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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION ACTIVITIES.  IT IS NOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND EXPERIENCE.  IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE.  BRC CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES, CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.
1.0 INTRODUCTION

This Standard Operating Procedure (SOP) is applicable to logging soils at all sites requiring soil investigation by Basic Remediation Company (BRC) Contractors. The SOP is based on the Unified Soils Classification System (USCS) and the American Society for Testing and Materials (ASTM) Standard D2488-00 Standard Practice for Description and Identification of Soils (Visual-Manual Procedure) (ASTM, 2000). Variance from the logging procedures described herein shall be warranted only if specifically required in writing by a particular client or regulatory agency. A solid working knowledge of this SOP is important for BRC Contractors field personnel to standardize logging procedures and to enable subsequent correlations between borings at a site, allowing for accurate and thorough site characterization. 

The information in this SOP is summarized in two soil logging field guides (attached). Laminated copies of these guides are available for field personnel; use of the field guides is strongly recommend​ed. Other field guidance references may also be used according to personal prefer​ence; however, such references should be based on the USCS. Note that many references (for example, AGI Data Sheet grain-size scales) base soil classifications on the Wentworth Scale. Such scales may vary significantly from the USCS and may lead to inaccurate or inconsistent soil descriptions.

2.0 DEFINITIONS

Use of the USCS requires familiarity with the grain size ranges that define a particular type of soil, as well as several other physical characteristics. The grain size definitions and physical characteristics upon which soil descriptions are based are presented below. This information is also presented in tabular format on the field guides. 

2.1 Grain Sizes
USCS grain sizes are based on U.S. standard sieve sizes, which are named as follows: 
· Standard sieves with larger openings are named according to the size of the openings in the sieve mesh. For example, a "3-inch" sieve contains openings that are 3 inches square. 
· Standard sieves with smaller openings are given numbered designations that indicate the number of openings per inch. For example, a "No. 4" sieve contains 4 openings per inch. 
The following grain size definitions are paraphrased from the ASTM Standard D2488-00. Field personnel should familiarize themselves with the grain size definitions and refer to the appropriate field guide for a visual reference. 

Boulders 
Particles of rock that will not pass a 12-inch (300-mm) square opening

Cobbles
Particles of rock that will pass a 12-inch (300-mm) square opening and be retained on a 3-inch (75-mm) sieve

Gravel 
Particles of rock that will pass a 3-inch (75-mm) sieve and be retained on a No. 4 (4.75-mm) sieve with the following subdivisions: 
· Coarse gravel passes a 3-inch (75-mm) sieve and is retained on a 3/4-inch (19-mm) sieve

· Fine gravel passes a 3/4-inch (19-mm) sieve and is retained on a No. 4 (4.75-mm) sieve

Sand
Particles of rock that will pass a No. 4 (0.19-inch or 4.75-mm) sieve and be retained on a No. 200 (0.003-inch or 75-µm) sieve with the following subdivisions:

· Coarse sand passes a No. 4 (0.19-inch or 4.75-mm) sieve and is retained on a No. 10 (0.08-inch or 2-mm) sieve

· Medium sand passes a No. 10 (0.08-inch or 2-mm) sieve and is retained on a No. 40 (0.017-inch or 425-µm) sieve

· Fine sand passes a No. 40 (0.017-inch or 425-µm) sieve and is retained on a No. 200 (0.003-inch or 75-µm) sieve

Silt
Soil passing a No. 200 (0.003-inch or 75-µm) sieve that is nonplastic or very slightly plastic and that exhibits little or no strength when air dried. Individual silt particles are not visible to the naked eye.

Clay
Soil passing a No. 200 (0.003 inch or 75-µm) sieve that can be made to exhibit plasticity within a range of water contents and that exhibits considerable strength when air-dried. Individual clay particles are not visible to the naked eye.

2.2 Physical Characteristics
The following physical characteristics are used in the USCS classification for fine-grained soils. A brief definition of each physical characteristic is presented below. Tables 1 through 4 present descriptions of field tests that may be performed to estimate these properties in a field sample. However, with the exception of plasticity, the tests are generally too time consuming to perform regularly in the field. A determination of the type of fine-grained soil present in the sample can generally be made on the basis of plasticity, as described in Section 4.1.2. 
Dry Strength
The ease with which a dry lump of soil crushes between the fingers (Table 1).

Dilatancy Reaction
The speed with which water appears in a moist pat of soil when shaking in the hand, and disappears while squeezing (Table 2).

Toughness
The strength of a soil, moistened near its plastic limit, when rolled into a 1/8-inch diameter thread (Table 3). 
Plasticity
The extent to which a soil may be rolled into a 1/8-inch. thread, and re-rolled when drier than the plastic limit (Table 4).

Table 1.  Criteria for Describing Dry Strength

	Description
	Criteria

	None
	The dry specimen crumbles into powder with mere pressure of handling.

	Low
	The dry specimen crumbles into powder with some finger pressure.

	Medium
	The dry specimen breaks into pieces or crumbles with considerable finger pressure.

	High
	The dry specimen cannot be broken with finger pressure. Specimen will break into pieces between thumb and a hard surface.

	Very High
	The dry specimen cannot be broken between the thumb and a hard surface.


Table 2.  Criteria for Describing Dilatancy

	Description
	Criteria

	None
	No visible change in the specimen.

	Slow
	Water appears slowly on the surface of the specimen during shaking and does not disappear or disappears slowly upon squeezing.

	Rapid
	Water appears quickly on the surface of the specimen during shaking and disappears quickly upon squeezing.


Table 3.  Criteria for Describing Toughness

	Description
	Criteria

	Low
	Only slight pressure is required to roll the thread near the plastic limit. The thread and the lump are weak and soft.

	Medium
	Medium pressure is required to roll the thread to near the plastic limit. The thread and the lump have medium stiffness.

	High
	Considerable pressure is required to roll the thread to near the plastic limit. The thread and the lump have very high stiffness.


Table 4.  Criteria for Describing Plasticity

	Description
	Criteria

	Nonplastic
	A 1/8-inch (3-mm) thread cannot be rolled at any water content.

	Low
	The thread can barely be rolled and the lump cannot be formed when drier than the plastic limit.

	Medium
	The thread is easy to roll and not much time is required to reach the plastic limit. The thread cannot be re-rolled after reaching the plastic limit. The lump crumbles when drier than the plastic limit.

	High
	It takes considerable time rolling and kneading to reach the plastic limit. The thread can be re-rolled several times after reaching the plastic limit. The lump can be formed without crumbling when drier than the plastic limit.


3.0 RESPONSIBILITIES

This section presents a brief definition of field roles and the responsibilities generally associated with them. This list is not intended to be comprehensive; additional personnel may be involved in other aspects of the project. Project team member information is usually included in project-specific plans (e.g., work plan, field sampling plan, quality assurance plan), and field personnel should always consult the appropriate documents to determine project-specific roles and responsibilities. In addition, one person may serve in more than one role on any given project.
The Project Manager or Task Leader (a qualified Nevada Certified Environmental Manager [C.E.M.]) defines the objectives of field work; selects site-specific monitoring well design and installation methods with input from the Project Hydrogeologist and Field Team Leader; and maintains close supervision of activities and progress. 
The Project Hydrogeologist (a qualified Nevada C.E.M.) selects site-specific drilling/sampling options, helps prepare technical provisions for drilling.

The Field Team Leader implements the selected drilling program and may also review boring logs.

The Drilling Rig Geologist records the boring logs and supervises the drilling subcontractor.

The Quality Manager performs field and logging process audits.

4.0 SOIL LOGGING PROCEDURES

The following aspects of a project must be considered before sampling and soil logging commences. This information is generally summarized in a project-specific work plan or field sampling plan, which should be thoroughly reviewed by field personnel prior to the initiation of work.

· Purpose of the soil logging (e.g., initial investigation, subsequent investigation, remediation)

· Known or anticipated hydrogeologic setting including lithology (consolidated/un​consolidated, depositional environment, presence of fill material), physical characteristics of the aquifer (porosity/permeability), type of aquifer (confined/unconfined), recharge/discharge conditions, aquifer thickness and ground water/surface water interrelationships

· Drilling conditions

· Previous soil boring or borehole geophysical logs

· Soil sampling and geotechnical testing program

· Characteristics of potential chemical release(s) (chemistry, density, viscosity, reactivity, and concentration)

· Health and Safety protection requirements

· Regulatory requirements

The procedures used to determine the correct soil sample classification are described below. These procedures are presented in tabular and flow chart form on the field guides. 
4.1 Field Classification of Soils
The following soil classification procedures are based on the ASTM Standard D2488-00 for visual-manual identification of soils (ASTM, 2000). The flow chart is Attachment 1 to this SOP and presented in the field guide can be used to assign the appropriate soil group name and symbol. When naming soils, the proper USCS soil group name is given, followed by the group symbol. For clarity, it is recommended that the group symbol be placed in parentheses after the written soil group name.

Soil identification using the visual-manual procedures is based on naming the portion of the soil sample that will pass a 3-inch (75-mm) sieve. Therefore, before classifying a soil, any particles larger than 3 inches (cobbles and boulders) should be removed, if possible. Estimate and note the percentage of cobbles and boulders. 
Using the remaining soil, the next step is to estimate the percentages, by dry weight, of the gravel, sand, and fine fractions (particles passing a No. 200 sieve). The percentages are to be estimated to the closest 5 percent. In general, the soil is fine-grained (e.g., a silt or a clay) if it contains 50 percent or more fines, and coarse-grained (e.g., a sand or a gravel) if it contains less than 50 percent fines. If one of the components is present but estimated to be less than 5 percent, its presence is indicated by the term trace. For example, “trace of fines” would be added as additional information following the formal USCS soil description. 
4.1.1 Procedure for Identifying Coarse-Grained Soils 

Coarse-grained soil contains less that 50 percent fines. If it has been determined that the soil contains less than 50 percent fines, the soil is a gravel if the percentage of gravel is estimated to be more than the percentage of sand. The soil is a sand if the percentage of gravel is estimated to be equal to or less than the percentage of sand.

If the soil is predominantly sand or gravel but contains an estimated 15 percent or more of the other coarse-grained constituent, the words "with gravel" or "with sand" is added to the group name. For example: "gravel with sand (GP)." If the sample contains any cobbles or boulders, the words “with cobbles” or “with cobbles and boulders” are added to the group name. For example: "silty gravel with cobbles (GM)."

5 Percent or Less Fines

The soil is a “clean gravel” or “clean sand” if the percentage of fines is estimated to be 5 percent or less. “Clean” is not a formal USCS name, but rather a general descriptor for implying little to no fines. Clean sands and gravels are given the USCS designation as either well-graded or poorly-graded, as described below.

Identify the soil as a well-graded gravel (GW) or as a well-graded sand (SW) if it has a wide range of particle sizes and substantial amounts of the intermediate particle sizes. Identify the soil as a poorly-graded gravel (GP) or as a poorly-graded sand (SP) if it consists predominantly of one grain size (uniformly graded), or has a wide range of sizes with some intermediate sizes obviously missing (gap- or skip-graded).

Note: When using the USCS designation, keep in mind the difference between grading and sorting. The term grading is used to indicate the range of particles contained in the sample. For example, a poorly-graded sand containing predominantly one grain size would be considered well-sorted, and vice-versa. One notable exception to this general rule is a skip-graded (bimodally distributed) sample; a sand containing two distinct grain sizes would be considered both poorly-sorted and poorly-graded. The USCS uses only the grading descriptor in soil naming, not the sorting descriptor.

≥ 15 Percent Fines

The soil is a silty or clayey gravel or a silty or clayey sand if the percentage of fines is estimated to be 15 percent or more. For example, identify the soil as clayey gravel (GC) or a clayey sand (SC) if the fines are clayey. Identify the soil as a silty gravel (GM) or a silty sand (SM) if the fines are silty. The coarse grained descriptor "poorly-graded" or "well-graded" is not included in the soil name, but rather, should be included as additional information following the formal USCS soil description.

>5 Percent but <15 Percent Fines

If the soil is estimated to contain greater than 5 percent but less than 15 percent fines, give the soil a dual identification using two group symbols. The first group symbol corresponds to a clean gravel or sand (GW, GP, SW, SP) and the second symbol corresponds to a clayey/silty gravel or sand (GC, GM, SC, SM). The group name corresponds to the first group symbol, and include the words "poorly-graded" or "well-graded", plus the words "with clay" or "with silt" to indicate the character of the fines. For example, "poorly-graded gravel with silt (GP-GM)".

4.1.2 Procedure for Identifying Fine-Grained Soils 

Fine-grained soil contains 50 percent or more fines. The USCS classifies inorganic fine-grained soils according to their degree of plasticity (no or low plasticity, indicated with an "L"; or high plasticity, indicated with an "H") and other physical characteristics (defined in Section 2.2 and Tables 1 through 4). As indicated in Section 2.2, the field tests used to determine dry strength, dilatancy, and toughness are generally too time consuming to be performed on a routine basis. Field personnel should be familiar with the definitions of the physical characteristics and the concepts of the field tests; however, field classifications will generally be based primarily on plasticity. If precise engineering properties are necessary for the project (i.e., construction, modeling, etc.), geotechnical samples should be collected for laboratory testing. The results of the laboratory tests should be compared to the field logging results. Soil classifications based on plasticity are as follows:

· Lean clay (CL) soil has medium to high dry strength, no or slow dilatancy, and medium toughness and plasticity. 
· Fat clay (CH) soil has high to very high dry strength, no dilatancy, and high toughness and plasticity. 
· Silt (ML) soil has no to low dry strength, slow to rapid dilatancy, and low toughness and plasticity, or is nonplastic. 
· Elastic silt (MH) soil has low to medium dry strength, no to slow dilatancy, and low to medium toughness and plasticity. They will air dry more quickly than lean clay and have a smooth, silky feel when dry.

· Organic soil (OL or OH) soil contains enough organic particles to influence the soil properties. Organic soils usually have a dark brown to black color and may have an organic odor. Organic soils will often change color, from black to brown for example, when exposed to the air. Organic soils normally will not have a high toughness or plasticity. 
4.1.3 Other Modifiers For Use With Fine-Grained Soils

15 percent to 25 percent coarse-grained material

If the soil is estimated to have 15 percent to 25 percent sand or gravel, or both, the words "with sand" or "with gravel" (whichever is predominant) is added to the group name. For example: "lean clay with sand (CL)" or "silt with gravel (ML)". If the percentage of sand is equal to the percentage of gravel, use "with sand." 
≥30 percent coarse-grained material

If the soil is estimated to have 30 percent or more sand or gravel, or both, the words "sandy" or "gravelly" is added to the group name. Add the word "sandy" if there appears to be the same or more sand than gravel. Add the word "gravelly" if there appears to be more gravel than sand. For example: "sandy silt (ML)", or "gravelly fat clay (CH)".

4.1.4 Procedure for Identifying Borderline Soils

To indicate that the soil may fall into one of two possible basic groups, a borderline symbol may be used with the two symbols separated by a slash. For example, a soil containing an estimated 50 percent silt and 50 percent fine grained sand may be assigned a borderline symbol "SM/ML". Borderline symbols should not be used indiscriminately. Every effort should be made to first place the soil into a single group and then to estimate percentages following the USCS soil description.

4.2 Descriptive Information for Soils
After the soil name and symbol are assigned, the soil color, consistency/density, and moisture content is to be described in that order. Other information is presented later in the description, as applicable. 

4.2.1 Color

Color is an important property in identifying organic soils, and may also be useful in identifying materials of similar geologic or depositional origin in a given location. The Munsell Soil Color Charts should be used, if possible.

When using the Munsell Soil Color Charts, a general color, such as brown, gray, red, is first assigned to the soils. Then go to the correct area in the charts and assign the applicable color name and Munsell symbol. The ability to detect minor color differences varies among people, and the chance of finding a perfect color match in the charts is rare. Keeping this in mind should help field personnel avoid spending unnecessary time and confusion going through the chart pages. In addition, attempting to describe detail beyond the reasonable accuracy of field observations could lead to making poorer soil descriptions than by simply expressing the dominant colors (Munsell Soil Color Chart, 1992).

If the color charts are not being used or are unavailable, again attempt to assign general colors to soils. Comparing a particular soil sample to samples from different locations in the borehole will help keep the eye "calibrated". For example, by holding two soils together, it may become evident that one is obviously greenish-brown, while another is reddish.

4.2.2 Consistency/Density

For intact fine-grained soil, describe consistency as very soft, soft, medium stiff, stiff, very stiff, or hard, based on the blows per foot using a 140 pound hammer dropped 30 inches (Table 5). If blow counts are not available, perform the field test described in Table 6 to determine consistency.

For coarse-grained soils, describe density based on blows per foot as very loose, loose, medium dense, dense, and very dense (Table 5). If blow counts are not available, attempt to estimate the soil density by observation, since a practical field test is not available. Be sure to clearly indicate on the field boring log if blow counts could not be obtained.

Table 5.  Density/Consistency Based on Blow Counts

	Density (Sand and Gravel)
Blows/fta
	Consistency (Silt and Clay)
Blows/ fta

	Term
	1.4” ID
	2.0” ID
	2.5” ID
	Term
	1.4” ID
	2.0” ID
	2.5” ID

	Very Loose
	0 – 4
	0 – 5
	0 – 7
	Very Soft
	0 – 2
	0 – 2
	0 – 2

	Loose
	4 – 10
	5 – 12
	7 – 18
	Soft
	2 – 4
	2 – 4
	2 – 4

	Medium Dense
	10 – 29
	12 – 37
	18 – 51
	Medium Stiff
	4 – 8
	4 – 9
	4 – 9

	Dense
	29 – 47
	37 – 60
	51 – 86
	Stiff
	8 – 15
	9 – 17
	9 – 18

	Very Dense
	>47
	>60
	>86
	Very Stiff
	15 – 30
	17 – 39
	18 – 42

	
	
	
	
	Hard
	30 – 60
	39 – 78
	42 – 85

	
	
	
	
	Very Hard
	>60
	>78
	>85


a 140 lb. Hammer dropped 30 inches

Table 6.  Criteria for Describing Consistency

	Description
	Criteria

	Very Soft
	Thumb will penetrate soil more than 1 inch (25 mm)

	Soft
	Thumb will penetrate soil about 1 inch (25 mm)

	Firm
	Thumb will indent soil about ¼ inch (6 mm)

	Hard
	Thumb will not indent soil but readily indented with thumbnail

	Very Hard
	Thumbnail will not indent soil


4.2.3 Moisture

Describe the moisture condition of the soil as dry (absence of moisture, dusty, dry to the touch), moist (damp but no visible water), or wet (visible free water, saturated).

4.2.4 Grain Size

Describe the maximum particle size found in the sample in accordance with the following information:

· Sand-size—describe as fine, medium, or coarse. (See Section 2 for sand size definitions.) 
· Gravel-size—describe the diameter of the maximum particle size in inches.

· Cobble or boulder-size—describe the maximum dimension of the largest particle.

For gravel and sand components, describe the range of particle sizes within each component. For example, "about 20 percent fine to coarse gravel, about 40 percent fine to coarse sand".

4.2.5 Odor

Due to health and safety concerns, NEVER intentionally smell the soil. This could result in exposure to volatile contaminants that may be present in the soil. If, however, an odor is noticed, it should be described if organic or unusual (e.g., petroleum product or chemical). Soils containing a significant amount of organic material usually have a distinctive odor of decaying vegetation (sometimes a hydrogen sulfide [rotten egg] smell). Organic vapor readings from a photoionization detector (PID) or similar instrument should be noted on the field boring log (Note: see SOP-39 for additional information on PID principles and procedures.). The project-specific health and safety plan should then be consulted to determine the appropriate level of protection necessary to continue field work.

4.2.6 Cementation

Describe the cementation of intact coarse-grained soils as weak, moderate, or strong, in accordance with the following criteria:

· Weak—crumbles or breaks with handling or little finger pressure

· Moderate—crumbles or breaks with considerable finger pressure

· Strong—will not crumble or break with finger pressure

The presence of calcium carbonate may be confirmed on the basis of effervescence with dilute hydrochloric acid (HCl) if calcium carbonate or caliche is believed to be present in the soil. Proper health and safety precautions must be followed when mixing, handling, storing, or transporting HCl. For further information, see I/HW Health and Safety Procedure 630.24, "Procedure for Hydrochloric Acid Handling for Soil Logging."

4.2.7 Angularity

The angularity of the sand (coarse sizes only), gravel, cobbles, and boulders, as angular, subangular, subrounded, or rounded are described in accordance with the following criteria:

· Angular particles have sharp edges and relatively planar sides with unpolished surfaces.

· Subangular particles are similar to angular description but have rounded edges.

· Subrounded particles have nearly plane sides but have well-rounded corners and edges.

· Rounded particles have smoothly curved sides and no edges.

A range of angularity may be stated, such as "subrounded to rounded."

4.2.8 Structure

Describe the structure of intact soils in accordance with the criteria in Table 7.

Table 7.  Criteria for Describing Structure

	Description
	Criteria

	Stratified
	Alternating layers of varying materials or color with layers at least 6 mm thick; note thickness

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

	Fissured
	Breaks along definite planes of fracture with little resistance to fracturing

	Slickensided
	Fracture planes appear polished or glossy, sometimes striated

	Blocky
	Cohesive soil that can be broken down in small angular lumps that resist further breakdown

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

	Homogenous
	Same color and appearance throughout


4.2.9 Lithology

Describe the lithology (rock or mineral type) of the sand, gravel, cobbles, and boulders, if possible. It may be difficult to determine the lithology of fine and medium-grained sand or particles that have undergone alteration.

4.2.10 Additional Comments

Additional comments may include the presence of roots or other vegetation, fossils or organic debris, staining, mottling, or oxidation; difficulty in drilling, and caving or sloughing of the borehole walls. Also, when drilling in an area known or suspected to contain imported fill material, every effort should be made to identify the contact between fill and native soils. If a soil is suspected to be fill, this should be clearly indicated on the log following the soil description. Stratigraphic units and their contacts should be noted wherever possible.

4.2.11 Bedrock Descriptions

If the soil boring penetrates bedrock, the boring log should indicate the rock type, color, weathering, fracturing, competency, mineralogy, age (if known), and any other miscellaneous information available. Definitions of these terms are not included in this SOP, because only a small percentage of drilling activities conducted by BRC Contractors for BRC penetrate bedrock. If bedrock drilling is planned, the field team leader, with the concurrence of the project manager, makes arrangements to provide the field team with appropriate definitions and indicate the types with information that should be collected. 
4.3 Additional Boring Log Information
The boring log form (example shown in Attachment 2) should be used unless a different form is required by the client. Information in the log heading should be complete and accurate. In addition to soil descriptions, the following information should be included, at a minimum:

· Boring or monitoring well number

· Project name and job number

· Site name

· Name of individual who logged the boring

· Name of boring log reviewer

· Drilling contractor

· Drill rig type and method of drilling (for example, "CME 75, hollow stem auger")

· Name of drilling company

· Name of driller and helper

· Borehole diameter and drill bit type

· Type of soil sampler (for example, Modified California, continuous core, etc.)

· Time and date that drilling started and finished

· Time and date that the well was completed or the soil boring backfilled, as appropriate

· Method of borehole abandonment

· Sketch map of boring or well location with estimated distances to major site features such as property lines or buildings, and north arrow 

Soil sample information should include the depth interval that was sampled, the blow counts per 6 inches, the amount of soil recovered, and the portion submitted for analysis or testing, if any. The sample identification number may also be noted on the log.

The degree to which soil samples are collected during a field effort depends on the overall scope and purpose of the investigation, which should be clearly defined before the field effort commences. Additional soil samples may need to be collected if, for example, soils are very heterogeneous or unexpected conditions such as perched water zones or zones of contamination are encountered.

If groundwater is encountered during drilling, the depth to water and the time and date of the observation should be recorded. If the first water encountered is a perched zone, the depth, time, and date that any additional groundwater zones are encountered should also be recorded. Depth to water after drilling, the measuring point, and the date and time of the measurement(s) must be noted. Additional measurements of depth to groundwater, including depth and time, may be beneficial.

If a monitoring well is installed, the construction details such as casing material type, screen length and slot size should be noted on the boring log. The annulus fill material (sand pack, bentonite, grout, etc.) should also be recorded.

If the soil boring is abandoned, the backfill material used (e.g., grout, bentonite, etc.) and volume used, should be recorded on the boring log.

5.0 OTHER APPLICABLE SOPs
Several other BRC SOPs contain information related to soil boring and logging activities. The following is a list of these SOPs:


Drilling Methods


Monitoring Well Design and Installation


Sample Management/Preservation


Soil Sampling


Trenching and Test Pitting


Field Documentation


Site Logbook
6.0 REFERENCES

ASTM, 2000, Standard D2488-00 Standard Practice for Description and Identification of Soils (Visual-Manual Procedure).
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Field Classification Guides 
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w 2 50% coarse with little or no fines  Poorly-graded sands, gravelly sands, little or no fines SP
E :’g fraction passes SANDS Silty sands, poorly-graded sand-gravel-silt mixtures SM
8V #4 sieve with  15% fines Clayey sands, poorly-graded sand-gravel-clay mixtures sC
9 o Inorganic silts and very fine sands, silty or clayey fine sands, ML
5% silts with slight plasticity
» o SILTS AND CLAYS ; ’ -

S S Inorganic clays of low to medium plasticity, gravelly clays,
ag liquid limit <50 " CL
o = sandy clays, silty clays, lean clays
E g Organic silts and clays of low plasticity oL
[} g Inorganic silts, micaceous or diatomaceous fine sand or silt MH
%‘ § S”ﬂTﬁi Q:\i‘rr[:itiLSAoYS Inorganic clays of high plasticity, fat clays CH
i, 0 9 Organic silts and clays of medium-to-high plasticity OH

HIGHLY ORGANIC SOILS Peat, humus, swamp soils with high organic content PT

NOTE: W ell-graded (wide range of grain size) = poorly sorted; poorly-graded (predominantly one grain size) = well sorted

COLOR Assign color using Munsell Soil Color Chart (1992) if possible

DENSITY (Sands and gravels) SOIL TYPE MODIFIERS

Term Blo wift* Sand/Gr  avel Silt/Cla y

1.4"ID 2.0"ID 2.5"ID Term % fines T  erm % fines

very loose 0-4 0-5 07 trace <5 tr ace <5

loose 4-10 512 718 with 5-15 with 15-30

medium dense 10-29 12-37  18-51 clayey/silty 15 sandy/g ravelly 30

dense 29-47 37-60 51-86

very dense >47 >60 >86
CONSISTENCY (Silts and clays)
Term Blo w/ft* Field Test

1.4"ID 2.0"ID 2.5"ID (whenb low counts not available)
very soft 0-2 0-2 0-2 Easily penetrated several inches by thumb; exudes between thumb and finger when squeezed
soft 2-4 2-4  2-4  Easily penetr ated one inch by thumb; molded by light finger pressure
medium stiff 4-8 4-8 4-8 Penetrated over 1/2 inch by thumb with moderate effort; molded by strong finger pressure
stiff 8-15 9-17 9-18 Indented by 1/2 inch by thumb but penetrated only with great effort
very stiff 15-30 17-39 18-42 Readily indented b y thumbnail
hard 30-60 39-78 42-85 Indented with difficuty b y thumbnail

very hard >60 >78 >85
* =140 pound hammer dropped 30 inches

MISCELLANEOUS

Plasticity (if applicable) Degree of rounding/angularity Loss of dr illing fluid
Organics, carbon, vegetation Str atigraphic unit (if known) Ca  ving/sloughing
Structure (e.g., layering) Dr illing rate Vepth to firstw  ater (time and date)

Coloration (staining, oxidation, mottling) Rig beha viour
Lithology (e.g., quartz) Hea ving sands !)epth tow ater after drilling (time and date)

GeoFIdGd QA-QC 06-01
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Attachment 2
Example Boring/Lithologic Log ForM 
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5 | MOISTURE CONTENT

Dry Absence of moisture

Test

, dusty, dry to the touch

Moist Damp b ut no visible water
Wet Visib le free water
6 GRAINSIZE

Term Sie ve size Gr ain size Appro ximate size

Boulders 12 inches >12 inches Larger than bask etball-size

Cobbles 3-12 inches 3-12 inches Fist-siz e to basketball-size

Gravel - Coarse 3/4-3 inches 3/4-3 inches Thumb-siz e to fist-size
Fine #4-3/4 inches 0.19-0.75 inches P ea-size to thumb-size

Sand - Coarse #10-#4 0.079-0.19 inches Roc k salt-size to pea-size o @
Medium #40-#10 0.017-0.079 inches Sugar-siz e to rock salt-size e
Fine #200-#40 0.0029-0.017 inches Flour-siz e to sugar-size

Fines P assing #200 <0.0029 inches Flour-siz e and smaller

7 CEMENTATION
Term Field
Weak Cr
Moderate Cr
Strong Will not cr

Test
umbles or breaks with handling or slight finger pressure
umbles or breaks with considerable finger pressure
umble or break with finger pressure

PLASTICITY
Nonplastic A1/8 inch (3mm) thread cannot be rolled at an

The thread can barely be rolled and the lump cannot be formed when drier than the plastic limit

uch time is required to reach the plastic limit. The thread
The lump crumbles when drier than the

y water content

Low

Medium The thread is easy to roll and not m
cannot be rerolled after reaching the plastic limit.

plastic limit
High It tak es considerable time rolling and kneading to reach the plastic limit. The thread can be
rerolled se veral times after reaching the plastic limit. The lump can be formed without

cr umbling when drier than the plastic limit

ROCK CLASSIFICATION

Rock name Color w eathering F racturing Competency Miner alogy Miscellaneous

CONVERSIONS Sch 40 PVC WELL VOLUME CALCULATION EXAMPLE

Multiply b y to Obtain CASING VOLUMES Well volume = Annular volume + Casing volume

in 2.54 p— Diameter (in) V olume (gal/ft)  Annular volume = (Boring volume - Casing volume)

ft 0.3048 m 20.17 x Sand pad porosity

mi 1760 vd g ?'gg EXAMPLE

m! 5280 ft : Assume 10.25 in dia hole 4 in dia casing

mi 16099 -km BORING VOLUMES 30% sand pack porosity, 8 ft water column

cm 0.3937 in -

om 3.2808 E-2 t Hole dia. (in) V olume (gal/ft)  Annular volume = (4.29 gal/ft - 0.66 gal/ft) x .30 x 8 ft =

- 7.252.14 8.71 gallft 2

m 3.2808 ft 775245 19

km 0.6214 mi 8.25 2.78 Casing volume = 0.66 gal/ft x 8 ft = 5.28 gal/ft?

cu ft 2.8317 E-2 cum 10.95 4.29 One well volume = 8.71 gal = 5.28 gal = 13.99 gal

gal 3.7850 E-3 cum 12.95 6.1 3

cu ft 7.4813 gal _

quart 0.9464 liter MWH g

gal 3.7854 liter MONTGOMERY WATSON HARZA §

liter 0.2642 gal g

INCHES (tenths) 1 2 3 4 5 6 7 g
S

(Add 1 inch)







