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1.0 INTRODUCTION 

The preferred remedial alternative for Operable Unit 2 includes an on-site disposal of remediation 

material. The design of a disposal facility is required as part of these remedial action plans. Initial 

screening for an acceptable location for the disposal facility was performed using available 

environmental sampling data. This data was evaluated by using an uncertainty kriging model to 

determine if enough data was available to ensure accurate geological predictions. The model results 

indicated that an unacceptable uncertainty existed in predicting lithologies in the are most suitable for 

a disposal facility. As a results this Pre-Design Investigation for the location of the on-site disposal 

facility was developed. 

The purpose of the Pre-Design Investigation is to define the most suitable location of the disposal 

facility within an identified best area at the FEMP based on Operable Units 2 and 5 Remedial 

InvestigatiodFeasibility Study (RI/FS) investigations. The identified best area is located on the east 

side of the FEMP and measures approximately 2000 feet east to west by 5300 feet north to south (see 

Figure 1-1). Tbis area is considered the best location for an on-site disposal facility primarily based 

on the greatest amount of gray clay which provides a protective layer over the Great Miami Aquifer. 

Fate and transport modeling and risk assessments in the Operable Unit 2 Feasibility Study (FS) report 

have shown that a disposal facility in this area based on a feasible facility design and a 12 foot gray 

clay layer will be protective of human health and the environment. 

The boundary of the study area identified on Figure 1-1 has been bounded on the north, east and 

south by the OEPA siting requirements (buffer from property line and water supply wells). The west 

boundary follows the 12 feet of gray clay contour line with the exception of the northern portion of 

the west boundary line (above the production area), which was made based on identification of sand 

lenses within the gray clay. 

Based on planning meetings with the DOE, FERMCO, EPA and OEPA, the Pre-Design Investigation 

includes three objectives. The first objective is to identify the most suitable hydrogeology in this 

identified best area on site. The field components involve verification of the thickest gray clay and 

the identification of interbedded granular material. The second objective is the verification analysis of 

the protection of human health and the environment. The field components include verification of (1) 
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existing vertical and horizontal uranium contamination; (2) solubility of uranium present; (3) 

retardation of uranium; (4) lateral and vertical gradients; and (s) background concentrations of 
uranium of water in the vadose zone (background lysimeters). The third objective is to develop field 

information for the design of the disposal facility. The field components include location and extent 

of any interbedded granular material and geotechnid information in the footprint of the disposal 

1 

2 

3 

4 

5 

facility. 6 

7 

The Pre-Design Investigation field work will be preformed in a phased approach. The first phase will 

include preliminary cone penetrometer testing and water level measurements of existing wells. This 

information will be used to better plan the sampling location during the second phase. The second 
phase will include the collection of data to identify the facility footprint which will include the 

verification of protection of human health and preliminary geotechnical sampling. The third phase 

will be to collect the detailed geotechnical data from the facility footprint needed for the design of the 

facility. 

Information from previous investigations pertaining to the study area was analyzed as a first step in 

developing this plan. Lithological data records were compiled into a block model and, by the means 

of kriging, the level of certainty in knowing where interbedded granular areas exist was evaluated. 

This analysis served as the basis for identifying locations for Phase I and preliminary locations for the 

Phase II. 

The scope of work identified in this plan is for Phases I and 11 of the Pre-Design Investigation field 

work. The scope of work for the Phase III investigation will be submitted in a separate plan. 
J 
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Report 

"Conceptual Design Report - Above-Ground 
Engineered Storage (AGES)" 

"Pre-Conceptual Design Study - On-Site Low-Level 
Waste Disposal Facility" 

2.0 SUMMARY OF PREVIOUS INVESTIGATIONS 

~ 

March 1992 

June 1993 

Existing Fernald reports were reviewed to obtain information that would be useful in locating the 

disposal facility and/or in planning this Predesign Investigation. The reports reviewed are listed in 

Table 2-1. 

TABLE 2-1 

"Conceptual Design Report for the Engineered 
Waste Management Facility " 

"Technical Report 5.1 A, Engineering Evaluation 
Report for On-Site Disposal" . 

SUMMARY OF REPORTS REVIEWED DURING WORK PLAN PREPARATION 

June 1993 "Technical Report 5. lB, Site 
CharacterizatiodGeological Report for On-Site 
Disposal" 

Parsons 1 

ParSOnS 

U.S. Dept. of Energy 
W E )  

U.S. Dept. of Energy 

U.S. Dept. of Energy 

May 1994 

June 1994 

"FEMP Glacial TillNadose Zone Hydraulic 
Investigations Report - Operable Unit 5" 

"Remedial Investigation Report for Operable Unit 
5," Volume 1 of 5 

I Parsons Waste Disposal Cell Pre-Design Activities 
Engineering Report" 

Of these reports, four reports and the Sitewide Environmental Database (SED) were found the most 

useful in obtaining data to plan the proposed work. These reports are: 

T h e  FEMP Glacial Till Report" (DOE 1994) 

- "The On-Site Waste Disposal Cell Pre-Design Activities Engineering Report" (Parsons 1994) 
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Technical Report 5. lB, "Site CharacterizatiodGeological Report of On-Site Disposal" (DOE 
1993) 

"The Draft Remedial Investigation Report for Operable Unit 5 at the FEMP" (DOE 1994) 

The "FEMP Glacial TillNadose Zone Hydraulic Investigations Report - Operable Unit 5" (Parsons 

1994) provides information on two lysimeters installed close to the study area. One is at the north 

edge of the area and one is within the south part of the investigation site (see Figure 8-2). These 

lysimeters will be re-sampled during the Pre-Design Investigation. 
I 

The report "On-Site Waste Disposal Cell Pre-Design Activities Engineering Report" (Parsons 1994) 
focused on the southwest comer of the current study area. Technical Report 5.1B "Site 
CharacterizatiodGeoIogical Report of On-Site Disposal " (DOE 1993) provided data concerning 

geological and geotechnical engineering characteristics on the north and east boundaries of the current 

study area. Data from these investigations were incorporated in an uncertainty analysis using solid 

block modeling. 

., 

The "The Draft Remedial Investigation Report for Operable Unit 5 at the FEMP" (DOE 1994) 
contained interpretations of stratigraphy and boringlwell log data that was used in the development of 

the solid block model and in preparation of the work plan. 

These existing studies, as well as miscellaneous monitoring activities undertaken during remedial 

investigations, have provided greater than 150 borings/wells within the boundaries of the study area. 

The present work plan is based upon the existing data gathered from these reports in the following 

ways: 

1. 

2. 

Thickness maps of brown and gray till, based upon existing data, are used to plan total depths 

for sampling; 
I ,  

Existing data are used to construct a 3dimensional kriged model of the site geology; 
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3. The kriged model of the site geology is used to estimate the uncertainty of the current data on 

location and extent of sand units within the till, and 

4. The location for future samples will be guided by the need to reduce uncertainty about the 

location of sand within the till. 

The 3dimensional kriged model was developed using existing lithological data records within the 

brown and gray clay within the study .area. These records were converted into a 0/1 indicator 

variable, where a value of 1 was assigned to records designated as "sand" or "gravel". All other 

records were assigned a value of zero. A block model was created with the following parameters 

(measurements in feet): 

Easting Range 
Northing Range 477,500438,200 (1927 State Planar) 

1,380,900-1.383,100 (1927 State Planar) 

Elevation Range 548416 (MSL) 
Block Sue  100(East) x 100(North) x 1 Elevation 
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15 
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18 

A statistical distribution of the 0/1 variable was estimated for each block in the model using indicator 19 

kriging. Based on a sandhon-sand decision point of 0.5, and the 0/1 distribution assigned to each 

block, a new variable was calculated to represents the probability that a block be above the decision 

point of 0.5 and marked as a "sand" block. Using this new variable, areas were defined where there 

is a greater than 5% probability that the sand units are present. Conversely, the inverse of these 

areas represent the areas where, with a 95% confidence, there are no sands present. 

The distribution that indicator kriging assigns to each block is defined by the two parameters: the 

mean value and the standard deviation of the distribution. The mean value is primarily influenced by 

the ratio of Os and 1s in the nearby samples. The standard deviation is prim%ly influenced by the 

quantity and spatial nature of the samples around the block. As coverage of the saniples around a 

block in'creases, the standard deviation decreases and vice versa. 

Areas where the sample data is biased towards Os or 1s are denoted as having "consistent" data. 
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Consistent data 

Inconsistent data 

Areas where the sample data has a mixture of Os and 1s are denoted as having "inconsistent" data. 

Using this terminology, four types of areas are defined for locating additional sampling: 

Many Samples 

Type I: well understood and 

homogeneous 

Type HI: well understood and 

heterogeneous 

Table 2-2 

Uncertainty of Kriged Estimates 

II Few Samples 

Type 11: not well understood 

and possibly homogeneous 

Type IV: not well understood 

and possibly heterogeneous 

Type II and IV areas have been considered in this plan for additional sampling. Confirmation 

sampling is recommended for Type I areas and no additional sampling is recommended for Type II 
areas. A preliminary determination of the study area has been made based on existing data and 

presented to EPA and OEPA during a planning meeting. The Phase I CPT information will be added 

to this uncertainty analysis prior to planning the specific Phase II sampling locations. 
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OBJECTIVES, QA/QC REQUIREMENTS, AND SAMPLING PLAN 

3.1 DATA OUALITY OBJECTNES 

Data quality objectives (DQOs) are quantitative and qualitative descriptions of the data required to 

fulfill the purposes of the sampling effort. This section presents the results of the DQO development 

process for this Operable Unit 2 sampling activity. The process determines the necessity of sample 

collection, sample types, location and number of samples, and analytical requirements. 

3.1.1 Pumoseso f SamDling Effort 

The data quality objectives and sampling activities are intended to satisfy the following overall 

' purposes: 

Verify the most suitable geology and hydrogeology for the disposal facility with the identified 
best area. 

Identify the thickest gray clay. 
Identify interbedded granular material. 
Define areas that are relatively geologically homogeneous, so that specific tests of the soil and 
water can be related to known volumes of media in the study area. 

Collect samples to verify values used in groundwater fate and transport models in the OU2 and 
OUS FSs. 

Verify existing vertical and horizantal uranium contamination. 
Determine the solubility of the uranium present. 
Determine the soil retardation of uranium. 

. Identify the vertical and lateral perched groundwater gradient. 
Determine the background uranium concentration in the vadose zone 

Develop initial information for design of the disposal facility. 

Identify the initial geotechnical properties of the soil. 
, 

3.1.2 

Separate DQOs were developed for cone penetrometer testing, geotechnical sampling, chemical water 

and soil sampling, the nested well sampling and analysis, & sampling and the lysimeter sampling and 

analysis. These DQOs were developed using the following steps: 

DeveloDment of Data Oualitv Obiectives and SamDline - Plan 

The problem statement 
The decision 
Inputs that affect the decision 
Boundaries of the study 
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Type of Analysis 

Cone Penetrometer 

The logic statement 
Constraints on the uncertainty of the decision 
Obtaining quality data 
summary 

Analytical Support Level 

B 

FEMP-OUM-3 DRAFT 
November 7, 1994 

Specific DQOs for this PSP were developed and are presented in Attachment I. Data requirements 

and corresponding sampling activities are presented in Table 3-1. 

3.2 ASSIGNMENT OF EXISTING ANALYTIC AL DO@ 
One of five Fernald Environmental Management eroject (FEMP)defined analytical support levels 

(ASLs) will be assigned to all data to be collected depending on the intended use of the data. For 

this plan the ASL levels for each type of analysis is provided in Table 3-2. 

Water: 

General Chemistry . 

Radiological(except Tritium) 

Tritium 
I 

B 
D 

E 

D I Silica - Radiological 

soil: 

Radiological 

Gmtechnical 

D. 
B 

The specific definitions of the five ASL levels (A through E) are provided in the FEMP Sitewide 

CERCLA Quality Assurance Project Plan (SCQ) and are summarized in Table 3-3. 
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TABLE 3-1 

DATA REQUIREMENTS AND PROPOSED SAMPLING ACTIVITY 

Basis for Data Requirement 

Verify the thickest gray clay 

Define the location and extent of sand 
lenses, and collect additional data 
using the least obtrusive method 
possible. 
Locate areas that contain relatively 
homogenous geological conditions and 
obtain the least number of samples 
required to characterize the required 
properties of the clay and sand. 

~ 

Verify existing vertical and horizontal 
uranium contamination and solubility. 

Verify the ability of the brown and 
gray clay to retard the migration of 
uranium. 

Measure the vertical and lateral 
hydraulic gradient and permeability of 
the till to estimate vertical percolation 
of water. 
~ 

Determine the background uranium 
mncentration in the vadose zone 

Identify initial geotechnical properties 
Df the soil 

Proposed Sampling Activity 

Define locations for required data by using a kriged 3-D 
model of sand and the uncertainty of the current model 
of sand. Locate first phase of sampling within areas of 
highest uncertainty. 

Utilize cone penetrometer sampling to minimize damage 
to the clay and define areas of relatively homogenous 
geology. Use soil sampling with an auger to confirm 
CPT interpretations and analyze soil samples. 

Characterize soil borings to locate areas of sand. 

Perform water level measurements of existing and new 
wells to perform inverse modeling to assist in 
determining connectivity of sands. 

Collect soil samples from the brown and gray clay for 
total uranium and TCLP uranium analyses. 

Install lysimeters and collect water samples. Analyze 
samples for chemistry, radio-isotopes and evaluate the 
apparent age of water. 

Collect batch samples from the brown and grey clay for 
K,, analysis. 

Drill and install nested wells to measure hydraulic 
gradient in brown till and gray till. Core samples from 
the borings will have permeability measured. Use these 
data to estimate the potential velocity of water. 

Install nested lysimeters in a background area and collect 
water samDles for total uranium analvses. 

Drill borings and take samples for preliminary 
geotechnical sampling. 



1. , _. 
.: .i % - 4 . ! 

&Design Investigation 
Sampling and Analysis Plan 

November 7, 1994 
FEMP-OUCQ-3 D W  

3.3 OA/OCREOUIRE MENTS 
Sampling events follow Quality Assurance/Quality Control (QA/QC) protocol established in Section 4 

and Appendix K of the SCQ, and EPD internal procedure EP-SMS-002, "Field Quality Control 

Samples." 

The frequency and number of field QAlQC samples collected are based on the applicable DQOs and 

the CPID. Requirements and justification for collection of field QA/QC samples per sampling round 

shall be documented in this Pre-Design Investigation Project Specific Plan (PSP). Applicable 

laboratory QC sample types and frequency requirements are provided in Appendix G of the SCQ. 

3.3.1 

Self-assessment and independent assessments of work processes and operations shall be undertaken to 

assure quality of performance. Self-assessment shall be performed by the Environmental Division, 

shall encompass technical and procedure requirements, and may be conducted at any point in the 

project. 

Proiect Reuuirements for Self-Assessments. Surveillance 

Independent assessment shall be performed by the F E W  QA organization by conducting 

surveillances. As a minimum, one surveillance shall be conducted, consisting of 

monitoringlobserving on-going project activity and work areas to verify conformance to specified 

requirements. Surveillances shall be planned and documented in accordance with Section 12.3 of the 

SCQ. 

3.3.2 . Field OA/OC SamD la 

Field QA/QC samples will consist of duplicates (soil and groundwater), field blanks (groundwater), 

and equipment rinsates (groundwater). The collection of field QA/QC samples are discussed further 

in Section 8.0. 

/ 

One rinsate sample per 20 samples collected will be prepared and analyzed for total and isotopic 

uranium during soil sample collection. One rimate sample per 20 samples or per sampling round, 

whichever is more frequent, will be collected during groundwater sampling and will be analyzed for 

inorganics and total and isotopic uranium. 
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~ 

Quulitutive Fild AM&& - This level is characterized by the 
use of portable instruments that can provide real-time data to 
assist in the optimization of sampling point locations and in 
providing health and safety support. Data can be generated 
regarding the presence or absence of contaminants (e+, 
radionuclidcs, volatiles) at sampling locations. Analogous to 
Environmental Protection Agency @PA) analytical level 1. 

Qrrolitative, Semi-Quuntitah've, and Quuntitrm've AM&ses - 
This level may include the use of more sophisticated 
screening techniques, such as portable analytical instruments 
that can be used on-site (closesupport laboratories). 
Depending upon the types of contaminants, sample matrix, 
and QC checks applied, qualitative and quantitative data can 
be obtained. Analogous to EPA analytical level 2. 

Quunhtive with fv l iy  defined QA/QC - Laboratory analyses 
generated with full QNQC checks of types and frequencies 
spacified for ASL D according to FEMP-specified analytical 
protocols for radiological and nomdiological parameters. 
The analytical methods are identical to ASL D for QNQC 
sample analysis and method performance criteria. However, 
the data package does not typically contain raw instrument 
output but does include summaries of QNQC 'sample 
results. ASL C may be used when analyses require a rigid, 
welldefined protocol, but where other information is 
available, so that a complete raw data package validation 
effort is not required. Laboratories are required to retain, in 
the project file, raw instrument data to upgrade ASL C 
reports to M L  D. Analogous to EPA analytical level 3. 
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TABLE 3-3 

ANALYTICAL SUPPORT LEVELS 

SUPPOfi 
Level Description 

A 

B 

C 

D 

E 

ConjirmatioMI with complete QA/QC und reporting - 
Rovides data generated with a full complement of QNQC 
checks of specified types and frequencies according to 
FEMP-specified analytical protocols for radiological and 
nomdiological parameters. The data package includes raw 
instrument output for validation. These data may be used to 
confirm data gathered at MLs B and C ,  and when full 
validation of raw data is required. Analogous to EPA 
analytical level 4. 

Nonstandard - Analyses by nonstandard protocols that o h  
require method development or validation (e.g., when 
extracting detection limits or analysis of an unusual chemical 
compound is required). New methods may be developed for 
ASL E data to allow for parameters or matrices that cannot 
be analyzed by existing standard methods. Analogous to 
EPA analytical level 5.  

Typical Data Uses 

Site characterization 
Monitoring during implementation 

Site characterintion 
Evaluation of alternatives 
Engineering design 
Monitoring during implementation 

Risk assessment 
Site characterization 
Evaluation of alternatives 
Engineering design 
Monitoring during implementation 

Risk assessment 
Evaluation of alternatives 
En&eering design 

Risk assessment 
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A duplicate sample will be collected for every round of water sample collection or 1 in 20 water 

samples, whichever greater; the duplicate will be analyzed for inorganics, total and isotopic 

uranium, and tritium. One soil chaining duplicate shall be collected from every seventh boring. 

A field blank will also be prepared during water sample collection at each location and analyzed for 

inorganics and total and isotopic uranium. 

One Cone Penetrometer Testing (CPT) duplicate will be tested for every tenth CPT location tested. 

One field blank shall be prepared at each day of sampling at each location of sampling in accordance 

with Section K.4.6 of the SCQ. The sample containers containing organic-free deionized water will 

remain open during sampling activities at each location. 

3.3.3 Field Changgs to the PSP 

Field changes to the PSP are at the discretion of the field geologist, sampling technician, and/or the 

Pre-Design Investigation Project Engineer. Prior to implementation of the field changes, the Project 

Engineer shall be informed of the proposed changes and the circumstances requiring the changes. 

Any changes to the activities specified in the PSP must have the approval of the Project Engineer and 

Quality Assurance prior to implementation. Changes to the program shall be documented on the 

applicable Variance Request Form within one week of approval. Field changes will not reduce the 

sampling activities defined in this PSP but may change the location of sampling or add additional 

sampling locations. 
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4.1 ORGANIZATION 

This section describes the organizational and management structure to be used in implementing the 

Operable Unit 2 Pre-Design Work Plan at the F E W .  An Environmental Restoration Management 

Contract (ERMC) has been implemented at the F E W  site to manage the restoration activities, with 

Fernald Environmental Restoration Management Corporation (FERMCO). FERMCO, reporting 

directly to the Department of Energy Fernald Field Office (DOE-FN), will act as the main contractor 

for F E W  activities and coordinator of technical support and remediation subcontractors. Under the 

current FERMCO organizational structure, Operable Unit 2 activities will be the responsibility of 

Comprehensive Environmental Response, Compensation, and Liability Act/Resource Conservation 

and Recovery Act (CERCLABCRA) Unit 2 (CRU2), with such activities being conducted by 

individuals of various disciplines matrixed to CRU2 from other FERMCO departments (see Figure 

8.1). 

4.2 RESPONSIBILITIES 

The major tasks that constitute the Operable Unit 2 Pre-Design Investigation organizational 

responsibilities to carry out those tasks are identified here. Primary responsibilities for implementing 

the Operable Unit 2 Pre-Design J Work Plan will rest with Operable Unit 2 of the FERMCO 

organization, with additional necessary support provided through matrixing from other FERMCO 

departments and through subcontracts as appropriate to ensure quality and timeliness. Task-specific 

responsibilities will be implemented as follows: 

1. 

2. 

3. 

Complete overall planning, integration, execution, and support of the Operable Unit 2 pre- 
design program. Implementation of these activities is the responsibility of the 
EnvironmentalEnginering Section matrixed to CRU2. 

Prepare and obtain approval of Operable Unit 2 sampling and analytical procedures. 
Development of any new procedures will be the responsibility of the Planning Group within 
the Environmental/Engineering Section of CRU2. New procedures will be submitted to EPA 
for approval, as exceptions or addenda to the SCQ. 

Prepare a sampling and analysis plan (SAP) per CERCLA guidance for conducting field 
investigations, sampling, and analytical tasks. Each SAP will be provided to the U.S. 
Environmental Protection Agency (EPA) and the Ohio Environmental Protection Agency 
(OEPA) for their review and approval before sampling activities are initiated. 
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4. Conduct the field program in accordance with the SCQ, established procedures, and the SAP, 
including all aspects of monitoring, sampling, and shipment of samples. FERMCO's Sample 
CollectiodData Management (SC/DM) will provide the necessary matrixed support to CRU2 
to ensure completion of these tasks. Parsons will provide technical oversite and perform the 
geowhnical testing for geotechnical sample selection, analysis and interpretation. 

5. Review and validation of chemical data collected during field sampling/field characterization 
program will be conducted by the Data Quality Management Department of the 
Environmental Division matrixed to CRU2, on an ongoing basis throughout the data collection 
and reporting processes. These tasks will be performed in accordance with the approved SCQ 
data validation procedures. Validated data will be entered into the F E W  Site-Wide 
Environmental Database (SED). 

6. Assess and evaluate the field data to verify attainment of the data quality objectives of the 
Work Plan. Various facets of this task will be the responsibility of the Environmental/ 
Engineering Section of CRU2, including the Predesign Investigation Group, and the Data 
Management Group, 

4.3 SAMPLE TEAM ORGANIZATION 

4.3.1 Orean izational Structu re 

Sampling for this project will be performed by both Parsons and the Site Characterization Department 

of FERMCO. A schematic presentation of the organization is provided in Figure 4-1. Due to the 

nature, objectives and programmatic requirements of this project, actual sampling locations and 

' analysis parameter selection have been designated by FERMCO personnel of Operable Unit 2. 

Parson's geotechnical personnel will be responsible for retrieving geotechnical samples and producing 

the subsequent field boring logs. FERMCO personnel will be responsible for assisting in well 

construction, water sample collection and shipping of samples to the analytical lab. 

Additional sampling custodian staff may be utilized to provide an interface between the sampling 

crews and the FEMP or contract laboratory to be used for sampling analysis. 
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4.3.2 ResDonsibilities of Team Members 

Overall project management will be provided by h4r. Don Walker, who is matrixed into CRUZ. 

Reporting to him are the following functional groups: 

Remlatorv P r o m w  - responsible for assuring that the regulatory basis for the design is met 
by the proposed data collection 

ProcurementKontracting - Responsible for obtaining the required subcontract services 

Proiect Controls - Responsible for tracking costs and scheduling data 

Re-Desim Investigation Task ManaPer - Responsible for defining appropriate objectives for 
the program and reviewing data 

Engineering - Responsible for geotechnical testing and gebtechnical data interpretation. 

Field sampling personnel from Environmental Field Programs are responsible for the collection of the 

samples in accordance with the approved S A P .  All activities associated with the execution of 

sampling are to be documented on the appropriate Field Activity Daily Logs (FADLs) which are to be 

completed, by the sampling technicians, for each location. These technicians are also responsible for 

ensuring that the proper sampling equipment is available and in serviceable condition. Also, proper 

decontamination of equipment between each sampling point is the responsibility of these staff. 

Additional sampling custodian staff who interface with the FEMP or contract laboratory are 

responsible for ensuring that proper sampling containers, preservatives and sampling coolers are 

available and in serviceable condition. 

Also, sample labeling, handling, storage and sample required paperwork in the form of a Sitewide 

Analysis RequestICustody Record (SWMCR) Form to be completed prior to submittal to the 

appropriate FEW or contractor laboratory for analysis, are the responsibility of the sampling 

custodian. Finally, sampling custodians are responsible for logging in all collected samples, 

delivering the samples to the F E W  laboratory or sending the samples, with accompanying 

paperwork, to the contract laboratory. These personnel are a part of the Environmental Field 

Programs. 
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5.0 HEALTH AND SAJ?ETY 

The most successful methodology for providing an effective health and safety program for any activity 

is to ensure that involved personnel have received adequate training prior to implementation of the 

field work. Employee awareness of all physical, radiological, and chemical hazards which may be 

encountered will be accomplished by training throughout the planning and execution of this project. 

All FEMP employee and subcontractor personnel who will be performing field work during this 

project will be required to have participated in all Occupational Safety and Health Administration 

(OSHA) mandated 1910.120 Hazardous Waste Site Worker training. In addition, all applicable 

annual refresher training will have been taken by the individuals. 

US. DOE regulations at the FEMP require a series of site-specific training courses. These courses 

are designed to augment OSHA required training and provide additional training specific to the 

hazards which exist at the FEMP. 

Field personnel participating in the performance of this project will be trained to the SCQ 
requirements, the FEMP Health and Safety Plan, and the Task Specific Health and Safety Plans. 

In summary, employee awareness and clearly delineated lines of authority and responsibility have 

been designed to provide for effective health and safety related knowledge specific to each activity. 

5.1 TASK SPECIFIC PLANS 

All aspects of this Sampling and Analysis Plan will be performed in accordance with all existing 

applicable U.S. DOE, U.S. EPA, OSHA, and State of Ohio Health and Safety Regulations. 

Additionally, all practices will be managed in accordance with commonly accepted practices used in 

the hazardous waste industry. 

Prior to the implementation of field work which involves drilling, trenching, or soil boring, a 

Penetration Permit will be obtained. Before a Penetration Permit is obtained, the area of concern is 

investigated and compared against the site database for underground utilities in the area. No drilling, 
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trenching or soil borings will be performed without a valid Penetration Permit being obtained.prior to 

actual performance of the field work. 

Field activities to be performed each have a separate task-specific health and safety plan. Task 

specific health and safety plans have been prepared in accordance with the FEMP Site Health and 

Safety Plan. For each project task and subtask, health and safety technician coverage is provided by 

the assignment of a technician to monitor the activities of the field crew. Project specific health and 

safety plans provide for the hazards typically encountered by personnel when performing the specified 

field work. 

Existing task specific health and safety plans to be utilized for this project include: 

"Health and Safety Plan for Sampling of Wells and Surface Water Performed in Support of 
Sampling at the FEMP" 

"Health and Safety Plan for Surface Sampling Tasks Performed in Support of Sampling at the 
FEMP" 

"Health and Safety Plan for Well Drilling and Soil Boring Operations Performed in Support 
of Sampling at the FEMP" 

Tasks not covered by the existing plans will have specific health and safety planning documents 

prepared, or existing documents will be revised as needed. Proper equipment to be used for health 

and safety monitoring and personnel protection are specified. Criteria for the selection of monitoring 

equipment and protective clothing are detailed. 

Each member of the field crews is required to participate in a health and safety training session which 

is specific to each field project, prior to performance of this field work. 

5.2 RADIOLOGICAL MONITORING AND CONTROLS 

Radiological monitoring for this work plan will be achieved using existing institutional controls 

commonly utilized at the F E W .  For those areas of the FEMP which are under existing institutional 

radiological controls, any employee who will be entering such areas is required to possess and wear a 

Thermoluminescent Detector (TLD) to monitor for exposure to radiological contamination. In 

2 

3 

4 

J 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

19 * 
a0 

21 

22 

23 

2r 

25 

26 

n 

28 

29 

30 

31 

32 



&-Design Investigation 
Sampling and Analysis Plan 

November 7, 1994 
FEMP-OU02-3 DRAFT 

addition, each employee is required to participate in a regularly scheduled urine analysis program 

which is designed to monitor for radiological exposure. 

1 

2 

3 

For areas which are subject to more restrictive radiological controls (i.e. the potential for exposure is 4 

greater), Radiation Work Permits are necessary and will be obtained prior to the field work being 5 

performed in those areas. A radiological technician will be assigned to each field crew performing 

any activities in an area which could result in site workers being exposed to levels of radiological 

contamination exceeding DOE requirements. 

Ingress and egress of personnel, equipment and vehicles to and from radiologically controlled areas 

will be monitored with “real time” radiation detection instrumentation. 

Monitoring results which exceed FEMPdetermined exposure guidelines will be further evaluated as to 

the possible source(s). Measures necessary to remediate radiological contamination sources will be 

implemented. Such measures may include, but are not limited to, personnel training, 

decontamination, employee exposure monitoring, increased personnel monitoring, Personnel 

Protective Equipment, and sampling of suspect materials encountered. 

If the responsible radiological technician assigned to the field activities being performed identifies a 
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real or potential condition which could or will result in an unsafe condition, then that person has the 

responsibility to cease field operations until such time as the unsafe condition has been corrected. 

P 

21 

5.3 NONRADIOLOGICAL MONITORING AND CONTROLS 

Monitoring of potential health and safety problems associated with nonradiological hazards are 
evaluated by a health and safety technician. Also, all field crews are responsible for hazard 

awareness and recognition. Task specific training is designed to enhance the performance of all field 

work using good and safe work practices. 

Evaluating the potential for personnel exposure to organic contaminants will be achieved mainly 

through the use of an HNu PI-101 Photoionization Detector. Other equipment which could 
potentially be used includes Drager tubes, oxygen meters and combustible gas indicators. 
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Proposed work in the East Area will be undertaken using protective level D, since the area is not a 

radiologically controlled area. 2 

1 
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6.0 QUALITY ASSURANCE AND QUALITY CONTROL 

The primary objectives of the QA/QC sections of this plan relate to the collection of field information 

needed to select a preferred location for the footprint of a 2.5 million cubic yard capacity disposal 

facility. Specific objectives of this field sampling effort will be designed, organized and implemented 

in a manner which will optimize the collection of information which meets predetermined data quality 

objectives. To ensure that information is gathered in such a manner that data quality objectives are 

met, QC measures will be used to determine conformance with overall program objectives. Cone 

penetrometer testing is not covered onder the SCQ. 

The fundamental mechanisms that will be used to achieve these project quality goals can be 

categorized as prevention, assessment, and correction. These components are further described as 
follows: 

1. Prevention of defects in the data quality through planning and design, documented instructions 
and procedures, and careful selection and training of Skilled, qualified personnel. 

2. Quality assessment through a program of regular audits and' surveillances to supplement 
. continual informal review. 

3. Permanent correction of conditions adverse to quality objectives through a close-looped . 

corrective action system. 
J 

6.1 

Field QC samples will be taken to evaluate the possibility that some controllable practice, such as 
decontamination, or sampling technique may be responsible for introducing bias in project analytical 

results. Three types of QC samples will be collected for chemical samples: sampling equipment 

rinsates, field blanks, and duplicate samples (Section 4.1, SCQ). 

FIELD AND LABORATORY OUALITY CONTROL SAMPLES 

6.2 ACCURACY. PRECISION. AND SENSITIVITY 

For the purposes of this Sampling and Analysis Plan, Accuracy, Precision, and Sensitivity are defined 

in the following manner: 
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Accuracv and Precision 
Accuracy is defined as degree of conformity to the true value, and is achieved by using recognized 

calibration standards. Precision is defined as degree to which measurements of replicates agree to one 

another, being free from bias or drift in the measurement data. A measure of precision is obtained by 

conducting duplicate analyses and then by assessing the agreement of the measured values. 

. 

Accurate and precise data will be achieved through the use of sampling and analysis procedures that 

minimize biases, through the use of standard procedures, through the meticulous calibration of field 

and analytical equipment, and by implementing corrective action whenever measured accuracy and 

precision exceed pre-established limits. 

Sensitivity 

Sensitivity is defined as the capability of indicating minute differences. The sensitivity of field 

measurements (eg., penetrometer measurements) will be estimated. 

Refer to Section 4.2 of the SCQ for additional detail. 

6.3 COMPLETENESS. REPRESENTATIVENESS. AND COMPARABILITY 

I For the purposes of this Sampling and Analysis Plan, Completeness, Representativeness, and 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

B 
17 

18 

19 

Comparability are defined in the following manner: 

ComDletenesS 22 

A sufficient number of successful measurements, at least 90 percent, must be obtained to determine 

the nature of soil, subsoil, and perched groundwater within the proposed predesign investigation 

P 

21 

23 

2A 

area. 2.5 

26 

ReDresentativeness n 

Representativeness is the extent to which reported analytical results factually depict the chemistry of 

the sampled environmental media. This will be assured by following the SCQ, Appendix K. 
28 

It is 29 

optimized through proper selection of investigation locations, sampling sites and intervals, proper 

sample handling and analysis. 
. .  
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ComDarability 

Comparability is the extent to which comparisons among separate measurements will yield valid 

conclusions. Comparability among measurements in the remedial investigation will be achieved 

through the use of rigorous standard field installation, sampling, document control, data reporting, 

and analytical procedures. 

Refer to Section 4.3 of the SCQ for additional detail. 

6.4 

All FEMP employees and subcontractors assigned to this project will be required to participate in a 

series of regularly scheduled training sessions which are designed to enhance employee awareness of 

each one's responsibilities and duties in the project. Field staff will receive comprehensive project 

and task specific training. Project daily "Tailgate Safety Meetings" will augment health and safety 

and project objectives training prior to the project start. 

TRAINING. RECORDS ADMINISTRATION. AND DOCUMENT CONTROL 

Refer to Section 4.4 of the SCQ for additional details. a 
6.5 PERFORMANCE AND SYSTEM AUDITS 

To verify compliance with the SCQ and project-specific requirements, the FEMP project manager and 

designated FEMP QA organization shall be responsible for scheduling and conducting QA audits and 

surveillance. Audit results of activities covered by the SCQ are available to the EPA upon request to 

DOEEN. EPA may conduct external audits of FEMP activities covered by the 1991 Amended 

Cokent Agreement, as required. 

As a minimum, audits shall consist of evaluation of the QA program and procedures, effectiveness of 

the implementation, and review of associated project documentation. Audits shall cover applicable 

laboratory activities, field operations and documentation and final reports. Auditing shall be 

performed in accordance with DOE guidelines, the SCQ and applicable PSPs. 
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As a minimum, surveillance shall consist of monitoring/observing ongoing project activity and work 

areas to verify item and activity conformance to specified requirements. 

1 

Surveillance shall be 2 

scheduled, planned, and documented. 

Refer to Section 12 of the SCQ for additional details. 
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7.0 FIELD ACTIVITY GUIDELINES 

7.1 FIELD ACTIVITY REOUIREMENTS 

This section presents a generalized description bf the field activities proposed to complete Phase I and 

II of the Pre-Design Investigation. Field activities will consist of non-intrusive geotechnical surveying 

using a cone penetrometer, and intrusive sampling of soil, subsurface soil, and groundwater media 

using as soil auger. These will be accomplished in a phased approach; Phase I will consist of cone 

penetrometer testing, while Phase I1 will include soil borings and well installation, and the collection 

of soil and groundwater samples. 

Procedures to be used during the performance of the field operations are derived from several FEMP 

program plans, procedures, ASTM guidance, and EPA sources. FEMP program plans, specifically 

the SCQ, Site-Wide RVFS Work Plan, and FEMP SCDM Department Standard Operating 

Procedures will be used as guidance documents. U.S. EPA procedure reference sources include the 

"Compendium of Superfund Field Operations Methods" and "Hazardous Waste Site Disposal 

Operations." Guidance for field activities is presented in Section 7.2 below. 

For those field activities for which adequate procedures do not exist, activity-specific procedures are 

presented. These procedures will be in accordance with commonly accepted investigative techniques 

and recognized industry practices. 

Because there is a possibility that the FEMP and surrounding area may contain archaeological sites, 

which are protected under Federal law, procedures have been developed to properly protect these 

sites. If any material is encountered during this investigation which may be a cultural or 

archaeological resource, work will stop immediately and the appropriate people notified. Attachment 

II outlines this procedure in greater detail. 
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7.2 FIELD OPERATIONS PROCEDURES 

Tables 7-1 through 7-5 provide references for administrative, field, and sample handling/laboratory 

procedures for various activities in the Operable Unit 2 field investigation. These activities are: 

Geological survey using a cone penetrometer 
Soil sampling for geotechnical soil properties 
Soil sampling for selected chernical/radiological analysis 
Groundwater sampling for selected chemicd/radiologicd analysis 

. Lysimeter installation 
Well installation 
Water level measurements 

. 
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TABLE 7-1 

REFERENCE GUIDELINES 

Administrative Procedures Reference Documents 

QAJQC 

QAJQC of Grout 

Chain of Custody 

Comt ive  Action 

SCQ Sections 4, 5, 10, and 11; Appendix A/Table 2-2; Appendix D; Appendix J 

ASTM C109-92 "Standard Test Method for Compressive Strength of Hydraulic 
Cement Mortars" 

SCQ Volume I, Section 7.1; 
R I F S  Femald Project Policy and-Procedures Manual, FPP401, Section 5.1.12 

SCQ Volume I, Section 15.2; 
RI/FS Femald Project Policy and Procedures Manual, FPP-210 

Daily Logs 

Variances 

SCQ Appendix J, Subsection J.4.1 

SCQ Volume I, Section 15.4.1; 
RIlFS Femald Project Policy and Procedures Manual, FPP-203 

SCQ Volume 1, Section 4.4.3.2; 
RIlFS Femald Project Policy and Procedures Manual, FPP-200 

Document Change Request 

Field Procedures Reference Documents 

General Drilling Practices 

Monitoring WelllPiezometer 
Design. Installation, and 
Abandonment Plugging and Abandonment 

' SCQ Section 5.2.1 ; Appendix 1, Subsection 1.4.2 

SCQ. Section 5.2.2; Appendix J, Subsection J.4.3; 
PCN-EM-GW-004-1-01 and -02 - Standard Operating Procedure for Well 

Abandonment ASTM D5299-42 "Standard Guide for Decommissioning of Groundwater Wells, 
Vadose Zone Monitoring Devices, Boreholes and Other Devices for 
Environmental Activities" 

OAC 3745-9-10 "Abandonment of Test Holes and Wells" 

ASTM C150-92 "Standard Specification for Portland Cement" 

SCQ Appendix J. Subsection J.4.4 

SCQ Appendix K. Subsection K.5.3.2; 
RIFS Femald Project Policy and Procedures Manual, FPPdOO 

Well Development 

Field Screening of Samples 
for Radioactive 
Contamination 

Decontamination SCQ Appendix K, Subsection K. 11 

0- - 
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Adminiitrative Procedures Reference Documents 

Reference Documents Sample Handling/ 
Laboratory Procedures 

Classification, 
Transportation, and 
Shipment of FEMP RI/FS 

RI/FS Fernald Project Policy and Procedures Manual, FPP-601; 
SCQ Appendix K, Subsection K.lO; Volume I ,  Subsection 6.7; 
Compendium of Superfund Field Operations Methods. Section 6.0 

Samples 

1 

2 
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TABLE 7-2 

GROUNDWATER SAMPLING PROCEDURES 

Administrative Procedures Reference Documents b 

See Table 7-1 See Table 7-1 7 

Field Procedures Reference Documents 

General Groundwater Purging and 
Sampling Techniques 

SCQ Volume I. Subsection 6.2; Appendix K, Subsection K4.2; 
SC-GWM-FO-201 Groundwater Sampling Activities 

Water Level Measurements 

Field Analytical Methods 

SCQ Volume I ,  Section 6.2.2.1; Appendix K, Subsection K.4.2.1; 
EP-GWM-200 Groundwater Elevation Measurements 

SCQ Volume I, Subsection 6.2; Appendix K, Subsection K.4.1 

8 

9 

IO 

I I  

I2 

Parameter-Specific Sampling 13 

ROCdUreS I4 

SCQ Volume 1, Subsection 6.2.2.3; Appendix K, Subsection K.4.2.3; 

Decontamination SCQ Appendix K, Subsection K. 11 
SC-GWM-FO-201 Groundwater Elevation Measurements 

15 

Classification, Transportation, and See Table 7-1 18 

Shipment of FEMP RUFS Samples I9 

W 

.... 

. 
- . . - ~ ... . . .  
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22 
23 
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1 

2 

3 

4 

- 5  

Administrative Procedures Reference Documents 6 

See Table 7-1 

,- Field Procedures Reference Documents 

Section 8.3.1 of this Sampling and Analysis Plan 
Lysimeter installation and sampling . ASTM D4696; 

Decontamination Appendix 3, EM-6W-004 
of this Sampling and Analysis Plan 

Sample Handling/Laboratory 
Procedures Reference Documents 

7 

8 

9 

10 

11 

12 

13 

Sample Handling and Analysis Sections 8.5 and 8.8 of this Sampling and Analysis Plan 
Analabs, A Unit of Foxboru Analytical, "Operating and Service Manual 
for Century Systems, Portable Organic Vapor Analyzer (OVA) Model 
OVA-128 and Optional Accessories, Revision C" 

15 

16 

17 

18 
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TABLE 7-4 

GEOTECHNICAL SURVEYING PROCEDURES ~ 

Administrative Procedures Reference Documents 6 

See Table 7-1 
~ 

See Table 7-1 

Field Procedures Reference Documents 

Penetrometer Techniques Section 8.3.1 of this Sampling and Analysis Plan; 
ASTM D 3441-86 "Standard Method for Deep, Quasi-Static, 
Cone and Friction-cone Penetrometer" 

FER\CRUZ\VDR~~ECI-~.SAPVJOV~~~~~~. 19% I O  18- 7-7 

10 

1 1  

12 

13 

7 

8 

9 



TABLE 7-5 

SOIL SAMPLING PROCEDURES 

See Table 7-1 See Table 7-1 
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6 

7 

8 

Administrative Procedures 
~ ~~~ ~ 

Reference Documents 

Field Procedures Reference Documents 9 

General Drilling h c t i c e s  

Subsurface Sampling 

Surface Sampling 

Field Screening of Samples for Radioactive 
Contamination 

Decontamination See Table 7-1 

See Table 7-1 

SCQ Appendix K ,  Section K.5.3 

'SCQ Appendix K, Section K.5.1 

- SCQ Appendix K. Section K. 1 1  ; 
R I F S  Femald Project Policy .and Procedures Manual, FPP-600 

10 

11 

12 

13 

14 

15 

16 

Sample HandlinglLaboratory 
Procedures Reference Documents 

Classification, Transportation, and Shipment of 
FEMP RllFS Samples 

Gcotechnical Analyses 

See Table 7-1 

ASTM reference methods as shown on Table 8-5 

17 

m 
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~ 
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8.0 FIELD SAMPLING PLAN 

8.1 

Table 8-1 and Figure 8-1 is a summary of soil sample collection proposed for the pre-design activity. 

Table 8-2 presents totals for the chemical analysis for soil and water, and Table 8-3 summarize water 

SAMPLE TYPE LOCATION AND ANALYSES 

level measurements for inverse modeling. 

Sample collection methods and field ibd analytical methods and procedures are discussed in the 

following sections. 

8.2 FIELD PROGRAMS 

8.2.1 Co ne Penetrometer Testing 

8i2.1.1 Obiectivs. 

Cone penetrometer testing (CPT) is proposed as a relatively non-intrusive soil sampling method s i y e  

soil is not collected for testing. CPT will assist in identifying the most suitable geology and 

hydrogeology. This will include identifying the thickest gray clay and identifying the location and 

extent of interbedded granular material. 

Proposed CPT locations are shown on Figure 8-1. The CPT activity will preceed other activities 

proposed for the he-Design Investigation. The locations for the CPT were selected by 3dimensional 

model of uncertainties and will compliment existing data in the following areas: 

- Where existing lithological sampling was sparse, but the existing data were relatively 
homogenous with respect to the detection of clay or sand materials, and 

- Where existing data were sparse, but the data were inconclusive concerning clay or 
sand. These areas are possibly geologically heterogenous and were selected for 
additional characterizations. 

These areas were selected since the addition of even limited data would increase the certainty in 

geological interpretation. 
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TABLE 8-1 

SUMMARY SHEET OF 
SOIL SAMPLES 

PRE-DESIGN INVESIIG. TION IN TH 
1 

* 



\ 6 14.5 _ .  

I 
a 

1 1503 X 
-11504 X 

11500 X 
11501 X 
1 1502 X 

II 

TABLE 8-1 

SUMMARY SHEET OF 
SOIL SAMPLES 

SIGN INVI 

I 

I 

+ 
I 

PTIGATION 

I-- - * + * -j-++- 
1 

NOTE: The numbers in each column indicate the number of samples for that analyte 
that will be collected at that location. The locations for the uranium phases are tentative 
and subject to change. 

11468 through 11481 are proposed geotechnical borings, 11482 through 11490 are proposed 
lysimeter locations, and 11491 through 11505 are proposed piezometers. 

s - soil samples 
w - water samples 

- /  , 0 0 00 4 2 



TABLE 8-2 

lumber 

0 
d 
Y 

15 

24 

CHEMICAL ANALYSES 
FOR SOIL AND 

WATER SAMPLES 

of 

= s  
E S  
Q g  

9 9  

15 

24 

0 
I 

Location Type' d 
- 

9 Lysimeters (Water) 3t 

15 Piezometers (Water) 1: 
(Soil) 

a (Soil) 

n 

I 14) I 28 

NOTE: Numbers indicate total number of samples that will be collected for the indicated analyte. 
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Location 

1110 

1112 

1151 

1278 

11230 

1131 

1418 

1274 

1444 

1733 

1843 

1866 

1905 

1 1067 

1064 

1152 

1160 

1149' 

1167' 

1 124' 

1887' 

1301' 

1293' 
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TABLE 8-3 

WATER LEVEL MEASUREMENTS 

TvDe Manual Transducer 

X 

X 
X 
X 
X 
X 

/ 

X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

'Additional wells being considered for manual water elevation readings. 
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oncehour 

oncehour 

oncehour 

oncehour 

oncelhour 

oncehour 

oncelhour 

oncelweek 

oncelweek 

oncelweek 

oncelweek 

oncelweek 

oncelweek 

oncelweek 

oncelweek 

oncelweek 

oncelweek 

oncelweek 

oncelweek 

oncelweek 

oncelweek 

oncelweek 

oncelweek 
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1 

2 

8.2.2 Groundwater Elevations for Inverse Modeling 

An inverse model is proposed that will use measured rainfall data and the response in selected wells 

to estimate the hydraulic conductivity of the till. This is called inverse modeling because traditional 

modeling uses measured values of hydraulic conductivity to predict water level changes. The inverse 

model solution for hydraulic conductivity will not be a unique one, however, since the infiltration and 

transmissivities in the till will both be estimated parameters. The value of the model will be in its 

capacity to test reasonable assumptions concerning the physical structure of the geology and to act as 
an additional model to assess the hydrogeological properties of the study area. A description of the 

inverse model which will be used is \ 

MODINV Using a starting estimate of the hydraulic conductivity, the model adjusts 
the estimate and adds missing parameter data based upon the measured change in 
groundwater elevations. The model can provide a quantitative estimate of parameter 
value uncertainty that can indicate the value for additional hydraulic testing. 

To complete the proposed inverse modeling, groundwater elevation data will be required from 

numerous wells within the study area for a relatively long period of time. The following wells that 

have possible rapid responses to precipitation recharge will be monitored with transducers and data 

loggers: 1272, 1151, 1281, 1324, 1110, 1418, and 1112. Data loggers will be set to collect water 

levels every hour for at least one month period. Other wells will be monitored on a regular basis by 

hand measurement methods. One measurement per week will be made, with an additional 

measurement made one day after rainfall events that exceed 0.5 inches. Thes'e wells include the 

following: 1124, 1444, 1733, 11067, 1905, 1866 and 1843. 

The range in water level changes is expected to be on the order of five feet or less during the study 

period, which will start October 3, 1994. A 10 to 20 PSI transducer with a Hermit brand data logger 

(or equivalent) will be used. Manual water level measurements will be collected on the same day, if 

possible, and recorded to the nearest 0.01 foot depth. 
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8.2.3 

8.2.3.1 Obiectives 

Samdine From Soil Boring Locations 

2 

There are fourteen boring locations proposed to collect soil samples-to (1) characterize the 3 

engineering properties (geotechnical properties) of the soil, (2) verify existing vertical and horizontal 

uranium contamimnation, (3) determine the solubility of uranium, (4) assist in identifying interbedded 

granular material, and to (5) determine the uranium retardation potential or the partitioning coefficient 

(KJ for the soil in the study area. 

8.2.3.2 Soil SamD le Collection 

Soil samples will be collected from 14 soil borings drilled by truck-mounted hollow-stem auger drill 

rig and split-spoon or Shelby tube type sampler, or by Rotosonic Drilling with Shelby tube samples 

collected with the same hydraulic push method used for auger rigs. The proposed locations and 

quantity of samples are provided in Table 8-1. The analytical methods to be used are referenced in 

the tables and described in Table 8 4 .  The sample types and depths are presented in Table 8-5, and 

sample volumes, containers and preservatives are listed in Tables 8-6 and 8-7. 

The 14 proposed locations will be defined upon completion of the cone penetrometer testing. 

Geotechnical samples will be collected from both the brown and the gray soils as described in Table 

84. These samples will help determine whether the soils in the study area display the preliminary 

engineering properties for facility design. In addition to geotechnical samples, soil samples will be 

collected from each boring, one from the brown clay and one from the gray clay, for a total of 28 

samples, and analyzed for total uranium, isotopic uranium, TCLP Total Uranium and TCLP Isotopic 

Uranium. These data will be used to define the vertical and horizontal distribution of uranium in the 

soil of the study area and the solubility of uranium. The TCLP samples will be collected as close to 

the & soil collection interval as practicable. 

Samples for definition of the distribution coefficient (KJ analysis will be collected from seven of the 

borings: one from the gray and one from the brown clay for a total of 14 samples (see Table 8-5). 

Soil samples will be transferred to containers as quickly as possible with as little disturbance as 
possible. A minimum of 2000 grams (field weight) of soil will be collected from each location. 

_ .  
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TABLE 8-5 
SUMMARY OF ASI'M PROCEDURES 

NO. TITLE 

ASTM D422 

ASTM D854 

ASTM D2216 

ASTM D4318 

ASTM D4767 

ASTM D5084 

ASTM D2435 

ASTM D698 

ASTM D2937 

ASTM D4319 

ASTM C109 

ASTM C150 

ASTM D4319 

ASTM D420 

ASTM D1452 

ASTM D1586 

ASTM D1587 

Standard Method for Particle Size Analysis for Soils 

Standard Test Method for Specific Gravity of Soils 

Standard Test Methods for Laboratory Determination of Water 
(Moisture) Content of Soil, Rock, and Soil-Aggregate Mixtures 

Test Method for Liquid Limit, Plastic Limit, and Plasticity Index 
of Soils 

Test Method for Consolidated-Undrained Triaxial Compressive 
Test on Cohesive Soils 

Standard Test Method for Measurement of Hydraulic 
Conductivity of Saturated Porous Materials Using a Flexible Wall 
Permeameter 

Test Method for One-Dimensional Consolidation Properties of 
soil 

Laboratory Compaction Characteristics of Soil Using Standard 
Effort 

Unit Weight 

Standard Test Method for Distribution Ratios by the Short-Term 
Batch Method 

Compressive Strength of Hydraulic Cement Mortars 

Standard Specification for Portland Cement 

Distribution Ratios by the Short-Term Batch Method 

Standard Guide for Investigating and Sampling Soil and Rock 

Standard Practice for Soil Investigation and Sampling by Auger 
Borings 

Standard Test Method for Penetrometer Test and Split-Barrel 
Sampling of Soils 

Standard Practice for Thin-Walled Tube Sampling of Soils 
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ASTM D2166 Standard Test Method for Unconfined Compressive Strength of 
Cohesive Soil 

Standard Classification of Soils for Engineering Purposes 
Standard Practice for Description and Identification of Soils 

Standard Test Method for Deep, Quasi-Static, Cone and Friction 
Penetration Tests of Soil 

Standard Guide for Pore-Liquid Sampling from the Vadose Zone 

ASTM D2487 

ASTM D2488 

ASTM D3441 

ASTM D4696 
ASTM D4700 

ASTM D5299 

Soil Sampling from the Vadose Zone 

Standard Guide for Decommissioning of Groundwater Wells, 
Vadose Zone Monitoring Devices, Boreholes, and Other Devices 
for Environmental Activities 

5 
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TABLE 8-6 

SOIL SAMPLE 
TYPES, LOCATIONS AND DEPTHS 

I 



6 1 4 5  
TABLE 8-6 

SOIL SAMPLE 
TYPES, LOCATIONS AND DEPTH!3 

Approximate 
Depth (Ft.) * 

Brown k 0 
5 
10 z#$ x x x  

X 
X 

15 
20 
25 * 30 

11472 

Brown n 
5 
10 

X 15 
20 
25 
30 + x x x  

x x x  IF * 
x,x x 

~ X 

0 x x x  
x x x x  
x x x x  

Brown 
X - 5 

10 
15 
20 

x x x  
x - x  x 

25 
- 30 - Ixl 



TABLE 8-6 

SOIL SAMPLE 
TYPES, LOCATIONS AND D € P W S  

X 
X 
X 
X 
X 

- 
- 
- 
- 

X 
X 
X 
X 

- 
- 
- 

X 
X 
X 
X 
X 
X 

- 
- 
- 
- 

X 
X 
X 

- 
- 
X 
X 
- 

X 
X 
X 
X 

- 
- 
- 

x x x  

x x  

X I  I .  x 

11476 

0 X 
Brown 5 X 

10 X 
Grey 15 X 

20 X 
25 X 
30 X 

-+-I- 
n 

5 

.- a 
c - 0 -  
2 5  

I 

$ X 



TABLE 8-6 

I Approximate 
Location Depth (Ft.) II 

11477 H7 11 Brown i 5 

11478 

I 10 

SOIL SAMPLE 
TYPES, LOCATIONS AND DEPTHS 

# 

x x x  
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TABLE 8-7 

SAMPLE VOLUME, CONTAINERS, AND PRESERVATION - 
SOIL SAMPLES 

Parameter Container Preservation 

TCLP Uranium 1 x 500 mL wide 
mouth amber 
glass 

4°C 

Specific Gravity 

Water Content 

Liquid Limit, Plastic Limit 

Analysis, Hydrometer 
Analysis 

Dry Unit Weight, 
Consol idation, Hydraulic 
Conductivity, Unconfined 
Compression 

Consolidated Undrained 

1 x 500 mL glass 
wide mouth 

1 x 500 mL glass 
wide mouth 

1 x 1.D.L glass 
wide mouth . 

1 x 1.0 L glass 
wide mouth 

1 3x24 in. Shelby 
tube 

1 3x24 in. Shelby 
tube 

None 

None 

None 

None 

None 

None 
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TABLE 8-8 

SAMPLE VOLUME, CONTAINERS, AND PRESERVATION - 
WATEWQA SAMPLES 

Parameter Container Preservation 

Bromide 

Tritium 

Alkalinity, Bromide, 
Calcium, Magnesium, 
Nitrate, and Sulfate 

1 x 1 L plastic 

1 x 1 L plastic 

4°C 

None 

1 x 1 L plastic None 

Total Uranium 1 x 1 L plastic . None 

Isotopic Uranium 1 x 1 L plastic None 
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8.2.4 Lvsimeter Testing 

Installation requirements for lysimeters are detailed in ASTM D4696 and the TIMCO installation 

methodology (TIMCO may be replaced with another vendors specification). These documents are 

provided in Attachments VII and III respectively for reference. A summary of the proposed 

installation requirements is provided below. 

8.2.4.1 Objective 

Nested lysimeters will be installed and sampled to determine the nature of uranium and the 

concentration of uranium in the glacial till and the Upper Great Miami Aquifer for the Eastern Site 

and for an off-site location. The data from the off-site location are intended to establish background 

lysimeter uranium concentrations. Also, age dating, by conducting tritium analysis, will be 

performed for the vadose zone. The age of the water will assist in determining the time it takes 

surface water to reach a certain depth in'the vadose zone. Samples will be collected to determine 

when the lysimeters have reached equilibrium and to establish some general chemistry properties for 

the groundwater collected from the vadose zone. 

8.2.4.2 Lvsimeter Placement and Installation 

Prelimin& locations for the lysimeter placement are shown in Figure 8-1. Lysimeters will be placed 

in cluskrs to monitor the fluid characteristics at multiple depths at one location. The final locations 

for installation will be selected to obtain data that is representative of the till; consequently, these 

representative areas will be determined after penetrometer testing and 3-D modeling has been 

conducted. 

There will be two on-site locations with three nested lysimeters each, and one off-site location with 

three lysimeters. The'lysimeters will be installed using a hand auger and Rotosonic drilling, the 

shallowist installation being approximately 7 feet deep and located in the upper brown till, the second 

deepest installed approximately 5 feet from the base of the till (approximately 35 to 40 feet deep), and 

the deepest approximately 5 to 10 feet into the Upper Great Miami Aquifer (approximately 50 to 55 

feet deep). General drilling practices will be in accordance with the SCQ when possible. Table 8-8a 
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shows the approximate anticipated depth for the lysimeters. 

The proposed depth may be within the brown or gray clay. 

The proposed lysimeter (TIMCO" Deep-Sampling Cup or equivalent) is a 2-inch diameter 

vacuudpressure soil pore water sampler as presented in Attachment III. The lysimeter allows water 

to enter a micro-porous cup at the instrument's base through capillary forces or vacuum. The cup is 

attached to an 18-inch PVC cylindrical body with fulldepth riser and a PVC head. The head 

assembly attaches to the riser and c o ~ e c t s  sample and pressure ports to the lysimeter via l/4-inch 

nylon tubing. The lengths of the nylon tubing extend from the lysimeter body through the riser head 

at the surface and are used for vacuum extraction and pressure sampling. The sample tube extends 

from the head through the lysimeter to a point just in contact with the inside base of the lysimeter. 

The vacuum extraction tube extends into the lysimeter to a point approximately 3 inches below the 

inside of the cap. 

I~ 

Prior to installation the lysimeter and associated tubing will be decontaminated and installed according 

to manufacturer's specifications and SCQ procedures where applicable. After lysimeter and nylon 

tube decontamination, the ends of the tube will be clamped off at the surface to avoid the inadvertent 

introduction of foreign material into the tubing. The lysimeter components will then be assembled 

and installed with a fulldepth, 2-inch PVC riser screwed on to the lysimeter body to house the nylon 

tubing. The tubing will be measured and cut to allow approximately 2 feet of stick-up at the surface. 

A 3- to 6-inch-thick slurry of silica flour and distilled water will be tremied into the open borehole. 

However, prior to making the slurry mixture the silica flour will be sampled and analyzed for total 

and isotopic uranium. This will be conducted at a rate of one sample per on-site nest for a total of 

three samples. An indicator (such as bromide) will be added to the water that is used in 
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PROPOSED LY- DEPTHS 
~~ 

Location 

Location 1 

11482 

11483 

. 11484 

Location 2 

11485 

1 1486 

' 11487 

' 11488 

11489 

1 1490 
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~~ 

Depth (feet)* 

7 

35 

55 

7 

35 

55 

7 

35 

55 

* Dependent upon geological conditions 

slurry production so that the influence of the added water on the sample can be assessed. The 

lysimeter and riser will be gently lowered into the boring and secured at the surface to prevent 

floating. 

Additional slurry will be placed 2 to 4 inches above the top of the ceramic tip of the lysimeter. At 

that point, 80/100 mesh sand will be poured to a minimum of 3 to 6 inches above the top of the ' 

lysimeter, followed by a column of Volclay grout to within 3 feet of the surface, then a bentonite 

seal. This grout will be placed with a tremie line and will prohibit shallow water from draining into 
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the lysimeter zone. The lysimeter head will then be connected to the tubing. The same volume of 

water that was added to the slurry for the lysimeter installation will be purged from the lysimeter. 

Sampling will be initiated 48 hours after purging. 

8.2.4.3 Lvsimeter Samding 

Sample recovery from the lysimeter will be in accordance with manufacturer’s instructions, general 

SCQ protocol and ASTM D4696-92. After satisfactory installation of each lysimeter, a vacuum hand 

pump will be attached to the pressure port of the lysimeter and used to lift the sample into the holding 

chamber of the lysimeter. Pressure should be gently increased until 9 psi is achieved to lift the 

sample into the holding chamber of the Deep-Sampling Lysimeter. 

After installation and purging there will be a total of four rounds of samples collected. The first three 

rounds, which will be approximately five days apart, will be analyzed for bromide, calcium, and 

magnesium. The results of the analysis will be plotted to determine when or if the bromide is reading 

0 ppm, which is background, and when or if the calcium and magnesium concentrations equilibrate. 

Depending on the results, it may be determined that additional purging of the lysimeters be conducted 

to obtain equilibrium before collecting the final round of samples. This final round, which will be at 

equilibrium, will be analyzed for total uranium, isotopic uranium, bromide, calcium, magnesium, 

alkalinity, nitrates, and sulfates. One tritium sample will be collected from the shallowest lysimeter 

from each on-site nest for a total of three. It is anticipated that the volume of water collected from 

the lysimeters may be too small to conduct all of the aforementioned analyses. Therefore, samples 

will be collected on subsequent days with the following prioritization: 

a On-Site Locations 

Total Uranium, Istopic Uranium, Tritium, Bromide, Calcium, Magnesium, 

Alkalinity, Nitrate, Sulfate 

a Off-Site Locations 

Total Uranium, Isotopic Uranium, Titium, Bromide, Calcium, Magnesium, 

Alkalinity, Nitrate, Sulfate 

FER\CRU2\VDR\sARsEc8.SApwavcmba7. 1% 1:31pn 8-23 
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Bromide will be analyzed as it was added to the slurry and will assist in determining when the 

lysimeter has reached equilibrium. Calcium and magnesium occur naturally and will be analyzed to 

assist in determining lysimeter equilibrium. Since demineralized water will be used in the slurry for 

installation, the calcium and magnesium concentrations'are anticipated to rise until they equilibrate, 

and at this point it can be assumed that the lysimeters have reached equilibrium. Uranium analysis 

will be conducted so a comparison can be made with the previokly installed lysimeter uranium 

concentrations. This will assist in determining a potential background uranium concentration for 

lysimeters. Tritium will be collected and analyzed to determine the age of the water in the vadose 

zone. The other analytes analyzed will be used in a comparison with the general chemistry of the 

perched groundwater, which will be collected in the proposed wells for this investigation. 

In addition to the sample collection, field measurements for pH, total suspended solids, total dissolved 

oxygen, and temperature will be taken. 

All samples and measurements will be collected, handled, documented, shipped, and validated 

according to SCQ protocol. 

During the drilling of the lysimeter installation soil samples will be collected described according to 

ASTM D2488 and archived. Soil samples will be collected from the interval selected for placement 

of the lysimeter and analyzed for total uranium, isotopic uranium, TCLP uranium, TCLP isotopic 

uranium, moisture content, and grain size (see Table 8-1). The uranium analysis will assist in, 

determining the vertical and horizontal extent of urnaium contamination and the solubility of detected 

uranium.. 

All samples will be visually described, and all sample collection points will be surveyed to define the 

surface elevation and the northing and eating location. 

In addition to sampling the newly installed lysimeters, lysimeters 11 132, 11 133, 11 130, and 11 131 

will be samples for total uranium, isotopic uranium, calcium, magnesium, alkalinity, nitrate, and 
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sulfate. 

8.2.5 New Well Installation 

8.2.5.1 Obiectiva 

There are 15 wells that will be installed as part of the Predesign investigation. There will be five 

nests with three wells each. The obectives of these wells are to (1) identify interbedded and 

interconnected granular material in the till, (2) verify existing uranium contamination in the till, (3) 
the solubility of uranium present in’the till, (4) and lateral and vertical perched groundwater 

gradients. 

8.2.5.2 Well Installation 

The wells will be installed using a Rotasonic” drill rig. Continuous samples will be collected for 

archive in the Rotasonic” barrel or in advance of the auger, through the till to an approximate 

maximum depth of 30 feet. No boring is proposed to penetrate through the till into the regional 

aquifer. Wells will be completed using two-inch diameter, 316 stainless steel riser and .OlO-inch 

slotted screen 2 to 5 feet in length across the perched water interval. Filter pack will be well-sorted 

quartz sand of 20-40 mesh (medium). Wells will be developed after the grout surface seal has cured 

per the SCQ requirements. 

The screening interval will be determined by identifying the largest interval of granular material in the 

Rotasonic” core sample in the perched groundwater zone. 

8.2.5.3 Chemical S a m ~  ling of Water and So il From the New Wells 

Groundwater sampling will be conducted after developing the newly drilled wells. Equipment may 

include but is not limited to bailers, surge blocks, pumps and hoses. All wells will be developed to 

achieve turbidity-free water (<5  NTU), but no less than five times the standing water in the well. 

Parameter specific and general sample collection procedures will be conducted according to the SCQ 

and RIFS QAPP. Water levels will be recorded in all proposed new and existing wells prior to 
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sampling to establish baseline information; levels will again be measured in all new and existing wells 

at the close of the project. Field measurements of water temperature, pH, conductivity, total 

suspended solids, and dissolved oxygen will be taken and recorded. One round of samples will be 

collected and analyzed'at a contract laboratory for alkalinity, carbonates, calcium, magnesium, nitrate, 

phosphates, sulfate, isotopic uranium, total uranium, and tritium. 

8.2.5.4 Groundwater Level Measurements From New Wells 

Groundwater level measurements from wells for each round will be collected within a 24-hour period 

of consistent weather conditions to minimize atmospheric and precipitation effects on groundwater 

1.evels. In addition, groundwater levels will be recorded for all new wells at the time of completion 

and after well development. Section K.4.2.1 of the SCQ outlines the procedure for taking water level 

measurements. All measurements will be recorded to the nearest 0.01 feet. AI1 wells will be 

surveyed according to SCQ protocol, and their locations added to the Sitewide Environmental 

Database. 

8.2.6 Othe r S a m ~  ling Activities 

Groundwater samples will be collected from a representative contaminated groundwater well from the 

Plant 2/3 area, and a representative clean (background) groundwater well closes to or in the study 

area. A minimum of 20 gallons of groundwater will be collected from each well. The groundwater 

will be placed in containers with a minimum of air in the container. This water is intended for use in 

the & study. 

8.3 mELD MIWHODS 

8.3.1 . I d .  
See Attachment Vm for the complete ASTM D3441-86 method. In summary, truck mounted 

hydraulic pushing equipment is used to push a 1.5-inch diameter steel rod into the ground. Pressures, 

up to 40,OOO pounds, are used to push the rods while end bearing resistance and friction resistance 

are measured by transducers located at the tip. Rate of penetration is maintained constant at 2 to 4 

feet per'minute while the resistance is recorded by data logger equipment in the truck. 
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The ability of the CPT to define shear strength and lithological contacts will be assessed by collecting 
CPT data adjacent to existing borings where geotechnical data are available. Precision of the CPT 
will be assessed by conducting at least two pushes of the cone penetrometer side by side. The 

mechanical/electrical precision for the ASTM method is stated to be f 5 to 10 percent in end bearing 

resistance and 10 to 20 percent in friction resistance. This range of variance is acceptable in the 

calculated shear strength since a safety factor of 1.5 to 2 is usually applied to these data. 

- 
The report from the penetrometer will include lithological interpretations based upon the shear 

strength encountered. The CPT holes will be abandoned by filling them with a non-shrinking (Type 

K) podand cement grout (Attachment VI). 

h 

8.3.2 Rotasonic" Drillinv and SamDling 

Rotasonic" drilling is different from conventional drill methods, and is currently not described in 
SCQ. The drill energy comes from an oscillator that imparts vibrational force directly to the slowly 

rotating drill string. This drilling method will be used for collecting samples for geological 

descriptions, and for lysimeter and well installation. 

The sample barrel is first advanced 5 to 10 feet into the soil profile. The sample barrel is then 

disconnected and an override casing is attached and drilled over the sampler barrel. During this 

process the annular space between the casing and sampler is lubricated with water to flush any 

cuttings. Once the casing is overdrilled to the level of the sample barrel, the casing is disconnected 

and the sampler barrel pulled back. The sample is then extruded from the sample barrel into plastic 

sheaths and given to the geologist for lithological description and sample archiving. A 

decontaminated sampler is then attached and the process repeated. The liquid that is introduced as a 

lubricant does not contact the cored sample, which is in all cases collected ahead of the override 

casing. 

As the Rotasonic" drill tools penetrate the soil medium, the soil particles cannot vibrate in unison 

with the drill steel. The individual soil particles vibrate in random directions and fluidize. This 
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greatly reduces the friction against the drill pipe and allows the soil to move aside. This only occurs 

within about 1/8 inch from the side of the drill steel. If the medium being penetrated is clay this 

condition is reversible once the sonics are shut off. This means that a casing, once sealed in a clayey 

medium, will be effectively sealed once the vibration stops. This phenomenon has allowed the use of 

multiple override casings to "seal" off upper aquifers or contaminated mnes with the Rotasonicm 

system. The dual casing capability will reduce the chance of cross-contaminating perched 

groundwater layers in this clay. 

I 
All casings are retrieved and decontaminated as specified for well casings in accordance with the 

SCQ. This drilling method will be used for well installation and lysimeter installation, and possibly 

conducting lithologic discription sampling for calibratin cone pentrometer data. 
\ 

Soil samples collected from Rotasonic" drilling will be visually described and used for chemical 

isotopic, and for I<d analysis. 

8.3.3 

Soil borings not using the Rotasonicm method will be drilled using a truck-mounted hollow-stem auger 

drill. Soil samples will be collected by split spoon or Shelby tube type sampler. After drilling and 

sampling is complete, each boring will be plugged with a non-shrinking Vype K) portland cement 

(see Attachment VI) grout from the bottom to surface through the hollow stem auger or via a tremie 

pipe; after grout has cured, a minimum of a 12-inch cement plug will be placed in the hole. 

Subsu rface Soil SWD ling 

Continuous samples will be collected in advance of the hollow-stem auger described above, from six 
inches below surface to planned total depth and will be described in the field according to ASTM 
D2487. All samples will be field screened with bdgamma and photoionization detectors, andalues 

recorded. A selected number of soil samples will be sent to the laboratory for chemical and 

geotechnical analyses (see Section 8.2.10). 

8.3.4 waste Handling/DisDosal 
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During the performance of this field work, wastes in the form of drill cuttings, and decontamination 1 

wastes will be generated. Drill cuttings will be field screened using a geiger-miiller and P.I.D. 2 

probes to assure that the cuttings are uncontaminated. These cuttings will be placed into clean 55- 

gallon drums during boring operations. After the borehole has been grouted the drummed cuttings 

will be emptied in the area of the boring and spread over the ground surface. 

Decontamination of drilling and sampling equipment will be performed at the Drilling Contractors 

Decontamination Area. Fluids and any solid materials generated will be handled in accordance with 

the normal operation of that facility's contamination treatmentlcontrol devices. Well-sampling purge 

water and decontamination water will be placed in the FEMP General Sump. 

8.3.5 boiect Su rveving 

Land surveying will be performed at all cone penetrometer and drilling locations. Surveying will be 

performed by a Registered Professional Land Surveyor. All surveyed locations will be accurate to the 

n&est 0.01 feet elevation accuracy. Survey points will be located to within 0.5 feet accuracy and 

integrated into the existing F E W  Geographic Information System (GIs), and incorporated into the 

site data base. 

8.4 GENERAL SAMPLING REOUIREMENTS 

8.4.1 Field OC S amDl@ 

Field QC samples will be collected during the Operable Unit 2 Pre-Design Investigation. The QC 

sample types and rationale for selection follow: 

Field blank samples will be prepared for every round of groundwater samples and 
analyzed for the same target analytes specified for the field sample collected during 
the sampling event. The frequency of field blanks is based on the total number of 
rounds of groundwater samples collected from each Operable Unit 2 subunit. A field 
blank sample is prepared at the sampling site by the field team by pouring 
deionized/organic free water into the appropriate sample containers specified in Table 
8-8. 
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An equipment rinsate sample will be collected for every round of water samples and 
every 5 soil samples, following decontamination of the sampling equipment. The 
sample will be obtained by rinsing clean soil sampling with deionized water and 
collecting the rinsate for analysis. ~ 

0 Duplicate water samples will be collected at a frequency of 1 per every round of 
groundwater sampling. These samples should be assigned a unique sample number 
and sent to the laboratory as a blind sample. No duplicate soil samples will be 
collected due to the lack of an effective field compositing technique which would 
produce meaningful data where discrepancies could absolutely be considered a 
laboratory precision problem. 

0 Container blanks will not be included in the QA samples since containers used for 
sampling activities are pre-cleaned by the manufacturer and have a certificate of 
analysis for each lot of containers. 

8.4.2 Alternate SamDline Procedurq 

The implementation of alternate sampling procedures could be necessary if any unanticipated problem 

developed during the field investigative effort. Alternate sampling procedures, or deviations, consist, 

of either work plan variances or work plan non-conformances. 

If it becomes necessary to deviate from a sampling standard operating procedure, such a deviation 

will be handled in the following manner: 

1.  The field sampling technician or geologist will identify the need to deviate from the 
sampling plan or procedure. 

2. The technician will bring the problem to the attention of field crew management and 
make recommendations about how to best proceed with sample collection with 
minimal impact to the existing sampling procedures and project data quality 
objectives. 

3. Possible solutions and the impacts of the solutions on the project data quality 
objectives will be determined. 

4. A Variance Request Form (example in Attachment IV) will be implemented which 
describes the nature of the variance, the need for the variance and how variation from 
the Sampling and Analysis Plan will minimize or have no impacts to the project data 
quality objectives. 
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5. QA will evaluate and approve the Variance Request. 

6. The approved Variance Request Form will become a part of the overall project 
historical file, and will be reported in the final project report. 

Variance approvals will, in most instances, be obtained prior to the actual performance of the 

variance in the field. However, depending on the situation, prior variance approval may not be 

feasible due to practical aspects associated with the field work being performed. 

Work plan non-conformances are defined as field or laboratory activities which have been completed, 

but are subsequently found to not have been performed according to the work plan. A non- 

conformance may have a significant impact on the usability of field- or laboratoryderived 

investigation results. Resolution of a project non-conformance will be the responsibility of the 

Operable Unit 2 Project Manager. 

8.4.3 S a m ~  le EauiDment and Materials 

All environmental media samples will be collected with ,equipment which is functional, designed for 

the specific purposes of the sampling event, and properly decontaminated. Sampling will be 

accomplished with equipment which is constructed of nonreactive materials. 

Sampling containers will be composed of materials which are commonly used for the type of media to 

be sampled. All sample containers will be of the volume necessary for laboratory analysis purposes. 

Attachment V lists equipment typically used per type of sampling activity. 

8.4.4 EauiDment Decontamination 
All drilling and media sampling equipment will be decontaminated to Level II in accordance with 

Appendix K of the SCQ specifications, and according to procedural memos issued by the Radiation 

Control Department. 

8.4.5 $amD le Volume. Containers and Preservation 
.. . - .  
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Sample containers will be pre-cleaned by the manufacturer and will be accompanied by a certificate of 

analysis. The sample container types and preservative requirements are specified in the FEMP SCQ 

and are summarized in Tables 8-7 and 8-8 for solid and aqueous matrices, respectively. Sample 

volumes will be consistent with the contract laboratory requirements. 

8.4.6 SamD le Collection Documentation 

Both surface and groundwater samples collected in the field are documented on the Sample Collection 

Log, and Water Quality Field Collection Report forms. An example of these forms is shown in this 

report as Attachment V; however, some forms are being revised and the latest revision will be used. 

The collection of soil and sub-soil materials are documented on the following forms: 

0 Sample Collection Log 
0 Visual Classification of Soils 
0 Subsurface Soil Sample Collection Log 

Examples of these forms are shown in Attachment V. 
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In addition to these forms, daily field activities are recorded on the Field Activity Daily Log form. 

This form is included in Attachment V of this report. 

8.4.7 Samp le Collection ReDorts 

No specific sample collection field reports are proposed for this project. Rather, the information 

contained in the field forms specified in Section 8.4.6 of this report serve as the basis for 

documenting all significant aspects of the sample collection activities. 

Upon completion of the project, all significant task related information, including copies of field 

forms and laboratory related forms, including analytical results of samples taken, are included in a 

Task Closure Report. This report is initiated by the SCDM Department of the Environmental 

Division, and will be sent to Operable Uait 2 for their records. 
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8.5 SAMPLE MANAGEMENT 

8.5.1 

A unique sixdigit sample number will be assigned to each sample collected by Environmental 

Monitoring. Each sample container will also be affixed with a sample label containing, at a 

minimum, the information specified on Form 7-2, Appendix B of the FEW SCQ. 

S a m ~  le Identification and Labeling 

8.5.2 

Sample custody procedures as outlined in the FEMP SCQ will be observed throughout the sample 

handling process from field collection to shipment or delivery of the samples to the laboratory. The 

Site-Wide Analysis Request/Custody Record (SAWCR) form will be completed for all samples 

delivered to the on-site sample processing laboratory. 

S a m ~  le Chain of Custodv Records and Field Data Documentation 

In addition to the custody records, a Sample Collection Log will be completed which summarizes all 

samples collected from a single borehole or well. A Groundwater Quality Report will be prepared for 

each well sampling event to document the well purge data and groundwater conditions prior to sample 

collection. A Visual Classification of Soils Form and Well Installation Diagram will be completed for 

soil brings and well installations when appropriate. Furthermore, all field investigation work is 

documented in detail on a daily basis using the Field Activity Daily Log Form. 

8.6 FIELD EOUIPMENT METHODS 

8.6.1 

Field equipment to be used during this investigation is divided into the categories of health and safety 

monitoring, and field screening and monitoring. At a minimum, all equipment will be operated and 

calibrated according to the equipment manufacturer’s specifications. All instruments are calibrated 

once per week, or once per day, depending on the manufacturer’s specifications. Written logs of 

equipment calibration are maintained by the appropriate personnel in charge of performing the 

Cal ibration of Field Eauipment 

instrument calibrations. 
_. 
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onsists of the following instruments: Health and SSety monitoring equipment 

HNu PI-101 Photoionization M o r  - equipped with a 10.2 EV lamp. This instrument is 

calibrated daily using isobutylene gas as a standard. During use, in order to spot check the 

instrument for proper operation, a hydrocarbon-based felt-tipped pen is commonly used. However, 

this practice is not a substitute for routine instrument operation checks. 

Ludlum Model 12 Alpha Meter - eQuipped with a pancake probe. The instrument is calibrated 

against a background concentration. If the background concentration exceeds 2 counts per minute 

(cpm), then the instrument is not used. The instrument is calibrated to a known standard once per 
week. 

calibrated daily using isobutylene gas as a standard. During use, in order to spot check the 

Ludlum Model 2 BetaGamma Meter - This instrument is calibrated once per week against a 

background standard. If, during routine use, the operator notes that the background concentration 

exceeds 300 cpm, then the instrument is not to be used. 

Ludlum Model 19 Micro-R-Meter - This meter is calibrated to a known standard once per week. 

Ludlum Model 9 Ion Chamber - This instrument is calibrated to a known standard once per week. 

Field Screening and Monitoring equipment consists of the following instruments: 

HNu PI-101 Photoionization Detector - equipped with a 10.2 EV lamp. This instrument is 

instrument for proper operation, a hydrocarbon based felt tipped pen is commonly used. However, 

this practice is not a substitute for routine instrument operation checks. 

Orion Model 250A pH Meter - This instrument is calibrated daily, and is compared to known 

calibration standards at least twice prior to each reading. The buffer solutions typically used for 
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calibration are pH 4 and pH 7 Standard Units. 

YSI Model 33 S.C.T. Conductivity Meter - The conductivity meter is calibrated daily to a known 

standard. 

!Monist Water Level Indicator - There is no known standard to which a water level meter is 

calibrated. The meter is, more than calibrated, maintained by ensuring that it is in proper operation, 

and that the batteries are charged. 

Ha& Turbidity Meter - This instrument is calibrated to a known standard on a daily basis. 

YSI Model 51-B Dissolved Oxygen Meter - This instrument is calibrated to a known standard on a 

daily basis. 

ESP-1, Model 141, S P A 3  Sodium Iodine Scintillation Detector - This instrument is use for 

radiation surveying and will be calibrated to a known standard on a daily basis. \ 

8.6.2 Docu mentation of Calibration 

Separate logbooks are kept for each type of instrumentation. The logbooks contain a history not only 

of the instrument calibration but also of any unusual or irregular problems noted during the use of 

that particular instrument. Four separate documents are used to record calibration of instruments. 

Attachment V contains examples of the calibration documentation. 

The forms are labeled as follows: 

e 
e Weekly Calibration Log 

Instrument Baseline Data Sheet 

Water Quality Field Collection Report 

Use, Calibration, and Maintenance of the HNu PI 101 

8.7 ANALYTESO F INTEREST 
.~ __ . - . .  . 
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The analytes of interest have been developed on "time of travel" needs and what would be considered 

the best tracer analytes. The analytes of interest are total uranium, isotopic uranium, TCLP uranium, 

chloride, bromide, fluoride, tritium, nitrate, sulfate, carbonate, phosphate, and colloids. 

8.8 LABORATORY METHODS 

8.8.1 ,halvt ical MethoQs 

The contract laboratory will adhere to the requirements of the SCQ which is currently under revision. 

EPA CLP or SW-846 requirements will be followed for inorganic analyses. Analytical methods for 

radioisotopes and K,, will follow performance based criteria cited directly by the SCQ and the 

procedures described in section 8.8.2. In all cases the laboratory shall generate a CLP data package, 

or equivalent for non-CLP analytes such as general wet chemistry. The CLP data package will be 

validatable to ASL D. 

8.8.2 JL Andy& 

The K,, Study is being performed to determine how natural species of uranium in groundwater and 

soil partition between phases. To obtain the most representative results, natural materials will be used 

whenever possible. This includes natural soils from the location of concern, natural groundwater 

contaminated with uranium, and natural groundwater without contamination. 

Fourteen standard adsorption tests and desorption tests will be performed on soil samples and 

contaminated groundwater. The fourteen soil samples will be collected from seven brings. Seven 

soil samples will be collected in the brown clay and seven in the grey clay. Fourteen soil samples 

will be collected, one from each soil location, and sent off site for total and isotopic uranium analysis. 

Contaminated groundwater will be collected from Plant 213 perched groundwater area, and clean 

groundwater will be collected from the predesign study area wells and a sample of each will be sent 

off site for total and isotopic uranium analysis. 

The disposal facility will be constructed over clean till, so the partitioning of uranium will occur first 
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from potentially contaminated leachate seeping through the bottom of the facility liner. The 

contaminated groundwater is intended to represent the leachate as it leaves the disposal facility. 

Speciation studies have shown that despite the original nature of the waste or source material, 

uranium, therefore, speciates into two predominant forms in groundwater, carbonate, and phosphate. 

After the adsorption tests are completed, the soil from the adsorption tests will be placed into a new 

reactor with clean groundwater to assess it desorption characteristics. This test will represent - 
conditions where contaminated leachate moves through the till allowing the soil to adsorb a fraction of 

the uranium, then cleaner leachate moves through, creating an environment where uranium can desorb 

from the soil back into the groundwater. 

A number of factors affect the K,, in natural conditions; groundwater-to-soil ratio, the sorption 

isotherm, pH, dissolved oxygen, temperature, permeability of the same soil, and others. During the 

test pH and temperature factors can be controlled by keeping them constant near the in situ levels. 

The in situ groundwater-to-soil ratio is no greater then the porosity of the soil, which is the ratio of 

the volume of soil voids to the volume of soil. This ratio is typically between 20 and 40 percent. 

The ratio of soil to groundwater in the standard K,, method used at Fernald is 8.75 (875 percent). 

The groundwater volume is large in practice because it produces a conservative result and it makes 

sampling of the solute possible during the test. In order to determine the impact of the groundwater- 

to-soil ratio on K,, levels, two separate calibration tests will be run. These calibration tests will 

consist of soil samples split from two grey clay soil samples. These calibration tests will include a 

groundwater-to-soil ratio of 0.50 (50 percent), only slightly larger than in situ conditions. These tests 

will be run without sampling, equilibrium will be determined by a duplicate test conducted in parallel. 

The test will be conducted exactly as the normal test, but samples will not be drawn. The container 

will be opened whenever samples are taken from the duplicate test. A final sample will be collected 
from the calibration tests when the duplicate test reaches equilibrium. The desorption test will be run 

for the two soil samples in the same way with a 0.5 clean groundwater-to-soil ratio. A final water 

and soil sample will be collected at the end of the desorption test. The results of this calibration test 
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can then be compared to the duplicate test to see what impact the groundwater-to-soil ratio had on the 

& determinations. 

The sorption isotherm describes the transfer of a product from liquid to soil under different 

concentrations in solution. The amount of product adsorbing from solution to soil will vary 

depending on the amount of product available in solution. The relationship is generally assumed to be 

linear, although many studies have indicated a non-linear relationship. The sorption isotherm can be 

determined by conducting a series of tests with different concentrations of product in solution. The 

results of the tests can be plotted on an initial versus final solute concentration graph. Each final 

solute concentration is plotted against its initial solute concentration, and all the tests are plotted on 

one graph. The resulting curve represents the sorption isotherm. Equations are available to 

determine the & under linear and non-linear sorption isotherm. Once the sorption isotherm is 

determined, more exact equations can be used to determine I&. In order to determine the sorption 

isotherm, six tests will be run with different initial solute concentrations. The initial concentration 

will be varied by diluting contaminated groundwater with clean groundwater to achieve the desired 

initial concentration. The tests will be conducted using the standard procedure and the results will be 

plotted determine the sorption isotherm relationship. The six sorption isotherm tests will include 

four of the seven grey clay soil samples split from the grey soil samples. The groundwater 

concentration will be varied by combining uranium contaminated groundwater with clean 

groundwater. 

, 

The permeability of the soil can be maintained by keeping the samples as undisturbed as possible. 

Standard I(d practices require the soil samples to be dried, crushed, sifted, and agitated through the 

test. In an effort to determine the impact that these practices have on &s, two duplicate tests will be 

run in which the soil will not be disturbed or agitated but allowed to sit in contact with groundwater 

as in natural conditions. The two duplicate samples will be split from two of the seven grey clay soil 

samples. The test will be performed identically to the standard method except for the agitation of the 

sample. The results of this duplicate test can then be compared to the agitation method to bracket the 

conservatism inherent in the standard procedure. 
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The dissolved oxygen factor is complicated to duplicate because dissolved oxygen is limited at depth 

in the soil. In order to reproduce the in situ dissolved oxygen conditions, the K,, study would have to 

be performed in a closed reactor with as little dissolved oxygen as possible (possibly in a nitrogen gas 

environment). This condition is difficult to achieve because of the required sampling that takes place 

during the test. One solution to this is to run calibration tests alongside the normal K,, tests. The 

calibration tests will be set up in the same manner as the normal test, but the reactor will be sealed 

until the completion of the test. The two calibration samples will be split from two of the seven grey 

clay samples. Equilibrium will be determined using a duplicate test run in the normal manner. A 
' .  

sample will be collected at the end of the test when the duplicate samples achieves equilibrium. The 

results of the calibration test would then be compared to the normal test results to determine the affect 

of dissolved oxygen on the K,, study. 

Table 8-9 and 8-10 summarize the K,, tests to be performed. 

8.8.2.1 K., S a m ~  le PreDaration 

For the 14 collected samples, the 400 grams (dry weight) of so-- will be transferred to a 4. liter 

reactor without drying or crushing. Dry weight will be determined using a standard method on a 

portion of the soil sample. Re-test agitation of the soil should be kept' to a minimum. A 3500 ml 

sample of groundwater contaminated with a known amount of uranium will be added to the container 

at a pH consistent with perched groundwater pH levels (6.8 to 8.0). The pH level will be adjusted 

with nitric acid or calcium hydroxide. 

Two in situ groundwater-to-soil ratio tests will be performed in parallel with two duplicate normal 

tests. In these two reactors, only 200 ml of groundwater will be added. 

Four diluted groundwater tests will be conducted in parallel with four normal duplicate tests. The 

diluted groundwater will consist of 3500 ml total solution, but 0.75, 0.5, 0.25, and 0 fractions of 

contaminated groundwater to clean groundwater. 
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TABLE 8-9 

TESl'!j TO BE PERFORMED FOR K,, DEIXRMINATION 

~~~~~~~ ~ ~~ 

7 brown clay adsorptioddesorption tests - Standard methods, 10046 contaminated water during 

adsorption test. 

4 grey clay adsorptioddesorption tests - Standard methods, 100% contaminated water during 

adsorption test. 

3 grey clay adsorptioddesorption tests - Standard methods, one 75% contaminated water, one 

50% contaminated water, and one 25% contaminated water during adsorption test. 

2 grey clay (split sample) adsorption tests - standard methods except that only 200 ml of 100% 

contaminated groundwater will be used and no sampling during study. Tests should be performed 

in parallel with standard grey adsorption tests that correspond with the split sample locations to 

determine equilibrium conditions. 

2 grey clay (split sample) adsorption tests - standard methods, clean groundwater used. 

2 grey clay (split sample) adsorption tests - standard methods except that no agitation of the 

sample will be performed. Disruption of the soil will be kept to a minimum. 

2 grey clay (split sample) adsorption tests - standard methods except that only the reactors will be 

sealed and remain unopened until the end of the test. 100% contaminated groundwater will be 

used. No sampling will be conducted during study. Tests should be performed in parallel with 

standard grey adsorption tests that correspond with the split sample locations to determine 

equilibrium conditions. 
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TABLE 8-10 

SOIL AND WATER ANALYSES FOR I(d DEI'ERMINATION 

Initial sampling 
~ 

14 mil samples, 7 brown and 7 grey, 

d y z d  for total and isotopic 

uranium 

2 pndwater  samples, one 

co ntaminatod and one clean, Sampled 

for total and isotopic uranium 

14 total soil, 2 total water 

Off Site & Sampling Program 
~~ 

Post Adsorption Sampling 

7 water samples from the brown clay 

reactors for total and isotopic uranium 

7 water samplea from the grey clay 

reactors for total and isotopic uranium 

2 water sampleti from the in-situ 

pndwater-to-soil d o  reactors (split 

grey clay samples) for total and 

isdopic uranium 
~ 

2 water samples from the clean 

p n d m r t e r  baseline reactors (aplit 

grey clay samples) for total and 

isotopic uranium 

2 water samples from the no agitation 

lrcactors (split grey clay sampleti) for 

total and isotopic uranium 

2 water samples from the closed 

rtactorn (split grey clay samples) for 

total and isotopic uranium 

22 total water 

Post Desorption Sampling 

7 water and soil samples from the. 

brown clay reactors for total and 

isdopic u k u m  

7 water and mil sampleti from the 

grey clay reacton, for total and 

isotopic uranium 

14 total soil, 14 total water '. 
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When the first test is completed with contaminated groundwater the reactor will be drained and the 

solids will be centrifuged. The solids will then be transferred to a clean reactor add 3500 ml of 

background groundwater will be added. The pH will be adjusted as in the first test. The two in situ 

groundwater-to-soil ratio tests will only have 200 ml of clean groundwater added to them. 

8.8.2.2 IG Samde Mixing 

The samples will be placed in a rotating tumbler and mixed continuously until completion of the 

testing. The tumbler shall be operated at 29 +/- 2 rpm. Two reactors will be left untumbled 

throughout the test with a minimal soil disturbance. 

8.8.2.3 K, Co llection of SamD les During Testing 

Samples of leachate will be collected after stopping the tumbler for a sufficient time period (minimum 

of 10 minutes) to allow the solids to settle. A volume of the leachate will be decanted from the 

reactor and filtered through a 0.45 micron filter paper. The volume of decant removed will be based 

upon the requirements for analytical testing (approx. 2 ml). After removal of the decant, 20 ml of 
pH adjusted water will be added back to the reactor. Any solids transferred during the separation 

step will be returned to the reactor. . 

Intermediate samples will be collected at approximately 72, 144, 168, 240, 288, 360, and 384 hours 

following initiation of the reaction and analyzed at the FEMP laboratory for total uranium. The 

reaction may be stopped earlier if the data indicate that equilibrium conditions between the soil and 

liquid have been achieved. Equilibrium will be determined by maintaining a plot of concentration 

versus time for each reaction. 

. 

Two reactors will remain untested during the program. The reactors will remain sealed. Equilibrium 

conditions will be determined by duplicate tests run in the standard method. Find samples will be 

collected from the two sealed reactors when the duplicate tests indicate equilibrium. 

L 

After the results indicate an equilibrium condition, a final solution sample will be collected and split 
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for analysis by both the FEMP laboratory and an off-site laboratory. The final sample will be 
analyzed for total and isotopic uranium. Twenty-two solution samples will be collected at the end of 

the adsorption testing. If a sample does not reach equilibrium after 384 hours, a decision of whether 

to terminate the testing will be made. 

Identical batch testing procedures will be followed for the second test. At completion of the second 

batch test, a water and soil sample will be collected from the tumbler and split for analysis by both 

the FEMP laboratory and an off-site laboratory. These final samples will be analyzed for total and 

isotopic uranium. Twenty-two solution samples and 22 soil samples will be collected at the end of the 

desorption testing. 

8.8.3 Laboratorv Performance Reauirements 

Analytical performance requirements shall be used as guidelines for evaluating laboratory capability to 

provide specific analytical services to F E W .  Audits shall be performed to verify laboratory 

performance using the performance evaluation sample results specified in Appendix E of the SCQ. 

8.9 SAMPLE ANALYSIS AND VALIDATION 

Sample analysis and validation will be performed in accordance with the guidance and requirements 

contained in the FEMP SCQ. This task consists of sample management; chemical and radiological 

analysis; quality control; and data reduction, validation, and reporting. These subjects are discussed 

in detail in the SCQ. Geotechnical samples will not be validated and will comply with ASTMs. 

Sample management and control will be in accordance with Section 7 (Analytical Luboraory Sample 

cusrody) of the SCQ. Sample custody will be maintained and documented from the time of collection 

through analysis. Appropriate records will be maintained in the chain-of-custody process for sample 

tracking and control during shipment. 

Analysis of samples and laboratory analytical procedures will generally be in accordance with Section 

9 (Analytical Procedures) of the SCQ in conjunction with Appendix E of the SCQ. For all chemical 
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analyses for which such methods exist, EPA-approved methods will be used as the FEMP method 

source. Where EPA methods do not exist, verified methods will be submitted to EPA for approval. 

Radiological sample preparation and analysis methods are specified in Appendix I of the SCQ. 

Data reduction, validation, and reporting for each ASL will be in accordance with Section 2.3.3 

(DQOs) of the SCQ. Numerical analysis, including manual calculations, mapping, and computer 

modeling, will be documented and subjected to QC and peer review. The Data Validation Plan is 

presented in Appendix D and the Data Management Plan presented in Appendix F of the SCQ. 

Data validation is an independent and systematic assessment to determine if the sampling and analysis 

process met certain established criteria. The validity of a sample and the analytical information 

generated from the analysis of that sample are dependent upon various factors. The collection and 

examination of all significant information and data associated with the sampling and analysis process 

is essential for the validation process to be effective. This information and data is gathered from the 

scoping process through the frnal data archival or storage. 

Once the samples are collected and sent to the appropriate laboratory for analysis, field information 

will be received by SC/DM to verify that all required field information is complete and accurate, and 

the information will be forwarded to Data Quality Management if the analyses generated for the task 

are either ASLs C, D, and/or E. Field records generated for ASL B analyses may also be forwarded 

to Data Validation, if the PSP has specified that this ASL data will require data validation. 

The laboratory will then analyze the samples per the requirements set forth in the S A P .  After the 

laboratory has analyzed the samples and verified that the quality of the data meets the requirements of 

the analytical method, and that all deliverable are included, the data will be delivered to personnel to 

perform the following tasks: 

a Verify that all required deliverable have been received; 

Verify that contract performance requirements have been met. These contract 
performance requirements will be identified in the PSP; 
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0 Enter data into the SED; and 

0 

0 

0 

Copy data packages and deliver them to Data Validation personnel. The original of 
the data packages will be stored in a secure location. 
Confm with an initial screening that the appropriate information is present; 

Log the package into a tracking database; 

0 Assign a priority rating for the data package from the Manager of Data Validation; 
and 

0 Ensure that all QC information required to qualify data is present and create a field 
data validation summary report with supporting documents which can impact 
qualification of data from the laboratory. 

The appropriate laboratory data validation subgroups are then notified by the DVS group that the data 

package is ready for their evaluation. The data is then validated by the appropriate validation , 

discipline group (e.g. organic, inorganic/conventional, and radiochemistry) according to the 

appropriate validation protocols. The data will be qualified, data validation summaries will be 

generated, and checklists will be added to'the data package. The validated data packages will then be 

reviewed/approved by the Validation Group Coordinators and given back to the DVS group. In 

addition, the data qualifiers will be entered into the SED. The DVS group will assemble all reports 

and check lists into one data package, update the tracking data base, copy and file the validated data 

package, and send the validated data package to the DR&A. 

Once the DR&A receives the validated data package from Data Validation, the validated data package 

will then be filed by the DR&A into a secure file while copies of the data results, summaries of the 

data validation, the DR&A cover letter and a listing of all other documentation available will be sent 

to Operable Unit 2. 
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THE PROBLEM STATEMENT 

CRU2 has been tasked to conduct the DOE Title I r i e  II design and DOE Title 111 construction oversight 
for a proposed on-site disposal facility. This will require a predesign field study to characterize the 
geotechnical properties of the potential area of the facility. 

Using all available information an area for this pre-design study has been established, which is located on 
the eastern portion of the FEMP and would be sufficient for the layout of a facility capable of handling 8.8 
million cubic yards of material. This study will investigate a portion of that area sufficient to contain 2.2 
million cubic yards of material. 

, Existing information has been used to determine the uncertainties'in the lithologic descriptions. The 
uncertainties are great enough to warrant collecting additional information. Therefore, the predesign activii 
is being conducted to greatly reduce the uncertainties. 

As one part of the predesign study, geotechnical sampling will be conducted to determine the physical 
properties of the soils. This will assist in determining whether the area is suitable for the placement of the 
disposal facility. Some of the geotechnical information may be used for the subsequent detailed design. 
Also, total uranium and TCLP uranium samples will be collected and used for modeling. 

THE DECISION 

The information generated by geotechnical sampling is essential in determining the physical properties of 
the soil in the footprint of the proposed cell. The total uranium and TCLP uranium samples will assist in 
identifying desired chemical properties of the soil in the potential area of the disposal facility. Therefore, it 
is necessary to obtain this information to evaluate the location and to proceed with the design of the 
disposal facility both of which are pivotal to the remediation of the FEMP. 

INPUTS THAT EFFECT THE DECISION 

To produce the most effective disposal facility design and to adequately evaluate the location for the on-site 
disposal facility the geotechnical parameters total and TCLP uranium levels of the soil need to be known. 
The most favorable lithology will be that containing the least amount of sand, or preferably no sand. The 
sampling will be conducted in a manner to accurately determine the soil properties from the surface to 
approximately the bottom of the till. The soil samples will include undisturbed and disturbed samples for 
geotechnical analysis and uranium grab samples (see Table 1). 

Areas of known surface soils contamination, as indicated by the OU5 RI Report, will be avoided. Suspect 
areas will be field screened prior to drilling operations to reduce the probability of encountering 
contamination. Also, perched groundwater is suspected to be contaminated in select locations, therefore, 
to prevent cross contaminating the regional aquifer the bottom of the glacial overburden (till) will be 
estimated from kriged surfaces and borings will terminate 4 feet above the estimated bottom of the till. 
After the borings are completed, they will be filled with expansive Type K grout. 
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The- information gathered from the sampling is intended to be used by personnel experienced in conducting 
site investigation and disposal facility design. 

BOUNDARIES OF THE STUDY 

Sampling will occur in an area on the east boundary of the FEMP that measures approximately 2000 feet 
wide by 5300 feet long, with the long edge parallel with the east boundary of the site. Geotechnical samples 
will be collected from the brown day (up to 15 feet below the surface) and the grey clay (up to 30 feet 
below the surface) using shelby tubes and split barrel samplers. Total Uranium and TCLP Uranium will be 
collected from the grey clay using split barrel samplers. An auger drill rig will be used to advance the shelby 
tubes and the split barrel samplers. The locations for taking these samples will more accurately be selected 
after a cone penetrometer phase has been completed, which will assist in determining the lithology of the 
study area. 

Samples will be collected from an area selected from the cone penetrometer tests. The area will cover 
approximately 70 acres and with existing data it has been determined that 14 borings will be needed for the 
predesign siting. This number of borings will provide adequate information, when used in conjunction with 
existing information, to adequately determine the geotechnical properties of the soil for siting purposes. Split 
spoon and shelby tube samples will be collected at f i e  foot intervals to a maximum depth of 30 feet. The 
shelby tube samples will be collected for parameters that need undisturbed samples; e.g., vertical 
permeability, recompacted permeability, standard proctor, and Atterberg Limits. Split spoon samples will 
be collected for all of the other samples. 

THE LOGIC STATEMENT 

The resutts of the sampling will be included in the predesign report, which will also include the cone 
penetrometer results and the time of travel results. If it is determined that a potential area exists for an on- 
site disposal facility, then that area will be defined and a more detailed design investigation will be 
conducted. 

The information obtained from this predesign investigation will primarily assist CRU2 in the layout and 
design of the disposal facility. Additionally, the information gathered from this sampling effort will be made 
available to both CRU5 and CRU3 to assist in their modeling efforts. 

CONSTRAINTS ON THE UNCERTAINTY OF THE DECISION 

A false positiie error would indicate that the subsurface material has properties more protective than that 
selected for design. This could result from laboratory or analytical testing errors, misclassification of soil 
in the field or by missing a significant granular pathway during the field investigation. The consequences 
would be that the false positive would be discovered during subsequent geotechnical investigations, which 
are planned in conjunction with the final design activities or during construction. Another possibility is that 
the false positiie would be discovered during post-construction monitoring. This would result in a reduced 
factor of safety or a design upgrade. 
A false negative would’ indicate that the soil has unacceptable properties; therefore, creating the need for 
using off-site material or eliminating the possibility for an on-site disposal facility. 
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The impacts of a false positive (in order of importance): 

1. cost 
2. credibility 
3. social 
4. ecological 

The impacts of a false negative (in order of importance): 

1. cost 
2. credibility 
3. social 
4. ecological 
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To minimize the possibility of errors, all of the procedures will be conducted by qualified personnel. The 
analysis shall adhere to the appropriate FEMP ASL Levels of quality control criteria as specified in the Site- 
Wide CERCLA Quality Assurance Project Plan (SCQ). The required ASLs for this study are presented in 
Table 2. 

All samples collected are considered necessary for successful completion. However, in the event that a 
boring cannot be completed, a new boring will be started a minimum of 5 fwe from the previous 
unsuccessful boring. If a boring cannot be successfully completed, it is likely that results from other 
sampling locations will serve as an effective substitute. 

All chemical analysis will require a "CLP-equivalent" data package format as a deliverable. 

OBTAINING QUALITY DATA 

Both geotechnical and chemical samples will be taken from the same borings. The following is a summary 
of the parameters and the total number expected for collection and analysis: 

Moisture Content 
Grain Size 
Atterberg Limits 
Standard Proctor 
Unconfined Compressive Str. 
Recompacted Permeability 
Vertical Permeability 
Total Uranium 
TCLP Uranium 

84 
84 
84 
28 
8 
14 
28 

.42 
14 

The geotechnical sampling and analysis will be conducted according to the appropriate ASTM standards 
to assure quality results (Table 1). 

The Analytical Support Level (ASL) for all geotechnical analysis will be ASL B, and the ASL for the total 
uranium and the TCLP uranium is D. Level D requires data validation of sample analysis in accordance with 
the "FEMP Data Validation Procedure, "SSOP-1004, REV. 0. In general, results that are rejected by the 
validation process will be disqualified from application for the intended use. Validity of chemical data (i.e., 
95-percent confidence limit) with respect to its intended use will be assessed based on laboratory-supplied 
QA/QC data and protocols outlined in EPAs "Laboratory Data Validation Functional Guidelines for 
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Evaluation Inorganic Analysis 7/88." This functional guideline will be used as set forth by EPA Region V. 
The data validation process for the radiological analyses will also be done in accordance with the approved 
FEMP internal guidelines. 

For the chemical analysis Field Quality Assurance samples will be collected; e.g., duplicate samples and 
equipment rinsate samples. Laboratory Quality Control samples; e.g., method blanks, and matrix 
spikes/duplicates, will also be collected. 

Records documenting geotechnical laboratory equipment calibration will be maintained and included in 
project records. 

. 

SUMMARY 

The analytical support levels (ASL) for this effort will be B and D. For the chemical analysis Field Quality 
Assurance samples will be collected; e.g., trip blanks, duplicate samples, equipment rinsate samples, and 
performance evaluation samples. Laboratory Quality Control samples; e.g., method blanks, and matrix 
duplicate/replicates, will also be collected. 

The primary objective of this sampling effort is to facilitate the selection of an on-site disposal facility location 
and subsequent geotechnical design study. 
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ASTM D2216-90 

ASTM D422-63 

ASTM D4318-84 

ASTM 21 66 

ASTM D698 
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Total Uranium 

TCLP Uranium 

Table 1 
SUMMARY OF GEOTECHNICAL ANALYSIS AND METHODOLOGIES 

App. K of FEMP SCQ 

App. K of.FEMP SCQ 

Grain Size 

Atterberg Limits 

B 

B 

II Recompacted Permeability ASTM D5084 ll 

~ 

Standard Proctor 

Unconfined Compressive Strength 

Remolded Permeability 

Vertical Permeability 

Total Uranium 

TCLP Uranium 

II Verticgl Permeability I ASTM D5084 II 

~ ~ ~ ~ ~ ~~ 

B 

B 

B 

B 

D 

D 

Table 2 
ANALYTICAL SUPPORT LEVELS REQUIRED FOR ANALYSIS 

II Moisture Content I B 



6 1 4 5  
DQO SUMMARY FORM 

Revision: 0 Page 1 of 3 
Effective Date: 10/28/94 

Pre-Design Field Investigation Geotechcal Borings 

............... .,~.,. .... mvf@ 2 
:.:.:.:...:<...., ....,.... ..,.. ...... 

(Put an X in the appropriate selection.) - 

RI FS RD RA 0 K A O  OTHER Specify: Pre-Design 

l.C. DQO No.:GT-004 DQO Reference No.: GT-003.006 

2. Media Characterization: (Put an X in the appropriate selection.) > 

Air 0 Biological Groundwater 0 Sediment 0 Soil 

waste 0 wastewater 0 Surface water 0 other (specify) 

(Put an X in the appropriate Analytical \ 

Support Level selection(s) beside &ch appli&ble.Data Use.) 

Site Characterization Risk Assessment 
A n  B o C n D n E U  A n  B n C n D U E n  

Evaluation of Alternatives Engineering Design 
A n  BO C n  D O  Eo A n  Bm C [ 7  D U  E O  

Monitoring during remediation activities 
A n  BO C n  D O  E n  

Other (Explain) 
A n  B O  C o  D m  E n  

OU2 Feasibility Study preferred alternative, and State of Ohio 
regulations. If the pre-design siting study identifies a suitable 

location, then additional confi i tory samples will be collected during the detailed 
design phases of the project. These design phases are called prelimrnary (30%) and (60%) 

PA and Title 1/11 design by DOE. 
To gather geotechnical data and specific radiological soil data. 

The data will facilitate selection of a location for an on-site disposal facility. 

The site is located at the east side of the FEMP, in a 
radiologically uncontrolled area. The, site is relatively flat and covered with grass. 
Radiological, decontamination and site access problems are not anticipated. a- 
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3.BTX 0 0 2. uranium 1. pH 

Temperature 0 F ~ I I  Raciioiogic I7 TPH 0 

Dissolved Oxygen Cyanide cl 
Specific Conductance Metals Oil/Grease 

Silica 0 
4. Cations 5.VOA 6. Other (specify) 

AIliOnS ABN Geotech. - see Table 1 

TOC 0 Pesticides 0 
TCLP PCB 0 
CEC 0 
COD 0 

Equipment Selection Refer to SCQ Section 

ASL A SCQ Section: 

ASL B Geotechnical Analysis SCQ Section: 5.3.3 

ASL C SCQ Section: 

ASL D Mass Spectrometry SCQ Section: APP. E.G . 

ASL E SCQ Section: 
.................................................................................................. 

(Put an X in the appropriate selection.) 

-a  Biased Ixl composite 0 Environmental 0 Grab 0 Grid 

Intrusive Non-Intrusive Phased 0 Source 0 



61.4 5 
DQO SUMMARY FORM 

Revision: 0 Page 3 o f 3  
Effective Date: 10/28/94 

DQO Number: GT-004 

(List the samples required. Reference the work plan or 
sampling plan guiding the sampling activity, as appropriate.) 

Background samples: SamDles have been previouslv collected from this area 

(Please provide a specific reference to the SCQ Section and 
subsection guidmg sampling collection procedures.) 

Sample Collection Reference: see Table 1 
. . . . . . . . 

(Place an "X" in'the appropriate selection box.) 

Trip Blanks 0 Container Blanks I7 
Field Blanks El Duplicate Samples pcl 
Equipment b a t e  Samples 5 Split Samples I7 

0 Performance Evaluation Samples 

Other (specify) 

Method Blank prl Matrix Duplicate/Replicate prl 
Matrix Spike prl Surrogate Spikes 

Other (specify) 

&j.Q&e Please provide any other germane information that may impact the data quality or , 

gathering of this particular objective, task or data use. 
~~:::~:::~~,~:.:.:.: .~.:.~.:.~.::..:. 
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Data Quality Objectives for 
Cone Penetrometer Tests for Disposal Cell Design 

1) STATEMENT OF THE PROBLEM 

The preferred alternative for the Operable Unit 2 Feasibility Study is to consolidate waste 
materials on-site in an engineered waste disposal facility. Based upon previous 
investigations, and logistical considerations, the eastern part of the FEMP (Eastern Site) 
has been selected for additional study. The preliminary studies will be used in the design 
of the actual waste disposal facility. The problem to be addressed by the proposed 
sampling is the uncertainty concerning the location of potentialy inter-connected sands 
within the gray glacial till material on the Eastern Site, and uncertainty concerning the 
shear strength of the soil. 

State of Ohio requirements to site a landfill require that the most suitable geology be 
defined. This means low permeability environments with slow groundwater flow 
systems. Sand lenses are a critical component to define in order to complete initial 
characterization. The shear strength of the soil relates to the compactiodfailue of the 
soil due to the load of the waste facility. 

Two studies have been conducted in the area for the purposes of siting a waste disposal 
facility. Both were focused on smaller areas, and there are large areas without 
lithological data. Regional scale groundwater studies have also contributed data on 
lithology and groundwater, but these are also in widely separated areas. A preliminary 
review of these data indicated that there are significant missing soil data due to no 
recovery or due to shelby tube sampling that was not recorded in the boring log. 

Additional data are required to reduce the uncertainty to a level that is acceptable for 
decision making. The present sample grid is not small enough to detect sand bodies that 
will be a problem from an engineering standpoint. Penetrometer locations will be placed 
to reduce the uncertainty of the lithology between existing sample locations. The 
uncertainty has been detailed and refined by kriging and three dimensional modeling. 

’ 2) THE DECISION 

The data resulting from the penetrometer study will be used as decision tools in the 
following ways: 
- The location of lithological contacts between till and sand will be used in a 3-D 

The location of the data point will be used in a geostatistical kriging program to 

The interpreted geological column from the penetrometer effort will be compared 

solid block model to visualize the distribution of sand; 

assess the uncertainty in the resulting data field; 

to soil boring lithological descriptions from nearby control points, and 
The interpreted strength data will be compared to soil sample data and will be 
used to design a confirmatory geotechnical sampling program. 

- 

- e - -  

In summary, direct use of the data will be for decisions on additional soil boring 
OG! 0 0 9 8 

- 
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locations, geotechnical sampling locations and additional penetrometer locations. 

A concern involves cost/scheduling for additional studies. The availability of workers 
and equipment already owned by DOE to complete initial studies is a cost effective 
method to save money. The ability to collect some additional data prior to meeting with 
the regulatory agencies will enhance the existing site model for the area. This will 
favorably impact the schedule by encouraging regulatory support for FERMCO's 
subsequent predesign field investigation of the Eastern Site. Work not completed by the 
DOE funded penetrometer will be% completed by subcontract penetrometer. 

There is a concern that soil borings drilled through the potentially beneficial clay 
c o n f i i g  units would compromise their integrity. No penetrometer pushes will penetrate 
through the clay into the Great Miami Aquifer. To ensure this, estimated thicknesses of 
the till have been determined by kriging existing information, the cone penetrometer 
pushes will terminated five feet short of the thickness of the till. The proposed 
technology produces the minimum intrusion necessary to collect lithological data. For 
example, instead of an 8" diameter borehole, the proposed Dutch Cone penetrometry will 
produce a hole that is 1.5" in diameter. Abandonment of these holes will include using 
non-shrinking K-type grout for pluging. 

3) INPUTS THAT EFFECT THE DECISION 

The penetrometer measures in-situ stress on a steel probe that is pushed into the ground, 
as described in ASTM method D3441-86 "Standard Test Method for Deep, Quasi-static, 
Cone and Friction-Cone Penetration Tests of Soil". When used with a transducer, the 
probe records hydrostatic pressure. The measured quantities are friction and cohesion 
which are used to calculate shear strength of the soil. The soil types can be defined 
based upon these data. The method of data measurement and recovery are provided in 
the ASTM standard D3441-86. The directly measured data include cone resistance, 
sleeve friction resistance and pressure transducer readings if a piezocone is used. The 
methods to summarize and calculate these data are provided in the method. The data are 
manipulated by standard industry computer software to provide estimated shear strength 
and interpretations of the grain size in the gravel, sand, silt and clay breakdown. 

Although there is currently no reference to the method in the SCQ, the proposed 
measurements are standard for cone penetrometry according to established ASTM 
method. 

FERMCO costs for the proposed DOE research vehicle to conduct the penetrometer 
testing will be for support personnel. The Eastern Site is not a radiologically controlled 
area and will require minimum effort for Health and Safety, Radiological Control 
Technicians and FERMCO supervision. Since the activity is estimated to take about two 
weeks, the estimated cost to FERMCO is four labor-weeks or $1 1,500. There will be no 
lab analyses. Money for the activity will be available through' funding approved for the 
Pre-Design Investigation. The budget for subcontract penetrometer activities is $85,000. 

~ 

The OU5 RI states that uranium surface contamination may be present since the 
investigation area is within a 2Omgkg total uianium envelope. The precautionary 
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measure that will be used is to conduct periodic radiological field screening of the surface 
and equipment. 

4) THE BOUNDARIES OF THE DECISION 

Sampling will occur in an area on the east boundary of the FEMP that measures 
approximately 2000 feet wide by 5300 feet long, with the long edge parallel with the east 
boundary of the site. Penetrometer measurements will be obtained from the brown clay 
(up to 15 feet below the surface) and the grey clay (up to 50 feet below the surface) to 
a maximum of 5 feet above the estimated bottom of the till. The mechanism to push and 
retract the penetrometer probe is enclosed and truck mounted. This means that collecting 
penetrometer data is not sensitive to weather extremes. Approximately 43 cone 
penetrometer samples are proposed. 

5) LOGIC STATEMENT 

All the measured data will be required to define the strength and lithology. Selected 
sample points will all be used to reduce uncertainty concerning the location of sand 
deposits. 

The data will be used to define the local geology and would be of use to those groups 
needing this information. There is no other known user for the data. 

If the penetrometer data are more sensitive in detecting sand lenses in the till than soil 
sampling, then additional sites in areas of historically poor sample recovery may be 
planned. 

If the penetrometer data define areas of sand then additional penetrometer or soil borings 
may be planned to collect engineering solution data. 

If the penetrometer testing fails to correlate with soil boring data on lithology and 
strength values, then the technique may not be used during confirmatory geotechnical 
testing. 

6) CONSTRAINTS ON THE UNCERTAINTY OF THE DECISION 

A "false positive" means that sand materials are identified based upon the measured data 
' and in reality there is no sand at that location. Although shear strength would be 

incorrectly estimated to be too high, the removal of the sand would be planned if it was 
extensive. If the sand materials were attempted to be excavated, .there would be a cost 
impact due to additional unwarranted excavation. 

A "false negative" means that no sand materials are detected, when in reality there are 
sand materials present. In this case, the shear strength would be estimated to be too low. 
Such errors could result in an overdesign for the structural part of the facility and an 
underdesign of the hydraulic control for the facility. However, the geotechnical design 
will be based upon data collected from soil borings, and from tests conducted in certified 

- 00,6100 
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labs on soil samples from these borings. A safety factor will be applied to account for 
the observed variability in the laboratory data. If the sand is unexpectedly encountered 

\ during construction it may add cost due to delays for excavation and recompaction. 

There are no anticipated health risk or ecological impacts from a false reading by the 
penetrometer. The anticipated impacts are the same for false positive or false negative 
and are ranked as political/social and cost. 

False negative errors are of the greatest concern, due to the potential for higher 
permeability in sand zones, and the proposed technique is highly effective in supressing 
false negatives. 

The stated precision for the method is 5 % to 20% in the strength determination, and this 
is within the variability in the soil medium. The proposed use for the penetrometer data 
in design will adjust for uncertainty either in the measurement or in the strength 
distribution by applying a "safety factor". Quantitative measures to define the 
measurement uncertainty include the following: 

CPT probes will be calibrated according manufacturers methods prior to 
field work. 
Locations will first be tested by CPT that are adjacent to existing soil 
borings. Locations of previous borings will be used as periodic checks on 
the general accuracy of &e probe. 
A duplicate CPT push will be used to define the precision of the method 
under field conditions. 
If probe refusal is encountered a new push will be conducted adjacent to 
the refusal location. 

7) OBTAMNG QUALITY DATA 

The penetrometer methodology is established by a standard method and will be compared 
against existing soil boring logs at several locations. Sample locations have been selected 
nearly equidistant from existing data points. These locations are expected to provide the 
most useful data with respect to unknown geological conditions. Thus the measurement 
expected to provide sufficient information is being made within areas of high data 
coverage (for calibration purposes) and in areas of low data coverage (to resolve 
uncertainty). The most probable distribution for the shear strength is log-normal for the 
gray clay - 
The selected sample points for CPT are not expected to be representative of the entire 
eastern site soil mass since the medium is heterogeneous. The goal of the sampling is 
to reduce the uncertainty in the areas of no structural or lithological data. Since the soil 
is highly heterogeneous, the data coverage is intended to identify the largest sand units 
that will have a significant impac: on the engineering design. Smaller sand bodies will 
be managed during construction using a method like excavation and replacement with 
compacted clay. 

0 
000101 
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The least cost must be considered in the context of the siting program. The objective is 
to lower the required safety factor by providing sufficient data. Collecting the field data 
is less than two orders of magnitude of the design and construction cost. 

In general, a phased approach is the most cost effective program. A phased approach 
is defmed as one in which lower resolution data are collected first as a guide to the more 
expensive and accurate soil boring sampling. The cost of the penetrometer is based upon 
feet of sampling, estimated at 250 feet per day. The first phase of work, using the DOE 
penetrometer, is proposed to sample at 50 locations at an average depth of 25 feet deep 
each. Additional phases will use subcontract services to complete data gathering needs 
in areas identified during the first phase. 

There is currently no defmed validation methodology for geotechnical design data. 
However, protocol is being developed for the SCQ and CRU2. The equivalent data is 
proposed to be ASL B. 

Precision of the CFT will be assessed through duplicate pushes at two locations as near 
as possible to each other. Precision of geotechnical lab tests may not be possible to 
determine since some tests are on unique samples and are destructive, and since the 
mixing of test batches may introduce variability into the analyses. Bias and sensitivity 
are not believed to be relevant to geotechnical tests. Completeness does relate once the 
basis for lab data acceptance has been determined. 

Decontamination procedures for the work performed will follow the procedures in the 
SCQ, Section 6.8. 
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DQO SUMMARY.FORM 

Revision: 1 
Effective Date: 10/24/94 

Page 1 of 3 

Penetrometer data from about 43 sample locations at the east side of the 
FEMP. Data are to be used to define geology, and to generate information on soil strength. ' 
No laboratory samples will be collected as part of this activity. 

' (Put an X in the appropriate selection.) 

RIO F S U  RDU RAW R,,Am OTHERnSpecify: 

l.C. DQO No.: GT-003 DQO Reference No.: N/A 

Air Biological Groundwater 0 Sediment 0 S O ~  

waste 0 wastewater 0 surface water 0 Other (specify) 

(Put an X in the appropriate Analytical 
Support Level selection(s) beside each applicable Data Use.) 

Site Characterization Risk Assessment 
A n  B n C o D n E n  A n  B n C n D u E n  

Evaluation of Alternatives Engineering Design 
A n  B U C O D U E O  A m  B U C U D n E u  

Monitoring during remediation activities 
A 0  B U C n D U E n  A n  B n C n D o E n  

Other (Explain) 

CRU2 Feasibility Study preferred alternative, and State of Ohio landfill 
regulations concerning locating a waste facility. If the predesign study to site the facility 
identifies a suitable location, then additional conf i i to ry  samples will be collected during the 
detailed design phases of the project. These phases are called preliminary (30%) and 
intermediate (60%) design by USEPA and Title 1/11 design by USDOE. 

To gather penetrometer data and lithological data. There will be no lab samples. 
The data will be used to locate sand lenses that are significant from an engineering standpoint, 
and to characterize the bearing strength of the soil. 

-- ..< 

The sample locations are located at the east side of the FEMP, in a radiologically uncontrolled 
area. The site is relatively flat and covered with grass. Radiological, decontamination and site 
access problems are not anticipated. 
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Revision: 1 - 

Effective Date: 10/24/94 0 Page 2 o f 3  

DQO Number: GT-003 

of analysis or analyses required. Then select the type of equipment to perform the 
analysis if appropriate. Please include a reference to the SCQ Section.) 

1. pH 0 2. Uranium 
Temperature Full Radiologic 
Specific Conductance 0 Metals 
Dissolved Oxygen Cyanide 

Silica 

4. Cations 
A n i O n s  

0 5.VOA 
[7 ABN 

[7 3.BTX 0 
[7 TPH 0 
0 Oil/Grease 

6. Other (specify) 
0 Penetrometer. not in SCO 

TOC 0 Pesticides 0 
TCLP PCB 
CEC 0 
COD 0 

. 

Biased IZI composite 0 Environmental 0 Grab . G r i d 0  

Intrusive 0 Non-Intrusive Phased sourceu 
@ 41 0 3 6 4 



DQO SUMMARY FORM 

Revision: 1 Page 3 o f 3  
Effective Date: 10/24/94 

DQO Number: GT-003 

(List the samples required. Reference the work plan or 
sampling plan guiding the sampling activity, as appropriate.) 

The DQO is being established prior to completion of the work plan. The number of samples 
(43) is proposed as a possible first phase. Later penetrometer samples may be collected based 
upon the results of the proposed first phase. A full justification is attached in a DQO write up. 

Background samples: At least fwe penetrometer Dushes will be adiacent to borings to establish 
a baseline 

(Please provide a specific reference to the SCQ Section and 
subsection guiding sampling collection procedures.) 

&tuple Collection Reference: ASTM D 3441-86 

(Place' an "X" to the right of the appropriate 
selection(s).) 

Trip Blanks 0 Container Blanks 0 
Field Blanks 0 Duplicate Samples prl 
Equipment Rinsate Samples 0 Split Samples , o  
Preservative ' Blanks Performance Evaluation Samples 

Other (specify) Correlation tests will be conducted between the penetrometer and existine boring; 
data. DuDiicate pushes will be used to determine precision. Manufacturers standardization will 
be used to check the operation of the instrument. 

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

Method Blank 0 Matrix Duplicate/Replicate 0 
Matrix Spike 0 Surrogate Spikes 0 
Other (specify) 

................................... 
94Em$-Please :.::z:*,: .....,. ......... ; ........... provide any other germane information that may impact the data quality or 
gathering of this particular objective, task or data use. 
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Data Ouaiitv Obiectives for DisDosal Facilitv Pre-Desim Investigation 

1. State the Problem or the Situation to be Resolved 

The preferred alternative for the Operable Unit 2 Feasibility 
Study is to consolidate waste materials in an on-site, 
engineered waste disposal facility. Based on information 
collected during previous investigations, the eastern part of 
the Fernald Environmental Management Project (FEMP), the 
Eastern Site, has been selected for additional hydrogeological 
characterization required by Ohio Administrative Code (OAC) 
3745-27 and by the substantive requirements of a Permit-to- 
Install (PTI). 

The area was chosen for this investigation based on OAC 3745- 
27 setback requirements which include locations of residences 
adjacent to the site, domestic water supply well, public water 
supply capture zones, wetlands, surface water bodies, 
historical resources, and property boundaries. 

Previous investigations have been completed within the Eastern 
Site; however, these investigations were not adequate to 
fulfill the OAC requirements for the entire area. Lysimeters 
and monitoring wells have been installed and sampled in the 
study area; however, no clustered monitoring points exist to 
determine vertical hydrogeologic properties of the till. 
Information from these investigations was used to aid in 
selecting sampling locations and to interpret the hydrogeology 
of the siting area. Three existing lysimeters will be sampled 
during this investigation. 

The preliminary groundwater model indicates that the cleanup 
goal or working preliminary remediation goal (WPRG) for 
uranium in soil is below the background concentration. Data 
is required to refine existing model inputs based on a 
combination of empirical values, analytical methods, and 
published values. 

2. Identify the Decisions to be Made that Affect the Situation 

This field investigation including sampling of 14 geotechnical 
borings, installation of 15 monitoring wells, and installation 
of 9 lysimeters will be conducted to provide radiological, 
hydrogeological, and age dating information. This information 
will be used to aid in demonstrating the protectiveness of the 
Glacial Overburden to the underlying aquifer and to aid in 
fulfilling the regulatory requirements for an on-site waste 
disposal facility. Objectives of the geotechnical 
investigation are outlined in DQO GT-004. 

The major decision to be resolved by this investigation is 
whether the geology and hydrogeology of the area identified 
for the on-site disposal facility is adequately protective of 



3.  

the underlying aquifer with respect to above-ground waste 
storage. Naturally-occurring inorganic analytes (calcium, 
carbonates, phosphates, magnesium, sulfate, nitrate, 
alkalinity, and bromide) and tritium within the groundwater 
will be used to estimate the vertical seepage velocity and the 
time of travel within the till. 

Total and isotopic uranium data is required to further define 
the vertical and lateral extent of uranium over the study area 
to determine the ability of the gray clay to retard the 
migration of uranium. 

The coefficient of distribution (Kd) for uranium used in the 
preliminary groundwater model are based on a combination of 
empirical methods, analytical methods, and published K,, 
values. The low WPRG indicate that the & values are not 
representative of the clay soils within the upper portion of 
the overburden at the site. This investigation will provide 
Kd values for both the gray and the brown till in the area 
underlying the proposed disposal facility. 

Identify Inputs that Affect the Decision 

The heterogeneity of the area was considered when selecting 
the number and locations of borings, lysimeters, and 
monitoring wells. The number and locations of sampling 
locations will be based on providing lateral data coverage of 
the proposed siting area, minimizing data uncertainties and 
minimizing the number of sample points to avoid compromising 
the integrity of the confining till unit. 

Sampling locations will be reassessed after receipt of data 
from Cone Penetrometer Testing investigation to be completed 
prior to implementation of the activities outlined in this 
DQO. Lithologic descriptions of the borings will be used to 
confirm CPT interpretations and refine the three dimensional 
model of the study area. Objectives of the CPT investigation 
are outlined in DQO GT-003. Borings will be terminated a 
minimum 5 feet above the base of the Glacial Overburden. The 
number of borings, lysimeter installations, and well 
installations was chosen to best represent the overall 
footprint of the project (approximately 70 acres). 

The monitoring wells will be installed in 5 clusters 
containing 3 monitoring wells at each location. Soil samples 
collected from the monitoring well screened interval at each 
of the 15 locations will be analyzed for total and isotopic 
uranium. . Uranium concentrations will be used to further 
define the lateral and vertical uranium distribution of the 
study area. The monitoring wells will be sampled after 
development for bromide, alkalinity, calci-um, magnesium, 
nitrate, sulfate, carbonates, phosphates, total and isotopic 
uranium, and tritium. These results will be used to estimate 



the time of travel of groundwater through the till. 
Analytical requirements are outlined in Table 1. 

The lysimeters will be installed at 3 locations containing 3 
lysimeters each. Soil samples will be collected at the 
lysimeter screened interval and analyzed for total and 
isotopic uranium; the samples will undergo Toxicity 
Characteristic Leaching Procedure (TCLP) and the extract will 
be analyzed for total and isotopic uranium. Total and TCLP 
results. will be used, along with data collected during 
installation of the monitoring wells, to define the uranium 
distribution of the study area. 

A sample of the silica will be collected prior to installation 
of the lysimeters and analyzed for total and isotopic uranium 
to determine if naturally-occurring uranium is present. 
Duri,ng placement of the silica flour around the lysimeter, a 
bromide tracer will be added to aid in determining complete 
development and evacuation of the lysimeter. The lysimeters 
will be sampled for a minimum of three rounds for calcium, 
magnesium, and bromide. Once these parameters have 
stabilized, the newly-installed lysimeters and the three 
existing lysimeters will be analyzed for bromide, alkalinity, 
calcium, magnesium, bromide, nitrate, sulfate, carbonate, 
total phosphates, tritium, and total and isotopic uranium. 
Analytical results of these parameters will be used to 
evaluate the apparent age of the water, thereby estimating the 
time of travel through the till. 

i 

Soil samples will be collected from 14 geotechnical borings. 
One soil sample each from the brown till and the gray till 
will be analyzed for total and isotopic uranium. One soil 
sample collected from the gray till in each boring will 
undergo the TCLP and the leachate will be analyzed for total 
and isotopic uranium. The uranium results will be used to 
verify existing horizontal and vertical profile ofthe uranium 
concentrations in the soil and verify existing solubility 
values. This information will be used for site selection of 

I the disposal facility.. 

One soil sample collected from the gray till in each of the 14 
geotechnical borings will be tested for K,, following the 
attached procedure. Additionally, two groundwater samples 
will be collected from one uranium-contaminated monitoring 
well and one uncontaminated monitoring well and tested for Kd 
following the attached procedure. Leachate generated during 
the batch procedure will be analyzed for total and isotopic 
uranium. These data will be used to aid in determining the 
contaminant transport mechanism within the till. 



4. Define the Boundaries of the Situation 

Sampling will occur in an area on the east boundary of the 
FEMP that measures approximately 2000 feet wide by 5300 feet 
long, with the long edge parallel with the east boundary of 
the site.. Samples will be collected from the brown clay (up 
to 15 feet Below the surface) and the grey clay (up to 50 feet 
below the surface) using thin-walled Shelby tubes and split- 
spoon samplers. 

The population affected by this investigation consists of all 
operable units specifying on-site disposal as a disposal 
alternative: Operable Unit 2, Operable Unit 3, Operable Unit 
4, and Operable Unit 5. No temporal boundaries are 
anticipated. 

5. Develop a Logic Statement 

Information obtained from this investigation will be used to 
evaluate the area with respect to requirements specified in 
OAC 3745-27. If the sampling indicates that the area is 
suitable for the on-site disposal facility, then further 
investigations of the area will be completed. A suitable area 
for the on-site disposal facility would be an area that 
exhibits low concentrations of uranium, soils with low uranium 
solubility properties, few sand layers, and long time of 
travel . If the results indicate that the area is not 
suitable, then the need for further investigation of the area 
will be reevaluated. 

The data will be used to provide an on-site disposal facility 
for waste generated during remedial activities for all 
operable units at the FEMP. 

6. Establish Constraints on the Uncertainty of the Decision 

A false negative error is the finding that the area is 
unsuitable for the onsite disposal facility, i.e., is not 
protective of the environment, when the area is suitable. A 
false positive error is the finding that the area is suitable 
for the disposal facility when, in actuality, it is not 
protective of the environment. 

A false negative error could result in excessive engineering 
design for the on-site disposal facility. A false positive 
error could result in a design for the facility which may not 
effectively protect the environment. In either case, errors 
would result in an cost increase due to the need to either 
reevaluate remedial alternatives or the need for costly over- 
design of the facility. 

No regulatory action levels are applicable to this 
investigation; therefore, standard calculations cannot be used 
to quantify acceptable percent errors. Laboratory and field 
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quality control measures shall be instituted to minimize 
errors. A 90 percent data recovery is deemed acceptable for 
this project. If sufficient valid data points are not 
obtained to meet project objectives, then samples collected 
for archive are available for analysis providing individual 
parameter hold times are not expired and monitoring wells and 
lysimeters can be resampled. Any boring location at which 
soil sampling or monitoring well installation cannot be 
completed will be relocated within approximately 5 feet of the 
original location in order to complete the objectives of this 
investigation. 

7 .  Optimize a Design for Obtaining Quality Data 

Data quality will be optimized by stringently following the 
Sitewide CERCLA Quality Assurance Plan (SCQ) and referenced 
documents. 

Samples for uranium (Total,TCLP, and isotopic), tritium, and 
inorganic analyses will be analyzed and reported at an 
Analytical Support Level (ASL) D, E, and B, respectively. 
Data validation will be completed on the analytical results in 

, accordance with ItFEMP Data Validation Procedure" SSOP-1004. , 
Results rejected by the validation process will be 
disqualified from application for the intended use. 

Sampling errors will be controlled through review of the 
sampling plan with sampling technicians and technical guidance 
will be provided by Operable Unit 2 technical staff during 
drilling and sampling operations. 

Field Quality Control (QC) for all samples will consist of 
duplicates, field blanks, and equipment rinsates. One rinsate 
per 20 samples collected will be prepared and analyzed for 
total and isotopic uranium during drilling activities. One 
rinsate per 20 samples or per round, whichever is more 
frequent, will be collected during groundwater sampling and 
will be analyzed for inorganics, total and isotopic uranium, 
and tritium. A duplicate sample will be collected for every 
round of water sample collection or 1 in 20, whichever is more 
frequent; the duplicate samples will be analyzed for 
inorganics, total and isotopic uranium, and tritium. A field 
blank will also be prepared during water sample collection at 
each location and analyzed for inorganics, total and isotopic 
uranium, and tritium. 

Laboratory QC samples for ASL B and D will follow prescribed 
levels in the Sitewide CERCLA Quality Assurance Project Plan. 
For ASL E, a method blank (dead water), Laboratory Control 
Sample (LCS) , duplicate, and matrix spike will be performed at 
a frequency of 1 per 20 samples. Additionally, all raw data 
will need to be included in the deliverable. 



0 .  Design Investigation 
........................... ......... -.gp&a >.> 2 ...... ,. ..... 5:: ....... ?<. ..... ., .......... ...... .... . 

(Put an X in the appropriate selection.) 

RI FS 0 RD 0 RA RJ OTHER Specify: Pre-Design 

1.C. DQO No.:MS-013 DQO Reference No.:~GT-003.004 

2. Media Characterization: (Put an X in the appropriate selection.) 
.................................................................. 

Air 0 Biological Groundwater P'I Sediment 0 Soil 
P'I 
Waste 0 Wastewater 0 Surface water c] Other (specify)- 

(Put an X in the 
on ( s 1 beside each . .  

applicable Data Use. ) 

Site Characterization Risk Assessment 
A n  B O  C u D m E n  A 0  B n C u D O E [ 7  

Evaluation of Alternatives 
A I  B O C [ 7 D m E  

Monitoring during remediat 
A n  B U C O D O E  

Enaineerina Desian 

on activities Other (Explain) 
0 A O  B O C O D O E O  

.................................................................. 
Ohio Administrative Code 3745-27, Permit to Install 

geologic and chemical data to aid in the modeling of 
an on-site disposal facility 

e east side of the FEMP, in a 
radiologically uncontrolled area. 
The site is relatively flat and covered with grass. 
decontamination 
and site access problems are not anticipated 

Radiological, 

. . . . . .  . . . . .  

e 



DQO Number: MS-013 

lecting the type of analysis or 
analyses required. Then select the type of equipment to 
perform the analysis if appropriate. Please include a 
reference to the SCQ Section.) 

1. pH 0 2. Uranium P'I 3. BTX 0 
Temperature Full Radiologic 0 TPH 0 

Specific Conductance 0 Metals mi 1 /Grease 0 
Dissolved Oxygen 0 Cyanide 0 

m 
Silica El 

4. Cations 
Anions 
TOC 
TCLP 
CEC 
COD 

5. VOA 0 6. Other(specify) 
0 ABN 0 isotopic u 

Pesticides Tritium o PCB 0 Inorsanics (seetable11 
n 
Y 

Equipment Selection Refer to SCQ Section 

ASL A SCQ Section: 

ASL B Laboratory Instrumentation SCQ Section: Appendix G 

ASL C SCQ Section: 

ASL D Laboratory Instrumentation SCQ Section: Appendix G 

ASL E Laboratory Instrumentation SCQ Section: N/A 

.................................................................. 
(Put an X in the appropriate selection.) 

Biased Composite 0 Environmental 0 Grab [7 Grid 0 
Intrusive P'I Non-Intrusive Phased Source 0 
Other (specify) : a 
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- 
(List the samples required. 

ng plan guiding the sampling 
activity, as appropriate.) 

Background samples: See Section 2.0 of Project SDecific Plan (PSP) 

(Please provide a specific 
subsection guiding sampling 

collection procedures.) 

Sample Collection Reference: PSP for Phases I and I1 of the Pre- 
Desian Field Investiaation .................................................................. 

(Place an l'X1l in the appropriate 

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

Trip Blanks 0 Container Blanks 
Field Blanks El Duplicate Samples 
Equipment Rinsate Samples prl Split Samples 

CI 

Preservative Blanks U Performance Evaluation SampleU 

Other (specify) e. 
Method Blank El Matrix Duplicate/Replicate 
Matrix Spike I Surrogate Spikes 

'prl 
0 

Other (specify) Laboratory Control Samples 

QC will be performed as per the specified ASL 

Please provide any other germane information that may 
data quality or gathering of this particular objective, 

task or data use. 
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Matrix 7 Parameter ASL Customary Minimum Preser No. 
Vo-lume Volume vative of 

Sampl 
es 

100 grams 

1 liter 300 mL Cool, 
4OC 

15 

Cool, 
4OC, pH 

, 
H2s04 

None 

15 

15 

150 mL 40 mL 

Total D 
Uranium 

50 grams None 9 

D 400 grams 
(2 liters 
leachate) 

None 

None 

None 

9 

1 

1 

D 

D 

B 

50 grams 

100 grams 

1 liter Cool f 
4OC 

9 x 3  
Round 
S 

,...'.:<<::<<< WQP 
Total 

- 
soil I l5 None 

Soil Isotopic 
Uranium 

D 
- 
B 

~~ 

Water 
~~ 

Alkalinity, 
Bromide, 
Calcium, 
Magnesium, 
Nitrate 
Sulfate, 
Carbonates 

Water Total 
Phosphates 

B 

Tritium IE 1 Liter 275 mL Water 

Soil 

soil D 1100 grams I Isotopic 
Uranium 

TCLP Total 
Uranium 

Soil 

soil TCLP 
Isotopic 
Uranium 

Total 
Uranium 

Isotopic 
Uranium 

Calcium, 
Magnesium, 
Bromide 

silica 

silica 

Water 



Matrix Minimum 
Volume 

Water 

Preser No. 
vative of 

Sampl 
es 

Water 

Alkalinity, 
Bromide , 
Calcium, 
Magnesium, 
Nitrate, 
Sulfate, 
Carbonates 

Total 
Phosphates 

Water 

B 

B 

Water 

4 0  mL 

Water 

Cool , 9 
4OC, pH 
<2 I 
H2S04 

None 3 

9 None 

None 9 

soil 

Tritium 

Total 
Uranium 

soil 

E 

D 

~ 

soil 

Total D 
Uranium 

Isotopic D 
Uranium 

TCLP Total D 
Uranium 

TCLP D 
Isotopic 
Uranium 

soil 

28  50 grams None 

None 100 grams 

150 grams None 

400 grams None 
or 2 
liters 
leachate 

28 

28  

2 8  

I AsL 
Parameter 

Isotopic 
Uranium I D  

~ 

Customary 
Volume 

1 liter 

150 mL 

1 liter 

1 liter 

2 liters 

300 mL t Cool 19 



Procedure for Analyzing Soil Samples for Uranium 
Kd Determination 

Test Procrram 

The & study is being performed to determine how natural species of 
uranium in groundwater and soil partition between phases. To 
obtain the most representative results, natural materials will be 
used whenever possible. This includes natural soils from the 
location of concern, natural groundwater contaminated with uranium, 
and natural groundwater without contamination. 

I 

Fourteen standard adsorption/desorption tests will be performed and 
eight calibration tests will be performed on soil samples and 
contaminated groundwater (see table 1). The fourteen soil samples 
will be collected from seven of the fourteen geotechnical borings. 
Seven soil samples will be collected in the brown clay and seven in 
the grey clay. Fourteen soil samples will collected, one from each 
soil location, and sent off site for total and isotopic uranium 
analysis. Contaminated and clean groundwater will be collected 
from appropriate monitoring wells and a sample of each will be sent 
off site for total and isotopic uranium analysis. 

The disposal facility will be constructed over clean till, so the 
partitioning of uranium will occur first from potentially 
contaminated leachate seeping through the bottom of the facility 
liner. The contaminated groundwater is intended to represent the 
leachate as it leaves the disposal facility. Speciation studies 
have shown that despite the original nature of the waste or source 
material, uranium speciates into two predominant forms in 
groundwater, carbonate and phosphate. 

After the adsorption tests are complete, the soil from the 
adsorption tests will be placed into a new reactor with clean 
groundwater to assess its desorption characteristics. Fourteen 
standard desorption tests will be performed. This test will 
represent conditions where contaminated leachate moves through the 
till allowing the soil to adsorb a fraction of the uranium, then 
cleaner leachate moves through, creating an environment where 
uranium can desorb from the soil back into the groundwater. 

A number of factors affect the Kd in natural conditions; 
groundwater-to-soil ratio, the sorption isotherm, pH, dissolved 
oxygen, temperature, permeability of the soil, and others. Many 
other factors can affect KdS, but those listed are assumed to be the 
major factors. The pH and temperature factors can be controlled by 
keeping them constant near the in-situ levels. 

The in-situ groundwater-to-soil ratio is no greater then the 
porosity of the soil, which is the ratio of the volume of soil 
voids to the volume of soil. This ratio is typically between 20 
and 40%. The ratio of groundwater to soil in the standard & method 
used at Fernald is 8.75 (875%). The groundwater volume is large in 
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practice because it produces a conservative result and it makes 
sampling of the solute possible during the test. In order to 
determine the impact of the groundwater-to-soil ratio on Kd levels, 
two separate calibration tests will be run. These calibration 
tests will consist of soil samples split from two grey clay soil 
samples. These calibration tests will include a groundwater-to- 
soil ratio of 0.50 (50%) , only slightly larger than in-situ 
conditions. These tests will be run without sampling, equilibrium 
will be determined by duplicate tests conducted in parallel. The 
test will be conducted exactly as the normal test, but samples will 
not be drawn. The reactor will be opened whenever samples are 
taken from the duplicate test. A final sample will be collected 
from the calibration tests when the duplicate test reaches 
equilibrium. The desorption test will be run for the two soil 
samples in the same way with a 0.5 clean groundwater-to-soil ratio. 
A final water and soil sample will be collected at the end of the 
desorption test. The results of this calibration test can then be 
compared to the duplicate test to see what impact the groundwater- 
to-soil ratio had on Kd determinations. 

The sorption isotherm describes the transfer of a product from 
liquid to solid under different concentrations in solution. The 
amount of product adsorbing from solution to the solid will vary 
depending on the amount of product available in solution. The 
relationship is generally assumed to be linear, although many 
studies have indicated a non-linear relationship. The sorption 
isotherm can be determined by conducting a series of tests with 
different concentrations of product in solution. The results of 
the tests can be plotted on an initial versus final solute 
concentration graph. Each final solute concentration is plotted 
against its initial solute concentration, and all the tests are 
plotted on one graph. The resulting curve represents the sorption 
isotherm. Equations are available to determine the Kd under linear 
and non-linear sorption isotherms. Once the sorption isotherm is 
determined, more exact equations can be used to determine KdS. In 
order to determine the sorption isotherm, six tests will be run 
with different initial solute concentrations. The initial 
concentration will be varied by diluting contaminated groundwater 
with clean groundwater to achieve the desired initial 
concentration. The tests will be conducted using the standard 
procedure and the results will be plotted to determine the sorption 
isotherm relationship. The six sorption isotherm tests will 
include four of the seven grey clay soil samples and two soil 
samples split from the grey soil samples. The groundwater 
concentration will be varied by combining uranium contaminated 
groundwater with clean groundwater. 

The permeability of the soil can be maintained by keeping the 
sample as undisturbed as possible. Standard Kd practices require 
the soil sample to be dried, crushed, sifted, 'and agitated 
throughout the test. In an effort to determine the impact that 
these practices have on KdS, two duplicate tests will be run in 
which the soil will not be disturbed or agitated but allowed to sit 



in contact with groundwater as in natural conditions. The two 
duplicate samples will be split from two of the seven grey clay 
soil samples. The test will be performed identically to the 
standard method except for the agitation of the sample. The 
results of this duplicate test can then be compared to the 
agitation method 'to bracket the conservatism inherent in the 
standard procedure. 

The dissolved oxygen factor is complicated to duplicate because 
dissolved oxygen is limited at depth in the soil. In order to 
reproduce the in-situ dissolved oxygen conditions, the Kd study 
would have to be performed in a closed reactor with as little 
dissolved oxygen as possible (possibly in a nitrogen gas 
environment) . This condition is difficult to achieve because of 
the required sampling that takes place during the test. One 
solution to this is to run calibration tests along side the normal 
Kd tests. The calibration tests will be set up in the same manner 
as the normal test, but the reactor will be sealed until the 
completion of the test. The two calibration samples will be split 
from two of the seven grey clay samples. Equilibrium will be 
determined using the duplicate tests run in the normal manner. A 
sample will be collected at the end of the test when the duplicate 
samples achieve equilibrium. The results of the calibration test 
would then be compared to the normal test results to determine the 
affect of dissolved oxygen on the Kd study. 

SamDle Collection 
Soil samples will be collected using a split spoon sampler. Soil 
samples will be collected from seven borings, Seven soil samples 
will be collected in the brown clay horizon, and seven samples in 
the grey clay horizon, two in each boring, Soil samples will be 
transferred to containers as quickly as possible with as little 
disturbance as possible, A minimum of 2000 grams (field weight) of 
soil will be collected from each location. 

Groundwater samples will be collected from a representative 
contaminated groundwater well and a representative clean 
(background) groundwater well. A minimum of 20 gallons of 
groundwater will be collected from each well. The groundwater will 
be placed in containers with a minimum of air in the container. 

SamDle PreDaration 
For the 14 collected samples, the 400 grams (dry weight) of soil 
will be transferred to a 4 . 0  liter reactor without drying or 
crushing. Dry weight will be determined using a standard method on 
a portion of the soil sample. Pre-test agitation of the soil 
should be kept to a minimum. A 3500 ml sample of groundwater 
contaminated with a known amount of uranium will be added to the 
reactor at a pH consistent with perched groundwater pH levels (6.8 
to 8.0). The pH level will be adjusted with nitric acid or calcium 
hydroxide. 

Two in-situ groundwater-to-soil ratio tests will be performed in 

. . . . _  
I . .  



a parallel with two duplicate normal tests. In these two reactors 
only 200 ml of groundwater will be added. Four diluted groundwater 
tests will be ,conducted in parallel with four normal duplicate 
tests. The diluted groundwater will consist of 3500 ml total 
solution, with 0.75, 0.5, 0.25, and 0 fractions of contaminated 
groundwater to clean groundwater. 

When the first test is completed with contaminated groundwater the 
reactor will be drained and the solids will be centrifuged. The 
solids will then be transferred to a clean reactor and 3500 ml of 
background groundwater will be added. The pH will be adjusted as 
in the first test, The two in-situ groundwater-to-soil ratio tests 
will only have 200 ml of clean groundwater added to them. 

SamDle Mixinq 
The samples will be placed in a rotating tumbler and mixed 
continuously until completion of thetesting. The tumbler shall be 
operated at 29 +/- 2 rpm. Two reactors will be left untumbled 
throughout the test with a minimal soil disturbance. 

Collection of SamDles Durina Testinq 
Samples of leachate will be collected after stopping the tumbler 
for a sufficient time period (minimum of 10 minutes) to allow the 
solids to settle. A volume of the leachate will be decanted from 
the reactor and filtered through a 0.45 micron filter paper. The 
volume of decant removed will be based upon the requirements for 
analytical testing (approx. 20 ml). After the removal of the 
decant, 20 ml of pH adjusted water will be added back to the 
reactor. Any solids transferred duringthe separation step will be 
returned to the reactor. 

Intermediate samples will be collected at approximately 72, 144, 
168, 240, 288, 360, and 384 hours following initiation of the 
reaction and analyzed at the FEMP laboratory for total uranium. 
The reaction may be stopped earlier if the data indicate that 
equilibrium conditions between the soil and liquid have been 
achieved. Equilibrium will be determined by maintaining a plot of 
concentration versus time for each reaction. 

Two reactors will remain untested duringthe program. The reactors 
will remain sealed. Equilibrium conditions will be determined by 
duplicate tests run in the standard method. Final samples will be 
collected from the two sealed reactors when the duplicate tests 
indicate equilibrium, 

After the results indicate an equilibrium condition, a final 
solution sample will be collected and split for analysis by both 
the FEMP laboratory and an off-site laboratory. The final sample 
will be analyzed for total and isotopic uranium. Twenty two 
solution samples will be collected at the end of the adsorption 
testing (see Table 2). If a sample does not reach equilibrium 
after 384 hours, a decision of whether to terminate the testing 
will be made. a 



Identical batch testing procedures will be followed for the second 
test. At completion of the second batch test, a water and soil 
sample will be collected from the tumbler and split for analysis by 
both the FEMP laboratory and an off-site laboratory. These final 
samples will be analyzed for total and isotopic uranium. Twenty 
two solution samples and 22 soil samples will be collected at the 
end of the desorption testing (see Table 2). 

U 
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Table 1 

Kd Tests to Be Performed 

7 brown. clay adsorption/desorption tests - Standard methods, 
100% contaminated water durins adsorption test. 

~~ 

4 grey clay adsorption/desorption tests - Standard methods, 
100% contaminated water during adsorption test. 

3 grey clay adsorption/desorption tests - Standard methods, 
one 75% contaminated water, one 50% contaminated water, and 
one 25% contaminated water during adsorption test. 

2 grey clay (split sample) adsorption tests - standard methods 
except that only 200 ml of 100% contaminated groundwater will 
be used and no sampling during study. Tests should be 
performed in parallel with standard grey adsorption tests that 
correspond with the split sample locations to determine 
eauilibrium conditions. 

2 grey clay (split sample) adsorption tests - standard 
methods, clean groundwater used. 

2 grey clay (split sample) adsorption tests - standard methods 
except that no agitation of the sample will be performed. 
Disruption of the soil will be kept to a minimum. 

2 grey clay (split sample) adsorption tests - standard methods 
except that only the reactors will be sealed and remain 
unopened until the end of the test. 100% contaminated 
groundwater will be used. No sampling will be conducted during 
study. Tests should be performed in parallel with standard 
grey adsorption tests that correspond with the split  sample^ 
locations to determine equilibrium conditions. 



Table 2 

I n i t i a l  Sampling I *  
1 4  s o i l  samples, 
brown and 7 grey, 
analyzed for t o t a l  and . isoto i c  uranium 

2 groundwater samples, 
one contaminated and 
one clean, sampled for 
t o t a l  and isotopic 
uranium 

14 total soil, 2 II total water 

Post Adsorption 
Sampling 

7 water samples from 
the brown clay  reactors 
for t o t a l  and isotopic 
uranium 

7 water samples from 
the grey clay reactors 
for t o t a l  and isotopic 
uranium 

2 water samples from 
the i n - s i t u  
groundwater-to-soil 
ratio  reactors ( s p l i t  
grey clay samples) for 
t o t a l  and isotopic 
uranium 

2 water samples from 
the clean groundwater 
baseline reactors 
( s p l i t  grey clay  
samples) for t o t a l  and 
isotopic uranium 

2 water samples from 
the no agitation 
reactors ( s p l i t  grey 
clay samples) for t o t a l  
and isotopic uranium 

2 water samples from 
the closed reactors 
( s p l i t  grey clay  
samples) for t o t a l  and 
isotopic uranium 

22 total water 

Pam 

Post Desorption 
Sampling 

7 water and s o i l  
samples from the brown 
clay  reactors for tot-a1 
and isotopic uranium 

7 water and s o i l  
samples from the grey 
clay  reactors for t o t a l  
and isotopic uranium 

14 total soil, 14 
total water , 
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a Equations: 
EQUATIONS FOR & STUDY 

- 

Co = Initial Concentration of Uranium in Solid Phase 
Cwl = Concentration of,Uranium in Leachate (from adsorption) 
C, = Concentration of.Uranium in Leachate (from desorption) 
W = Mass of soil 
V 
m, = Initial Mass of Uranium in soil 

= Volume of groundwater used During Test 

m s = c o * w  

mL = Mass of Uranium in Liquid (at equilibrium) 

m, = Cwl- * V 
C, = Solid Phase Concentration of Uranium (from adsorption phase) 

cs = (ms - mL)/w 
K,, = Leachate Coefficient of the Total Mass 

Kll = C,/CWl 

Kn = Leachate Coefficient of the Extractable Portion 

Kn = c, * v 
(CWl - C,) w 

&' = Extractable Percentage Remaining after adsorption 

C,' = Concentration of Remaining Extractable Mass after adsorption 

c, * K' I C,' = 

& = Total Initial Extractable Portion 



ATTACHMENT II 

UNEXPECTED DISCOVERY OF 
CULTURAL RESOURCES 



09/26/94 13: 04 RUST 6-PLEX 004 

2 4 5  
I . I Title: UNEXPECTED DISCOVERY OF CULTURAL RESOURCES 

%., 
DOCUMENT N 0 : SSOP- 1070 - 

1.0 PURPOSE 

T h l s  procedure provides the method by which  fernald Environmental 
Restoration Management Corporation (FERMCO) o r  sub-contractor  personnel 
sha l l  no t l fy  the fERJlCO Cultural  Resource Coordinator (CRC) w i t h i n  the 
Environmental Plannlng Department of the Regulatory Programs Dfvislon o f  
the unexpected discovery of Cultural  Resources during d r i l l i n g  o r  any o the r  
ground d ls turb ing  ac t lv l  tles a t  t h e  fernald Environmental Management 
Project (FEMP) o r  beyond Its boundarles. 

2.0 fC0PE 

T h l s  procedure appl ies  t o  a l l  FEMP and subcontractor personnel.  T h l s  
procedure addresses a l l  ground d is turb ing  a c t l v i t l e s  fn  process a t  the FEHP 
and 1s appl lcable  t o  a l l  FEMP, subcontractor and teamlng pa r tne r  personnel.  

1 
3 . 0  D+FINITIO& 

Resource Coordinator (CW - The FERHCO person In charge of 
managing cultural resources a t  the FEMP. 

-a\ Resources - Any p reh l s to r f c  d f s t r i c t ,  bui lding,  structure, o r  
ob jec t  included i n  or e l i g i b l e  f o r  inclusion on the National Regis ter  of 
Hlstorlc Places. Such Items Include art lfacts,  records,  and remalns t h a t  
a r e  related t o  a d i s t r i c t ,  s l t e ,  bullding, s t ruc tu re ,  o r  ob jec t .  

Ground D i  s t w b  inq Activi ty  - Any a c t i v i t y  t h a t  d i s turbs  t h e  ground e f t h e r  
on the  FEMP sl te  o r  on adjacent property. Examples of ground d is turbance  
lnclude s t r lpp lng  of t opso l l ,  d r l l l l n g  wells, road Improvements, etc.  

Pets- - FERHCO of  Subcontractor employees t h a t  are conductjng 
ground d is turb ing  a c t l v i t i e s .  

f l f r t o r l c  Propert ies  - Any h i s t o r l c  o r  p reh i s to r i c  s l te ,  structure, o r  
object. 

esenta t lve  - The employee designated w l t h  
r e spons lb f l i t y  f o r  f j e l d .  a c t i v i t i e s  such as Construction Engineer, 
Constructfon Coordinator o r  Project  Engineer. 

S t a t e  H i  s t o r i c  Preservation O f f l m  P - The state au thor i  t y  responsl ble 
f o r  enforcement of the  Natfonal Htstor ical  Preservation Act. 

/ 
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71 tl e: UHEXPECTfO DISCOVERY OF CULTURAL RESOURCES 

DOCUMENT NO: SSOP-IO70 
REVISION NO: 0 

Effective Date: 03-31-94 Page 4 o f  8 

4.0 

- C u a l  Resources Poiot of Contact 

Notifies SHPO of unexpected cultural resource discovery. 

Negotiates mitlgation. 

Notifies FERMCO of  authorization to proceed wlth work. 

viro-1 Plannina Hanaser, 

Notlfles DOE-FN o f  unexpected cultural resource discovery. 

Coordinates mltlgation. 

Prehistoric/Historlc Assessment Report. 

W tural Resource Coor -tor CRC 1 
Coordinates Cultural Resource Management Program. 

Notifies Environment Planning Manager o f  unexpected cultural resource 
discovery . 
Completes and signs Pre-hlstorlcfHistor1c Assessment Report. 

Assists in completton and signs unexpected CUI tural resource discovery 
! 

form. 

Coordinates mitigatlon. 

Project Enaineer/Construct ion fnQineer/Contf ruction Coo -tor 

Stops work upon discovery o f  a cultural resource. 

Notifies CRC upon dlscovery of a cultural resource. 

5 

Completes and signs Unexpected Cultural Resource Df scovery form. 

O a E N E R A L  
The National Historic Preservation Act (36 CFR 800, Sectton 106) requires 
Federal agencies to take into account the effects of their actions on 
properties that are on, or ellglble for inclusion on, t h e  National Register 
o f  Historic Places List. This llst includes undiscovered resources as well 
as districts, sites, bulldlngs, structures or objects .  
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&Am?* 
$0 -%, DOCUMENT NO: SSOP-1070 

REVISION NO: 0 

Effectlve Date: 03-31-94 
e 

Page 5 of  8 *ma, 
Resfomtion M o n o g r ~  Corporrdrm 

11 
~ _ _  ~~ 

' 1.. I TI ti e : UNEXPECTED DISCOVERY OF CULNRAL RESOURCES 

5.0 

7.0 

(cont.) 

To comply wlth sectlon 106 and due to the large number o f  hfstoric and 
archaeological resources existing In the area, consultation was requested 
by the Department o f  Energy (DOE) from the State Hlstortc Preservation 
Office (SHPO) concerning proposed remedlal actlvlty at tbe FEMP. Thls 
consul tation resul tad in an agreement that any planned surface dtsturbance 
actlvfties In non-controlled areas at the FEMP must be preceded by a 
cultural resources survey to determlne the exlstence of potentially 
significant historfc or archeological resources. 

Any records resultlng from this procedure shall be. archtved wlth the CRC 
program and made available on a "need t a  know'' basls as speclfled in publfc 
law (PL) 96-95. 

All discoveries, historic and prehfstoric, shall be included i n  the 
Cultural Resource Management P1 an (Draft). 

None 

PROCfDURE 
7.1 HANDLING THE DISCOVERY OF A CULTURAL RESOURCE 

FIELD PERSONNEL 

1. Upon discovery of any hlstoric, pre-historic, or archaeologlcal 
site, feature, or object, cease a l l  ground disturbing actlvlty 
and contact the responsl bl e Field Representatlve. 

RESPONSIBLE FIELD REPRESENTATIVE 

2.  Immediately report the dlscovery to the Cultural Resource 
Coordinator and the responsfble CRU Director or Divlslon 
Manager. 

3 .  Complete the Unexpected Cultural Resources O i  scovery form 
(Figure 1) and log it into the Field Activity Daily Log. Submit 
the Discovery form and a copy o f  the Field Actfvlty Daily Log to 
the CRC. 
m: Proper Document Control Procedures must be followed. 

1 
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7 .  

Figure 1 - Unexpected Cultural Resources Discovery Form 
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7.1 HANDLING THE DISCOVERY OF A CULTURAL RESOURCE (cont.) 

CULTURAL RESOURCE COORDINATOR 

4.  Verbally report the discovery to the Environmontrl P1 annlng 
Department Hanaget . 

5. Complete and slgn a Prehlstoric/Hlstoric Assessment Report using 
the format provided (Attachment A). 

6. Determine whether an on-call Cul tural Resources Subcontractor 
will be used. 

7. Report the assessment to the Environmental Plannlng Department 
Manager. 

MVIRO)O(ENTAL PUNNING DEPARTHENl W 6 E R  

8 ,  Sign the Prehirtoric/Historic Assessment Report., 

9. Verbally contact the DOE Cultural Resource Polnt o f  Contact and 
follow up ut th the stgoed Prehlstorlc/Historlc Assessment 
Report. Include a copy o f  the  completed Unexpected Discovery of 
Cultural Resources form. 

t h  

DOE CULTURAL RESOURCE POINT OF CONTACT 

10. Contact .the State Historic Preservatlon 'Office and galn 

CULTURAL RESOURCE COORDINATOR 

concurrence for the mitlgatlon procedure to be follawed, i f  any. 

11. Secure the cultural resource area untll notified by DOE. 

12. Coordinate any further mltlgatlon efforts through an on-call 

CONSTRUClf ON 

Subcontractor or through EPD. 

13. After recefpt o f  wtltten notfflcation from the DOE, dlrect f ie ld  
personnel to proceed with ground activltles t n  the affected 
area. 
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1 .  
T i t l e :  WUPECTEO DISCOVERY OF CULTURAL RESOURCES 

OOCUMENT NO: SSOP-1070 
REVISION NO; 0 

Effective Date: 03-31-44 Page 8 of 8 

8 . 0  

8.1 DRIVERS 
Archeologlcal and Historlc Act o f  1974 

0 .  National Historic Preservation Act o f  1366, as amended 
Hative American Graves and Repatrlation Act o f  1990 

8.2 REFERENCES 

36 CFR 800, Section 106: 'Protectlon of Hlstorlc Properties" 

"Secretary o f  the Interior Standards and Guidellnes for 
Archaeology and HI s tori c Preservat 1 ony 
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ATTACHMENT III 

TIMCO 
LYSIMETER MANUAL 



Also Available m T u b  Tyoe 
Body in T O W  or PVC 

‘. : . Porous Ceramic Lysimet- Sites Available with PVC Body 
Tube type 1 190’ (483mm) x 175” (445cm) 

190” (483mm) x 175” (44Scm) . 

Lysimeter Arrcuor ia r  

TIMCO“ Lysimeters for Vadose 
Zone Monitoring 
TIMCO” Porous Ceramic Lysimeters 
nMC0S” Porous Ceramic Lysimeters are constntaed similar to the 
TlMCON Porous fef 1on”Lysimeten. Advanced machining techniques allow 
the ceramic filter to be threaded. This permits. for the fim time, a totally 
adhesive and sealant free construction. Sealants. potential sources of 
contamination. are eliminated. The TIMCON Ceramic Filter flements have a 
pore size of 0.446 micrometers by the mercury penetration porosimetry 
method (ASTM C-539). 
The TIMC0”Porous Ceramic Filter element may be easily removed from 
the body for decontamination or replacement if accidental breakage occurs. 
TIMCO”uses VitonS O-rings in the flush threaded ceramic joints. to 
enSure-a leak-free seal. The top plug is threaded to allow attachment of 
casing. If the lysimeter unit is located more than 20’ (6M) below the ground 
surface. a TIMC0“Deep Sampling Lysimeter will be required. Sample 
recovery in excess of 10 psi may damage the filter and/or s i b  pack and 
force the collected pore water Sample out of the lysimeter. back into the soil. 
llMC0”recommends the use of its Select Silica nour as a pack around the 
installed lysimeter. 

TIMCO” Lysimeter Accessory Items 

Hand Pump -P TIMCO” Select Silica Flour . 
SiIi i  200 mesh (99.8% pure) is available in 501b (234) plastic pails Allow a 
minimum of 1  ail o e r  installed Mimeter. M i  each Dail with 2 oallons of smu flour 

- Tubing 
TIMC0”provides tubing to connect the lysimeter to the surface. Usually 
1/4. OD Teflofl or polyethylene is suitable. 

distilled water io make about 6 gallons of silica slur&. 
- 

, 
-Vacuum Pressure Hand Pump 4% 

The pump is used to apply vacuum to the lysimeter during the pore water 
extraction phase. Pressure or vacuum is applied to d e l i  the sample 
to the surface 

Vacuum Pressure Gauge Assembly 
When instalid on the lysimeter vacuumtpressure tube. allows for constant 
monitoring during the pore water exttaaion phasa During the sample 
recovery phase, it will alert the user to potential over-pressurization. 

Teflon@ Stopcock and Delrina Shut-Off Valves 
Designed to allow easy sealing of the sample delivery and Marumlpressure 
tines when not using a lysimeter well head assembly. The le- stopcock 
is used with Tenons tubing, the DelrirP shut off valve is used with 
polyethylene tubing. - Lysimeter Head Assembly 
Designed for placement on the casing a! the ground surface. it provides a 
neat and secure termination of the tubes from the @meter. A permanent 
vacwmlpressure gauge and taps for the ManmJpressure and sample fine 
are mounted beneath the weatherproof cap. Stopcocks and gauge assembly 
are not needed with Head Assembly. 

UI- 1 19 



TMCO L Y S m  MANUAL 

Timco Lysimeter Models 
- .  

The Shallow Tube-Type and Cup-Type Lysimeters 

Vacuum-Pressure 

~ ~ ' " C u p T y p c C y r i m c t u  

Sample EvacuatLoa 

Porous F i l t e r  

. 

These models are designed for  placement a t  depths of 20 f e e t  or l e s s .  Note 
that e i t h e r  model i s  supplied w i t h  a threaded top plug t o  aUow attachment to  a 
r i s e r  casing. 
can be supplied i n  e i t h e r  
i s  supplied i n  

The Cup-Type 

The Cup-Type is a v a i l a b l e  in 1.9" 0.D. only. The Teflon(R) Tube-Type 
2.375" O.D. or  1.9'' O.D.. The Ceramic Tube-Type 

i .9" O.D. only. 

Deep-Sampling Tube-Type and Lysimeters 

. .  

These models are designed for  placement a t  depths of 20' t o  300f. The Teflon(R) 
Tube-Type i s  available  in 2.375" O.D. and 1.9" O.D., and the Ceramic Tube-Type 
is a v a i l a b l e  i n  1.9'' O.D. only. The Ceramic and Teflon Cup-Type Lysimeters are 
available  i n  1.9" O.D. only, - .  

m-2 



TLYCO LYSEETER MANUAL 
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System Requirements - 
e following items will be required for a typical Timco(TM) Lysimeter InStalhtiOn 
to 20 feet beneath the ground surface. 

A Timco Shallow Cup-Type or Tube-Type Lysimeter 
A Thco Lysimeter Head Assembly 
A SO lb. Pail of T h c o  Silica Flour (200 mesh, 99.88% pure) 
Up to 40 feet of Teflon(R) or Polyethylene.Tubing, and tube groover 
A Timco VacuumfPressure Band Puma. 
Up to 20 feet.of Timco Deka-Seal<Tkf) Teflon(R) or PVC flush threaded riser 
casing 
Tlmco-Surface Protective Cover . 

Additional items 

Chel l l iCalS 
Distilled 

not provided by Timco: 

and distilled water for decontamination (optional)  

.. . 

vater for pressure testing, de-airing, and- prefilling . 
Plastic gloves for handling the decontamlnated system 
A latex membrane for vacuum testing .the system 
Clean plastic bags to wrap the assembled system for transfer to the installation 
site 
2 gallons of distilled water for each SO lb. pail of. Timco S U c a  Flour 
A large clean silica flour m.l.rt4ng container 
A large rigid spatula to mlx the s U c a  s l u m  

. 

A clean sample collection container w i t h  a 2 port stopper seal compatible 
with the Timco Teflon(R) tubing. 
of the lysimeter. 

The capacity should be greater than that . 

Bentonite to seal the borehole above the lysimeter 
A padlock for the protective cover 

. .  

.. 
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Operating Principles . 
.- 

The Tlmco(TM) Lysimeter System is designed for  long term use In one location, 
Care must be taken w i t h  the i n s t a l l a t i o n  to ensure correct operation for a long 
?eriod. The assembled system should always be checked f o r  leaks p r i o r  to being 
;ut in t h e  ground. 

A Tube or Cup m e  Lysimeter has an outside diameter of  1-91 or 2,375". 
should be'placed I n  boreholes of at l e a s t  6" in diameter t o  allov.for an adequate 
s U c a  slurry pack t o  surround the lysimeter. 

ibis connection -leads t o  the vacutnn gauge on the head assembly. 
to be applled to  the system, thereby creating a vactnm gradient betveen the inside 
of the lysimeter, the s-ca slurry pack, and the s o i l  under investigation.  
second unmarked connectiop is the sample eva-tion tube, 
the head a s s d l y  sample b e ,  

Ls critical and should. only be purctiased from Timco. If a 6".borehole Y S G e d ,  
a single SO Us* p a i l  w i ~  be s u f f i c i e n t  f o r  ea& lysimeeer 
is made into  ' a  slurry .with d i s t i l l e d  water before placeaneat... The silica slurry 
5s used t o  e s t a b b h  a continuum between the lysimeter and:the surzounding s o i l ,  
Since the Thco(lH1 s U c a  is not water soluble, it immediately..begiPs t o  separate 
ftself from the d i s t i l l e d  water, When placed in the ground. the :water migrates 
into khe soil and establishes the continaity required f o r  sucface:tension to  be 
t r d t t e d  ih an outward direction upon application of'a vacuum.-.. This allbvs- 
cny mokmzre attached-.to the s o i l  p ~ * i i c l e s  to.be drawn fnto the.'lyslmeter through 
the s-ca pack. 

These 

The lysimeter has. the vactttlm/pressure o u t l e t  marked on the lysimeter top plug, 
I t ' a l l o v s  a vacttzlm 

The 
Tars is connected to  

The specif ication of the s+llca'flour k e d - t o  surrotma the h s t a l l e d  l y s h e t e r  

The flour 

. .  
e .  :I- 

=.. . ...-. 
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Assembling the LVSimeter 

d 

If properly h s t a l l e d ,  che t y p i c a l  lysimeter system v i l l  be expected to produce 
-epresentative samples for  several decades. It is therefore important to  check 

i n s t a l l a t i o n  t h e  system should be pressure and/or vacuum tested to ensure it i s  
leak free. 

The lysimeter system components supplied by Timco are cleaned and packed fn 
p l a s t i c  bags. 
procedures required for equipment used t o  obtain samples for subsequent micro-analysis 
of trace pollutants. 
t i t l e d  ''Decontamination Procedures" and/or f o l l o v  those specified for  the specffic  
job.  
pass a t  l e a s t  2 l l t e r s  of d i s t i l l e d  vater through the porous s e c t i o n  t o  ensure 
complete ranoval of the liquids used for the decontandnatioa. 
is completed the components should.be bagged. 
i n  a clean area using s t e r i l e  gloves. 

The system components supplied are manufactured 6y.Timco to satisfy. the 
requirements o f  the order, 
l e a d  t o  incompatibility problems resulting i n  leakage'or faUure of the lysimeter 
spstern. 

1). 

t the system thoroughly before taking i t  to  the instal lat ion s i t e .  Prior to e 
They have not been subjected to  the rigorous decontamination 

Lf complete decontamination is required, see the section 

Note that If the lysimeter body is decontadnated it will be necessary t o  

After this procedure 
Subsequent handling should be done 

U x h g  these with components from other sources may 

A&embly of Tubing t o  Fitt ings.  

. Tubkg, because of its slippery nature and r i g i d i t y ,  h a s - t o  be s p e c m y  grooved 
before a fitting is ateched.  
of the f i t t i n g  and cause leakage. T h c o  normally grooves each end of the tubing 
=ppUed vith the order. 
the new end vill need to be grooved using a special  grooving tool a v a i l a b l e  from 

Failute  to do so Vill allow the tubing to sup out 

I f  the ipstal lat ion'requfres  the tubing t o  be shortened 

C O O -  The tool  n o t  only cuts the groove but also places the groove a t  the correct 
tance from the end of the tube, 

2). Assembling the System. 

. ds meatloned e a r x e r ,  it is suggested that the complete system .be assembled 
away from the installation s i t e .  
under clean conditions, 
job s i t e .  .. . 

This will z l l o v  for the assembly and .testing 
The assembled lysimeter may then be easily placed at the 

The assembly should begin w i t h  the attachment of the vacuudpressure and s w l e  
If necessaxy cut each t o  length,  -king 

Rote that the Vacuum /Pressure o u t l e t  

evacuation l ines  to the lysimeter top plug, 
c e r t a i p  cuts are clean and v e r r i c a l  t o  the horizontal length of the tubing. 
the previous instructions for  the groovlng. 
a t  the top of the lysimeter plug is marked v i t h  a "V'. 
end of the tube connected t o  this f i t t i n g  i s  suitably marked or tagged. 
provide assurance that the tubing is c o r r e c t l y  connected t o  the TkPco Head Assembly. 

F O l l o ~  

Make certain t h a t  the other 
This 

If the instal lat ion i s  t o  involve threaded r i s e r  casing of appropriate length, 
Pass the two tubes from the lysimeter through the casing assemble i t  a t  this time- 

s t r i n g .  
l i n e s  t o  the bottom of the head assembly. 
is connected in the vacuum mode. 
t o  atrach fihe end of the tubing t o  the hand pump (black end). 

Io complete the assembly attach the sazuple evacuation and vacuurn/pressure 
The Timco Vacuum/Ptessure Band-Puq 

The black female hose connector should b e  used 
The assembled system 

y nov be tested for leaks. 

@!I0137 
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_- Testing the System 

Effective use of the lysimeter system. requires that thyre be no air leaks. 
methods are described to check the assembled system for  l e a k s . * .  

- 
Two 

Pressure Testing 

Completely immerse the lysimeter and the head assembly COrnPOnentS~ except 
for the gauge, in uater, 
the vacuum/pressure.line f i t t i n g  on the head assembly. 
pressure. 
f i l t e r  section should give o f f  bubbles -over its e n t i r e  surface area- 
are obsemed kr the tubing fittings, disassemble and check for  Correct assembly 
and retighten, 
assembly may be wrapped with Teflon(R) tape prior .to reassembly, 
the body components o f - t h e  lysimeter should be checked f o r  ClPnnliness, p a r t i c u l a r l y  

Connect the pressure o u t l e t  of the Timco Hand Pump. to  
&Ply l5 P s i -  of a* 

0bserP.e all connections for  evidence of bubble 1 d g e -  The porous 
If leaks 

Leaks at the fitting-connections - to  the lysimeter body or the head 
Leaks b v 0 l V h g  

the surface that touches the O-Bings. .. . .. 
Vacuum Testing 

The porous f i l t e r  media of the lysimeter body -is sealed o f f  .vie a latex or 
f l e x i b l e  p l a s t i c  membrane. 
and securing it t o  the body of the lysimeter above the porous filter, 
the sample valve.  
port on the head assembly, and apply a vacutrm in excess of 20 inches o f  mer&. 
Shut off the vacuztm valve, 
for  several  hours and then recheck the .vacuum reading. 
inches of mercury may b e  expected. 
all co-ectiok as described above. 

Secure a seal by placing rubber bands over the membrane 
Shut off 

Connect the v a c m  inlet of the pump t o  the v a c u d p r e s s u r e  

Note the vacrmm. readfng on t h e  gauge. Leave the system 
A- smaU drop of up t o  3 

If  a large drop is noted, check and r e t i g h t e n  

P r e v e t t L g  the Porous F i l t e r  Xedia 

Finally,  before taking the assembled lysimeter system to the i n s t a l l a t i o n  
site, Ilhco('l35) recQmmends that the lysimeter body be placed Ip d i s t i l l e d  wafer 
and a vacuum of  about U inches o f  mercury be applied f o r  1 hour, 
prevecs a l l  surfaces  of the porous f i l t e r  media,. e-ting any entrapped air 
i n  the f i l t e r  media, 
d i s t i l l e d  water if  no r i s e r  casing is used, 
f l o a t  on the wet sillca slurry when.pla:ed i n  the borehole, 

This  procedure 

The lysimeter should be i n s t a l l e d  w i t h  the -body f i l l e d  v i z h  
An empty, unsupported lysimeter w i l l  

* N M Z  - All Timco Lysimeters are tested a t  Timco p r i o r  t o  shipping. F i t t f n g s  
may loosen during transit. 

\ 

* .  000138 
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TUCO L Y S L ~ S ~ E R  MANUAL 614% 
Installacion and Evacuation of the Shallow Lysimeter 

he.instal lat ion of a T h c o  Lysimeter System should be in accordance v i t h  the 
ollowing procedure, Ir is  suitable for depths of  up to 20 f e e t . -  For greater 

d e p t h s  a Timco(Ri) Deep-Sampling Lysimeter should be used. 

1). Borehole Preoaration 

The borehole must provide adequate space t o  all= the lysimeter body to be 
surrounded by the silica slurry  pack. 
larger borehole. 
slurry-all around the porous f i l t e r  of the lyslmeter. 
in maintaiaing an open borehole, use casing to hold back the material. 
after  installation of the silica pack and lysimeter pull back the casing and -tall 
a bentonite plug, 

For a 2":diameter lysimeter u s e . a  6" or 
The borehole must d l o v  for  a t  least  a 1.5" thiclcness of silica 

If d i f f i c u l t i e s  are anticipated 
Lnnnediately 

2 ) .  HiXing the S i l i c a  Flour Slurry - .. 
The Timco(M) 200 .mesh* 99.882 pure c r y s t a l l i n e  silica flour is mixed with 

d i s t i l l e d  water using a r a t i o  of 150 mls, vater to  450 gr- of s i l ica  flour.  
T h c o  Silica Flour is supplied in .a 50 Ib. sealed pail .  
2 gallons of d i s t i l l e d  vater to  make the slurry and vill be s u f f f c i e n t  -for 8 s i n g l e  
lysimeter instal lat ion i n  a 6" borehole. 
vater w i t h  constant stirring. 
Constant'stirring is essential  as the s i l i c a  i s  not-vater  soluble and vill s e t t l e  
if not agitated, 

The 
This fl require about 

Add the flour slowly to t h e  d i s t i l l e d  
The mix must be completely blended'and lumpfree. 

Placing the Silica Slurry Pack. 

Pour part of the s i l i c a  s lurry  i n t o .  the borehole to  provide a bed f o r  the 

, 

. 
lysimeter. 

a third of the t o t a l  mix is usually s u f f i c i e n t  

particular care t o  -e terrain t h a t  the lysimeter body is c e n t r a l l y  located within 
the borehole diameter, 
of  the unit  is essential. 
and accurate placement, 

carnpletely c w e r  and surround the lysimeter body. 
lysimeter in i n t h t e  contact with the silica slurry and the slurry must fill all 
voids in the bortom of the borehole, 
surface vith stakes for a t  l e a s t  2 hours until the silica sets: 

second bentonite seal  is  suggested near &e surface. 
can be achieved with the Timco(l2l) Lysimeter Head Assembly and a-TLnco(l2f) Security 
Cover s e t  in concrete, 

A *urn of 4" depth for the cup-type lysimeter .adz''  f o r  the 
tube-type lysimeter. Depend- upon the borehole diameter, bemeen a quarter and h 

The Timco(Z1EI) Lysimeter System should nov'be lovered i n t o  the borehole. Take 

A m-1 of 1.5" of s i l i c a  slurry.around the a&ular area 
T h c o  suggests Deka-Seal(B) casing be b e d  f o r  support 

Centralizers v i l I  also assure coxrect placement. 
Rie balance of the silica slurry  should nov be poured i n t o  the borehole t o  

Note that you mst have the. 

The Lysimeter should be supported a t  the 

A bentonite seal  sbould be W t a l l e d  n e ,  folloved by t a q e d  b a c k f i l l .  A 
Protection at the surface 

4). Activating the Lysimeter 

If the lysimeter vas f i l l e d  v i t h  d i s t i l l e d  water before installation, t h i s  
should now be removed and discarded, T b c o  reconmends the use of a two port zubber 

in a col lection flask,  The f l a s k  should be o f  adequate s i z e  to hold the 
l e  from a f u l l  lysimeter. This method i s  udlikely to  disturb the sil ica pack 
break the seal between the pack and the porous section of the lysimeter which 

1. Open the vacuum-pressure.valvc and the sample valve on the head asseddy. 
2; Attach the tube from the sample port on rhe head assembl 

vould result  in a lysimeter system f a i l u r e .  

he hole in @d0?3 
m-7 



TZHCO LYSLMETER MANUAL . 

rubber stopper. (Tube t o  protrude about 1" h t o  the flask). 

Timco Hand Pump. 

the collection flask.  

3. Attach the second tube from the flask t o  the v a c u w p r e s s u r e  i n l e t  on the 

4 .  Apply a pentle vacuum to the system, the d i s t i l l e d  v a t e r  w i l l  flow i n t o  
(Tube to  be f lush v i t h  the bortom of the rubber stopper). 

Afrer removing the d i s t i l l e d  water from the lysimeter. you are  ready to a c t i v a t e  
the lysimeter to obtain a sample, 
a f t e r  installation,  it  e be necessary to  remove and discard the d i s t i l l e d  v a t e r  
used to make up the s m c a  pack. (Remove a water volume equivalent to approrimately 
one third of that used . to  make u p  the slurry) .* 
a few days, the v a t e r  in the s l l ica  pack --migrate into the surrounding sokl  
and establish the continuity needed between the porous f i l t e r  media and the s o i l .  
Samples collected i n  this situation should be considered representative.  Use the 
following steps to a c t i v a t e  the system. 

If you start the a c t i v a t i n g  procedure lmmedlately 

If the ' instntiotion is l e f t  for 

1. Close the sample evacuation valve. 
.. . .. 

2. Connect the vacuum.inlet of the Hand Pump to  the vacuum-pressure port on 
. the Head Asse&ly. 
3. Apply..a v a c u u  of 18-21 inches of  mercury +ad c l o s e  the vacuum-pzessure 

4 .  When the gauge reads 10 inches of mercury.or l e s s .  evacuation of v a t e r  
valve , 

should be attempted. (Up t o  24 hours may .be needed). 

* EXBHPLE: Using 2 gallons (7570 mls.) to  mix the silica slurry vould m e a n  that 
t h e - f i r s t  - 6  gil lons (2271 rnls.) of d i s t i l l e d  water should be discarded. 

.-. a 

'\ ' 

- .  

5).  Evacuating the Lysimeter with Pressure 

The lysimeter body is pressurized and the saxuple is driven t o  the ground surface, 
A pressure o f  .44 p s i  is required for  each foot of depth, 
9 p s i  w i l l .  be needed t o  U f t  the sample. 
v i l l  depend upon the soil conditions. 
or more are not uncommon. 

For a 20' instal lat ion 
The t h e  taken t o  acctmrulare a sample 

Sampling intervals  separated by 48 hours 
Use the following steps t o  evacuate t h e  lysimeter. . 

1. Open the sample evacuation v a l v e  and- the vacuum-pressure valve. 
2. Connect the pressure o u t l e t  o f  the Tfimco(TM) Hand Pump t o  the vacuum-pressure 

3. Pressure should be increased p e n t l y ' u n t l l  9 p s i  is  achieved. 
port on the lysimeter head assembly. 

(If  9 p s i  
vere applied instantly,  i t  is possible the silica pack would be damaged 
resulting i n  a lysimeter system fai lure).  

flask. 
4 .  Sample is forced up through the evacuation l i n e  and i n t o  a sample 

III-8 
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- 6 ) .  Evacuating the Lysimeter vith Vacuum 

6 1 4 %  

.- 
This method is unlikely t o  disturb the silica pack and a1 reduces the 

ossibility of sample aeration. Timco does not recommend this method for Installations 
greater than 20 feet in depth, 
is required, 

A fuo port mbber stopper in a collection flask 
Use the folloving steps to evacuate the lysimeter, 

) 

1. Open the vacuum-pressure valve and the sample valve on the Head Assembly. 
2, Attach the tube from the sample port on the Head ksembly to the hole in 

3. Attach the second tube from the flask to the vacuum-pressure part'.on-.-.tkk.> 

4 ,  Apply a gentle vacuum to the system, the sample will'flov into the collection 

the rubber stopper. 

Tfmco(M) Hand Pump. 

flask. 

(Tube to protrude about 1" into the flask), 

(Tube to be f l u s h  with-the bottom of the rubber stopper), 

(Flask to be of adequate size to hold the sample from a full lysimeter), 

.. . .  

Vacuum-Pressure . 

Sample Pora on 
Head Assembly 

- \  
Head 
Lysimeter 

, 
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TIHCO LYSIMETER MANUAL 

Cleaning and Decontamination 

The f o l l o v i a g  advice is provided by TimcO- 
provides no guarantee that the procedures V a l  ensure that a Timco product has 
been 100% cleaned. 
proper purity characteristic required under state of the art conditions. 

T h c o  can assume no liability and 

Timco does however believe that the procedures w i l l  give the 

Teflon(R) h Ceramic. Comoonencs 

Step 1 - 
Step 2 - 

Step 3 - 
Step 4 - 

Disassemble all components. 

Prepare a normal solutfon of Hydrochloric Acid. 
(120 g. concentrated HCL diluted in 1 Uter distilled vater). 

Rinse dll components in distilled vater. . 
. .  

.. *. - 

Submerge a l l  components in this solution.for 30 minutes dnimum. 
Use a tool to remove from the solution. Soak in distilled vater. 

Step 5 - 

Step 6 - 
Resubmerge the components in clean water at least 2 more times t o  
remove all traces of Hydrochloric 'Acid. 

Timco believes an additional step of an Isopropyl Alcohol (IPA) bath 
-arid then another bath of Hydrogen Peroxide should render the equipment 
clean. 

Step 7 - In all cases a final rfnse in distilled, deionized vater should ensure 
that the device is then suitable for representative sampling. 

0 
PVC Comoonents 

Step 1 - All. products must be thoroughly cleaned of loose PVC particles, 
machining burrs and any other loose materials both inside and out, 
(Timco normally does this vith a l l  products shipped, but occasiopally 

. mistakes do happen). . 

Step 2 - Prepare a suitable Isopropyl Alcohol (IPA) bath which w i l l  a l l o w  

Step 3 - A l l o w  products to rPma(n f u l l y  imtersed for a period of no less than 

total immersion of the product t o  be decontaminated. 

10 minutes. 

Step 4 - 3emove.products &th clean surgical gloves to reduce chances of new 
, contamination. A l l o w  =cess IPA to dr- off. 

J 
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A'ITACWIIENT IV 

EXAMPLE FIELD FORMS 



FERHALD 
- RVFS OF 1 FIELD ACTIVITY DAILY LOG 

VISITORS ON SITE: CHANCES FROM PLANS AND SPECIFICATIONS. AND 
OTHER SPECIAL ORDERS AN0 IMPORTANT DECISIONS. 

. .  

I 
PERSONNEL ON SITE 

DATE: 
=#-:a suPERvIsoR: 

Iv- 1 000144 



, 

v a c u r  
G R W .  n. 

9 
4 

BEwTOmfE 
SEAL: n. 

1 



PIEZOMETER INSTALLATION SHEET 

DRILLING METHOO 

ORlLLlNG F LUlD (S) USED: 

F LUlO F PCM TO 

FLUID FROM TO 

PROJECT NAME FIELD ENGJCEO. OAT€ 

BORING NO. 
PIEZOMETER NO. DATE OF INSTALLATION 

PRCJECT NC. CHECKED 6 Y  OAT € - 
a .  

1 - TYPE @F BIT 
CASING SIZE (SI USED: 

SI2 E F R W  TC 
SIZE FROM TC 

BOREHOLE DRILLING 

t 
TYPE 
DIAMETER OF PERFORAT€D SECTION 

PERFORATICN TYPE: 

SLOTS 0 HOLES 0 SCREEN 0 
AVERAGE SIZE OF PERFCRATIONS 
TOTAL PERFORATED AREA 

RISER PIPE MATERIAL 

RISER PIPE DIAMETERS: 

LENGTH OF PIPE SECTIONS 

JOINING METHOD 

0.0. - I .  0 .  

d 

RISER PROTECTIVE PIPE LENGTH 
PROTECTIVE PIPE 0.0. 

OTHER PROTECTIOI\ 

WAS THE PIEZOMETER FLUSHED AFTER INSTALLATION? Y E S O  N O 0  
WAS A SENSITIVITY TEST PERFORMED ON THE PIEZOMETER? Y E S 0  N O 0  
REMARKS 

DISTANCE ABOVE/BELOW 
ITEM GROUND SURFACE ( 1 

TOP OF RISER PIPE 

GRWNO SURFACE . 0.0 

lv-3 

EL E VAT ION 
0 

BOTTOM OF PROTECTIVE PIPE 
BOREHOLE FILL MATERIALS: 

GROUT /SLURRY TOP BOTTOM 

BENTONITE TOP BOT TOM 

SAND TOP BOTTOM 
BOT TOM GRAVEL TOP 

-- TCP BOTTOM 

-TOP BOTTOM 

TOP BOTWM 
TO? BOTTOM 

PERFORATED SECTION TOP 80T TOM TOP BOTTOM 



VISUAL CLASSIFICATION OF SOkS 
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WATER QUALITY u P4p:-d - i. F ERN AL D 
RUFS 

FIELD COLLECTION REPORT T] 
1 

. 

PROJECT NAME SAMPLE LOCATON 

PROJECT NUMBER SAMPLE ID NUMBER 
DATE COLLECTED RFA NUM8ER 

TIME WUECTED Crc NUMBER 

COLLECTED BY SAMPLE TYPE 

BAROMETRIC PRESSURE 

AIR TEMPERATURE 

00 SATURATION IN AIR 

WATER TEMPERATURE 

1 
J 

I SAMPLING INFORMATION FIELD READINGS 

WMTHER CONDmoNs 

AOMncxWRDURKS 

> TEST EQUIPMENT LIST 

EQUIPMENT NUMBER -EQUIPMENT NAME EQUIP. NUMBER 

BAILER 

HOSVS 

PUMP 

FILTER a! KIT s - 
d 

i . 

DEPTH OF SAMPLE 

WATER LEVEL 



\ 

FERNALD 
RI/FS 

PIEZOMETER SENSITIVITY TEST 

PROJET NAME TESTED BY 

D 

PROJECT NO. 

BORING NO. 
PIEZO~~ETER NO. 

GWL BELOW TOP OF PIPE PRIOR TO TEST L H - s c o p e t  0 * 0 1  foot accuracy) 
TEST TRlAL NO. 

TIME READING TAKEN 

Iv-7 
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VARlANCE REQUEST 

EQUESTED BY: Date: 

MPROVED BY: Date: 
Projtd DircaorlDaigrm 

D3te: 
Projtd Quality h m r w c  Officer 

APPLICABLE DOCUhIENT(S) AND SECTION No.(S) 

c 
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F ~ R N A L D  
RVFS 

VARIANCE COG 

PROJECT NUMBER 

PROJECT NAME 

PAGE OF - 
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FERNALD 
RIPS 

NONCONFORMANCE REPORT 

PROJECT NO. PAGE -OF 

PROXCT NAME Q A E  

-~ 

NONCONFORMANCE: 

IDENnFED BY: D A T E  

CORRECTIVE ACTON REQUIRED: 

TO BE PERFORMED BY: D A E  
MUST CORRECTION BE VERIFIED? YES - NO - 
TO BE VERIFIED BY: PREPARED aV DATE: 

CORRECnVE ACTlON TAKEN: 

PERFORMED BY: DATE: 
- VERI~ED ey: DAE: 1 

C C  Approved B y  Date: 

Date: 

JY-13 @0@1S6 



~OAYEI I I I 1 I i 
FERNALD 
RliFS 

Surfact * c c s u r t u n t S  F i t 1 6  Copoot Fom 

S1:t: Surveyors: 

A r e a :  Recorded 6y: 

0a:e: Count tie: Urckgtound: CPW 

C o r n  nr s: Scaler W r l  krlal Ib. 

Probe Wrl  krlrl No. . 

krltr W r l  frrlrl No. 

Probe Woscl frrlrl Ib. 

P I C  s ~ i r i  w. 

c 

. 
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FERWALD 
Wl/FS 

ctqround Assesswent 

Recorded I y :  

Tin : 

OrIly Check Results: 

P r o j e c t  Mcau: 

Date: 

beltr Houslng No.: 

.. Check tocctlon: Check Source no.: 
Avo. Unrhlrlded UnchIeldtb C1. - c t  c 3  

Shielded e\* c, 
Delta 1 2- 

Q Avg. Shleldtd 

3 Ar9. Delta 

w-i5 000158 



Project Mae: ~ e c o r d t a  BY: 

S h i e l d  Id. No.: c a  14 0rrtIo1 

Probe No.: C o m n t s :  

R a t w t c r l f c r l e r  No.: 

Surveyors: 
7 .. 

. .  
1 
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a .  
WEEKLY CALIBRATION LOG GROUNDWATER 

I I 

I I I I 

)ae: Initials METER CALIBRATION' 

.. 
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T i t l e :  

Procedure 

Pernald Iu/PS 
Health and Safety Procedures 

Use, Calibration, and Maintenance of the HNU PI-101 

I: HS 015 Issued: 

APPENDIX -10 0 2 

HNU PI-101 
MAINTENANCE AND CALIBRATION Ix)(; 

Instrument Serial  I: 

W L i g h t  Source Cleaned*: 

Ionization Chamber Cleaned*: 

~ a s t  Factory Calibration: 
\ 

Date 

Date 

C a l i b r a t i o n  Procedure (1 or 2 ) :  

Inspected by: Date: 

-- 

Source: 

Type: 
- 

Concentration: 

Iat 1: 

R e s u l t s  .of Calibration: 

-- Span s e t t i n g :  i n i t i a l  final 

-- Probe: 

-- Instrument reading (ppm) : initi a1 f i n a l  

R e s u l t s  within 2 15% of calibration gas concentration: 

COMMENTS : 

C a l i b r a t e d  by: Date: 

L *Due Monthly 

IV-18 
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6 1 4 5  
TITLE: Walk-Over Surveys Using a U r g e  NO: RSL-2003 

Volume Scintillation Detector 1 

REVISION:. 1 
I i 

M G E  V O L W  SCINTILLATION DETECTOR 

INSTRUKENT CHECK 
PROCEDURE RSL-2003 

Scaler Hodel 

Detector Hodel 

- Date 
Battery 

Response 
Bkgd 
i c D m l  

Serial No. 

Serial No. 

Cesium 
Check 
Source 
-fsE!!l 

Americium 
Check 
Source 
Icpml 

-Surveyor s 
I n i t a l s  

rv-19 000162 
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EQUIPMENT LIST 
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PROJECT EQUIPMENT LIST 

. .  

DOCUMENTS 
Reauired 
Penetration Permit 
Project Specific Health and 
Safety Plan 

Radiological Worker Permit 
Training Certification Card 
Radiological Survey 
Equipment Inspection 
Project-Specific Plan 
Chemical Hazardous Materials 
Work Permit 

Blank Forms 
Tailgate Safety Meeting 
Field Activity Log 
Sample Collection Log 
Site-Wide Analysis Request/ 

Chain of Custody 

.SAMPLING SUPPLIES 
Containers 
Sample Labels 
Permanent Indelible Markers 
CPT Sample Extractor 

METERS/DETECTORS 
Beta Gamma Detector (Frisker) 
Photoionization Detector VID) 

TAPES & PLASTICS 
Silver Duct Tape 
Yellow Radiological Tape 
Clear Tape 
Roll of Clear Plastic 
Custody Tape 

MISCELLANEOUS TOOLS 
Scissors 
Screwdriver 
Hammer 
Box Knife 
Tape MeasurelYardstick 
Carpenters Level 

EXCLUSION ZONE SUPPLIES 
Caution Tape 
Wooden Stakes 
DangerKaution SignsFlags 

DECONTAMINATION SUPPLIES 
Stainless Steel S-Gallon Pails 
Alconox 
Elbow-length Nitrile Gloves 
Brushes 
Stainless Steel Water Sprayer 
Deionized Water 
Clear Plastic Sheeting 
Chemical laboratory wipes 

PERSONAL PROTECTION 
EOUIPMENT 
Cotton Coveralls 
Hard Hat 

Safety Glasses 
Dosimeter 
Latex Gloves 
Cotton Glove Liners 
Leather Work Gloves 
Ear Plugs 
Full Face Air Purifying Respirator 

Stel-Toed Boots 

IDW SUPPLrn 
Plastic Trash Bags 

PERSONAL SUPPLIES 
Water Dispenser 
Paper Cups 
Drinking Water 
ICe 

EMERGENCY SAFETY 
SUPPLE3 & EOUIPMENT 
Radio 
Emergency Eyewash Station 
First Aid Kit 

v-1 
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C lernent fror 
n 0 

n Sbuthduthdow 
A concrete solution to ,, 

ordinarv concrete 
problems. 

n 

ou know the problems ordinary V Portland Cement concrete 
can bring to a job. Shrinkage 

cracking. Curling. Permeability. They 
. often OCCUT soon after placement. 

@That's because ordinary concrete shrinks 
significantly as it dries, causinginternai 
tensile stress. When stress exceeds tensile 
strength, the problems begin Early cracking and 
culfing can lead to bigger problems in the years that 
follaw as man and nature combine to attack shrinkage 
Cantrolita with salt 
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In containment areas, 
you can't afford to 
buld m cracEs ana 
leaks. 

m. . W I  
f 9 x  

.C : , . 

efficiency-without admixhues or 
changes in hsic mix design 
5 

I 
bad Zt betn uaed? I What if 'ljTe K 

I 

I .  : , 
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a Southdown makes !. 

Type K avadable 
throughout the U.S. 
Just contact the 
Southdown Company 
nearest you. 

Southdown Companles 
Sauthwitwn knland 
Cement Company 

PO. Box 181 
Sae E. Xenle Dr. 
Fa-, OH 45324 
~soo) 762-0040 

US.  Hlghway 80 
EO. Box 1547 

ode~aa. TX 70760 
(@1Sl 381-0180 

100 N. Barranca Am. 
S u b  lox) 

(818) 332-0075 

3840 E. Malm Ave. 
sui801 oenver, co 80210 
(303) 7684334 

W8t u, C4 91791 

Flotlde Mtning Met~lal8 CO. 

U.S. HighW8Y 88 
BmksvIUe. FL 34614 
(Bw) 788-7241 

Dixie Cement Company 
8212 Cemenl Plant Road 
Knoxville. TN 37824 
(615) 522-1171 

hnstt Mlxsd Concrete Company 
4780 Valley Blw. 

(213) 223-4101 

Florida Mining & MnbrldE Co, 
(Conmete Products) 
73228 N. Central Ave. 
Tampa, FL 33812 

b 8  AngeleS. CA 90032 
0 

0 

Southdown, Inc. 
12oosrnithshret, suite2400 S Housm %as no02 ~ 



FAX COVER SHEET 

Zompany : 

SouthwesterdSouthdown 

Number of pages to follow: 7 

// 
I 

To verify or if m y  problems, please call: (513) 879-8373 
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When TvDe K hits 
the d 

4 a 
.eck, long-ten 

cirymg shrinkage 
problems hit the rc 

d A  

the deck, long-term 
drying shrinkage 
problems hit the road. 

n 

lad. 

Tse K can take all the puniehment man, nature and time can hand ouf 
That’s why fornard-looking governments, commissions and corporations am 
maeasingty specifying it for use in bridge decks and parking garages. 

J 

-~ 

Why the Ohio Turnpike 
turned to Q p e  K. 

In 1984, the Ohio l’brnpike 
changed ite sp&tiong to include 
ljpe K for use in hundreds of bridge 
deck replacements. The spe&ca- 
ticme were changed tumininrin 
widespread drying shrhkage 
pblems and deck 

that resulted. Since then, more 
than 300 bridge decks have been 
placed using Tvpe K. 

Study pr0ve.a &e K has IPSS 
byim ahhkaae crackins!. 
A snrdy by the Ohio Tipike 

Cornmissioncavering bridge deck 
rephcements fm lB83 to I989 
compared 271 Type K bridge decks to 
7 l  decks uaing Type I or II canat. 
Exduding structures poured under 
live load amditbns, dryvrg shritrkge 
mck omtiwed in or162.X tf Uu 
lJ$x X decks, but in 73.5% qf decks 
u&g&ma. 

Parkine deck durability is 
increased with Tme IC 

-~ 

ParldnggarageSX&-Similar 
to bridge decks because they are 
d y  a Series of bridges on top of 
each o t k .  But unlike a higfiffay 
bridge deck, a parkins &e doesn’t 
have the bene6tof rain to wash away 
accumulated dta. Type K is ideal for 
the&? Stnrctrpes because a canplr+ 
lcmgKfeandcutmaintenaMz casts. 

wn@-Rbm*w& T)+OKIrlfhl)OT 
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Ngher e l u p .  no bleed water, 
faster finishing. 

K Expansive Cement in 
cancreteis placed at a higher slump 
tban ordinary concretes, yet substan- 
tially reduces dzying shrinkage 
cracking. There is no bleed water, 
despite higher water demand, and 
the finbhirq process is shortened. 

maintenance probfems that mevitabIy 
fonow--arel4iminaM. 

cutling pmblem-and the cos* 

. hltemd reinforcing contmlr 
Qpe K% eqmnsion ploperciea. 

Type K yields maximum bemfits 
when its expansion takes place 
against mta'mts such as welded wire 
fabric, epoxycoated rebars or other 
n5ctforcememtsa~saibedbyACL 

pbdng i n t d  reinforcement at the 
upper half of the slab, preferably 
within two inches of the surface, is 
recommended far greatest effect 

Let's talk 8cQuadcu. 
Qpe K can bring its permanence 

to many jobs at an in-place cast often 
no more than conventional concrete. 
No special equipment is required 
N o d  practks can be followed for 
mking, pbcing and biding, And 
larger placements are the rule with 
'&pe K, so labor costa can be less. 

But that's only half the smsy, 
Tjpe KS reduced permeability, resist- 
ance to environmental deteriomts, 
aackhg and anling can result in h g -  
-life and lower mafnttnance costs. 

-- > . 3  
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Type K: Best 
in the long mn. 

I 
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Slabs-On-Grade 

, 

Type Kr means fewer 
joints, fewer roblems 
in Slabs-On- e rade 

Placing Trpe K in slab-on-grade 
projects such as warehouses, 
factories. foodmevetage processing 
facilities, terminals, roads, aircraft 
hangers and runways means bufldmg 
a surface that will last a &m,g time 
with less maintenance. 

'Ope K meam less 
maintenance cost. 

The eecret to durability is 
locked in the product. 

Type K is carefully produced by 
Southdown companies by jnterpind- 
ing anhydrous cdaum aulfoakuminate 
clinkers with Porrland Cement 
clinkers in precise proportion to meet 

the ASTM C 845 specifications for 
expansive hydraulic cement. which 
produces controUed expansion during 
the curing process. As a resuli. zefo 
expansidcontraction is acbieved 
after CUR, so shrinkage contd joints 
an be reduced d r n t i c a l t ~  

_ .  
1 . .  . .  
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ATTACHMENT VII 

ROTASONIC" DRILLING 





a ALLIANCE 
ENVIRONMENTAL, INC. 

DRILLING EXPERTS IN 

.. . 

~~ 0 
~~ "ROTASONIC DRILLING ~ 
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RO TA SO NIC e 

Using basic principles originally applied to the placement of piles through 
drilling by means of resonant vibrations, equipment and techniques have been 
perfected to  permit the extraction of near perfect CONTINUOUS CORE SAMPLES 
and the installation of MONITORING WELLS from almost any form of overburden. 

Penetration of unconsolidated materials of up to ONE FOOT PER SECOND is 
achieved by vibration at the cutting edge agitating an entry through the 
overburden to allow the drill pipe to pass with minimal disruption. 

Additionally, the drill head is provided with a rotational drive that effects contact 
of solid material with the drill bits to maintain a continuous penetration that 
utilizes both forms of cutting force WITHOUT THE NEED FOR DRILLING FLUIDS. 

. .  The ROTASONIC drill head is a hydraulically activated unit that imparts high 
frequency wave vibrations into a drill string to effectuate a cutting action. Due to 
the high forces developed by the resonant head and the external flushing nature 
of the drill string, excess formation material generated by the cutting face of the 
bit is forced into the borehole wall thus.resulting in the generation of NO cuttings 
during the drilling process. 

In addition to our 2 truck mounted ROTASONIC drill rigs, we are currently 
building and testing an ATV track mounted unit which will be ready sometime in 
1993. 

If you would like more information on ROTASONIC, please contact: 
.- -, 

- ALLIANCE ENVIRONMENTAL, INC 
Ray Clough 

117 Industry Road 
Marietta, OH 45750-9355 

(614) 373-2190 1 FAX (614) 374-5908 

.-I- _. ... 

, . . *  
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BoTASONIC DRLIu23G TErnOTOGX * Sonic drilling differs substantially from conventiona 
drilling techniques. The sonic technology Was perfected in Canada 
about 1974 under patents held by Dr. A. Go Bodine. 

Operationally, there is neither a convention bit nor drill 
string. The relatively large diameter drill bit, shown in Figure 
1, consists of hardened steel with tungsten carbide sprayed onto 
the exterior surface. Drill casing, similar to auger flights 
without the flutes, constitutes the -remainder of the drill string. 

Drilling is accomplished'by means of a sonic head located on 
the drilling derrick (see Figure 2) . The sonic head produces a 
frequency close to 'the natural frequency of the drill string 
(between 70-15- hz) allowing the drill string to act as a flywheel, 
transferring the energy of the drill string in bursts to the bit. 
Drill cuttings are displaced past the bit into the lexan core tube 
which rests on top of the bit or are imbedded into the side of the 
borehole. 

Actual drilling is affected three ways depending upon the 
material being drilled: 

i 

- Displacement where soil or rock particulates, such as 
unconsolidated soil, are fluidized by the vibration of 
the drill column. 

- Shearing which is affected when drilling in clays and 
shales, The induced amplitude must be sufficiently 
large to overcome the elasticity of the medium. 

- 

- Fracturing occurs when the inertial moment of the bit 
is sufficiently large to cause fragmentation. 

Borehole specific conditions dictate the necessity of using 
rotation while coring in each sampling location. Depending upon 
whether or not rotation is necessary, the actions of a sonic drill 
are similar to split tube sampling when not utilizing rotation and 
the sonic rig mimics conventional coring or downhole hammering when 
rotation is used. 

Sonic drilling utilizes limited weight on the bit surface, 
relying on the inertial moment of the induced vibration and slow 
rotation to affect penetration, Because this method does not 
require air or fluids for the removal of cuttings it is ideal for 
environmental sampling where samples may be adversely affected by 
induced contamination. This method is believed to produce more 
representative samples than conventional drilling techniques for 
these reasons. Sampling for volatile organics is a prime example 
of how this feature can benefit sample collection. This method is 
also ideal for sites where high energy impact or high rotation pose 
a safety threat to personnel or the environment by significantly 
decreasing the risk of cornpustion, explosions, or detonations. 

The speed, efficiency , sampling procedure, depth capacity ,,and 
versatility of the Rotasonic machine make it a very cost effectiv 
and productive way of drilling environmental borings and installi 
monitoring wells, 

, 
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THE ROTASONIC "SONIC1* DRILL: 

Alliance Environmental, Inc. (=I) was incorporated in August 
1992 and is based in Harietta, Ohio. Even though we are a new 
company our personnel have many years Of experience in geotechnical 
and environmental drilling all over the United States. We now 
specialize in Sonic drilling, a state of the art drilling technique 
which permits rapid and complete recovery of both Unconsolidated 
sediments and .bedrock. The drilling equipment is easily mounted on 
multi-wheeled vehicles, tracked vehicles, skids or barges 
permitting access to'the most difficult terrain conditions. 

The Sonic drill is capable of penetrating and coring materials 
to depths of over 400 feet. It provides a relatively undisturbed 
9 centimeter diameter continuous core Of unconsolidated sediment 
and bedrock with high recovery rates. The Sonic drill is capable 
of penetrating and coring either d r y  or water-saturated clay, silt, 
sand and gravel, and till (including boulders) at rates of up to 
one foot per second. This rate of penetration far exceeds that of 
conventional rotary drilling techniques. Softer bedrock types, 
such as unweathered granite and volcanic rock can also be 
recovered, 

Slow rotary action and high frequency resonance is imparted 
down the drill stem to the cutting bit facilitating rapid use of 
drilling fluids. As a result 8 geotechnical parameters such as 
grain size, relative density, and water content and geological 
properties such as composition, material contacts, and sedimentary 
structures are well preserved. Increased rates of penetration in 
solid bedrock and large boulders are achieved by flushing water to. 
the cutting edge. 

Up to 15 meters of core can be drilled in a single run prior 
to sample extraction. Casing, with an inside diameter of 13 
centimeter, is flushed down over the drill rods using either water 
or drilling mud to prevent caving and contamination of samples. 
The large inside diameter of the casing allows for easy 
installation of piezometers for monitoring wells as well as PVC 
pipe for downhole geophysical logging after completion of the hole. 

. 

The Sonic drill has been utilized by the mineral exploration 
sector for programs of drift prospecting in glaciated terrain. 
Large diameter, continuous core provides large samples and detailed 
stratigraphic information. Geotechnical engineers and 
hydrogeologiskhave found this method to be an excellent tool for 
delineating subsurface stratigraphic units including potential 
aquifiers and load bearing materials. Quarry operators have used 
the sonic drill for delimiting the extent, thickness and quality of 
buried aggregate deposits. Government and academic agencies have 
found the sonic drill to be one of the best methods for obtaining 
large diameter, continuous core as an aid for deciphering a- geological history. 

I 

! 
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AND SAMPLING BY ROTASONIC METHOD" 
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sonic Rota 
c Drillinc - -- d 

- 
A state of the art drilling 

technique which permits rapid 
- . . and complete recovery of both. 

unconsolidated sediments and 
bedrock. 

The rotasonic drill has 
demonstrated the capability to 
produce exact continuous 
core samples essential in min- 
ing exploration and 
geotechnical and hydro- 
geological evaluation. This 

.:. drilling method can also be 
: - --.&;utilized in pipeline and seismic 

-.::.:exploration, .pile . driving, 
. building'and bridge construc-. 

. .  &installing .- trqsmission tower. 
"anchprs, and placer mining. 

a:'. :- tion foundations, water wells, 
. .  

The rotasonic drill is 
capable of penetrating and cor- 
ing materials to depths of over 
four hundred feet, with a 
relatively undisturbed 4 inch 
diameter continuous core in 
consecutive five foot long 
sections. 

The five inch insidediameter 
of the casing allows for easy 
installation of piezometers for 
monitoring wells as well as 
PVC pipe for downhole 
geophysical loggine after com- 
pletion of the hole. 

t 
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ROTASONIC 
The "Wave' of the Future 

Charles Ray Clough, CET, MGWC 
Alliance Environmental, Inc. 

Marietta, Ohio 

Let's pretend you 2re assigned as project manager to perform a 

soils and ground water investigation f o r  a Superfund site. Part of 

your responsibility is to develop and supervise the drilling and 

profile YOU need to penetrate consists of till material with high 

gravel content grading to boulder site. This till overlays sand 

and gravel which is interbedded with silty-clay lenses. 

Due to the Presence of  perched zones, the water table is fairly 

hiah, causing sands to "heave' into the sampling tools. 
J 

Your first choice to consider would be hollow stem auecr (HSA) that 

could Penetrate the tills. However, the depths to be ssmpled and 

the boulders and "heaving" conditions tend to limit this 

application. HSA is also not conducive to installation of multi- 

cased wells and the large amount of cuttings Produced by the HSA 

method present a difficult and costly disposal problem. 
-.. 

. Air-rotary drillins is capable of Penetrating the tills, cutting 

through the boulders, and meeting depth reauirements, however, 
.c- - - .  

cuttings a+e hard to control and costly to handle. 

heaving sands presents a problem f o r  multi-cased well 

Presence of the 
. . * -  - . .  

i 
.- . .  

w-9 
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installation which require large and expensive rigs. Samples are 

difficult to obtain because the entire drill string must be Pulled 

for each sample. 

Use of a casing advance system in conjunction with air-rotary or 

air-hammer drillins is an advantage for the driller, but larse 

volumes of hard to control cuttings and dust at the borehole 

surface ar.e produced. Also, excessive use of any fluids or 

lubricants for environmental drillins is frowned upon by your 

customer. 

Mud-rotary is wicklr eliminated as a Possible solution due to the 

introduction of .fluids in this method which cbn affect the sampling 

and the patential for downhcle contamination. This method also can 

have extensive circulation loss in hichlr pervious sand zones. 

Individual small saturated zones are difficult to find when the 

mud-rotary method is used. 

Reverse circulation rotary would be an effective method for-"multi- 

cased wells, but again, sampling is difficult and great volumes of 
- 

cuttings and fluid are generated causing expensive disposal 

Problems. Use of a dual wall system in reverse circulation , -help 

in the sampling effort, is conducive to monitor well instaLlation e 
and .is effective in penetrating unconsolidated, coarse, alluvial 

..- - 

. -  
000185 deposits.- Houcver. the use of fluids and the volume of cuttings 

senerated still D c s e  a m a j o r  pro5lem f o r  ycur project. VII-10 
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Cable tool drilling might yield the best sol.ution to this 

drilling situation. Penetration of all drill zones c m  be 

effected, multi-cased wells can be installed, and discrete ssmples 

can be obtained. Cuttings are produced but are in a more 

manageable volume then the earlier discussed methods. This method, 

however, is very slow and several rigs misht be required to obtain 

the necessary rqsults within your allotted time frame. . The 

assignment of additional rigs and personnel increases your client’s 
> 

cost (and exposure). 

Perhaps there is a drilling technique which penetrates a wide range 

of media including boulders, allows installztion of multi-cased 

wells, requires minimal o r  no fluids, is conducive to monitor well .,’ 

installation, can obtain a continuous, contained, in-situ profile 

.sample, eliminates cuttings and is fast (i.e. 2 to 3 times as fast 

as HSA and 8 to 10 times as fast as cable tool). 

Sounds too good to be true? This, in fact, can be accomplished . 
with the Rotasonic drill. 

._- - _ _  
What is rotasonic drilling? Hou does it differ. from more 

conventional drilling techniaues? 

. - .  
. - -  

. .  
. -  .- 
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Rotasonic technology was developed in Canada in the mid - 70s and 
was used primarily f o r  minerals exploration. The system does not 

use a-conventional bit or standard drill pipe. The bit used in 

rotasonic drilling consists o f  a hardened steel ring with tungsten 

carbide inserts. The drill casing makes UP the balance of the 

drill string. 

The heart of rotasonic drilling is the oscillating head unit which 

produces the sonic wave necessary to achieve penetrztion of the 

drill media. T h e  oscillator operates at a freauency close to the 

a natural frequency of the drill column allowing the drill string 

act as a flywheel. To keep the sonic wave from shaking the rig 

spart and to enable all the sonic wave to be transmitted to the 

drill column, the oscillator is isolated from the mast by means o f  

an "air spring." 

This spring consists of a piston set within a closed cylinder. 

Compressed air is introduced to each side of the piston which 

serves to 'cushion' the vibrational motion 0.f the oscillator. The 

effectivenes? of the spring is easily demonstrated when the rig is 
.- -.. . 

drilling. The ground all around the rig shakes, but if you touch 

the rig itself, no vibration is sensed. 
.<- _ .  . .. 

0 
Drilling is affected by three ways depending uDon the material tYPe 

being- penetrated. . . 
.. vD[-12 
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*DisDlacement where the soil or rock Particles are fluidized by the 

vibration such as in sands; 

*Shearing occurs when drilling clays o r  shales.. The amplitude of 

the sonic wave m u s t  be large enough to dovercome the cohesion 

inherent in clsys and shales. 

"Fracturing of the fragmented material - This is how the rotasonic 
rig Penetrates rocks end boulders. 

T o  assist in zchieving drill Penetration, a low sEieed rotation is 

imparted to the drill column. J w s - e n s b l e s  the bit t o  be i n  

constant contact with solid material and obtain the maximum e f f e c t  

of t h e  vibrztionzl forr,=s directed to ths bit or mattrfal f r o m  the 

drill stem. This rotational ability also allows quick, hands-free, 

screwing and unscrewing cf drill tocls. Retasonic drillins dces 

not deGe!nd on a heavy down rxessure 

excessive sear on thz bit. Eccsuse 

fluids or air to clean 2nd cool 

on the bit which eliminatzs 

this method does not t e c ~ i r e  

the bit surfslce and remove 

cuttings, it i,s idc5.l. for environmental sampling where s.amPles 

would be adversely effected by cross contamination with drilling 

.- -.. 

fluids or air. , .  

I _- - 

Since there is no iniection of drilling fluid rrcuired snd becausc 

the core 2s reteined in tbe inner sarnsle by friction, the materials 

flow'into t h e  sampler with a minimal amount of disturbance or 

W-13 



compaction. This Droduces a sample of very high in-situ 

representation in a wide ranse of soil or  rock types. In addition, 

the secured sample is extruded into a plastic s h e a t h ,  minimitins 

exposure to sampling personnel. 

The large inside diameter of the casing allows f o r  easy 

installation of piezometers f o r  monitorins wells. The use o f  

vibrational energy as the outer casing is removed eliminates 

'bridaina" of the well ineterials, (i.e. SandDack, seal snd srout). 

c Mr. Geologist, after 2 csreful analrsis 
/ 

technology, yau have arrived at sn innovative 

particular drilling rite problems. Furthermore, 

* o f  the availaS1 
- 

solution to your 

the time saved znd 

lack o f  high volumcs of oeneratcd clistoseble waste, inherent safety 

features and exccllsnt sample recovery yield considersble project 

dollsrs scvcj fnr your- c l i=n l t .  

. -  
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Xppi ia t ioa  of Rotasonic Drilling at a Remedial Iavestigatioa Site 

Nancy K. fe l ler  
PRC Eavimnmencri .Management Incorporated 

Cincinnati. Ohio 

Kostv  Dovanuis. PhD.. Pi. 
PRC Ezvironmcnul M m e m e n t  Incorporated 

Chiugo, Illinois 

Wm. Turpin BdIard 
United Stares Eavimnmenral Pmrettion Agency . 

Chicago, Illinois - - 

ABSTRACT 

The rotasonic drilling pracss combines vibmtional and rotational forces KO advance d d i  

pipe in a borehole. The proczss is effec:ive in both unconsolidated and COnsOiidatCd materials. 

Drilling and well installation require considerably less time than that required by more traditional 

methods. In situ ground-water =piing and field screening can be conduczed uzify in 

conjuncion with this technology. Tine rotasonic driiiing KCChnOlOgy uses linle or no added water 

during condnuous core sampling a i  overburden. Small. conmlled amounts of warer. or an 

envimnmendy sak lubriuting fluid. arc used wnen aava3cing drill pipe in the borehole. 

driiling in some bedrock cmditiom. or irsulling wells. The procss  gtntntes only smal l  volumes , 

of catting. 

Rotasonic driiling is beieg applied during remedial investigation activities at a federal 

facility in Ohio. Tadhiond driilizg tzknoiogtes. iac!udizg the use of cble-tool and hollow 

szem auger riss. ippiiea during tht first rezneeki investxgxion resulted in schedule deiays and 

excessive quantities of site-pe.?t?,no, hazzrdour waste. D e h y  in the rezedhi investigation 

schcdult. a d  ultimately the re=:fhuan ana ~ i t ~ u p  sc5tfxic. :%suited when able-tool r i p  

were used KO drill the deegest :::Cxies 2nd t=pi3Ct monirzring weils at weil cluster l o ~ u o n t ,  

-- 

._- . 

In audkion. an int txntncr  3gr~tzez:  between tne feQt* eovernmcnt ana the S a t e  of Ohio 
. -  
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a ' .  

requires that exc& cuttings, lubriuung fluids. and' muds be conmined and stored, i n i a l y ,  as 

hazudous waste. Because both of thee drilling techniques generate large quantities of on-site 
a ' .  

requires that exc& cuttings, lubriuung fluids. and' muds be conmined and stored, i n i a l y ,  as 

hazudous waste. Because both of thee drilling techniques generate large quantities of on-site 

waste. the capacity of the designated starzge ana was soon overwhelmed. T h e  problems 

prompted the government and i 0  conmaon to explore alternative driiiing techniques for future 

investigations. 

EYIier field tern of the rotasonic drilling technique were sucrsztful A 6O-foot borehole 

was drilled. continuous core sampl& obtained. and a monitoring well installed in leu than 4 

hours. Site-generated driiling  wan^ fit into two 55-gallon drums. Thit prompted the federal 

government to s c l t n  the romsonic drilling process combin_ed with continuous core sampling to 

chanctcrize subsurface conditions during the second phase of the remedial. investigation 

artivities. Rotasonic drilling met all site-specific investigation objectivts; as a result, the federal 

government plans to use this technology for future remedial invtstigatioas. 

Remedial investigations at federal facilities often address widespread contamination with 

multiple sources or sourct area. Information on a large s d e  iZ necessary to determine the 

potential impact of these faciiitics on human heaith and the eavironment One primary objective 

of these investisations is to determine the potential for connminant migration from the facility 

into on- or off-site drinking water aquifers. which requires extensive subsunawe 

characarkuion. The necessary derailed litholoqic. hydrologic, and c f i e m i d  data are obtained 

through drilling and svnpiing site soik 3nd ground water. Expiontory boreholes are drilled to 

t.xamine the subsurface Iitholog and to locjte the water oble and water-bearing units. In sim7 

soil ana ground-water samples are collected during drilling to provide rul time data, which is 

med to verify the existence and ~ x t m t  of s u b u ~ z c t  cmxninarion. Finally, monitoring well 

networks are installed to track mignuon of cgauminant plumes. To meet this objccsive ar an 

. 

.<- - - .  
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aerially extensive site with complex geology, a versatile and efficient drilling technology is a UKeSsarY. 

Traditional drilling technologiet used in reantdial investigations include hollow stem 

auger, row, and cable-tool (or percasive) drilling. Typical sampling technologiu combine the 

use of hollow stem auger and cable-tool drilling with split-spoon sampling devices. WhiIe these 

techniques have been applied successr'ully, drawbacks, including slow overall - drilling time, 

excessive drilling-related wasu, or poor quality samples, have plagued previous invadgations. 

Rotasonic drilling has recently emerged as a technology that is more efficient, pruduces good 

quality, rehtiveiy undisturbed. continuous S- to 10-foot cgre samples and un be used in both 

unconsolidated and most bedrock conditions. 

A previous smdy compared the pen'omance of s e v e d  drilling methodologies during the 

drilling and inszdlation of wells in a glachl till overfain by sand. Average drilling raws were 20 

feet per day for cable-tool drilling, 18 feet per day for hollow stem auqer driiling, and 160 feet 

per Cay for rotasonic drilmg (1 2). 

DRILLING TEC€E?lOLOGY 

Rotasonic drilling camcines rotational ana hiqn frequency vibrat ioh forces to advance 

the drill bit and drill pipe in the borehole. Tne primary desiign-differenct becween rotatonic 

drilling and other w c s  of rotary systems is the incorporation of an osciilator. loured in the drill 

head. that p roaucs  vibrjtional eneqy. T h e  \*icnrional frtqutncy generated by the oscillator 

can be adjusted for different drilling conditio&. m i d  drilling mtes result from marching the .- ~ 

vibrational frequency of the ariil pipe. g t n e m e i  by the osczlator. witn the resonant frequency 

Of each 10-foot Core b r e i  or ariil pipe SeTiOn. T i e  resulting high amplitude w a v ~  within the 

Core b-1 or drill pipe are mnsrninecf to the  drill b i t  Tnis vibntionai energy, c=mbkcd with 
.- - 

the mrauonai :nergy, dlows ezYer5ve ope.?ron in both uncsnsoiicbted ma consoiidated (or e -  



bedrock) m a t e d .  Rotasonic drilling can be conducted in both consolidated arrd most 

uncomolidated unitr at rates that equal or exceed other rotary techniques (1). 

Basic equipment associared with a rousonic drill rig includes the vibramry/osciiIatory 

top-mounted driil head, mash elevated drilling platform, motor, hydraulic pump and lines. 

hydraulic drill center, and the drill pipe and care b m b .  A rack for holding drill pipe, con 

barrels and other drilling materids is either louted on the drilling platform or on a second 

vehicle. Use of a second vchicfe to hold drill pipe allows off-site decmamiaation of these 

materials without moving the drill rig itself. This second vehicie can also be equipped with a 

m k  to store clean drilling water. - 

The rotasonic drill rig cazl be operated by one driller and a driller's assistant. The drill 

head is lowered down the mast to a working height above the drilling platform and is 

mechanically rotated from a veniul to a horizontal orientauoa Hydraulicaily-oper@, 

automated, mechanical wrenches and vises rapidly connect drill pipe or core b a m l  sections to the 

drill head. The drill h u d  is then raised and rotated to a verriui orientation prior to drilling. 

Incorporation of the rotating drill head. automated wrenches and vises. and the elevated drilling 

platform resulv in a safe. Clem, efficient drilling process. 

The borehole is drilled by advancing TWO lines of drill pipe. Figure 1 illustrates the key 

steps in this process. A studded drill bit is anacfied to the base of the core b a m L  which has a 4- 

inch inner diameter (ID) and 4.5-incn outer diameter (OD). (The con barrel is also available 
_ _ -  

with a 6-inch ID and 6.5-inch OD.) The 

the 4.S-inch OD inner drill pipe md is advanc:d to the desired depth using high frequency 

vibration and rotation. forcinq a rehtively undisturbed. continuous core into the core barrel. 

bane!. csually 10 feet in length. is connected to 

.- . 

'When the care barrel raches the desired depth. a larger. outer drill pipe, 5.87%. 625-, O r  835- 

inch OD. is advanced. again using rotation and vibndon. dong the outside of b e  core banti, to 
..: . - . .  

the Same de9th. Tine i3rger drill pipe is left in phcz to hold open the borehole whiic the inner 
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drill pipe. core barn!. and sample are retrieved. This assembly k removed from the borehole and 

lowered towards the drilling platform. The core sample iS exmded from the core barrel, using 

vibration or hydrzulic pressure. into a piastic sleeve chat has been fitted to the end of the core 

barrel. The core sample is completely contained in this sleeve. The core sample can be 

alternatively extruded onto a stainless steel my. The core barrel is raked to a venical position 

and is rcnrrncd to the borehole. The process is then regc3ted, with the core bml always ddven 

ahead of the outer drill pipe to ensure representative sampling. SuCC&ve 4-inch diameter c a m  

are laid end-to-end for lithologic dekip t ion  and sampling. In this manner, a complete lithologic 

core from ground surface to the desired depth M be m a i l y  obtained. 

- 

- .  

The core sampling procedure can be performed effectively without the addition of 

drilling fluids. Water is added during the advanceaept of the outer drill pipe, if needed, to flush 

out cuttings in the annular space between the inner and outer drill pipe or  to flush out c u ~ i n g s  at 

the bottom of the borehole after the sample is retrieved. Exctss water producrd during these 

activities is collened in a container located beneath the drilling platform. a 
APPLICATIONS 

Exploratory Borings 

The high quaiity, continuous coring apabiliry of roFo@c drilling makes this technology 

id@ for conducting exploratory boring to dezerminc subsurface lithology. The rotasonic drilling 

technology allows rapid advancaac3t through aimost any Qpe of geologic m a t e d  shallow. 

water table boring as well Y torinp to bedrock e3 be canducnd quickly and efficienrfy. Tine 

rchtively undisturbed core s3mples provide i n  act=lztte de3icuon of the physical sw~re and 

lithology of the subsurface. inciuding lithologic ucits. dtgtii to bedrock. absolute and relative 

grain sizes. ezunutions of rchuve permeability. and esunUtions of degree o i  sarurawn. In 

.- .? 

VII-19 
000194 



. .  

units. This information un be used to determine depth to wafer pble and to identify permable 

and imperme3ble units. If desired, the cores un be logged and crared for long tcrm storage. 

Sampling 

With rotasonic drilling, soil sampling, soil hndspact 3nalyses. and ground-water 

sampling can be &y incorporated into the overall drilling progmn. The real time feedback 

from such a program can be used to select additiond well loations. select additionai sampling 

htcrvais, and esrablish screened intenalt in monitoring wells. All of these are essential to 

meeting the objectives of a remedial ground-water i n v c s t i ~ ~ o n .  For example, analysis of toil 

and ground-water samples from an individual borehole can be used to estabIish the venical 

extent of contamination. Analyses of mnplcs from s e v e d  well loutions can be used to cslabiith 

the horizontal or lateral extent of contamination and to de!intztc plumes. 

- 

Other drilling technologies do not always provide the same sampling cambilities. High 

quality soil samples are difficult to obtain using most traditional technologies when drilling in 

complex geologic terrains. Rorasonic drilling provides samples that are more reprtsenrativc of 

conditions at discrere degths than other drilling te~hnologics. Endsfpact t d n g  with other 

technologies, such Y abie-tool and roury ariiling, that r e q u k  the addition or' fruids to the 

borehole during driIIing, may not be represenauvc oi  a d  canaitions. 

e -  

Soil samples cm be colleced direcrfy from the 4-inck-diamcrcr roaonic  core samples. 

Volatile organic compound (VOCl samples should be collw-d from an undisturbed ponion of the 

core immediately after the core is renovcd from the borehole. If the material h the core cmsisrr 

of COnSOiidated seaimeno. 3 thin-wdled sampler can kc driven 310ng the axis of the core to 

obtain an undisturbed sample for chemical =dyes. In 3n uncmsolidated core sample. a thin 

veneer of soil m be removed from the core sunhce :o cxFctc 3 r c h r h l y  UnCisnvbed voc 

a 

a 

e sampiing interval. %pies for ieo sensitive d y t i e i  F~-C:ZS. such as me& or total oqanic 

. .  
2 .  
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carbon, un be collected from discrete intends within the core or compotited across differrnt 

portions of the co&, depending on the objectives of the invttugation. Stainless steel or brap 

sleeves can also be inserted into the core barrel to obtain samples for off-site analysis. In some 

unconsolidated core samples, a thin-walled sampler can be used to provide samples for 

geotechnical analysis. The remainder of the core can be c m e d  and stored to provide a p h y s i d  

rewrd of the sample. 

Headspace tests for VOCs and photoionizable compounds u n  be conduczed using several 

techniques: bag headspacr testing; fieid headspace testing, and fieid gas chromatography. Bag 

headspace testing is conducted immediately after the sample has been collected Severai s d  

incisions arc made in the plastic bag surrounding the sample, and a photoionization device (PD) 

is inserted to test for photoionizabie compounds. This procedure is highly quaiimtive and docs , 

not identify potential contaminam, but M be used to trigger further sampling and analyses. 

Field hcadspact testing consistr of collecting either grab or composite samples, depending on the 

objectives, and placing them in a glatt container. The mouth of the conminer is cavered with 

aluminum foil. and the lid is screwed on. The sample is allowed to equilibrate at a constant 

tempeztturc for about 10 minutes. The lid is then removed, and the PID probe is inserted 

through the foil. Readings co1Iec:ed in this fashion are still qualitative in namr, - a n d d o  not . 

provide identitiution. but u n  produce a record of the re!auve c3ncrnnation of photoionizable 

compounds present Again, these results c30 be used as a trigger for further chemicai analyses. 

In the last technique, a sample is colleaed from the intervakof-interest immediately after the core 

is removed from the borehole. Subsequent analysis by field p u  chromatography a n  aid in 

identifying and quantifying contaminanrs wirnin the sample i n t e . d  The ac:uracy of the 

3 - 

anafyses depends on the analytical instrument used. 
.-., 

In situ ground-water sampiing is possibie usins a rousonic drili rig. Ground-water 

samples can be co1lec:d direc:iy from the borehole using a &.ety of 

simpiesr technique is to remove the inner drill pipe from the korc:mle e 
sampiinq techniques. The. -. - . 

x d  leive the ouftr drill 

. .  . .  VII-2 1 
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pipe in place. Standing water in the borehole is purged. and the well is left to recover. She 

ground-water sample is then collected using equipment that satisfies the objectives of the 

sampling plan. This sample. however, would not nect&ly be t e p m e n u u v e  of a specific depth 

in the borehole because ground water m y  enter the outer drill pipe from various depths. 

Figure 2 illustrates a pmctdurc for collecting an in situ ground-water sample that is more 

representative of a specific sampling interval. The inner drill pipe and core b m i  are advanced 

to the bonom of the desired sampling depth. The outer drill pipe k advanced to the same depth  

The soil is removed using the core barrel, and the outer drill pipe is left in place. A temporary, 

slotted-scretn, well point assembly is attached to the bottom of the inner drill pipe. A packer k 

attached to the well point assembly to b0hte the sampie interval. m e  Well point is lowered to 

the sampling dep& the outer drill pipe K then pulled back to expose the s c r e t i  causing the 

formation material to collapse around the well poinr The inner drill pipe is unscrewed and 

removed from the borehole. A submersible pump is then lowered into the well point, and the 

sample interval is puqed. The tcrnuonry well point can then be sampled using any sampling 

device small enough to fit inside the well point After sampiing, the well point assembly is 

removed. and drilling is resumed. 

Well InsulIatioa 

Monitoring wells are installed through the outer d d i  pipe. Tiis drill pipe holds the 

borehole open and acs  as a barrier to crass-conmination berweei hydrautic units. The well 

casing and scree2 are suspended in the center of the corehole while annular materials. such as 

filter crck. tentonire ze!lets. slurries. and grout. ire poured dowa the annular space. Slumcs.md 

qmuo arc eltily place4 using pumus and ucmie lines. The annular spac: b e m e n  the o u r  drill 

pipe a d  a 2-inch diameter monitorinn well is iarge escunh to acsommodate 3 1- or 15-inch 

m m i t  lint. During innoduction of filter pt:k m t e r k k  ina  bentonite pcilets or ctrips, the drill 

pipe ana weil bcm be vibmed to lese3 the Fote2tb1 for bridging. A s d l  quzpury of these 

. _ -  - 
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materials is added to the borehole. The outer drill pipe K then pulled U p  Slowly, and the annular 

materials are allowed to senle. This process is rcgeated until the annular material rw&u the 

required thickness. During the plactmcnt of the grout or slurry above the bentonite seal, the 

outer drill sing is slowly removed. allowing this material to complete!y fill the annular spact. 

If ncc-ssary, the outer drill using un be left in place to provide additional suppon or to seal off 

contaminated intervals. This prucss  un be modified to i n s d l  standard 2-incL and &inch 

diameter monitoring wells, flush-mounted wells, and piezometers. - 

CASE S N D Y  
- .  

A remedial investigation is underway at numerous loations throughout a large f e d e d  

.;* facility site in Ohio. Hazardous waste generated during p a s  and current activities arc suspected 

[, :* to have contaminated the environment in and around the Czcility. Little docimcnration CX~SK 

$, ,- concerning specific waste disposal practices or spill histories. 

The site is underlain by glacial till and fluvial deposio that o c ~ ~ p y  an extensive buried 

. .  valley synem. Thick interbedded sequences of clays, Silo. sands. gravels and cobbles indicae 

diverse depositional environmeno. Confined aquifer system have been idenriried in some areas. 

while other a- appev to consis: of hydraulically connetzd. water-b-ing unirs. Portions of 

the more permeable units form aquifers that provide municipal and private drinking water 

supplies. Previous investigations revesled contamination in- site soils and existin3 on-and off- 

site drinking water supply wells. Acml ana potential conclninant sources were idenrified 

during ezriier investigations: thest z r e s  were prioricizi 2::arding to existing or potential h e i r s  

_. 

to human health and the environment. .Are= StsiPned the hienest priorities an being - -. 

invcsrigited f i ~ t  

- 
I ._. - . Subsurface conditions must be chancreriztd to dr=.=ine the nature and extcnt of soil 

and grouna-water conuminxion. Remedili in***estigiticc o ~ j e r i v e s  zo&:r= with this goal 
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inciude identifying existing contamination, determining relarive concentmuon range for t ha  

compounds. dewmining vertical and lateral extent of contamination in soik and ground water, 

identifying subsurface lithology, locating both permeable and impermeable geologic units, 

defining the water nble surfac:. and determining l o d  and regional ground-water flow panem. 

The remedial investigation work pian requires drilling explorato~ borings in potential source 

arcas and installing a monitoring well network of single wells, well pairs, well cfusten, and 

pietometen. to monitor conraminant migauon. WelI locauons are s k n e r t d  throughout the Site 

and in adjacent arcu. Drilling OC:& on both facility and private property. 

The initial remedial investigation was conducted &in3 mditionai drilling and sarnpiing 

tc-dmiqws. Cable-tool rigs were used to drill the deepest borehole at each well location. 

Continuous lithologic sampling was performed using 2- or 3-foot split-spoon samplers. Hollow 

stem auger rigs were then used to drill and install intennedite and shallow wells. h situ 

ground-water sampling was nor performed. Progress in the invctugadon was impeded by the 

slow, labor-intensive able-tool drilling process. In one inscane. three weeks were required to 

drill and instail one 100-foot bedrock monitoring well  Much of the delay M be amibuted to 

the time needed to weld the drive d n g  sections together. Delays were ako uused by 

operational shutdowns due to i n c f t a e x  weather. Hollow stem auger drilling proctzdcd more 

rapidly but was affected by the variable lithology throughout the study area Drilling thmugh 

formations conraininq large-sized fragmeno was difficult when using the hollow stem auger rig. 
J 

Both methods often yielded poor quality samples. Collectiop of soil samples with a 2-inch 

diameter split-spoon sampler in formations containing laqer  sized f w m c n t s  often resulted in 
. 

poar recovery rates. Low recovery ntes in some slmpics mafie acrxate lithoiogic descriptiont 

impossible. In addition. the 2-incn split-spoon sampler did not produce a sufficient volume of-- 

sample to fill all sample containers when a larnc suite of Jnatytes was required. Often, a second 

sample was collected from the i n t e . d  below the tlrget inte.4 to &e up the deficit  For these 

mons. the representativeness of some of the samples is questionable. ..- 

. 



Another problem evolved while using hese drilling techniques. .The r e m a h i  

investigation work pian stipulated that ail sire soils were considered hanrdout until proven 

otherwise. AI1 exmvatcd soils and drilling-generated muds were treated as hazardous and were 

drummed and stored on site. Both cable-tool and hollow s fea  auger drilling operations produced 

large quantities of drummed ~;lftrs. Testing and disposing of the drummed mattrialt added to 

the overall cost of the investigation. 

P 

., 

In light of the problems experienced during the first hvestigation, rotatonic drilling was 

rclccrcd for the second invatigauon. Thif decision was based on the rotasonic drilling 

technology's reputation for (1) drilling rapidly through all rypes of material, (2) producing good 

quality, relatively undisturbed. continuous core sampies, (3) obtaining in situ ground-water 

,11. .*-r 8 .I . 

... ... L ~ 
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samples during drilling, and (4) producing less waste during drilling. Previous fieid tests of the 

rotasonic drilling technique conducred at the facility contributrd to this decision, A 60-foot 

monitoring well was drilled and installed in less than 4 hours. 

\ 

a ,  L, The are3 of interest for the second investigation is adjacait to an inactive municipal 

.. 1 .  I wellfieid. The locai geology consists of glacial till and fluviaI deposits overlying bedrock, Well 

logs from the municipal wells and from existing monitoring welb suggested that more than one 

aquifer existed locally and that a monitoring well nerwork shcuid therefore be esmblithed to ' 

evaluate water quality at specific depths within e3ch aquifer. A thick. impemable  unit within 

the till was e x p m e d  to segaratc these aquifers. S e v c d  porc3riai source a m s  had been defrned 

during previous investigations. P r i m r y  connminanrs of conct,a inciuded chlorinated solventr. 

fuel-type VOCs. and metals. The objectives for this effort were identical to those for the entire 

facility. The work phn for this are2 included drilling shallow esplontory boreholes in susp-d 

sourct areas. and drilling and insrailing a network of monitoring wells and piezomcren. An in 

sin, sampling and fie!d screening 3dytiC31 prognm was designed and implemented to take 

advanrage of the cap3biIities assocked with this drilling teckology. 

VJl-25 



Rotasonic drilling and sampling were performed using a 4-inch ID core barrel and inou 

drilI pipe and a 6-inch ID outer drill pipe. Borehole depths ranged from 20 feet to 285 feet 

below ground surface. Eve-foot- and 10-foot-long, continuous core famples were cokered 

from each borehole. Four-inch-diameter core samples were crrlletted in P-C h v u .  A 

lithologic description of each core was generated as it was remeved from the borehole. The 

namre of the glacial til1 material beneath the site did not hinder the driliing process. The only 

delays were caused by the time needed to complete the lithologk descriptions and to c o k  the 

appropriate samples. For example, ai  one location, the actual drilling time for three S-foot cores 

in a shallow exploratory boring was less than I minute, but the associated lithologic evaluation 

and sampling required over an hour. The core sampler were of much higher quality than those 

obtained wing the split-spoon samplers. The recovery rate for most cores was 100 percent 
- .  

Detailed, acturatc lithologic descriptions were generated for ezch borehole. These 

lithologic descriptions were w d  KO C O ~ S ~ C K  geologic cmtf sccuons of the Site. Both permeable 

and impermeable unio were identified from these cross sections and the associated li&ologic 

descriptions. The water table elevation in a borehole could be a-ratcly idendfied from 

inspection of the core samples. An evaluation of this information early in the investigation 

suggested the presenct of only one aquifer over a large ponion of the Site, nther  than several 

a 
aquifers. as had been expected. The drilling program was redesigned acardingiy. 

Soil samples were collmed for both field and hboragq anaiysis of YO& Freld and bag 

headspace analyses were conductcd on soil collected at major lithologic breaks within each con 

and in areas of discoiontion. Tie tieid headspic: umples were stored as a physical record of the 

lithologic unirs in ~ 3 c h  borehole. 5oil urnples were iko collecfed at lithologic breaks and at _ _ _  
predetermined intervals for VOC tnilysk by portable tield 33s chromatograph and me& aaaiysk 

by X-ray fluoresctnce. The work phn required fh3t soil samples be collected at specified 

intervals for full-scale chemical analyses at an off-site analytical laboratory. One 4-inch core 

provided an adeqwite volume of m o l e  to satisfy 1 1  the soif s ~ n n l i n g  requi re~nrs .  
. _ .  
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In situ ground-water samples were collected for field screening and off-site anaiyses at 

suerifred intervals using a temporary well point insdled' in &e borehole. The field screening 
. 

Samules were anaiyztd for VOCs and metals in the field scresning laboratory using gas 

chromatography and anode snipping voltammetry, respectiveiy. Ground-water samples for off- 

site analyses were collected from the temporary well point wing a teflon bailer. 
. .  

- 
Field screening results, combined with Iithologk information from the care samples, were 

used to estimate the v e n i d  extent of conramination in boreholes where contamination was 

encountered. This information was then used to instal1 monitoring wells near the borehole and to 

determine the screened intervais in those wells. Because in situ ground-water samples were not 

COkCted during the fint investigation, analytical information was not available unu1 months after 

the tampling dau and could not be used to make informed field decisions on well plactment and 

- .  

screened interval determinations. . 

Rotasonic drilling during this investigation generated an avenge of one or m 55-gallon 

drums of solid waste per deep borehole. Shallow and intennedhte wells productd proportionally 

lower quantities of driiling-generated solid waste. This was expecred. sincr the addition of water 

or drillins fluids is not necessary during rotasonic core sampihg. The inclusion of in sku 

ground-water sampling increlsed the amount of liquid drilling waste. Three purge volumes were 

pumped from e3ch teaporary well point prior KO sampling._Tnis purge water arbs containerized 

in 55-gallon drums and stored on she. The most signiiiunt redudon in drilling-generaud was0 

occurred in boreholes wnere in situ ground-water sampling w s  not conducrcd 

.- - 

Monitoring weil and piezometer installation with the ronsonic drilling rig proceeded as 

planned. Stainless sreei 2-inch diaxerrr monitoring we!k and piezometers were i d e d  in all 

boreholes, except for tire shailow esplontory boreholes in the source arczs. The drillen had no .__ . . 
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bentonite pellets were placed in shallow wells by pouring then into the.3naular s p n .  AU 

annular materials in detp wcih were plac:d using a side-discharge tremie Pipe or hose. Gro;nd - 
water samples were iater cuilmed from these monitoring weib for Off-Site jaatyses. 

SUMMARY 

Rotasonic drilling proved to be a viable alternative drilling method far the rem& 

investigation at this facility. Driiling proceaded rapidly through the complex geology beneath the 

site. The high quality, continuous core samples collected from the boreholes yielded accurate 

lithologic and hydrologic information. Drilling-generatcdwatw were kept to a minimum. The 

in siru sampling capabilities provided valuable data for determining we11 placement and screened 

interval locations during the investigation. In all aspects, rotasonic drilling outperformed uble-  

tool and hollow stem auger drilling in achieving the objectives of this remedial investigauon. 

* 

CONCLUSION 

Rotasonic drilling is an alternative drilling technique for use in remedial investigations. 

I t s  rapid drilling capabiiities allow a monitoring well nerwork to be installed over a large area in a 

rehuvely short period of time. Geolopic diversity does not dehy or impair the progress of the 

investigation. The entire proctss is faster and more efficient than tradiuonal drilling techniques. 

When combined with continuous core sampling, the techno&gy-yields high quality, relatively 

undisturbed cores. Rotasonic drilling provides the deraifed, a m m u  information needed to meet 

the objectives of a subtusaca investig3tion. 

.*- .. The aurhon would like to acknowledge Torn Oothoudt President of N o d  Scar Driiling, 

Inc. a d  John Dustam of S m m i t  Esviro-Solutions. for thtk -ssisnnc: in prepxinq this pager. 
- .. 
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FiGURE 2 6145 
IN SITU GROUND-WATER SAMPLING DRlUNG ROTASONIC DRIWNG 

1. Drin to Base of Sample Interval 
and Remavo SOU Sample . 

3. Pull Back Outer DriU Pipe 

2 P!acs Well Poirrt Assembly 
in Borehole 

4 Rtmwo inner Orlll Pipe. Lowof 
Pump@allcr into Well Point 

.i . 

.- 
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January 18, 1993 

Mr. Dean Shanklin 
FERMCO 
P.O. Box 398704 
Cincinnati, OH 45239-8704 

6'1145 

A L LlANCE 
ENVIRONMENTAL, INC. 

Re: Comparison between Sonic, Auger and 
Cable Tool Drill Methods 

-Dear Mr. Shanklin: 

During our meeting of 01/13/93 it was requested that a comparison 
of basic drill techniques and efficiency be offered to out line the 
advantages of the Rotasonic method against more conventional drill 
effort. Review of the stated Field Activity Policies of the 
Fernald Environmental Management Project's Quality Assurance Plan 
indicates the type of drilling method to be selected for a 
particular project at FEMP "depends on intended use of the borehole 
and samples collected. Ability to acquire data of sufficient 
quality for intended use and personnel health and safety are the 
primary factors considered when choosing a drilling method.t1 

Since previous wells drilled at the FEMP were by the cable tool.and 
hollow-stem auqer methods, 

Cable tool drilling is one 
of drilling. Old timers 

their will be addressed in this 

of the oldest and most reliable methods 
will tell you this method gives the 

driller the-best I1feeltt for the strata he is penetrating. However, 
it is also the slowest method of drilling in use today. The 
equipment is mechanically simpler than most other drilling 
equipment, is of moderate size and is usually truck mounted. 

> 

Cable tool drilling is performed by raising and dropping a heavy 
bit suspended on a cable. By repeated- impact of the bit at the 
bottom of the hole the various- strata i . e. soil, rock, boulders are 
broken up, pixed with water and removed by asbailer. 
of the cable during this type of drilling is an important function 
of cable tool drillina. This cable tension controls the total 

The tension. 

throw (bit rotation, iGpact velocity, penetration distance) of the 
bit which in turn controls drilling speed and straightness of'..the -~ 

borehole . 
Cutting samples for general use may be retrieved through use of the 
bailer . Discrete ' or 
bottom of the hole 

undisturbed ~ samples can be obtained at the 
through several different types of dri.v.e 

1 17 INDUSTRY ROAD, MARIEITA, OHIO USA 45750 9355 TELEPHONE: 61 4/373-2190 TEEFAX: 61 41374-5908 
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The cable tool method of drilling has several advantages over other 
drilling methods. 

* In unconsolidated formations containing boulders or cobbles where 
air or mud rotary 'or auger methods are unable to achieve a 
successful hole, use of the cable tool rig can penetrate these 
obstructions; 
* Acquiring environmentally acceptable samples is more easily 
accomplished with cable tool; 
* The method can work in virtually all types of soil or-rock; 
* The method is conductive to monitor well installations, 
especially multi-cased wells; 
* The equipment is readily available and relatively inexpensive to 
maintain and operate; 
* Contamination containment i.e. (cuttings, dust, drill water) is 
minimized and more easily controlled; 
* Most cable tool rigs offer good mobility; 
* Larger boreholes can be advanced. 
Some disadvantages of using this method are: 

* Cable tool penetration "rates are very slow compared to other 
methods . For example using air rotary or sonic methods a 
penetration rate of 300 ft. per day is not uncommon. 
tool 20 feet per day is considered fast; 
* Pull back ability is weak and additional equipment is often 
brought in to remove casing; 
* Special sampling such as use of split spoons is slow and 
cumbersome ; 
* Casing must be use in unconsolidated formations; 
* Considerable fluids must be used to permit bailing and hole 
clean-out. 

- .  

with cable.. 

HOLLOW STEM\AUGERING 

Use of the hollow stem auger method allows for a range of sampling 
techniques that can be initiated at virtually any depth without , 

removal of .the auger from the borehole. The auger flights act as 
a temporary casing while samples are taken or while monitoring 
equipment is emplaced. 

The versatility of the hollow stem auger method is evidenced by-the 
drilling of boreholes for sampling and monitoring well 
installations throughout the U.S. and the world. Advantages of the 
hollow stem auger system are: 

* Rapid penetration rates in clays, silts, sands and even small gravel; ._- - 
* Ease of obtaining samples; 

\ 
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(Hollow Stem Auger advantages continued) 

* Conducive for monitoring well installation in medium to fine 
grained, unconsolidated sediments; 
* Easily transported; 
* Relatively low drilling cost compared to other drilling methods; 
* Good variety of sampling types (i.e. hydropunch, pressure meters, 
etc. ) 

Some disadvantages of this method are: 

* Limited depth of 'drilling, depths in excess of 120 feet are 
usually not attempted; 
* During well installation, hollow stem augers are susceptible to 
saturated sands flowing (heaving) into the augers when the pilot 
bit is pulled, or sloughing of the hole wall as the augers are 
removed. The only corrective method involves use of water or mud 
to equalize the hole pressure; 
* Containment of cuttings is another problem with the hollow stem 
auger method. A portion of the moist/saturated cuttings are 
conveyed to the surface by the auger during drilling and collect at 
the top of the borehole around the immediate outside of the auger 
potentially exposing the drilling and sampling crew to contaminated 
materials; 
* Hollow stem augers are primarily restricted to drilling in the 
finer grained, unconsolidated sediments or finer gravels. This- 
method becomes ineffective where gravel of cobble size or larger 
are encountered; 
* Hollow stem augers tend to %meaP the borehole wall and can seal 
off or restrict the flow of potential aquifer zones. 

SONIC 

Sonic drilling differs substantially from the conventional drilling 
methods discussed previously. Sonic drills are about the same 
average size as other rigs and are usually truck or ATV mounted. 

In sonic drilling there is neither a conventional drill bit nor 
normal drill rod. The drill bit, or what-acts as a bit, consists 
of a relatively large diameter, thick walled, hardened steel tube 
or sleeve with tungsten carbide inserts set into the outside and 
bottom face' (cutting side and end). 
bottom of the drill rod. The drill rod is also larger diameter. 
It is, therefore, similar to a hollow stem auger without the auger 
flights and longer (10 to 20' sections). It is a fairly thick 
walled pipe that is threaded at each end. 

Drilling is accomplished by means of a sonic head located on the 
drill mast. This sonic head produces and amplifier a harmonic 
frequency close to the natural frequency of the drill string 
allowing the string to act as a flywheel, transferring the entire 
energy of the drill string, in cyclic bursts, to the bit. The bit 
does not leave the cutting surface during drilling. 

This bit is attached to the ' 

VII-33 090208 



This method utilizes only limited pressure on the bit surface 
the inertial moment of the induced vibrations and slow rotation 
what effects penetration. Sampling with this drill method 
accomplished with an inner sample barrel. The cuttings, 
drilling proceeds, are pushed into the sample barrel which 
positioned in relation to the bit with respect to the materi 
being penetrated. 

as 
is 
is 
as 
is 
.a1 

This drilling method was developed to obtain a sample of high 
integrity from variable lithologies including unconsolidated 
cobbles/boulders. Because the bit never leaves the surface of the 
material being drilled almost all of the sample is captured in the 
core barrel eliminating sample loss and cross contamination. 

Rotasonic drilling performed from past environmental investigative 
work and monitoring well installation on similar sites to FEMP has 
been demonstrated to be far superior- to conventional drilling 
methods for environmental work. 

Some of the advantages in utilizing the Rotasonic method are: 

* High rate of penetration (15' per hour in boulders); 
* High sample integrity and effective for discrete sampling for lab 
analysis; 
* Samples are less time consuming to collect and are of in-situ 
quality ; 
* Conventional sampling can be employed as attachments as needed 
(i.e. hydropunch, split spoons, Shelby tubes, etc.1; 
* There is controlled/complete contaminant containment: 
* Equipment is mobile; 
* Method has no or limited fluid use: 
* Method is more cost effective per ft than other drill types: 
* Waste generation is drastically minimized; 
* Because the samples are contained and controlled the method is 
safer to drill and investigative personnel; 
* Sonic drills are capable o f  angle holes. 

Some disadvantages can be: 

* Depth, aiy significant damping effect impacted by the drilled 
media will inhibit the harmonic (vibration) of the drill string and 
eventually cause penetration to stop. This situation is normally 
not encountered until 300 or more feet of clay or rock- is 
penetrated: 

- -  

* 
of operator training needed. 

More sophisticated maintenance required as well as higher level 

Consistent of FEMP policy of Water minimization, use of minimal 
fluids, generation of the fewest possible cuttings, and ability to 
penetrate a wide variety of formations; we feel the rotasonic 
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method offers great possibilities at the Fernald site. The 
rotasonic is adaptable to use of standard sampling devices such as 
hydro-punch, split spoons, temporary wells, and other normal types 
as well as yielding a large diameter, continuous, undisturbed core. 
The method can be utilized in setting multi-cased wells. In short, 
we feel Rotasonic can accomplish the drilling mission at FEMP on a 
faster, less labor intensive, better quality, less waste generation 
method. 

COST COMPARISON ROTASONIC VS CABLE TOOL 

As requested we have attempted to develop a cost comparison between 
Cable Tool and Rotasonic drilling methods. We were given a typical 
boring log representing the strata to be penetrated at the FEMP 
site and will base our estimates on each drill method being 
utilized to accomplish this task. Since the depth was below the 
working range of the hollow stem auger type of drilling, we have 
not included this drill type. 

Based on the data presented it required 15 days to drill and 
install a 4 "  well 138.5 feet deep by cable tool method. It is our 
estimate that using the Rotasonic method this would have been 

* accomplished in a maximum of 1 week. 
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a AS you can see from this cost comparison while the cost to perform 
the well is basically the same for the Rotasonic vs the Cable Tool 
methods, the Rotasonic method produces some decided cost savings. 

1) Drill time is cut to 1/3 the Cable Tool time. This saves living 
expense, geologist .and supervising time and information turn 
around 
2) Minimal waste is generated in the Rotasonic method and is 
confined to the small amount of fluid added to lubricate between 
the sampler and the casing when drilling above the water table and 
drums f o r  clothing .and safety equipment disposal. The lack of 
cuttings and drill 'fluids provided by the Rotasonic method can 
result in the savings of hundreds of drums and their related 
disposal costs over the life of the project. 
3) Sampling is easier, less time consuming, more representative of 
the profile penetrated and safer to handle. The lack of cuttings 
and f l u i d  do not expose the drill crew to contaminants. 

It is our opinion that the Rotasonic Drill method best meets FEMP's 
Field Activity Policy. 

Very truly yours, 

Alliance Environmental, Inc. 

Charles Ray Clough, CET, MGWC 

CRC/clb 

i 
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CABLE TOOL 

UNITS UNIT COST 

JWTASONIC 

TOTAL UNIT COST TASK - 
2,500 

35 

50 
100 

- 0 -  

2 , 500 
4,847.50 

Mob/Demob 1 
Drive 10" Casing 138.5 
Split Spoon 
Sampling 46 

Tool Cost 138.5 
Shelby Tube 1' 

Drill Crew Per 
Diem 30/man/ 

days 

2 300 
100 - 0 .- 

man/ 60/per 
per- day 1 800 

60/per man/ 
per day 

75/day 1 , 125 - 

15/man/ 
I. days 

60/per man/ 
per day 900 

- 0 -  - 0 -  

- 0 -  - 0 -  
75/day 375 

75/day 375 

Water Truck 15 days 
5 days 

Grout Mixer 15 days 
5 days 

Steam Cleaner 15 days 
5 days 

Welder 15 days 
Casing Jacks 15 days 
Standby Time 

75/day 

50/day 

25/day 
50/day 

- 0 -  

- 0 -  

1 125 
- 0 -  

- 0 -  
375 
750 

400 

750 
50/day 250 

- 0 -  - 0 -  
- 0 -  - 0 -  

1 OO/hour 4 0 0 Steam/Decon 4 hours lOO/hr. 

4" Well io hours 100/hr. 
Install Cover 2 hours 100/hr. 
Develop 4 hours 100/hr. 
Misc . 10 hours 100/hr. 
Haterials 
Use of 10" Drive 

Use of 10" Drive 

0 Pull loft & Install 

Casing 140 feet 10/ft. 

4" Screen (316 SS) 10 feet 75/ft. 

, Shoe 1 100/ea. 

4" 316 Riser 140 48/ft. 
Cap & Plug 1 150 
50# Sand 25 bags 6.50/bag 
Volclay 20 30 
Sacrete 6 10 
10" Protective 
Cover 1 150 

Master Lock 1 12 
55 Gal. DOT Drums 14 50 

1 , 000 
. 200 
400 

1 , 000 

1 , 400 
100 
750 

150 
162.50 

600 
60 

- -6,720 7 5  
48 

150 
6.50 

30 
10 

150 
12 

50 
500 

7 5 0  
6,720 
150 

162.50 
600 
60 

150 
12 

100 
500 

150 
12 
700 

2 
Lot 500 Misc. 500 

TOTAL COSTS TO DRILL, SAMPLE, FURNISH h INSTALL 4" 
STEEL ------------ $ 29,977.00----- $ 30,624.50 316 STAINLESS P -  
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Designation: C 109 - 92 @ 
Standard Test Method for 
Compressive Strength of Hydraulic Cement Mortars 
(Using 2-in. or 50-mm Cube Specimens)' 

Thii nandard h i w c d  unda the fual daignation C 109. &e n u m k  immditely following the designation indicates ihc year of 
original adoption or. in the CIY of revision. chc year of La mision. A number in pMnthevr indicates the year Of last reapproval. A 
supemxipi epsilon (0 indicates an editorial change sine the ka &on or rupprod 

ten mnhod has been opprovrdjor use by ogencies of [he Dmnmou of Dtfense. Consult :he DOD Indm of Smgicofions ond 
Srondordsjor the s p t r i ~ 2  yror of issue which hos brm odopred by rhe Depanmmr oJWmse. 

1. scope 
1.1 This test method covers determination of the com- 

pressive strength of hydraulic cement mortars, using 2-in. or 
50-mm cube specimens. 

NOTE I-Test Method C 349 provider an alternative procedure for 
this determination (not to k used for acccptana tests). 

1.2 The values stated in inch-pound units are to be 
regarded as the standard. The values in parentheses are for 
information only. 

1.3 This standard does not purport to address all of the 
safety problems, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appre 

safety and health practices and determine the applica- 
of regulatory limitations prior to use. 

Documents 
2.1 ASTM Standardr: 
C230 Specification for Flow Table for Use in Tests of 

Hydraulic Cement2 
C 305 Practice for Mechanical Mixing of Hydraulic Ce- 

ment Pastes and Mortars of Plastic Consistency3 
C 349 Test Method for Compressive Strengh of Hydraulic 

Cement Mortars (Using Portions of Prisms Broken in 
RtXUreY 

C 51 1 Specification for Moist Cabinets, Moist Rooms and 
Water Storage Tanks Used in the Testing of Hydraulic 
Cements and Concretes2 

C670 Practice for Reparing Precision and Bias State- 
ments for Test Methods for Construction Materialsq 

C 778 Specification for Standard Sand3 
C 1005 Specification for Weights and Weighing Devices 

for Use in Physical Testing of Hydraulic Cements3 

3. Summary of Test Method 
3.1 The m o m  used consists of 1 part cement and 2.75 

parts of sand proportioned by weighing Portland or air- 
entraining portland cements are mixed at specified water- 
cement ratios. Water content for other cements is that 
sufKcient to obtain a flow of 110 +. 5 in 25 drops of the flow 

table. Two-inch or 50-mm test cubes are compacted by 
tamping in two layers. The cubes are cured one day in the 
molds and stripped and immersed in lime water until tested. 

4. Significance and Use 
4.1 This test method provides a means of determining the 

compressive strength of hydraulic cement and other mortars 
and results may be used to determine compliance with 
specifications. Further, this test method is referenced by 
numerous other specifications and test methods. Caution 
must be exercised in using the results of this test method to 
predict the strength of concretes. 
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5. Apparatus 
5.1 Weights and Weighing Devices, shaU conform to the 

requirements of Specification C 1005. The weighing device 
shall be evaluated for precision and bias at a total load of 
2OOo g 

5.2 Glass Graduutes, of suitable capacities (preferabl! 
large enough to measure the mixing water in a single 
operation) to deliver the indicated volume of 6 8 T  (20'C). 
The permissible variation shall be k2 mL. These graduates 
shall be subdivided to at least 5 mL, except that the 
graduation lines may be omitted for the lowest 10 mL for a 
250-mL graduate and for the lowest 25 mL of a 500-mL 
graduate. The main graduation lines shall be circles and shall 
k numbered Tbe least graduations shall extend at least one 
seventh of the way around, and intermediate graduations 
shall extend at least one fifth of the way around 

5.3 Specimen Mol&, for the 2-in. or 50-mm cube speci- 
mens shall be tight fitting. The molds shall have not more 
than three cube compartments and shall be separable into 
not more than two parts. The parts of the molds when 
assembled shall be positively held together. The molds shall 
be made of hard metal not attacked by the cement mortar. 
For new molds the Rockwell hardness number of the metal 
shall be not less than 55 HRB. The sides of the molds shall be 
sufficiently rigid to prevent spreading or warping. The 
interior faces of the molds shall be plane surface with a 
permissible variation of 0.00 1 in. (0.025 mm) for new molds 
and 0.002 in. (0.05 mm) for molds in use. The distances 
between opposite f w  shall be 2 f 0.005 in. or 50 -C 0.13 
mm for new molds, and 2 f 0.02 in. or 50 f 0.50 mm for 
molds in use. The height of the molds, measured sepaxately 
for each cube compartment, shall be 2 in. or 50 mm with 
permissible variations of M.0 1 in. (0.25 mm) and -0.005 in. 
(0.13 mm) for new molds, and 4 . 0 1  in. and -0.015 in. 
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1.38 mm) for molds in use. The angle between adjacent 
lienor faces, and between interior faces and top and bottom 
*lanes of the mold, shall be 90 f 0.5’ measured at points 
.~ghtly removed from the intersection of the faces. 
5.4 Mixer. Bowl and Paddle, an electrically driven me- 

nanical mixer of the type equipped with paddle and mixing 
owl. as specified in the Apparatus Section of Practice C 305. 
5.5 Flow Table and Flow Mold, conforming to the re- 

uirements of Specification C 230. 
5.6 Tamper, a nonabsorptive, nonabrasive, nonbrittle ma- 

:rial such as a rubber compound having a Shore A 
urometer hardness of 80 2 10 or seasoned oak wood 
:ndered nonabsorptive by immersion for 15 min in &in 
: approximately 392T (200’C), and shall have a cross 
mion of 112 by 1 in. (1 3 by 25 mm) and a convenient length 
f about 5 to 6 in. (120 to 150 mm). The tamping face shall 
2 flat and at right angles to the length of the tamper. 
5.7 Trowel, having a steel blade 4 to 6 in. (100 to 150 mm) 

i length, with straight edges. 
5.8 Moist Cabinet or Room. conforming to the require- 

ients of Specification C 5 1 1. 
5.9 Testing Machine, either the hydraulic or the screw 
pe, with suficient opening between the upper bearing 
d a c e  and the lower bearing surface of the machine to 
xmit the use of verifying apparatus. The load applied to the 
st specimen shall be indicated with an accur;icy of kl.0 A. 
he upper bearing shall be a spherically seated, hardened 
ietal block firmly attached at the center of the upper head of 
ie machine. The center of the sphere shall lie at the center 
the surface of the block in contact with the specimen. The 

lock shall be closely held in its spherical seat, but shall be 
ee to tilt in any direction. The diagonal or diameter (Note 
I of the bearing surface shall be only slightly greater than the 
agonal of the face of the 2-in. or 50-mm cube in order to 
.cilitate accurate centering of the specimen. A hardened 
ietal bearing block shall be used beneath the specimen to 
iinimize wear of the lower platen of the machine. The 
sing block surfaces ictended for contact with the spec- 
nen shall have a Rockwell hardness number not less than 
3 HRC. These surfaces shall not depart from plane surfaoes 
y more than 0.0005 in. (0.013 mm) when the blocks are 
:w and shall be maintained within a permissible variation 
-0.001 in. (0.025 mm). 
NOIE 2-A diameter of 31/8 in. (79.4 mm). which is large enough for 

sting 3 by bin. (75 by 1 SO-mm) cylinders, is sandactmy, provided that 
e lowcr bearing block has a diameter slightly greater than the diagonal 
the face of b e  2-in. or 5O-mm cuk but oot more than 2.9 in. (74 

m). and is ccntaed with respect to the uppa bearing block and held io 
nition by suitable means 

Materials 
6.1 Graded Standard Sand. 
6.1.1 The sand (Note 3) used for making test Specimens 
lall be ~ N r a l  silica sand conforming to the requirements 
‘r graded standard sand in Specification C 778. 
Nm 3-Segregation ofGr& Sd-T’he  graded standard sand 
ould k handlai in such a manner as to prevent segregation, since 
riatiom in the grading of the sand cause Variations in the consistency 
‘the mortar. In emptying bins or sacks, care should be exQfitcd to 
rvqn the f m t i o n  of mounds of sand or aatas in the sand, down 
e slw of which the amrscr particla will roll. Bint should k of 
ffidcmsk to palnit these pmcautioonr Deviasfordrawingthesand 

from bins by gravity should no1 k used. 

7. Temperature and Humidity 
7.1 Temperawe-The temperature of the air in the 

vicinity of the mixing slab, the dry materials, molds, base 
plates, and mixing bowl, shall be maintained between 68 and 
81.W (20 and 27.5.C). The temperature of the mixing 
water, moist closet or moist room, and water in the storage 
tank shall be set at 73.4T (23’0 and shall not vary from this 
temperature by more than k3.F ( 1.7’C). 

7.2 Humidily-The relative humidity of the laboratory 
shall be not less than 50 A. The moist closet or moist room 
shall conform to the requirements of Specification C 5 1 1. 

8. Test Specimens 
8.1 Three or more specimens shall be made for each 

periodoftestspecified. 

9. Preparation of Specimen Molds 
9.1 Apply a thin coating of release agent to the interior 

faces of the mold ana non-absorptive base plates. Apply oils 
and greases using an impregnated cloth or other suitable 
means. Wipe the mold faces and the base plate with a cloth 
as necessary to remove any excess release agent and to 
achieve a thin, even coating on the interior surfaces. When 
using an aerosol lubricant, spray the release agent directly 
onto the mold faces and base plate from a distance of 6 to 8 
in. (150 to 200 mm) to achieve complete coverage. After 
spraying, wipe the surface with a cloth as newssary to 
remove any excess aerosol lubricant. The residue coating 
should be just sufficient to allow a distinct finger print to 
remain following light finger pressure (Note 4). 

9.2 Seal the surfaces where the halves of the mold join by 
applying a coating of light cup grease such as petrolatum. 
The amount should be suflicient to extrude slightly when the 
two halves are tightened together. Remove any excess grease 
with a cloth. 

9.3 After placing the mold on its base plate (and at- 
taching, if clamptype) carefully remove with a dry cloth any 
excess oil or grease from the surface of the mold and the base 
plate to which watertight sealant is to be applied. As a 
sealant, use paraffin, micronystalline wax, or a mixture of 
three parts paraffin to five parts rosin by m a s  Liquify the 
sealant by heating between 230 and 248T (1 10 and 120’C). 
Effect a watertight seal by applying the liquefied sealant at 
the outside contact lines between the mold and its base plate. 

Nm 4-Beausc aerosol lubricants evaporate, molds should k 
chakai for a sufficient coating of lubricant immediately prior to usc If 
an extended period of time bas elapsed since treatment, rrtrrarment may 
be oeassary. 

NOTE 5-Watenigh! Moldv-T’he mixtUrr of pad511 and rosin 
specified for scaling the joints between molds and batc plates may k 
found dif6cult to remove when molds arc king cleaned Use of maight 
paraffin is pamipibic ifa WatQtight joint is sawed, but due to the low 
stmngtb of para& it should k u d  only when the mold is not held to 
the bare plate by the parafiin alone A watatight joint may k sccured 
with padfin alone by slightly warming the mold and basc plate before 
brushing the joint. Molds so txea!cd should be allowed to return to the 
spedficd lcmpadturr before usc 

10. Procedure 

a 

10.1 Composition of Monorsr 
10.1.1 The proportions of matexials for the standard 
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nar shall be one pan of cement to 2.75 parts of graded 

sand by weight. Use a water-cement ratio of 0.485 
for all portland cements and 0.460 for all air-entraining 
portland cements. The amount of mixing water for other 
than portland and air-entraining portland cements shall be 
such as to produce a flow of 110 k 5 as determined in 
accordance with 10.3 and shall be expressed as weight 
percent of cement. 
10.1.2 The quantities of materials to be mixed at one time 

in the batch of mortar for making six and nine test 
specimens shall be as follows: 

Cement g 
Sand. g 
Water. ml 

Ponlrnd (0.485) 
Aircnuainiog ponland (0.460) 
oltACr(10 b w o r  110 * 5) 

Number of Specimens 
6 9 

500 740 
1375 2035 

242 359 
230 340 ... ... 

10.2 Preparation of Mortar: 
10.2.1 Mechanically mix in accordance with the proce- 

dure given in Practice C 305. 
10.3 Defermination of Flow: 
10.3.1 Carefully wipe the flow-table top clean and dry, 

and place the flow mold at the center. Place a layer of mortar 
about 1 in. (25 mm) in thickness in the mold and tamp 20 
times with the tamper. The tamping pressure shall be just 
-1ficient to ensure uniform filling of the mold. Then till the 

)Id with mortar and tamp as specified for the first layer. 
it'off the mortar to a plane surface, flush with the top of 

nearly perpendicular to the mold) with a sawing motion 
across the top of the mold. Wipe the table top clean and dry, 
being especially careful to remove any water from around the 
edge of the flow mold. Lift the mold away from the mortar 1 
min after completing the mixing operation. Immediately, 
drop the table through a height of '/z in. (1 3 mm) 25 times in 
15 s. Determine the flow by measuring the diameter of the 
mortar m a s  at four equispaced intervals. Average the 
increase and express as a percentage of the original base 
diameter. 
10.32 For portland and air-entraining portland cements, 

merely recard the flow. 
10.3.3 In the case of cements other than portland or 

air-entraining portland cements, make nial mortars with 
varying percentages of water until the specified flow is 
obtained. Make each Uial with fresh m o m .  
10.4 Molding Test Swcimm: 
10.4.1 Immediately following completion of the flow test, 

return the mortar from the flow table to the mixing bowl. 
Quickly scrape down into the batch the mortar that may 
have collected on the side of the bowl and then remix the 
entire batch 15 s at medium speed Upon completion of 
mixing, the mixing paddle shall be shaken to remove excess 
mortar into the mixing bowl. 
10.42 When a duplicate batch is to be made immediately 
additional Specimens, the flow test may be omitted and 

e mortar allowed to stand in the mixing bowl 90 s without 

down into the batch the m o m  that may have collected on 
the side of the bowl. Then remix for 15 s at medium speed. 
10.43 Start molding the specimens within a total elapsed 

0 s e  mold, by drawing the straight edge of a trowel (held 

0 covering. During the last 15 s of this intervai, quickly scrape 

Rounds I and 3 Rounds 2 and 4 

FIG. 1 Order of Tamping in Molding of Test Specimens 

time of not more than 2 min and 30 s after completion of the 
original mixing of the mortar batch. Place a layer of mortar 
about 1 in. (25 mm) (approximately one half of the depth of 
the mold) in all of the cube compartments. Tamp the mortar 
in each cube compartment (5.9) 32 times in about 10 s in 4 
rounds, each round to be at right angles to the other and 
consisting of eight adjoining strokes over the surface of the 
specimen, as illustrated in Fig. 1. The tamping pressure shall 
be just suflicient to ensure uniform filling of the molds. The 
4 rounds of tamping (32 strokes) of the mortar shall be 
completed in one cube before going to the next. When the 
tamping of the layer in all of the cube compartments is 
completed, fill the compartments with the remaining mortar 
and then tamp as specified for the first layer. During tamping 
of the second layer bring in the mortar forced out onto the 
tops of the molds after each round of tamping by means of 
the gloved fingers and the tamper upon completion of each 
round and before starting the next round of tamping. On 
completion of the tamping, the tops of all cubes should 
extend slightly above the tops of the molds. Bring in the 
mortar that has been forced out onto the tops of the molds 
with a trowel and smooth off the cubes by drawing the flat 
side of the aowel (with the leading edge slightly raised) once 
across the top of each cube at right angles to the length of the 
mold. Then, for the purpose of leveling the mortar and 
making the mortar that protrudes above the top of the mold 
of more uniform thickness, draw the flat side of the trowel 
(with the leading edge slightly raised) lightly once along the 
length of the mold. Cut off the mortar to a plane surface 
flush with the top of the mold by drawing the straight edge of 
the trowel (held nearly perpendicular to the mold) with a 
sawing motion over the length of the mold 

10.5 Storage of Test Specimens-Immediately upon com- 
pletion of molding, place the test specimens in the moist 
closet or moist room. Keep alJ test specimens, immediately 
aAer molding, in the molds on the base plates in the moist 
closet or moist room from 20 to 24 h with their upper 
surfaces exposed to the moist air but protected from dripping 
water. If the specimens are removed from the molds before 
24 4 keep them on the shelves of the moist closet or moist 
room until they are 24-h old, and then immerse the 
specimens, except those for the 24-h test, in saturated lime 
water in storage tank constructed of noncorroding mate- 
rials. Keep the storage water clean by changing as required. 
10.6 Detenninmion of Compressive Strength- 
10.6.1 Test the spechens immediately after their remod 

from the moist closet in the case of 2441 specimens, and 
from storage water in the case of all other specimens All test 
specimens for a given test age shall be broken within the 
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la-. - constam watercemem 

3 4.0 113 
7 3.6 10.2 

Av 33 m - 
MulMab 3 6.8 192 

7 6.4 18.1 
KG in - 

Av 
BlendedcementS 

CarstamfbWmoRar: 
3 4 .0 113 
7 3.8 10.7 

3.4 9.6 m 
Multi.(ab 3 7.8 22.1 

7 7.6 21 s 
7.4 20.9 
73 273 

- 
- 2 J  - 

Av 3.8 

28 
Av 

w- 
ca\stant fiow m. 

xrmissible tolerance prescribed as follows 
Tat  Age PmnisibIe T o h c z  
24 b 2115 h 

3 t l  h 
7 CP i 3 h  

28 dap t l 2  h 

If more than one specimen at a time is removed from the 
moist closet for the 24-h tests, keep these specimens covered 
.\ith a damp cloth until time of testing. If more than one 
;pecimen at a time is removed from the storage water for 
.sting, keep these specimens in water at a temperature of 
73.4 2 3'F (23 f 1 .TC) and of sufficient depth to completely 
mmerse each specimen until time of testing. 

10.6.2 Wipe each specimen to a surface-dry condition, 
md remove any loose sand grains or inmustations from the 
:aces that will be in contact with the bearing blocks of the 
:esting machine. Check these faces by applying a Straightedge 
Note 6). If there is appreciable curvature, grind the face or 
faces to plane surfaces or dixard the specimen. A periodic 
:heck of the cross-sectional area of the specimens should be 
nade. 

NOTE 6-Specimen fuce~-Resulu much lower than the true 
;trengtb will k obtained by loading faces of the cuk spechen that am 
lot truly plane surfaces. Therefore. it is mential that spccimen molds be 
<ept scrupulously clean. as othmviu, large imguiaritia in the surfaces 
*ill occur. i m m e n t s  for cleaning molds should always be softer than 
Ae metal in the molds to prevent wear. In case grinding specimen faces 
.s neccssaTy, it can be accomplished best by rubbing the spaimen on a 

'Bat of tine emery paper or cloth glued to a plane surfaa, using only a 
modcrate pressure. Such grinding is tedious for more than a few 
:housandths of an inch (hundredths of a miiLimeuc~ where more than 
:his is found necasary. it is mommcndcd that the @en be 
iirarded 

10.6.3 Apply the load to specimen faces that were in 
:ontact with the true plane surfaces of the mold. Carefully 
place the specimen in the testing machine below the center of 
the upper bearing block. Prior to the testing of each cube, it 
shall be ascertained that the sperically seated block is fke to 

Use no cushioning or bedding mateds.  An initial 
loading up to-one half of the expected maximum loads for 
specimens having expected maximum loads of more than 
3000 lbf (1 3.3 kN) may be applied at any convenient rate. 
.4pply no initial loading to specimens having expected 
maximum loads of less than 3000 lbf (13.3 kN). Adjust the 
fate of load application so that the remainder of the load (or 
the entire load in the case of expected maximum loads of less 
than 3000 lbf (13.3 kN)) is applied, without interruption, to 
failure at such a rate that the maximum load will be reached 
in not less than 20 nor more than 80 s from start of loading. 
Make no adjustment in the controls of the testing machine 
while a specimen is yielding before failure. 

NOTE 7-It is advisable to apply only a vay light coating of a good 
qrtality, light m i n d  oil to the sphaical seat of the upper platen. 

11. Calculation 
11.1 Record the total maximum load indicated by the 

tfsthg &e, and calculate the compressive strength in 
POuads per square inch (or pascals). If the cross-sectional 

of a specimen varies more than 1.5 96 from the nominal, 
U the actual area for the calculation of the compressive 

7 
28 - 

Av 

7.9 22.3 
21 2 7.5 

77 21 .8 
- 

7 11.8 33.4 

strength. The compressive strength of all acceptable test 
specimens (see Section 12) made from the same sample and 
tested at the same period shall be averaged and reported to 
the nearest 10 psi (70 kPa). 

12. Faulty Specimens and Retests 
12.1 In determining the compressive strength, do not 

consider specimens that are manifestly faulty, or that give 
strengths differing by more than 10 96 from the average value 
of all test specimens made from the same sample and tested 
at the same period (Note 8). After discarding specimens or 
strength values, if less than two strength values are left for 
determining the compressive strength at any given period, 
make a retest 

NOTE &Reliable m~ngtb results depend upon careful obscrvancc 
of all of the specified rrquirements and proadurrs. Erratic d t s  at a 
given test period indicate that some of the requiremenu and procedures 
have not been camfully obsmed, for example. those cowing the testing 
of the specimens as prescribed in 10.62 and 10.6.3. Improper centering 
of specimens d t i n g  in oblique fractures or lataal movement of one of 
the hcads of the testing machine dunng loading will cause lower strength 
Rsultr 

13. Precision and Bias 
13.1 The precision statements for this test method are 

listed in Table 2 and are based on results from the Cement 
and Concrete Reference Laboratory Reference Sample Pro- 
gram. They are developed from data where a test rqult is the 
avexage of compressive strength tests of three cubes molded 
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the same conditions as shall be used for the final 
ignition of a residue and cooling in a desiccator for the same 
period of time used for the crucible containing the residue. 

4.3 Constancy of Weight of Ignited Residue-To definitely 
establish the constancy of weight of the ignited residue, the 
residue and container shall be ignited at the specified temper- 
ature and time, cooled to room temperature in a desiccator, 
and weighed. The residue and container shall then be reheated 
for at least 30 min at the same temperature, cooled in a 
desiccator for the same period of time and reweighed. Addi- 
tional ignition periods may be required until two consecutive 
weights do not differ by more than 0.2 mg, at which time it 
shall be considered that constant weight has been attained. For 
ignition loss, each reheating period shall be 5 min. 

4.4 Calculation: 
4.4.1 The calculations included in the individd proce- 

dures sometimes assume that the exact weight specified has 
been used. Accurately weighed samples which are approxi- 
mately but not exactly equal to the weight specified may be 
used provided appropriate c o d o n s  are made in the 
calculation. Unless otheMise stated, weights of all samples 
and residues should be recorded to the nearest O.OOO1 g 

4.4.2 In all mathematical operations on a set of observed 
values, the equivalent of two more places of figures than ih 
the single observed values shall be retained. For example, if 
qbserved values are read or determined to the nearest 0.1 mg, 
my numben to the nearest 0.001 mg in calculation. 
4.5 Rounding Figures-Rounding of figures to the nearest 0 -,gnificant place required in the report should be done after 

the calculations are completed, in order to keep the final 
results free from calculation errors. The rounding procedure 
should follow the principle outlined in Practice E 29. 

5. Residue and Sieve Analysis 
5.1 Significance and Use: 
5.1.1 This test method determines the residue obtained 

from slaking quicklime. Residue, in this case, is largely 
unreacted material such as uncalcined limestone or do le  
mite, overburned quicklime, or gross impurities, or a combi- 
nation of these. 

5.2 Apparatus: 
5.2.1 The sieves used shall conform to the requirements of 

Specification E 11. 
5.3 Residue of Quicklime: 
5.3.1 Select a representative 2.5-kg (5-lb) sample of the 

quicklime. Break lime selected for this test so as to entirely 
pass a 25.0-mm (1-in.) square mesh screen. Test the pulver- 
ized lime as received. Place the sample in a box of wood or of 
some material of similariy low thermal conductivity, and an 
experienced operator should slake it with sufficient water at 
21 to 2TC (70 to 80T) to produce the maximum quantity of 
lime putty, carefully avoiding "burning" or 'drowning" the 
lime. Allow it to stand for 1 h and then wash through an 
'50-p.m (No. 20) sieve by a stream of water having a 
ioderate pressure. Do not rub any material through the 
'eve. Continue the washing until the residue on the screen 

continue the washing for more than 30 min. Dry the residue 
to constant weight at a temperature of 100 to 107% (212 to 
22YF) and calculate the percentage residue, based on the 
original weight of the sample. 

6 appears to consist entirely of coarse particles, but in no case 

FIG 1 Modified Vicat Apparatus 

5.4 Sieve Analysis of Hydrated Lime: 
5.4.1 Select a 100-g sample of the hydrated lime as 

received and place on a 600-pm (No. 30) sieve, which is 
nested above a 75-pm (No. 200) sieve. Wash the material 
through the sieves by means of a stream of water from a 
faucet. Use a piece of rubber tubing attached to the water 
faucet for the washing. The velocity of the water may be 
increased by pinching the tubing, but shall not be sufficient 
to cause any splashing of the sample over the sides of the 
sieve. Continue the washing until the water coming through 
the sieve is clear, but in no case continue the washing for 
more than 30 min. Take care not to let water accumulate on 
the 75-pm (No. 200) sieve, because the openings wiu become 
clogged and the operation cannot be completed in 30 mi% 
Dry the residues on both sieves to constant weight in an 
atmosphere free from carbon dioxide at a temperature 
between 100 and 120'C (212 and 248T). 

5.4.2 Calculate the percentage residue retained on each 
sieve, based on the original weight of the sample. The weight 
of the material retained on the 6Wpm (No. 30) sieve shao 
be added to the weight of the material retained on the 7 5 9  
sieve to obtain the correct weight of the material retained OD 
the 75-pm sieve. 

5.5 Sieve Analysis of Limestone and Dry Quicklime: 
5.5.1 Select the desired sieves and nest them with the 

coarsest sieves on top. Weigh a 1OO-g sample of the mated 
to be tested and place it on the top sieve. Conduct the si&@ 
operation by means of a lateral and vertical motion of tbf 
sieve accompanied by a jarring action to keep the samplc 
moving continuously over the surfaoe of the sieve. ContW 
sieving until not more than 1 96 of the residue passes an! 
Steve during 1 min. If mechanical sieving is used, the deG@ 
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la11 be such as to impart the type of agitation described in 
:e hand sieving operation. Continue the shaking for a 
:nod of I5 min. 
5.5.2 Weigh the residue retained on each sieve to the 

iarest 0.1 g. Report the results of the sieve analysis as 
4lows: (a )  total percentages passing each sieve, (b) total 
xentages retained on each sieve, or ( e )  percentages re- 
.ined between consecutive sieves, depending upon the form 
the specification for the use of the material under test. 
5.6 Precision and Bias: 
5.6.1 No precision data are available due to the limited 

ie of these test methods. Therefore, users are advised to 
ivelop their own laboratory precision. No statement is 
zing made about the bias of these test methods. 

. Standard Consistency of Lime Putty 
6.1 Significance and Use: 
6.1.1 In order to measure certain physical properties of a 

me putty, such as plasticity, it is necessary to have a 
nifonn or standard consistency (viscosity), since the prop 
t y  measurement is affected by the consistency level. 
6.2 Apparatus: 
6.2.1 Modifid Vicat Apparatus-The apparatus, con- 
ructed as shown in Fig. 1, shall consist of a bracket, A, 
xiring a movable brass rod, B, 6.3 mm in diameter and of 
iitable length to fit the Vicat bracket. A plunger, C, 12.5 
Im in diameter, made of aluminum tubing, shall be 
tached to the lower end of the rod. The total weight of the 
d with plunger shall be 30 g The lower end of the plunger 
lall be closed without shoulden or curvature and the tube 
lay be loaded with shot to the specified weight The total 
eight required may also be obtained by means of a weight, 
, screwed into the rod. The rod can be held in any position 
v means of a screw, E, and has a mark midway between the 
~ d s  which moves under a scale, F, graduated in millimetres, 
:tached to the bracket, A. 
6.2.2 Mold-The conical ring mold shall be made of a 

oncorroding nonabsorbent material, and shall have an 
side diameter of 70 mm at the base and 60 mm at the top, 
nd a height of 40 mm. 
6.2.3 Base Plate-The base plate for supporting the ring 

)old shall be of plate glass and about 100 mm square. 
6.2.4 Mechanical  mixer^.^ 
6.3 Standard Consistency Determination. 
6.3.1 Mechanical Mixing Procedure Using the Vac-U- 

lker-To a measured amount of water contained in an 
ooCm3 Vac-U-Mix bowl, add 300 g of hydrated lime and 
and mix for 10 swith a stiffspatula (Note 2). Cover putty to 
revent evaporation of water. Mer  the applicable soaking 
enod, 30 min maximum for Type S, special hydrated lime, 
nd not less than 16 h nor more than 24 h for Type N, 
0- hydrated lime, insert the paddle assembly and mix 
le putty for 30 s with the mechanical mixer. Remove the 
addle assembly and scrape down any putty adhering to it 
nd to the sides of the mixing bowl. Remix for 30 s and 
etcrmine the consistency as prescribed in 6.3. If the 
enctration is less than 15 mm, return all of the material to 

constants of the Mabpne: 

mbon of base plates see 14.32. 

dianlem. 

Absorptmn of porcekvn Base Pia?- of 40 g m 24 h. For rate of 

D u n t ~ w n  of Bare P/are--25 mm (1 In.) m ltxhess by 100 mm (4 m.) h 

D m r m  of Dfslr4.8 mm (% n.) m trudvless by 76 mm (3 in.) n damter. 
Speed d v e n d  Shaft-I revdubon rn 6 nun. 40 s. 
Upwanj Movemem of Bese P&te-2 mm (%a m.) per revdu~ar. 

Tcfque on Disk when Bob Readng 1s 100-1 41 N m .  

FIG. 2 Emley Plasticimeter 

the mixer bowl, add additional water, and remix for 15 s. If 
the penetration is greater than 25 mm, repeat the test. 

NOTE 2-Most lime hydrates will q u i r e  250 to 300 mL of water to 
produce a putty of proper consistency for this test if 300 g of lime are 
used 

6.3.2 Mechanical Mixing Procedure Using the Hoban 
N-SO Mixer-To a measured amount of water contained in 
the N-50 mixing bowl, add 600 g of hydrated lime and hand 
mix for 10 s with a stiff spatula (Note 3). Cover putty to 
prevent evaporation of water. After the applicable soaking 
period, 30 min maximum for Type S, special hydrated lime, 
and not less than 16 h nor more than 24 h for Type N, 
normal hydrated lime, insert the paddle assembly and mix 
the putty for 1 min at a slow speed. Stop the mixer and 
scrape down the paddle and the sides of the mixing bowl. 
Remix for 4 min at a slow speed. Determine the consistency 
asprescribedin 11.3.Ifthepenetrationislesthan 15mm, 
return al l  of the material to the mixing bowl, add additional 
water, and remix for 15 s If the penetration is more than 25 
mm, repeat the t e a  

Nm 3-Most lime hydrateswill require 500 to 600 mL of water to 
produce a puny of proper consistency for this test if600 g of lime axe 
used 

6.3.3 Consistency Determination-To determine consis- 
tency, place the mold with its larger end resting on the glass 
base plate and fill with the lime putty. Then strike off the 
putty flush with the top of the mold. Center the lime putty, 
confined in the ring mold resting on the plate, under the rod 
of the modified Vicat apparatus (Fig. 1). Bring the plunger 
end, C, in contact with the surfaw of the lime putty and take 
an initial reading. Release the rod and take the final reading 

0 
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the plunger is released. The lime putty is of 
anchrd consistency when a penetration of 20 2 5 mm is - _- 
~talned. Record both the total amount of water required to 
ring the putty to standard consistency and the actual 
:nettation. Proceed with the plasticity determination in 
:cordance with 7.3. 

6.4 Precision and Bios: 
6.4.1 n e  precision and bias of this test method has not 

cen determined. 
.. Plasticity of Lime Putty 

7 .  I signijicance and Use: 
7.1.1 This test method provides a measure of the degree of 

tiffening of lime putty of standard consistency as water is 
\ lthdrawn from it by a standard suction base plate. 

7.1.2 Planicity is an important property when applying 
nixtuns containing lime putty to porous or absorptive 
urfaces such as in plastering stuccoing, and masonry 
:onstruction. 

7 .2 Appararus: 
7.2.1 Determine the plasticity of lime putty using the 

Aasticimeter shown in Fig. 2.' 
7.2.2 Cleaning and Care of Base Plares--In making the 

slasticity determinations, much of the success attainable 
depends upon the condition of the base plates. In the case of 
oorcelain plates which are reused, improper cleaning results 

'ng of the pores with reduction in the rate of 
'on. After a plate has been used, wipe the excess lime 
immerse the plate in clear water for not less than 2 h, 

hydrochloric acid (Ha 1+9) where it shall be kept im- 
mersed for another 2 h. Then transfer to a receptacle 
containing running water for at least 1 h. The plate is then 
free of acid. After the removal of excess water, place the plate 
In an oven overnight at a temperature of between 100 and 
1 1o'C (212 and 230°F) for drying. Before using, cool the 
plate to room temperature. 

7.2.3 Absorption of Plasticimeter Base Plates: 
7.2.3.1 Total Absorption-PMcimeter base plates when 

immersed in water at room temperature for a period of 24 h 
shall absorb not less than 40 g of water. Before making the 
determination, dry the porcelain plates overnight in an oven 
at temperatures of between 100 and 110'C (212 and 230'F) 
and permit to cool to morn temperature. Dry the plaster 
plates overnight over calcium chloride at room temperature. 
After immersion and before weighing, wipe off the excess 
water with a damp cloth 

7.2.3.2 Rate oJAbsorprion (Note 3)-When tested over an 
area 70 mm (2% in.) in diameter, the water absorbed shall be 
in accordance with the following 

Qs&" ancr which transfer it without drying to a dilute solution of 

Ttms min 
1 
2 
3 
A . - -  
5 3% to 5% 

4-A coavaknt a m &  for determining the rate of absorp e -  consins of a bum scaled onto an invnted Blafs funnel from which 

the stem has k e n  moved. The diameter of the larger end of the funnel 
shall k gound so as to k 70 mm (2% in.) in internal diameter. The 
hrnncl may be attached to the plate on which the measurement u being 
made by mclied p a f i n .  The pardin should not k too hot A Litlle 
upcricnrx will indicate when it is of the proper consistency. 

7.3 PIarricily Delennination: 
7.3.1 Lubricate a ring mold such as is described in 6.23 

with a thin film of water, place on a porcelain base plate (see 
7.23 and 7.2.3) or a disposable plaster base plate (see 7.2.3), 
fd with the paste which has been adjusted to standard 
consistency as described in 6.3.3, and strike off level. 
Remove the mold by raising it vertically without distorting 
the paste. Center the base plate and paste in the instrument 
and turn the carriage up by hand until the surface of the 
paste is in contact with the disk and the distance between the 
disk and the top of the base plate is 32 mm (1 Yo in.). Throw 
the carriage into gear and start the motor. It is essentiaI that 
the motor be started exactly 120 s after the first ponion of 
the paste has been placed in the mold. Record the time when 
the first portion of paste is placed in the mold as zero time: 
the motor is therefore started at 2 min. Take care to protect 
the specimen from drafts during the test. 

7.32 Record the scale reading at 1-min intervals until the 
test is completed. Consider the test complete when: (I ) the 
scale reading reaches 100, (2) any reading is less than the one 
before, or (3) the scale reading remains constant for three 
consecutive readings (2 min) and the specimen has visibly 
ruptured or broken loose from the base plate. Note the time 
and the scale reading at the end of the test. 

7.4 Calculation. 
7.4.1 Calculate the plasticity figure as follows: 

P = J F r + ( l O T y  
where 
P = plasticity figure, 
F = scale reading at the end of the test, and 
T = time in minutes from the time when the fmt portion of 

paste was put in the mold to the end of the test. 
7.5 Precision and Bios: 
7.5.1 There are as yet insufficient analyzed data to permit 

preparation of a precision and bias statement for this test 
method. When data are collected and analyzed, precision 
and bias statements will be proposed. 

8. Autoclave Expansion of Hydrated Lime 
8.1 SignGcance and Use: 
8.1.1 Expansion of pressed tablets of hydrated lime gene 

ally indicates the presence of unhydrated oxides of magnc 
sium and calcium. The relation of the degree of expansion in 
this test method to field performance has not beem deter. 
mined. 

8.2 Apparatus: 
8.2.1 Mold and Press-A steel mold capable of producin! 

a pres  tablet at least 0.032 m (125 in.) in diameter and 
0.006 m (0.25 in.) thick, and able to sustain at least 88.9 ks 
(20 OOO lbf) pressure From a suitable press. It should l% 
provided with a release jig also. 

8-23 Autoclave, capable of holding 1034 kPa (150 psi) fof 
2h. 

8.2.3 Micrometer, dial-type, capable of measuring 2.J 
prn (O.OOO1 in.). I 
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8.2.4 hficroscope. with graduated lens for measuring 0.10 

8.3 Procedure: 
8.3.1 Weigh out 15 g of hydrated sample, place in the 

mold. and press into a tablet. Press to 33.4 kN (7500 lbf) for 
10 s, then increase pressure to 88.9 kN (20 OOO lbf) or more. 
Hold for 10 s before releasing Press tablet from mold with jig 
and draw three diameter lines across the surface of the tablet 
using a lead pencil. Draw two diameter lines normal to each 
other and draw the third bisecting the 90' angles of the other 9.3 Procedure: 
two. Measure the diameters with a dial micrometer and place 9.3.1 Mix 100 g of hydrated lime with sufficient water to 
the tablet on the autoclave rack. Use aluminum foil to protect bring to such a consistency as to give a penetration of 20 f 5 
the tablets from water dripping. Autoclave at 862 to 1034 Wa mm when tested in accordance with 6.3.3. Mix into this 
(125 to 150 psi) for 2 h. Begin timing when the pressure putty, 25 g of gauging plaster (9.2.1), adding more water as 
mches 345 kPa (50 psi). After the autoclaving interval, allow required to maintain workable consistency. Spread on a glass 
the autoclave to cool, remove the tablet, and remeasure the plate to make a pat at least 150 by 200 mm (6 by 8 in.) by 
diameters. Calculate the average percent expansion of the approximately 3 mm (Ys in.) in thickness. Trowel to a 
tablet from the before and after measurements. smooth finish. Allow to stand overnight. 

8.4 Expansion 01 Hydrated LimePortland Cement-Ag- 9.3.2 Place the specimen and plate on a rack in the steam 
gregate: bath so that water is not in contact with the specimen to be 

8.4.1 Materials: tested. Provide a sloping cover above the specimen to 
8.4.1.1 Standard Cemenr-Type I or Type I1 portland prevent condensed steam from dripping onto the surface of 

cement. the specimen. Raise the temperature of the water in the 
8.4.1.2 Standard Aggregate-Pulverized limestone, steam bath to boiling and maintain at boiling for 5 h. 

minus 212ym (No. 70) sieve, having less than 0.5 95 silicon Remove the specimens from the bath and examine for pops 
dioxide (Si02). and pits. 

8.4.2 Procedure: 
8.4.2.1 Test Tabler-Make up a pressed tablet in accor- determined in conjunction with autoclave expansion as i 

dance with the procedure outlined in 8.3.1 using the fol- 20.1. However, it is not necessary to measure diameter, 
lowing mixture for the sample: 
Standard ponland cement the procedure for expansion in 8.3.1, examine the pressed 
Hydratedlime tablet under the measuring microscope, and count and 
Smdard aggregate (pulverized limestone) ................ 72 g measure the pits in millime- 
Blend the mix until homogeneous. 

8.4.2.2 Standard Tabla-Make up a pressed tablet in 10. Water Retention of Hydrated Lime 
accordance with the procedure outlined in 8.3.1 using the 
following mixture for the sample: 
Standard ponland cement .............................. 7 
Standard aggregate (pulverized limestone) ................ 16 
Blend the mix until homogeneous. 

ublet and the standard tablet in accordance with 8.3.1. 
8.43-4 D e t e m h  the autoclave expansion of hydrated 

h e  for masonry purposes by subtracting 
Prcent =pansion of the from the -pie 
tablet 

85 Recision and Bias: 
85.1 No precision data are available due to the limited 

of this test method. Therefore, users are advised 

9.2 Gauging Plasm: 
mm. 9.21 The gauging plaster used for the popping and 

test shall conform to the Test Methods section of Specifica- 
tion C 28 and shall have a setting time of not more than 1 h 
when tested in accordance with Test Methods C 472. Test 
the gauging plaster without lime in the manner described in 
9.3 to ensure its freedom from pops and pits. If any pops or 
pits are found. provide another lot of gauging plaster that is 
free of pops and pits when subjected to this test. 

9.3.3 The pitting potential of hydrated lime can 

only the pitting potential is to be determined. After 
............................. 

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

10.1 Significance and Use: 
10.1.1 This test method measures the ability of the 

hydrated lime in a plastic mix with sand to retain water, and 
hence retain consistency of the mix, when subjected to an 
applied suction. This ability, measured as a percent of the 
original consistency, is indicative of the workability to be 8.42.3 Autoclave and calculate expansions of the test in a masonry containing the lime. 

10.2 Proponioning and Mixing: 

10.22 Proportions-The m o m  tested s~ be composed 
of 500 g of lime and 1500 g of standard sand conforming to 
41.4. If hydrated lime putty is used, use that weight of putty 
that is equivalent 

to 10.2.3 MechnicalMkins 

mixing position in the mixer. 
10.2.3.2 Place a measured quantity of water in the bowl. 
10.2.3.3 Add the lime to the water, then start the mixer 

and mix at slow speed (140 f 5 r/min) for 30 s. 
102.4 Add the entire quantity of sand slowly over a 3 

perid while mixing at slow speed. 
102.5 Stop the mixer, change to medium speed (285 f 10 

rpm) and mix for 30 s. 
102.6 Stop the mixer and let the m o m  stand for 1% 

min. During the !ht 15 s of this hterval, quickly scrape 

10.2.1 Apparotus--lfhe apparatus 
the average practicec305. 

5oo of dry hydrated lime. 
Om laboratory precision. No is 10.2-3.1 place the dry a d  the dry bowl in the bcms made about the bias of this test method. 

'a popping and Pitting of Hydrated Lime 
9.1 Signi/icance and use: 
9 . 1 ~  Pops and pits are caused by the hydration and 

W o n  of coarse partides of unhydrated lime or lime- mw reaction products present in the hydrated lime. The 
popping and pitting in the sample is indicative of the 

for the appearance of surface defecu in piastexing 

. 
t ' of 

E (yjg:22 1 
. E - 8  
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FIG. 3 Apparatus Assembly for the W a  

down into the batch any mortar that may have collected on 
the side of the bowl, then for the remainder of this interval 
cover the bowl with the lid.) 

10.2.7 Finish the mixing for 1 min at medium speed. 
10.2.8 In any case requiring a remixing interval, any 

m o m  adhering to the side of the bowl shall be quickly 
scraped down into the batch prior to remixing. 

10.3 Comisrency: 
10.3.1 Appurutur-The flow table and mold used for the 

measurement of consistency of the mortar shall conform to 
Specification C 230. 

10.3.2 Procedure-Carefully wipe dry the flow table top 
and place the flow mold at the center. Immediately after 
completing the mixing operation, fill the mold with mortar 
gently pressed into place by the finger tips to ensure uniform 
filling free of voids. Smooth off the mortar level with the top 
of the mold by aid of a trowel, and remove the mold. 
immediately drop the table through a height of 13 mm ('h 
in.), 25 times in 15 s. The flow is the resulting increase in 
diameter of the mortar mass, expressed as the percentage of 
the original diameter. The mortar may be adjusted, if the 
flow is below 100 %, by additions of water until the flow is 
within the range from 100 to 1 15 %. Make each adjustment 

returning the mortar to the original mixing bowl, add 
ter, and then mix at medium speed (285 f 10 r/min) for 
s. if the flow of the original mortar is greater than 115 R, 

10.4 Waer Retenzion Test: 
10.4.1 Appuraw-The equipment used to determine 

prepare a new batch. 
(b 

Retention lest 

6 1 4 5  

water retention shall conform to the same apparatus used for 
the water retention test in Specification C 91 (see Fig. 3). 

10.4.2 Procedure: 
10.4.2.1 Adjust the mercury relief column to maintain a 

vacuum of 50.8 mm as measured on the manometer. Seat 
the perforated dish on the greased gasket of the funnel. Place 
a wetted filter paper in the bottom of the dish. Turn the 
stopcock to apply the vacuum to the funnel and check the 
apparatus for leaks and to determine that the required 
vacuum is obtained. Then turn the stopcock to shut off the 
vacuum from the funnel. 

10.4.22 Immediately after the final consistency test 
(10.3.2), return all of the mortar to the bowl and remix the 
entire batch for 15 s at medium speed. Immediately after 
remixing the mortar, fill the perforated dish with the mortar 
to slightly above the rim. Tamp the mortar 15 times with the 
tamper. Apply ten of the tamping strokes at approximately 
uniform spacing adjacent to the rim of the dish and with the 
long axis of the tamping face held at right angles, to the 
radius of the dish. Apply the remaining five tamping strokes 
at random points distributed over the central area of the 
dish. 'Ihe tamping pressure shall be just sufficient to e m  
filling of the dish. On completion of the tamping, the top of 
the mortar should extend slightly above the rim of the dish. 
Smooth off the mortar.by drawing the flat side of the 
d g h t e d g e  (with the leading edge slightly raised) across the 
top of the dish. Then cut off the mortar to a plane surface 
flush with the rim of the dish by drawing the straightedge 
with a sawing motion across the top of the dish in two 
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m flG 4 Slaking Reactivity Apparatus 

1 1.1.1 This test method provides a measure of the rate o 
settling of a hydrated lime slurry, a form in which this ..-- 

cutting strokes, starting each cut near the center of the dish. 
If the mortar is pulled away from the side of the dish during 
the process of cutting off the excess mortar, gently press the 
mortar back into contact with the side of the dish using the 
tamper. 

10.4.2.3 Turn the stopcock to apply vacuum to the 
funnel. After suction for 60 s, quickly turn the stopcock to 
expose the funnel to atmospheric pressure. Immediately slide 
the perforated dish off the funnel, touch it momentarily on a 
damp cloth to remove droplets of water, and set the dish on 
the table. Then Using the bowl scraper (rubber scraper as 
specified in Practice C 305), plow and mix the mortar in the 
dish for 15 s. Upon completion of mixing, place the mortar 
in the flow mold and determine the flow. Carry out the entire 
operation without interruption and as quickly as possible. 
Not more than 30 min should be required for completion, 
narting from the completion of the mixing of the mortar for 
the fim flow determination. 

10.4.3 Calculation.- 
10.43.1 Calculate the water retention value for the 

mortar as follows 

A-herr: 
-4 = flowaftersuction,and 
B = flowimmediatelyaftermixing 

105 Recision and B k  
105.1 No precision data are available due to the limited 

use of this test method Therefore, users are advised to 
&v&p their own laboratory precision. 

11. settling Rate of Hydrated Lime 

Water mention value = (A/B)  x 100 

11.1 Sign$cance and Use: 

material is fnxiuently used. In &me applications a slow 
settling slurry is desirable; in others, fast settling is preferred. 

1 1.2 Procedure: 
1 1.2.1 Place 10.0 g of lime hydrate in a 100-mL glass- 

stoppered graduated cylinder (internal diameter about 24 
mm). Wet with 50 mL of carbon dioxide (CO,) free distilled 
water at 23 2 1.7’C (73.4 2 3’F) and mix thoroughly by 
alternately inverting and righting the cylinder slowly for a 
period of 2 min. Allow the graduate and contents to stand at 
23 k 1.7’C for 30 min and then dilute to the 100-mL mark 
with CO1-free distilled water at 23 f 1.7’C. Mix contents 
again thoroughly as before and allow to stand undisturbed at 
23 f 1.7’C for 24 h. 

1 1.3 Repon: 
1 1.3.1 Report the sedimentation height in millilitres after 

11’4, Yz, 3 4  I, 2, 4, and 24 h, reading the bottom of the 
meniscus. 

NOTE %Slight variations in results of this tcn method on a sample 
mu in different laboratories or by Werent operators arc permissible. 
The M is not an absolute one, but is designed to distinguish between 
fast and slow smling hydrates 

1 1.4 Precision and Bias: 
1 1.4.1 No precision data are available due to the limited 

use of this test method. Therefore, users are advised to - 
develop their own laboratory precision. 

12. Slaking Rate of Quicklime 
12.1 Sicance and Use: 
12.1.1 The temperature rise in 30 s is a measure of the 

reactivity of the softer-burned portion of the quicklime. 
Total slaking time provides a measure of the o v e d  degree 
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FIG. 5 Stimng Rod Detail 

nf reactivity of the material. Total temperature rise is largely 
ndent on the available lime content of the sample. 
. 1.2 These slaking parameters provide an indication of a performance of the quicklime to be expected in industrial 

slaking systems. Slaking characteristics have an effect on 
lime slurry properties such as settling characteristics, vis- 
cosity, particle size, and reaction rate. 

with a s p e d  stimng rod 

cial rubber gasket covers. 

increments. 

12.2 Apparatus: 
12.2.1 Mechanical speed 400 f 50 rfmin, fitted 

12.22 Modijed Dewar Flask9 665-mL, fitted with spe- 

12.2.3 Thermometer. dial-type, 0 to 1W'C range in 1'C 

12.2.4 Torsion Balance. 
12.2.5 Sieve, 203-mm (&in.), 3.35-mm (No. 6), con- 

forming to Specification E 1 1. 
12.2.6 An apparatus essentially the same as that illus 

trated in Figs. 4 and 5 shall be used The apparatus consists 
of a covered reaction container fined with a mechanical 
stirrer and thermometer. The quicklime charge shall be 
stirred with a mechanical stirrer fined with a stainless steel 
rod, the end of which is formed into a loop to follow the 
contour of the reaction container. The vacuum reaction flask 
shall be provided with a cover consisting of two circular 
pieces of gasket rubber sheet, approximately 3 IIUII (Ya in.) 
thick. The first piece is provided with a single radial slot that 
elides over the stirring rod and the thennometer. The second 

? (top) has a simiiar slot plus a hole to provide for the 
rhermometer. When the two cover pieces are in place, a ot on the low& piece is at right angles to the slot on the 

upper piece with the thermometer stem extending through 
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TABLE 1 Schedule for Slaking Rate 
Mat& to Be Tested ' 

DolulmK "lgh - 
Temperam of water. OC 40 25" 
OUenMy of water. mL 400 ow 
ouanty of w. 9 120 100 

. *Initial tempereare of 40% m y  De used. pwi6ed me t e r n  of reurns states 
meinitialtemperaaae. 

the lower slot The apparatus may be assembled by any 
convenient supporting equipment 

12.3 Procedure: 
12.3.1 Prepare the sample of quicklime to pass a 3.35-mm 

(No. 6) sieve as rapidly as possible to prevent sample 
deterioration. Place the prepared sample in an airtight 
container and allow to come to room temperature before 
testing. 

12.3.2 Slaking Rare-Adjust the temperature of about 
500 mL of distilied water in accordance with the schedule 
given in Table 1,  and add the specified amount to the Dewar 
flask Set the agitator revolving at 400 f 50 r/min. The 
temperature of the water in the flask must be kO.5.C of the 
desired temperature. Quarter and weigh out the required 
amount of the prepared quicklime sample. Add the quick- 
lime to the water without delay. Put the covers in place 
immediately. Take a reading at each 30 s after adding the 
quicklime. 

12.3.3 Continue readings until less than 0.5.C tempera- 
ture change is noted in each of three consecutive readings. 
The total active slaking time will then be the time at which 
the first of the three consecutive readings was taken. The 
temperature at this time will be considered the final reaction 
temperature. Subtract the initial temperature from the final 
temperature to obtain the total temperature rise. Subtract the 
initial temperature from the temperature at 30 s for the 
temperature rise in 30 s. Subtract the initial temperature 
from the temperature at 3 min for the temperature rise in 3 
min. 

12.4 Report: 
12.4.1 Record the actual temperature rise and plot a 

suitable curve showing temperature rise as the ordinate and 
time as the abscissa. The results may also be reported as: 

12.4.1.1 Temperature rise in 30 s (or at any other desig- 
nated h e )  in degrees Celsius, 

12.4.1.2 Total temperature rise in degrees Celsius, and 
12.4.1.3 Total active slaking time in minutes. 
12.5 Precision and Bias: 
12.5.1 There are as yet insufficient analyzed data to 

permit preparation of a precision and bias statement for this 
test method. When data are collected and analyzed, precision 
and bias statements will be proposed. 

13. Air Entrainment 
13.1 Signijicnnce and Use: 
13.1.1 Hydrated lime, particularly that containing an 

airemaining additive, used in masonry m o m  may con- 
mbute to the air content of the mortar. Certain specifications 
and applications of mortar place a limit on this air content 

13.2 Apparruu: 
13.2.1 Scales. Sieves. Glass Graduates. Tamper, Measure, 
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TABLE 3 Weight ot Materials tor Mortet Batch 

Blended - ~~ v mwa Moner 

M 1 : ' I 4  564 75 1440 
S I:H:~H 1 376 100 1440 
N 1:1:6 j 282 150 1440 
0 1 :2:9 188 2w 1 coo 

forming to the requirements given in Test Method C 185. 
13.2.2 Flow Table, conforming to the requirements pre- 

scribed in Specification C 230. 
13.2.3 Mixing Apparatus. conforming to the requirements 

as prescribed in Practice C 305. 
13.2.4 The sand shall be a blend of equal parts by weight 

of graded Ottawa sand and standard 20-30 Ottawa sand. The 
fineness of graded Ottawa sand and standard 20-30 sand 
may be checked by using the methods described in Specifi- 
cation C 778. 

13.3 Preparation of Mortar: 
13.3.1 Proponions for Morrar-Portland cement- 

hydrated lime mortar for measurement of air entrainment 
shall be proportioned to conform, in batch size, to the unit 
weights by volume of cementitious material and aggregate as 
shown in Table 2. The portland ament shall conform to 
Specification C 150, and the hydrated lime to Specification 
C207. The quantity of water, measured in millilitres, shall 
be such as to produce a flow of 1 10 f 5 9% as determined by 
the flow table. Proportions for the generally used batch sizes 
based on Table 2 material unit weight shall contain the 
weights as prescribed in Table 3. 

13.32 Mixing ofMonars--hlix the mortar in accordance 
with the procedure for mixing pastes in Practice C 305. 

13.3.3 Determination of Flow-Determine the flow in 
accordance with the Procedure section of Test Method 
c 109. 

13.4 Procedure: . 

13.4.1 If the mortar has the correct flow, use a separate 
podon of the mortar for the determination of entrained air. 
Dttermine the weight of 400 mL of mortar in accordance 
with Test Method C 185. 

13.5 Calculation. 
13.5.1 Calculate the air content of the mortar and report 

it to the nearest 0.1 % as follows: 
D =  Wl + w2 + 

arhar 
D = density of air-fke morcar, 
w, = weight of portlanb,cement, g, wz = weight of hydrated lime, g, 
w, = weight of blended Ottawa sand, g, 

+ V W ) /  Nwl/q) + (W2/S3 + (W,/S,) V W I  

R = 100 - (W. /SD)  

V, = water used, mL. 
SI = specific gravity of portland cement, 
S, = specific gravity of hydrated lime, 
S, = specific gravity of blended Ottawa sand, 
A = volume % of entrained air, and 
W, = weight of 400 mL of mortar, g. 

13.6 Precision and Bius: 
13.6.1 The single operator within laboratory standard 

deviation has been found to be 0.56% air content 
throughout the range of 8 5% to 19 % air content. Therefore 
results of two properly conducted tests by the same operator 
on similar batches of mortar should not differ by more than 
1.6 % air content 

13.6.2 The multilaboratory standard deviation has been 
found to be 1.0 % air content throughout the range of 8 % to 
19 9% air content Therefore, results of two different labora- 
tories on similar batches of m o m  should not differ from 
each other by more than 2.8 % air content (see Test Method 
C 185). 

14. pH of Pulverized Limestone 
14.1 Significance and Use: 
14.1.1 Small amounts of lime (calcium oxide or hy- 

droxide) may be produced in the drying of limestone, or 
from heat generated in the grinding process, thus contrib 
uting to the alkalinity of the product. High alkalinity is 
deleterious in some applications. 

14.2 Apppratus and Materials: 
14.2.1 Volumezric Flask, 1 -L capacity. 
14.2.2 Beckman pH Meter, or equivalent. 
14.2.3 Pipet. 50-mL. 
14.2.4 Beaker, 1 WmL. 
14.2.5 Bufler, pH 9, standard solution. 
14.3 Procedure: 
14.3.1 Weigh 20 f 0.1 g of sample, and transfer to a 1-L 

volumetric flask Make up to the mark with distilled water 
(Note 6). Shake the contents vigorously for 1 min and allow 
to stand for 20 min permitting the suspension to settle. 

ately prior to use. 

14.3.2 Standardize the pH meter to pH 9 with standard 
buffer solution. 

14.3.3 Pipet a 50-mL aliquot of the clear solution from 
the volumetric flask into the beaker. Take three pH readings 
within 30 to 60 s after transfer and record the average. 

14.4 Precision and Bios: 
14.4.1 Separate readings should check within 0.05-scale 

diViSiOnS 

0 

N m  &The distilled water should k boiled and cooled immedi- 

15. Particle Size of Pulverized Limestone 
15.1 Significance and Use: 
15.1.1 Particle Size of pulverized limestone, as the word is 

used in these methods, is the percent distribution of 

expressed in micrometres, using the principle of sedime * equivalent spherical diameter of the individual 

tion and Stokes' law for particle size determination. It IS 
intended for use with pulverized limestones with not more 
than 0.5 % residue on a 45- (No. 325) sieve. 

15.2 A p p a r W :  
O l j _ ) o ~ ~ ~  

Ix-12 
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6lG. 6 ComposHe Cohection Fa& tor Hydrometer 

15.2.1 Soil Hydromerm, ASTM 152IL'O 
15.2.2 Sedimmation Cylinder, ASTM, 1ooo-mL ca- fiame, 8-in. diameter. 

15.2.3 Rubber Stopper, Si 12. 
15.2.4 T h o m e t e r ,  0 to 105%. 
1535 Stop Watch 
15.2.6 Regular Clock or Watch 
1537  Mixer.l' 15.4 Procedure: 
15.2.8 Water Bath. 
15.29 Balance.'2 
1 5.2.10 Watch G h s .  
15.2.1 1 Graph Paper,13 3 cycles x 70 divisions. 

gOAnJlMcbwnT.ylorlnsmrmcntCa.C;ltPloeNa22297. 
8 1  Thc Hamilton Beach Modd N a  210 e. orcquinknk hp bccn found 

g2TkO'HunCG 311 b a b n ~ ~ .  or epnMlmt, hubcm found ath.bk 
IJDicpgcn No. 34M310 or Kmfftl rad Epa No. 359-71G srsph paper, or 

15.2.12 Sieve, 4-m (No. 323, stainless steel cloth, brass 

153.13 Sieve, 500-mesh, stainless steel cloth, brass frame, 
Gin. diameter, Sin. tall frame. 

15.3 Reagents: 
15.3.1 ParticleDispersing Agent14 (30 mL of 25 9% soh- 

tion is diluted up to 400 rnL with distilled water). 

15.4.1 Determine menkcus correction by inserting the 
hydrometer in the sedimentation cylinder filled to mark with 

' distilled water. Record the reading at the top of the meniscus 
and at the bottom of the meniscus The difference betwee0 
the two readings is the meniscus correction. For example, in 
Fig. 6, the c o d o n  for the hydrometer used is 1.2. This 
reading is &&to each R to obtain R, 

Pacity. 

nrinMcforthuprpgas.. 

l.Daxxi 30. a dicpernne ~gcnt, has bmt f d  sura&, and b 

* 
eqr6nlcot.hrkmffflDdLlllpbk d from the D c m q  a n d b y  Bv. of W. R GrpacO. 

E-13 000226 
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TABLE 4 Hydrometer Composite ComtCtim F8-r 

temperature. 'C Common Factor 
~~~ ~ 

17 +1.90 
18 +1.52 
19 +1.14 
20 M.76 
21 +os 
22 0.00 
23 -0.38 
24 -0.76 
25 -1.14 
26 -152 
27 -1.90 

15.4.2 Calibrate the hydrometer by adding 30 mL of the 
particledispersing solution to the sedimentation cylinder, 
then bringing up to the mark with distilled water at 27'C. 
Mix thoroughly and take a hydrometer reading (read at the 
top of the meniscus). Repeat after cooling the cylinder to 
17% and adjusting the meniscus so it is on the mark. 
Assume a straight-line relationship and draw a line that gives 
the composite correction facror. This factor is the difference 
between the reading and zero. These are the c o d o n s  
entered in Table 4 and should be determined for each 
hydrometer. Four factors are compensated for in the correc- 
tion factor ( a )  Temperature: Hydrometers and cylinders are 
calibrated at 20%; variations from this temperature produce 
inaccuracy in the hydrometer reading; (b) Specific gravity: 
Addition of dispersant changes the specific gravity of the 
solution; (c) Meniscus correction: Hydrometers are gradu- 
ated to read at the bottom of the meniscus but opaque 
calcium carbonate solutions require readings at the top of the 
meniscus; and ( d )  Hydrometers: In spite of the supposed 
similarity in volume of the hydrometers (ASTM 152H), 
variations of as much as l.0-scale divisions between two 
similar hydrometers have been noted. The correction factor 
brings ali four into line with one another. It is not neceSSary 
to repeat this calibration unless changing to a different 
hydrometer. 

15.4.3 Weigh 40 g of sample. 
15.4.4 Add approximately 300 mL of distilled water to the 

mixer, 30 mL of the particledispersing solution, followed by 
40 g of unknown sample. Cover. Agitate for exactly 2 min at 

15.4.5 Transfer the slurry quantitatively to the IOOO-mL 
sedimentation cylinder. Make up to approximately 3.2 mm 
(46 in.) above the mark since it must be read from the top (as 
the bottom of the meniscus is not visible) and this will 
approximate the 1000-mL calibration of the cylinder. Cyl- 
inder temperature can be adjusted to 20'C by running cool 
water on the outside of the cylinder and Stining with a 
thermometer until 20'C is reached. Cap with the rubber 
stopper. Mix well by inverting the cylinder 15 or more Ges. 
Rcinove the stopper and put the cylinder in a water bath that 
has been previously adjusted to as close to 20'C as is possible. 
start the stop watch and note the time on the clock At 
exactly 4% min after start, carefuuy insert the hydrometer to 
the approximate point where the reading is to be made. Take 
the reading at exactly 5 min. Record the reading and 
temperanVe (Note 7). Remove the hydrometer and wash 
Clean of any slurry. Cover the cylinder with the watch glass. 

high speed 

: 
' 
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I 
I 
I 
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TABLE 5 Effettive Depth. L. for Hydmmetw 1Sw 

R. L. qn R. L. m -. - 
0 16.3 31 1 1 2  
1 16.1 32 11.1 
2 16.0 33 10.9 
3 15.8 34 10.7 
4 15.6 35 10.6 
5 155 36 10.4 
6 15.3 37 102 

7 . 15.2 38 10.1 
8 15.0 39 9.9 
9 14.8 40 9.7 

10 14.7 41 9.6 
11 14.5 42 9.4 
12 14.3 43 9 2  

13 
14 
15 
16 
17 
18 
19 
20 
21 

142 
14.0 
13.8 
13.7 
13.5 
13.3 
132 
13.0 
12.9 

44 
45 
46 
47 
48 
49 
50 
51 
52 

9.1 
8.9 
8.8 
8.6 
8.4 
8.3 
8.1 
7.9 
7.8 

22 12.7 53 7.6 
23 125 54 7.4 
24 12.4 55 7.3 
25 122 56 7.1 
26 12.0 57 7.0 
27 11.9 58 6.8 
28 11.7 39 6.6 
29 1 1 5  60 6 5  
30 11.4 

NOTE 7-Temperature must be taken inside the cylinder and not in 
the water bath. 

15.4.6 Take additional readings at 15, 30,60, 120, or 180 
min; 300 or 360 min; and 1200 or 1440 min after the start. 

15.4.7 Take a 25-g sample and run a 500-mesh wet-sieve 
test. The opening of the 5Wmesh sieve is approximately 25 
pm. From this result calculate the percent finer than 25 pm. 
Do not discard the plus 500-mesh but use this with the 
45ym (No. 325) sieve to obtain the percent finer than 44 
pm. The opening of the 45ym sieve is 44 pm. 

15.5 Cdda t ion .  
15.5.1 Arrange the data on a sample sheet 
15.5.2 Record the date and clock readings as readings are 

taken. 
15.5.3 Readings are usually taken at 5 ,  15, 30, 60, 180, 

360, and 1440 min. The 25-pm point is obtained from the 
500.mesh sieve result and the 44-pm point is obtained From 
the 45ym sieve result 

15.5.4 Record the temperature, T, and the hydrometer 
reading, R, for each reading. 

15.5.5 Obtain R, by adding the meniscus correction to 
each R value. 

15.5.6 Obtain R, the corned hydrometer reading, from 
Fig. 6. This value can be different for each hydrometer and 
must be individually determined. 

15.5.7 Obtain L from Table 5 using R, values. 
15.5.8 W T  is found from Fig. 7 and the values for 

T (time). For times not in Fig. 7, calcuIate the 
the values for L and T (in minutes) are known. 

153.9 Fmd D at 20% in terms of 
15.5.10. To correct D for temperature, use Table 7 and 

..* since 

using Tahle 6. 

@ l j O 2 2 7  
14 
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flG. 7 Vahres for J m  as Related to L for Given Values of T (Time) 

TABLE 6 D as Related to rfl at 2OoC 

a D. w 4 3  D. cun 
0.05 0.7 1.05 14.0 
0.10 1.4 1.10 14.7 
0.15 2.0 1.15 15.4 
020 2.7 120 16.0 
025 3.4 125 16.7 

0.30 4.0 1.30 17.4 
0.35 4.7 1.35 18.0 
0.40 5.4 1.40 18.7 
0.45 6.0 1.45 19.4 
0.50 6.7 1.50 20.1 

0.55 7.4 1.55 20.8 
0.60 8.0 1.60 21.4 
0.65 8.7 1.65 22.1 
0.70 9.4 1.70 22.8 
0.75 10.0 1.75 23.4 

0.80 10.7 1.80 24.1 
0.85 11.4 1.85 24.8 
0.90 12.0 
0.95 12.7 
1 .oo 13.4 

TABLET ~ ~ t r o m C j T  
q T  AD 

' 2.0 0.32 
1.9 
1 .8 

1.6 

1.5 
1.4 
1.3 
12 
1.1 

.1 .o 
0.9 
0.8 
0.7 
0.6 

0.5 
0.4 
0.3 
0 2  
0.1 

1 .r 
0.31 
029 
027 
026 

024 
023 
021 
0.19 
0.1 8 

0.16 
0.15 
0.13 
0.11 
0.10 

0.08 
0.07 
0.05 
0.m 
0.02 

l i  

1- 
i r  - 

'qd AD in terms of W T .  Multiply by AT (AT is the 
km~ce in temperature between 20'C and the actual 
perature of the test). This will give a value to be 

from the D found in 54.9 if the temperature is 
above 20%. If the temperature is below 20" C, this correction 
should be added. been determined. 

15.5.1 1 Fmd P by using Table 8 and the value for Re 
15.5.12 The values of 0, are now plotted against the 

15.6 Recision and Bias: 
15.6.1 The precision and bias of this test method has not 

valuesofP. 

w102m 
Ix-15 
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ace, or whiteness, or both of ground calcium carbonate 
products by comparison with a standard, using green and 
blue filters 

16.3 Apparhus: . 
16.3.1 Rejleaometer:15 

em c110 

FIG 8 Dry-Powder Press 

TABLE 8 Values for P as Related to Re. Using a = 0,988 
and W = 4 0  

Norr-CakuIate to nearest 0.1 of Re For a reading of 24.7. take reading of 
24.5 whid, IS 60.0 and add 2 x 0.4 or 60.8%. 

R. P Re P R C  P R C  P 
0.0 0.0 115 285 23.0 57.0 345 85.0 
0 5  1 5  12.0 
1.0 25  125 
1 5  3 5  13.0 
20 5.0 135 
2.5 6.0 14.0 
3.0 7 5  145 
3 5  s.5 15.0 
4.0 10.0 155 
4 5  11.0 16.0 
5.0 125 16.5 
5.5 13.5 17.0 
U 15.0 175 
6 5  16.0 18.0 
7.0 17.5 185 
75  185 19.0 
8.0 20.0 195 
85 21.0 20.0 
9.0 22.5 20.5 
9 5  235 21.0 

10.0 25.0 21.5 
105 26.0 22.0 
11.0 275 225 

30.0 
31 .O 
32.0 
335 
35.0 
36.0 
37.5 
385 
395 
40.5 
42.0 
43.0 
445 
45.5 
47.0 
400 
495 
50.5 
52.0 
53.0 
545 
565 

235 
24.0 
245 
25.0 
255 
26.0 
265 
27.0 
27.5 
28.0 
285 
29.0 
295 
30.0 
305 
31 .O 
31 5 
32.0 
32.5 
33.0 
33.5 
34.0 

58.0 
59.0 
60.0 
62.0 
63.0 
64.0 
65.0 
66.5 
675 
69.0 
70.0 
71 5 
72.5 
74.0 
75.0 
76.5 
TIS 
79.0 
80.0 
815 
82.5 
84.0 

35.0 865 
355 87.5 
36.0 89.0 
365 90.0 
37.0 915 
375 92.5 
38.0 94.0 
38.5 95.0 
39.0 96.5 
39.5 975 
40.0 99.0 
40.5 100.0 

16.3.2 D n  Powder Press '6-lnstructions. as supplied 
the manufacturer, for preparation of the sample and use 
the powder press shall be explicitly followed. 

16.3.3 White Porcelain Standard Plaque. to be used as 
secondary standard. 

16.4 Reagent: 
16.4.1 Barium Sulfate (BaSOJ-Use Eastman Kodak'' 

Chemical No. 609 1, white reflectance sthndard only. 
16.5 Calibration and Standardimion: 
16.5.1 Zero Scale Calibration (bottom of scale standard- 

ization): 
16.5.1.1 Place the black glass provided with the instru- 

ment over the specimen port, so that the shiny side is 
towards the opening. The glass should be positioned so that 
no light escapes from the black glass-opening interface. 

16.5.1.2 The processor is then adjusted to read zero 
reji'ectance. 

16.5.2 Standardizing of the White Standard (standard- 
ization ofthe upper pan ofthe scale): 

16.5.2.1 A primary standard pellet (barium sulfate) which 
is free from surface flaws should be positioned over the 
specimen port so that no light can escape at the pellet- 
opening interface. 

16.5.2.2 The Eastman Kodak barium sulfate reflectance 
standard is provided with reflectance values at various 
wavelengths. Since some variation is possible between lots of 
BSO,, the values used to standardize the reflectometer must 

16.5.2.3 After this has been accomplished, a reading of 
white standard plaque can be taken and the values of X, 9 be calculated. A normal Y value Will be between 99.0 
98.5, depending on the lot number. 

and 2 recorded. This plaque can then be used as a secondary 
standard for future standardirations. This reduces the neces- 
$ty of making a barium sulfate pellet for every test series. 

16.6 Procedure: 
16.6.1 The reflectometer must be given ample warm-up 

time prior to the sample readings. 
16.6.2 The reflectometer must fim be standardized; this 

consists of standardization of the bottom of the scale and 
standardization of the upper part of the scale. 

16.6.3 Sample pellets should then be pressed (Note 8) 
following manufacturer instructions explicitly (Note 9). 

16.6.4 M e r  the reflectometer has been standardized, the 
sample pelleu are centered beneath the opening and posi- 
tioned so that no light escapes from the pelletspening 

NOTE 8-Gmund products with more than 0.5 % residue on a 
4-m (No. 325) sc~cetl wiU require speaal care in preparing the sample 
cup. The coarser the producr, the harder to obtain a compact, smooth 
surfaa. 

interface. 
16.6.5 The samples are then read for X, Y, 2, L, a, a 
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values. These values are recorded. 
16.6.6 To determine if the values of the reflectometer 

have drifted, the white standard (either the barium sulfate 
pellet or the porcelain plaque) is placed over the specimen 
port and read. Values should be the same as those placed in 
the processor during the standardization procedure. 

16.7 Repon: 
16.7.1 The Y value is recorded as the dry brightness of 

that specific limestone. 
16.8 Precision and Bias: 
16.8.1 The same instrument, operator, and standard 

should reproduce 20.2 %. Different instrument (Note lo), 
operators. and standard should agree 2 1.0 %. 

NOTE IO-It is recognized that there arc various manufactums of 
rcflmomaers. and testing has k e n  undenaken to relate X, Y. and Z 
tristimulus color values from one instrument to another. If results of this 
comparison testing are desired, plcasc contact the P u l v a k d  Limestone 
Asrociation. 

17. Apparent Loose Density of Hydrated Lime, Pulverized 
. Quicklime, and Limestone 
17.1 Significance and Use: 
17.1.1 This test method determines the loose or unsettled 

density of hydrated lime, pulverized quicklime, and lime- 
stone. It provides for an approximate meaSUre of the 
maximum volume occupied by a given weight of hydrated 
lime, pulverized quicklime, or limestone. 

17.2 Apparatus: 
17.2.1 Flour S@er-A 114 to 127 mm (4% to 5 in.) 

kitchen-type flour sifter of either the squeeze handle type or 
the hand crank type. It shall be able to hold at least 300 g of 
hydrated lime or 500 g of limestone or quicklime. The wire 
mesh openings should be between 0.8 and 1.5 mm. 

17.2.2 Density Cup, 400 mL cylindrical cup as described 
in the Apparatus Section of Test Method C 185. 

17.2.3 Balance, suitable for weighing at least 800 g accu- 
rately tc 0.1 g. 

17.2.4 Clock or Watch. 
17.2.5 Straight Edge. 
17.3 Procedure: 
17.3.1 Weigh the empty density cup to the nearest 0.1 g 

on a balance. Place the tared cup on a solid table with a 
suitable mat inserted underneath the cup to collect excess 
sample spilling over the cup. Fa the flour sifter with more 
than enough material to fill the density cup. Start the clock 
and the sifting device to facilitate the flow of powder into the 
cup. Overflow the cup until there is a cone of excess material. 

17.3.2 After 3 min, carefully remove the excess powder by 
passing the edge of a spatula blade parallel with, and in 
contact with, the top of the cup. Move the spatula smoothly 
and keep it level at all times to prevent packing or pulling the 

1 7.4 Calculation: i 
17.4.1 ! 

where: ! 

D = loosedensity, i 
U' = weight of sample, g, and 
1/ = volume ofcup, an3. 

17.4.2 For reporting as pounds per cubic foot, multiply 1 
grams per cubic centimetre by 62.43. 

! 

17.5.1 Single Operator Precision-The single operator i 
standard deviation has been found to be 0.4 lb/ft3 (Note 11). ' 
Therefore, results of two properly conducted tests by the 
same operator on the same material should not differ b> 
more than 1.13 lb/ft3. 

17.52 Multilaboratory Precision-The multilaboratoq 
standard deviation has been found to be 1.26 lb/ft3 (Note 
11). Therefore, results of two properly conducted tests from 
two different laboratories on samples of the same material 
should not differ by more than 3.6 lb/ft3. 

NOTE 11-These numbers rrprrvnt, respectively. the (1s) and (&SI 
firnits as described in MIX C 670. 

17.5.3 The above precision statements are based on a 
multilaboratory testing. program for determination of the 
loose bulk density of hydrated lime. No statement is made 
regarding the precision of this method as it relates to other 
materials. Due to a lack of a recognized industry standard. 
the bias of this test method has not been determined. 

Calculate the loose density as follows 
D =  WIV 

. .  

I 
I 

8 

17.5 Precision and Bias: ! 

18. Apparent Packed Density of Hydrated Lime, Pulverized 
Quicklime, and Limestone 

18.1 Si@icance and Use: - 
18.1.1 This test method determines the packed or settled 

density of hydrated lime, pulverized quicklime, and lime- 
stone. It provides for determining the minimum volume 
occupied by a given weight of hydrated lime, pulverized 
quicklime or limestone. 

18.2 Apparafuc 
18.2.1 Graduated Cylinder, 100 mL capacity. 
18.2.2 Balance. amrate to 0.1 g. 
18.3 Procedure: 
18.3.1 Weigh to within 0.1 g a 25 g sample of powdered 

material and transfer it to the graduated cylinder. 
18.3.2 Mow powder to settle by gently tapping tb 

cylinder on a desk top cushioned with a thick magazine 01 
writing tablet so that compaction occurs without fluffing. 

18.3.3 Record the volume of the lime after each 100 tap 
and continue tapping until compaction volume change is IS 
than 0.5 mL/100 taps. 

18.3.4 Calculate the density in grams per cubic centimerr' sample out of the cup. 
17.3.3 After the cup is level, lightly tap it with the edge of 

the spatula to settle the powder. Wipe the outside of the cup 
with a lintless cloth or paper towel. Avoid spilling the sample 
while transferring the cup to the balance for weighing. 

17.3.4 Weigh the cup and sample to the nearest 0.1 g and 
determine the weight of the sample by ditference. 

17.3.5 The loose density of the material is calculated and 
reported as grams per cubic centimetre, or as pounds per 
cubic foot. 

or in pounds per cubic foot to the nearest pound. 
18.4 calnclotion: 
18.4.1 Calculate the packed density as follows 

D =  WIV 

where: 
D = packeddensity, 
W = weight of sample, g, and 
v = final volume of sample, m3. 

18.4.2 For reporting as pounds per cubic foot, multiP'' 

IX- 17 
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prams per cubic centimetre by 62.43. 
18.5 Precision and Bias: 
18.5.1 Single Operator Precision-The single operator 

standard deviation has been found to be 0.5 lb/A3 (Note 11). 
Therefore, results of two properly conducted tests by the 
same opentor on the same material should not mer by 
more than 1.4 lb/ft3. 

18.5.2 Muliiiaboratory Precision-The multilaboratory 
standard deviation has been found to be 1.7 lb/A3 (Note 11). 
Therefore, results of two property conducted tests from two 
different laboratories on samples of the same material should 
not differ by more than 4.8 lb/ft3. 

18.5.3 The above precision statements are based on a 
mdtkboratory testing program for determination of the 
packed bulk density of hydrated lime. No Statement is made 
regarding the precision of this method as it relates to other 
materials. Due to a lack of a recognized industry standad, 
the bias of this test method has not been determined. 

19. Fmeness of Pulverized Quicklime and Hydrated Lime by 
Air Permeability 

19.1 Significance and Use: 
19.1.1 This test method covers the determination of 

fineness of pulverized quicklime and hydrated lime using the 
Blaine air permeability apparatus described in Test Method 
C 204. Fineness in terms of surface area shall be expressed as 
total surface area in square centimetres per gram, or square 
metres per kilopm. 

19.12 This test method provides, in general, relative 
ratha than absolute fineness values. For the complete 
description of the apparatus and the procedures for use, refer 
to Test Method C 204. 

192 Recision and Bias: 
1921 Although precision for the test method for fineness 

of portland cement by air permeability apparatus has been 
reponed in Test Method C204, the precision of this test 
method has not been determined for pulverized lime and 
hydrated lime. When sufficient data has been obtained and 
analyze4 a statement of precision will be provided. In the 
meantime users of this test method are advised to develop 
their own. 

20. Dry Screening of Hydrated Lime, Pulverized Quicklime, 
d Limestone by Air Jet Sieving 

20.1 Signijicance and Use: 
20.1.1 This test method uses a rotating slit nozzle to 

supply a sueam of air direcred at the backside of a test sieve, 
keepins the screen from "blinding." The aerated material is 
then pulled back through the sieve by a vacuum source. 

20.12 The advantages of dry screening by air jet sieving 
are twofold The material being tested is less likely to "blind" 
rhe yxen because of the recuning counterflow of an air 
sueam to the back of the sieve. Also, dry screening avoids the 
aror mtroduc4 by the interaction of the test material with 
soluble liquid media 
90.13 This test method is suitable for screening material 

h m  a nominal 300 pm (50 mesh) in size to 20 pm (635 
meshr 

- 

N m  12-Bliodhg Of the Si-  an OCCUT at Various Sires depending 
~ t b c t h c b c i n g  sieved. Expriencc has shown 45 pm (325 mesh) 

0 to be the lower h i t  with some hydrata. Other hydrata and pulvcrizcd 
quicklime may be sieved to 32 pm (450 mesh). Lmatone can k sieved 
to 20 pm (635 mesh). 

20.2 Apparatus: 
20.2. I An €nclosed Device, capable of creating a vacuum 

on the backside of a sieve causing a rotating slit nozzle to 
supply an air stream perpendicular to the bottom of the 
sieve. The purpose is to suspend all material on the sieve by 
the air stream on a rotating basis.'* 

20.2.2 Balance, suitable for weighing accurately to 0.01 g. 
NOTE I3-Selcdon of balance with regard to accuracy is dependent 

on the sample sire choscn and residue retained and must be consistent 
with the accuracy required. Therefore, a balance weighing accurately to 
0.001 g may be desirrd 

20.2.3 Bwh,  soft bristle. 
20.2.4 Sieve Cover--A hard plastic transparent cover used 

to create a vacuum on the sieve. 
20.2.5 Test Sieves-The sieves shall be constructed using 

a woven wire, either brass or stainless steel, mounted on a 
substantial fiame. Electroformed sieves should not be used 
because blinding and cleaning problems make them imprac- 
tical to use. The sieves shall be approximately 8 in. in 
diameter and conform to Specification E 1 1. A flexible collar 
must be used to ensure an air tight fit between the sieve and 
the device. 

20.3 Procedure: 
20.3.1 After placing the appropriate sieve into position, 

weigh (to the nearest 0.0 1 g) a sample of the test material and 
place it on the sieve. 
N m  14-The amount of sample and duntion of sieving arc 

dependent upon the type of material and gradation and therefore should 
k adapted to individual conditionr Generally, the larger the sample 
!ke, the more representatbe Of the m a t e d  tested and the les 
GgniIicant are Q ~ O R  O f  KeChiquC, thaCfOW the &tS the more 
exact Sample weights can vary &om 20 g for mataial finer than 40 pm 
up to 50 g for larger, heavier materialr 

20.3.2 Place cover on sieve, set timer to 6 min and start 
vacuum (maintain vacuum according to manufacturer's 
recommendation). Any material clinging to the cover or edge 
of the sieve can be removed by light tapping with a mallet or 
similar device (see Note 14). i f  agglomerations form, they 
can be broken apart with a soft bristle brush. 

Nm 1 %Static electrical charges can ohen develop on the cover (if 
it is made of plastic) causing it to hold a heavy Ih of the material k i n g  
sieved. If tapping will not loosen the mataial, a static facc shect*9 may 
k used to wipe the coversurfaa before starting the M. 

20.3.3 After screening, clean the sieve with a fine bristle 
brush being careful not to damage the mesh and then weigh 
the residue to the nearest 0.01 g 

20.4 Cddaion:  
20.4.1 Calculate percent passing as follows: 

[(S - R)/S] x 100 = perant paning 

IX-18 
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sample weight, g. and 

20.5 Precision and Bias: 
20.5.1 There are as yet insuficient analyzed data to 

pennit preparation of a precision and bias statement for this 
test method. 

e: = weight of sieve residue, g. 

21. Limestone Grindability Determination by the Labora- 
tory Ball Mill Method 

21.1 Scope: 
2 1 . 1 . 1  This test method is used to determine the relative 

grindability or ease of pulverization of limestones of differing 
hardness and to report this as a grindability index. 

21.1.2 This test method is applicable to all types of 
limestone. 

21.2 Summary of Test Method: 
2 1 - 2 1  Limestone of a specified size range is wet ground in 

a ball mill therein receiving a specified amount of grinding 
energy. The amount of minus 75-pm (200-mesh) limatone 
produced is measured by wet sieving and reported as the 
percent passing 75-pm (200-mesh) after 5000 revolutions. 
This is the grindability index. 

2 1.3 Significance and Use: 
21.3.1 This test method is useful for comparison and 

acceptance testing of limestone for applications where fine 
-round limestone is desired. 

1.4 Apparatus: 
1.4.1 Jar Mill?o operated at 1 10 .c 10 r/min. 6 21.4.2 Mill Jar?1 ceramic 14 cm (5l/2 in.) diameter by 

17.2 cm (6314 in.) high. 
21.4.3 Grinding Media, 160 f 1 g total, consisting of 

seven ceramic 2 1 by 21 mm ( i K 6  by 13/16 in.) cylindrical 
grinding mediaU (about 23 g each). 

2 1.4.4 The sieves used shall conform to the requirements 
of Specification E 1 1. 

2 1.4.5 Weights and weighing devices, shall conform to the 
requirements of Specification C 1005. 

2 1.4.6 Drying Oven, capable of maintaining 1WC. 
21.4.7 A Chipmunk Crusher,23 capable of breaking large 

21.4.8 Rifle Sample Splitter:4 open pan, 12.7 mm (1/2 

rocks to less than 6.35 mm (114 in.). 

mUS. Stonewart NO. 753-RM rotating mill. or equivalent has been found 

2 '  U S  Stonewart mill jar No. 7744-00. or e q u i v a h ~  has been found 

U S  S u m o v y ~  burundum W i r  in. ginding m e  or equivalcn~. has km 

2' B-Braun CNSher (iaw. chipmunk) Model No. 241-34. or equivalen~ has 

24Cunis Mathcsoa Scientific Modcl No. 095-851, or e q u i v a l a ~  bas km 

g t i d a c t o r y f M t h i S P ~  

satidacrory for this purpor 

found SatLfaaoy for ulis purpose. 

bcen found sathfamsy for this purpor 

found satisktoy for this purpose. 

'. 6145 
in.) chute width. 

2 1 A.9 Stopnatch. 
2 1.5 Reagents and MaJ~ldS: 
2 1.5.1 Milling Solufion, a 0.1 9% solution of acrylate based 

The dispersant chosen should not increase the 
solubility of limestone in water?6 

2 1.6 Sampling: 
21.6.1 Sample in accordance with Practice D 75. 
21.6.2 Reduce the sample in accordance with Practice 

C 702 and prepare by sieving out the material that passes a 
850-pm (No. 20) sievG7 and is retained on a 425-pm (No. 
40) sieve.t7 

2 1.7 Procedure: 
21.7.1 Weigh seven grinding media, make adjustments 

(by substitutions or frling) to bring total weight to 160 g f 1 
g- 

21.72 If the jar mill has provision for automatic shut-off. 
set it for 5000 revolutions, otherwise determine the mill 
r/min by counting the revolutions in an accurately timed 
period (using stopwatch) and then calculate the exact time 
required for 5000 revolutions. 

21.7.3 Weigh out 20 .C 0.01 g of dried 2 0 . b ~  40 mesh 
limestone. Record actual weight as W1. 

21.7.4 Add 180 mL of milling solution to clean and 
empty mill jar. 

21.7.5 Add the seven'grinding media and quantitatively 
transfer the limestone sample to the mill jar and secure the 
top. 

2 1.7.6 Place the mill jar on the mill rollers and operate the 
mill for the exact time required to make 5000 revolutions. 

21.7.7 Quantitatively transfer the limestone slurry from 
the jar mill by rinsing the entire contents onto a coarse sieve 
(for example, 3.35 mm (No. 6)) and an underlying 7 5 y m  
(No. 200) sieve. Rinse the media and coarse sieve and 
separate the sieves. 

2 1.7.8 Wet sieve the sample remaining on the 75-pm (No. 
200) sieve to remove the finer material. 

21.7.9 Dry and weigh the residue from the 75ym (No. 
200) sieve and record as u? (to the nearest 0.01 g). 

21.8 Calculation. 
21.8.1 Calculate the grindability index (GO as follows 

2 1.9 Precision and Bias: 
21.9.1 The precision and bias of this test method has not 

been determined at this time. 

G I = ( w 1 -  m ) / W  x 100 

Alcorpenc 149 from Ala Chemical Corp.. or equivalent has km founc 

26 Dinilld or deionized warn should be used for milling solution or dubfit! 

I) US. Standad Si- 6.20.40 md 200 mesh SLa; 20.3 ~m (8 in.) diameu 

sa~amny for thic purpor 

ts ts  

by 5 an (2 in.) dcpth witb aainkzrsed wire doh 
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Standard Specification for 
Portland Cement' 

This arndard is issued under the Gxcd designation C 159 the n u m k  immcdiatcly following the designation indicates thc year of 
0- adoption of, in the w of d o n .  the year of kn midon. A n u m b  in parmthcsa indicara the of last mpprwal. A 
r~pnaipt eprilon (r) indi~atcr an editorial dlangc si= the Ln e o n  01 mppronl 

Wit SIOndord has b m  approved /or use by agencies of ihc m n u m  of D&me. COnnJl the DOD I d a  of SpecirrcntiOnr and 
Sladmisfor ihc spu$c yrnr of issue which Ius b m  adopied by ihc Dcpmmem of Ma. 

1. scope 

ment, a~ follow (see Note): 
1.1 This specification covers eight types of portland ce- 

1.1.1 Type I-For use when the special properties speci- 
fied for any other type are not required. 

1.1.2 Type IA-Air-entraining cement for the same uses 
as Type I, where airentrainment is desired. 

1.1.3 Type II-For general use, more especially when 
moderate sulfate resistance or moderate heat of hydration is 
desired. 

I. 1.4 Type IIA-Airentraining cement for the same uses 
as Type II, where akntrainment is desired. 

1.1.5 Type IZI-For use when high early strength is 
desired. 

I. 1.6 Type IZZA-Air-entraining cement for the same use 
as Type III, where airentrainment is desired. 

1.1.7 Type IV-For use when a low heat of hydration is 
desired. . 

1.1.8 Type V-For use when high sulfate resistance is 
desired 

1.2 The values stated in inch-pound units are to be 
regarded as the standard 

2. Referenced Documents 
2.1 ASTM Standards: 
C 33 Specification for Concrete Aggregae 
C 109 Test Method for Compressive Strength of Hydraulic 

Cement Mortars (Using 2-in. or SO-mm Cube 
Specimens)3 

C 1 14 Test Methods for Chemical Analysis of Hydraulic 
Cement' 

C 1 IS Test Method for Fineness of Portland Cement by 
the Turbidimete9 

C 151 Test Method for Autoclave Expansion of Podand 
Cement3 

C 183 Practice for Sampling and the Amount of Testing of 
Hydraulic Cement3 

C 185 Test Method-for Air Content of Hydraulic Cement 
M o d  

C 186 Test Method for Heat of Hydration of Hydraulic 
Cement3 

0 

C 191 Test Method for Tme of Setting of Hydraulic 
Cement by Vicat NeedlP 

C 204 Test Method for Fmeness of Portland Cement by 
Air Permeability Apparatus3 

C 226 Specification for Air-Entraining Additions for Use 
in the Manufacture of Air-Entraining Portland Cement" 

C266 Test Method for Time of Setting of Hydraulic 
Cement Paste by Gillmore Ne&& 

C451 Test Method for Early Stiffening of Portland 
Cement (Paste Methody 

C452 Test Method for Potential Expansion of Portland 
Cement Mortars Exposed to Sulfa& 

C 465 Specification for RocesSing Additions for Use in the 
Manufacture of Hydraulic Cemend 

CS63 Test Method for Optimum SO3 in Portland 
Cement3 

C 1038 Test Method for Expansion of Portland Cement 
Mortar Bars Stored in Wate? 

3. Terminology 
3.1 Dejinitions: 
3.1.1 podand cement-a hydraulic cement produced by 

pulverizing clinker consisting essentially of hydraulic d- 
cium silicates, usually containing one or more of the forms 
of calcium sulfate as an interground addition. 

3.1.2 air-entraining portland cement-a hydraulic cement 
produced by pulverizing clinker consisting essentially of 
hydraulic calcium silicates, usually containing one or more 
of the forms of calcium sulfate as an interground addition, 
and with which there has been interground an airentraining 
addition. 

4. OrderingInformation 

include the following 

I m.be supplied, 

4.1 Orders for material under this specification shall 

4.1.1 This specification number and date!, 
4.1.2 Type or types allowable. If no type is specified, Type 

4.1.3 Any optional chemical raquirements fiom Table 2, 
4.1.4 Type of setting-time test wuired, Vicat or 

4.1.5 Any optional physical requirements from Table 4, if 

ifdesired, 

Gillmore. If not specified, the Vicat shall be used, 

desired. 
Ncm-Attcntion is called to the fkt  that cements confoxmi 

rrquircments for all types may not k carried in stock 
advance of specifying the usc of other than Type I amas it 
detamincd whether the proposed type of -at is 
available. 
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TABLE 1 Standard Chemical Requirements 

Cement TypeA I and iA II and IIA 111 and lllA fv V 

Fenic oxide (Fe20,). max. x ... 6.0 ... 6.5 ... 
SUMrr trio- 0 3 .  a max. x 

when(Gg4)C is 8 %  or less 
When (W)Cis mqe mw 8 %  

... ... ... dioxide (W). m. t ... 20.0 
m oxide (403. max. x ... 6.0 ... ... ... 

Magnesium oxice (MgO). max. '1 6.0 6.0 6.0 6.0 6.0 

3.0 3.0 3.5 2.3 2.3 
3.5 0 4.5. 0 

L o s s a , ~ . m a x . %  3.0 3.0 3.0 2 5  3.0 
Irlsou4e residue. max. L 0.75 0.75 0.75 0.75 0.75 

0 

Tricalcirm, Sacate (w)C max. x ... ... ... 35s ... 
D i m  si&ate (-)C min. % ... ... ... 40E ... 
Tricaban aluminate (C,A)C max. 'I ... 8 15 . 7E 5' 
Tewadcium abminofenite @us hnice the trbkium aluminate (C.AF + 2(-)). ... ... ... ... 25' 

Q SOM sOhrbon(C,AF + cy), asapp6cable. max. x 
A see Note. 
e l b r a  am cases where OptbMn So, (using Test Memod C %)fora partiaaarcementis dose toor in excetrof thebit in this weakatim. tn such cases whac 

p+operties ofa cement can be lmpwed by exceeding the SO, limits stated in tW table, it is pemsibk to exceed the values in me table. pronded n has been 
demonstrated by Test Memod C 1038 that thecement with the ineraased sq will not dwekp expamiar in water exmeding 0.020 4 at 14 days. when the manufacww 
s~cementunderthisprovition,he~.uponrequest. SUPPty sumdatatomepadraser.  

=The axpesslngof chemical CInita~bymeanSof calculated assumed cornpaads does not necesaq meanmat meoxides amactlayormidyperent as suol 
mpaslds. 

When expesslng cunpo~bs. C P CaO. S = Si,. A = 40,. F = F+O,. For exam@e. C,4 = 3CSO*&&. I 

T I  60- andphosphaus pentoxide(TO,and P&)shau be induded the 4 0 ,  mtem The value hDtarally and used tOr 40, h d d a q  ~ 

potential m p a a r d s f o r  --plrpose~ isme ammadurn groupminusfemcordde(R,O, - F w S o M a i n e d  b y e  wet- m e w s .  This 
indudes as &0,theT02. P,O, and other trace oxides wrpch preoiptae with the ammonhrm hydroxide p u p  in the dassid wet chmical methods. hbny , 

modem- t a l m e m o d s d c e m e m ~ d e t e r n r i n e ~ ~ a a l u m i n u m o x i d e ~ w i t h o u t t h e m i r o a n d t r a c a o ~ ~ b y m e ~ m e m o d .  
Carsequenuy. f a  cwistency and to praride caparability with histork data and among var#rs anatybd -. when cak-tnlg Potential eanporads fa ! 
~peahcatm prpose~. m o ~ e  u~lng memodS which determine N Q &Os- Jhordd add to Ute determined AI& m t  quantities01 P20s. TO2 and W O W  OW ; 
except F%O, wt& wo& pecipiwewith the ammonium hydroxidegroup when analyzed by the dassjcal method and which iS-t in an m t  of 0.05 weight Xo j 
greater. The weight persnt of mim or tram oxides to be added to&o, by mose using direct memods may be obtaned by actual matyss d those oxides in me s~lple : 
b e q  testedor estimatd fran hstofiddatam those oxides a, aments fmn me samesarrce. parided thapleestimated values am -as such. 

When the ratio of percmtagesof ahmirun oxide to ferric oxjde is 0.64 or mue. me perantages of eicakim silicate. dkakxsm silicate. 
~~alunvpfmiteshanbecakadatedfranthechemical~astooom: 

m t e .  ani 

'w silicate = (4.071 x % CaO) - (7.600 x x !SQJ - (6.718 x f AJ& - (1.430 x x Few - (2.852 X X SQ) I I 

i silkate = (2.867 x X - (0.7504 x X C& 
aluminam = (2.650 X % q,) - (1.692 X X Fe,o,) 

aluminofefrite = 3.043 x X Fe&, I 
whenthe- ' oxide ratio is kss than 0.64. a calciun m e r r i t e  solid solutm(expres& as @C.AF + Q3)iS famed. cements of this sotidsolrnm ani 1 

Js(C.AF + 
TfiCSbm siiicate E (4.071 x I CaO) - (7.600 x % SQJ - (4.479 X t AI& - (2.859 x % FQOJ - (2.852 X % ad. 
No Wicakimaluminatewill bepesentincementsofthiscanpcruboo ' .  . ~ ~ S i l i c a t e s h a p b e ~ t e d a s p r e n a d y s h o w n .  
In the calaiatioll of all CanpMdS the 0- eetennined tome nearest 0.1 f shall be used. 
A0 v a h r a s ~ t e u a s & s a l & ? d i n  this n o t e r n  berepated to me nearest 1 x .  
O N O l  alw6caw. 
Eboesnot apptywhenmeheatofhydramnlirnitinTabk74 is specified. 
'Does not apply when the SrdfatereSistanQ limit in T a M  4 is specifed. 

! 

! 

*i 
of Wkfdckmtiticatashall becalcrtated by the folknwq tormrdas: 

= (2.100 x % N&+ (1.702 x % Fe& 

5. Additions 
5.1 The cement covered by this specification shall contain 

no addition except as follows 
5.1.1 Water or calcium sulfate, or both, may be added in 

amounts such that the limits shown in Table 1 for sulfur 
trioxide and loss-on-ignition shall not be exceeded. 

5.12 At the option of the manufacturer, proCessing addi- 
tions may be used in the manufacture of the cement, 
provided such materials in the amounts used have been 
shown to meet the requirements of Specification C 465. 

5.1.3 Airentraining portland cement shall contain an 
interground addition conforming to the requirements of 
Specification C 226. 

.hemid Composition 
1 Portland cement of each of the eight types shown in a! 'on 1 shall conform to the respective standard chemical 

requirements prescribed in Table 1. In addition, optional 
chemical requirements are shown in Table 2. 

7. Physical Properties 
7.1 Portland cement of each of the eight types shown if 

Section 1 shall conform to the respeCtive standard physic2 
requirements prescribed in Table 3. In addition, optiona 
physical requirements are shown in Table 4. 

8. Sampling 
8.1 When the purchaser desires that the cement 

sampled and tested to verify compliance with this s p e d @  
tion, sampling and testing should be performed in accOp 
dance with practice C 183. 

8 2  Practice C 183 is not designed for manufaaunn! 
quality control and are not required for manufactud 
certification. 
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9. Test Methods 
9.1 Determin e the applicable properties enumeratd ip 

this specitication in accordance with the following 
methods: 

9.1.1 Air Coruent oJMortar--Test Method C 185. 
0 lj 02 3 4 
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9.1.2 Chemical Anaiysis-Test Methods C 1 14. 
9.1.3 Strengzh-Test Method C 109. 
9.1.4 False Sa-Test Method C 45 1. 
9.1.5 Fineness by Air Permeabilitp-Test Method C 204. 
9.1.6 Fineness by Turbidimeter-Test Method C 1 15. 
9.1.7 Heat OfHydration-Test Method C 186. 
9.1.8 Autoclave Expansion-Test Method C 15 1. 
9.1.9 Time of Setting by Gillmore Needles-Test Method 

C 266. 
9.1.10 Time of Serting by Vicat Needles-Test Method 

c 191. 
9.1.1 1 Sdfate Resistance-Test Method C 452 ( d a t e  

expansion). 
9.1.12 Calcium Sdfate (qansion on Mo~m-Test 

Method C 1038. 
9.1.13 Optimum SOrTest Meth&i C 563. 

10. Inspection 
10.1 Inspection of the material shall be made as agreed 

upon by the purchaser and the seller as part of the purchase 
contract. 

11. Rejection 
11.1 The cement may be rejected ifit tails to meet any of 

the requirements of this specification. 
1 1.2 Cement remaining in bulk storage at the mill, pnor 

to shipment, for more than 6 months, or cement in bag$ in 
local storage in the hands of a vendor for more than 3 
months, after completion of tests, may be retested before use 
and may be rejected if it fails to conform to any of the 

M-22 

1 1.3 Packages shall identify the weight as n 
Packages more than 2 %I below the weight mark €a: requirements of this specification. 

may be rejected, and if the average weight of packages in any 
shipment, as shown by weighing 50 packages taken at 
random, is less than that marked on the packages, the entire 
shipment may be rejected. 

12. Manufacturer’s Statement 

12.1 At the request of the purchaser, the manufacturer 
shall state in writing the nature, amouns and identity of the 
air-entraining agent used, and of any processing addition 
that may have been used, and also, if requested, shail supply 
test data showing compliance of such air+wraining addition 
with the provisions of Specification C 226, and of any such 
procesSing addition with Specification C 465. 

13. Packaging and Package Marking 
13.1 When the cement is delivered in packages, the words 

‘Portland Cemenh” the type of cemenS the name and brand 
of the manufacturer, and the weight of the cement contained 
therein shall be plainiy marked on each package. When the 
cement is an air-entraiuing type, the words ‘airentraining” 
shall be plainly marked on each package. Similar idorma- 
tion shall be provided in the shipping documents accomna- 
nyhg the shipment of packag&lr bulk 
packages shall be in good condition at the time 
tiOIl. 
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A i r m t e m o f m a t a r . ~ v d u m e  x: 
max 12 22 12 22' 12 22 12 12 
InAl ... 16 ... 16 ... 16 ... ... 

F-. spe&ic swface. d / k g  (alternative methods): 
Tlrrbidimeter test. cnin 160 160 160 160 ... ... 160 160 
Airpenmamy ' testnrin 280 280 280 . 280 ... ... 280 280 

-equeon.max.x 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 
slrf?.ngm.notlessmaYl mevaluesshown formeagas 
indicatedbebwo ' - strengm. psi (MPa): ... ... ... ... 1800 . 1450 ... ... 

(124) (10.0) l - .  

3- 1800 1450 1500 1200 3500 2800 ... 1200 
(12.4) (10.0) (10.3) @.aF (24.1) (19.3) ma 

(19.3) ( 1 m  ( 1 7 9 ~  (1 3.8) (6.9) (159 

1mF'  800 

1700 1350,' . 
... ... loo0 2200 

(6.9) (5.5) 
7- 2800 2250 2500 2m 

(11.7)F' (9.3) 
... ... ... ... ... ... 3m 

' (172) (20.7) 
28 days 2m 

GiIlmae test 
lime of settin;J (amnative methods):€ 

Initial set. min. not less than 60 60 60 60 60 60 60 60 
F d  set nrin. not more than 600 600 600 600 600 600 600 600 

rune of semng. min. no1 less man 45 45 45 45 45 45 45 45 
Tune of setting. rnin. not more than 375 375 3 5  375 375 375 375 375 

v i t  t w o  

"SeeNOm. 
e c u w a n m w i m m e ~  of ths ~ t i o t l  does not mcesady . enaaematmedesaedairumtentwill be obtained in concrete. 

'*of me two alternative hnenersmemDdsmaybe &at meopbon of me testirg hboratc4y. Homrver.when me samprefails to meet t h e y  ofme 
leabwytest.mehnbidimeter testthallbeused.andmereqrnremems in mis labbformetlnbi&mlric memod shap gorrem. 
~ s 8 e n g t h a t a n y s ~ t e s t e g e  shapbenotlesthnnmatattained atanypevDussWfWtestage. a puaasershoukl specify me typeof semngtimetest reqrrired. tn casehe does mt 50 speafy. me requnementsofmevmt test ady w Qovem. 

c~ me heat ofhy~atm ormechemicel hitm me swn ofthetricaicium silicateand trkakkm akannate is specified. 
The tin, of sating is mat desubed as initial setting time in Test Metticd C 191. 

4. Storage 15. Manuficturer's Certification 
14.1 The cement shall be stored in such a manner as to 

e h t  easy access for proper w o n  and identification of 
ach -en& and in a suitable wathm-tight building u t  

mtea the cement fiom dampness and minimitP 
0- set 

15.1 of the Purchaser in the contract Or 
Order, a manUf-r's report shall be furnished at the t h e  
of shipment the xesults of tests made on samples of 
the m a t e d  taken during production or transfer and ced- 
fying that the cement conforms to applicable requirements of 
this specification. 

M-23 



V 

12 

3Ooo 
(20.7) 

60 
640 

45 
375 

50 

. . .  

... 

... 

0.040 

rat3 or 
he time 
1pleS of 
d ~ e r t i -  
ients of 

C150 



. .. 
, ... ' 

with 
- well 
h m  
Y for 

d t o  
1 for 
; and 

e - A  
, Vol 

ment 
enf' . PP. 

nica- 

tiom , 

:s d 
Ides. 

J 

D5299 6145 
,13) Handon, Joe. and smith. Dwight K. "sealing Downhole Plugs A 

StateOf-the-Ars" P e t t v f m  Engineer Intemationaf, Vol50, No. 4, 

(14) Smith. D. IC, Cementing "Socicry of Petrqleum Engineas 
M o n m p  Series" Vol4, Society of Petrofmm Engineers ojAIME, 
1976. 

(1s) US. EPA "conmuaion Requirrrnents for Wells A u t h o W  by 
Rule," 40 CRF 1473912b(l), (Subpcyr GGG. Osage M w d  
Raewe. Class II Wells)), 1988. 

(16) Portland Cement Association; Design Md Control 4 Concrete 
MLaures, Skokie, IL, 1979. 

1978, p. 56. 
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Standard Guide for 
lnvestigatingrand Sampling Soil and'Rock' I 

? .  

INTRODUCIION 

Investigation, sampling, and identification of subsurface materials involve compiex techniques 
accomplished by many different procedures and interpretations. These are fresuently site specific 
and are influenced by geological and geographical conditions; purpose of the investigation; design 
requirements; and the background, training, and experience of the investigator. 
This guide for sail, rock, and ground water investigation and sampling, based on standard 

procedures, will lessen inconsistency and will encourage rational methods of site evaluation. An 
acceptable and consistent investigation and sampling program will help to determine the influence 
of geologic and geographic environment on subsurface conditions. 

1. Scope 
1.1 This guide identifies recognized methods by which 

soil, rock, and ground water conditions may be determined. 
The objective of the investigation should be to identifL and 
locate, both horizontally and venially, significant soil and 
rock types and ground water cunditions present within a 
given site area and to establish the characteristics of the 
subsuxface materials by sampling and in situ testing. Labora- 
tory testing of soil and rock samples is governed by other 
ASTM standaxk 
1.2 Key Words: 
1.2.1 Site Investigations (see placrice D 3584): 
WF Reconnaissance Surveys 
Subsurface Investigations 
Geological Investigations 
Field Investigations 

BT Explorations 
Feasibility Studies 

NT Hydrologic Investigations 
Foundation Investigations 
Geophysical Inv@gation 

RT Soil Surveys 
Maps 
Preliminary Investigations 
Sampling 

1.3 The values stated in inch-pound units are to be 
regarded as the standard. 

2. Referenced Documents 

2.1 ASTM Standards: 
C 119 Definitions of Terms Relating to Dimension 

Stone2 

* llh pidc is uadathejuridicrion of S I M  c4mminec D18 on Soil and 
Rock and is the direc~ rrspoDdbility of Subcommmet D18.01 011 Surfaa and 
S u b r u r f r a R c C o n ~  

Cumnt edition opprovcd Aug 19. 1987. Published oaober 1987. m y  
p ~ b l k h d  PI D 420 - 65 T. ka m O =  editioo D 420 - 69 (1979)". 

Ann& Book of ASTM Sundad& Vol04.08. 

C 294 Descriptive Nomenclature of Constituents of Nat- 

C 85 1 Practice for Estimating Scratch Hardness of Coarse 

D 75 Practice for Sampling Aggregated 
D 653 Terminology Relating to Soil, Rock, and Contained 

D 1 194 Test Method for Bearing Capacity of Soil for S 'c 

D1452 Practice for Soil Investigation and Samp 

D 1586 Method for Penetration Test and Split-Barrel 

D 1587 Practice for Thin-Walled Tube Sampling of Soil!? 
D2113 Practice for Diamond Core Drilling for Site 

D2487 Test Method for Clasdfication of Soils for En@- 

D 2488 Practice for Description and Identification of So5 
(Vkual-Manual R d ~ r e ) 2  

D2573 Test Method for Field Vane Shear Test in Cohe- 
sive soil2 

D2607 Classification of Peas, Mosses, Humus, and Re- 
lated product? 

D2937 Test Method for Density of Soil In Place by the 
Driveqlinder Methodz 

D3282 Practice for Classification of SOS A d  Soil-Ag- 
gregate Mixtures for Highway Construction Purposes2 

D338S Test Method for Inhltration Rate of Soils in Field 
Using Double-Ring Infiltrometed 

D 3397 Methods for Triaxial Classification of Base Mate- 

D3441 Test Method for Deep, Quasistatic, Cone and 

ural Mineral Aggregates3 

. AggregateParticles3 

Fluids2 

Load on Spread Footin& 

Auger Boring? 6. 
sampling of soils2 

Investigation2 

neeringPurposesZ 

rials, soils, and soil rb4hKes4 

Fridon-Cone Penetration Tests of Soil2 
D 3550 Practice for Ring-Lined Barrel Sampling of 

~d Book oJAstM Sfadtnfr, Vol04.02. 
' A d  Bodr OfASrM VOl04.03. 



3584 Practice for Indexing Papers and Reports on Soil 
and Rock for Engineering Purpose? 
3740 Practice for the Evaluation of Agencies Engaged in 
the Testing and/or Inspection of Soil and Rock as Used 
in Engineering Design and Construction2 

D4083 Practice for Description of From Soils (vi- 
Manual 

D4220 Practices for Preseming and Transporting Soil 

D4427 Classification of Peat Samples by Laboratory 

G51 Test Method for pH of Soil for Use in Corrosion 

G57 Method for Field Measurement of Soil Resistivity 

samples2 

Testin2 

Testing2 

Using the Wenner Four-Electrode Method2 

3. Significance and Use 
3.1 An adequate soil, rock, and ground water invdga- 

tion provides pertinent information for decision making on 
one or more of the following subjects: 

3.1.1 Lucation of the proposed construction both verti- 
cally and horizontally. 

3.12 Location and preliminary evaluation of suitable 
borrow and other local sources of construction material. 

3.1.3 Need for special excavating and dewatering tech- 

3.1.4 Investigations of slope stability in natural slopes, 

3.1.5 Conceptual selection of embankment types, founda- 
JIS for structures, and hydraulic barrier requirements. 
3.1.6 Ground water resource planning and development 

3.1.7 IdentScation of ground water contamination and 
development of detailed monitoring studies. 

3.1.8 Development of additional detailed subsurface in- 
vestigations for specific structures or facilities 

3 2  A subsurface soil, rock, and ground water investiga- 
tion should provide suf6ciently large soil and rock samples of 
such quality as to allow adequate testing to determine the soil 
or rock classification or mineralogic type!, or both, and the 
engineering properties pertinent to the proposed design. 

3 3  This guide is not meant to be an inflexible description 
of investigation requirements; other techniques may be 
applied as appropriate. -. 

4- Apparatus 

niques 

-uts, and embankments. 

of detailed investigations 
e 

4.1 The type of equipment required for a subsurface 
bvestigation depends upon various facton including the 
type of subsurface material, the depth of exploration, the 
nature of the tefiaia, and the intended use of the data 

4 2  Hand Augers, Hole Diggers. Shovels. and Arrh Tube 
smplers, suitable for exploration of surficial soils to depths 
of3to9ft( l  to3m). 

4.3 Earth Ekavazion Equipment,  such as backhoes, 
draglines, and drilled pier augas (screw or bucket) to allow 

ritU examination of soil deposits and sampling of mate- 
containing very large particles. 4 Techniqaes 

d . 5 . 1  Geophysical or remote sensing techniques may be 
used for mapping of the areal extent of geological formations 

and for evaluating variations in soil and rock properties, 
5.1.1 Satellite and aircraft spectral mapping tools, such as 

LANDSAT, may be used to find and map the areal extent of 
subsurface materials and geologic structure. Interpretation of 
aircraft photographs and satellite imagery may locate and 
identiFy significant geologk features that may be indicative 
of faults and hctures. Some ground control is generally 
required to verify information derived from remote sensing 
data. Table 13.8 of Ref. (1)’ is a useful summary of remote 
sensing capabilities. 

5.1.2 Seismic refraction/reflection and ground penetrating 
radar techniques may be used to map soil horizons and 
depth profiles, water tables, and depth to bedrock in many 
situations, with depth penetration and resolution varying 
with local conditions. Electromagnetic induction, electrical 
resistivity, and induced polarization (or complex resistivity) 
techniques may be used to map variations in water content 
and quality, clay horizons, stratification, and depth to 
aquiferbedrock Other geophysical techniques such as 
gravity and magnetic methods may be useful under certain 
specific conditions. Crosshole shear wave velocity measure- 
ments may provide soil and rock parameters for dynamic 
analyses. 

5.4 Currently available ASTM standards on boring and 
sampling are: 

5.4.1 Practice D 1452 on auger boring. 
5.4.2 Method D 1586 on standard penetration test 
5.4.3 Practice D 1587 on thin walled tube sampling. 
5.4.4 Practice D 2 1 13 on diamond core drilling 
5.4.5 Test Method D 2573 on field vane shear test. 
5.4.6 Test Method D 3385 on double ring idiltrometer. 
5.4.7 Method D 3441 on cone penetration tests. 
5.4.8 Practice D 3550 on ring-lined barrel sampling. 

6. Exploration Plan 
6.1 The project design and performance requirements 

must be established prior to final development of the 
exploration plan. A complete soil, rock, and ground water 
investigation should encompass the following activities 

6.1.1 Review of available information on the geologic 
history, rock, soil, and ground water conditions occurring at 
the proposed location and in the immediate vicinity of the 
site. 

6.12 Interpretation of air-photo and other remote sensing 
data. 

6.1.3 Field recoxmakance for identification of s u r f i d  
geologic conditions, mapping of stratigraphic exposures and 
outcrops, and -on of the per€ormane of existing 
stru- 

6.1.4 On Site investigation of the surface and subsurface 
materials by geophysical surveys, borings, or test pits 

6.1.5 Recovery of representative disturbed samples for 
laboratory classification tests of soil, rock, and local con- 
struction material. These should be supplemented by undis- 

* tion of those turbed specimens suitable for the determtna 
engineering properties pertinent to the inveqigation. 

6.1.6 Deterrmna * tion of the position of the ground water 
table, or water tables if there is perched or artesian ground 
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water, and of the variability of that position in both short and 
long time frames. 

6.1.7 Determination of the location of suitable foundation 
material, either bedrock or satisfactory load-bearing soils. 

6.1.8 Field identification of soil and rock types with the 
depth of their occurrence and the locations of their structural 
discontinuities. 

6.1.9 Evaluation of the performance of existing installa- 
tions, relative to their foundation material and environment 
in the immediate vicinity of the proposed site. 

7. Reconnaissance of Project Area 
7.1 Technical data should be reviewed before any field 

program is started. This includes, but is not limited to, 
topographic maps, airphotos, satellite imagery, geologic 
maps, statewide or county soil surveys and mineral resource 
surveys, and engineering soil maps covering the proposed 
project area. Reports of subsurface investigations of nearby 
or adjacent projects should be studied. 

Nm I-While certain of the older maps and  ports may be 
obsolac and of limited value in the light of Eurrrnt knowledge, a 
comparison of the old with the new will often reveal VduabIe una- 
pcacd idonnation. 

7.1.1 The United States Geological Survey and the geolog- 
ical surveys of the various states are the principal sources of 
geologic maps and reports on mineral resources and ground 
water. 

7.1.2 United States Department of Agriculture Soil Con- 
servation Service soil survey reports, where available and of 
recent date, should enable the engineer to estimate the range 
in soil profile characteristics to depths of 5 or 6 A ( 1 .S or 2 m) 
for each soil mapped. 

NOTE 2--Each soil type has a distinctive soil profile due to'age, 
parent mattrial, relief. climatic condition, and vegetative cover. Thcse 
p e e s  assin in identifying the various soil types, each requiring 
speaal engtnecring oonsiderations and matment Similar engineering 
soil propaties ~ T C  often found w h a t  similar soil prome c h a m t a m  Q 
exist. Changes in soil propmies in adjacent arcas o h  indicate changes 
in parent material or did 

7.2 In areas where descriptive data are limited by inade- 
quate geologic or soils maps, the soil and rock in open cuts in 
the vicinity of the proposed project should be studied and 
various soil and rock profiles noted. Field notes of such 
studies should include data outlined in 8.4. 

7.3 Where a preliminary map covering the area of the 
project is desired, it can be prepared on maps compiled fiom 
airphotos showing the ground conditions..The distribution of 
the predominant soil and rock deposits likely to be encoun- 
tered during the investigation may be shown using data 
obtained fiom geologic maps and limited ground reconnais- 
sance. Experienced airphoto interpreters can deduce much 
subsurface data from a study of black and white, color, and 
infrared photographs because similar soil or rock conditions, 
or both, usually have Similar airphoto patterns in regions of 
similar climate or vegetation. 

7.4 In areas where documentary information is insufii- 
aent, some knowledge of subsurface conditions can be 
obtained 6-om land owners and local well drillers and 
construction people. 

NOTE 3-This preliminary map m a y  be expanded into a detailed 
engineering map by locating all tcst holes. pit& and sampling stations 

. .  

-, . 

8.1 Subsurface conditions are positively defined 
8. Determination of Subsurface Conditions 

the individual test pit, hole, boring, or open cut examined. A 
stratigraphic profile can be developed by detailed investiga- 
tions only where determinations of a continuous relationship 
of the depths and locations of various types of soil and rock 
can be made. This phase of the investigation may be 
implemented by plotting logs of soil and rock exposures in 
walls of excavations or cut areas or by plotting logs of the test 
borings, or both, and then interpolating between these logs. 
The spacing of these investigations will de!pe!nd on the 
geologic complexity of the project area and on the impor- 
tance of soil and rock continuity to the project design. 
Exploration should be deep enough to identifL all strata that 
might be significantly affected by the proposed use of the site 
and to develop the engineering data required to allow 
analysis of the items listed in Section 3 for each project. 

8.2 Geophysical survey methods may be used to supple- 
ment borehole and outcrop data and to interpolate between 
holes. Seismic, ground penetrating radar, and electrical 
resistivity methods can be particularly valuable when distinct 
differences in the properties of contiguous subsurface mate- 
rials are indicated. 

82.1 The seismic refraction method is especially useful in 
determining depth to, or nppability of, rock in locations 
where suCcessively denser strata are encountered. 

82.2 The seismic reflection method is useful in 
eating geological units at depths below 10 A (3 m). I 

useful in areas of rapid stratigraphic change. 
82.3 The electrical resistivity method is simikdy useful in 

detexmining depth to rock and anomalies in the stratigraphic 
profile, in evaluating stratified formations where a denser 
stratum overlies a less dense stratum, and in investigation of 
prospeCtive sand-gravel or other sources of bomw m a t e d .  
Resistivity parameters also are required for the design of 
grounding systems and cathodic protection for buried spuc- 
turer 

82.4 The ground penetrating radar method is. useful in 
defining soil and rock laym and manmade srructures in the 
depth range of 1 to 30 ft ('13 to 10 m). 

constrained by layers of low seismic velocity and is e s a  

NOTE 443cophysical inwsrigations can be a usful guide in deter- 
mining boring or test hole locations. The intapmalion of m h * d  
studie should k vaified by borings or test acamions. 

8.3 The depth of exploratory borings or test pits for 
madbe&, airport paving, or vehicle parking areas should be 
to at least 5 A (1.5 m) below the proposed subgrade elevation. 
Special Circumstaaces may increase this depth. brings for 
structures or embankments should extend below the level of 
sigdicant influence of the proposed load as detennined by a 
subsurface stress analysis. 

8.3.1 When drainage may be influenced by either per- 
vious water-bearing materials or impervious materials 
can block internal drainage, boring should extend 
into these materials sufEiciently to determine 
neering and geologic properties relevant to the 
design. 
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.3.2 In all borrow areas the borings or test pits should be 
cient in number and depth to outline the required * uantities of material meeting the specified quality require- 

merits. 
8.3.3 Where frost penetration must be considered in the 

behavior of soil and rock, borings should extend significantly 
below the depth of maximum frost penetration. 
8.4 Exploration records shall be kept in a systematic 

manner for each project. Such records shall include: 
8.4.1 Description of each site or area investigated Each 

test hole, boring, test pit, or geophysical test site shall be 
clearly located (horizontally and vertically) with reference to 
some established coordinate system, datum, or permanent 
monument 
8.4.2 Logs of each test hole, boring, test pit, or cut surface 

exposure in which the field description and location of each 
material encountered is clearly shown either by symbol or 
word description. 
NOTE 5 4 0 l o r  photographs of rock cores, soil samples, and exposed 

strata may k of considerable value. Each photograph should indudc an 
identifying number or symbol, a date, and a scak 

8.4.3 Identification of all soils based on Practice D 2488, 
Qassification D 2607, or Practice D 4083. Identification of 
rock materials based on Definitions of Terms C 119, De- 
scriptive Nomenclature C 294, or hctice C 85 l. classifica- 
tion of soil materials is discussed in Section 10. 
8.4.4 Seepage and water-bearing zones and piezometric 
vations found in each test hole, boring, or test pit. 
-4.5 In situ test results, where required, such as the 8 netration resistance or vane shear tests dixussed in 9.3, 

plate load -.or other in situ tests for engineering 
properties of soils or rock. 
8.4.6 Percentage of core recovery and rock quality desig- 

nation in core drilling as outlined in 9.3.5. 
8.4.7 Graphical presentation of field and laboratory data 

and its interpretation facilitates comprehensive under- 
standing of subsurface conditions 

9. Sampling and In Situ Testing 
9.1 Obtain representative samples of each subsurface 

material that is significant to the project design and co~struc- 
tion. The size and type of sample required is dependent upon 
the tests to be performed and the percentage of coarse 
particles in the sample. 
NOTE 6-The sizt of dishlrbed or bulk samples for murine tcsu may 

m y  at the disuction of the gcorrchnial investigator, but the following 
quantities are sqgstcd as suitable for most matQialr (a) V i  

compacriontcstsand Qcvc analysis ofgravelly soils-20 to 40 kg(40 to 

darcifiatio~-SO 1O 500 g (2 oz to 1 lb); (6) soil ~ 0 - t ~  a d  m~le 
SiEt analysis of noa-gravelly soil--500 g to 2.5 Irg (1  to 5 Ib); (c) soil 

8oIb); (d)  Aggrrgatc man- oraggngate properties tern--50 to 
200 kg (loo to 400 Ib). 
92 Accurately identify each sample with the boring, test 

hole, or testpit number and depth below refan ix  ground 
surface from which it was taken. place a waterproof identj.6- 

on tag inside the container, securely close the container, 
tax it to withstand rough handling, and mark it with a identification on the outside. Keep samples for 

natural moisture determination in sealed containers to 
Prevent moisture loss When drying of samples may a!€- 
dassification or engineering properties test d y  protea 

them to minimize moisture loss. Practices D4220 ad& 
the transportation of samples from field to laboratory. 
9.3 Recommended ASTM procedures for in situ sampling 

and testing are as follows: 
9.3.1 Practice D 75 describes the sampling of coarse and 

fine aggregates for the preliminary investigation of a poten- 
tial source of supply. 
9.32 Test Method D 1194 describes the estimation of the 

bearing capacity of soil in place by means of field loading 
tests The results can be useful for design of spread footings 
based on Static loading conditions. The load test should be 
performed in conjunction with other field tests, generally in 
accordance with Method D 1586 or Method D 3441, to 
allow a determination of the applicability of the results. 
9.3.3 Practice D 1452 describes the use of augers in soil 

investigations and sampling where disturbed soil samples can 
be used. This procedure is also valuable in connection with 
ground water exploration. Depths of auger investigations are 
limited by ground water conditions, soil characteristics, and 
equipment used. 
9.3.4 Method D 1586 describes a procedure to obtain 

representative soil samples for identification and classifica- 
tion laboratory tests and to measure the resistance of the soil 
to penetration by a standardized sampler. 
9.3.5 Practice D 1587 describes a procedure to recover 

relatively undisturbed soil samples suitable for laboratory 

9.3.6 Practicx D 21 13 describes a procedure to recover 
intact samples of rock and certain soils too hard to sample by 
Method D 1586 or Practice D 1587. 
9.3.7 Ractice D3550 describes a p d u r e  to recover 

moderately disturbed, representative samples of soil for 
classification testing and in some cases shear or consolidation 
testing. 
9.3.8 Test Method D 2573 describes a procedure to mea- 

sure the in situ unit shear resistance of cohesive soils by 
rotation of a four-bladed vane in a horizontal plane. 
9.3.9 Test Method D2937 describes a procedure for 

pushing a thin-wall tube 4 to 6 in. (100 to 150 mm) into a 
soil mass to recover a relatively undisturbed sample of 
known volume allowing the measurement of wet or total 
density and natural moisture content 
9.3.10 Test Method D 3385 describes a procedure for field 

measurement of the infiltration rate of soils Water under a 
constant head is dowed to seep into the top surface of a 
ked soil area and the volume rate of inflow into a known 
volume of soil is m d  
9.3.1 1 Method D 344 1 describes the determination of the 

end bearing and side fiiction components of the resistance to 
penetration of a conical penetrometer into a soil mass. 
9.3.12 Method G 57 descrii  the measurement of the 

electrical resistivity of a soil mass. A Wenner four-electrode 
configuration is used. 

Nm 7-Othain simtcstprcnxduresare k i n g  prrpared by- 
commince D.18. 

testing. 

. 

10. Qassificatioa of Earth Materials 
10.1 Identify samples of soil and r&k after submission to 

the laboratory for identification and classification tests in 
accordance with one or more of the following standards or 
applicable references (2 thro~gh ll), or both. 
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10.1.1 Descriptive Nomenclature 294. 
10.1.2 Test Method D 2487. 
10.1.3 Practice D 3282. 
10.1.4 Method D 3397. 
10.1.5 Practice D 2488. 
10.1.6 Practice D 4O83. 
10.1.7 Classification D 4427. 

11. Subsurface Profile 
11.1 Delineate subsurface protiles only from actual 

geophysical, test-hole, test-pit, or cut-surface data Interpola- 
tion between locations should be made on the basis of 
available geologic knowledge of the area and should be 
clearly identified. The use of geophysical techniques as 
discussed in 8.2 is a valuable aid in such interpolation. 
Geophysical survey data should be identitied separately from 
sample data or in situ test data. 

12. Interpretation of Results 
12.1 Interpret the results of an investigation in terms of 

actual findings and make every effort to collect and include 
all field and laboratory data from previous investigations in 
the same area. Extrapolation of data into local areas not 
surveyed and tested should be made only for conceptual 
studies Such extrapolation can be done only where geologi- 
cally uniform subsurface disposition of soil and rock is 
known to exist on the basis of other data. Engineering 
properties of the soil and rock encountered on important 
projects should not be predicted solely on field identification 
or classification but should be verified by laboratory tests 
made on samples collected in accordance with Section 9 or 
by in situ testing, or both. 

122 The recommendations for design parameters can be 
made only by professional engineers or geologists special- 

izing in the field of geotechnd engineering and f a d h r  
with the purpose, conditions, and requirements of the 
Soil mechanics, rock mechanics, and geomoxphologi 

engineering or hydrogeolosy to make a complete applica * cepts must be combined with a knowledge of geo 

of the results of the so& rock and ground water investiga- 
tion. Complete design recommendations may q u i r e  a more 
detailed study than that envisioned by this guide. 
13. Report 

13.1 The' report of a subsurfa4 investigation shall in- 
clude: * *  

13.1.1 Location of the investigated in terms pertinent 
to the project. This may include sketch maps or aerial photos 
on which the test pits, bore holes, and sample areas are 
located, as well as geomorphological data relevant to the 
determination of the various soil and rock types. Such data 
includes elevation contours, streambeds, sink holes, cliffs. 
and the like. Where feasible, include in the repon a geologic 
map or an agronomic sods map, or both, of the area 
investigated 

13.1.2 Describe the hvdgation procehures and include 
copies of all borings and testhole logs, all laboratory tesf 

results, and graphical interpretations of the geophysical 
measurements. 

13.1.3 Include cross sections delineating the extent of the 
stratigraphic units and note anomalies or otherwise si&- 
cant conditions 

13.1.4 Describe and relate the findings obtained under 

i 
! 

sections 7, 8, and 12, using the subhead titles 
respective sections 
14. Precision and Bias 

14.1 This guide provides qualitative data only; therefore, a 
precision and bias statement is not applicable. 
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(# Designation: D 422 - 63 (Reapproved 1990)" 

Standard Test Method for 
Particle-Size Analysis of Soils' 
This standard is issued under the fix& designation D 422: the n u m b  immediately following the designation indicates the year of 
original adoption or. in the case of revision. the year of last &on A number ig parentheses indicates the ycar of ba rrapproval. A 
supnclipt epsilon (c) indicates an editorial change sina the lan rcvidon or rcapproval. 

" NoTEJecu 'on 19 was added editorially in septcrnk 1990. 

1. scope 
1.1 This test method covers the quantitative determina- 

tion 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 deter- 
mined by a sedimentation process, using a hydrometer to 
secure the necessary data (Notes 1 and 2). 

NOTE I-Separation may be made on the No. 4 (4.75-mm), No. 40 
(425-pm). or No. 200 (75-pm) s i e x  instead of the No. IO. For whatever 
sieve used, the size shaIl be indicated in the report 

NOTE 2-Two types of dispersion devices are provided: (I) a 
high-speed mechanical Stirrrr, and (2) air dispenion. Extensive inveni- 
gations indicate that airdispersion devices produce a more positive 
-on of plastic soils below the 2 k m  size and appreciably less 
degadation on all sizes when used with sandy soils. Because of the 
definite advantages favoring air -on, its usc is recommended. The 
results from the two types of devices differ in magnitude, depending 
upon soil type. leading to marked differences in panicle size distribu- 
tion, especially for sires 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 
purposes3 

E 100 Specification for ASTM Hydrometers4 

3. Apparatus 
3.1 Balances-A balance sensitive to 0.01 g for weighing 

the material passing a No. 10 (2.00-mm) sieve, and a balance 
sensitive to 0. I % 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- 

a -test wthod is undei the jurisdiction of AsM Comminee D18 on soil 
and Rock and is rbe dirra responsibility of Subcornmiace D18.03 on Tunrrr 
plaaicity, and Density Quacvma . 'aofSoiLr 

C m 1  edition apprond Nov. 21. 1%3. originally published 1935. Replaces 
0422-62. * A m d  Bwk 4- sK&&, vOlO4.08. 

A n n 4  Bwk of ASTM Swwhdr, Vol 14.02. 
A n n 4  Bodc of ASTM slcudnrdr. Vol 14.03. 
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ated stirring 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 shaft shall be equipped with a 
replaceable stining paddle made of metal, plastic, or hard 
rubber, as shown in Fig. 1. The shaft shall be of such length 
that the stirring paddle wil l  operate not less than 31'4 in. (19.0 
mm) nor more than 1% in. (38.1 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 
cup5 (Note 3) conforming to the general details shown in Fig. 
3 (Notes 4 and 5). 
NOTE 3-The amount of air required by an air-jet dispmion cup is 

of the order of 2 R3/min; some small air compnssors arc not capable of 
supplying sufficient air to operate a cup. 

NOTE &Another air-type dispersion device, known as a disprmon 
tube, developed by Chu and Davidson at Iowa State College. has been 
shown to give results equivalent to those secured by the air-jet dspesion 
cups. When it is ued, d u g  of the sample can be done in the 
sedimentation cylinder, thus eliminating the need for transfming the 
slurry. When the airdspemon tube is used. it shall be so indicated in 
the rrpofi 

NOTE 5-Water may condense in air fines when not in use. This 
water must be removed, either by using a water tmp on the air line, or by 
blowing the water out of the Line before using any of the air for 
dispenion purposer 

3.3 Hydrometer-An ASTh4 hydrometer, graduated to 
read in either specific gravity of the suspension or grams per 
litre of suspension, and conforming to the requirements for 
hydrometers 151H or 152H in Specifications E 100. Dimen- 
sions of both hydrometers are the same, the scale being the 
only item of Merence. 

3.4 Sedimentation Cylinder-A glass cylinder essentially 
18 in. (457 mm) in height and 2'/2 in. (63.5 mm) in diameter, 
and marked for a volume of lo00 mL. The inside diameter 
shall be such that the 1OOO-mL mark is 36 f 2 cm fiom the 
bottom on the inside. 

3.5 Thennomerer-A thermometer accurate to 1'F 
(OS'C) .  

3.6 Sieves-A series of sieves, of square-mesh woven-wire 
cloth, conforming to the requirements of Specification E 1 1. 
A full set of sieves includes the foUowing (Note 6): 

, 

'Dctaikd working dmvings far this cup arc aMilable at a nominal cost from 
the American Sociery for facing and M a h a 4  1916 Racc S t ,  pbilsdclphia, PA 
I9 103. order Adjunct No. 12-40422000. 



Sin. (75-mm) 
2-in. (50-rnm) 

I-in. (25.0-mm) 
%-io. (19.0-mm) 
Wi. (9.5-mm) 
No. 4 (4.75-mm) 

I*h. (37.5-mm) 

Me@k Equivalents 

in. 0.001 0.049 0.203 'h % 
mm 0.03 1 2 4  5.16 12.7 19.0 

FIG. 1 Detail of Stirring Paddles 

No. IO (2.00-mm) 
No. 20 ( 8 5 h m )  
No. 40 (425-p~) 
No. 60 (25O-pm) 
No. 140 ( I w m )  
No. 200 (75ym) 

NOTE 6-A set of sieves giving uniform spacing of points for the 
gaph.  as required in Section 17, may be used ifdesind. This set consists 
of the following sieves: 

fie (75-mm) No. 16 (1.IS-mm) 
!%in. (37.5-mm) No. 30 (-m) 
%in. (19.0-mm) No. 50 (3OO-pm) 
Cia. (9.5-mm) No. 100 (150ym) 
No. 4 (4.75.mm) No. 200 (75?rm) 
No. 8 (2.36mm) 

3.7 Water Bath or Constant-Temperature Room-A 
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 
is performed in a room at an automatically controlled 
constant temperature, the water bath is not necesary. 

3.8 Beaker-A beaker of 250-mL capacity. 
3.9 Timing Device-A watch or clock with a second 

hand 

4. Dispersing Agent 
4.1 A solution of sodium hexametaphosphate (sometimes 

called sodium metaphosphate) shall be used in distilled or 
demineralired water, at the rate of 40 g of sodium 
hexametaphosphatefitre of solution (Note 7). 

Nm 7-Solutions of this dt, if acidic, slowly revert or hydrolyre 
back to the orthophosphate form with a resultaat deacasc in dispmive 
action. Solutions should bc prepared fnquently (at least once a month) 
or adjusted to pH of 8 or 9 by means of sodium carbonate. Bonla 
containing solutions should have the date of preparation marked on 
them. 

4.2 AU water used shall be either distilled or 
demineralized water. The water for a hydrometer test shall 

MebkEquivalentm 

in. 1.3 2.6 3.75 
mm 33 66 952 

FIG 2 Dispersion Cups of Apparatus 

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 tempem- 
ture, the water for the test shall be at the temperature of the 
room. The basic temperature for the hydrometer test is 6 8 T  
(20'C). Small variations of temperature do not introduce 
differences that are of pxactical significance and 
prevent the use of corrections derived as prescribed. 0 
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CROSS SECTION 
CUP A 

CROSS SECTION 
CUP e 

flG. 3 AirJet Dispersion Cups of Apparatus B 

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) 
H (9.9 500 
Va (19.0) 1000 

1 (25.4) 2000 
1 H  (38.1) 3Ooo 
2 (50.8) 4ooo 
3 (762) m 

5.1.2 The size of the portion passing the No. 10 sieve shall 
be approximately 1 15 g for sandy soils and approximately 65 
g 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 
separation of the soil on the No. 10 sieve by dry-sieving and 
washing, and the weighing of the washed and dried fraction 
retained on the No. 10 sieve. From these two masses the 
percentages retained and passing the No. 10 sieve can be 
calculated in accordance with 12.1. 

NOTE 8-A check'on the m a s  values and the thoroughnes of 
pulmization of the dods may k secund by weighing the portion 
passing the No. 10 sieve and adding this value to the mass of the washed 
and ovendried portion retained on the No. 10 sieve. 

Lagatpanicks Appmximate Minimum 
Mass of Portion, g 

SIEYE ANALYSIS OF PORTION RETAINJID ON NO. 10 
(Zoo-mm) SIEVE 

6. Procedure 
6.1 Separate the portion retained on the No. 10 (2.00- D mm) sieve into a series of fractions using the 3in. (75-mm), 

Metr* Equivalent. 

in. '18 1 3 6% 14 31 
m 222 25.4 76.2 1582 356 940 

FIG. 4 Insulated Water Bath 

2-in. (50-mm), 1 %-in. (37.5-mm), l-in. (25.0-mm), 3 / 4 h  

(19.0-mm), 3/Sin. (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 lateral 
and vertical motion of the sieve, accompanied by a jarring 
action i n  order to keep the sample moving continuously over 
the surface of the sieve. In no case turn or manipulate 
b e n t s  in the sample through the sieve by hand. Continue 
sieving until not more than 1 mass % of the residue on a 
sieve passes that sieve during 1 min of sieving. When 
mechanical sieving is used, test the thoroughnm of sieving 
by using the hand method of sieving as described above. 

6.3 Determine the mass of each hction 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 m a s  of the quantity 
sieved. 

1 
~ 
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HYDROMETER AND SIEVE ANALYSIS OF PORTION 
PASSING THE NO. 10 (2.00-mm) SIEVE 

7. Determination of Composite Correction for Hydrometer 
Reading 

7.1 Equations for percentages of soil remaining in suspen- 
sion, as given in 14.3, are based on the use of distilled or 
demineralized water. A dispesing agent is used in the water, 
however, and the specific gravity of the resulting liquid is 
appreciably greater than that of distilled or demineralized 
water. 

7.1.1 Both soil hydrometers are calibrated at 68°F (20'C), 
and variations in temperature from this standard tempera- 
ture produce inaccuracies in the actual hydrometer readings. 
The amount of the inaccuracy increases as the variation 
from the standard temperature 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 readings of soil 
suspensions at the bottom of the meniscus, readings must be 
taken at the top and a correction applied. 

7.1.3 The net amount of the corrections for the three 
items enumerated is designated as the composite correction, 
and may be determined experimentally. 

7.2 For convenience, a graph or table of composite 
corrections for a series of 1' temperature differences for the 
range of expected test temperatures may be prepared and 
used as needed. Measurement of the composite corrections 
may be made at two temperatures spanning the range of 
expected test temperatures, and corrections for the interme- 
diate temperatures calculated assuming a straight-line rela- 
tionship between the two observed values. 

7.3 Prepare loo0 mL of liquid composed of distilled or 
demineralized water and dispersing agent in the same 
proportion as will prevail in the sedimentation (hydrometer) 
test. Place the liquid in a sedimentation cyclinder and the 
cylinder in the constant-temperature water bath, set for one 
of the two temperatures to be used. When the temperature of 
the liquid becomes constant, insert the hydrometer, and, 
after a short interval to pennit the hydrometer to come to the 
temperature of the liquid, read the hydrometer at the top of 
the meniscus formed on the stem. For hydrometer 151H the 
composite correction is the difference between this reading 
and one; for hydrometer 152H it is the difference between 
the reading and zero. Bring the liquid and the hydrometer to 
the other temperature to be used, and secure the composite 
correction as before. 

8. Hygroscopic Moistare 
8.1 When the sample is weighed for the hydrometer test, 

weigh out an auxiliary portion of from 10 to 15 g in a small 
metal or glass container, dry the sample to a constant mass in 
an oven at 230 f 9'F (1 10 & SOC), and weigh again. Record 
the masses. 

9. Dispersion of Sod Sample 
9.1 When the soil is mostly of the clay and silt sizes, weigh 

out a sample of airdry soil of approximately 50 g. When the 
soil is mostly sand the sample should be approximately 100 
g . .  

9.2 Place the sample in the 250-mL beaker and cover w 
125 mL of sodium hexametaDhosDhate solution (40 J?,/ - -  
Stir until the soil is thoroughly wetted. Allow 
least 16 h. 

9.3 At the end of the soaking period, dispe 
further, using either stirring apparatus A or B T  stirr 
apparatus A is used, transfer the soil - water slurry from 
beaker into the special dispersion cup shown in Fig. 
washing any residue from the beaker into the cup H 
distilled or demineralized water (Note 9). Add distilled 
demineralized water, if necessary, so that the cup is m 
than half full. Stir for a period of 1 min. 

NOTE 9-A hge size syringe is a convenient device for handling 
water in the washing omtion. Other devices include the wash-w 
bottle and a hose an& norzle connected to a pressurized distilled w. 
tank. 

9.4 If stirring apparatus B (Fig. 3) is used, remove 
cover cap and connect the cup to a compressed air supply 
means of a rubber hose. A air gage must be on the I 
between the cup and the control valve. Open the coni 
valve so that the gage indicates 1 psi (7 kPa) pressure (N 
10). Transfer the soil - water slurry from the beaker to 
air-jet dispenion cup by washing with distilled 
demineralized water. Add distilled or demineralized water 
necessary, so that the total volume in the cup is 250 mL, 
no more. 

NOTE IO-The initial air pressure of 1 psi is required to prevent 
soil - water mixture from entering the air-jet chamber when the mu 
is transferred to the dispenion cup. 

9.5 Place the cover cap on the cup and 
control valve until the gage pressure is 20 
Disperse the soil according to the following 

Plasticity index 

Under 5 
6 to 20 
over 20 

Soils containing large percentages of mica need be disper 
for only 1 min. After the dispersion period, reduce the g 
pressure to 1 psi preparatory to transfer of soil - water slc 
to the sedimentation cylinder. 

10. Hydrometer Test 
10.1 Immediately after dispersion, transfer the soil - w; 

slurry to the glass sedimentation cylinder, and add & 
or demineralized water until the total volume is lo00 m? 

10.2 Using the palm of the hand over the open end of 
cylinder (or a rubber stopper in the open end), turn 
cylinder upside down and back for a perjod of 1 min 
complete the agitation of the slurry (Note 1 1). At the enc 
1 min set the cylinder in a convenient location and t 
hydrometer readings at the following intervals of ti 
(measured from the begnning of sedimentation), or as mi 
as may be needed, depending on the sample or the 
tion for the material under test 2, 5 ,  15, 30, 60, 250, : 
1440 min. If the controlled water bath is used, the sedim 

NOTE 11-The number of turns during this min 7s: tation cylinder should be placed in the bath 
and 5-min readings. 

approximately 60, counting the turn upside down and back as two tu 
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my soil remaining in the bottom Of the cylinder during the fim few 
should k loosened by Vigorous shaking of the Cytinder while it is 

in &e invend position. 

10.3 When it is desired to take a hydrometer reading, 
-fully insert the hydrometer about 20 to 25 s before the 
d n g  is due to approximately the depth it will have when 
the reading is taken. As soon as the reading is taken, carefully 
=move the hydrometer and place it with a spinning motion 
in a graduate of clean distilled or demineralited water. 

NOYE 12-It is imponant to remove the hydrometer immediately 
&er each readink Readings shall be taken at the top of the meniscus 
formed by the suspendon around the Rem, s i n a  it is not possible to 

10.4 After each reading, take the temperature of the sus- 

B 

readings at the bottom of the meniscur 

pension by inserting the thermometer into the suspension. 

11. Sieve Analysis 
1 1.1 After taking the final hydrometer reading, transfer 

the suspension to a No. 200 (75ym) 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 k 9 T  (1 10 It 5'C) and make a sieve analysis of the 
portion retained, using as many sieves as desired, or required 
for the material, or upon the specification of the material 
under test. 

CALCULATIONS AND REPORT 

. 12. Sieve Analysis Values for the Portion Coarser than the 

12.1 Calculate the percentage passing the No. 10 sieve by 
'viding the mass passing the No. 10 sieve by the m a s  of soil 

originally split on the No. 10 sieve, and multiplying the result 
by 100. To obtain the m a s  passing the No. 10 sieve, subtract 
the mass retained on the No. 10 sieve h m  the original mass. 

12.2 To secue the total mass of soil passing the No. 4 
(4.75-mm) sieve, add to the mass of the material pasing the 
No. 10 sieve the mass of the h a i o n  passing the No. 4 sieve 
and retained on the No. 10 sieve. To secure the total m a s  of 
soil passing the Yein. (9.5-mm) sieve, add to the total mass of 
soil passing the No. 4 sieve, the m a s  of the fraction passing 
the 3/a-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 passing for each 
sieve, divide the total m a s  passing (see 12.2) by the total 
mass of sample and multiply the result by 100. 

No. 10 (2.00-mm) Sieve c 

13. Hygroscopic Moisture Correction Factor 
13.1 The hydroscopic moisture Correction factor is the 

ratio between the mas  of the ovendried sample and the 
air-dry mas 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 

mass of soil used in the hydrometer test, by dividing the 
ven- mass used by the peroentage passing the No. 10 

moisture correction factor. 
the mass of a total sample represented by 

TABLE 1 Values of Conection Factor, Q, for Dinerent Spedfic 
Gravities of Soil Particles" 

SpecaicGraVrty Carecrm F W *  
2.95 0.94 
2.90 0.95 
2.85 0.96 
2.60 0.97 
2.75 0.98 
2.70 0.99 
2.65 1 .oo 
2.60 1 .m 
2.55 1 .a2 
250 1 .a3 
2.45 1 -05 

*For use inequatbnfapemmageotsoa remainingin suspensonrvherusing 
HvQaneter 152H. 

(2.00-mm) sieve, and multiplying the result by 100. This 
value is the weight W in the equation for percentage 
remaining in suspension. 

14.3 The percentage of soil remaining 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 1 5 1 H 

NOTE I S T h e  b r a c k d  portion of the equation for hydrometer 
lSlH is constant fora Series of readings and may k calculatedfimand 
then multiplied by the portion in the parentheses 

For hydrometer 152H. 

where: 
u = correction faction to be applied to the reading of 

hydrometer 152H. (Values shown on the scale are 
computed using a specific gravity of 2.65. Correction 
facton are given in Table I), 

P = percentage of soil remaining in suspension at the level 
at which the hydrometer measures the density of the 
suspension, 

R = hydrometer reading with composite correction a p  
plied (Section 7), 

iv = ovendry mass of soil in a total test sample repre- 
sented by mass of soil dispersed (see 14.2), g, 

G = specific gravity of the soil particles, and 
G, = specific gravity of the liquid in which soil particles are 

suspended. Use numerical value of one in both 
instances in the equation. In the fht instance any 
possible variation produces no significant e f f i  and 
in the second instance, the composite correction for R 
is based on a value of one for GI. 

IS. Diameter of Soid Particles 
15.1 The diameter of a particle corresponding to the 

percentage indicated by a given hydrometer reading shall be 
calculated according to Stokes' law (Note 14), on the basis 
that a particle of this diameter was at the surface of the 
suspension at the beginning of sedimentation and had settled 
to the level at which the hydrometer is measuring the density 
of the suspension. According to Stokes' law ' 

D = ./[3On/98O(G - G,)] x L/r 
where: 
D = diameter of particle, mm, 

! 
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n = coefficient of viscosity of the suspending medium (in 
this case water) in poises (varies with changes in 
temperature of the suspending medium), 

L = distance from the surface of the suspension to the 
level at which the density of the suspension is being 
measured, cm. (For a given hydrometer and sedimen- 
tation cylinder, values vary according to the hydrom- 
eter readings. This distance is known as effective 
depth (Table 2)), 

T = interval of time from beginning of sedimentation to 
the taking of the reading, min, 

G = specific gravity of soil panicles, and 
G, = specific gravity (relative density) of suspending me- 

dium (value may be used as 1.OOO for all practical 
PUrPoW. 

NOTE 1ASince Stokes' law considen the terminal velocity of a 
single sphere falling in an infinity of liquid, the sizes calculated represent 
the diameter of s p h m s  that would fall at the same rate as the soil 
particles. 

15.2 For convenience in calculations the above equation 
may be written as follows: 

where: 
K = constant depending on the temperature of the suspen- 

sion and the specific gravity of the soil particles Values 
of K for a range of temperatures and specific gravities 
are given in Table 3. The value of K does not change for 
a series of readings constituting a test, while values of L 
and Tdo vary. 

15.3 Values of D may be computed with suflicient a m -  

D = KJ-~ 

racy, using an ordinary 10-in. slide rule. 

the square mot being indicated on the D-scale. Without auxrtaining the 
value of the sqwm root it may be multiplied by K, using either the C- or 
CI-scale. 

NOTE 1 value Of L is divided by T using the A - and B - s c a l ~ ~ ,  

16. Sieve Analysis Values for Portion Finer than No. 10 

16.1 Calculation of percentages passing the various sieves 
used in sieving the portion of the sample from the hydrom- 
eter test involves several steps. The first step is to calculate 
the m a s  of the fraction that would have been retained on the 
No. 10 sieve had it not been removed. This mass is equal to 
the total percentage retained on the No. 10 sieve (100 minus 
total percentage passing) times the m a s  of the total sample 
represented by the m a s  of soil used (as calculated in 14.2), 
and the result divided by 100. 

16.2 Calculate next the total m a s  passing the No. 200 
sieve. Add together the hctional masses retained on all the 
sieves, including the No. 10 sieve, and subtract this sum from 
the m a s  of the total sample (as calculated in 14.2). 

16.3 Calculate next the total masses passing each of the 
other sieves, in a manner similar to that given in 12.2. 

16.4 Calculate last the total percentages passing by di- 
viding the total mass passing (as calculated in 16.3) by the 
total mass of sample (as calculated in 14.2), and multiply the 
result by 100. 

(2.00-mm) Sieve 

I 17. Graph 
17.1 When the hydrometer analysis is performed, a graph 

TABLE 2 Values o f  Effective Depth Based on Hydtometer ai. 

Hydrometer l5lH 
Actual Eftecrive ktual Effective 

Redding L . m  Readmg L . m  Reaslng L.Cn: 

1 .Ooo 163 0 16.3 31 112 
1.001 16.0 1 16.1 32 11.1 
1.002 15.8 2 16.0 33 10.9 
1.003 15.5 3 15.8 34 10.7 
1 .ow 152 4 15.6 35 10.6 
1.005 15.0 5 15.5 

1 .m 14.7 6 15.3 36 1 0.4 
1 .w7 14.4 7 152 37 102 
1.008 142 8 15.0 38 10.1 
1.009 13.9 9 14.8 39 9.9 
1.010 13.7 10 14.7 40 9.7 

1.01 1 13.4 11 14.5 41 9.6 
1.012 13.1 12 14.3 42 9.4 
1.013 12.9 13 142 43 9 2  
1.014 12.6 14 14.0 44 9.1 
1.01 5 123 15 13.8 45 8.9 

1.016 12.1 16 13.7 46 8.8 
1.01 7 11.8 17 13.5 47 8.6 
1.01 8 11.5 18 13.3 48 8.4 
1.019 113 19 132 49 8.3 
1.020 11.0 20 13.0 50 8.1 

1.021 10.7 21 12.9 51 7.9 

1.023 102 23 12.5 53 7.6 
1.024 10.0 24 12.4 54 7.4 
1.025 9.7 25 122 55 7.2 

Hydraneter w. 

1.022 10.5 22 12.7 52 7.8 

1 -026 9.4 26 
1.027 9 2  27 
1.028 8.9 - 28 11.7 
1.029 8.6 29 11.5 
1 .a30 8.4 30 11.4 60 6.5 

1.031 8.1 
1.032 7.8 
1.033 7.6 
1.034 7.3 
1.035 7.0 
1.036 6.8 
1.037 6.5 
1 .(K38 6 2  

*Values ofedfecbve depm are&wlatedfran theequatlon: 

L Lq + 'h [Ls - (VdA)] 
whece: 
L aeffcctivedeprbcm. 
L, = diaana along the stan of the hydrometer from tbe top of the bulb 

marit fora hydrometer reading cm. 
& = overall kngth of the hydrometer bulb, cm. 
V, = volume o f  hydrometer bulb. an3, and 

vaiuesused m d c u h t m g ~ v a h m s m T a M 2 a r e a s M b m :  
For barn hydraneten. 151H and 152W 
& = 14.0 an 
V, = 67.0 cm3 
A = 27.8 ad 
For hydrometer 151H: 
LI = 10.5 cm for a rrading of 1.ooO 

a 23cmforarradingof1.031 
FahydranetalSW: 
LI = 10Jcmforr r rad ingofO~m 

2 3  cm fora d n g o f  50- 

A -0Ud arCa Of vdimmtabon cylinder, d 

- 

of the test results shall be made, plotting the d@*. 
particles on a logarithmic scale as the abscissa anc 
percentages smaller than the corresponding diameters : 
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TABLE 3 Values of K for U s e  in Equation for Computing Diameter of Partide in Hydrometer Analysis 
I 

S p e c i f k G r a v i t y O f s d l ~  

0.01510 0.01505 0.01481 0.01457 0.01435 0.01414 0.01394 0.01374 0.01356 
0.01511 0.01486 0.01462 0.01439 0.01417 0.01396 . 0.01376 0.01356 0.01338 

"C 2.45 2.50 2.55 2.60 2.65 2.70 2.75 2.80 2.85 

18 
19 
20 
21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

0.01 492 
0.01474 
0.01456 

0.01438 
0.01421 
0.014w 
0.01388 
0.01372 

0.01357 
0.01342 
0.01327 
0.01312 
0.01298 

0.01467 
0,01449 
0.01431 

0.01414 
0.01397 
0.01381 
0.01365 
0.01 349 

0.01334 
0.01319 
0.01304 
0.01290 
0.01276 

0.01443 
0.01 425 
0.01408 

0.01391 
0.01374 
0.01 358 
0.01342 
0.01327 

0.01312 
0.01297 
0.01283 
0.01 269 
0.01256 

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 may be secured directly 
from tabulated data 

0.01421 
0.01 403 
0.01386 

0.01369 
0.01353 
0.01337 
0.01321 
0.01306 

0.01291 
0.01277 
0.012w 
0.01249 
0.01236 

0.01399 
001382 
0.01365 

0.01348 
0.01332 
0.01317 
0.01301 
0.01286 

0.01272 
0.01258 
0.01244 
0.01230 
0.01217. 

0.01378 
0.01361 
0.01344 

0.01328 
0.01312 
0.01297 
0.01282 
0.01267 

0.01 253 
0.01279 
0.01255 
0.01212 
0.01 199 

0.01359 
0.01342 
0.01 325 

0.01309 
0.01294 
0.01279 
0.01264 
0.01249 

0.01235 
0.01221 
0.01208 
0.01 195 
0.01 182 

0.01339 
0.1323 
0.01 307 

0.01291 
0.01276 
0.01261 
0.01 246 
O.Ola2 

0.01218 
0.01204 
0.01 191 
0.01 178 
0.01 165 

0.01321 
0.01305 
0.01289 

0.01273 
0.01258 
0.01243 
0.01229 
0.01 21 5 

0.01201 
0.01 188 
0.01175 
0.01162 
0.01 149 

IS. Report 
18.1 The report shall include the following 
18.1.1 Maximum size of particles, 
18.1.2 Percentage passing (or retained on) each sieve, 

which may be tabulated or presented by plotting on a graph 
(Note 16). 

18.1.3 . bescription of sand and gravel particles: 
18.1.3.1 Shape-rounded or angular, 
18.1.3.2 Hardness-hard and durable, soft, or weathered 

and friable, 

0 

18.1.4 Specific gravity, if unusually high or low, 
18.1.5 Any difficulty in dispersing the fraction passing the 

No. 10 (2.00-mm) sieve, indicating any change in type and 
amount of dispersing agent, and 

18.1.6 The dispersion device used and the length of the 
dispersion p e r i d  

NOTE 16-This tabulation of graph represents the gmdation of the 
sample tested If particles larger than those contained in the sample werc 
removed before testing, the report shall so statc giving the amount and 
maximum size. 

18.2 For materials tested for compliance with definite 
specifications, the fractions called for in such specifications 
shall be reported. The fractions smaller than the No. 10 sieve 
shall be read from the graph. 

18.3 For materials for which compliance with definite 
specifications is not indicated and when the soil is composed 
almost entirely of particles passing the No. 4 (4.75-mm) 
sieve, the results read from the graph may be reported as 
follows: 

(I) Gnvei. paning Sin. and mained on No. 4 sim 
(2) Sand, paning No. 4 sieve and mained on No. 200 sim 

( 4 )  Coarse sand passing No. 4 sieve and mained on 

(b) Medium sand, passing No. 10 sieve and mained on 

(c) Fme sand, passing No. 40 sieve and retained on No. 

........... W 

........... 56 

........... W 
No. 10 sieve 

No. 40 sieve 

200 sim 

...... 

........... 96 

(3) Silt dzc. 0.074 to 0.005 mm ........... W 
( I )  Clay size, smaller tban 0.005 mm ........... 56 

........... 96 
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 k u l t s  may be reported as 
follows (Note 17): 

colloids. smaller tban 0.001 mm 

SIEVE ANALYSIS 

-tagc 
sic s i  p = k  

3 - i i  ............... 
2-in ............... 
I %in . . . . . . . . . . . . . . .  
I -in. ............... 
Vein. ..... 
Kin . . . . . . . . . . . . . . .  
No. 4 (4.75-mm) ............... 
No. 10 (2.Wmm) ............... 
No. 40 (425um) ............... 
No. 200 (75ym) ............... 

HYDROMmR ANALYSlS 
0.074 mm ............... 
0.005 mm ............... 
0.001 mm ............... 
NOTE 17-No. 8 (2.36-mm) and No. 50 (3OO-pm) sieves may be 

substituted for No. 10 and No. 40 sieva. 

I 
19. Keywords 

ture; particle-&, sieve analysis 
19.1 gain-size; hydrometer analysis, hygroscopic mois- 
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Designation: D 698 - 91 

Test Method for 
Laboratory Compaction Characteristics of Soil Using Standard 
Effort (12,400 ft-lbf/fp (600 kN-m/m3))' 

This nandard is issued undcr the hred designation D 698; the number immediately following the baigaation iadi- the year of 
o w  adoption or. in the c i ~ y  of misioa h e  year of Lan misioa. A number in pMnthesCs indicata the year of rrappioML A 
supasaipt epsilon (0 indicates editorial change since the lan d o n  or  approval. 

1. scope 
1.1 This test method covers laboratory compaction proce- 

d m  used to determine the relationship between water 
content and dry unit weight of soils (compaction curve) 
compacted in a 4 or 6-in. (101.6 or 152.4-mm) diameter 
mold With a 5.5-lbf (24.4-N) rammer dropped From a height 
of 12 in. (305 mm) producing a compactive effort of 12,400 
fi-ibf/fi' (600 kN-m/m3). 

NUTE I-The equipment and procedures are similar as those p m  
by R R. Proctor (Engineering News Record-September 7, 1933) 

with this one major exception: his zammer blows were applied as "12 
inch firm nrokes" instead of fite fall, producing variable compactive 
effort depending on the operator. but probably in the range 15,000 to 
25,000 ft-lbf/A' (700 to 1,200 kN-m/m3). The standard effort test (see 
33.2) is sometimes rcfcrred to as the Proctor Test. 

N m  2--sOils and soilaggregate mixtures should be regarded as 
n a n d  d n g  fine- or coarsegained soils or composites or xnixture~ 
of natural so& or mixtures of natural and procesred soils or aggregates 
such as s i l ~  gravel, or crushed rock 

1.2 This test method applies only to soils that have 30 % 
or less by weight of particles retained on the %inch 
(1 9.0-mm) sieve. 

Nm &For relationships between unit weights and water contents 
of soils with 30 W or less by weight of material retained on the %-in. 
(19.0-mm) sieve to unit weights and water contents of the hction 
patsing %-in. ( 19.0-mm) sieve, see Practice D 47 18. 

1.3 Three alternative procedures are provided. The proce- 
dure used shall be as indicated in *e specification for the 
material being tested. If no procedure is specified, the choice 
should be based on the material gradation. 

1.3.1 Procedure A: 
1.3.1.1 M o l d 4 i n .  ( 10 1.6-mm) diameter. 
1.3.12 Mated-Passing No. 4 (4.75-mm) sieve. 

1.3.1.5 Use-May be used if 20 %Y or less by weight of the 
material is retained on the No. 4 (4.75-mm) sieve. 

1.3.1.6 Other Use-If this procedure is not specified, 
materials that meet these gradation requirements may be 
tested using Procedures B or C. 

1.3.2 Procedure B: 
1.3.2.1 M o l d 4 i n .  (10 1.6-mm) diameter. 
1.3.2.2 Material-Passing Vs-in. (9.5-mm) sieve. 

1.3.2.4 Blows per layer-25. 

1.3.1.3 Loyer~-Three. 
1.3.1.4 Blows per IUYO-25. 

1.3.2.3 L~y~~--Three. 

This tea mahod isundcrthcJurLdietion of- Commitkc D18 on Soii 
and Rock and is the dhut mpcmsibdity of Subcommittee 018.03 on Tamuc. 
PhsdatyandDcanryCharanaua ' 'CSofSoils. 
cumnt edition approved Nov. 19. 1991. Published January 1992. 
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1.3.2.5 Use-Shall be used if more than 20 95 by weight 
of the material is retained on the No. 4 (4.75-mm) sieve and 
20 % or less by weight of the material is retained on the 
%-in. (9.5-mm) sieve. 

1.3.2.6 Other Use-If this procedure is not specified, 
materials that meet these gradation requirements may be 
tested using Procedure C. 

1.3.3 Procedure C: 
1.3.3.1 Mold-6-in. ( 152.4-mm) diameter. 
1.3.3.2 Maferzal-Passing %-inch (19.0-mm) sieve. 
1.3.3.3 Layers--Three. 
1.3.3.4 Blows per layer-56. 
1.3.3.5 Use-Shall be used if more than 20 % by weight 

of the material is retained on the 3/s-in. (9.5-mm) sieve and 
less than 30 9% by weight of the material is retained on the 
%-in. ( 19.0-mm) sieve. 

used with Procedure A or B. 

tested at the same compactive effort in different size molds 

1.3.4 The 6-in. (152.4-mm) diameter mold shall 

Nm &Results have been found to vary slightly when a mat 

1.4 If the test specimen contains more than 5 % by weight 
oversize fraction (coarse fraction) and the material will not 
be included in the test, corrections must be made to the unit 
weight and water content of the specimen or to the appro- 
priate field in place density test specimen using Practice 
D4718. 

1.5 This test method will generally produce a well defined 
maximum dry unit weight for non-free draining soils. If this 
test method is used for free draining soils the maximum unit 
weight may not be well defined, and can be less than 
obtained using Test Methods D 4253. 

1.6 The values in inch-pound units are to be regarded as 
the standard. The values stated in SI units are provided for 
information only. 

1.6.1 In the engineering profession it is customary prac- 
tice to use, interchangeably, units representing both mass 
and forw, unless dynamic calculations (F = Ma) are 
involved. This implicitly combines two separate systems of 
units, that is, the absolute system and the gravimetric system. 
It is scientifically undesirable to combine the use of two 
separate systems within a single standard. This test method 
has been written using inch-pound units (gravimetric system) 
where the pound (Ibf) represents a unit of force. The use of 

convey the use is scientifically correct. Conversions are 
in the SI system in accordance with Practice E 380. Th 

mass Obm) is for convenience of units and is not inten 

of balances or scales recording pounds of mass Obm), or the 
recording of density in lbm/ft3 should not be regarded as 
nonconformance with this standard. 

"I) 
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1.7 This standard does not purpon to address all of the 
sajiiy problem. i /  any, associated with its use. Ii is the 
responsibility ofthe user of this standard io establish appro- 
priate safity and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
C 127 Test Method for Specific Gravity and Absorption of 

CoaneAggrega& 
C 136 Method for Sieve Analysis of Fine and Coarse 

Aggregatg 
D422 Test Method for Pa$cle Si Analysis of Si3 
D 653 Terminology Relating to Soil, Rock, and Codtained 

Fluids3 
D 854 Test Method for Specific Gravity of Soils3 
D 1557 Test Methods for Moisture-Density Relations of 

Soils and Soil Aggregate Mixtures Using 10-lb (4.54-kg) 
Rammer and 18-in. (457 mm) Drop3 

D 2168 Test Methods for Calibration of Laboratory Me- 
chanicai-Rahmer soil ~ompactors3 

D2216 Test Method for Laboratory Determination of 
Water (Moisture) Content of Soil, Rock and Soil- 
AggregateMixt~res~ 

D2487 Test Method for Classification of Soh for Engi- 
neering Purposes3 

D2488 Practice for Description of Soi  ( V i - M a n u a l  
ProCedure)3 

D4220 Practices for Preserving and Transporting Soil 
samples3 

D4253 Test Methods for Maximum Index Density of 
Soils Using a Vibratory Table3 

D 47 18 Practice for Correction of Unit Weight and Water 
Content for Soh Containing Oversize Particles' 

D4753 Specification for Evaluating, Selecting and Speci- 
fying Balances and Scales For Use in Soil and Rock 
Testin2 

E 1 Specification for ASTM Thermometers4 
E 11 Specification for Wire-Cloth Sieves for Testing 

E 3 19 Practice for the Evaluation of Single-Pan Mechan- 

E380 Practice for Use of the International System of 

Purposes5 

ical Balances5 

Units (SI) (the Modernized Metric SystemY 

3. Terminology 

nitions. 
3.1 Definitions-See Terminology D 653 for general defi- 

3.2 Description of Terms Specific to This Standard: 
3.2.1 oversize fraction (coarse fraction), P, in %-the 

portion of total sample not used in performing the compac- 
tion test; it may be the portion of total sample retained on 
the No. 4 (4.75-mm), %-in. (9.5-mm), or 3h-in. (19.0-mm) 
sieve. ' 

3.2.2 standard don-the term for the 12,400 fi-lbf/ft3 

(600 kN-m/m3) compactive effort applied by the equipment 
and procedures of this test. 

3.2.3 s t d r d  maximum dry unit weight. 'Yd- in Wft3 
(kN/m>the maximum value defined by the compaction 
curve for a compaction test using standard effort. 

3.2.4 standard optimum water content, wo in %-the 
water content at which a soil can be compacted to the 
maximum dry unit weight using standard compactive effort. 

3.2.5 testfraction finerfraction), PF in %-the portion of 
the total sample used in performing the compaction test; it is 
the fraction passing the No. 4 (4.75-mm) sieve in Procedure 
A, minus %-in. (9.5-mm) sieve in Procedure B, or minus 
3/4-in. (19.0-mm) sieve in Procedure C. 

4. Summary of Test Method 
4.1 A soil at a selected water content is placed in three 

layen into a mold of given dimensions, with each layer 
compacted by 25 or 56 blows of a 5.5-lbf (24.4-N) m e r  
dropped from a distance of 12411. (30S-mm), subjecting the 
soil to a total compactive effort of about 12,400 fi-lbf/ft3 
(600 kN-m/m3). The resulting dry unit weight is determined. 
The procedure is repeated for a sufficient number of water 
contents to establish a relationship between the dry unit 
weight and the water content for the soil. This data, when 
plotted, represents a curvSinear relationship known as the 
compaction curve. The values of optimum water content 
and standard maximum dry unit weight are determined 
from the compaction curve. 

5. SigniTcance and Use 
5.1 Soil placed as engineering fill (embankments, founda- 

tion pads, road bases) is compacted to a dense state to obtain 
satisfactory engineering properties such as, shear strength, 
compressibility, or permeability. Also, foundation soils are 
often compacted to improve their engineering properties. 
Laboratory compaction tests provide the basis for deter- 
mining the percent compaction and water content needed to 
achieve the required engineering properties, and for control- 
ling construction to assure that the required compaction and 
water contents are achieved. 

5.2 During design of an engineered fill, shear, consolida- 
tion, permeability, or other tests require preparation of test 
specimens by compacting at some water content to some 
unit weight. It is common practice to 6rst determine the 
optimum water content ( wJ and maximum dry unit weight 
(ydmu) by means of a compaction test Test specimens are 
compacted at a selected water content (w), either wet or dry 
of optimum (w,) or at optimum ( wJ, and at a selected dry 
unit weight related to a percentage of maximum dry unit 
weight (ydmot). The selection of water content (w) ,  either wet 
or dry of optimum ( wJ or at optimum (wJ and the dry unit 
weight (y-) may be based on past experience, or a range of 
values may be investigated to determine the necessary 
percent of compaction. 

6. Apparatus 
6.1 Mold AssemblyThe molds shall be cylindrical in 

shape, made of rigid metal and be within the capacity and 
dimensions indicated in 6. I. 1 or 6.1.2 and Fe. 1 and 2. The 
walls of the mold may be solid, split, or tapered. The 'split" 
type may consist of two haif-round sections, or a section of 

2 A d  Book ~fr(sTM Shaizmk. Vol04.02. 
3 A d  Book qfAszM SIanab&. Val 04.08. 

A d  Book of .4S7M .!bnahr&, Vol 14.03. 
5 A n n d  Bod of ASlM Slnndnrd, Vol 14.02. 
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FIG 1 4.O-in. Cylindrical Mold 

FIG. 2 6.0411. Cylindrical Mdd 

pipe split along one element, which can be securely locked 
together to form a cylinder meeting the requirements of this 
section. The 'tapered" type shall an internal diameter taper 
that is uniform and not more than 0.200 in./ft ( I  6.7- mm/m) 
of mold height. Each mold shall have a base plate and an 
extension collar assembly, both made of rigid metal and 
constructed so they can be securely attached and easily 
detached from the mold. The extension collar assembly shall 
have a height extending above the top of the mold of at least 
2.0 in. (50.8-mm) which may include an upper section that 
flares out to form a funnel provided there is at least a 0.75 in. 
(19.0-mm) straight cylindrical section beneath it. The exten- 
sion collar shall align with the inside of the mold. The 
bottom of the base plate and bottom of the centrally recessed 
area that accepts the cylindrical mold shall be planar. 

6.1.1 Mold. 4 in.-A mold having a 4.000 f 0.016-in. 
(101.6 f 0.4-mm) average inside diameter, a height of 4.584 
f 0.018-in. (116.4 f 0.5-mm) and a volume of 0.0333 f 
0.0005 ft3 (944 f 14 an3). A mold assembly having the 
minimum required features is shown in Fig. 1. 

6.1.2 Mold, 6 in.-A mold having a 6.000 f 0.026-in. 
(1 52.4 f 0.7-mm) average inside diameter, a height of 4.584 
f 0.018-in. (1 16.4 f 0.5-mm), and a volume of 0.075 f 
0.0o09 ft3 (2124 f 25 an3). A mold assembly having the 
minimum required features is shown in Fig. 2. 

6.2 Rammer-A rammer, either manually operated as 
described further in 6.2.1 or mechanically operated as 
described in 6.2.2. The rammer shall fall freely through a 

distance of 12 f 0.05-in. (304.8 f 1.3-mm) from the surface 
of the specimen. The mass of the rammer shall be 5 

mechanical rammers may be adjusted as described in .. 0.02-lbm (2.5 f 0.01-kg), except that the mass 

Methods D2168, see Note 5 .  The striking face of the 
rammer shall be planar and circular, except as noted in 
6.2.2.3, with a diameter when new of 2.000 f 0.005-in. 
(50.80 f 0.13-mm). The rammer shall be replaced if the 
striking face becomes worn or bellied to the extent that the 
diameter ex& 2.000 -C 0.01-in. (50.80 f 0.25-mm). 

NUTE 5-11 is a common and acceptable pracrice in the inch-pound 
system to assume that the m a s  of the ramrner is equal to its mass 
determined using either a kilogram or pound balance and 1 lbf is equal 
to 1 Ibrn or 0.4536 kg. or 1 N is equal to 02248 Ibrn or 0.1020 kg 

6.2.1 Manual Rammer-The rammer shall be equipped 
with a guide sleeve that has sufficient clearance that the fiee 
fall of the rammer shaft and head is not restricted. The guide 
sleeve shall have at least four vent holes at each end (eight 
holes total) located with centers 31'' f 1hin .  (19.0 f 1.6-mm) 
from each end and spaced 90 degrees apart- The minimum 
diameter of the vent holes shall be %-in. (9.5-mm). Addi- 
tional holes or slots may be incorporated in the guide sleeve. 

6.2.2 Mechanical Rammer-Circular Face-The rammer 
shall operate mechanically in such a manner as to provide 
uniform and complete coverage of the specimen surface. 
There shall be 0.10 f 0.03-in. (2.5 f 0.8-mm) clearance 
between the rammer and the inside surface of the mold at its 
smallest diameter. The mechanical rammer shall meet the 
calibration requirements of Test Methods D 2168. 
mechanical rammer shall be equipped with a positi 
chanical means to support the rammer when not in 
tion. 

6.2.2.3 Mechanical Rammer-Sector Face-Wen used 
with the 6-in. (152.4-mm) mold, a sector face rammer may 
be used in place of the circular face rammer. The specimen 
contact face shall have the shape of a sector of a circle of 
radius equal to 2.90 f 0.02-in. (73.7 f 0.5-mm). The 
rammer shall operate in such a manner that the vertex of the 
sector is positioned at the center of the specimen. 

6.3 Sample Extncder (optional)-A jack, fiame or other 
device adapted for the purpose of extruding compacted 
specimens from the mold. 

6.4 Balance-A class GP5 balance meeting the require- 
ments of Specification D4753 for a balance of 1-g read- 
ability. 

6.5 Drying Oven-Thermostatically controlled, preferably 
of a forced-draft type and capable of maintaining a uniform 
temperature of 230 f YF (1 10 f 5'C) throughout the drying 
chamber. 

6.6 Straightedge-A stiff metal straightedge of any conve- 
nient length but not less than IO-in. (254-mm). The total 
length of the straightedge shall be machined straight to a 
tolerance of H.005-in. (iO.1-mm). The scraping edge shall 
be beveled if it is thicker than %-in. (3-mm). 

6.7 Sieves-%-in. (19.0-mm), 3h-in. (9.5-mm), and No. 4 
(4.75-mm), conforming to the requirements of Specification 

.8 

- 

E 11. 
6.8 Mixing Tools--MisCellaneous tools such as 

pan, spoon, trowel, spatula, etc., or a suitable mec 
device for thoroughly mixing the sample of soil with incre- 
ments of water. 
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FIG. 2 6.0411. Cylindrical Mold 

pipe split along one element, which can be securely locked 
together to form a cylinder meeting the requirements of this 
section. The "taped" type shall an internal diameter taper 
that is uniform and not more than 0.200 in./ft (16.7- mm/m) 
of mold height. Each mold shall have a base plate and an 
extension collar assembly, both made of rigid metal and 
constructed so they can be securely attached and easily 
detached from the mold. The extension collar assembly shall 
have a height extending 'above the top of the mold of at least 
2.0 in. (50.8-mm) which may include an upper section that 
flares out to form a funnel provided there is at least a 0.75 in. 
(19.0-mm) straight cylindrical section beneath it. The exten- 
sion collar shall align with the inside of the mold. The 
bottom of the base plate and bottom of the centrally recessed 
area that accepts the cylindrical mold shall be planar. 

6.1.1 Mold, 4 in.-" mold having a 4.000 f 0.016-in. 
(101.6 f 0.4-mm) average inside diameter, a height of 4.584 
f 0.018-in. (1 16.4 f 0.5-mm) and a volume of 0.0333 f 
0.0005 ft3 (944 f 14 cm3). A mold assembly having the 

6.1.2 Mold. 6 in.-A mold having a 6.000 f 0.026-in. 
(152.4 f 0.7-mm) average inside diameter, a height of 4.584 
f 0.018-in. (116.4 f 0.5-mm), and a volume of 0.075 f 
O.OOO9 ft3 (2124 f 25 an3). A mold assembly having the 
minimum required f e a m  is shown in Fig 2. 

6.2 Rammer-A rammer, either manually opera4 as 
described further in 6.2.1 or mechanically operated as 
described in 6.2.2. The rammer shall fail k l y  through a 

minimum required features is shown in Fig 1. 
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distance of 12 f 0.05-in. (304.8 f 1.3-mm) from the surEace 
of the specimen. The mass of the rammer shall be 5.5 & 
0.02-lbm (2.5 f 0.01-kg), except that the m a s  of the 
mechanical rammers may be adjusted as described in Test 
Methods D 2168, see Note 5. The striking face of the 
rammer shall be planar and circular, except as noted in 
6.2.2.3, with a diameter when new of 2.000 f 0.005-in. 
(50.80 f 0.13-mm). The rammer shall be replaced if the 
striking face becomes worn or bellied to the extent that the 
diameter exceeds 2.000 f 0.01-in. (50.80 +. 0.25-mm). 

NOTE 5-11 is a common and aaxptable practicz in the inch-pound 
system to assume that the mass ofthc rammcr is equal to its mass 
daamined using either a kilogram or pound balance and 1 lbf is equal 
to 1 lbm or 0.4536 kg or 1 N is equal to 0.2248 Ibm or 0.1020 kg 

6.2.1 Manual Rammer-The rammer shall be equipped 
with a guide sleeve that has suflicient clearance that the free 
fall of the rammer shaft and head is not restricted. The guide 
sleeve shall have at least four vent holes at each end (eight 
holes total) located with centers 314 f V16-in. (19.0 f 1.6-mm) 
from each end and spaced 90 degrees a m  The minimum 
diameter of the vent holes shall be 3h-h. (9.5-mm). Addi- 
tional holes or slots may be incorporated in the guide sleeve. 

6.2.2 Mechanical Rammer-Circular Face-The rammer 
shall operate mechanically in such a manner as to provide 
uniform and complete coverage of the specimen surf8ce. 
There shall be 0.10 0.03-in. (2.5 f 0.8-mm) clearance 
between the rammer and the inside surface of the mold at its 
smallest diameter. The mechanical rammer shall meet the 
caiibration requirements of Test Methods D 2168. The 
mechanical rammer shall be equipped with a positive me- 
chanical means to support the rammer when not in opera- 
tion. 

6.2.2.3 Mechanical Rammer-Sector Face-When used 
with the 6-in. (1 52.4-mm) mold, a sector face rammer may 
be used in place of the circular face rammer. The specimen 
contact face shall have the shape of a sector of a circle of 
radius equal to 2.90 f 0.02-in. (73.7 f 0.5-mm). The 
rammer shall operate in such a manner that the vertex of the 
sector is positioned at the center of the specimen. 

6.3 Sample Extruder (optional)-A jack, frame or other 
device adapted for the p* of extruding compacted 
specimens from the mold. 

6.4 Balance-A class GP5 balance meeting the require- 
ments of Specification D4753 for a balance of l-g read- 
ability. 

6.5 Drying Oven-Thermostatically controlled, preferably 
of a forced-draft type and capable of maintaining a uniform 
temperatwe of 230 f 9 T  (1 10 f YC) throughout the drying 
chamber. 

6.6 Straightedge-A stiff metal straightedge of any conve- 
nient length but not less than 10-in. (254-mm). The total 
length of the straightedge shall be machined straight to a 
tolerance of M.005-in. (H).l-mm). The scraping edge shall 
be beveled if it is thicker than I/a-in. (3-mm). 

6.7 Sieves-Wn.  (19.O-mm), %-in. (9.5-mm), and No. 4 
(4.75-mm), conforming to the requirements of Specification 
E 11. 

6.8 Mixing Tmls--Miscellaneous tools such as mixing 
pan, spoon, trowel, spatula, etc., or a suitable mechanical 
device for thoroughly miXing the sample of soil with incre 
ments of water. 
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1.7 This standard does not purport to address all of the 
safety problems, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro- 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
C 127 Test Method for Specific Gravity and Absorption of 

Coarse Aggregats 
C 136 Method for Sieve Analysis of Fine and Coarse 

Aggregats 
D422 Test Method for Particle Size Analysis of Soils3 
D 653 Terminology Relating to Soil, Rock, and Contained 

F l u i d s 3  
D 854 Test Method for Specific Gravity of Soils’ 
D 1557 Test Methods for Moisture-Density Relations of 

Soils and Soil Aggregate Mixtures Using 10-lb (4.54-kg.) 
Rammer and 18-in. (457 mm) Drop3 

D 2 168 Test M e t h e  for Calibration of Laboratory Me- 
chanical-Rammer Soil Compactors3 

D2216 Test Method for Laboratory Determination of 
Water (Moisture) Content of Soil, Rock and Soil- 
Aggregate Mixture3 

D2487 Test Method for Classification of Soils for Engi- 
neering Purposes3 

D2488 Practice for Description of Soils (Visual-Manual 
RocedureY 

D4220 Practices for Preserving and Transporting Soil 

D4253 Test Methods for Maximum Index Density of 
Soils Using a Vibratory Table3 

D 47 18 Practice for Correction of Unit Weight and Water 
Content for Soils Containing Oversize Particles3 

D4753 Specification for Evaluating, Selecting and Speci- 
fying Balances and Scales For Use in Soil and Rock 
Testing3 

samples3 

E 1 Specification for ASTM Thennometed 
E 11  Specification for Wre-cloth Sieves for Testing 

E 3 19 Practice for the Evaluation of Single-Pan Mechan- 

E 380 Practice for Use of the International System of 

Purposess 

i d  Balances5 

Units (SI) (the Modernized Metric System)5 

3. Terminology 

nitions. 
3.1 Definitions-See Terminology D 653 for general defi- 

3.2 Description of Terms Specific to This Standard: 
3.2.1 oversize fiaction (coarse fraction), P, in %-the 

portion of total sample not used in performing the compac- 
tion test; it may be the portion of total sample retained on 
the No. 4 (4.75-mm), 3/s-in. (9.5-mm), or 3/4-in. (19.0-mm) 
sieve. 

3.2.2 st&d e#oa-the term for the 12,400 ft-lbf/ft3 

a A& B& of ASZM slcmdordr. Vol04.02 
3 Anmud Book of AS7M Standub. volO4.08. 

A d  Book of ASTM Stan&&. Vol 14.03. 
5 A d  Bod of ASTM Stan&&, vol 14.02. 

curve for a compaction test using standard effon 
3.2.4 standard optimum water content. w, in %-the 

water content at which a soil can be compacted to the 
maximum dry unit weight using standard compactive effort. 

3.2.5 test fraction finerfraction), PF in %-the portion of 
the total sample used in performing the compaction test; it is 
the fraction passing the No. 4 (4.75-mm) sieve in Procedure 
A, minus 3/s-in. (9.5-mm) sieve in Procedure B, or minus 
3/4-in. (19.0-mm) sieve in Procedure C. 

(600 kN-m/m3) compactive effort applied by the equipment 
and procedures of this test. 

3.2.3 standard maximum dry unit weight, ’yd- in lbf/fi 
(kN/m+the maximum value defined by the compaction 

I 

4. Summary of Test Method 
4.1 A soil at a selected water content is placed in three 

layers into a mold of given dimensions, with each layer 
compacted by 25 or 56 blows of a 5.5-lbf (24.4-N) rammer 
dropped From a distance of 12-in. (305-mm), subjecting the 
soil to a total compactive effort of about 12,400 ft-lbf/ft3 
(600 kN-m/m3). The resulting dry unit weight is determined. 
The procedure is repeated for a sufficient number of water 
contents to establish a relationship between the dry unit 
weight and the water content for the soil. This data, when 
plotted, represents a curvilinear relationship known as the 
compaction curve. The values of optimum water content 
and standard maximum dry unit weight are determined 
from the compaction curve. 

5.1 Soil placed as engineering fill (embankments, founda 
5. Significance and Use 

tion pads, road bases) is compacted to a dense state to obtain 
a 

satisfactory engineering pro&es such as, shear strength, 
compressibility, or permeability. Also, foundation soils are 
often compacted to improve their engineering properties. 
Laboratory compaction tests provide the basis for deter- 
mining the percent compaction and water content needed to 
achieve the required engineering properties, and for control- 
ling construction to assure that the required compaction and 
water contents are achieved. 

5.2 During design of an engineered fill, shear, consolida- 
tion, permeability, or other tests require preparation of test 
specimens by compacting at some water content to some 
unit weight. It is common practice to first determine the 
optimum water content (w,) and maximum dry unit weight 
(yd,-) by means of a compaction test. Test specimens are 
compacted at a selected water content (w), either wet or dry 
of optimum (w,) or at optimum ( wJ, and at a selected dry 
unit weight related to a percentage of maximum dry unit 
weight (If‘,&. The selection of water content (w) ,  either wet 
or dry of optimum (w,) or at optimum ( wJ and the dry unit 
weight (Ydms*) may be based on past experience, or a range of 
values may be investigated to determine the necessary 
percent of cornpaction. 

6. Apparatus 
6.1 Mold AssmnblpThe molds shall be cylindrical i 

o shape, made of rigid metal and be within the capacity 
dimensions indicated in 6.1.1 or 6.1.2 and Figs. 1 and 2. 
walls of the mold may be solid, split, or tapered. The 
type may consist of two half-round sections, or a Section of 

a 4 2  0ooz:;lj 



7. Calibration 
7.1 Perform calibrations before initial use, &er repairs or 

other occurrences that might affect the test results, at 
intervals not exceeding l,O00 test specimens, or annually, 
whichever occurs 6rst, for the following apparatus: 

7.1.2 Bolame-Evaluate in accordance with Specification 
D 4753. 

7.1.3 Molds-Detexmine the volume as described in 

7.1.4 Manual Rammer-Verify the Free fill distance, 
rammer mass, and rammer face in accordance with Section 
6.2. Verify the guide sleeve requirements in accordance with 
Section 6.2.1. 

7.1.5 M e c h i d  Ramrnm-Calibrate and adjust the m e  
chanical rammer in accordance with Test Methods D 2168. 
In addition, the clearance between the rammer and the 
inside surface of the mold shall be verified in accordance 
with 6.2.2. 

AMeX 1. 
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8. Test Sample 
8.1 The required sample mass for Rocedures A and B is 

approximately 35-lbm (16-kg), and for procedure C is 
approximately 65-lbm (29-kg) of dry soil. Therefore, the field 
sample should have a moist mass of at least 50-lbm (23-kg) 
and 100-lbm (45-kg), respectively. 

8.2 Determine the percentage of material retained on the 
No. 4 (4.75-mm), 318-in. (9.5-mm), or 3/.-in. (19.0-mm) sieve 
as appropriate for choosing Rocedure A, B, or C. Make this 
determination by Separating out a representative portion 
from the total sample and determining the percentages 
passing the sieves of interest by Test Methods D422 or 
Method C 136. It is only necessary to calculate percentages 
for the sieve or sieves for which information is desired. 

0 
9. Preparation of Apparatus 

9.1 Select the proper compaction mold in accordance 
with the procedure (A, B, or C) being used. Determine and 
record its mass to the nearest gram. Assemble the mold, base 
and extension collar. Check the alignment of the inner wall 
of the mold and mold extension collar. Adjust if necessary. 

9.2 Check that the rammer assembly is in good working 
condition and that pans are not loose or worn. Make any 
neceSSary adjustments or repairs. I f  adjustments or repairs 
are made, the rammer must be recalibrated. 

10. Procedure 
10.1 Soils: 
10.1.1 Do not reuse soil that has been previously labora- 

tory compacted. 
10.1.2 When using this test method for soils containing 

hydrated halloysite, or where past experience with a partic- 

use the moist preparation method (see 10.2). 
10.1.3 Prepare the soil specimens for testing in accor- 

dance with 10.2 (preferred) or with 10.3. 
102 Moist Preparation Method (pr@imec$-Without pre 

viously drying the sample, pass it through a No. 4 (4.75- 
mm), H-in. (9.5-mm), or 3/4-in. (19.0-mm) sieve, depending 
on the procedure (A, B, or C) being used. Detemun e the 
water content of the processed soil. 

102.1 Prepare at least four (prefmbly five) specimens 

ular soil indicates that d t s  will be altered by air drying, 

a 
0 
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having water contents such that they bracket the estimated 
optimum water content. A specimen 'having a water content 
close to optimum should be prepared first by trial additions 
of water and mixing (see Note 6). Select water contents for 
the rest of the specimens to provide at least two specimens 
wet and two specimens dry of optimum, and wter contents 
varying by about 2%. At least two water contents are 
necessary on the wet and dry side of optimum to accurately 
define the dry unit weight compaction curve (see 10.5). Some 
soils with very high optimum water content or a datively 
flat compaction c w e  may require larger water content 
increments to obtain a well defined maximum dry unit 
weight. Water content increments should not exceed 4 W. 
N m  &With practice it is usually pomile to visually judge a point 

near optimum water content Typically, soil at optimum water content 
can be squeepd into a lump that stickstogcthawhenhand pmsurc is 
released, but will break cleanly into two d o n s  when 'bent". At water 
contents cky of optimum soils tend to crumbie; wet of optimum so& 
tend to stick togaha in a sticky cohesive map. Optimum water content 
is typically siiglltiy less than the plastic limit 

10.2.2 Use approximately 5-lbm (2.3-kg) of the sieved soil 
for each specimen to be compacted using Procedure A or B, 
or 13-lbm (5.9-kg) using Procedure C. To obtain the spec- 
imen water contents selected in 10.2.1, add or remove the 
required amounts of water as follows to add water, spray it 
into the soil during mixing to remove water, allow the soil to 
dry in air at ambient temperature or in a drying apparatus 
such that the temperature of the sample does not exceed 
14OT (WC). Mix the soil frequently during drying to 
maintain an even water content distribution. Thoroughly 
mix each specimen to ensure even distribution of water 
throughout and then place in a separate covered container 
and allow to stand in accordance with Table 1 prior to 
compaction. For the purpose of selecting a standing time, the 
soil may be classified using Test Method D2487, M c e  
D2488 or data on other samples from the same material 
source. For referee testing, classification shall be by Test 
Method D 2487. 

10.3 Dry Prepuration Method-If the sample is too damp 
to be h b l e ,  reduce the water content by air drying until the 
material is friable. Drying may be in air or by the use of 
drying apparatus such that the temperature of the sample 
does not exceed 14OT (60'0. Thoroughly break up the 
aggregations in such a manner as to avoid breaking indi- 
vidual particles. Pass the material through the appropriate 
sieve: No. 4 (4.75-mm), %-in. (9.5-mm), or ,/'-in. (19.0- 
mm). When preparing the material by passing over the 3A-h. 
sieve for compaction in the 6-in. mold, break up aggregations 
sdliciently to at least pass the 3h-in. sieve in order to 
facilitate the distribution of water throughout the soil in later 
mixing. 

10.3.1 Prepare at least four (preferably five) specimens in 
accordance with 10.2.1. 

10.3.2 Use approximately 5-lbm (2.3-kg) of the sieved soil 
for each specimen to be compacted Using Procedure A or B, 

TABLE 1 Required Stending Timer oi Moistmked specbnenr 
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TABLE 2 Metric Equivalents for Figs. 1 and 2 
c 

6. mn 
0.016 0.41 
0.026 ' 0.66 
0.032 0.81 
0.028 0.71 
'h 12.70 
2'h 6350 
2% 66.70 
4 101.60 
4'h 114.30 
4584 116.43 
4% 120.60 
6 152.40 
6% 165.10 
64b 166.30 
6% 171.40 . 
8% 209.60 

ns rrn) 
~ 

'hp (0.0333) 943 
O.ooo5 14 
Yluss (0.rnso) 2.124 
0.001 1 31 

or 13-lbm (5.9-kg) Using Procedure C. Add the required 
amounts of water to bring the water contents of the 
specimens to the values selected in 10.3.1. Follow the 
specimen preparation procedure specified in 10.22 for 
drying the soil or adding water into the soil and curing each 
test specimen. 

10.4 Compucrion-Afkr curing, if required, each spec- 
imen shall be compacted as follows: 

10.4.1 Determine and record the mass of the mold or 
mold and base plate. 

10.4.2 Assemble and secure the mold and collar to the 
base plate. The mold shall rest on a uniform rigid founch- 
tion, such as provided by a cylinder or cube of concrete with 
a m+ss of not less than 200-lbm (9 l-kg). Secure the base plate 
to the rigid foundation. The method of attachment to the 
rigid foundation shall allow easy removal of the assembled 
mold, collar and base plate after compaction is completed. 

10.4.3 Compact the specimen in three layers. After com- 
paction, each layer should be approximately equal in thick- 
ness. Prior to compaction, place the loose soil into the mold 
and spread into a layer of uniform thickness. Lightly tamp 
the soil prior to compaction until it is not in a flu@ or loose 
state, using either the manual compaction rammer or a 2-in. 
(5-mm) diameter cylinder. Following compaction of each of 
the l k t  two layers, any soil adjacent to the mold walls that 
has not been compacted or extends above the compacted 
surfixe shall be trimmed. The trimmed soil may be included 
with the additional soil for the next layer. A knife or other 
suitable device may be used. The total amount of soil used 
shall be such that the third compacted layer slighly extends 
into the collar, but does not exceed '/*-in. (6-mm) above the 
top of the mold. If the third layer does extend above the top 
of the mold by more than %n. (6-mm), the specimen shall 
be dscarded. The specimen shall be discarded when the last 
blow on the rammer for the third layer results in the bottom 
of the rammer extending below the top of the compaction 
mold. 

10.4.4 Compact each layer with 25 blows for the 4-in. 
( 10 1.6-mm) mold or with 56 blows for the &in. ( 152.4-mm) 
mold. 

NOTE 7-Whm compacting specimens wetter than optimu- 
content, uneven compacted surfaces can occur and operator ju 
is requind as to the average height of the spaimm. 

10.4.5 In operating the manual rammer, take 
avoid iifting the guide sleeve during the rammer upstroke. 
Hold the guide sleeve steady and within 5' of vertical. Apply 
the blows at a uniform rate of approximately 25 blows/min 
and in such a manner as to provide complete, uniform 
coverage of the specimen surface. 

10.4.6 Following compaction of the last layer, remove the 
collar and base plate from the mold, except as noted in 
10.4.7. A knife may be used to trim the soil adjacent to the 
collar to loosen the soil from the collar before removal to 
avoid disrupting the soil below the top of the mold. 

10.4.7 Carefblly trim the compacted specimen even with 
the top of the mold by means of the srraightedge -ped 
actoss the top of the mold to form a plane surface even with 
the top of the mold. Initial vimming of the specimen above 
the top of the mold with a knife may prevent the soil from 
tearing below the top of the mold. Fill any holes in the top 
surface with unused or trimmed soil fiom the specimen, 
press in with the fingers, and again scrape the straightedge 
across the top of the mold. Repeat the appropriate preceding 
operations on the bottom of the specimen when the mold 
volume was determined without the base plate. For very wet 
or dry soils, soil or water may be lost ifthe base plate is 
removed. For these Situations, leave the base plate attached 
to the mold. When the base plate is left attached, the volume 
of the mold must be calibrated with the base plate att- 
to the mold rather than a plastic or glass plate as n 
Annex 1, A1.4. 

10.4.8 Determine and record the mass of the 
and mold to the nearest gram. When the base plate is left 
attached, determine and record the mass of the specimen, 
mold and base plate to the nearest gram. 

10.4.9 Remove the material from the mold. Obtain a 
specimen for water content by using either the whole 
specimen (preferred methad) or a representative portion. 
When the entire specimen is used, break it up to faditate 
drying. Otherwise, obtain a portion by slicing the compacted 
specimen axially through the center and removing about 
500-g of material from the cut faces. Obtain the water 
content in accordance with Test Method D 2216. 

10.5 Following compaction of the last specimen, compare 
the wet unit weights to ensure that a desired pattern of 
obtaining data on each side of the optimum water content 
will be attained for the dry unit weight compaction curve. 
Plotting the wet unit weight and water content of each 
compacted specimen can be an aid in making the above 
evaluation. If the desired pattern is not obtained, additional 
compacted specimens will be required. Generally, one water 
content value wet of the water content defining the max- 
imum wet unit weight is sufficient to ensure data on the wet 
side of optimum water content for the maximum dry unit 
Weight. 

d# 

Ill# 

9 11. Calculation 
11.1 Calculate the dry unit weight and water co 

each compacted specimen as explained in 1 1.3 and 1 1. 
the values and draw the compaction m e  as a smooth m e  
through the points (see example, Fs 3). Plot dry unit weight 
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flG. 3 Example Compaction Cune Plotting 

to the nearest 0.1 lbf/ft3 (0.2 kN/m3) and water content to 
the nearest 0.1 %. From the compaction curve, determine 
the optimum water content and maximum dry unit weight. 
If more than 5 % by weight of oversize material was removed 
h m  the sample, calculate the c o r n e d  optimum water 
content and maximum dry unit weight of the total material 
using Practiw D 4718. This correction may be made to the 
appropriate field in place density test specimen rather than to 
the laboratory test specimen. 

11.2 Plot the 100 % saturation m e .  Values of water 
content for the condition of 100% saturation can be 
calculated as explained in 11.5 (see example, Fig. 3). 

0 
NOTE 8-The 100% samtion m e  is an aid in drawing the 

compaction curve. For soils containing more than approximately 10 % 
fines at water conten& well above optimum, the two cuxvcs generally 
become roughly parallel with the wet side of the compaction curve 
bawecD 92 W to 95 96 saturation. ThtorCtically, the compaction curve 
cannot plot to the right of the 100 % saturation curve. If it docs, there is 
an error in specific gravity, in measurements, in calculations, in tat 
proadues, or in plotting 

N u n  9 - n ~  100 W saturation curve is sometimes = f e d  to as the 
zero air voids cwc or the complete saturation curve. 

11.3 W a n  Content. u-calculate in accordance with 

11.4 Dry Unit Weights-Calculate the moist density (Eq. 
l), the dry density (Eq. 2), and then the dry unit weight (Eq. 

(1) 

Test Method D 22 16. 

3) as follows: 

where: 
pm 

Mmd = mass of compaction mold, kg, and 

prn = loOo(M, - MAW 

= moist density of compacted specimen, Mg/m3, 
= mass of moist specimen and mold, kg, 

= volume of compaction mold, m3 (see Annex 1) 

P4 = PJl + Woo) (2) 
where: . 

pd 
w = water content, %. 

= dry density of compacted specimen, Mg/m3, and 

yd 62.43 pd in ibf/ft3 
or 

i d  = 9.807 p4 in W/m3 
where: 
yd = dry unit weight of compacted specimen. 

11.5 To calculate points for plotting the 100 % saturation 
c w e  or zero air voids curve select values of dry unit weight, 
calculate corresponding values of water content corre- 
sponding to the condition of 100 % saturation as follows: 

where: 
wpt = water content for complete saturation, %, 
yw = unit weight of water, 62.43 lbf/A3 (9.807 kn/m3), 
yd = dry unit weight of soil, and 
G, = specific gravity of soil. 

NOTE IO-Specific gravity may be estimated for the test specimen on 
the basis of test data from other simples of the same soil clasification 
and source. Otherwise. a Spaitic gravity test (Test Method C 127, Test 
Mahod D 854, or both) is necmary. 

12. Report 
12.1 The report shall contain the following information: 
12.1.1 procedure used (A, B, or 0. 
12.1.2 Reparation method used (moist or dry). 
12.1.3 As received water content if determined. 
12.1.4 Standard optimum water conten& to the nearest 

0.5 %. 
12.1.5 Standard maximum dry unit weight, to the nearest 

0.5 1bf/ft3. 
12.1.6 Description of rammer (manual or mechanical). 
12.1.7 Soil sieve data when applicable for determination 

of procedure (A, B, or C) used. 
12.1.8 Description of material used in test, by Practice 

D 2488, or classification by Test Method D 2487. 
12.1.9 Specific gravity and method of determination. 
12.1.10 origin of material used in test, for example, 

project, location, depth, and the like. 
12.1.1 1 Compaction curve plot showing compaction 

points used to establish compaction curve, and 100% 
saturation curve, point of maximum dry unit weight and 
optimum water content. 

12.1.12 Oversize correction data if used, including the 
oversize fraction (coarse fraction), P, in %. 

13. Recision and Bias 
13.1 Preciszon-Data are being evaluated to dete!mine 

the precision of this test method. in addition, pertinent data 
is being solicited f?om users of the test method. 

13.2 Bias-It is not possible to obtain information on bias 
because there is no other method of determining the values 
of standard maximum dry unit weight and optimum water 
content. 

Ix-45 
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14. Keywords RT-densiv, RT-moisturedensity curve 
test; UF-mpaction characteristics; UF-d a m  
 US^-^^^^^ tests 14.1 m-impact compaction using standard effort; 

ANNEX 

(Mandatory Information) 

Al .  VOLUME OF COMPACI'ION MOLD 

Al.1 

mining the volume of a compaction mold. 

method and checked by a linear-measurement method. 

Al.l.l Thk annex describes the procedure for deter- 

A1.1.2 The volume is determined by a water-fXled 

A1.2 A p p W m  
A1.2.1 In addition to the apparatus listed in Section 6 the 

following items are required: 
A1.2.1.1 Vernier or Dial Caliper-having a measuring 

range of at least 0 to 6 in. (0 to 150 mm) and readable to at 
least 0.001 in. (0.02 mm). 

A 1.2.1.2 Inside Micrometer-having a measuring range 
of at least 2 to 12 in. (50 to 300 mm) and readable to at least 
0.001 in. (0.02 mm). 

A1.2.1.3 Plastic or Glass Plares-Two plastic or glass 
plates approximately 8 in. square by 1/4 in. thick (200 by 200 
mm by 6 mm). 

A1.2.1.4 Thmmomerer4 to 50'C range, 0.5'C gradua- 
tions, conforming to the requirements of Specification E l. 

A 1.2.1.5 Stopcock grease or similar sealant. 
A 1.2.1.6 Miscellaneous equipmenr-Bulb syringe, towels, 

etc. 

A 1 3  Precautions 

drafts or extreme temperature fluctuations. 
A1.3.1 Perform this procedure in an area isolated from 

A1.4 Procedure 
A 1.4.1 Warer-Filling Merhod: 
A1.4.1.1 Lightly grease the bottom of the compaction 

mold and place it on one of the plastic or glass plates. Lightly 
grease the top of the mold. Be careful not to get grease on the 
inside of the mold. If it is neceSSary to use the base plate, as 
noted in 10.4.7, place the greased mold onto the base plate 
and secure with the locking studs. 

A1.4.1.2 Determine the mass of the greased mold and 
both plastic or glass plates to the nearest 0.01-lbm (l-g) and 
record. When the base plate is being used in lieu of the 
bottom plastic or glass plate determine the mass of the mold, 
base plate and a single plastic or glas plate to be used on top 
of the mold to the nearest 0.0 1 -1bm ( 1-9) and record. 

A1.4.1.3 Place the mold and the bottom plastic or glass 
plate on a firm, level surface and fill the mold with water to 
slightly above its rim. 

A 1.4.1.4 Slide the second plate over the top surface of the 
mold so that the mold remains completely filled with water 
and air bubbles are not entrapped. Add or remove water as 
necessary with a bulb syringe. 

A1.4.1.5 Completely dry any excess water from the out- 
side of the mold and plates. 

A1.4.1.6 Determine the m a s  of the mold, plates and 
water and record to the nearest 0.01-lbm (1-g). 

A1.4.1.7 Determine the temperature of the water in the 
mold to the nearest 1% and record. Determine and record 
the absolute density of water from Table A 1.1. 

A1.4.1.8 Calculate the mass of water in the mold by 
subtracting the mass determined in A1.4.1.2 from the mass 
determined in A 1.4.1.6. 

A1.4.1.9 Calculate the volume of water by dividing the 
mass of water by the density of water and record to the 
nearest 0.OOO 1 A' (1 an3). 

A 1.4.1.10 When the base plate is used for the calibration 
of the mold volume repeat A 1.4.1.3 through A 1.4.1.9. 

A 1.4.2 Linear Measuremm Method: 
A1.4.2.1 Using either the vernier caliper or the i 

micrometer, measure the diameter of the mold 6 times 
top of the mold and 6 times at the bottom of the 
spacing each of the six top and bottom measure- .*G 

equally around the circumference of the mold. ReCora the 
values to the nearest 0.00 1 -in. (0.02-mm). 

A1.4.2.2 Using the vernier &per, measure the inside 
height of the mold by making three measurements equally 
spaced around the circumference of the mold. Record values 
to the nearest 0.001-in. (0.02-mm). 

A1.4.2.3 Calculate the average top diameter, average 
bottom diameter and average height. 

A1.4.2.4 Calculate the volume of the mold and record to 
the nearest O.OOO1 ft3 (1 an3) as follows: 

4) 

TABLE A1 Density of Water' 
TemperaaW. O C  (OF) DWlSityOfWater.glnJ 

18 (64.4) 0.99862 
19 (662) 0.99843 
20 (68.0) 0.99823 
21 (69.8) 0.99802 
22 (71.6) 0.99779 

IX46 
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where: 
v = volume of mold, ft3 (an3), 
h = average height, in. (mm), 
d, = average top diameter, in. (mm), 
db = average bottom diameter, in. (mm), 
1/1728 = constant to convert in3 to ft3, and 
1/103 = constant to convert mm3 to an3. 

A1 5 Comparison of Results 
A 1.5. I The volume obtained by either method should be 

within the volume tolerance requirements of 6.1.1 and 6.1.2. 
J 

A152 The difference between the two methods should 
not exceed 0.5 9% of the nominal volume of the mold. 

A1.5.3 Repeat the determination of volume if these cri- 
teria are not met. 

A1.5.4 Failure to obtain satisfactory agreement between 
the two methods, even after several trials, is an indication 
that the mold is badly deformed and should be replaced. 

A1 3.5 Use the volume of the mold determined using the 
water-filling method as the assigned volume value for calcu- 
lating the moist and dry density (see 1 1.4). 

z-47 000260 
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Standard Test Method for 
Specific Gravity of Soils’ 
l& slandanl is issued uder the tixed designation D 854: the nurnkr immcdiauly following the designation indicarcs the ycar of 
originrl adoption or. in the cdy of zevisioe the year of ba d o n .  A number in parrnthesa indicates the year of bst rrapprwaL A 
rupnrript &on (0 iadiQtesan editorial c b q c  sina the ha mision or lrapproML 

1. Scope 
1.1 This test method covers the determination of the 

specific gravity of soils that pass the 4.75-mm (No. 4) sieve, 
by means of a pycnometer, When the soil contains particles 
larger than the 4.75-mm sieve, Test Method C 127 shall be 
used for the material retained on the 4.75-mm sieve and this 
test method shall be used for the material passing the 
4.75-mm sieve. 

1.1.1 Two procedures for performing the specific gravity 
are provided as follows: 

1.1.1.1 Method A-Procedure for Oven-Dry Specimens, 
described in 9.1. 

1.1.1.2 Method B-Procedure for Moist Specimens, de- 
scribed in 9.2. The procedure to be used shall be specified by 
the requesting authority. For specimens of organic soils and 
highly plastic, fine-grained soils, Procedure B shall be the 
preferred method. 

1.2 When the specific gravity value is to be used in 
calculations in connection with the hydrometer portion of 
Test Method D422, it is intended that the specific gxavity 
test be made on that portion of the sample which passes the 
2.00-mm (No. 10) sieve. 

1.3 The values stated in acceptable metric units are to be 
regarded as standard. 

1.4 This standard does not purport to address all of the 
safety problem, if any, associated with its use. I t  is the 
responsibility of the mer of this standard to establish appre 
priae sa/ety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standardc 
C 127 Test Method for Specific Gravity and Absorption of 

Coarse Aggrega~? 
C670 Practice for Preparing Precision and Bias State- 

ments for Test Methods for Construction Materials* 
D422 Test Method for Particle-Size Analysis of Soils’ 
D 653 Terminology Relating to Soil, Rock, and Contained 

D2487 Test Method for Classification of Soils for Engi- 
Fluids’ 

neering Purposes3 

I This tca method is under* juridiction of S W  Commiaec D l 8  on soil 
and Rock and is cht  dim^ rrspomibility of Subcommittee D18.03 on future, 

CItmnt edition rpprond Nov. IS. 1992. Published Januvy 1993. Originally 

’Annul  Book d A S T M ~ S t a d a d s ,  Vol04.02 ’ Book dASrM Stan&&, Vd 04.08. 

Pbi&yandDcmityCbmcmsm . ‘  o f b i  

publiacd as D 8544-45. Laa prrvious edition D 854 - 91. 

D4753 Specification for Evaluating, Selecting, and Speci- 
fying Balances and Scales for Use in Soil and Rock 
Testing’ 

E 1 Specification for ASTM Thennometed 
E 11 Specification for Wire-cloth Sieves for Testing 

E 12 Terminology Relating to Density and Specific 

2.2 AASHTO Standarak’ 
AASHTO Test Method TlOO 

PurposesJ 

Gravity of Solids, Liquids, and Gases6 

3. Terminology 

D 653 and E 12. 
3.1 All definitions are in accordance with Terminology 

3.2 Description of Term Specijc to This Standard: 
3.2.1 specific gravitpthe ratio of the mas  of a unit 

volume of a material at a stated temperature to the m a s  of 
the same volume of gas-& distilled water at a stated 
temperature. a 4. Significance and Use 

4.1 The specific gravity of a soil is used in calculatin 
phase relationshipsbf soils (that is, the relative v o l u m k 7  
solids to water and air in a given volume of soil). 

4.2 The term solid particles is typically assumed to mean 
~ t u r a l l y  occurring mineral particles that are not readily 
soluble in water. Therefore, the specific gravity of materials 
containing extraneous matter (such as cement, lime, and @e 
like), water-soluble matter (such as d u m  chloride), and 
soils containing matter with a specific gravity less than one, 
typically require special treatment or a qualified definition of 
their specific gravity. 

5. Apparatus 
5.1 Pycnometer-The pycnometer shall be one of the 

following: 
5.1.1 Volumetric Flask, having a capacity of at least 100 

mL. 
5.1.2 Stoppered Bottle, having a capacity of at least 50 

mL The stopper shall be of the same material, and shall 
permit the emission of air and surplus water when it is put in 
Place. 

NOTE l--Rask sizes of greater than the specified minimum capacity 
arr recommended. Larger flasks a~ capable of holding larga specimens 
and tend to produce better statistical rrsutts. 

A d  Book of As7M .QUI&?&. Vol 14.03. 
9 A d  Book d A S T M  s14ndordr. Vol14.02 
AMvol B d  of ASTM St~!&&;Vol 15.05. 

‘Available fium Amman Apociation of Statc Highway and 
OBcials. 444 N Capital St. NW. Washiagtos DC 20001. 
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52 B-Meeting the requirements of SpccitiCation 
D 4753 and readable, without estimation, to at least 0.1 96 of 
thespecimCllIMS 

5.3 Drying Oven-Thermostatically-amtrolled oven, ca- 
pable of maintaining a uniform temperature of 110 f YC 
(230 f 9T) throughout the drying chamber. 

5.4 Thennometer, capable of meamring the temperatwe 
range within which the test is being performed, graduated in 
a 0.5% ( L O T )  division scale and meeting the requirements 
of Specification E 1. 

5.5 Desiccator-A desiccator cabinet or large desiccator 
jar of suitable size containing silica gel or anhydrous calcium 
sulfite.8 
NOTE 2-It is pnfarbk to use a dcsiaant that dmnges color to 

inditate when it necdr rramstitUtion. 
5.6 Entrapped Air Removal Apparaw-To remove en- 

trappad air, usc one of the following: 
5.6.1 Hot Plate or Bunsen Bumer, capable of maintaining 

a ternperaturr adequate to bod water. 
5.6.2 Vacuum System, a vacuum pump or water aspi- 

mor, capable of producing a partial vacuum of 100 min or 
less absolute pressure. 

NOTE 3-A parthl vacuum of 100 mm Hg absolute pranrrr 
approximately equvakt to a 660 mm (26 in.) Hg reading on vacuum 
gauge at sea Lml. 

5.1 Miscellaneous Equipment, specimen dishes and insu- 
laud gloves. 

6. Reagents nod Materials 

in this test method, either distilled or deminemlized water 

7. Test Specimen 
7.1 The M specimen may be oven-dried or moistened 

soil and shall be representative of the total sample. In either 
case the specimen shall be large enough that its minimum 
m a s  in the ovcndxied state is in accordance with the 
following 

6.1 PUriry O/ Woter--wh~rt distilled water is ref& to 

may be used. 

Muunum Suodud 
Rmdesuc Sim Minunurn Mass 

(100% P = a  Site dTea Spaamen g 

2mm No. IO 20 
4.15 mm No. 4 100 

8. Calibration of Pycnometer 
8.1 Determine and record the mass of a clean, dry 

pycnometer, Mf 
8.2 Fd the pycnometer with distilled water to the calibra- 

tion mark. Visually inspect the pycnometer and its contents 
to ensure that there are no air bubbles in the distilled water. 
Determine and record the mass of the pycnometer and 
water, M, 

8.3 Insert a thermometer in the water, and determine and 
record its temperature, T,,, to the nearest 0 . K  (1.079 

8.4 From the mass, M,,, determined at the observed 
temperature, T,,, prepare a table of values of mass, M,,, for a 
series of temperatures that arc likely to prevail when the 

mass of the pycnometer, soit, and water, Mb, is daermiOcd 
lata. nest values of Ma can be dctamincd Utpaimcntally 
or may be calculated as follows - 
Ma (at 7'') = [(density of water at T'denSiry of water 

whm: 
M,, = mass of pycnometer and water, g, 
Mf = mass of pycnometer, g, 
T, = obsemd temperature of water, 'C, and 

at T,,) x (Ma (at Tal - MJI + Mf 

T, = any other desircd ttmpaanue, *c. 

cfmvenicnt for uomoncs . -ki.wmanYdcrammro . 'onrwiththeame 
pycnometer. It is equally applicable to a single bctcrmination. Bringing 
the pycnometa and collmts to some desigmd tcmpaantrr * 
m h f a  pnd h f b a  m* time. It is importaut 

NOTE 4-This test method p!wides a pr#cdprr tbat L more 

that Ma d Mb k bavd on mm a the m e  -paam 
Values for the density of water at tcmpaaana from 16.0 to 3O.O'C axe 
given in Table I. 

9. Procedure 
9.1 Test Method A-Procedure For Oven-Dried Speci- 

mens.* 
9.1.1 Dry the specimen to a constant mas  in an oven 

maintained at 110 2 5% (230 f 9 W  (See Note 5) and cool it 
in a desiccator. 

NOTE %-Drying of certain soils at 1 l(rc ( 2 m  may bring about 
100 of water of amposition or hydratioo. and in such  cay^ drylng may 
k done in reduced air prcsurc or at a lower tcmpaahm 

9.1.2 Determine and record the mass of a clean, dry. 
calibrated pycnometer, M Select a pycnometer of sufficient 

percent greater than the space required to accommodate the 
test specimen. Place the specimen in the pycnometer. 

capacity that the volume t;l ed to the mark will be at least 50 

TABLE 1 Density Of W8Wf and Conecboo Fattar K for V o w  
Temperaturea 

16.0 0.99891 1 .m 
16.5 0.99889 1 .m 
17.0 0.99880 1 .m6 
175 0.99871 1 .ooo5 
18.0 0.99862 1 .m 
18.5 0.93853 1 .ooo3 
19.0 0.99843 1 .o002 
195 0.99833 1 .m 
20.0 0.99623 1 .oooo 
20.5 0.99012 0.9999 
21 .o 0.99802 0.9998 
21 .5 0.99791 0.9997 
22.0 0.99780 0.9996 
2.5 0.99768 0.9995 
23.0 0.99757 0.9993 
235 0.99745 0.9992 
24.0 0.99732 0.9991 
245 0.99720 0.9990 
250 0.99741 0.9988 
255 0.99694 0.9987 
26.0 0.99681 0.9986 
265 0.99668 0.9984 
27 .O 0.99654 0.9983 
27.5 0.99640 0.9982 
28.0 0.99628 0.9980 
28.5 0.99612 0.9979 
29.0 0-97 O m  

Temgeraue.'C DeMWdWata@m) m F a C r a K  

29.5 O.!I%@ 02978 
30.0 0.99567 0.9974 
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Determine the mass of the specimen and pycnometer, and 
subtract the mass of the pycnometer, Mfi from this value to 
detmnine the mass of the ovendry specimen, M, 

9.1.3 Fd the pycnometer with distilled water to a 'level 
slightly above that required to cover the soil and soak the 
specimen for at least 12 h. 
NOTE &For some toils containing a sigoi6caot hction of organic 

matter, kerosine u a knerwcttmg agent than water and may k used in 
place of distilled water for omdried spcciment If kerosine is used, the 
cnvapped air should only k rcmond by usc of an aspirator. Kerosine @ 
a flammable liquid that must k used with exvcmc caution. 
NOTE 7-Addiog dinilled watq to just cover the soil makeJ it easier 

to control boilever during removal of entrapped air. 

9.1.4 Remove the entrapped air by one of the following 
methods . 

9.1.4.1 Boil the specimen gently for at least 10 min while 
agitating the pycnometer occasionally to assist in the re- 
moval of air. Then cool the heated specimen to room 
temperature. 

9.1.4.2 Subject the contents to a vacuum (air pressure not 
exceeding 100 mm Hg) for at least 30 min (Note 8) either by 
connecting the pycnometer directly to an aspirator or 
vacuum pump or by use of a bell jar. While the vacuum is 
being applied, gently agitate the pycnometer periodically to 
assist in the removal of air. Some soils boil violently when 
subjected to reduced air pressure. It will be neceSSary in those 
cases to reduce the.& pressure at a slower rate or to use a 
larger flask. 

Nm 8-Specimens with a high plasticity at the nafural water 
contcot may require 6 to 8 h to remove entrapped air. Specimens with a 
low plasticity at the M t d  water content may q u k  4 to 6 h to 
remove entrapped air. Ovtadried specimens may q u i r e  2 to 4 h to 
remove entrapped air. 

9.1.5 Fill the pycnometer to just below the calibration 
mark with distilled water at room temperature. Add the dis- 
tilled water slowly and carefully to avoid the entrapment of 
air bubbles in the specimen (Note 9). Allow the pycnometer 
to obtain a uniform water temperature (Note 10). 

Nm 9-To avoid the tatrapmtat of air bubble the distilled water 
can k introduced through a piex of sma l lhc tcx  flexible tubing with 
io outlet end kept just Mow the surface of the W e d  water in the 
wcnometcr. 

NOTE l&To obuia a unifm watcrtcmpamDc the pycwmuu 
maykallowcd to sitovcrrright or k pkccd in acoDapnttcmpnmr 
bath 

9.1.6 Fd the pycnometer with distilled watcr at the 
temperature to the mark, dean the out~id~, and dry 
cl&, dry cloth. Detamine and record the mass of the 
pycnometer filled with soil and water, Mb 

9.1.7 lwrt a thermometer into the water, and detmnine 
and record its temperature, Tb to the nuIlcsI 03'C (1.o'F). 

92  Test Method B-Procedure For Moist Specimens: 
9.2.1 Place the specimen in a &%rated pycnometer. 
9.2.1.1 Dispase specimens of clay soils in distilled water 

before they are placed in the pycnometer, by use of the 
dispersing equipment spedficd in Test Method D 422. The 
minimum volume of slurry that can be prepared by this 
dispeisine equipment is such that a 5oo-mL (or larger) flask 
is needed as a pycnometer. 

92.2 Procced as described in Sections 9.1.4 and 9.1.7. 
9.2.3 Remove the specimen fiom the pycnometer, and 

dry it to a constant massin an oven maintaincdat 110 +. 5'C 
(230 f YF) (See Note 5). Cool the spedmen in a desiccator. 

9.2.4 Detmnine and rccord the mass of the ovendried 
soil M, 

10. Calculation 
10.1 Calculate the specific gravity of the soil, G, to the 

nearest 0.0 1, based on water at a temperature ( Tb) as follows 
G at T, = M,/[M, + (Ma - Mb) 

Ma = mass of pycnometn filled with water at temperat -. when: 
M,, = m a s  of sample of ovendry soil, g, 

M b  =mass of pycnometer filled with water and soil at 

Tb = temperature of the Contents of the pycnometer when 

NOTE 1 1 -This value QO k o b n e d  h m  the table of values of M, 

T b  (Note 111, g, 

temperature T, g, 

mass Mb was deteruuned, 'C. 
I 

prcparui 1n acmrdaooe wth 6.2. for the tempcnturrs m n g  when 
mass Mb was dctermtnd *C. 

NOTE 12-The quat100 shown in 9.1 is for compumg the spcclfic 
grantyof thesod t d  in water. When )reronne IS uud the Eq must k 
adjuned by multrplyng the d t  by the &C wnty of kcrosne at 
Tb and drvidmg it by the dennty of water at T, 

10.2 Calculate the weighted average spccitic gravity for 
soils containing particles both larger and smaller than the 
4.75-mm seve usng the following equation: . 

1 

+- PI RI '8- = - 
IOOG, 1OOGZ 

where: 
GIYe = weighted average specific gravity of soils Composed of 

panicles larger and smaller than the 4.75-mm sieve, 
R, = percent of soil particles retained on 4.75-mm sieve. 

the 4.75-mm sieve as determined by Test Meth 

P, = perunt of soil par~cles passing the 4.75-mm sieve 
G, = apparent specrfic gravity of soil particles retained 

C 127, and 
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G2 = specific gravity of soil particles passing the 4.75-mm 

10.3 Unless othenvise required, specific gravity (G) values 
reported shall be baxd on water at 20%. Calculate the value 
based on water at 20'C from the value based on water at the 
obsemed temperature Tb.as follows: 

G at 20% = K x (G at Tb) 
where. 
K = a number found by dividing the density of water at 

temperature Tb by the density of water at 20%. Values 
for the range of temperatures are given in Table 1. 

10.4 In some cases, it is desired to repon the specific 
gravity value based on water at a difFerent temperature. In 
these cases, the specific gravity value, based on any temper- 
at- T, may be calculated as follow: 

G at 20% 

K 

sieve as determined by this test method. 

G at Tx = 

11. Report 
1 1 . 1  The report (data sheet) shall include the following 
1 1.1.1 Identification of the sample (material) being tested, 

such as boring number, sample number, test number, etc. 
11.1.2 S@ic gravity at 20'C to the nearest 0.01. Test 

procedure used (A or B). 
1 

1 1.1.3 Maximum particle size of the M specimen. 
1 1.1.4 Speak  gravity to the nearest 0.01 at a specified 

11.1.5 Type of fluid used, if other than distilled water. 
1 1.1.6 When any podon of the original sample of soil is 

eliminated in the preparation of the tcst specimen, the 
portion on which the test has been made shall be reported. 
12. Precision and Bias 

12.1 PreCision-Criteria for judging the acceptability of 
specific gravity test results obtained by this test method on 
material passing the 4.75-mm sieve arc given as follows: 

12.2 Statement of Precision-Cntcia for judging the 
acceptability of specific gravity test results obtained by this 
test method on material passing the 4.75 (No. 4) or 2.00 mm 
(No. IO) sieve are given in Table 2. The estimates of 
precision for material passing the 2.00 mm sieve arc based on 
results from the AASHTO Materials Reference Laboratory 
(AMRL) Proficiency Sample Program, of testing conducted 
on material passing the 2.00 (No. 10) sieve by this test 
method and AASHTO Test Method T100. 

12.3 Bias-There is no acceptable reference value for this 
test method, thenfore, bias cannot + determined. 
13. Keywords 

temperature other than ZO'C, if applicable. . 

13.1 soil; specific gravity 
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Designation: D 1452 - 80 (Reapproved 1990)" 

Standard Practice for 
Soil Investigation and Sampling by Auger Borings' 

Thrr nandard IS wed under thc fucd dcsgmaon D 14St; the number Imrnedatdy follmng che dcognrtlon md~crta the yar o f  
0 - d  adopuon or. m thc c1y ofrmnoa Ihe yar of kn m o n .  A numkrtn parmthera ID- the )ry Of hn reapprod. A 
supncnpt @on (0 mnd~catcs 10 ahtonal change MQ: the La m o n  or rcapprwrL 

This siandard has been approved /or use by pgmaa o/ rhr Drponmau of D ~ ~ .  C o d  the DoD Indu of Smficanuw and 
Swuiards for the spccifi war ojusuc which has been adopted by ihr D c p ~ m r m  o/D@me. 

'' Nm-Secuon 6 w added edrlanrllv in July 1990. 

. scope 
1.1 This practice coven equipment and procedures for the 
se of eaRh augen in shallow geotechnical exploration. Thk 
ractice does not apply to sectional continuous flight augers. 
1.2 This standard does not purpon to address the safety 

roblems associated with iis use. It is the responsibility of the 
ser of this scandard to establish appropriate safety and 
ealth practices and determine the applicability of regulatory 
mitations prior to use. 

. Signifcaoce and Use 
2.1 Auger borings often provide the simplest method of 
$I investigation and sampling. They may be used for any 
urpose where disturbed samples can be used and are 
aluable in connection with ground water level determina- 
on and indication of changes in strata and advancement of 
ole for spoon and tube sampling Equipment required is 
.mple and readily available. Depths of auger investigations 
re, however, limited by ground water conditions, soil 
haracteristia, and the equipment used. 

;. Apparatus 
3.1 Hand-Operated Augers: 
3.1.1 Helical Augers-Small lightweight augen g e n d y  

Milable in sizes from 1 through 3 in. (25.4 through 762 m. 
3.1.1.1 Spiral- Type Auger, consisting of a flat thin metal 

uip, machine twisted to a spiral configuration of uniform 
itch; having at one end, a sharpened or hardened point, 
i t h  a means of attaching a shaft or exteasion at the opposite 
:nd. 

3.1.1.2 ShipType Auger-Similar to a carpenter's wood 
lit It is generally forged from steel and machined to the 
fesired size and configuration. It is normally provided with 
;harpend and hardened nibs at the point end and with an 
ntegral ShaA extending through its length for attachment of 
1 haadle or extension at the opposite end. 

3.12 Open Tubular Augers, ranging in Size from 1.5 
h u g h  8 in. (38.1 through 203.2 mm) and having the 

common charactenstl * 'c of appearing essentially tubular when 
viewed from the digging end. 

3.12.1 Orchard-Barrel Type, consisting essentially of a 
tube having cutting lips or nibs hardened and sharpened to 
penetrate the formation on one end and an adaptor fitting 
for an extension or handle on the opposite end. 

3.1.22 Open-Spiral Tjlpe, consisting of a flat thin metal 
strip that has been helically wound around a circular 
mandrel to form a spiral in which the flat faces of the strip 
are parallel to the axis of the augered hole. The lower helix 
edges arc hard-faced to improve wear charactmistics. The 
opposite end is fitted with an adaptor for extension. 

3.12.3 Closed-Spiral Type-Nearly identical to the open- 
spiral type except, the pitch of the helically wound spiral is 
much less than that of the open-spiral type. 

3.1.3 Post-Hole Augers, generally 2 through 8 in. (50.8 
through 203.2 mm), and having in common a means of 
blocking the escape of soil from the auger. 

3.1.3.1 Clam-Shell Type, consisting of two halves, hinged 
to allow opening and closing for alternately digging and 
retrieving It is not usable deeper than about 3.5 A (1.07 m). 

3.1.3.2 Iwan Type, consisting of two tubuiar steel seg- 
ments, connected at the top to a common member to form a 
nearly complete tube, but with diametrically opposed open- 
ings. It is connected at the bottom by two radial blades 
pitched to serve as cutters which also block the escape of 
contained soil. Attachment of handle or extension is at the 
top connector. 

3.2 Machine-Operated Augers 
3.2.1 Helical Augers, generally 8 through 48 in. (203.2 

through 1219 mm), consisting essentially of a center shaft 
fitted with a shank or socket for application of power, and 
having one to three complete 360' (6.28-rad) spirals for 
conveyance and storage of cut soil. Cutter bits and pilot bits 
arc 2vailable in moderate and hard formation types and 
nor.dy  replaceable in the field. They are normally oper- 
ated by heavyduty, high-torque machines, designed for 
heavy construction work 

3 2 2  Stinger Augers, generally 6 through 30 in. (152.4 
through 762 mm), arc similar to the helical auger in 33.1, 
but Lighter and generally smaller. They arc commonly 
operated by lightduty machines for post and power pole 
holes 

3.2.3 Disk Augers, generally 10 through 30 in. (254 
through 762 mm), consisting essentially of a flat, steel disk 
with diametrically opposed segments moved  and having a 

~ 
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shank or socket located centrally for application of power. 
Replaceable cutter bits, located downward h m  the leading 
edges of the remaining disk, dig and load soil that is held on 
he disk by valves or shuttm hinged at the disk in order to 
ose the removed segments The disk auger is specifically 

designed to be operated by machines having limited verticai 
clearance between spindle and ground surface. 

3.2.4 Bucket Auger, generally I2 through 48 in. (304.8 
through 1219 mm), consisting essentially of a disk auger, 
without shank or socket, but hinge-mounted to the bottom 
of a steel tube or bucket of approximately the same diameter 
as the disk auger. A socket or shank for power application is 
located in the top center of the bucket diametral cross piea 
provided for the purpose. 

3.3 Caring (when needed), consisting of pipe of slightly 
larger diameter than the auger used 

3.4 Accessory Equipmenr--Labels, field log sheets, sample 
jars, sealing wax, sample bags, and other necessary tools and 
supplies 

e 

4. Procedare 
4.1 Make the auger boring by rotating and advancing the 

desired h a  into the soil. Withdraw the auger from the 
hole and remove the soil for examination and test. Return 
the empty auger to the hole and repeat the procedure. 
Continue the sequence until the required depth is reached. 

4.2 Casing is quired in unstable soil in which the bore 
hole fails to stay open and especially when the boring is 
extended below the ground-water level. The inside diameter 
of the casing must be slightly larger than the diameter of the 
auger used. The casing shall be driven to a'depth not greater 
han the top of the next sample and shall be cleaned out by 
means of the auger. The auger can then be inserted into the 
bore hole and turned below the bottom of the casing to 
obtain a sample. 

0 

4.3 The soil auger can be used both for boring the h& 

tercd The structure of a cohesive soil is complctdy dcsnoycd 
and the moisture may be changed by the auger. Seal aIl 
samples in a jar or other airtight container and labd 
appropriately. If more than one type of soil is picked up ip 
the sample, prepare a separate container for each type of soiL 

4.4 Field Observations-Record complete ground watcr 
information in the field logs. Where casing is used, measurt 
ground water levcls, both before and aAa the casing is 
pulled.Insands,- e the water level at least 30 min 
aftathe boringis completed; in silts, at least 24 h In clays, 

* tion is possiile unlas no accurate water Id dettrrmna 
pervious seams are present. As a pnxaution, hawmr, water 
levels in clays shall be taken after at least 24 h 

5. Report 

and for bringing up disnvbed sampies of the soil alcou& 

5.1 The data obtained in boring shall be recorded in the 

5.1.1 Date of start and completion of boring, 
5.1.2 IdentifLing number of boring, 
5.1.3 Refennce datum including direction and distana of 

boring relative to refmnce line of project or other suitable 
rcfercna points, 

5.1.4 Typc and size of auger used in boring, 
5.1.5 Depth of changes in strata, 
5.1.6 Description of soil in each major stxatum, 
5.1.7 Ground water elevation and location of seepagc 

tones, when found, and 
5.1.8 Condition of a u g d  hole upon removal of auger, 

that is, whether the hole remains open or the sides cave, 
when such can be obscmd. 

field logs and shall indude the following - .  

6. Keywords 
Auger bo-, sampling soil investigations 

0 _ .  
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#) Designation: D 1586 - 84 (Reapproved 1932)" 

Standard Test Method for 
Penetration Test and Split-Barrel Sampling of Soils' 

1. scope 
1.1 This test method describes the procedure, .generally 

known as the Standard Penetration Test (SIT), for driving a 
split-baml sampler to obtain a representative soil sample 
and a meaSure of the rrsistancc of the soil to penetration of 
the sampler. 

12 This standard does not purport to address all of the 
safety problems, if any, associated with its we. It is the 
responsibility of the uer ofthis standard to establish a p p m  
priate safety and health praaices and determine the applica- 
bility of regulatory limitations prior to we. For a specific 
precautionary statemen& see 5.4.1. 

1.3 The values stated in inch-pound units arc to be 
regardedasthestandard. 

2. Referenced Docaments 
2.1 ASTM St&&: 
D2487 Test Method for Classification of Soils for Engi- 

neeringPurpose9 
D 2488 Practice for Description and Identification of Soils 

D4220 Practices for Preserving and Transporting Soil 

D4633 Test Method for Stress Wave Energy Measure- 

(Visual-Manual R&~re)2 

samples2 

ment for Dynamic Penetrometer Testing System9 

3. Terminology 
3.1 Descriptionr of Terms Specific to This StMdard 
3.1.1 anvil-that portion of the drive-weight assembly 

which the hammer strikes and through which the hammer 
energy passes into the drill rods 

3.1.2 cathead-the rotating drum or windlass in the 
ropeathead lift system around which the operator wraps a 
rope to lift and drop the hammer by successively tightening 
and loosening the rope turns around the drum. 

3.1.3 drill rodt--rods used to transmit downward force 
and torque to the drill bit while drilling a borehole. 

3.1.4 drivecweight assembles device consisting of the 

hammer, hammer fall guide, the anvil, and any hammer 
drop system. 

3.1.5 hammer-that portion of the drive-weight assembly 
wnsisting of the 140 k 2 lb (63.5 -t 1 kg) impact weight 
which is successively lifted and dropped to provide the 
energy that accomplishes the sampling and penetration. 

3.1.6 hammer drop system-that portion of the drive- 
weight assembly by which the operator accomplishes the 
lifting and dropping of the hammer to produce the blow. 

3.1.7 hammer fdl guide-that part of the drive-weight 
assembly used to guide the fall of the hammer. 

3.1.8 N-value-the blowcount representation of the pene- 
tration resistana ofthe soil. The N-value, reported in blows 
per fmt, equals the sum of the number of blows required to 
drive the sampler over the depth interval of 6 to 18 in. (150 
to 450 mm) (see 7.3). 

3.1.9 AN-the number of blows obtained from each of 
the Gin. (1 50-mm) intervals of sampler penetration (see 7.3). 

3.1.10 nwnber of rope tuns-the total contact angle 
between the rope and the cathead at the beginning of the 
operator's rope slackening to drop the hammer, divided by 
360'(seeFig. 1). 

3.1.1 1 sampling rods-rods that connect the drive-weight 
assembly to the sampler. Drill rods are often used for this 
P-. 

3.1.12 SPT-abbreviation for Standard Penetration Test, 
a term by which engineen commonly refer to this method. 

. 

0 

4. Significance and Use 
4.1 This test method provides a soil sample for identifica- 

tion purposes and for laboratory tests appropriate for soil 
obtained from a sampler that may produce large shear strain 
disturbance in the sample. 

4.2 This test method is used extensively in a gnat variety 
of geotechnical exploration projects. Many local correlations 

count, or N-value, and the engineering behavior of earth- 
works and foundations are available. 

and widely published C O I I Z ~ ~ ~ ~ O I I S  which relate SPT blow- 

0 5. Apparatus 
5.1 Drilling Equipment-Any drilling equipment that 

provides at the time of sampling a suitably clean open hole 
before insertion of the sampler and ensures that the pcnetra- 
tion test is performed on undisturbed soil shall be acaptable. 
The following pieces of equipment have proven to be 

00 02 G'7 
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Ooerator h 

Cathead 

Section A-A 

flG 1 Turns and the Angle for (8) 
cathead 

Section 6-6 
Comterdockwise Rotation and (b) clodmiso Rotnth 

- itable for advancing a borehole in some subsurface condi- 

. 1 . 1 Drag, Chopping, and/ Fishtail Bits, less than 6.5 in. 
and greater than 2.2 in. (56 mm) in diameter may 

be used in ainjuction with open-hole rotary drilling or 

of the underlying soil, bottom discharge bits arc not per- 
mitted, only side discharge bits are permitted. 

5.1.2 Roller-Cone Birs, less than 6.5 in. (162 mm) and 
greater than 22  in. (56 mm) in diameter may be used in 
conjunction with open-hole rotary drilling or casing-ad- 
vancement drilling methods if the drilling fluid discharge is 
deflected. 

5.1.3 Hollow-Stem Conzinuoccs Flight Augers, with or 
without a center bit assembly, may be used to drill the 
boring. The inside diameter of the hollow-stem augers shall 
be less than 6.5 in. (162 mm) and greater than 2 2  in. (56 
-1. 

5.1.4 Solid Continuous Flight, B& and Hand Augers, 
less than 6.5 in. (162 mm) and greater than 2.2 in. (56 mm) 
indiametermaybeusedifthesoilonthesideoftheboring 
does not cave onto the sampler or sampling rods during 
sampling. 

5.2 Sampling Rouk-Fiush-joint steel drill rods shall be 
used to connect the split-bard sampler to the drive-weight 
assembly. The sampling rod shall have a stiffuess (moment 
-ekrtb) equal to or greater than that of parallel wall 'A" 

casing-advancement drilling methods. To avoid disturban ce 

:a sttcl rod which has an outside diameter of 1% in. 
1 mm) and an inside diameter of 1 j/8 in. (28.5 mm). 0 

NOTE I-Raxnt rcxarch and comparative testing indicates the type 
rod used, with stiffness ranginghm 'A" size rod t0 -N"  size mi, will 
usually have a negligible cffen on the N-dw to depths of at least 100 
ft (30 m). 

5.3 Split-Barrel Sampler-The sampler shall be con- 
structed with the dimensions indicated in F I ~  2. The driving 
shoe shall be ofhardened steel and shall be replaced or 
repaired when it becomes dented or distorted. The use of 
liners to produce a constant inside diameter of 1% in. (35 
mm) is permitted, but shall be noted on the penetration 
record if used The use of a sample retainer basket is 
permitted, and should also be noted on the penetration 
recordifused 

NOTE 2-Both thaxy and available test data suggm that N-values 
mayinereasektarecn 10to30%*linasaxeused 

5.4 Drive- Weight Assembly: 
5.4.1 Hammer and Anvil-The hammer shall Weigh 140 

f 2 Ib (63.5 & 1 kg) and shall be a solid rigid metallic mass. 
The hammer shall strike the anvil and make stcd on steel 
contact when it is dropped. A hammer fall guide permitting a 
fne fall Shall be used. Hammers uscd 4 t h  the cathead and 
rope method shall have an unimpeded overlift capacity of at 
least 4 in. (100 mm). For safety reasons, the use of a hammer 
assembly with an internal anvil is encouraged 

NOYE %It is nrggcstedthatthe hammafatlguide k permanently 
marlredto d e t h e  or inspacuntojudgetbehamma drop 
heisht 

5.42 Hammer Drop System-Rope-cathead, trip, semi- 
automatic, or automatic hammer drop systems may be used, 
providing the tifting apparatus will not cause penetration of 
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A - l.Oto2.0 n (25 to 50 mm) 
6 = 18.0 to 30.0 n. (0 457 to 0.762 m) 
C = 1375 f 0.005 m. (34.93 t 0.13 m) 
D - 150 i 0.05 - 0.00 n. (3 .1 t i a  - 0.0 mm) 
E = 0.10 i 0.02 n. (2.54 f 025 mm) 

G = 16.0.to23.0. 
F = 2.00 i 0.05 - 0.00 h. (50.8 f 1.3 - 0.0 ~IWI) 

The 1Hn. (38 mm)nsdediamtefspMbarre4may beusedwrth a l&gagewaQttpdvless sptit bmr. The penetratrfgendoflhedme shoe maybe sbgtKty rounded. Metal 
C r p t a s b c n n a r n e r s ~  be used to retarn sod Sfunpe. 

may not be advanced below the sampling elevation prior to 0 FIG 2 Split-Barrel Sampler 

the sampler while reengaging and lifting the hammer. 
5.5 Accessory Equipment-Accessories such as labels, 

sample containers, data sheets, and groundwater level mea- 
suring devices shall be provided in accordance with the 
requirements of the project and other ASTM standards. 

6.DrillingRocedw . 
6.1 The boring shall be advanced incrementally to permit 

intermittent or continuous sampling. Test intervais and 
locations an normally stipulated by the project engineer or 
geologist Typically, the intervals selected are 5 A (1.5 mm) 
or less in homogeneous strata with test and sampling 
locations at every change of strata 

62  Any drilling procedure that provides a suitably clean 
and stable hole before insertion of the sampler and assufes 
that the penmation test is performed on essentially undb 
turbed soil shall be acceptable. Each of the following 
procedures have proven to be acceptable for some subsurface 
conditions. The subsurface conditions anticipated should be 
considered when selecting the drilling method to be used. 

6 3 1  Open-hole rotary drilling method. 
6 2 2  Continuous Q h t  hollow-stem auger method. 
62.3 Wash boring method. 
62.4 Continuous & h t  solid auger method. 
63 Several drilling methods produce unacceptable 

brings. ?he process of jetting through an open tube sampler 
and then sampling when the desired depth is reached shall 
not be permitted. The continuous flight solid auger method 
shall not be used for advancing the boring below a water 
tablt or below the uppa confining bed of a confined 
noncohesive stratum that is under aRcsiaD prrssurr. Casing 

sampling. Advancing a boring with bottom discharge bits is 
not permissible. It is not permissible to advance the boring 
for subsequent insemon of the sampler solely by means of 
previous sampling with the SPT sampler. 

6.4 The drilling fluid level within the boring or hollow- 
stem augers shall be maintained at or above the in situ 
groundwater level at all times during drilling, removal of drill 
rods, and sampling 

7. Sampling and Testing Procedure 
7.1 AAer the boring has been advanced to the desired 

sampling elevation and excessive cuttings have been re- 
moved, prepare for the test with the following sequence of 
opelations 

7.1.1 Attach the split-barrel sampler to the sampling rods 
and lower into the borehole. Do not allow the sampler to 
drop onto the soil to be sampled. 

7.12 Position the hammer above and attach the anvil to 
the top of the sampling rods. This may be done before the 
sampling rods and sampler are lowered into the borehole. 

7.1.3 Rest the dead weight of the sampler, rods, anvil, and 
drive weight on the bottom of the boring and apply a seating 
blow. If excessive cuttings are encountered at the bottom of 
the boring, remove the sampler and sampling rods From the 
boring and remove the cuttings. 

7.1.4 Markthedrillrodsinthreesuccessive6-in.(0.15- 
increments so that the advance of the sampler under th 
impact of the hammer can be easily observed for each Gin. 
(0.15-m) inmment 

7 2  Drive the sampler with blows f&m the 140-lb (63.5- 

=a 
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kg) hammer and count the number of blows applied in tach 
6-in. (0.15-m) inatmcnt until one of the foliowing occurs 

7.2.1 A total of 50 blows have been applied during any 
one of the three Gin. (0.15-m) increments described in 7.1.4. 

7.22 A total of 100 blows have been applied. 
7.2.3 There is no observed advance of the sampler during 

the application of 10 successive blows of the hammer. 
7.2.4 The sampler is advanced the complete 18 in. (0.45 

m) without the limiting blow counts occurring as described 
in 7.2.1,7.2.2, or 72.3. 

7.3 Record the number of blows required to effect each 6 
in. (0.15 m) of penetration or kction thereof. The first 6 in. 
is considered to be a seating drive. The sum of the number of 
blows required for the sccond and third 6 in. of penetration is 
termed the ‘standard penetration resistaace,” or the 
’N-value.” If the sampler is driven less than 18 in. (0.45 m), 
as permitted in 7.2.1, 72.2, or 7.2.3, the number of blows 
per each complete 6-in. (0.15-m) increment and per each 
partial increment shall be recorded.on the boring log For 
partial increments, the depth of peneuation shall be reported 
to the nearest 1 in. (25 mm), in addition to the number of 
blows. If the sampler advances below the bottom of the 
boring under the static weight of the drill rods or the weight 
of the drill rods plus the static weight of the hammer, this 
information should be noted on the boring lo& 

7.4 The raising and dropping of the 140-lb (63.5-kg) 
hammer shall be accomplished using either of the following 
two methods: 

7.4.1 By using a trip, automatic, or semi-automatic 
hammer drop system which lifts the 140-lb (63.5-kg) 
hammer and allows it to drop 30 f 1.0 in. (0.76 m k 25 mm) 
unimpeded. 

7.42 By Using a cathead to pull a rope attached to the 
hammer. When the cathead and rope method is used the 
system and operation shall conform to the following 

7.42.1 The cathead shall be mentially fne of IUS& oil or 
grease and have a diameter in the range of 6 to 10 in. (150 to 
250 mm). 

7.4.2.2 The cathead should be operated at a minimum 
speed of rotation of 100 RPM, or the approximate speed of 
rotation shall be reported on the boring log 

7.4.2.3 No more than 2% rope turns on the cathead may 
be used during the performance of the penetration test, as 
shown in Fig. 1. 

NOTE &-The operator should gcnaally usc atha I Jh or 2% row 
turns, depending upon whether or not the rap mmes off the top (I 4’4 

turns) or the bonom (2% turns) of the catbead It is gcDcrally known 
and accepted that 2% or moIt rap turns considerably impedes the fall 
of thc hammer and should not be used to pafonn rhe tesf The cathead 
rope should k maintained in a relatively dry, clean, and udkiyed 
COnditiOn. 

7.4.2.4 For each hammer blow, a 30-in. (0.76-m) lift and 
drop shall be employed by the operator. The operation of 
pulling and throwing the rope shall be performed rhythmi- 
cally without holding the rope at the top of the stroke. 

7.5 Bring the sampler to the surface and open. Record the 
perccnt recovery or the length of sample recovered. Describe 
the soil samples recovered as to composition, color, stxatifi- 
ation, and condition, then plaa one or more representative 

,portions of the Sample into sealable moisturr-proof con- 
tainm om) without ramming or distorting any apparent 

0 

0 

stratification. scal each container to prevent evaporation of 
soil moisnue. Affix labels to the containus bearing job 
designation, boring number, sample depth, and the blow 
count per 6 - i  (0.15-m) increment Protect the samples 
against extreme temperature changes. Ifthac is a soil change 
within the sampler, make a jar for each stratum and note its 
location in the ampler barrel. . - 

8. Report 

shall include the following: - 
8.1 Drilling infomuon shall be recorded in the field and 

8.1.1 Name and location of job, 
8.1.2 Names of crew, 
8.1.3 Type and make of drilling machine, 
8.1.4 Weather conditions, 
8.1.5 Date and time of StaR and finish of boring, 
8.1.6 Boxing number and location (station and coordi- 

8.1.7 Surface elevation, if available, 
8.1.8 Method of advancing and cleaning the boring, - 
8.1.9 Method of keeping boring open, 
8.1.10 Depth of water surface and drilling depth at the 

time of a noted loss of drilling fluid, and time and date when 
reading or notation was made, 

8.1.1 1 Location of strata changes, 
8.1.12 Size of casing, depth of cased pomon of boring, 
8.1.13 Equipment and method of driving sampler, 
8.1.14 Type sampler and length and inside diameter of 

8.1.15 Size, type, and section length of the sampling rods, 

8.1.16 Remarks. 
8 2  Data obtained for each sample shall be recorded in the 

8.2.1 Sample depth and, $utilized, the sample number, 
8 2 2  Description of so& 
8.2.3 Strata changes within sample, 
8.2.4 Sampler penetration and recovery lengths, and 
82.5 Number of blows per 64;. (0.15-m) or partial 

nates, if available and applicable), 

barrel (note use of liners), 

and 

field and shall include the following 

increment 

9. Precision and Bias 

9.1 Precision-A valid estimate of test precision has not 
been determined because it is too costly to conduct the 
ncccSSary inm-laboratory (field) tests. Subcommittee 
D 18.02 welcomes proposals to allow development of a valid 
precision statement 

9.2 Bias-Because there is no reference material for this 
test method, thexe can be no bias statement 

9.3 Variations in N-values of 100 95 or more have been 
obsmed.when Using different standard penetration test 
apparatus and drillers for adjacent bow in the same soil 
formation. Cumnt opinion, based on field experience, 
indicates that when using the same apparatus and driller, 
N-values in the same soil can be reproduced with a coeffi- 
cient of variation of about 10 95. 

9.4 The use of hulty equipmen& such as an extremely 
massive or damaged ana a rusty cathead, a low sp#d 
d e a d ,  an old, oily rope, or &ve or poorly lubricated 
rope sheaves can significantly contribute to d i f k m c e ~  ia 
N-valws obtained between operator-drill rig systems. 
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9.5 The variability in X-values produced by different drill 

rigs and operators may be reduced by measuring that part of 
the hamma energy delivered into the drill rods from the 
sampler and adjusting N on the basis of comparative 
energits. A method for energy measurement and N-value 

adjustment is given in Test Method D 4633. 

10. KeYWo*h 

barrel sampling; standard penetration test 0 10.1 blow count; in-situ test; penetration resistance; split- 
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Standard Practice for 
Thin-Walled Tube Sampling of Soils' I 

. .. 
.. . 

1. scope 
1.1 ?his practice covers a procedure for using a thin- 

walled metal tube to recover relatively undisturbed soil 
samples suitable for laboratory tests of structural properties. 
Thin-wa.Ued tubes used in piston, plug, or rotary-type sam- 
plers, such as the Denison or Pitcher, must comply with the 
portions of this practice which describe the thin-wallexi tubes 
(5.3). 

NOTE I-Thi,r practice docs not apply to liners used within the above 
samplm 

2. Referenced Documents 
2.1 ASTM Standards: 
D2488 Practice for Description and Identification of Soils 

D3550 Practice for Ring-Lined Barrel Sampling of S o u  
D4220 Practices for Preserving and Transporting Soil 

(Visual-Manual Procedure>2 

samples2 

3. summary of Practice a. 3.1 A relatively undisturbed sample is obtained by 
pressing a thin-wa~~ed metal tube &to the in-situ soii, 
removing the soil-filled tube, and sealing the ends to prevent 
the soil from being disturbed or losing moisture. 

4. Significance and Use 
4.1 This practice, or Practice D 3550, is used when it is 

necessary to obtain a relatively unbW specimen suit- 
able for laboratory tests of structural properties or other tests 

5. Apparatus 
5.1 Drilling Equipment-Any drilling equipment may be 

used that provides a reasonably clean hole; that does not 
disturb the soil to be sampled; and that does not binder the 
penetration of the thin-walled sampler. Open borehole 
diameter and the inside diameter of driven cadng or hollow 
stem auger shall not exceed 3.5 times the outside diameter of 
the thin-walled tube. 
5.2 Sampler Insertion Equipmeru. shall be adequate to 

provide a relatively rapid continuous penetration force. For 

that might be influenced by soil disturban ce. 

hard formations it may be necessary, although not recorn- 
mended, to drive the thin-waIled tube sampler. 
5.3 Thin-Walled Tubes, should be manufactured as 

shown in Fig 1. They should have an outside diameter of 2 
to 5 in. and be made of metal having adequate stm@ for 
use in the soil and formation intended. Tubes shall be clean 
and fret of aU surface k r e g h i t i e s  including projecting weld 
seams. 
5.3.1 h g r h  ofTubes--See Table 1 and 6.4. 
5.3.2 Tolerances. shall be within the limits shown in Table 

2. 
5.3.3 Inside Clearance &io. should be 1 % or as sped- 

fied by the engineer or geologist for the soil and formation to 
be sampled Generally, the inside clearance ratio used should 
increase with the increase in plasticity of the soil being 
sampled. Sec Fig 1 for definition of inside clearance ratio. 
5.3.4 Comosion Protection-Corrosion, whether from gal- 

vanic or chemical reacton, can damage or destroy both the 
thin-walled tube and the sample. Severity of damage is a 
hction of time as well as-interaction between the sample 
and the tube Thin-walled tubes should have some form of 
protective awing. Tubes which wiU contain sample5 for 
more than 72 h shall be coated. The type ofcoating to be 
used may vary depending upon the material to be sampled. 
Coatings may indude a light coat of lubricating oil, lacquer, 
epoxy, Teflon, and others Type of coating must be specified 
by the engineer or geologist if storage will exceed 72 h 
Plating of the tubes or alternate base metals may be specified 
by the engineer or geologist. 
5.4 Sampler Head. serves to couple the thin-walled tube 

to the insemon equipment and, together with the thin-walled 
tube, comprises the thin-walled tube sampler. The sampler 
head shall contain a suitable check valve and a venting area 
to the outside equal to or greaterthan the area through the 
check valvc Attachment of the head to the tube shall be 
concentric and coaxial to assure Unitom application of fora 
to the tube by the sampler insertion equipment 

6. Procedrap. 
6.1 Clean out the borehole to sampling elevation using 

wh24tevcrmethodispreferredthatwill ensure the material to 
be sampled is not disturbed Jfgroundwaw is c n c o u n ~  
maintain the liquid level in the borehole at or above ground 
water level during the sampling operation. 

6 2  Bottom discharge bits are not permitted, Si& dis- 
charge bits may be used, with caution. Jating through an 
open-tube sampler to clean out the borehole to sampling 
elevation is not permitted. Remove loose material from the 
center of a casing or hollow stem auger as cardlluy as 

Ix-59' 



Lenvh os Specified in Method 

rCwe os I 

% 6.n 
H 127 
1 254 
2 50.8 
3H 88.9 
4 101.6 

Mi. 1 .Thtn-WanedTubetorSampUng 

posn'blc to avoid distudm ce ofthe material to ix sampled. 

Nm 2-Roller bits arc available in downward-juting and diffused 
kt con6gurations. Downwadjetting confisuration rock bits axe not 
acocptablr Difhrse-jet co&uraions are gcnaaIly aaqtabk 

6.3 Place the sample tube so that its bottom nsts on the 
bottom of the hole. Advance the sampler without rotation by 
a continuous relatively rapid motion. 
6.4 Detamine the length of advance by the resistaaCe and 

Condition of the formation, but the length shall never exceed 

Sto 10diametenofthetubeinsandsand 1Oto  15diameters 
of the tube in clays. 

NOTE %Weight of sample, laboratory handling capabGtics, trans- 
portation problems, and commercial availability of tubes will generally 
limit maximum practical lcnglhs to t h e  shown in Table 1. 

6.5 When the formation is too hard for push-type inser- 
tion, the tube may be driven or Practice D3550 may be 
used Other methods, as directed by the engineer or geologist, 
may be used- If driving methods are used, the data regarding 
weight and fall of the hammer and penetration achieved 
must be shown in the repoR Additionally, that tube must be 
prominently labeled a 'driven sample." 

6.6 In no case shall a length of advance be greater than the 
sample-tube length minus an allowance for the sampler head 
and a minimum of 3 in. for sludge-end cumngr. 

NOTE &The tube may k rotated to shear bonom of the simple 
after pressing is complar 
6.7 Withdraw the sampler from the formation as carefully 

as possible in order to minimhe disturban ce of the sample. 

a 

. lxdo 

7. Reparation for Shipment 
7.1 Upon removal of the tube, measure the length of 

sample in the tube. Remove the disturbed material in the 
upper end of the tube and measure the length again. Seal the 
upper end of the tube. Remove at least 1 in. of material h m  
the lower end of the tube. Use this material for soil 
description in accordance with practice D 2488. Measure the 
overall sample length. Seal the lower end of the tube. 
Alternatively, after measuremen& the tube may be sealed 
without removal of soil h m  the ends of the tube if so 
d h t c d  by the engineer or geologist 

NOTE &Field extrusion and pxbging of atrudcd samples under 
thesrdficdireaion ofagcotdnical cnginurorgaalogist ispamiual 

Nm &Tub a ovcrthc m&as ogpoad to thost sealed with 
u p d i n g  packs should contain end padding in end voids in order to 
prrvcnt drahagc or movement of the sample within the tu& 

7 2  Prepare and immediately affix labels or apply mark- 
ings as neassary to identify the sample. Assure that the 0 
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markings or labels are adequate to suryive transportation 
and storage. fluid used, 

8.1.8 Method of drillin& Size of hole, casing, and drilliag 

8.1.9 Depth to groundwater lev& date and time mea- 

8.1.10 Any possible current or tidal effect on water level, 
8.1.11 Soil descxiption in accordance With Practice 

8.1.12 Length of sampler advance, and 
8.1.13 Recovery: length of sample obtained. 

8. Report sund 
8.1 The appropziate information is required as follows: 
8.1.1 Name and location of the proj- 
8.12 Boring number and precise location on project, 
8.1.3 Surface elevation or reference to a datum, 
8.1.4 Date and time of boring-- and finish, 
8.1.5 Depth to top of sample and number of sample, 
8.1.6 Description of sampler: size, type of metal, type of 

8.1.7 Method of sampler insertion: push or drive, 

D 2488, 
0 

9- Precision 

fore, a precision and bias statement is not applicable. 

Biss 
coating, 9.1 This practice does not produce numerical data; them 

- 
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Standard Test Method for 
Unconfined Compressive Strength of Cohesive Soil' 

1. scope 
1 . 1  This test method coven the determination of the 

unconfined compressive strength of cohesive soil in the 
undisturbed, remolded, or compacted condition, using 
NaincontroUed application of the axial load. 
1.2 'Ibis test methd providcs an approximate value of 

the strcngtb of cohesive soils in terms of total stresses. 
1.3 This test metbod is applicable only to cohesive mate 

rials which will not expel bled water (Water expelled from 
the soil due to deformation or compaction) during the 
loading portion of the test and which will rmh intrinsic 
m g t h  after removal of confining pnssuns, such as clays or 
cemented soils. Dry and numbly soils, fissured or w e d  
materials, silts, peas and sandscannot k tested with this 
method to obtain valid unconfined compression strength 
ValUcs. 

1.4 This test method is not a sutdtute for Test Method 
D 2850. 

standard The dues stated in inch-pound units arc approx- 
imate. 
1.6 Thir 'standard does run purport to address all of the 

Jolkv problems, if any. associated with its use. It is the 
respomibility of t h e - w .  of this standard to establish appre 
priate safay and health prcrcrices and &mine the applica- 
bility ofregulatory limitations prim io me. 

1.5 The values stated in SI units arc to k rcgafdd as the 

2. Referenced Docpments 

2.1 ASTM Srandard: 
D422 Method for Panicle-Si Analysis of soils' 
D653 TCrminology Relating to So& Rod; and Contained 

D 854 Test Method for Specific Graity of Sow 
D 1587 Ractice for Thin-Walled Tub Sampling of Soils' 

tion of 
Water (Moisture) Content of So& Rods and Sod- 
AssrrgateMixNres2 

D2487 Test Method for Cladication of Soils for En@- 
UCaingPurposesl 

Fluids2 

D2216 Test Method for Laboratory Detarmna - 

D 2488 Practice for Duaiption and Identi6cation of Soi 

D2850 Test Method for Unconsolidated, Undraincd 
Compressive Strength of Cohesive Soils in T&xial 
Comprcsion' 

D4220 Practices for Rcsming and Transporting Soil 
kpld 

D4318 Test Method far Liquid Limis Plastic limit, and 
Plasticity Index of sails2 

(Yisual-M~ual R 0 C e d ~ ) f  

3. Terminology 

ard definitions of terms. 
3.1 M n i t i O n S - k f ~  to T d 0 1 0 g y  D 653 fa Itand- 

32 Descr@tiom of Toms S'ifu to this Standard- 
32.1 unconfwd mmpretsiye arength (qJ-thc ann- 

sve mess at which an unconbai cytindrical spechen of 
soil will fail inasimplecomprssion test hthistsst mabod, 

load attained per unit a r a  ortbe load pa unit arca at IS 96 
axial Rrain, whiche~a it secured first during tbe @om- 
anccofatcs 
3.2.2 shear strength (s,.)-fm unconfiDed compressive 

strragth tut specimens, the shear sfrmgh iscalculated to k 
45 ofthe compressive strss at fdw as dc6ned in 32.1. 

4. s@ifhmx lad use 
4.1 The primary purpose of the unconfined comprcsion 

tcs~ is to quickly obtain the approximate compressive 
strragth of soils that possess saScient cohesion to permit 
testing in the unconfillal state. 
42 Samples of soils having slickensided or fifsurcd stme 

nut, samples of some typcs of loes vcry soft days, dry and 
CilLmMy soils and varvai mataials, or samples containing 
sisnificant portions of silt or sand, or both (all of whkb 
usually exhiit cohesive propertiax frequently display bigha 
&car strengths when tcstcd in accordaacc with Test Method 
D2850. Also, unsaturated so& will usuaUy exhibitdifferrnt 
shearsvtngthrwhen w a d  in aocordance with Test Metbod 
D 2850. 
43 If both an lln&urM and a molded tat are 

palormedon the same ample, the sensitivity . .  ofthematcrial 

suitable only for soils tbat can retain a stable spcsimm 
cantedatrmincd Thismethod ofdumnmmg 

inthemddedstate. 

ala Mabud D28SOan bc u d  todaamrat . rrrritiriry. 

kY 
h h E  2 ~ ~ t b u w i 8 W d 8 a r b k s b r f t 8 ~ * t c a  
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.I Compression DeviCeTbe annprtPion device may 
platform weighing scaIc quipped with a screw-jack- e ~ t e d  load yoke, a hydraulic lading &via, or any other 

compression device with nrfficieat capacity and control to 
provide the rate of loading prrscnkd in 7.1. For soil with an 
uaconfined compressive strength of lea than 100 kPa (1.0 
t0n/ft2) the compression device shall be capable of mea- 
suring the compressin 5om to within 1 l c ~ a  (0.01 ton/*). 
For soil with an unconfined compressive srrcngth of 100 kPa 
(1.0 ton/*) or greater. the comprcsion device shall be 
capable of measuring the compressive strrss to the nearest 5 
kPa (0.05 ton/*). 

S.2 Sample Extruder, capable of urtruding the soil con 
from the sampling tube in the same dirrction of travel in 
which the sample entad  the tube, at a uniform rate, and 
with negligible dimrbance of the sampk. Conditions at the 
time of sample removal may dictate the direction of m 
m o a  but the priacipal conam is to keep the dcgree of 
dimrrbancc negligible. 

S.3 Lk$ormntion Indimor--'lhe Monnatioa indicator 
shall be a dial indicator graduated to 0.03 ~ B I  (0.001 in.) or 
better and having a travel range of at kaa 20 96 of the length 
of tbe test specimen, or xime other me;rwing device, such as 
an ekctronic deformation measuring &via, m d n g  thesc 
rrpuirtments 

S.4 D i d  Comparator, or otha NitaMe dcvict, for mea- 
suring the physical dimensions of the rpccimen to within 

1 96 of the measured dimension. 
I-vaniaalipasuc Do( rsommeodcd fordtrpacimcnr 

S.5 Timer-A timing device indicating tbe dapsed testing 
time to tbe neatest second shall be used forcstaMishiag the 
rate of strain applimtion prcscnbed in 7.1. 

5.6 Balance-The balance used to weigh specimens shall 
determine the mass of the specimen to within 0.1 % of its 
total mas 

5.7 Equipmmras specified in Test-Metbod D 2216. 
5.8 M k e l l a n m  Appararur, including Specimen trim- 

ming and carving tools, mdding apgarahlg mater content 
CaDS, anddatasbettfaslc!quirai 

6k- win deform atk ali$lcmuc~ 00 thcspadmen. 

6. RepamtioadTestSpedmens 
6.1 Specimen Size-Specimens SbaIlhavt a minimum 

diamem of 30 mm (1.3 in.) and the larga particle con- - within tbc test specimen shank small- than one 
tenth of the Specimen diameter. For specimens having a 
diameter of 72 mm (2.8 in.) or hgcc, the &ut parricle sizc 
shall k smalla than one sixth of tbc specimen diameter. If, 
after complctian of a test on an u- spedmen, it is 
found, based on visual obscnation, that larger particla than 
pamittaj arc present, indicate tbk infinmation in the 
remarks d o n  of the report of test data (Note 4). The 
hdght-to-diamatr ratio shall be b w a n  2 and 2.5. Deta- 

aprfomcd toconfirm rbtvisurlobsrnao ' oadtkruuttspwided 
WiIhtbetatEpOrL 

6.2 UndiSttUrbed Specimmt--prrParr ~ndisturkd spd- 
mens from large undiaurbed samples or from sampks 
secufcd in accordance with Practict D 1S87 and prrsavcd 
and transported in aamdana with the practices for Group 
C samples in Ractias D4220. Tube spedmcns may k 
tested without trimming exapt  for the squaring of ends, if 
conditions of the ample justify this p d u r c .  Handle 
specimens carefully to prevent disturbance, changes in crog 
&on, or l o a  of water content If compresion or any type 
of noticeable disnubantx would be caufed by the extrusion 
device, split the sample tube lengthwise or cut it off in small 
sections to facilitate removal of the spccimen without 
disturbance Repan carved specimens without diaurban cc, 
and whenever possiie, in a huxniditycontrolled room. 
Make every effort to w e n t  any change in water content of 
the roil. Specimens shall k of uniform circular cross tcccion 
with ends perpendicular to the longitudinal axis of the 
specimen. When carving or tximming, move any small 
pebbles or shells emunurui  Carefully fill voids on the 
surface of the specimen with remolded soil obtained from the 
trimmings When pebbles or crumbling d t  in 
imgubrity at the e& cap tbe specimen with a minimum 
thickness of plaster of paris, hydrostone, or similar material. 
When sample condition permits, a vertical lathe that w i l  
accommodate the total sample may be used as an aid in 
carving the specimen to the Yequid diameter. wbne 
prevention of the development of appreciaMe capiuary foras 
is darned important, seal tbe Spccimen with a rubber 
mcmbrane,thinpkticrmtings, or with a coatingofgrease 
or sprayed plastic immwliatcly after prepamtion and during 
the entirr testing c y c k  DetamuK the mas and dimensions 
of tbctest specimen. lftbc specimen is tobecapped, its m a s  
and dimensions should be determined before capping If the 
entire test specimen is not to be used for dctrmination of 
warn content, secure a reprtscntative sample of cuttings for 
this purpose, placing them immediately in a covered con- 
tainer. The water content dacrmination shall be perfomed 
in aamrdana with Tea Method D 2216. 

either from a failed undisturbed specimen or from a dis- 
turbed sample, providing it is representative of the faikd 
uodisturbed specimen In tbe casc of failed UDdisrUrbcd 
rpecimens, wraptbc material in a thin rubber membrane 
and work the material thoroughly with the h g m  to assuTr 
complete remolding Avoid e n w i n g  ak in the Spaimen. 
Ex& carc to obtain a uniform density, to remold to the 
same void ratio as the uodimvbed spedmmandtopresavc 
the ~ n v d  water content of the soil. Fom the disturbed 
matcrial into a mold of drcubr crog d o n  having dimen- 
sions meeting the requimnents of 6.1. After removal from 
the mold, &termbe the m a s  and dimensions of tbe test 

6.3 R d e d  Sperimens--Specimens may bt prrparrd 
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8.4 Grmh-If desired a nad~ s h m k  the rdationship 

7. Rodw 
7.1 phccthe specimen in the loading device sothat it is 

antered on the bottom platen. Adjust tbe loading device 
carefully so that the upper platen just makes contact with the 
Specimen. Zero the deformation indicator. Apply the load so 
as to produce an axial strain at a rate of H to 2%/min. 
Rand load, deformation, and time values at sufficient 
intmds to dehoc the shape of the Strcss-main m e  (usually 
10 to 15 points arc suf6aent). Tbe rate of Spain should k 
choscn so that the time to failure does not e x d  about 15 
a h  (Note 6). Continue loading until the load values 
dccrtase with incnaring strain, or until 15% strain is 
reached. The rate of strain used for testing sealed specimens 
m a y b c ~ i f d c c m c d d e s i r a M c f o r ~ t e s t r c s u l t r  
Lndicatc the rate of strain in the report of the test data as 
requid in 9.1.7. Datrmine the water content of the test 
qccimcn using the entire specimen, unkss nprcscntativc 
cuttings arc obtained for this purpost, as in the cas of 
Undrsnubed specimens Indicate on the test report whether 
the mater mnMt sample was obtained kforc or after the 
&car test, as required in 9.1.2. 

9. Report 
9.1 The report should indude the following 
9.1.1 Idcatifkition and visual dacription of the spec- 

imen, including soil dadlation, symbo4, and whether the 
specimen is undisturbed, remolded, compacted, etc. Also 
indude &men identifying information, such as project, 
location, boring numticr,-saGpk numb,  depth, ctc v i  
descriptions shall k made in accordazlct with M a  
D 2488, 

9.13 Initial dry density and water content (spedfy if the 
water wntcnt m e n  was obtained before or afta sbear, 
and whether h m  cuttingr or the entire specimen), 

9.1.3 Degree of Saturation (Note 7), if computed, 

NOTE 7-Tk speeihc glwiv dccamr#d . inaadamxwithTcst 

9.1.4 Unconfined comprcsivc strength and 

9.15 Anage height and diameter of spahen, 

9.1.7 Average rate of strain to failurr, 96. 
9.1.8 Strain at tailwe, %, 
9.1.9 Liquid and planic limits, ifdamnined, in a#nr- 

dana with Test Method D 4318, 
9.1.10. Failure-sketch or photo, 
9.1.11 sass-Sttaingraph,ifpreparrd, 
9.1.12 Sensitivity, ifdctamined, 

dthcdegccdpaurtion .4 Mabod D854 is required farakuhtxm 

strrngth, 

9.1.6 Height--eta ratio, 

9.1.13 Particle Size adysk, ifdctarmaad, - inaccordaacc 

9.1.14 Remarkr--N~te my ullllsual W ~ ~ ~ O O S  OT OW 
with Metbod D 422, and 

data that would be considaui naxsary topropafy intaprCt 
the rtdts obtained, forerampk, sticltarida, mtikation, 
sbek, pebbles, mots, or biittkncs, the type of failure (that 
is, bulge, diagonal shear, ac.). 

10. RecisioodBhP 
10.1 Recision-Data arc king evaluated to derermine 

the precision of this test method. In addition, Subcommittee 
D18.05 is seeking pCmnent data from USQS of the ts 
method 
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Designation: D 2216 - 92 

e Standard Test Method for 
Laboratory Determination of Water (Moisture) Content of Soil 
and Rock’ 

This standard is hued under the fued designation D 2216 the number immediately following the designation indicates the year of 
original adoption or. in the case of revision. the year of la revision. A number in parcnthCSs indicates the ye;u of lan rcapploval. A 
supencript epsilon (0 indicates an editorial change since the lan =*on or reapproval. 

1. Scope 
1.1 This test method covers the laboratory determination 

of the water (moisture) content of soil,’rock, and similar 
materials by mass. For simplicity, the word “material” 
hereinafter also refers to either soil or rock, whichever is 
most applicable. 

1.2 The water content of a material is defined by this 
standard as the ratio, expressed as a percentage, of the mass 
of “pore” or “free” water in a given mass of material to the 
mass of the solid material. 

1.3 The term “solid particles” as used in geotechnical 
engineering is typically assumed to mean naturally occurring 
mineral particles of soil and rock that are not readily soluble 
in water. Therefore, the water content of materials con- 
taining extraneous matter (such as cement, and the like) may 
require special treatment or a qualified definition of water 
content. In addition, some organic materials may be.decom- 
posed by oven drying at the standard drying temperature for 
this method ( 1  10°C). Materials containing gypsum (calcium 
sulfate dihydrate or other compounds having significant 
amounts of hydrated water) may present a special problem as 
this material slowly dehydrates at the standard drylng 
temperature (1 1o’C) -and at very low relative humidities, 
forming a compound (calcium sulfate hemihydrate) which is 
not normally present in natural materials except in some 
desert soils. In order to reduce the degree of dehydration of 
gypsum-in-thosematerials containing gypsum, or to reduce 
decomposition in highly organic soils, it may be desirable to 

. dry these materials at 60°C or in a desiccator at room 
temperature. Thus, when a drying temperature is used which 
is different from the standard drylng temperature as defined 
by this test method, the resulting water content may be 
different from standard water content determined at the 
standard drying temperature. 

NOTE 1-Test Methods D 2974 provides an alternate procedure for 
determining water content of pat maurials. 

1.4 Materials containing water with substantial amounts 
of soluble solids (such as salt in the case of marine sediments) 
when tested by this method will give a mass of solids which 
includes the previously soluble solids. These materials re- 
quire special treatment to remove or account for the 
presence of precipitated solids in the dry mass of the 

I This method is under the jurisdiction of ASIM Committee D-18 on Sod and 
Rock and is the dirsl responsibility of Subcommmee ’ D18.03 on Tcxt~uc, 

Cumnt edition approved June 15, 1992. Publicheed August 1992. originally 
plarticity and Dmdty QaranaM ’ ‘csofSoiL 

p u W  as D 2216 - 63 T. Laa previous edition D 2216 - Wl, 

0 

specimen, or a qualified definition of water content must be 
Used. 

1.5 This test method requires several hours for proper 
drying of the water content specimen. Test Method D 4643 
provides for drylng of the test specimen in a microwave oven 
which is a shorter process. 

1.6 This standard requires the drying of material in an 
oven at high temperatures. If the material being dried is 
contaminated with certain chemicals, health and safety 
hazards can exist. Therefore, this standard should not be 
used in determining the water content of contaminated soils 
unless adequate health and safety precautions are taken. 

1.7 This standard does not purport to address all of the 
safety problems, i f  any, associated with its use. It is the 
responsibility of the user of this standard to establish appro 
priate safety and health praccices and determine the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Stadardf: 
D 653 Terminology Relating to Soil, Rock, and Contained 

Fluids2 
D2974 Test Methods for Moisture, Ash, and Organic 

Matter of Peat and Other Organic’Soils2 
D4220 Practice for Preserving and Transporting Soil 

Samples2 
D 43 18 Test Method for Liquid Limit, Plastic Limit, and 

Plasticity Index of Soils2 
D4643 Test Method for Determination of Water 

(Moisture) Content of Soil by the Microwave Oven 
Method2 

D4753 Specification for Evaluating, Selecting, and Speci- 
fying Balances and scales for Use in Soil and Rock 
Testing2 

E 145 Specification for Gravity-Convection And Forced- 
Ventilation Ovens3 

3. Terminology 
3.1 Refer to Terminology D 653 for standard definitions 

of terms. 
3.2 Description of Term Specific to This Standard: 
3.2.1 water content (of a materialjthe ratio of the mass 

of water contained in the pore spaces of soil or rock material, 
to the solid mas of particles in that material, expressed as a 
percentage. 

2 A n d  Book of ASTM SWdVdS. Vol04.08. 
3 Annual Bock of ASTM Stanhdr, Vol 14.02. 
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4. Summary of Test Method 
4.1 A test specimen is dried in an oven to a constant mass. 

m e  loss of mass due to drying is considered to be water. The 
water content is calculated using the mass of water and the 
m m  of the dry specimen. 

5. Significance and Use 
5.1 For many materials, the water content is one of the 

most significant index properties used in establishing a 
amlation between soil behavior and its properties. 

5.2 The water content of a material is used in expressing 
the phase relationships of air, water, and solids in a given 
volume of material. 

5.3 In fine-grained (cohesive) soils, the consistency of a 
given soil type depends on its water content. The water 
content of a soil, along with its liquid and plastic limits as 
determined by Test Method D 4318, is used to express its 
relative consistency or liquidity index. 

6. Apparatus 
6.1 Drying Oven, thermostatidy-conted, preferably 

of the forced-draft type, meeting the requirements of Speci- 
fication E 145 and capable of maintaining a uniform temper- 
ature of 110 & 5'C throughout the drying chamber. 

6.2 Balances-All balances must meet the requirements 
of Specification D4753 and this Section. A Class GPl 
balance of 0.0 lg readability is required for specimens having 
a mass of up to 200 g (excluding mass of specimen con- 
tainer) and a Class GP2 balance of 0.lg readability is 
required for specimens having a mass over 200 g. 

6.3 Specimen Containers-Suitable containers made of 
material resistant to corrosion and change in mass upon 
repeated heating, cooling, exposure to materials of varying 
pH, and cleaning. Containers with close-fimng lids shall be 
used for testing specimens having a mass of less than about 
200 g; while for specimens having a mass greater than about 
200 g, containers without lids may be used. One container is 
needed for each water content determination. 

N6i%-2~ThPpufp& of close-fitting lids- is to prevent loss of 
moisture from -mens before initial mass determination and to 
prevent absorption of moisture from the atmosphere following drying 
and beforr final mass determination. 

6.4 Desiccator-A desiccator cabinet or large desiccator 
jar of suitable size containing silica gel or anhydrous calcium 
phosphate. It is preferable to use a desiccant which changes 
color to indicate it needs reconstitution. See Section 10.5. 
NOTE 3-Anhydrous calcium sulfate is sold under the trade name 

Drierite. 

6.5 Container Handling Apparatus, gloves, tongs, or suit- 
able holder for moving and handling hot containers after 

6.6 Miscellaneous, knives, spatulas, scoops, quartering 
cloth, sample splitters, etc, as required. 

7. samples 
7.1 Samples shall be preserved and transported in accor- 

dance with Practice 4220 Groups B, C, or D soils. Keep the 
samples that are stored prior to testing in noncorrdble 
airtight containers at a temperature between approximately 3 
and 30'C and in an area that prevents direct contact with 

___-_- 
-_-I 

drying. 

sunlight. Disturbed samples in jars or other containeF -'-4l 

7.2 The water content determination should be a be stored in such a way as to prevent or minimize 
condensation on the insides of the containers. 

soon as practicable after sampling, especially if potentially 
corrodible containers (such as thin-walled steel tubes, paint 
cans, etc.) or plastic sample bags are used. 

8. Test Specimen 
8.1 For water contents being determined in conjunction 

with another ASTM method, the specimen mass require- 
ment stated in that method shall be used if one is provided. If 
no minimum specimen mass is provided in that method 
then the values given before shall apply. 

8.2 The minimum mass of moist material selected to be 
representative of the total sample, if the total sample is not 
tested by this method, shall be in accordance with the 
following 

Recommended Rccommcnded 
mlnimum mass of m i m u m  mass of 

mom tea spec- mom test spa- 
Maumum pamde men for water men for water 

sue (100 I Standard Sieve content rrported content reponed 
passing) SUC to d . 1  96 t O f l I  

2 mm or les No. IO 20 g 20 f 
4.75 mm No. 4 100 B 20 f 
9.5 mm %-in. m8 50s 

19.0 mm %-In. 2.5 kg 250 g 
31.5 mm 1115 in. 10 kg I k g  
75.0 mm Sin. 50 kg 

8.2.1 If the total sample is used it does not hav 6.  N m - T o  be representative not less than 20 g shall be 

the minimum mass requirements provided in the hole 
above. The report shall indicate that the entire sample was 
used. 

8.3 Using a test specimen smaller than the minimum 
indicated in 8.2 requires discretion, though it may be 
adequate for the purposes of the test. Any specimen used not 
meeting these requirements shall be noted in the report of 
results.- 

8.4 When working with a small (less than 200g) specimen 
containing a relatively large gravel particle, it is appropriate 
not to include this particle in the test specimen. However, 
any discarded material shall be described and noted in the 
report ofthe d t s .  

8.5 For those samples consisting entirely of intact rock, 
the minimum specimen mass shall be 500 g. Representative 
portions of the sample may be broken into smaller particles, 
depending on the sample's size, the container and balance 
being used and to facilitate drying to constant mass, see 
Section 10.4. 

9. Test Specimen Selectioo 
9.1 When the test specimen is a portion of a larger 

amount of material, the specimen must be selected to be 
representative of the water condition of the entire amount of 
material. The mannef in which the test specimen is selected 
depends on the purpose and application of the t 

sample ( h m  another test, bag, block, and the lik a- material being tested, the water condition, and 

9.2 For disturbed samples such as trimmings, bag sam- 
ples, and the like, obtain the test specimen by one of the 
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\llowing methods (listed in order of preference): 
9.2.1 If the material is such that it can be manipulated 
d handled without significant moisture loss, the material 

quartering or splitting. 
9.2.2 If the material is such that it cannot be thoroughly 

mixed and/or split, form a stockpile of the material, mixing 
as much as possible. Take at least five portions of material at 
random locations using a sampling tube, shovel, scoop, 
trowel, or similar device appropriate to the maximum 
particle size present in the material. Combine all the portions 
for the test specimen. 

9.2.3 If the material or conditions are such that a stockpile 
cannot be formed, take as many portions of the material as 
possible at random locations that will best represent the 
moisture condition. Combine all the portions for the test 
specimen. 

9.3 Intact samples such as block, tube, split barrel, and the 
like, obtain the test specimen by one of the following 
methods depending on the purpose and potential use of the 
sample. 

9.3.1 Carefully trim at least 3 mm of material from the 
outer surface of the sample to see if material is layered and to 
remove material that is drier or wetter than the main portion 
of the sample. Then carefully trim at least 5 mm, or a 
thickness equal to the maximum particle size present, from 
the entire exposed surface or from the interval being tested. 

9.3.2 Slice the sample in halt If material is layered see 
section 9.3.3. Then carefully trim at least 5 mm, or a 

chess  equal to the maximum particle size present, from 
e exposed surface of one half, or from the interval being 

e should be mixed and then reduced to the required size by 

e tested. Avoid any material on the edges that may be wetter or 
drier than the main portion of the sample. 

NOTE 4-Migmion of moisture in some cohesionless soils may 
require that the full d o n  be sampled- 

9.3.3 If a layered material (or more than one material type 
is encountered), select an average specimen, or individual 
specimens, or both. Specimens must be properly identified as 
to location, or what they represent, and appropriate remarks 
entered on data sheets 

10. Procedure 
10.1 Determine and record the mass of the clean and dry 

specimen container (and its lid, if used). 
10.2 Select representative test specimens in accordance 

with Seaion 9. 
10.3 Place the moist test specimen in the container and, if 

used, set the lid securely in position. Determine the mass of 
the container and moist material using a balance (See 6.2) 
selected on the basis of the specimen mass. Record this 
value. 

NOTE 5-To prevent mixing of specimens and yielding of incorm3 
resub, all containers, and lids i f  used, should be numknd and the 
amtaincr numbers shall be ncorded on the laboratory data s h e  The 

Nm 6-To assist in the ovendrying of lagc test specimens, they 
should beplaad in containas havingabrgcsurface arca(such as pans) 

10.4 Remove the lid (if used) and place the container with 
moist material in the drying oven. Dry the material to a 

!id ~ u m b m  Should match the ~ ~ n t a i n a  numbers to etiminatr 

0 and Qm- the materid broken up into smalleraggrrgations. 

constant mass. Maintain the drying oven at 1 10 f S’C unless 
otherwise specified (see 1.3). The time required to obtain 
constant mas  will vary depending on the type of material, 
size of specimen, oven type and capacity, and other factors. 
The influence of these factors generally can be established by 
good judgment, and experience with the materials being 
tested and the apparatus being used. 

NOTE 7-In most cascs drying a test specimen ovcIpight (about I2 
to 16 h) is sufficient In cases where there is doubt concerning the 
adequacy of drying, drying should k continued until the change in mass 
after two sucmSivc periods @cater than I h) of dryingis an insign& 
cant amount (less than about 0.1 9%). Specimens of sand may often be 
dried to constant mass in a period of about 4 4 when a foradddl  o m  
isused 

Nm 8 4 i n c e  Same dry materials may absorb moirmrr from moist 
specimens, dried specimens should be removal before placing moist 
specimens in the Same oven. Howem, this would not be applicable if 
the PIW~OUSIY dried specimens will remain in the drying oven for an 
additional time period of about 16 b 

10.5 M e r  the material has dried to constant mass remove 
the container from the oven (and replace the lid if used). 
Allow the material and container to cool to room tempera- 
ture or until the container can be handled comfortably with 
bare hands and the operation of the balance will not be 
af€ected by convection currents and/or its being heated. 
Determine the m a s  of the container and ovendried material 
using the same balance .as used in 10.3. Record this value. 
Tight fitting lids shalI be used if it appears that the specimen 
is absorbing moisture from the air prior to determination of 
its dry mass. 

NOTE 9-Cooling in a desiccator is aaxptable in place of tight fitting 
lids since it greatly duces  absorption of moisture from the atmosphere 
during cooling especially for containers without tight fitting lids 

11. calcniation 

lows: 
1 1 . 1  Calculate the water content of the material as fol- 

w = [(M, - M=)/(M& - MC)] x 100 = 5 x 100 
MS 

where: 
w = water content, %, 
M, = mass of container and wet specimen, g, 
Me, = mass of container and oven dry specimen, g, 
M, = mass of container, g, 
M, = mass of water (M, = M, - M&), g, and 

12. Report 

M, =  ma^^ of solid particles (M, = M* - Me), g. 

12.1 The report (data sheet) shall include the following 
12.1.1 Identification of the sample (material) being tested, 

such as boring number, sample number, test number, 
container number etc. 

12.1.2 Water content of the specimen to the nearest 1 % 
or 0.1 %, as appropriate based on the minimum sample 
used. Ifthis method is used in concert with another method, 
the water content of the specimen should be reported to the 
value required by the test method for which the water 
content is being determined. 

12.1.3 Indicate if test specimen had a mass less than the 
minimum indicated in 8.2. 
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12.1.4 Indicate if test specimen contained more than one 

12.1.5 Indicate the method of drying if different from 

12.1.6 Indicate if any material (size and amount) was 

material type (layered, etc.). 

oven-drying at 110 f 5'C. 

excluded from the test specimen. 

13. Precision and Bias 
13.1 Statement on Bias-There is no accepted reference 

value for this test method, therefore, bias cannot be deter- 
mined. 

13.2 Statements on Precision: 
13.2.1 Single-Operator Precision--The single-operator 

coefficient of variation has been found to be 2.7 percent. 

'Iherefore, results of two properl$ conducted tests by the 
same operator with the same equipment should 

13.2.2 Mdtilaboratory Precision-The multiia at considered suspect unless they differ by more 
percent of their mean. 

coefficient of variation has been found to be 5.0 percent. 
Therefore, results of two properly conducted tests by dif" 
ferent operators using different equipment should not be 
considered suspect unless they Wer by more than 14.0 
percent of their mean. 

14. Keywords 

analysis; moisture content soil aggregate; water content 
14.1 consistency, index p r o m ,  laboratory; moisture 
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Standard Test Method for 
One-Dimensional Consolidation Properties of Soils' 

1. scope 
1.1 This test method covm procedures for determining 

the magnitude and rate of consolidation of sooil when it is 
rcsaained laterally and drained axially while subjected to 
inmementally applied ConuoIled-Sast loading. Two altcma- 
ti* procedurrs arc provided as follows 

1.1.1 Test Mahod A-This tcst method is pcrformcd with 
constant load increment duration of 24 h, or multiples 
thereof. Timdcformation rcadinp arc required on a mia- 
h u m  of two load increments 

1.1.2 Test Method B-Tiedeformation readings are 
required on all load increments. Successive load increments 
arc applied after 100 96 primary consolidation is reached, or 
at constant time incrcmenu as described in Test Method A 

NOTE I-*- . tioa oftklateand magpitudc ofcofmiicb. 
tion of sooil when it k subjatcd to owtrdkdsaro loading is ammi by 
1- Merbod D 4186. 

1.2 This test method is most commonly performed on 

4edimented in mer,  hoanva, the kasic test prooedurc is 
appbble ,  as WCJI, to spedwns of compacted soils and 
undinurbcd samples of soils formed by otber proccacs such 
?s weatbcring or chemical aitaation. Evahmtion techniques 
&ed in tiis test method axe g c n d y  applicable to soilt 
naturally sedimentcd in water. Tests perfomed on o h  
soils such as compaacd and residual (weathered or chemi- 
d y  altered) soils may require special evaluation techniques. 

1.3 It shall k the responsiity of the agency rtqmthg 
thit test to specify the magnmadt and sequence of each load 
increment. including the location of a rebound cyde, if 
nxwid, and, for Test Method A, the load incnments for 
which timc-deformation e are desirrd 

uodimrrbed samples of k glained soils nahlrauy 

1.4 The valuesstatedin Sonits areto be regarded as the 

imate and given for guidance only. Reporting of test raults 
standard The value statd in inch-pound units a p p r ~ x -  

in units other than SI shall not be regarded as nonconfor- 
mance with this test method. 

1.4.1 In the engineering profession it L custonmy prac- 
t i a  to usc, interchan@y, units repRscnting both m a s  
and force, unless dynamic calculatiom (F = Mu) are 
involnd This implicitly combines two scparatc sysvm~ of 
units, that is, the absolute system and& gravimaric syncm. 
It is scientifically uadesirable to combine two xparate 
systems within a single dandard. This M method has ban 
witten using SI uniu; however, inch-pound conversions arc 
given in the graVimCtric system, when the pound (lbf) 
Rptacnts a unit of fora (weight). 'The use of Manas or 

pounds of mas (Ibm), or the recording of 
density -3 in lb/ should not be rrgarded as nonconformance 
with this M method. 

1.5 This sz&d does not p u p n  to &a the safkty 
problem associated with i u  use. It is the responsibility of rhe 
UJPI oJthis standard to establish appropriae saj2y and 
health practices and determine the applicability of regulatory 
limitations prior to use. 
2. R e f d  Docameats 

2.1 ASTM srandord: 
D 422 Metbod for ParticleSize Adjsis of So& 
D 653 TCrminology Relating to Soil and Rocp 
D 854 Test Mahod for SpeCitic Gravity of Sog 
D 1587 Practice For Thin-Walled Tube Sampling of Soil!? 
D 22 16 Method for Laboratory Determination of Water 

(Moisture) Content of Soil, Rock, and Soil-Aggrqate 

D 2487 Ckd6cation of Soils for Enginaxing Purposesf 
D 2488 M c e  for Description and Idcnti6cation of Soils 

D 3550 Practice for Ring-Lined Barrel Sampling of So@ 
D 4 186 Test Method for One-Dimensional Consolidation 

D4220 M a  for m g  and Transpo~ting Soil 

D 43 18 Test Method for Liquid Limit, Plastic Limit, and 

D4452 Methods for X-Ray Radiography of Soil Sample? 
D4546 Test Methods for One-Dimensional Swdl or 

Mixture2 

( v i - M a n u a l  Procedm).' 

~ ~ ~ p c r t i e s  of soils Using ControUedStrain 

samples2 

plasticity Index of so* 

Settlement Potential of Cohesive So* 
3. Termi~ologg 

method dull k in accordana with Termiwlogy D 653. 
3.1 De/inifims-The &fitions of terms used in this M 
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4. sumnmry of Test Method 
4.1 In-this tat method a soil specimen is rrstraiDed 

laterally and loaded axially with total strcss increments Each 
stres increment is maintained until excess pore water 
prrssures arc completdy dissipated During the consolidation 

measurementsaxe made ofcbanp in the specimen 
height and thesc data are uscd to determine thc relationship 
betwan the effective stress and void ratio or strain, and tbe 
rate at which consolidation can occur by evaluating the 
coefficient of consolidation. 

5. s-trrduse 
5.1 The data from the consolidation tcst are used to 

estimate the magnitude and rate of both differential and total 
settlement of a strum or eanhfin. Estimates of this type 
arc of key importana in the design of engineered struc~res 
and the evaluatimdof-their-pcrformana. 

5.2 The test rcsuhs can be greatly affeaed by sample 
dislurbanct. Careful selection and preparation of test Speci- 
mens is required to minimitr ckturbncc. 

5.3 Consolidation test d t s  arc dependent upon the 
magnitude of the load increments. Traditionally, tbe load is 
doubled for each increment resulting in a load-increment 
ratio of 1. For u n m  samples, this load procedure has 
provided data from which estimates of tbe pmxnsolidation 

established evaluation techniques, compare dircctly with 
field rneanvcment Other load schedules may be used to 
model particulat field conditions or meet special require- 
ments For example, it may k desiablc to inundate and 
load the specimen in aaordana with the wetting or loading 
pattern apead in the fidd in ordcr to best simulate the 

k desirable for soils that arr highly scDsitive or whose 
response is highly dependent on strain rate. The test method 
specified to estimate the pramsolidation prcssurr provicks a 
simple technique to verify that one set of time readings arc 

prcssurralso refemd to asthe maximum past prrsurr, using 

responsc. smaller than Raadard load increment fatias may 

taken aAa the prroonsolidation prssurr. scvaal otha 

evaluation techniques exist and may yicld differrnt estimates 
of the preconsolidation prcsnrrr. fhaeforr, the queuing 
agency may specify an ahcrnatc technique to estimate the 
prumnsolidation p m .  

5.4 Consolidation test d t s  arc dcpcndent upon the 
duration of each load increment. Traditionally, the laad 
duration is the same for each increment and equal to 24 h 
For some so& the rate of c o m & n  is such that 
complete consolidation (disdpation of e x a s  pore pxusurc) 
will require more than 24 h. The appratu in general use 
docs not have provisions for formal vaificuion of pon 
prrssurr dissipation. It is necessary to usc an interpretation 
technique which indirectly detcrrmn es tbat consolidation is 
complete. This test method specifies two techniqueg how- 

nique and still k in conformana with this test method. 
5.5 The-apparaw.in g c n d  use for this test method does 

not have provisions for vcriiicalion o f  saturation. Most 
U d l S t U t d  sampkstaken from below thewatatabkwiUk 
saturauxl Homva, tbe time rate of deformation is vay 
sensitive to degret of saturation and caution must be 
exercised regarding estimates for duration of settlements 
when partially saturated conditions prevail The extent to 
which partial satwaxion influences the test n d t s  may k a 
part of tbe test evaluation and may include appIication of 
theoretical models other than conventional consolidation 
theory. Altanativdy, the test may k performed u!xing an 
apparatus equipped to saturate tbe specimen. 

5.6 This test method uscs convcntioml consoklatjon 
theory besed on Tenaghi's consolidation equation to corn- 
putc the coeftiacnt of consolidaton, c, The anaysis is based 
upon the foIhving assumptions 

5.6.1 The soil is saturated and has bomogmxous proper- 
ti- 

5.62 The flow of pore water is in the vatical diration; 

ever tile requtsting agency may spedfy an altemative tech- 

t 
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5.6.4 The smsarain  rrlatiaashio is linear over the kad 
cremenc 
5.6.S The ratio of roil permeability to soil compresl'bitity c conuant o m  the load ianmcnr, and 
5.6.6 Darcy's law for flow through porous media iwk. 

6. Appnrrtus 
6.1 Load Device-A suitable d w i a  for applying vertjcal 

loads or total m) to the specimen. The devia should be 
capable of maintaining tpecitied loads for long periods of 
time with an accuracy o f f  0.5 56 of the applied load and 
should permit quick application of a given load increment 

NOTE 3--Laad application grcna;rlly rhould k cornpletcd in a time 
corrrspooding toO.01 I,, a Icrr. For soils where primary consolidation 
iscompktsd in 3 mi& lod application dmdd k Lsthan 2 L 

6.2 Consolidometer-A d c v i a  to hold the spedmen in a 
ring that is either fixed to the base or floating (supported by 
fiction on periphery of specimen) with porous disks on each 
face of the specimen. The inside diameter of the ring shan be 
determined to a tolerance of 0.075 mm (0.003 in.). Tbe 
Oonsolidometcr shall alto provide a means of submerging the 
Specimen, for transmitting the conantric v d c a l  load to the 
porous disks, and for meagufiDg the change in height of 
specimen. 

6.2.1 Minimum Sjxcimei Diameter-The minimum 
specimen diameter shall bc 50 mm (2.00 in.). 

6.2.2 Minimum Specimen Height-The minimum initial 
pecimeahdghtshallbe Itmm(O.5in.),butshallbcnotIess 
mn ten tima the maximum patide diawtcr. 

without significant impact 

D, NOTE 4-uLrsc partida uc fwod in tbe spaeiwn a!ktesi?l& 
indudcia the rcponevisual obsavation ortbe nsuhsofa ptrtieie 
Zia nutur;C in axonha with Method D422 (acept tbc minimum 
am* size rrpuiremcnt zhan bc wived), 

62.3 Minimum Specimen Diameter-teHeight Rat&- 
The minimum specimen diameter-tdxight ratio shall be 
2.5. 

NOTE %Tk usc Of diamacr-to-hight is r rc~m- 
mended. To minhize the &a% offriccion beman the SiQI dtbc 
speiwn and ring a diamucr- ntio grepta than bur k 
prrfmbk 

6.2.4 Specimm Ring RiNity-Tlc rigidity of the ring 
shall k such that, under hydrostatic strss conditions in tbe 
specimen, the change in diameter ofthe ring will not a& 
0.03 % of the diameter under the greatest load appliad 

62.5 Specimen Ring Mam*d-The ring shall be maQ of 
a mattrial that is noncorrosive in relation to the soil tested. 
The inner surfaa shall k highly polished or W k coatal 
with a low-Won m a t e d  Silicone grease or molybdenum 
disulfide is recommended; polytetrafluoroahylenc is r#~m- 
mended for nonsandy soils 

carbide, aluminum oxide, or similar noncornxive mataial. 

rote 6) may be used to prrvent hausion oftbe soil into the 
however, tbe pameability of the disks, and fiha 

6.3 Potour Di~k~-The p ~ r o u ~  di& shall be Of siliaw 

The grade of'tbe disks shan k fine c n o ~  to prevent 

F- 

papa, ifusat m u s k  at- om Mdaofmagnmdehigba 
thaathatofthespaimcn. 

Nm 6-Wbatum No. 54 6rha papr htr teen faoDd to ~ C L I  
muixmxmts fa p m n d h y  - mddunbJirr. 

to 0.5 mm (0.01 to 0.02 in) lat than the hide  diameter of 
h e  ring Ifa fioatingxingis used, the bottom disk shan have 
tbe same diameter as the top disk. 

Nm 'I-& uy dtapacd disks is rrcomrnendai d tbe larger 
b e t a  iconlael arith thc d 

6.3.2 Thickrexs-ThickaeSs of the disks shall k sufficient 
to prevent breaking The top disk shall k loaded through a 
corrosion-rrsistanl piate of dic i ent  rigidity to pment 
brrakagcofthedisk 

6.3.3 Maituenance-= disks shall be dean and lkc 
from cracks, chips and nonudormitis New porour disks 
should k boded for at least 10 minutes and left in the water 
to cool to ambient temperanurc kforc usc. Immaiiatdy after 
each use, dean the pow disks with a nonabrasirc brusb 
and boil to remove day particle that may rrducx their 
permeability. It is recommended that porw disks k storad 
in a jar with deaind warn between tc51s. 

6.4 Sperimm Trimming Dev+A trimming turntable 
or a cyiindrid cutting ring may bc uscd for trimming tbe 
sample down to tbc inside diameter ofthe consotidometer 
f h g  With a minimum of dismbancc. A cutter bavhg tbe 
same inside diameter astbespedmen ling shall anachto or 
k integral with tbe spccimm ring Thc cutter shail have a 
sharp edgc, a highly polisbed surfax and be coated with a 
low-6iction material Alternatively, a turntable or t r h n h g  
lathe may be usai Tbe cutting tod must k propaty aiigncd 
to form a specimen oftbe same diameter as that oftbe ring 

6.5 Dt$ormarion Idicatar-To measure c)unor in spec- 
imen height, with a reddi l i ty  of 0.0025 mm (0.oOOl in.). 

6.6 Mi=- EquipmeN-Muding timing device 
with 1 s readability, dirtillad or - -9 spat- 
Ulasknivkniva, and win saws, usedin prrparingtbespsimea 

6.7 -;in aoc~rdancc-with Method D 2216. 
6.8 Drying Oven, in aamdana with Method D 2216. 
6.9 Water C o r n  Conrainen, in accordanu with 

Method D 2216. 

ronment where temperam fluctuations arc ks than f 4'C 
(* 7- and tberc is no direa uposurr to sunlight 

6.3.1 D W m - T k  d k e t e r  O f  the top ditk h U  k 0 2  

6.10 E n V i r 0 ~ a t - T ~  &dl k paformed in an =vi- 

7. cdihtilla 
7.1 The measurcd v d  deformations must be cor- 

rtcted for apparatu3 flcxity whenever the calibration 
comaion dctcmincd in 7.4 exceeds 5 96 of the measured 
deformation and in all tests what !iltcr pager disks arc used 

7.2 Assemble the consolidometer with a coppa or hard 
stecl disk ofapproximately the same height as the tcst 
specimenand1mm(0.04h)snallcrindiamaathanthe 
rkg in plaa of the same Moisten the porous disks, If 
fihn papas arc to be used (set 6.3X they sbould be 
moistnred and sufkkat time (a minimum d 2 &)- 
allowed fortbe moisture to be s q d  h m  thcm during 
each incrrmcnt ofthe c a l i i i o o  pnxss, 
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7.3 Load aad unloedtheconsdidomcrcrasinthttestand 
measure the deformation for each load applies whtn fiha 
papen arc uscd it is imperative tbat calibration be pcrfonned 
following the exact loading and unloeding scbeduk to be 
used. This is due to the inelastic deformation cha~ 0 cs 
of Filter paper. Recabation for tests without Wr paper 
need be done only on an annual bask or after replaamat 
and reasscmbly of apparatus componcntr 

7.4 At each load applied, plot or tabulate the corrections 
to k applied to the measurrd deformation of the test 
specimen. Note that the metal disk will deform also; how- 
ever, the cmcction due to this deformation will be negligible 
for all but extremely stiff soils. U necesary, the compression 
of the m d  disk can be computed and applied to the 
COmctiOos. 

8. Sampling 
8.1 Practices D 1587 and D 3550 cover proad& and 

apparatus that may be used to obtain undisturbed samples 
generally satisfactory for testing. Specimens may also be 
trimmed from large undisturbed Mock sampks fabricated 
and sealed in the field. Finally, remolded Specimens may be 
prepared from bulk samples to density and moisture condi- 
tions stipulated by the agency rcquating the t e a  

8.2 Undisturbed samples destined for testing in accord- 
ance With this test method shaIl be preserved, handed and 
traasportad in accordamr witb the practices for Group C 
and D sampks in Practices D4220. Bulk samples for 
remolded specimens should be handled and transported in 
a-rdane with thc practice for Group B samples. 

8.3 Storage-Storage of sealed sample should be such 
that no moishrrr is lost during storage, that is, no Nidena of 
partial drving of the ends of the samples or shrinkage. Time 
of storage should k minimid, parricularly when the soil or 
soil moisturr is expected to rcact with the sample tuber 

8.4 The quality of consolidation test Rsults diminishes 
gnatly With sample ckturbcc. It should k ramgnid that 
no sampling procedure can ensure completely undisturbed. 
s a m p l c s ~ T k c f o r c , ~ f i d  examination of the sample is 
essential in sekction of specimens for testing 

N m  s--Euminuion for Sam* dimubaocc. stom OT otha 
inclusions and sdktion of spamen loration k 
X - W  -y 

. .  ~ 

facilitated by 
tbe mpks (see Methods D 4452). 

9. S p e C i m w R e ~ ~  
9.1 All possible precautions should k taken to minimize 

dinurbane of the soil or changts in moisture and density 
during @men preparation. Avoid v i i t i on ,  distortion, 
and compression. 

9.2 Reparc test specimens in an environment where soil 
moisture change during preparation is minimitnl 

purpav 
NOTE 9-A hi& humidity ir d y  uud T i  this 

9.3 Trim tbe specimen and insat it into the consolidation 
ring. When qnximcns corne h m  undimukd soil colltcred 
udng sample N)# the insidtdiametef oftbe tubeshall bt at 
kast 5 mm (0.25 in.) greaterthan the inddediamctcrofthe 

jamolidation ring ex- as Doted in 9.4 and 9.5. It is  

ncommendedthatcithaatrimmingnPntrbitorcytindricat 
cutting ring k used to cut the soil to the pmpr diameta. 
When usinga aimming turotabk, makc a am~pld t  paim- 
e m  CUS reducing tbe spccimea diamcta to the ipddc 
diamcur of th d d a t i o n  ring Cadully insat thc 
specimen into the consolidation ring, by the w i t h  of tbe at 
with a minimum of force. Repeat until tbc specimea 
protrudes from the bottom of the ring wbeo using a 
cylindrical cutting ring trim the soil to a gentle taper in front 
of the cutting edge. Afta the taper is formed, advancc the 
cutter asmallct;aacurtoform the final diamacr. Repeat the 
process until the Specimen protrudes from tbe ring 

9.4 fibrous soils, such as pt, and tbost soils that arc 
easily damaged by trimming, may be traderred directly 
thm the sampling tuk tothe ring, providcdtbattheringhas 
the same diameter as the sample tube. 

9.5 Specimens obtained using a ring-lined sampler may be 
uscd without prior trimming. provided tbey comply with the 
requirements of Racticc D 3550 and this test method, 

9.6 Trim tbe @men flush witb tbe plane ends of the 
ring The specimen may be d slightlytdow the top of 

extrusion and trimming of the bottom & For soft to 
medium soils, a win saw should k used fixaimming the 
top and bottom of the specimen to minimirr =caring A 
straightedge with a sharp cutting edge may k uscd for the 
final trim after the ex- soil bas first ban rrmoved with a 
wire saw. For stiffs&, a sharpened straightedge alone may 
be used for trimming the top a d  bottom. Ifasmall partide 
is encoutcrcd in any d a c e  being trimmad, it should be 
moved and the rcsuhing void filled with soil b m  tbe 
trimmingr 

the ring, to hi l i ta te  centering of the top stone, by partial 
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9.7 Determine tbe initial wet mas of tbe a MT, 
in the ConsoWuion ringby measuring tbe m a s  ofthe ring 

9.8 Determine tbe initial beigbt,H, oftbtspccimea to 
the nearest 0.025 mm (0.001 in.) by taking the average of at 
least four evenly spaxd measurements ova tbe top aod 
bottom surfacer of the specimen using a dial comparator or 
other suitable measwing de- 

9.9 Compute the initial volume, V ,  ofthe qtecimen to 
the nearest 025 cm3 (0.015 in.’) from the diamacr of the 
M g  and the initial spa5mcn height 

9.10 obtain tasoorthnt namal wa&rammltdetcrmi- 
nations of tbe soil in aaxrdaacc with Mcthod D 2216 b m  
matcrialtrimmeddjatxnttothetestspaim~if~t 
matcrialisavaihbk. 

9.11 whar iaQx Proptrtia an spai6cd by the m 

aroundtbespadmenand&tammai tokdmilstmatqial 
in a scald oontaina for damnma * tion as d a a i i  in 
seaion 10. 

with specimen and subtracting the tare Inas oftbe ring 

questing agcacy, stofetbe mnail$qtrimmiugstalrtn from 
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‘ % s o J l a d e X R O o e r t y ~  
The determination of index propcrcia is an i m p -  

adjunct to but not a rapiremcnt ofthe consolidatioa 
lbac &tuminations when spaifkl by the requcstipL 

should k made on the most rqxescntative mataid 
posibk Wben testinguniform matcds all index tests IIW 
be pcrfmcd on adjacent trimmings colkcted in 9.1 1. Wbea 
sampks arc hcmqencous or trimmings arr in short supply, 
indu tests should be performed on maw from the M 
spcdmen as obtained in 1 1.6, plus rrprrscntative trimmings 
colleaed in 9.1 1. 

10.2 Sptc$c Graviry--Tbe specific gravity shall k deter- 
mined in accmdancc with Test Method D 854 on material 
&om tbe sampk as spcified in 10.1. The specific gravity 
from another sample judged to tie similar 10 that of the M 
specimen may k used for calculation in 12.2.5 when- an 
accusatc void ratio is not aced& 

10.3 A a e r k g  Limiu-The liquid limit, plastic limit and 
plasticity index shall be determined in accordazlct with Test 
Metbod D4318 using m a t e d  hpm the sample as specrfied 
in 10.1. Daamination of the Ancrbag limits arc necmary 
fof proper mataial cladcation but arc not a requirement 
of this tcst method. 

10.4 Panicle Size Distribution-The partide size distribu- 
tion shall be datrmined in accordana with Method D422 
(except the minimum sample site requirement shall k 
waived) on a portion of tbe test &men as obtained in 
1 1.6. A partick Site analysis may be helpful when visual 

indicates tbat the specimen contains a substantial 
coarse grained matcrial but is not a requinmcnt 

11. Roccdure 
1 1.1 Rtparation of the porous disks and other apparatus 

will depend on the specimen aing tested. The 
consdidometa must be ambled in such a manner as to 
pmcnt a change in water content of the specimen. Dry 
porous disks ami lilten must k used with dry, highly 
expansive soils and may be used for all other soils. Damp 
disks may k used for partially sannated soils saturated 
disks may be used when the spdmen is saturated and 
known to have a low aflinity for water. Assemble the ring 
with specimen, porous disks, filter disks (when naded) and 
oonsolidomctm. If the spedmen will not be inundated 
shortly after application of the seating load (set 1 12). end= 
tbe consolidometer in a loosc fitting plastic or rubber 
mcmbxane to prevent change in specimen volume due to 
evaporation. 

Norr 11-In Orda to m a t  rk stated objectivaoftbis (at mabod 
thcspcciwn must mbc allo\Hdcd inamsofitsinitial bdght 
pia to bang loaded beyond its ~ tionprcrnucDeuikd 
pmocdw for tbe daamiaarion of ondimasional Swen 01 smkmcni 
potcod dcobcriw sails is Q)& by Test Metbod D 4546. 

11.2 k the consolidometer in the loading device and 
apply a seating pnmuc of 5 lcpa (100 IM/A3. Immediately 
aftn apglication o f  the seating k d ,  adjust the deformation 9 

M-75 

indicator and ncordtbeinitialocrorcading d, I f m ,  
add additionai load to keep the spcdmcn from SWdIing 
Convcnely, if it is anticipatbd that a load of 5 kh(100 
bf/tP) will caw sisnificaot consolidation o f  tbc qxcimm, 

l e S  
11.3 If the test is pafoxmat on an intact Spaimca that 

was either s~turated under field conditions or ObtaiDed below 
the water tabk, inundate shortly afta application of tbe 
seating load. As inundation and spccimen wetting occur, 
increase the load as xtquired to prevent swelling. Rmrd the 
load required to prevent swelling and the resdthg deforma- 
tion reading If specimen inundation is to k dtlaycd to 
simulate specific conditions, then inundation must OCN at a 
prcsurc that is sufficiently large to prevent swcU In such 
casts. apply the quired load and inundate the specimen. 
Take time deformation rtadingr during the inundation 
period asspecrfiedb 11.5. In such cascs, note in the test 
report the presurr at inundation and the resulting changes 
in height. 

11.4 The Specimen is to k su- to hxemcnts of 
constant total sttess. The duration of each inatment shall 
conform to guidelines spedkd in 1 1.5. Tbe spedfic loading 
schedule will depend on the pupwe ofthe test, but should 
conform to the foUowing guiddins Ifthe slope aod shape of 
a virgin cornprdon cunn or daennura * t i o n o f t h e  
pramisotidation pressure is required, the hnal p r u s ~  sban 
k qual to or greater than four times the pna>nsolidation 
pressure. In the case of o~rcoasdidated das a ktrcr 
evaluation of mmprcssion param- may be obtained by 
imposing an unloadreload cycle after the pmnsolidation 
pressurt has ban defined. Details R&arding location and 
extent of an unload-reload cyde is tbe option of tk agew 
requesting the trst (see 1.3), ~OWCWG unloading shan ahKays 
spaa at least two dechmenrr of ptcsurr. 

11.4.1 The standard loading schaluk shan consist of a 
load increment ratio (L.lR) of one is obtained by 
doubling the presnuc on the soil to obtain values of 
approximately 12,25,50,100,200, ctc. kPa (2% 500,1OOO, 

11.42The staadard rebound or unloading scbeduk 
should k selected by halving the prusare on thesoil (that iS 
us the same increments of 11.4.1, but in r c v ~ s c  orda). 
However, if deskt each suOCCgin load can k only 
one-fourth as large as the prarding load, tbat is, skip a 
dcuement. 

1 1.4.3 An alternative kdh& unloadbg, or  loading 
scheduk may be employed that rcpmduca the conaructbn 
mss changes or obtains bettn definition of ylme part of the 
strss deformation (comprssion) curve or ai& in inter- 
preting the htld behavior of the soil 
NOTE 1 2 4 d  immncnts may k dcsinbk on big& compras- 

iMe sperimcns orwbm it n&irabk todcsmmnc . tbepfao- 
-with rnmprrcision. hshouldbcolutiaDedbwwcr, thrtlod 
inucmcnt ntiar bs than 0.7 and had iaCrCmen0 vay dorc to thc 
-tion prmurr amy prrefude evaluation l ackcdkknt  ai 

adirnssdin Qwoo1jd?tio9 r, rrd tht cnddgrimur amsokhwa 
ssctiaa 12 

d u e  the stating pranrrrto 2 of 3 kPa (about 50 wft9 of 

2000,4000, etc lb4fF). 

. .  
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11.5 Before each prusurc increment is applied mrd tbc 
height or change in height, dJ. of tbe specimen. Two 
dumative pmcedures arc avaihbk that spccrfy the h e  
sequence of nadingr and the required minimum load 
duration. Longer durations are 0th q u i r e d  during specific 

straight line sccbndary compression portion of the defonna- 
tion versus log of time gmph. For such increments. sufficient 
readings should k taken near the end of the ptcssurr 
increment to define this straight line portion. It is not 
ncCegary to in- the duration of other pnssure inme- 
menu during the t e s ~  
11.5.1 Tm Mahod A T h e  standard load increment 

duration shall be 24 b For at least two load increments 
including at least one load increment after the 
pramsolidation prrsurt has been exceeded. rtcord tbe 
height or changre in height, d, at time intervals of approxi- 
matcly0.1,025,0.5,1,L4,8,15aad30min,andl,2,4,8 
aDd 24 h (or0.09,025.0.49, 1.4.9 min etc. in using 12.3.2 
to present timedefonnatioo data), measured h m  the time 
of each incremental prrssurr application. Take sufficient 
readings near the end of the prcrsurr increment period to 
verify that primary consolidation is completed. For some 
soils, a period of mom than 24 h may be required to rcacb 
the end+f-primary consolidation (as determined in 12.3.1.1 
or 1232.3). In such casu, load increment durations greater 
than 24 h arc rrquircd The load increment duration far 
thest tcsts is Usuany taken at some multiple of 24 h and 
should be the standad duration for all load increments o f  
the test The decision to use atime interval grrattrthan 24 h 
is usually based on apcrience with particular types of soils 
If, howmr, thm isaqucdon as to w h a h a a  24 h period is 
adequate, a record ofheight or change in height with time 
should k made for mt initial load h m c n t s  in order to 
verify the adequacy of a 24 h perid Load increment 
durations other than 24 h shall be noted in the report. For 
p r r s ~ r r  i - ~ m e n t s , w k r r A m e - ~  defomation-data-arc- - 
not required, leave tbc load on the specimen for the same 
length of time as wbcn time vcrsus d c f d n  art 
taken 

1 1.52 Tes~ M&d &For each increment, record tbe 
height or changc in height, d, at time intrrvals of approxi- 
mately 0.1,0.2S,0.5, 1.2,4,8. 15.30 min,and 124.8 and 
24 h (or 0.09,0.25,0.49, 1,4,9, min, etc. if using 12.3.2 to 
present time deformation data), measured from the time of 
each incremental prssurr application. 'Ihe standard load 
increment duration shan exceed the time required for 
completion of primary consolidation as dertrmincd by 
12.3.1.1, 12.3.2.3 or a criterion fct by the q u e s t i n g  agency. 
For each increment wkrr it is i m p o s l i  to verify theend of 
primary consolidation (for exampie, low LIR or rapid 
c o ~ ~ t i o n ) ,  the load increment duration shall be constant 
and exceed the time tcquind for primary oonsolidation of an 
inncment applied aftn the pnconsolidation prrssurr a d  
along tbe virgin compcegion cum. wberr secondary com- 
pression must k evaluated, apoly pssurrs for longer 
PerioQ 'ibe rrport-stdl contain the load increment dura- 
tion for eacb incmxmt 

load increments to dtdne the slope of the characvnm - 'c 

F a m a z t ~ p r i m y y c o m D M a o o a  . .  
CwiD k ComPJcIL in kd time (t+=any -til) thsa WGlld k 
rrq\drcd fa I brd ioarmcnt doag tbc vir@ comprrtsioo cum, 
b0Wva.a very bw sucsses tbc rrbwad time can k bnga. 
11.6 To minimitr? swell during c h s m M y ,  rebound the 

aftcr releasing the 6nal smaU load on the specimen. Remove 
the specimen and the ring from the consolidometer and wipe 
any frce water from the ring and specimen. Determine the 
mass ofthe m e n  in the ring and subtrau the tare mag 
of the ring to obtain the final wct speeimcn mass, hir,. The 
most accurate dctcrmhation of the Specimeo dry mass and 
water content is found by drying the entire specimen at the 
end of.the test. If the mil sample is homogeneous and 
sufficient whmings arc availabk for the specified index 
tcsling(St 9.1 I), then &tamiIK the final water aintcnt, wJ. 
in atxadanawith Metbod D Z 1 6  and dry massofsotids, 
M,, using tbc entire spedmen. If the soil is hetcrogenew or 
more material is required for the spedfied index tmiq then 
devrmine tbc final water content, w f ,  in aocordancc with 

specimen back to the seating load (5 kpa). once height 
changes have ctascd (usuauy ovenlight), dismantle quickly 

Mahod-D%16 Using a small waig<shaped Section of the 
specimm. Tk rrmainiag undried material should be uscd 
for the spaifkd iDdu testing 

12. caknhhiao 
12.1 Calcuhtions as shown arc based on tbe use of SI 

unia Other units arc pcrmisiMe, provided tbe appropriate 
conversion facton arc used to maintain consistency of units 
throughout the calculations. S a  1.4.1 for additional aim- 
m a t s  on the usc of inch-pound units 

direct meaSurement or for tbe cxe where part of the 
spccimenisuszd for index t d n g ,  calculate tbe dry mass as 
folluws 

123 Specimen Propenis: 
12.2.1 obtain thedry manof the total spedmen, M,, by 

_I 

M,= ' + w/, 
*err: 
Mt, = moist mass of total sinximen after test, g or Mg, and 
w~ =water content (lGcimll form) wedge of specimen 

12.22 Cakulau the initial and 6nal water content, in 
percent, as f o k  

takenaftertest 

M-76 1 
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wherr: 
pa = dry density of spedmen, glcm3 or Wm', and 
V, = initial volume of specimen, an3 (11 m3. 

follows: 
12.2.4 Calculate the dry unit wtight of the spedmm as 

7, = 9.8 x ps in W/m' 
y, = 6L43 x p, in 

122.5 Compute the volume of sofids as follows: 
M 
GPI 

VI 5 

wberr: 
G =SpeCifiCgravityofthesolidSand 
pr = density ofmata, 1.0 gtcm3 orMg/m3 

is 
constant throughout the teq it is conveoht for nr-uent 
dculatiom to inaodua the tcnn 'aquivalent h w t  of 
sotid&" &fined as fdlows: 

12.2.6 Sma the cross-sectional area of the 

A 
W h a r  
A =spa5mcnanqcm20rm2. 
. 1237 calculate void ratio befare and after test as foUuws 

12.3 Time-Dcrfomrarion Properties-Fmm those in- 
men& of load where timedcformation r?adhgs arc obtained, 
two alternative procedures (see 123.1 or 12.32) an provided 
to present the data, detamine the endof-primary consolida- 
tion and compute the rate of consolidation Alternatively, 
the requesting agency may spedfy a method of its choia and 
still be in confomana with this test mahod The deforma- 
tion readings may k prcxatai as meaSurcd ddormatios 
ddormation comctal fix apparatus cornpmWitY or con- 
v d  to strain (sce 12.4). 
12.3.1 Rcfcrxing to F s  2, plot the deformation rtadings, 

d, vcfsus the log of time (normally in minutes) for each 
increment of load 
12.3.1.1 Fm draw a slraight line tk'U& the pOintr 

repnstnting the madings wbicb exhiit a stxaight fine 
mnd and andant slop (0.' r n w  a second sbaight line 

0). 'Ihe i n d o n  rrpnscnu the defonnatios dJah a d  

(E). Compression in uuss of the above estimated 100% 
primary consolidation is d&aJ as secondary compnsdoa 
12.3.1.2 Frnd the ddbmation nprescntbg 0 % Primary 

consdidation by seleding any two points that have a time 
ratio of 1 to 4. The deformation at the ofthe two times 
should be greats thaa Y4, but les~ than '15 Of the totd 
deformation for the load increment The Mixmation corm 
spoading to 0 %  pimary consolidation is equal to thc 
deformation at the smakr t i m ~  less the diflikrena in 
deformation for the two sdcctcd times. 
123.1.3 The dcformatiOn, dJo, correwon- to 50% 

primary consolidation is equal to the average of the deforma- 
tions corrcspondi~ to the 0 and 100 Sb ddonnationr The 
time, muired for 50% consolidation may k found 
graphically b m  'the deformaton-1% time c u m  by ob 
suving the time that conesponds to 50% of the primary 
consolidation on the curvt. 

123.2 Referring to Fe 3, plot the deformation d n l p ,  
4 v a s u  tbe square root of time (normally in minutes) for 
each increment of load 

tangenttotheaeepcstpartofthedtfonnatio~ogtimc~ 

time, 2,- corrtsponding to 100% primary condidatim 
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12.3.2.1 Ftm draw a stxaight line through the points 
rcprrscnting the initial readings that exhibit a straight line 
trrad. Extrapolate tk line back to t = 0 and obtain the 
deformation ordinatt rqxesmting 0 % primary d d a -  
tiOU. 

12.322 Draw a second staight line through the 0% 

abscissa of the 6rst straight line through the data The 
intersection of this sec~nd line with the deformation-squarr 
root of time curve is the deformation, dm and time, tm 

12.3.2.3 The deformation at 100 96 consolidation is H 
more than the ditkena in deformation between 0 and 90 % 

k taken at the infmcction of the defoxmation-square root of 
time curve and this deformation ordinate.’ The deformation, 
&, corresponding to M% consolidation is equal to the 

coxdidation. 
12.3.3 Compute the coefficient of comlidation for each 

incmment of load using the following equation and values 
appropriate to the chosen method ofinterprrtation: 

5’ 

Ordinate  90 t h  the abscissa of this is 1-15 h C S  the 

corrrspoading to 90-96-primary-coddatian. 

consolidatioa The time of primary consolidation, tloo, may 

deformation a! H of the differrnct betwan 0 and 90% 

m 2 D a  

I 
w h m  
T = a dimensionless time hctor 

for metbod 12.3.1 use 50 56 consolidation with T 

for method 1232 use 90 56 consolidation with T 
= TJo = 0.197, 

I 0 Tpo 0.848, 
I 

f =time c o m n d i n g  to the particulardcgra of . 0 consolidation, s or min; 
for method 12.3.1 use f = tm 
for mctbod 12.33 ust t = tpo, and 

HDm =kngthofthedrai~pathatM%contdi&on, 
cm or m 
for doubk-sided drainage HDs is half the specimen 
height at the appropriate increment and for one 
sided drainage f f D s  is the full specimen height 

12.4 Lond-D&marion Romies: 
12.4.1 Tabulate the deformation or change in dclorma- 

ment an4 if using Test Method B, corresponding to the 

12.4.2 calcuiatc the change in height, AH = d - d, 
relative to the initial specimen height for each redug If 
ncoessary, c o r n  the deformation for the apparat\u flexi- 
bility by subtracting the caliition value obtained in Section 
9hmeachteading 

12.4.3 Reprncnt tbc deformation results in ormu of the 
following foimats. 

12.4.3.1 Calculate tbe void ratio as follows 

t i o ~ ,  d’, 

eadof-primary COUSOM~~~OU, dim 

to the a d  Of each inat- 

AH e=ee-- 
4 

12.4.3.2 Altcmativtly. calculate the vCmcal amin, in 
pcr#nt, as foUoWs 

e = %  100 
HO 

12.4.4 Calculate the vertical stress as foJlows 
P a, = - 
A 

wilcrc 
P =applicdloadinN 
6, =nmcalsassinkpa 

12.4.5 Referring to FG 4, plot the deformation results 
(void ratio or strain) corresponding to the end of each 
increment an& if using THMEtIW BpTimsponding to tbe 
end-of-primary  lidation at ion vcxsus the logarithm Of tbe 
prrsnulc 

losd.ddonnrt00 NM in uirhmctic sale. 
NOTE 14-In some QPS it mry k prefaabk to present tbc 

124.6 Referring to Fig. 4, determine the value of the 

m1sAny othcr nxqp izd  wtbod d csiming 
(see refmas) mry alsok u 4  provided 

pmmlida t ion  prrsurr using the following procedure. 

g r r o o a o o  
th mabod is identihdintkrrpar 

12.4.6.1 Estimate the point of maximum curvature on the 
comlidation EUNC (B). 

12.4.6.2 Draw the tangent to the consolidation curve at 
this point (C), and a horirontal line through the point @), 
both extmkd towardt increasing values on the abseitsa 

124.6.3 Draw the line biscccing tbe angle ktwea! tbese 
-0. 

124.6.4 Extcud the tangent to the stccp, hear portion of 

Ix-78 
1 



@ D2435 

I 

0 ~ w ) L D Q I u o ? ( y p 1 I y A I c n n c N u  
( m 0 - l U - m  

F1Q4 E v & m ? b n f a ~ R . u u n h o m  -- 
fcsurc (G) (abscisa) corresponding to this point of inter- 

on is the cstimad pnxonsolidation p- b 12.4.7 Compkre evaluation o b  includes conzideiation 
of information oat generally adable  to the laboratory 
perfonniq the tea For this rtason furtha evaluation of the 
test is not mandatory. Uany recognirad methods of evalua- 
tion a n  descnbcd in the literam. Some of thesc ase 
discussed in the Refs (1) through (8). 

13. Report 
13.1 In addition to project name and location, boring 

number, sample number, and,depth, report the following 
information. 

13.1.1 Description and claaification of the soil in aocord- 
ana with M a  D 2488 or T a  Method D 2487 when 
Amrbcrg limit data am available. Spa3k p i t y  of solids 
Attaberg limits and grain size distribution shall also be 
reported wbcn available plus the soura of such information 
if other than meanutments obtained on test specimen. Also 
note occumnce and approximate size of isolated largrt 
parcidcs. 

13.1.2 soil Codifion. 
13.121 A- water content of 
13.12.2 Initial and fhal water content of spahen, 
13.12.3 initial and fhal dry unit wciaht of sDacimen, 
13.124 Initial and final void ratio ofspedmes 0 - 

8' 

13.1.2.5 Initial arxl final dcgnc of saturation of @men, 

13.1.2.6 Rconsolidation prrssurr. 
13.1.3 Test Prm 
13.1.3.1 Prepaxation proctdurc u d  relative to trimming 

state whether the specimen was trimmed using a trimming 
turntable, trimmed usingacutthgsbhot, or tcsted dircctty in 
a ring from a ring lined ampla. 

13.1.3.2 Conditiondtest(natudmohor~un&t& 
pressure at inundation). 

13.1.3.3 Method of testing (A or B). 
13.1.3.4 Tcst Method uscd to compute odtfficient of 

COIKOlidatiOIL 
13.1.33 Listing of k a h g  increments and deatments, 

and load inntment duration, if ditrering from 24 h; end of 
increment dcformatioo rc5ufu ad., for Test Method B, 
endof-primary deformation and c o c f i c n t  of c o d -  
idation (see Frg 1). 
. 13.1.3.6 All deparnues from the procedurt outlined, in- 

13.1.4 Graphical Resentariom: 
13.1.4.1 Graph of deformation versus log time (set Fig 2) 

or quart root of time (oet Fs 3) for thix lo& increments 
where time rate & were taken. 

13.1.4.2 Graph of void ratio versus log of prssurr m e  
or percent compr&on vcrsus log of prrsrurt c u m  (set Fig 
4). 

13.1.4.3 In casts where time rate of &formation rcadhgs 
have ban taken f o r d  load inatmmts, prrparr a graph 
of the log of cocffiacnt of consolidation VQW average void 
ratio or averagc perant compresion for the respective load 
incmncnts (set Fig 5). Akmatively, a graph of oocfficient 
of consolidation or log of coefficient of consolidation vc~sus 
log of average prtsavc may be used. Iftime rate 
were obtained for only two laed increments, Z;mpiy tabulate 
the values of c, VQW the averagc presurr for the increment 

NOTE l b m r w n g c  praam - two lord iaamncnls is 

Unkrrlhentc o l ~  paarndkFipotioanmeraaednnwlpopible 
todemnlmc . t b t w n u l e a c a i v e ~ u t b e t i w o f 5 0 4 6 ~  

and 

cluding special loading scquenm 

CbarCD becarrpc it n I am-t a m d i e  for pi- tbe 

tion Fwhuame.oome.mbislity m y  
kcnarrjalthrwghoocamoreintam-bd-rrbouabcyda 

in ctoe, wbae 

'! I# - 
5 O'J0232 
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14. Redsioo 8Dd Biss 

14. I Statement of Pre%ion--DUe to the nature of the sail 
matefialf &sed by this test method it is eithcr not feasible or 
too canly at this time to produa multiple specimeas which 
have uniform physical properties. Any variation obsemd in 
the data is just as likely to be due to spcimen variation as to 
operator or laboratov tcsting variation. Subcommittee 
D18.05 welcomes proposals that would allow for develop 
ment of a valid precision Statement 

14.2 Staemm q f B i p r - M  is no acceptable refme 
value for this test method, tbcrrfore, bias cannot k dam- 
mined. 

15. Keywords 
15.1 Compressibility, compression curves; coasolidation; 

consolidation coefficient; consolidation consolidomettt, 
pnxonsolidation p-, primary consolidation; rebound, 
secondary compression; settlement; swelling. 
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Agnation: D 2487 - 92 

Standard 
Classification of Soils for Engineering Pbrposes 
(Unified Soil Classification System)' 
This aandard is issued undcr the fixed designation D 2487: the nurnkr immediately following the designation indicates the year of 
original adoption or. in the case of revidon the year of laa revision. A numkr in p ~ n t h e v s  indicate the year of hn reapproval. A 
suprsrripr epsilon (e) indicates an editorial change sua the Lan midon or reappmval. 

This n&d has been apprmedjor use by agencies of the Deponm of Defme. Consult the DOD Index of Sppri/iarions and 
Sranahrds far the spccific year of issue which hac been adopred by rhe D e p a n m  of D & w .  

standard describes a system for classifying min- 
pno-mineral soils for engineering purposes based 
)ry determination of particle-size characteristics, 
:. and planicity index and shall be used when 
jification is required. 
3% of this standard will result in a single classification 
. and group name except when a soil contains 5 to 12 X 
the plot of the liquid limit and pIanicity index values falls 

.hatched area of the plasticity chart In thev two caxs. a 
:s used, for example. GPGM, CL-ML When the labora- 
IS indicate that the soil is dose to another soil claYification 
xderline mndition can k indicated with two symbols 
a slash. The fim symbol should k the one bascd on this 
example, CL/CH, GM/SM, S C / n  Borderline symbols 

ly useful when the Liquid limit value of clayey soils is close 
soils can have expansive characteristics and the use of a 
abol (CL/CH. CH/CL) will alert the user of the assigned 
of expansive potential. - 
group symbol portion of this sytem is based on 
tests performed on the portion of a soil sample 
3-in. (75-mm) sieve (see Specification E 11). 
classification system, this standard is.limited to 

xumng soils. 
The group nama and syl?bls usc+.if~ks tat  method 
as a descriptive system applied to such materials as shale, 
:b crushed rock, RC. See Appendix X2. 
standafd is for qualitative application -only. 

When quantitative information is required for detailed 
ponant nr~ctuxs, this test method must k supplemental 
tests or other quantitative data to detcnnine performana 

s unda expected field conditions. 

standard is the ASTM version of the Unified Soil 
3n System. The basis for the classification scheme 
field Classification System developed by A. 
* in the early 1940'~~ It became known as the 
il Classification System when several U.S. Gov- 
zencies adopted a modified version of the .Airfield 
1952. 
standard does not purport to address all of the 

- 
ard is under the juridiction of ASM Committcc D18 on Sod and 
ie dirrn responsibility of Subcummiucs D I 8.07 on ldcntification 
on of saih 
.tion l p p ~ o v c d  May IS. 1992. Published July 1992 Ori@rUy 
2481 - 66 T. Lzn -US edition D 2487 - 90". 
.e. EL. -cation aud lQntifiCrrion of soik" T-IoJls, 
. 901. 

safety problems, if any, associated with its use. It is the 
responsibility of the user ofthis standard to establish appro- 
priate safiy and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
C 1 17 Test Method for Materials Finer Than 75-pm (No. 
200) Sieve in Mineral Aggregates by Washing3 

C 136 Method for Sieve Analysis of Fine and Coarse 
Aggregates3 

C 702 Practice for Reducing Field Samples of Asgregate 
to Testing Size3 

D420 Guide for Investigating and Sampling Soil and 
ROCP 

D421 Practice for Dry Preparation of Soil Samples for 
Particle-Size Analysis and Determination of Sod Con- 
stante 

D422 Test Method for Particle-Size Analysis of Soils" 
D653 Terminology Relating to Soil, Rock, and Con- 

tained Fluids4 
D 1 140 Test Method for Amount of Material in Soils 

Finer than the No. 200 (75-pm) Sieve4 
D 2216 Test Method.-for-Laboratory-Determination of- 

Water (Moisture) Content of Soil and RocP 
02217 Practice for Wet Preparation of Soil Samples for 

Particle-Size Analysis and Determination of Soil Con- 
stante 

D 2488 Practice for Description and Identification of Soils 
(Visual-Mmual R o c e d ~ ) ~  

D4083 Practice for Description of Frozen Soils (vi- 

D4318 Test Method for Liquid Limit, Plastic Limit, and 

D 4427 Classitication of Peat Samples by Laboratory Test- 

E 1 1  Specification for Wire-Cloth Sieves for Testing Pur- 

ManualRocedureP 

Plasticity Index of SOW 

ing* 

m3 

3. Terminology 

in accordance with Terminology D 653. 
3.1 Definitions-Except as listed below, all definitions are 
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NOTE &For particles mained on a Em. (75-mm) U S  standard 

Cobbles-partidcs of rock that will pass a 12-in. (300-mm) quae 

Boddm-partides of rock that will not pass a 12in. (Uxrmm) 
sq-opening 

3.1.1 gravel-particles of rock that will pass a Sin. 
(75-mm) sieve and be retained on a No. 4 (4.75-mm) U.S. 
standard sieve with the following subdivisions: 

Course-passes 3-in. (75-mm) sieve and retained on 314-in. 
(19-mm) sieve, and 

Fine-passes 3/4-in. (19-mm) sieve and retained on No. 4 
(4.75-mm) sieve. 

3.1.2 sand-particles of rock that will pas a No. 4 
(4.75-mm) sieve and be retained on a No. 200 ( 7 5 ~ )  U.S. 
standard sieve with the following subdivisions: 

Course-passes No. 4 (4.75-mm) sieve and retained on 
No. 10 (2.00-mm) sieve, 

Medium-passes No. 10 (2.00-mm) sieve and retained on 
No. 40 (425-pm) sieve, and 

Fine-passes No. 40 (425-pm) sieve and retained on No. 
200 (75-pm) sieve. 

3.1.3 cluy-soil passing a No. 200 (75-pm) U.S. standard 
sieve that can be made to exhibit plasticity (putty-like prop 
des )  within a range of water contents and that exhibits 
considerable strength when air dry. For classitication, a clay 
is a fine-grained soil, or the fine-grained portion of a soil, 
with a plasticity index equal to or greater than 4, and the plot 
of plasticity index versus liquid limit falls on or above the 

Sim, the following definitions alt suggcstak 

opening and k maincd on a 3 - i i  (75-mm) US. naadard si- and 0 

'A" line. 
3.1.4 silt-soil passing a No. 200 (75-pm) U.S. standard 

sieve that is nonplastic or very slightly plastic and that 0 
exhibits little or no strength when air dry. For classification, 
a silt is a fine-grained soil, or the fine-grained portion of a 
soil, with a plasticity index less than 4 or if the plot of 
plasticity index versus liquid limit falls below the 'A" line. 

3.1.5 organic cluy-a clay with sufKcient organic content 
to influence the soil properties. For classification, an organic 

- clay is asoil-that would be c l a d e d  as a clay except that its 
liquid limit value after oven drying is less than 75 % of its 
liquid limit value before oven drying. 

3.1.6 organic silt-a silt with sufficient organic content to 
influence the soil propemes. For classitication, an organic silt 
is a soil that would be classified as a silt except that its liquid 
limit value after oven drying is less than 75 % of its liquid 
limit value before oven drying. 

3.1.7 pea-a soil composed of vegetable tissue in various 
stages of decomposition usually with an organic odor, a 
dark-brown to black color, a spongy consistency, and a 
texturennging h m  fibrous to amorphous. 

3.2 Descriptions of Terms Specific to This Stunahrd: 
3.2.1 coefficient of curvuzure, Cc-the ratio (Dm)2/(Dlo x 

Dm), where D,,,,, Dm and DIo are the particle diameters 
corresponding to 60, 30, and 10 9% finer on the cumulative 
particle-size disuibution curve. reswctivelv. 

6 1 4 5  
4. Summary 

4.1 As illustrated in Table 1, this claaification system iden. 
tifies three major soil divisions: coarse-grained soils, b e .  
grained soils, and highly organic soils. These three divisions 
are funher subdivided into a total of 15 basic soil groups. 

4.2 Based on the results of visual observations and pre. 
scribed laboratory tests, a soil is catalogued according to the 
basic soil groups, dgned a greup symbol(s) and name, and 
thereby classified The flow charts, Fs 1 for 6ne-a 
soils, and Fig. 2 for coam-grained soils, can be used to assign 
the appropriate group symbol(s) and name. 

5. Significance and Use 
5.1 This standard classifies soils from any geographic 

location into categories representing the results of pmcr iw 
cs, laboratory tests to determine the particle-size charamma 

the liquid limit, and the plasticity index. 
5.2 The assigning of a group name and symbol(s) along 

with the descriptive information required in Practice D 2488 
can be used to describe a soil to aid in the evaluation of iu 
significant properties for engineering use. 

5.3 The various groupings of this classification system 
have been devised to correlate in a general way with the 
engineering behavior of soils. This standard provides a useful 
fint step in any field or labomtory investigation for 
geotechnid engineering purposes. 

5.4 This standard may also be used as an aid in training 
personnel in the use of Practice D 2488. 

5.5 This standard may be used in combination with 
Practice D 4083 when working with b z e n  soils. 

. .  

. 

6. Apparatns Y .  
6.1 In addition to the apparatus that may be"required for 

obtaining and preparing the samples and conducting the 
prescribed labomtory tests, a plasticity chart, similar to Fig 
3, and a cumulative particle-size distribution curve, similar 
to Fig. 4, are required 

NOTE 5-n~ 'U" h e  &OW ou Fa 3 has ktn ~ p i r i c a u y  
dnamincd to be the approximate 'upper limit" for natural soilr It is a 
good check against mncous data. and any M rrsulu that plot above 
or to the leh of it should k verified 

7. sampling 
7.1 Samples shall be obtained and identifted in accor- 

dance with a method or methods, recommended in Recom- 
mended Guide D 420 or by other accepted procedures. 

7.2 For accurate identification, the minimum amount of 
test sample required for this test method will depend on 
which of the laboratory tests need to be performed. When 
only the particle-size analysis of the sample is required, 
specimens having the following minimum dry weights are 
required: 

.- - -, ~- 
8.0 kg (18 Ib) - 3.2.2 coefficient of uniformity, Cu-&e ratio D d l o , '  

where Da and Dlo are the panicle diameters corresponding - 15.0 mm(3 in) - 60.0 kg (132 Ib) 
38.1 mm ( I H  in) 

to 60 and 10 95 finer on the cumulative particle-size distri- Whenever possible, the field samples should have weights 
two to four times larger than shown. 0 bution curve, respectively. 



TABLE 1 sail Classification Char( A 

- PI plots al or above 'A' b e  CH Fatday- 

Pl prots bebw 'A' he MH uasticsin- 

7.3 WeKLthF li@d 'and plastic limit tests must also be 
performed, additional material will be required sufficient to 
provide 150 g to 200 g of soil finer than the No. 40 (425ym) 
sieve. 

7.4 If the field sample or test specimen is smaller than the 
minimum recommended amount., the report shall include an 
appropriate remark 

8. Classification of Peat 
8.1 A sample composed primarily of vegetable tissue in 

Various stages of decomposition and has a fibrous to amor- 
phous texture, a dark-brown to black color, and an organic 
odor should be designated as a highly organic soil and shall 
be classified as peat, IT, and not subjected to the classifica- 
tion procedures described hereafter. 

8 2  If desired, classification of type, of peat can be per- 
formed in accordance with Clasji6cation D 4427. 

9. Preparation for Classification 
9.1 Before a soil can be classified according to thii 

standard, generally the particle-size distribution of the minus 

the minus No. 40 (42S-pm) sieve material must be deter- 
Sin. (75-mm) material and the plasticity charactensh * 'cs of 

mined. See 9.8 for the &&c required tests. 
9.2 The preparation of the soil specimen(s) and the testing 

for particle-size distribution and liquid limit and plasticity 
index shall be in accordance with accepted standard proce- 
dures. Two procedures for preparation of the soil specimens 
for testing for soil classification purposes are given in 
Appendixes X3 and X4. Appendix X3 describes the wet 
preparation method and is the preferred method for cohesive 
soils that have never dried out and for organic soils 

9.3 When reporting soil classifications determined by this 
standard, the preparation and test procedures used shall be 
reported or referenced 

9.4 Although the test procedure used in determining the 
particle-size distribution or other considerations may require 
a hydrometer analysis of the material, a hydrometer analysis 
is not necessary for soil classification. 

9-5 The percentage (by dry weight) of any plus Sin. 
(75-mm) material must be determined and reported as 
auxijiiily information. 

9.6 The maximum particle size shall be determined (mea- 
sured or estimated) and reported as auxiliary information. 

9.7 When the cumulative particle-size distn'bution is re- 
quired, a set of sieves shall be used which include the 

0 
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FIG. l a  Flow Chart for Classifying Fine-Grained Soil (50 % or More Pa&s No. 200 Sieve) 

following sizes (with the largest size commensurate with the 
maximum particle size) with other sieve sizes as needed or 
required to define the panicle-size distribution: 

3-in. (75-mm) 
%-in.( 19.0-mm) 
No. 4 (4.75-mm) 
No. 10 (2.00-mm) 
No. 40 (425ym) 
No. 200 (75ym) 

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

9.8.1 For soils estimated to contain less than 5 !% fines, a 
plot of the cumulative particlesize distribution curve of the 

,fraction coarser than the No. 200 (75ym) sieve is required. 
The cumulative particle-size distribution curve may be 
plotted on a graph similar to that shown in fig. 4. 

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

9.8.2.1 If' sufficient material is not available to determine 
the liquid limit and plasticity index, the hes should be 
estimated to be either silty or clayey using the procedures 
described in Practice D 2488 and so noted in the report 

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

are required. For soils estimated to contain 90% fines c 
more, the percent hes, percent sand, and percent grav~ 
may be estimated using the procedures described in Practic 
D 2488 and so noted in the report. 

10. Prelimhary Classifxation Procedure 
10.1 Class the soil as fine-grained if 50 96 or more by d 

weight of the test specimen passes the No. 200 ( 7 5 - p )  sie- 
and follow Section 1 1. 

10.2 Class the soil as Coarse-grained if more than 50 !% 1 
dry weight of the test specimen is retained on the No. 2( 
(75ym) sieve and follow Section 12. 

11. Procedure for Classiiication of Fme-Grained Soils (50 
or more by dry weight passing the No. 200 (75y1 
sieve) 

-11.1 The soil is an inorganic clay if the position o f t  
plasticity index versus liquid limit plot, Fs 3, falls on 
above the 'A" line, the plasticity index is greater than 4, a 
the presence of organic matter does not influence the l iq~  
limit as determined in 1 1.32. 

NOTE b?hcplastiatyindarandliquidlimitarc&aminal on. 
minus No. 40 (425 pm) sievc material. 

11.1.1 QassifL the soil as a lean day, CL, if the liql 
limit is less than 50. See area identified as CL on Fa 3. 

1 1.12 classify the sod as afat chy, CH, if the liquid lir 
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60 * 

For c l a s s i f  icotion o f  fine-grained soils 
and f ine-grained f r a c t  ion of coarse-qmine 
soils. 

Equation o f  'A'-line . 
Horizontal a t  PI=4 t o  LL=25.5, 

then PI=0.73 (LL-20) 
Equation of "U"-Iine 

5 0 -  - 

40 - 

L I Q U I D  L I M I T  (LL) 
flG 3 PlestitityChart 

is 50 or greater. See area identified as CH on Fig. 3. 
NOTE 7-111 cascs w h m  the liquid limit ex& 110 or the planiaty 

inda ucecds 60. the plasticity chan may be expanded by maintaining 
the same scale on both axes and extending the 'A" line at the indicated 

1 1.1.3 Classify the soil as a silty clay, CL-ML, if the 
position of the plasticity index versus liquid limit plot falls 
on or above the 'A" line and the plasticity index is in the 
range of 4 to 7. See area identified as CL-ML on Fig. 3. 

11.2 The soil is an inorganic silt if the position of the 
plasticity index vexsus liquid limit plot, Fig. 3, falls below the 
'A" line or the plasticity index is less than 4, and presence of 
organic matter does not influence the liquid limit as deter- 
mined in 11.3.2. 

11.2.1 classifj. the soil as a silt, ML, if the liquid limit is 
less than 50. See area idenflied as ML on Fig. 3. 

1 1.2.2 classify the soil as an elastic silt, MH, if the liquid 
limit is 50 or greater. See area identified as MH on Fig 3. 

1 1.3 The soil is an organic silt or clay if organic matter is 
present in sufficient amounts to influence the liquid limit as 
determined in 11.3.2. 

1 1.3.1 If the soil has a dark color and an organic odor 
when moist and warm, a second liquid limit test shall be 
performed on a test specimen which has been oven dried at 
110 f 5'C to a constant weight, typically over night 

1 1.32 The soil is an organic silt or organic clay if the 
liquid limit after oven drying is less than 75 % of the liquid 
limit of the original specimen determined before oven drying 
(see Procedure B of Practice D 2217). 

11.3.3 classify the soil as an organic silt or organic clay, 
OL, if the liquid limit (not oven dried) is less than 50 %. 

dope. 

0 

Classify the soil as an organic silt, OL, if the plasticity index 
is less than 4, or the position of the plasticity index versus 
liquid limit plot falls below the 'A" line. Classify the soil as 
an organic clay, OL, if the plasticity index is 4 or greater and 
the position of the plasticity index versus liquid limit plot 
falls on or above the 'A" line. See area identified as OL (or 
CL-h4L) on Fig 3. 

1 1.3.4 classify the soil as an organic clay or organic silt, 
OH, if the liquid limit (not oven dried) is 50 or greater. 
Classify the soil as an organic silt, OH, if the position of the 
plasticity index versus liquid limit plot falls below the 'A" 
line. Classify the soil as an organic clay, OH, if the position 
of the plasticity index versus liquid-limit plot falls on or 
above the 'A" line. See area identified as OH on Fig 3. 

11.4 If less than 30% but 15% or more of the test 
specimen is retained on the No. 200 (75ym) sieve, the words 
"with sand" or 'krith gravel" (whichever is predominant) 
shall be added to the group name. For example, lean clay 
with sand, Q silt with gravel, ML. Ifthe percent of sand is 
equal to the percent of gravel, use W t h  sand" 

11.5 If30 % or more of the test specimen is retained on 
the No. 200 (7Sym) sieve, the words 'sandy" or 'gravelly" 
shall be added to the group name. Add the word 'sandy" if 
30 95 or more of the test specimen is retained on the No. 200 
(75ym) sieve and the coarse-grained pomon is predomi- 
nantly sand. Add the word 'gravelly" if 30 % or more of the 
test specimen is retained on the No. 200 (75-pm) sieve and 
the Coarse-grained pomon is predominantly gravel. For 
example, sandy lean clay, CL, gravelly fat clay, CH; sandy 
dt, htL If the percent of sand is equal to the percent of 
gravel, use 'sandy." 
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flG. 4 Cumulative Partide-S$e Plot 

12. Procedure for Classification of Coarse-Grained Soils 
(more than 50 % retained on the No. 200 (75ym) sieve) 

12.1 Class the soil as gravel if more than 5 0 %  of the 
coarse fiatxion [plus No. 200 (75-pm) sieve] is retainid on 
the No. 4 (4.75-mm) sieve. 

122 Qassthe soil as sand if5095 or more ofthe.coarse 
fiaction [plus No. 200 (75ym) sieve] passes the No. 4 
(4.75-mm) sieve. 

12.3 If 12 % or less of the test specimen passes the No. 
200 (75-pm)-sieve; plot the cumulative particle-size distribu- 
tion, Fig. 4, and compute the coefficient of uniformity, Cu, 
and coefficient of p a t u r e ,  Cc, as given in Eqs 1 and 2. 

cu = DSdDlO (1) 
= @m>2/@10 x D60) (2) 

when: 
&,, Dm and D, = the particle-size diameters co rn  
spending to 10, 30, and 60 96, respectively, passing on the 
Cumulative particle-size distribution curve, Fs 4. 

D,, diameta. 
12.3.1 Ifless than 5 % of the test Specimen passes the No. 

200 (7S-p) sieve, clrrrdfy the soil as a well-graded gravel, 
GW, or well-graded sand, SW, if Cu is greater than 4.0 for 
mvel or greater than 6.0 for sand, and Cc is at least 1.0 but 
not more than 3.0. 

12.32 Ifless than 5 X of the test specimen passes the No. 
200 (75Ym) sieve, classify the soil as poorly graded gravel, 
GP, or poorly graded sanrl, SP, if either the Cu or the Cc 
criteria for d-graded 'soils are not satisfied 

12.4 Ifmore than 12% of the test Specimen passes the 
No. 200.(753rm) sieve, the soil shall be considered a 

NOTE &It may k neccstary to expapolatc the CUNC to obtain the 

coarse-grained soil with fines. The fines are determined to be 
either clayey or silty based on the plasticity index vernrs 
liquid limit plot on Fig. 3. (See 9.8.2.1 ifinsufficient material 
available for testing). (See NOTE 6) 

12.4.1 clasdfy the soil as a clayey gravel, GC, or clayey 
sand, SC, if the fines are clayey, that is, the position of the 
plasticity index versus liquid limit plot, Fig. 3, falls on or 
above the 'A" line and the plasticity index is greater than 7. 

12.4.2 C l a d y  the soil as a silty gravel, GM, or silty sand, 
SM, if the h e s  are silty, that is, the wsition of the plasticity 
index versus liquid limit plot, Fig. 3, falls below the 'A" line 
or the plasticity index is less than 4. 

12.4.3 If the fines plot as a silty clay, CL-ML, clasrify the 
soil as a silty, clayey gravel, GC-GM, if it is a gravel or a silty, 
clayey sand, SC-SM, if it is a sand. 

12.5 If5 to 12 % of the test specimen passes the No. 200 
(75ym) sieve, give the soil a dual classification using two 
group symbols. 

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

12.52 The group name shall correspond to the first group 
symbol plus %th clay" or %th silt" to indicate the 
plasticity c h a r a c t d a  of the fines For example, well- 
graded gravel with clay, GW-GC, poorly graded sand with 
silt, SPSM (See 9.8.2.1 if insufiicient material available for 
testins). 

NOTE 9-if the fins plot as a s i b  cloy. CLML, the second group 
symbol should k athcr GC or S C  For cxampk a poOriy gradcd sand 
with 10 % hs, a liauid limitof20. and a ~ l a s r i d ~  index of6 would k 
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12.6 If the specimen is predominantly sand or gravel but 
contains 15 % or more of the other coane-grained constit- 
uent, the words 'with gravel" or W t h  sand" shall be added 
to the group name. For example, poorly graded gravel with 
sand, clayey sand with gravel. 

12.7 If the field sample contained any cobbles or boulders 
or both, the words 'with cobbles," or "with cobbles and 
boulders" shall be added to the group name. For example, 
silty gravel with cobbles, GM. 

13. Report 
13.1 The report should include the group name, group 

symbol, and the results of the laboratory tests. The particle- 
Size distribution shall be given in terms of percent of gravel, 
sand, and fines. The plot of the cumulative particle-size 
distribution curve shall be reported if used in classifying the 
soil. Report appropriate descriptive information according to 

the procedures in Practice D2488. A local or commercial 
name or geologic interpretation for the material may be 
added at the end of the descriptive information if identified 
as such. The test procedures used shall be referenced. 

NOTE 10-Example: Clayey Gravel with Sand and Cobbles (0- 
46 96 fine to coary, bard, subrounded gravel; 30 ?6 b e  to coarse. hard, 
subrounded sand; 24 95 clayey fines, U = 38, PI = 19; weak radon 
with HCI; original field sample had 4 %  hard, subrounded cobbla; 
maximum dimension IS0 mm. 

In-Place Conditions-firm, homogeneous, dry, brown, 
Geologic Interprctation-alluvial fan. 
NOTE 1 1-Other examples of soil descriptions are given in Appendix 

x1. 

14. Keywords 
14.1 Atterberg limits; classification; clay; gradation; 

gravel; laboratory classification; organic soils; sand; silt; soil 
classification; soil tests 

APPENDIXES 

(Nonmandatory Infomation) 

XI. EXAMPLES OF DESCRIF'TIONS USING SOIL CLASSIFICATION 

X 1.1 The following examples show how $e information 
required in 13.1 can be reported. The appropriate descriptive 
information from Practice D 2488 is included for illustrative 
purposes. n e  additional descriptive terms that would ac- 
company the soil classifhtion should be based on the 
intended use of the classification and the individual Circum- 
stances. 

X1.l.l Well-Graded Gravel with Sand (Gu3-73 % h e  (not = 6, wet, weak with 
to coarse, hard* subangular gravel; 23 ' fine to hard, 
subangular sand; 4 % fins, CC = 2.7, Cu = 12.4. 

XI. 12 Silty Sand wirh Gruvel GlW-6 1 PdOmi- 
nantly fine sand; 23 % d t y  fines, LL = 33, PI = 6; 16 % fine, 
hard, subrounded gravel; no reaction with Ha, (field sample 
smaller than recommended). In-Place Condizions-Fm, 
stratified and contains lenses of silt 1 to 2 in. thick, moist, 

brown to gras in-place density = 106 lb/ft3 and in-place 
moisture = 9 %. 

x1.1.3 organic clay foL)-1m % fines, LL (not dried) 
= 32, LL (Oven dried) = 21, PI (not dried) = 10; wet, dark 

X1.1.4 Silty Sand with Organic Fines (SM)-74 % h e  to 
coarse, hard, subangular reddish sand; 26 95 organic and silty 
dark-brown fines, U (not dried) = 37 LL (oven dried) = 26, 

X 1.1.5 Poorly Graded Gravel with Silt. Sand, Cobbles and 
Boulders (GP-GM)-78 % fine to coarse, hard, subrounded, 
to subangular gravel; 16 % fine to coarse, hard, subrounded 

subangular md; 6 % silty ( a t & )  fines; moist, brown; 
no reaction with H a ,  original field sample had 7 % hard, 
subrounded cobbles and 2 % hard, subrounded boulders 
with a maximum dimension of 18 in. 

Omic Odor, weak with Ha 

X2. USING SOIL CLASSIFICATION AS A DEXRPTWE SY- FOR SHALE, CLAYSTONE, SHELIS, 
SLAG, CRUSHED ROCK, ETC 

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

X2.2 Materials such as shells, crushed rock, slag, etc., 
should be identified as such. However, the procedures used 
in this standard for descriiing the particle size and plasticity 
Charactenstl . 'cs may be used in the description of the material. 
If desired, a classification in accordance with this standard 
may be assigned to aid in describing the material. 

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

X2.4 Examples of how soil classifications could be incor- 
porated into a description system for materials that are not 

X2.4.1 Shule ChwJcs-Retrieved as 2 to 4in. pieces of 
shale from power auger hole, dry, brown, no reaction with 
HCL After laboratory processing by slaking in water for 24 4 
material classified as 'Sandy Lean Clay (CL)"-61% clayey 
hes, LL = 37, PI = 16; 33% fine to medium sane 6 %  
gravel-size pieces of shale. 

X2.42 Cmhed Sandstone-Product of commercial 
dcrushing operation; 'Poorly Graded Sand with Silt (SP- 

SM)"-91% fine to medium sans 9 % silty (estimated) 
fines; dry, reddish-brown, strong reaction with HCL 

X2.4.3 Broken She l l s42  95 gravel-size broken shells; 

MtUdY OCCUHhg SO& are aS fOuOWS: 
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31 % sand and sand-size shell pieces; 7 96 fines; would be 
&rdkd as "Poorly Graded Gravel with Sand (GP)". 

from Pit No. 7; "Poorly Graded Gravel (GP)"-89 96 fine, 

hard, angular gravel-size particles; 1 1 96 coarse, hard, angular 
sand-size particles, dry, tan; no reaction with Ha; Cc = 2.4, 

X2.4.4 Crurhed Rock-Proessed gravel and cobbles Cu = 0.9. 

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

X3.1 This appendix describes the steps in preparing a soil 
sample for testing for purposes of soil classification using a 
wet-preparation procedure. 

X3.2 Samples prepared in accordance with this procedure 
should contain as much of their natural water content as 
possible and every effort should be made during obtaining, 
preparing, and transportating the samples to maintain the 
natural moisture. 

X3.3 The procedures to be followed in this standard 
assume that the field sample contains fines, sand, gravel, and 
plus 3-in. (75-mm) particles and the cumulative particle-size 
distribution plus the liquid limit and plasticity index values 
are required (see 9.8). Some of the fouowing steps may be 
omitted when they are not applicable to the soil being tested. 

X3.4 If the soil contains plus No. 200 (75-pm) particles 
that would degrade during dry sieving, use a test procedure 
for determining the particle-size characteristics that prevents 
this degradation. 

X3.5 Since this classification system is limited to the 
portion of a sample passing the 3-in. (75-mm) sieve, the plus 
3-in. (75-mm) material shall be removed prior to the 
determination of the particle-size characteristics and the 
liquid limit and plasticity index. 

X3.6 The portion of the field sample finer than the Sin. 
(75-mm) sieve shall be obtained as follows: 

X3.6.1 separate the field sample into two fractions on a 
3-in. (75-mm) sieve, being careful to maintain the natural 
water content in the minus 3-in. (75-mm) fraction. Any 
panicles adhering to the plus 3-in. (75-mm) particles shall be 
brushed or wiped off and placed in the fraction passing the 
3-in. (75-mm) sieve. 

X3.6.2 Determine the airdry or ovendxy weight of the 
fraction retained on the 3-in. (75-mm) sieve. Determine the 
total (wet) weight of the fraction passing the 3-in. (75-mm) 
sieve. 

X3.6.3 Thoroughly mix the fraction passing the 3-in. 
(75-mm) sieve. Determine the water content, in accordance 
With Test Method D 22 16, of a representative Specimen with 
a minimum dry weight as required in 7.2. Save the water- 
content specimen for determination of the partide-size 
analysis in accordance with X3.8. 

X3.6.4 Compute the dry weight of the fraction passing the 
3-in. (75-mm) sieve based on the water content and total 
(wet) weight Compute the total dry weight of the sample and 
calculate the percentage of material retained on the 3-in. 
(75-mm) sieve. 

X3.7 Determine the liquid limit and plasticity index as 
follows: 

X3.7.1 If the soil disaggregates readily, mix on a clean, 

hard surface and select a representative sample by quartering 
in accordance with Practice C 702. 

X3.7.1.1 If the soil contains coarse-grained p&cles 
coated with and bound together by tough clayey material, 
take extreme care in obtaining a representative portion of the 
No. 40 (425-pm) fraction. Typically, a larger portion than 
normal has to be selected, such as the minimum weights 
required in 7.2. 

X3.7.1.2 To obtain a representative specimen of a basi- 
cally cohesive soil, it may be advantageous to pass the soil 
through a 3h-in. (1 9-mm) sieve or other convenient size so 
the material can be more easily mixed and then quartered or 
split to obtain the representative specimen. 

X3.7.2 Races the representative specimen in accordance 
with procedure B of Practice D 2217. 

X3.7.3 Perform the liquid-limit test in accordance with 
Test Method D 43 18, except the soil shall not be air dried 
prior to the test. 

X3.7.4 Perform the plastic-limit test in accordance with 
Test Method D 4318, except the soil shall not be air dried 
prior to the test, and calculate the plasticity index. 

X3.8 Determine the particle-size distribution as follows: 
X3.8.1 If the water content of the fraction passing the 

3-in. (75-mm) sieve was required (X3.6.3), use the water- 
content specimen for determining the particle-size distribu- 
tion. Othenvise, select a representative specimen in accor- 
dance with Practice C702 with a minimum dry weight as 
required in 7.2. 

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

X3.8.3 If the cumulative particle-size distribution without 
a hydrometer analysis is required, determine the particle-size 
distribution in accordance with Method C 136. See 9.7 for 
the set of required sieves. The specimen should be soaked 
until all clayey aggregations have softened and then washed 
in accordance with Test Method C 117 prior to performing 
the particle-size distribution. 

X3.8.4 If the cumulative particle-size distribution is not 
required, determine the percent fines, percent sand, and 
percent gravel in the specimen in accordance with Test 
Method C 1 17, being sure to soak the specimen long enough 
to soften all clayey aggegations, followed by Method C 136 
using a nest of sieves which shall include a No. 4 (4.75-mm) 
sieve and a No. 200 (75-pm) sieve. 

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

X4.5 Determine the particle-size distribution and liquid 
limit and plaSticiW index as follows ( ~ e e  9.8 for when these 
tests are requid): 

x4.5.1 Thoroughly mix the fraction passing the 3-in. 

X4.5.2 If the cumulative particle-size distribution in- 
cluding a hydrometer analysis is required, determine the 
particle-size distribution in accordance with Test Method 
D 422. See 9.7 for the set of sieves that is required. 

X4.5.3 If the cumulative particle-sue distribution without 
a hydrometer analysis is the particle-size 
distribution in accordance with Test Method fol- 

X4.1 This appendix describes the steps in preparing a soil 
sample for testing for purposes of soil classification when 
airdrying the soil before testing is specified or desired or 
when the natural moisture content is near that of an air-dried 
state. (75-mm) sieve. 

con&ns organic matter or mined 
that = irreversibly afiected by air drying the 

wet-preparation method as described in Appendix X3 should 
be used. 

X4.3 Since this classification system is limited to the 
portion of a sample passing the 3-in. (75-mm) sieve, the plus 

determination of the particle-size characteristics and the 
liquid limit and plasticity index. 

X4.4 The portion of the field sample finer than the 3-in. 
(75-mm) sieve shall be obtained as follows: 

X4.4.1 Air dry and weigh the field sample. 
X4.4.2 %Parate the field sample into two fractions on a 

3-in. (75-mm) sieve. 
X4.4.3 Weigh the two fractions and compute the per- 

centage of the plus 3-in. (75-mm) material in the field 
sample. Method D4318. 

x4.2 If the 

3-in. (75-mm) material shall k removed prior to the lowed by Method C 136. 9.7 for the s t  of sieva that k 

X4.5.4 If the cumulative particle-size distribution is not 
required, determine he fines, percent and 
percent gravel in the specimen in accordance with Test 
Method D 1140 followed by Method C 136 using a nest of 
sieves which shall include a No. 4 (4.75-mm) sieve and a No. 
200 (75ym) sieve. 

X4.5.5 If required, determine the liquid limit and the 
plasticity index of the test specimen in accordance with Test 

X5. RATIONALE 

X5.1 Significant revisions were made to the standard 
which appeared as D 2487 - 83 from the previous version of 
D 2487 - 69 (1975). The changes are documented in the 
literature.5 Unified Soil Classification System. 

X5.2 The 1992 edition Wers'fiom the previous edition 
in that the title was changed to better indicate the use of the 
standard and identifying it as the ASTM version of the 

' Houard A.K.. 'The R e d  A!jTM Standard oqthe Unified Soil Classifica- 
tion System.' Geotahnical Tating Journal. GTJODJ Vol 7. No. 4. Decembcr 
1984. 
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Standard Practice for 
Description and Identification of Soils (Visual-Manual 
Procedure)' 

This nandard is isrued under the fucd daignation D 2488; the n u m b  immediately follOaring the designation indicates the ycar of 
original adoptidn or. in the case of rrvidon, the ycar of kn revision. A number in parcnthesa indicates the year o f k t  rrapprod A 
supasaipt epsilon (f) indicavs an d t o d  change s i n a  the kst revision or reapproval 

This standard has been approvrdfor use by agencies of Ilu DepMmrnr of Ddmr. C d  Ihr DOD Inder of Sperijicorins and 
Standark for the specilic year of irnu which has becn &ped by the Dcpanmmt of D&nsr. 

1. scope 
1.1 This practice covers procedures for the description of 

soils for engineering purposes. 
1.2 This practice also describes a procedure for identifying 

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

1.2.1 When precise classification of so5 for engineering 
purposes is required, the procedures prescribed in Test 
Method D 2487 shall be used. 

1.2.2 In this practice, the identification portion assigning 
a group symbol and name is limited to soil particles smaller 
than 3 in. (75 mm). 

1.2.3 The identification podon of this practice is limited 
to naturally occurring soils (disturbed and undisturbed). 

NOTE 1-Tbk practice may be used as a dcscriptiw system applied 
to such materials as shale, claystone, shells uushcd rock, etc ( S a  
Appendix X2). 

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

1.4 This standard does not purport to address att of the 
safety problems, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appre 
priate safety and heahh practices and dezennine the applica- 
bitity of regulatory limitations prior to use. For specific 
precautionary statements see Section 8. 

1.5 The values stated in inch-pound units are to be 
regarded as the standard. 

2. Referenced Documents 
2.1 RSTMStandards: 
D 653 Terminology Relating to Soil, Rock, and Contained 

D 1452 Practice for Soil Investigation and Sampling by 

D 1586 Method for Penetration Test and Split-Barrel 

Fluids2 . 

Aug& Borin$ 

sampling of sow 

D 1587 Practice for Thin-Walled Tube Sampling of Soils2 
D2113 Practice for Diamond Core Drilling for Site 

D2487 Test Method for Classification of Soils for Engi- 

D4083 Practice for Description of Frozen Soils (Visual- 

Investigation2 

neering Purposes2 

Manual Procedure)2 

3. Terminology 
3.1 De/nitions: 
3.1.1 Except as listed below, all definitions are in accor- 

N m  2-For partidcs_mained on a 3-in. (75-mm) US staadard 

Cobbks--parricles of rock that will pas a 12-in. (300-mrn) square 

Boulders-particles of rock that will not pas a 12-in. (Uxrmm) 

3.1.12 &y-soil passing a No. 200 (75ym) sievL 

dance with Terminology D 653. 

sieve, the following ddinitions are suggated: 

opening and be retained on a Sin. (75-mm) sieve, and 

a squarrapening 

can be made to exhibit plasticity (putty-like pro 
within a range of water contents, and that exhibits consider- 
able strength when air+. For clasdfication, a clay is a 
fine-grained soil, or the fine-grained portion of a soil, with a 
plasticity index equal to or greater than 4, and the plot of 
plasticity index versus liquid limit falls on or above the -A" 
line (see Fg. 3 of Test Method D 2487). 

3.1.1.3 gravel-particles of rock that will pass a 3-in. 
(75-sm) sieve and be retained on a No. 4 (4.75-mm) sieve 
with the following subdivisions: 

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

fine-passes a 3Ii-in. (19-mm) sieve and is retained on a 
No. 4 (4.75-mm) sieve. 

3.1.1.4 organic cZay-a clay with sufficient organic con- 
tent to influence the soil properties For classification, an 
organic clay is a soil that would be classSed as a clay, except 
that its liquid limit value aAer oven drying is less than 75 % 
of its liquid limit value before oven drying. 

3.1.1.5 organic sdt-a silt with Sumcient organic content 
to influence the soil properties For classification, an orghnic 
silt is a soil that would be classified as a silt except that its 
liquid limit value after oven drying is less than 75 % of its 
liquid limit value before oven drying 

3.1.1.6 peat -a  soil composed primarily of vegetable .tissue 
'in various stages of decomposition usually with an o 
odor, a dark brow to black color, a spongy consistency 
texture ranging fiom fibrous to amorphous m 

3.1.1.7 sond--particles of rock that will pass a No. 4 
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GROUP NAME 

<15% plus No. 200 Lean clay 
% und 2% grawel- Lean clay with und 
% and <% $rod- Lean Clay with Q r J d  
<15% gravel - Sandy lean c(.l 
215% gravel - Sandy lean chy with gravol 
<15% und - Gravelly laan day 

F 
F 

F 1525% phu No. 200 
<wx plus No. 200 

% Und 2% Of g r a d  - 215% und - Gravelly lean dry with und 
< % ond <%gravel 

230% plus No. 200 

3""' 
cL< 

<15% plus No. 200 
1525% plus NO.  200 

e Silt 
Y und 2% gravel -Silt with and ' 
%and <% gnwl -Silt with g r a d  
<15% gravel- Sandy silt 
>15% gravel- Sandy silt with gml 
<15% und - Gravelly sik 
215% und - Gravelly silt with und 

- - <30% plus No. 200 

ML< - >#)% plus No. 200 
% sand 2% of gravel 

Xund <%grovel -- 
<15% plus No. 200 *Fat clay 

k Und 2% P W l  -Fat chy with und 
% sand - 3 b  P W I  - Fat chy with gravd 
<IS% wave1 - Sandy fat clay 

P F 1525% plus No. 

< % und <%gravel 

<wx plus No. 200 

CH< - >30% plus No. 200 
% und 2% of gravel 

-215% OraWl - Sandy fat Cl .y  wtth gravol 
<15% Mnd - Gravelly fat dry F 215% nnd -Gravelly fn with ~ n d  

<15% plus No. 200 e Elastic sik 
% und 2% gml- ELntic silt wldl rud 
% sand <% prowl - E M c  silt with g r m l  
<15% gravel - Sandy elastic silt 
215% gravel - Sandy elastic sik with gravel 
<15% nnd - Gravelly elastic silt 

- - F 15.25% plus No. 200 
<3ox plus No. 200 

- >30% plus No. roO< wvnd "Of - - >15% und - Gnvelly elastic silt with und 
%Mnd <%grWd 

MH< 

-am based on EStuMlmg 8mQllIt9 of hnes. sand. and gravel to me nearest 5%. 
fla l a  Flow Chart for Identifying Inorganic Fme-Grnined % OT more finer) 

5-mm) sieve and be retained on a No. 200 (75ym) sieve 

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

rnediwn--passes a No. 10 (2.00-mm) sieve and is retained 

f;ne--passes a No. 40 (425ym) sieve and is retained on a 

3.1.1.8  si/^-^^ passing a No. 200 (75ym) sieve that is 

4. Summary of Practice 
4.1 Using visual examination and simple manual tests, 

this practice gives standardized criteria and procedures for 
d d b i n g  and identifying soils. 

4 2  The soil can be given an identification by assigning a 
group symbol(s) and name. The flow charts, Figs. la and lb 
for fine-grained soils, and Fa 2, for coarse-grained soils, can 
be used to assign the appropriate group symbol(s) and name. 
If the soil has Properties which do not distinctly p k  it hito 
a @C POUP,  borderline Symbols may be used, see 
APFndixX3- 
N a  3-11 is suggested that a distinction k made between drrol 

SYmboLr and bordedhe symbdr. 
Dual Symbol-A dual symbol is two symbok xparated by a hyphen, 

for example, GpGM, swsc that the soil has 
ban identified as baving the praperties of a cladication in accmdance 
with Test Mahod D2487 where two symbols a ~ c  rrquirrd Two 
symbols arc requirrdarhcn the soil has bawecn 5 and 12% hncsor 

rn 
with the following subdivisions: 

a No. 10 (2.00-mm) sieve. 

on a No. 40 (425-pm) sieve. 

No. 200 (75ym) sieve. 

nonplasticorveryslightlyplasticandthatexhibitslittleorno 
strength when air dry. For classification, a silt is a fine- 
grained soil, or the fine-grained portion of a so& with a 
plasticity index less than 4, or the plot of plasticity index 
versus liquid limit falls below the 'A" line (see Fig 3 of Test 
Method D 2487). 

used to 

GROUP SYMBOL GROUP NAME 
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GROUP SYMBOL GROUP NAME 

No~~-Pefcentagesare based onestimating amaaSof fines. sand. and gravel to the nearest 5 X. 

FIG. 2 Flow Chart for Identifying Coane-Grained Soils (less than 50 f fines) 

when the liquid h i t  and plastiaty index values plot in the CLML arta 
of the plasticity chan. 

Borderline Symbol-A borderhe symbol is two symbols’separated 
by a slash, for example, CL/CH, GM/SM, CL/ML. A bordaline symbol 
should k used to indicate that the soil has k e n  identified as having 
mpmies that do not distinctly place the soil into a spedfic group (s& 
Appendix X3). 

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

can be used to describe a soil to aid in the evaluation of its 
significant propexties for engineering use. 

5.2 The descriptive infomation required in this practice 
should be used to supplement the classification of a soil as 
determined by Test Method D 2487. 

5.3 This practice may be used in identifying soils using the 
classification group symbols and names as prescribed in Test 
Method D 2487. Since the names and symbols used in this 
practice to identify the soils are the same as those used in 
Test Method D 2487, it shall be clearly stated in reports and 
all other appropriate documents, that the classification 
symbol and,name are based on visual-manual ptocedures. 

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

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

NUTE &The ability to dcsnii and identify soils comctly is learned 
more readily under the guidance of cxperic~ccd pmo~d,  but it may 
also k aquired systematically by amparing n u m a i d  laboratory tesl 

results for typical soils of each type with their visual and m 
charaaaistia. 

5.6 When describing and identifying soil samples from a 
given boring, test pit, or group of boring or pits, it is not 
necessary to follow all of the procedures in this practice for 
every sample. Soils which appear to be similar can be 
grouped togethw, one sample completely d e s c r i i  and 
identified with the others r e f e d  to as similar based on 
performing only a few of the descriptive and identification 
procedures described in this practice. 

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

6. Apparatus 
6.1 Required Apparatus: 
6.1.1 Podcm Knife or Small Spatula 
6.2 Us& Auxiliary Apparatus: 
6.2.1 Small Test Tube and Stopper (or jar with a lid). 
6.2.2 Small Hand Lens. 

7. Reagents 
7.1 Arriry of CYater-Unless oth& indicated, refer- 

ences to water shall be understood to mean water b m  a city 
water supply or natural source, including non-potable water. 
-7.2 Hydroc)ronc Acid-A small bottle of dilute hy 

chloric acid, HQ, one part HCI (10 N) to three parrs \ 
(This reagent is optional for use with this practice). .- 
Section 8. 

m 
ooo3sr 
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(b) AneuLr 

6 1 4 5  

(c) subroundcd (d) S u b *  

flG 3 Typical Angularity of Bulky Gra-m 

8. Safety Precautions 
8.1 When preparing the dilute HCI solution of one part 

concentrated hydrochloric acid (10 N) to three parts of 
distilled water, slowly add acid into water following necessary 

urecautions. Handle with caution and store safely. If 
comes into contact with the skin, rinse thorouay 

not add water to acid. 

9. sampling 
9.1 The sample shall be considered to be representative of 

the stratum from which it was obtained by an appropriate, 
accepted, or standard procedure. 

Nm 5-Preferably, the sampling proadurc should be identified as 
having been conducted in accordance with Practices D 1452. D 1587, or 
D2113. or MahodD 1586. 

9.2 The sample shall be carefully identitied as to origin. 

N m  t%Rcm+asto the origin m a y  take the form o f a  boring 
number and sample number in conjunction with a job number. a 
geologic stlaturn, a jxdologic horizon or a location description witb 
respect to a permanent monument, a grid system or a station number 
and offsa with respect to a stated centerbe and a depth or clewtion. 

9.3 For accurate desxiption and identification, the min- 
imum amount of the specimen to be examined shall be in 

accordance with the following schedule: 
J 

Maximum W d e  S i .  
Sim Opening 

Minimum Specimen S i  
Dry weigh: 

4.15 mm (No. 4) 
9.5 mm (Ya in.) 
19.0 mm (Yr in.) 
38.1 mm(1H in.) 
75.0 mm (3 in.) 60.0kg(1321b) 

100 g (0.3 Ib) 
200 g (0.5 Ib) 
I .O kg (2.2 Ib) 
8.0 kg (18 Ib) 

NOTE 7-If random isolated particles arc encounted that arc 
significantly larger than the panicles in the soil matrix. the soil matrix 
can be accurately described and identifiad in accordance with the 
preceeding schedule. 

9.4 If the field sample or specimen being examined is 
smaller than the minimum recommended amount, the 
report shall include an appropriate remark. 

10. Descriptive Information for Soils 
10.1 An@m.ry--Describe the angularity of the sand 

(coarse sizes only), gravel, cobbles, and boulders, as angular, 
subangular, subrounded, or rounded in accordance with the 
criteria in Table 1 and Fig. 3. A range of angularity may be 
stated, such as: subrounded to rqunded. 

10.2 Shape--Dexribe the shape of the gravel, cobbles, 
and boulders as flat, elongated, or fllat and elongated if they 
meet the criteria in Table 2 and Fig. 4. Otherwise, do not 
mention the shape. Indicate the fraction of the particles that 
have the shape, such as one-third of the gravel particles are 
fiat. 

10.3 Color-Describe the color, Color is an important 
property in identiljring organic soils, and within a given 
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PARTICLE SHAPE TABLE 4 Criteria for Describing the Reaction Wnh HU I 

W = WIDTH 
T =THICKNESS 
L =LENGTH 

FLAT: W/T>3  
ELONGATED: L/ W > 3  
FLAT AND ELONGATED: - meets both criteria 

flG 4 Criteria for Particle Shape 

TABLE 3 Criteria for Describing Moisture Condition 
twi?#ia 

locality it may also be useful in identifLing materials of 
similar geologic origin. If the sample contains layers or 
patches of varying colors, this shall be noted and all 
representative colors shall be described. The color shall be 
described for moist samples. If the color represents a dry 
condition, this shall be stated in the report. 

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

10.5 Moisture Condition-Desribe the moisture condi- 
tion as dry, moist, or wet, in aocordance with the criteria in 
Table 3. 

10.6 HCI Reaction-Describe the reaction with HCI as 
none, weak, or strong, in accordan= with the critera in 
Table 4. Since calcium carbonate is a common cementing 
agent, a report of its presence on the basis of the reaction 
with dilute hydrochloric acid is important. 

I 

- 1  
I TABLE 5 Criteria for Describing Consistency 

criteria 

10.7 ConsistenwFor intact fine-grained soil, describe 
the consistency as very soft, soft, firm, hard, or very hard, in 
accordance with the criteria in Table 5. This observation is 
inappropriate for soils with significant amounts of gravel. 

10.8 Cementation-Describe the cementation of intact 
coarse-grained soils as weak, moderate, or strong, in accord- 
ance with the Criteria in Table 6. 

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

10.10 Range of Panicle Sizes-For gravel and sand com- 
ponents, describe the range of particle sizes within each 
component as defined in 3.1.2 and 3. I .6. For example, about 
20 !% fine to coarse gravel, about 40 % fine to coarse sand. 

10.1 1 Mm-mum Particle Size-Describe the maximum 
particle size found in the sample in accordance with the 

10.11.1 Sand Size-If the maximum panicle size h 
following information: 

sand size, describe as fine, medium, or coarse as defined in 
3.1.6. For example: maximum particle size, medium sand. 

10.1 1.2 Grovel Size-If the maximum particle .size is a 
gravel size, describe the maximum particle size as the 
smallest sieve opening that the particle wilt pass. For 
example, maximum particle size, 1 1h in. (wilt pass a 1 thin. 
square opening but not a %-in. 4m opening). 

10.1 1.3 Cobble or Boulder Size-if the maximum particle 
size is a cobble or boulder Size, describe the maximum 
dimension of the largest particle. For example: maximum 
dimension, 18 in. (450 mm). 

10.12 Hardness-Describe the hardness of coarse sand 
and larger particles as hard, or state what happens when the 
particles are hit by a hammer, for example, gravel-size 
particles fhcture with considerable hammer blow, some 
gravel& particles crumble with hammer blow. 'Hard" 
means particles do not crack, fkture, or crumble under a 
hammer blow. 

10.13 Additional comments shall be noted, such as the 
presence of roots or root holes, diificulty in drilling or 
augering hole, caving of trench or hole, or the presence of 
mica. 

10.14 A local or commercial name or a geologic interpre- 

! 

la 

X-96 0 ~ 0 3 0 9  



tation of the soil, or both, may be added if identified as such. 
10.15 A classification or identification of the soil in 

accordance with other classification systems may be added if 
identified as such. 

11. Ideatifcation of Peat 
1 1.1 A sample composed primarily of vegetable tissue in 

various stages of decomposition that has a fibrous to 
amorphous texture, usually a dark brown to black color, and 
an organic odor, shall be designated as a highly organic soil 
and shall be identified as peat, FT, and not subjected to the 
identification procedures described hereafter. 

'2. Preparation for Identification 
2.1 The soil identification portion of this practice is 

on the portion of the soil sample that will pass a 3-in. + 75-mm) sieve. The larger than 3-in. (75-mm) particles must 
be removed, manually, for a loose sample, or mentally, for 
an intact sample before classifying the soil. 

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

NOTE 8 4 i n a  the percentages of the particle-size distribution in 
Tat Method D 2487 arc by dry weight, and the estimates of percentages 
for gravel sand, and Gna in this practice arc by dry weight, it is 
ncommended that the rrport state that the percentages of cobbles and 
bouldm at by volume. 

12.3 Of the fraction of the soil d e r  than 3 in. (75 mm), 
estimate and note the percentage, by dry weight, of the 
gravel, sand, and fines (see Appendk X4 for suggested 
Procedures). . 
NOTE 9-Sia the particle-size components appear visually on the 

kzsk of volume, considerable experience is muid to estimate the 
percentages on the basis of dry weight. Frequent comparisons with 
kboratoxy partide& analyses should be made. 

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

12.3.2 If one of the components is present but not in 
sufficient quantity to be considered 5 % of the smaller than 
in. (75-mm) portion, indicate its presence by the term 

for example, trace of fines A trace is not to be a k  'dered in the total of 100 % for the components. 

13. Rehinary Identificatim 
13.1 The soil is fine grained if it contains 50 % or more 

fines. Follow the procedures for identifying fine-grained soils 
ofSection 14. 

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

14. Procedure for Identifying Fine-Grained Soils 
14.1 Select a representative sample of the material for 

examination. Remove particles larger than the No. 40 sieve 
(medium sand and larger) until a specimen equivalent to 
about a handful of,material is available. Use this specimen 
for performing the dry strength, dilatancy, and toughness 
tests. 

14.2 Dry Strength: 
14.2.1 From the specimen, select enough material to mold 

into a ball about 1 in. (25 mm) in diameter. Mold the 
material until it has the consistency of putty, adding water if 
necessary. 

14.2.2 From the molded material, make at least three test 
specimens. A test specimen shall be a ball of material about 
1/2 in. (12 mm) in diameter. Allow the test specimens to dry 
in air, or sun, or by artificial means, as long as the 
temperature does not exceed 60'C. 

14.2.3 If the test specimen contains natural dry lumps, 
those that afe about 112 in. (12 mm) in diameter may be used 
in place of the molded balls. 

NOTE IO-The process of molding and drying usually produas 
higher strengths than are found in natural dry lumps of soil. 

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

14.2.5 The presence of high-strength water-soluble ce- 
menting materials, such as calcium carbonate, may cause 
exceptionally high dry strengths. The presence of calcium 
carbonate can usually be detected from the intensity of the 
reaction with dilute hydrochloric acid (see 10.6). 

14.3 Dilatancy: 
14.3.1 From the spechen, select enough material to mold 

into a ball about 1/2 in. (12 mm) in diameter. Mold the 
material, adding water if necessary, until it has a soft, but not 
sticky, consistency. 

14.3.2 Smooth the soil ball in the palm of one hand with 
the blade of a knife or small spatula. Shake horizontally, 
striking the side of the hand vigorously against the other 
hand several times Note the reaction of water appearing on 
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TABLE 9 criteria for Descriig Diletamy 
DeSmmon cmena 

TABLE 10 Criteria for Describing Toughness 

the surface of the soil. Squeeze the sample by closing the 
hand or pinching the soil between the fingers, and note the 
reaction as none, slow, or rapid in accotdance with the 
criteria in Table 9. The reaction is the speed with which 
water appears white shaking, and disappears while squeezing 

14.4 Toughness: 
14.4.1 Following the completion of the dilatancy test, the 

test specimen is shaped into an elongated pat and rolled by 
hand on a smooth surface or between the palms into a thread 
about Vu in. (3 mm) in diameter. (Ifthe sample is too wet to 
roll easily, it should be spread into a thin layer and allowed 
to lose some water by evaporation.) Fold the sample threads 
and moll repeatedly until the thread crumbles at a diameter 
of about Vu in. The thread wiU crumble at a diameter of */a 
in. when the soil is near the plastic limit Note the pressure 
required to roll the thread near the plastic limit Also, note 
the strength of the thread. After the thread crumbles, the 
pieces should be lumped together and kneaded until the 
lump crumbles. Note the toughness of the material during 
kneading. 

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

14.5 Plasticit- the basis of observations made during 
the toughness test, describe the plasticity of the material in 
accordance with the Criteria given in Table 1 1. 

14.6 Decide whether the soil is an inorganic or an organic 
he-grained soil (see 14.8). If inorganic, follow the steps 
given in 14.7. 

1 4.7 Identifscaion of Inorganic Fine-Grained Soils: 

14.7.1 Identify the soil as a lean day, if the soil has 
medium to high dry strength, no or slow dilatancy, ap- 

14.7.2 Identify the soil as a fat &y, CH, if the soil 
medium toughness and plasticity (see Table 12). 

high to very high dry strength, no dilatancy, and 
toughness and plasticity (see Table 12). 

14.7.3 Identify the soil as a silz, ML, if the soil has no to 
low dry strength, slow to rapid dilatancy, and low toughness 
and plasticity, or is nonplastic (see Table 12). 

14.7.4 Identify the soil as an e la ic  silt, MH, if the soil has 
low to medium dry strength, no to slow dilatancy, and low to 
medium toughness and plasticity (see Table 12). 

Nm ll-l'hese pro@a are similar to those for a lean day. 
However, the silt will dry quickly on the band and have a smooth, silky 
fa1 when dry. Some soils that would classify as MH in accordana wirh 
the c r h i a  in 'rest Metbod D2487 are visually dimcult to distinguish 
from lean clays, CL It may be ncccssuy to perform laboratory testing 
for proper identification. 

9 

14.8 Identifcation of Organic Fine-Grained Soils: 
14.8.1 IdentZy the soil as an organic soil, OL/OH, if the 

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. Often, organic soils will 
change color, for example, black to brown, when exposed to 
the air. Some organic soils will lighten in color significantly 
when air dried. Organic soils normally will not have a high 
toughness or plasticity. The thread for the toughness test wiIl 
be spongy. 
NOTE 12-In some cases, through practice and expcrien% it may k 

possible to further identify the organic sob as organic silts or organir 
days, OL or OH. comlations between the dilatancy, dry smng 
toughness tats, and laboratory tcsts can k made to identify organic 
in aRai0 deposits of similar materials of known geologic oripin. 

14.9 If the soil is estimated to have 15 to 25 96 sand or 
gravel, or both, the words 'with sand" or 'tvith gavel" 
(whichever is more predominant) shall be added to the group 
name. For example: "lean clay with sand, CL" or 'silt with 
gravel, ML" (see Fw. la and lb). If the percentage of sand is 
equal to the percentage of gravel, use 'with sand" 

14.10 If the soil is estimated to have 30 95 or more sand or 
gravel, or both, the words 'sandy" 0: 'gravelly" shall be 
added to the group name. Add the word 'sandy" if there 
appears to be more sand than graveL Add the word 
'gravelly" if there appears to be more gravel than sand. For 
example: 'sandy lean clay, CL", 'gravelly fat clay, CH", or 
'sandy silt, ML" (see figs. la and lb). If the percentage of 
sand is equal to the percent of gravel, use 'sandy." 

15. Procedure for Identifying Coarse-Craioed Si (Con- 

15.1 The soil is a gruveZ if the percentage of gravel is 

* 

tains less than 50 % fines) 

estimated to be more than the percentage of sand 

TABLE 12 Identification of Inorganic FineGrained SOUS from 
Manual Tests 
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soil is a sand if the percentage of gravel is 
be equal to or less than the percentage of sand. 
soil is a clean gravel or clean sand if the 

percentage of fines is estimated to be 5 9% or less. 
15.3.1 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. 

15.3.2 Identify the soil as a poorly graded gravel, GP, or as 
a poorly graded sand, SP, if it consists predominantly of one 
size (uniformly graded), or it has a wide range of sizes with 
some intermediate sizes obviously missing (gap or skip 

15.4 The soil is either a gravel wilh fines or a sand with 
fines if the percentage of fines is estimated to be 15 75 or 
more. 

15.4.1 Identify the soil as a clayey gravel, GC, or a clayey 
sand, SC, if the fines are clayey as determined by the 
procedures in Section 14. 

15.4.2 Identify the soil as a silty gravel, GM, or a silty 
sand, SM, if the fines are silty as determined by the 
procedures in Section 14. 

15.5 If the soil is estimated to contain 10 9% fines, give the 
soil a dual identification using two group symbols. 

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

1 5.5.2 The group name shall correspond to the fixst group 
01 plus the words "with clay" or 'with silt" to indicate 
lasticity c- 'cs of the fines. For example: 

15.6 If the specimen is predominantly sand or gravel but 
contains an estimated 15 75 or more of the other coarse- 
,gahed constituent, the words 'with gravel" or %th sand" 
shall be added to the group name. For example: 'poorly 
graded gravel with sand, GP" or 'clayey sand with gravel, 

15.7 If the field sample contains any cobbles or boulders, 
or both, the words 'with cobbles" or 'with cobbles and 
boulders" shall be added to the group name. For example: 
'dty gravel with cobbles, GM." 

16. Report 
16.1 The report shall include the information as to origin, 

and the items indicated in Table 13. 
NolE 13-Exumple: C h m  Grovel with Sund and Cobbles, GC- 

About 50 R h e  to coarse, subrounded to subangular gravel; about 30 % 
fint to coarse. subrounded sand; about 20% ha with medium 
Phicity, high dry men@, no dilatancy. medium toughnen; weak 

graded). 

clb -graded gravel with clay, GW-GC" or 'poorly graded 
W d  with dt, SP-SM" (see Fig. 2). 

sc" (see Fig. 2). 

TABLE 13 Checklist for Description of Soils 

reaction with Ha, original field sample had about 5 9& (by volume) 
subrounded cobbles, maximum dimension, 150 mm. 

In-Plaa Conditions-Fm. homogeneous, dry, brown 
Geologic Interpretation-Alluvial fan 
NOTE 14-0thcr examples of soil descriptions and identification arc 

NOTE 1 S I f  desired, the percentages of gravel, sand and fines may 

Truce-particles arc present but &mated to k las than 5 R 
Few-5 to IO % 
Little-15 to 25 % 
Some-30 to 45 % 
Mostly-50 to 100 % 
16.2 If', in the soil dcxription, the soil is identified using a 

classitication group symbol and name as described in Test 
Method D 2487, it must be distinctly and clearly stated in log 
forms, summary tables, reports, and the like, that the symbol 
and name are based on visual-manual procedures 
17. Recision and Bias 

therefore, a precision and bias statement is not applicable. 
18. Keywords 

soil classification; soil description; visual clasiflcation 

given in Appendixes XI and X2. 

be stated in terms indicating a range of percentages, as follows 

17.1 This practice provides qualitative information only, 

18.1 classification; clax gravel; organic soils; san& silt; 
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. (m !Deignation: D 2937 - 83 (Reapproved 1990) 

Standard Test Method for 
Density of Soil in Place by the Drive-Cylinder Method' 

This standard is issued under the fixed designation D 2937: the number immediately following the designation indicates the year of 
original adoption or. in the case ofrwision. the year of lasl revision. A number in parentheses indicates the year of last reapprod A 
superscript epsilon (0 indicaus an editorial change since the kn revision or reapproval. 

This test method has been approvedJor use by agencies oJthe Depanmm oJD/mse. Consuli the DoD Index oJSpecificmionr and 
Sta&rds/Or the spec#c year oJissue which has been adopted by the Depanment oJDefense. 

1. Scope 
1.1 This test method covers the determination of in-place 

density of soil by the drivecylinder method. The test method 
involves obtaining a relatively undisturbed soil sample by 
driving a thin-walled cylinder and the subsequent activities 
for the determination of in-place density. Two procedures 
are described for this test, one for testing at the surface, and 
one for testing at greater depths. 

1.2 This test method is not appropriate for sampling 
organic soils, very hard soils which cannot be easily pene- 
trated, soils of low plasticity which will not be readily 
retained in the cylinder, or soils which contain appreciable 
amounts of coarse or granular material. 

1.3 This test method is limited to the procedures neces- 
sary for obtaining specimens suitable for determining the 
in-place density and water content of certain soils. The 
procedures and precautions necessary for obtaining undis- 
turbed samples suitable for laboratory testing or otherwise 
determining engineering properties is beyond the scope of 
this test method. 

NOTE 1-The general principles of this test method have been 
sucassfully used to obtain samples of some field compacted fine-grained 
soils having a maximum particle size! of 4.75-mm for purposes other 
than density determinations such as the testing for engineering proper- 
tics 

1.4 Vdues may be stated in inch-pound, gmmcentimetre, 
or other units, provided the appropriate conversion factors 
are used to maintain consistency of units throughout the 
determinations and calculations. 

1.5 This standard does not purport to address the safety 
problems associated with its use. It is the responsibility of the 
user of this standard to establish appropriate safety and 
health practices and determine the applicability of regulatory 
limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
D 653 Terminology Relating to Soil, Rock, and Contained 

Fluids2 
D698 Test Methods for Moisture-Density Relations of 

Soils and SOil-Apgate Mixtures Using 5.5-lb (2.49-kg) 
Rammer and 12-in. (305-mm) Drop2 

' fbis test method is under the juridiction of ASIM Committee D 1 8  on Soid 
and Rodc and is &e d i r a  responsibility of Subcornmiace D18.08 on Spaial and 
&QWwtion Control Tcar 

current edition approval Nov. 28. 1983. Published JanuKy 1984. Orig~nally 
published as D2937 - 71. Last previous edition D2937 - 71 (1976). 

Annual Book qfAS7M Stanahrds. Vol04.08. 

D 1557 Test Methods for Moisture-Density Relations of 
Soils and Soil-Aggregate Mixtures Using 10-lb (4.54-kg) 
Rammer and 18-in. (457-mm) Drop2 

D 22 16 Method for Laboratory Determination of Water 
I (Moisture) Content of Soil,-'Rock and Soil-Aggregate 

Mixtures2 

3. Significance and Use 
3.1 This test method can be used to determine the 

in-place density of natural, inorganic, fine-grained soils. 
3.2 This test method may also be used to determine the 

in-place density of compacted soils used in construction of 
structural fill, highway embankments, or earth dams. 

3.3 This test method is not recommended for use in 
organic, noncohesive, or friable soils. This test method is not 
applicable to soft, highly plastic, or saturated or other soils 
which are easily deformed, or which may not be retained in 
the drive cylinder. The use in fine-grained soils containir 
appreciable coarse material may not yield meaningful res 
and may damage the drivecylinder equipment. 

4. Apparatus 
4.1 Drive Cylinders, with diameters of approximately 2 to 

5% in. (50 to 140 mm) or larger. Typical details of two types 
of drive cylinders with outside diameters of 3.0 in. (76.2 mm) 
are shown in Figs. I and 2. Drive cylinders of other 
diameters will require proportional changes in the drive- 
cylinder tube and drive-head dimensions. The volume of the 
cylinders with the dimensions shown in Figs. 1 and 2 is 
approximately 0.01 ft3 (283 cm3). The apparatus shown in 
Fig. 1 is of a design suitable for use at or near the surface. 
The threaded apparatus shown in Fig. 2 is of a design for use 
at greater depths. 

4.1.1 The number of cylinders required depends on the 
number of samples to be taken and the anticipated rapidity 
by which the cylinders can be returned to seMce after 
weighing, cleaning, etc. A minimum of Six cylinders is 
recommended. 

4.1.2 The cylinders shown in Fm. 1 and 2 meet the wall 
thickness and area-ratio requirements as set forth by 
Hvorsleg for drive samplers, this is 10 to 15%, as defined by 
the following 

(1) 
where: 
A, = &ratio,%, 

.. 
A, = [(D: - D:)/D:] x 100 

' H v d e v .  M. J., Surfaa Explmtion and Sampling of SOiL for Engincaing 
Purposes" Enginming Foundation. 345 E. 47th St., New Yo&, NY 100 17. 
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DRIVE ROD HANDLE @ 
s1.m srtc, . *US* I 

No~~-Re-fer to Fg. 2 for metric equivalents. 
flG 1 Typical Design for a Surtace Soil Sampler 

De = maximum external diameter of the drive sampler, 

Di = minimum internal diameter of the drive sampler at 

Cylinders of other diameters should conform to these re- 
quirements. 

4.1.3 When the in-place density is to be used as a basis for 
acceptance of compacted 6ll, the cylinders shall be as large as 
practical to minimize the affects of errors and shall in no case 
be smaller than 0.025 ft' (710 an3). This will require 
cylinders larger than those shown in Figs. 1 and 2. 

4.2 Drive Head-The typical details of the drive heads 
and appurtenances are shown in F i i .  1 and 2. The drive 
head for use at or near the surface has a sliding weight for 
driving the cylinder. The cylinder to be used at greater depths 
is driven with a hammer or other means. For sampling below 
shallow depths, extensions may be added to the drive rod as 
required to reach the layer to be sampled. 

4.3 Straightedge, steel, approximately '/b by 1% by 12 in. 
with one edge sharpened at approximately a 45' angle for 
trimming the en& of the sample flush with the cylinder. 

4.4 Auger-An Iwan or similar type auger for digging 
below shallow depths. 

4.5 ShoveZ-Any one of several types of shovels or spades 
is satisfwry in shallow sampling for digging the cylinders 

and 

the cutting edge. 

out after they have been driven into the soil. 
4.6 Balances-A balance or d e  of at least 1-kg capacity 

accurate to 1 .O-g and a balance of 5OO-g capacity accurate to 
0.1% are required for the cylinders shown in Figs. 1 and 2. 
Larger cylinders will require a balance of 20-kg capacity 
accurate to 0.1 95. 

4.7 Drying Equipment-Equipment and oven to comply 
with Method D 22 16. Other drying equipment may be used 
for rapid evaluation of moisture content if specified (see 7.2). 

4.8 Miscellaneous Equipment-Brushes, sledgehammers, 
plastic bags, metal cans with lids, or other suitable containers 
for retaining the drive cylinder and sample until determina- 
tion of mass and drying, spoons, inside/outside vernier 
caliper, or the equivalent accurate to 0.01 in. (0.0025 mm) 
for calibration, gloves, and safety glasses. 

5. Calibration 
5.1 Before testing begins and periodically thereafter, or 

when damage is suspected, check the cutting edge of the 
drive cylinders (dulled or damaged cylinders may be 
resharpened and reswaged or discarded). 

5.1.1 Before testing and periodically thereafter, determine 
the mass and volume of each cylinder. Determine and record 
the mass accurately to the nearest 1 g. Determine the volume 
of each cylinder by measuring the height and the swagedad 

Ix-101 000314 



ENLARGED 
THD DET 

MetricEquivalentsfocF~. 1 and2 

NOTE-AO nominal. Machine to tit muid. 
in. mm in. m in. mm in. mm 

' ha  0.794 I4 19.050 W e  39.688 290625 73.81 875 
0.0625 1.5875 0.812 20.625 1% 41 275 2.97125 75.46975 
%e 1.588 0.824 20.930 1% 44.450 3 76.200 
w 3.175 0.825 20.955 2 50.800 3 'k  76.994 
%e 4.762 'h 22.225 2% 57.150 3% 82.550 
0 2  5.080 1 '  25.400 2% 63.500 3% 83.344 

sb 9.525 1% 28.575 2% 69.850 7 177.800 
7h 8 11.112 1% 31 .fSO 2'%e 70.638 8% 222.250 
H 12.700 W e  33.338 2% 73.025 36 914.400 
H 15.875 1% 38.100 2.900 73.660 48 1219.200 

fl 6.350 1.050 26.670 2'%e 68.262 6% 168.175 

FIG 2 Typical Design for a Soil Sampler for Use Below Surface 

diameter at four equally spaced points to 0.01 in. (0.254 
mm) and average the respective dimensions.-Calculate and 
record the volume to the nearest 0.01 in3 (0.16 mm'). 

5.2 Permanently identify each cylinder by a number or 
symbol traceable to the calibration data. It may be desirable 
in some cases to show the mass and volume on the cylinder 
along with the identification. 

6. Sampling 

be prepared utilizing a bulldozer blade or other heavy 
equipment blades provided the sample area and vicinity are 
not deformed, compressed, tom, or othenvise disturbed. 

6.1.2 Assemble the cylinder and drive head with the 
sharpened edge on the surface to be sampled. Drive the 
cylinder by raising-the drop hammer and allowing it to fall. 
Hold the drive rod in a steady and v e m d  position, keeping 
the drive head in contact with the cylinder. Continue driving 
until the top of the cylinder is approximately 'h in. (1  3 mm) 

6. l Sampling at or Near the SMace: 
6.1.1 Brush all loose particles from the surface. For 

near-surface sampling (not more than 36 in. (1 m) in depth), 
' sample through a hole bored with an auger or dug by a 
shovel from which loosened material has been removed. 
Obtain a fairly level d a c e  before any cylinder is driven. 
Depending on the soil texture and moisture, the surface may 

below the original surface. overdriving may result in de- 
forming or compressing the sample and may provide 
neous results. Care should be taken to prevent overdri 
particularly when sampling below the surface. If overdn 
occu~s or is suspected, the sample should be discarded and 
the soil resampled. Remove the drive head and dig the 
cylinder h m  the ground with a shovel, digging the soil from 

ib 
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sound the sides of the cylinder and undercutting several 
inches below the bottom of the cylinder before lifting the 
cylinder out. When sampling near, but below, the surface, 
us the same procedure, but more soil will necessarily have 
to be dug from around the sides of the cylinder to properly 
undercut the cylinder. 

6.1.3 After the cylinder has been removed from the 
ground, trim any excess soil from the sides of the cylinder. 
Using the straightedge, trim the ends of the sample flush and 
plane with the ends of the cylinder. A satisfactory sample is 
composed of relatively undisturbed soil representative of the 
soil in place and shall not contain rocks, roots, or other 
foreign material. If the cylinder is not full or is not 
representative, discard the sample and take another sample. 
If the cylinder is deformed or otherwise damaged while 
driving it into or removing it from the ground, discard the 
sample and repair or replace the cylinder. Immediately 
determine the mass of the sample and determine the water 
content or place the drive cylinder and sample in a container 
which will prevent soil or water loss until mass and water 

’ determinations can be made. 
6.2 Sampling Below the Surjiace: 
6.2.1 DriU a hole with an auger to the elevation of the 

layer to be sampled. Clean the bottom of the hole of 
auger-loosened material as well as possible with a cleaning 
auger or other suitable tool leaving the bottom of the hole 
fairly level. 

6.2.2 Assemble the cylinder to the drive head (and exten- 
sions if needed) and lower the cylinder into the hole, placing 
it M y  on the layer to be sampled. Drive the cylinder into 
the soil by blows of a hammer on the top of the drive rod. 
Continue driving until the top of the cylinder is approxi- 
mately 1 in. (25 mm) below the surface being sampled. Care 
must be taken not to overdrive since there is only approxi- 
mately a 2-in. (50-mm) clearance in the drive head. Break 
the sample from the ground by moving the rod of the 
sampler back and forth. Remove the assembly from the hole 
and carefully remove the cylinder from the drive head. In 
cases where the sample breaks from the ground slightly 
above the cutting edge, the sample may be forced back 
through the cylinder by carefully pressing the top of the 
sample against a flat surface. Trim any excess soil from the 
cylinder Using the straightedge until the sample is flush and 
plane with the ends of the cylinder. If the cylinder is 
deformed or damaged, or if the sample is broken, disturbed, 
or gouged by rocks during driving, discard the sample. 
Immediately determine the mass of a satisfactory sample and 
determine the water content or place the drive cylinder and 
sampler in a container which will prevent soil or moisture 
loss until mass and water content determinations can be 
made. 

7. Procedure 
7.1 Determine the mass of the drive cylinder and soil 

sample to the nearest 1 g and record. 
7.2 Remove the soil from the cylinder. Obtain a represen- 

tative specimen for water content determination, or use the 

entire sample. Specimens for determining water content are 
to be as large as practical but in no case smaller than 100 g 
and selected in such a way so as to represent all the material 
from the cylinder. Determine the water content of the soil in 
accordance with Method D 2216. Rapid methods of water 
content determination may be used when specified. Rapid 
methods are generally less accurate than Method D 22 16 and 
should only be used when their accuracy is considered 
sufficient for the testing purpose. 

8. Calculation 
8.1 The in-place dry density of the soil is expressed as the 

mass of the dry soil divided by the volume of soil, and is 
usually reported in pounds per cubic foot or kilograms per 
cubic metre. 

8.2 Calculate the dry mass of the drivecylinder sample, 
M,, in grams, as follows: 

(2) 
where: 
MI = mass of the cylinder and wet soil sample, g, 
M2 = mass of the cylinder, g, and 
w = water content, %, dry mass basis. 

8.3 Calculate the dry density, pd, of the drive-cylinder 
sample in ib/fi3 as follows: 

Pd = (MdV) (3.810) (3) 
where: 
V = volume of the drive cylinder, in’ (to the nearest 0.01 

M3 = [(Mi - M&( 100 + w)] X 100 

’ in3) 
NOTE 2-It may be desired to express the in-place density as a 

percentage of some other density. for example, the laboratory maximum 
density, determined in accordance with Test Methods D698. This 
relation can be determined by dividing the in-place density by the 
maximum density and multiplying by 100. 

9. Report 
9.1 Report the following information: 
9.1.1 Location, 
9.1.2 Depth below ground surface or elevation of surface, 

9.1.3 Dry density, 
9.1.4 Water content, 
9.1.5 Dimensions and volume of the sampler, 
9.1.6 Visual description of the soil sample, and 
9. I .7 Comments on soil sample disturbance. 

10. Recision and Bias 
10.1 The precision and bias of this test method for 

measuring the density of soils in place by the drive-cylinder 
method has not been determined. No available methods 
provide absolute values for the density of the soil in-place 
against which this test method can be compared. The 
variability of the soil and the destructive nature of the test 
method do not allow for the repetitive duplication of test 
results required to obtain a meaningfid statistical evaluation. 
Precision is a function of the care exercised in performing the 
steps of the test method given, with attention to systematic 
repetition of the procedure and equipment maintenance. 

or both, 
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The American Society for Testing and Mater* takes no position respecting rhe validity of any patent rights assetled in connection 
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Designation: D 3441 - 86 

Standard Test Method for 
Deep, Quasi-Static, Cone and Friction-Cone Penetration Tests 
of Soil' 

This nandad is issued under the hxcd designation D 3441; the number immediately following the designation indicata the year of 
o ~ d  adoption or. in the cay of rrvidon. the ycar of lau midon. A number in parrotheses indicata &e ycar of last rcapproval. A 
supmcript &on (t) i n d i ~ t e r  an editorial change sax the kn rrvision or rrapproval. 

This sxandard has b k ~  approved for use by wenc ia  of the Dewnmern of Defeme. C o d  ihe DoD Ida of SpeciJiiions and 
Standards for ihe speciJic par of issue which has been adop td  by ihc Deponmou of Dtf?nse. 

1. scope 
1.1 This test method covers the determination of end 

bearing and side friction, the components of penetration 
resistance which are developed during the steady slow 
penetration of a pointed rod into soil. This method is 
sometimes referred to as the 'Dutch Cone Test," or "Cone 
Penetration Test" and is often abbreviated as the "CFT." 

1.2 This test method includes the use of both cone and 
frictionane penetrometers, of both the mechanical and 
electric types. It does not include data interpretation. It also 
includes the penetrometer aspeas of piezocone soundings, 
but does not include the details of piezometer construction, 
location, measurement, or data interpretation. 

NOTE I-Tbe European Standard for the CF7 usb a tip of right 
drical shape as shown in Fw 3. as their rcferena M against which 
CPTs may k cornpard c .3 Mechanical penetrometers of the type described in 

this method operate incrementally, using a telescoping 
penetrometer tip, resulting in no movement of the push rods 
during the measurement of the resistance components. 
Design constraints for mechanical penetrometers preclude a 
complete separation of the end-bearing and side-fiction 
components. Electric penetrometers are advanced continu- 
ously and permit separate measurement of both compo- 
nents. Differences in shape and method of advance between 
cone penetrometer tips may result in significant differences 
in one or both resistance components. 

1.4 This standard may involve hazardous materials, oper- 
ations. and equipment. This standard does not purpon co 
address all of the safety problems arsociated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. 

2. Defdtions 
2.1 cone-the cone-shaped point of the penetrometer tip, 

upon which the end-bearing resistance develops. 
2.2 cone penetrometer-an instrument in the form of a 

cylindrical rod with a conical point designed for penetrating 
Soil and soft rock and for measuring the end-bearing - - 

component of penetration resistance. 

'L This ta mnhod is urdcrtbejuridicrton of ASIM Committee Dl8 on W 
md Rock rad is tbc dirccl nspoosiiry of S u W i  D18.02 on SamCng . -  

.. . .  md Rehted F& Testing for &I la& 
Cumnt edition m v c d  Ocr 31.1986. PuMhbcd REcmkr 1986. Oripiadly 

< Oublirhcd s D 3441 - 75 T. hS prrViarr CditioO D 3441 - 79. -. . . .. 
... 

2.3 cone resistance or endbearing resistance, q,-the 
resistance to penetration developed by the cone, equal to the 
vertical force applied to the cone divided by its horizontally 
projected area. 

2.4 cone sounding-the entire series of penetration tests 
performed at one location wben using a cone penetrometer. 

2.5 electric penetrometer-a penetrometer that uses elec- 
tric-force transducers built into a nontelescoping penetrom- 
eter tip for measuring, within the tip, the component(s) of 
penetration resistance. 

2.6 friction-cone penetrometer-a cone penetrometer with 
the additional capability of measuring the local side friction 
component of penemtion resistance. 

2.7 fiction-cone sounding-the entire series of penetra- 
tion tests performed at one location when using a friction- 
cone penetrometer. 

2.8 fiction ratio, R,-the ratio of friction resistance to 
cone resistance,fJqn expressed in percent. 

2.9 fiction resistance, &the resistance to penetration 
developed by the friction sleeve, equal to the vextical force 
applied to the sleeve divided by its surface area. This 
resistance consists of the sum of friction and adhesion. 

2.10 fiiction sleeve-a section of the penetrometer tip 
upon which the local side-friction resistance develops 

2.1 1 inner rods-rods that slide inside the push rods to 
extend the tip of a mechanical penetrometer. 

2.12 mechanical penetrometer-a penetrometer that uses 
a set of inner rods to operate a telescoping penetrometer tip 
and to transmit the component(s) of penetration resistance 
to the surface for measurement 

2.13 penetrometer tip-the end section of the penetrom- 
eter, which comprises the active elements that sense the soil 
resistance, the cone, and in the case of the frictioncone 
penetrometer, the friction sleeve. 

2.13.1 Discursion-The addition of a piezometer to the 
electric penetrometer tip permits the measurement of pore 
water pressure during and after stopping tip penetration. A 
penetrometer including a piezometer is known as a pi- 
cone penetrometer, or just piezocone. 

2.14 piezocone sounding-the entire series of penetration 
tests performed at one location when using a piaocone 
penemmeter. 

2.15 push rodt-the thick-walled tubes, or other suitable 
rods, used for advancing the penetrometer tip to the required 
test depth. 

3. Significance and Use 
3.1 This test method supplies data on the engineering 
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properties of soil intended to help with the design and 
construction of earthworks and the foundations for struc- 
tures. 

3.2 This test method tests the soil in place and does not 
obtah soil samples. The interpretation of the results &om 
this method requires knowledge of the types of soil pene- 
trated. Engineers usually obtain this soil information from 
parallel borings and soil sampling methods, but prior infor- 
mation or experience may preclude the need for borings. 

3.3 Engineers often correlate the results of tests by this test 
method with laboratory or other types of field tests, or 
directly with performance. The accuracy of such correlations 
will vary with the type of soil involved. Engineers usually rely 
on local experience to judge this accuracy. 

3.4 Most engineers with offshore experience have also 
found this test method suitable for offshore use. 

@ 03441 
‘i 
‘I 
b 
3 

4. Apparatus 
. 4.1 General: 

4.1.1 Cone-The cone shall have a 60’ (-5’) point angle 
and a base diameter of 1.406 f 0.016 in. (35.7 -C 0.4 mm), 
resulting in a projected area of 1.55 in.2 (10 an2). The point 
of the cone-shall have a radius less than H in. (3 mm). 

NOTE 2-Cone tips With lager end areas may be used to increase 
measurement sensitivity in weak soils. Experience with electrical tips 
with end area k w e n  0.78 in? (5 em2) and 3.10 in.’ (20 cm’) has 
shown that they produce data similar to the 1.55 in? (10 cm’) standard 
provided they maintain the same tip geometry. Cone tip sizes in’ this 
range may k used for special circumstances provided the cone tip and 
tiction sleeve (if any) arca is noted 

4.1.2 Friction Sleeve, having the same outside diameter 
+0.024 to -0.OOO in. (M.5 to -0.0 mm) as the base 
diameter of the cone (see 4.1.1). No other part of the 
penetrometer tip shall project outside the sleeve diameter. 
The surface area of the sleeve shall be 23.2 h2 (150 cm2) 
+2 %. 

4.1.3 Steel-The cone and friction sleeve shall be made 
from steel of a type and hardness suitable to resist wear due 
to abrasion by soil. The friction sleeve shall have and 
maintain with use a roughness of 20 pin. (0.5 pm) AA, 
S O  96. 

4.1.4 Arsh Rods-Made of suitable steel, these rods must 
have a section adequate to sustain, without buckling, the 
thrust required to advance the penetrometer tip. They must 
have an outside diameter not greater than the diameter of the 
base of the cone for a length of at least 1.3 ft (0.4 m) above 
the base, or, in the case of the fiiction-cone penetrometer, at 
least 1.0 A (0.3 m) above the top of the friction sleeve. Each 
push rod must have the same constant inside diameter. They 
must screw or attach together to bear against each other and 
form a rigid-jointed string of rods with a continuous, straight 
axis 

4.1.5 Inner Rodr-Mechanical penetrometers require a 
separate set of steel, or other metal alloy, inner rods within 
the steel push rods 7he inner rods must have a constant 
outside diameter with a roughness, excluding waviness, less 
than 10 pin. (0.25 pm) AA. They must have the same length 
asthepushrods(~.004in.orfl.1 mm)andacrosssection 
adequate to transmit the cone resistance without buckling or 
other damage. Qearance between inner rods and push rods 

shall be between 0.020 and 0.040 in. (0.5 and 1.0 mmi. 
: 

6.8.1. 
4.1.6 Mearurement Accuracy-Maintain the 

suring instrumentation to obtain thrust m 
within *S % of the correct values. 
NOTE 3-Speeial. and preferably rcdundanf innrumentation may 

required in the offshore environment to assure this accuracy and the 
proper operation of all the remote systems involved. 

4.2 Mechanical Penetrometers: 
4.2.1 The sliding mechanism necessary in a me&haaical 

penetrometer tip must allow a downward movement of the 
cone in relation to the push rods of at least 1.2 in. (303 mm). 
NOTE &At certain combinations of depth and tip fc&ance(s), the 

elastic compression of the inner rods may e x a d  the downward stroke 
that the thrust machine can apply to the inner rods relative to the pub  
rods In this case. the tip will not extend and the thrust readings wiU & 
elastically to the end of the machine stroke and then jump abmptly 
when the thrust machine maku contact Witb the push rods 

IX- 106 

4.2.2 Mechanical penetrometer tip design shall include 
protection against soil entering the,sliding mechanism and 
afIecting the resistance component(s) (see 4.2.3 and Note 5). 

4.2.3 Cone Penetrometer-Figure 1 shows the design and 
action of one mechanical cone penetrometer tip. A mantle of 
reduced diameter is attached above the cone to minimite 
possible soil contamination of the sliding mechanism. 
NOTE S A n  unlcn~wu amount of side friction may dev~lop along 

this mantle and be included in the cone rrsiStana. 

4.2.4 Friction-Cone Penetrometer-Figure 2 shr 

cone penetrometer tip. The lower part of the tip, inc 
mantle to which the cone attaches, advances fim until the 
flange engages the friction sleeve and then both advance. 

design and action of one telescoping mechanical a- 
NOTE &The shoulder at the lower end of lhe %don sleeve 

encounters end-bearing mistance. In sands as much as two thirds of the 
slccw rcsinancC may consist of bearing on this shoulder. Ignore this 
effecr in soft to medium clays 

COLLAPSED 
FIG 1 Example of a Mechanital Cone Penetrometer T@ (Dutch 

Mantle Cone) 
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COLLAPSED EXTENDED 

RG. 2 Example of a Mechanical Friction-Cone Penetrometer Tip 
(Begemann Friction-Cone) 0 4.2.5 Measuring Equipment-Measure the penetration 

resistance(s) at the surface by a suitable device such as a 
hydraulic or electric load cell or proving ring. 

4.3 Electric Penetrometers: 
4.3.1 Cone Penetrometer-Figure 3 shows one design for 

an electriccone penetrometer tip. The cone resistance is 
measured by means of a force transducer attached to the 
cone. An electric cable or other suitable system transmits the 
transducer signals to a data recording system. Electriccone 

8 5 

penetrometers shall permit continuous advance and re- 
cording over each push rod-length interval. 

4.3.2 Friction-Cone Penetrometer-The bottom of the 
friction sleeve shall not be more than 0.4 in. (10 mm) above 
the base of the cone. The same requirements as 4.3.1 apply. 
Figure 4 shows one design for an elearic frictionane 
penetrometer tip. 

4.3.3 Other Penetrometers-Electric penetrometers may 
include other transducer measurements as well as, or instead 
of, the friction sleeve measurement. Common ones are 
inclinometers to assist with the alignment control of the tip 
(see 6.3) and piezometers to provide additional data on soil 
stratigraphy and behavior. 

4.4 Thrust Machine-This machine shall provide a con- 
tinuous stroke, preferably over a distance greater than one 
push rod length. The machine must advance the penetrom- 
eter tip at a constant rate while the magnitude of the thrust 
required fluctuates (see 5.1.2). 

NOTE 7-Deep penemtion soundings usually require a thrust capa- 
bility of at least 5 tons (45 kN). Most modern machines use hydraulic 
pistons with 10 to 20-ton (90 to 18O-kN) thrust capability. 

4.5 Reaction Equipment-The proper performance of the 
static-thrust machine requires a stable, static reaction. 

NOTE 8-The type of =don provided may a f k t  the penetrometer 
rcsistance(s) measured, particularly in the surface or near-surface layers. 

5. Procedure 
5.1 General: 
5.1.1 Set up the thrust machine for a thrust direction as 

near vertical as practical. 
5.1.2 Rate of Penetration-Maintain a xate of depth 

penetration of 2 to 4 ft/min (10 to 20 mm/s) lt25 95 when 
obtaining resistance data. Other rates of penetration may be 
used between tests. 

NOTE 9-The rate of 2 ft/min (IO mm/s) provides the time the 
operator needs to Md properly the rrsistancc values when using the 
mechanical fridon-cone penetrometer. The rate of 4 ft/min (20 mm/s) 
is suitable for the single resistance reading nqW when using the 

3 2 5 

9 1 7  I s 1  1 

FIG 3 UectricCOne Penetrometer Tip 
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1 ~ p O i n t ( l O a l ? )  
2LoadceB 
3 smgages 
4 Friction sleeve (150 al?) 
5 Adjustmentring 
6 Waterproof bushing 
?cable 
8conoeaDn ’ withrods 

EIG. 4 Electric Friction-Cone Penetrometer Tip 

mechanical cone penetrometer and provides for the efficient operation 
of electric penetrometers. The European standard requires 4 Wmin (20 
mm/s). 
NOTE IO-Rates of penemtion either slower or faster than the 

standard rate may be used for special circumstances, such as pore 
prrssure measurements. This is permissible provided the rate actually 
used and the reason for the deviation is noted on the test mod 

Nm 1 I-Pore prrsurrs generated ahead of and around the pene- 
trating cone or friction cone penetrometer tip can have an important 
effect on the 9= and values measured. Piaocone tips with simulta- 
neous pore pressure measurement capability have proven useful to help 
evaluate such effects and to provide additional data about the 
stratigraphy and engineering properties of the soils penetrated. 

5.2 Mechanical Penetrometers: 
5.2.1 Cone Penetrometer-(I) Advance penetrometer tip 

to the required test depth by applying sufficient thrust on the 
push rods, and (2) Apply sufficient thrust on the inner rods 
to extend the penetrometer tip (see Fig. 1). Obtain the cone 
resistance at a specific point (see 5.2.3) during the downward 
movement of the inner rods relative to the stationary push 
rods. Repeat step (I). Apply suflicient thrust on the push 
rods to collapse the extended tip and advance it to a new test 
depth. By continually repeating this two-step cycle, obtain 
cone resistance data at increments of depth. This increment 
shall not ordinarily e x a d  8 in. (203 mm). 

5.2.2 Friction-Cone Penetrometer-Use this penetrom- 
eter as described in 5.2.1 but obtain two resistances during 
the step (2) extension of the tip (see Figs. 2 and 5). First 
obtain the cone resistance during the initial phase of the 
extension. When the lower part of the tip engages and pulls 
down the friction sleeve, obtain a second measurement of the 
total resistance of the cone plus the sleeve. Subtraction gives 
the sleeve resistance. 
NOTE 12-karrsc of soil layering, the cone resistance may change 

during the additional h a a r d  movement of the tip nquind to obtain 
the fiction measmmax 

NOTE 13-The soil W n  along the siccvc puts an additional 
ovaburden load on tk soil above the cone and may iDcrrasc cone 
rrsinanec above tha,t meaSIucd during the initial phase of the tip 
atasion by an untwwa but probably Smat amount Ignoxe this 
efTin 

52.3 Recordiq Dara-To obtain reproduaile cone-* 
sistance test data or cone and fiiction-resistanCe test data 

when using a ,  frictioncone tip, record only those thrust 
readings that occur at a well-defined point during the 
downward movement of the top of the inner rods in relation 
to the top of the push rods. Because of the elastic compres- 
sion of inner rods (see Note 4), this point ordinarily should 
be at not less than 1.0 in. (25 mm) apparent relative 
movement of the inner rods. When using the friction-cone 
penetrometer, this point shall be just before the cone engages 
the friction sleeve. 

NOTE l4-Figurc 5 shows one example of how the thrust 
hydraulic load cell can vary during the extension of the fiction< 
Note the jump in gage pressure when the cone engages the slecv m 

5.2.3.1 Obtain the cone plus friction-resistance reading as 
soon as possible after the jump so as to minimite the error 
described in Fis 5. Unless using continuous recording as in 
Fig. 5, the operator should not record a cone plus friction 
resistance if he suspecu the cone resistance is changing 
abruptly or erratically. 

5.3 Electric Penetrometers: 
5.3.1 If using continuous electric cable, prethread it 

through the push rods. 
5.3.2 Record the initial mding(s) with the penetrometer 

tip hanging freely in air or in water, out of direct sunlight, 
and after an initial, short penetration, test hole so that the tip 
temperature is at soil temperature. 

5.3.3 Record the cone resistance, or cone resistance and 
fiiction resistance, continuously with depth or note them at 
intenals of depth not exceeding 8 in. (203 mm). 

5.3.4 At the end of a sounding, obtain a final set of 
readings as in 5.3.2 and check them against the initial set. 
Discard the sounding, and repair or replace the tip if this 
check is not satisfactory for the accuracy desired for the 
resistance component(s). 

6. Special Techniques and Precautions 
6.1 Reduction of Friction Along Push Rd-The p 

of this fiiction reduction is to increase the -nee 
depth capability, and not to reduce any dif€erences L 
resistance components determined by mechanical and elec- 
tric tips as noted in 1.3. To accomplish the friction reduc- 
tion, introduce a special rod with an enlarged diameter or 

@i 

j ’  , . :  . ,  



@ D3441 

PRESSWE JW ME 
fo ACCELERATION OF FRICTION 

SLEEVE AH) COJ- 
VmTING STATIC TO 
MOVING FRICTION STEADY STATE BEFORE SLnM 

OJGACED (IN M I S  CASE A SLOW- 
LY INQZEASINC CONE FIESISTANQ) 

~PRESSCRE B U I L W  TO ut* C O N  I 
1 I I I 

Norr--'~'representtthecorredconeresstancereadorglustbeforemepressure~assoaatedvnthengagngmefnctrn~dunngtheeontnrungdownward 
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v. 
no. 5 Annotated Chart Record of the Pressure Changes in the Hydraulic Load Cell Measuring T h ~ s l  on Top of the Inner Rods During an 

Example Extension of the Mechanical FrictionCone Penetrometer l ip  

projections, called a 'Friction reducer," into the string 
rods or between the push rods and the tip. Another 

method to reduce friction is to use push rods with 
a diameter less than that of the tip. In accordance with 4.1.4, 
my such projections or changes in diameter must begin no 
closer than 1 .O A (0.3 m) h m  the base of the cone or the top 
of the fiction sleeve when using cones with the standard 
4.1.1 diameter. For other cones (see Note 2) use no closer 
than 8 diameters 

N a  15-Non-mechanical techniques to reduce friction, such as the 
use of drilling mud abow the tip, arc also dowable. 

6.2 Prevention of Rod Bending Above Sudace-use a 
tubular rod guide, at the base of the thrust machine, of 
sufficient ~engtb to prevent significant bending of the push 
rods between the machine and the ground surface. 

N a  l b S p a 5 a I  situations, such as when working through wter, 
a muire a special system of casing support to rrstrict adequately the 
b- of the push rods. 

6.3 Dri# ofTip-For penetration depths e x d n g  about 49 ft (12 m), the tip will probably drift away from a vertical 
a m e n t .  o c c a s i o ~ y ,  serious drifting occurs, even at Iess 
dgth. Reduce drifting by Using push rods that are *tidy 
praight and by making sure that the initial cone penemtion 
lato soil does not involve unwanted, initial lateral thrust. 
b g  through or alongside an obstruction such as bod- 
hers, soil concretions, thin rock layers, or inclined dense 
hym may deflect !be tip &d induce drifhg Note any 
'pdications of encountering such obstructions and be alert 

Possible subsequent improper tip operation as a Sign of 
shious driftink 

NOTE 17-Electric penetrometer tips may also incorporate an incli- 
nometer to monitor drift and provide a warning when it kcomes 
excessive. 

6.4 Wear of Tip-Penetration into abrasive soils eventu- 
ally wears down or scours the penetrometer tip. Discard tips, 
or parts thereof, whose wear changes their geometry or 
surface roughness so they no longer meet the requirements of 
4.1. Permit minor matches. 

6.5 Distance Between Cone and Friction Sleeve-The 
friction resistance of the sleeve applies to the soil at some 
distance above the soil in which the cone resistance was 
obtained at the same time. When comparing these resiS- 
tances for the soil at a specified depth, for example when 
computing friction ratios or when plotting these data on 
graphs, take proper account of the vertical distance between 
the base of the cone and the midheight of the friction sleeve. 

6.6 Znrmptions-The engineer may have to intempt 
the normal advance of a static penetration test for purposes 
such as removing the penetrometer and drilling through 
layers or obstructions too strong to penetrate statically. If the 
penetrometer is designed to be driven dynamically without 
damage to its subsequent static performance (those illus- 
trated herein in Figs. 1 to 4 are not so designed), the engineer 
may drive past such layers or obstructions. Delays of over IO 
min due to personnel or equipment problems shall be 
considered an interruption. Continuing the static penetration 
test after an interruption is permitted provided this addi- 
tional testing remains in conformance with this standard. 
Obtain further resistance component data only aAer the tip 
passes through the engineer's estimate of the disturbed zone 
resulting from the nature and depth of the interruption. As 
an alternative, readings may be continued without first 

, 

, 

Ix-109 
000322 



making the additional tip penetration and the disturbed zone 
evaluated from these data. Then disregard data within the 
disturbed zone. 
NOTE 18-Intemption of the piuocone sounding after a push 

allm the engineer 10 examine the dissipation of positive or negative 
excess pore water prtsun. 

6.7 Below or Adiacenl to Borings-A cone or friction- 
cone sounding shall not be performed any closer than 25 
boring diameters from an existing, unbackfilled, uncased 
boring hole. When performed at the bottom of a boring, the 
engineer should estimate the depth below the boring of the 
disturbed zone and disregard penetration test data in this 
zone. The depth may vary from one to five diameters. Where 
the engineer does not have sufficient experience with this 
variable a depth of at least three boring diameters should be 
used. 

6.8 Mechanical Penetrometers: 
.6.8.1 Inner Rod Friction-Sail particles and corrosion 

can increase the friction between inner rods and push rods, 
posnbly resulting in significant errors in the measurement of 
the resistance component(s). Clean and lubricate the inner 
rods. 

6.8.2 Weight of Inner Rods-For improved accuracy at 
low values of cone resistance, correct the thrust data to 
include the accumulated weight of the inner rods from the 
tip to the topmost rod. 

6.8.3 Jamming-Soil particles between sliding surfaces or 
bending of the tip may jam the mechanism during the many 
extensions and collapses of the telescoping mechanical tip. 
Stop the sounding as won as unwnectable jamming occurs. 

6.9 Electric Penetrometers: 
6.9.1 Water Sed-Provide adequate waterproofing for 

the electric transducer. Make periodic checks to assure that 
no water has passed the seals 
NOTE 19-!hme electric tip slave designs an not compemted for 

hydmtatic end arca e f fm and require a calibration correction. 
Determining the net end area of the cone under hydrostatic prrss~rr also 
requires a hydrostatic calibration measurement The tip manufacturer 
can usually supply these calibration ComCtion constants Thdr impor- 
tanoc increases as the soil being tested becoma weaker. 

i 

7. Report 
7.1 Graph of Cone Resistance, qc-Every report of a cone 

or fictioncone sounding shall include a graph of the 
variation of cone resistance (in units of tons or kPa) with 
depth (in feet or metres). Successive cone-resistance test 
values from the mechanical cone and frictioncone pene- 
trometers, usually determined at equal increments of depth 
and plotted at the depth corresponding to the depth of the 
measurement, may be c o n n d  with straight lines as an 

.j 
approximation for a continuous graph. 

7.2 Friction-Cone Penetrometer: 
7.2.1 Graph of Friction Resislance. A-In addition to 

graph of cone resistance (7.1) the report may include an 
adjacent or superposed graph of friction resistance or friction 
ratio, or both, with depth. Use the same depth scale as in 7.1 
(see 6.5). 

7.2.2 Graph of Friuion Ratio, R r I f  the report includes 
soil descriptions estimated from the frictioncone penetrom- 
eter data, include a graph of the variation of friction ratio 

'with depth. Place this graph adjacent to the graph for cone 
resistance, using the same depth scale (see 6.5). 

7.3 Piezocone Penetrometer-In addition to the 7.1 and 
7.2 report requirements, a piezocone sounding shall include 
a parallel graph, to the Same depth scale, of measured pore 
water pressure during the penetxation versus depth. Excess 
pore water pressure versus time plots may also be con- 
structed at those depths where the piezocone sounding is 
interrupted (see Note 1). 

7.4 General-The operator shall record his name, the 
name and location of the job, date of sounding, sounding 
number, location coordinates, and soil and water surface 
elevations (if available). The report shall also include a note 
as to the type of penetrometer tip used, the type of thrust 
machine, tip and thrust calibration information, or both, any 
zero-drift noted, the method used to provide the reaction 
force, if a friction reducer was used, the method of tip 
advancement, the method of recording, the condition of the 
rods and tip after withdrawal. and anv s e a l  difficulties -- 
other obse&ations concerning the peGorkce of the ec 
ment. 

1.5 Deviationsfrom Standard-The report shall state 
the test procedures were in accordance with this Test Method 
D 3441. Describe completely any deviations from this test 
method. 

8. Precision and Bias 

8.1 Because of the many variables involved and the lack 
of a superior standard, engineers have no direct data to 
determine the bias of this method. Judging from its observed 
reproducibility in approximately uniform soil deposits, plus 
the qc andf, measurement effects of special equipment and 
operator care, persons familiar with this method estimate its 
precision as follows: 

8.1.1 Mechanical Tips-Standard deviation of 10 % in q, 
and 20 9% in fr 

8.1.2 Eleuric Tips-Standard deviation of 5 I in qc and 
10 9% in f, -. 

Nm 20-Thac data may not match similar data from mechanical 
tip (see 1.3). 
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Standard Test Method for 
Liquid Limit, Plastic Limit, and Plasticity Index of Soils' 
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1.1 This test method covers the determination of the 

liquid limit, plastic limit, and the plasticity index of soils as 
defined in Section 3. 

1.1.1 Two procedures for preparing test specimens and 
two procedures for performing the liquid limit are provided 
as follows: 

A Multipoint test using a wet preparation procedure, 
described in Sections 10.1, 11, and 12. 

B Multipoint test Using a dry preparation procedure, 
described in Sections 10.2, 11, and 12. 

C One-point test using a wet prepintion procedure, 
described in Sections 13, 14, and 15. 

D One-point test using a dry preparation procedure, 
described in Sections 13, 14, and 15. 

The procedure to be used shall be specified by the requesting 
authority. If no procsdure iS specified, Procedure A shall be 
used. 

NOTE l-F%ior to the adoption of this test method, a curved grooving 
tool was specified as part of the apparatus for performing the liquid limit 
test Tbe curved tool is not considered to be as accurate as the flat tool 
described in 6.2 since it does not control the depth of the soil in the 
liquid limit cup. However, there axe some data which indicate that 
typically the liquid limit is slightly increased when the flat tool is used 
instead of the curved tooL 

1.1.2 The plastic limit test procedure is described in 
!kctions 16,17, and 18. The plastic limit test is performed on 
material prepared for the liquid limit test. In effect, there are 
two procedures for preparhg test specimens for the piastic 
limit test 

1.1.3 The procedure for calculating the plasticity index is 
given in Section 19. 

1.2 The liquid limit and plastic limit of soils (along with 
the shrinkage limit) are often collectively referred to as the 
Atterberg limits in recogdon of their formation by Swedish 
soil scientist, A. Atterberg These limits distinguish the 
boundaries of the several consistency states of plastic soils. 

1.3 As used in this test method, soil is any natural 
aggregation of mineral or organic materials, mixtures of such 

1. scow materials, or artificial mixtures of aggregates and natural 
mineral and organic particles. 

1.4 The multipoint liquid limit procedure is somewhat 
more time consuming than the one-point procedure when 
both are performed by experienced operators. However, the 
one-point procedure requires the operator to judge when the 
test specimen is approximately at its liquid limit. In cases 
where this is not done reliably, the multipoint procedure is as 
fast as the one-point procedure and provides additional 
precision due to the information obtained from additional 
trials. It is particularly recommended that the multipoint 
procedure be used by inexperienced operators. 

1.5 The correlations on which the calculations of the 
one-point procedure are based may not be valid for certain 
soils, such as organic soh or soils from a marine environ- 
ment. The liquid limit of these soils should therefore be 
determined by the multipoint procedure (Procedure A). 

1.6 The liquid and plastic limits of many soils that have 
been allowed to dry before testing may be considerably 
different from values obtained on undried samples. If the 
liquid and plastic limits of soils are used to correlate or 
estimate the engineering behavior of soils in their natural 
moist state, samples should not be permitted to dry before 
testing unless data on dried samples are specifically desired. 

1.7 The composition and concentration of soluble salts in 
a soil affect the values of the liquid and plastic limits as well 
as the water content values of soils (see Method D 2216). 
Special consideration should therefore be given to soils from 
a marine environment or other sources where high soluble 
salt concentrations may be present. The degree to which the 
salts present in these soils are diluted or concentrated must 
be given consideration if meaningful results are to be 
obtained 

1.8 Since the tests described herein are performed only on 
that portion of a soil which passes the 425-~m (No. 40) sieve, 
the relative contribution of this portion of the soil to the 
properties of the sample as a whole must be considered when 
using these tests to evaluate the properties of a soil. 

1.9 The values stated in acceptable metric units are to be 
regarded as the standard. The values given in parentheses are 
for information only. 

1.10 This standard may involve harardous materiais, 
operations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of whaever uses this standard to consult and 
establish appropriate safw and health practices and deter- 
mine the applicability of regulatory limitations prior to use. 
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2. Referenced Documents 
2.1 ASTM Standards: 
C 702 Methods for Reducing Field Samples of Aggregate 

to Testing Size2 
D 75 Practice for Sampling Aggregates4 
D420 Practice for Investigating and Sampling Soil and 

Rock for Engineering Purposes4 
D 653 Terminology Relating to Soil, Rock, and Contained 

Fluids4 
D 1241 Specification for Materials for Soil-Aggregate 

Subbase, Base, and Surface Courses4 
D2216 Method for Laboratory Determination of Water 

(Moisture) Content of Soil, Rock, and Soil-Aggregate 
Mixtures4 

D2240 Test Method for Rubber Property-Durometer 
Hardness' 

D2487 Test Method for Classification of Soils for Engi- 
neering Purposes4 

D 2488 Practice for Description and Identification of Soils 

D3282 Practice for Classifcation of Soils and Soil-Ag- 
gregate Mixtures for Highway Construction Purposes4 

E 11 Specification for Wire-Cloth Sieves for Testing 
purposes6 

E 319 Methods of Testing Single-Arm Balances6 
E 898 Method of Testing Tophading, Direct-Reading 

(Visual-Manual 

Laboratory Scales and Balances6 
3. Defhtions 

3.1 Atterberg limits-originally, seven "limits of consist- 
ency" of fine-grained soils were defined by Albert Atterberg. 
In current engineering usage, the term usually refers only to 
the liquid limit, plastic limit, and in some references, the 
shrinkage limit. 

3.2 comistenwthe relative ease with which a soil can be 
deformed. 

3.3 liquid limit (U)-the water content, in percent, of a 
soil at the arbitrarily defined boundary between the liquid 
and plastic states. This water content is defined as the water 
content at which a pat of soil placed in a standard cup and 
cut by a groove of standard dimensions will flow together at 
the base of the groove for a distance of 13 mm (Yz in.) when 
subjected to 25 shocks from the cup being dropped 10 mm in 
a standard liquid limit apparatus operated at a rate of 2 
shocks per second. 
NOTE 2-The undrained shear strength of soil at the liquid limit is 

considered to be 2 f 0.2 kea (0.28 psi). 

3.4 plastic limit (PL)-the water content, in percent, of a 
soil at the boundary between the plastic and brittle states. 
The water content at this boundary is the water content at 
which a soil can no longer be deformed by rolling into 3.2 
mm (11s in.) in diameter threads without crumbling 

3.5 plastic soil-a soil which has a range of water content 
over which it exhibits plasticity and which wiU retain its 
shape on drying. 

A d  Book qfASTM slandord, Vol04.02 
' A d  Book qfAs7M slondordr. Vols 04.OfW.03. and 04.08. 
A d  Book of ASW &dads, Vol 04.08. 

s A d B O d ( o f A S T M S f a m h d . s ,  VolO9.01. 
Annual Btwk of ASTM Slndad, Vol 14.02 

3.6 plasticity index (PI)-the range of water contea' 
which a soil behaves plastically. Numerically, it 

3.7 liquidity index-the ratio, expressed as a percen @ . ge, 
difference between the liquid limit and the plastic li 

of (I) the natural water content of a soil minus its plastic 
limit, to (2) its plasticity index. 

3.8 activity number (A)-the ratio of (I) the plasticity 
index of a soil to (2) the percent by weight of particles having 
an equivalent diameter smaller than 0.002 mm. 

4. Summary of Method 
4.1 The sample is processed to remove any material 

retained on a 425-pm (No. 40) sieve. The liquid limit is 
determined by performing trials in which a portion of the 
sample is spread in a brass cup, divided in two by a grooving 
tool, and then allowed to flow together from the shocks 
caused by repeatedly dropping the cup in a standard me- 
chanical device. The multipoint liquid limit, Procedures A 
and B, requires three or more trials over a range of water 
contents to be performed and the data from the trials plotted 
or calculated to make a relationship from which the liquid 
limit is determined. The one-point liquid limit, Procedures C 
and D, uses the data from two trials at one water content 
multiplied by a correction factor to determine the liquid 
limit. 

4.2 The plastic limit is determined by alternately pressing 
together and rolling into a 3.2 mm (4's in.) diameter thread a 
small portion of plastic soil until its water content is reduced 
to a point at which the thread crumbles and is no longe- +le 
to be pressed together and rerolled. The water conten 
soil at this stage is reported as the plastic limit. 

4.3 The plasticity index is calculated as the difference 
between the liquid limit and the plastic limit. 

5. Significance and Use 
5.1 This test method is used as an integral part of several 

engineering classification systems to characterize the fine- 
grained fractions of soils (see Test Method D2487 and 
Practice D 3282) and to specify the he-grained fraction of 
construction materials (see Specification D 1241). The liquid 
limit, plastic limit, and plasticity index of soils are also used 
extensively, either individually or together with other soil 
properties to correlate with engineering behavior such as 
compressibility, permeability, compactibility, shrink-swell, 
and shear strength. 

5.2 The liquid and plastic limits of a soil can be used with 
the natural water content of the soil to express its relative 
consistency or liquidity index and can be used with the 
percentage finer than 2ym size to determine its activity 
number. 

5.3 The one-point liquid limit procedure is frequently 
used for routine classification purposes. When greater preci- 
sion is required, as when used for the acceptance of a 
material or for correlation with other test data, the 
multipoint procedure should be used. 

weathering characmiaics of clay-shale ma 
subjected to repeated wetting and drying cycles, * th, 
limits of these materials tend to increase. The amount of 
increase is considered to be a measure of a shale's suscepti- 

a 

5.4 These methods are sometimes used to eval 

bility to weathfxing. 
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5.5 The liquid limit of a soil containing substantial 
amounts of organic matter decreases dramatically when the 
soil is oven-dried before testing. Comparison of the liquid 
limit of a sample before and after oven-drying can therefore 
be used as a qualitative measure of organic matter content of 
a soil. 

6.  Apparatus 
6.1 Liquid Limit Device-A mechanical device consisting 

of a brass cup suspended from a carriage designed to control 
its drop onto a hard rubber base. A drawing showing the 
essential features of the device and the critical dimensions is 
given in Fig. 1. The design of the device may vary provided 
that the essential functions are preserved. The device may be 
operated either by a hand crank or by an electric motor. 

6.1.1 Base-The base shall be hard rubber having a D 
Durometer hardness of 80 to 90, and a resilience such that 
an 8-mm (5h-in.) diameter polished steel ball, when dropped 
from a height of 25 cm (9.84 in.) will have an average 
rebound of at least 80 % but no more than 90 %. The tests 
shall be conducted on the finished base with feet attached. 

6.1.2 Feef-The base shall be supported by rubber feet 
designed to provide isolation of the base from the work 
surface and having an A Durometer hardness no greater than 
60 as measured on the finished feet attached to the base. 

6.1.3 Cup-The cup shall be brass and have a weight, 
including cup hanger, of 185 to 215 g. 

6.1.4 Cum-The cam shall raise the cup smoothly and 
continuously to its maximum height, over a distance of at 

least 180' of cam rotation. The preferred cam motion is a 
uniformly accelerated lift curve. The design of the cam and 
follower combination shall be such that there is no upward 
or downward velocity of the cup when the cam follower 
leaves the cam. 

NOTE 3-The cam and follower design in Fii 1 is for uniformly 
accelerated @arabolic) motion after contact and assures that the cup has 
no velocity at drop off. Other cam designs also provide this feature and 
may be used. However, if the cam-follower lift panem is not known. 
zero velocity at drop off can be assured by carefully filing or machining 
the cam and follower so that the cup height remains constant over the 
last 20 to 45' of cam rotation. 

6.1.5 Carriage-The cup carriage shaJl be constructed in 
a way that allows convenient but secure adjustment of the 
height of drop of the cup to 10 mm (0.394 in.). The cup 
hanger shall be attached to the carriage by means of a pin 
which allows removal of the cup and cup hanger for cleaning 
and inspection. 

6.1.6 Optional Motor Drive-As an alternative to the 
hand crank shown in Fig. 1, the device may be equipped with 
a motor to turn the cam. Such a motor must turn the cam at 
2 & 0.1 revolutions per second and must be isolated from the 
rest of the device by rubber mounts or in some other way 
that prevents vibration fiom the motor being transmitted to 
the rest of the apparatus. It must be equipped with an 
ON-OFF switch and a means of conveniently positioning the 
cam for height of drop adjustments. The results obtained 
using a motor-driven device must not differ from those 
obtained using a manually operated device. 

- 

DIMENSIONS 

V DIAMETER 
CRS OR BRASS PIN 

\SOFT RUBBER CONFORMING TO 
TO SPECIFICATION IN 6.1.1 SPECIFICATION IN 6.1.2 

FIG 1 Hand-Operated Liquid Lhnn Device 
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7- FF 
RG. 2 Grooving Tool (Optional Heightsf-Drop Gage Attached) 

6.2 Flat Grooving Tool-A grooving tool having dimen- 
sions shown in Fig. 2. The tool shall be made of plastic or 
noncorroding metal. The design of the tool may vary as long 
as the essential dimensions are maintained. The tool may, 
but need not, incorporate the gage for adjusting the height of 
drop of the liquid limit device. 

6.3 Gage-A metal gage block for adjusting the height of 
drop of the cup, having the dimensions shown in Fig 3. The 
design of the tool may vary provided the gage will rest 
securely on the base without being susceptible to rocking, 
and the edge which contacts the cup during adjustment is 
straight, at least 10 mm (YE in.) wide, and without bevel or 
radius. 

E 
DIMENSIONS IN MILL IMETRES 

FIG 3 HeigMofDropOage 

0 0 0 327 M-114 

6.4 Containers-Small corrosion-resistant containers with 
snug-fitting lids for water content specimens. Aluminum or 
stainless steel cans 2.5 cm (1 in.) high by 5 cm (2 in.) in 
diameter are appropriate. 

6.5 Balance-A balance readable to at least 0.01 g and 
having an accuracy of 0.03 g within three standard devia- 
tions within the range of use. Within any 15% range, a 
difierence between readings shall be accurate within 0.01 g 
(Notes 4 and 5). 

relatingtobalanccperformancc. 
Nm 4-Se Methods E 898 and E 319 for an explanation of terms 

Nm 5-For fiequent use, a toploading type balance with auto- 
matic load indication, readable to 0.01 g. and having an index of 
precision (staadard deviation) of 0.003 or better is most suitable for this 
method. However, nonautomatic indicating equal-arm analytical bal- 
ances and some small equal arm top pan balances having readabilities 
and sensitivities of 0.002 g or better provide the required accuracy when 
used with a weight set of ASTM Class 4 (National Bureau of Standads 
Qass P) or better. Ordinary c o m m d  and damoom type balances 
such as beam balaooa are not suitable for this method. 

6.6 Storage Container-A container in which to store the 

imen in any way, and which prevents moisture 
prepared soil specimen that will not contaminate 

porcelain, glass, or plastic dish about 11.4 cm (4% 111.) in 
diameter and a plastic bag large enough to enclose the dish 

* 
and be folded over is adequate. 
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POINT WHERE 

CUP CONTACTS BASE 

HEIGHT GAUGE - MASKING TAPE APPLIED AS AID 

IN ADJUSTMENT OPERATION 

FIG. 4 Calibration for Height of Drop 

6.7 Ground Glass Plate-A ground glass plate at least 30 
cm (12 in.) square by 1 cm (3/8 in.) thick for mixing soil and 
rolling plastic limit threads. 

6.8 Spatula-A spatula or pill knife having a blade about 
2 cm (# in.) wide by about 10 cm (4 in.) long. In addition, a 
spatula having a blade about 2.5 cm (1 in.) wide and 15 cm 
(6 in.) long has been found useful for initial mixing of 
samples. 

6.9 Sieve-A 20.3 cm (8 in.) diameter, 425-pm (No. 40) 
sieve conforming to the requirements of SpecitiCation E 1 1  
and having a rim at least 5 cm (2 in.) above the mesh. A 
2-mm (No. 10) sieve meeting the same requirements may 
also be needed. 

6.10 Wash Bottle, or similar container for adding con- 
trolled amounts of water to soil and washing fines fiom 
coarse particles. 

6.1 1 Drying Oven-A thermostatically controlled oven, 
preferably of the forceddraft type, capable of continuously 
maintaining a temperature of 110 f 5'C throughout the 
drying chamber. The oven shall be equipped with a ther- 
mometer of suitable range and accuracy for monitoring oven 
temperature. 

6.12 Washing Pan-A round, flat-bottomed pan at least 
7.6 cm (3 in.) deep, slightly larger at the bottom than a 
20.3- (8411.) diameter sieve. 

6.13 Rod (optional)--A metal or plastic rod or tube 3.2 
mm (Ys in.) in diameter and about 10 cm (4 in.) long for 
judging the size of plastic limit threads. 

7. Materials 
7.1 A supply of distilled or demineralized water. 

8. Sampling 
8.1 Samples may be taken fiom any location that satisfies 

testing needs. However, Methods C 702, Practice D 75, and 
Recommended Practice D 420 should be used as guides for 
selecting and preserving samples from various types of 
sampling operations. Samples which will be prepared Using 
the wet preparation procedure, 10.1, must be kept at their 
~ t u r a i  water content prior to preparation. 

8.2 Where sampling operations have preserved the natural 
stratification of a sample, the various strata must be kept 
separated and tests performed on the particular straturn of 
interest with as little contamination as possible h m  other 
strata. Wherea mixture ofmaterialswill be used in construe 

I 

tion, combine the various components in such proportions 
that the resultant sample represents the actual construction 
case. 

8.3 Where data from this test method are to be used for 
correlation with other laboratory or field test data, use the 
same material as used for these tests where possible. 

8.4 Obtain a representative portion fkom the total sample 
sufficient to provide 150 to 200 g of material passing the 
425-pm (No. 40) sieve. Free flowing samples may be reduced 
'by the methods of quartering or splitting. Cohesive samples 
shall be mixed thoroughly in a pan with a spatula, or scoop 
and a representative portion scooped from the total mass by 
making one or more sweeps with a scoop through the mixed 
mass 

9. Calibration of Apparatus 
9.1 Inspection 01 Wear: 
9.1.1 Liquid Limit Device-Determine that the liquid 

limit device is clean and in good working order. The 
following specific points should be checked: 

9.1.1.1 Wear of Base-The spot on the base where the 
cup makes contact should be worn no greater than 10 mm 
(3/8 in.) in diameter. If the wear spot is greater than this, the 
base can be machined to remove the worn spot provided the 
resurfacing does not make the base thinner than specified in 
6.1 and the other dimensional relationships are maintained. 

9.1.1.2 Weur ofCupThe cup must be replaced when the 
grooving tool has worn a depression in the cup 0.1 mm 
(0.004 in.) deep or when the edge of the cup has been 
reduced to half its original thickness. Verify that the cup is 
6rmly attached to the cup hanger. 

9.1.1.3 Wear of Cup Hunger-Verify that the cup hanger 
pivot does not bind and is not worn to an extent that allows 
more than 3-mm (%-in.) side-to-side movement of the lowest 
point on the rim. 

9.1.1.4 Wear ofCurn-The cam shall not be worn to an 
extent that the cup drops before the cup hanger (cam 
follower) loses contact with the cam. 

9.1.2 Grooving Tools-Inspect grooving tools for wear on 
a frequent and regular basis. The rapidity of wear depends on 
the material from which the tool is made and the types of 
soils being tested. Sandy soils cause rapid wear of grooving 
tools, therefore, when testing these m a w  tools should be 
inspected more frequently than for o tha  soils. Any tool with 
a tip width greater- 2.1 mm must not be used. The depth 
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of the tip of the grooving tool must be 7.9 to 8.1 mm. 
NOTE &The width of the tip of grooving tools is conveniently 

checked using a pocket-sized measuring magnifier equipped with a 
millimetre scale. Magnifiers of this type are available from most 
labomtory supply companies. The depth of the tip of grooving tools can 
be checked Using the depth measuring feature of vernier calipers 

9.2 Adjustment of Height of Drop-Adjust the height of 
drop of the cup so that the point on the cup that comes in 
contact with the base rises to a height of 10 f 0.2 mm. See 
Fig. 4 for proper location of the gage relative to the cup 
during adjustment. 

NOTE 7-A convenient procedure for adjusting the height of drop is 
as follows place a piece of masking tape across the outside bottom of the 
cup parallel with the axis of the cup hanger pivot The edge of the tape 
away from the cup hanger should bisect the spot on the cup that contacts 
the base. For new cum placing a piece of carbon paper on the base and 
allowing the cup to drop sexed times will mark the contact spot. Attach 
the cup to the device and turn the crank until the cup is raised to its 
maximum height Slide the height gage under the cup &om the front, 
and o h e  whether the gage contacts the cup or the tape. See Fa 4. If 
the tape and cup are both contacted, the height of drop is approximately 
conrct If not, adjust the cup until simultaneous contact is made. check 
adjustment by turning the crank at 2 ~ o l u t i o n s  per second while 
holding the gage in position against the tape and cup. If a ringing or 
clicking sound is heard without the cup rising from the gage, the 
adjustment is correct If no ringing is heard or if the cup rivS from the 
gage, readjust the height of drop. If the cup rocks on the gage during this 
checking opesation, the cam follower pivot is excessively word and the 
worn parts should be replaced. Always remove tape after completion of 
adjustment operation. 

MULTIPOINT LIQUID LIMIT-PROCEDURES A AND B 

10. Preparation of Test Specimens 
10.1 Wet Prepararion-Except where the dry method of 

specimen preparation is specified (10.2), prepare specimens 
for test as described in the following sections. 

10.1.1 Samples Passing the 425ym (No. 40) Sieve- 
When by visual and manual procedures it is determined that 
the sample has little or no material retained on a 425-pm 
(No. 40) sieve, prepare a specimen of 150 to 200 g by mixing 
thoroughly with distilled or demineralized water on the glass 
plate using the spatula. If desired, soak soil in a storage dish 
with small amount of water to soften the soil before the start 
of mixing. Adjust the water content of the soil to bring it to a 
consistency that would require 25 to 35 blows of the liquid 
limit device to close the groove (Note 8). If, during mixing, a 
small percentage of material is encountered that would be 
retained on a 425ym (No. 40) sieve, remove these particles 
by hand, ifpossible. If it is impractical to remove the coarser 
material by hand, remove small percentages (less than about 
15 95) of coarser material by working the specimen through a 
425ym (No. 40) sieve Using a piece of rubber sheeting, 
rubber stopper, or other convenient device provided the 
operation does not distort the sieve or degrade material that 
would be retained if the washing method described in 10.1.2 
were used. If larger percentages of coarse material are 
encountered during mixing, or it is considered impractical to 
remove the coarser material by the methods just described, 
wash the sample as described in 10.1.2. When the coarse 
particles found during mixing are concretions, shells, or 
other w e  particles, do not crush these particles to make 
them pass a 425ym (No. 40) sieve, but remove by hand or 
by washing. Place the mixed soil in the stomge dish, cover to 

prevent loss of moisture, and allow to stand for at least 16 h 
(overnight). After the standing period and immf 
before starting the test, thoroughly remix the soil. 

NOTE 8-The time taken to adequately mix a soil will vary peatiy, 
depending on the plasticity and initial water content. Initial mixing 
times of more than 30 min may be needed for Stin, fat clays. 

10.1.2 Samples Containing Material Retained on a 425- 
pm (No. 40) Sieve: 

10.1.2.1 Select a suflicient quantity of soil at natural water 
content to provide 150 to 200 g of material passing the 
425ym (No. 40) sieve. Place in a pan or dish and add 
sufficient water to cover the soil. Allow to soak until all 
lumps have softened and the fines no longer adhere to the 
surfaces of the coarse particles (Note 9). 

Nm 9-ln some cases, the cations of salts present in tap water will 
exchange with the natural cations in the soil and signi6canUy alter the 
test results should tap water be used in the soaking and washing 
opedons  Unless it is known that such cations are not present in the 
tap water, distilled or demineralized water should be used. As a general 
rule, water containing more than $100 mg/L of dissolved solids should 
not be used for washing operations 

10.1.2.2 When the sample contains a large percentage of 
material retained on the 425ym (No. 40) sieve, perform the 
following washing operation in increments, washing no more 
than 0.5 kg (1 lb) of material at one time. Place the 425-pm 
(No. 40) sieve in the bottom of the clean pan. Pour the soil 
water mixture onto the sieve. If gravel or coarse sand 
particles are present, rinse as many of these as possible with 
small quantities of water from a wash bottle, and die- 
Alternatively, pour the soil water mixture over a 2-mc 

fine material through and remove the 2-mm (No. 10) sieve. 
After washing and removing as much of the coarser material 
as possible, add sufficient water to the pan to bring the level 
to about 13 mm (Lh in.) above the surface of the 425ym (No. 
40) sieve. Agitate the slurry by stirring with the fingers while 
raising and lowering the sieve in the pan and swirling the 
suspension so that fine material is washed fiom the coarser 
particles. Disaggregate fine soil lumps that have not slaked by 
gently rubbing them over the sieve with the fingertips. 
Complete the washing operation by raising the sieve above 
the water surface and rinsing the material retained with a 
small amount of clean water. Discard material retained on 
the 425ym (No. 40) sieve. 

10.1.2.3 Reduce the water content of the material passing 
the 425ym (No. 40) sieve until it approaches the liquid 
limit. Reduction of water content may be accomplished by 
one or a combination of the following methods: (a) exposing 
the air currents at ordinary room temperature, (b) exposing 
to warm air currents h m  a source such as an electric hair 
dryer, (c) filtering in a Biichner funnel or using filter candles, 
(d) decanting clear water from surface of suspension, or (e)  
draining in a colander or plaster of paris dish lined with high 
retentivity, high wet-strength filter paper.' Ifa plaster of paris 
dish is used, take care that the dish never becomes &- 
ciently satuxated that it fails to actively absorb water int 
surface. Thoroughly dry dishes between uses. During e 
ration and cooling, stir the sample often enough to pl 

Y 

10) sieve nested atop the 425-pm (No. 40) sieve, ri a 

6 
'S and S 595 !ik papa available in 32- cirdcs, has proven atisfaaoly. 
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overdrying of the fringes and soil pinnacles on the surface of 
the mixture. For soil samples containing soluble salts, use a 
method of water reduction such as a or b that will not 
eliminate the soluble salts from the test specimen. 

10.1.2.4 Thoroughly mix the material passing the 425-pm 
(No. 40) sieve on the glass plate using the spatula. Adjust the 
water content of the mixture, if necessary, by adding small 
increments of distilled or deminer;ilized water or by allowing 
the mixture to dry at room temperature while mixing on the 
glass plate. The soil should be at a water content that will 
result in closure of the groove in 25 to 35 blows. Return the 
mixed soil to the mixing dish, cover to prevent loss of 
moisture, and allow to stand for at least 16 h. M e r  the 
standing period, and immediately before starting the test, 
remix the soil thoroughly. 

10.2 Dry Preparation: 
10.2.1 Select sufficient soil to provide 150 to 200 g of 

material passing the 425-pm (No. 40) sieve after proCessing. 
Dry the sample at room temperature or in an oven at a 

. temperature not exceeding W C  until the soil clods will 
pulverize readily. Disaggregation is expedited if the sample is 
not allowed to completely dry. However, the soil should have 
a dry appearance when pulverized. Pulverize the sample in a 
mortar with a rubber tipped pestle or in some other way that 
does not cause breakdown of individual grains. When the 
coarse particles found during pulverization are concretions, 
shells, or other !?agile particles, do not crush these particles 
to make them pass a 425ym (No. 40) sieve, but remove by 
hand or other suitable means, such as washing. 

10.2.2 Separate the sample on a 425ym (No. 40) sieve, 
shaking the sieve by hand to assure thorough separation of 
the finer fraction. Return the material retained on the 
425ym (No. 40) sieve to the pulverizing apparatus and 
repeat the pulve@zing and sieving operations as many times 
as necessary to assure that all finer material has been 

disaggregated and material retained on the 425ym (No. 40) 
sieve consists only of individual sand or gravel grains. 

10.2.3 Place material remaining on the 425ym (No. 40) 
sieve after the final pulverizing operations in a dish and soak 
in a small amount of water. Stir the soil water mixture and 
pour over the 425ym (No. 40) sieve, catching the water and 
any suspended fines in the washing pan. Pour this suspension 
into a dish containing the dry soil previously sieved through 
the 425ym (No. 40) sieve. Discard material retained on the 
425-pm (No. 40) sieve. 

10.2.4 Adjust the water content as necessary by drying as 
described in 10.1.2.3 or by mixing on the glass plate, Using 
the spatula while adding increments of distilled or 
demineralized water, until the soil is at a water content that 
will result in closure of the groove in 25 to 35 blows. 

10.2.5 Put soil in the storage dish, cover to prevent loss of 
moisture and allow to stand for at least 16 h. After the 
standing period, and immediately before starting the test, 
thoroughly remix the soil (Note 8). 

11. Procedure 
11.1 Place a portion of the prepared soil in the cup of the 

liquid limit device at the point where the cup rests on the 
base, squeeze it down, and spread it into the cup to a depth 
of about 10 mm at its deepest point, tapering to form an 
approximately horizontal d a c e .  Take care to eliminate air 
bubbles from the soil pat but form the pat with as few strokes 
as possible. Heap the unused soil on the glass plate and cover 
with the inverted storage dish or a wet towel. 

11.2 Form a groove in the soil pat by drawing the tool, 
beveled edge forward, through the soil on a line joining the 
highest point to the lowest point on the rim of the cup. When 
cutting the groove, hold the grooving tool against the surface 
of the cup and draw in an arc, maintaining the tool 
perpendicular to the surface of the cup throughout its 

F I G S  GroovedSdlPatbUquidLimitDevka 
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movement. See Fig. 5. In soils where a groove cannot be 
made in one stroke without tearing the soil, cut the groove 
with several strokes of the grooving tool. Alternatively, cut 
the groove to slightly less than required dimensions with a 
spatula and use the grooving tool to bring the groove to final 
dimensions. Exercise extreme care to prevent sliding the soil 
pat relative to the surface of the cup. 

1 1.3 Verify that no crumbs of soil are present on the base 
or the underside of the cup. Lift and drop the cup by turning 
the crank at a rate of 1.9 to 2.1 drops per second until the 
two halves of the soil pat come in contact at the bottom of 
the groove along a distance of 13 mm ('h in.). See Fig. 6. 

NOTE 10-Use the end of the grooving tool, Fig 2, or a scale to verify 
that the groove has closed 13 mm ('h in.). 

11.4 Verify that an air bubble has not caused premature 
closing of the groove by observing that both sides of the 
groove have flowed together with approximately the same 
shape. If a bubble has caused premature closing of the . 
groove, reform the soil in the cup, adding a small amount of 
soil to make up for that lost in the grooving operation and 
repeat 11.1 to 11.3. Ifthesoilslidesonthesurfaceofthecup, 
repeat 11.1 through 11.3 at a higher water content. If, after 
several trials at successively higher water contents, the soil 
pat continues to slide in the cup or if the number of blows 
required to close the groove is always less than 25, mrd 
that the liquid limit could not be determined, and-report the 
soil as nonplastic without performing the plastic limit test. 

1 1.5 Record the number of drops, N, required to close the 
groove. Remove a slice of soil approximately the width of the 
spatula, extending from edge to edge of the soil cake at right 
angles to the groove and including that portion of the groove 
in which the soil flowed together, place in a weighed 
container, and cover. 

.11.6 Return the soil remaining in the cup to the glass 
plate. Wash and dry the cup and grooving tool and reattach 

the cup to the carriage in preparation for the next trial. 
11.7 Remix the entire soil specimen on the glass plate 

adding distilled water to increase the water content of the soil 
and decrease the number of blows required to close the 
groove. Repeat 1 1.1 through 1 1.6 for at least two ad? 
trials producing successively lower numbers of blows 
the groove. One of the trials shall be for a closure req 
25 to 35 blows, one for closure between 20 and 30 blows, and 
one trial for a closure requiring 15 to 25 blows. 

11.8 Determine the water content, W ,  of the soil spec- 
imen from each trial in accordance with Method D 22 16. 
Make all weighings on the same balance. Initial weigtungs 
should be performed immediately after completion of the 
test. If the test is to be intempted for more than about 15 
min, the specimens already obtained should be weighed at 
the time of the interruption. 

e 

12. calculations 
12.1 Plot the relationship between the water content, W,, 

and the corresponding number of drops, N, of the cup on a 
semilogarithmic graph with the water content as ordinates on 
the arithmetical scale, and the number of drops as abscissas 
on the logarithmic scale. Draw the best straight line through 
the three or more plotted points. 

12.2 Take the water content corresponding to the inter- 
d o n  of the line With the 25-p abscissa as the liquid 
limit of the soil. Computational methods may be substituted 
for the graphical method for fitting a straight line to the data 
and determining the liquid limit. 

OFk-POINT LIQUID LIMIT-PROCEDURES C AND D 

13.1 Prepare the specimen in the same manner @e- 
13. Reparation of Test Specimens 

scribed in Section 10, except that at mixing, adjust the water 
content to a consistency requiring 20 to 30 drops of the 

FIG 6 Soil Pat After Groove Has Closed 
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TABLE 1 Factors for Obtaining Liquid Limit from Water Content 
and Number of Drops Causing Closure of Groove 

N K 
(Ft-ofDrops) (Factor for Liquid unit) 

20 0.974 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

0.979 
0.985 
0.990 
0.995 
1 .Ooo 
1.005 
1.009 
1.014 
1.018 
1.022 

liquid limit cup to close the groove. 

14. Procedure 
14.1 Proceedasdescribedin 11.1 through 11Sexceptthat 

the number of blows required to close the groove shall be 20 
to 30. If less than 20 or more than 30 blows are required, 
adjust the water content of the soil and repeat the procedure. 

14.2 Immediately after removing a water content spec- 
imen as described in 11.5, reform the soil in the cup, adding 
a small amount of soil to make up for that lost in the 
grooving and water content sampling operations. Repeat 
1 1.2 through 1 1.5, and, if the second closing of the groove 
requires the same number of drops or no more than two 
drops Merence, secure another water content specimen. 
Othenvise, remix the entire specimen and repeat. 

NOTE Il-Excessive drying or inadequate mixing will cause the 
number of blows to vary. 

14.3 Determine water contents of specimens as described 
in 11.8. 

15. Calculations 

specimen using one of the following equations: 

0 
15.1 Determine the liquid limit for each water content 

LL = K(WJ 
where: 
N 

W, = watercontent,and 
K 

Val- 

values is greater than one percentage point, repeat the test 

PLAsIlCLIMIT 

= the number of blows causing closure of the groove at 

= a factor given in Table 1. 

water content, 

The liquid limit is the average of the two trial liquid limit 

15.2 If the difference between the two trial liquid limit 

16. Reparation of Test Specimen 
16.1 Select a 20-g portion of soil from the material 

prepared for the liquid limit test, either after the second 
mixing before the test, or fiom the soil remaining after 

mpletion of the test. Reduce the water content of the soil .F. o a consistency at which it can be rolled without sticking to 
the hands by spreading and mixing continuously on the glass 
plate. The drying process may be accelerated by exposing the 

soil to the air current from an electric fan, or by blotting with 
paper that does not add any fiber. to the soil, such as hard 
surface paper. toweling or high wetistrength filter paper. 

1.7. Procedure 
17.1 From the 20-g mass, select a portion of 1.5 to 2.0 g. 

Form the test specimen into an ellipsoidal mass. Roll this 
mass between the palm or fingers and the ground-glass plate 
with just sufficient pressure to roll the mass into a thread of 
uniform diameter throughout its length (Note 12). The 
thread shall be further deformed on each stroke so that its 
diameter is continuously reduced and its length extended 
until the diameter reaches 3.2 f 0.5 mm (0.125 2 .020 in.), 
taking no more than 2 min (Note 13). The amount of hand 
or finger pressure required will vary greatly, according to the 
soil. Fragile soils of low plasticity are best rolled under the 
outer edge of the palm or at the base of the thumb. 

Nm 12-A normal rate of rolling for most soils should be 80 to 90 
strokes per minute, counting a stroke as one complete motion of the 
hand forward and back to the Stamng position. This rate of rolling may 
have to be decreased for very fragile soils. 

Nm 13-A 3.2-mm (%-in.) diameter rod or tube is useful for 
fkquent comparison with the soil thread to ascertain whea the thread 
has reached the proper diameter. especially for inexperienced opemtors. 

17.1.1 When the diameter of the thread becomes 3.2 mm, 
break the thread into several pieces. Queeze the pieces 
together, knead between the thumb and ht finger of each 
hand, reform into an ellipsoidal mass, and moll. Continue 
this alternate rolling to a thread 3.2 mm in diameter, 
gathering together, kneading and rerolling, until the thread 
crumbles under the pressure required for rolling and the soil 
can no longer be rdlled into a 3.2-mm diameter thread (See 
Fig 7). It has no significance if the thread breaks into threads 
of shorter length. Roll each of these shorter threads to 3.2 
mm in diamem. The only requirement for continuing the 
test is that they are able to be reformed into an ellipsoidal 
mass and rolled out again. The operator shall at no time 
attempt to produce failure at exactly 3.2 mm diameter by 
allowing the thread to readh 3.2 mm, then reducing the rate 
of rolling or the hand pressure, or both, while continuing the 
rolling without further deformation until the thread falls 
apart. It is permissible, however, to reduce the total amount 
of deformation for feebly plastic soh by making the initial 
diameter of the ellipsoidal mass nearer to the required 
3.2-mm final diameter. If crumbling occurs when the thread 
has a diameter greater than 3.2 mm, this shall be considered 
a satkfmry end point, provided the soil has been previ- 
ously rolled into a thread 3.2 mm in diameter. Crumbling of 
the thread will manifest itself differently with the various 
types of soil. Some soils fall apart in numerous smaU 
aggregations of particles, others may form an outside tubular 
layer that starts splitting at both ends. The splitting 
progresses toward the middle, and finally, the thread falls 
apart in many small platy particles. Fat clay soils require 
much pressure to deform the thread, particularly as they 
approach the plastic limit. With these soils, the thread breaks 
into a Series of baml-shaped segments about 3 2  to 9.5 mm 
(H to 35 in.) in length. 

17.2 Gather the portions of the crumbled thread together 
and place in a weighed container. Immediately cover the 
container. 

. . , . I  
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FIG. 7 Lean Clay Soil at the Plastic Limit 

17.3 Select a n u ~ l l ~ ~  1.5 to 2.0 g portion of soil from the 
original 20-g specimen agd repeat the operations described 
in 17.1 and 17.2 until the container has at least 6 g of soil. 

17.4 Repeat 17.1 through 17.3 to make another container 
holding at least 6 g of soil. Determine the water content, in 
percent, of the soil contained in the containers in accordance 
with Method D 2216. Make all  weighings on the same 
balance. 

Nm !&The intent of performing two plastic limit trials is to 
verify the consistency of the test results It is acceptable practice to 
perfom only one plastic limit trial when the consistency in the test 
results can be confirmed by other means. 

18. Calculations 
18.1 Compute the average of the two water contents. If 

the difference between the two water contents is greater than 
two percentage points, repeat the test. The plastic limit is the 
average of the two water contents. 

P m m  INDEX 

19. calculations 
19.1 Calculate the plasticity index as follows: 

P I I L L - P L  
where: 
U = the liquid limit, 
PL = theplasticlimit. 

Both LL and PL are whole numbers. If either the liquid 
limit or plastic limit could not be determined, or if the plastic 
limit is equal to or greater than the liquid limit, report the 
soil as nonplastic, NP. 

20. Report 
20.1 Report the following information: - 

20.1.1 Sample identifying information, 
20.1.2 Any special specimen selection process used, such 

20.1.3 Report sample as airdried if the sample w3- qu- 

20.1.4 Liquid limit, plastic limit, and plasticity 

as removal of sand lenses from undisturbed sample, 

dried before or during preparation, 

the nearest whole number and omitting the percent des a- 
tion. If the liquid limit or plastic limit tests could not be 
performed, or if the plastic limit is equal to or greater than 
the liquid limit, report the soil as nonplastic, NP, 

20.1.5 An estimate of the percentage of sample retained 
on the 425-pm (No. 40) sieve, and 

20.1.6 Procedure by which liquid limit was performed, if 
it differs from the multipoint method. 

4k 

21. Recision and Bias 

21.1 No interlaboratory testing program has as yet been 
conducted using this test method to determine multilab 
oratory precision. 

2 1.2 The within laboratory precision of the results of tests 
performed by different operators at one laboratory on two 
soils using Procedure A for the liquid limit is shown in Table 
2. 

TABLE 2 Whin Laboratory Precision for Liquid Limit 
standard 

OeviatiaL s Average Value. 2 

soil A. 
Pi 21.9 
LL n.9 

Pi 20.1 
LL 32.6 

SCiB 

1.07 
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(m Designation: D 4696 - 92 

Standard Guide for 
Pore-Liquid Sampling from the Vadose Zone' 

1. scope 
1.1 This guide discusses equipment and procedures used 

for sampling pore-liquid from the vadose zone (unsaturated 
zone). The guide is limited to in-situ techniques and does not 
include soil core collection and extraction methods for 
obtaining samples. 

1.2 The term "pore-liquid" is applicable to any liquid 
from aqueous pore-liquid to oil. However, all of the samplers 
described in this guide were designed, and are used to sample 
aqueous pore-liquids only. The abilities of these samples to 
collect other pore-liquids may be quite ditrerent than those 
d b b e d .  

1.3 Some of the samplers described in this guide are not 
currently commercially available. These samplers are pre- 
sented because they may have been available in the past, and 
may be encountered at sites with established vadose zone 
monitoring programs. In addition, some of these designs are 
particularly suited to specific situations. If needed, these 
samplers could be fabricated. 

1.4 The values stated in SI units are to be regarded as the 
standard 

1.5 This standard does not purport to address all of the 
safity problems, if any. associated with its use. It is the 
responsibility of the user of this standard to establish appro- 
priate safety and health practices and deternine the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTMStandards: 
D 653 Terminology Relating to Soil, Rock, and Contained 

Fluids2 

3. Terminology 
3.1 Definitions: 
3.1.1 Where reasonable, precise terms and names have 

been used within this guide. However,axtain t e r n  and 
names with varying definitions are ubiquitous within the 
literature and industry of vadose zone monitoring. For 
purposes of recognition, these terms and names have been 
included in the guide with their most common usage. In 
these instances, the dommon definitions have been included 
in Appendix XI. Examples of such terms are soil, lysimeter, 
vacuum and pore-liquid tension. 

3.2 D m p t i o n s  of T m  Specific to This Standard: 
3.2.1 Appendix 1 is a compilation of those terms used in 

this guide. More comprehensive compilations, that were 
used as sources for Appendix X1, are (in decreasing order of 
their usage): , 

3.2.1.1 Terminology D 653, 
3.2.1.2 Compilation of ASTM Terminology: 
3.2.1.3 Glossary of Soil Science .Terms, Soil Science 

3.2.1.4 Webster 's New Collegiate Dictionary.s 
Society of Ameri~a,~ and, 

4. Summaryof Guide 
4.1 Pores in the vadose zone can be saturated or unsatur- 

ated. Some samplers are designed to extract liquids from 
unsaturated pores; othen are designed to obtain samples 
from saturated pores (for example, perched ground water) or 
saturated macropores (for example, fissures, cracks, and 
burrows). This guide addresses these categories. The sampler 
typesdiscussedare: 

4.1.1 Suction samplen (unsaturated sampling), (see Sec- 
tion 7), 

4.1.2 Free drainage samplers (saturated sampling), (see 
Section 8), 

4.1.3 Perched ground water samplers (saturated sam- 
pling), (see Section 9). and 

4.1.4 Experimental absorption samplers (unsaturated 
sampling), (see Section 10). 

4.2 Most samplers designed for sampling liquid from 
unsaturated pores may also be used to sample from saturated 
pores. This is useful in areas where the water table fluctuates, 
so that both saturated and unsaturated conditions occur at 
different times. However, samplers designed for sampling 
from saturated pores cannot be used in unsaturated condi- 
tions. This is because the liquid in unsatuxated pores is held 
at less than atmospheric pressures (see Richard's oztfjZoW 
principle, in Appendix XI). 

4.3 The discussion of each sampler is divided into @C 
topics that include: 

4.3.1 operating principles, 
4.3.2 Description, 
4.3.3 Installation, 
4.3.4 Operation, and 
4.3.5 Limitations. 

5. SignScance and Use 
5.1 Sampling from the vad& zone may be an importapt 

component of some ground water monitoring stxategis It 
can provide information regardiag contaminant transpod 
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and attenuation in the vadose zone. This information can be 
used for mitigating potential problems prior to degradation 
of a ground water resource 

5.2 The choice of appropriate sampling devices for a 
particular location is dependent on various criteria. Specific 
guidelines for designing vadose zone monitoring programs 

been dixussed by Morrison (I), Wilson (2), Wilson (3), 
(4), Wilson (9, Everett et al (a), Wilson (7), Everett e (8), Everett et al (9), Robbins et al (lo), M e w  and 

Palmer (I]), U.S. EPA (12), Ball (13), and Wilson (14). In 
general, it is prudent to combine various unsaturated and 
free drainage samplers into a program, so that the different 
flow regimes may be monitored. 

5.3 This guide does not attempt to present details of 
installation and use of the equipment discus& However, an 
effon has been made to present those references in which the 
speci6c techniques may be found. 

6. Criteria for Selecting Pore-Liquid Samplers 
6.1 Decisions on the types of samplers to use in a 

monitoring program should be based on consideration of a 

6.1.1 Required sampling depths, 
6.1.2 Required sample volumes, 
6.1.3 Soil characteristics, 
6.1.4 Chemistry and biology of the liquids to be sampled, 
6.1.5 Moisture flow regimes, 
6.1.6 Required durability of the samplers, 
6.1.7 Required reliability of the samplers, 
6.1.8 climate, 
6.1.9 Installation requirements of the samplers, 
6.1.10 Operational requirements of the samplers, 
6.1.1 1 Commercial availability, and 

- variety of criteria that include the following 

12 casu. 
Some of these uitcria are discubd in this guide. 

However, the ability to balance many of these factors against 
one another can only be obtained through field experience. 

7. SIIC~~OB Samplers 
7.1 Table 1 presents the various types of suction samplers. 

The range of operating depths is the'major criterion by which 
suction samplers are differentiated. Accordingly, the catego- 
ries of suction samplers are as follows 

7.1.1 Vacuum Lysimeters-These samplers are theoreti- 
cally operational at depths less than about 7.5 m. The 
practical operational depth is 6 m under ideal conditions. 

7.1.2 Pressure- V m u m  Lysimeters-These samplers are 
opemtional at depths less than about 15 m. 

7.1.3 High Pressure- Vacuum Lysimeters+Also known 
as pressure-vacuum lysimeters with transfer vessels.) These 
samplers are normally opexational down to about 46 m, 
although installations as deep as 91 m have been reported 
(15). 

7.1.4 Suction Lysimeters With Low Bubbling Pressures 
(Samplers With PTFE Porous Secrions)-These samplers are 
available in numerous designs that can be used to maximum 
depths varying from about 7.5 to 46 m. 

c o l l d v d y  as suction lysimetas. Within this standard, lysimeter is 
defined as a Qvicc used to collect percolating wata for d y s s  (16). 

7.1.5 Filter Tip Samplers-T'hese samplers theoretically 
have no maximum sampling depth. 

7.1.6 Experimpltlal Suction Samplm-The samplers 
have limited field applications at the present h e .  They 
include cellulose-acetate hollow-fiber samplers, membrane 
filter samplers, a d  ~ ~ 1 1 1  plate samplers T h ~ y  
ally limited to depths less than about 7.5 m. 

NOTE l--Th~sampl~of7.1.1,7.13,7.1.3,aod7.1.4~rrfarrdto 

gena- 
. -  

7.2 Operating Principles: 
7.2.1 Generd: 

w 

7.21.1 Suction lysimeters consist of a hollow, porous 
boldbec io psrrntbeoa to Ibc of tbc od d o n  attached to a sample vessel or a body tube. Samples 

are obtained by applying suction to the sampler and col- dthirroDbrd 
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lecting pore-liquid in the body tube. Samples are retrieved by 
a variety of methods, 

7.2.1.2 Unsaturated portions of the vadose zone consist of 
interconnecting soil particles, interconnecting air spaces, and 
interconnecting liquid films. Liquid films in the soil provide 
hydraulic contact between the saturated porous section of 
the sampler and the soil (see Fig 1). When suction geater 
than the soil pore-liquid tension is applied to the sampler, a 
pressure potential gradient towards the sampler is created. If 
the meniscuses of the liquid in the porous segment are able 
to withstand the applied suction (depending on the max- 
imum pore sizes and hydrophobi~ty~ydrophilidty), liquid 
moves into the sampler. The ability of the menixuseS to 
withstand a suction decreases with inmasing pore Site and 
also with increasing hydrophobicity of the porous segment 
(e 7.6). If the maximum pore sizes are too large and 
hydrophobicity too great, the meniscuss are not able to 
withstand the applied suction. As a result, they break down, 
hydraulic contact is lost, and only air enters the sampler. As 
d-bed in 7.6, Ceramic porous segments are hydrophilic 
and the m x h u m  pore skes are small enough to  ah^ 
x n e d  to withstand the en& range of sampling SUC- 
tiom available p o l y t e ~ u o r ~ t h Y l e n e  (-1 
Porous segments hydrophobic, the maximum Pore 
are and O d Y  a VerY limited range of m P b  ~ ~ c t i o n  
can be applied before me&- break do- and sampling 
ends (set 7.6.1.3). Therefore, Samplers made with 
porouS segments may be used only for sampling soils with 
low pore-liquid tensions (12,17). 

7.2.1.3 The ability of a sampler to withstand applied 
suctions be M Y  IneaSufed by its bubbling P=W. 

bubbling p== is m = d  by =-hg *e porous 
segment, immersing it in water, and pressurizing the inside 
Of the porous segment .with air- m e  Pressure at which air - bubbling through the  PO^^ segment into the s~1- 
rounding water is the bubbling pressure. The magnitude of 
the bubbling presure is equal to the magnitude of the 
maximum suction that can be applied to the sampler before 

pressure is a direct measure of how a sampler will perform, it 
is more useful than measurement of pore Size distributions. 

7.2.1.4 As soil pore-liquid tensions increase (low pore. 
liquid contents), pressure gradients towards the sampkr 
decrease. Also, the soil hydraulic conductivity d- 
exponentially. These result in lower flow rates into tk 
sampler. At pore-liquid tensions above about 60 (for coars 
grained soils) to 80 cbar (for fine grained soils), the flow rates 
are effectively zero and samples cannot be collected. 

7.2.2 Suction Lysimeters: 
7.2.2.1 Vacuum lysimeters directly transfer samples to the 

d a c e  via a suction line. Because the maximum suction lift 
of water is about 7.5 m, these samplers cannot be operated 
below this depth. In reality, suction lifts of 6 m should k 
considered a practical maximum depth. 

7.2.2.2 Samples may be reuieved using the same tecb- 
nique as for vacuum lysimeters or, for deeper applicationf 
the sample is retrieved by pressurizing the sampler with om 
line; this pushes the sample up to the surface in a second lint 

7.2.2.3 High pressure-vacuum lysimeters operate in thc 
same manner as pressure-vacuum lysimeters. However, they 
include an inbuilt check transfer vessel or a chamba 
between the sampler and the surface. This prevents sample 
loss through the porous SeCtion during pressurization, and 
prevents possible cup damage due to overpressurhtion. 

7.2.2.4 Suction lysimeters with low bubbling pressures 
available in each of the previous designs. n e  only 
difference between these samplers and the three previous 
designs is that these porous sections are made with 
m e  low bubbling hence h e  pore size ~t 

7.2.3 Filter Tip 
flter tip sampler by lowering an evacuated sample 
an a m  tube to a permanently emplaced porous tip. 

do- 

,+, is connected to the 
the porous section and into the 
retrieved 

tion samplers generally operate on the same principle 
vacuum lysimeten with Merent combinations of poma 
materials to enhance hydraulic contact The samplers 
generally w e  and difficult to install. As with 
lysimeters, they are generally limited to depths of less tbap 
about 7.5 m. 

tip and sample 
once full the 4 i, 

air Occurs (air the bubbling 7.2.4 Experhmtal Smion Samp[es-fi-end t& 

SINRITED 
POROUS 

7.3 Description. 
7.3.1 Vacuum Lysimeters: 
7.3.1.1 Vacuum lysimeters generally consist of a paut 

connects to a sample bottle and suction source in 

' ' ~ i s h S ~ r a d i t b a ~ b a n  

- 

- 1  paour~/gdhtwKtbcI I  tdmidrrview. 
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Rody tubes UD to 1.8 m long have been mrted (15) (see - - _ .  

3.1.2 Harris and Hansen (19) dexribed a vacuum 
eter with a 6 mm bv 65 mm ceramic Dorous CUD 

designed for intensive sampiing in s m d  areas. - 
7.3.1.3 A variety of materials have been used for the 

porous segment including nylon mesh (M), fritted glass (21), 
sintered glass (22). Alundum (manufacturer name), stainless 
steel (U'), and ceramics (1.2 to 3.0 pm max pore size) (Is7). 
The sampler body tube has been made with PVC, ABS, 
acrylic, stainless steel (24) and I7FE (N7, 25'). Ceramic 
porous segments are attached with epoxy adhesives or with 
flush threading. The stopper is t y p i d y  made of rubber (12), 
neoprene, or PTFE. The outlet lines are commonly PTFE, 
rubber, polyethylene, polypropylene, vinyl, nylon, and his- 
torically, copper. Fittings and valves are available in brass or 
stainless steel. 

7.3.2 Pressure- Vacuum Lysimeters: 
7.3.2.1 These samplers were developed by Parizek and 

Lane (26) for sampling deep moving pollutants in the vadose 
zone. The porous segment is usually a porous cup at the 
bottom of a body tube. The porous cup is attached with 
epoxy adhesives (18') or with 'V" shaped flush threading 
sealed with an '0" ring (25'). Two lines are forced through a 
twehole stopper sealed into the upper end of the body tube. 
The discharge line extends to the base of the sampler and the 
pressure-vacuum line terminates a short distance below the 
stopper. At the surfam, the discharge line connects to a 

, 
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sample bottle and the pressure-vacuum line connm to a 
pressure-vacuum pump. Designs are available that do not 
use a stopper but rather an '0" ring sealed, f l u b  threaded 
top plug (25'). Tubing lines to the surface are attached to the 
top plug with threaded tubing fittings of appropriate mate- 
rials. Body tubes are commonly available with 2.2 and 4.8 
cm diameters and in a variety of lengths (see Fig. 3). The 
sampler and its components have been made out of the Same 
materials used for vacuum lysimeters. 

7.3.2.2 These samplers can retrieve samples from depths 
below 7.5 m because pressure is used for retrieval. However, 
during pressurization some of the sample is forced back out 
of the cup. At depths over about 15 m, the volume of sample 
lost in this fashion may be significant. In addition, at depths 
over about 15 m, pressures required to bring the sample to 
the surface may be high enough to damage the cup or to 
reduce its hydraulic contact with the soil (27, 28). Rapid 
pressurization causes similar problems. Morrison and Tsai 
(29) developed a tube lysimeter with the porous section 
located midway up the body tube instead of at the bottom 
(see Fg. 4). 'Ibis design mitigates the problem of sample 
being forced back through the cup. However, it does not 
prevent problems with porous segment damage due to 
overpresh t ion  or rapid pressuritation. 'fhe sleeve 
lysimeter (that is no longer available) was a modification to 
this design for use with a monitoring well (1) (see Fig. 5). 
Another modification is the casing lysimeter that consists of 
several tube lysimeters threaded into one unit (see Fg. 6). 
This arrangement allows precise spacing between units (30). 

7.3.2.3 Nightingale et al (31) described a design that 
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allows incoming samples to flow into a portion of the 
sampler not in contact with the basal, porous ceramic cup 
(see Fa 7). The ceramic cup is wedged into the body tube 
without adhesives or thrtading. The sampler was used to 
sample the vadose zone, the capihy *e, and the 
fluctuating water table in a mhaxge ana Knighton and 
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Streblow (32) reported a sampler with the porous cup upon 

diameters ranging h m  7.6 to 12.7 cm (see Fw 8, 

significant liquid loss However, because the porous cups are 

the top of a chamber. This design was used 

designs also allow pressurization for sample 
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open to the rest of the samplers, possible damage due to 
overpressurization or rapid pressurktion is still a problem. 

7.3.3 High Pressure- Vacuum Lysimeters (Lysimerers 
With u Transfer Vessel)-High pressure-vacuum lysimeters 
overcome the problems of fluid loss and overpresuxization 
through the use of an attached, chamber or a connected 
vansfer vessel (see Fig. 9). The porous segment is usually a 
porous cup at the bottom of the body tube. The cup is 
attached with epoxy adhesives (18') or with 'V" shaped flush 
threading sealed with an '0" ring (25'). In the attached 
chamber design, the body tube is separated into two cham- 
bers connected by a one-way check valve. A pressure- 
vacuum line and a discharge line enter through a tw&hole 
plug at the top of the body tube. The pressure-vacuum line 
terminates below the plug. The discharge line extends to the 
bottom of the upper chamber. The transfer vessel design is 
similar. However, the vessel and body tube are integral 
components joined by a common double threaded, '0" ring 
sealed plug containing a check valve. Body tube diameters 
range from 2.7 to 8.9 cm outside diameter. Total sampler 
lengths commonly mge h m  15.2 to 182.9 cm. A threaded 
top plug allows attachment of casing to the lysimeter. This 
facilitates accurate placement and provides long-term protee 
tion for the tubing lines. The samplers and their components 
have been made out of the same'materials as vacuum 
lysimeters 

7.3.4 Suction Lysimeters with Low Bubbling Pressures 
(Samplers With PTFE P o r m  Sections )--Designs are avail- 

PRESSURE- 
VACUUM 
LINE 
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SOLID PLUG 

CHECK SEAL 
VALVE 

CHECK 
VALVE 

SOLID 
PLUG 
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able in each of the three categories described in 7.3.1, 7.3.2, 
and 7.3.3. The only difference between this group of sam- 
plers and the previous three samplers is that FTFE is used for 
the porous sections of this group of samplers (2S7). The 
porous PTFE is attached with 'v" shaped flush threading 
sealed with an '0" ring. 

7.3.5 Filter Tip Samplers: 
73.5.1 Fdter tip samplers consist of two components a 

permanently installed filter tip, and a retrievable glass sample 
vial. The filter tip includes a pointed end to help with 
installation, a porous section, a nozzle, and a septum. The tip 
is threaded onto extension pipes that extend to the surface. 
The sample vial includes a second septum. When in use, the 
vial is seated in an adaptor that includes a disposable 
hypodermic needle to penetrate both the septa, allowing 
sample to flow from the porous segment into the vial (see 
Fig. 10). Extension pipes vary From 2.5 to 5.1 cm inside 
diameter. V i  volumes range from 35 to 500 mL (32'). 

7.3.5.2 The body of the filter tip is made of thermoplastic, 
stainless steel, or brass. The attached porous section is 
available in high density polyethylene, sintered ceramic, or 
sintered stainless steel. The septum is made of natural 
rubber, nitrile rubber, or fluororubber (327). 

7.3.6 Experimentclr Suction Samplers: 
7.3.6.1 Cellulose-acetate, hollow-fiber samplers were de- 

scribed by Jackson et al (33) and Wilson (3). A sampler 
consists of a bundle of these flexible, hollow fibers (Q.8 prn 
max pore size) pinched shut at one end and attached to a 
suction line at the other end. The suction line leads to the 
surface and attaches to a sample bottle and source of suction 
in the same manner as a vacuum lysimeter (see 11). The 
fibers, that are analogous to the porous sections of WUH 
lysimeters, have outside diameters of up to 250 pm (33) 
Levin and Jackson (34) described similar fibers made from i 

J 
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noncellulosic polymer solution (max pore size ~ 2 . 8  pm). 
Those fibers have dense inner layers surrounded by open 
celled, spongy layers with diameters ranging from 50 to 250 
Clm. 

7.3.62 Membrane filter samplers were d e s c r i i  by 
Morrison (l), Everett and Wilson (a), US. EPA (12) and 
Stevenson (35). A sampler consists of a membrane filter of 
polycarbonate, cellulose acetate ( 4 . 8  pm rnax pore size), 
cellulose nitrate or PTFE (2 to 5 pm max pore size); 
mounted in a yswinnex" type filter holder (35,36,313. The 
filter rests on a glass fiber prefilter. The prehlter resu on a 
glass fiber 'wick" that in turn sits on a glass fiber collector. 
The collector is in contact with the soil and extends the 
sampling area of the small diameter filter (see F% 12 and 
7.5.1.6). A suction line lcads from the filter holder to the 
surfarx At the surfke, the suction line is attached to a 
sample bottle and suction source in a manner similar to 

7.3.6.3 A vacuum plate sampler consists of a flat porous 
disk fitted with a nonporous backing attached to a suction 

vacuum lysimeters 

I I  

SUCTION I I- LINE 

CELLO LOSE- 
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SEALED 
END 

'\ 

0 

.-  
.ow- 

FIG 11 cetlukseAcet8te Hdkrr-Ffber Sampler 

line that leads to the surf' (see Fs 13). Plates are available 
in diameters ranging firom 4.3 to 25.4 cm and custom designs 
are easily arranged (1,183. Plates are available in alundum, 
porous stainless steel (239, ceramic (1.2 to 3.0 pm rnax pore 
size) or fritted glass (4 to 5.5 pm rnax pore size) (38', 6,39, 
40, 41, 42, 43, 44). The nonpermeable backing can be a 
fiberglass resin, glass, plastic, or butyl rubber. 

1.3.1 Comments: 
7.3.7.1 When some ceramic cups are glued to the inner 

wall of the body tube in a suction lysimeter, an inner lip is 
formed (45). As the discharge line is pushed through the 
stopper at the top of the sampler, it may catch on this lip and 
the operator may conclude that the line has reached the 
bomm of the d c  cup (see Fa 14). As a dt, 

mL of fluid accumulates in the cup, is not removal d 
sampling, and will cause cross contamination between sam- 
pling events Soilmoisture (189 suggested that the line can be 

mLmor can caxr  in samplingrate dezcrmtna - tions* 
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kept from catching by cutting its tip at an angle. la all-FTFE 
suction lysimeters, the didurge line is a rigid FTFE tube 
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extending to the bottom of the cup. This results in a zero 
accumulation of fluid. Older samplers with FTFE porous 
segments and PVC body tubes have a discharge line that 
does not extend all the way to the bottom. Tbis problem 

results in a 34 mL accumulation of fluid (12). Filter tip 
samplers develop an 8 mL accumulation of fluid. Haldorsen 
et al. (46) suggested collecting and discarding an initial 
sample to purge this accumulated fluid. 

7.3.72 Because samplers are often handled roughly 
during installation, durability and ruggedness are important. 
It has been shown that FTFE has a higher impact strength 
than ceramics which need to be installed with care (25'). It 
has also been found that FTFE threads and ceramic threads 
(when used) are susceptible to leakage, and must be securely 
sealed with pipe threading tape (45). TFE-fluorocarbon 
(PTFE) tape is not mmmended in square threaded joints 
since the tape is.designed for tapered 'V" threaded compres- 
sion joints. 

7.3.7.3 As described above, porous sections can be made 
f b m  Various materials. These materials have physical and 
chemical limitations that must be considered when designing 
a monitoxing program. Physical limitations are descn'bed in 
7.6.1. Chemical limitations are described in 7.62. 

, 

been corrected in newer PTFE and PVC samplers (25'). 3) 

7.4 I d l a t i o n  Methonk: 
7.4.1 Re-Znstdlation. 
7.4.1.1- As demonstrated by Neary and Tomasshi (47). - 

new samplers may be contaminated with dust during manu- 
facturing. In order to reduce chemical interferences horn 
substances on the porous sections, US. EPA (12) recom- 
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mended prepamtion of ceramic units prior to installation 
following procedures originally developed by Wolff (as), 
modified by Wood (49) and recommended by Neary and 
Tomassini (47). The process involves passing hydrochloric 
acid (Ha) (for example, 8N) through the porous sections. 
This is followed by flushing with distilled water until the 
@fit conduclance of the outflowing water is within 2 % of 
the inflowing water. Debyle et al (50) found (in agreement 
with 49 and 51) that flushing with HCl strips cations off of 
the ceramic. This results in an initial adsorption of cations 
from pore-liquid onto the ceramic surface. This continues 
until the cation exchange capacity (CEC) of the ceramic has 
been satisfied. The effkct is not reduced by distilled water 
flushing after the acid flushing. Therefore, they suggested 
that the sampler also be flushed, prior to installation, with a 
solution similar in composition to the expected soil solution. 
Alternately, the first sample after installation could be 
discarded (see 7.5.2.1). Bottcher et al (52) attributed in- 
creased adsorption of PO, to the acid leaching process. 
Therefore, they recommended a thorough flushing with a 
PO4 solution of approximately the same concentration as 
that found in the soil solution, rather than the acid leaching 
procedure, when sampling for PO+ Peters and Healy (53) 
used H2S04 rather than Ha. 

7.4.1.2 Hydrochloric acid may corrode valves within PVC 
and ceramic high pressure-vacuum lysimeters. Therefore, the 
porous segment flushing for these designs should be per- 
formed prior to attachment if possible. The maximum 
suction which can be applied is one atmosphere, therefore 
the flushing procesr will be slow if suction is used to draw 
HCI through the porous segment. The flushing can be 
performed more rapidly if the porous segment is filled with 
HCl and pressurized to force the acid out of the porous 
segment since more than one atmosphere of pressure can be 
applied. This procedure can only be used if the cups are not 
attached. Care must be taken to prevent overpressurization 
that might damage the porous section. 

7.4.1.3 Corning Laboratories (S7) recommended 
washing fiitted glass with hot HC1 followed by a distilled 
water rinse. Cleaning procedures for Alundum have not been 
reported, although an acid and water rinse procedure similar 
to that for ceramic would appear to be appropriate (1). 
Tmco (25') described cleaning procedures for PTFE. The 
method includes passing 0.5 L of distilled water through the 
mated.  An I.P.A. bath followed by another in hydrogen 
peroxide or rinsing with HCI followed by a distilled water 
rinse. 

7.4.1.4 The use of HCl to wash/flush porous segments of 
lysimeters, that are to be used in sanitary landfills, may cause 
water quality interpretation problems. Sanitary landfills are 
notorious generators of methane gas. Reaction of methane 
with fiee chloride ion may result in the geneiation of di- and 
trichloromethane (also known as methylene chloride and 
chloroform). Becaw of the small liquid volumes in 
lysimetets and the sensitivity of EPA methods (including 
ml), Ealse positives for one or both of these constituents may 

7.4.1.5 Stevenson (35) recommended treating cellulose- 
acetate hollow-fiben with silver nitrate and sodium chloride 
to prevent biofilm growths Morrison (1) suggested rinsing 
membrane filten with distilled water. 

OCCUT. 

7.4.1.6 The porous d o n  and fittings of individual 
samplers may have defects that could cause air e n w  
sampling. Therefore, prior to taking samplers to t 
each unit should be checked for its bubbling 
pressure tested and vacuum tested for leaks. Rocedures for 
these tests are given in U.S. EPA (12) and Timco (29). 
Washes or '0" rings are used to seal the plugs at the tops of 
body tubes. However, the accesses for pressure-vacuum and 
discharge lines passing through these plugs are not sealed. 
These accesses may leak, and should also be sealed. In the 
past, lubricants have been used when cutting threads into 
body tubes, porous segments and fittings. In addition, 
lubricants have been used in various pressure-vacuum 
pumps. The user should contact the manufacturer to deter- 
mine if these lubricants are still used. If present, these 
lubricants should be removed. 

7.4.1.7 After cleaning and testing, samplers should be 
bagged to prevent contamination during transport to the 
field. Compatibility of bag material and analytical parame- 
ters should be considered. Upon anival at the installation 
location, and immediately prior to installation, the porous 
section should be placed in distilled water for about 30 min 
to ensure saturation of the porous section (1). Timco (29)  
indicated that applying a suction of about 50 cbar to a 
submerged PTFE sampler for about an hour would ensure 
saturation. Finally, immediately prior to installation, the 
sampler and associated lines should be assembled and 
inspected for defects (for example, crimped lines). 

7.4.2 Suction Lysimeter and Filter Tip Sampler Installa- 
tion: 

7.4.2.1 Suction lysimeter installation procedure; 
been described by U.S. EPA (12), Soilmoisture (187), 
(29), Linden (a), and Rhoades and Oster (55). Filter tip 
sampler installation procedures were described by 
Tomensson and Petsonk (32). 

7.4.2.2 The goals of installation are to ensure good 
hydraulic contact between the porous segment and the 
surrounding soil, and to minimize leakage of liquid along the 
outside of the sampler. U.S. EPA (12) recommended a silica 
flour/bentonite clay method to achieve these goals for 
suction lysimeters. A silica flour layer (installed as a slurry, 
see 7.4.2.6) placed around the porous segment increases 
hydraulic contact with the surrounding soil. Screened native 
backfill is placed above the silica flour, and a bentonite plug 
above the body tube prevents liquid leakage down the 
installation hole and along the body tube (see Fm. 15 and 
16). Klute (56) indicated that a screened native soil slurry 
could be used in place of silica flour for shallow installations. 

7.4.2.3 Samplers may be installed in the sidewall of an 
excavation or, for deeper applications, in a borehole prefer- 
ably advanced with a hollow stem auger (12). US. EPA (12) 
suggested that suction lysimeters should be installed at an 
angle of 30 to 45' fiom vertical whenever possible. This 
ensures that an undismbed column of soil is retained above 
the porous cup. Accordingly, pore liquid samples will reflect 
flow through pore sequences that have not been dishlrbed by 
sampler installation. This angular placement also impr 

installed in the sidewall of a trench, the angled emplace 0 the sampler3 ability to collect macropore flow. 

is simple (see Fs 15). However, when installed in a 
borehole, angular emplacement entails angled dril)ink 

a! 
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Where soils permit, filter tip samplers can be installed by 
pushing the filter tip into the ground by applying a static load 
to the extention pipe (32). 

7.4.2.4 When suction lysimeters are installed in a 
borehole advanced by a drill rig, the hole is usually advanced 
15 to 20 cm below the desired location of the porous section. 
Morrison and Steaody (30) found that the radius of 
sampling influence is maximized if the borehole diameter is 
only slightly larger than that of the sampler and if silica flour 
pack is used. U.S. EPA (12) recommended that the hole have 
a diameter at least 5 cm larger than the sampler. Timco (25') 
recommended that the hole have a diameter at least 8 cm 
greater than that of the sampler to facilitate installation of 
the silica flour. 

7.4.2.5 Suction lysimeters are preferably lowered into 
place attached to risers. These protect the lines and ensure 
exact placement at the desired depth. Centralizers are often 
used to center the sampler in the hole. Suction lysimeters 
float in the silica flour that is installed as a slurry. Therefore, 
the samplers should be installed full of distilled water or held 
in place by rigid risers 

7.4.2.6 The silica flour slurry (for example 200 to 75 pm 
mesh opening, silica to distilled water ratio of 0.45 kg to 150 
mL) is usually installed using the tremie method (side 
discharge). Alternately, B r a  et al(57) described a method 
for &ng the silica slurry around the sampler prior to 
placement. The sampler and frozen pack are then lowered to 
the sampling location in the borehole. They cited advantages 
of this technique as including ensurance of proper sampler 
placement in the flour pack and elimination of pack contam- 
ination by soils which slough down the borehole. U.S. EPA 
(12) recommended filling the borehole to about 30 cm above 
the suction lysimeter body with the silica In addition, it was 
recommended that the powdered bentonite plug phced on 
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top of the silica be about I5 cm thick The bentonite is also 
sometimes installed as a slurry, being allowed to hydrate 
before emplacement. Mixing the bentonite with fine sand at 
a 1 to 9 ratio, respectively, reduces the potential for shrinking 
and swelling inherent With pure bentonite (1). The excavated 
soil should be backfilled above the bentonite in the order in 
which it was withdrawn. An effort to compact the soil to its 
original bulk density should be made. When more than one 
suction lysimeter is installed in one borehole, these proce- 
dures are repeated at the various desired sampling depths (see 
Fig. 17). Care must be taken With these installations to 
ensure that Lines fiom lower samplers do not interfere with 
the hydraulic contact of shallower samplers. Designs are 
available to avert these problems (25'). 

7.4.2.7 US. EPA (12) recommended removal of the water 
within the sampler and silica slurry after installation. Litaor 
(58) recommended installation of samplers a year before 
sampling is to begin, in order to allow them to equiliirate 
with the surrounding soil. The lines at the surface should be 
labeled, clamped and housed in locked containers such as 
valve boxes or casing (1). Methods for cutting and splicing 
tubing may be found in Timco (25'). The user should be 
carefid when using clamp and tubing provided by different 
manufacturen. iMpPrOpriate clamps may damage tubing. 
Clamps must be restricted to permanently flexiile tubing 
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otherwise stopcocks should be used. 
7.4.3 Experimental Suction Sampler Installaion: 
7.4.3.1 Cellulose-acetate hollow-fiber sampler installation 

procedures were described by Everett et al (9). Membrane 
mer sampler installation procedures were described by 
Stevenson (39, Everett et al(9), and Morrison (1). Vacuum 
plate sampler installation procedures were described by 
Everett et al(9) and Morrison (1). 

7.4.3.2 Cellulose-acetate hollow-fiber samplers have been 
used almost exclusively in laboratory studies (34). Because 
the samplers operate on the same principles as vacuum 
lysimeters, the goals and concerns of installation are Similar. 
Good hydraulic contact between the hollow-fiber and the soil 
is critical. However, the fibers are too tbin and fragile to be 
pushed into place. Therefore, the fibers must be placed in a 
predrilIed hole (vertical or horizontal). Silkworth and Grid 
(59) installed these samplers within a length of perforated, 
protective PVC tubing filled with soil slurry. 

7.4.3.3 Membrane filter samplers are placed in a hole dug 
to the top of the selected sampling depth. F m  sheets of the 
glass fiber 'collectors" are placed at the bottom of the hole. 
These develop the necessary hydraulic contact between the 
sampler and the soil. In addition, the 'collectors" extend the 

area of sampling as they cover a larger 
holder alone. Second, two or three smaller 
dim that tit within the filter holder arc 
'collectors." Third, the filter holder fitted wi 
prefilter and the membxane filter is pl 
'wick" disks. The suction line leads to the surface. r jY ,  
the hole is backfilled (1,9). 

the ceiling of a cavity cut into the side of a trench. In o r b  
obtain the necessary contact between the porous plate a d  
the soil, pneumatic bladders, inner tubes, or similar devi- 
are placed beneath the sampler and are used to fom it 
against the cavity ceiling (1). The cavity ceiling is not a 
smooth surface. Therefore, a layer of silica flour between the 
plate and the soil is sometimes used to enhance hydraulic 
contact. 

7.4.3.4 Vacuum plate lysimeters are normally i n a d  on f 
I 

7.4.4 .Wainrenonce: 
7.4.4.1 The major causes of sampler failure are 

damage and leaks (caused by freezing, installation, rodenq 
etc.), connection leaks, and clogging of the porous materid. 
Freeze damage to the lines can be minimized if the lines 
emptied of sample prior to applying a vacuum. Care needs 
be taken that the tubing line closure devices are freeze proof. 

7.4.4.2 The possibility of line and connection leaks 
minimized by rigorously sealing and pressure testing all 
connections and lines before installation. A common precau. 
tion to assist in repairing surface damage to lines is to s t o ~  
excess line below the surface (within the riser pipe when 
used) when backfilling the borehole. In the event of w- -1 
lines, an excavation to this buried length allows rest4 

when not in use to prevent foreign objects or insects om f 
entering them. The lines should be protected from weather, I 

sunlight exposure, and vandalism with d locked housing. The ' 

use of riser pipe around the sampler lines prevents punctures 
by backfill materials and prevents rodents from damaging 
the lines. 

7.4.4.3 When shallow samplen are used, the ground 
surface above the sampler should be maintained in a fairly 
representative state. Large line housings and excessive traffic 
around the sampler (causing compaction of the soil) will 
reduce the amount of infiltration in that area This will sect 
the representativeness of the pore-liquid samples. Methods to 
avoid these effects include angled installations, and remote 
operation of sampler lines 

7.4.4.4 Porous sections may clog as a function of soil 
composition, type of porous section material, biofilm 
growth, suction application, and pore-liquid content (1,17, 
20,s). However, porous section ClOggiag appears to be les 
severe than once thought (12,17). Soils and the 200 mesh 
silica flour filter out fine materials before they reach the 
porous section (60,61,62). Clogsing can be further reduced 
by periodically filling the sampler with distilled water and 
allowing it to drain out of the sampler. Debyle et al (SO) 
suggested removing shallow samplers on a seasonal basis for 
flushing with HQ and distilled water. This process P 
samplers to their original operational and chemical s 

lysimeter With pure water and applying a pressure of 5 psi for 
30 mie However, reinstallation at the same location and 

of an operational system (1). Lines should be clam €+ 

'clogged" lysimeter may be cleaned out by milA- a 
000:345 IX-132 
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pore-liquid tensio~~. Baier et al (64) described methods for 
converting tensiometers to pressure-vacuum lysimeters. It 
would ais0 appear reasonable to convert suction lysimeters 
to tensiometers. However, Taylor and Ashmfi (65) found 
that the volume of water drawn from a converted lysimeter 
into the surrounding soil would significantly affect natural 
pore-liquid tensions In addition, they found that the larger 
porous section of a lysimeter would cause more e o n  of 
dissolved air into the device, and that the time constant for 
measurement would be significantly increased over that of a 
tensiometer. Filter tip samplers can be converted to 
tensiometers with pressure transducers (32). 

7.4.4.8 Operational lifetimes of suction samplers are de- 
pendent on installation. subsurface conditions, maintenance, 
and sampling frequency. Some samplers have been reported 
to be operational for as long as 25 years (64). 

sampling 
test of the 
applying a 
tecting air 
be due to 

or high pore-liquid tensions. Because of this, 
install a tensiometer near the sampler at a 

due to 
to gage 

sampling on local pore-liquid flow regimes. 
initial 

7.4.5 Comments: 
7.4.5.1 Vacuum lysimeters and experimental samplers use 

suction to &eve samples. Therefore, the maximum m- 
pling depth is limited by the maximum suction lift of water 
(about 7.5 m) (12). In practie, these samplers are generally 
used to about 2 m below the surface (12). They are primarily 
used to monitor near-surface movement of po~utants such 

&on decay that might be found in a suction lysimeter with 
a Zoo bubbling P-- ceramic &on- An almost 

as those from land disposal facilities a d  those from figs- 
tion return flow. 

7.4.5.2 Ressure-vacuum lysimeters are generally not used 
at depths below about 15 m. At greater depths, sample loss 

enough to warrant the use of high pressure-vacuum 
lysimeters that do not have these limitations. High pressure- 
vacuum lysimeters are not preferred at the shallower depths 
because they are more expensive. In addition, hi& pressure- 
MCUUm uniu have more moving paru than pressure- 
vacuum uniu, and as a result, the possibility of failure for the 
former is higher. 

7.4.5.3 AS discussed in 7.6, two problems with suction 
samplers are tbat they may not sample fiom macropores 

directly intercepted) and that -its cannot be used in 
quantitative mass balance studies Hornby et al (66) de- 
scribed an installation that could be used to surmount these 
problems. A lxrxtl-sized casing (for example, 57 cm outside 
diameter by 85.7 cm high) is placed in a support device and 
gently pushed into the soil with a backhoe. As the casing is 
pushed, soil is excavated around it to help with insertion. 
The process results in an e n d  monolith of un- 
soil. The monolith is then rotated and lifted, pressure- 
vacuum lysimeters are placed in its base, and the bottom is 
sealed. Subsequently the assembly is placed back into the 
ground at the monitoring site (see Fa 19). fluid draining 
through the monolith is collected by the samplers Inasmuch 
as the boundaries of the system are sealed, the flux of liquid 
through the system requires maintaining a vertical hydraulic 
gradient by applying continual suction to the samplers. 

and overpresshtion problem are m & d e d  si&cant 

pffssure-vacuumlinema~becloggedorpore-liquidtensions 
mY be char but less than 200 char) causing 
liquid inflow rates that are too low for sample collection. 
1 7.4.4.7 Morrison and szecrody (63) descn’bed devices that 
adti be used 

entering the devices prevented accurate measurement of 

- 
tensiometers and then a x ~ e m ~  to 

- =-vacuum lysimeters However, they found that gases (under u m t u m t d  mn&tios, unless the macropores are 

7.5 Operation. 
TIME 7.5.1 Methads: 

7.5.1.1 V m n m  Lysimeters-4ampling methods are de. 
scribed by the US. EPA (12). by Soilmoisture (18’) and by 
l i m a  (25’). To collect a sample, suction is applied to the 
sampler, and the suction line is clamped shut After sample 
has collected in the body tube, it is retrieved through a 

-AkogDrmiauleamastirstaaneah decayassocidedmma 
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With a Transfer Vessell)--sampling methods may be foaad 
in U.S. EPA (12), in Soilmoisture (187) and in Tim= 
When suction is applied to the system, it extends 
porous section through an open, one-way check valv 
bottom of the transfer vesrel or chamber. A second one--) 
check valve in the discharge line is closed during tl& 
AS soil solution enters the sampler it is pulled by the mdod 
into the transfer vessel or chamber through a line attached to 2 
the open valve at its base. The sample is brought to ; 
surface by releasing the suction and applying pressure (for j 
example. air or nitrogen) through the pressure-vacuum lipe. g 
This shuts the one-way valve to the porous segment a d  ; 
opens the one-way valve in the discharge line. The sample 1 
then pushed to the surface (12). A variety of systems haw 
been developed to control pressure, suction and sample 
volume remotely or manually (44,49,67,69). 

7.5.1.4 Suction Lysimaers With Low Bubbling Pressurej = 
(Samplers With PTFE Porous Sections)--Sampling metho& 
for this group of samplers are a bit different than those for 
the three designs described in 7.5.1.1, 7.5.1.2, and 7.5.1.3. 
This system is designed to allow the soil pore water extrac. 
tion process to occur separately From the movement of the 
collected pore water to the transfer vessel. The only differ- 

a 
i !  1 .  I 

R 

ence is that maximum sampling suctions for these units art 
much lower (see 7.6.1.3). 

7.5. I .5 Filter Tip Samplers-Sampling methods may be 
found in Torstensson and Petsonk (32). Samples are col- 
lected by first evacuating the sample vial. The vial is then Mi. 19 Barrel Lysimeter 

discharge line extending to the base of the porous cup. In 
shallow installations, with the body tube extending above the 
soil surface, the discharge line is sometimes inserted and 
removed as needed. For deeper installations, the discharge 
line is permanently installed. At the surface, the line is 
connected to a sample collection flask Suction is applied to 
the flask, and liquid is pulled from the sampler, up the 
discharge line, and into the collection flask Cole (42) 
constructed an array of samplers that were attached to a 
vacuum tank connected to an electric power source. This 
system allowed remote operation at a constant suction. 
Wengel and M e n  (67) described methods by which 
samplers can be connected to a central control board and 
operated remotely. Brown et al (68) employed a solar panel 
to power a similar setup. Chow (44) described a sampler that 
shuts off automatically when the desired sample volume has 
been collected. 

7.5.1.2 Pressure- Vacuum Lysimmers-Sampling methods 
are described in U.S. EPA (12), by Soilmoisture (187) and by 
Tic0 (25'). To sample, suction is applied to the system via 
the pressure-vacuum line. The discharge line to the sample 
bottle is clamped shut during this time. When sufficient time 
has been allowed for the unit to fill with pore-liquid, suction 
is released and the clamp on the discharge line is opened. 
Gas pressure (for example, air or nitrogen; see 7.6.2) is then 
applied through the pressure-vacuum line. This forces the 
sample through the discharge line and into the collection 
f b k  at the surface (12). A Variety of systems have been 
developed by which the pressure, suction, and sample 
volume can be controlled remotely or manually (44,49,67, 
69). 

7.5.1.3 High Pressure- Vacuum Lysimeters (Lysimeters 

Ix- 

inserted-in the sampling adaptor that contains a two way 
hypodermic needle. The adaptor is then lowered dov- 
extension pipe. When the adaptor connects with the 

in the filter tip. ample then flows through the porous 
segment and into the sample vial due to the negative pressure 
in the vial. As sample is collected, the negative pressure in 
the vial falls towards that of the pore-liquid tension. When 
these negative pressures are equal, sampling ends and the 
sample vial is retrieved. The standard sample volume is 
about 35 mL. However, by connecting several vials in Series, 
sample volumes of up to 500 mL can be obtained. 

7.5.1.6 Experimental Suction Samplers-CeUulose-acetate 
hollow-fiber samplers, membrane filter samplers, and 
vacuum plate samplers are operated using the same general 
technique as for vacuum lysimeters. Jackson et al (33) 
sampled from soil columns using cellulose-acetate hollow- 
fiber samplers subjected to a constant suction of 81 cbar. At 
this suction, they were able to extract samples for chemical 
analyses From silty loams with moisture contents ranging 
from 20 to 50 %. Silkwortb and G r i d  (59) compared the 
performance of these samplers to suction lysimeters. They 
found that cellulose-acetate hollow-fiber samplers fail more 
often than suction lysimeters. In membrane filter samplers 
the 'collectors" provide hydraulic contact between the soil 
and the samplers. Liquid is drawn by capillarity into the 
'collectoxx" When suction is applied, liquid flows through 
the %ck," the prefilter, and finally the membrane filter. The 
prefilter reduces clogging of the membrane filter by 
matexiah (9). Stevenson (35) recommended using a 
of between 50 and 60 cbar when sampling with me 
filter samplers. A Variety of constant Suction methods for 
sampling with vacuum plates are described by Morrison (1). 

of the filter tip, the needle penetrates the septa in the a 

w: 
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advantage of the larger platcs is that they have large 
contact aceas with the soil. Therefore, larger sample volumes 

be collected in shorn times than with vacuum 
lysimeters which have porous sections with smaller surface 
anas- 

7.5.2 Comments: 
7.5.2.1 Nagpal (70) recommended several consecutive 

~xtractions of liquids during a sampling event and use of 
only the last one for chemical analyses. The purpose of this is 
to flush out cross contaminants from previous sampling 
periods, and to ensure that any porous segment/soil solution 
interactions have reached equilibrium. Debyle et al  (SO) also 
suggested dixarding the first one or two sample volumes 
when sampling dilute solutions with newly flushed (HCL 
method) and installed samplers. The purpose of this is to 
&ow cation exchange between the porous segment and the 
pore-liquid (caused by the HCL flushing) to equilibrate. 

7.5.2.2 Factors which affect the volume and source of a 
pore-liquid sample include the amount of suction applied, 
the schedule of suction application, the pore-liquid content, 
the distribution of pore-liquid, the soil grain size distribution, 
the soil structure, the porous section design, and the porous 
section age. 

7.5.2.3 Samples collected with lower suctions (about 10 
cbar or less) tend to come from liquids migmting through 
soil macropores (1). Samples collected with higher suctions 
(greater than about 10 cbar) also include fluids held at higher 
tensions in micropom. The sampler may disrupt normal 
flow patterns due to the applied suctions. The effects may 
extend several meters h m  the sampler although the area 
nearest the sampler is most disturbed (71, 72, 73). This 
dimubance causes samples to be averages of the affected 
flow area rather than point samples (1). Warrick and 
Amoozegar-Fad (72) developed an approximate analytical 
aquation which can be used to estimate the maximum radius 
of influence on the flow regime by a suction sampler. 
Narasimban and Dries (74) developed a numerical tech- 
nique to simulate the effects of suction samplers on the 
pore-liquid regime. 

7.5.2.4 Sampling with falling suction produces samples 
With compositions that are 'averages" of the liquids held at 
the range of tensions applied. Because suctions and therefore 
inflow rates decrease with time, these 'averages" are 
-ted toward those portions of the samples obtained in 
cady times. Samples collected over prolonged periods (due to 
slow inflow rates) are 'averages" of the liquids fluxing past 
the sampling region during those times 

7.5.2.5 During wet periods, samplers affect a small 
volume of soil and pull liquids t b m  a sequence of pores that 
may include macropores During dry periods samplers a f k t  
8 hger  volume of soil, draw h m  mimpom because the 
macropores have been drained, and collect less liquid (75, 
76). The net result of this is that sampled soil solutions are 
maveraged" over different volumes and derived from dif- 
h t  pores as a function of the soil moisture content and 
bistribution. 

75.2.6 Soil textures and pore-liquid tensions control the 
amount of liquid that can be removed by a sampler and its 
radius of influence. 'Ihe slope on thc pornliquid release 
m e  for a sand is greater than that for a clay at low 
Poraliquid tensions (see Fs 20). This indicates that there 
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will be a larger quantity of poreliquid released from a sand 
than h m  a clay for an equal change of pore-liquid tension 
at these low tensions At higher tensions, the slope of a clay 
pore-liquid release m e  is greater than that for a sand (see 
Fig 20). This indicates that more pore-liquid will be released 
from a clay than h m  a sand for an equal change in 
pore-liquid tension at the higher tensions. A consequence of 
this is that suction samplers may not obtain samples from 
coarse grained soils at higher pore-liquid tensions. Morrison 
and Szecsody (So) found that (under the conditions of their 
study) radii of influence for suction lysimeters ranged h m  
10 cm in coarse soils up to 92 cm in thegrainedsoils. 

7.5.2.7 Hansen and Harris (20), demonstrated that intake 
rates may vary substantially due to variability in the ceramic 
Sections from one manufacturer's batch to another. As 
dixussed in 7.4, the intake rate of a samplet is also a 
fbnction of the degree of clogging As discussed in 7.6, the 
range of pore-liquid tensions over which a sampler can 
operate is a direct hnction of the maximum pore size of the 
porous section and the surrounding silica flour pack Ftnally, 
Morrison and Szecsody (30) found .that the radius of 
influence of a sampler increases with the diameter of the 
porous section. 

7.52.8 Besause of these factors the following rec~mmen- 
dations have been made for sampling with suction 
lysimeten. Hansen and Hanis (19), suggtsted using uniform 
initial suctionf short sampling intends, and uniform sam- 
pling times for Merent sampling events and locations to 
increase the uniformity of samples Dtbyle et al (SO) also 
recommended sampling with uniform suctions that do not 

. 
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I significantly exceed the tension at which the percolating soil 
solution is being held. US. EPA (12) suggested sampling 
after infiltration events such as rain storms, spring melts, or 
irrigations as these periods of high pore-liquid content are 
accompanied by higher pore-liquid flow rates and contami- 
nant transport. For sampling these events, it is useful to 
install samplers at interfaces between coarse and fine mate- 
rials to take advantage of any liquid perching which might 
occur. Silkworth and Grigal (59) recommended using sam- 
plers with large diameter ceramic porous sections (as op 
posed to small diameter ceramic samplers, or hollow cellu- 
lose fiber samplers) since they showed less of a tendency to 
alter the pore-liquid, they had lower failure rates, and they 
collected larger sample volumes. These recommendations 
were reinforced by van der Ploeg and Beese (73) who 
concluded that samplers with large cross sectional area 
porous sections used with low extraction rates (suctions 
approaching those of the pore-liquid tensions) reduce the 
effects of sampling on compositions of saniples Fiially, U.S. 
EPA (12) recommended that porous section material types 
be carefully chosen based on pore-liquid tensions expected in 
the sampling area. Operational ranges of various porous 
section types are discussed in 7.6 and are presented in Table 
1. 

7.6 Limitations: 
7.6.1 Physical Limitations: 
7.6.1.1 The most severe constraint on the operation of 

suction samplers involves soil around the porous sections 
becoming so dry (and porpliquid tensions so high) that 
samples cannot be collected. The limiting factors in these 
conditions will be the porous segment or the soil hydraulic 
properties. For porous segments with bubbling pressures less 
than 60 cbar (for example, FIE), the porous segment will 
be the limiting factor because the high suctions required to 
move liquids into the samplers will cause menixuses in the 
porous segments to break down and air to enter. Sod 
hydraulic properties will be the limiting factors for porous 
segments with bubbling pressures greater than 60 cbar (for 
example, ceramics) because unsatufated hydraulic conduc- 
tivity of the soil and pressures gradients across the porous 
segments will be so low (due to high pore-liquid tensions) 
that flow into the samplers will be negligible. 

7.6.1.2 The maximum suction that the saturated porous 
section of a sampler can withstand before air enters is a 
function of the pore configuration and size, and its 
hydrophilicity/hydrophobicity (see Appendix X1 and (65)). 
The following variation of the capillary rise equation (8,12, 
18,77) combines these factors 

-26 asa 
r pb = 

where: 
P b  
6 = surface tension between pore-liquid and air, units - 
a = contact angle between the liquid and the material of 

r = maximum pore &ius of the pore segment, units - 
This equation shows that the bubbling pressure decrwses 
with increasing contact angle and with inmasing maximum 

= bubbling press~re (gage), units - F L r 2 ,  

m', 
the porous segment, 0, and 

L 

- -- 
contact angle) a small& pore Site will be required (65). 
maximum pore sites of presently available ceramics (that 
hydrophilic) used for suction lysimeters and filter tip 
plers vary from 1.2 to 3 pm (as measured by the bubbliag 
pressures) (187, 45, 78'). The maximum pore sizes of 
cellulose-acetate hollow-fibers and membrane filters 
from less than 2.8 pm and 0.4 to 5.0 pm respectively (1,35, 
36). These pore sizes result in maximum sampling suctiom 
near 100 cbar. Therefore, these materials will not allow air to 
enter during sampling, and the limiting factors will be &e 
soil hydraulic properties. The combination of soil limiting 
effects result in negligible sampling rates when PorPliqUid 
tensions are above 60 cbar (for coarse grained soils) to 80 
cbar (for finer grained soils) (45). At tensions above these 
levels, innow rates are too low to allow sampling. 

7.6.1.3 The maximum pore sites of presently available 
porous FTFE segments for suction lysimeters range from 
about 15 to 30 pm (calculated from bubbling pressures) 
(257). These pore sizes allow maximum sampling suctions of 
about 10 to 21 cbar (25). The hydrophobicity of FIE will 
further reduce the magnitude of the maximum sampling 
suction. Applied suctions of greater than 10 to 21 cbar (or 
less) will cause air to enter, and sampling to cease.. Because a 
suction greater than 10 to 21 cbar cannot be amlied to these 

pore radius. The maximum sampling suction that m 
applied is io0 cbar (1 atmosphere). For a hy- 
material (that has an acute contact angle) tbe maximum 
size that will allow the application of 100 cbar of suaj 
2.8 Bm. For a hydrophobic material (that has an obhlrr 

4 
I 
.? 

sample6 pore-liquids held at tensions greater-& 10 + 

FTFE will be the limiting factor when it is used for e cbar cannot be sampled with these devies. Because 01 

porous segment. A consequence of the small suction range 
available to PTFE porous sections is that only very moist 
soils approaching saturation may be sampled (17). 

7.6.1.4 The silica flour pack, that has smaller pore sizes 
than PTFE, can act as an extension of the porous segment, 
and may extend the range of suctions that can be applied to 
the sampler. Everett and M c W o n  (45) found that the pack 
extended the suction range of earlier, larger pore size PTFE 
(70 to 90 pm) from 1 s  than 4 to 7 cbar. Timco (25') 
suggested that the operational range of the presently avail- 
able I T €  samplers (15 to 30 pm) can be extended from 10 
to 21 cbar to between 61 to 71 cbar when 'properly" 
installed within a silica flour pack (this has not been verified 
in peer reviewed literature). For this to be true, the silica 
flour pack must be able to remain saturated over the mnge of 
applied suctions. However, the results of Everett and 
McMillion (45) suggest that the bubbling pressure of the 
silica flour pack is only 7 cbar. Trainor (27) found that evem 
ifthese samplers are 'propedy" installed, air may still enter if 
applied suctions exceed pore-liquid tensions by more than 
30%. Pa-liquid tensions are not aiways known, and 
technicians may not carefully control applied suctions. In 
addition, pressurization of pressurc-vacuum lysimeters for 
sample retrieval appears to damage the silica flour pack(27, 
28). Thus, dependency on the silica flour pack to 

of this, suction lysimeters with FTFE porous 
needed suction range is an extremely limited option. & 

limited to near saturated sampling and have been classi6ed 
SeParateiY (= Fh% 20). 
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7.6.1.5 Samples can be collected (using ceramic porous 
d o n s )  from clays with high pore-liquid tensions ( a p  
proaching 60 to 80 cbar). However, becau liquid inflow 
ntes are low at higher tensions, the amount of time required 
to collect sufficient sample volumes may exceed the max- 
imum allowable holding time for many chemical analyses. 
Law (76) pointed out that when soils have liquid contents 
that allow little or no sample collection (high pore-liquid 
tensions), there is little or no liquid movement in the soil. 
Consequently, there will be little or no contaminant migra- 
tion. If samples of pore-liquids held at tensions above 60 to 
80 cbar are desired, soil core sampling with subsequent 
laboratory liquid extraction may be used (76). However, Law 
(76). and Brown (79) concluded that results from the two 
sampling methods are not comparable. Liquid from soil core 
samples will include constituents that are held at tensions 
greater than 60 to 80 cbar and that would not be picked up 
by suction samplers Because of this and because samples 
removed from soil cores may include some of the constitu- 
ents from the soil itself (for example, cations preferentially 
adsorbed in electrical double layers) or sorbed organics, Law 
(76) concluded that soil cores are more conservative &ma- 
tors of cation contaminant presence in soil. Brown (79) 
concluded that organic contaminant concentrations derived 
from soil cores and pornliquid samplers are not comparable 
because of preferential sorption of some compounds. Amter 
(80) developed an alternative to extraction of samples from 
soil cores. The method involves injecting a chemically blank 
fluid through an existing lysimeter. After a time, the fluid 
(now containing dilute pore-liquid) is recovered through the 
sampler and analyzed. The results, although qualitative, were 
shown to correlate well with known relative pore-liquid 
constituent concentrations 

7.6.1.6 Suction samplers may not intercept macropores 
because of the small site of their porous sections. Because of 
this, they may miss the majority of flow at high moisture 
contents in structured soils (81). The ability to intercept this 
flow can be e n h a n d  by installing the samplers in large 
diameter silica flour packs. However, this involves drilling 
larger holes. Because suction samplers only sample when 
suction is applied, they may miss infiltration events unless a 
constant suction is applied. Therefore, under conditions of 
high moisture content in structured soils, €fee drainage 
samplers are recommended (see Section 8) (81). Pore-liquid 
composition changes with time. Because suction samplers 
sample over an extended pexiod (especially in drier soils), the 
resulting sample should be considered an average of the total 
flux past the sampler during the sampling interval. 

7.6.1.7 A major factor limiting the operation of shallow 
suction samplers in cold climates is that pore-liquid may 
freae near the porous segments In addition, liquid may 
freeze within porous segments and lines, preventing sample 
retrieval and perhaps fracnuing the sampler during ice 
expansion. Because of this, lines should be emptied before 
the onset of cold weather. Additionally, some soils tend to 
heave during kezing and thawing Consequently, the sun- 
plcn may be displaced in the soil profile, resulting in a break 
of hydraulic contact (12). 

7.6.2 Chemical Limitations: 
7.6.2.1 The inherent heterogeneities of unsaturated pore- 

liquid movement and chemistry limit the degree to which 

samples collected with suction samplers can be considered 
representative. This is because the small cross sectional amas 
of suction samplers may not adequately integrate for spatial 
variability in liquid movement rates and chemistry (Sl, 82, 
83). Biggar and Nielsen (84) suggested that results of analyses 
from suction lysimeter samples are good for qualitative 
comparisons, but that they cannot be used for quantitative 
analysis unless the variabilities of the parameters involved 
are established. Law (76) came to similar conclusions, stating 
that results from suction lysimeter sampling could not be 
used for quantitative mas balance studies. 

7.6.2.2 Well structured soils have two distinct flow regions 
including macropores (for example, cracks, burrows, and 
root traces) and micropores. Under saturated conditions, 
liquids move more rapidly through macropores than through 
micropores. Because of this, the movement of liquid-borne 
pollutants into the finer pores may be limited. Consequently, 
pore-liquids in macropores may have different chemistries 
than those in micropores (85). This is enhanced by the fact 
that oxygen content in macropores can change in a matter of 
hours during an infiltration event, whereas micropores may 
remain suboxic regardless of flow conditions (75). In addi- 
tion, micropores are less susceptible to leaching than 
macropores (1, 86, 87, 88). Because of these differences, 
sample chemistry can vary widely from location to location 
and from time to time depending on the amount of liquid 
drawn from these two flow systems. 

7.6.2.3 Suction samplers may affect pore-liquid chemistry 
as it is being sampled. The major sampler related factors that 
can af€m the sample chemistry are the porous segment 
material and sample storage time. The degree of chemical 
interaction may also be affected by the amount of porous 
section clogging (1). Clogging slows the rate of flow through 
the porous section so that contact time and chances for 
chemical interaction are increased (50). In addition, the 
types of adhesives used to attach porous segments (for 
example, epoxy) may alter the pore-liquid chemistry. 

7.6.2.4 Interactions between porous materials and liquid 
can include sorption, desorption, cation exchange, precipita- 
tion (for example, ferric precipitation), and xreening (20). 
These interactions can also cccur with all other pam of the 
samplers that the samples contact. However, the much 
higher surface area of pores within porous segments makes 
them the most critical element chemically. Table 2 presents 
the results of a literature review for porous section/pore- 
liquid interactions. An attempt has been made to document 
the pertinent featurw of the listed studies. However, the 
reader should refer to the original papers to determine if 
experimental techniques are applicable to the situation of 
interest The absence of entries for a constituent relative to a 
material does not infer absence of interactions Although 
studies for membrane filter interactions have been per- 
formed, the results have not been included in Table 2. This is 
because membrane film are made h m  a variety of 
materials that have differing chemical chamterm - 'cs(36). 

7.6.2.5 Suarez (89) showed that the pH of a sample may 
be affected by 0.28 to 0.44 pH units due to Cot degashg 
during sampling He reduced this error by reducing the 
gas-liquid ratio in the sampler, and by flushing several 
sampler volumes of soil solution through the sampler before 
coUecting a jample. Alternately, S u a r a  (89) developed a 
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model by which pH values could be corrected. He noted that 
multichamber samplers had minimal pH errors and that pH 

corrections due to CO, degasins were not necessary. Pcters 
and Healy (53) found that there was no signi6cant change in 
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pH due to CO, degassing during long sampling times, 
although they recognized that pH changes could occur when 
the solution is originally more acidic than that which they 
tested. Ransom and Smeck (90) and Anderson (75) sug- 
gested purging the sampler with N2 to preserve the subsur- 
face redox states when sampling for redox dependent ions. 
Fdter tip samplers do not use a purghg gas, therefore, 
pore-liquid redox states arc presmed in the samples 

7.62.6 Nightiwe et ai (31) indicated that nonnal sue 
tion sampling techniques are not suitable for sampling 
volatile organic compounds due to potential loss. Wood et al 
(91) devised a body tube connected to a purging chamber 
that is in turn connected to a trap packed with resin. 
Compounds that volatilize during sampling are captured in 
the trap. Pettyjohn et al(92) described a suitable system for 
sampling highly volatile organics However, the reported 
system was limited to a maximum sampling depth of 6 rn 
and a small sample volume (5 to 10 mL). Torstensson and 
Pasonk (32) descn'bed methods that can be uscd to collect 
samples with 6ltm tip samplers that result in no head space 
in the sample vial and consequently no loss of volatile 
compounds 

7.62.7 A ncwly forming consensus is that the effects of 

suction samplers (when properly pre-treated) on sample 
chemisay of nondilute solutions are generally less Signifi- 
cant than the inherent uncertainties of sampling discussed in 
7.6.2.1 and 7.6.22 (17,53,93). 

7.6.3 Microbial Limi ta t ions -Vi  or bacteria are 
sometimes monitored in areas where there are livestock lots 
leach fields, septic tanks, or sewage sludge spreading plots 
However, it has been found that although porous ceramics 
will allow viruscs to pass, they will xreen out bacteria (for 
example, escherichia coli and f e d  coliform) ( l a % ,  9 4 , s ) .  

8. Free Drpinese Samplers 
8.1 Fne drainage samplers are clasified differently by 

various authors, depending on the instahtion methods. 
Many free drainage samplers are installed in the side walls of 
trenches and are r e f d  to as trench lysimetcr~ However. 
fret d m b g c  samplers are also installed in the walls ol 
vertical caissoaS. The principle behind each of the samplerr 
is essentially the same. However, the mamials and construc- 
tion differ. The general types of fret draimge sampler: 
inClU&. 

8.1.1 Pan lysimeters, 
8.12 Glars blod lysimeters, 
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8.2.1 A free drainage sampler consists of some son of 
collection chamber that is placed at depth in the soil. 

I 

COPPER 
TUBING 

Pore-liquid in excess of field &pacity is &‘to drain through 
soil (usually through macropores) under the influence of 
gravity. This gravity drainage creates a slightly positive 
pressure at the soil-sampler interface causing fluid to drip 
into the sampler. Hence, these samplers collect liquid fiom 
those portions of the vadose zone that are intermittently 
saturated due to events such as rainfall, flooding, or irriga- 
tion. Some free drainage samplers apply a small suction in 
order to break the initial surface tension at the soil-sampler 
interface. Samples are retrieved either by accessing the 
samplers at depth or by drawing samples to the surface 
through a suction line. 

8.2.2 As described in 4.2, suction samplers can also be 
used to sample free drainage flow. However, the small area of 
those samplers compared to the spacing of macropores limits 
their usefulness for this application. As described in 7.4.5.3, 
Hornby et al (66) developed an installation that includes 
pressure-vacuum lysimeters within an encased monolith. 
This enhances collection of macropore flow with these 
samplers. 

8 -3 Description. 
8.3.1 Pan Lysimeters: 
8.3.1.1 A pan lysimeter generally consists of a galvanited, 

metal pan of varying dimensions. A copper tube is soldered 
to a raised edge of the pan. Plastic or vinyl tubing connects 
the copper tube to a collection vessel. Any liquid that 
accumulates on the pan drains through the tubing into the 
vessel (see Fig. 21) (26). 

8.3.2 Glass Block Lysimeters-Barbee and Brown (81) 
developed free drainage samplers made fiom hollow glass 
bricks. These glass bricks, that are produced for ornamental 
masonry work, have dimensions of 30 by 30 by 10 cm and 
have a capacity of 5.5 L. To build a sampler, nine holes, 0.47 
cm in diameter, are drilled along the perimeter of one of the 
square surfam of a brick. Nylon tubing is inserted into one 
of the holes to allow for sample removal. The collecting 
d a c e  is fitted with a fiberglas sheet to improve contact 
with the so& Pore-liquid collection is enhanced by a raised 
lip along the edge of the surface (see Fs 22). 

8.3.3 Trough Lysimeters: 
8.3.3.1 Trough lysimeters, also known as Ebermayer 

lysimeters, rely on a trough or pail to d e c t  pomliquid. In 
order for the edges of the sampler to maintain a firm contact 
with ?he soil, a fiberglass screen is suspended inside the 
trough. The Scieen is lined with glass wool and covered with 
soil until the soil is even with the top of the trough (sa). 

8.3.3.2 Morrison (1) reported a trough lysimeter in which 
two parallel metal rods arc inside the trough, in contact with 
the bottom side of the screen, and bent toward the collection 
tube. liquid that enters the trough migratcS along these rods 
towards the collection tube in response to capillary forces 
(see Fs 23). A modification of this design consists of a metal 
trough with a length of perforated PVC pipe mounted inside. 

I I 

L 1 5 l N  

PIAN WEW 
FIG. 21 Example of a Pan Lysimetef 

SUCTlON ’ 
LINE A/’’ 

FIG22 Ghs8B&&Lydmetw 

The trough is filled with graded gravel so that cause material 
is immediately adjacent to the PVC pipe and b e  sand is at 
the edges and the top of the trough. The pipe is capped at one 
end while the other end is connected to a sample container 
via a drainage tube (1). 

8.3.4 Vacuum Trough Lysimeters-Montgomery et al 
(97) described a vacuum trough lysimeter consistiag of a 
metal trough equipped with two independent strings of 
ceramic pipe, each 13 mm in diameter. The design, other- 

samples under applied suctions of up to 50 cbar 
wise similar to trough lysimeters, allowed e m c t i  

ceramic pipes act as a vacuum system, and sampl 
extracted through a suction line. 

B 
8.3.5 Caisson Lysimeters-A caisson lysimeter consists of 
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FIG. 23 TrwQhLysImeter 

collector pipes, radiating from a vertical chamber (1). A 
design used by Schmidt and Clements (98) consists of a 
neariy horizontal, half-screpxi PVC casing (see Fa 24). 
Schneider et al(99) designed a similar system consisting of: a 
15.2 cm diameter stainless steel tube extending diagonally 
upward through the caisson wall into the native soil; a 
screened plate assembly within the tube to retain the soil; a 
purging system that can be used to redevelop the sampler 
when it becomes clogged, and an airtight cap that prevents 
exchange between the air in the caisson and the soil air. 

8.3.6 Wcking Soil PoreLiquid Samplers-Hornby et al 
(66) described a wicking sampler, alleged to combine the 
attributes of free drainage samplers and pressure-vacuum 
lysimeters. The sampler collects both free drainage liquid 
and liquid held at tensions to about 4 cbar. A hanging 
'Hurculon" fibrous column acts as a wick to exert a tension 
on the soil pores in contact with a geotextile fiber which 
mes as a plate covering a 30.5 by 30.5 by 1.3 cm pan. The 
terminus of the fibrous column is sealed into the cap of a 
tubular sample collector. The collection tube also contains 
an inlet pressure-vacuum line and a sample collection tube. 
Materials for the sample collector depend on the constituents 

WATER 
. CORRUGATED 

STEEL PIPE 

SAMPLE 
COLLECTOR 

- 2 4  E u m p k o f a c . k r o n L ~  

being sampled. Glass and FTFE were recommended mate- 
rials when sampling for organics (see Fig 25) (66). 

8.3.7 Sand Filled Funnel Samplers--K W. Brown and 
Associates (100) d i s c d  a sand-filled funnel for collecting 
freely draining liquid. The funnel is filled with clean sand 
and inserted into the sidewall of a trench. The funnel is 
connected through tubing to a collection bottle. Application 
of suction to a separate collection tube pulls the sample to 
land surface (see Fig. 26). 

8.3.8 Comments-The dimensions of the free drainage 
samplers discussed are purposely left vague. Because the 
samplers collect fluid flowing primarily througb macropom, 
the dimensions are often dictated on a site-by-site basis by 
the configurations and spacings of the macropores. 

8.4 Installation Methods: 
8.4.1 Installation. 
8.4.1.1 Free drainage samplers are commonly installed 

into the side walls of trenches or Oissons. The trenches can 
be dug either by hand or with backhoes But they should be 
stabilized with timbers and siding if deeper than 1.5 m, in 
order to allow safe access (26) (see Occupational Health and 
Safety Administration Regulations). All wood used in the 
construction of permanent trenches should be treated with 
preservatives to protect it against degradation due to semi- 
saturated conditions. This may pose a problem when moni- 
toring for organics. Any spaces between the bare trench side 
walls and the siding are filled with soil and peagravel to allow 
for free drainage. The excavations should be covered to 
provide positive surface drainage away fiom the area. Some 
free drainage samplers require only temporary excavations 
for installation. After the samplers have been installed, the 
excavations are backfilled with native soil. 

8.4.1.2 Caissons for housing fie drainage samplers are 
constructed with cormgated culverts or concrete drainage 
pipes.-Schneider and Oaksford (101) installed Caissons by 
excavating soil &om within a concrete pipe using a crane 
operated shovel and manual labor. Each concrete pipe 
section, weighing 222.5 kN (25 tons), was set in place with a 
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crane. As excavation inside the pipe progressed, the pipe 
advanced downward under its own weight. 

8.4.1.3 Pan Lysimeters-A pan lysimeter can oAen be 
pushed or driven directly into the side wall of a trench. 
However, if the soil is resktant, an opening for the sampler 
can be created by hammering a sheet metal blade into the 
soil profile with a sledge hammer. The pan is placed in the 
side wall so that it slopes gently toward the trench. Any voids 
above or below the pan are filled with soil (26). The end of 
the copper tubing is allowed to project through the trench 
siding and is connected to plastic tubing and a sample bottle 
(see Fig. 27). 
. 8.4.1.4 Glass Block Lysimeters-A glass block lysimeter is 
installed in a cavity that is excavated in the side of a trench. 
Barbee and Brown (81) used a wooden model of the sampler 
in order to achieve the correct cavity size during excavation. 
They used a small knife to xore the ceiling of the cavity in 
order to expose any pores that may have been smeared shut 
during excavation. Care should be taken to keep the ceiling 
of the cavity smooth and level so that liquids will not nm off 
the upper surface of the glass block. Jordan (96) found that 
the edges of the sampler had to be in contact with the soil for 
the entire perimeter of the sampler in order to prevent liquid 
from ~ n n i n g  out through any spam between the soil and 
the sampler. Level blocks are important so that the majority 
of the collected sample can be retrieved. However, the inside 
glass surface is uneven and has 'low spots" where residual 
sample collects between sampling cycles The glass block is 
pushed to the end of the cavity and wedges are used to hold 
its collecting surface M y  against the ceiling of the tunnel. 
Both the cavity and trench are partially bacld%ed. Barbee 
and Brown (81) recommend pressing a sheet of aluminum 
foil against the wall of the trench, extending below the top of 
the brick, before final backtilling in order to minimite any 
lateral migration of liquid h m  the disturbed portion of the 
soil profile to the undisturbed portion (see Fa 28). It should 
be noted that aluminum foil is often coated with oil 

8.4.1.5 Trough Lysimems-Trough lysimeters are in- 

U * =: 
4 ? 5 

._ 

-:- FIG 27 Example of Pan Lysimeter Lnttatlation 
.! 

stalled in the same manner as glass block lysimeters 
28). 

8.4.1.6 Vacuum Trough Lysimeters-The vacuum hrortgh 
lysimeter descn'bed by Montgomery et al(97) is housed in a 
box-like structure, wih four walls and a floor, but no 
The floor of the structure and the lower portions of the 
are made of steel. The upper portions of the walls a 
composed of fiberglass coated plywood. A slotted, plastic 
drain pipe is set 20 mm above the floor of the structure and 
is surrounded by gravel. The soil profile surrounding the 
trough lysimeter is reconstructed incrementally in an at- 
tempt to recreate natural conditions The structure is filled 
with soil in increments of 0.5 m or less. After each increment 
is added, liquid is piped slowly into the structure through the 
drain pipe and allowed to drain back out for 24 h before the 
next increment is added. This working of the soil particles by 
liquid is believed to produce bulk densities that are fairy 
representative of the undisturbed conditio= However, soil 
macropores are not reprodud 

8.4.1.7 Gzisson Lysimers--Latral collectors or free 
drainage samplers are installed in cavities augered by hand or 
by powerdriven equipment through holes in the caisson 
walls (see F ~ L  24). 

8.4.1.8 W d n g  Soil Pore-Liquid SampIm-These units 
are installed by the trench and cavity method similar to that 
for glass block lysimeters (66). A backhoe 

of the trencb to the dimensions of the 
trench tothe desired depth. A cavity is then dug into th 

the cavity is sometimes scarified (depending on the soil type) 
to remove smearing caused during excavation. The sampler 
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is then forced tightly into place to ensure good contact with 
the roof of the cavity. The cavity is large enough to 
accommodate the sampler, the hanging wick and the collec- 
tion tube. The pressure;vacuum line and the sample collec- 
tion line are extended to the surface. During backfilling of 
the tunnel and trench, the bulk density of the fill should be 
equal to or greater than the native soil. 

8.4.1.9 Sand Filled Funnel Samplers-The hallation 
procedure for these samplers is similar to that used for glass 
block lysimeters (see Fig 26). 

8.4.2 Maintenance: 
8.4.2.1 Where samplers are accessed through permanent 

trenches and caissons, the sampling station must be prct 
tected against flooding due to excessive in6lmtion. Parizek 
and Lane (26) drilled a floor drain about 27 m through 
underlying soil into the unsaturated bedrock. This allowed 
drainage of excess liquid from the floor of the sampling 
trench, and also decreased the chances of contamination of 
soil surrounding the structure. Alternately, a sump pump can 
be used i fa  drain is not feasible. Parizek and Lane (26) also 
found that stratified soils intensified lateral !low of pore- 
liquid, thus aggravating any flooding problems. They con- 
cluded that flooding may be a problem in humid areas where 
more than about 5 cm of liquid per week is applied to the 
land d b x .  

8.4.2.2 The ground surfm above the sampler should be 
maintained in a hidy representative state. Large housings 
and excessive MC around the sampler (causing C o m p  
tion of the soil) will reduce the amount of infilmtion in that 
area This will a f f e c t  the representatiyenesr of the pore-liquid 
samples. 

8.4.3 COmmenU--A sisnit;Cant advantage Of SampIerS 

installed in the sidewalls of trenches is that in sufficiently 
cohesive soils, installation produces no disturbance in the 
overlying soil. In cohesionless, sandy soils, stable cavities 
may not be possible. As a resuh, backfilling of the fallen 
material may be required. This disturbs the soil profile and 
macropores are not praerved (97). 

8.5 Operaion: 
8.5.1 Methods: 
8.5.1. I Since pore-liquid flows into free drainage samplers 

under the influence of gravity, sampling is a relatively simple 
procedure. Liquid accumulates in the collection device and 
then drains through tubing into a sample bottle. The sample 
can be retrieved either through access to the sampling trench 
or by pulling it to the surface by a suction pump. The 
wicking pore-liquid sampler allows the application of a slight 
suction (4 cbar) to improve sampling. However, this design 
also has a tendency to clog. 

8.5.1.2 Jordan (96) found that surface tension develops in 
trough lysimeters at the soil-air interface and prevents some 
of the liquid from entering thc collector. Cole (41) addressed 
this problem by inserting an aluminum oxide dix between 
the soil and the collection surface, and then applying suction 
to break the surface tension and draw liquid out of the soil. . 
The problem with this approach k that it requires the soil 
adjacent to the aluminum oxide disc to be fiee of roots, 
cracks, and channels (W). The two parallel rods included in 
the trough lysimeter design overcome this problem. If one 
end of the metal rod touches the fiberglass screen, then the 
surface film of liquid surrounds the rod and the liquid moves 
down the rod toward the sample container. Two rods, barely 
touching, facilitate this migration by allowing the liquid to 
move in response to the capillary forces between them (96). 

8.5.2 Commenrs-Under near saturated conditions with 
macropore flow, free drainage samplers tend to collect larger 
and more consistent samples thaa suction samplers Since 
free drainage samplen are continuous samplers, they need to 
be emptied after each infiltration event in order to e m  
sample integrity, to prevent sample container overflows, and 
to prevent cross contamination between hydrologic events 
(12). 

8.6 Advantages and Limitations: 
8.6.1 Physical Advantages and Limitations-A major ad- 

vantage of free drainage samplers is that they are essentially 
passive, thus they do not alter pore-liquid flow paths. The 
major disadvantage of free drainage samplers is that samples 
can only be obtained when soil moisture conditions are in 
e x a s  of field capacity. Such saturated conditions usually 
require Constant application of surtace liquid, as in the case 
of agricultural irrigation or at land m t m e n t  sites. Under 
drier conditions, free drainage samplers fail to yield any 
liquid and suction samplers are required 

8.6.2 Chemical Advantages and Limitations: 
8.6.2.1 There are both advantages and disadvantages to 

Using free drainage samplers to collect pore-liquid for chem- 
ical anal- A major advantage is that the samplers do not 
distort naNal flow patterns as do suction samplers Because 
samples are collected over known anas, quantitative mass 
balana estimates are possible. Because the samplers are 
continuous conectors, infiltration events OLD be sampled 
without having to go to the field. The major Iimitation of k e  
drainage samplers is that they cannot sample pore-liquids 
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held at tensions greater than the field opacity. As With all 
samplers, analytical parameters/satnpler material compati- 
bilities should be considered. As an example, samples 
collected from pan lysimeten should not be anal@ for 
copper or zinc, particularIy if the pH of the collected fluid is 
below seven. 

8.6.2.2 Free drainage samplers tend to collect pore-liquids 
that drain rapidly through macropores. Since the residence 
time of this liquid is less than that of liquid moving under 
tension, the major ion chemistry appears more dilute than 
the fluid sampled from unsaturated pores with suction 
samplen. In some cases, this decrease in residence time in 
combination with other factors can result in an actual change 
in the chemical signature rather than just an overall dilution. 
This is because insufficient time may be available for 
reactions to occur with soil components that act as chemical 
sources or sinks (102). However, fiee drainage samplers have 
large cross-sectional areas and they are cumulative collectors. 
As a result, they collect samples which average soil heteroge- 
neities and therefore give a more representative picture than 
suction samplers of chemical movement through wet soil, 
particularly through well-structured soils (81). In addition, 
the samplers use suction only to retrieve samples As a result 
there is less potential for loss of volatile compounds than 
with suction samplers (12). . 

8.6.3 Microbial Advantages and Limicmions-Since fke 
drainage samplers do not have the minute openings that 
porous ceramic suction samplers have, they do not screen 
out colloidal-sired particles and soil bacteria. Consequently, 
they yield more representative values for suspended solids or 
BOD measurements (26). 

1 
.! 
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9. Perched Ground Water Samplers 
9.1 Perched water occurs where varying permeability 

layers in the vadose zone retard downward movement of 
Liquid. Over time, liquid coUects above lower permeability 
layers and moisture contents rise until the soil becomes 
saturated with liquid (9,103). Once soil becomes saturated, 
wells and other devices normally installed below the water 
table can be used to collect samples. Separate guides are 
available for ground water sampling, therefore, the topics are 
covered briefly, with reference to appropriate documents. 

9.2 Sampling perched liquid is attractive because the 
perching layer collects liquid over a large area. This integra- 
tion allows samples to be more representative of areal 
conditions than suction samples (103). This also allows the 
sampler to potentially detect contaminants that may not be 
moving downward immediately adjacent to the sampler. In 
addition, Iarger sample volumes can be collected than those 
that can be obtained by suction samplers. Everett et al(6) 
and Everett et al(9) dixussed the incorporation of perched 
ground water sampling into monitoring programs. There are 
a variety of systems that can be used. These include the 
foU0wing 

9.2.1 Point samplers, 
92.2 Wells, 
92.3 Cascading water samplers, and 
92.4 Drainage samplers. 
9.3 operaling Primp1le: 
9.3.1 Point Samplers-Point samplers are open ended 

pipes or tubes, such as piemmeten or wells with short 

4696 

screened intervals, installed for the P- of collm, 
samples from a discrete location in saturated 
Samples are collected by bringing liquid that flows freely 
the device to the surface by one of a variety of meth 

9.3.2 Wells-A monitoring well is similar to 
sampler except the screened intenal is longer. 'Iherefon, 
samples are averaged over the screened length (104). Samples 
are collected by bringing liquid that flows freely into the well 
to the surface by one of a Variety of methods. 

9.3.3 Cascading Water Samplers-cascading water 0 ~ -  
curs when a well is screened acros a perched layer and the 
underlying water table or when water leaks through casing 
joints at the perched layer. Because the water table is low= 
than the perched layer, water flows into the well in the 
portion open to the perched layer, and cascades downward to 
the water table. This situation is common in some ara 
where the practice has been to install water wells with large 
screened intervals (105). Samples are collected by capturing 
liquid flowing into the well from the perched layer before it 
cascades down to the water table. 

9.3.4 Drainage Samplers-Shallow perched systems may 
spread contamination, cause problems with structures, or 
interfere with agriculture. Therefore, drainage systems are 
sometimes installed. These systems usually funnel liquid via 
pvity  flow to a ditch or sump from which it is pumped out  
This outflow can be sampled. Typical drainage systems 
include tile h e s  or manifold collectors. Depending on the 
design of the system, it may be possible to sample outflows 
that drain different areas. 

-- 

: 
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9.4 Description: 
9.4.1 Poin! Samplers: 
9.4.1.1 Point samplers can be installed in se 

boreholes or clustered together in one borehole at different 
depths. Fig. 29 presents different, configurations that have 
been used. Piezometers, that are often used as point sam- 
plers, are similar to wells, in that they consist of a small 
diameter casing open at one end or connected to a short 
screened interval (1%). Reeve ( lot) ,  Patton and Smith (108) 
and Morrison (1) discussed different designs. 

9.4.1.2 Point samplers can be made from a variety of 
materials including steel, PVC, ABS, fiberglass, and 
additional materials for joints, seals and other components 
(loa, 107). 

9.4.2 Wells: 

YKwn 
SCREENED BENTONIE =SAND 

PA- M R V U  =SEU PA- 
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9.4.2.1 Monitoring wells (as depth averaged samplers) are 
nomally installed with one well in each borehole. Compo- 
nents of a well generally include a bottom plug, a Iengtb of 
green, a length of blank casing, a cap, and a protective 
cover. Merent  monitoring well designs are presented in 
F i  30, 31, and 32. Authors who described methods for 
designing and installing monitoring wells include U.S. EPA 
(109), Driscoll (110), Gas (111). Keely (112), Minning 
(113), Richter and Collentine (114), Riggs (llS), Riggs and 
Hatheway (116), Scalfet al(117), Morrison (l), Everett et al 
(9), Campbell and Lehr (118). Hacken (119, 120) summa- 
rized methods for designing and installing monitoring weUs 
with hollow stem augers. Screened hollow stem augers can 
also be used as temporary wells for sampling (Taylor and 
serafini, (121)). 

9.4.2.2 Monitoring wells can be made from a variety of 
materials including steel, PVC, FTF€, ABS, fiberglass, and 
additional materials for joints, seals, and other components. 
Details are provided by Barcelo~ et al (122), U.S. EPA 
(lW), Morrison (1) and many of the references listed above. 

9.4.3 Carcading Water Samplers: 
9.4.3.1 caxading water is most often seen in production 

wells in afeas with extensive ground water pumpage. Sam- 
plers simply consist of a bucket or bailer lowered to a point 
below the idlow of ascadmg watex. W h n  and Schmidt 
(103) described methods for developing cascading water 
samplers (see Fllg. 33). 

1 9.4.3.2 cascading wells differ from other wells only by the 
way in which water flows into them. Othenvife, the materials 
used for these wells are identical to those used for other types 
of wells. Bailers or buckets used to collect samples are also 
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available in steel, PVC, PTFE, acrylic and other ma& 
9.4.4 Drainage Samplers: 
9.4.4.1 Drainage systems consist of conduits installed 

within the perched zone at sumcient slopes for water to flow 
to a central ditch ordxain. The conduits can be tile drains, 
half perforated pipes, synthetic s b e t i q  or even layers of 
gravel and sand. S&iX@rde ed. (la), contains numerous 

s <  
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papers on the design and construction of drainage systems. 
Donnan and Schwab (124) described sampling from agricul- 
tural drainage systems. Gilliam et al (125), Gambrell et al 
(126). Eccles and Gruenberg (127) and Gilliam et al (128) 
described sampling from tile drains. Gilliam et al(125) and 
Jacobs and Gilliam (129) described sampling from drainage 
ditches. Wilson and Small (130) described a lateral drain 
sampler installed beneath a new sanitary landfill. A perf& 
rated pipe collected liquid that was funneled to a sump via a 
drain line. In most of these systems, a thin layer of high 
permeability sand or gravel is installed around the drain to 
promote flow into the collector, and to sieve out fine 
materials. 

9.4.4.2 Because drainage systems often require large 
quantities of materials, less exotic, cheaper materials such as 
baked clay tiles and PVC are often used. 

9.4.5 Comments-& with all samplers, potential chem- 
ical interaction betwen the sampler material and the con- 
stituents of interest should be considered. Because these 
samplers are usually installed for other purposes, incompat- 
ibility of materials with monitoring objectives is often a .  
problem. Everett et al(9), Dunlap (131), and U.S. EPA (109) 
discussed this topic. 

9.5 Installation Methods: 
9.5.1 Point Samplers-Reeve (107), Patton and Smith 

(lOS), and Morrison (1) dixussed procedures for installing 
and maintaining point samples 

9.5.2 Wells--Most of the references listed in 9.4.2.1 
describe methods for installing monitoring wells. 

9.5.3 Cascading Waer Samplers-Wilson and Schmidt 
(103) dixussed methods for installing cascading water sam- 
plers. 

9.5.4 Drainage Samplers-Schilfgaarde ed. (123) contains 
articles that discued installation of agricultural drainage 
systems Associated hazards and costs often prohibit the 
instatlation of these systems at existing land& As a dt, 
inclusion of these systems, as leachate mlecton, in new 
landfills is more common. Even% et al (9) discussed 
methods for installing drainage sampling systems at haz- 
ardous waste sites 

9.6 Opoarion. 
9.6.1 Point Samplers-Point samplers usually 

eten that are too small to allow the use of su 
pumps. As a result, suction methods are usuall 
Sampling techniques are described in Pi 
Reeve (107). Patton and Smith (108) and 

9.6.2 Wells-Samples may be relkeved from w&-& the 
same manner as from piezometers. However, because we& 
are designed for sampling or pumpage, diameters are my 
large enough to accommodate most pumps. Samples a be 
brought to the surface by a variety of systems includiag 
bailers, suction pumps (for example, peristaltic pumps), 
lift pumps, piston pumps, submersible pumps and swabbing 
Each of these methods have advantages and disadvantages 
relating to considerations such as depth to water, r e q m  
sample volume, sampling speed, alteration of the sample 
chemistry, equipment requirements, rnanpqwer q&- 
men& and cost. These considerations were discussed by 
Everett et al(9), Fenn et al(132), Gibb et al(133), U.S. EPA 
(109), Dunlap et al(131), Drixoll (llO), and Anderson (75). 
Sampling methods were described in most of the references 
of 9.4.2.1. As described in 9.3.2, samples from wells 
averaged over the screened interval. However, samples &om 
discrete depths along the screened interval can also be 
obtained using packer-pump setups such as those described 
by Fenn et al(132). 

9.6.3 Cascading Waer Samplers: 
9.6.3.1 Wilson and Schmidt (103) described techniques 

for sampling from cascading wells. A bailer or bucket is 
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decontaminated and then lowered to a position in the - 
below the cascading water but above the water table. 
the sampler is full, it is pulled back to the surface. 
nately, as shown in Fig. 33, the chemistry of the water table 
immediately around a well that has been shut down will be 
dominated by the cascading water. Therefore, a sample can 
also be collected from the water table during the initial stages 
of pumping. 

9.6.3.2 Cascading wells are usually production wells in 
which drawdown has lowered the water table sufficiently to 
cause caxading. Recause of this, there is usually a pump 
installed in the well that will prevent access for sampling. 
However, the pumps are periodically removed for mainte- 
nance. Therefore, it should be possible to coordinate sam- 
pling with pump maintenance personnel. 

9.6.4 Drainage Sompfms-Samples may be collected 
where tile lines or drainage pipes discharge to ditches or 
sumps (125,126,127,128,129,130). Willatdson et al(134) 
described a 'flow-path ground water sampler" that allows 
collection of water following different flowpaths along a tile 
drainage system. 

9.7 Limitations: 
9.7.1 Perched water systems can be difficult to find and 

delineate. Surface and borehole geophysical methods (for 
example, neutron logging) and video logging of existing wells 
are often used. Also, perched systems tend to be ephemeral. 
Therefore, suctions samplas are sometimes required as 

s 

backups. 

sampliag systems is that their diameten are oAen too 
9.7.2 Point Samplers-The major problem with 

to allow adequate development after installation or to allow 
sampling by any method other than Suction. Because the 
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maximum suction lift of water is about 7.5 m, this is the 
maximum sampling depth for many of the small diameters 
systems. Systems such as those depicted in Fig. 29 require 
*t contact with the surrounding material to prevent side 
]galcage of liquid. Depending on the material, this tight 
contact may not be achievable (9). 

9.7.3 Wells-Wells provide samples that are averaged 
over the screened interval. As a result, when contaminants 
are detected, packer-pump arrangements must be used if 
zonation of the contaminants is to be delineated. When 
separate phases of water-immiscible fluid (for example, oil) 
are found floating in the well, it is a c u l t  to obtain samples 
of the underlying water without contamination from the 
overlying fluid. As with all samplers, care should be taken to 
ensure that materials used to construct a well are compatible 
with the chemical analyses to be performed. 

9.7.4 Cascading Water Samplers-cascading water may 
enter a well from several distinct perched systems (103). As a 
result, the sample may be a mixture of water from several 
depths. Cascading water is most often sampled from pre- 
existing wells used for other purposes. As a result, materials 
used in the well construction may alter those chemical 
constituents of interest. Wells used for irrigation and water 
supply often have lubricant oils from the pump floating in 
them. With fluctuating water levels, these oils become 
smeared along the casing, and may even move out into the 
surrounding soils. Therefore, traces of these oils may appear 
in samples. 

9.7.5 Drainage Samplers-Because of the limitations of 
excavation equipment, drainage samplers are limited to 
shallow depths. In addition, the systems are difficult to install 
in rocky or steep terrains. In areas that experience freeze- 
thaw cycles, they may be damaged by soil heaving (9). 
Drainage systems are often susceptible to clogging over time 
as fine particles and chemically precipitated material accu- 
mulate on the drain openings. Collected samples may or may 
not be representative of average conditions, depending on 
the distribution of soil types and contaminants in the drained 
area. if the area of contamination is small compared to the 
drained area, dilution may prevent the detection of contam- 
inants In addition, pollutants that are heavier than water 
may move below the drain if it is not located at the bottom 
of the perched zone. As with all samplers, there is the 
possibility of chemical interaction between the sampling 
system and the chemical constituents of interest. In the case 
of drainage sampling systems, this effect is amplified as 
contaminants may have to travel considerable distances 
through drains before being sampled. In addition, normally 
non-aerated solutions may be aerated and chemically altered 
as they travel through drains 

10. Experimental Absorption Samplers 
10.1 Operazing PrinCiples-Absorbcnt samplers depend 

on the ability of the mattrial to absorb pore-liquid (1). 
Samples are collected by placing the sampler in contact with 
SOL Liquid is allowed to absorb into the sampler material 
over time. The sampler is then removed, and the sample 
liquid is extracted for analyses. 

10.2 Description. 
102.1 Two designs have been descrii .  The fint design 

seated in a galvanized iron trough. The trough is pressed 
against a soil surface with a series of lever hinges (135). 

10.2.2 The second absorbent sampler design consists of 
tapered ceramic rods that are driven into roil (136). The rods 
are made from unglazed ceramic similar to that used as the 
porous segments of suction samplers. 

10.3 Installation. 
10.3.1 Pre-Installation: 
10.3.1.1 Sponge samples are prepared by soaking them 

for 24 h in a 1 to 5 9% NaOH solution containing a washing 
powder, Tadros and McGarity (135). Sponges are then 
pressed dry using rollers. stored in a moisture tight container, 
and taken to the field. 

10.3.1.2 Ceramic rod samplers are weighed, boiled in 
distilled water, oven dried, and stored in a desiccator. The 
rods are weighed again and then taken to the field. 

10.3.2 Installation: 
10.3.2.1 A sponge is placed in the sampling trough. The 

trough is then placed in a horizontal cavity cut into the side 
of a trench. The trough is then pressed against the cavity 
ceiling with the lever hinges. 

10.3.2.2 A ceramic rod sampler k installed by simply 
driving it into the soil. 

10.3.3 Maintenance: 
10.3.3.1 The only field maintenance required for sponge 

samplers is the preservation of the sampling trench if future 
sampling is desired at that location. 

10.3.3.2 There is no field maintenance for ceramic rod 
samplers as they are completely removed to retrieve the 
samples. 

10.3.4 Comments-Theoretidy, there is no maximum 
installation depth for sponge samplers. However, because 
access trenches are required for operation, installations are 
restricted to shallow depths dictated by excavation equip 
ment and safety considerations Given the NaOH treatment 
(without rinsing) of the sponge, measurements of pH, 
conductivity, TDS, metals and major cations and anions 
might be afieaed by the residual NaOH. Depending on the 
composition of the 'washing powder", phosphate, BOD, and 
MBAS might also be affected. 

10.3.4.1 Ceramic rod samplers will have maximum instal- 
lation depths if pushed or driven !?om the surface. This 
maximum depth will generally dectease with increasing soil 
grain size. However, deeper installations can be achieved by 
drilling to the top of the interval to be sampled, lowering a 
rod down the bole and pushing or driving the rod into the 
sampling interval (136). 

10.4 Operation. 
10.4.1 Methodr: 
10.4.1,l Sponge samplers are pressed against the soil until 

a sufficient volume of liquid for planned anal- has been 
absorbed. The sampler is then removed and the sponge is 
placed in a moisture proof container. The sample is extracted 
from the sponge with rollers 

10.4.1.2 Ceamic rod samplers are pushed or driven into 
the soil and left in place for a period of time. The rods are 
then withdrawn, and weighed. The rods are leached by 
boiling in a known volume of distilled water. This solution is 
then analyzed. The concentrations of constituents in the 
orininal wre-liquid are estimated by using the ratio of the 

includes a cellul&nylon sponge (0.5 by 4.8 by 30 cm) voi~eofabsorbedwatertothevolumeoftheboilingwater. 
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10.42 Commsus--The amount of liquid that can be 
sampled is dependent on time, soil type, moisture contenh 
absorbency of the sampler material, volume of the absorbent 
material, and surface area of the absorbent material in 
contact with the soil. Generally, sponge samplers function 
only at higher moisture contents approaching saturation (1). 
Shimshi (136) used ceramic rod samplers to sample from a 
sandy loam with moisture contents varying fiom 7 to 20 %. 

10.5 Limitations: 
10.5.1 Physically, absorbent methods are limited to soils 

approaching saturation. Sampling requires removal of the 
absorbent material. Because of this, repeat sampling at the 
same location is difficult. Although the sampler may be 
placed back at its original location, identical hydraulic 
contact with the soil cannot be guaranteed. 

10.3.2 Chemically, as with other samplers, there are 
problems with absorption, desorption, precipitation, cation 

exchange, and screening of Various Wre-liquid axqmneap 
as a function of the sampler maw Tadros and M e  

piers Shimshi (136) provided a good discussion of 
limitations of sampling for nitrate with ceramic rod m- 
(135) discussed these concerns in relation to sponge 

plers. Specifically, he found that at lower moisture contentt 
sampled solutions became less representative due to V& 
transfer and chromatographic separation. However, he q. 
gested that these effects could be reduced by increasing &e 
length of the rod insertion period. Clearly, boiling will affect 
anal- for organia, BOD, COD, NH1, and some other 
species of nitrogen, among others. 

11. Keywords 
i 1.1 pore fluids, pressure vacuum lysimeters; soil mois- 

ture; soil water, suction lysimeters; unsatuxated; vadose zone 
sampling 

APPENDIX 

(Nonmandatory Information) 

Xl.  DESCRIlPTlONS OF TERMS SPECIFIC TO THIS SANDARD 

X 1.1 air entry value-the applied suction at which water 
menisci of the porous segment of a suction sampler break 
down, and air enters. 

X 1.2 bubbling pressure-the applied air pressure at which 
water menisci of the porous segment of a suction sampler 
break down, and air exits. 

X 1.3 w a d i n g  wafer-perched ground water that enters 
a well casing via cracks or uncovered perforations, trickling, 
or pouring down the inside of the casing. 

X 1.4 carion exchange capacity (CEC)-the total capacity 
of a porous system to adsorb cations from a solution. 

X1.5 hydraulic gradient-the change in total hydraulic 
head of water per unit distance of flow. 

X 1.6 hydrophobici-the property that defines a material 
as being water repellent Water exhiiits an obtuse contact 
angle with hydrophobic materials. 

X I .7 hydropheliciry-the property that defies a material 
as attracting water. Water exhibits an acute contact angle 
with hydrophilic materials 

X1.8 lysimezer-a device to measure the quantity or rate 
of water movement through a block of soil, usually undis- 
turbed or in-situ; or to collect such percolated water for 

X 1.9 macropore-inte-te cavities that serve as the 
principal avenues for the infilmtion and drainage of water 
and for aeration. 

X1.10 matric potential-the energy required to extract 
water fiom a soil against the capillary and adsorptive forces 
of the soil matrix. 

X 1.1 1 m r i c  suction-for isothermal soil systems, matric 
suction is the pressure diBmnc.e a m  a membrane sepa- 
rating soil solution, in-place, h m  the same bulk (see 

X 1.12 micropor+inintraaggresate capillaries responsible 
for the retention of water and solutes 

soil-water pressure). 

X1.13 percolafion-the movement of water through the 
vadose zone, in contrast to infiltration at the land surface 
and recharge across a water table. 

X1.14 pore-liquid-Liquid that occupies an open spar 

limited to aqueous pore-liquid; that includes water and * between solid soil particles. Within this guide, pore-liqui 

Solutes. 
X1.15 pore-lquid rension--see marric-suction or soil- 

water pressure. 
X 1.16 pressure hP&the head of water at a point in a 

porous system; negative for unsaturated systems, positive for 
saturated systems. Quantitatively, it is the water pressure 
divided by the speci.6~ weight of water. 

X1.17 Richard's outflow principle-the principle that 
states that pore-liquid will not generally flow into an air-filled 
cavity (at atmospheric pressure) in unsaturated soil. 

X 1.18 soil-wmer pressure-the pressure on the water in a 
soil-water system, as measured by a piezometer for a 
saturated soil, or by a tensiometer for an unsaturated soil. 

X1.19 tensiometer-a device for measuring soil-water 
matric potential (or tension or suction) of water in soil 
in-situ; a porous, permeable ceramic cup connected through 
a water Wed tube to a pressure measuring device. 

X1.20 total soil-mer potential-the sum of the energy- 
related components of a soil-water system; for example, the 
sum of the gravitational, matric and osmotic potentials 

X 1.2 1 tremie merhod-the method whereby materials are 
emplaced in the bottom of a borehole with a small diameter 
Pipe. 

XI22 vucuum-a degree of rarefaction below atme 
spheric pressure: negative pressure. 

XU3 Vadose zone-the hydrogeological region 
tending from the soil surface to the top of the principle wa 
table; commonly refared to as the %nsaturated zone" or 
%me of aeration". These alternate names are inadequate as 

4P 
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take into account locally saturated regions above 
water table (for example, perched water zones). 

wufer contea-the amount of water stored within 

a porous matrix, expressed as either a volume (volume pa 
unit volume) or a mass (mass per unit mas) of a given solid t 
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Designation: D 4700 - 91 3 

Standard Guide for 
Soil Sampling from the Vadose Zone' 

1. scope 
1.1 This guide addresses procedures that may be used for 

obtaining soil samples from the vadose zone (unsaturated 
zone). Samples can be collected for a variety of reasons 
including the following 

1.1.1 Stratigraphic description, 
1.1.2 Hydraulic conductivity testing, 

- 1.1.3 Moisture content measurement, 
1.1.4 Moisture release curve construction, 
1.1.5 Geotechnical testing, 
1.1.6 Soil gas analyses, 
1.1.7 Microorganism extraction, or 

~ 1.1.8 Pore liquid and soils chemical analyses 
4.2 This guide focuses on methods that provide soil 

samples for chemical analyses of the soil or contained liquids 
or contaminants. However, comments on how methods may 
be modified for other objectives are included. 

1.3 This guide does not describe sampling me&& for 
ed deposits and rocks (for example, sandstone, shale, 

1.4 In general, it is prudent to perform all field work with 
at least two people present. This increases safety and 
faci!itam efficient data colldon. 

15 The values stated in inch-pound units are to be 
regarded as the standard. The SI units given in parentheses 
arc for infoxmation only. 

1.6 This standard does not-pwport to address all of the 
d&t$ problems, if any, associated with its use. It is the 
rtqonsibiIity of the user of this standard to estabIish appro- - safay and health practices and d a m i n e .  the applica- 
b&y of regulatory limitations prior to use. . 
i yc;:-1> .. . 
2&&'!. .I - .. 
f: R;eferen& Documents 

1 D420 Practice for Inve&ating and Sampling Soil and 
? -  Rock for Engineaing 
D653 Terminology Relating to Soil, Rock, and Contain& 

. 
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-- - o:.,Fluidst . ' I -  -- 
Dl452 Practice-for Soil Investigation and G p l i n g  by 

D 1586 Method for Penetration Test and Split-Barrel 

D 1587 Method for Thin-Walled Tube Sampling of So&? 
D 2488 Practice for Description and Identification of Soils 

D2607 Classification of Pea& Mosses, Humus, and Re 

D3550 Method for Ring-Lined Barrel sampling of Sow 
D4083 Practice for Description of Frozen Soils (Visual- 

D4220 Practice for Preserving and Transporting Soil 

Sampling of Soils2 

(Visual-Manual proced~re)2 

lated Products2 

Manual Procedure)2 

Sample?? 
3. Terminology 

3.1 Dsfinitions: 
3.1.1 Except where noted, all terms and symbols in this 

guide are in accordance with the following publications. In 
order of consideration they are: 

3.1.1.1 Terminology D 653. 
3.1.1.2 Compilation of ASTM Standatd Terminology? 

and \ 

3.1.1.3 Webster 's New Collegiate Dictionary.' 
3.1.2 For definitions and classifications of soil related 

terms used, refer to Practice D2488 and Terminology 
D 653. Additional terms that require clarification are defined 
in 3.2. 

3.2 Desmptions of Terms Specgc to This Standard 
3.2.1 cuscading water-penhed ground water that enters 

a well casing via cracks or uncovered perforations, trickling, 
or pouring down the inside of the casing 

3.22 sludge-a water charged sedimentary deposit. 
3.2.2.1 Discussion-The water-formed sedimentary de- 

posit may include all suspended solids carried by the water 
and trace elements that wexe in solution in the water. Sludge 
usually does not cohere dcient ly  to retain its physical 
shape when mechanical means are used to remove it h m  
the surface on which it deposits, but it may be Wed in place 
and be adherent. , .  
4. SnmmgTy of &de 

4.1 Sampling vadose zone soil involves inSemng into the 
ground a device that retains and recovers a sample. Devices 
and systems for vadose zone sampling are divided into two 

conjunction with hand operated devices; and samplers used 
general groups, namely the following samplers used in 
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. .  
in conjunction with multipurpose or auger drill rigs. This 
guide dimsses these groups and their associated practices. 

4.2 The discussion of each device is organized into three 
sections, describing the device, describing sampling methods, 
and limitations and advantages of its use. 

4.3 This guide identifies and dacn'bes a number. of 
sampling methods and samplers. It is advisable to consult 
available site-specific geological and hydrological data to 
assist in determining the sampling method and sampler best 
suited for a specific project. It is also advisable to contact a 
local firm providing the sentices required as not all sampling 
and drilling methods described in this guide are available 
nationwide. 

5. Significance and Use 
5.1 Chemical analyses of liquids, solids, and gasa fiom 

the vadose zone can provide Wormation on the presence, 
possiile som, migration route, and physicalchemical be- 
havior of contaminants Remedial or rnitigating measures 
can be formulated based on this infoxmation. This guide 
dexn'bes devices and procedures tbat can be used to obtain 
vadose zone soil samples 

5.2 Soil sampling is usefid for the reasons presented in 
Section 1. However, it should be recognited that the general 
method is destructive, and that resampling at an exact 
location is not possible.. Therefore, if a long term monitoring 
program is being designed, other methods for obtaining 
samples should be considered. 

6. Criteria for Selecting Soil Samplers 
6.1 Important criteria to consider when selecting devices 

for vadose zone soil sampling include the following 
6.1.1 Type of sample: An encased core sample, an 

uncased core sample, a depth-specSc npmta t ive  sample, 
or a sample according to requirements of the analyses, 

6.12 Sample size requirements, 
6.1.3 Suitability for sampling ~ o u s  soil types, 
6.1.4 Maximum sampling depth, 

c - -  

. . .  . 

6.1.5 Suitability for sampling soils under various m o b  

6.1.6 Ability to m h b k  cross contamination, 
6.1.7 Accessibility to the sampling site, and 
6.1.8 Personnel requkments 
6.2 The samphg devices described in this guide 

conditions, 

been evaluated for these criteria. The results are summarted 
i n F ~  1. 

7. Sampling with Hand Operated Devices 
7.1 These devices, that have mostly been developed for 

agricultural putposes, include: 
7.1.1 Screw-type augers, 
7.1.2 Barrel augers, 
7. I .3 Tubtype samplers, 
7.1.4 Hand held power augers, and 
7.1.5 Trench sampling with shovels in conjunction with 

machine excavations. 
7.2 The advantages of Using band operated devices over 

drill rigs are the ease of equipment tmnsport to locations 
with poor vehicle access, and the lower costs of setup and 
decontamination. However, a major disadvantage is that 
these devices= limitedtoshallowerdepths than drill r ig  

7.3 Screw-Type Augers: 
7.3. I Description-ne screw or ship auger is essentially a 

small diameter (for example, 1.5 in. (3.81 cm)) wood auger 
h m  which the cutting side flanges and tip have been 
removed (1Y (see Fig. 34)). According to the Soil S w e y  
Staff(l), the spiral part of the auger should be about 7 ia (18 
cm) long, with the distances between flights about the same 
as the diametet (for example, 1.5 in.) of @e auger. This 
facilitates measuring the depth of penetration of the tool 
Variations on this design include the closed spiral auger and 
the Jamaica open spiral auger (2) (see Fw 2(6) and l(c)). The 
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(e) Shlp Auger @) Qosd AuW (c) J a m l a  spld A u p r  

FIG 2 StrewlypeAugen 

auger is welded onto a length of solid or tubular rod. The 
upper end of this rod is threaded, to accept a handle or 
extension rods. As many extensions are used as are required 
to reach the target sampling depth. The rod and the 
extensions are marked in even increments (for example, in 
Gin. (15.24Cm) increments) above the base of the auger to 
aid h determining drilling depth. A wooden or metal handle 
f& into a teetype coupling, screwed into the uppermost 
extension rod 

7.3.2 Sampling Method-For d r i h g ,  the auger is rotated 
manually. The operator may have to apply downward 
pnssurr to start and embed the augm, afterwards, the auger 
s ~ l t w s  itselfinto the soil. The auger is advanced to its fuli 
length, and then pulled up and removed. Soil fiom the 
deep& interval penetrated by the auger is retained on the 
augerfligh~Asampleonbecollectedfiomtheflightsusing 
a spatula A foot pump operated hydraulic system has been 
developed to advance augers up to 4.5 in. (1 1.43 cm) in 
diameter. This larger diameter allows insemon of other 
ampling devices into the drill hole, once the auger is 
moved, if desired (3): 

73.3 Comrn t?m~plCs  obtained with scmv-type 
Samplers are disturbed and are not truly core samples 
Thaeforc, the samples are not suitable for tests requiring 
pndisturbcd samples, such as hydraulic conductivity tests In 
addition, soil structures are disrupted and smaU scale 
lithologic ftatures cannot be examined. Nevertheless, screw- 

B 

6 1 4 5  

type samplers are still suitable for use in wllecting samples 
for the purpose of detecting contaminants However, it is 
diflicult to avoid transporting shallow soils downward when 
reentering a drill hole. When representative samples are 
desired from a discrete in& the borehole must be made 
large enough to insert a sampler and extend it to the bottom 
of the borehole without touching the sides of the borehole. It 
is suggested that a larger diameter auger be used to advance 
and clear the borehole, then a smaller diameter auger 
sampler be used to obtain the sample. Screw-type augers 
work better in wet, cohesive soils than in dry, loose soils 
Sampling in very dry (for example, powdery) soils may not 
be possible with these augers as soils will not be retained on 
the auger flights. Also, if the soil contains gravel or rock 
fragments larger than about one tenth of the hole diameter, 
drilling may not be possible (4). 

7.4 Barrel Augers: 
7.4.1 Descriprion-The barrel auger consists of a bit with 

cutting edges welded to a short tube or barrel within which 
the soil sample is retained, welded in tuxn to shanks The 
shanks are welded to a threaded rod at the other end 
Extension rods are attached as required to reach the target 
sampling depth. Extensions are marked in in-ents above 
the base of the tooL The uppermost extension rod contains a 
teetype coupling for a handle. The auger is available in 
carbon steel and stainless steel with hardened steel cutting 
edges (s, a). 

7.42 Sampling Metho&Tbe auger is rotated to advance 
the barrel into the ground The operator may have to apply 
downward pressure to keep the auger advancing. When the 
barrel is 6lled, the unit is withdrawn from the soil cavity and 
a sample may be coUected from the barrel. 
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k., 52 
~ 4 . 3 '  lcomments--~arre~ augers generally provide IWX L- 

samples than screw-type augers. The augers can penetrate 
shallow clays, silts, and fine grained sands Q.6 The augers do 
not work well in gravelly soils, caliche, or semi-lithilki 
depdsiu. Samples obtained with barrel augers are disNrbed 
and are not core samples. Therefore, the samples are not 
suitable for tests requiring undisturbed samples, such as 
hydraulic conductivity tests. NevertheIes, the samplers are 
still suitable for use in collecting samples for the purpose of 
detecting contaminants. Because the sample is retained 
inside the barrel, there is less of a chance of mixing it with 
soil from a shallower interval during insertion or withdrawal 
of the sampler. The following are five common barrel augers 

7.4.3.1 Post-hole augers (also called Iwan-type augers), 
7.4.3.2 Dutch-type augers, 
7.4.3.3 Regular or general purpose barrel augers, 
7.4.3.4 Sand augers, and 
7.4.3.5 Mud augers. 
7.4.4 Post-Hole Augers-The most readily available 

barrel auger is the post-hole auger (also called the Iwan-type 
auger) (8). As shown in Fig. 3, the barrel consists of two-part 
cylindrical leaves rather than a complete cylinder and is 
slightly tapered toward the cutting bit. The taper and the 
cupped bit help to retain soils within the barrel. The barrel is 
available with a 3 to 12-in. (7.62 to 30.48cm) diameter. 
There are two types of drilling systems, one has a single rod 
and handle, and the other has two handles. In stable, 
cohesive soils, the auger can be advanced up to 25 A (7.62 m) 
(8). 

7.4.5 Dutch-T'e Augers-The Dutch-type auger (com- 
mercially developed by Eijkelkamp) is a Smaller variation of 
the post-hole auger design. As shown in Fw 4, the pointed 
bit is continuous with two, narrow partcylindrical barrel 
segments, welded onto the shanks. The barrel generally has a 
3 in. (7.62 cm) outside diameter. This tool is best suited for 
sampling wet, clayey soils 

7.4.6 Regular or General Purpose Banel Augers-A vp, 
sion of the barrel auger commonly used by soil scientists 
county agricultural agents is depicted in FG 5(u) and (b' 

post-hole auger, the cutting blades are cupped SO that so 
shown, the barrel is a complete cylinder. As with 

loosened and forced into the barrel as the unit is rotated 
pushed into the ground. Each filling of the barrel corn 
sponds to a depth of penetration of 3 to 5 in. (7.62 to 12.70 
cm) (1). The most popular barrel diameter is 3.5 in. (8.89 
-,an), but sizes ranging fiom 1.5 to 7 in. (3.8 1 to 17.78 cm) 
available (6): Plastic, stainless steel, PTFE (pol- 
fluomethylene) or aluminum liners can also be used (q.6 
Extension rods are available in 4 A ( 1  -22 m) lengths. ne 
rods can be made h m  standard black pipe, fiom lightweisht 
conduit or from seamless steel tubing. The extensions have 
evenly spaced marks to facilitate determining sample depth. 
The regular barrel auger is suitable for use in loam type so& 

7.4.7 Sand Augers-For dry, sandy soils it may be n- 
sary to use a variation of the regular barrel auger that 
includes a specially-formed bit to retain the sample in the 
barrel (see Fig. 34). Sand augers with 2, 3, or 4-in. (5.08, 

7.4.8 Mud'Augers-Another variation on the regufat 
barrel auger design is available for sampling wet, clayey soils. 
As &own in Fig. 5(d), the barrel is designed with open'sida 
to facilitate extraction of samples. The bits are the same as 
those used on the regular banel auger (6).6 Mud augers witb 
2.3, or 4 - i i  (5.08,7.62, or lO.16-cm) diameters are available 

.7.5.1 Tube-type samplers generally have propo&o&' 

b 

J. 

7.62, or 10.16-m) diameters are available (S).6 . . .. 

(5h6 
7.5 TubeType Samplers: 

a d e r  diametexsand greater body lengths than those 
barrel augers. -. 

7.52 For sampling, these units are perch& into the'& 
causing the tube to fiu with material from the in& 
penetrated. The assembly is then pulled to the & i d  a 
sample can be collected h m  the tube. Since the device is not 

- I  -. .. 
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fltated, a nearty Sample  an be obtained 
commerdal units are available with foot lever attachments, 
a hydraulic apparans, or drophammers to aid in driving the 
sampler into the ground (9. Vibmtoq heads have a h  been 

7.53 nese units are not as suitable for sampling in 
compacted g i v e ~ y  soils as are the barrel augers They art 

dmloped to advance tubtype samplers (9): 

if an u n m  sample is required- Commonly 

Soil sampling tubes (also d e d  Lord Samplers), 

753.3 Thin-waled tube samph (also called shew 

varieties of the tube type samplers incl*. 

7532 Veihmeycr tuba (also called King tubes), 

-1, 

6 1 4 3  

7.5.3.4 Ring-lined barrel sampl- a d  
7.5.3.5 Piston samplers 
7.5.4 Soil Sampling Tubes: 
7.5.4.1 Descriptio~-As depicted in F@ 6, the soil sam- 

pling tube consists of a hardened cutting tip, a cutaway 

barrel allows textual examination and easy removal of soil 

strength alloy d (10): The samplers are available with 6, 
12, 15, 18, and 24-in. (1524,30.48, 38.10,45.72,60.96Cm) 
lengths (56). Thc tuba are available with 1.13 or 0 . 8 8 4 ~  
(2.87 or 2224x11) outside diameter. Two modified VeLsiOlls 
ofthe tip are available, for sampling in wet or dry soils. The 

barrel, and an uppermost threaded segment. The cutaway 

samples G e n d y .  the tub is c o ~ c t c d  h m  high 
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sampling tube is attached to extension rods to attain the 
target sampling depth. A cross-handle is attached to the 
uppermost rod. Extension rods are made of lightweight, 
durable metal. They are available in a variety of lengths 
depending on the  man^^. Markings on the extensions 
and the sampler facilitate determining sample depths 

7.5.4.2 Sampling Method-The sampler is pushed into 
the ground by leaning on the unit's handle. Once the sampler 
has reached the bottom of the sampling interval, it is twisted 
to break soil continuity at the tip. Depending on the type of 
cutting edge, the tube sampler may obtain samples Varying in 
diameter h m  0.69 to 0.75 in. (1.75 to 1.91 cm). 

7.5.4.3 Comments-The soil sampling tube works best in 
soft, clayey, cohesive soils. If the soil contains cobbles or rock 
fiagments larger than about one-half the cutting tip diam- 
eter, satisfactory sampting may not be possible. If the soil is 
cohesionless, it will not be retained in the tube. With time, 
the cutting tip will be damaged and worn dull. Most units are 
designed so that this part can be replaced. 

7.5.5 Veihmeyer Tubes: 
7.5.5.1 Description-The Veihmeyer tube is a long, com- 

plete cylinder. As shown in Fa 6, this unit consists of a 
bevelled tip, that is threaded into the lower end of the tube, 
and a drive head threaded onto the upper end of the tube. 
The sampler is constructed of hardened steel. The tube is 
generaliy marked in even inaements (for example, 1 A or 
0.30 m). These samplers are available in 4 to 16-A (1 22 to 
4.88-m) lengths with a 0.75-in. (1.91-cm) inside diameter. 

7.5.5.2 Sampling Methai-The lower guide rod of the 
drop hammer is slipped into the upper tube, through the 
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drive head (see Fa 7). The hammer is used to pound &e 
sampler into the ground. The sampler is then retrieved by 
pulling or jerking up on the hammer to force the sampler out 
of the soil cavity. Samples are extruded by forcing a rod 
through the tube. 

7.5.5.3 Comments-=or to sampling, the inside of the 
tube is sometimes coated with a lubricant to 

the samples should be considered to determine 
extn~60n. However, the types of analyses to be perf0 

presence of lubricant will cause interference. Becaw the 
Veihmeyer sampler is a solid-Wed tube and is fitted with a 
drop hammer, it can generally be used in more resistant soils 
than the soil sampling tube. 

7.5.6 Thin- Walled Tube Samplms: 
7.5.6.1 Dewipzion-Thin-walled tube (Shelby Tube) 

samplers are d y  available with 2,3, and 5-in. (5.08,7.62, 
and 12.7oCm) outside diameters and are commonly 30 in. 
(76.20 cm) long. The 3 by 3Gin. (7.62 by 76.20-m) outside 
diameter long sampler is most common. The advancing end 
of the sampler is rolled inwardly and has a cutting edge with 
aderdiameterthanthetubeinsidediameter.Theartting 
edge inside diameter reduction, defined as a 'deamce 
ratio," is Usuany in the range of 0.0050 to 0.0150 or 0.50 to 
1.50 95 (Refer to Ractice D 1587). The sampler nrbt is 
u n d y  coMected with set SCreWSto a sampler head that in 
turn is thmaded to connect with extension rods plastic and 
PTFE sealing caps for use after sampling are readily available 
for the 2, 3, and 5-in. (5.08, 7.62, and 127oCm) diameter 
tubes ( d e r  to Practice D 4220). Shelby tubes are commonly 
available in carbon steel but on be manufhctud h m  other 
metal (see Frg. 8). ., - - . -. _. -. ~ 
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FIG 7 VeihmeyerTube 

I 
FlQ.6 ThbWaaedTubesampler 

7.5.62 Sampting Method-The Shelby tube is pushed 
into soil by hand, with a jack-like system or with a hydraulic 
piston. The sample recovered is often less than the distance 
pushed, that is, the xtwveq ratio is less than 1.0. The 
nxxwery ratio is las than 1.0 because of soil ampaction 
duringsampling,andbecausefrictionbetweensoilandthe 

tube wails becomes greater than the shear strength of 
soil in h n t  of the tube. Consequently, soil in front of the 

advancing end of the tube is displaced laterally rather than 
entering the tube (11). In general, shorter tubes provide 
1- samples than longer tubes. Samples are ex- 
truded h m  the Shelby tube with a hydraulic tam. As with 
all sampling devices, the most disturbed portion of the 
sample in contact with the tube is considered unrep 
resentative. Wilson et al. (12) developed a parins device to 
remove this outer layer of the a m  during extxusion. 
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7.5.6.3 Comments-Shelby tubes are best used in clays, 
silts, and finegrained sands. Ifthe soils are cohesionless, they 
may not be retained in the tube. Iffinn to very hard soils are 
encountered, driving (hammering) the sampler i a y  be 
required. However, this should be avoided as the tube may 
buckle under the drive stress. 

7.5.7 Ring-Lined Barrel Samplers: 
7.5.7.1 Description-As described in Practice D 3550, the 

ring-lined barrel sampler consists of a one piece barrel or two 
split barrel halves, a drive shoe, rings, and a sampler head 
(see Fig 9). The rings, that are usually brass, fit snugly inside 
the barrel and are designed to be directly inserted into 
geotechnid testing apparatuses when removed fiom the 
barrel. Most samplers are designed to hold at least two xings. 
The barrel is commonly 3.5 in. (8.89 cm) inside diameter 
and 3.94 to 5.91 in. (10 to 15 cm) long (9.6 With these 
lengths, the barrel cap be fitted with a variety of linen 
ranging in length from 1 to 2.36 in. (2.54 to 6 cm). 

7.5.7.2 Sampling Method-The ring-lined barrel sampler 
can be driven or pushed into soil. Once retrieved, the 
sampler is disassembled, and the sample-filled rings are 
removed. The rings are usually removed as one unit and 
placed into a capped container. Alternately, the individual 
soil-filled rings can be capped with plastic or PTFE and then 
sealed with wax or adhesive tape (refer to Practice D 4220). 

7.5.7.3 Comments-Because barrel samplers are more 
rigid than thin-walled tubes, they can be driven into hard 
soils and soils containing sands and gravels that might 

damage t h i n - d e d  tubes The sampler provides samples 

the so& k u s e  of this, these devices are most of+- ‘w 
when geotechnical or chemical analyses are to be p 

7.5.8.1 Description-Locally saturated (for e m 7.5.8 Piston Samplers: 

perched ground water), or cohesionless soils, and very soft 
soils or sludges may not be retained in most samplers, evep 
when fitted with retainer baskets or flap valves. piston 
samplers can be used in these situations. The sampler 
consists of a sampling tube, extension pipe attached to &e 
tube, an internal piston, and rods c o n n d  to the piston 
and running through the extension pipe (see F& 10). Thw 
samplers are often built, as needed, out of common PVC (for 
use in sludge) or steel pipe fittings The sampling tube 
commonly has a 0.75 to 3-in. (1.91 to 7.62cm) inside 
diameter and is 8 in. to 9 ft (20.32 cm to 2.74 m) long (13). 
A variation designed for sampling peat has a cone shaped 
piston (8). 

7.5.8.2 Sampling Method-The sampler can be pushed 
into the ground with the handle or driven bto the ground 
with a drop hammer (13). As the tube is advanced, the piston 
is held stationary or pulled upward with the attached rods. 
Once the tube has been advanced through the sampling 
interval it is rotated to break suction that might have 
developed between the soil and the outside wall of the tube. 
The sampler is then pulled to the surface keeping the piston 
rod fixed with respect to the extension pipe. The sample is 
retained because of suction that develops between the piston 
and the sample. Upon retrieval, the sample is extruded by 

rinks Which be handled Without further dhh~la 0. 

Sampler 

flG. 9 Hand Operated Rlng-Uned Berrel Sampler 

... 
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g the piston to force the Sample out of the tube. Shama 
d De Dalta (14) described a cylindrical sampler for use in d$" uddled soils that would flow back out of most samplers. 

The design includes a basal shutter that retains the sample 
while the sampler is withdrawn h m  the soil 

7.5.8.3 Commm-Because the sampler depends on d e  
velopment of suction between the sample and the piston, it 
may not work in unsaturated, Coarse-grained sands and 
gravels. This is due to the high air permeability of such 
m a t e d  that prevents the creation of high suctio~+ 

- 7.6.1 Desnption-A very simple, commercially available 
auger consists of a solid flight auger attached to and driven 
by a small aircooled engine (see FG 11). Two handles on 
the head assembly allow two operators to guide the auger 

7.6 Hand Held Power Augers: 

. ._- ._ . .. . 
. .  . .  

. .  . . .  

. .. 

into the soil. Throttle and clutch controls are integrated into 
grip on the handles. Augers are available with diameters 
ranging from 2 to 16 in. (5.08 to 40.64 cm). The auger 
sections are commonly 3 ft (0.91 m) long, 

7.62 Sampling Method-As the auger rotates into soil, 
cuttings advance up the flights and are discharged at the 
surface. Soil samples can be collected h m  the surface 
discharge, or h m  the auger flights after pulling the auger out 
of the ground Alternatively, samples can be collected with 
other samplers (for example, a thin-walled tube) after auger 
EUlOVaL 

collected from surface discharge or from the flights, they are 
disturbed and are not suitable for some uses. In addition, if 
samples are collected h m  surface discharge, it is difficult to 

7.6.3 C~mments--As discussed in 7.3, if samples 
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determine the depth from which the soil came and uncon- 
trolled mixing of soil from different depth intervals can 
occur. The auger operates well in most soils. However, if the 
soil is cohesionless, it may not be retained on the flights and 
sampling in that fashion may not be possible. If the soil 
contains cobbles or boulders, drilling may not be poss'ble. If 
the auger 'hangs up" on an obstruction, the machine will 
start to rotate at the surface. Otherwise, the operator should 
not attempt to stop rotation of the machine by grabbing the 
handles. An alternate design that transfers the torque to a 
sepaxate engine prevents this problem As previously 
stated, it is prudent to perform the field work with at least 
two people present. 

7.7 Trench Sampling: 
7.7.1 Description-Soils may be sampled from a trench or 

pit excavated for that purpose. Excavation is usually per- 
formed by a backhoe, and samples are collected with knives, 
trowels, or shovels. Occasionally, saxxiples are collected from 
the sides or the bottom of the trench or pit with hand augers 
or tube-type samplers. 

7.7.2 Sampling Method-Excavation is performed under 
the guidance of the sampling technician. Sampling is per- 
formed only after the backhoe has moved away fiom the 
trench or pit. When the trench or pit is in unstable material 
or is more than a few feet deep, the sampling technician 
should only enter the trench or pit after it has been shored up 
or the sidewalls have been cut back to within thGangle of 
repose (see Occupational Safety and Health Administration 
reguiations). Otherwise, samples are more commonly col- 
lected at the surfgce from the bucket of the backhoe as 
excavation occu~s. 

7.7.3 Commhs-The maximum sampling depth for the 
trench or pit method is dictated by the reach of the backhoe, 
the soil type and the moisture content of the soil. Maximum 
depths of up to 20 A (6.10 m) can be obtained in moist clays. 
Maximum depths of less than 10 ft (3.05 m) are common in 
dry sands. Samples collected from the backhoe bucket 
should be taken from the center of the material to prevent 
collecting soil contaminated by the bucket surface, and to 
prevent inclusion of materials that may have fallen from 
above the desired sampling intend. However, when this is 
done, it is dimcult to accurately estimate the depth from 
which the sample was obtained. Trenches are userl for 
obtaining lithologic information since cross sections of the 
vadose zone can be studied and photographed. Trench or pit 
sampling is oAen used in areas with diacult access since 
backhoes are designed to travel on rough terrain. However, 
because the process involves excavating a much larger hole 
than drilling methods, chances of encountering underground 
utilities are increased, and proper backfilling and compac- 
tion of the trench is often very difliicult 

8. Multipurpose and Anger Drill Rigs .-. 
8.1 Vadose zone samplers used in conjunction with 

rigs are identical to those used to sample below the * 

table. However, commonly used drill rigs such as cab. 

require the introduction of drilling fluids to the soils $k and rotary units are not recommended as they ge 

sampled. Air rotary drilling is also undesirable for obtain& 
samples for pore liquid or gas extraction. In most cases 
hollow-stem augers with some type of cylindrical sampler 
provide the greatest level of assurance that soil sampled 
within the vadose zone was not carried downward by the 
drilling or sampling process. For some situations, such as 
sampling firm to very hard ground, using multipurpose 
auger-core-rotary drill rigs will be necessary. For some 
geologic circumstances the use of solid stem augers will 
provide an adequate drilling method. 

8.2 Multipurpose Auger-Core-Rotary Drill Rigs: 
8.2.1 Multipurpose augerare-rotary drill rigs are gener- 

ally equipped with rotary power and vertical feed control to 
advance both hollow-stem augers and continuous flight 
(solid stem) augers to depths greater than 100 f t  (30.48 m). 
These! same drills have secondary capability for rotary and 
core drilling. The larger of these drills am typically mounted 
on 20 OOO to 30 000-lb (9070 to 13605-kg) GVW trucks. The 
same multipurpose drill rigs are available on both rubber- 
tired and trackdxiven all-terrain carriers. The smaller of the 
multipurpose drills are typically mounted on trailers or 
oneton, 4 by 4 trucks. 

8.2.2 When equipped with augers, the sampling process is 
identical to that for auger drill rigs. When multipurpose 
augercore-romy drill rigs or auger drill rigs are used, *' 
speed of drilling and sampling is much greater than 
hand operated equipment. Therefore it is userl to 
larger crew to efficiently handle, log, identify, and p 
the samples. 

8.3 Auger Drill Rigs-Auger drill rigs are similar 
multipurpose augercore-rotary drill rigs. They are manufac- 
tured specifically for efficient auger drilling but do not have 
the pumps and hoists that are required for efficient core or 
rotary drilling. The rigs can be equipped with either solid 
stem or hollow stem augers. There are relatively few auger 
drills available in comparison to multipurpose augercore- 
rotary drills. 
9. Auger Drilling and Sampling 

9.1 Solid Stem Auger Drilling and Sampling: 
9.1.1 Description-The tools used for solid-stem auger 

drilling include: auger sections, the drive cap, and the cutter 
head (see fig. 12). Auger sections are typically 5 A (1.52 m) 
long and are interchangeable for assembly in an articulated 
but continuously flighted column. Augers are available in 
diameters up to 24 in. (60.96 cm). The cutter head is 
attached to the lowennost or leading flight of the auger 
column. It is about 0.5 in. (1.25 cm) larger in diameter than 
the flights. Head types include fish tail or drag bits for use in 
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FIG 12 Sdld Stem Auger Sampling 

cohesionless materials, and clay or stinger bits for use in 
more consolidated material (16). 

9.12 Sampling Method-As the auger column is rotated 
into soil, cuttings are retained on the flights. The augers are 
then removed from the hole and samples are taken from the 
retaiaed soil. Samples obtained with solid stem augers are 
disturbed and are not core samples. Therefore, the samples 
are not suitable for analyses r e q a g  undisturbed samples, 
such as hydraulic conductivity tests. This sampling method 
can provide an adequately clean borehole in some clayey and 
silty soils. However, when using the method in c a h g  or 
squeezing ground, the quality and the origin of the recovered 
samples are questionable because soils from different inter- 
vals may have mixed. Therefore, when re!presentative sam- 
ples from discrete depths are desired, the borehole should be 
made large enough to insert a smaller diameter auger or 
another sampler (for example, a thin-walled tube) to the 
bottom of the borehole, without .touching the sides of the 
borehole (see Fig. 1 l), to collect a discrete sample from the 
intervalahead 

9.1.3 Commmfs-Typical drilling depths with solid stem 
augers range from 50 to 120 A (15.24 to 36.58 m). The 
greater drilling depths are attained in firm, silty and clayey 
soils, However, the depth to which the hole will remain open 
lor sampling once the auger column has been removed is 
psually less than the maximum drilling depth. Ifcascading 
wata or cohesionless soils are encountere4 it can be 
expected that the hole will cave at that depth. The sample 
depth measurement, as taken from its location on an auger, 
knot precise.  his is because soil may move up the flights in 

uneven fashion as the auger column is advanced. As with 
honow-stem augers, solid stem augers are often painted by 
the driller or man-. It is prudent to remove this paint 
Won drilling. The majority ofthe paint can be removed by 
driILing tprough sandy soils or by sand blasting. As with all mw-.. L 
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sampling devices, decontamination (for example, steam 
cleaning) should be performed between holes when chemical 
analyses are to be performed on the samples. This is 
especially important with the solid stem auger as it doubles 
as the drilling and sampling tool. 

9.2 Budcet Auger Drilling and Sampling: 
9.2.1 Description-The bucket auger is a large diameter 

cylindrical bucket with auger-type cutting blades on the 
bottom. The bucket can have a diameter ranging from 12 ia. 
(30.48 cm) up to 6 A (1.83 m) with lengths varying from 24 
to 48 in. (60.96 to 121.92 cm) (17). The bottom is hinged to 
allow cuttings to be emptied out (see Fs 13). 

9.22 Sampling Method-The bucket is rotated to depth 
in the vadose zone until the bucket is full. Therefore, 
depending on the bucket length, sampling intervals can range 
from 24 to 48 in. (60.96 to 121.92 cm). Sampling consists of 
extracting small diameter core samples from the interior of 
the bucket after lowering the 111 bucket to the ground (see 
Section 7). This approach minimk problems with 

9.2.3 Comments-The bucket auger is best suited for 
sampling from relatively stable clays as the caving problems 
disused in 9.1.3 are amplified by the larger hole diameter. 
Boulders can impede drilling and may have to be individu- 
ally removed from the hole before sampling can continue 
(15)a. Generally, boulders up to onethird or one-fourth the 
bucket diameter can be picked up by the bucket. Common 
sampling depths are less than 50 A (15.24 m) but holes up to 
250 A (76.20 m) deep have been drilled (16,17). 

9.3 Hollow Stem Auger Drilling and Sampling: 
9.3.1 Desmption-Quter components of the hollow stem 

auger system incluk hollow auger Sections, the hollow 
auger head, and the drive cap. Inner oomponents include: 
the pilot assembly, the center rod column, and the rod-ttxap 
adaptor (see Fs 14). The auger head contains replaceable 
carbide teeth that pulvexize the formation during flight 

t 

undisctete mixing of discrete portions to be sampled. 
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column rotation. The cutting diameter is somewhat greater 
than the flightingdiameterbecauseoftheprotrudingteeth. 
Auger sections are typically 5 A (1.52 m) long and are 
interchangeable for assembly in an axtidated but continu- 
ously flighted column. Drilling progresses in 5 A (1.52 m) or 
shorter increments and sampling can be accomplished at any 

depth within that increment. Upon advancement of a 5 fi 
(1.52 m) ingement, another 5 ft (1.52 m) section of 
hollow-stem auger and center rod is added. Hollow-stcm 
augers are readily available with 2.25,2.75, 3.25, 3.75,425, 
6.25, and 8.25-in. (5.72, 6.99, 8.26, 9.53, 10.80, 15.88, and 
20.96cm) inside diameters 
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9.32 Sampling Methd-The auger column and pilot a= mbly are advanced to the top of the desired sampling 
interval. Sampling is accomplished by removing the pilot 
assembly and center rod, if they are used, and inSemng the 
sampler through the hollow stem of the auger column (see 
Fe 15). The sampler may be lowered to the sampling depth 
by attaching it to center rods or by using a wireline assembly 
(12). When the sampler is attached to center rods, a sample is 
collected by pushing or driving the sampler into un- 
soil with the rig hydraulic system or with a drop hammer. 
When a wireline is used, the sampler is locked into place 
ahead of the lower-most auger and advanced into the 
sampling interval by rotating the auger column (18)? 
Hollow stem augers with a 6.25-in. ( 1 5 . 8 h )  inside diam- 
eter allow the use of 5-in. (12.7oCm) outside diameter 
Shelby tubes and 4.5-in. (1  1.43-cm) outside diameter split 
barrel samplers (see 9.4). 

9.3.3 Comments-The purpose of the center head (pilot) 
assembly is to prevent soils from entering the auger column 
’as it is advanced (19). Driscoll(17) suggests that the assembly 
may be omitted when drilling througb bard, silty and clayey 
soils as these materials will usually form a 2 to 4 in. (5.08 to 
10.16 cm) long plug at the auger opening However, Hackett 
(19) recommends that the pilot assembly be used when 
detailed samples are requited When perched water is en- 
countered, “heaving sands” that move up into the auger 

- column upon pilot assembly removal during sampling, may 
a concern. Various one-way plugs that allow sampling, 

t that prevent sand fiom moving into the auger column, (lld dwcnbed in Hackett (19). The important capability of 
being able to obtain samples that do not contain mixed 
material from shallow sources in the hole is enhanced by 
using the hollow-stem auger method. However, because the 
sections are hollow, decontamination of the auger interiors 
between holes to prevent cfoss contamination is difficult 
High pressure steam cleaners are usually necessary to remove 
cakedon soils and contaminan ts Hollow stem augers may 
advance rapidly through unconsolidated mami&. 

9.4 SampIing Devices: 

9.4.1 Sampling devices used in conjunction with hollow 
stem augers and Occasionally in holes advanced by solid stem 
augers include: 

9.4.1.1 Thin-walled tube samplers (also called Shelby 
tubes), 

9.4.1.2 Split-barrel drive samplers (also called Split 
spoons), 

9.4.1.3 Ring-lined barrel samplexs, 
9.4.1.4 Continuous sample tube systems, and 
9.4.1.5 Piston samplers. 
9.42 These samplers are either pushed or driven in 

sequence with an increment of drilling or advanced simdta- 
neously with the advance of a hollow stem auger column. 

9.4.3 Thin- Walled Tube Samplers: 
9.4.3.1 Description-The thin-walled tube sampler con- 

sists of a tube connected to a head with screws. The head is 
threaded to connect with standard drill rods The head 
contains a ball check valve. Thin-walled tube (Shelby tube) 
samplers are readily available with 2,3, and 5-in. (5.08,7.62, 
and 12.7O-m) outside diameter and are commonly 30 in. 
(76.20 cm) long. The 3 by 30 in. (7.62 by 76.20 cm) outside 
diameter long sampler is most common. The advancing end 
of the sampler is constructed with an inward lip, machined 
to a cutting edge, that has a smaller diameter than the tube 
inside diameter. The cutting edge inside diameter reduction, 
de6ned as a ‘clearance ratio,” is usually in the m g e  of 
0.0050 to 0.0150 or 0.50 to 1.50 96 (refer to Practice 
D 1587). PTFE or plastic sealing caps and other sealing 
devices for use af&e’r sampling are readily available for the 2, 
3, and Sin. (5.08,7.62 and 12.7o.Cm) diameter tubes (refer 
to F’ractice D 4220). Shelby tubes are commonly available in 
carbon steel but can be manufactured fkom other metal (see 
Fig. 8). 1 

9.4.3.2 Sampling Methods-When a Shelby tube is 
pushed into soil, the length of the sample recovered is often 
less than the distance pushed, that is, the recovery ratio is less 
than 1.0 (see 7.5.6.2). In addition, a portion of the sample 
frequently remains in the borehole after retrieval of the 
sampler. ’Ibis is due to suction that develops at the sampler- 
soil ineace.  This suction may be broken by twisting the 
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+ igml3er prior to retried or by advancing the auger column 
- ’. Wow the base of the sampler before retrieval (20). samples 

are e m d e d  fiom the Shelby tube with a hydraulic ram. As 
with all sampling devices, the portion of the sample in 
contact with the tube is considered disnubed and 
unrepresentative. Wilson et aL (12) developed a paring 
device to remove this outer layer of the core during extru- 
sion. 

9.4.3.3 Comments-The ball check valve was originally 
intended to provide a vent for drilling fluids when pushing 
the tube into soil, and also to prevent the column of fluid 
within the drill stem from forcing the sample out of the tube 
during retr ied Since drilling fluids are not used when 
sampling in the vadose zone, these considerations are not 
important. However, the valve does provide a vent for air 
d i s p l a c e d  as the sampler is pushed into soil. Shelby tubes are 
best used in clays, silts, and fine grained sands. They can be 
pushed with the hydraulic system of most driU rigs in fine 
grained sari& that are loose to moderately consolidated or in 
clays and silts that are soft to firm. If the soils are 
cohesionless, they may not be retained in the tube. If 
consolidated or hard soils are encountered, driving the 
sampler may be required. However, some tubes may buckle 
under the drive stress. A spring-loaded barrel has been 
developed to protect the Shelby tube from buckling when 
sampling these soils (21).6 

. .  
9.4.4 Split-Banel Drive Samplers: 
9.4.4.1 Damption-The split-barrel drive sampler COS 

sists of two split-barrel halves, a drive shoe, and a 
head containing a ball check valve, all of which an& 
together (see Frg. 15). The most common size 
( 5 . 0 h )  outside diameter and a 1.5-in. (3.81-cm) 
diameter split bafiel with a 1.375-in. (3.49-cm) 
diameter drive shoe. This sampler is used extensively 
ge-otechnid exploration (Refer to Method D 1586). When 
fittedwith a 16 gage liner for encased cores, the sampler has 
a 1.375-in. (3.49cm) inside diameter throughout. A 3-ia 
(7.62-cm) outside diameter by 2.5-in. (6.35cm) inside b. 
eter split-barrel sampler with a 2.375-in. ( 6 . 0 h )  
diameter drive shoe is also available (22).6 Other split-- 
samplm in the size range of 2.5-in. (6.35cm) to 4.5-ia 
(1 1.43Cm) outside diameter are maoufactured but are less 
common. A plastic or metal retainer basket, or a flap valve is 
oAen fitted into the drive shoe to prevent samples from 
falling out during retrieval. 

9.4.4.2 Sampling Method-As descn’bed in Method 
D 1586 the sampler is threaded onto drilling rods and L 
lowered to the bottom of the boring The sampler is tha 
driven into the soil with blows €tom a drop hammer attached 
to the drill rig. The hammer usually weighs 140 Ib and is 
operated by the driller. The sampler is extracted b m  the soil 
in a manner that will ensure maximum sample recovery. A 
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mple is obtained by disassembling the drive shoe and head, 
d splitting the barrel to expose the core of soil. Material 

a ! A d ? d  by contact with the barrel can be scraped away, or 
a less disturbed interior portion collected with a spatula 

9.4.4.3 Comments-Split barrel drive samplers can be 
used in all soil types ifthe largergrain sizes can enter through 
the opening of the drive shoe. Because the sampler can be 
fitted with a retainer basket, it is typically used in place of 
thin-walled tubes when cohesionless soils are to be sampled. 

9.4.5 Ring-Lined Barrel Samplers: 
9.4.5.1 Descnption--As described in practice D 3550, the 

ring-lined barrel sampler consists of a one piece barrel or two 
split-barrel halves, a drive shoe, rings, a waste barrel and a 
sampler head containing a ball check valve (see Frg. 17). The 
rings fit snugly inside the barrel and are designed to be 
directly inserted into geotechnical testing apparatus when 
removed from the barrel. Mast samplers are designed to hold 
at least six rings. The waste barrel provides a space above the 
rings into which dishlrt>ed soil, originally at the bottom of 
the hole, can move. The samplers are commonly available 
with 2, 3,. and 4-in. (5.08, 7.62, and 10.16-m) outside 
diameter. 

9.4.5.2 Sampling Method-The ring-lined barrel sampler 
can be driven or pushed into soil. It is important to insert the 
sampler deep enough to allow all disnubed soil to move 
through the Mgs and into the waste barrel. Once retrieved, 
*he sampler is disassembled, and the sample filled rings are 

cfully removed. The rings are usually removed as one unit 
placed into a capped container. Alternately, the indi- 

and even sealed with wax or adhesive tape (refer to Practice 
D 4220). 

are more rigid than thin-walled tubes, they can be driven into 
soils containing sands and gravels that might damage thin- 
walled tubes. The sampler provides samples in rings that can 
be handled without further disturbance of the soil. Because 
of this, these devices are most often used when geotechnid 
or chemical amlyses are to be performed. 

9.4.6 Continuous Sample Tube Systm 
9.4.6.1 Descnption-continuous sample tube systems 

that fit within a hollow-stem auger column are readily 
available in North America. The barrel is typically 5 A (1.52 
m) long, and fits within the lead auger of the hollow auger 

01 dual soil filled rings can be capped with plastic or FTFE 

9.4.5.3 commmus--Because ring-lined barrel samplers 

column. The sampler is prevented from rotating as the auger 
column is tumed (20). For many conditions the sampler 
provides continuous, 5-ft (1 32-m) samples (see Frg. 18). The 
assembly can be split- or solid-barrel and can be used with or 
without liners of various metallic and nonmetallic materials 
(20). Two clear, plastic, 30 in. (76.20 cm) long liners are 
o b  used The sampler may also be fined with a plastic or 
metal retainer basket, or a fdp valve to prevent cohesionless 
soils from falling out of the sampler during retrieval (20). 

9.4.62 Sampling Method-The sampler is locked in place 
inside the auger column with its open end protruding a short 
distance beyond the end of the column. While advancing the 
column, soil enters the non-rotating samphg barrel. M e r  a 
5-A (1.52-m) advance, the sampler is withdrawn, and the 
liner (if used) is removed and capped 

9.4.6.3 Comrnem-The continuous sample tube system 
replaces the pilot head assembly in the hollow-stem auger 

since the pilot assembly does not have to be removed before 
taking a sample. The continuous sample tube system is best 
used in clays, silts, and in h e  grained sands. It can be used 
to sample soils that are much more consolidatkd or harder 
than can be sampled with Shelby tubes 

9.4.7 Piston Samplers: 
9.4.7.1 Description-LocaIly saturated (for example, 

perched ground water), or cohesionless soiis, and very soft 
soils or sludges may not be retained in most samplers, even 
when they have been fitted with retainer baskets or flap 
valves. Piston samplers are often used under these condi- 
tions The sampler consists of a sampling tube, an internal 
piston, and a drive head. The piston fits snugly inside the 
tube. The piston is attached to a rod assembly or a cable that 
leads to the surface. Tubes made of steel are available in 5.5 
and 30-in. (13.97 and 76.2oCm) and 5-ft (1.5-m) lengths 
with 0.75, 2, 3, 4, and 5-in. (1.91, 5.08, 7.62, 10.16, and 
12.7oCm) inside diameter (22, 23). When equipped with a 
hardened steel drive shoe, the tube can be fitted with a h e r  
made of aluminum clear PVC, or another material (see Fig. 
19) (24). A version of the sampler designed for peat sampling 
has a cone shaped piston (8). 

9.4.72 Sampling Method--Prior to sampling, the piston 
is placed at the base (advancing end) of the tube. The 
sampler is then attached to drill rods and lowered down the 
borehole or hollow-stem auger column to the bottom of the 
hole (top of the sampling interval). The sampler is then 
pushed or driven into the sampling interval. As the tube 

column. Because of this. sampling speed is greatly increased 
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moves downward, the piston remains stationary and in 
contact with the top of the soil sample. When the sampler is 
withdrawn, soil is retained becaw of suction that develops 
between the piston and the soil core within the sampler. This 
suction is stronger than the suction at the bottom of the 
sampler that would tend to extract soil from the sampler. 
Even so, it is often useful to twist the sampler with the drill 
rods prior to retrieval, to break suction at the bottom-end 

and ensure that the sample will not be pulled out of tbc 
sampler. , 

9.4.7.3 Comments--Average recovery ratios greater than 
0.9 can be attained with this samphg tool (24, 29. 
However, because the sampler depends on development of 

in unsaturated, coarse grahedsandsand gravek This 
suction between the sample and the piston, it may 

to the high air permeabiIity of such material that 
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m t i o n  of suction with the sampler. Samples collected with 
piston samplers are relatively undhurkd. Zapico et al. (24) . 

described techniques for extracting fluid samples directly 
from liners, and for converting liners into permeameters 
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Standard Test Method for 
Consolidated-Undrained Triaxial Compression Test on 
Cohesive Soils' 
This nandard is issued unda'the fixd designation D 4767; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of hst mision. A number in parentheses indicats the year of hst reapproval. A 
supernipt @on (e) indicates an editorial change since the lan rcvidon or reapproval. 

Nm-Section I3 was added editorially January 1991. 

1. scope 
1.1 This test method covers the determination of strength 

and stress-strain relationships for a cylindrical specimen of 
either an undisturbed or remolded saturated cohesive soil 
when it is isotropically consolidated and sheared undrained 
in compression at a constant rate of axial deformation (strain 
controlled). 

1.2 The test method provides for the calculation of total 
and efffective stresses on, and axial compression of the test 
specimen by measurement of axial load, axial deformation, 
and pore-water pressure. 

1.3 The test provides data u s e l l  in determining strength 
and deformation properties of cohesive soils such as Mohr 
strength envelopes and Young's modulus. Generally, three 
specimens are tested at different effective consolidation 
stresses to define a strength envelope. 

1.4 The determination of strength envelopes and the 
development of relationships to aid in interpreting and 
evaluating test results are left to the engineer or office 
requesting the test. 

1.5 The values stated in either SI or nons1 units shall be 
regarded separately as standad The values in each system 
may not be exact equivalents, therefore, each system must be 
used independently of the other, without combining values 
in any way. 

This standard may involve hazardous materiaIs, 
operations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior io use. 

2. Referenced Documents 
2.1 ASTM Standards: 
D422 Method for Particle-Size Analysis of S o i  
D 653 Terminology Relating to Soil, Rock, and Contained 

D 854 Test Method for Specific Gravity of SoM 
D 1587 Practice for Thin-Walled Tube Sampling of Soil!? 
D2166 Test Method for Unconfined Compressive 

1.6 

Fluid2 

Strength of Cohesive Soil2 

This tat mnbod is undcr the juridiction of ASlM C o m e  m 8  on Soil 
and Rnck and is Ute dirccl rrsponnbility of Subcommitta Dl8.05 on Structural 
Ropatia of soils 

Cunmt edition apptoved May 3. 1988. Published July 1988. 
~ A n n d B o d c  o f ~ ~ d s ,  Volo4.08. 
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D2216 Method for Laboratory Determination of Water 
Content of Soil, Rock, and Soil-Aggregate &tu& 

D2435 Test Method for One-Dimension& Consolidation 
Properties of Soils2 

D2487 Test Method for Classification of Soils for Engi- 
neering Purposes2 

D2850 Test Method for Unconsolidated, Undrained 
Compressive Strength of Cohesive Soils in Triaxial 
Compression2 

D4220 Practices for Preserving and Transporting Soil 
samples2 

D 43 18 Test Method for Liquid Limit, Plastic Limit, and 
Plasticity Index of S o i  

3. Terminology 
3.1 Definitions-The definitions of terms used in f 

method shall be in accordance with Terminology D 
3.2 Description of Terms Spec$c to this Standard: 
3.2.1 back pressure-a pressure applied to the specimen 

pore-water to cause air in the pore space to pass into solution 
in the pore-water, that is, to saturate the specimen. 

3.2.2 &ective consoliddon stress-the difference be- 
tween the cell pressure and the pore-water pressure prior to 
shearing the specimen. 

3.2.3 failure-the stress condition at failure for a test 
specimen. Failure is often taken to correspond to the 
maximum principal &res difference (maximum deviator 
stress) attained or the principal stress difference (deviator 
stress) at 15 9% axial Strain, whichever is obtained fmt during 
the performance of a test. Depending on soil behavior and 
field application, other suitable failure criteria may be 
defined, such as maximum effective stress obliquity, u',/u'~, 
or the principal stress difference (deviator stress) at a selected 
axial strain other than 15 %. 

fa 

4. Signifkance and Use 
4.1 The shear strength of a saturated soil in triaxial 

compression depends on the stresses applied, time of consol- 
idation, strain rate, and the stress history experienced by the 
soil. 

4.2 The strength in this test is measured under undrained 
conditions and is applicable to field conditions w h m  
that have been M y  consolidated under one set of stres 

consolidation to take place (undrained condition), and the 
field stress conditions are similar to those in the test. 

subjected to a change in.- without time for a 
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NOTE I-If the s ~ e n g t h  is required for the case where the soil is not 
consolidated during testing prior to shear, refer to Test Method D 2850 
or Test Method D 2166. 

4.3 Using the pore-water pressure measured during the 
test, the shear strength determined fiom this test can be 
expressed in terms of effective stress. This shear strength may 
be applied to field conditions where 111 drainage can occur 
(drained conditions) or where pore pressures induced by 
loading can be estimated, and the field stress conditions are 
similar to those in the test. 

4.4 The shear strength determined from the test expressed 
in terms of total stresses (undrained conditions) or effective 
stresses (drained conditions) is commonly used in embank- 
ment stability analyses, earth pressure calculations, and 
foundation design. 

5. Apparatus 
5.1 A schematic diagram of a triaxial compression appa- 

ratus suitable for the performance of consolidated-undrained 
tests is shown in Fig. 1. The requirements for equipment 
needed to perform satisfactory tests are given in the following 
SeCtiOnS. 

5.2 Axial Loading Device-The axial compression device 
may be a screw jack driven by an electric motor through a 
geared transmission, a hydraulic or pneumatic loading de- 
vice, or any other compression device with suf€icient ca- 
pacity and control to provide the rate of axial strain (loading) 
described in 8.4.2. The rate of advance of the loading device 
should not deviate by more than fl !% from the selected 
value. Vibration due to the operation of the loading device 
shall be sufliciently small to not cause dimensional changes 
in the specimen or to produce changes in pore-water pressure 
when the drainage valves are closed. 
N m  2-A loading device may be judged to produce Sumciently 

small vibrations if there are no visible ripples in a glas of water placed 
on the loading platform when the device is operating. 

5.3 Axial LoadMeasuring Device-The axial load-mea- 
suring device may be a load ring, electronic load cell, 
hydraulic load cell, or any other load-measuring device 
capable of the accuracy prescribed in this paragraph and may 
be a par& of the axial loading device. The axial load- 

N .  - 

FIG 1 Schematic fbgram of a Typical Consolidated Undmimd 
Triaxlal Appara¶ua 

measuring device shall be capable of measuring the axial 
load to an accuracy of within fl % of the axial load at 
failure. If the load-measuring device is located inside the 
triaxial compression chamber, it shall be insensitive to 
horizontal forces and to the magnitude of the chamber 
PresSUre. 

5.4 Triaxial' Compression Chamber-The triaxial cham- 
ber must be able to withstand a chamber pressure equal to 
the sum of the effective consolidation stress and the back 
pressure. It shall consist of a top plate and a baseplate 
separated by a cylinder. The cylinder may be constructed of 
any material capable of withstanding the applied pressures. It 
is desirable to use a transparent material or have a cylinder 
provided with viewing ports so the behavior of the specimen 
may be observed. The top plate shall have a vent valve such 
that air can be forced out of the chamber as it is lilled. The 
baseplate shall have an inlet through which the pressure 
liquid is supplied to the chamber, and inlets leading to the 
specimen base and provide for connection to the cap to allow 
saturation and drainage of the specimen when require$. 

5.5 Axial Load Piston-The piston passing through the 
top of the chamber and its seal must be designed so the 
variation in axial load due to fiction does not exceed 0.1 96 
of the axial load at fdure and so there is negligible lateral 
bending of the piston during loading. 
NOTE %The use of two linear ball bushings to guide the piston is 

recommended to minimize friction and maintain alignment 
NOTE 4-A minimum piston diameter of '16 the specimen diameter 

has been used successflluy in many laboratories to m i n i m k  lateral 
bending. 

5.6 Pressure- and Vacuum-Control Devices-The cham- 
ber pressure and back pressure control devices shall be capa- 
ble of applying and controlling pressures to within k0.25 psi 
(2 kPa) for effective consolidation pressures less than 28 psi 
(200 P a )  and to within fl !% for effective consolidation 
pressures greater than 28 psi (200 kPa). The vacuum control 
device shall be capable of applying and controlling partial 
vacuums to within M.25 psi (2 kPa). The devices may 
consist of selfampensating mercury pots, pneumatic pres- 
sure regulators, combination pneumatic pressure and vac- 
uum regulators, or any other device capable of applying and 
controlling pressures or partial vacuums to the required tol- 
erances. 

5.7 Pressure- and Vacuum-Measurement Devices-The 
chamber pressure, back pressure, and vacuum measuring 
devices shall be capable of measuring pressures or partial 
vacuums to the tolerances given in 5.6. They may consist of 
Bourdon gages, pressure manometers, electronic pressure 
transducers, or any other device capable of measuring 
pressures, or partial vacuums to the stated tolerances. If 
separate devices are used to measure the chamber pressure 
and back pressure, the devices must be calibrated simulta- 
neously and against the same pressure sowce. Since the 
chamber and back pressure are the pressures taken at the 
midheight of the specimen, it may be necessary to adjust the 
calibration of the devices to reflect the hydraulic head of 
fluids in the chamber and back pressure control systems (Fig. 
1). 

5.8 Pore- Water Pressure Measuremem Device-The spec- 
imen porewater pressure shall also be meaSured to the 
tolerances given in 5.6. During undrained shear, the pore- 

.. 
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water pressure shall be measured in such a manner that as 
little water as possible is allowed to go into or out of the 
specimen. To achieve this requirement, a very stiff electronic 
pressure transducer or null-indicating device must be used. 
With an electronic pressure transducer the pore-water pres- 
sure is read directly. With a null-indicating device a pressure 
control is continuously adjusted to maintain a constant level 
of the water/mercury interface in the capillary bore of the 
device. The pressure required to prevent movement of the 
water is equal to the pore-water pressure. Both measiring 
devices shall have a rigidity of all the assembled parts of the 
pore-water pressure measurement system relative to the total 
volume of the specimen, satisfying the following require- 
ment 

0 e 2.2 x lo-’ in?/lb (3.2 x lo4 m2/kN) (1) Au 

where: 
A V  = change in volume of the pore-water measurement 

system due to a pore pressure change, in? (mm’), 
V = the total volume of the specimen, in3 (mm’), and 
Au = the change in pore pressure, psi (kpa). 

NOTE 5-To meet the rigidity requirement, tubing between the 
specimen and the meaniring device should be short and thick walled 
with small bores. Thermoplastic, copper, and stainless steel tubing have 
been used successfuly in many laboratories. 

5.9 Volume Change Measurement Device-The volume 
of water entering or leaving the specimen shall be measured 
with an accuracy of within ~ ~ 0 . 0 5  !% of the total volume of 
the specimen. The volume measuring device is usually a 
burette but may be any other device meeting the accuracy 
requirement. The device must be able to withstand the 
maximum chamber pressure. 

5.10 Defonafion Indicator-The vertical deformation of 
the specimen is usually determined from the travel of the 
piston acting on the top of the specimen. The piston travel 
shall be measured with an accuracy of at least H.02 9% of the 
initial specimen height. The deformation indicator shall have 
a travel range of at least 20 !% of the initial height of the 
specimen and may be a dial indicator, linear variable 
differential transformer (LVDT), extensiometer, or other 
measuring device meeting the requirements for accuracy and 
range. 
5.11 Specimen Cap and Base-The specimen cap and 

base shall be designed to provide drainage from both ends of 
the specimen. They shall be constructed of a rigid, 
noncorrosive, impermeable material, and each shall, except 
for the drainage provision, have a circular plane surface of 
contact with the porous discs and a circular cross section. 
The weight of the specimen cap and top porous disc shall be 
less than 0.5 95 of the applied axial load at failure or less than 
0.1 lb (50 g). The diameter of the cap and base shall be equal 
to the initial diameter of the specimen. The specimen base 
shall be connected to the triaxial compression chamber to 
prevent lateral motion or tilting, and the specimen cap shall 
be designed such that eccentxicity of the piston-to-cap 
contact relative to the vertical axis of the specimen does not 
exceed 0.05 in. (1.3 mm). The end of the piston and 
specimen cap contact area shall be designed so that tilting of 
the m e n  cap during the test is minimal. The cylindrical 
surface of the Specimen base and cap that contacts the 

membrane to form a seal shall be smooth and free of 
scratches. 

5.12 Porous Discs-The specimen shall be separ 

diameter equal to that of the specimen. The coe aent of 
permeability of the discs shall be approximately equal to that 
of fine sand (4 x lo-’ in./s (1 X lo4 cm/s)). The discs shall 
be regularly checked to determine whether they have become 

NOTE bFdter-paper discs of a diameter equal to that of the 
specimen may be placed between the porous discs and specimen to 
avoid clogging of the porous disa when accurate moduli values are not 
required. 
5.13 Filter-Paper Strips and Discs-Fdter-paper strips are 

used by many laboratories to decrease the time required for 
testing. If filter strips and discs are used, they shall be of a 
type that does not dissolve in water. The coefficient of 
permeability of the filter paper shall not be less than 4 x lo4 
in./s (1 x lo-’ m / s )  for a normal pressure of 80 psi (550 
@a). To avoid hoop tension, filter strips should cover no 
more than 50 95 of the specimen periphery. Fdter-strip cages 
similar to that shown in Fig. 2 have been suCOeSSfUUy used by 
many laboratories. An equation for correcting the principal 
stress difference (deviator stress) for the effect of the strength 
of vertical filter strips is given in 10.6. 

NOTE 7-Whatman’s No. 54 Fdter Paper has been found to meet the 
permeabfity and durability requirements 

5.14 Rubber Membrane-The rubber membrane used to 
encase the specimen shall provide reliable protection aoainst 
leakage. To check a membrane for leakage, the m 
shall be placed around a cylindrical form, sealed at 

inside, and immersed in water. If air bubbles appear from 
any point on the membrane it shall be rejected. To offer 
minimum restraint to the specimen, the unstretched mem- 
brane diameter shall be between 90 and 95 5% of that of the 
specimen. The membrane thickness shall not exceed 1 95 of 
the diameter of the specimen. The membrane shall be sealed 

the specimen cap and base by rigid porous @: 

clogged. 

with rubber O-rings, subjected to a small air p s 
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to the specimen cap and base with rubber O-rings for which 
the unstressed inside diameter is between 75 and 85 95 of the 
diameter of the cap and base, or by other means that will 
provide a positive seal. An equation for correcting the 

rincipal stress difference (deviator stress) for the effect of the 
ffness of the membrane is given in 10.7. 
5.15 Vdves-Changes in volume due to opening and 

closing valves may result in inaccurate volume change and 
pore-water pressure measurements. For this reason, valves in 
the specimen drainage system shall be of the type that 
produce minimum volume changes due to their operation. A 
valve may be assumed to produce minimum volume change 
if opening or closing the valve in a closed, saturated 
pore-water pressure system does not induce a pressure 
change of greater than kO.1 psi (0.7 Pa) .  All valves must be 
capable of withstanding applied pressures without leakage. 

Nm 8--Ball valves have been found to provide minimum volume- 
change chardcteristia; however, any other rype of valve having suitable 
volume-change charactensh . 'crmaybeused 

5.16 Specimen-Size Measurement Devices-Devices used 
to determine the height and diameter of the specimen shall 
measure the respective dimensions to within M.1 95 of the 
total dimension and shall be constructed such that their use 
will not disturb the specimen. 

NOTE 9-Ciimfmtial measwing tapes are m u m e n d e d  over 
calipers for measuring the diameter. 

5.17 Recorders-Specimen behavior may be recorded 
manually or by electronic digital or analog recorders. If 
electronic recorders are used, it shall be necasary to calibrate 
the measuring devices through the recorder using known 

.18 Sample Extruder-The sample extruder shall be a ble of extruding the soil core from the sampling tube at 
a uniform rate in the same direction of travel as the sample 
entered the tube and with minimum disturbance of the 
sample. Ifthe soil core is not extruded vertically, care should 
be taken to avoid bending stresses on the core due to graviq. 
Conditions at the time of sample removal may dictate the 
direction of removal, but the principal concern is to mini- 
mize the degree of disturbance. 

5.19 Timer-A timing device indicating the elapsed 
testing time to the nearest 1 s shall be used to obtain 
consolidation data (8.3.3). 

5.20 Weighing Device-The specimen weighing device 
shall determine the mass of the specimen to an accuracy of 
within H.05 % of the total nxy of the specimen. 

5.21 Water Deaeration Device--The amount of dissolved 
gas (air) in the water used to saturate the specimen may be 
decreased by boiling, by heating and spraying into a vacuum, 
or by any other method that will satisfy the requirement for 
saturating the specimen within the limits imposed by the 
available maximum back pressure and time to perform the 
test. 

5.22 Testing Environment-ne consolidation and shear 
portion of the test shall be perfomed in an environment 
where temperature fluctuations are less than 27.2OF (MC) 
and there is no direct contact with sunlight. 

3 Miscellanem Apparatus-Specimen trimming and 

d vertical trimming lathe, apparatus for preparing 

.R 

put standards. 

tools including a wire saw, steel straightedge, miter 

compacted specimens, membrane and O-ring expander, 
water content cans, and data sheets shall be provided as 
IWplired. 

6.  Test Specimen Preparation 
6.1 Specimen Size-Specimens shall be cylindrical and 

have a minimum diameter of 1.3 in. (3.3 cm). The height- 
todiameter ratio shall be between 2 and 2.5. The largest 
particle size shall be smaller than 116 the specimen diameter. 
If, after completion of a test, it is found based on visual 
observation that oversize particles are present, indicate this 
information in the report of test data (1  1.1.22). 
NOTE 10-If oversize particles are found in the specimen after 

testing, a particle-size analysis may be performed in accordance with 
Method D422 to confirm the visual observation and the results 
providedwith thetestreport(ll.l.4). 

6.2 Undisturbed Specimens-Prepare undisturbed speci- 
mens from large un- samples or from samples 
secured in accordance with Practice D 1587 or other accept- 
able u n d i s t w  tube sampling procedures and preserved 
and transported in accordance with the practices for Group 
C samples in Practices D 4220. Specimens obtained by tube 
sampling may be tested without trimming except for cutting 
the end surfaces plane and perpendicular to the longitudinal 
axis of the specimen, provided soil characteristics are such 
that no significant results from sampling. 
Handle specimens carefully to minimize disturbance, 
changes in cross section, or change in water content. If 
compression or any type of noticeable disturbance would be 
caused by the extrusion device, split the sample tube 
lengthwise or cut the tube in suitable sections to facilitate 
removal of the specimen with minimum disturbance. Re- 
pare trimmed specimens, in an environment such as a 
controlled high-humidity room where soil water content 
change is minimized. Where removal of pebbles or a m -  
bling resulting h m  trimming causes voids on the d a c e  of 
the specimen, carefully fill the voids with remolded soil 
obtained from the trimmings. Where the sample condition 
pexmits a vertical trimming lathe that will accommodate the 
total sample may be used as an aid in preparing the specimen 
to the required diameter. After obtaining the desired diam- 
eter, place the specimen in a miter box and cut the specimen 
to the final length with a Wire saw or other suitable device. 
Trim the surfaces with the steel straightedge. Pedorm one or 
more water content determinations on material trimmed 
from the specimen in accordance with Method D 2216. 
Determine the mass and dimensions of the specixhen using 
the devices described in 5.16 and 5.20. A minimum of three 
height measurements (120' apart) and at least three diameter 
measurements at the quarter points of the height shall be 
made to determine the average height and diameter of the 
specimen. 

6.3 Compacted Specimenccompacted specimens may 
be prepared by compacting material in at least six layen 
using a pressing or kneading action into a split mold of 
circular cross section'havingdimensions meeting the require- 
ments enumerated in 6.1. Material required for the specimen 
shall be batched by thoroughly mixing soil with suflicient 
water to produce the desired wter content. After batching, 
store the material in a covered container for at least 16 h 
prior to compaction. Specimens may be compacted to the 
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desired density by either: (I) kneading or tamping each layer 
until the accumulative mass of the soil placed in the mold is 
compacted to a known volume; or (2) by adjusting the 
number of layers, the number of tamps per layer, and the 
force per tamp. The top of each layer shall be scarified prior 
to the addition of material for the next layer. The tamper 
used to compact the material shall have diameter equal to or 
less than 1/z the diameter of the mold. After a specimen is 
formed, with the en& perpendicular to the longitudinal axis, 
remove the mold and determine the mass and dimensions of 
the specimen using the devices described in 5.16 and 5.20. 
Perform one or more water content determinations on excess 
material used to prepare the specimen in accordance with 
Method D 2216. 
NOTE 11-11 is common for the unit weight of the specimen after 

removal from the mold to be less than the value based on the volume of 
the mold. This occurs as a d t  of the specimen swelling after removal 
of the lateral confinement due to the mold 

7. MountingSpecimea 
7.1 Preparations-Before mounting the specimen in the 

triaxial chamber, make the following prepaxations: 
7.1.1 If deemed necessary, check the rubber membrane 

for leaks (see 5.14). 
7.1.2 Place the membrane on the membrane expander or, 

if it is to be rolled onto the specimen, roll the membrane on 
the cap or base. 

7.1.3 Check that the porous discs and Specimen drainage 
tubes are not obstructed by passing air or water through the 
appropriate lines. 

7.1.4 Attach the pressureantrol and volume-measure- 
ment system, and a pore-pressure measurement device to the 
chamber base. 

7.2 Depending on whether the saturation portion of the 
test will be initiated with either a wet or dry drainage system, 
mount the specimen using the appropriate method, as 
follows in either 7.2.1 or 7.2.2: 
NOTE 12-It is recommended that the dry mounting method be used 

for specimens of soils that swell a p p d b l y  when in contact with water. 
If the wet mounting method is used for such soils, it wil l  be necesary to 
obtain the specimen dimensions after the specimen has been mounted. 
In such cases, it will be necmary to determine the double thickness of 
the membrane, the double thickness of the wet filter paper strips (if 
used), and the combined height of the cap, base, and porous discs 
(including the thickness of filter discs if they are used) so that the 
appropriate values may be subtracted from the measurements. 

7.2.1 Wet Mounting Method: 
7.2.1.1 Fill the specimen drainage lines and the pore- 

water pressure measurement device with deaired water. 
7.2.1.2 Saturate the porous discs by boding them in water 

for at least 10 min and allow to cool to room temperature. 
7.2.1.3 Place a saturated porous disc on the specimen base 

and after wiping away all fke water on the disc, place the 
specimen on the disc. Next, place another porous disc and 
the specimen cap on top of the specimen. Check that the 
specimen cap, Specimen, and porous discs are centered on 
the specimen base. 

disa and specimen, they should be dipped in warn prior to placement. 

7.2.1.4 If filter-paper strips or a filter-paper cage (Fig 2) 
are to be used, saturate the paper with water prior to placing 

NOTE I & I f f i l t e r - ~  discs =-to bt plaad baween the p ~ r o u ~  

it on the specimen. To avoid hoop tension, do not cover 
more than 50% of the specimen periphery with - 
strips of filter paper. ." 7.2.1.5 Proceed with Section 7.3. 

7.2.2 Dry Mounting Method: 
7.2.2.1 Dry the specimen drainage system. This may be 

accomplished by allowing dry air to flow through the system 
prior to mounting the specimen. 

7.2.2.2 Dry the porous discs in the oven overnight prior to 
mounting the specimen and place in a desiccator while 
allowing the dixs to cool to room temperature. 

7.2.2.3 Place a dry porous disc on the specimen base and 
place the specimen on the disc. Next, place a dry porous disc 
and the specimen cap on the specimen. Check that the 
specimen cap, porous discs, and specimen are centered on 
the specimen base. 

NOTE 14-If desired, dry filter-paper discs may be placed between 
the porous discs and specimen. 

7.2.2.4 If filter-paper strips or a filter-paper cage Fig. 2) 
are to be used, the cage or strips may be held in place by 
small pieces of tape at the top and bottom. 

7.3 Place the rubber membrane around the specimen and 
seal it at the cap and base with two rubber O-rings or other 
positive seal at each end. A thin coating of silicon grease on 
the vertical surfaces of the cap and base will aid in sealing the 
membrane. If filter-paper strips or a filter-paper cage are 
used, do not apply grease to surfaces in contact with the 
filter-paper. 

7.4 Attach the top drainage line and check the alignment 
of the specimen and the specimen cap. If the dry mr 

mately 5 psi (35 Wa) (not to exceed the consolidation a method has been used, apply a partial vacuum of a 

to the specimen through the top drainage line prior to 
checking the alignment. If there is any eccentricity, release 
the partial vacuum, realign the specimen and cap, and then 
reapply the partial vacuum. If the wet mounting method has 
been used, the alignment of the specimen and the specimen 
cap may be checked and adjusted without the use of a partial 
vacuum. 

8. Procedure 
8.1 Prior to Saturation--After assembling the triaxial 

chamber, perform the following operations: 
8.1.1 Bring the axial load piston into contact with the 

specimen cap several times to permit proper seating and 
alignment of the piston with the cap. During this procedure, 
take care not to apply an axial load to the specimen 
exceeding 0.5 ?% of the estimated axial load at failure. When 
the piston is brought into contact, record the reading of the 
deformation indicator. 

8.1.2 Fiu the chamber with the chamber liquid, being 
careful to avoid trapping air or leaving an air space in the 
chamber. 

8.2 Saturation-The objective of the saturation phase of 
the test is to fX all voids in the specimen with water without 
undesirable Prestressing of the specimen or allowing the 
specimen to swell. Saturation is usually accompliS - ' 

air into solution after either (I) applying vacuum aE applying back pressure to the specimen pore water 

specimen and dry drainage system (lines, porous discs, 
pore-pressure device, 6lter-strips or cage, and discs) and 
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allowing deaired water to saturate the system while main- 
taining the vacuum; or (2) saturating the drainage system by 
boiling the porous dim in water and allowing water to flow 
through the system prior to mounting the specimen. It 
should be noted that time is required to place air into 
solution. Accordingly, removing as much air as possible 
prior to applying back pressure will decrease the amount of 
air that will have to be placed into solution and wiU also 
decrease the back pressure required for saturation. In addi- 
tion, air remaining in the specimen and drainage system just 
prior to applying back pressure will go into solution much 
more readily if deaired water is used for saturation. The use 
of deaired water will also decrease the time and back pressure 
required for saturation. Many procedures have been devel- 
oped to accomplish saturation. The following are suggested 
procedures: 

8.2.1 Starting with Initially Dry Drainage System-In- 
crease the partial vacuum acting on top of the specimen to 
the maximum available vacuum. If the effective consolida- 
tion stress under which the strength is to be determined is 
less than the maximum partial vacuum, apply a lower partial 
vacuum to the chamber. The difference between the partial 
vacuum applied to the specimen and the chamber should 
never exceed the effective consolidation stress for the test and 
should not be less than 5 psi (35 kPa) to allow for flow 
through the sample. After approximately 2 h, allow deaired 
water to percolate from the bottom to the top of the 
specimen under a Merential vacuum of less than 3 psi (20 
kPa) (Note 15). 

8.2.1.1 There should always be a positive effective stress 
of at least 2 psi (13 P a )  at the bottom of the specimen 

uring this part of the procedure. When water appears in the 

to the bottom of the specimen and t3l the burette with 
deaired water. Next, reduce the vacuum acting on top of the 
specimen through the burette to atmospheric pressure while 
Simultaneously increasing the chamber pressure by an equal 
amount. During this process, the difference between the pore 
pressure measured at the bottom of the specimen and the 
chamber pressure should not be allowed to exceed the 
desired effective consolidation pressure. When the pore 
pressm’ at the bottom of the specimen stabilizes, proceed 
with back pressuring of the specimen pore-water as described 
in 8.2.3. To check for equalization, close the drainage valves 
to the specimen and measure the pore pressure change over a 
1-min interval. If the change is less than 1 95 of the chamber 
pressure, the pore pressure may be assumed to be stabilized. 
NOTE 1 %For saturated clays percolation may not be necessary and 

water can be add4 simultaneously at both top and bottom. 
8.2.2 Starting with Initially Saturated Drainage System- 

mer filling the burette connected to the top of the specimen 
with deaired water, apply a chamber pressure of 5 psi (35 
kPa) or less and open the specimen drainage valves. When 
the pore pressure at the bottom of the specimen stabilizes, 
according to the method described in 8.2.1, or when the 
burette reading s t a b i i  back pressuring of the specimem 
pore-water may be initiated. 

8.2.3 Applying Back Rasure-Simultaneously increase 
e chamber and back pressure in steps with specimen 

burette connected to the top and bottom of the specimen 

e burette connected to the top of the specimen, close the valve 

e drainage valves opened so that deaired water from the 

may flow into the specimen. To avoid undesirable pre- 
stressing of the specimen while applying back pressure, the 
pressures must be applied incrementally with adequate time 
between increments to permit equalization of pore-water 
pressure throughout the specimen. The size of each incre- 
ment might be 5 psi (35 P a ) ,  10 psi (70 kPa), or even 20 psi 
(140 @a), depending on the compressibility of the soil 
specimen, the magnitude of the desired effective consolida- 
tion stress, and the degree of saturation of the specimen just 
prior to the addition of the increment. The difference 
between the chamber pressure and the back pressure during 
back pressuring should not exceed 5 psi (35 kPa) unless it is 
deemed neceSSary to control swelling of the specimen during 
the procedure. The difference between the chamber and back 
pressure must also remain within k5 95 when the presmres 
are raised and within &2 9% when the pressures are constant. 
To check for equalization after application of a back pressw 
increment or after the full value of back pressure has been 
applied, close the specimen drainage valves and measure the 
change in pore-pressure over a 1-min interval. If‘ the change 
in pore pressure is less than 1 9% of the difference between the 
chamber pressure and the back pressure, another back 
pressure increment may be added or a measurement may be 
taken of the pore pressure parameter B (see 8.2.4) to 
determine if saturation is completed. Specimens shall be 
considered to be saturated if the value of B is equal to or 
greater than 0.95, or i f B  remains unchanged with addition of 
back pressure increments. 

NOTE 16-Although the pore pressure parameter B is used to 
measure the degm of saturation, the Bvalue is also a function of soil 
stiffness. If the degree of saturation of the sample is 100 X, the &value 
measurement will increase with decreasing soil stiffness. Therefore, 
when tating soft soil samples, a B-value of 95 % may indicate a degree 
of saturation les than 100 56. 

NOTE 17-The back pressure required to satuate a compacted 
specimen may be higher for the wet mounting method than for the dry 
mounting method and may be as high as 200 psi ( 1400 kPa). 

tTilllSduaxs to achieve the requirements for small differenas between 
chamber and back pressure. 

8.2.4 Measurement of the Pore Pressure Parameter B- 
Determine the value of the pore pressure parameter B in 
accordance with 8.2.4.1 through 8.2.4.4. The pore pressure 
parameter B is defined by the following equation: 

B = Au/Ac, (2) 
where: 
Au = the change in the specimen pore pressure that occurs 

as a result of a change in the chamber pressure when 
the specimen drainage valves are closed, and 

Au3 = the change in the chamber pressure. 
8.2.4.1 Close the specimen drainage valves and increase 

the chamber pressure 10 psi (70 P a ) .  
8.2.4.2 After approximately 2 min, determine and mrd 

the maximum value of the induced pore pressure. For many 
specimens, the pore pressure may decrease after the imme 
diate response and then increase slightly with time. If this 
occurs, values of Au should be plotted with time and the 
asymptotic pore pressure used as the change in pore pressure. 
A large increase in Au with time or values of Augreater than 
Au3 indicate a leak of chamber fluid into the specimen. 
Decreasing values of Au with time may indicate a leak in that 
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part of the pore pressure measurement system located 
outside of the chamber. 

8.2.4.3 Calculate the B-value using Eq 2. 
8.2.4.4 Reapply the same effective consolidation stress as 

existed prior to the B-value by reducing the chamber 
pressure by 10 psi (70 @a) or by alternatively, increasing the 
back pressure by 10 psi (70 Pa) .  If B is continuing to 
increase with increasing back pressure, continue with back 
pressure saturation. If B is equal to or greater than 0.95 or if 
a plot of B versus back pressure indicates no further increase 
in B with increasing back pressure, initiate consolidation. 

8.3 Consolidation-The objective of the consolidation 
phase of the test is to allow the specimen to reach equilib- 
rium in a drained state under the effective consolidation 
stress for which a strength determination is required. During 
consolidation, data is obtained for use in determining when 
consolidation is complete and for computing a rate of Strain 
to be used for the shear portion of the test. The consolidation 
procedure is as follows: 

8.3.1 When the saturation phase of the test is completed, 
bring the axial load piston into contact with the specimen 
cap and record the reading on the deformation indicator. 
During this procedure, take care not to apply an axial load to 
the specimen exceeding 0.5 % of the estimated axial load at 
failure. After recording the reading, raise the piston a small 
distance above the specimen cap and lock the piston in place. 

8.3.2 With the specimen drainage valves closed, hold the 
maximum back pressure constant and increase the chamber 
pressure until the difference between the chamber pressure 
and the back pressure equals the desired effective consolida- 
tion pressure. 

NOTE 19-In certain circumstances, consolidation in stages may be 
desirable, especially when radial drainage is used. 

8.3.3 Obtain an initial burette reading and then open 
appropriate drainage valves so that the specimen may drain 
fiom both ends into the burette. At increasing intervals of 
elapsedtime (0.1,0.2,0.5, 1,2,4,8, 15, and 30 min and at 1, 
2, 4, and 8 h, etc.) observe and record the burette readings 
and after the Ibmin reading record the accompanying 
deformation indicator readings obtained by carefully cou- 
pling the piston with the specimen cap. If burette and 
deformation indicator readings are to be plotted against the 
square root of time, the time intervals at which readings are 
taken may be adjusted to those that have easily obtained 
square roots, for example, 0.09, 0.25, 0.49, 1, 4, 9 min, etc. 
Depending on soil type, time intervals may be changed to 
convenient time intervals which allow for adequate defmi- 
tion of volume change versus time. 

NOTE 204x1 cases where significant amounts of fines may be 
washed from the specimen because of high initial hydraulic gradients, it 
is prmissble to graduaUy increase the chamber pressure to the total 
desired pressure owra period of up to 10 min with the drahage valves 
open. If this is done, recoxding of data should begin immediately after 
thetotalprrsurrisrrached. 

8.3.4 Plot the burette and deformation indicator readings 
versus either the logarithm or square root of elapsed time. 
Allow consolidation to continue for at least one log cycle of 
time or one overnight period after 100 96 primary consolida- 
tion has been achieved as determined in accordance with one 
of the procedures outlined in Test Method D2435. A 
marked deviation between the slopes of the burette and 

deformation indicator curves toward the end of con-wlida- 
tion based on deformation indicator readings i 
leakage of fluid from the chamber into the specime 
test should be terminated. 

8.3.5 Determine the time for 50 9% primary consolidation, 
t5& in accordance with one of the procedures outlined in 
Test Method D 2435. 

8.4 Shear-During shear, the chamber pressure shall be 
kept constant while advancing the axial load piston down- 
ward against the specimen cap using controlled axial strain 
as the loading criterion. Specimen drainage is not permitted 
during shear. 

8.4.1 Prior to Axial Loading-Before initiating shear, 
perfom the following steps: 

8.4.1.1 By opening or closing the appropriate valves, 
isolate the specimen so that during shear the specimen 
pore-water pressure will be measured by the pore-pressure 
measurement device and no drainage will occur. 

8.4.1.2 Place the chamber in position in the axial loading 
device. Be careful to align the axial loading device, the axial 
load-measuring device, and the triaxial chamber to pFvent 
the application of a lateral force to the piston during shear. 

8.4.1.3 Bring the axial load piston into contact with the 
specimen cap to permit proper seating and realignment of 
the piston with the cap. Remember that during this proce- 
dure, care should be taken not to apply an axial load to the 
specimen exceeding 0.5 9% of the estimated axial load at 
failure. If the axial load-measuring device is located outside 
of the triaxial chamber, the chamber pressure will prduce 

*e 

an upward force on the piston that will react against 
loading device. In this case, start shear with 
slightly above the specimen cap, and before the 
into contact with the specimen cap, either (I) measure and 
record the initial piston friction and upward thrust of the 
piston produced by the chamber pressure and'later correct 
the measured axial load, or (2) adjust the axial load- 
measuring device to compensate for the friction and thrust. 
The variation in the axial load-measuring device reading 
should not exceed 0.1 9% of the estimated failure load when 
the piston is moving downward prior to contacting the 
specimen cap. If the axial load-measuring device is located 
inside the chamber, it will not be neceSSary to correct or 
compensate for the uplift force acting on the axial loading 
device or for piston friction. However, if an internal load- 
meaSuring device of significant flexibility is used in combi- 
nation with an external deformation indicator, correction of 
the deformation readings may be necessary. In both cases, 
record the initial reading on the pore-water pressure mea- 
surement device immediately prior to when the piston 
contacts the specimen cap and the reading on the deforma- 
tion indicator when the piston contacts the specimen cap. 

8.4.2 Axial Loading-Apply axial load to the specimen 
using a rate of axial strain that will produce approximate 
equalization of pore pressures throughout the specimen at 
failure. Assuming failure will occur after 4 %, a suitable rate 
of strain may be obtained by dividing 4 % by ten times the 
value of tso (obtained in 8.3.5). This rate of 

the range necessary to define effective strength enve A. If, 
however, it is estimated that failure will occur at a strain 
value lower than 4 %, it will be necessary to obtain a suitable 

provide for determination of accurate effective * 
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-6 rate by dividing the estimated failure stmin by ten 
mes the value of tSo. At a minimum, record load, deforma- 
n, and pore-water pressure values at increments of 0.1 9% b o 1 % strain and, thereafter, at every 1 %. Take s&cient 

readings to define the stress-strain curve; hence, more 
frequent readings may be required in the early stages of the 
test and as failure is approached. Continue the loading to 
15 % strain, except loading may be stopped when the 
principal stress differende (deviator stress) has dropped 20 % 
or when 5 9% additional axial strain occurs after a peak in 
principal stress difference (deviator stress). 

NOTE 21-The use of a manually adjusted null-indicating device will 
require nearly continuous attention to ensue the criterion for undrained 
shear. 

9. Removing Specimen 
9.1 When shear is completed, perfom the following steps: 
9.1.1 Remove the axial load and reduce the chamber and 

back pressures to zero. 
9.1.2 With the specimen drainage valves remaining 

closed, quickly remove the specimen from the apparatus so 
that the specimen will not have time to absorb water from 
the porous discs. 

9.1.3 Remove the rubber membrane (and the filter-paper 
strips or cage from the specimen if they were used) and 
determine the water content of the total spechen in 
accordance with the procedure outlined in Method D 2216. 
(Free water remaining on the specimen after removal of the 
membrane should be blotted away before obtaining the 

ter content.) In cases where there is i d c i e n t  material 
rom trimmings for index property tests, that is, where 

specimen should be weighed prior to removing material for 
index property tests and a representative portion of the 
specimen used to determine its final water content. Prior to 
placing the specimen (or podon thereof) in the oven to dry, 
sketch a picture or take a photograph of the specimen 
showing the mode of failure (shear plane, bulging, etc.). 

8= specimens have the same diameter as the sampling tube, the 

10. CalcIllatiOns 
10.1 Initial Specimen Properties-Using the dry mass of 

the total specimen, calculate and record on the appropriate 
data sheet the initial water content, volume of solids, initial 
void ratio, initial degree of saturation, and initial dry unit 
weigbt. Calculate the specimen volume from values mea- 
sured in 6.2 or 6.3. Calculate the volume of solids by dividing 
the dty mass of the specimen by the specific &tavity of the 
solids (Note 22) and dividing by the density of water. 
Calculate the void ratio by dividing the volume of voids by 
the volume of solids where the volume of voids is assumed to 
be the difference between the specimen volume and the 
volume of the solids. Calculate dry density by dividing the 
dry mass of the specimen by the Specimen volume. 
NOTE 22-The specific gravity of solids can be detennined in 

accordance with Test Method D854 or it m a y  be assumed besed on 
prrvioustest results. 

10.2 Specimen Properties Afier Consofidation-Calculate 
the specimen height a d  area after consolidation as follows: 

10.2.1 Height of specimen after consolidation, H, is 
determined h m  the following equation: 

a 

H c =  H, - AHo (3) 
where: 
H, 
AH, = change in height of specimen at end of consolida- 

10.2.2 The cross-sectional area of the specimen after 
consolidation, A, shall be computed Using one %f the 
following methods (assuming consistent units are used). The 
choice of the method to be used depends on whether shear 
data are to be computed as the test is performed (in which 
case Method A would be used) or on which of the two 
methods in the opinion of a qualified person yield specimen 
conditions considered to be most representative of those 
after consolidation. 

= initial height of specimen, in. (mm), and 

tion, in. (mm). 

10.2.2.1 Method A: 
A, = (V, - AVa - AVc)/Hc (4) 

where: 
V, = initial volume of specimen, (mm3), 
AV, = change in volume of specimen during mnsolida- 

tion as indicated by burette readings, in? (mm’), 
and 

AV, = change in volume of specimen during saturation, 
in? (mm’), as follows: 

A V ,  = 3 V, AH,/H, 

where: 
MY, = change in height of the specimen during saturation, 

in. (mm). 
10.2.2.2 Method B: 

A,  = cvg+ VJH, (5)  
where: 
V,,, = final volume of water (based on final water content), 

V, = volume of solids, in.’ (mm’), as follows: 

where: 
w, = specimen dry m k ,  lb (lcg), 
G, = specific gravity of solids, and 
p,,, = density of water, lb/ih3 (lcg/mm3). 

10.2.3 Using the calculated dimensions of the &men 
after consolidation, and assuming that the water content 
after consolidation is the same as the final water content, 
calculate the consolidated void ratio and degree of satura- 
tion. 

NOTE 23-If the specimen absorbs water from the porous dixs 
during the time it is being removed from the apparatus, the calculated 
degree of saturation based on the final water content will ex& 100 I. 
NOTE 24-In this test method, the equations are Written such that 

compression and consolidation are considered positive. 

10.3 Shear Data: 
10.3.1 Calculate the axial Strain, el, for a given applied 

axial load as follows: 
q = AHmc (6) 

where: 
AH = change in height of Specimen during loading as read 

from deformation indicator, in. (mm), and 
H, = height of Specimen after c~nsolidation, in. (IIUU). 

10.3.2 Calculate the cross-seCtional area, A, for a given 
applied axial load as follows: 

in.’ (mm’), and 

V, = w,/(GAJ 

- 
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A = A c / ( ]  - fi) (7) 
where: 
A, =average cross-sectional area of the specimen after 

c I  = axial strain for the given axial load. 

NOTE 25-The cross-sectional area computed in this manner is based 
on the assumption that the specimen deforms as a right circular cylinder 
during shear. Io cases where there is localized bulging, it may be possible 
to determine more accurate values for the area based on specimen 
dimension measurements obtained after shear. 

10.3.3 Calculate the principal stress difference (deviator 
stress), u1 - u3, for a given applied axial load as follows: 

01 - 03 = PIA (8) 
where: 
P = given applied axial load (corrected for uplift and piston 

fiction if required as obtained in 8.4.1.3), lb (kN), and 
A = corresponding cross-sectional area, in2 (mm’). 

10.3.4 Calculate the effective minor principal stress, d3  
for a given applied axial load as follows: 

0’3 = 4 - AU , (9) 
where: 
u3 = effective consolidation stress, psi (kpa), and 
Au = induced pore-water pressure at the given axial load 

(total pore-water pressure minus the total back pres- 
sure), psi (kPa). 

10.4 Principal Stress DiJkrence (Deviator Stress) and 
Induced Pore- Water Pressure v e r w  Strain Curves-Prepare 
graphs showing relationships between principal stress differ- 
ence (deviator stress) and induced pore-water pressure with 
axial strain, plotting deviator stress and induced pore-water 
pressure as ordinates and axial strain as abscissa Select the 
principal stress Merence (deviator stress) and axial strain at 
failure in amrdance with a definition in 3.2.3. 

10.5 p‘ - q Diagram-Prepare a graph showing the 
relationship between p’, ( u ’ ~  + d3)/2 and q, (a, - u3)/2, 
plotting q as ordinate and p’ as abscissa using the same scale. 
The value of p’ for a given axial load may be computed as 
follows: 

P’ = ((01 - Q3) + 20.‘,)/2 (10) 
where: 
ul - u3 = principal stress difference (deviator stress), psi 

d3 = effective minor principal stress, psi &Pa). 
10.6 Correction for Filter-Paper Strips-For vertical filter- 

paper strips which extend over the total length of the 
specimen, apply a filter-paper strip correction to the com- 
puted values of the principal stress difference (deviator 
stress), if the error in principal stress difference (deviator 
stress) due to the strength of the filter-paper strips exceeds 
5 %. 

10.6.1 For values of axial strain above 2 %, use the 
following equation to compute the correction: 

(11) 
where: 
A ( u ~  - u3) = correction to be subtracted from the measured 

principal stress difference (deviator stress), psi 
orpa), 

consolidation, in.’ (mm’), and 

Wa), and 

Ab,  - 03) = K#p/P/Ac 
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= load carried by filter-paper strips K f P  
length of perimeter covered by fjt 
Ibf/in. (kN/mm), 

Ph =perimeter covered by filter-paper, 
and 

A, = cross-sectional area of specimen after comfi- 
dation, in.’ (mm’). 

10.6.2 For values of axial strain of 2 % or less, use the 
following equation to compute the correction: 

(12) 
where: 
cI  =axial strain (decimal form) and other terms are the 

A(u1 - 03) = 5 0 ~ i K / B / A e  

same as those defined in 10.6.1. 
NOTE 26-For filter-paper generally used in triaxial testing, Kfi is 

approximately 1.1 Ib/in. (0.19 IrN/m). 

10.7 Correction for Rubber Membrane-Use the fol- 
lowing equation to correct the principal stress difference 
(deviator stress) for the effect of the rubber membrane if the 
error in principal stress difference (deviator stress) due to the 
strength of the membrane exceeds 5 %: 

Ab1 - o3) = (4EdmC*)/Dc (13) 
where: 
A ( u ~  - u3) = the correction to be subtracted from the mea- 

sured principal stress Werence (deviator 

dation. in. (mm), 
0, of specimen after consoli- 

Em 

tm 

= Younpl’s modulus for the membrane rr 

= thickness of the membrane, in. (mm), 
Psi Wa), 

€1 
10.7.1 The Young’s modulus of the membrane material 

may be determined by hanging a OS-in. (1 5-mm) circumfer- 
ential strip of membrane using a thin rod, placing another 
rod through the bottom of the hanging membrane, and 
measuring the force per unit strain obtained by stretching the 
membrane. The modulus value may be computed using the 
following equation: 

Em (F/AA/(U/L) (14) 

= axial strain (decimal form). 

where: 
E,,, = Young’s modulus of the membrane material, psi 

F = force applied to stretch the membrane, Ibf (kN), 
L = unstretched length of the membrane, in. (mm), 
AL = change in length of the membrane due to application 

A,,, = area of the membrane = 2 f,,, W, in.2 (m’ = 

where: 
fm = thickness of the membrane, and 
W, = width of Circumferential strip (4.5 in. or 15 mm). 

Wa), 

of the force, F, in. (mm), and 

mm2/1 OOO 0OO) 

NOTE 27-A typical value of Em for latex membranes is 200 psi 

NOTE 28-The effect of the membrane on the l a d  stress is - 

Nm 29-The corrections for filter-paper Strips and membt. Q[ aznuned to be negligible. 

based on simplified assumptions concerning their behavior during shear. 
Their actual behavior is complex and thae is not a consensus on more 
exactcomctions. 

(1400 kpa). 
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10.8 Determine the major and minor principal stresses at 
failure based on total strkes, alland ~~,respeCtively, and on 
ef fdve  stresses, u',/and ~'~~respectively, as follows: 
u31 = effective consolidation stress, psi (kPa), 
ull = (0, - u3) at failure + u3fi psi Ocpa), 

d1f = (ut - u3) at failure + u ' ~ ~  psi &Pa), where Au is the 

10.9 Mohr Stress Circles-Construct Mohr stress circles 
at failure based on total and effective stresses on an arith- 
metic plot with shear stress as ordinate and normal stress as 
abscissa using the same scales. As shown in Fig. 3, the circle 
based on total stresses is drawn with a radius of one-half the 
principal stress difference (deviator stress) at failure with its 
center at a value equal to one-half the sum of the major and 
minor total principal stresses. The Mohr stress circle based 
on effective stresses is drawn in a similar manner except that 
its center is at a value equal to one-half the sum of the major 
and minor effective principal stress. 

u',f = 03,- Au, Psi orpa), and 

induced pore-water pressure at failure. 

). 3 x 1  

A = TOTAL OR EFFECTIVE MINOR PRINCIPAL STRESS (CT or 

C = TOTAL OR EFFECTIVE WOR PRINCIPAL STRESS (U or 
B = AVERAGE OF TOTAL OR EFFECTIVE PRINCIPAL STRE~SES 

D = RADIUS OF THE MOHR'S CIRCLE; HALF THE,PRINCI~AL 
STRESS DIFFERENCE 

FG.3 c&tNdon ofMohrStressCirde 

11. Report 
1 1.1 The report shall include the following: 

1 1.1.1 Identification data and visual description of spec- 
imen, including soil clasdfication and whether the specimen 
is undisturbed, compacted, or otherwise prepared. 

11.1.2 Values of plastic limit and liquid limit, if deter- 
mined in accordance with Test Method D 4318. 

1 1.1.3 Value of specific gravity of solids and notation if 
the value was determined in accordance with Test Method 
D 854 or assumed. 

11.1.4 Particle-size analysis, if determined in amrdance 
with Method D 422. 

1 1.1.5 Initial specimen dry unit weight, void ratio, water 
content, and percent saturation. 

1 1.1.6 Initial height and diameter of specimen. 
1 1.1.7 Method followed for specimen saturation (that is, 

11.1.8 Total back pressure. 
1 1.1.9 The pore pressure parameter B at the end of 

1 1.1.10 Effective consolidation stress. 
1 1.1.1 1 Time to 50 % primary consolidation. 
1 1.1.12 Specimen dry unit weight, void ratio, water con- 

tent, and degree of saturation after consolidation. 
1 1.1.13 Specimen cross-sectional area aAer consolidation 

and method used for d e w n a t i o n .  
11.1.14 Failure criterion used. 
1 1.1.15 The value of the principal stress difference (de 

viator stress) at failure and the values of the effktive minor 
and major principal stresses at failure. 

11.1.16 Axial strain at failure, percent 
11.1.17 Rateofstrain,percent/min. ' 

11.1.18 Rincipal stress difference (deviator stress) and 

11.1.19 The p' - q diagram for the test results. 
1 1.1.20 Mohr stress circles based on total and effective 

1 1.1.2 1 Failure sketch or photograph of the specimen. 
11.1.22 Remarks and notations regarding any unusual 

conditions or other information necessary to properly inter- 
pret the results obtained, including any deparhms from the 
procedure outlined. 

dry or wet method). 

saturation. 

induced p~re-water press~re vefsu~ axial Strain C W ~ S  a~ 
described in 10.4. 

stresses. 

12. Precision and Bias 
12.1 The variability of soil and resultaut inability to 

determine a true reference value prevent development of a 
meaningful statement of bias Data are being evaluated to 
determine the precision of this test method. In addition, the 
subcommittee is seeking pertinent data from users of this test 
method. 

13. Keywords 
13.1 Back pressure situation; cohesive so% consolidated- 

undrained-triaxial compression test; consolidated undrained 
triaxial compressive strength; effective consolidation stress; 
shear strength; strength envelope. 
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This standard is subject to revision at any time by the mspomWe technical committee and mcst be rwiewed every five years and 
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1 (m Designation: D 5084 - 90 
4 

Standard Test Method for 
Measurement of Hydraulic Conductivity of Saturated Porous 
Materials Using a Flexible Wall Permeameter' 

This standard is issued under the ked d b t i o n  D 5084; the number immediately following tbe designation indicates the year of 
original adoption or. io the c i ~ y  of -0% the year of last d o n .  A n u m k  in parrnthcses indicates tbe year of laa reapproval. A 
nrpusaipt epsilon (0 indicates an editorial cbaagc since the last revidon or reapproval. 

' 

1. scope 
1.1 IXS test method covers laboratory measurement of 

the hydraulic conductivity (also referred to as coeficient of 
pmmeability) of water-saturated porous materials with a flexible wall permeameter. Compression2 

or 1.2  his test method may be utilized with undisturbed 
compacted specimens that have a hydraulic conductivity less 
than or.equal to I x 10-~ m/s (I x  IO-^ cm/s). 

1.3 The hydraulic conductivity of materials with hy- 
draulic conductivities greater than 1 x 
determined by Test Method D 2434. 3.1.1 hydraulic conductivity. k-the rate of discharge of 

1.4 n e  Values in SI are be the water under hminar flow conditions through a unit cross- 
standard, other sectional - of a porous medium under a unit hydraulic 
tion ~ ' U . S .  hydraulic conductivity is in gradient and standard temperature conditions (20°C). 
mntimeues per second, although the common SI units for I)IxvSSlON-~e term c d c i e n t  of pemreabi[ity is often used 
hydraulic conductivity are metres per second. instead of hydraulic con&aivity, but hydraulic cbnductivity is used 

1.5 This standard does not purpon to address the safety exdusively in this test method. A more b P l e W  discdon of the 
problems associated with its we.  It is the responsibility of the t e r m i n o ~ ~  assoctated 
user of this standard to establish appropriate safety and 3.1.2 pore volume offlow-the cumulative quantity of flow 
health practices cind determine the applicability of regulatory into a test specimen divided by the volume of voids in the 
limitations prior to use. specimen. 

3.1.3 For definitions of other terms used in this test method, 
see Terminology D 653. 

2. Referenced Documents 

2.1 ASTM Standard: 4. Significance and Use 
D 653 Terminology Relating to So4 Rock, and Contained 4.1 This W' method applies to onedimensional, laminar 
Fluid2 flow of water witbin poroy materials such as soil and rock. 

D 698 Test Methods for Moisture-Density Relations of 4.2 The hydraulic conductivity of porous materials gener- 
Soils and Soil-Aggregate Mixtures Using 5.5-lb (2.49-kg) ally decreases with an increasing amount of air in the pores 
Rammer and 12-in. (305-mm) Drop' of-the material. This test method applies to water-saturated 

D 1557 Test Methods for Moisture-Density Relations of porous materials containing virtually no air. 
soils and Soil-Aggregate 16~m using 10-lb (4.54-kg) 4.3 This test method applies to permeation of porous 
Rammer and 18-in. (457-mm) Drop2 materials with water. Permeation with other liquids, such a i  

D 1587 practice of Thin-Walled Tube Sampling of Soils2 chemical wastes, can be accomplished using Procedures 
D 21 13 for Diamond Con m g  for Site similar to tho% described this test method However, this 

Investigation2 test method is only intended to be used when water is the 
D2216 Method for Laboratory Determination of Water p e r m a t  liquid 

(Moisture) Content in SO& Rock, a d  wi-~ggregate 4.4 It is assumed that Darcy'S law k valid and that the 
Mixtura2. hydraulic conductivity is essentially unaffected by hydraulic 

D2434 Test Method for Pekneability of Granular Soils gradient n e  validity of Darcy's law may be evahted bY 
(Constant Heady m d n g  the hydraulic conductivity of the specimen at 

D4220 for w n g  and Transporting &a three hydraulic gradients; ifdl IneaSufed d U e S  Shih 
(within about 25 %), then Darcy's law may be taken as valid 
However, when the hydraulic gradient acting on a test 

D4753 Specification'for Evaluating, Selecting and SpeCi- 
fying Balances and Scales for Use in Soil ,and Rock 
Testin2 

D 4767 Test Method for Consolidated-Undrained Triaxial 

E 145 Specification for Gravity-Convection and Forced- 
Ventilation ovens3 

3. Terminology 
m/s may be 3.1 Definitions: 

specifidy given. B~ ad- 

. with ~arcy's law is given in the literature.' 

. .  samples7 . .  

"This M mahod isuaderthe~juididrn of- Comuhc Dl8 on Soil 
of Subcommiaa Dl8.04 on Hydrol~c 

Curmrt edition apprwed June 29,1990. PuMiShcd oaoba IF. 
a d  Rodr and is the direct 
RopaQsofsoilandRocLr 

' A d  Bad q f H M  Smwbds, Vol04.02 
.Olson, R L. and Danid D. 4'M-t of the Hydraulkconduuivity 

of FinCGmd ' w' Svmparium on Pmnmbility and Grmmdwmn Gmuuni- 
nrrm Transpon.ASTM STP 716. A d  Book MASThf Sfa&f&, V& 00.08. 1981. pp. 1864.  
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specimen is changed, the state of stress will also change, and, 
if the specimen is compressible, the volume of the specimen 
will change. Thus, some change in hydraulic conductivity 
may occul when the hydraulic gradient is altered, even in 
cases where Darcy‘s law is valid. 

4.5 This test method provides a means for determining 
hydraulic conductivity at a controlled level of effective stress. 
Hydraulic conductivity varies with varying void ratio, which 
in turn changes when the effective stress changes. If the void 
ratio is changed, the hydraulic conductivity of the test 
specimen will likely change. To determine the relationship 
between hydraulic conductivity and void ratio, the hydraulic 
conductivity test would have to be repeated at different 
effective stresses. 

4.6 The correlation between results obtained with this test 
method and the hydraulic conductivities of in-place field 

’ 
materials has not been fully investigated. Experience has 
sometimes shown that flow patterns in small test specimens 
do not necessarily follow the same patterns on large field 
scales and that hydraulic conductivities measured on smal l  
test specimens are not necessarily the same as larger-scale 
values. Therefore, the results should be applied to field 
situations with caution and by qualified personnel. 

5. Apparatus 
5.1 Hydraulic System-Constant head (Method A), 

falling head (Methods B and C), or constant rate of flow 
(Method D) systems may be utilized provided they meet the 
criteria outlined as follows 

5.1.1 Constant Head-The system must be capable of 
maintaining constant hydraulic pressures to within k 5  !% 
and shall include means to measure the hydraulic pressures 
to within the prescribed tolerance. In addition, the head loss 
across the test specimen must be held constant to within 
+5 96 and shall be measured with the same accuracy or better. 
Pressures shall be measured by a pressure gage, electronic 
pressure transducer, or any other device of suitable accuracy. 

5.1.2 Falling Head-The system shall allow for measure- 
ment of the applied head loss, thus hydraulic gradient, to 
within 5 % or better at any time. In addition, the ratio of 
initial head loss divided by final head loss over an interval of 
time shall be measured such that this computed ratio is 
accurate to within +5 96. The head loss shall be measured 
with a pressure gage, electronic pressure transducer, engi- 
neer’s scale, graduated pipette, or any other device of suitable 
accuracy. Falling head tests may be performed with either a 
constant tailwater elevation (Method B) or a rising tailwater 
elevation (Method C). 

5.1.3 Constant Rate of Flow-The system must be ca- 
pable of maintaining a constant rate of flow through the 
specimen to within 5 !% or better. Flow measurement shall 
be by calibrated syringe, graduated pipette, or other device of 
suitable accuracy. The head loss across the specimen shall be 
measuredtoanaccuracyof5%orbetterusinganelectronic 
pressure transducer or other device of suitable accuracy. 
More information on testing with a constant rate of flow is 
given in the literat~re.~ 

 oh^, H. W, M a  R €I., and Nichols, R W, “Flow Pump Applicationsin 
Triaxial T-” Symposim on A d v d  T W  Testing of soil a d  Rok 
ASTMSTP977. ASM. 1988.p~. 68-81. 

5.1.4 System De-airing-The hydraulic system- shall be 
designed to facilitate rapid and complete removal of free air 
bubbles from flow lines. 

5.1.5 Back Pressure System-The hydraulic system s 
have the capability to apply back pressure to the specimen to 
facilitate saturation. The system shall be capable of main- 
taining the applied back p-e throughout the dmtion of 
hydraulic conductivity measurements. The back pressure 
system shall be capable of applying, controlling, and mea- 
suring the back pressure to 5 % or better of the applied 
pressure. The back pressure may be provided by a com- 
pressed gas supply, a deadweight acting on a piston, or any 
other method capable of applying and controlling the back 
pressure to the tolerance prescribed in this paragraph. 

NOTE 1-Application of gas pressure directly to a fluid wiU dissolve 
gas in the fluid. A variay of techniques are available to mhimke 
dissolution of gas in the back pressure fluid, including separation of gas 
and liquid phases with a bladder and fmuent replacement of the liquid 
with de-aired water. 

5.2 Flow Measurement System-Both inflow and outflow 
volumes shall be measured unless the lack of leakage, 
continuity of flow, and cessation of consolidation or swelling 
can be verified by other means. Flow volumes shall be 
measured by a graduated accumulator, graduated pipette, 
vertical standpipe in conjunction with an electronic pressure 
transducer, or other volume-measuring device of suitable 
accuracy. 

5.2.1 Flow AccurwRequired accuracy for the quantity 
of flow measured over an interval of time is 5 !% or better. 

5.2.2 De-airing and Compliance of the System-The flow- 

and be capable of complete and rapid de-airing. Compliance .. measurement system shall contain a minimum of dead spa 

of the system in response to changes in pressure shall be 
minimized by using a stif€ flow measurement system. Rigid 
tubing, such as metallic or rigid thermoplastic tubing, shall 
b e d  

5.2.3 Head Losses-Head losses in the tubes, valves, 
porous end pieces, and filter paper may lead to error. To 
guard against such errors, the permeameter shall be assem- 
bled with no specimen inside and then the hydraulic system 
filled. If a constant or falling head test is to be used, the 
hydraulic presswes or heads that will be used in testing a 
specimen shall be applied, and the rate of flow measured 
with an accuracy of 5 !% or better. This rate of flow shall be at 
least ten times greater than the rate of flow that is measured 
when a Specimen is placed inside the permeameter and the 
same hydraulic pressures or heads are applied. I fa  constant 
rate of flow test is to be used, the rate of flow to be used in 
testing a specimen shall be supplied to the permeameter and 
the head loss measured. The head loss without a specimen 
shall be less than 0.1 times the h@ loss when a specimen is 
present. 

5.3 Permemeter Cell Pressure System-The system for 
pressurizing the permeameter cell shall be capable of a p  
plying and controlling the cell pressure to within 5 !% of the 
applied pressure. However, the effective stress on the test 
specimen (which is the difference between the cell pressure 

desired value with an accuracy of 10 W or better. The devic. a and the pore water pressure) shall be maintained to tt 

for pressurizing the cell may consist of a reservoir connected 
to the permeameter cell and partially filled with de-aired 

h a  
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water, with the upper part of the reservoir connected to a 
compressed gas supply or other source of pressure (see Note 
2). The gas pressure shall be controlled by a pressure 
regulator and measured by a pressure gage, electronic pres- 
sure transducer, or any other device capable of measuring to 
the prescribed tolerance. A hydraulic system pressurized by 
deadweight acting on a piston or any other pressure device 
capable of applying and controlling the permeameter cell 
pressure to the tolerance prescribed in this paragraph may be 
used. 

NOTE 2--De-aind water is commonly used for the cell fluid to 
minimize potential for diffusion of air through the membrane into the 
specimen. Other f l u i 4  such as oils, which have low gas solubilities are 
also acceptable, provided they do not react witb components of the 
permmeter. Also, use of a long (approximately 5 to 7 m) tube 
connecting the pressurized cell liquid to the cell helps to delay the 
appearance of air in the cell fluid and to reduce the flux of dissolved air 
into the cell. 

5.4 Permeamem Cell-An apparatus shall be provided in 
which the specimen and porous end pieces, enclosed by a 
membrane sealed to the cap and base, are subjected to 
controlled fluid pressures. A schematic diagram of a typical 
cell is shown in Fig. 1. 

5.4.1 The permeameter cell may allow for observation of 
changes in height of the specimen, either by observation 
through the cell wall using a cathetometer or other instru- 
ment, or by monitoring of either a loading piston or an 
extensometer extending through the top plate of the cell 
bearing on the top cap and attached to a dial indicator or 
other m d g  device. The piston or extensometer should 
pass through a bushing and seal incorporated into the top 
plate and shall be loaded with sufficient force to compensate 
for the cell pressure acting over the cross-sectional area of the 
piston where it passes through the seal. I f  deformations are 
measured, the deformation indicator shall be a dial indicator 
or cathetometer graduated to 0.3 mm (0.01 in.) or better and 
having an adequate travel range. Any other measuring device 
meeting these requirements is acceptable. 

5.4.2 In order to facilitate gas removal, and thus satura- 
tion of the hydraulic system, four drainage lines leading to 
the specimen, two each to the base and top cap, are 
recommended. The drainage lines shall be controlled by 
nevolume-change valves, such as ball valves, and shall be 
designed to minimize dead space in the lines. 

5.5 Top Cap and Bae-An impermeable, rigid top cap 
and base shall be used to support the specimen and provide 
for transmisSion of permeant liquid to and from the spec- 
imen. The diameter or width of the top cap and base shall be 
equal to the diameter or width of the specimen 2 5  %. The 
base shall prevent leakage, lateral motion, or tilting, and the 
top cap shall be designed to receive the piston or extensom- 
eter, if used, such that the piston-to-top cap contact area is 
concentric with the cap. The d a c e  of the base and top cap 
that contacts the membrane to form a seal shall be smooth 
and free of scratches. 

5.6 Flexible Membrunes-The flexible membrane used to 
encase the specimen shall provide reliable protection against 
leakage. The membrane shall be carefully inspected prior to 
use and if any flaws or pinholes are evident, the membrane 
shallbediscarded. To minimize restrain to the specimen, the 
diameter or width of the unsbetched membrane shall be 

> 
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FIG. 1 PenneameterCell 

between 90 and 95 96 of that of the specimen. The mem- 
brane shall be sealed to the specimen base and cap with 
rubber O-rings for which the unstressed, inside diameter or 
width is less than 90 96 of the diameter or width of the base 
and cap, or by any other method that will produce an 
adequate seal. 

NOTE 3-Membrana may be tested for flaws by placing them 
around a form sealed at both ends with rubber O-rings, SubjCCting *. 
to a small air pressure on the inside, and then dipping them into &.' ' ; 
If air bubbles come up from any point on the membrane, or if any 
visible flaws are observed, the membrane shall be discarded. 

5.7 Porous End Pieces-The porous end pieces shall be of 
silicon carbide, aluminum oxide, or other material that is not 
attacked by the specimen or permeant liquid. The end pieces 
shall have plane and smooth surfaces and be free of cracks, 
chips, and nonuniformities. They shall be checked regularly 
to ensure that they are not clogged. 

5.7.1 The porous end pieces shall be the same diameter or 
width (25 76) as the specimen, and the thickness shall be 
suflicient to prevent breaking. 

5.7.2 The hydraulic conductivity of the porous end pieces 
shall be significantly greater than that of the specimen to be 
tested. The requirements outlined in 5.2.3 ensure this. 

5.8 Filter Puper-If neceSSary to prevent intrusion of 
material into the pores of the porous end pieces, one or more 
sheets of filter paper shall be placed between the top and 
bottom porous end pieces and the specimen. The paper shall 
have a negligibly small hydraulic impedance. The require- 
ments outlined in 5.2.3 ensure that the impedance is small. 

5.9 Equipma for Compacting a Specimen--Equipment 
(including compactor and mold) suitable for the method of 
compaction specified by the requester shall be used. 

JX- 183 - . .  
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5.10 Sample Extruder-When the material being tested is 
a soil core, the soil core shall usually be removed from the 
sampler with an extruder. The sample extruder shall be 
capable of extruding the soil core from the sampling tube in 
the same direction of travel in which the sample entered the 
tube and with minimum disturbance of the sample. If the 
soil core is not extruded vertically, care should be taken to 
avoid bending stresses on the core due to gravity. Conditions 
at the time of sample extrusion may dictate the direction of 
removal, but the principal concern is to keep the degree of 
dimubance minimal. 

5.1 1 Trimming Equipment-Specific equipment for trim- 
ming the specimen to the desired dimensions will vary 
depending on quality and characteristics of the sample; 
however, the following items listed may be used: lathe, wire 
saw with a wire about 0.3 mm (0.01 in.) in diameter, 
spatulas, knives, steel rasp for very hard clay specimens, 
cradle or split mold for trimming specimen ends, and steel 
straight edge for final trimming of specimen ends. 

5.12 Devices for Measuring the Dimensions of the Speci- 
men-Devices used to measure the dimensions of the 
specimen shall be capable of measuring to the nearest 0.3 
mm (0.01 in.) or better and shall be constructed such that 
their use will not disturb the specimen. 

5.13 Balances-The balance shall be suitable for deter- 
mining the mass of the specimen and shall be selected as 
discussed in Specification D4753. The mass of specimens 
less than 100 g shall be determined to the nearest 0.01 g. The 
m a s  of specimens 100 g or larger shall be determined to the 
nearest 0.1 g. The mass of specimens >loo0 g shall be 
determined to the nearest 1.0 g. 

5.14 Equipment for Mounting the Specimen-Equipment 
for mounting the specimen in the permmeter cell shall 
include a membrane Stretcher or cylinder, and ring for 
expanding and placing O-rings on the base and top cap to 
seal the membrane. 

5.15 Vacuum Pump-To assist with de-airing of 
permeameter system and saturation of specimens. 

5.16 Temperature Maintaining Device-The temperature 
of the permeameter, test specimen, and reservoir of perme- 
ant liquid shall not vary more than k3’C (f5.7’F). Nor- 
mally, this is accomplished by performing the test in a room 
with a relatively constant temperature. If such a room is not 
available, the apparatus shall be placed in a water bath, 
insulated chamber, or other device that maintains a temper- 
ature within the tolerance speci6ed in 5.16. The temperature 
shall be periodically measured and recorded. 

5.17 Water Content Containers-The containers shall be 
in accordance with Method D 22 16. 

5.18 Drying Oven-The oven shall be in accordance with 
Specification E 145. 

6. Reageots 
6.1 Permeant Water: 
6.1. I The permeant water is the liquid used to permeate 

the test Specimen and is also the liquid used in backpressur- 
ing the specimen. 

6.1.2 The type of permeant water should be specified by 
the requestor. If no specification is made, tap water shall be 
used for the permeant liquid. The type of water utilized shall 
be indicated in the report. 

NOTE 4-Chemical interactions between a permeant liquid and the 
porous material may lead to variations in hydraulic conductivity. r 
tilled water can significantly lower the hydraulic conductivity of c 

recommended as a permeant liquid. A permeant liquid used by some * soils (see the literature)? For this reason, distilled water is not 

0.005 N CaSO,. which can be obtained for example, by dissolving 6.8 g 
of nonhydrated, reagent-grade CaSO, in 10 L of de-aired, distilled water. 
This CaSO, solution is thought to neither increase nor decrease 
significantly the hydraulic conductivity of clayey mils. In areas with 
extremely brackish tap water, the Case, solution is recommended 

6.1.3 Deuired Water-To aid in removing as much air 
from the test specimen as possible, deaired water shall be 
used. The water is usually deaired by boiling, by spraying a 
fine mist of water into an evacuated vessel attached to a 
vacuum source, or by forcell agitation of water in a 
container attached to a vacuum source. If boiling is used, 
care shall be taken not to evaporate an excessive amount of 
water, which czm lead to a larger salt concentration in the 
permeant water than desired. To prevent dissolution of air 
back into the water, deaired water shall not be exposed to air 
for prolonged periods. 

7. Test Specimens 
7.1 Size-Specimens shall have a minimum diameter of 

25 mm (1.0 in.) and a minimum height of 25 mm. The 
height and diameter of the specimen shall be measured to the 
nearest 0.3 mm (0.01 in.) or better. The length and diameter 
shall vary by no more than 2 5  %. The surface of the test 
specimen may be uneven, but indentations must not be so 
deep that the length or diameter vary by more than k 5  9%. 
The diameter and height of the specimen shall each be 

specimen. If, after completion of a test,*it is found based 11) o 
least 6 times greater than the largest particle size within 

visual observation that oversized particles are present, that 
information shall be indicated on the report. 

NOTE %-Most hydraulic conductivity tests are performed on cylin- 
drical test specimens. It is possible to utilize special equipment for 
testing prismatic test specimeas, in which case reference to “diameter” 
in 7. I applies to the least width of the prismatic test specimen. 

7.2 Undisturbed Specimens-Undisturbed test specimens 
shall be prepared from a representative portion of undis- 
turbed samples secured in accordance with Practice D 1587 
or Practice D 21 13, and preserved and transported in accord- 
ance with requirements for Group C materials in Practice 
D 4220. Specimens obtained by tube sampling or coring may 
be tested without trimming except for cutting the end 
surfaces plane and perpendicular to the longitudinal axis of 
the specimen, provided soil charactexistics are such that no 
significant disturbance results from sampling. Where the 
sampling operation has caused disturban ce of the soil, the 
distur’bed material shall be trimmed. Where removal of 
pebbles or crumbling resulting from trimming causes voids 
on the surface of the specimen that cause the length or 
diameter to vary by more than k 5  %, the voids shall be filled 
with remolded material obtained from the trimmins The 
ends of the test specimen shall be cut and not troweled 
(troweling can seal off cracks, slickensides, or other sec- 
ondary features that might conduct water flow). Specime 
shall be trimmed, whenever possible, in an envim 
where changes in moisture content are mlnlmtlPn A con 
trolled high-humidity room is usually used for this purpose. 
The mass and dimensions of the test specimen shall be 

.-o . .  . 
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6145  
determined to the tolerances given in 5.12 and 5.13. The test 
specimen shall be mounted immediately in the permeam- 
eter. The water content of the trimmings shall be determined 
in accordance with Method D 2216. 

7.3 Ldorafory-Compacted Specimens-The material to 
be tested shall be prepared and compacted inside a mold in a 
manner specified by the requestor. If the specimen is placed 
and compacted in layers, the surface of each previously- 
compacted layer shall be lightly scarified (roughened) with a 
fork, ice pick, or other suitable object, unless the requester 
specifically states that scarification is not to be performed. 
Test Methods D698 and D 1557 describe hvo methods of 
compaction, but any other method specified by the requestor 
may be used as long as the method is described in the report. 
Large clods of material should not be broken down prior to 
compaction unless it is known that they will be broken in 
field construction, as well, or the requestor specifically 
requests that the clod size be reduced. Neither hard clods nor 
individual particles of the material shall exceed ‘/a of either 
the height or diameter of the specimen. After compaction, 
the test specimen shall be removed from the mold, the ends 
scarified, and the dimensions and weight determined within 
the tolerances given in 5.12 and 5.13. After the dimensions 
and mass are determined, the test specimen shall be imme- 
diately mounted in the permeameter. The water content of 
the trimmings shall be determined in accordance with 
Method D 22 16. 

7.4 Other Preparation Methods-Other methods of prep 
aration of a test specimen are permitted if specifically 
requested. The method of specimen preparation shall be 
identified in the report. ’( 

7.5 After the height, diameter, mass, and water content of 
the test specimen have been determined, the dry unit weight 
shall be calculated. Also, the initial degree of saturation shall 
be estimated (this information may be used later in the 
backpressure stage). 

8. Procedure 
8.1 Specimen Setup: 
8.1.1 Cut two filter paper sheets to approximately the 

same shape as the cross d o n  of the test specimen. Soak the 
two porous end pieces and filter paper sheets, if used, in a 
container of permeant water. 

8.1.2 Place the membrane on the membrane expander. 
Apply a thin coat of silicon high-vacuum grease to the sides 
of the end caps. Place one porous end piece on the base and 
place one filter paper sheet, if used, on the porous end piece, 
followed by the test specimen. Place the second filter paper 
sheet, if used, on top of the specimen followed by the second 
porous end piece and the top cap. Place the membrane 
around the specimen, and using the membrane expander or 
other suitable O-ring expander, place one or more 0 - M g s  to 
seal the membrane to the base and one or more additional 
O-rings to seal the membrane to the top cap. 

8.1.3 Attach flow tubing to the top cap, if not already 
attached, assemble the permeameter cell, and fill it with 
desired water or other cell fluid Attach the cell pressure 
reservoir to the permeameter cell line and the hydraulic 
system to the influent and efnuent lines. Fd the cell pressure 
reservoir with deaired water, or other suitable liquid, and the 
hydraulic system with deaired permeant water. Apply a small 
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FIG. 2 Back Pressure to Attain Various Degrees of Saturation6 

confining pressure of 7 to 35 kPa (1 to 5 psi) to the cell and 
apply a pressure less than the confining pressure to both the 
influent and efnuent systems, and flush permeant water 
through the flow system. After all visible air has been 
removed from the flow lines, close the control valves. At no 
time during saturation of the system and Specimen or 
hydraulic conductivity measurements shall the maximum 
applied effective stress be allowed to exceed that to which the 
specimen is to be consolidated. 

8.2 Specimen Soaking (Optional)-To aid in saturation, 
specimens may be soaked under partial vacuum applied to 
the top of the specimen. Atmospheric pressure shall be 
applied to the specimen base through the influent lines, and 
the magnitude of the vacuum set to generate a hydraulic 
gradient across the sample less than that which will be used 
during hydraulic conductivity measurements. 

NOTE 6--Soaking under vacuum is applicable when there are 
continuous air voids in the specimen. soaking under vacuum is only 
mmmended for test specimens with initial degna of satwation below 
70%. The Sptcimen may swell when exposed to warn, the effective 
stress will tend to counteract the swelling. However, for materials that 
tend to swell, unless the applied effective strm is greater than or equal to 
the swell prmurr, the specimen will smll. 

8.3 Backpressure Saturation-To saturate the specimen, 
backpressuring is usually necessary. Frgure 2 provides guid- 
ance on back pressure required to attain saturation. 

NOTE 7 - - T i  2 assumes that the water used for back prrssurr i. 
deaired and that the only source for air to dissolve into the water is ai 
from the test specimen. If air pressun is used to control the bad 
prasure. P- . air will dissolw into the water, thus reducing tht 
capacity of the water used for badr prrssurr to dissolve air located in Uu 
pores of the test specimen. The problem is minimized by Using a low 
(>5 m) tube that is impermeable to air between the air-water interfaa 
and test specimen, by separatingthe back-preswcwater h m  the airb 
a matuial or fluid that is datively impermeable to air, by pliodicall: 
replacing the back-jmsure water with deaired mter, or by other meam 
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8.3.1 Open the flow line valves and flush out of the system 
any free air bubbles using the procedure outlined in 8.1.3. If 
an electronic pressure transducer or other measuring device 
is to be used during the test to m m e  pore pressures or 
applied hydraulic gradient, it should be bled of any trapped 
air. Take and record an initial reading of specimen height, if 
being monitored. 

8.3.2 Adjust the applied confining pressure to the value to 
be used during saturation of the sample. Apply backpressure 
by simultaneously increasing the cell pressure and the 
influent and effluent pressures in increments. The maximum 
value of an increment in backpressure shall be sufficiently 
low so that no point in the specimen is exposed to an 
effective stress in excess of that to which the specimen will be 
subsequently consolidated. At no time shall a head be 
applied so that the effective confining stress is <7 kPa (1 psi) 
because of the danger of separation of the membrane from 
the test specimen. Maintain each increment of pressure for a 
period of a few minutes to a few hours, depending upon the 
characteristics of the specimen. To assist in removal of 
trapped air, a small hydraulic gradient may be applied across 
the specimen to induce flow. 

8.3.3 Saturation shall be verified with one of the three 
following techniques: 

8.3.3.1 Saturation may be verified by measuring the B 
coefficient as d e s c r i i  in Test Method D 4767 (see Note 8). 
The test specimen shall be considered to be adequately 
saturated if ( 1 )  the B value is 20.95, or (2) for relatively 
incompressible materials, for example, rock, if the B value 
remains unchanged with application of larger values of back 
pressure. The B value may be measured prior to or after 
completion of the consolidation phase (see 8.4). Accurate 
B-value determination can only be made if no gradient is 
acting on the specimen and all pore pressure induced by 
consolidation has dissipated. 

NOTE 8-ne B cocfficient is defined for this type of test as the 
change in pore water presure in the porous material divided by the 
change in confining pnssure. Compressible materials that are l l l y  
saturated with water will have a B value of 1.0. Relatively incompress- 
ible, satuxated materials have B values which are somewhat less than 1 .O. 

8.3.3.2 Saturation of the test specimen may be confirmed 
at the completion of the test by calculation of the final degree 
of saturation. The final degree of saturation shall be 100 f 
5 %. However, measurement of the B coefficient as described 
in 8.3.3.1 or use of some other technique (8.3.3.3) is strongly 
recommended because it is much better to confirm satura- 
tion prior to permeation than to wait until after the test to 
determine if the test was valid. 

8.3.3.3 Other means for verifying saturation, such as 
measurement of the volume change of the specimen when 
the pore water pressure has been changed, can be used for 
verifying saturation provided data are available for similar 
materials to establish that the procedure used confkms 
saturation as required in 8.3.3.1 or 8.3.3.2. 

8.4 Consolidation--The specimen shall be consolidated to 
the effective stress specified by the requestor. Consolidation 
may be accomplished in stages, ifdesired 

Nm 9-The test specimen may be consolidated prior to application 
of backpresm. Also, the bacLpressure and consolidation phases may 
be completed concurrently if backprcssurrs are applied sufficiently 
slowly to minimk potential for ovaconsolidation of the specimen. 

. 

8.4.1 Record the specimen height, if being monitored, 
prior to application of consolidation pressure and periodi- 

8.4.2 Increase the cell pressure to the level neceSSary to a cally during consolidation. 

develop the desired effective stress, and begin consolidation. 
Drainage may be allowed from the base or top of the 
specimen, or simultaneously from both ends. 

8.4.3 (Optional) Record outflow volumes to confirm that 
primary consolidation has been completed prior to initiation 
of the hydraulic conductivity test. Alternatively, measure- 
ments of the change in height of the test specimen can be 
used to confirm completion of consolidation. 

Nm IO-The procedure in 8.4.3 is optional because the require- 
ments of 8.5 ensure that the test specimen is adequately consolidated 
during permeation because if it is not, inflow and outflow volumes will 
differ significantly. However, for accurate B-value determination, com- 
pletion of consolidation should be confmed (see 8.3.3.1). It is 
recommended that outtlow volumes or height changes be recorded as a 
means for verifying the completion of consolidation prior to initialin- 
tion of permeation. Also. measutments in the change in height of the 
test specimen, coupled with knowledge ofthe initial height, provide a 
means for checking the final height of the specimen. 

8.5 Penneation: 
8.5.1 Hydrudic Gradient-When possible, the hydraulic 

gradient used for hydraulic conductivity measurements 
should be similar to that expected to occur in the field. In 
general, hydraulic gradients fiom <1 to 5 cover most field 
conditions. However, the use of small hydraulic gradients 
can lead to very long testing times for materials having low 
hydraulic conductivity (less than about 1 X lod cm/s). 
Somewhat larger hydraulic gradients are usually used in the 
laboratory to accelerate testing, but excessive gradients must 
be avoided because high seepage pressures may consolidate 
the material, material may be washed fiom the specimen, or 
fine particles may be washed downstream and plug the 
effluent end of the test specimen. These effects could increase 
or decrease hydraulic conductivity. If no gradient is specified 
by the requestor, the following guidelines may be followed: 

0 
Hydraulic Conductivity, Rccornmended Maximum 

-/s Hyd~aulic Gradient 

I x IO-3t0 I x IW 2 
I x 104 10 1 x 10-5 5 
I x 10-5 10 I x io+ 10 
I x IPU) 1 x 10-7 20 
lasthan 1 x 10-7 30 

NOTE ll--seePage preyure~ associated With large hydraulic wdi- 
ents can consolidate soft compressible specimens and reduce their 
hydraulic conductivity. It may be nemsary to use smaller hydraulic 
gradients (40)  for such specimens. 

8.5.2 Inifiulizution-Initiate permeation of the specimen 
by increasing the influent pressure (see 8.3.2). The effluent 
pressure shall not be decreased because air bubbles that were 
dissolved by the specimen water during backpressuring may 
come out of solution if the pressure is decreased. The back 
pressure shall be maintained throughout the permeation 
P a .  

8.5.3 Constant Head Test (Method A)-Measure and 
record the required head loss across the test specimen to the 
tolerances stated in 5.1.1 and 5.2.3. The head loss acfoss the 

periodically the quantity of inflow as well as the quantity 70 o 
specimen shall be kept constant k 5  %. Measure and reco 

outtlow. Also measure and record any changes in height of 
the test specimen, if being monitored (see Note 11). Con- 
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tinue permeation until at least four values of hydraulic 
conductivity are obtained over an interval of time in which: 
(I) the ratio of outflow to inflow rate is between 0.75 and 
1.25, and (2) the hydraulic conductivity is steady. The 
hydraulic conductivity shall be considered steady if four or 
more consecutive hydraulic conductivity determinations fall 
within 225 95 of the mean value for k L 1 x lo-'' m/s or 
within 5 0  95 for k c 1 x lo-'' m/s, and a plot of the 
hydraulic conductivity versus time shows no significant 
upward or downward trend. 

8.5.4 Falling-Head Tests (Methods B and C)-Measure 
and record the required head loss across the test specimen to 
the tolerances stated in 5.1.2. For falling-head tests, at no 
time shall the applied head loss across the specimen be less 
than 75 95 of the initial (maximum) head loss during each 
individual hydraulic conductivity determination (see Note 
12). Periodically measure and record any changes in the 
height of the specimen, if being monitored. Continue perme- 
ation until at least four values of hydraulic conductivity are 
obtained over an interval of time in which (I) the ratio of 
outflow to inflow rate is between 0.75 and 1.25, and (2) the 
hydraulic conductivity is steady (see 8.5.3). 

NOTE 12-When the water pressure in a test specimen changes and 
the applied total stress is constant, the effective sucss in the test 
specimen changes, which can cause volume changes that can invalidate 
the test results. The requirement that the head loss not decrease very 
much is intended to keep the effective stress from changing too much. 
For extremely soft, compresible test specimens, even more nstrictive 
criteria might be needed. Also, when the initial and final head losses 
across the test spedmen do not differ by much, great accuracy is needed 
to comply with the requirement of 5.1.2 that the ratio of initial to final 
head loss be deteimined with an accuracy of +5 R or better. When the 
initial and final head loss o m  an interval of time do not differ very 
much. it may be possible to comply with the requirements for a constant 
head test (8.5.3) in which the head loss must not ditrer by more than 
k5 5% and to treat the test as a constant head test. 

8.5.4.1 Test with Constant Tailwater Level (Method B)- 
I f  the water pressure at the downstream (tailwater) end of the 
test specimen is kept constant, periodically measure and 
record either the quantity of inflow or the level of water in 
the influent standpipe; measure and record the quantity of 
outflow h m  the test specimen. 

8.5.4.2 Test with Increasing Tailwater Level (Method 
C)-If the water pressure at the downstream end of the test 
specimen rises during an interval of time, periodically mea- 
sure and record either the quantity or inflow and oufflow or 
the changes in water levels in the influent and effluent 
standpipes. 

8.5.5 Constant Rate of Flow Tests (Method D)-Initiate 
permeation of the specimen by imposing a constant flow 
rate. Choose the flow rate so the hydraulic gradient does not 
exceed the value specified, or if none is specified, the value 
recommended in 8.5.1. Periodically measure the rate of 
inflow, the rate of outflow, and head loss across the test 
specimen to the tolerances given in 5.1.3. Also, measure and 
record any changes in specimen height, if being monitored. 
Continue permeation until at least four values of hydraulic 
conductivity are obtained over an intend of time in which 
(I) the ratio of inflow to outilow rates is between 0.75 and 
125, and (2) hydraulic conductivity is steady (see 8.5.3). 

8.6 Final Dimensions of the Specimen--AAer completion 
of permeation, reduce the applied confining, influent, and 

emuent pressures in a manner that does not generate 
significant volume change of the test specimen. Then care- 
fully disassemble the permeater cell and remove the spec- 
imen. Measure and record the final height, diameter, and 
total mass of the specimen. Then determine the final water 
content of the specimen by the procedure of Method D 22 16. 
Dimensions and mass of the test specimen shall be measured 
to the tolerances specified in 5.13 and 7.1. 
NOTE 13-The specimen may swell after removal of back pressure as 

a result of air coming out of solution. A correction may be made for this 
effect, provided that changes in the length of the specimen are 
monitored during the test. The Strain caused by dismantling the cell k 
computed from the length of the specimen before and after dismantling 
the cell. The same strain is assumed to have occurred in the diameter. 
The corrected diameter and actual length before the back pressure was 
removed are used to compute the volume of the test specimen prior to 
dismantling the cell. The volume prior to dismantling the cell is used to 
&tennine the final dry density and degree of saturation. 

9. calculation 
9.1 Constant Head and Constant Rate of Flow Tests 

(Methods A and D)-Calculate the hydraulic conductivity, k, 
as follows: 

k = QL/Ath ( 1 )  

where: 
k = hydraulic conductivity, m/s, 
Q = quantity of flow, taken as the average of inflow and 

L = length of specimen along path of flow, m, 
A = cross-sectional area of specimen, m2, 
t = interval of time, s, over which the flow Q occurs, and 
h = Merence in hydraulic head across the specimen, m of 

9.2 Falling-Head Tests: 
9.2.1 Constant Tailwater Pressure (Method B)-Calculate 

outflow, m3, 

water. 

the hydraulic conductivity, k, as follows: 

k = e In (+- 
At 

where: 
a =cross-sectional area of the reservoir containing the 

L = length of the specimen, m, 
A = cross-sectional area of the specimen, m2, 
t = elapsed time between determination of h, and hl, s, 
hl = head loss across the specimen at time t , ,  m, and 
h2 = head loss across the specimen at time t2, m. 

9.2.2 Increasing Tailwater Pressure (Method C)--calcu- 
late the hydraulic conductivity, k, as follows: 

influent liquid, m2, 

a, ln(h,/h2) 
A f (ai, + a&) 

k =  (3) 

where: 
a, = crosssectional area of the reservoir containing the 

a,, = cross-sectional area of the reservoir containing the 

L = length of the specimen, m, 
R = cross-sectional area of the specimen, m2, 
t = elapsed time between determination of hl and h2, s, 
h, = head loss acfoss the specimen at time t, m, and 
h2 = head loss across the specimen at time t2, m. 

influent liquid, m2, 

effluent liquid, m2, 
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, NOTE !*For the case in which u, = ai, = u, the equation for 
calculating k for a falling head test with a rising tailwater level is: 

(4) 

9.3 Correct the hydraulic conductivity to that for 20'C 
(68'F), kz0, by multiplying k by the ratio of the Viscosity of 
water at test temperature to the viscosity of water at 20°C 
(68"F), RT, from Table 1, as follows: 

k m =  R& (5 )  

10. Report 
10.1 Report the following information: 
10.1.1 Sample identifying information, 
10.1.2 Any special selection and preparation process, such 

as removal of stones or other materials, or indication of their 
presence, if undisturbed specimen, 

10.1.3 Descriptive information on method of compac- 
tion, 

10.1.4 Initial dimensions of the specimen, 
10.1.5 Initial water content and dry unit weight of the 

specimen, 
10.1.6 Type of permeant liquid used, 
10.1.7 Magnitude of total back pressure, 
10.1.8 Maximum and minimum effective consolidation 

-9 

NOTE 1 5-The maximum effective stress exins at the efnuent end of 
the test specimen and the minimum soeg at the influent end 

10.1.9 Height of specimen after completion of consolida- 
tion, if monitored, 

10.1.10 Range of hydraulic gradient used, 
10.1.11 Final length, diameter, water content, dry unit 

weight, and degree of saturation of the test specimen, 
10.1.12 Average hydraulic conductivity for the last four 

determinations of hydraulic conductivity (obtained as d e  
scribed in 8.5.3 to 8.5.5), reported with two signi!icant 
figures, for example, 7.1 x m/s, and reported in units 
of m/s (plus additional units, if requested or customary), 

10.1.13 Graph or table of hydraulic conductivity versus 

TABLE 1 Correction Factor Rr for V i i s i t y  of Water at Various 
Temperatures" 

Temperature. *C Rr Temperature. O C  Rl 

0 1.783 25 0.889 
1 1.723 26 0.869 
2 1.664 27 0.850 
3 1.611 28 0.832 
4 1.560 29 0.814 
5 1511 30 0.797 
6 1 .a 31 0.760 
7 1.421 32 0.764 
8 1.379 33 0.749 
9 1.339 34 0.733 

10 1.301 35 0.719 
11 1265 36 0.705 
12 1230 37 0.692 
13 1.197 38 0.678 
14 1.165 39 0.665 
15 1.135 40 0.653 
16 1.106 41 0.641 
17 1.077 42 0.629 
18 1.051 43 0.618 
19 1 .M5 44 0.607 
20, 1 .ooo 45 0.598 
21 0.976 46 0.585 

. 2 2  0.953 47 0.575 
23 0.931 48 0.565 
24 0.91 0 49 0.556 

A R, = (-0.02452 r + 1.495) where r is me c k g r ~ ~  celsius. 

time or pore volumes of flow is recommended. 

12.1 coefficient of permeability; hydraulic barriers; hy- 
draulic conductiviv, liner, permeameter 
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Standard Guide for 
Decommissioning of Ground Water Wells, Vadose Zone 
Monitoring Devices, Boreholes, and Other Devices for 
Environmental Activities' 
This standard is issued unda,the fixed designation D 5299; the number. immaiiauly follow& thc dcsigmion indicates the year of 
o&hl adoption or, in the case of rrVirios thc y a  of kn d o n  A number in parrnthesc~ indktes the year of ka nappmd. A 
supmcripr cpsilon (e) indicates an editorial chang~ since the kn revidon or reapproval. 

1. Scope 
1.1 This guide covers procedures that are Speclfidy 

related to permanent decommissioning (closure) of the 
following as applied to environmental activities. It is in- 
tended for use where solid or hazardous materials or wastes 
are found, or where conditions occur requiring the need for 
decommissioning. The following devices are considered in 
this guide: 

1 . 1 . 1  A borehole used for geoenvironmental purposes (see 
Note l), 

1.1.2 Monitoring wells, 
1.1.3 Observation wells, 
1.1.4 Injection wells (see Note 2), 
1.1.5 Piezometers, 
1.1.6 Wells used for the extraction of contaminated 

ground water, the removal of floating or submerged mate- 
rials other than water such as gasoline or tetrachloroethylene, 
or other devices used for the extraction of soil gas, 

1.1.7 A boreh?le used to construe! a monitoring well, and 
1.1.8 Any other vadose zone monitoring device. 
1.2 Temporary decommissioning of the above is not 

.. 

covered in this guide. 

if* 

NOTE 1-This guide may k used 10 decommission boreholes w h m  
no contamination is observed at a site (sa Rada D 420 for details); 
however, the primary w of the guide is to decommission boreholes and 
wdls w h m  sotid or hazardous wade have k e n  identified Mahods 
identified in this guide can also k used in other situations such as the 
decommissioning of water supply mlls and boreholes w h m  water 
contami~ted with nonhazxdous pollutants (such as nitrates or sulfates) 
are present This guide should k consulted in the event that a routine 
geotechnical investigation indicates the prcsencc of contamination at a 
site. 

NOTE 2 - n ~  term "well" is used in this guide to denote monitoxing 
wells, piezometers, or other devices constructed in a manner similar to a 
well. Some of the devices Listed such as injection and e d o n  wells 
can be decommissioned Using this guide for information, but arc not 
specifically covered in the text 

NOTE 3-De%ds on the decommissioning of multiple-suaued wells 
are not provided in this guide due to the many mahods used to 
constxuct thesc types of wells and the numerous types of commmially 
available multiplc-smened well synems. However, in some instances, 
the mahods presented in this guide may be used with few changes. An 
example of how this guide may be used is the complete removal of the 
multiple-rraned wells by ovaddhg 

1.3 Most monitoring wells and piemmeters are intended 

'Thisguidcb under the jwisdiction of ASTM Commitkc D18 on soil and 
Rock and b the direct rrspoebility of Subcommittee Dl821 on Ground Water 
and VaQsc Zone Inverrigations 

<Irmnt edition appmvd sept IS. 1992 Published January 1993. 
0 

primarily for water quality sampling, water level observatio 
or soil gas sampling, or combination thereof, to determir 
quality. Many wells are relatively small in diameter (<4-i 
(10.1 cm) inside diameter) and are used to monitor f, 
hazardous chemicals in ground water. Decommissioning 
monitoring wells is neceSSary to: 

1.3.1 Eliminate the possibility that the well is used f, 
purposes other than intended, 

1.3.2 Prevent migation of contaminants into an aquif 
or between aquifers, 

1.3.3 Prevent migration of contaminants in the vado! 
zone, 

1.3.4 Reduce the potential for vertical or horizont 
migration of fluids in the well or adjacent to the well, and 

1.3.5 Remove the well from active use when the well is I 
longer capable of rehabilitation, or has failed structurally; I 
longer required for monitoring no longer capable of prl 
viding representative samples or is providing unreliab 
samples; or required to be decommissioned; or to me 
regulatory requirements. 

NOTE &The detarmna ' tion of whetha a well is providing 
rrprrsentative water quality sample is not defined in this guic 
Examples of when a rcprcscntatiw water quality sample may not ? 
collected include the biological or chemical dogging of well scnmu 
drop in mater level to below the base of the wcfl screen. or comple 
silting of a tail pipe. Thesc conditions may indicate that a well is P 
functioning propcriy. 

1.4 This guide is intended to provide information fc 
effective permanent closure of wells so that the physic. 
structure of the well does not provide a means of hydraul. 
communication between aquifers or react chemically in 
detrimental way with the environment. 

1.5 The intent of this guide is to provide procedures th; 
when followed result in a reasonable level of confidence i 
the htegxity of the decommissioning activity. However, 
may not be possible to verifL the integrity of the b m m i  
Sionbg procedure. At this h e ,  methods are not available I 
substantially determine the integrity of the decommissionit 
activity. 

1.6 The values stated in inch-pound units are to t 
regarded as the standard The SI units given in parenthex 
are for information only. 

1.7 This standard does not pwport to d r e s s  all of ti: 
safety problems, if any, asaciated wih its use. It ir th 
responsibility of the user of this standard to establish apprc 
priare safety and health practices and determine the applicL 
bility of regulatoty limitations prior to use. 
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2. Referenced Documents 
2.1 ASTM Standards.- 
C 150 Specifcation for Portland Cement2 
C 618 Specification for Fly Ash and Raw or Calcined 

Pozzolan for Use as a Mineral Admixture in Portland 
Concrete Cement2 

D420 Practice for Investigating and Sampling Soil and 
Rock for Engineering Purposes3 

D4380 Test Method for Density of Bentonitic Slurries3 
D5088 Practice or the Decontamination of Field Equip 

ment Used at Non-Radioactive Waste Sites3 
D5092 Practice for Design and Installation of Ground 

Water Monitoring Wells in Aquifers3 

3. Terminology 
3.1 Descriptions of Terms Spec$c to This Standard 
3.1.1 abandonment-see decommissioning. 
3.1.2 attapulgiie clay-a chain-lattice clay mineral. The 

term also applies to a group of clay minerals that are 
lightweight, tough, matted, and fibrous. 

3.1.3 borehole television log-a borehole or well video 
record produced by lowering a television camera into the 
borehole or well. This record is useN in visually observing 
downhole conditions such as collapsed casing or a blocked 
screen. 

3.1.4 blowozu-a sudden or violent uncontrolled escape 
of fluids or gas, or both, from a borehole. 

3.1.5 caliper log-a geophysical borehole log that shows 
to scale the variations with depth in the mean diameter of a 
cased or uncased borehole. 

3.1.6 cement. API, Class A-a cement intended for use 
from the surface to a depth of 6000 A (1 828 m). This cement 
is similar to ASTM Type I cement. 

3.1.7 cement, API. Class B-a cement intended for use 
from the surface to a depth of 6000 A (1828 m) when 
conditions require moderate- to high-sulfate resistance. This 
cement is similar to ASTM Type 11 cement. 

3.1.8 cement. API. Class C--this cement is intended for 
use from the surface to a depth of 6000 A (1828 m) when 
conditions require high early strength. This cement is similar 
to ASTM Type III cement. Also availab!e as a high sulfate 
resistant type. 

3.1.9 cement, API, Class G-this cement is intended for 
use from the surface to a depth of 8000 ft (2438 m). It can be 
used with accelerators or retarders to cover a wide range of 
well depths and t e m p e r a m  No additions other than 
calcium sulfate or water, or both, can be interground or 
blended with the clinker during manufacture of the cement. 
Also available as several date-resismt types 

3.1.10 cement. API. Class H-this cement is intended for 
use from the surface to a depth of 8000 ft (2438 m). It can be 
used with accelerators or retarders to cover a wide range of 
well depths and tempexam. No additions other than 
calcium sulfate or water, or both, can be interground or 

blended with the clinker during manufacture of the cement 
Also available as a sulfate-resistant type. 

3.1.1 1 cement. API. Class J--this cement is intende 
use from depths of 12000 to 16000 A (3658 to 487 
under conditions of extremely high temperatures and p 
sures. It can be used with accelerators and retarders to cover 
a range of well depths and temperanues. No additions of 
retarders other than calcium sulfate, or water, or both, can be 
interground or blended with the clinker during manufacture 
of the cement. 

3.1.12 cemenz bond (sonic) log-a borehole geophysical 
log that can be used to determine the effectiveness of a 
cement seal of the annular space of a well. 

3.1.13 channeling-the process of forming a vemcal 
cavity resulting from a faulty cement job in the annular 
space. 

3.1.14 curing accelerator-a material added to cement to 
decrease the time for curing. Examples are sodium chloride, 
calcium sulfate (gypsum), and aluminum powder. 

3.1.15 curing retarder-a material added to cement to 
increase the time for curing. Sodium chloride in high 
concentrations is an example. 

3.1.16 decommissioning (closure)-the engineered closure 
of a well, borehole, or other subsurface monitoring device 
sealed with plugging materials. Decommissioning also in- 
cludes the planning and documenting of all assoCiated 
activities. A synonym is abandonment. 

3.1.17 decontamination-the process of removing unde- 
sirable physical or chemical constituents, or both, from 
equipment to reduce the potential for cr-ontaminatio- 

3.1.18 fd16uck--shrinkage, settlement, or loss of plug 
material placed in a borehole or well. 

3.1.19 fire cluy-a silicious clay rich in hydrous alu- 
minum silicates. 

3.1.20 /low log-a borehole geophysical log used to record 
vertical movement of ground water and movement of water 
into or out of a well or borehole and between formations 
within a well. 

3.1.21 geophysical borehole log-a log obtained by low- 
ering an instrument into a borehole and continuously 
recording a physical property of native or backfill material 
and contained fluids Examples include resistivity, induction, 
caliper, sonic, and natural gamma logs. 

3.1.22 grout-material consisting of bentonite, cement, or 
a cement-bentonite mixture. 

3.1.23 g r c n d p i p ~  pipe or tube that is used to transport 
cement, bentonite, or other plugging mateds  f h m  the 
ground surface to a specified depth in a well or borehole. The 
material may be allowed to flow Freely or it may be injected 
under pressure. The term tremie pipe is fkquently used 
interchangeably. 

3.1.24 hydraulic cornmicotion-the mimtion of fluids 
fhm one zone to another, with reference to this guide; 
especially along a casing, grout plug, or through backfill 
matenials 

3.1.25 multiple-screened wells--two or more monitoring 

9 

a 

wells situated in the same borehole. These devices 
either individual casing strings and screen set at a 

consist of devices with screens with tubing or other 
depth, a well withscreens in more than one zone, or 

devices attached that can collect a discrete sample. 
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3:1.26 nufive materid-in place geologic (or soil) mate- 
rials encountered at a site. 

3.1.27 ovmdrilling-the process of drilling out a well 
casing and any material placed in the annular space. 

3.1.28 pe$oration-a slot or hole made in well casing to 
allow for communication of fluids between the well and the 
annular space. 

3.1.29 permanent plugging-a seal that has a hydraulic 
conductivity that is equivalent or less than the hydraulic 
conductivity of the geologic formation. This term is often 
used with uncased boreholes. 

3.1.30 plow layer-the depth typically reached by a plow 
or other commonly used earth turning device used in 
agriculture. This depth is commonly one to two feet (.3 m to 
.61 m) below land surface. 

3.1.3 1 plugging material-a material that has a hydraulic 
conductivity equal.to or less than that of the geologic 
formation(s) to be sealed. Typical materials include portland 
cement and bentonite. 

3.1.32 pie-conditioning-an activity conducted prior to 
placing plugging material into a borehole in order to stabilize 
the hole. 

3.1.33 temporary decommissioning-the engineered clo- 
sure of a well intended to be returned to Seryice at some later 
date (generally no more than six months). Temporary 
plugging should not damage the structural integrity of the 
well. Plugging materials consist of sand, bentonite, or other 
easily removed materials. 

4. Summary of Guide 
4.1 Information is provided on the significance of prop 

erly decommissioning boreholes and wells at sites containing 
or formerly containing solid or hazardous waste or haz- 
ardous materials or their byproducts, or that may be affected 
by solid or hazardous waste materials or their byproducts in 
the future. This guide may be used in situations where water 
quality in one aquifer may be detrimental to another aquifer 
either above or below the aquifer. The primary purpose of 
decommissioning activities is to permanently decommission 
the borehole or monitoring device so that the natural 
migation of ground water or soil vapor is not significantly 
influenced. Decommissioned boreholes and wells should 
have no adverse influence on the local environment than the 
original geologic setting 

4.2 It is important to have a good understanding of the 
geology, hydrogeology, well construction, historic and future 
land use, chemicals encountered, and the regulatory environ- 
ment for s u d  decommissioning to occur. 

4.3 Various materials suitable for demmmkioning 
boreholes and wells are discussed, including their positive 
and negative attributes for decommisiionin~ A generalized 
procedure is provided that discusses the process from plan- 
ning through implementation and documentation. Examples 
of typical practices are provided in the appendix. 

5. Significance and Use 
5.1 Decommissioning of boreholes and monitoring wells, 

and other devices requires that the specific charactexistics of 
each site be amsidered. The wide variety of geological, 
biological, and physical conditions, construction practices, 
and chemical composition of the surrounding soil, rock, 
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waste, and ground water precludes the use of a s 
decommissioning practice. The procedures discused in 
guide are intended to aid the geologist or engine 
selecting the tasks required to plan, choose materials for. 
carry out an effective permanent decommissioning 01 
tion. Each individual situation should be evaluated E 
rately and the appropriate technology applied to best I 
site conditions. Considerations for selection of approp 
procedures are presented in this guide, but other cons 
ations based on site speciGc conditions should also be E 
into amunt  
NOTE 6-Ideally. decommissioning should be considered a 

integral part of the design of the monitoring well. Planning at this 
stage can make the decommissioning activity easier to aammplish 
Ractice D 5092 for details on monitoring well construction. 

5.2 This guide is intended to provide technical infor 
tion and is not intended to supplant statutes or regulati. 
Approval of the appropriate regulatory authorities shoulc 
an important consideration during the decommissior 
process. 

6. Materials 
6.1 The materials used for construction of a monitor 

well or other monitoring device to be decommissioned 
part determines how it is decommissioned. Various mater 
are available for use in plugging boreholes and monitor 
wells. This section provides information on these matefi 

6.2 Casing and Screen Materials: 
6.2.1 Various materials are used for well casing i 

screen. The most common materials used are: PVC, FTI 
fiberglass, carbon steel, stainless steel, and aluminum. T! 
d y ,  the same material is used for casing and screen ir 
well, however, in some instances different materials may 
used in a well to achieve a particular purpose such 
corrosion protection, reduction of material costs, or i 
proving the integrity of ground water or soil vapor sampl 
This guide does not specifically a d h  the use of more th 
one type of casing or screen material used in a well, how- 
the same decommissioning methods can frequently be us 
when more than one material is used (for example, PVC a. 
PTFE, or stainless steel and carbon steel) in a we1 

6.2.2 In selecting a well decommissioning method, PV 
PTFE, and fibe- wells can be decommissioned Usi 
similar methods as all three types of materials tend to be IC 
in tensile strength and easy to drill out or perforar 
Appendix X1 provides a discussion on various procedur 
that can be used for the decommissioning of PVC wells ar 
by refmnce Pl€E and f i b e r g k  wells. 

6.2.3 Wells constructed of carbon steel, stainlev sted, ar. 
heavy walled aluminum can be decommissioned udr 
ldmilat methods as these materials tend to have a high 
tensile strength that allows for the casing to be remove 
Appendix X1 provides a discussion on various procedur( 
that can be used for the decommissioning of steel wells an 
by refknce stainless steel and aluminum wells 

6.3 Plugging Maeriak: 
6.3.1 Plugging materials should be carefidy ch- fC 

6.3.1.1 Plugging materials should not react with contam] 

, .  
well closure to be permanent. Basic m a t e d  C h y a d e m J  C 

are listed as follows: 
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'nants br adversely react with ground warn or geologic 

6.3.1.2 Plugging materials used in decommissioning wells, 
borings, etc. should have hydraulic conductivity (saturated 
condition) that is comparable to or lower than that of the 
lowest hydraulic conductivity of the geologic material being 
sealed. 

6.3.1.3 Plugging materials must have sufficient structural 
strength to withstand pressures expected from native condi- 
tions. 

6.3.1.4 Plugging materials must maintain sealing capabil- 
ities and not degrade due to chemical interaction, corrosion, 
dehydration, or other physical or chemical processes. Mate- 
rials should maintain their design characteristics for the 
length of time contamination is present at the site. 

6.3.1.5 Plugging materials should not be readily suscep 
tible to cracking or shrinkage, or both. 

6.3.1.6 Plugging materials must be capable of being 
placed at the position in the well or borehole in which they 
are needed and must have properties that reduce their 
unintended movement vertically and horizontally. 

6.3.1.7 Plugging materials must be capable of forming a 
tight bond and seal with well casing and the formation. 

6.3.18 Plugging materials must have properties that elim- 
inate leaching or erosion of the material, under the condi- 
tions the material will be subjected. These include vertical or 
horizontal movement, or both, or contact with ground water 
or other existing conditions. 

' materials. 

NOTE 7 - n ~  ~n size of plugging material used in decommis- 
sioning operations conducted in areas where thick vadose wnes OCCUT 

should k coiilse~ than materials used in arcas whern thio vadose tones 
or shallow saturated conditions occur. This is neassary as water is not 
transported effectively in amse-grained materials under negative pore 
prrsnuts. Coarse-graned materials should not be used where saturated 
conditions are likely to exist during the period of time that hazardous 
materials can be expected to occur at the siw. It is important to 
determine the lithology and gmin size distributibn of materials adjacent 
to the borehole or well prior to selection of plugging mataials 
Nom 8-Ifcoarse-grained mataials are used to decommission the 

bornhole or well, a layer of finegmined material (such as cement or 
bentonite, or both) 1 or 2 A (.3 or .61 m) thick should be placed at 10 fI 
(3 m) intervats in the borehole in the saturated wne. 'Ibis layer should 
extend 2 to 3 A (.a1 to .91 m) above the highest expected level saturation 
is upected basad on historid information on the water table for 
unconfined aquifers A similar thickness of these mataials should be 
used for ~on6ned aquifers A similar S A  (1.5-m) seal of a low- 
permeability mataial should k plaad mar the ground surface to 
reduce the potential for e n m o t  of fluids at the ground surface. 

6.4 Commody Used Mater i&-SuMons  6.2 and 6.3 
introduced the general criteria that must be evaluated during 
the process of selecting the appropriate procedure and 
material for plugging a specific well. Because well come 
tion and local geological conditions are site specific, a wide 
Variety of materials and procedures may be used to complete 
the closure. 

6.4.1 Section 6.4 presents a review of the plugging mate 
rials most commonly used to decommission monitoring 
wk Table 1 summarizes these materials and lists the most 
important considerations (positive and negative) for their 
use. A detailed dixussion of each material is presented in the 
following subsections. 

6.4.2 Portland C'eru-Portland cement may be used in 
any of its various forms to meet placement, strength, and 

durability criteria listed in 6.1. The amount of dukkzge o 
settling of neat Cement is dependent on the amount of -ate: 
used. Hiaher water to cement ratios tend to ;--east 
shrinkage-( 1): 

6.5 Specification C 150: 
6.5.1 Type I-Type 1 cement, a general-purpose 

is the m G  commonly u ~ e d  cement. This materid b a ~  i 
tendency to develop a relatively high heat of hydration =her 
used in confined situations and has relatively l o w 4 a t r  
resistance. 

6.5.2 TWe ZZ-Somewhat slower strength development 
than Type I; however, Type Ii cement has moderate heat of 
hydration and moderate sulfate resistance. 

6.5.3 TVpe ZZI-Type UI cement is used when high earl? 
strengtb is desired. This material is not commonly used in 
decommissioning activities because of its ability to quickly 
set. Care must be used in working with this material. 

6.5.4 Tme ZV-Type N Cement is used where a loa. heat 
of hydration is desired. It is not commonly used in decom- 
missioning activities. 

6.5.5 Tvpe V-Type V cement has high resistance to 
d a t e ,  and brine solutions. This material has ultimate 
strength development somewhat less than either Types I or 
II. 

6.5.6 Type K cement is expansive and can be used to 
compensate for shrinkage. This cement is essentially Tlpe I 
or more commonly Type II Portland Cement with additives 
to produce expansion. It can be of use in plugging sitmions 
where water-tightness is important. Type K cement contains 
calcium sulfduminate. When mixed with water. the hvrita- 
tion causes an expansion ranging from approximately 
0.20 95 (2). 

6.6 APZ Cements (3): 
6.6.1 Class A& A cement corresponds closely to 

ASTM Type 1. This cement is intended to be used from the 
surface to a depth of 6000 A (1828 m). 

6.6.2 Class B--Class B cement corresponds closely to 
ASTM Type II. It is intended for use from the surface to a 
depth of 6OOO A (1828 m) and is also available as a 
high-sulfate resistant variety. 

6.6.3 C h s  C--class C cement corresponds closely to 
ASTM Type III. It is intended for use from the surface to a 
depth of 6000 A ( 1828 m). It is also available as a high-date 
resistant variety. 

6.6.4 Class G--class G cement 'is intended for use h m  
the surfawto adepth of 8000 A (2438 m) and can be used 
with accelerators or retarders to cover a wide range of depths 
and temperatures. The Cement is also available as a high- 
sulfate resistant variety. 

6.6.5 CIm H--class H cement is intended for use &om 
the surface to a depth of 8000 A (2438 m). It can be used 
with a wide variety of accelerators and retarders to cover a 
wide range of depths and temperatures. It is available only as 
a moderate-dite resistant type. 

6.6.6 CICrrs I-This cement is intended for use fiom a 
depth of 12000 to 16000 A (3658 to 4877 m) where 

b o k i k  numbas in parrnthaa refer to a list of rcfacrurs at 
thc ta t  
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Type II 

. Type 111 

Type N 

Type v 

K 

API 10 
CkssA 

aasSB 

aass C' 

EPOXY - 
chips 

Similar to Type I. kR with a 
moderate heat of hydration. 

LowheatofhydratiaL 

Similarto Type 1. with high 
resistanceto&teand 
brine. 

Expansive- 

!3mW to ASW Type 1. 

sbrrilar to ASTM Type U. 

Similar to ASTM Type 111. 

R C W W m U l t I I W W X t  'em 
me fam of ctanks '14 to c 
h. (64 to 1.91 m) in size. 

Fams a good seal when Used with bentonite in3 
to 5 % Camemath. camronlyevadable and 
canbeprchasedpremixedwite. 

Moderate heat of hydration. Moderate resistance 
to sulfate. 

Baslcany Type I 0rTypeII PorUand Cement Wim 
eddRians (trica)cium Sun0 alummate fa 
example) to provide faexpanson. Expansion 

Good resistanoe tosulfate attack 

Famsagoodsdwhen used with bentonite 
in 3 to 5 x ccMmmml ' .commatlyavaaable 
andcanbe pachesedpremixedwite. 

Can be used to depm of 6ooo ft (1828 m). 
Moderate heat of m. Moderate 
resistance to sulfate. Availaw, as a high-sutfate 
resistant variety. 

isgenemy in me range tmn 0.05 t o o 2 0 1  

Can be used to a depth of 6ooo ft (1828 m). 

Can be used to a depthof 6OOO ft (1828 m). 

Can be used to a depm of 8OOO ft (2438 m). 
Availableasasutfateres&mtvanaty. 

Can be used toa depth of8OOO ft (2438 m). 
AvaiWaadyasaroderate sulfate type. 

Wfam in size. Easy touse. Fhduces alow 
wn=-tY 
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tlmmely high temperatures and pressures can be expected 
(0 occur. 
6.6.7 Other Cements-Other cements have been devel- 

oped that may have applicability in decommissioning adv-  

6.6.7.1 Ultralight cements with a slurry density that can 
be as low as 6 lb/gal(719 cm Kg/L). This material can be 
made by foaming the cement With nitrogen or through the 
ddition of hollow glass microspheres between 60 and 315 
pm in diameter. The latter forms a slurry of between 9 and 
12 Ib/gal (1078 and 1438 Kg/L). Ultralight cements and 
microspheres have been reported (4) for cement 
unconsolidated sands and for plugging cavernous formations 
md lost circulation zones. Reference (5) provided Similar 
information on microspheres. Microspheres can also be used 
in high-pressure applications when it may be desirable to 
limit density increases. Another advantage is the low water/ 
cement ratio due to the low water absorbency and low 
density (5). 

6.6.1.2 Pozzolanic-Ponland Cements-These cements 
consist of silicious materials that develop into a cement in 
the presence of lime and water. Both natural materials of 
wlcanic origin such as perlites (volcanic ashes), heat-treated 
Ws, shales, tuffs, opaline cherts, diatomaceous earth and 
mificial materials consisting of byproducts from glass fact& 
neg furnace slag, and fly ash have been used (2,4,6). The 
h i e  variety of materiak that can be used as a source for 
Ponolans may A t  in variable results. 

6.6.7.3 Pozzolans act to extend cement and decrease 
density. The specific gravity of fly ash ranges from 2.3 to 2.7 
'depending upon the source) while portland cement is 3.1 to 
3.2 (2). These materials can also provide improved resiStance 
10 corrosive fluids. Table 2 provides a cornparison of sulfate 
resistance between ASTM Type V cement with and without 
POUOlans 

6.6.7.4 The improved resistance to corrosive materials is 

2 Cornparim of ASTM Type V Cement W~ and W ~ o u t  

These include the following 

- Pozzolan Materink* 

accomplished in part as many pozzolans contain zeolites 
which have the ability for ion eschange between the corn- 
Sive material and the alkaline component in the cement (7). 
Secondly, the use of pozzolans also decreases cement perme- 
ability over time. This occu~s as a result of the increased 
percentage in hydrated cement containing materials resulting 
from the release of calcium hydroxide and the silica com- 
bining with lime fiom the Cement to form a stable material 
(8). 

6.6.7.5 Pozzolans are added to portland cement by adding 
74 lb (33.6 Kg) (as fly ash) per sack of Cement Ifperlites are 
used, 2 to 6 96 of bentonite by aright is needed to keep the 
perlite from floating (9). 

6.6.8 Gypsum Cements can be used for high early strength 
development and their ability to sm rapidly. These cemer' - 
expand approximately 0.3 %. This cement may have w 
plugging highly permeable formations. Care should be ta 

6.6.9 Epoxy Resin CmW-Epoxy (vinyl ester resins) 
cements may have applicability in decommissioning wells 
and boreholes where corrosive ma- may be present (5). 

6.6.9.1 Epoxy cement consists of an epoxy base, hardener, 
accelerator, and inert filler. Resin b i s c O S i t y  is reduced by the 
addition of a nonreactive liquid diluent that also controls 
exothermic heat during polymerization. An inert solid filler 
such as very tine silica or barite is added to further reduce 
reaction heat and increase strength (10). 

6.6.9.2 There are several advantags of using epoxy ce- 
ments. Reference (11) reports that a monger bond occurred 
between the Casing and the formation. Cole also reported 
resistaace to various chemicals (see Table 3). The cement is 
highly resistant to high concentrations of hydrochloric and 
sulfuric acid, but is not suitable for use in environments 
where acetic acid, chlorinated hydrocarbons, or toluene are 
present 

in using gypsum cements due to the solubility of gypsum. e 

TABLE 3 Ust of Chemicels Reported Not to Atfect Epoxy 
C e m e m A  

chendarl ckncematim. x 
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6.6.9.3 This cement is expensive and requires removal of 

water (that reduces settling time) througb the use of gelled 
and weighted diesel oil to precondition the hole. The use of 
this material may increase contamination at the site, if diesel 
oil (hydroarbom) are a concern at the site. 

6.6.10 Cement Addirives-A number of materials can be 
added to cement to modify properties to meet a specific 
need. Cement additives can be used to extend, accelerate, 
retard, increase density, control fluid losses, control circula- 
tion losses, or reduce fiction (4). Several of these materials 
have more than one use; for example, sodium chloride can 
be used to accelerate or retard cement. The most common 
cement additives are discussed in the following subsections. 
figure 1 lists these additives and presents the relative impact 
of their use on selected performance criteria. 

6.7 Extenders: 
6.7.1 Bentonite is the most commonly used material in 

modifying cement properties. It can be added to most ASTM 
and API cements. In decommissioning activities, the per- 
centage of bentonite added is generally no more than 4 %. It 
has ,the following effects when added to cement (4): 

6.7.1.1 Lowers the hydraulic conductivity of the cement; 
6.7.1.2 Increases slurry Viscosi~, 
6.7.1.3 Reduces fluid loss to the formation; 
6.7.1.4 Provides for a longer pumpability at normal 

6.7.1.5 Reduces compressive strength; and 
6.7.1.6 Lowers resistance to chemical attack. 
6.7.2 Bentonite increases shrinkage as it ties up large 

volumes of water that would normally be in the cement. A 

pressures as a result of delaying strength development; 

6145 
second common extender are pomlans which have alread: 
been addressed in 6.6.7.2. 
- 6.8 Accelerators: 

6.8.1 Accelerators hasten the settling of cement and an 
useful when voids OCCUT, or when cement plugs are to b 
used in the first pour. Two common materials are used 
calcium chloride and sodium chloride. 

6.8.2 Calcium chloride is available as a powder or flake 
Flakes ate the most commonly used form, as it is easy tc 
store and can absorb some moisture without becoming 
lumpy (2). Two to four % of calcium chloride by weight k 
used to achieve maximum acceleration. The use of calcium 
chloride should be considered when a rapid set, a decrease in 
Viscosity, and early strength are desired. 

6.8.3 Sodium chloride can be added between 1.5 to 5 !% 
by weight of cement to reduce setting time. Maximum 
acceleration occurs at a concentration of 2 to 2.5 96 except 
when higher water ratios are used (2). 

6.9 Retarders: . 
6.9.1 Sodium chloride can be used to retard the settling of 

cement as well as accelerate the setting of cement. F h n  to 
seventeen % salt (14 to 16 lb (6.35 to 726 Kg) of salt per 
sack) by weight is added to retard cement (2). 

6.9.2 Other chemicals (cellulose, lignosulfates) have been 
used as retarders, but are not appropriate for decommis- 
sioning activities without additional information on their 
compatibility with waste and their effm on water quality. 
Reference (12) indicates that sugarderived retarders such as 
cellulose lignosulfates are destructive to cement strength and 
should not be used where strength is important. Organic 

‘ 
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should not be used for decommissioning activities. 
6.10 Density Improvers-The density of cement can be 

improved to increase hydrostatic pressure. Sand 011 be used 
increase density without aaecting the cement chemically 

although additional water is required. Barite has been used, 
but may interact with waste and should not be used. 

6.1 1 Fluid Loss Controllers: 
6.1 1.1 Various organic materials such as cellulose can be 

“sed to produce a constant water to solids ratio that may 
have applicability when a grout is placed under pressure and 
water loss can OCCUT. However, these materials may not be 
suitable for decommissioning activities, as they may con- 
tribute to contamination. 

6.1 1.2 These organic materials (fibrous materials, cello- 
phane flakes) act to block the movement of the grout into the 
formation. It is not desirable to use these materials in 
decommissioning activities due to their orgaiiic content that 
may adversely atfect water quality and also may not result in 
a good plug. 

6.12 Friction Reducers (Dispersants): 
6.12.1 These materials reduce friction to improve flow 

and can be effective when the water cement ratio is reduced. 
Reduction of the water cement ratio is a method to decrease 
cement friction. (It is possible to reduce the amount of water 
added by using a dispersant (5). These materials (sodium 
chloride, polymers, and calcium lignosulfonate) also help to 
reduce the energy required to pump the grout Polymers and 
calcium lignosulfonate may not be appropriate materials for 
decomdoning activity as they may affect water quality. 

6.13 Bentonite-Bentonite is predominantly composed of 
the clay mineral sodium montmorillonite. It has the ability 
to absorb large quantities of water and swell to many times 
its original size when hydrated, and the material remains 
flexible. Bentonite clay may be used in any of its various 
forms to meet placement, strength, and sealing criteria listed 
in 6.3. The amount of shrinkage or settling of a bentonite 
seal is dependent on the percent solids of bentonite, compo- 
sition of surrounding formation and its soil moisture. Higher 
water to bentonite ratios increase the likelihood of dehydra- 
tion. 

6.13.1 The permeability of bentonite is very low; hy- 
draulic conductivities of 1 x lo4 cm/s or less can be 
achieved. However, bentonite may desiccate in the presence 
of high concentrations of some organic chemicals, strong 

or bases, saline ground water, or when allowed to dry, 
thereby increasing its hydraulic conductivity. Bentonite is 
commercially available in the following forms 

6.13.1.1 Pellets-Pellets are made from granular pow- 
dered bentonite that has been compressed into tablets, 
commonly 114 to 314 in. (.64 cm to 1.91 cm ) in diameter. 
Pellets have a low-moisture content, higb density, and 
uniform size. Pellets should be composed of additive-free, 
high-swelling granular sodium bentonite. h p e d y  placed in 
a well or borehole, pellets hydrate and expand creating a low 
permeability ( 1  x lod cm/s) plug. Pellets can be used in the 
Saturated zone provided the length of the water column is 
short. The rate of pour into the hole should not be more than 
SO Ib (22.7 Kg) of bentonite in 5 min (1). 

6.13.12 Prdormed Donuts--commercial pformed do- 
nuts consist of compressed bentonite and may have use h 
decommissioning activities. 

6.13.2 Chips-Raw mined sodium montmorillonite in 
the form of chunks that are *I4 to 314 in. (6.4 to 1.91 m’ * 
diameter. Their angular shape can make it difficult to 
chips to the desired depth in a smalldiameter we 
borehole without bridging 

6.13.2.1 Fme-grained material resulting ftom the mechan- 
ical breakdown during shipping may cause a problem in the 
placement of chips due to clumping Fmes should be 
screened through a 114-in. (6.4-mm) mesh SCreeIl before use. 

6.13.2.2 The lower f ini ty  for water that chips have allow 
them to fall through a water column without rapid hydra- 
tion. 

6.13.2.3 Chips have applicability in largediameter 
boreholes and when carefully dropped into the hole to 
reduce bridging 

6.13.3 Granular-Raw-mined sodium montmorillonite 
without any additives that has been crushed and seared to an 
8 to 20-mesh size. This material can be placed at depth in dry 
holes but hydrates quickly when placed into water. It often 
sticks to wet borehole walls and bridges when placed through 
water. Granular material is best suited for use in the 
unsaturated zone with enough water added to provide 
adequate hydration. 

6.13.3.1 Fmes can clump when in con&ct with water (1). 
Fines result fiom mechanical breakdown of the material 
during shipping Granular bentonite should be poured slowly 
to reduce the potential for bridging In some situations, a 
pour rate not exceeding 50 lb (227 Kg) in 5 min has been 
Used successfully (1). 

6.13.4 Powdered-Untreated, seared, and grou- 
bentonite that passes through a 200-mesh screen. It 
designed to be used in drilling fluids (muds) and as 
additive to other plugging materiais such as cement. 
Bentonite powder slurry can become an effdve grout 
material when combined with density-increasing additives 
and swelling inhibitors. Powdered bentonite should not be 
placed in dry form through water as it can bridge and stick to 
the borehole walls. 

6.13.5 High Solidi CZuy Grout-This material is a blend 
of powdered polymer-free bentonite clays mixed with fiesh 
water that forms a slurry with a minimum 20 % solids by 
weight and a density of 9.4 lb/gal(l 126m3 Kg/L). The slurry 
sets to a low-permeable plastic grout that generates no heat of 
hydration and does not shrink during Curing in the presence 
of moisture. High solids clay grouts are commonly used for 
borehole plugging 

6.14 Other Materials: 
6.14.1 A number of other materials have been used for 

6.14.1.1 Altapulgite clay (may have applicability when 

6.14.1.2 Fm clay 
6.14.1.3 Commercial packing materials 
6.14.1.4 Packers 
6.14.2 These materials are either inappropriate for use in 

decommissioning Wells or boreholes where hazardous waste 
are encountered, or are not well studied for 
sioning wells in hatardous waste situations. Therefore, 

a 

a 

plugging: 

Used with a salt cement groutr 
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&-e not bixussed in this guide. 

6.14.3 Other materials have been used in the past for 
plugging wells and boreholes. Such materials as wqoden or 
lead plugs should not be used because wood plugs may decay 
and lead is a potentially hazardous material. Mechanical 
packers composed of steel, plastic, or other materials can be 
used to assist in plugging. 

7.- Procedure 
7.1 The primary purpose of most boreholes and moni- 

toring wells is to monitor chemical compounds in the soil 
and ground water, however, there are other uses for subsur- 
face monitoring including the measurement of temperature, 
soil gas samplink or measurement of geophysical parame- 
ters. Use significant care in planning and implementing the 
decommissioning activity. It is important to obtain any 
required approvals from regulatory agencies, land owners, 
responsible mes, and other parties involved with the site. 
The following subsections present a recommended list of 
tasks in order that the decommissioning activity is success- 
fully completed. Several of the steps outlined below do not 
pertain to boreholes and may be omitted. 

7.2 Planning: 
7.2.1 Records Revi-fully review all available 

records and information relating to use of the monitoring 
well, borehole, etc. This review may include the following 
information: 

7.2.1.1 Review applicable Federal, state, and local regula- 
tions relating to decommissioning activities. This may in- 
clude contacting the applicable state or local agency having 
jurisdiction over drilling activities and preparation of the 
necessary documentation to drill (start card), 

7.2.1.2 Collection of drillers' logs, geophysical logs, well 
construction, or geologic logs, including stratigraphy, struc- 
tural geology, subsurface information, construction mate- 
rials, screened interval, depth, hydraulic-gradients (if water 
levels are available from other wells for its determination), 
l@ location, date of installation, and photographs of the 
well, 

7.2.1.3 Review of analytical chemical data for soil and 
ground water over the life of the well, and variations in water 
levels over time, 

7.2.1.4 Review of records of the repain, modifications, or 
other changes made to the well during the lifetime of the 
well, 

7.2.1.5 Evaluation of historic, current, and planned land 
use, 

7.2.1.6 Interview with local workers and collection of 
other pertinent data such as discussing site conditions with 
local drillen, and 

72.1.7 While not directly part of the decommissioning 
activity, proper disposal of displaced fluids and other mate- 
rials (such as pulled or drilled out casing and cement seals) 
should be considered Some of'these materials may be 
classified as a hamdous waste under Federal, state, or local 
regulations Conduct a review of these regulations and 
appropriate analytical documentation prior to classifying a 
material as a hazardous waste. 

. ed in a work plan. A 
work plan would a h  induck a description of the site geology and 
h ~ l o g y a n d t h r Q a r m r m s s l  . 'oo inp~odtobeused 

NOrr 9--ThiS informarim may k 

7.2.2 Ver$cafion of Field Dota-The variety and quality 
of field practices and reporting require that the well & 
inspected to verify the actual field situation prior to decom- 
missioning the well. The following list of procedures is 
recommended so that the actual condition of the well 
known. Some of the borehole geophysical logs may not & 
applicable or may not be available for small diameter (2 in. 
(5.08 cm) or less) holes or wells 

7.22.1 Inspection of well head installation for integrity, 
7.22.2 Current depth measurement of the casing and 

well. (The original depth of the borehole may be W e n t  
than the well.), 

7.2.2.3 Water Quality Samphg and A~lys13-A  final 
water quality sample taken from the well may be required for 
regulatory purposes; 

7.2.2.4 Downhole Inspecriom-Xncluding caliper logs 
measure inside diameter, television logs to determine in-w 
conditions such as casing breaks, screen size, etc.; gam- 
logs to verify geologic information, if not already available; 
Cement bond logs (sonic) to determine if the casing is firmly 
attached to grout (presently available for holes 2% in. (6.35 
cm ) or larger in diameter); flow logs (flow meter or spinners) 
to determine if vertical flow occurs within the casing; and 
hydraulic integrity test to determine if the well casing is 
intact 

NUIT 1- should be taken in running any of thesc tools in a 
well with a collapsed or brolctn casing. or in bonholes that may collapse 
on the tooL Tools with active radioactive soulccs should not k used 
under thcse circumstances. Conduct downhole impaxions only aAu 
obstructions arc removed from the well casing or borcholc 

7.2.2.5 Contact local owner, resident operator/obsemer to 
verifjr operations at the site. 

7.2.2.6 Verification of field data is an ongoing responsi- 
bility. Use verified information to modify plans in order that 
the decommisioning activity is c o d y  conducted. Con- 
tinue this activity during the field phase and change s w -  
cations as needed 

7.2.3 Review of Decommissioning Options-Afm the 
records have been thoroughly reviewed and verified in the 
field, select an appropriate decommissioning procedure. 
Evaluate each possible option to determine the most appm 
priate method for the selection. The following list of evalua- 
tion criteria is recommended: 

7.2.3.1 The potential for fluid movement from one 
aquifer into another by means of the borehole or well should 
be eliminated- 

7.2.3.2 Materiais to be used in plugging must be compat- 
ible with well casing and screen (if left in place), and with 
subsurfice formation and ground water, etc. over the period 
of time hazardous materials are found at these sites 

7.2.3.3 Future land use (as is known at the time of 
decommissioning) should be compatible with d a &  
sioniogplans 

7.2.3.4 Closure options should be compatible with applh 
cable f- state, and local requirements. 

7.3 Implementation. 
7.3.1 Field Pracedure: 
7.3.1.1 Satisfactory completion of decommissioning is the 

primary purpose of this guide. All work performed on the 
borehole or well should be completed by competently 
trained drillers, equipped with appropriate too4 under the 
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. direction of a geological or engineering professional who is 
qualified to CeRifY that the decommissioning is completed 
according to the planned procedures and is consistent with 
applicable regulations. 

7.3.1.2 Approve any modifications to the proposed work 
plan and record in writing by the on-site geologist or 
engineer (or their representatives) prior to implementation. 

7.3.1.3 The geologist or engineer should be on-site during 
the field activities to verify that the activities are completed 
as planned. Decommissioning operations can be successfully 
accomplished by careful planning and documentation (see 
7.5). Maintain documentation of decommissioning activities 
for the post-closure period or period required by regulations 
(if specified). While regulations may require documentation 
for a period of 30 years, it is advisable to continue this 
activity for a period lasting as long as hazardous materials 
occur at the site. 

7.3.1.4 Remove casing fiom the ground by either pulling 
or overdrilling (see 7.3.7). Depending upon construction, it 
may be necessary to leave the casing in place and produce 
suitable perforations in the screen and blank casing to allow 
for the plugging material to penetrate the annular space and 
formation (see 7.3.7). If grout in the annular space can be 
verified to be in good condition, the well can be decommis- 
sioned by cutting the blank casing and filling the screened 
interval with grout. Verifying the integrity of grout may be 
dificult to impossible. If a filter pack is present, it may be 
necaSary to remove the filter pack after perforating the 
casing by washing or overdrilling Several of the methods 
identifed in this subsection are briefly discussed in the 
Appendix X 1. 

7.3.1.5 If well construction conditions are not adequately 
known and the well site contains hazardous materials, it may 
not be appropriate to remove the casing and screen, as this 
may increase the mobility of hazardous materials. 

7.3.1.6 The borehole or well, or both, may require pre- 
conditioning for decommissioning to be successful. Re- 
conditioning can reduce the potential for sloughing of the 
borehole wall if for example, a sodium montmorillonite clay 
occurs naturally in the formation and cement is used as the 
plugging material. The calcium contained in Portland ce- 
ment exchanges with the sodium cation in bentonite clay 
decreasing the water contained in the clay and inducing 
sloughing. This problem can be significant in sediments or 
rocks that are under considerable pressure, causing a loss in 
part of the hole, thereby not completely plugging the 
borehole and possibly causing loss of all downhole equip 
ment. These conditions are usually known by local drilling 
and well servicing contracton who should be contacted prior 
to the.start of field operations 

7.3.1.7 Reconditioning consists of removing mud fiom 
borehole walls (when mud is used for drilling the borehole), 
or stabilizing a borehole prior to placement of the plugging 
material. If a drilling mud has been used to drill a borehole, 
preconditioning can involve the circulation of a highquality, 
low-solids drilling fluid to remove gelled mud from the 
borehole and borehole walls prior to plugging. For the above 
Gtuation, a highquality bentonite or drilling fluid can be 
used. If a drilling mud is used as the plugging ma- 
prepare 6resh mud. The mud used in drilling contains 
cuttings and may also not have'suitable properties (13). The 

selection and use of material(s) should meet the require 
ments specified in Section 6. 

7.3.2 Volume of Plugging Material Requited: 
7.3.2.1 The geologist or engineer should calci 

after €irst taking into consideration applicable loss o ate 
rial to the formation, voids intersecting the borehole, change: 
in borehole diameter, washout zones, and swelling 0; 
shrinkage of material. An approximation of the volume 0: 
material that may be required can frequently be provided b: 
contacting local drillers or professionals. 

7.3.2.2 Loss of plugging material into the formation ma) 
OCCUT rapidly (within minutes) or after several hours or days. 
The volume of plugging material required to be on-site 
should be at a minimum, enough to i3l one borehole 
volume, however, it is advisable to have available a min- 
imum of 25 to 50 % in excess of the calculated borehole 
volume (1,2). Additional plugging material should be readily 
available to site personnel under shon notice, especially if it 
is common to lose plugging material into the formation or 
the material is required for clearing a hole (see 7.3.8.2). 

7.3.2.3 A caliper log is helpful in .boreholes or overdrilled 
holes to define hole diameter. If this information is not 
available, use an estimate of borehole diameter from the 
available well construction specifications. Calculate the 
volume of the Porehole using the following 

volume of plugging material required for the boreho @; 

v = * Z L  
where: 
v = volume, 
L = length of borehole or well to be plugged, and 

7.3.2.4 Manuals listing the volume of a hole per 
t = racks of hole. 

foot (metre) such as Ref (3) can also be used. These 
are available through &or deep well cementing service 
companies. Assume in the calculations or table used that the 
derived volume is the minimum quired for actual condi- 
tions due to possible loss of plugging material into the 
formation. Verify grout emplaced through estimating the 
volume of material leaving the hole for holes filled with mud 
or water. For all boreholes, measure the volume of material 
emplaced and check for the appearance of the material at the 
top of the interval grouted or land's surface, whichever is 
applicable. 

7.3.2.5 Location of the grout at depth can be difficult 
because the top of the grout may not be able to be 
distinguished h m  water or other fluids in the borehole. One 
field procedure that has been applied to measure the level of 
the grout is to use a wooden sounding block with a weight 
attached to the block. The weight should be slightly denser 
than the grout. 

NOTE 1 1-Location of the depth of p l u m  material in a borehole 
or wdl does not confirm tbat the plug has performed its intended 
purpose. mugging materials may not have ;sdbmd to the walls of lhe 
borrhole or wdl or may have been bypasvd h m  the target zone. 
'Ihaefon, placement of plugging materials is highly dependent upon 
proper prepamion of the holr 

7.3.2.6 In areas where coarse materials are encountered, 
or considexable Eracturing or solution openings occur, 

required to fill the hole. In extreme cases such as 
kam terrains where large conduits may it 

three times the calculated volume of material nw 
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. difficult to plug a well or borehole. In these situations, 

packers can be used to isolate critical i n t d  for filling with 
plugged materials above or below the karstic formations. 
Packers may as0 be used to isolate critical intervals within a 
well or borehole throughout the entire depth. 

7.3.3 Quality of Waer Used for Grout-Grout must be 
carefulJy mixed using water of a known chemical quality. 
The quality of the water must be compatible with the 
grouting material and not introduce contamination into the 
subsurface. For cement, water used should be free of silt, 
organic matter, alkali compounds, and have a total solids 
content of 500 mg/L or less (14). The grout should be 
weighed using a mud balance. 

NOTE 12-Thicker grout rnixtum may have greater effectiveness in 
plugging highly prmcabk materials or materials with kuge voids but 
may k very difficult to pump through a grout pipe. Less viscous 
mixturcS are easy to pump, but may be too mobile, have p t e r  
shrinkage, and take longer to set if additives to compensate these 
problems arr not added. 

7.3.4 MLring of Cement and Bentonite On-Site-Both 
cement and bentonite can be mixed on site. Cement can also 
be purchased from a contractor and delivered premixed on 
site, provided the water used is of known and acceptable 
quality. 

7.3.5 Use of Curing Accelerators-Curing accelerators can 
be used to hasten the initial set time for cement from 6 to 8 
h to perhaps 2 or 3 h, provided the accelerator (typically 
calcium chloride, sodium chloride, aluminum powder, or 
gypsum) does not degrade the Cement or react with the 
environment. The use of these materials may also require 
approval by regulatory authorities. 

7.3.6 Decommissioning of Boreholes: 
7.3.6.1 To achieve an effective seal, the borehole should 

be free of debris and foreign matter that may restrict the 
adhesion of the plugging materials to the borehole wall. Clear 
boreholes of excessive mud filtercake, or gelled mud (ifused) 
and any bridges resulting from the removal of temporary 
Casing, or when noncohesive materials (such as sand and 
gravel) are encountered that can lead to a collapsed borehole 
during decommissioning activities 

7.3.6.2 One method commonly used for effective removal 
of these materials is to advance a small grout pipe to the 
bottom of the borehole by use of water or a highquality 
bentonite slurry and flush the hole. Flushing is continued 
until the blockage is removed, or noncohesive formations are 
stabilized. Use at least two borehole volume of materiaIs. If 
the flushing fluid refurning to the surface contains poten- 
tially hamdous materials, it may be necessary to place this 
material into containers for proper disposal. 

7.3.6.3 As soon as the borehole is prepared, pump plug- 
ging material slowly through a grout pipe to displace the 
flushing fluid. Inject grout starting from the bottom of the 
hole, forcing other fluids upward. Complete grouting slowly 
to prevent channeling of the grout around any undesirable 
material remaining in the hole. Complete this operation in 
one continuous operation. Raise the grout pipe when 
pumping pressure increases significantly, or when undiluted 
grout reaches the surface. Regularly sample and evaluate 
overflowing grout for weight, presence of foreign material, or 
other changes. When the overflowing grout is similar to that 

0 

, a  

being pumped down the hole, the plugging is considt 
complete. 

7.3.6.4 Grout pipes should be the largest diameter thz 
practical for field operations to reduce the required pumr 
pressure. Cut the lower end of the pipe at an angle to al 
for the side discharge of the grout. Side discharge reduces 
potential for erosion of the borehole wall. Typically, hea 
walled PVC (Schedule 40 or greater) or thin-walled steel F 
is used for grouting purposes. Use caution while grout 
deeper holes in order that downhole pressure does not exw 
the rupture strength of the grout pipe. 

7.3.6.5 Grouting of shallow auger holes or other borehc 
where grout pumping equipment is not readily available P 
be accomplished by placing grout through a side discha 
grout pipe that has a funnel attached to the top. As i 
grouting progresses, slowly raise the pipe. Take care wh 
using this procedure, as the low placement pressure may r 
completely fill or flush undesirable materials from t 
borehole. This procedure is only recommended when t 
entire borehole depth is 10 to 15 A (3 to 4.6 m) or less 

7.3.6.6 Small diameter (Q-in. (5.08 an-mm)) holes a 
dimcult to plug. A small diameter (314-in. (1.9 cm-mn 
grout pipe can be used, however, high-pumping pressur 
may be required or less viscous plugging materials may 1 
necesary. 

NOTE 13-It is important to avoid hydrofiacturing or blowout 
shallow holes in unconsolidated materials when prcsure grouting. 
gtneral rule to avoid hydrofraauring is to d c t  pumping p~ssurr 
about 0.6 Ib/in.z (0.42 Kg/cm*) of hydraulic pnssure for each b, 
( m a )  of overburden. In some instances, the pnssure used m w  t 
reduced funha. 

7.3.6.7 A conservative method (15) of calculating mar 
hum pressure is as follows: 

where: 
An = presswe of fluid injected at wellhead, 1b/h2 

Sg =density (specific gravity) of the plugging materia 

d = depth measured for the surface to the opening of the 

Hydrofracturing typically occurs during start-up or restart of 
m u t k  

7.3.6.8 Inject grout at the bottom of the hole, displacing 
grout, loose formation materials, and borehole fluids u p  
ward. Slowly pump grout to avoid channeling. Do this in one 
continuous operation. Raise the grout pipe when grout can 
no longer be easily forced &om the pipe into the hole or 
when undiluted grout reaches the top of the hole and flows 
out Sample and weigh this materiaL The weight of the p u t  
returning to the surface should be the same as the p u t  
pumped into the hole. 

7.3.7 Control of Elevated Fonnation Pressures-- 
sionally, a borehole or well may penetrate a formation that is 
under confined conditions (arteSian head), or h m  which a 
gas is being released, under pressure. (Gas bubbling uyward 
through the grout may result in open channels, or in- 
the permeability of the grout) When this condition is 
encountered, sealing of the borehole requires that the grout 
pressure be maintained greater than the foxmation pffsun 
until in ia  grout set occu~r The “shut-in-plessure” of tbe 

An = (0.733 - 0.433 Sg)d 

Kg/Cm2), 

(grout) (unitless), and 

grout pipe (metres) feet. 
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' formation can usually be determined by use of pressure gages 
attached to a casing that has been pushed or driven into the 
confining unit. This casing must be tightly sealed to prevent 
leakage around its annulus. (Sepamte packers or casing 
grout, or both, may be required to prevent leakage around 
the casing.) 

7.3.7.1 Several procedures may be used to balance the 
formation pressure until the initial set of the grout has 
occurred. (See fig. 2.) The procedure most often used to 
contain the pressure is to use a sufficient column of grout. If 
additional head pressure is required, increase the unit weight 
of the grout by the addition of sand, densifying additives 
(bade, or hematite) or d d g  the water cement ratio. 
Another alternative commonly used is to pump the grout 
through a check valve into the casing until the top of grout 
reaches the desired elevation. Maintain pressure above the 
grout by use of compressed air, or by use of a simple 
standpipe filled with water. If the standpipe procedure is 
used, pump grout through a tremie pipe extending through 
the water to prevent dilution. 

7.3.7.2 M e r  the initial grout set has o c c d  (minimum 
24 h), the sustaining pressure (above atmospheric pressure) 
may be released. However, record the air pressure (or fluid 
level) in the air filled casing above the grout frequently for 
several days to verify that no leakage is occumng. If gas (of 
any variety) is present in the formation, analyze a sample of 
the air fiom the casing above the grout. Care should be taken 
under these conditions, as explosive or hazardous conditions 
may be present. Methane, the most commonly produced gas, 
is odorless, colorless, toxic, and extremely flammable. Safety 
precautions are advised. 

7.3.7.3 Only after testing results confirm that the sei 
effective, is it advisable to complete the permanent closure 
removal of the near (or above) surface casing. 

7.3.7.4 Measure any fallback or settlement of tb- TC 

after grout emplacement to the nearest foot an 
correct any fallback with native or imported mat @ surface (whether by gravity or under pressure) tf 

grade, or to a specified depth below grade, such as below - 
plow layer. The depth is based on existing and proposed la 

7.3.8 Decommissioning of Wells and Other Monitor: 
Devices: 

7.3.8.1 This discussion has applicability in decomn 
sioning ground water monitoring and injection wells and 5 
gas monitoring wells, neutron probe acceSS tubes, lysime 
and tensiometer and installations, and similar devices. -2 
pendix X 1 should be consulted for additional informatio: 

7.3.8.2 It is desirable to remove all existing well constr. 
tion materials such as screen, casing, filter pack, seal, 8 

grout fiom the hole to reduce the potential for the formati 
of a vertical conduit to occur at the contact between cai 
and annular seal; reduce the potential of these mater: 
interfering with the decommissioning operation; decrease : 
potential of a reaction between the materials used; or 
minimize the reaction with the native materials or groc- 
water. In situations where well materials are removed E 
borehole collapse occurs, redrill the borehole following : 
guidance provided in 7.3.6. 

7.3.8.3 Steel casing may be removed using jacks to f 
casing from the hole followed by lifting the casing out 
using a drill rig, backhoe, cranes, etc. of sufficient capacit?. 

use and regulatory requirements . _  

CheckMk 

Wter filled t o /  
required height 

r 

-Driven or Pushed 
Ccting 

Stand Pipe l o  Contain 
Excess Formation Pressure 

Cornprossod Air lo Contain 
Excess Formation Pressuro 

FIG 2 Two Procedures That Can Be Used to Overcome El8vsted Formation Pmssum 
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the annular space has been cemented over a long distance, 
this method may not be readily used unless a poor contact 
occurs between the casing and borehole. Small lengths of 
cement (typically less than 10 A (3 m)) can be removed along 
with the casing if the drill rig has sufficient lifting capacity. 
When the casing cannot be removed, perforate the casing 
and screen .using a suitable tool. This is neCeSSary as 
encrustation or corrosion of the screen can block or com- 
pletely close openings. A wide variety of commercial equip 
ment is available for perforating casings and screens. Due to 
the diversity of application, consult an experienced con- 
tractor prior to selection of the technique. A minimum of 
four rows of perforations several inches (millimetres) long 
and a minimum of five perforations per linear foot (metre) of 
Casing or screen is recommended. 

7.3.8.4 Remove steel Casing by overdrilling (overreamingi 
the casing. Overreaming can be done Using an overreaming 
tool (see Fig. 3). Select a pilot bit that is nearly the same size 
as the inside diameter of the casing. The reaming bit should 
be slightly larger than the borehole diameter to remove all 
well construction materials and a small amount of native 
material. As drilling proceeds, the casing, grout, bentonite 
seal, filter pack, and other well materials are destroyed and 
returned to the surface. In situations when the grout in the 
annular space can be verified to be in good condition, it may 
be very dimcult to remove casing and grout and grout can be 
left in place by pressure grouting the screened interval and 
casing. Verifying the integrity of the grout can be difficult. 

7.3.8.5 PVC and other low tensile strength materials 

n n 

flG 3 Over Dniing by Mud R a y  Procedure 

generally cannot be removed by pulling if they have beea 
properly cemented into place. OverdriUing is necessary to 
remove these casing and scfeen materials 

7.3.8.6 A hollow stem auger equipped with outward 
hung carbide cutting teeth with a diameter 2 to 4 in. (50.8 to 
10 16 cm ) larger than the casing may be used for overdrilling 
Place the lead auger over the casing and rotate downward 
(see fig. 4). The casing guides the cutting head and remains 
inside the auger. When the 111 diameter and length of the 
well has been penetrated, the casing and xreen can be 
retrieved from the center of the auger. It is important to use 
outward facing cutting teeth in order that the cutting tool 
does not sever the casing and drift off center. An alternative 
is to install a steel guide pipe inside the well casing so that the 
augers can be centered6 F d y  attach this temporary 
working pipe to the inside of the casing by use of a packer, or 
other type of expansion or iiictim device. When the auger 
reaches full depth and the well materials have been removed, 
pump plugging materials through the hollow stem as the 
augers are withdrawn. 

NOTE 14-Local regulations may allow leaving the PVC casing in 
placc, ifa good annular seal aiSg or just removing blank Qsing ifthe 
integrity of the annular seal can be documented It is genedly 
to document a good annular seal (tight L no fiachlns of cham&) 
without the we of a cement bond log of similar method. A ament bond 
log cannot be NII in small diameterwClLOess than 2.5 in. (6.35 cm) in 
diameter) because a small diameter tool is not currently available. Also, 
this method is not reliable for PVC casings 

7.3.8.7 After removal of the Casing, decommissioning can 
be completed in accordance with 7.3.6. 
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APPENDIX 

Nu& IS-Wells with a maximum depth of 10 to IS A (3 to 4.6 m) 
cap be removed by ovadrilling, or when possible by pulling the casing 
out of the ground. The open hole is then wed with grout or other 
&able plugging ma& A tamping rod can be used to tamp the 
material into place. 

7.4 Decontamination of Downhole Equipment: 
7.4.1 If hazardous waste or other contaminants occu at 

the site, decontaminate all tools placed into the borehole or 
well prior to entry (see Pxactice D 5088). Follow state and 
local regulations, if applicable. A hot water pressure wash or 
Steam cleaning are examples of two typical decontamination 
methods. Other methods such as the use of solvents followed 
by rinsing with clean tap water and allowing equipment to 
air dry may also be acceptable. Also contain water and other 
materials used for decontamination for chemical analysis to 
determine proper disposal methods. 

7.4.2 Do not flush grout pipes out with water while in or 
above the hole. Conduct all cleaning operations aboveground 
and manage appropriately as a hazardous or nonhazardous 
situation depending upon chemical analytical data on the 
site. 

7.5 Documentation: 
7.5.1 Inspection Records-The primary purpose of 

records of field work is to provide that appropriate measures 
have been taken so that the borehole or monitoring well is 
permanently decommissioned in a manner that minimizes it 
from being a conduit for fluid, water, or vapor migration. 
Properly decommissioned boreholes and wells should have 
no adverse influence on the local environment than the 
original geological setting. 

7.5.2 Narrative Report-Maintain the narrative report of 
activities as a permanent record of the decommissioning 
activities and include the full set of field activities including 

7.5.2.1 Decommissioning date, 
7.5.2.2 Personnel (with listing of company representation, 

7.5.2.3 Source of decommissioning method, 
7.5.2.4 Step-by-step procedures used in the field, 
7.5.2.5 Record of all measurements made, depths encoun- 

including phone number and addressJ, 

tered, types and volume of fluids pumped and photograp1 
before and after, and 

7.5.2.6 All other pertinent information that is require 
based on site conditions or regulatory requireme. 
problems encountered should also be documented 

8. Report 
8.1 At the completion of field work, present a form 

report to document the entire procedure used in the decon 
missioning process for the borehole or well. Addition. 
information or requirements may be specified in governmer 
regulations and should also be included in this report. Rep0 
in detail the following items as a minimum: 

8.1.1 Background Information. 
8.1.1.1 Location of the borehole/well, 
8.1.1.2 Purpose of the borehole/well, 
8.1.1.3 History of the borehole/well, 
8.1.1.4 Chemical parameters and concentrations preser 

during the active life of the well and at the time of pluggin 
and 

8.1.1.5 Information collected prior to the inspecti0 
record. . 

8.1.2 Testing Prior to Decommissioning: 
8.1.2.1 Site charactenza + tion (if applicable), 
8.1.2.2 Physical testhg (depth, structural condition, etc. 
8.1.2.3 Chemical testing results (last chemical analysis fc 

8.1.2.4 Geophysical logging results (if any). 
8.1.3 Decommissioning Design Procedure: 
8.1.3.1 Rationale for selection of method used, and 
8.1.3.2 Presentation of a decommissioning plan. 
8.1.4 Field Implementation: 
8.1.4.1 Description of activities, 
8.1.4.2 Variance &om plan, and 
8.1.4.3 Result of testing and measurements. 
8.1.5 Confirmafion-Statement of regulatory compliancc 

9.1 abandonment; decommissioning ground water mor 

e 

record), and 

a 
9. Keywords 

itoring wells; hazardous waste; plugging 

(Nonmandatory Information) 

X1. EXAMPLES OF SUCCESSFUL MONITORING WELL DECOMMISSIONING PRACTICES 

X1.1 This appendix covers a general discussion of field 
procedures that have been used to decommission monitoring 
wek These procedures are presented to provide technical 
guidance to assist in the development of decommissioning 
wells or boreholes. Local regulations may not allow hple- 
mentation of some procedures. Two subsets of procedures 
are outlined, one for rigid steel casing and the second for 
lower tensile strength casing materials (plastic). 

X1.2 Steel Casing: 
X12.1 Condition-Properly grouted steel casing and 

screen, dimcult to pull casiog: 
X12.1.1 Suggestion-Pressure pump plugging materials 

into well to above aquifer, place 3-R (.9 1-mm) plug of plastic 
' 

material (bentonite plug) above rigid plug then complet 
with rigid plugging material to surface. Place a PVC o 
neoprene plug or packer, located at the base of the rigic 
(cement) material to reduce the c+mingling of fluids due tc 
different specific gravities. Complete decommissioning a 
d a c e  according to local regulations 

X1.2.1.2 Altenrative-Perforate steel casing and screen t c  
allow plugging material to come into contact with thc 
annular space and formation. 

X12.1.3 AdvMtoge--If (when) casing material corrodes 
the continually p G c  bentoniie plug will con,: 
provide a suitable sealing zone. 

tc e 
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. X1.22 Condirion-steel well maten'als, that are remov- 

X1.2.2.1 Swestion-F'ull screen and casing, then redrill 

diameter of the annular space. 

and casingkcreen cannot be ~ulled: 
: &le: X 1.3.2 Condition-Annulus is not permanently seala 

borehole to 0 r i - a  depth Using slightly larger diameter drill 
bit than the borehole. Complete closure by pressure sealing 
the borehole by grout pipe from bottom to top. 

X1.2.2.2 Advantage-Cashg and annular materials are 
completely removed and replaced with sealing material of 
equal or lower permeability (saturated zone) than the native 
geologic materials 

X 1.2.3 Condifion-Shallow screened well completed into 
permeable sand or gravel aquifer. 

X1.2.3.1 Suggation-Pull the casing and screen (grout 
also, if possible) then redrill the borehole to original depth. 
Completion should be by pressure sealing to the surface. 

X1.2.3.2 Advantage-The possibility of hydraulic con- 
nections with the surface is greatly reduced. 

X 1.2.4 Condition-Steel casing and screen set into highly 
permeable formation (such as hctured limestone) that 
results in lost fluid circulation during drilling or decommis- 
sioning procedures: 

X 1.2.4.1 Suggestion-Fd highly permeable section with 
quick setting cement grout (addition of calcium chloride), or 
coarse gravel to base of casing, or hang "cement basket" at 
base of casing. Complete decornmksioning with plugging 
materials pumped into place, including at least one section of 
permanent plastic seal. 

X 1.2.4.2 Advanrage-Extremely permeable or highly cav- 
ernous materials may not be able to be Wed sufficiently to 
allow closure similar to other cases. In such Situations, 
prevention of vertical migration of fluids to or from that 
zone is the primary purpose of decommissioning. 

X1.3 LowTensile Strength Materials (that is, PVC, ABS, 
PTFE): 

X1.3.1 Condition-F'rojwly constructed well that has a 
sealed annulus from the d a c e  to the tep of screen: 

X 1.3.1.1 Suggestions-Pressure grout in place afkr perfo- 
nthg the entire casing so that the screen and gravel pack are 
filled with grout; or over-ream the well using a drill bit 
diameter that is a minimum or slightly larger than the 

X1.3.2.1 Suggestion-Ov&ddl casing, screen and filte 
pack with a hollow stemmed auger or other suitable drillin: 
method. Remove casing from bottom to top as augers an 
removed. 

X1.3.2.2 Ahantage-Complete well stnrc~re is re. 
moved. Grouting materials provide no avenue of fluid or gix 
migration after decommissiolling. 
X 1.3.3 Condition-Annulus seal questionable; casing 

screen cannot be pulled: 
X1.3.3.1 Suggestion-Use rotary tools equipped with 

pilot bit. Large portion of bit must be equal to or larger than 
diameter of original borehole. DriU out casing, annular 
material, to depth of well. Pressure seal after tools are 
removed. 

X1.3.3.2 Ahanfage-Complete well structure is re- 
moved. Grouting materials do not provide pathways for fluid 
or gas migation after decommissioning. 

X 1.3.4 Condition-Annulus seal questionable, casing and 
screen may be pulled from firm clay soils. 

X1.3.4.1 Suggestion-Use pulling rig equipped with 
down hole Casing latch tool. Anchor tool at bottom of well 
and liA casing and screen. Pressure grout open hole from 
bottom to top. (This method may have applicability for 
shallow wells.) 

X1.3.4.2 Advantage-This method is often possible in 
firm clay soils. Requires less expensive equipment than other 
procedures. 

X1.3.5 Condition-Vadose zone monitoring devices such 
as lysimeters, tensiometers, neutron access holes, and similar 
devices installed vertically 

X 1.3.5.1 Suggesrion-Drill out the device and backfill as 
suggested in 7.3.8.5 and 7.3.8.6. (See also Note 15 in the 
text.) 

X1.3.52 Advantuge-The device and materials used to 
construct the device are removed reducing the potential for 
fluid movement from the surface to underlying materials and 
ground water. 
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