the plast ic i ty  chart w e  

. ' "  . 

.''; 
"'. 

I ; .  

, . -  

: 
-I classed as"GC or SC (plate 6). 

cation of . 'Ater ia l s  in' these ' groups the plast ic i ty '  characteristics 

overshadow the 'gradation characteristics; : therefore, no 'distinction Is 

made b e k e n  well-  and poorly-graded materials.' ' 

It is considered that in the ident i f i -  
.,-. . , " .. 

.. . 
r . .  . ,  .. ,, 

. .  
. .  

i 5 ' .  

. .  . .  

. i .:r. 
. .  . .  _.. . 

, 

. I  '. 

; #: 
:.' * 
,;: 

~n the priceding paragraph Soils of the. GW, >GP, SW, and SP groups we re... 
defined as having 'less than a 5 'per cent fraction passing the No. 200 
sieve. .Soils. ha- be9een 5 and.. 9 per 'cent passing the No. 200 
sieve' are classed. as %orderllne" and are. discussea in parhgraph 33. . 

.:?. 

.. . 

' ,i .:_:' . 3 .  . . .  . .  

. .  
. .  . .  . . ,  

. .  . . .  

. .  . .  . . , . . . . . . .  

. . .  
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33.-- Borderline soils. Coarse-g~alned S O I l S  containing betveen 

Stand l2$ material passing the No. 200 sieve are classed as borderline 

and carry o dual Symbol, e.&, GV-GM. Similrzrly, coarse-grained soils 

having less than 5 s  passing the No. 200 sieve, but which are not free 
- 

drainin& or wherein the fine fraction exhibits plasticity, are also classed 

os bwderline and are given o dual symbol.. Additional discussion of border- 

. .  l ine classification is presented in paragraphs 38-41.! , . *  

Identification of sub- 
groups, ., fine-grained soils . .  

4 ' .>. 
. , i . ~ . : . . . . . . . . . . . . , : . ~ , .  :;:.. 34.~ Use of., plasticity chart. --- Once ..-. .- the ..̂ " . identity .. ._.. . . .. , of . ,. a fine-grained . . .  . 

1 . 

&il has been established, further Identification is accomplished p i n -  . 

dpal ly  by.the l iqyld and pltktic. limits testa in conJunction wlth the . 

0 
. . .  . ...,. . p&ticity. [c~ . : . ( .g la te  " i', -. 2)s .. * 

t. .was ,-.-';>..; .-elopes , .; by m: , . 

Cssagrande as 'the resuit of consid&ble q e r i e n c e '  with the behavior of 

soils in many different reglons. .It is a plot of liquid l i m i t  'versus plas- 
_ *  

* ?  

. .. ... %city. 1 :.- 
.index .on; whl!ch:ls: impqsedf'a dlqonal ,  ;line, c a l l 6  the -"A8' line and a 

&tical  -.. . l ine at a liquld l i m i t  of 50.. The ! '  ''A" l lne Is defined by the 
. .  

_ .  .. 
. 1  

equation PI '= 0.73 ( G 2 0 ) .  The "A" line ak ve a liquid l i m i t  of about 

29 represents (UI important 'empirical boundary between typical Inorganic 

clays (CL and 'CE), which are generally 1ocat.d above the line,' &d plastic 

. .  

' ,  

soils containing organic colloids (OL and OH) or inorganlc s i l t y  soils (ML 

and MB). 

clays of low liqyld l i m i t  (L) from those of high liqyld l i m i t  (a). 

the low part of the chart below & lI@d l i m l t  of about 29 and in the  

r w e  of PI f'rom 4 t o  7 there is considerabie 2 .  overiapping of the woper- 

f 

The vertical Une at liqyid Ilmit.of 50 separates silts and 

In 

1 
2 

" 7  

ties of"the clayey, and s i l t y ;  .. . , soil type?. .A. .;. &ace, :., the sepratlon between . .  

. .. 
:. 

. .  ,:, ' r 
i .:.> . ... ? I 

. _ _  . . . ...y . .  . .  
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? 
CL and OL or ML soil types in t b i s  reglon is accomplished by a cross-hatched 

zone. on the p l k i c i t y  chart between 4 and 7 PI and above the "A" l ine.  

CL soils in this region me those having a PI above 7 w h i l e  OL or ML soils 

are those hav& a PI below 4. 

zone should be classed as borderline as discussed later. 

groups are shown in.their respective mait ions on the plast ic i ty  chart. 

Experience has shown that compressibility is appP.oximately proportional t o  

t Soils plott ing within the cross-hatched 

The various s o i l  

liqpid l imi t  and that so i l s  having the same li@d l i m i t  possess a w o x i -  

mately equal compressibility, assumlng that other factors are essentially 

the same. 

same liquid Urnit, one finds that w i t h  increasing plast ic i ty  index, the 

' 4  cohesive &acteri'stics -crease and the permeability decreases. From 

On. comparing the physickl characterist.ics of ,.soils.having the 
! 

by 
4 

. :: l i e  on a straight Une or  in a n a r r o w  band aproxlmately:.parallel t o  
, .% 

. . .  , .  :.- , ,'.: ::,:.the: -.''A!'-,llne.~::'.~lith-this: h ' w r m r l .  i n f ~ t i o n  ...in., . mind,::.the, . . .  identifica- . . .,? .: - 
i,. 

: . . .  . 

j .  . .  . .  
, 

tio$of the'vkrious groupa of fine.-grained so i l s  is discussed in the 

following paraeraphs. . .  
. ii .. . 

35.. ML, CL, and OL groups. A s o i l  having a liwd l i m i t  of l ess  

I than 50 falls into the low liwd l imi t  (L) group. A plot of the l iquid . 
+! 

'f 

l i m i t  and'plasticity index on the plast ic i ty  chart will show whether it 

falls  above or below the "A" Une and cross-hatched zone. 

above the "A" Une and cross-hatched zone are classed as CL and are usually 

typical inorganic clays (plate 8, fig.'; 1). ' Soils plotting below the "A" 

.I 

Soils plotting 

. .  
.. , . .. 

.' . 
.-, : . _ .  ... . ... !, .- ' , . . t .  ': 

.'. . , . . 
' I  

L .  
. .  

. i  . .  
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plasticity,  OL (plate 9, fig.  1); ' Since two groups fa l l  below the "A" l ine  

or cross-hatched zone, further identification I s  necessary. 

gulshlng factor between the KL and OL groups is the absence or presence 

of organic matter. 

explained in the preceding paragraphs under f i e ld  identification. How- 

ever, in doubtf'ul cases a comparison may be made between the liquid and 

plast ic  l imits  of a moist sample and one that ha8 been oven-dxied. 

organic s o i l  w i l l  show a radical drop in plast ic i ty  a f te r  oven-drying 

or alr-drflng. An Inorganic soil Will generally show a change i n  the 

The dlstin- 

This is usually identified by color and odor as  

, I  An 

-emits values cd .only 1 or 2s which may be either. an increase. or a decrease. 
. :  

dor the foregoing reasons the classification should be based on the plot 

of Limits values determined before drying. Soils contalqing organic matter 
< 

gdnerally., have :1-. $ I ,  s p e t $ P l c ~ ' @ r ~ i t i ~ '  .._ . : - . . .  . and .. :play,..,:@~ve; ; ,., .! . :" deci6edly Wgher water i: 

contents' than,;'lxior'ganic.isoils; therefore,' these properties may be of ass is t -  

i c e  i n  identifying organic soils.  

f; .: . . .  .. . 

In special cases, the. determination of 
h* 

'3 
gganic  . f  contend may be made by chemical methods, but the procedures jus t  

described are usually sufficient. . -e*. 
\ 

36. ME, CH, and OH groups. Soils with a liquid liudt greater than 

. 50 are classed,.in group H. 

a& plas t ic i ty  index values are plotted on the p las t ic l ty  chart. 

To identif'y such soils, the liwd l i m i t  

If the 

points fall abuve the "A" line, the soil classif ies  as CH; if  It falls 
i 

&low the "A" line, a determination is made as t o  whether or not organic 

&terial is present, as described in the preceUng paragraph. Inorganic 

+aterials are classed as MII and organic materials are classed as OH. 
. . .  

._,_ ! ,' 
,.= ' 

.. . . .  
. ~. . 

1 e.) . 
., .. 
Identification of hl&hly organic s o i l s .  'i:::, , . . .  . .  

, .  

ratory Identification of 

.. .- . -  

. .  

0 
.. i 
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. .  - .  

. .  
I;: 

. .  :., .;;,.: ..i,...", ... '2"' ... : . . . .  

. .  
r- highly organic soils (Pt) than has been stated previously under field 

idehtification. These 'soils are' usually identified readily on the basis 

of color, texture, and odor. 

natural water content of several hundred per cent, which is  far in ex- 

cess of that found-for most soils. 

these soils may be quite low. 

tested fOr' liqyia plast ic  umits. * such materials u s ~ a l ~ y  have a 

liquid U n i t  of severa l  hundred per cent and fa l l  well below the "A" 

me on the p las t ic i ty  &. 
Borderline classifications- - .  . ~ 

Moisture determinations usually show a 

Specific gravit ies of the solids in ' 

? Some peaty so i l s  can be remolded and 

c 

.. 
38. It is inevitable in the use of the classification system that 

soils will be encomtered t h a t  fa l l  close t o  'the boundaries established 
e 

; ,:i ' ,<:; . , r . 1 .  . '. 
a r i o ~ .  groups. $$ I n  !&idition,: !boundary ' zones f o r  the amount :,? 

:tr' 
__' 

, i' : .. _. 
al &sin&' the io . '  200%3ieve and for 'the lower part .of the 

, .! . .  

3:. 

U 

. . .  

soils is t o  use a doUble'symbo1; for example, GV-GM. 

in rare instances, for a s o i l  t o  fa l l  into more than one borderline zone 

It'Ss possible, 

. .  

. . . . . .  . .  and, if .apgropriate' symbols; -e used far each possible classification, . .  

the result && be a multiple designation'consisting of three or more 

symbols. . This approach .is umkcesskily complicated atid it is considered 

best t o  use only 'a double h o l .  in" these cases, selecting the.' two that 

are believed most-represenbtive of the pobable '  beha;ior of the soil. ' '  .::.. 

. .  

. . .  . -  
. .  

. .  . .  

..... . . . .  
' 

' ' In. cases of 'doubt the'symbols: repkes,entin&"the poorer of'  the possible 

. ' groupings should be 'ded.., '. . .  : , ' ' .  . . .  . . . .  . . . .  . . . . .  I .  . - .  . . . . . . . .  . . _  . . . .  . . . .  
, .: '. . - .  

:. , ' .  

. . .  . .~ . . . . . . . . . .  

_ .  . .  
" t  , 

.;.: ., +. 
-. . 

> ai. 

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

39. . I .. 'Coarse-grained soils. I .  It vlll be recalled. that i n  previous . .  

. . .  . . ' .I. , . . , 

. . .  . .  

. .  

. .  

. .  . .  

. . .  . . , .  . .  

. . ,  

. . . .  . . . . .  . . . . . .  ... . . . . . . . .  .. . . .  . ._.. . .  

e .  . ,. 
. .  

.~ 
*:. . .  , .  

. , z .  
. .  . .  

.. + 
. .  

. . . . . . .  . . . . . . . . .  .. ! ,  . . .  . . .  . . .  
'. .: 

..) . 'i ' 
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discussions (paragraph 31) the coarse-grained soi ls  were classified in . 
0 

the CW, GP, m, and SP groups i f  they contained less than 546 of material 

passing the No. 200 sieve. Similarly, soi ls  were classified in the  GM, 

GC, SM, and SC 6roups if they had more than l2$ passing the No. 200 sieve 

(paragraph 32). The range between 5 and l25 passing the No. 200 seive is 
- 

. 1  

. .  

: .1 . 

. . . .  

designated as borderline, and soils falllng vithln it are assigned a double 

symbol depe- on both4 the gradation characteristics of t h e  coarse, 

fraction and the  plasticity characteristics of the minus No. 40 sieve 

fraction. 

$00 sieve and wlth U = 28 and PI = 9 would be designated as S I - S C .  

Another type of borderline-classification occurs for those so i l s  containing 

appreciable amounts of flnes, groups CM, Gc# =# and SC, and whose 

Atterberg limits p l u e  

The method of classi-g these soils is the same as f o r  fine-grained 

Fils plotting,in the same region, as pres@& in the followlng paragraph. 

For example, a well-graded sandy soil vlth 846 passing the No. 

9' 
c. 

i 
t 9 She lww pp t lon  he plasticity chart. 

I r t ,  k - I  . *  
? 

I 
* I  r: 40. Fine-gralned soils. Mention has been made of a zone on the 

+plasticity chart (plate 2 )  below a Uqpld4vmlt of about 29 and ranging 
%... 

between plasticity index values of 4 and 7. 

low plasticity plot in tbis general region on the plasticity chart and no 

definite b o w  between s i l t y  and clayey soils exists. 

grained soil, maups C L  and MI,, or the n4nua lb. 40 sieve fraction of a 

coarse-grained soil, groups GMt GC, SM, and SC, plots vithin the cross- 

hatched zone on the plasticity chart, a dotible symbol (MGCL, etc.) is used. 

* 

Several s o i l  types exhibiting 

-t L 

!L%us, i f  a fine- 
C 

41. "Silty" and "clayey."p It Will be a s t e d  on the classification 

;beet, table 1, that the ad3ectives ' 'siltyuu and u*c~ayeyut may be used as 

part o f t h e  des ive name for silt. or ciay soils. Since +e 
8 .  , . --- - 

. .  
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definitions of these terms are now somewbat different from those used by 

many soils engineers, it is considered advisable to discuss their connota- 

tion as used in this system. In the unified so i l  classification the terms 

''silt" and 'klay'' are used to describe those soils with Atterberg llmits 

plotting respectively below and above the "A" l ine and cross-hatched zone 

on the plasticity chart. As a logical extension of this concept, the t e r m s  

"silty" and llclayeyI1 may be used as ad,jectives in the soil names when the 

limits values plot close to  the "A" line. 

L;L = 40 and PI = 16 may be called a s i l t y  clay. 

For example, a clay so i l  with 

In general, the adjective 

. .  "silty". is not. applied..to .clay.,soils having a l iqy id .  limit in ,excess .of. . .  -.\<. .* . . . . . . . .  
c .. i . .,!. . . . . .  
k . .  . .  

'. . 
about 60. " 

42. It may be'necessary, In some cases, t o  expand the unified clas- '' 

--. ;r. sification systemby subdlvisio~ olf.exlsting groups In order t o  classify 

so i l s  f d r  a particular use. 

discouraged and caref'ul study should be given any soil group before such 

a step is adopted. In all cases ~ubdivislons should be designated pref- 

erably by a suf'flx to an existing group symbol. 

selected carefully 80 that there wi l l  be no conf'usion with existing let-  

I The Indiscriminate use of subdivisions is 

. 

The euffix should be 
I 

f ters that already have meanings In the classification system. In each 

case where an d a t a  group is subdivided, the basis and criteria f o r  

the subdivision should be explahted in order that anyone unfamiliar vith 

. i . : ' a .  I '. , . .  I. . . .  
.. , j :  .-. , . 

. : ..:: , j : (. ' . .  . .  

. .  
. . .  . . . . .  . . . . .  . ;, .*.: .' ! ;-- .- . ;:. - . . .  

. .  
. .  

. . . .  I -  - . .  . .  . :  
I 



.I Descriptive Soi l  Classification 

c 

. 43. A t  many stages In  

fram the prellminarY boring 

finds it convenient- t o  give - 

the s o i l s  investigation of a project -- 
log t o  the f i n a l  report -- the engineer 

the soils' he is work- with a "name" rather 

than an "impersonal" classification symbol such as GC. This results 

primarily fram the fact that he is  accustomed-to talking in terms of 

gravels, sands, silts, and clays, and finds it only logical  t o  use these 

same names in presenting the data. The s o i l  names have been associated 

with certain grain sizes  in the textural  c lass i f icat ion as sham on the .;; :.. :. .<. . ; ::.: SLT7. ,. , it.- 

3 ' grain-size chart, p la te  1. 

the . .  coarse-grained soi ls ;  however, the use. of .  . .  . .  such. t e r b  '!, as s i l t  and 

Such a division i s  generally feasible for  
r;; !1 

I 

al,!basis.i. For th i s  reason ,* ' >. ._.. $. i;i. .:: 
.:. c ~ i y  may.&. en t i re ly  , a s  ' 

,;: .+..:,.< . 7 .: .. . .  
the. terms "silt" and "clay" have been definet'on a p las t ic i ty  basis as 

discussed previously. W i t h i n  a ,  given region) :of the country, use of a: 
. .  

+f 
e c lass i f icai ion based on texture,;,is often feasible. since the general 

! I 

.behavior of similar so i l s  is consistent pvqq tpe area. However, in 
t .  '%* 

another area the same classification, may be. eL%irely inadequate . The 
., -e . 

descriptive classification, if used intelligen:;ly, * I  has a r ightful  place 

in s o i l  mechanics, but its use should be carefiilly evaluated by all 

. .  . . .  . .  . .  . .  concerned. . , , :  

6' 

Description from classification sheet ,, . . . . .- 
.:- 

,-. 44. Column 4 of t he  classification 'sheet,; *ble 1, l is ts  typical 

names.given the soil types usually found withla the various classi f icat ion 

groups.. ..By fol lar lng ei ther  the, f ield or laboratory bvest igat ion pro- 

cedure and determining the pr0pe.r c lass i f icat ion group in which the s o i l  

'* ,; . 

. .  
,i .-. 

.* : _. 
', 

. , . . . . , 
_ : .  i 

,'iW$+f t . .. ..ij . . . "  ...: _ . .  .*.%' 
. .  . . . ... : i ,  . .. , 
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. e  

belongs, it is usually an'easy matter to select an appropriate name from 

the classification sheet. Some soils m y  be readily identified and prop- 

erly named by only v i s u a l  inspection. A word of caution is considered 

appropriate on the.use ,- ~ _". of the classification system for certain soils 

such as marls, caliches, coral, shale, etc., where the grain size can 

vary widely depending on the amount of mechanical breakdown of soilpar- 

ticles: 

significance and the locally used name may be important. 

I 

For these soils the group symbol snd.textural name have little 

Other descriptive terms . , 

45. Records of field explorations in. the form. of .boring logs can 

be of great benefit.to the engineer. if they include adequate information. 

In addition to the group symbol and'the name of the soil, the general 

characteristics of ,';&e. so~l&.a&,to plasticity, 4 strength,?,moisture, etc . , 
provide. information-e,ssential to- a proper analysis of a particular prob- 

..% . . .  

. , . *  
. .  . - .  i. , ,  ' , 

t . ' .  . .. . 
. .. ' %  

lem. 

data to local bidders, and to protect the Government against later legal 

Locally accepted soil names should also be used to clarify the 

claims. For coarse-grained soils, the size of particles, mineralogical 

composition, shape of grains, and'character of the binder are relevant 

features. For fine-grained soils, strength, moisture, and plasticity 

characteristics are important. When describing undisturbed soils such 

characteristics as stratif ication, structure, consistency in the undis - 
turbed and remolded states, cementation, drainage, etc., are pertinent 

to the descriptive classification. 

scribing soils are shown in column 6 of table l. 

Pertinent items to be used in de- 

In order to achieve 
> ,  

uniformity in estimating consistency of so i l s ,  it is recommended that P 

< '  

b the Terzaghi classif lcation based on unconfined compressive strength be 
I 



30 . , .. . .  

used as-a tentative standard. 

a Tons/Sq F t  Consistency 

This classif icat ion is given below: 

Unconfined Compressive Strength ?4 

< 0.25 Very sof t  

0 ;25 -0 50 

0.50-1 .oo Medilnn 

1.00-2.00 S t i f f  

Soft 
- .  

7- 

' 2.6-4.00 Very stiff -' - -  

> 4.00 Hard 

Several examples 'of descriptive classifications ='e shown below: ' 

I .  ' A2 unifom., . fine; clean .. -sank with-rounded .grains .(sP) .' 
s; b. - Well-graded -&avelly s i l t y  sand; angular chert gravel, 
:i 
r 1/2-in. maxim\nn size; s i l t y  binder ,with low plast ic i ty ,  

well-compacted md.miSt (SM). - .  L, 

. - .__ , . I 

i.- ::.. 
= .  . - c: Lwt 'brhm; -:f&e.j silt$ very' ioi plast ic i ty;  satu- 

' rated and so f t  in the undisturbed state (ML) . . 

- .  d. Dark gray? fat clay; s t i f f  in the undisturbed s ta te ;  so f t  
and sticky when''remo1ded (CE). 

, .  
% 

. J; 

4 . . . .  

..: 
. .  

. .  . 

. . .  

. .. 

. .  
' L' 
.. , .. _: I . 

r 
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*HfCBL;I ORGANIC SOIIS ' 

Fibrous texture, color, odor, 
(pt) 

. .:f . . 

COARSE CR' 

5Og or  less  pass : 

. .  
. .  

J. f 

verjr high moisture content, 
par t ic les  of vegetable mat- 
ter (st icks,  leaves, e ta . )  

I 
R u n  sieve a: 

Greater percentage of coarse f ract ion 

. .  I 

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

. , \ !  . ~ .  r 
, .  

, ; . .  
. .  

: f  . 
' 'L More than 12% pass Less thao 55 pass B e t k n  5$and12$ 

Ho. 200 r i e v e  pass lo. 200 sieve No. 200 sieve 
, 

I I :  I 

&low "A" line or Limits plot  in 
hatched zone on hatched zone on 
plas t ic i ty  chart  p l a s t i c i ty  char t  

Well Poorly 
waded graded 

I * 
. . . . .  . . . . . . .  . . .  % ; .  ... . .  

. .  . .  . .  . . . . . .  , I  . I Borderline.. t o  have. ...... I I .  . . . . . . . .  . .  

Above 3" l ine  and 
hatched zone on 
p las t i c i ty  char t  

I double s y h o l  appro- 

p l a s t i c i ty  character - 
Run Lt and PL on 

priate t o  grading and size curve 

Gv CP CEI cncc 

i s t i c s ,  e.g. CU-CM 

Gc 

Rote: Sieve sizes -e U..S. Standard. 

, If fines in te r fe re  vith tree draining properties use double sylpbol such as CU-CM, etc. 
. . . .  . .  ':; 

. .  . .  
. . . . .  . .  

. . . . . .  .... . .  3 a - A  :;j ;!! -' . .  

. .  
, .  

. .  

, 1.. 
. I  

. . . . . . .  

. .  
021260-B " .  % .  ", : . .  

I .  

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

_ .  . . . . .  . . .  . . . . .  . .  . .  
. . . .  . . . . .  

. .  
. .  . .  

. . .  
. . .  . . .  

.'. , .  

, ? .  . .  

. : .  

. .  . .  

, I .  ',:,.'. , : 
. I ;:.. 

. . .  

.>  - _ .  . .  
. ., 
i , . .  

. .  



Table 2 

AUXILIARY LIBORATORY IDMTIFICATION PROCEDURE 

Hake v i sua l  examination of s o i l  t o  determine vhether it 
i s  HIGHLY QRCAIJIC, COARSE GRAINED, OR FINE GRAINED. In  

borderline cases determine amount passing No. 200 sieve. _- 
I 

I 
RSE CRAIREb 1 
pass no. 200 sieve 7 

1. . 

Below "A" 1 
hatched zon . 

Color, odor, 
51. and PL on '':?I size curve 

.: : . .  
Borderline, t o  have 
double symbol appro- 
priate t o  grading and 
p l a s t i c i t y  character-  

R u n  U an3 PL on 
minus No. )rO sieve 

f r ac t ion  

Poorly 9 t 

graded '8 Below "A" line or 
'.,. lhatched ; on . 

p l a e t i c i t y  cha r t  

Limits p lo t  i n  Above "A" l i n e  and 

. . . .  

. .  

I; , 



. . .  

. .  

PINE GRAINED 
More than 50% pass No. 200 sieve 

': .or, odor, possibly 
and PL on wen d r y  

r 

i . .  . 

Color, odor, possibly 
LL and PL on'wen dry 

soil 

. . * .  . .  
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UNIFIED SOIL CLASSIFIWION SYSTEN 

CHARACTERISTICS OF SOIL GROUPS PERTAINING TO 

-S AND FOUNDATIONS 

* <  , Introduction 
. i  

1. The major properties of i s o i l  proposed fo r  use i n  80. embank- ' 
. .  . .  

ment or foundation that are of concern'to the design or construction . 
' 

. . engineer '&e ., its .strength,-permeability, ~ and consolidation. and. compaction.*.:-. . - . - I  .. 
. .  

characterist ics.  

lem,  bu t .  i n  general some or a l l  of the  properties mentioned above are of 
".;, . ' i ' -i; 

Other ' features may be investigated f o r  a. specific prob- 
. .  

. .  :.,. . . , c , ' : , , - . . '  . .  ,. ._  > , . ,  , . . . .  

'+ '. primary - ~ G A & c ~ ' :  in *an earth' +mnkmint' or fouiGiatioi project  of any. ;. 

;': 
. .  . .. 

, I .  

magnitude. It i s  common practice t o  evaluate the  properties of the so i l s  

i n  question by means of laboratory or  f i e l d  tests and t o  use the resu l t s  

of such tests a s  a basis for  design and construction. 

influence strength, consolidation, and other characterist ics are numerous 

and some of them are not completely understood; consequently, it is im- 

prac t ica l  to-evaluate these features by means of a general so i l s  clas- 

s i f icat ion.  

.-. 
The factors  t ha t  

..( 

z, 

However, the s o i l  groups i n  a given classif icat ion do have 

reasonably similar behavior characterist ics,  and w h i l e  such information 

is  not sufficient for design purposes, it w i l l  aive the engineer an indi- 

cation of the behavior of a s o i l  when used as a component i n  construction. 
' This is  especially true' i n  the preliminary examination fo r  a..project when ' 

. .  . . .  . . 
,.! neither t i m e  nor money . .  for  a. detailed' s o i l s  test- 'program is  aGailable. 

. 

. .  ' . . _ . I  . .  

. . .2. .;.+.It :shoula"be ,borne-. i n  mind.by, engineers using the classi f icat ion .. :..,. 

. -  . . .  . 
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that only generalized characterist ics of the soil groups are included 

therein, and they should be used primarily as a guide and not as the com- 

plete  answer t o  a problem. 

, 

For example, it I s  possible t o  design and 

construct an earth embankment of almost any type of s o i l  and upon prac- 
~ 
~ 

-2- _ -  
t i c a l l y  any foundation; t h i s  is  in accordance with the worth-while prin- 

I ,  

c iple of u t i l i z ing  the ma&riab available for  construction. However, . 

when a choice of materials is possible, certain of the available-soils 

may be be t te r  suited t o  the job than others. It is on this basis tha t  

the. behavior characterist ics of ,soils are presented in the following para- <: 
aphs .and on .the. e l a s s i f  lcation, sheet. _. ..The.,use .to. uhich .a .structure As - . .%. 

&.be put is  often the principal deciding factor in the selection of s o i l  
3 

types as well'as the, type of protective measures th+ will be uti l ized. 
b '  

t . .  .' . I Since each structtiqe:- 19' a ' special, problem. <$. w i t v n  I.. , i t s e l f , ,  1% is impossible 
- . . \. ' ; . . .. . _ -  - - .  . .  

, ,,. i. - 
t o  .cover 'a11 posslble cokiderations in the br ie f  description of 'per t i -  

n&t soil characterist ics contained in t h i s  appendix. 
g,: ... b .  . 

- .  . . .  . ... 
+. 

. . 8;. .. . . .  

$: : 

.+ ".: . .  
,'.: 

Features S h m '  on Soils Classification Sheet 
-. . .  . . .  

. .  . .  _ .  

3. General characterist ics of the soil groups pertinent t o  em- 
. .  

bankments and fo&dations - a re  presented in -table JU. Columns 1 through 

5;pf the table show major s o i l  divisions, group symbols, and hatching 
. ..i. . .. . . .  .. 

' C  .. . , . . _ .  - .  ;; ._ . .. . - .  

.. . . .  1 1% 
3. -. 

add color symbols; . .  m s -  of soil '  types are. given i n  column 6.  
& . . .. 

The basic . .  

features are the.'same as %hose presented i n  the 'soils classif icat ion 

niaxiual. column 7, su i tab i l i ty  

o& '-. , : the materials f o r  use in embankments (strength and permeability char- 

a&eris t ics) ;  column 8, the miqimum or r'apge of :per&ability values t o  

be expected for  the s o i l  groups; col t ion 

.. . . .. . . .  ' . .  r- ~ 

Columns 7 through 12 show the following: 
. .  :. . . .  

3 

.>& . .  

_ I  ' 
. .  .. . . . .  . . - .  

*='. 
*.  . '.:, 

.. .. I . .  ~ !:.,;..,:, :-. 8 .  '.., 2 . . "  

... .. 

2.- 

. . .. . 

1 

... . 
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A3 
. I  

characteristics; column ll, the sui tabi l i ty  of the soils for  foundations 

(strength and consolidation); and column 12, the requirements for seep- 

age control, especially when the soils are encountered in the foundation 

for  earth embnnkmants (permeability). 

tures are presented in the following par&graphs. 

Sui tabi l i ty  of soils fo r  embnnronPnts 

Br ie f  discussions of these fea- 

4. Three major factors that influence the su i tab i l i ty  of soils 

for  use i n  enibnnkments are permeability, strength, and ease of compac- 

tion. The gravelly and sandy soils with l i t t l e  or no fines, groups GIJ, 

GP, SW, and SPY are stable, pervious, and a t ta in  good compaction with 

crawler-type tractors and rubber-tired rol lers .  

r i a l s  may not be quite as  desirable as those which are  well graded, but 

, 
The poorly-graded mate- ' '  

earth embankments. Poorly-graded sands (SP)' may be more d i f f icu l t  t o  

u t i l i ze  and, in general, should have f l a t t e r  embankment slopes than the 

SW soi ls .  The gravels and sands v i th  fines , groups WAY GC, SM, and SC, 
1 

have variable characteristics depending on the nature of the fine frac- 

t ion and the gradation of the entire sample. These materials are often 

sufficiently impervious and stable t o  be usea'for impervious sections of 

embankments.- The so i l s  in these groups should be carefully examined t o  

insure that they are properly zoned with relation t o  other materials i n  

an embankment. O f  the fine-grained soils, the CL group is best adapted 

f o r  embankment construction; the soils are impervious, f a i r ly  stable, 

and give f a i r  t o  good compaction with a sheepsfoot ro l l e r  or rubber- 

t 

, '  ' 

'*. - t ired ro l le r .  The ME soils, w h i l e  not desirable f o r  rol led-f i l l  construc- 
:r II 

tlon, may be u t i l i z e d ~ i n  the core of hydraulic-fill structures. S o i l s  of 

. . .  
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the ML group uay or may not have good compaction characterist ics,  and i n  

general must be closely controlled in the f i e l d  t o  secure the &!sired 

strength. 

t '  

CH soils have fair  s t ab i l i t y  when used on f la t  slopes but 

have d e t r m n t a l  shrinkags characterist ics which may necessitate blan- - 
. -  

keting them or incorporating them i n - t h h -  inter ior  cores of embankments. 

Soils containing organic matter, groups OL, OH, and Pt, are not commonly 

used fo r  embankment construction because of the detrlmentcl effects  of . ' c  

the organic matter present. Such materials may often be u t i l i zed  t o  ad- 

ventage i n  blankets and s t a b i l i t y  berms where strength is not of impor-. 

tagce,. . 

Pekmeability and seepage control 

.... 

. . . . . . . .  - .  _. I .  *. . : . %., . 
. .  *i . ) , O  

: . 5.' Since the permeability (column 8 )  and requirewnts f o r  seepage 
. .  

.;. coiitrol. (column ..functions-,of the .same property of a '  
. . .  . .  ;'! .. +: '..: ', ,, , 1.. '-! ;' 

soil, they vill be discussed Jointly. 

t ibn.  t o  embankments and foundations may be roughly divided into three 

. c&egories : .. (1). seepage through embankmentq; (2) seepage ..through founda- 

tions; and (3) control of uplift 'pressures.  

l a t ion  t o  the sail groups;in the following paragraphs. 

The subject o f  seepage i n  rela- 
.., ,e. 

.$.: ' 

.* .!... . (I. '3 
. : 

- -i .:, 

These a re  discussed in re- ... ... '.> 
.i. r 

. . .  , 
- '  

. .  ,. ?.. 

6. Seepage through embnnkmants. . In  the control of .seepage through 
. . .  . . .  . . .  ..__.. -. : i.!,.. .. _..: , . .  

0 '  

embankments, it i s  the re la t ive  permeability-of adJacent materials rathcr 

than the actual permeability of such s o i l s ' t h a t  governs the i r  use in a 

&en location. 

quantity of seepage through It i s  largely governed by the use t o  which 

. .  . .  ;f 
. .  , i  . .  E. . .  

An .earth embankment is not watertight and the allowable 
. .  . . .  

. .  
'ti 

. .  
< '  

. .  . .  . .  . .  

t b  structure lis put; . . . .  f o r  example, . . . .  in a flood-control . .  project consider- 
. .  . . . . .  I ... . . .  _. ..* :-, ,, i. d . . . .  {* : 

able seepsge may be allowed and' the structure ' 

age requirements, whereas f o r  an b r i g  

1' s . t& l l :  f u l f i l l  the stor- 
... 2 ;  ' .  . .... . - . .  . .  

3. . . .  . f  

n pro3ect much less 
. C .  ... . .  .<+,:  ,,'*: =.-.. .:i I.;..:?.. . . L a  . .  . ,  # .  

. .  , '  

. .  
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allowable because pool levels must be'maintained. 

soils (G?4, GC, SM, SC, CL, ME, and CH) may be used i n  core sections or in 

homogeneous enbanbents t o  retard the flow of water. 

t an t  that seepage not emerge on the damstream slope or the possibi l i ty  

of drawdown exists on upstream slopes, more pervious materials are usual- 

l y  placed on the outer slopes. 

(GW, 8, SW, SP) are best suited for  this purpose. 

materials is available they are usually graded from leas t  pervious t o  

The more impervious 

Where it is impor- 

The coarse-grained, free-draining soils 

Where a variety of' 

. 
-I 

1 .  

more pervious from the center of the embankment outward. C a r e  should be 

used in the arrangement of materials in the embankment t o  prevent piping. 

within the section. The foregoing statements do not preclude the use of ' 
* ,*. 

a 

Y 

. .  

. other arrangements of materials in edankmants. Dams have been con- . .  
"c .' 

.. . . :  47.. 
. ,  _ _ _ ( .  , ;.. , f  ... d . .  . ' 

ely of sand (&, SP, SM) or  of s i l t  (&) with . .  

." , I *  
. .  . 

..> 

the  section made large enough t o  reduce seepage t o  an allowable value 

without the use of an impervious core. Coarse-grained soils are often 

used i n  drains and toe sections t o  collect seepage water in downstream 

sections of embankments. 

t 

i 

The soi ls  used w i l l  depend largely upon the 

I . .  
material that they drain; in general, free-draining sands (SW, SP) or 

I ? . ?  

gravels (GW, 8) are pkeferred, but a s i l ty  sand (SM) may effectively 
. .. . -_ . 

drain a clay',(CL, CH) and be entirely . ,  satisfactory. ' , . 
... , , . . .  . . .  . , , , . . . ' .  '. . #.. . .c 

.. . . . . 7 .  Seepage through foundations. As in the c&e of enibanlcments, 
c ,. 

..a .+ ' 

the use of 'the structure imroived often determines the amount of seepage ' 

control necessary in foundations. 
. z  

Cases could be.ci ted where the flow 
.. . ;. . :,.: I .,*. 5 . '  . 1. 

0. .  of water through a 'pervious f o k t i i n .  would not' constitute an excessive 

.;- ' 

. .. 
. .  " 1  - .  .~ . . . -  . . .  . '  . 

: . : .  
.,- . . . . .  .$ . .  

i water loss end no seepage.contro1 measures"&uld be necessary if adequate '.. 
I. .. . 

, .. . . i .  

, . .  
.. . . . % .  . . . .  . e' . .  . 

,' . I 

.. . . .  
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iu. desired, then the more penrious so i l s  are  the so i l s  in which necessary 

measures must be taken. 

c&rying considerable quantit ies of water, and same means of positive 

control such as a cutoff trench may be necessary. 

may be controlled By a cutoff or by an upstream impervious blanket. 

4 
Free-draining gravels (CW, GP) are capable of 

Clean sands (SW, SP) 

While a drainage trench a t  the dawnstream toe or  a l ine  of r e l i e f  w e l l s  

w i l l  not reduce the mo.mt of seepage, e i ther  will serve t o  control seep- 

age and route the f l o w  into 'collector systems where it can be led  away 

harmlessly. 

S$lty. ,sen.& (sM), :or,  silts .(ML),, +y require a minor amount of seepage 

c n t ro l  such ab that a f f o e d  by a toe trench, o r  if they are sufficient-  

I& impervious 'no control may. be necessary. 

s.0'11~ . (CC, SC,, . .  ,CL,$OL,:MH, . .  ,CH, md OH),. u s 6 1  

.!;ac 

I .  . r .  

Slightly less  pervious material, such a8 s i l t y  gravels (GM), 
. .  

,.I 

._ . .. . . .. ; 7 - ' .  +if:'. 

The rela$ively impervious . 

888 such a'small volume . ._..: 
, .  . ,  

. .  . I . . * . ._ .  .: 1. .. '. < . . r  . ._. . >; 
>.,? . . . . ' 

. .  
8 -  . ,. . ._ 

of' water. that .seepage control measures are. not necessary. .. . 
. .  3 .  

. +  8 .  Control of uplift pressures. The problem of control of up l i f t  

. pqssures.  i s  d i rec t ly  associated with pervious foundation so i l s . .  Uplift . 

.. . j., . .*,. 

pgessures , .  may be reduced by lengthening the path of seepage (by a cutoff 

or upstream blanket) or by measures fo r  pressure re l ie f  i n  the form of 
. .  . .  . .  . .  

wells, drainage. trenches, drainage 'blankets, or pervious downstream 
.. . ; .  : .  .'. i ! .  . .  

sbells.  Free-draining gravels (GW, Gp) may, be t reated by any of the 
; 

aforementioned procedures;- however, ---to obtain the desired pressure re l ie f ,  . .  
1,;. :. . .d 

t& use of a positive cutoff may be preferred, as  blanket, w e l l ,  or  trench 

instal la t ions would probably have t o  be too'extensive for  economical ac- 

cdmplishment of the desired results.  

generally less permeable than the gravels and, consequently, the volume 

0fl:water'tha-t must be controlled for  p 

' 

1:. 

_ . .  . 

Free-draining . sands (SW, 'SP) are 
. .  . .  .. ; A 

i.5 

. ., , .  , 

ief  is usually less. 
- . , . . -0 .. . * . .  ... ,:., .. :. .r < . 7  . ,  

'2. 

. .  . .  . . .  .~ . . .  . 
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Therefore a positive cutoff may'not be required and an upstream blanket, 

wells, o r  a toe trench may be ent i re ly  effective. 

bination of blanket and trench or  wells may be desirable. 

s i l t y  gravels (a), s i l t y  sands (a), and silts (ML) -- usually do not 

require extensive treatment; a toe drainage trench or well system may be 

In some cases a com- 

S i l ty  so i l s  -- 

sufficient t o  reduce uplift pressures. The more impervious s i l t y  mate- '. c. : 
. . .  . .  . .  , .  . . .  _ .  ' <: k; , 

,.. . 

r i a l s  may not be permeable enough t o  permit dangerous up l i f t  ,. pressures 

to.develop and i n  such cases !i no treatment is indicated. In general, the 

more impervious so i l s  (E, SC, CL, OL, MH, CH, and OH) require no t rea t -  

ment for  control of uplift  pressures. 
'1 

tance when they occur as a re la t ively th in  top stratum over more pervious i . 

I 

However, they do assume impor- 

materials.,, I n  such=cases upl i f t  pressures i n  the lower layers acting on . .  
. .  . ,. . . ; .  . .  < .:, ;', : >: . . .;* . ~ _.. . ._ , ... 

. L  ., . 1 . .*:;:- : .  
.;...: . ' . I: .: "i ,_ . 

.. I , 
the base of the impervious tap stratum can cause heaving and formation of 

boils; treatment of the lower layer by some of the methods mentioned 

above is  usually indicated i n  these cases. It is emphasized tha t  con- 
* -  

t r o l  of up l i f t  pressures should not be applied indiscriminately j u s t  be- 

cause certain types of soi ls  are  encountered. Rather, the use of control 

measures shohd be based upon a careful evaluation of conditions tha t  do 
1 . .  . , .: 

or can exist,: and an economical solution 'reached tha t  will accomplish 

. .  
. .  . .  , . 

- .  
. .  the desired results.  . ,: .. ... 

. .  
.-_ .. 

Compaction characteristics , , .. .;' . 

9. In  column 9 of the table are . .  shown the general compaction char- . .  

ac ter i s t ics  of the various s o i l  groups. 

equipment l i s t e d  &e based. on average. f i e l d  conditions . .  where proper 

The evaluations given and' the 

. .  

. .  . .  

,? moisture control and :,_?. thickness' , of l i f t  . .  are, attained and'a 3. reasonable : num- 
. .  .. . 

r ._ , . .. . . .. 
,+! ' ' . .. 

ber of passes of the 'compaction equipmsnt is required t o  secure the 
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desired density. 

r o l l e r  and rubber-tired ro l l e r  are commonly used pieces of equipment. 

Sone hdvantages may be claimed fo r  the sheepsfoot ro l l e r  i n  that it 

leaves a rough surface that affords be t te r  bond between l if ts ,  and it 

kneads the s o i l  thus affording be t te r  moisture distribution. Rubber- 

For l i f t  construction of embankments, the sheepsfoot 
i 

. -  

t i r e d  equipment referred t o  i n  the table is considered t o  be heavily 

loaded compactors or earth-mot-ing equipment with a minlmu wheel load of 

15,000 lb.  

the thickness of compacted l i f t  is  usually reduced t o  about 2 In. 

, 

If ordinary wobble-wheelrollers are used for  compaction, 

Gran- 
, !' 

:...,:..,..:..;,~~,?~I~~-.~:soi~, Kith : . l i t t l e  .. or...no ,fines. generally ..show good compaction char-, . 

fg 
acter is t ics ,  with the well-graded materials, GW and SW, usually furnish- 

ing be t te r  resul ts  than the poorly-graded soi ls ,  GP and SP. The sandy 
. .  

0 
soils . i n  most cases are 'best , '  compactkb..by7crawler-type . -;.. tractors;  on .the 

gravelly materials' rubber-tired equipment "&d 'sometimes steel-wheel ro l le rs  
. .  . _  , . .  8-3  . 

11 . ,  

. .: 
. .. , .  

;' 

&e'.:also effective. Coarse-grained so i l s  with f ines  of low p las t ic i ty ,  

.-- 
* '  .. . . groups GM and $l, show good compaction characterist ics with e i ther  sheeps- 

, . . - I  ..,_ ..:-. -. 
.F' 

foot  ro l l e r s  or  rubber-tired equipment; however, the range of moisture 

c.ontents for  effective compaction may be very narrow, and close moisture 

control, , is  desirable. This is  .a l so  generally t rue of the  s i l t y  so i l s  i n  

' .  . .. . 

. *  
? :  I .  

t h e  ML group. 
*. 
equipment or with sheepsfoot rol lers .  

f b e s ,  groups CC and SC, show f a i r  compaction characteristics, although 

t h i s  quali ty &y vary somewhat with the character and amount of fines; 

Soils of the ML group may be compacted with rubber-tired 

Gravels and sands with p las t ic  
i-. 

.-a 

Abber-tired <A or sheepsfoot ro l l e r s  n&~y be used. 

generally used f o r  coqact ing fine-grained so i l s .  

ac te r i s t ics  of such materials a re  variable' --'>'lean clays &d sandy clays ' 

Sheepsfoot rollers are 
. . .  . . .  ."' 

The compaction char- ' 

. .  ;.+ . .  
.< . -5 

. . : 'I* 
. -  

. ' .  . .:. . .  
* .  .:,.:. -., e . . . . .  . . .  

_ . .  . :,, "; i 2 -  <f,.'. 
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.? (a) being the best, fa t  clays and lean organic clays or sil ts  (OL and CH) 

fair  t o  poor, and organic or micaceous soils (MH and OH) usually poor. 

For most construction projects of any e t u d e  it i r  highly desirgble 

t o  investigate the compaction characteristics of the soil by means of a 

f i e l d  test section. 

dry weight of the s o i l  groups for the standard M H O  (Proctor) compactive ' 

effor t .  

sign or construction control should be based on laboratory t e s t  resul ts .  

Sui tabi l i ty  of so i l s  for  foundations 

I n  column 10 of table Al are shown ranges of unit 

It i s  emphasized that these values tre for  guidance only and de- 

10. Suitabil i ty of so i l s  for foundations of embankments or struc- 

tures  i s  primarily dependent on the strength and consolidation character- 

~ i s t i c s  of the subsoils. 

wil l  -Largely govern t 

tion. For embnnkmPnts, large settlemmts may be allowed and compenssted 

for  by overbuilding; whereas the allowable settlement of structures such 

Here again the type of structure and i ts  use 
. l  . ' I  

I .  

' 

I 

as control towers, etc., may be small in order t o  prevent overstressing 

the concrete or s t ee l  of which they are b u i l t ,  or because of the neces- 

s i t y  for  adhering t o  established grades. 

I 

Therefore a s o i l  may be entire- 
' ," . . .  . . .  .. . .  

' . .:.... 

l y  satisfactdry for  one type of construction but may require special 

treatment for'  other tSpes. Strength and settleIcent characteristics of 

so i l s  are  dependent upon a nmber of variables, such as structure, in- 

place density, moisture content, cycles of loading i n  their  geologic his- 

tory, etc., which are not readily evaluated by a classification system 

such as  used here. For these reasons only very general statements can be 

..'! made.'as t o  the. sui tabi l i ty  of the various s o i l  'types as foundations; th i s  
. .  ' I  , 

. .  . .  
.. . 

. .  . .  , . _ . _ . .  . . .  I. 

is especially true for  fine-grained soils. I n  general, the gravels and 
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gravelly soils (GW, 8, GM, GC) have good bearing capacity and undergo 

l i t h e  consolidation under load. Well-graded sands (SW) usually have a 

good bearing value. Poorly-graded sands and s i l t y  sands (SP, SM) may 

exhibit  variable bearing capacity depending on the i r  density;- tws is 
.: 

t rue t o  some extent f o r  all the coarse-grained s o i l s  but is  especially 

c r i t i c a l  fo r  uniformly graded so i l s  of the SP and SM groups. Such so i l s  

when saturated may become "quick" and present an additional construction 

problem. 

ha%e poor bearing capacity, particularly where heavy structure loads are  

Inyolved. 

ffom a foundatiou. standpoint, but In some cases the s o i l s  may be so f t  

Soils of the ML group may be subject t o  liquefaction and may 

,,2 
O f  the fine-grained. 80118, the  CL group AS. probably the. best  + ~ - 

9 
1 .  I *. 

and wet: and exhibit poor bearing capacity and.falr ly  .large, settlenknts 

wiiier load. s. s O I ~ S  pf-:the . ~ ~ . g r ~ r r i ; q  ani nomil ly-cqnshida th  CH so i l s  

may show poor bearing capacity. and large settlements. 

ana.OH, have PO& beking capacity and &ually exhibit large settlement 

u&er load. - For' most of . the fine-grained so i l s  :discussed above, the type . '  

o?. structure foundation selected is governed by such factors as the  bear- 

Ins capacity of the soil and the magnitude of the load. It is possible 

tha t  simple spread footings. might be adequate t o  carry the load without 

exbessive settlement in many cases. 

...' i 
L 

, i  "' 

-, . , .. . , . . - .  c .  . 
Organic so i l s ,  OL 

... . 
. .  

. .  

. .  . .  . , . .  . .  

the so i l s  are poor' and structure 
. .  

ds are relat ively heavy, then alternate' nethods are indicated. Pi le  
- .  .._ 

&*. 
foundations may be nedessary in so& cases "Ad . .  i n  special  i&tances, par- 

t l cu la r ly  in the case of some CE and OH soi ls ,  it may be desirable and ' 

e~onomically feasible t o  remove such soils -from the foundation. Highly 

These 

may be- capable of car&& very l ight  lo& but? in genera1"are b s u i t e d  

. .  . ' 6  . . .  

. .  . . .  , * ,  

. -, , .  , C .  . .  . .  . . .  ?., 
, .  . 

fc soils, Pt, generally &e very poor foundation-materials. 
. .  

, .  .~. . ' . .. . 

. .  , .  . I .  ,.. ... I . -  
.. . .. . :  . C '  

. .  

, . . , .  

I 

. 
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for most construction purposes. If' highly organic soils occur in the 

foundation, they may be removed If limited in extent, they may be dis- 

placed by dumping firmer soils on top, or piling may be driven through 

them to a stronger'layer; proper treatment will depend upon the structure 

involved. 

Graphical Presentation of Soils Data 

11. It is customary to present the results of soils explorations 

on drawings or plans as schematic representations of the borings or test 

pits with the soils encountered shown by various symbols. Coxanonly used 

hatching symbols are small irregular round symbols for gravel, dots for 

sand, vertical lines for silts, and diagonal lines for clays. Codina- 

tions of these symbols represent various combinations of materials found 

in the explorations. 

groups in the unified soil classification system and the appropriate sym- 

. 

. 

* -  . v i  

This system has been adapted to the various soil 

bols are shown in column 4 of table Al. As an alternative to the hatch- 

ing symbols, they may be omitted and the appropriate group letter synbol 

(CL, etc.) written in the boring log. 

of borings, the effective size, D10 (grain size in mm corresponding to 

10 per cent finer by weight), of coarse-grained soils and the natural 

water content of fine-grained soils should be sham by the side of the 

log. Other descriptive abbreviations may be used as deemed appropriate. 

In certain special instances the use of color to delineate soil types on 

maps and drawings is desirable.? A suggested color scheme to show the - 

In addition to the symbols on logs 

. 

f 

8 8  

major soil groups is described in column 5 of table Al. 

2.. . .  , . .  . .  
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UlPIFlED SOIL CLASSIFICATION SYS!EM 

CHARACTERISTICS CF SOIL c;ROUPS PERTAINING TO 
ROADS AND AIRFIELDS 

. Introduction . .  

II . .  . . * .  

1.  he pr&rties desired in soils fo r  fmmiatians a e r  roads 

and airf ie lds  and for base courses under flexible pavements are: 
quate strength, good compaction characteristics, adequate drainage, re-  
sistance t o  f ros t  action in areas where f ros t  is a factor, and acceptable 
compression and expansion characteristics. 
i f  inadequate in the soils available, may be supplied by proper construc- 
t ion methods. 
are desirable, but if such materials are not available locally, adequate 
drainage may be obtained by install ing a properly designed water collect-  
ing system. 
mediately under the pavement of a flexible pavement structure, are high and 
Only good quality materials are acceptable. 
subgrade materials may be compensated for in many cases by increasing 
the thickness of overlying concrete pavement or of base materials i n  
flexible pavement construction. From the foregoing brief discussion, it 
may be seen +hat the proper design of roads and a i r f ie ld  pavements requires 
the evaluation of s o i l  properties in more de ta i l  than is possible by use 
of the general soi ls  classification system. 
so i l s  i n  the classification system is such that a general indication of 
their  behavior i n  rcad and airfield construction may be obtained. 

ade- 

Certain of these properties, 

For instance, materials having good drainage characteristics 

Strength requirements for base course materials, t o  be used im- 

Hmever, low strengths i n  

However, the grouping of 

Features Shown on Soils Classification Sheet 

t 2. General characteristics of the soil groups pertinent t o  r a d s  
and airf ie lds  are presented in table B1. Columns 1 through 5 show major 



B2 
' 'r . .  

s o i l  divisions, group symbols, hatching and color symbols; column 6 gives 
names of s o i l  types; column 7 evaluates the performance (strength) of the 
soil groups when used a s  subgrade materlcils that Wil l  not be subject t o  
f r o s t  action; column 8 and column 9 make a similar evaluation for the 
soils when used a8 subbase and base materiale; potential  frost  action is 
shown in column 10; compressibility and expansion characterist ics are  
shown i n  column 11; column 12 presents dralnage characteristics; column 
13 shows typcs of ccmpaction equipment that perform sa t i s fac tor i ly  on 
the various soil groups; column 14 shows ranges of unit dry wight fo r  
compacted soils; column 15 gives ranges of typical California Bearing 
Ratio (CBR) values; and column 16 gives ranges of modulus of subgrade 
reaction (k). 
lowing .paragraphs 

Subdivision of 
coarse-grained s o i l  groups 

3. 

* 

~ 

The various features presented are  discussed in the fo l -  

~ 

It will be noted in column 3, letter symbols, t ha t  the basic 
s o i l  groups, GM and SM, have each been subdivided Into two groups deslg- 
nated by the suffixes d and u which have been chosen t o  represent desir-  
able and less desirable (undesirable) base materials, respectively. This 
subdivision applies t o  roads and a i r f ie lds  only and is based on f ie ld  ob- 
servation and lkboratory tests on the behavior of the so i l s  in these 
groups. 
index of the fraction of the s o i l  passing the No. 40 sieve. 
d I s  used when the l iquld l i m i t  is 25 or less and the plas t ic i ty  index 
I s  5 or less; the suffix u I s  used otherwise. 
in these groups are  GMd and SMu, etc.  

Values of so i l s  as  subgrade, 
subbase, or base materials 

I 

Basis for the subdivision I s  the liquid l i m i t  and p las t ic i ty  
The suff ix  

- Typical symbols for s o l l s  

4. The descriptions in co~umns 7, 8, and 9 give a general indica- 
t ion  of the su i t ab i l i t y  of the s o i l  groups for  use as  subgrades, subbase, 
or base materials, provided they a rc  not subject t o  f r o s t  action. 
areas where frost  heaving I s  a problem, the value of materials as sub- 
grades or subbases w i l l  be reduced, depending on the potential  frost 
action of the material, as sham in column 10. 

In 

Roper design procedures 
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should be used in situations where this I s  a problem. 
so i l s  I n  general are the best subgrade, subbase, and base materials. 
CW group has excellent quali t ies as a subgrade and subbase, and is good 
a s  base material. 
used far any of the soils for base courses; it is considered tha t  the 
adjective "excellent" should be used in reference t o  a high quality 
processed crushed stone. Poorly-graded gravels and some s i l t y  gravels, 
groups GP and GMd, are  usually only s l ight ly  less desirable as subgrade 
or subbase materiais, and under favorable conditions may be used as base 
materials for  certain conditions; however, poor gradation and other factors 
sometimes reduce the value of such soils t o  such extent t ha t  they offer 
only moderate ,strength and therefore their  value as  a base material is 

The coarse-grained 
The 

It is noted that  the adjective "excellent" is not 

^. 

less .  The GMu, GC, and SW groups are reasonably good subgrade materials, 
but are generally poor t o  not suitable as  bases.. The SP and SMd soils 
usually are considered f a i r  t o  good subgrade and subbase materials but 
i n  general are poor t o  not suitable for base materials. 
so i l s  are f a i r  t o  poor subgrade and subbase materials, and are  not su i t -  
able for base materials. The fine-grained so i l s  range f'rm f a i r  t o  very 
poor subgrade materials as  follows: 
f a i r  t o  poor; organic silts, lean organic clays, and micaceous or diato- 
maceous so i l s  (OL and MH), poor; f a t  clays and f a t  organic clays (CH and 
OH), poor to  very poor. These qualities are compensated for  i n  f lexible 

. 

The SMu and SC 

silts and lean clays (Mt and CL), 

pavement design by increasing the thickness of overlying base material, 
and in rigid pavement design by increasing the pavement thickness or by 
the addition of a base course layer. None of the fine-grained s o i l s  are 
suitable as subbase or base materials. The fibrous organic soils (group 
Pt) are  very poor subgrade materials and should be removed wherever pos- 
sible;  otherwise, special construction measures should be adopted. They 
are not suitable as subbase and base materials. The California Bearing 
Ratio (CBR) values shown ih column 15 give a re la t ive indication of the 
strength of the various soil groups as used in flexible pavement design. 
Similarly, values of subgrade m o d u l u s  (k) in column 16 are relative in- 
dications of strengths from plate-bearing t e s t s  as used in' r igid pavement 
design. As these t e s t s  are used for  the design of pavements, actual 



test values should be used for t h i s  purpose Instead of the approximate a 

values shown In the tabulation. 

tures (GC) are generally considered the most satisfactory.  

dex should be In the  range of’ 5 t o  about 15. 
Potential  f r o s t  action 

5 .  For wearing surfaces on uasurf‘aced roads sand-clay-gravel m i x -  
However, they 

should not contain too large a percentage of fines and the p l a s t i c i ty  In- - 
_ -  - - 

6. The re la t ive  e f fec ts  of f rost  action on the various 8011 groups 
a re  sham in column 10. Regardless of the f r o s t  suscept ibi l i ty  of the 
various s o i l  groups two conditione must be present simultaneously before 
f rost  action w i l l  be a major consideration. These a re  a source of water 
during the freezing period and a suf f ic ien t  period fo r  the freezing tem- 
perature t o  penetrate the ground. 
‘ice lenses may become available from a high ground-water table,  capi l lary 
supply, water held within the s o i l  voids, or  through inf i l t ra t ion .  
degree of ice  formation that w i l l  occur In any given case is  markedly in- 
fluenced by environmental factors such as topographic position, s t r a t i f i -  
cation of the parent so i l ,  t ransi t ions &to cut* sections, lateral flow 
of water from s i d e  cuts, localized pockets of perched ground water, and 

drainage conditions. 
worst offenders a s  f a r  as  f rost  is concerned. Coarse-grained materials 
with l i t t l e  or no f ines  are  affected only s l i gh t ly  if a t  a l l .  
and CH) are  subject t o  frost action, but the loss  of strength of such 
materials may not be a s  great as for  s i l t y  soils. 
ta ining less than three per cent of grains f iner  than 0.02 mm i n  diameter 
by weight a re  generally nonfrost-susceptible . 
s o i l s  are  encountered in subgrades and f r o s t  is a def ini te  problem, two 
‘acceptable methods of design of pavements are available. Either a suf- 
‘ f lc ient  depth of acceptable granular material is placed over the s o i l s  

- _  

Water necessary fo r  the formation of 

The 

In  general, the silts and f ine s i l t y  sands are the 

Clays (CL 

r _  

Inorganic so i l s  con- 

Where frost-susceptible 
.: 

Y 

t o  prevent freezing in the subgrade and thereby prevent the detrimental 
e f fec ts  of f r o s t  action, or  a reduced depth of granular material is used, 
“thereby allowing freezing in the subgrade, and design is  based on the 
reduced strength of the subgrade during the frost-melting period. I n  

many cases appropriate dralnage measures t o  prevent the accumulation of 
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water in the soil pores will help t o  diminish ice segregation in the sub- 
grade and subbase. 
Campressibility and expansion 

7. These characteristics of soils may be of two types Insofar as 
t he i r  applicability t o  road and runway design is concerned. 
is the relatively long-term compression or consolidation under the dead 
weight of the structure, and the second is the short-term ccmpression 
and rebound under moving wheel loads.  The long-term consolidation of 
s o i l s  becomes a factor in design primarilywhen heavy f i l l s  are  made on 
compressible soils. 
settlement during construction it w i l l  have l i t t l e  influence on the load- 
carrying capacity of the pavement. 
t o  compression and rebound under wheel load are encountered, adequate 
protection must be provided, as even small movements of t h i s  type s o i l  

The first 

If adequate provision is made for th i s  type of 

However, when e las t ic  soils subject 

+ may be detrimental t o  the base and wearing course of pavements. 

fortunate that  the free-draining, coarse-mined soils (CW, GP, SW, and 
SP), which in general make the best subgrade and subbase materials, ex- 

It is .: 
" I  h ib i t  almost no tendency t m r d  Ugh compressibility or expansion. In  

general, the compressibility of so i l s  increases With increasing liquid 
l i m i t .  The foregoing is not ccmpletely true, as compressibility is also 
influenced by s o i l  structure, grain shape, previous loading history, and 
other factors that  are not evaluated i n  the classification system. 
desirable compressibility or expansion characteristics may be reduced by 

distribution of load through a greater thickness of overlying material. 
This, in general, is adequately handled by the CBR method of design for  
flexible pavements; harever, r igid pavements may require the addition of 
an acceptable base course under the pavement. 
Drainage characteristics 

Y 

IP. 

Un- 

8. The drainage characteristics of soi ls  are a direct  reflection 
of the i r  permeability. The evaluation of drainage characteristics for 
use in roads and runways is shown in colmn 12. The presence of moisture 
in base, subbase, and subgrade materials, except for  free-draining, coarse- 
grained soils,  may cause the development of pore water pressures and loss 
of strength. "he moisture may come from inf i l t ra t ion of ra in  water or by 

. 
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capillary r i s e  from an underlying water table.  While free-draining ma- 
t e r i a l s  permit rapid draining of water, they permit rapid ingress of 
water also, and if such materials a re  adjacent t o  l e s s  pervious materials 
and have free access t o  uater they may serve as reservoirs t o  saturate 
the l e s s  pervious materials. It i s  obvious, therefore, t ha t  in most in- 
stances adequate drainage systems should be provided. 
sandy so i l s  w i t h  l i t t l e  or no f ines  (groups GW, 8, SW, and SP) have ex- 
cel lent  drainage characteristics. The @Id and SMd groups have fair t o  
poor drainage characterist ics,  whereas the W, GC, SMu, and SC groups 

may be practically impervious. 
f a i r  t o  poor drainage characteristics. 
drainage characterist ics or are pract ical ly  impervious. 
Compaction equipment 

The Gavel ly  and 

Soils of the  ML, MHK and Pt groups have 
AU. of the other groups have poor 

' 9. The compaction of soils fo r  roads and runways, especially fo r  
the l a t t e r ,  requires tha t  a high degree of density be attained at  the 
time of construction in order that detrimental consolidation w i l l  not 
take place under t r a f f i c .  
are lessened i n  cases where saturation or-neas saturation takes place. 
Processed materials, such as crushed rock, are often used as base course 
and such materials require special treatment in compaction. 
ckpact ion equipment tha t  w i l l  usually produce the desired densit ies are 
shown In column 13. It may be noted tha t  several types of equipnent are 
l i s t e d  for  some of the s o i l  groups; this i s  because variations in soil 
type within a given group may require the use of different equipment. 
In some cases more than one type of equipment may be necessary t o  produce 
the desired densities. Steel-wheeled ro l l e r s  are recommended fo r  angular 
materials with limited amounts of fines,  crawler-type t rac tors  or rubber- 
t i r e d  ro l l e r s  for  gravels and sands, and sheepsfoot ro l l e r s  for coarse- 
grained or fine-grained soils having some cohesive quali t ies.  Rubber- 
t i r e d  ro l le rs  are also recamended f o r  final compaction operations for  
most so i l s  except those of high l iquid l i m i t  (group H). Suggested mini- 
pnrm weights of the various types of equipment are shown in note 2 of the 
table. 
pacted according t o  t e s t  method 100 (CE 55 compaction e f for t ) ,  

. 

In addition, the detrimental effects  of water 

Types of 

In column 14  are  shown ranges of unit dry weight f o r  soils com- 

.- 
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or control of construction should be based on t e s t  results. 
These values are included primarily for  guidance; design 

Graphical Presentation of Soils Data 

10. It i s  customary t o  present the results of soi ls  explorations 
on drawings as  schematic representations of the borings or t e s t  p i t s  or 
on soil profiles with the various soi ls  encountered sham by appropriate 
symbols. 
wr‘itten in the appropriate section of the log. 
ing symbols sham in column 4 of table Bl may be used. 
natural water content of fine-grained soi ls  should be sham along the 
side of the log. 
appropriate. 
s o i l  types on maps and drawings i s  desirable. 

As one approach, the group l e t t e r  symbol (CL, etc.) may be 

As an alternative, hatch- 
I n  addition, the 

Other descriptive abbreviations may be used as deemed 

A suggested color scheme 
In certain special instances the use of color t o  delineate 

t o  show the major soil groups i s  described in  column 5 of table B1. 

0 .  



, #)$ Designation: D 422 - 63 (Reapproved 1972)'' 

Standard Method for 
Particle-Size Analysis of Soils' 
This slandard is irwed unda the fixed duigudon D 4 2  the number imm&tely following the designation irdicanr the )ear d 
onginal adoption or. in the case of d o n .  the year of lan -on. A n u m b  in parrnthcss indicates the ycar d h  wpproML A 
urpcncript cpllon (t) indicates an cdimnal chengc sac the bn revirion or rcappiod 

'I Nm--Sscion 2 was addcd editorially and s u ~ u c n t  d o n s  mumbed in July 1984. 

1. scope 
1.1 This method coven the quantitative determination of 

the distribution of particle sizes in soils. The distribution of 
particle sizes larger than 75 pm (retained on the No. 200 
sieve) is determined by sieving, while the distribution of 
particle sizes smaller than 75 pm is determined by a 
&mentation process, using a hydrometer to secure the 
necessaxy data (Notes I and 2). 

NOTE I-Separation may be made on the No. 4 (4.75-mm). No. 40 
(425-pm), or No. 200 (75ym) sieve instead of the No. 10. For whatever 
sieve used the size shall be indicated in the report. 
NOTE 2-Two types of dispersion devices arc provided: (I) a 

high-speed mechanical nirrer, and (2 )  air disprsion. ExtcnSive invcsti- 
gations indicate that air-dispenion devices produce a more positive 
dispersion of plastic soils below the 2 W m  size and apprrciably lm 
degradation on all sizes when used with sandy soils. Because of the 
definite advantages favoring air dispmion. its use is recommended. The 
results from the two types of devias differ in magnitude, depeoding 
upon soil type, leading to marked diffmnas io particle size distribu- 
tion. especially for sizes finer than 20 pm. 

2. Referenced Documents 
2.1 ASTM Standards: 
D421 Practice for Dry Preparation of Soil Samples for 

Particle-Size Analysis and Determination of Soil 
Constants2 

E 1 1  Specification for Wire-cloth Sieves for Testing 

E 100 Specification for ASTM Hydrometers4 
P U ~ ~ O S ~ S ~  

3. Apparatus 
3. I Balances-A balance sensitive to 0.01 g for weighing 

the material passing a No. 10 (1.00-mm) sieve, and a balance 
sensitive to 0.1 95 of the mass of the sample to be weighed for 
weighing the material retained on a No. 10 sieve. 

3.2 Stirring Apparatus-Either apparatus A or B may be 
used. 

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

replaceable stirring paddle made of metal, plastic, or hard 
rubber, as shown in Fig. 1. The shaft shall be of such length 
that the stining paddle will opeme not l e s  than in. (19.0 
mm) nor more than 1 Yz in. (38. I mm) above the bottom of 
the dispersion cup. A special dispersion cup conforming to 
either of the designs shown in Fig. 2 shall be provided to hold 
the sample while it is being dispersed. 

3.2.2 Apparatus B shall consist of an air-jet dispersion 
cup' (Note 3) conforming to the general details shown in Fig. 
3 (Notes 4 and 5). 

NOIT 3-ne  amount of air required by an air-jet dispersion cup is 
of the order of 2 p/min. some small air compresson arc not capable of 
supplying sufiicient air to operate a cup. 

NOTE &Another air-type dispenion device, known as a dispmion 
tube. developed by Chu and Davidson at Iowa State College, has been 
shown to give d t s  equivalent to those secured by the air-jet dispmion 
cups. When it is used, Soairing of the sample 011 be done in the 
sedimentation cylinder, thus eliminating the need for transferring the 
slurry. When the airdkpersion tube is used, it shall be so indicated io 
the repor(. 
NOTE 5-Water may condense in air ha wheo not in use. This 

water must be removed either by using a water trap on the air line, or by 
blowing the water out of the line befon ushg any of the air for 
dispnion PurposcJ. 

3.3 Hydrometer-An ASTM hydrometer, graduated to 
read in either specific gravity of the suspension or grams per 
litre of suspension, and conforming to the requirements for 
hydrometers 15 1 H or 152H in Specifications E 100. Dimen- 
sions of both hydrometen are the same, the scale being the 
only item of difference. 

3.4 Sedimentation Cylinder-A glass cylinder essentially 
18 in. (457 mm) in height and 2% in. (63.5 mm) in diameter, 
and marked for a volume of IO00 mL. The inside diameter 
shall be such that the 1 W m L  mark is 36 -c 2 cm from the 
bottom on the inside. 

3.5 Thermometer-A thermometer accurate to I'F 
( 0 . 5 O C ) .  

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

, 

' This mahod is under the jurisdiction of ASTM Committee DI 8 on Soil and 
Rock and is the d i m  raponsibility of Subcommincc D18.03 on Tanarc. 
PlUIicity. and Density ChYJnerinicr of Soils. 

Current edition appmved Nov. 21. 1963. Originally published 1935. R c p h M  
D 422 - 62. ' .4nnuai i h k  qf ASThI slandar&. Vol05.08. ' .innrtd B W ~  o/.qST,\/ Siandards. VOI IJ.OZ. 
' .innual B w k  o/'..iS.\/ Srcmdurds. \'ol 14.01. 

. 

' &tailed working dnwinlp for this cup am avaihbk at a n o m i d  cos1 from 
the American Society for Taring and M~tcrisL.  1916 Race SI.. PhiLdclphia. PA 
19103. Order Adjunct No. 1240422(MO. 



fin. (75-mm) 
2-in. (SO-mm) 
1%-in. (37.5-mm) 
bin. (25.0-mm) 
Ykn. (19.0-mm) 
Kin. (9.5-mm) 
No. 4 (4.75-mm) 

## D422 

Y.blcEqdrJ.ntr 
in. 0.001 0.049 0203 H Y1 
mm 0.03 1 2 4  5.16 12.7 19.0 

RG 1 DetailofstlrringPaddles 

No. 10 (2.Wmm) 
No. 20 (85Wm) 
No. 40 (425-111) 
No. 60 (2SWm) 
No. 140(106ym) 
No. 200 (75-m) 

NOTE &A set of sieves giving Uniform spacing of points for the 
graph, as required in W o n  17. may be used if d a d  This set consists 
f the following sieves: 

Sin. (75-mm) No. 16 (I.l&mm) 
I s i n .  (37.5-mm) No. 30 (600-(lm) 
YAn. (19.0-mm) No. 50 (300-prn) 
Kin.(9.5-mm) No. 100 ( 150-pm) 
No. 4 (4.75-mm) No. 200 (7Sym) 
No. 8 (2.36-mm) 

Q 

3.7 Water Bath or Constant-Temperawe Room-" 
water bath or constant-temperature room for maintaining 
the soil suspension at a constant temperature during the 
hydrometer analysis. A satisfactory water tank is an insulated 

. tank that maintains the temperature of the suspension at a 
convenient constant temperature at or near 68'F (20°C). 
Such a device is illustrated in Fig. 4. In cases where the work 

mm?ic&p&dmi¶ 
in. 1.3 26 3.75 
mm 33 66 952 

is performed in a room at ii automatidly controlled 
constant temperature, the water bath is not necessary. 

3.8 Beaker-A beaker of 250-mL capacity. 
3.9 Timing Device-A watch or clock with a second 

hand. FIG 2 D w C u p a o f  Appamtus 

4. Dispersing Agent 
4.1 A solution of sodium hexametaphosphate (sometimes 

called sodium metaphosphate) shall be used in distilled or 
demineralized water, at the rate of 40 g of sodium 
hexametaphosphate/litre of solution (Note 7). 

NOTE 7-Solutions of this salt if acidic. slowly revert or hydrolyze 
back to the onhophosphate form with a resultant decrease in dispasive 
action. Solutions should be prepam! frequently (at least once a month) 

adjusted to pH of 8 or 9 by maps of sodium carbonate. bttk 
ntaining solutions should have the date of pmpadon marked on 

4.2 All- water used shall be either distiiled or 
demineralized water. The water for a hydrometer test shall 

QL. 

be brought to'the temperature that is expected to prevail 
during the hydrometer test. For example, if the sedimenta- 
tion cylinder is to be placed in the water bath, the distilled or 
demineralized water to be used shall be brought to the 
temperature of the controlled water bath, or, if the sedimen- 
tation cylinder is used in a mom with controlled tempera- 
ture, the water for the test shall be at the temperature of the 
room. The basic temperature for the hydrometer test is 68'F 
(20.C). Small variations of temperature do not introduce 
differences that are of practical Significance and do not 
prevent the use of c o d o n s  dezived as prescribed. 
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5. Test Sample 
5.1 Prepare the test sample for mechanical analysis as 

outlined in Practice D 421. During the preparation proce- 
dure the sample is divided into two portions. One portion 
contains only particles retained on the No. 10 (2.00-mm) 
sieve while the other portion contains only particles passing 
the No. 10 sieve. The mass of air-dried soil selected for 
purpose of tests, as prescribed in Practice D421, shall be 
sufficient to yield quantities for mechanical analysis as 
follows: 

5.1.1 The size of the portion retained on the No. 10 sieve 
shall depend on the maximum Size of particle, according to 
the following schedule: 

Nominal Diameter of 

in. (mm) 
'18 (9.5) 500 
Y4 ( I  9.0) 1000 

1 (25.4) 2000 
1% (38.1) u)o 
2 (50.8) 4Ooo 
3 (76.2) SO00 

5. I .2 The size of the portion passing the No. 10 sieve shall 
be approximately 1 15 g for sandy soils and approximately 65 
!4 for silt and clay soils. 

5.2 Provision is made in Section 5 of Practice D 421 for 
weighing of the airdry soil selected for purpose of tests, the 
xpantion of the soil on the No. 10 sieve by dry-sieving and 
washing and the weighmg of the washed and dried fraction 
Rt;lined on the No. 10 sieve. From these two masses the 
Percentages retained and passing the No. 10 sieve can be 
Qlculated in accordance with 12.1. 

NoE 8-A c h s k  on the mass values and the thoroughna~ of 
Puhizition of the d& may k secured by weighing the portion 
PJsslng the No. 10 sieve and adding this value to the mass of the washed 
md owndried pomon dried on the No. 10 sieve. 

SIEVE ANALYSIS OF PORTION RETAlNED ON NO. 10 

&rgm Panicles. Approximate Minimum 
Mass of Portiop g 

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

m s  SECTION 
CUP A 

in. '/a 1 3 6% 14 37 
mn 222 25.4 76.2 158.2 356 940 

flG 4 InsulatedWaterBath 

2-in. (SO-mm), 1 %-in. (37.5-mm), 1-in. (25.0-mm), Jh-in. 
(19.0-mm), 3/s-in. (9.5-mm). No. 4 (4.75-mm), and No. 10 
sieves, or as many as may be needed depending on the 
sample. or upon the Specifications for the material under 
test. 

6.2 Conduct the sieving operation by means of a l a t ed  
and vertical motion of the sieve, accompanied by a janing 
action in order to keep the sample moving continuously over 
the surface of the sieve. In no case turn or manipulate 
fragments in the sample through the sieve by hand. Continue 
sieving until not more than I mass % of the residue on a 
sieve passes that sieve during 1 min of sieving. When 
mechanical sieving is used. test the thoroughness of sieving 
by using the hand method of sieving as described above.' 

6.3 Determine the mass of each fraction on a balance 
conforming to the requirements of 3.1. At the end of 
weighing, the sum of the masses retained on all the sieves 
used should equal closely the original mass of the quantity 
sieved. 
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#lb D422 
. HYDROMETER AND SIEVE ANALYSIS OF PORTION 

PASSING THE NO. 10 (2oo-mm) S I M  

7. Determination of Composite C o d o n  for Hydrometer 
Reading 
7. I Equations for percentages of soil remaining in suspen- 

sion. Y given in 14.3, arc based on the use of distilled or 
demineralized water. A disprmng agent is uscd in the water. 
however, and the specific gravity of the resulting liquid is 
appreciably greater than that of W e d  or dcmineralired 
water. 

7.1.1 Both soil hydrometers arc calibrated at 6 8 T  (20.0, 
and variations in temperature from this standud tempera- 
ture produce inaccuracies in the actual hydrometer rradings. 
The amount of the inaccuracy increases as the variation 
From the standard t e m p a a m  increases 

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

7.1.3 The ne! amount of the c o d o n s  for the thrre 
items enumerated is designated as the composite comcfion. 
and may be determined experimentally. 

7.2 For convenience, a gnph or table of cornPoshe 
corrections for a series of 1' t empcram diffmca for the 
range of expected test temperatures m a y  be prcparrd and 
used as needed. Measurement of the composite corrections 
may be made at two temperatures spanning the mge of 
expected test temperatures. and correcfions for the htermt- 
diate tempemtures calclllated assuming a straight-he rela- 
tionship between the two observed values. 
7.3 Prepare IO00 mL of liquid composed of distilled or 

dcmincralited water and dispersing agent in the same 
propomon as will prevail in the sedimentation (hydrometer) 
test. Place the liquid in a sedimentation cyclindcr and the 
cylinder in the constant-temperature wafer bath. set for one 
of the two temperatures to be used. When the temperature of 
the liquid becomes constanf insen the hydrometer, and. 
afrer a short interval to permit the hydrometer to come to the 
tempernture of the liquid read the hydrometer at the top of 
the meniscus f o m ~  on the stem. For hydrometer 15 1H the 
composite correction is the difference b e w e n  this ruding 
and one: for hydrometer I52H it is the differrna beMen 
the ruding and zero. Bring the liquid and the hydrometer to 
the other temperature to be used and secure the composite 
correction as before. 

0 

8. Hygroscopic Moisture 
8.1 When the sample is weighed for the hydrometer test 

weigh out an auxiliary pomon of from 10 to 15 g in a small 
metal or glass container. dry the sample to a constant mass in 
an oven at 130 = 9'F ( I  10 S'C), and weigh again. Record 
the mues .  

9. Dispersion of Soil Sample 
9.1 When (he soil is mostly of the chy  and silt Sizts. Weigh 

Out a sample of airdry soil of approximately 50 g. When the 
soil is mostly sand the sample should be approximately 100 -a i& 

92 Place the sample in the 350-rnL Wet and corn wj& 
125 mL of sodium huamcuphosphate solution (40 UL). 
Stir until the soil is thoroughly wcntd Allow to soak for at 
lust 16 h 

9 3  At the end of the soaking Mod. dispmt the sample 
furtha, using a t h a  &ng ;~pparanrs A or B. If stirring 
apparaN A is used, transfer thesoil-wattr slurry from the 
beaker into the special dispcrnon cup shown in fig 2, 
washing any residue from the beaker into the cup with 
distilled or danina;llized water (Note 9). Add distilled or 
demineralized water, if nccasary, so that the cup is more 
tbanhalffidLStirforaperiodof1 min. 

$)-A largcsircsyringe isa c~nrenicnt device fm&ndling thc 
water in thc d n g  operation. Other dcvica indudc the wash-- 
bottttaod a hose w i h  llQole coanatal to a distilled watu 
rnnlr 

9.4 If Stirring apparatus B (Fig. 3) is used remove the 
cow cap and connect the cup to acomprrsed airsupply by 
muns of a lubber hose. A air gage must be on the linc 
betw#n the cup and the control valve. Open the contml 
valve so that the gage indicates 1 psi (7 kPa) prrrmn (Note 
IO). T d e r  the soil - water slurry firam the beaker to the 
&-jet dispasion cup by washing with distilled OT 
dcmintralircd water. Add distilled or danintralizcd water, if 
nccuwy, so thar the total volume in the cup is 250 mL, but 
no more. 

NOTE Io-Tbeinirialair~OflpsiisrcquLcdtoprcwttbc 
roil -amamixnue from cntcringthc air.* cbamkrwhcn thc mixmrr 
ntnmkmd to tkdirparion cup. 

95 Plaa the cover u p  on the cup and open the air 
control valve umil the gag prrssure is 20 psi (140 kpar 
Dispase the soil according to the following SchCdUic: 

Dbpaonpaiod 
PhSkixylada min 

LJ-5 
6to20 
oram 

5 
10 
IS 

Soh conraining largc percentages of mica necd be dispersed 
for only I min. After the dispanon p a i d  reduce the gage 

to the sedimentation cylinder. 
prrssurrto 1psiprrparatorytoaansfcrofsoil-warerslurry 

IO. Hydrometer Test 
10.1 Immediately after dlpasion, transfer the soil - waur 

slurry to the glys scdimenradon cyiindcr, and add distilled 
or dcmincraiized water until the total volume is IO00 mL 

10.2 Using the palm of the hand over the open end of the 
cylinder (or a rubber stopper in the o m  end),  tun^ the 
cylinder upside down and back for a period of I min to 
complete the agitation of the sluny (Note I 1). At the end of 
1 min set the cylinder in a convenient l d o n  and rake 
hydrometer readings at the following invrvals of time 
(mumred fram the beginning of sedimentation), or as many 
as may be nceded depending on the simple or the specifica- 
tion for the rn;uaial under M: 2. 5. IS. 30, 60.250. and 
1440 min. If the mnmlled water bath is wb the sedimen- 
urion cylinder should be plaad in the bath between the 1- 
and 5-min rudings. 

Il-lle n u m b  of turns during this minute should be 
approximudy 60. counung Ihc cum umdc doum and hack Y taro turns 
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.any soil remaining in the bottom of the cylinder d e  the fkt few 
should be loosened by vigorous shaking of the cylinda d e  it is 

in Iht innned position. 

10.3 When it is desired to take a hydrometer d n g ,  
cytfully insert the hydrometer about 20 to 25 s before the 
reading is due to approximately the depth it will haw when 
the reading is taken. As soon as the reading is taken, cardidly 
remove the hydrometer and place it with a spinning motion 
in a graduate of clean distilled or demineralized water. 

NOTE It-It is imponant to m o v e  the hydrometer immediatdy 
Jftcrcacfi reading Readingishall be taken at the top ofthc mcniscus 
formCd by the suspension around the stem. sine it not @bk to 
saxz 

10.4 After each reading, take the t e m p e m  of the 
suspension by inserting the thermometer into the suspen- 
sion. 

0 

at the bottom of the mtniscus. 

11. Sieve Analysis 
I 1 .1  AAer taking the final hydrometer reading, transfer 

the suspension to a No. 200 (75-pm) sieve and wash with tap 
water until the wash water is' clear. Transfer the material on 
the No. 200 sieve to a suitable container, dry in an oven at 
230 ,C 9 T  ( 1  10 f 5'C) and make a sieve analysis of the 
pomon retained. using as many sieves as desired, or muired 
for the material. or upon the specification of the material 
under test 

CAL€ULATIONS AND REPORT 

12. Sieve Analysis Values for the Portion Coarser than the 

12.1 Calculate the percentage passing the No. 10 sieve by @ dividingthemaspassingtheNo. losievebythemasofsoil 
onginally split on the No. 10 sieve. and multiplying the result 
by 100. To obtain the mas  passing the No. 10 sieve, subtract 
the mass rerained on the No. 10 sieve from the original mass. 

12.2 To secure the total m a s  of soil passing the No. 4 
(4.75-mm) sieve, add to the m a s  of the material passing the 
No. 10 sieve the mass of the fraction passing the No. 4 sieve 
and retained on the No. 10 sieve. To secure the total mass of 
Soil passing the 3h-in. (9.5-mm) sieve, add to the total mass of 
soil passing the No. 4 sieve, the mass of the W o n  Passing 
the W-in. sieve and retained on the No. 4 sieve. For the 
remaining sieves, continue the calculations in the same 
manner. 

12.3 To determine the total percentage pafsing for each 
sieve. divide the total mass passing (see 12.9) by the total 
m u  of sample and multiply the rcsult by 100. 

No. 10 (2.00-mm) Sieve 

. 

13. Hygroscopic Moisture C o d o n  Factor 
13.1 The hydroscopic moisture correction f a o r  is the 

ntio between the mass of the oven-dried sample and the 
airdry mass before drying. It is a number less than one, 
except when there is no hygroscopic moisture. 

14. Percentages of Soil in Suspension 
14.1 Calculate the ovendry mass of soil used in the 

hydrometer analysis by multiplying the air+ mass by the 

SpecmCGranty -F& 
295 0.94 
290 095 
285 036 
280 497 
275 098 
270 0.99 
265 1.00 
260 1.01 
w 1.02 
250 1.03 
245 1 .os 

A k w u s e m ~ m k r ~ d ~ m w n u m g m ~ ~ ~  
nyeunau 15W. 

142 Calculate the mass of a total sample rcpnscnted by 
the mass of soil used in the hydrometer test, by dividing the 
oven+ mass used by the pacentage passing the No. 10 
(ZOO-mm) sieve, and multiplying the result by 100. This 
value is the weight W in the equation for pacentage 
remaining in suspension. 

14.3 The percentage ofsoil rCmaining in suspension at the 
level at which the hydrometer is measuring the density of the 
suspension may be calculated as follows (Note 13): For 
hydrometer 15 1 H 

Pa [(lo0 ooO/W X G/(G GJIV - G,) 
N m  13---The bracketed portion of the equation for hydromaer 

lSlH is anstant for a saia of mading ami may be calculated fun and 
then muttiplicd by the pornon in thc parentheses. 
For hydrometer 15W:  

where: 
u = correction faction to be applied to the reading of 

hydrometer 152H. (Values shown on the scale are 
computed using a spedfic gravity of 265. C o d o n  
k o r s  are given in Table l), 

P = percentage of soil rrmaining in suspension at the level 
at which the hydrometer measures the density of the 
suspension, 

R = hydrometer rcading with composite c o d o n  ap- 
plied (Section 7), 

W = ovendry mass of soil in a total test sample repre- 
sented by mass of soil dispened (see 14.2). g, 

G = &c gravity of the soil panicles, and 
G, = specific gravity of the liquid in which soil parrides are 

suspended. Use numerid value of one in both 
instances in the equation. In the fint i m c e  any 
possible variation produces no significant effect. and 
in the second instance, the composite c o d o n  for R 
is based on a value of one for GI. 

P = J ( ~ X l O o  

15. Dinmeter of Soil pycicies 
15.1 The diameter of a parride corraponding to the 

pcnxnw indiuted by a given hydrometa d n g  shall be 
dculated according to Stokes' law (Note 14). on the basis 
that a particle of this diameter was at the surfkce of the 
supemion at the beginning of sedimentation and had settled 
to the level at which the hydrometer is mevunng the density 
of the suspension. According to Stokes' law: 

D = J[3On/YSO(G - GI)] X f l  
hygroscopic moisture correction factor. e 
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w h m  
D =I diameter of panicle. mm. 

= d i a e n t  of viwosity of the suspcnding medium (in 
this use water) in poises (varies with cbangcs in 

t - distance from the surfact of the suspension to the 
lcvel at which the density of the nrspension is being 
mtvurrd cm. (For a given hydrometer and scdimcn- 
tation cylinder. values vary aaording to the hydrom- 
cta d n g r  This distance is known as &ective 
depth Crable 2)). 

7 = intend of time From beginning of sedimentation to 
the taking of the W n g ,  min, 

G = specific gravity of soil particles. and 
GI = specific gravity (relative density) of nrspending me- 

dium (value may be used as 1.OOO for all practical 
Purposes). 

NOTE I4-Siicc Stow law considcrs the taminal nlocity of a 
hglc  sphere falling in an d i n k y  of liquid. thc rim dcuhtcd 
the diamtta of s p h  that w d d  fatl at the same ratc as tht soil 

152 For convenience in calcularions the above equation 
particta 

may be written as follows: 

WheX 
K = wnsrant depending on the umpaaturc of the suspcn- 

sion and the specific gravity of the so9 parrider Valucs 
of K for a range of tcmpaamcs and specific gravities 
arc ~ v e n  in Table 3. The d u e  of Kdoes not change for 

D = K J ~  

. 

a series of readings coxmin~ting a test, while valucs of L 
and T do vary. 

15.3 Values of D mav be comuutui with suffident accu- 

16. Sieve Anaiysis Values for Pomon Fmer than No. 10 

16.1 Calculation of perantages passing the Various S~CVCS 
used in sieving the portion of the sample from the hydrom- 
eter tesf involves several steps. The fint sup is to c a i c u k  
the mass of the frimion that would have betn retained on the 
No. 10 sieve had it not becn m n o d  This mass is equal to 
the total percentage maincd on the No. 10 sieve (lo0 minus 
total percentage passing) times the mass of the total sample 
rrprcsented by the mass of soii used (as calculated in 14.2). 
and the result divided by 100. 

16.2 Calculate n e .  the total mass passing the No. 200 
sieve. Add togeber the fractional macw &cd on all the 
dcva. including the No. 10 sievc and subuac~ this sum from 
the mass of the total sample (as calcuiatui in 142). 

16.3 Glculate next the total masses passing each of the 
other sieves. in a manner similar to that given in 1 7 9  

16.4 Glcuhte last the total pcrccnugcs passing by di- 
viding the total mass passing (as calculated in 16.3) by the 
total mass of sample (as calculated in 142). and multiply the 

(2.00-mm) Sieve 

Ermiva ooas 
Lrm 
16.3 
16.0 
15.0 
155 
152 
15.a 

m a 8 m v e J  - -spa 

0 183 
1 .  18.1 
2 16.0 
3 15.0 
4 15.6 
5 155 

31 112 
32 11.1 
35 109 
34 147 
35 10.6 

1- 14.7 6 15.3 38 144 
1 . m  14.4 7 152 37 102 
I##) 142 8 15.0 38 10.1 
1.009 13.9 9 14.8 39 99 
1.010 13.7 10 14.7 40 9.7 

imi 13.4 11 145 41 9.6 
1.012 13.1 12 14.3 42 9.4 
1.013 129 13 142 43 9 2  
1m4 126 14 14.0 U 9.1 
1.015 123 15 13.8 45 83 

ime 121 18 13.7 46 a0 
1m7 118 17 13.5 47 a6 

im9 113 19 132 49 83 
1.018 115 18 133 48 a4 

1.020 111) 20 13.0 5 0 .  ai 

1m 10.7 n 129 51 7.9 
lam 10.5 P 127 52. 7 8  
1 . m  . l o 2  P 125 53 7.6 
1.024 10.0 24 124 54 7.4 
lllzs 9.7 25 122 55 7.3 

1oZe 9.4 26 120 58 7.1 
1m 9 2  27 119 57 7.0 
1- 83 I 11.7 68 .&a  
1.029 88 29 115 59 6.6 ' 

1.030 a4 50 11.4 60 65 

1.031 8.1 
1 A32 7.8 
1.033 7.6 
1.034 7.3 
11115 7.0 
1- 88 
1.U37 6.5 
1.038 62 

17. Cnph . 
17.1 When the hydrometer d y s i s  is performed. a p p h  
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TABLE 3 V ~ o f K ~ U ~ b ~ ~ ~ ~ d ~ b ~ ~  
T U W - ~ .  spsedieQ-tYaf-- 

*C 245 2 s  255 260 265 270 275 280 285 
16 0.01510 0.01505 0.01481 4014s 0 . 0 1 ~  0.01414 o m =  0.01374 0 . 0 1 ~  

18 0.01492 0.01m 0 . 0 1 ~  me1 o.oim 0 ~ 1 3 ~ 8  o . m m  mias 0.01si 
19 0.01474 0.01409 o.oi4a 0.01103 o.m3az o . 0 1 ~  am342 0.13p 401305 
20 0.0101456 0.01431 0.01408 om= 0.01s omw omas oman 4oim 

2l 0.0101438 0.01414 o.msi omm o.mw omrsa am= omm 4oim 
22 0.01421 0.01397 0.01374 om= 0.01332 401312 mm 0.01276 0.01258 
23 0.01404 OD1381 o.mw 0.01337 om317 mim 0.0101219 omai 401243 
24 0.01388 0.01365 0.01342 aorm 0.01301 401282 0.01264 401248 om229 
25 o a i m  a0101349 . 0.0101321 om306 om= 0.01287 0.01249 . mpz 0.01215 

17 0.01511 0.01486 0.01462 0.01439 0.01417 401396 0.01376 0111356 401338 

26 0.01351 0.01334 0.01312 401291 0.01272 4012u 0.01235 O.Ol2l8 O.Ol201 

28 401327 0.01304 OR1283 0.01284 0.01244 0.01255 0.01208 0.01191 0111175 
n 0.01342 0.01319 0.01297 o.mm o.mzs ma o . o i ~ i  oman miea 
29 0.01312 0.01290 0.01269 om249 o.mm 0.01212 0.011s 0.0ii~8 ~ o i i e z  
30 o.01~~8 0.01m o.oizri QDIPG 0~101217 0.011s 0.01182 omiss 0.01149 

of the test results shall be made, plotting the diameters of the 
particles on a logarithmic scale as the abscissa and the 
percentags smaller than the corresponding diameten to an 
arithmetic scale as the ordinate. When the hydrometer 
analysis is not made on a portion of the soil, the preparation 
of the graph is optional, since values m a y  be sewred directly 
hrn tabulated data. 

18. Report 
18.1 The report shall include the following 
18.1.1 Maximum size of particles, 
18.12 Percentage passing (or retained on) each sieve, 

which may be tabulated or presented by plotting on a graph 

18.13 Description of sand and gravel particles 
18.1.3.1 Shape-rounded or angular, 
18.1.3.2 Hardness-had and durable, so!?, or weathered 

and fiiable, 
18.1.4 S m c  gravity, if unusually high or low, 
18.1.5 Any dimculty in dispersing the fraction passing the 

No. 10 (2.00-mm) sieve, indicating any change in type and 
amoun! of dispersing agent., and 

18.1.6 The dispemon device used and the length of the 
dispmion period. 

NOTE I6-Tb.i~ tabulation of gmph rcpxtsats the gradation of the 
=lpletcsted Ifpardclalarp;athan those conwincdin thsamplearat 
m o v e d  before tacing the rrpon shall so state givinp the amounr aud 
m;uimum sire. 

18.2 For materials tested for compliance with definite 
specifications, the fractions called for in such specifications 
Shall be reported. ?he fracrions smaller than the No. 10 sieve 
shall be read from the graph. 

18.3 For materials for which compliance with definite 
WCcifiutionr is not i n d i d  and when the soil is composed 

a (Note 16), 

almost entirely of particles passing the No. 4 (4.75-mm) 
sieve, the rtsults rrad from the p p h  may be reported as 
follows: 

........... w ........... w ........... w 

........... 96 

........... 96 

........... w ........... 96 ........... w 
18.4 For materials for which compliance with definite 

specifications is not indicated and when the soil contains 
material retained on the No. 4 sieve sufficient to require a 
sieve analysis on that portion, the results may be reported as 
follows (Note 17): 

SlEvEANALYsB 

R=-w= 
sic*esirc POrnnB 

a m 4  mm 
0.005 mm 
0M)Imm , 

............... ............... ............... ............... ............... ............... ............... ............... ............... ............... 
HYDROhETERANALYSS 

............... ............... ............... 
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20 PURPOSEANDSCOPE 

This standard operating procedure (SOP) desa i i s  procedures that will be used at the Rocky Flats 

Plant (RFP) for drilliag and obtaining samples of soil and rock from hollow-stem auger borings. 

In general, hollow-stem auger coring will be the preferred technique for obtaining environmental 

samples of subsoil and bedrock from boreholes at the RFP. Other types of samples may also be 

obtained from hollow-stem auger borings. This SOP describes hollow-stem auger drilling and 

sampling equipment and procedures, and decontamination that will be used for field data collection 

and documentation in order to attain acceptable standards of accuracy, precision, comparability, 

representativeness, and completeness. 

3.0 PER!SONNEL QUALIFICATIONS 

Personnel overseeing drilling operations and logging alluvial and bedrock materials should be 

geologists with a minimum of a B.S. or BA. degree in geology and have applicable field experience. 

Other qualified personnel may include geotechnical engineers or field technicians with an 

appropriate amount of field experience or on-the-job training under supervision of another qualified 

person. The personnel will be trained to log according to the RFP "reference" a re s  and samples 

(see SOP 3.1, Logging Alluvial and Bedrock Material). 

4.0 REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

ComDendium of Suwrfu nd Field Q8e rations Met ho&. EPA/540/P-87/001. December 1987. 

e 



EG&G ROCKY F'IA'IX PLANT Manpal. 5-2l2oo-FOP 

Page: 3 of 13 
Effectk Date: FebrnarY18,Wl 

EMADGEOTECHNICALSOP Procedure No.: 3.2, Rev. 0 

SafwRelated 
EFaw category 1 

Guidance for Conductiw Remedial Inves tiaations and Feasibilitv Swdies U nder CERCLA. Interim 

Final. EPA/W/G-89/004. October 1988. 

RCRA Facilitv InvestiPation Guidance . Interim Fd. May 1989. 

RCRA Grou ndwater Monitorhe Technical Enforcement Guidance Document. EPA, OSWER- 

9950.1. SeDte mber. 1986, 

Related SOPS cross-referenced by this SOP are: 

SOP 13, General Equipment Decontamination 

SOP 1.4, Heavy Equipment Decontamination 

SOP 1.8, Handling of Drilling Fluids and Cuttings 

SOP 1.9, Handling of Residual Samples 

SOP 3.1, Logging Alluvial and Bedrock Material 

SOP 33, Isolating Bedrock from Alluvium with Grouted Surface Casing 

SOP 3.4, Rotary Drilling and Rock Coring 

SOP 35, Plugging and Abandonment of Boreholes 

SOP 3.6, Monitoring Well and Piezometer Installation 

SOP 3.10, Borehole Clearing 

5.0 PROCEDURES FOR DRILLING AND SAMPLING 

Hollow-stem augers are one type of continuous-flight auger used for advancing boreholes when 

discrete samples of the subsurface materials are obtained. They are particularly applicable for 

sampling materials with a tendency to cave in and for environmental sampling. The augers consist 



of sections of steel tubing (usually 5 feet long) with steel helical flights around the outside. 

Segments of auger are added as the borehole advances, and samples are retrieved through the 

inside of the auger without having to remove the auger from the borehole during sampling. 

With this technique, samples will be obtained either with standard split spoon or California drive 

samplers, or with a continuous core augering technique. The continuous coring technique can 

obtain up to 5-foot-long cores in a 5-foot-long sample barrel; however, at the RFP sampling will be 

conducted in increments of 2 feet to enhance sample recovery unless otherwise specified in the FSP. 
Drive sampling will normally obtain a 12- to l&inch-long sample depending on the length of the 

sampler. Visual logging of the alluvial and bedrock materials will be performed according to SOP 

3.1, Logging of Alluvial and Bedrock Material. Sampling fo; chemical analysis is addressed in this 

SOP. AU sampling equipment will be protected from the ground surface with clear plastic sheeting. 

All drilling and sampling activities will be conducted in accordance with the project Health and 

Safety Plan. 

The following equipment and materials are needed for hollow-stem auger drilling and soil sampling. 

Only the types of samplers required by the sampling specified in the Field Sampling Plan (FSP) will 

be required on a given project. 

0 Drill rig equipped for drilling and sampling with hollow-stem augers 

0 Continuous core augering equipment (including 2-1/2- to $inch inside diameter 

sample barrel suitable for Zfoot sample rods) 

0 Standard split spoon sampler (ASTM D 1586) 
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California spoon sampler 

Brass (or stainless steel) California liners (2-inch-diameter) 

3-inch-long stainless steel volatile/semi-volate organic analysis (VOA) sample 

liner for continuous auger core barrel 

Teflon0 film (cut in Cinch x Cinch squares) 

Plastic caps for California and VOA liners 

Self-adhesive labels 

Ice chests (sample shuttles) 

High-pressure steamer/sprayer 

Long-handled bristle brushes 

Wash/rinse tubs 

Phosphate-free labgrade detergent (e.&, LiqUinox) 

Location map 

Weighted tape measure 

Water level probe 



EG&G ROCKY mATS PIANT Man& 5-21200-M)P 
EMADGEUECHNICALSOP PrOQdare No.: 32, Rev. 0 

page: 6 of 13 
Effechive Date: Febrparyl41991 
0 ,  ER&wM 

Safety Related 
~ e g o r y  1 

0 
. .. 

0 Distilled water 

0 Drums for containment of cuttings 

0 Appropriate health and safety equipment 

0 Field book 

0 Boring log forms 

52 DRILLlNGPROCEDURES 

Boreholes will be drilled by using hollow-stem augers and the sampling equipment required by the 

FSP. AU drilling equipment, including the rig, water tanks, augers, drill rods, samplers, etc., will 

be decontaminated before arrival at the work area site. Between boreholes, all down-hole equip- 

ment will decontaminated, and sampling equipment will be decontaminated between samples. 

Equipment will be inspected for evidence of fuel oil or hydraulic system leaks (See SOP 1.3, 

General Equipment Decontamination, and SOP 1.4, Heavy Equipment Decontamination). If 

lubricants are required for down-hole equipment, only pure vegetable oil will be used. 

Before drilling, boring will have been located, numbered, and identified using stakes or spray paint 

on paved surfaces. Buried metal objects will have been located by using geophysical methods, and 

utility clearance will have been accomplished according to SOP 3.10, Borehole Clearing. 

After boreholes have been cleared and obstructions removed, an exclusion zone will be established 

according to the project Health and Safety Plan, and the drill rig will be set up. The boring will be 

advanced to the depth indicated and sampled according to the FSP. 



For borings where environmental samples will be obtained in the bedrock, the borehole will be 

drilled into the top of the weathered bedrock prior to installation of a casing according to SOP 3.3, 
Isolating Bedrock From Alluvium With Grouted Surface Casing. The bottom of the surface casing 

will be embedded below the weathered bedrock surface in soil borings according to SOP 33. The 

embedment may vary for monitoring wells according to the FSP or SOPAs. After installing the 

casing, the bedrock will be drilled and sampled by using hollow-stem augers small enough to fit 
through the casing in boreholes designated for environmental sampling. In boreholes that are 

drilled only for geologic logging, hydraulic or geotechnid testing, or monitoring wells, the portion 

of the borehole below the wing may be drilled using conventional rotary or rock coring techniques 

(SOP 3.4, Rotary Drilling and Rock Coring). This will normally allow for the use of a smaller 

diameter surface wing. 

It is anticipated that most or all of the weathered bedrock can be drilled and sampled by using the 

continuous hollow-stem auger coring method. However, if bedrock that is sufficiently cemented to 

render this method ineffective is encountered in boring designated for environmental sampling, the 

cemented zone will be rock cored using filtered air as the drilling medium according to SOP 3.4, 

Rotary Drilling and Rock Coring. After the cemented zone is penetrated, the boring will continue 

with hollow-stem auger coring. If necessary, this may require reaming the cored section with air- 

rotary techniques. 

The borings will be logged lithologically by examination and classification of the samples. 

Documentation will be completed by the site geologist according to Section 8.0 of this SOP. SOP 

3.1, Logging Alluvial and Bedrock Material, d e s c r i i  procedures for material classification and 

borehole logging. 

At the first indication of free water on the sampler or in samples, the time and estimated depth will 

be recorded. However, it is frequently difficult to determine the true water level in hollow-stem 

auger borings at the time of drillin& particularly when drilling in low-permeability soil or bedrock. 



Therefore, water levels will also be measured after drilling. In low-permeability deposits, it is 

possible for a borehole to be drilled below the groundwater level and not collect water for several 

hours or even days. It is therefore important to note moisture changes in the samples when 

evaluating groundwater conditions at the time of drilling. During the drilling and while the augers 

are b e i i  removed, the cuttings and unsaved portions of samples from the boring will be 

containerized according to SOP 1.8, Handling of Drilling Fluids and Cuttings, and SOP 1.9, 

Handling of Residual Samples. 

5 3  SAMPLINGPROCEDURES 

53.1 Continuous Core Auger Sampling 

The continuous coring method advances a split barrel that is contained within the lead auger. The 

augers rotate around the sampler and cut while the sample barrel is prevented from rotating. 

Continuous core samples are collected in the barrel. The barrel will be unlined except for a %inch 

long stainless steel VOA/semi-VOA sample liner placed at the bottom end of the barrel directly 

behind the cutting shoe. Once the core barrel has been removed from the borehole and opened, 

the VOA sample liner will immediately be capped with Teflonalined plastic caps, sealed with 

electrical tape, labeled, and placed in a cooler with ice. The remainder of the sample will then be 

classified, logged, peeled, composited (if called for in the FSP), and placed in appropriate containers 

for analytical testing according to SOP 1.13, Containerizing, Preserving, Handling, and Shipping of 
Soil and Water Samples. Sample intervals and requirements for compositing are defined in the FSP 
or SOPA. 

Sample peeling will involve discarding the portion of sample that was in direct contact with the 

sampler. Cornpositing the sample will involve placing the peeled sample in a stainless steel bowl 

and mixing with a stainless steel instrument. Soil particles (gravels) larger than the jar mouth will 
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be discarded. Peeling and compos;t;ng will be conducted with separate decontaminated stainless 

steel instruments. 

Samples for geotechnical testing will consist of approximately 3/4-filled pint-sized glass jars with air- 

tight lids placed in compartmented shipping cartons designed to prevent breakage of the jars. 

Sample peeling is not required for geotechnical samples. 

Drive samples will be obtained in general accordance with ASTM Designation D 1586. After 

drilling to the predetermined depth, the standard split spoon or California sampler will be attached 

to the end of the drill rod and lowered to the bottom of the boring. The standard 140-pound 

hammer assembly will then be attached to the top of the drill rod. The depth to the bottom of the 

sampler will be recorded, and reference marks at 6-inch increments will be placed on the drii rod. 

The test consists of driving the sampler with the standard 140-pound hammer dropped 30 inches. 

When using the 2-inch-outside-diameter (O.D.) standard split spoon sampler, drive the sampler 

through three &inch increments (or 100 blows, whichever occurs first), with the sum of the last two 

increments being the Standard Penetration Count or Blow Count or N-value, and the first 6-inch 

increment beiig considered as seating. 

A California barrel with brass (or stainless steel) liners may be substituted for the standard split 

barrel. The integrity of the sample can generally be better maintained since thin-walled liners 

containing the sample can be removed from the barrel and sealed. Since the California sampler 

is shorter than the standard split spoon sampler, it will be driven only l.2 inches, with blow counts 

recorded for each 6-inch increment. However, several blows are required before marking and 

counting blows to seat the sampler. 
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A California barrel has a 25-inch OD. and a 2-inch inside diameter (I.D.) Modified California 

samplers with larger diameters are also available. The liners for a conventional California barrel 

have a 1.94-inch I.D. Although not predsely equivalent, the blow count obtained by using a 2-inch 

I.D. California barrel is frequently considered to be comparable to the N-value obtained Using a 

standard barreL Blow counts using larger samplers will not be equivalent, and larger hammers may 

be required to drive them under some conditions. 

A rope and cathead arrangement is generally used to obtain drive samples. Automatic trip 

hammers are sometimes used. If a rope and cathead arrangement is used, excessive turns of the 

rope on the cathead must be avoided, since they will result in friction and drag between the rope 

and cathead. Two turns of the rope on the cathead will be used and sufficient slack in the rope 

provided during hammer freefall to prevent excessive friction. 

Standard split spoon samples saved for geotechnical testing will consist of 3/4-filled pint-sized glass 

jars with airtight lids placed in compartmented shipping cartons designed to prevent breakage of 

the jars. Samples for analytical testing will be peeled (see Subsection 53.1) and placed in containers 

described in SOP 1.13, Containerizing, Preserving, Handling, and Shipping of Soil and Water 

Samples. For California liner samples, the geotechnical samples may be saved in the liners with 

plastic end caps. 

5.4 BORING COMpIEIlONANDABANDONMENT 

After the borehole has been advanced to its final depth, it will either be abandoned or completed 

as a monitoring well (see SOP 35, Plugging and Abandonment of Boreholes, and SOP 3.6, 

Monitoring Well and Piezometer Installation). 

The boring location stake will be left in the ground adjacent to the borehole, and a board or other 

cover placed over the hole until it has been grouted. All boreholes to be abandoned with a depth 



greater than 1 foot will be grouted the same day that abandonment is completed. The boring 

location stake will then be placed in the grout. 

6.0 QUAIA'Y ASSURANCE/QUAUTY mNTROL SAMPLES 

Quality Assurance (QA) and Quality Control (QC) activities will be accomplished according to 

applicable project plans as well as quality requirements presented in this SOP. 

QA samples for soils fall into five categories: 

b Duplicate 

b Matrix spike 

b Matrix spike duplicate 

b Equipment b a t e  

b Field blank 

SOP 1.13, Containerizing, Presehg ,  Handling, and Shipping of Soil and Water Samples describes 

the general handling of samples. Applicable project plans specify QA sample frequencies. 

Sample collection prqcedures will be the same as those described in Section 5.0 for duplicate, matrix 

spike, and duplicate matrix spike samples. These samples are intended to be as close to exact 

replicates of the original samples as possible. They are obtained immediately adjacent to the 

planned samples that they are intended to duplicate. 

A h a t e  sample from sampling equipment is intended to check for potential contamination of the 

sample by the sampling equipment. For the soil sampling operation, a b a t e  sample will be 

collected from sampling equipment with any liners in place before the sampling equipment is used. 

Approximately 3 liters of distilled water will be rinsed over a decontaminated sampler and collected 
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in a large decontaminated stainless steel bod A decontaminated glass beaker will be used to dip 

the water from the bowl and fill the sample bottles. The rinsate samples will be analyzed for the 

same parameters as the soil samples. 

Field blank samples are containers fded with clean water that are handled and transported the 

same as the other samples to check for potential cross-contamination resulting from field handling 

and transportation procedures. 

7.0 DECONTAMINATION 

Generalized equipment decontamination procedures will include: 

0 Sam~lhe eaubment. Decontamination will be conducted between individual 

sampling points to minimize potential cross-contamination. Sampling equipment 

will be decontaminated according to SOP 1.3, General Equipment 

Decontamination. During driUing and sampling, decontaminated equipment will 

be placed on new plastic or racks until it is used. At least two sets of samplers 

will be available so that one set can be used while the other is being 

decontaminated. 

0 m - t .  Decontamination of augers, drill stems, drill bits, and other 

down-hole equipment will be conducted after each boring is complete. Drill rigs 

will be decontaminated when moved out of a work area or when they become 

unusually dirty as a result of site or drilling conditions, at the discretion of the site 

or project manager. Decontamination of drilling equipment is described in more 

detail in SOP 1.4, Heavy Equipment Decontamination. 
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8.0 DOCUMENTATION 

All information required by this SOP will be documented on the Borehole Log Form (in SOP 3.1, 

Logging Alluvial and Bedrock Materials) and the Hollow-Stem Auger Drilling Field Activities 

Report Form, Form 3.24. The Field Activities Report Form will be fillcd out for each day of 

drilling at a given borehole location and, in situations where more than one boring is drilled and 

completed per day per drill rig, at least one form will be completed per boring. The borehole log 

will include information on subsurface material classification and lithology. The Field Activities 

Report will include the following information and have space for comments and documentation of 

general observations: 

Project, crew, drilling contractor and borehole identifications 
b Date 

b Weather 

b Equipment descriptions (rig, bits, etc.) 
b Water level 

b Depth to bedrock 

b Borehole depth and diameter 

b Decontamination 

Waste types, volumes and drums used 

End-of-day status (Le., partially complete, abandonment, etc.) b 

Chronological record of activities 

(401 14S)(GEUlECH2)(@Z/n/91) 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) to install surface casing grouted into the top of bedrock to isolate the bedrock from 

the alluvium. The intent of implementing this SOP is to prevent cross-contamination from the 

alluvium into the bedrock. This will be required for environmental sampling of the bedrock in 

boreholes and for construction of bedrock monitoring wells. The following items are discussed in 

this SOP: 

0 Drilling methods for advancing borehole 
0 Surface casing installation materials 

0 Surface casing installation procedures 

This SOP describes the field procedures that will be used to install surface casing and document 

the procedures in order to attain acceptable standards of accuracy, precision, comparability, 

representativeness, and completeness. 

3.0 PERSONNEL QUALIFICATIONS 

Personnel overseeing the installation of grouted surface casing will be geologists, geotechnical 

enginwrs, or field technicians with an appropriate amount of applicable field experience or on-the- 

job training under the supervisor of another qualified person. 

(4011- 4S) (GEUlXH.3) (02/U/91) 



EG&G ROCKY FLATS PLANT Manual: 5-21200-FOP 
EMAD GEOTECHNICAL SOP P r d u r e  No.: 33, Rev. 0 

Safety Related Effective Date: February 18,1991 
Page: 3 of 10 

~ e o v  1 Organiurtion: ER&WM 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

This is a list of references reviewed prior to the writing of this procedure: 

A Comwndium of SuDerfund Field ODerations Methods. EPA/54o/P-87/001. December 1987. 

Guidance for Conducting Remedial Investieations and Feasibilitv Studies Under CERCLA. Interim 

Final. EPA/540/G-89/004. October 1988. 

RCRA Facilitv Investigation Guidance. Interim Final. May 1989. 

RCRA Groundwater Monitoring Technical Enforcement Guidance Documenl. EPA, OSWER- 
9950.1. September, 1986. 

4 2  INTERNAL REFERENCES 

Related SOPS cross-referend by this SOP are as follows: 

a SOP 13, General Equipment Decontamination 
0 SOP 1.4, Heavy Equipment Decontamination 

SOP 3.1, Logging Alluvial and Bedrock Material 

SOP 3.2, Drilling and Sampling Using Hollow-Stem Auger Techniques 

0 

0 

a SOP 3.4, Rotary Drilling and Rock Coring 
0 SOP 3.10, Borehole Clearing 

(4011- r0) (GEUlECH3) (O?/Upl) 



EG&G ROCKY FLATS PLANT Manual: 5-21200-FOP 
EMAD GEOTECHNICAL SOP Procedure No.: 33, Rev. 0 

page: 4 of 10 
Safety Related Effective Date: February 18,1991 
ategory 1 Organbtion: ER&WM 

5.0 PROCEDURES FOR INSTALLING SURFACE CASING 

Surface casings will be installed in boreholes drilled and logged according to SOP 3.2, Drilling and 

Sampling Using Hollow-stem Auger Techniques, and SOP 3.1 Logging Alluvial and Bedrock 
Material. All d r i i  and sampling equipment will be decontaminated according to SOP 13, 
General Equipment Decontamination, and prdeded from the ground surface with clear plastic 

sheeting or placed on clean drill racks. 

5.1 EQUIPMENT AND MATERIALS 

The following is a list of equipment and materials used for surface casing installation: 

0 Drill rig With appropriate-& augers 

0 Surface casing 

0 Amen- Colloid Pure Gold Bentonite grout (or approved equivalent) 

e Rubber grout-displacement plug (l/Zinch diameter larger than inside diameter 

of casing) 

0 Tremie pipe and grout pump 

e High pressure steamer sprayer 

e Mechanical grout mixer 

e Weighted tape measure 

(4011- 4S) (G@UllEH3) (02/UPl) 
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a Water level probe 

a Pipe cutter 

a Appropriate documentation forms 

a Drums for containment of cuttings 

Appropriate health and safety equipment a 

a Pre-approved water from a potable source (see SOP 1.3, General Equipment 

Decontamination) 

0 Plastic Sheeting 

5.1.1 Casing Requirements 

Surface casing will consist of new schedule 40 PVC or steel well casing. PVC casing will be used 

for nominal casing diameters of 6 inches or less. Larger casings will be steel. Joints will be water- 

tight threaded couplings made without welds, solvents or lubricants. The c a s k  wil l be embedded 

into the top of bedrock and extend to approximately 1 foot above the ground surface. Casing 
centralizers will be attached to the casing to allow uniform grouting. At least 2 centralizers will be 

required, one within 5 feet of the bottom and the other within 5 feet of the top of the casing. All 
surface casing will be free of foreign material and will be decontaminated according to SOP 13, 
General Equipment Decontamination. Decontaminated casing will be stored in plastic sheeting or 

kept on clean racks prior to use. 

(4011- r0) ( O m )  (02/U/91) 
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5.12 Grout Requirements 

1 
The grout mixture will consist of reduced pH bentonite grout (American Colloid Pure Gold or 

approved equivalent) mixed in a powered mechanical grout mixer.according to the grout 

manufacturer's recommendations. The grout will contain at least 30 percent solids by weight and 

have a minimum density of 9.9 pounds per gallon after mixing. The density will be measured using 

a mud balance. 

5 2  DRILLING METHODS 

Boreholes will be dried into the top of bedrock using hollow-stem augers. Alternatively, 

conventional rotary or reverse-circulation rotary methods may be used; however, due to the 

variabfity of these methods, an SOP addendum (SOPA) may be required. Drilling equipment 

including the rig, augers, drill rods, and samplers will be decontaminated according to SOP 1.4, 

Heavy Equipment Decontamination, and SOP 13, General Equipment Decontamination. The 

borehole will be of sufficient diameter to allow a Zinch thickness of bentonite grout to be placed 

outside of the casing. Each borehole location will be cleared according to SOP 3.10, Borehole 

Clearing, before d r i i g .  

The embedment of casing into the bedrock will be a minimum of 2 feet into the weathered bedrock. 

However, the intent is to place the bottom of the casing approximately 2 feet below the interface 

descriii a substantial reduction in hydraulic conductivity. If the uppermost weathered bedrock 
is highly weathered and/or fractured, this embedment depth will be adjusted downward. A 

conservative approach will be used early in the program with casing embedment on the order of 5 

feet. The project hydrogeologist responsible for the on-going hydrogeologic site characterization 

will be responsible for establishing and documenting protocols for surface casing embedment based 

on the observed degree of weathering and fracturing after the first several boreholes are completed 

and evaluated. 

(4011- 6 3 )  (-3) (uz/upl) 
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53 SURFACE CASING INSTALLATION AND S U I N G  PROCEDURES 

Surface casing will be installed by placing the casing into the grout-fded borehole and then forcing 

the grout from within the casing into the annular space by pushing a rubber plug down the casing 
thus displacing the grout out through grout ports at the bottom of the casing. Implementing this 
SOP is intended to provide a uniform seal from the base of casing to the ground surface. Figure 

3 3 1  depicts the casing installation described below. 

Surface casing installation will begin after the borehole has been drilled into the top of bedrock the 

required depth specified in the Field Sampling Plan according to the following steps: 

(1) Measure the borehole total depth using a weighted tape measure. The weight on the 

measure tape will be stainless steel in the event that it accidentally becomes embedded. 

Pump the grout mixture into the inside of the augers to the bottom of the hole using a 

tremie pipe, until undiluted grout flows out of the top of the augers. As the augers are 

removed, add grout into the augers to keep the level at the top of the augers until all of 

the augers have been removed and the borehole is completely fill of grout. (Alternatively, 

if subsurface conditions allow the borehole to remain open, the borehole may be tremie- 

grouted after the entire string of augers is removed. If this is attempted and the borehole 

caves, it will be redrilled and tremie-grouted using the augers as desaibed above). 

(2) 

(3) Drill three equally spaced 1-inch diameter holes (grout ports) into the wall of the casing 

immediately above the bottom of the casing. The distance between the bottom of the 

casing and the holes will not exceed the length of the rubber plug. 

(4) Lower the surface casing into the borehole. Install the required centralizers at 5 feet below 

surface and 5 feet above the bottom of the casing while running the casing in the borehole. 

(1011- 453) p-3) (Cn/U/91) 
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Figure 3.3-1 - Schematic Diagram of Grouted Surface Casing 
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(5) Once the casing is at the bottom of the borehole, place a rubber plug, intended for 

displacing grout horn within the casing (l/Zinch diameter larger than the inside of the 

casing), inside the casing and force it down to the bottom of the casing by drill rods using 

hydraulic feed from the rig. Add RFP potable water to the inside of the casing as the plug 

is being forced down. The water will aid in equalizing the pressure of the grout on the 

rubber plug until the grout has set. 

(6) Place a protective cover over the top of the casing until the grout has set for at least 24 

hours. 

(7) Remove the water inside the casing by air-lift methods or bailing before the plug is drilled 

out and the borehole is advanced past the bottom of the casing. 

6.0 DOCUMENTATION 

All information required by this SOP will be documented on the Borehole Log Form found in SOP 
3.1, Logging Alluvial and Bedrock Materials, and on the Surface Casing Installation Field Activities 

Report Form, Form 33A. Form 33A will be filled out for each day of drilling at a given borehole 

location; and, in situations where more than one boring is drilled and completed per day per drill 

rig, at least one form will be completed per boring. The borehole log will include information on 

subsurface material classification and lithology. The Field Activities Report will include the 

following information and have space for comments and documentation of general observations: 

a Date, Start and Completion 

Project, conditions and borehole identifations 

Weather 

(4011- 423) (GEOIECH3) (02/27/91) 
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Equipment desaiptions (rig, etc) 

Personnel 

Depth to top of weathered bedrock 

Bottom casing depth 

Borehole diameter 

Casing diameter 

Type of casing (schedule, wall-thickness, grade, etc.) 

Centralizer depths 

Centralizer type 

e Casing stick-up (measured height above ground level) 

Quantity and composition of grout (including grout/water mix ratio, 

weight /pound) 

e Joint/coupling description 

e Comments 

(4011- 4S3) (GELnecH3) (OZ/U/Sl) 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) for rotary drilling and rock coring, using air and water as drilling media. It addresses 

equipment, field procedures, decontamination, and documentation, that will be used for rotary 

drilling and rock coring, and describes documentation of these procedures in order to attain 

acceptable standards of accuracy, precision, comparability, representativeness, and complcteness. 

3.0 PERSONNEL QUALIFICATIONS 

Personnel overseeing the plugging and abandonment at boreholes will be geologists, geolechnical 

engineers, or field technicians with an appropriate amount of applicable field experience or on-the- 

job training under supervision of another qualified person. 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

. .. 

A ComDendium of SuDer fund Field Omrations Methods. EPA/540/P-87/001. December 1987. 

Guidance for Conducting Remedial Investbations and Feasibilitv Studies Under CERCLA. Interim 

Final. October 1988. 

RCRA Facilitv Investigation Guidance. Interim Final. May 1989. 
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RCRA Ground-Water Monitoring Technical Enforcement Guidance Document. EPA, OSWER- 

9950.1. Washington D.C. September, 1986. 

4 2  INTERNAL REFERENCES 

Related SOPS cross-referenced in this SOP are as follows: 

SOP 3.2, Drilling and Sampling Using Hollow-Stem Auger Techniques 

SOP 1.4, Heavy Equipment Decontamination 

SOP 3.10, Borehole Clearing 

SOP 1.3, General Equipment Decontamination 

SOP 1.8, Handling of Drilling Fluids and Cuttings 

SOP 3.1, Logging Alluvial and Bedrock Material 

SOP 3.6, Monitoring Well and Piezometer Installation 

SOP 3.3, Isolating Bedrock from the Alluvium with Grouted Surface Casing 

SOP 3.5, Plugging and Abandonment of Boreholes 

5.0 EQUIPMENT AND PROCEDURES 

5.1 GENERAL 

Rotary drilling and coring methods that use air or water as the drilling media are common 

techniques employed' to obtain stratigraphic, lithologic, hydrogeologic, geotechnical, and 

environmental data, as well as a means for monitoring well installation. In general, hollow-stem 

continuous-flight augers will be the preferred technique for drilling boreholes to collect 

environmental samples of soil and rock (see SOP 3.2, Drilling and Sampling Using Hollow-Stem 

Auger Techniques). The use of air or water can alter analytical chemistry or physical property test 

results by altering sample moisture, or by volatilizing contaminants (in case of air) or by washing 

. 
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them away (in the case of water). Using water when drilling can also alter the groundwater 

chemistry in the vicinity of the borehole, and needs to be accounted for during development of 

wells. Rotary drilling and rock coring may be used for advancing boreholes with or without 

environmental sampling in zones of hard material which cannot be penetrated with augers. 

Samples obtained for analytical chemistry testing will be prepared and contained in general 

accordance with SOP 3.2, Drilling and Sampling Using Hollow-Stem Auger Techniques. In general, 

air will be the drilling medium used when it is necessary to penetrate ccniented zones of rock in 

auger borings drilled for environmental sampling. Water will typically be used as the drilling 

medium when drilling relatively deep bedrock wells and when obtaining rock core exclusively for 

geologic logging. Alternatively, dual-tube air percussion or ODEX drilling methods using water or 

air may be appropriate for some conditions. The appropriate work plan or a standard operating 

procedure addendum (SOPA) will outline drilling requirements for each project. 

5.2 EQUIPMENT AND MATERIALS 

5.2.1 General Rotary Drilling Equipment 

The following is a list of equipment  an^ materials for rotary drilling: 

Drill rig with appropriately sized drill bits and rods 

Portable recirculation tanks for water rotary 

Preapproved water for water rotary 

Conveyance equipment (pumps and hoses) 

Air compressor with appropriate ‘air fdter(s) 

High pressure steamer/sprayer 

Wash/rinse tubs 

Weighted tape measure 

... . 
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0 Phosphate-free, lab grade detergent (e.g., Liquinox) 

Appropriate health and safety equipment 

Drums for containment of cuttings and fluids (SOP 1.8, Handling of Drilling 

0 Water level probe 

0 

0 

Fluids and Cuttings) 
0 Boring log form 

Field activities report form 

0 Pint-sized plastic bottles with screw caps for cuttings (SOP 3.1, Logging Alluvial 

and Bedrock Material) 

522 Supplemental Equipment for Rock Coring 

Additional equipment for rock coring will consist of the following: 

Core barrel assembly 

Wire line or core rods 

Coring log forms 

Core boxes with wooden blocks 

Measuring tape 

Camera (photography is security controlled at Rocky Flats Plant) 

Core barrel rack 

Plastic wrap for core 

Marking pen, black, permanent 

53 PROCEDURES 

Boreholes will be drilled using a rig equipped with rotary drilling equipment capable of advancing 

the borehole lo the depth specified in the Field Sampling Plan (FSP). All drilling equipment, 

I (401143) ( g s o t d )  (02/20/91) 



EG&G ROCKY FLATS PLANT Manual: 5-21200-FOP 
EMAD GEOTECHNICAL SOP Procedure No.: 3.1, Rev. 0 

Page: 6 of 10 
Safety Related . Effective Date: February 18,1991 
Category 1 Organization: ER&WM 

53.1 

including the rig, water transportation tanks, bits, and drii rods, will be dccontaminated according 

to SOP 1.4, Heavy Equipment Decontamination and SOP 13, General Equipment Decontamination. 

These decontamination procedures will also be followed between boreholes. Drilling equipment 

will be inspectcd to ensure that hydraulic system and fuel leaks do not introduce organic 

contamination on site or into the borehole. Any leaks that may introduce such contamination will 

be repaired before d r i i g .  Only pure vegetable oil products may be used to lubricate downhole 

drilling and sampling equipment. 

Borehole locations will be cleared before drilling, according to SOP 3.10, Borehole Clearing. Drill 

cuttings and fluids  will be handled according to SOP 1.8, Handling of Drilling Fluids and Cuttings. 

Boreholes will be abandoned according to SOP 35, Plugging and Abandonment of Boreholes. All 
procedures will be conducted according to the applicable Health and Safely Plan. Project-specific 

requirements will be addressed in a SSOPA. 

Rotary Drilling Techniques 

Conventional rotary dridling involves the introduction of a driiing medium (fluid) into the borehole 

through the drill rods and circulation of the medium back up the hole to remove drill cuttings. The 

hole is advanced by the cutting action of a rotating drill bit at the bottom of the hole. Reverse 

circulation methods are similar to conventional rotary methods, except that the d r i i g  medium is 
injected down the annulus between an inner and outer double casing and returns back up the inside 

of the inner casing. Some reverse circulation methods use rotary techniques, some use non-rotating 

percussion techniques, and some use a combination of the two. Samples of cuttings obtained when 

rotary drilling to be saved for geotechnical testing or future geologic refcrence will be placed in 

pint-sized plastic jars with screw-on tops and saved in core boxes. 

(1011.453) (gcotech.4) (02/20/91) 
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53.1.1 Water 

Water used for rotary d r i i  will consist of RFP potable water. Water transportation tanks and 

conveyance equipment will be contaminant-free and dedicated for the use with preapprovcd water 

to ensure that the preapproved water introduced into the borehole is also contaminant-free. 

Portable decontaminated water recirculation tanks will be used for rotary operations. Excavated 

sumps or pits (lined or unlined) will not be used. Decontamination of tanks and conveyance 

equipment will also be conducted in accordance with SOP 13, General Equipment Decontamination 

and/or SOP 1.4, Heavy Equipment Decontamination. 

53.12 Air 

Conventional air compressors used for air rotary methods contain oil for lubricating moving parts 

and compress air and oil in their operation. To avoid introducing contaminants into the borehole, 

a filtration system designed to provide oil-free air and approved by EG&G will be used. Depending 

on the requirements of the particular project, such a system may consist of an air-cooled aftercooler, 

a regenerative dryer, a coalescing filter, and a particulate afterfilter, all arranged in series. The 

particular filtration system design will depend on the compressor equipment, the project 

requirements, and anticipated ambient conditions. The filtration system will be matched 

appropriately to the compressor’s capacity so that the reduction in the flow of air to the drilling 

equipment is tolerable. The filtration system components will be changed or monitored according 

to the requirements of the design during operation and a record of this kept on the field activities 

report form (see Section 7, Documentation). 

Dust control measures may also be required according to the Field Operations Plan (FOP) and 

Health and Safcty Plan (HSP). The airborne dispersion of cuttings can be controlled to some 

extent by circulating the return air through a vortex or cyclone. 
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532 Rock Coring 

Continuous core samples collected using rock coring methods can be used to obtain relatively 

undisturbed samples of rock for stratigraphic, lithologic, hydrogeologic, and environmental data. 

Conventional rock coring methods use a diamond coring bit instead of a conventional tricone or 

granular rotary bit. 

Continuous core samples will be extracted from the core barrel, placed on core racks, and logged 

by a geologist according to SOP 3.1, Logging Alluvial and Bedrock Material. Rock core to be saved 

for geotechnical testing or further geologic observations will be placed in plastic core wrap and then 

placed in core boxes with appropriately sized dividers to protect and preserve the orientation' of the 

core during transportation and storage. Coring equipment will also be decontaminated according 

to SOP 1.3, General Equipment Decontamination. 

Air or water drilling media used for coring must be contaminant-free. Therefore, the provisions 

required in Subsections 53.1.1 and 53.1.2 for drilling fluids also apply to rock coring procedures. 

6.0 DECONTAMINATION 

Generalized equipment decontamination procedures will include: 

e SamDlinP eaubment. Decontamination will be conducted between individual 

sanipling points to minimize potential cross-contamination. Sampling equipment 

will be decontaminated according to SOP 1.3, General Equipment 

Decontamination. During drilling and sampling, decontaminated equipment will 
be placed on new plastic sheeting or racks until it is used. At least two sets of 

samplers will be available so that one set can be used while the other is being 

decontaminated. 

(4011453) ( g e o t d )  (02/M/91) 
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0 Drillinaegyi pment. Decoatamination (augers, drill stems, drill bits, and other 

downhole equipment) will be conducted after each boring is complete. The drill 

rig will be decontaminated when moved to a new borehole/well site. 

Decontamination of drilling equipment is described in SOP 1.4, Heavy Equipment 

Decontamination. 

7.0 DOCUMENTATION 

All information required by this SOP will be documented on the Borehole Log Form (in SOP 3.1 
Logging Alluvial and Bedrock Materials) and the Rotary/Core Drilling Field Activities Report 

Form, Form 3.4A. The Field Activities Report Form will be filled out for each day of drilling at 

a given borehole location and, in situations where more than one boring is drilled and completed 

per day per drill rig, at least one form will be completed per boring. The borehole log will include 

information on subsurface material classification and lithology. The Field Activities Report will 

include the following information and have space for comments and documentation of general 

observations: 

Project, and borehole identifications 

Weather 

Equipment conditions desaiptions (rig, bits, etc) 

Personnel 

Drilling fluid used 

Drilling fluid return/loss and pressures 

Sampling information 

Waste disposal information 

Water level 

Borehole information 
0 Compressor/pump type 
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b End-of-day status (Le., partially complete, abandoned, e&.) 
b Chronological record of activities 
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2.0 PURPOSEANDSCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) to plug and abandon (Pa) boreholes. Plugging refers to the physical process of 

filling the hole with grout while abandonment refers to the completion and documentation of all of 

the requirements of this SOP. 

A borehole is defined for the purpose of this SOP as a ground penetration that is drilled for the 

primary purpose of obtaining geologic and environmental information. Generally, a borehole will 

provide retrieval of cores, cuttings, and geophysical data. Boreholes may be uncased or partially 

or fully cased. This SOP addresses abandonment of boreholes immediately after completion of 

drilling, therefore, the depth, diameter, and other features of the borehole will be known. Unless 

the status of a borehole is changed, it will be plugged and abandoned immediately after the desired 

data are collected. 

The status of a borehole may be changed to that of a well. A well is defined for the purpose of this 

SOP as a surface penetration drilled for the purpose of installing a water well; Le., for monitoring 

and/or production, or a cased penetration designed to obtain piezometric information. 

Abandonment of wells is addressed in SOP 3.11, Plugging and Abandonment of Wells. 

Abandonment of previous ground penetrations of unknown status is also addressed in SOP. 3.11. 

3.0 PERSONNEL 0UAZH;ICATIONS 

Personnel overseeing the plugging and abandonment at boreholes will be geologists, geotechnical 

engineers, or field techniaans with an appropriate amount of applicable field experience or on-the- 

job training under supervision of another qualified person. 



4.1 SOURCEREFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

._ 
A ComDendium of SuDerfund field Ow rations Methods. EPA/540/P-87/001. December 1987. 

Guidance for Conducting Remedial Investieations and Feasibilitv Studies Under CERCLA. Interim 

Final. EPA/540/G-89/004. October 1988. 

RCRA Facilitv Investbation Guidance. Interim Final. May 1989. 

RCRA Groundwater Monitorinp Technical Enforcement Guidance Document. EPA. OSWER- 

9950.1. Washington D.C. September 1986. 

Related SOPS cross-referend by this SOP are: 

SOP 15, Handling of Purge and Development Water 

SOP 1.8, Handling of Drilling Fluids and Cuttings 

SOP 1.9, Handling of Residual Samples 

SOP 13, General Equipment Decontamination 

SOP 1.4, Heavy Equipment Decontamination 

SOP 3.10, Borehole Clearing 

SOP 3.11, Plugging and Abandonment of Wells 

SOP 3.2, Drilling and Sampling Using Hollow-Stem Auger Techniques 
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5.0 

5.1 

0 SOP 33, Isolating Bedrock from the Alluvium with Grouted Surface Casing 

SOP 3.4, Rotary Drilling and Rock Coring 0 

MATERIAISANDEQUIPMENT 

The following materials and equipment may be used: 

0 Health and safety monitoring equipment and personal protective equipment 

according to the Health and Safety Plan 

0 Borehole plugging and abandonment form, 

0 Black waterproof ink pen 

0 Drill rig and associated equipment 

0 Reduced pH bentonite grout (American Colloid Pure Gold, or approved 

equivalent), mixed in a powered mechanical grout mixer according to 

manufacturer’s recommendations. The grout will contain at least 30 percent solids 

by weight and have a minimum density of 9.9 pounds per gallon after mixing. A 
mud balance will be used to check grout density prior to pumping for each 

borehole. 

0 Cement bentonite grout (proportioned as 1 sack [94 pounds] of Portland cement, 

5 pounds of powdered bentonite, and approximately 8 gallons of potable water) 
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0 Portable metal tanks for flushing and mixing 

0 High pressure steamer/spray 

0 Phosphate-free, lab grade detergent (e.g., Liquinox) 

0 Drums for containment of borehole effluent and sediment 

0 Weighted measuring tape 

0 Mirror 

0 Spotlight 

5 2  PROCEDURES 

Equipment for plugging and abandoning boreholes will be used according to the requirements of 

SOP 3.2, DriUing and Sampling Using Hollow-Stem Auger Techniques and SOP 3.4, Rotary Drilling 

and Rock Coring. These requirements include use of contaminant-free lubricants only (Le., pure 

vegetable oil) and visual monitoring of equipment for hydraulic and/or fuel or oil leaks. All 

procedures will be conducted according to the applicable Health and Safety Plan. If necessary, 

project-specific requirements will be addressed in a Standard Operating Procedures Addendum 

(SOPA). 

Plugging will involve placing bentonite grout by a tremie pipe positioned at the bottom of the hole. 

The grout will be mixed in a powered mechanical grout mixer. The tremie pipe can be raised 

during grouting, but it will be maintained from at least 5 to 10 feet below the upper level of the 

grout. The grout will be pumped until any other fluids have been displaced from the hole and 
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undiluted grout is observed flowing from the hole. The tremie pipe will then be removed from the 

hole. After settlement of the bentonite grout, the hole will be cleaned out to a depth of 

approximately 3 feet and a cement bentonite grout will be placed from the ground surface to a 

depth of approximately 3 feet. This cement bentonite grout cap will be installed after 24 hours or 

more to allow for primary grout settlement. If the initial grout settlement is 3 feet or more, the 

upper grout surface will be rehydrated by adding water and waiting approximately 30 minutes prior 

to placing the cement bentonite grout cap. Alternatively, the dehydrated grout may be removed. 

A metal cap with borehole ID and survey information will be embedded in the cement bentonite 

grout. The following information will be inscribed in the cap (see Field Sampling Plan (FSP) for 

survey requirements). 

a Borehole number 

0 , Survey coordinates 

0 Elevation 

. Date 

A grouted surface casing will have been placed in many boreholes prior to completion of drilling 

(see SOP 33, Isolating Bedrock from the Alluvium with Surface Casing). These casings will be 

unscreened PVC or steel casing for the purpose of isolating the bedrock from possible cross- 

contamination by the alluvium during drilling. Steel casing will be removed during borehole 

abandonment. PVC casing may be left in place except for the upper 3 feet where cement grout will 

be placed. Steel casing will be decontaminated after removal. Abandonment procedures must not 

allow cross-contamination from the alluvium into the bedrock or surface soils. This will require 

grouting the portion of borehole in bedrock prior to casing removal. If difficulties are encountered 

removing casing, further measures, such as overdrilling, may be required according to SOP 3.11, 

Plugging and Abandonment of Wells. 
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All fluids displaced from the borehole during grouting will be collected and handled according to 

SOP 15, Handling of Purge and Development Water, and SOP 1.8, Handling of Drilling Fluids and 

Cuttings. This will require provision a! the ground surface to colled fluid, such as surface casing 

discharging to a tank. In very deep boreholes when large quantities of fluids are anticipated, more 

elaborate measures such as grading the area and c o n s t r u ~  lined pits, may be required to control 

displaced wastes. This will be addressed in an SOPA. 

Upon completion of plugging, the rig and assodated equipment will be decontaminated according 

to SOP 13, General Equipment Decontamination and SOP 1.4, Heavy Equipment Decontamination. 

Remaining waste materials will be handled according to SOP 1.8, Handling of Drilling Fluids and 

Cuttings. The ground surface at the site will be restored to near original lines and grades. 

Landscaping and/or pavement will be replaced. 

6.0 DOCUMENTATION 

Information required by this SOP will be documented on the Borehole Log Form (in SOP 3.1 

Logging Alluvial and Bedrock Materials) and the Borehole Abandonment Field Activities Report 

Form, Form 35A. The Field Activities Report form will be fded out for each day of abandonment 

activities at a given borehole location and, in situations where more than one boring is abandoned 

per day per drill rig, at least one form will be completed per boring. The boring log wiU include 

information on subsurface material clas&cation, stratigraphy, and lithology. Waste handling will 

be documented according to SOP 1.8, Handling of Drilling Fluids and Cutthgs. The Field Activities 

Report will include the following information and have space for comments and documentation of 

general observations: 

0 Project, crew, and borehole identifications 

Equipment descriptions (rig, tremie, pump, etc.) 

0 Weather conditions 

0 
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a 

a Borehole depth/diameter 

a Volume of grout placed 

Water level in borehole prior to abandonment (if any) 

0 Type/length/diameter of casing removed 

0 Type/depth/diameter of Casing left in place 
a 

a Chronological record of activities 
End-of-day status (i.e., partially complete, cap set, etc.) 
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2.0 

3.0 

4.0 

4.1 

PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the 

Rocky Flats Plant (RFP) for installing monitoring wells and open-pipe piezometers. This 

SOP describes the equipment for drilling, field procedures, well material specifications, 

and decontamination procedures that will be used to install and document monitoring wells 

in order to attain acceptable standards of accuracy, precision, comparability, 

representativeness, and completeness. 

PERSONNEL QUALIPICATIONS 

Personnel overseeing the installation of monitoring wells and piezometers will be 

geologists, geotechnical engineers, or field technicians with an appropriate amount of 

applicable field experience or on-the-job training under the supervision of another 

qualified person. 

REFERENCES 

SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

ComDendium of SuDe rfund Field ODer-tho& . EPA/540/P-87/001. December 

1987. 

Guidance for Conductinn Remedial Investiaions and Feas ibilitv Styajes U nder CERCLA. 

Interim Final. EPA/540/G-89/004 October 1988. 

(4011453) (gcotech.6) (02/19/91) 
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. Interim Final. May 1989. . .  RCRA Facilitv Inv-n Gu' 1- 

RCRA Groundwater Mo nitorine T M  Enforcement Gf ince  Document . 
OSWER-9950.1, Washington D.C., September, 1986. 

EPA, 

4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced in this SOP are as follows: 

SOP 1.15, Use of PIDs and FIDs 

SOP 1.16, Field Radiological Measurements 

SOP 1.3, General Equipment Decontamination 

SOP 1.4, Heavy Equipment Decontamination 

SOP 3.1, Logging Alluvial and Bedrock Material 

SOP 3.2, Drilling and Sampling Using Hollow-stem Auger Techniques 

SOP 3.3, Isolating Bedrock from the Alluvium with Grouted Surface 

Casing 

SOP 3.4, Rotary Drilling and Rock Coring 

SOP 1.8, Handling of Drilling Fluids and Cuttings 

5.0 EQUIPMENT AND PROCEDURES FOR MONITORING WELL AND PIEZOMETER 
INSTALLATION 

Groundwater monitoring wells and open-pipe piezometers (observation wells) will be 

constructed in boreholes drilled and logged according to SOP 3.2, Drilling and Sampling 

Using Hollow-Stem Auger Techniques, or SOP 3.4, Rotary Drilling and Rock Coring, and 

SOP 3.1, Logging Alluvial and Bedrock Material. The construction of monitoring wells 

is the same as that used for piezometers. The distinction between wells and piezometers 

is based on the intended use. Wells are used for obtaining samples of groundwater while 

(401143) (geotcch.6) (02/19/91) 
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piezometers are intended only for water level measurements. If different types of 
piezometers are required (e.g., isolated electronic or pneumatic piezometers), they will be 
addressed in another SOP or in a standard operating procedure addendum (SOPA). All 

drilling and sampling equipment and materials will be protected from the ground surface 

with clear plastic sheeting or will be placed on clean drill racks. 

Personnel installing monitoring wells need to be cognizant of the many factors influencing 

the screened intervals selected for wells. For example, water table wells should have 

screens of sufficient length at the appropriate depth to monitor the water table. Wells 

with slow recharge should have sufficient screen area to allow adequate sample volume. 

However, long screened intervals should generally be avoided since they are of limited 

value for characterizing discrete zones of contamination. 

Selection of well screen intervals may also depend on the suspected presence of light or 
dense immiscible layers of contaminants floating on the water table or residing at the 

bottom of a hydrostratigraphic unit (HSU). Screened intervals across different HSUs 
should generally be avoided particularly where there is a potential for cross-contamination 

between HSUs to occur. 

These factors must be addressed during project planning and the Field Sampling Plan 

(FSP) will normally provide rationale for the planned sampling. Personnel installing 

monitoring wells should be familiar with the FSP and the rationale used in determining 

well screen intervals. 

5.1 EQUIPMENT AND MATERIALS 

The following is a list of equipment and well materials for well installation: 
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Drill rig with appropriately sized drill bit augers, and/or rods 

High pressure steamer/sprayer 

Sand bailer 

Long-handled bristle brushes 

Wash/rinse tubs 

Phosphate-free, lab grade detergent (e.g., Liquinox) 

Weighted tape measure 

Water level probe 

Distilled water 

Drums for containment of cuttings 

Appropriate health and safety equipment 

Field book 

Location map 

Boring log form 

Groundwater observation well report 

5.2 DRILLING PROCEDURES 

Boreholes for wells will be drilled by using a drill rig and drilling method capable of 

completing the well to the depth specified in the FSP. All drilling equipment, including 

the drill rig, water tanks, and all down-hole equipment will be decontaminated according 

to SOP 1.3, General Equipment Decontamination and SOP 1.4, Heavy Equipment 

Decontamination. The same decontamination procedure will also be followed between 

boreholes. 

Before drilling, test borings/wells will have been numbered, located, and identified by 

using stakes, or nails with flagging, on paved surfaces. Drilling locations will be cleared 

for buried metal objects and utility interference according to SOP 3.10, Borehole Clearing. 
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Boreholes will be advanced from the ground surface to a predetermined target depth given 

in the FSP. Boreholes drilled for wells will be logged'stratigraphically by examination of 
the sample cuttings or core samples according to SOP 3.1, Logging Alluvial and Bedrock 

Material. 

If hollow-stem augers are used for alluvial wells, the boreholes will be augured as little as 

possible into claystone bedrock (approximately 6 inches or less), since the claystone 

bedrock cuttings may tend to be smeared along the side of the borehole in the alluvium. 

Therefore, after the augers have been advanced to the bedrock contact, an appropriately 

sized drive sampler will be driven 2 feet into the claystone bedrock to provide a pilot hole 

for a 2-foot deep sediment sump. The sediment sump will be a 2-foot-long piece of blank 

casing installed immediately beneath the screen in all wells. The pilot hole will have a 

diameter no more than 1-inch greater than the outside diameter (OD) of the casing. 

During the drilling process, the center bit will be removed slowly to prevent sand from 

entering (blowing into) the bottom auger. In the event of sand blow-in, RFP potable water 

may be added to the inside of the augers to equalize the hydrostatic pressure of the 

formation water. A record of the amount of water placed in the well will be kept so that 

it can be taken into account during well development. 

The inside diameter (I.D.) of the augers will be approximately 4 inches or more larger 

than the outside diameter (O.D.) of the casing, resulting in a 2-inch annulus around the 

casing. Similarly, a 2-inch annulus will be provided around well screens and casings when 

wells are constructed in open portions of boreholes. In open-hole installation (wells 

constructed in uncased boreholes), the use of stainless steel casing centralizers will be 

required to ensure the 2-inch annulus is maintained. Centralizers should be provided 

above and below the well screen, but not within the bentonite seal. Depending on the well 

depth and diameter, centralizers may also be required at intervals along the riser to 
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provide a 2-inch grout annulus. When hollow-stem augers are used, centralizers will only 

be required if the auger flights are not a sufficient size to ensure a 2-inch minimum 

annulus dimension on all sides of the screen. 

During the drilling operation, the cuttings and formation water from the boring will be 

placed in waste drums if required (see SOP 1.8, Handling of Drilling Fluids and Cuttings). 

Single-cased wells will be used in the alluvial/unconfined aquifer. Double casing will be 

required for bedrock wells installed in areas of potentially contaminated alluvial 

groundwater. Surface casing will be installed through the alluvium according to SOP 3.3, 
Isolating Bedrock from the Alluvium with Grouted Surface Casing. 

Boreholes for alluvial and bedrock wells will be drilled according to SOP 3.2, Drilling and 

Sampling Using Hollow-Stem Auger Techniques or SOP 3.4, Rotary Drilling and Rock 

Coring. 

53 WELL MATERIALS AND INSTALLATION PROCEDURES 

53.1 Materials 

53.1.1 Well CasinPs 

Well casings will consist of new, threaded, flush-joint schedule 40 poly-vinyl chloride 

(PVC) unless another type of casing (e.g., stainless steel) is required by the FSP or a 

SOPA. The well casing will extend from the top of the well screen to approximately 2 feet 

above ground surface. The tops of all well casings will be fitted with slip-on or threaded 

PVC caps which can be easily removed by hand. All joints within the casing string will be 

threaded. Heat-welded joints, solvents, and/or gaskets will not be used. Polytetra 
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fluoroethylene (PTFE) tape will be wrapped around the joint threads to improve the seal. 

All well casings will be free of foreign material and will be steam cleaned with approved 

water before use. Steam-cleaned casings will be stored in plastic sleeves prior to use. 

Casing with stamped or stenciled nomenclature will not be used. 

53.1.2 Well Scree- 

Well screens will consist of new threaded PVC pipe (unless another material [e.g., 

stainless steel] is required by the FSP or a SOPA) with 0.010-inch factory-machined slots 

or wrapped screen. All well screens will have an I.D. equal to or greater than that of the 

well casing. The wall thickness of PVC screen will be the same as that of the well casing. 

A 2-foot deep sediment sump will be used beneath the screen. A threaded cap or a slip-on 

cap secured with stainless steel screws will be provided at the bottom of the sump. Well 

screen with stamped or stenciled nomenclature will not be used. 

53.13 Filter Pack 

The filter pack material will be chemically inert, rounded, silica sand of appropriate size 

for the well screen and host environment. Grain size analyses of the unconsolidated 

formations underlying the site have indicated a 16-40 gradation is appropriate and will be 

used on the site unless the FSP or SOPA indicates otherwise. The filter pack will extend 

approximately 2 feet above the top of the screen unless otherwise specified. The final 

depth to the top of the filter pack will be measured directly by using a weighted tape 

measure and not by using volumetric calculation methods. The volume placed will be 

recorded. 

I (401143) (geotech.6) (02/19/91) 
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53.1.4 Bentonite Sed 

A bentonite seal will be installed above the filter pack. The seal will consist of a layer of 

commercially available bentonite pellets that is at least 3 feet thick. when measured 

immediately after placement, without allowance for swelling. 

53.1.5 Bentonite Grout 

The annular space between the well casing and the borehole will be grouted from the top 

of the bentonite seal to ground surface. The grout will consist of high-solids reduced pH 

bentonite grout (American Colloid Pure Gold or approved equivalent) mixed in a powered 

mechanical grout mixer according to the grout manufacturer's recommendations. The 

grout will contain at least 30 percent solids by weight and have a minimum density of 9.9 

pounds per gallon after mixing. The density will be checked with a mud balance. 

Grout will be placed outside of the monitoring well casing using a side-discharge tremie 

pipe located just above the top of the bentonite seal. The grout will be pumped through 

the pipe until undiluted grout flows from the annular space at the ground surface. The 

tremie pipe will then be removed and more grout added to compensate €or settling. After 

24 hours, the site will be checked for grout settlement and more grout added to fill any 

depressions. The total volume placed will be recorded. 

53.2 Installation Procedures 

53.2.1 Alluvial Piezometer and Monitoring W e  11 Insmati0 II 

Figure 3.6-1 shows a schematic diagram of the lower portion -fan alluvial well completion. 

Monitoring well installation will begin after formation water and fine grained sediment 
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have been bailed using a sand bailer until the water is relatively clear and free of 

sediments. If granular soils do not blow into the bottom auger, raising the augers 1 to 2 

feet above the bottom of the hole can help with the removal of muddy water from outside 

of the augers. This will not work if the hole bottom caves or blows in. 

The borehole depth will then be measured to the nearest 0.1 foot, and the well assembly 

will be measured to the nearest 0.01 foot. The portion of the well casing cut off at the top 

will be measured and subtracted from the total length supplied to determine the total well 

assembly length. 

Once the well assembly is in place, the filter pack will be added slowly to the zone below 

the water level in the borehole by tremie pipe. If filter pack material is placed in wells 

above the water level in the borehole, a tremie pipe will not be required inside of hollow- 

stem augers. A tremie pipe will be required for all filter placement in open hole 

completions. The filter pack will be added in 1- to 2-foot increments. Similarly, the 

augers will be raised in 1- to 2-foot increments so that the sand level is always at or 
slightly above the bottom of the augers. Depth measurements of the top of the filter 

material will be taken continuously in the well annulus as the filter is placed. The final 

depth to the top of the filter pack will be approximately 2 feet above the top of the well 

screen and will be directly measured by a weighted tape measure. The weight on the 

measure tape will be stainless steel in the event that it accidentally becomes embedded in 

the filter pack. If bridging of the filter material occurs in the well annulus or tremie pipe 

during placement, the bridged material will be broken loose mechanically by shaking 

augers and/or well assembly. Bridged material in the annulus may also be broken loose 

by probing with a 1-inch-diameter tremie pipe. If both of these methods are unsuccessful, 

distilled water may be pumped through the 1-inch tremie pipe to dislodge the bridged 

material. A record of the amount of water placed in the well will be kept so that it can 
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be taken into account during well development. The volume of filter material placed will 

also be.recorded. 

A minimum 3-fOOt bentonite pellet seal (before swelling) will be installed immediately 

above the filter pack. If the bentonite pellet seal will be placed below the water table, it 

will be installed through a tremie pipe. The bentonite pellets will be added slowly to 

reduce the chances for bridging of the pellets inside the tremie. The augers will be raised 

approximately 1 foot above the filter pack prior to adding the bentonite pellets. The top 

of the bentonite seal should never be above the base of the augers. If the bentonite seal 

is placed above the water level in the borehole, the pellets may be allowed to free-fall into 

the borehole if hollow-stem augers are being used. The bentonite will be hydrated using 

5 gallons of distilled water after the base of the augers are raised approximately 1 foot 

above the top of the bentonite seal. The completed bentonite seal will be allowed to 

hydrate for approximately 30 minutes before proceeding with the grouting operation. 

Bentonite grout backfill will be placed from the top of the bentonite seal to the ground 

surface. The grout mixture will conform to the specifications outlined in Subsection 

5.3.1.5, Bentonite Grout. The grout will be tremied into the well annulus using a side- 

discharge tremie until it is completely full. The volume of grout placed will be recorded. 

After settlement of the bentonite grout has been allowed for 24 to 48 hours, the protective 

steel casing will be embedded in cement-bentonite grout or nonshrink concrete. The 

cement-containing grout will occupy the upper 1 1/2 to 3 feet of the well annulus to 

anchor the protective casing. This may require removing some of the bentonite grout from 

the upper 1 1/2 to 3 feet of the well annulus. If the upper grout surface is dehydrated, 

it will either be removed or rehydrated by adding water and waiting approximately 30 
minutes. 
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53.2.2 Bedr W k  Piezometer md Moniton'sg Well -tl 'on 

Figure 3.6-2 shows a schematic diagram of the lower portion of a bedrock well completion. 

Bedrock piezometers and monitoring well installations will be similar to the alluvial well 

installation procedures except that a surface casing will be provided through the alluvium 

to guard against potential cross-contamination of bedrock aquifers by contaminated alluvial 

groundwater. The surface casing will extend from the ground surface to at lease 3 feet 

below the bedrock alluvium contact. This casing will be installed according to SOP 3.3, 
Isolating Bedrock from the Alluvium with Grouted Surface Casing. 

If rotary drilling methods (see SOP 3.4, Rotary Drilling and Rock Coring) are required, 

the installation procedures will be similar except that the well may be completed in an 

open hole instead of inside of hollow-stem augers. The well string will be suspended 

approximately 2 inches above the bottom of the borehole prior to installing the filter pack. 

This will reduce bending of the well assembly and minimize the potential for collapse of 
the casing due to the weight of fluid in the annulus. Stainless steel centralizers will be 

placed at 20-foot-maximum spacing for wells completed in open holes. 

53.2.3 Yell Features at G round Sur fw 

Figure 3.6-3 shows a schematic diagram of well features at the ground surface. A 5-foot- 

long protective steel casing with a hinged and locking steel cap will be installed over the 

monitoring well riser that projects above the ground surface between 24 and 48 hours after 

initial grout placement. The protective casing will have a minimum 8-inch I.D. for 4-inch 

wells and a minimum 6-inch I.D. for 2-inch wells. The well designation will be welded on 

the protective casing. 
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The bottom of the protective casing will be embedded 2 to 3 feet below the ground surface 

in concrete or cement grout. Prior to installing the protective casing, the well will be 

checked for alignment by lowering a 5-foot-long, 1 1/2-inch diameter bailer down the 

entire depth of the well. If the bailer hangs up, the EG&G project manager will decide 

whether or not the well needs to be reconstructed. 

The annulus between the well riser and the steel protective casing will be filled with 

nonshrink cement grout or concrete to a minimum of 12 inches above the ground surface, 

and a 1/4-inch-diameter hole will be drilled in the protective casing just above the grout 

or concrete surface to allow drainage. 
I 

At the same time the protective steel casing is grouted or concreted in place, an external 

concrete collar approximately 3 feet square will be placed around the protective casing at 

the ground surface. The well designation will be scribed in the concrete before it sets. 

The collar will be graded to slope away from the casing in all directions. 

When traffic conditions or vegetation warrant extra protection, four 3-inch-diameter steel 

posts will be installed. The posts will be located radially from the well casing at a distance 

of approximately 4 feet. They will be embedded in concrete 3 feet below the ground 

surface with a minimum of 3 feet sticking up above the ground. Installation is required 

within 48 hours of well installation. In areas of high vegetation, the posts will be flagged. 

6.0 DOCUMENTATION 

The installation of monitoring wells and piezometers will be documented on groundwater 

monitoring well and piezometer report forms. Drilling information will be documented 

on Rocky Flats Plant Borehole Log Forms (SOP 3.1, Logging Alluvial and Bedrock 

Material) and on hollow-stem auger or rotary and core drilling field activities report forms 
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(SOPs 3.2 and 3.4) Besides the drilling and borehole information required by these other 

SOPs, the following documentation will be recorded on the Groundwater Monitoring Well 

and Piezometer Report Form, Form 3.6A. Location references will use the State Plane 

Coordinate System and elevations will be feet above mean sea level (USGS datum). 

. 
,. . . . . . . . . . . . . . . . . 

0 

e . . 
e 

Elevation of ground surface 

Elevation of top of surface casing/riser pipe 

Height of top of surface casing/riser pipe above ground surface 

Depth of surface seal below ground surface 

Type of surface seal 

Type and size of surface casing 

Depth of surface casing below ground 

Types/depths of centralizers 

Type and size of riser pipe 

Diameter of borehole 

Depth of borehole 

Type/volume of backfill 

Elev./depth top of seal 

Type of seal 

Elev./depth bottom of seal 

Type/volume of filter pack 

Depth of top of filter pack 

Elev./depth top of screened section 

Type of screened section 

Screen openings 

I.D. of screened section 

Elev./depth of bottom of screened section 

Length of blank section below screen 

(4011453) (~cotech.6) (02/19/91) 



EG&G ROCKY FIATS PLANT Mafkrul: 5-21#W)-FOP 
EMAD GEOTECHNICAL SOP R d a r e  No.: 3.6, Rev. 0 

Psae: 18 of 18 
Safety Related Efkctke Date: February 18, 1991 
Category 1 0rg.niUtion: ERdkWM 

0 Elev./depth of bottom of plugged blank section 

Elev./depth ,of bottom of sand column 

Type of backfill below observation pipe 

Elev./ depth of bottom of hole 

0 

0 

0 
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3.0 

4.0 

4.1 

PuRPOSEAND S<XIPE 

This standard operating procedure (SOP) describes equipment, decontamination, and procedures 

that will be used for field ,&ta collection and documentation during logging and sampling of test 

pits and trenches in order to attain. acceptable standards of accuracy, precision, comparability, 

representativeness, and completeness. 

Open excavations, long and narrow if a trench, or rectangular if a pit, may be used for shallow 

geological and environmental subsurface exploration and/or sampling purposes. Trenches or pits 

will be excavated manually or with a machine such as a backhoe, clamshell, trencher excavator, or 

bulldozer. Samples may be obtained by using a variety of sampling equipment. 

RESPONSIBILITIES AND QUALIFICATIONS 

Personnel logging and sampling test pits and trenches will be geologists, geotechnical engineers, or 

field technicians with an appropriate amount of applicable field experience or on-the-job training 

under the supervision of another qualified person. 

' 

REFERENCES 

SOURCEREFERENCES 

The following is a list of references reviewed prior to the writing of this procedure. 

A ComDendium of SuDerfund Field Owrations Methods. EPA/540/P-87/001. December 1987. 

502 SamD le Collection--Surface. Colorado Department of Health Radiation Counting Facility, 

Operating Procedure. July 1, 1989. 
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5.0 

5.1 

Related SOPS cross-referenced by this SOP are: 

e SOP 3.10, Borehole Clearance 

e SOP 3.8, Surface Soil Sampling 
SOP 1.13, Containeriziug, Preserving, Handling, and Shipping of Soil and Water e 

Samples 
SOP 3.1, Logging Alluvial and Bedrock Materials e 

e SOP 13, General Equipment Decontamination 

SOP 1.4, Heavy Equipment Decontamination e 

MATERIALSANDEQUIPMENT 

The following is a list of equipment and materials that may be needed to perform trenching and 

trench sampling: 

Backhoe (or other appropriate excavation equipment) 

Steam cleaner 

2- to 3-inch-diameter stainless steel, thin-walled tube (Shelby tube) samplers 

Sample jars 

Extension rods with slide hammer apparatus to drive tube samples 

Teflone sheeting 

Plastic caps for tube samplers 

Electrical tape 

4mil polyethylene sheeting 
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5.21 

PROCEDURES 

ExcaMton 

Coolers 

Ice (H,O or blue ice) 

Sample labels 

Chain-of-custody forms 

Phosphate-free detergent (e.g., Liquinox) 

Tap water 

Distilled water 

Plastic buckets 

Scrub brush 

Stainless steel bowl 

Stainless steel long-handled spoon 

Stakes 

Gridded paper 

Tape measure 

Camera and film (ph waphy is s 
Photolog form(s) (Form 3.7C) 

Location map@) 

Compass 

curityc ntrolled) 

Personal health and safety equipment, as described in the Health and Safety Plan 

HSP) 

/ 

Prior to excavating, locations will be cleared accordbg to SOP 3.10, Borehole Clearance. All 

excavations that are deeper than 4 feet must be examined, and measures taken to comply with 



OSHA regulations prior to personnel entry. All adivities will be conducted in accordance with the 

Health and Safety Plan (HSP). 

Excavated material will be selectively stockpiled near the excavation to allow backfilling of the 

material in the general order in which it was removed. Material excavated from within an 

Individual Hazardous Substance Sites ( I H S S )  will be stockpiled within the IHSS boundaries to avoid 

expansion of the IHSS. Depending on sampling requirements outlined in the Field Sampling Plan 

(FSP), samples may be obtained from the excavation bottom at different depths as excavation 

proceeds, or the pit may be excavated to its final depth and then sampled from the sides. 

Pits and trenches will normally be backfilled the same day as excavation, immediately after 

completion of sampling and/or logging. If pits are left open overnight, the pit and stockpile will 

be covered and barricaded for personnel safety and prevention of windblown dispersal of soils. 

Classification of soil and rock, and logging of pits and trenches will be conducted in general 

accordance with SOP 3.1, Logging Alluvial and Bedrock Materials. Reference stakes or reference 

lines between stakes should be used to help measure the pit dimensions and stratigraphy. If the 

stratigraphy is consistent around the periphery of the pit or on both sides of a trench, a borehole 

log may be sufficient to document the conditions. However, if relatively complex conditions are 

exposed, a sketch of the pit wall(s) should be made to supplement the log form. The sketch will 

be drawn to scale and indicate the major stratigraphic features exposed in the pit. Any visual signs 

of contamination will also be noted in the sketch and/or on the log. The pit sketch will include a 

plan view showing the pit orientation with a north arrow and will indicate the side(s) that is 

sketched. 



5 2 3  sampling 

Prior to sampling, the surface to be sampled (bottom or side) will be peeled with a stainless steel 

instrument to expose an undisturbed surface. Peeling will remove material possibly cross- 

contaminated during the excavation process by materials from other depths within the pit. If the 

trench or pit sides are sampled, peeling will start at the top and proceed downward and then 

sampling will start at the bottom and progress.upward. Alternatively, each sample location may be 

individually peeled immediately prior to obtaining the sample. 

After peeling, sampling will be conducted either by driving stainless steel thin-walled (Shelby) tubes, 

or by using a stainless steel spoon or scoop, to remove soils from the pit and then placing them in 

a container. In general, sample containers will be consistent with those described in SOP 1.13, 
Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples. However, Volatile 

Organic Analysis (VOA) samples may be obtained in stainless steel drive tubes and then 

immediately capped with Teflon@-lined plastic caps sealed with electrical tape. 

In the case of radiological contaminant eqloration, the FSP may require that several samples be 

obtained within the upper 1 to 2 inches of the pit. If so, the procedures in SOP No 38, Surface Soil 

Sampling, will be followed for these samples. Prior to sampling each depth, the ground surface will 

be excavated to the appropriate required depth with a shovel, and then the surface will be peeled 

with a stainless steel scraper over the required area. In wet or windy weather conditions, 

precautions will be taken so that the moisture of the samples is not affected by weather and so that 

windblown dust does not aoss-contaminate samples. Depending on the severity of the weather, this 

may require suspending sampling activities. 

(401143) (gmkh.7) (OZ/l7/91) 



After completion of sampling and logging, the original soils will be replaced in the pit or trench at 

their original depths to the extent practical so that the soil from the bottom of the trench will be 

placed on the bottom and the topsoil will be replaced on the top. This can generally be 

accomplished by replacing the excavated material in layers of less than 8 inches on uncompacted 

thickness and making several passes over the soil lift with compaction equipment designed to 

compact soil. Backfi in outlying areas need not be compacted beyond tamping with a backhoe 

bucket. All excavation will be restored to near original line, grade, and aesthetics. 

Pit locations will be surveyed either &fore or after excavation. Surveying will involve obtaining 

horizontal coordinates of a stake near the center of the pit and an elevation of the ground surface 

at the stake. Required accuracies are given in the FSP. 

6.0 DECONTAMINATION 

Excavation equipment will be decontaminated prior to excavating each trench or pit and at 1 ie 

conclusion of the operation. Sampling and peeling equipment will be decontaminated prior to 

collecting each sample. Care should be taken to inspect and monitor all excavation equipment, 

especially the backhoe, to ensure that no hydraulic and/or fuel leaks add contaminants to the site. 

Specific decontamination procedures are described in SOP 13, General Equipment 

Decontamination and SOP 1.4, Heavy Equipment Decontamination.. 



7.0 -ATiON 

All information required by this SOP will be documented on the Borehole Log Form (in SOP 3.1, 

Logging Alluvial and Bedrock Materials); the Field Activities Report, Pits and Trenches Form 

(Form 3.7A); the Profile Sketch Form (Form 3.7B); and the Photolog Form (Form 3.7C). The 

Field Activities Report Form will be filled out for each day of excavation at a given location, and, 
in situations where more than one pit or trench is excavated and completed per day, at least one 

form will be completed per pit or trench. The Borehole Log Form will include information on 

subsurface material classification and lithology. 

The Profie Sketch Form will show stratigraphy graphically if warranted by the complexity of the 

conditions exposed. At least one color photograph will be taken of each trench or pit, and multiple 

photographs will be obtained if conditions vary across the pit or trench. All photographs taken at 

the RFP must conform to plant security controls. The roll number, frame number, orientation, and 

location of each photograph will be recorded on the Photolog Form. A visual scale and color 

reference chart will be included in all photographs. An &inch by 10-inch print will be stapled to 

the photolog form. The Field Activities Report will include the following information and have 

space for comments and documentation of general observations: 

Project, aew, and borehole identifications 

Weather conditions 

Equipment descriptions (backhoe, shovel, etc.) 

Sampling information (types, depths, locations) 

Site restoration 

Pit/trench horizontal dimensions 

Pit/trench depth 

Chronological record of activities 
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This standard operating procedure (SOP) describes procedures that will be used at Rocky 
Flats Plant (RFP) to sample near-surface soils. The SOP is divided into two primary 

sections: one for obtaining surface scrapes according to several protocols for assessing 
radionuclide contamination (Sedion 5.0) and another for more generalized sampling of 

near-surface soils for other nonradionuclide analyses (Section 6.0). 

This SOP describes personnel responsibilities and qualifications, sampling equipment and 

procedures, decontamination, and documentation procedures. 

3.0 

4.0 

4.1 

Personnel sampling surface soils will be scientists, engineers, or field technicians with an 

appropriate amount of applicable field experience or on-the-job training under the 

supervision of another qualified person. 

SOURCE REPWENCES 

The following is a list of references reviewed prior to the Writing of this procedure: 

A Com~endium of Superfund Field Oue rations Methods . EPA/54o/P-87/001. December 

1987. 

inn Pr-. Colorado Debartme ut of Health Radiation Countinn F a d e  Oue rat 

Version 1.0. "Soil Sample Colledon - Surface." July 1989. 

.. 
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5.0 

Guidance for Condu ctine Remedial Investqg@ons and Feasibilitv Studies Under CE RCLA. 

Interim Final. October 1988. 

, . .  

RCRA Facilitv I n v e s w  on GulQnce . Inter imFd.  May1989. 

Rockwell International R o c h  Flats Plant Environmental Resto rahon * Ptwam. 

Control Plan. January 1989. 

The Environmental Surv ev M a n d .  DOErn-0053. Volumes 1-4. August 1987. 

There are 3 surface radionuclide soil sampling techniques employed at the RFP. (1) 

Colorado Department of Health (CDH) method, (2) Rocky Flats (RF) method, and (3) 

the "grab method." The CDH method will be used in Inter-Agency Agreement (IAG) 

projects, Environmental Restoration (ER) support for construdion work on site, and other 

DOE related work. The RF method will be used ia the annual soil monitoring program 

INTERNALREFERENCES 

Related SOPS cross-referend in this SOP are as follows: 

SOP 3.2, Drilling and Sampling Using Hollow-stem Auger Techniques 

SOP 3.7, Logging of Test Pits and Trenches 

SOP 13, coatainerizing, Preserving, Handling, and Shipping Soil and 

Water Samples 

SOP 1.3, General Equipment Decontamination 

SOP 1.16, Field Radiological Measurements 

PROCEDURES FOR SURFACE R A D I O W O E  SOIL SAMPUNG 



5.1 

and other specialized projeds. The "grab method" will be used in special circumstances 

when the CDH or the RF methods do not apply. The primary considerations for squiring 

surface soil samples for radionuclide include the following 

e Sample handling should be minimized. 

e The sample will be placed in an air-tight stainless steel container or wide- 

mouth plastic container immediately after collection. 

e The sample will be properly labeled. 

e No sieving of soil material will be performed in the field. 

Refer to SOP 1.13, Containerizing, Preserving, Handling, and ShippiOg Soil and Water 

Samples for further details. Above-surface plant parts and coarse material (pebbles, rocks, 

and stones) will be removed by the sampling team. The soil samples will be classified 
according to SOP 3.1, Logging Alluvial and Bedrock Material. All sampling equipment will 

be protected from the ground surface with plastic sheeting. 

EQUIPMENTANDMATERIAZS 

The following is a list of equipment used for radionuclide contaminated soil sampling: 

e CDH soil sampler 

e Stainless steel scoop 

e Stainless steel lab spoon 

e Sample containers 
Stainless steel mixing bowl or pan equivalent 
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PROCEDURE 

Sample labels 

Washandrinsetubs 

Phosphate-fre detergent 

Distilled water 

Plastic sheeting 

Sample locations (map and/or list) 

Appropriate health and safely equipment 

Logbook 

Sampling locations are described in the Field Sampling Plan (FSP). Some samples will be 
composited to obtain representative samples of large areas and others will be single- 

' location samples. Sampling techniques for either type of sample are the same prior to 

compositing. 

Soil Sampling witb a CDH samples 

The preferred method for colleding soil samples for radionuclide analysis at the RFP is 

with the CDH sampler that was designed for this purpose. The sampler is designed to 

obtain a sample from the upper surface 1/4 inch deep from an area 2 inches wide and 2 

3/8 inches long, as shown in F w e  3.8-1. The following procedures will be used for the 

CDH sampler: 

1. Always use a dean sample container. 

2. Label sample container into which the soil sample is to be placed. 
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TEMPLATE 

2" 

SPADE 

BACK END 

114'' -cl ROLLED EDGE 

FRONT END 

SOIL SAMPLING DEVICE, 
CRITICAL DIMENSIONS 

Figure 3.8-1 
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3. Make sure that the soil sampling template is decontaminated and dry, 
then place it on the ground and push it into the soil so that the soil 
surface is even with the upper surface of the sampling template. 

4. At the back end of the template (the end farthest from the curved scoop 

at the front of the template), place the sampling spade in the soil 1/4 inch 

deep, up to the rolled edges on the flanges on each side of the spade, so 

that the rolled edges face the front edge of the template. Refer to Figure 

3.8-1. 

5. Gently, but firmly, draw the sampling spade forward, so that the soil is 
drawn to the cwed scoop at the front of the sampling template. 

6. Lift the spade, place it at the back of the template again and draw it 

forward once more to ensure that the entire volume that is defrned by the 

,template (1/4 inch deep by 2 inches wide by 2 3/8 inches long) is 
collected into the curved scoop at the front of the template. Repeat as 
necessary to obtain a complete sample. 

7. Taking care not to spill any of the soil that has been collected, lift the 

template up from the ground. Place the curved scoop at the front of the 
template inside the sample container and tip the sampling template up to 

pour the &d into the container. Brush any soil that adheres to the scoop 

into the sample container. 

8. Close the container. 
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9. After samples are placed in sample containers, the outside of the 

container wiU be wiped clean of excess material and placed in double 

plastic bags. 

10. Transfer the samples to the sample manager. 

11. Decontaminate equipment after use and between sample locations. For 
specific decontamination guidelines, consult SOP 13, General Equipment 

Decontamination. Decontamination according to these procedures is not 

necessary between composite sample points; however, excess dirt or mud 

should be cleaned from the equipment. 

INTRODUCTION 

0 The purpose of soil sampling can generally be related to one or more specific 

objectives. These are as follows: (1) deposit inventories; (2) deposition 

increment; (3) agricultural availabfiw, (4) resuspension availabilitr, and (5) 
distribution of contaminant. 

Procedures given here include those for inventory and resuspension. Inventory 

sampling can be performed with shallow samples supported by a suitable number 

of deep cores. Resuspendable material sampling can be accomplished with 1 an 
deep samples. 



0 If the objective of sampling is other than inventory or resuspension, special 

collection techniques could be required. When this omm, the project manager 

should seek expert advice and record the details of the modified procedure. 

INVENTORY SAMPLING 

Equipment 

Soil sampling jig (10 X 10 X 5 cm) 

Spare sampling jig parts 

scoop, stainless steel 

Brushes, wire and paint 

Water supply, detergent, wash bucket and paper towels 

Paint cans, 1 gallon new 

Hammer 

Miscellaneous cold chisels 

Pointed cement trowel 

Marking pens, gre.ase type or felt tip 

Metric rule 

Wood block (10 X 10 X 30 cm) 
Site selection plan 

Log book 



PROCEDURE 

General 

e The purpose of sampling is to determine the amount of accumulated plutonium 

that has been deposited on the ground. This is accomplished by collecting a 

sample volume of 5ooo an3 of soil jn-sit\r. The jig outlines a 1O-cm square area 

and is driven 5 cm into the soil to cut three sides of the sample. At the fourth 

side, soil is removed from outside the jig's perimeter. The scoop is used to finish 
the cut on both the fourth side of the sample and the bottom surface. Five 

samples should be collected at each location and composited. 

e In very rocky areas, good sample geometry (shape) cannot be achieved with the 

jig. In those cases, the jig and the metric rule should be used to gauge the desired 

sample size. Rocks and soil are pried or chiseled out of place for collection. 

Selection of Sample Site 

e A site selection plan should be used to specify the general site location. The plan 

must provide adequate information for the sample collection crew to locate each 
specific site. The sites should be permanently marked with a steel post and 

identification sign so that the same area can be resampled. Permission to collect 
samples and mark the site should be obtained from each landowner. The sample 

collection crew should be accompanied by supervision to ensure that specified 

procedures are followed. 



The following site selection aiteria should be considex& 

U n U  location for the time interval of interest. 

Near the center of a large, flat, open area. 

- Not subject to excessive runoff during heavy rain. 

Light to moderate vegetation and permeable soil. 

Not in area of mechanical disturbance. 

e If a sample site is not available that meets the above criteria, the 

independent judgment of the crew supervisor should be used to meet the 

basic objectives as closely as possible. 

0 All selected sites should be located on a map. 

COLLECIlON PROCEDURES 

Ten soil samples should be collected at each site and CompOsited for analysis. Samples 

should be collected at the center and comers of two one-meter squares which are spaced 
one meter apart. 

e Place the sampling jig on the ground, and using the wood block and 

hammer, drive the jig into the soil to a depth of 5 an. 



0 With minimal disturbance to the soil inside the jig, use a scoop, trowel or 

chisel to remove the soil from around the open side of the sample jig. 

Soil should be removed to a depth which will allow easy removal of the 

sample. 

0 Discard the soil removed from outside the jig. 

0 Remove the soil sample from the interior of the j ig with a scoop or trowel 

and place it in the paint can. Repeat this procedure at each of the five 

locations and place the samples in the same can to yield one composite 

sample. 

0 Label the sample container with the following information: 

Sample site identification 

Collection date 

Name of sample collector 

0 As an alternate, remove the soil sample from the interior of the jig with 

a scoop or trowel and place it in a l0-mesh sieve that has a plastic bag 

attached to the bottom to receive the material that passes the sieve. 

After all the subsamples have been placed into the sieve, attach the wver 

and seal with tape. Shake the sieve for several minutes and discard the 

oversize soil particles. Place the plastic bag of soil 6nes in the paint can. 
Make certain to select a plastic b q  that stretches tightly over the rim of 

the sieve. 



Sampling with a stainless steel scoop is similar to the method used with the CDH sampler. 

However, the exad sample size and depth will be difficult to duplicate. 

Follow these procedures for use of a stainless steel scoop: 

1. Prepare sample container as previously described. 

2. Use the scoop to excavate the soil; depths and volumes may vary 

depending on field conditions and work requirements. 

3. Containerize and handle as previously desc r i i .  

5 2 4  Cornpositing of Soilsamples 

Cornpositing of samples will be required for some tasks. This will be done by emptying 

the sample container(s) into a large stainless steel bowl or pan and Stirring by using a 

stainless steel xoop or spoon to thoroughly mix the sample(s). The soil will be scraped 

from the sides, corners, and bottom of the pan, rolled to the center of the pan, and mixed. 

The sample will then to be quartered and moved to the four corners of the mixing pan. 

Each quarter of the sample will then be mixed individually. Each quarter will then be 

rolled to the center of the mixing pan and the entire sample mixed together. This 

procedure will be repeated as necessary to provide a homogeneous sample before being 

placed in the sample container(s). 



a0 PROCEDURES PDR NONRADIONUCUDE SURFACE SOIL W U N G  

Soil sampling will be done with either a stainless steel scoop for very shallow samples or 
with a spade and a stainless steel scoop. The primary consideration for aquiring samples 

in the field include the following: 

6.1 

0 Samples will be stored near 4. C. 

Sample handling should be m i n i m i .  

Sample/air contact should be minimized. 

0 

0 

. The sample should be placed in &-tight container immediately after 

collection. 

For further information on sample handling, refer to SOP 1.13, Containeribn& Preserving, 

Handling, and Shipping Soil and Water Samples, and the task sampling plan. 

The following is a list of equipment for nonradionuclide contaminated soil sampling: 

Spade (long handle) 

Mason trowel 

Stainless steel scoop 

Stainless steel lab spoon 
Sample labels 

Sample containers 

wash/rinse tubs 
Phosphate-free detergent 

Distilled water 

I (4ol l~) (BmteetLs) (~ l991)  
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0 Plastic sheeting 

0 Locations (map and/or list) 

0 Appropriate health and safety equipment 

PID (Photoionization detector) or FID (flame ionization detector) 0 

0 Logbook 
0 Ice chest 

( 4 0 1 1 . 4 a ) ( p s o l ~ ) ( 0 ~ 1 ~ 1 )  
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PROCEDURE 

The following procedures will apply for surface soil sampling with a spade and scoop: 

1. Carefully remove vegetation and any undesirable top layer of soil to the 

desired sample depth with a decontaminated steel lawn or garden spade. 

2. Using a decontaminated stainless steel scoop or trowel, remove and 

discard the thin layer of soil from the area that contacted the shovel. 

3. Using decontaminated tweezers or forceps, remove debris and coarse 
materials such as pebbles, rocks, and stones. 

4. Transfer the sample into an appropriate sample Container with a stainless 

steel lab spoon or equivalent 

5. Label the sample container with the appropriate sample information 

including: date and time, the sampler’s initials, the sample identification, 

and sample lacation. Record on the field data collection form. Handle 

samples according to SOP 1.13, Containerizing, Preserving, Handling, and 

Shipping of Soil and Water Samples. 

. 



In general, sampling equipment will be decontaminated between individual sampling points 

to minimize potential cross-contamination. Complete decontamination is not required 

between composite sample points; however, excess dirt or mud should be wiped from the 

sampler after each sample. 

Detailed decontamination procedures are in SOP 13, General Equipment 

Decontamination. 

8.0 -ATION 

Form No. 3.w Surface Soil Data Collection form, will be filled out for each sample 

location and for composite sample with the northwest comer of the composite area for the 

X, Y location. The information needed includes sample number, date, time, location code, 

quarter, purpose, sample location, composite information, QC sample information, 

collection method, sampling team members, volume collected, head space reading, COC 

number, analysis requested, matrix, and the shipping date for the sample. Form No. 3.8B, 

Rocky Flats Field Activities Report Surface Soil Sampling, should be used for collection 
of samples for compositing. The form should include project identification, date, sampler, 

location, grid description (IO-acre plot and grid location within), time, and equipment 

decontamination. 
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Sample No ................ : 
Collection Date ............ : 
Collection Time ............ : 
Location Code ............. : 
Chain of Custody Number .... : 

Coordinates ............... North or Y East or X: 

Sample Location. ........... : 
Composite (Y/N) ........... : 
Composite Description ....... : 
Collection Method .......... : 
Sample Team Leader ........ : 
Sample Team Member ....... : 
Sample Team Member ....... : 
Sample Team Member ....... : 
Container Size ............. : % Full: 
Prepared By ............... : 

Comments: 
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This standard operating procedure (SOP) describes procedures that will be used at Rocky 

Flats Plant (RFP) to conduct soil gas field surveys or headspace measurements of organic 

vapors in environmental samples. It also provides procedures for dynamic and passive 

collection of soil gas samples to be used in identifying volatile organic compounds (VOC) 

present at Individual Hazardous Substance Sites (IHSS) on the RFF' site. The requirements 

for application of these procedures to a given site will be specified in applicable project 

plans. 

3.0 RESPONSIBILJTlES AND QUAUFICATIONS 

Personnel performing VOC field surveys and/or monitoring with flame ionization detector 

(FID) or photoionization detector (PID) portable vapor meters, and/or collecting soil gas 

samples will be scientists, engineers, or field technicims with appropriate field experience 

and training provided under the supervision of another qualified person. 

Only qualified personnel will be allowed to operate portable gas chromatographs (GCs) or 

vehicle-mounted GCs in mobile laboratories. Required qualifications vary depending on the 

activity to be performed. In general, qualifications will be based on education, previous 

experience, on-the-job training, and supervision by qualified personnel. The subcontractor's 

project manager will document personnel qualifications related to this procedure in the 

subcontractor's project QA fles. 

The following is a list of references reviewed prior to the writing of this procedure: 
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A ComDendium of Superfund Field OperatJ 'om Methods . EPA/54o/P-87/001. December 

1987. 

Guidance for Conducting Remedial Investkitions and Feasibilih Studies Under CERCLA. 

Interim Final. October 1988. ,,. 

RCRA Facilitv Investigation Guidance. Interim Final. May 1989. 

Rockwell International. Rockv Flats Plant Environmental Restoration Program. Quality 

Control Plan. January 1989. 

Schuring, D.G. "Soil Gas Testing." HAZMAT World. pp 36-39. August 1989. 

The Environmental Survev Manual. DOE/EH-0053. Volumes 1-4. August 1987. 

Barsky, J.B., S.S., Que Hee and C.S. Clark. American Industrial Hypjene Association 

Journal. (46). p. 9, 1985. 

Callendar, A.B. and A. Bohmerud. Proceedings of the Woodward-Clyde Consultants 

Professional Development Central Symposium. St. Louis, Missouri. 1986. 

Hutzler, NJ., L.T. Londo and T.C. Crittenden. Proceahgs  of the ASCE Conference, 

Minneapolis, Mhesota .  p. 720. American Association of Civil Jkgheers. 1982. 

Jury, WA., W.F. Spencer and WJ. Farmer. Journal of Environmental Quality (12). p. 558, 

1983. 

Kerfoot, H.B. and C.L. Mayer. Ground Water Monitoring Review (6). p. 74. 1986. 
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1981. 
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Samples 
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5.0 

SOP 1.15. Use of Photoionization Detectors (PID) and Flame Ionization 

Detectors (FID) 

PROCEDURESANDEQUIPMENT 

The concentration of a Volatile Organic Compound (VOC) in soil gas is a complex function 

of the distribution of the organic compound and its interaction with the soil. This interaction 

depends on a number of soil parameters including soil particle size and mineralogy, soil 

lithology, heterogeneity, organic content, moisture, and temperature. 

Volatile organic contaminants in soils above the water table (vadose zone) can be present 

in the gas phase in unsaturated pore spaces, in the water contained in the unsaturated soils, 

and sorbed on the soil particles. The VOC contamination is the sum of the VOCs contained 

in aU three phases. The partitioning of the VOC between gas, liquid, and adsorbed phases 

is dependent on both the soil properties and the cbemical properties of the compound. 

Thus, given the chemical properties of the VOC and measurements, or reasonable estimates, 

of relevant soil parameters, soil-gas data can be used to provide semiquantitative estimates 

of the VOC contamination in soils. 

The sampling and analysis of soil gas can be used as a rapid field screening technique for 

health and safety evaluations of potentially contaminated soils, to aid in the placement of 

monitoring wells, to identify VOCs, to evaluate the areal extent of soil contamination, and 

to estimate the effectiveness of remedial measures. 

The sampling and analysis of soil gas can be performed by several different methods. A 

field survey of work sites and materials can be performed using a portable organic vapor 

meter. The field survey provides information on total organic vapor concentrations in the 

air around the work site. A more detailed analysis on the location of VOC contaminated 

soil may be accomplished by performing field measurements of soil headspace samples. This 

(401143) (geotecb.9) (02/19/91) 
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5.1 

technique allows the measurement of the total organic vapor concentration from a specific 

soil sample. Soil gas samples may also be obtained by pumping dtextly from a probe 

inserted in the ground collecting the gas, and analycing it. This technique of in-situ soil gas 

sampling allows for the identification and quantification of specific volatile organic 

compounds. 

This procedure will discuss the methods used for the following types of soil gas surveys: 

Field surveys 

In-situ soil gas sampling 

Field measurements of headspace samples 

- Dynainic 

- Passive 

FIEU) SURVEYS 

Field surveys of work sites, site activities and site materials for volatile organic vapors will 

be accomplished by using direct reading instruments, such as the photoionization detector 

[PID] portable vapor meter and the flame ionization detector WD] portable vapor meter. 

Field surveys will be used as rapid field screening techniques for health and safety, and for 

site evaluation before and during the excavation of potentially contaminated soil. These 

procedures may be used to aid in the placement of monitoring wells, and in the evaluation 

of the areal extent of soil contamination. 

Portable PID or FID 
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Calibration gas standards of known concentration (specified in SOP 1.15, 

Use of Photoionization Detector [PID] and Flame Ionization Detector 

[FIDI) 

5.12 Instrument- - andoperpticm 

See SOP 1.15, Use of Photoionization Detector [PID] and Flame Ionization Detector [FID], 

for instrument operational and calibration requirements. 

A factor which will affect total organic vapor concentration measurements is the type of 

detector which is used (e.g. FID vs. PID). Generally, the FID will be most appropriate for 

aliphatic hydrocarbons and certain oxygenated solvents while the PID will be more sensitive 

to aromatic and halogenated hydrocarbons. PID lamps of different ionization energies will 

respond with varying degrees of sensitivity to the same gases, and are significantly affected 

by high humidity. Generally, the R D  response is proportional to the number of carbon- 

hydrogen bonds and can therefore be used to estimate concentrations of total hydrocarbons. 

5.13 survey P r d u r e s  

The following procedures will be used to measure compounds detectable by PID and/or FID 

in performing field surveys: 

1. Check battery charge. Batteries should be recharged for the time frame 

specified in the operating manuals for both b e  PID h d  FID instruments. 

Usual length of operating time between charges is 8 to 12 hours. 

2. FID fuel and/or combustion air-supply gauges should be monitored to 

ensure sufficient gas supplies. 

(401143) (geoIab.9) (U2/19/91) 
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5 2  

3. Hold instrument probe close to area to be sampled. The low flow sampling 

rate of the instrument provides only localized readings. Use a slow, 

sweeping motion to prevent the bypassing of variable concentration areas, 

and to allow for instrument response lag time. 

4. Record observations, PID and/or FID measurements, source location and 

description, date, time, weather, sample ID, operator and other pertinent 

information in the field book. Perform routine maintenance, as described 

in detail in operating manual, to continue to achieve representative readings. 

Clean sample probe and/or in-line fdters (in front of detector) when high 

background readings are exhibited after prolonged use. Use of pipe cleaners 

or clean air blown backward through filters is normally adequate. Do not 

use organic solvents. 

FIELD MEASUREMENTS OF HEADSPACE SAMPLdEs 

The field analysis of soils for organic vapors can be enhanced by obtaining a sample of 

contaminated soil, placing the soil sample in a confmed space, and allowing volatization of 

organic compounds, followed by collection of a sample of the air space above the soil 

sample. This is referred to as headspace analysis, and is accomplished by half-filling a sample 

container with a soil sample to be anal@. VOCs present in the soil pores wil l  diffuse into 

the remaining d i e d  air space within the container at approximately the same 

concentration as in the soil sample. Physical characteristics of the soil (e.g., temperature, 

grain size, moisture content, organic carbon content) may have a significant affect on the 

headspace analysis results, and, therefore, estimates of these parameters should be recorded 

at the time the measurement is taken. If a photo or flame ionization detector is used for 

the headspace analysis, record the results on the appropriate forms, Form 3.9A or 3.9B.. 

, 
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521 

52.2 

5 2 3  

Headspace analyses are useful in that they can provide real-time data to aid in soil removal 

operations, where decisions regarding the extent of soil excavatioIl and its disposal must be 

determined on-site. In addition, headspace analyses of soils encountered during 

investigations can be screened for health and safety purposes. 

Equipment 

_ _ _ _ ~  ~ 

(4011453) (pea&) (02/19/91) 

Portable PID or FID 

Calibration gas standards of known concentration (specified in SOP 1.15, 

Use of Photoionization Detector [PID] and Flame Ionization Detector 

[FIDI) 

Aluminum foil 

Split-spoon sampler, hand auger, or other soil sampling apparatus 

Wide-mouth sample jars with screw-cap lids 

Instnunent Calhatm . naadOperation 

See SOP 1.15, Use of Photoionization Detector [PID] and Flame Ionization Detector [FID], 

for instrument operational and calibration requirements. 

A factor which will affect total organic vapor concentration measurements is the type of 

detector which is used (e.g. FID vs. PID); see Subsedon 5.12 for discussion. 

The following procedure will be used to measure those compounds present in the container 

headspace detectable by an FID/PID: . 

I 
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1. Collect soil sample using a split-spoon sampler, hand auger or other 

apparatus which will yield a soil core or intact sample. Be careful not to 

disturb the sample soil during sampling since doing so may release VOCs 

that are present. Half-fill a wide-mouthed sample jar with the soil sample. 

Cover the container opening with aluminum foil and screw the jar lid down 

tightly. Granular soils should be broken apart by shaking the jar. Cohesive 

soils should be broken by crushing the sample as it is placed in the jar, and 

quickly covering. 

2. Let the sample sit for 1 hour at ambient temperature before taking reading. 

If the sample is collected during cold weather when ambient temperatures 

are below 25*C, or if more immediate results are desired, the volatization 

process should be accelerated by placing the container into a warm 

environment, such as near a vehicle’s air heater or in a warm-water (70- 

degrees Fahrenheit) bath for approximately 30 minutes. 

3. Following the warming period, remove the jar lid and insert the probe of the 

FID or PID through the foil cap (by making a hole in the foil just large 

enough to accept the probe), and take a reading. 

In-situ soil gas sampling is performed by pulling air samples with a vacuum pump directly 

through a hollow probe in the ground. Analysis of samples cii~l be accomplished by multiple 

methods. This technique allows for the identification and quantifrcation of specific volatile 

organic compounds. 
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In-situ soil gas samples can be colleded by dynamic or passive methods. Dynamic soil gas 

sampling involves extracting a volume of soil gas from the ground and analyzing the sample. 

A hollow steel rod is driven into the ground, and the soil gas sample is withdrawn with a 

vacuum extraction pump. The major advantages of dynamic soil gas testing are rapid data 

availability and the ability to distmguish between soil and groundwater contamination sources 

by vertical soil gas profiling. 

Passive soil gas sampling generally involves implanting adsorption devices in the shallow 

surface soil and allowing them to adsorb VOC vapors from the soil for a period of days or 

weeks. After exposure, the devices are dug out and sent to a laboratory for analysis. This 

sampling methodology is probably the least expensive, but requires a considerable amount 

of time, and is less versatile than dynamic sampling methods. 

Pertinent site-specific and compound-specific factors which influence the collection and 

interpretation of soil gas are required to be identified and evaluated in order to develop a 

comprehensive sampling program. 

Sampling along an established grid is recommended at sites where the source(s) or general 

orientation of a subsurface plume are unknown. Where data are available which identify the 

source areas or plume characteristics, delineation of contaminant edges is most effectively 

achieved by establishing a transect parallel to the direction of (groundwater) flow and 

sampling outward from the suspected source. Soil gas probes should not be located less 

than 50 feet apart because the resolution of most soil gas techniques can be exceeded. 

In order to effectively design the soil gas surveys and interpret the results, the subsurface 

transport and fate of VOCs should be considered. These factors can have a significant affect 

on the presence and concentration of VOCs in the soil atmosphere. Both physical and 

microbiological processes can influence soil gas investigations. 
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Partitioning of the contaminant between gaseous and aqueous phases is the physical process 

which permits contaminants m i d  with water below the surface to be detected in soil gas. 

The air-water partitioning coefiaent can be dependent on both the vapor pressure and 

aqueous solubility of a compound. Generally, low molecular weight organic compounds (Le., 

hydrocarbons, halogenated hydrocarbons, ketones) are most readily detected in soil gas. 

Compounds possessing vapor pressures less than 1 mm Hg at 25-C will probably not be 

detected in soil gas. Vapor pressures provide an estimate of the difhion coefficient and, 

thus, the "mobiliv of the compound in the gas phase. 

Soil gas analyses are highly quantitative and specific for individual compounds, but the 

extrapolation to groundwater contaminant concentrations are not quantitative. Soil gas 

measurements usually represent an indirect measure of the parameter of interest (e.g., 

groundwater plumes, extractable hydrocarbon concentrations in soil, sources of subsurface 

leaks). Variables such as geology, soil moisture content and the &/water partitioning 

coefficient of the particular contaminant all affect the relationship between soil gas 

concentrations and groundwater contaminant concentrations. Water, either in the vadose 

zone @e., a very wet clay or a perched water zone) or in the saturated zone (a contaminated 

zone below clean water), is the major impediment to vapor movement. Soil gas techniques 

are relatively ineffective for confined aquifers or soils overlain by strata that are 

impermeable to gas difhsion. 

Dynamic soil gas sampling investigations can be performed using either hand-driven or 

mechanically-driven probes and relativeIy inexpensive field instruments or sophisticated 

laboratory equipment. These techniques require the installation of a probe or soil boring 

in the vadose zone of a soil followed by withdrawal of the soil gas by a vacuum pump. Soil 

gas samples may be collected in gas sample bags, syringes, or on adsorption media. Samples 

collected in gas sample bags or on adsorption media must be and@ at a nearby or on-site 
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laboratory due to short sample holding times. Syringe samples must be analyzed on location 

immediately after collection. 

A procedure for sampling of soil gas and on-site volatile organic compounds analysis by 

modified EPA Method 502.2 is presented in Appendix A as a reference. 

53.1.1 Soil Gas Probe installaton 

Dynamic or grab sampling techniques require the installation of a probe in the vadose zone 

of a soil followed by withdrawal of the soil gas by a vacuum extraction pump. The probes 

are usually constructed of 1/4 to 1 inch diameter steel pipe and are equipped with 

perforations near the tip, or with a detachable drive point. Soil gas probes must be cleaned 

with steam or hot water and soap before use' (see SOP 13, General Equipment 

Decontamination). A sufficient number of interchangeable sampling components should be 

available so that decontamination does not need to be performed in the field. 

Multiple soil gas sampling intervals may be sampled at a one location in order to identify 

contaminant profiles. The soil gas sampling can also be performed in augured boreholes or 

through the center of hollow-stem augers by driving the probe at least 2 feet,deeper than 

the augured depth. 

Rewired EquiDment and Apparatw 

Soil gas probe(s), tips (if needed), and drive pipe(s) 

A manual or powered probe driver that is able to drive the probe into 

the ground and remove the probe after a sample is taken 

. Vacuum pump with gauge to extrad soil gas 
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Hammer drill capable of drilling through asphalt and concrete (if 

required) 

Power source for hammer drill, power probe driver, and vacuum pump 

Adaptor for soil gas probe with appropriate valves and tubing 

Procedures 

3. 

Clear the area to be sampled for utilities, cables, pipes, etc. Clear the 

surface area to be sampled of grass, leaves, and debris. 

Using a manual or mechanical driver, drive a cleaned/decontaminated 

probe with drive pipe(s), as needed, into the ground to the desired 

depth (minimum is usually 3 feet). Probes placed in augured boreholes 

should be driven at least 2 feet deeper than the augured depth. If 

refusal occurs significantly before the sampling depth is reached, 

remove the probe. Clear another sampling point within 1 foot of the 

first point and drive a clean probe again. If refusal occurs, eliminate 

the area within 10 square feet as a sampling point. 

Once the sampling depth is reached, an entry on to the Soil Gas Survey 

Form (Form 3.9D) and the Sod Gas S w e y  Map (Form 3.K) should 

be made denoting the depth, time and location of the sample. The 

probe should then be lifted 1-2 inches to expose the air sampling slots 

in the drive point. 

Attach adaptor with tub% and stainless steel sampling manifold to the 

top of the probe/drivhg pipes 



EG&G ROCKY FLATS PLANT Manual: 5-21200-FOP 
EMAD GEOTECHNICAL SOP Procedure No.: 3.9, Rev. 0 

Page: 16 of 27 
Safety Related Effective Date: February 18, 1991 
Category 1 Organization: ER&WM 

5. 

6. 

7. 

8. 

9. 

10. 

Connect adaptor tubing to vacuum gauge on the low-pressure side of 

the vacuum pump. An in-line liquids trap, programmable mass flow 

controller equipped with a solenoid valve and timer are very useful 

additions, but are not required 

Run vacuum pump to purge system and displace the ambient air in the 

soil gas prove, drive pipe(s), and tubing before sample collcctions 

Purge probe and silicone rubber tube connecting system. The vacuum 

gauge installed on the low-pressure side of the vacuum pump will be 

used to evaluate whether a representative soil gas sample can be 

withdrawn from the subsurface. Generally, if the applied vacuum 

exceeds 12 inches of mercury, the soil is either water saturated or does 

not have a sufficient air-fded porosity to produce a meaningful sample. 

Collect samples from tubing/manifold on the low-pressure side of the 

vacuum pump 

Record time vacuum pump is operated before sample collection, and 

pressure reading (vacuum gauge) of gas in the soil gas probe line, at 

the time of sampling 

The drive pipe(s) and soil probe should be removed at each location 

after the soil gas has been analyzed. The hole should be backfiled if 

neceSSary with a native soil or a soil/bentonite mixture to avoid 

creating a migration pathway. After the removal of the soil probe, the 

distance between the sampling location and a known point should be 

measured and recorded on the soil gas survey map (Form 3.K) and a 

flag left at the sampling location for subsequent surveying. 
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53.12 

53.13 

In the simplest sampling/aaalysk technique, an organic vapor monitor such as a PID or FID 

is used. A piece of tubing of appropriate length is attached to the probe adaptor manifold 

and the PID/FID. A direct reading of the soil vapor gas total organic concentration may 

then be made after the PID or FID instrument has pumped sufficiently for the gas sample 

to reach the detector. 

Reauired Eauipment and,Apparatw 

Field analytical instrument capable of detecting total organic vapors 

such as a flame ionization detedor (F'ID) or photoionization detector 

(PID) 

Accessory tubing between instrument and manifold (maximum length 

12 inches) 

Collection and Analvsis Procedures 

1. After purging system, attach sampling tube to manifold valve port from 

instrument and open manifold valve 

2. Allow instrument to pump for a sufficient length of time to displace the 

ambient air in the sampling tube and instrument before taking reading 

Sampling/analysk of grab samples may also be accomplished by pumping the soil gas from 

the probe and collecting the gas in a Tedlar bag. Alternatively, the soil gas may be pumped 
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through a charcoal or Tenax trap. The VOCs in the soil gas are adsorbed onto the charcoal 

or Tenax. These samples must then be analyzed at an on-site laboratory since the hoIding 

times for these collection methods are short (1 to 8 hours). Analytical methods typically 

include the use of gas chromatography (GC) and/or mass spectrometry (MS). 

Specific analytical methods and calibration procedures, standards concentrations, detectors, 

temperature programs, etc. are dependent on the method of analysis and analytes of interest. 

Specific analytical methods and procedures will be detailed in applicable project work plans. 

Required EauiDment and ADDaratus 

Gas collection bags such as Tedlar, or carbon sorption or Tenax sample 

tubes with accessory tubing (if required) 

Low-flow air sampling pumps, such as GUan (if required) 

Adapter for the soil gas probe with appropriate tubing 

Vacuum pump to extract soil gas 

Collection and Analvsis Procedures 

1. Run vacuum pump to purge system and displace the ambient air in the 

soil gas probe, drive pipe(s), and tubing. Attach a Tedlar bag and 

unclamp the flexiile tubing, collecting the gas sample in the bag. The 

bag is then disconnected, sealed, and transported to the laboratory for 

analysis. 
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2. To collect sample by adsorption, insert Tenax trap or other sampler 

into sample chamber and attach to manifold after probe and adaptor 

system have been purged. Divert soil gas flow through sample 

chamber. Record flow pressure, elapsed time, and volume of flow, if 

mass flow controller is used. 

53.1.4 Samde Colledion for Rcld Gas C h r o m a t ~ h k  Analvsis 

An alternative grab sampling technique requires soil gas to be pumped through the soil 

probe, collected with a syringe, and immediately injected into a field gas chromatograph or 

a gas chromatograph located near the sampling site. This method allows for real-time 

results, and is particularly useful. 

Specific analytical method calibration procedures, standards concentrations, detectors, 

temperature programs, etc. are dependent on the method of analysis and analytes of interest. 

Specific analytical methods and procedures will be detailed in applicable project work plans. 

Reauired Eauipment and Apparatus 

Mobile or field gas chromatograph (GC) and associated support 

equipment required to properly operate the GC 

A power source and an enclosed area for the GC 

Appropriate calibration gas standards for the GC and all associated 

equipment needed to perform. the calibration 

Sample containers with septum 
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Collection and Analvsis ProcedurG 

1. Collect soil gas sample with a glass syringe by inserting the syringe into 

the extraction line near the top of the soil gas pump, on the intake side 

of the pump (See F w e  3.9-1). 

532 Passive Sampling 

W i l e  other passive techniques may be available, this procedure is directed toward the use 

of Petrex tubes as the representative technique since their utility has been demonstrated in 

past studies at Rocky Flats Plant (RFP). The Petrex passive sampling technique is a direct 

method for trapping and identifying VOCs emanating from either soil (vadose zone) or 

groundwater contaminated locations. The collector consists of highly sensitive sorbents (such 

as activated charcoal) chemically fused to the tip of a wire. The collectors are arrayed, 

generally in a grid pattern, throughout the survey site, normally at a depth of approximately 

1 foot (Figure 3.9-2). The collectors reside for a measured period which can range up to 

30 days to assure time-integrative gas collection (as opposed to instantaneous collection with 

grab samples). The collectors are retrieved following the time-integrative collection period, 

and are then sent to a laboratory for analysis by mass spectrometry. 

The most critical aspect of collector placement is to prevent exposing the collector to 

contaminants other than those in the soil gas. Smoking around the collectors, even when 

sealed, may contaminate them. Hands must be kept free of organics, including insect 

repellent, sunblock, gasoline, motor oil, cosmetics, smoke residues, e t c  The lip and inside 

of the tubes, caps, and cap liner must not contad any contamhunts. The tubes must be 

stored in a clean area away from contaminants. They must not be stored near gasoline cans, 

oily rags, etc., or in areas where exhaust fumes or cigarette smoke is present. 

(4011453) (gcarecb9) (02/19/91) 
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( T A K E N  FROM MARRIN & THOMPSON, 1987) 
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FIGURE 3.9-2 . 

(40114~)  (geotech9) (02/19/91) PETREX PASSIVE SAMPLING COLLECTOR 
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Petrextubes 

Hand auger, slide hammer, shelby tube, etc. or some other hole maker 

5322 InstaIlation and Cdledion Procedures 

1. Clear the surface area to be sampled for shallow utilities, cables, pipes, etc. Clear 

the area to be sampled of grass, leaves, or debris; be careful not to walk or drive 

over the area. 
- 

2. Using a cleaned/decontaminated tool, make a hole into the ground to the desired 

depth (usually 10-12 inches). If refusal occurs significantly before the sampling 

depth is reached, remove and clean the tool. Clear another sampling point within 

1 foot of the first point and insert the hole maker again. If refusal occurs, 

eliminate the area within 10 square feet as a sampling point. 

3. Dig sample location 10-12 inches deep and approximately 2-4 inches in diameter. 

Do not contaminate the soil. 

4. Unwrap a Petrex sampling tube and remove the cap and black seal liner. 

Immediately place sampler (vertically with open end down) into sample location 

hole. The sampler tube must be at least 2 inches below ground surface. 

Immediately cover the sampler with soil (see Figure 3.9-2). 

5. If the black liner has come out of the cap, replace it and return the cap to one of 

the clean plastic bags provided. 
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6. Mark the sample location with flaggbg or other type of locator. Note the sample 

location on a base map and enter information on Form 3.K, and in a field 

notebook. 

7. Retrieving samples - (should be done at recommended time intervals). 

(4011453) (geotech9) (02/19/91) 

Remove the soil until tube is exposed. 

Take the cap from sealed plastic bag. Check for black liner inside cap. If 

liner has fallen out, replace it. 

Remove tube from the hole. If wire falls out of tube or if tube is broken, 

use tweezers to handle wires. 

Wipe off the tube and threads thoroughly with a clean, dry cloth. If the tube 

threads and lip are not properly cleaned, the cap will not seal and the 

sample will become contaminated. 

Seal tube with cap m a k q  sure the black h e r  is seated to tube lip. If cap 

does not thread easily, use a different cap. Cap must be sealed tightly 

against liner. 

Place sticker on cap top and number. Number sequentially starting with 1. 

Use only numbers to identify samples. Use only one number per tube. 

Underline all numbers for easy identification. Do not duplicate cap 

numbers. The Petrex tube distniutor, Northeast Research Institute, Inc. 

(NERI), will number all second and third wire tubes appropriately. 
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g) Record number or numbers of sampler corresponding to location on base 

map and field notebook. Also, record in field notes any samples which have 

more than one wire per tube. 

h) Do not place tape, sticker, or glue on glass tube. Stickers provided will 
adhere if placed on dry cap. 

8. When packaging exposed tubes, do not use Styrofoam or popcorn packing as this can 

potentially introduce a contaminant. Enclose tubes in two plastic bags and wrap each 

package tightly with bubble wrap. Complete NERI-WEST Submittal Forms, provided 

by NERI, to be shipped with samples. Samples are to be placed in sealed containers. 

Packaging, labeling, and preparation for shipment of field logbook and chain-of-custody 

will follow procedures as specified in SOP 1.13, Containerizing, Preserving, Handling 

and Shipping of Soil and Water Samples. 

6.0 QUALITY ASSURANCE/QUALdTy CONTROL 

Quality Assurance (QA) and Quality Control (QC) activities will be accomplished according 

to the Quality Assurance Project Plan (QAPjP) and the project specifiic Quality Assurance 

Addendum (QAA). 

In addition to adhering to the requirements of the site-specific Field Sampling Plan (FSP) 

and any supplementary site-specific procedures, the minimum QA/QC requirements for this 

sampling activity are the following: 

QC Samples -- The number and types of QC samples including duplicate 

samples, field blanks, equipment blanks, and trip blanks will be collected or 

prepared as specified in the QAA. 

(4011453) (geolech9) (02/19/91) 
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6.1 

7.0 

Verification -- Verification activities are required for the above practices, 

including surveillance and periodic record audits. These activities will be 

documented and become part of the completed project records. 

QA/QC SAMPLES FOR FIELD GC ANALYSIS 

Frequency of calibration, method blanks, replicates, etc. are dependent upon project Data 

Quality Objectives (DQOs), and must be addressed in the project-specific Quality Assurance 

Addendum (QAA). 

DOCUMENTATION 

For each soil gas location, a permanent record of the implementation of this SOP will be 

kept by documenting field observations and data. Observations and data will be recorded 

with black waterproof ink on the attached forms; the Photoionization Detector Field Data 

Form (Form 3.9A), the Flame Ionization Field Data Form (Form 3.9B), the Soil Gas Survey 

Map (form 3 9 3 ,  and the Soil Gas Survey Form (Form 3.9D). Observations may also be 

documented in a bound weatherproof field notebook with consecutively numbered pages. 

This information should include the following: 

Sampler’s name (form) 

Date and time of sample colledion (form) 

Sampling identification (form) 

Weather conditions (notebook) 

Sampling depth (form) 

(401143) (emcmS) (02/19/91) 
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Driving characteristics of the soil probe (notebook) 

Description of the surface features (drainage, facilities, etc.), soils, any 

contamination noted, and trenches or any other feature that may impact the 

soil gas measurement (notebook) 

Vacuum pressure when extracting a sample (form) 

Type of sample (gas, liquid, or mixed) (form) 

Compounds and concentration of the organics measured on the GC and any 

replicate or blank analysis performed (form) 

All calibrations performed (form) 

Any unusual responses of the instrument (form) 

Length of time the vacuum was applied to the sample probe before a sample 

was taken (notebook) 

Estimated concentration and recorded retention time of all chromatographic 

peaks, including those that represent unknown compounds (GC 

chromatographs) 
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VOLATILE ORGANIC ANALYSES SAMPLING AND IN SOIL GAS, 

SOILS, WATER, AND ATMOSPHERE BY MODIFIED EPA 502.2 

HYDRO GEO CHEM, INC. 

INTRODUCTION 

On site analysis of volatile organic compounds VOC's is increasingly 

import'ant to environmental assessments. The abil ity to perform real -time 

chemical analysis during investigations of potentially contaminated soils, 

water, and air allows field decisions to be made regarding the depth and 

areal extent of the investigation. 

The applications of on-site VOC analysis include soil analysis for 

evaluation o f  subsurface spills and leaking tanks; atmospheric analysis,for 

evaluation of VOC emissions from landfills, contaminated soils, and 

industrial facilities; water analysis for identification and definition of 

0 

the vertical and areal extent of groundwater VOC plumes; and soil gas 

surveys, the sampling and analysis of VOC's in the soil atmosphere in order 

t o  determine the vertical and areal distribution o f  VOC's in site soils. 

Because VOC's are readily transported in soils by diffusive and 

advective processes, soil gas surveys have proved to be a powerful technique 

t o  determine whether spills have taken place on the site, to locate these 

spills, and, if subsurface conditions are favorable, to find and delineate 

groundwater VOC plumes by the presence of VOC's in overlying soils. 

S o i l  Gas QA 
Hydro Gm C l m .  Inc. 1 
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The analytical requirements for  real-time mobile-laboratory analysis are 

d i f fe ren t  t h a n  the conventional VOC analyses prescribed by EPA protocols. 

The laboratory productivity, tha t  i s ,  the number o f  analyses required per 

u n i t  time, must be much greater for the mobile f a c i l i t y .  Otherwise, the 

value of using the data t o  modify the investigation i s  diminished. 

' 

Despite the need f o r  greater productivity, the other analytical 

requifements for detection 1 imits, var ie ty  of analytes,  and freedom from 

laboratory contamination are  i f  anything, more s t r ingent  than those o f  fixed 

laboratory f a c i l i t i e s .  

Summary o f  Method 

The following sampling and analytical  protocol has  been adapted by Hydro 

Geo Chem t o  meet these stringent requirements of on-s i te  VOC analysis. 

In summary, the analytical method consis ts  o f t h e  recent ly  approved EPA 

502.2 protocol. Table 1 l i s t s  the compounds can be analyzed using EPA 

502.2 protocol. We have modified this protocol t o  allow grea te r  t h r o u g h p u t  

and t o  minimize the potential f o r  laboratory contamination. These 

modifications include temperature programming and f l o w  changes t o  reduce 

analytical time, the use o f  gas ra ther  than water-solution standards, 

purging of VOC bot t les  d i rec t ly  ra ther  than u s i n g  a conventional water 

purging apparatus ( t h i s  technique has recently been independently developed 

and used i n  EPA Region 5 RI/FS studies) ,  dynamic s t r i p p i n g  ra ther  than 

. 



Table 1. Compounds Detectable by Hall/PID Analysis 

Benzene 
Bromobenzene 
Bromochloromethane 
Bromodi chl oromethane 
Bromoform 
Bromomethane 
n-Butyl benzene 
sec-Butyl benzene 
tert -Butyl benzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
2-Chlorotol uene 
4-Chlorotol uene 
Dibromochloromethane 
1,2-Dibromo-3-chloropropane 
1,2-Dibromoethane 
Dibromomethane 
1 ,2-Di chl orobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Dichlorodifluoromethane 
1,l - D i  chl oroethane 
1,2-Dichloroethane 
1,l-Dichloroethene 
cis-1 ,Z-Dichl oroethene 

trans-1,Z-Dichloroethene 
1,Z-Di chl oropropane 

, 1,3-Di chl oropropane 
2,Z-Dichloropropane 
1,l -Di chl oropropene 
Ethyl benzene 
Hexachlorobutadiene 
Isopropyl benzene 
p-Isopropyl to1 uene 
Methylene chloride 
Naphtha1 ene 
n-Propylbenzene 
Styrene 
1,1,1,2-Tetrachloroethane 
l,l,Z,Z-Tetrachloroethane 
Tetrachloroethene 
To1 uene 
1,2,3-Trichlorobenzene 
1,2,4-Trichlorobenzene 
l,l,l-Trichloroethane 
l,l, 2-Trichloroethane 
Tri chl oroethene 
Tri chl orofl uoromethane 
1,2,3-Trichloropropane 
1,2,4-Trimethyl benzene 
1,3,S-Trimethyl benzene 
Vinyl chloride 
0-Xyl ene 
m-Xyl ene 
p-Xylene 

S o i l  Gas QA 
Hydro Gco Chan. Inc. 3 



solvent extraction of soils, and splitting o f  the samp’le injection stream 

to allow simultaneous analysis on a separate gas chromatograph o f  other 

compounds not analyzed by the 502.2 protocol. 

The sampling methods included in the protocol have been designed to 

allow accurate, contamination-free sampling of soils, water, atmosphere, and 

soil gas. These methods offer a detection limit of 0.1 pg/kg (soil), 0.01 

pg/l (Soil gas or water), 0.001 pg/l (atmosphere) for any compounds listed 

in Table 1. Additional, simultaneous analysis is provided for total 

petrol e m  hydrocarbons, methane, and total chlorinated hydrocarbons. The 

following sections document the materials, apparatus, and procedures used. 

4 

C 



II 
1 0 
I 
i 
1 
I 
1 
1 
1 
I. 
1 
I 
0 
1 
1 
I 

0 
I 
1 
I 

1. SAMPLING 

1.1 Scope and Application 

T h i s  section covers the materials, equipment and procedures u t i l i zed  by 

Hydro Geo Chem, Inc. f o r  collecting so i l  gas, atmospheric, s o i l ,  and shallow 
groundwater samples i n  the f ie ld .  

1.2 Sampl i ng Equi pment 

1 .2 .1  Sampl i ng Probes 

Sampling probes are 7 foot sections of 1" galvanized pipe o r  1" 

hardened s tee l  d r i l l  pipe with Acme threads. The points are  
machined, high carbon steel  and are  l e f t  behind when the pipe i s  
hydraulically pulled back t o  expose the formation t o  pumping. 
Figure 1 shows our probe design. The probes a re  driven t o  the 
sampling depth using one of two dr ive p o i n t  r igs .  Both rigs are  
mounted on 1988, Ford F-450 flat-bed duallys. One r i g  uses a 
hydraul ical  ly-activated 235 1 b hammer with a 3 foot ,  f ree- fa l l  
displacement. The other r i g  uses a mounted hydraul i c  250 f t / l  b,  
1,000 blow/min driver. Both r i g s  a re  capable of driving sampling 
p ipe  t o  a depth i n  excess of 35 f e e t  under normal driving 
conditions. Each drive point r i g  is  equipped w i t h  hydraulic out 
r iggers ,  pipe racks and steam cleaner. The probes a re  removed 
using a hydraulically activated p u l l i n g  dog. Latex gloves a re  
worn during handling and assembling of the sampling apparatus. 

1.2.2 Sampling Adaptors 

Soil  gas samples are collected from the probes via  adaptors 
constructed of s ta inless  s teel  pipe caps brazed t o  s t a in l e s s  s t ee l  
tubing connected t o  an inl ine s ta in less  s tee l  bellows valve. 

Sot1 Gas QA 
HydroGmChan. Inc. 5 
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1.2.3 

1.2.4 

Sampl e Holders 

When sampling i s  performed, th i s  va lve  i s  connected t o  a s t a i n l e s s  

steel sample holder  conta in ing  a g l a s s  c a r t r i d g e  (Supelco) f i l l e d  

w i t h  a three l a y e r  packing o f  va r ious  t y p e s  of adsorp t ive  

hydrophobic carbon (see  Figure 2 ) .  The s o i l  g a s  i s  passed through 

t h e s e  l a y e r s ,  the f irst ,  Carbotrap,  absorbing "heavy" v o l a t i l e s  

such as dichlorobenzene, t h e  second, Carbopack B, the l i g h t e r  

v o l a t i l e s  such a s  TCE and DCE, and the t h i r d ,  Carbosieve 111, the 

u l  t r a l  i g h t s  such methylene c h l o r i d e  o r  vinyl  c h l o r i d e .  Because 

the most mobile c o n s t i t u e n t ,  vinyl  c h l o r i d e ,  has a breakthrough 

volume o f  158 l i t e r s ,  these c a r t r i d g e s  a r e  r a t e d  t o  absorb a t  

l e a s t  158 l i t e r s  of  s o i l  gas  o r  a tmospheric  gas  before 

breakthrough of  any of  the p r i o r i t y  p o l l u t a n t s  l i s t e d  i n  EPA 

method 601, 602, o r  624. Table  2 shows some breakthrough volumes 

f o r  t h e  types of  carbon so rben t s  making up  t h e  adsorb t ion  t h e  

c a r t r i d g e .  Thus t he  sampling c a p a c i t y  of t h i s  technique f a r  

exceeds t h a t  of  - syr inge  c o l l e c t i o n .  The high capac i ty  is  

necessary t o  meet typ ica l  cl ient s p e c i f i c a t i o n s .  

The water sampling t r a i n  i s  cons t ruc t ed  ent i re ly  o f  s t a i n l e s s  

s t e e l  cons i s t ing  o f  a 1 foot.  l eng th  o f  3/4" well screen and seven 

f o o t  l eng ths  of  1/4 s t a i n l e s s  s t e e l  tubing.  

soil  Gas 94 
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Table 2 

Breakthrouqh Volumes (in Liters) for US EPA TO-1 Hydrocarbons 
on the Carbosieve" S-III/CarboDack B/Carbotrap C Thermal DesorDtion Tube 

Hydrocarbon Carbosieve S-I11 
(125 ms) 

Vinyl Chloride 158 
Chloroform 
1,2-Dichloroethane 
l,l,lATrichloroethane 
Carbon tetrachloride 
1,2-Dichloropropane 
Trichloroethylene 
Bromoform 
Tetrachloroethylene 
Chlorobenzene 
n -Hep t ane 
l-Heptene 
Benzene 
To1 uene 
Ethyl benzene 0 p-xylene 
m-xyl ene 
o-xyl ene 
Cumene 

Carbopack B Carbotrap C 
(200 ms) (300 4) 

1.1 
0.4 

' 2.7 
4.7 
6.8 
2.5 
1.7 
2.2 

316 
262 
284 

130 
4060 

2.3 

12.9 
11.2 
11.0 
11.0 
27.8 



1 . 3  Sample Collection 

1.3.1 Soil Gas Sampling 

After purging 3 probe volumes from the system, the valve on the 

adaptor is shut off and the stainless steel sample cartridge 

housing is Swagelok-attached to a programmable mass flow 

’ control 1 er equipped with a vacuum regul ated oi 1 ess diaphragm 

vacuum pump. The flow controller is typically programmed to pump 

200 ml o f  soil gas at a flow rate between 100 and 200 ml/min. 

When the total flow volume has been obtained, a solenoid valve is 

automatically closed and the sample collection is complete. The 

mass flow meter delivers sample volumes between 20 and 5000 

standard ml with less than 2% error independent o f  temperature and 

vacuum conditions. 

1.3.2 Atmospheric Sampling 

Atmospheric samples are collected by positioning the probe in the 

area of interest, setting the pumping rate, and programming the 

mass flow controller. If desired, the probe can be moved through 

a sampling volume at a specified rate to collect an integrated 

sample. No purging i s  necessary for atmospheric samples. 

10 
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1.3.3 . Soi l  Sampling 

Soil samples are collected a t  specified in te rva ls  us ing  a 1.5 foot 

sp l i t  spoon sampler w i t h  multiple brass l i ne r s .  No l iquids  (i.e.,  

d r i l l i n g  mud, water, foam) are  permitted during the d r i l l i n g  

procedure i f  soil  samples f o r  contaminant analyses a re  

required. I f  samples a re  t o  be analyzed by the mobile 

laboratory, approximately 20 grams of the sample are removed from 

the brass sleeve using a s t a in l e s s  s tee l  spatula and placed i n  a 

pre-weighed vial containing a known amount of water. A l l  soil 

samples t o  be sent out f o r  analysis a re  retained i n  the original 

brass tubes (2.5 inch diameter, 6 inches long) .  Immediately 

I 

following removal o f  the brass tubes from the sampler, the center 

tube i s  f i rs t  capped w i t h  aluminum f o i l  and p l a s t i c  sl ip caps. 

The slip caps are  then duct taped t o  the  brass tube t o  maintain 

a proper seal .  Samples are  labeled and placed i n  a z ip  lock 

p l a s t i c  bag and stored i n  a cooler with dry ice .  

1.3.4 Water Sampl ing 

The water sampling t r a i n  is  described i n  Section 1.2.4. The well 

screen is attached t o  the s t a in l e s s  tubing and lowered i n t o  the 

probe. A s t a in l e s s  steel  bo t t l e  i s  connected t o  the t u b i n g  and 

a Tygon l i n e  leading t o  the diaphragm pump i s  attached t o  the 

b o t t l e .  The transparent Tygon t u b i n g  i s  used t o  determine when 

the bot t le  is  f i l l e d  and any bubbles i n  the  l i n e  have cleared. 

Excess water, which serves t o  purge the sampling train, i s  

Soil Gas QA 
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intercepted by a vacuum f lask in the Tygon l ine.  The valve i s  

then s h u t  off  and the bot t le  i s  disconnected from the sampling 

l i n e  and Tygon tubing. Opening the  valve allows each of three 

weighed 40 m l  VOC bottles t o  be f i l l e d  t o  overflowing. No a i r  

bubbles are allowed t o  pass through the sample as the v i a l s  are 

f i l led.  These are then immediately capped w i t h  a teflon-lined 

septum cap and stored in an inverted positilon a t  4 O C .  The 

inverted position keeps l iquid i n  contact w i t h  the septum, thus 

preventing diffusion o f  vola t i les  through the septum/glass seal .  

I f  necessary, additional 40 m l  VOC bo t t l e s  will be collected 

l i q u i d  fu l l  for outside laboratory ana lys i s . .  The 40 m l  VOC via ls  

are  purchased precleaned to  EPA spec i f ica t ions  from ICHEM. 

’ 

An a l ternat ive method used t o  co l l ec t  water samples involves 

the use o f  3/4” s ta in less  s teel  ba i le rs .  These are lowered down 

the probe by a nylon cord t h a t  i s  replaced before each sampling. 

1.4 Decontamination of Equipment 

1.4.1 Prior t o  each use, each so i l  sampler, brass l i ne r ,  and auger 

f l i g h t  o r  d r i l l  stem i s  steam cleaned w i t h  a d i l u t e  sodium- 

triphosphate solution and stored on racks above ground. Care is 

taken wi th .  t h i s  equipment. t o  eliminate both soil-surface and 

cross-hole contamination. Vinyl o r  l a t ex  surgical gloves a re  worn 

during handl ing  and assembly of the sampling apparatus. 

! 
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1.4.2 Probes,  p o i n t s ,  well s c reens ,  and tub ing  are s team c l eaned  p r i o r  

t o  sampling. Adaptors and s t a i n l e s s  s tee l  b o t t l e s  are heated t o  

12OoC and he ld  f o r  1 hour a t  t h a t  t empera tu re .  Carbon packed 

d e s o r p t i o n  c a r t r i d g e s  a r e  purged a t  4OO0C w i t h  helium f o r  8 

minutes. C a r t r i d g e  holders  are hea ted  and purged a t  >200°C f o r  

20 minutes. 
1 

1.4.3 ' S e p a r a t e  s t o r a g e  a r e a s  a r e  provided  , f o r  used and c leaned  

equipment. No equipment i s  reused wi thou t  c l e a n i n g .  

0 Soil Gas QA 
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2. ANALYSIS 

2.1 Scope 

This section covers the equipment, materials, and procedures used t o  

determine the presence and concentrations of various v o l a t i l e  organic 
compounds i n  the  so i l  gas, atmospheric, s o i l ,  and shallow groundwater 
samples. . 

2.2 Detection Limits 

The typical l imi t s  of detection specified are  for water, so i l  gas, and 

atmospheric samples, respectively, 0.01, 0.01, and 0.001 pg/l. The 
applicable concentration range of this method i s  influenced by sample s i ze  

and instrument l imitat ions.  Refer t o  Summary o f  Method f o r  de t a i l s .  

2.3 Apparatus and Equi  pment 

2.3.1 Gas Chromatographs 

Hydro Geo Chem uses one of two mobile laborator ies  t o  

provide on-site analyses. The f i r s t  mobile laboratory i s  housed 
i n  a 30 foot motorized s tep  van. The second mobile lab  i s  
contained i n  a 22 foot t r a i l e r .  Varian 3400 and 3700 gas 
chromatographs are  provided in our mobile labora tor ies  (a s t a n d -  

alone vehicle tha t  operates separately from the  dr ive point r i g ,  
thereby allowing e f f i c i en t  operation o f  both). These 

chromatographs are connected i n  para1 1 el  t o  an Envirochem thermal 
desorber (Model 850) which accepts the g lass  sorbtion tubes used 
t o  co l l ec t  the so i l  gas ,  atmospheric, o r  gas purged water samples. 
Figure 3 i s  a schematic of the analytical apparatus. Helium f low 

i s  opposite t o  the f l o w  direct ion o f  sample col lect ion.  The 

Soil Gas QA 
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thermal desorber rapidly heats the sample sorbtion tube releasing 

the volatile organic compounds into the chromatograph by heating 

the tube to 380 +4OC in 26 +2 seconds. Compounds are transferred 

to the analytical columns via heated (25OOC) nickel lines. 

The Varian 3400 chromatograph is equipped with cryogenics 

capable o f  cooling the column oven to below O°C using carbon 

' dioxide. 

The carrier gas is helium at 20 ml/minute. This gas flow 

is split between the transfer lines in the desorption unit by use 

of a flow metering valve (SGE1230400). The carrier gas flow is 

augmented with an additional 25 ml/minute helium before entering 

the photoionization detector (PID) t o  optimize response o f  both 

PID and Hall electrolytic conductivity (Hall) detectors. 

2.3.2 GC Columns 

A DB 624 Megabore column, 30m x 0.53mm (Jaw Scientific) i s  

used in the Varian 3400 chromatograph. The helium flow rate i s  

adjusted to approximately 7.0 ml/minute at the metering valve. 

The temperature program varies with the cl ient needs. A typical 

temperature program is as follows: the column temperature is held 

at Z°C for 3 minutes, then programmed t u  35OC a t  15 rnl/rninute, no 

hold time, to 145OC at 8 ml/minute, no hold, to 23OoC a t  35 

ml/mi nut e. 

Sol1 Gas QA 
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The 3700 GC i s  equipped with an OV 101 on Chromosorb W-HP 

80-100, 18" x 29" packed column (Varian) used f o r  t o t a l  

hydrocarbon analysis.  I t  i s  also equipped w i t h  a 1/8" x 18" 

Carbosphere, 60/80 mesh, used t o  analyze f o r  nonsorbable gases. 

These col umns a re  operated isothermally a t  2OOOC. 

2.3.3 Detectors 

2.3.3.1 A photoionization detector  (PID) equipped w i t h  a 1O.Zev lamp 

(Tracor Model 1703) i s  used. 

2.3.3.2 A Hall e l ec t ro ly t i c  conductivity detector (HECD) (Tracor Model 

700A) i s  also used. Operation conditions a re  as  fol lows:  

React i on tube: Nickel 1/16" OD 

Reactor temperature: 9oooc 

Reactor base temperature: 25OoC 

* Electrolyte:  n-propyl a1 coho1 

Electrolyte flow rate:  0.7 ml/min 

Reaction gas: ' hydrogen a t  3Sml/min. 

Carr ier  gas p l u s  make up: . helium a t  32ml/min. 

2.3.3.3 Hydro Geo Chem a l so  has available i n  the mobile laboratory an 

Electron Capture Detector, ECD (Varian). 

2.3.3.4 A Flame Ionization Detector, FID (Varian), i s  a lso provided. 

Soil Gas QA 
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2.3.4 Integrators 

Three computing integrators are utilize! depending on 

analysis requirements. These include PC-compatible/Nelson 

Analytical Chromatography software package and two computing 

integrators, Spectrophysics 4200, and a Varian 3400 integrator. 

2.3.5' Purge and Trap Apparatus 

An in-house designed and built purging apparatus (Figure 4) 

is used in the analysis o f  soil and water samples. High purity, 

inert (He or N2) gas is bubbled through the sample at 200 ml/min. 

for 10 minutes. Purged sample components are trapped in a Supelco 

thermal desorption tube. 

I :  
2.3.6 Standards and Reagents 

2.3.6.1 Standards are prepared from stock mixtures of neat reagent grade 

compounds by adding a measured pipetted volume of each compound 

to be analyzed to the mixture and determining the weight added 

by difference. An aliquot volume of the final mixture is then 

weighed to establish density (weight/volume). Weighing is done 

on a 0.1 mg Mettler balance-cal ibrated according to manufacturers 

guide1 ines with weights traceable to NBS standards. Certified 

mixtures o f  vinyl chloride i n  nitrogen and 'methane in nitrogen 

purchased from Matheson Gas Products, Cucamonga, Cal i fornia are 

used t o  standardize these compounds. 

Soil  Gas QA . 
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2.3.6.2. VOC-free water used in purging so i l  samples i s  prepared from 

d i s t i l l e d  water degassed by boiling >1 h o u r .  

2.4 Standardization and Calibration 

2.4.1. Cal i bration 

Standards f o r  calibration a re  prepared as outlined in 

Section 2.3.6.1. A measured volume of the standard mixture i s  

injected i n t o  a nitrogen-filled 1 - l i t e r  g l a s s ,  gas bo t t l e  t h r o u g h  

a septum side p o r t .  After heating the  bot t le  t o  achieve 

vola t i l i za t ion  and mixing of the standards, measured volumes a re  

extracted with a gas  syringe and injected i n t o  a 200 m /min he1 ium 

gas stream leading t o  a carbon packed sorbtion cartridge.  After 

2 minutes, t h i s  cartridge i s  inserted in to  the thermal desorber 

and analyzed exactly as the samples. 

The amount of the standard stock solut ion injected in to  the 

gas bo t t l e  and the type of gas inject ion used are dependent upon 

the required mass o f  analyte. A s e t  of cal ibrat ion standards 

containing the method analytes and internal standard i n  the range 

-of 0.05 pg/l t o  500 pg/l based on a 200 m l  so i l  gas sample a re  

analyzed as  outlined i n  Section 7 of the QAPP. 

Area response versus the concentration injected of each 

analyte and the internal standard are tabu1 ated. Response fac tors  

( R F )  f o r  each analyte i s  calculated. 

Soil Gas QA 
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Spectra Physics calculat ion o f  RF is:  

where As = area of analyte t o  be measured 

A,, = area of internal  standard 

C,, = concentration of  in te rna l  s tandards,  pg/l 

C, = concentration o f  ana ly te ,  pg/1 

Vari an 3400 cal cul ation of R F  

RF = Cs(Ais)/As(C,s) x 10,000 

A ca l ib ra t ion  curve i s  prepared f o r  each analyte.  I f  the  

RF i s  constant (SD less than +15%) over the working range, the  

average RF i s  used. 

New ca l ib ra t ion  curves a r e  generated as  needed o r  every 

three months. 

2.4.2. Standardization 

Analysis of a standard is  performed a t  the beginning of  each 

day. Daily standards a r e  prepared i n  the .same manner as the 

ca l ib ra t ion  standards (Section 2.3.6.1). 

Soil Gas QA 
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1 -  

The amount o f  injected standards shall  be i n  the range of 

0.1 t o  1 pg w h i c h  corresponds t o  s o i l  gas analysis of 200 rnl 

samples t o  0.5 t o  10 pg/l , f o r  atmospheric samples of 2000 m l  , t o  

0.05 t o  1 pg/l, and for  water, t o  5 t o  100 pg/l. These standards 

shall  be analyzed a t  least three times. If the area of any 

analyte varies from the response determined by the cal ibrat ion 

curve o r  the average RF by grea te r  than +20%, the  system is 

recal ibrated. A standard having s imilar  detector  response t o  t h a t  

observed during analysis o f  f i e l d  samples i s  r u n  a f t e r  every tenth 

sample. When water i s  t o  be analyzed, two water standards 

containing a concentration i n  the range of 20 pg/l are  prepared 

by injection of a stock standard in to  VOC v i a l s  half f i l l e d  w i t h  

VOC- f ree  water. 

2.5 Qual i ty  Control 

2.5.1 System Blank 

2.5.1.1 Soil Gas 

A random selected sampling car t r idge is analyzed da i ly  t o  

demonstrate tha t  interferences from car t r idges o r  the analytical  

system a re  under control. If interference is  found a t  

unacceptable levels,  an unpacked car t r idge is  analyzed t o  

determine i f  the interference is  due t o  the car t r idge o r  t o  the 
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analyt ical  system. Appropriate measures are  taken t o  eliminate 

such interferences.  

2.5.1.2. Water 

A t  the beginning of each day, the chemist f i l l s  a sampling 

container with reagent water and proceeds t o  handle i t  as an 

actual sample i s  handled in order t o  demonstrate t h a t  the  system 

and water are  interference-free. If VOC's are  detected,  

appropriate measures will be taken t o  correct  the problem. 

' 

2.5.1.3. S o i l  

System blanks are  unable t o  be performed on soil because 

interference-free s o i l  is not available and the procedure i s  not 

feasible .  

2.5.2 Field Blanks 

2.5.2.1 Soil Gas 

Prior t o  each day's soil gas o r  atmospheric sampling, f i e l d  

blanks o f  the  entire sampling apparatus a r e  taken and analyzed t o  

check background contamination i n  the sampling system and 

car t r idges.  Sampling cartridges are attached t o  both the inlet  

and o u t l e t  end o f  a sampling probe. The sample col lected i n  the 

discharge end cartridge i s  representative o f  sampling t r a i n  

23 
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contamination only while the intake cartridge provides a measure 

of the atmospheric concentrations. Additional field blanks are 

collected prior to any reuse of recleaned sampling equipment. 

2.5.2.2. Water 

A sampling container will be filled with interference-free 

water in the field in the same manner as water samples are 

collected. This sample, now designated as a field blank, is 

returned to the laboratory for analysis. If VOC’s are detected, 

sample collection procedure will be reviewed. If necessary, 

sampling equipment will be thoroughly decontaminated. 

2.5.2.3. Soil 

Collection o f  field blank so i l  samples is not feasible due 

to the nature of the matrix and because interference-free soil is 

not avai 1 ab1 e. 

2.5.3 Dupl icate Sampl es 

Duplicate soil gas, atmospheric, or shallow groundwater 

Duplicate samples are collected from each sampling location. 

analyses are performed on at least 10% of the samples collected, 

or i f  the initial analysis is outside QA specifications. 

Duplicate analyses are not performed on soil samples because it 

.would require homogenization o f  the sample, tend to release 

So11 Gas QA 
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v o l a t i l e s  from the sample, and therefore, limit the accuracy o f  

the  r e su l t s .  

2.5.4 ' Trip Blanks 

2.5.4.1. Soil  Gas 

An unused sample car t r idge i s  transported into the f i e l d  w i t h  

the sampling equipment. The t r i p  blank car t r idge i s  handled i n  

the same manner as a sample, b u t  a sample i s  not collected through 

th i s  car t r idge.  The t r i p  b lank  i s  returned t o  the l ab  w i t h  the 

other  samples and analyzed. If  VOC's are  detected, sample 

handling and transport  procedures are subsequently reviewed. If  

no VOC's are  detected, th i s  cartridge is  a l so  used as a system 

blank. 

2.5.4.2.  Water 

A sampling container is  f i l l e d  with water determined t o  be 

interference-free and taken in to  the f i e ld .  The t r i p  blank 

container i s  handled i n  the same manner as other water samples b u t  

i s  not used t o  co l l ec t  an actual sample. The t r i p  blank is then 

returned t o  the 1aboratory.for analysis w i t h  the o ther  samples. 

If  VOC's a re  detected, sample handling and t ransport  procedures 

a r e  reviewed and sampling equipment i s  decontaminated as 

necessary. 
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2.5.4.3. Soil 

T r i p  blanks for  soi l  sampling are no t  used because 

uncontaminated soils without background levels  of organics are n o t  

avai lable  and the t r i p  blank procedures are n o t  feasible.  

2.5.5. Matrix Spike Dupl i c a t e  

2.5.5.1. Soil Gas 

The standard calibration procedure for so i l  gas analysis, the 

matrix being the activated carbon i n  the sample collection 

car t r idges only, accounts for  matrix spike duplicates. 

2.5.5.2. Water 

Once per day a duplicate f ie ld  sample is  with a cal ibrat ion 

This spiked sample i s  then standard of  known concentration. 

processed and analyzed i n  the same manner as a l l  samples. The 

difference between the reported concentration per compound and the  

concentration of the spike are then compared t o  the previous 

analysis of the unspi  ked sample duplicate. 

S o i l  Gas QA 
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2.5.5.3. Soil 

Because a spike cannot be e f f e c t i v e l y  and uniformly 

d is t r ibu ted  throughout a s o i l  sample, matr ix  sp ike  dupl ica tes  a r e  

unrel iable indicators  and therefore  not co l l ec t ed .  

2.5.6 Chromatographic Information 

On the first page of each day's chromatograms, the following 

system parameters a re  noted: 

A )  

8) 

Gas f l o w s  for  H,, N,, and a i r  

Tank pressures f o r  H,, N,, and a i r  

C)  Temperatures 
1. Injector  
2.  Columns 
3. Detector 
4 .  Thermal desorber oven 
5. Thermal desorber t r a n s f e r  1 ines  
6. Thermal desorber desorption temperature and duration 

D) Integrator parameters 

1. Attenuation 
2. Peak markers 
3. Base1 ine o f f s e t  

E )  Column(s) 

1. Type 
2. Length and diameter 
3 .  Packing material 
4 .  Temperature 

F) Operator 

G )  Date 

I f  any system parameters change, the chromatograms sha l l  be 

stamped and changes noted. 
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2.5.7 Internal Quality Control 

All chromatograms are reviewed internally by a chemist other 

than the chemist performing the analysis. 

2.5.8 Outside Quality Control Audits 

Samples are sent to independent laboratories for analysis 

periodically as a quality assurance check. . 

2.5.9 Sample Chain of Custody 

All samples are labeled with the following information: 

1) Sample identification number 

2) 

3) Name of sampler 

Date and time o f  sample collection 

In addition to labeling the samples, a field data/chain of custody 

form is completed in duplicate for each sample (Figure 5). At the 

time of sample collection, the field sampler signs the custody 

form and records the date, .time and other pertinent information. 

The sample is then transferred to .the laboratory, where the 

individual receiving the sample for analysis signs the original 

custody form and records the date and time. This Soil Gas Field 

I 
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Figure  5 

HYDRO GEO CHEM, INC. SAMPLE INFORMATION AND TRANSFER FORM 
- -  O r i g i n a l  t o  Mob i le  Lab -- Copy Kept i n  F i e l d  Notebook 

Loca t ion  #: Sample #: Data Base F i l e :  

Loca t ion  D e s c r i p t i o n :  

Sampler (S ignature)  : S o i l ? W a t e r ? - S o i l  Gas?Atmospher ic?-  

Weather: . Barometr ic  Pressure : 

Wind Direct ion/Speed: A i r  Temp (OF): 

Sur face Cond i t ions :  Soi l  Temp (OF): 

T i  me/Da t e : 

Probe Depth: Probe #: Probe Vol ume: 

Adapter #: Cy7 i n d e r  #: Vacuum Gage Reading: 

Sample Size:  

Purge F low Rate & Ourat ion:  

Car t r i dge (s )# :  

Pump Flow Rate & Dura t ion :  

Notes : 

Lab Receipt :  (S ignature) :  Time/Date: 

Compound Analyzed Mezsured Concentrat ion (pg / l )  Chromatogram # 
1 s t  2nd 

DCM 

Ch lo ro fo rm 
CCl4 
vc1 
1.1 DCE 

t r a n s - 1 , 2  DCE 

c i s - 1 . 2  DCE 

TCE 

PCE 

1.1 DCA 

1.2 DCA 

1.1.1 TCA 
Benzene 

T o l u e n e  

E t h y l  benzene 

Xy lenes  



Data Shee t  (Chain o f  Custody Form) i s  then f i l e d  i n  a notebook 

wi th  the  hard copy o f  the a n a l y t i c a l  results and e v e n t u a l l y  

becomes p a r t  o f  the the f i n a l  ev idence  f i l e .  The copy i s  r e t a i n e d  
. .  

i n  the f i e l d  notebook. 
0 

2.6 Procedures  

2.6.1 ’ Typical  chromatographic equa t ions  are  summarized i n  S e c t i o n  2.7. 

2.6.2 The system is  c a l i b r a t e d  d a i l y  a s  d e s c r i b e d  i n  S e c t i o n  2.4.1. 

2.6.3 Water Sampl es 

Approximately h a l f  o f  the wa te r  sample i s  d i sposed  o f  and 

the v i a l  r e s e a l e d .  T h i s  sample is  weighed t o  de t e rmine  volume and 

purged w i t h  200 ml/min N, f o r  10 minutes .  The purged v o l a t i l e  

compounds a r e  t rapped  on a carbon packed d e s o r p t i o n  c a r t r i d g e .  

2.6.4 S o i l  Samples 

S o i l  samples c o l l e c t e d  for in-house a n a l y s i s  are p laced  i n  

a wa te r  ba th  (90OC) a f t e r  be ing  well ag i t a t ed ’ .  These samples  a r e  

purged i n  t h e  same manner. as water samples.  The samples are 

weighed before  purging t o  de t e rmine  sample mass. 

2.6.5 Gas Samples 

30 
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The thermal desorption tubes on which the samples a re  

col lected a re  placed i n  the thermal desorber and heated t o  380 

+ 4 O C  w i t h  a h e l i u m  flow of 20 ml/min. a t  the same time t h a t  the  

GC temperature program i s  in i t i a t ed  and data  acquis i t ion s t a r t ed .  

The trapped materials are  desorbed and carr ied through the heated 

t r ans fe r  l i nes  t o  the GC columns where separation occurs (Figure 

3) - 

2.7 Cal cul a t i  ons 

2.7.1 Each analyte in the sample chromatogram i s  ident i f ied  by 

comparing the retention time of the suspect peak t o  re tent ion 

times generated by the cal ibrat ion standards on the appropriate 

detector .  When applicable, the re la t ive  response o f  the  a1 te rna te  

de tec tor  t o  the analyte is determined. 

should agree t o  within 20% of the r e l a t ive  response determined 

from the  standards. 

The r e l a t i v e  response 

2.7. Quant i ta t ion  i s  usually performed on the d t ec to r  which 

exhib i t s  the  greater  response i f  both detectors  respond t o  an 

analyte. In cases where greater  spec i f i c i ty  o r  precision would 

r e s u l t ,  the analyst uses his/her professional judgement i n  

determining the al ternate  detector. 

2.7.3 The concentration o f  the unknowns is  determined by using the 

ca l ibra t ion  curve or by comparing the peak height o r  area o f  the 

unknowns t o  the peak height or  area of the  standards as  follows: 

Soil Gas QA 
llydro Gco Chan. Inc. 31 



2.7.4 

C, = AJJA,, x Ci,/RF 

where C, = concentration o f  the  analyte in sample i n  pg/J 

C,, = concentration of t he  internal  standard i n  pg/1 

A, = peak area of the analyte  

A i ,  = peak area of the internal  standard 

R F  = r e l a t i v e  response fac to r  

The r e s u l t s  for  the unknown samples a re  reported in pg/l. 

The results a re  rounded off t o  the  nearest  0.01 pg/1 o r  2 

s ign i  f i cant  f igures .  

Sol1 Gas QA 
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20 PURPOSEANDSCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) for clearing drill sites and intrusive work sites within Individual Hazardous Substance 

Sites (MSSs). Geophysical clearing will be implemented to ensure that selected locations are free 

of buried metal objects to a depth of 18 feet and metal utility lines. This SOP describes 

geophysical, administrative clearance techniques, and geophysical data reduction and analyses that 

will be used for field data collection and documentation. 

The geophysical techniques that are employed involve electromagnetic (EM) techniques and a 

magnetic locator. EM and magnetic surveys can be used for identifying areas where subsurface 

metal objects might be located. The techniques indicate contrasts in conditions due to variations 

in the electrical conductivity or magnetic properties of subsurface materials. 

A magnetic locator can be used when the clearing depth-of-interest is 18 inches or less. EM 

techniques and a magnetic locator will both be used when the clearing depth-of-interest is deeper 

than 18 inches. 

3.0 RESPONSIBILlTIES AND QUALIFICATONS 

Oversight and supervision of the geophysical surveys will be conducted by a trained senior level 

geophysicist. Project staff performing these surveys will be trained geophysicists or trained 

personnel with a significant amount of geophysical field experience. The senior geophysicists should 

approve the assisting project staff. The subcontractor’s project manager will document personnel 

qualifications related to this procedure in the subcontractor’s project QA fdes. 

The subcontractor’s project manager is responsible for obtaining administrative borehole clearance. 
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4.0 REFERENCES 

4.1 SOURCEREFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

A ComDendium of SuDerfund Field Onerations Methods. EPA/W/P-87/001. December 1987. 

t. Interim 
Final. October 1988. 

RCRA Facilitv Investieation Guidance . EPA. Interim Final. May 1989. 

5.0 GEOPHYSICAL EQUIPMENT AND PROCEDURES 

5.1 IN"RODLJCI'I0N 

Borehole clearing, Using geophysical methods, will be employed within an IHSS where buried 

trenches are known to exist or where buried metal may be present. Surface geophysical surveys 

have been conducted at the RFP. Research of these previous geophysical surveys should be 

exhausted prior to conducting the following procedures. 

Instruments used for geophysical clearing will be recalibrated and recertified, if required. The date 

of the manufacturer's last calibration and certification will be documented on the Borehole Clearing 

Analysis Form (Form 3.1OA). 

Each instrument will have a field calibration check prior to and after field use. Personnel 

performing the field calibration check should refer to the manufacturer's instructions. An example 
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of a field calibration check would be to use the instrument over a known buried object. If the 

instrument does not respond appropriately, the instrument should be returned to the manufacturer 

for recalibration and recertification. 

Geophysical methods have limitations which must be considered when implementing a geophysical 

survey. In some instances, the limitations may be sufficient to make the geophysical results 

ambiguous or non-conclusive. Therefore, it is imperative that an experienced geophysical operator 

conduct the clearing of boreholes. 

' 

Both electromagnetics and magnetics are influenced by surface cultural features, such as fences, 

power lines, and metallic debris. These cultural effects can be mitigated by the use of a directional 

magnetic locator, which responds to a magnetic gradient. However, if borehole clearing is being 

performed within 40 to 50 feet of a cultural feature, reliable geophysical clearing may be Micult 

to achieve. In cases where a site cannot be definitively cleared, the location should be moved to 

the nearest clearable location. 

5 2  ELECI'ROMAGNEIICS 

An EM survey can be used to detect ferrous and nonferrous metals as well as areas of high 

inorganic contamination. This method involves the induction of electrical current into the ground. 

A small alternating current passing through a transmitter coil produces a primary magnetic field. 

Through inductive coupling, the primary magnetic field produces small eddy currents in the 

subsurface which, in turn, create their own secondary magnetic field. The receiver coil senses both 

the primary and secondary fields. This results in an output voltage that is linearly related to the 

terrain conductivity. The instrument then converts the voltage to a ground conductivity value which 

can be recorded by a strip recorder or digital logger. Electrical conductivity is a function of the soil 

or rock type, the porosity and permeability of the rock units, and the fluids and fluid constituents 
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filling the pore space. The conductivity values are subsequently plotted on a map so that their 

variation over the site can be analyzed. 

A Geonics EM-31, or equivalent ground conductivity meter will be used for the EM surveys. 

Through the use of the horizontal dipole mode (HDM), the unit has a depth penetration to 9 feet. 

By monitoring the in-phase component of the induced magnetic field, small amounts of subsurface 

metal can be detected. When deeper penetration is required, the vertical dipole mode (VDM) will 

be used in addition to the HDM. This scenario will provide high resolution detection of objects to 

9 feet and will allow detection of larger metal objects to 18 feet. The size of a metal object that 

can be detected is proportional to the depth of burial. For shallow investigation (less than 9 feet), 

the HDM provides the greatest resolution and can normally detect objects as small as a 1-foot 

length of rebar. Table 3.10-1 summarizes instrument modes and applications. 

Table 3.10-1 

EM-31 INSTRUMENT MODE APPLICATION 

Mode 

HDM 

DeDth of Penetration fft) 

9 

Approximate Size of 
Detected Obiect 

1-foot piece of rebar 

VDM 18 Steel drum 

521 IistofNecessaryEquipmemt 

The following is a list of equipment that will be necessary to complete the EM survey 

e A Geonics EM-31, EM-34-3, or equivalent terrain conductivity meter 

( 4 0 1 1 4 3 ) ( G ~ . 1 0 ) ) ( 0 1 7 9 1 )  
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0 Digital logger and/or analog strip recorder (when data collection is over large grid 

Appropriate health and safety equipment 

area) 
0 

0 Wood stakes or lath 

0 nagging 

0 Field notebook 

0 Pens with nonwater-soluble ink 
0 Form 3.1OA, Borehole Clearing Analysis (see Section 7.0, Documentation). 

52.2 F i l d P r d u r e  

A standard field procedure for conducting an EM survey is initiated by a reconnaissance survey of 
each drii site. The survey will involve a review of existing magnetic data at the site, a review of the 

site utility plans, an acknowledgement from the telephone and utility site locators that the site is 

clear of these utilities, and a field check for overhead wires, pipes, or other objects that may restrict 

d d h g  operations. Note surface conditions of site on Form 3.10A (see Section 7.0, Documentation) 

including excessive and/or large metal objects on the ground surface and large variations in 

topography. Following the instrument manufacturer's instructions, initiate site survey traverse on 

an approximate 1-foot grid, clearing a minimum of 6 feet around the drilling location stake. When 

anomalous values indicative of buried metal are observed, record the anomaly on Form 3.10A. If 

an anomaly is not present, document results on Form 3.1OA. 

Drilling locations with anomalous values will require moving the location to the nearest "clear" area. 

By using the above procedures, determine an area within 50 feet of the original drilling location that 

is free of anomalies. Mark the new drilling loation with a wood stake and document new location 

on Form 3.10A. Notify the project site manager of the new location. 
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For larger areas or for locating buried trenches or pits, follow a surveyed grid pattern when 

traversing with the EM instrument. If the grid is not surveyed prior to the EM traverse, place a 

wood stake marker at the end of each traverse and document the marker location on the field data 

record (Form 3.10A). All EM traverses should be documented on a field map during the survey. 

For larger areas, a portable computer may be required to quickly analyze the data and facilitate the 

location of additional survey lines. 

53 MAGNETICLOCATOR 

A magnetic locator detects magnetic fields associated with certain objects. The depth of 

investigation depends on the size of the object. The Schonstedt magnetic locator, for example, can 

detect well wings up to 15 feet deep; however, a 1 l/4-inch nail can be detected only to a depth 

of 8 inches. 

A magnetic locator responds to the magnetic gradient between two magnetic field sensors (A and 

B). If no anomalies exist, the magnetic field between sensors A and B is balanced, and a 40 Hz 
frequency signal is heard on the magnetic locator’s audio output. This frequency output (40 Hz) 
is the ambient magnetic field of the earth. However, when the magnetic field becomes stronger at 

sensor A (located at the bottom of the locator) than at sensor B, the output signal increases in 

frequency. When the tip of the locator is directly over the ferrous object, the audio signal increases 

to its highest frequency. 

53.1 List of NecessaryEquipment 

The following is a list of equipment that will be necessary to complete the geophysical survey. 

0 Schonstedt Model GA-52B magnetic locator or equivalent 

Appropriate health and safety equipment 0 



EG&G ROCKY FLATS PLANT Mannal: 5-2l2oo-M)P 
EWADGEOTECHNICALSOP procedure No.: 3.10, Rev. 0 

Page: 9 of 11 
Safety Related FB& Date: Februaryl41991 
Category 1 -OX ER&wM 

0 

e Wood stakes or lath 

e nagging 

e Field notebook 

e Pens 

e Form 3.104 Borehole Clearing Analysis (see Section 7.0, Documentation) 

532 F i e l d P r d u r e  

The field procedures for a magnetic survey are the same as the procedures described for the EM 

survey (Subsection 5.2.2). 

5.4 DATA REDUCIlON AND ANALYSIS 

When the anticipated hazards are isolated pieces of metal, borehole locations will be cleared to a 

minimum of 6 feet around the drilling location stake. In these cases, data will not be retained for 

later analysis, but the results will be documented on Form 3.1OA. If an anomalous area within 6 

feet of the borehole location stake is identified, the borehole location will be changed to an 

anomaly-free area within 50 feet of the original borehole location to minimize the possibility of 

contact with any anomalous material below the surface. 

When the hazard is buried trenches or pits, larger areas will have to be geophysically surveyed to 

clear borehole locations. In these cases, electromagnetic data will be collected with a digital data 

logger. The data will be transferred to a personal computer for analysis. Adjustments to the boring 

location (if required) will be made after the data are analyzed and interpreted. 

In both of the above cases, Form 3.1OA will be used to document the procedures and reasoning for 

the relocation or approval of a borehole location. 
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At all times, geophysical data will be collected and interpreted in a conservative and prudent 

manner. Additionally, appropriate levels of caution will be exercised by all field crews involved in 

intrusive activities, even on geophysically "cleared" boring locations. 

6.0 ADMINISTRATIVE BOFU3HOI.E CLEARANCE 

Admbktrative borehole clearance will be required for drilling operations at the RFP and will 

consist of obtaining work and excavation permits. Copies of these forms are included in Section 

7.0, Documentation. 

6.1 RADIOLoGICAL./HEALTH & SAFETY WORK PERMIT 0 
Work permits will be required for drilling operations ia all restricted access areas, which include 

IHSSs. These permits will be issued by the EG&G construction manager and will be valid for one 

week of drilling operations (see Section 7.0, Documentation). If field operations extend beyond a 

week's time, a request for an additional work permit will be submitted to the construction manager. 

This request will include details of the drilling operations planned for the following week. 

Daily work permits will be required for all drilling operations within the perimeter security zone 

(PSZ). 

The permitting process will consist of the construction manager reviewing the field operations plan 

(FOP), EG&G personnel clearing underground utilities, and screening for low energy radiation. 

The work permit will be kept at the drill site during the drilling operation. 
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Instructions and requirements for the use of a Radiological/Health & Safety Work Permit (see 

Section 7.0, Documentation) are contained in H&S 6.05 Radiological/H&S Work Permit available 

through EG&G. 

62 EXCAVATIONPERMIT 

Excavation permits will be required for drilling or excavating deeper than 18 inches. These permits 

will also be issued by the EG&G construction manager. A permit wil l  be required for each project 

and will be valid for 60 days. The excavation permit will also be kept at the drill site. 

7.0 DOCUMENTATION 

A permanent record of the implementation of this SOP will be kept by documenting field 

observations and data. The date of the manufacturer’s most recent calibration and certification will 

be documented if this information is available. Field calibration checks, geophysical observations, 

and data will be documented on the Borehole Clearing Analysis Form (Form 3.10A). 
Administrative clearances will be documented on the Radiological/Health and Safety Work Permit, 

and the Rocky Flats Excavation Permit. 
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BOREHOLE CLEARING ANALYSIS 

Project Name: Date: 

Projett Number: operator: 

survey Type: Instrumentation: 

Date of last calibration and instrument certification: 

Field calibration dates: 

(Borehole ID and 



RADIOLOGICAUHEALTH & SAFETY WORK PERMIT 
Instructions and requirements for the use of this'form are contained in HAS 6.05 RadiologicaVH8S Work Permit 

- JOB INFORMATION (To be completed by job supervisor or permit initiator) 

Job Name 

Bldg. Room # Date From (AWPM) To (AWPtJ 

Auth or WO # 

scope of work 

~ ~ 

- DESCRIPTION OF HAZARDS (To be completed by responsible user) 

v 
- HNO, (Nitric Acid) 
- HCI (Hydrochloric Acid) 
- H,SO, (Sulfuric Acid) - HF (Hydrofluoric Add) 

- P 

Energized System? - Vacuum 

4 5  psig - 12Ov - - 220v - >15 psig 

-Ambient Pressure Yes - No - 
- Caustic - 480v Psig - 600V - Below Ambient Temp 

OF 
v - Ambient Temp 

- Above Ambient Temp 

-Steam System 
- Hydraulic System 

- h d ?  OF 

- Flammables 
- Trichloroethylene - Beryllium 
- Plutonium - Uranium - Asbestos 

Fire Suppression Interruption? __ Yes - No 

Other hazards and precautions 

- RADIOLOGICAL AND NONRADIOLOGICAL SAFETY REQUIREMENTS (To be completed by Racfiol@.- mtection. a d o r  HBS Area 
fngineer). 
S A  REOUIAED Y e s  -No XPACKAGERE~IRED Y- NO 
DBSlE REVIEW REOUIRED-Yes -No RADIOLOGICAL PROTECTION TECHNOLOGIST (RPT) REOUIRED- YES -NO 

- Coveralls - Tyvek Suit 
- Plastic Suit 
- Acid Suit - Surgeon's Gloves 
- Plastic Gloves - Rubber Gloves 
- Leather Gloves 
- Cloth cap - Cloth Hood - Plastic Hood - Booties 
- Plastic Booties 
- Rubber Boots - Safety Glasses - Goggles 
- Face Shield 
- Hard Hat - Hearing Protection 
- Taped Openings 
- other - - 
- Containment Pen 
- Plastic House 
- SBA House - Plastic Sleeve 
- Glove Bag 
- Air Mover 
- Down Draft 
- GB Exhaust 
-Other 

- Half Mask - Full Face 
- Supplied ba th ing  Air 
- SCBA - Chemical Canister - 
REQUlREMENTS 
-Start of job - on call - Full time 

P 
- TLD Dosimeter - Extremity Dosimeter 

Special Dosimeter - - 
REOUlREMENTS 
(Consult Job Supervisor) 
- Insulating Mat - Insulating Blanket 
- Cover up - High Voltage Sleeves 
- High Voltage Gloves 

Class I 
Class II 

- Hot Sticks 
- TIC Tracer 
- Insulated Bucket Truck 
- Grounding Cable 
- Grounding Stick 

TlON P R F W  

Contamination levels and extent 

Gamma 
Neutron 
Limitations 

RPT Signature 

R O T F C W O S T - J O B  SURVFY 

Contamination levels and extent 

Gamma 
Neutron 

RPT Signature . 

M e r  Special Requirements 



RADIOLOGICAUHEALTH & SAFETY WORK PERMIT - CONTINUED 

Auth or W o  t# Date 

- PREPARATION FOR THE JOB (To be completed by the responsible user and job supervisor) 

Yes 
Yes __ NIA 
Yes __ N/A 
Yes - NIA 

- Yes __ NIA 
Yes __ NIA 

The area or equipment is ready to be worked on and is in safe condition 
The necessary systems have been shutdown. drained, blanked, etc. 
The necessary systems have been iocked oufhgged out. # 
Voltage checked after lock OUL 

The Fire Department has been notified of upcoming work and is prepared. 

- - - - 
Utilities has been notified of upcoming work and is prepared. 

- 
I 

- APPROVAL SIGNATURES 

THE ABOVE REQUIREMENTS HAVE BEEN REVIEWED WITH AND ARE UNDERSTOOD BY ALL JOB PERSONNEL 

(Job personnel signatures) 

The Building Manager (or designee) has been notified of upcoming work 
(notitier’s initials) 

THE SIGNATURES BELOW INDICATE RNlEW AND CONCURRENCE WITH THE WORK PERMIT 

Responsible User 

RPT Foreman (it applicable) Contractor Supervisor (if applicable) 

HBS Area Engineer Ofher 

=ION VL - PERMIT EXTENSION 

WORK PERMIT EXTENDED TO: 
HBS Area Engineer 

Job Supervisor agrees to tour area daily to ensure compliance with HBS requirements. (Initials required for each day of extension) 

Dates: 

Initials: - 
Job Supervisor - 
Responsible User - 
Radiological Protection - 
HBS Area Engineer- 

POST CARD AT JOB SITE 

White (retain permanenly with job file) 
Blue (retain for 30 days) 
Yellow (retain for 30 days) 
Buff (info copy) 

0 
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3.0 

4.0 

4.1 

PuRposE AND SCOPE 

This standard operating procedure (SOP) d e s a i i  procedures that will be used at Rocky Flats 
to plug and abandon @&A) wells. Plugging refers to the physical process of Glling the well 

cavity with grout while abandonment refers to the completion and documentation of all 

requirements of this SOP. Abandonment involves plugging the well with grout, and all related 

activities and documentation as described in this SOP. A well is defined for the purpose of this 
SOP as a ground penetration intended for monitoring the chemical, physical or potentiometric 

properties of groundwater, a ground penetration intended for production of groundwater, or 

a ground penetration of unknown status. Abandonment of boreholes, which are defined as 
ground penetrations drilled primarily for obtaining geologic and environmental information, is 

addressed in SOP 35, Plugging and Abandonment of Boreholes. 

PERSONNEL QUAUFICATIONS 

Personnel overseeing the abandonment of wells will be geologists, geotechnical engineers or 

field technicians with an appropriate amount of applicable field experience or on-the-job 

training under supervision of another qualified person. 

SOURCEREFERENCES 

Mer, L., T.W. Bennett, G. Ha&* RJ. Petty, J.H. Lehr, H. W o r k ,  D.M. Nielsen, and J.E. 

Denne. 1989. "Handbook of Suggested Pradces for the Design and Installation of Ground 

Water Monitoring Wells," EPA 600/489/034. National Water Well Assodation. 398 pp. 
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Colorado Division of Water Resources, Board of Examiners of Water Well Construction and 

Pump Installation Contractors. 1988. "Revised and Amended Rules and Regulations of the 

Board of Examiners of Water Well Construction and Pump Installation Contractors," 29 pp. 

U.S. Environmental Protection Agency. "RCRA Ground Water Monitoring Technical 

Enforcement Guidance Document," 1986. Oftice of Solid Waste and Emergency Response. 

OSWER-9950.1. 317 pp. 

U.S. Environmental Protection Agency. 1975. Manual of Water Well Construction Practices; 

Office of Water Supply. EPA-570/9-75-001. 156 pp. 

Related SOPS that are cross-referenced by this SOP are: 

SOP 13, General Equipment Decontamination 

SOP 1.4, Heavy Equipment Decontamination 

SOP 1.6, Handling of Personal Protective Equipment 

SOP 1.7, Handling of Decontamination Water and Wash Water 

SOP 1.8, Handling of Drilling Fluids and Cuttings 

SOP 1.10, Receiving, Labeling, and Handling Waste Containers 

SOP 1.11, Field Communications 

SOP 1.12, Rocky Flats Plant Access and Control 

SOP 3.2, Drilling and Sampling Using Hollow-Stem Auger Techniques 

SOP 33, Isolating Bedrock from the Alluvium with Grouted Surface Casing 
SOP 3.4, Rotary Drilling and Rock Coring 

SOP 35, Plugging and Abandonment of Boreholes 

SOP 3.10, Borehole Clearing 



5.0 

5.1 

EQurpMENTANDPROCEDURES 

Several field activities will be conducted in the process of well abandonment that are addressed 

in other SOPS, primarily within categories 1.0 -- Field Operations and 3.0 - Geotechnical. 

The following materials and equipment may be used: 

e Health and safety monitoring equipment and personal prdedive equipment according 

to the Health and Safety Plan. 

e Well plugging and abandonment form. 

e Drill rig and associated equipment. 

e Reduced pH bentonite grout (American Colloid “Pure Gold”, or approved equivalent), 

mixed in a powered mechanical grout mixer according to manufacturer’s 

recommendations. The grout will contain at least 30 percent solids by weight and have 

a minimum density of 9.9 pounds per gallon after mixing. A mud balance will be used 

to check grout density prior to pumping for each borehole. 

e Concrete. 

e Portable metal tanks for concrete flushing and mixing. 

e High pressure steamer/spray. 



0 Phosphate-free, lab grade detergent (e.& Iiquhox). 

e Drums for containment of borehole effluent and sediment. 

e Weighted measuring tape. 

e Mirror. 

0 Spotlight. 

52 PROCEDURES 

Equipment for plugging and abandoning boreholes will be used according to the pertinent 

requirements of SOP 3.2, Drilling and Sampling Ushg Hollow-Stem Auger Techniques and 

SOP 3.4, Rotary Drilling and Rock Coring. These requirements include use of 

contaminant-free lubricants only, and visual monitoring of equipment for hydraulic and/or fuel 

or oil leaks. All procedures will be conducted according to the Site Health and Safety Program 

Pian. If necessary, project-specific requirements will be addressed in a Standard Operating 

Procedure Addendum (SOPA). 

Several methods of well abandonment are addressed in the following d o n s .  Selection of the 

appropriate method of abandonment for a given well must be addressed in the project-specific 

work pian, based on information compiled for the well. Factors to be considered in selecting 

the abandonment method include: 

0 Casing material 

0 Casing condition 
0 Diameter of casing and borehole 
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0 Type and quality of original seal 

0 Depth of the well 

0 Hydrogeologic setting 

0 Plumbness of the well 

0 Location and type of mne(s) where contamination occurs 

The method selected for well abandonment should be consistent with the following purposes 

of well abandonment: 

0 Prevention of groundwater and soil contamination via the well 

Prevention of intermixing of subsurface water via the well 

Conservation of hydraulic characteristics of hydrogeologic units 

0 

0 

0 Minimization of physical hazards 

AbandonmentRequkbgCasiDgRemarral 

If casing removal is specified in the work plan, four methods may be considered: 
0 casing Pulling 

0 Casing Destruction 

0 Overdrilling 

0 Overcoring 

52L1 

Casing may be pulled using hydraulic jacks or the lifting capabilities of the drilling rig. A 

vibration hammer may also be used to augment the pulling. A high vkmsity bentonite drilling 
mud may be placed in the casing to minimize collapse of the borehole walls as the casing is 
pulled. After the casing has been pulled, the borehole must be reamed to a diameter larger 
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than the original hole to remove the annular materials in order to promote a good seal between 
the borehole wall and the new grout. 

Destruction of the casing can be accomplished by drilling out the casing in place. Either 

hollow-stem auger or rotary drilling methods may be appropriate. A pilot bit or guide attached 

to the lead auger or tri-cone bit is advanced within the well casing as a guide in drilling out the 

casing. A high vixosity bentonite drilling mud may be placed in the casing and periodically 

added as the boring is advanced. Thorough removal of the annular grout should be undertaken, 

either by drilling the boring to approximately the same diameter as the original borehole, or 

by reaming the borehole after making the initial run to destroy the casing. 

For the purpose of this SOP, overdrilling refers to the use of hollow-stem augers to drill around 

the well casing. The hollow stem auger should have an inside diameter of at least two inches 

larger than the well casing, and the auger flights should be at least the same diameter as the 

original borehole. The augers are drilled to the full depth of the original boring. If posiile, 

the casing will be pulled with the augers in place. If the Casing should become stuck within the 

hollow stem, water may be forced down the casing and out the screen in an attempt to free the 

casing. If this procedure fails, the casing must be pulled simultaneously with the augers. 
Reaming will be necessary after the casing is pulled to remove any remaining annular materials 

and debris. 



For the purposes of this SOP, overcoring refers to the use of driUing equipment to overcore 

the well casing with a core bit. The cofe bit should have an inside diameter at least two inches 
greater than the outside diameter of the well casing. The casing is overcored to its total depth, 

and is pulled prior to or simultaneously with the'drill rods. The boring is then reamed to a 

diameter larger than the original hole to remove annular materials and debris. 

52.2 
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Abandonmentwitbwtca&ingRemaval 

If specified in the work plan, the well may be abandoned with the casing left in place. Wells 

which do not penetrate a codied hydrostratigraphic unit (HSU) may be grouted as addressed 

in Subsection 5.2.3. Wells penetrating more than one aquifer or contaminant zone may also be 
abandoned with the casing left in place. If, however, documentation of the well does not clearly 

indicate that the casing opposite each confining layer or between two contaminant zones has 
been properly grouted, or if the well is otherwise known to be nonviable due to absent or 

inadequate grouting, the casing in such intervals must be perforated or ripped. These intervals 

will require pressure grouting. 

Grouting 

Unless specified in the work plan due to site-specitic conditions, grout shall consist of American 

Colloid Company "Pure Gold" grout, or approved equivalent, mixed according to the 

manufacturer's instructions. Grout will be emplaced by pumping through tremie pipe or drill 
stem, with the bottom end of the pipe always being maintained below the top of the grout 

slurry within the well. It is advantageous to begin the grouting process with hollow-stem augers 

or temporary casing in the borehole, removing sedions as the grouting progresses in order to 

minimize borehole collapse. Grout should be applied in as nearly as continuous a procedure 
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from bottom to top as is practical to mhimize segregation, dilution and bridging problems. If ’ 

possible, the tremie pipe should be kept near the bottom of the well, and the grouting 

continued until it is purged from the borehole undiluted. 

To abandon wells in HSUs with high permeability, clean sand may be placed by tremie pipe 

up to the static water level (m unconfined HSUs) or to the  cod^ layer (m confined HSUs). 
A seal of hydrated bentonite will be placed above the sand. After allowing sufficient time for 

the hydration of the bentonite seal, the well will be grouted to the surface as described above. 

surface protection 

If casing is left in place, a water-tight cover must be permanently fixed to the top of the casing. 
Remaining casing may be cut off a minimum of one foot below ground level provided the 

permanent cover is attached and original surface contours are restored. 

For all wells, concrete will be placed above the top of the bentonite grout, after do+ 
sufficient time for the grout to set. This concrete should extend three to five feet below the 

ground surface. At the surface, the concrete will consist of a slab, shaped within a concrete 

form at least six inches thick (vertical dimension), with a diameter no less than two feet greater 

than the diameter of the well. The form should be dug slightly into the ground so that the 

surface of the finished concrete slab will be one or two inches above the ground surface. 

Welded wire fabric (10-gauge or heavier &inch x &inch) shall be placed at mid-depth in the 

slab. 

When the concrete slab is semi-hard, a stainless steel or aluminum plate with well ID and date 

of abandonment will be anchored to the surface of the slab. The date on which abandonment 

of the well was completed will also be written in the surface of the concrete while semi-hard. 

(401 l.ra)(eeaech.l l)(M-19-91) 



6.0 EQUIPMENT DpxxlNTAMMATlON 

Pertinent decontamination procedures desaibed in SOP 13, General Equipment 

Decontamination, and SOP 1.4, Heavy Equipment Decon taminatioq will be followed. 

Decontamination and wash water will be handled according to SOP 1.7, Handling of 

Decontamination Water and Wash Water. 

71) 

7.1 

HANDLING AND SrORAGE OF MATERIAIS 

The materials removed as part of the well abandonment process will include: 

0 Large solids (e.g., lengths of semi-intact well casing) 
Small solids (e.g., drill cuttbp, old grout, destroyed well casing) 
Liquids (e&, drilling fluids, exoess grout and formation water) 

0 

0 

The following describes the methods which will be followed to handle and store these materials. 

CASING 

Casing will be cut into manageable lengths as it is removed from the borehole. The casing will 

be scanned with a radiation meter and PID. Clean the casing with a brush to remove the major 

dirt and debris. Wrap casing in plastic sheeting or plastic bags, tape shut, and transport to the 

central decontamination station. Finish decontaminating casing using a high pressure hot water 

washer. Stack into piles on plastic tarp. Cover with another pladic tarp. EG&G personnel 

will then screen the casing and determine the appropriate method of disposal. 
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9.0 

These materials (e.g., small pieces of casing, axmete, drill cu#ings, etc) will be handled 

according to SOP 1.8, Handling of Drilling Fluids and Cuttings. 

LIQUIDS 

Liquids displaced from the borehole during grouting will be collected and handled according 

to SOP 15, Handling of Purge and Development Water, and SOP 1.8, Handling of Drilling 

Fluids and Cuttings. This will require provision at the ground surface to collect fluid, such as 

a portable "keyhole" pit or berm around the top of the borehole or casing discharging to a tank. 
In deep boreholes when relatively large quantities of fluids are anticipated, more elaborate 

measures such as grading the area and coxudndng h e d  pits, may be required to control 

displaced wastes. This will be addressed in an SOPA. 

Quality assurance (QA) and quality control (QC) activities will be accomplished according to 

applicable project plans as well as quality requirements presented ia this SOP. 

-ATION 

Information required by this SOP will be documented on the Well Lugging and Abandonment 

Form (Form 3.1lA), and Drilling Field Activity Daily Log or logbook. Waste handliag d be 

documented according to SOP 1.8, Handling of Drilling Fluids and Cuttbgs. The information 

will be recorded in a logbook. 

(4011453)(geot~l l)(ozlesl) 



0 Project, crew and borehole identifications 

Equipment descriptions (rig, tremie, pump, etc) 

Water level in borehole prior to abandonment (if any) 

0 Weather conditions 

0 

0 

0 Borehole depth/diameter 

0 Volume of grout placed 

0 'Qpe/length/diameter of casing/screen removed 

0 w/depth/diameter of casing/screen left in place 

End-of-day status (Le., partially complete, cap set, etc) 0 

0 Chronological record of adivities 

Copies of the completed Well Abandonment Forms, together with a cover letter Signed by the task manager and 

field geologist, will be mailed within 30 days of the abandonment to: 

Colorado Division of Water Resources 
Office of the State Board of Engineers 
l3l3 Sherman Street, Room 818 
Denver, Colorado 80203 
ATTN: Well Abandonment 
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM 3.1lA 

I WELL PLUGGING AND ABANDONMENT FORM 

1. Well Specifics: 
a. Well Id. No. 
b. Reported well depth (feet) 
c. Field well depth (feet) 
d. Number of screens 
e. Screened interval(s) 
f. Screen diameter(s) 
g. Screen type(s) (SS or PVC, etc.) 
h. Casing diameter(s) (in.) 
i. Casing type (PVC, steel, etc) 
j. Stickup or flush mount 
k. Penetrates confining layer(s) Cy or N) 
1. Aquifer(s) monitored 

2. Reason for Abandonment: 

3. Abandonment Specifics: 
a. Date abandonment begins 
b. Date abandonment ends 
c. ID number of field book used 
d. Site personnel 

e. Drilling method used 
f. Grout used 
g. Casing removed (Y or N) 
h. Metal detection plate installed (Y or N) 
i. Concrete pad inscription 

j. Briefly describe abandonment method: 

k. Disposition of materials removed from well: 

4. Comments or problems encountered: 

Name, title and company of person 
completiag this form 

Signature and Date 

Attach one copy of Well Abandonment Log to this form when completed. Attach one copy of the Well 
Construction Log (if available) to this form when completed. 


